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generally to technol ogy and busi ness solutions directed to the correction
of ophthal m c defects. In particular, the invention describes systens,

i nstructions, and nethods directed to providing a _predictive outcone for
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Field of the Invention

The present invention relates generally to technology and business solutions
directed to the correction of ophthalmic defects. In particular, the invention describes
systems, instructions, and methods directed to providing a predictive outcome for
therapeutic ophthalmic correction of vision disorders. The invention is intended to
provide a higher degree of patient vision quality resulting from vision correction

procedures.

Description of Related Art

A large percentage of the population have vision defects that are commonly
referred to as myopia (near-sightedness) and hyperopia (far-sightedness), sometimes
with an accompanying defect know as astigmatism. Myopia and hyperopia are the result
of a lower-order optical aberration called defocus. Simple astigmatism is also a lower-
order aberration. Briefly, a perfectly myopic eye brings all{incoming parallel light to a
focal point in front of th'e retina; a perfectly hyperopic eye brings all incoming parallel

light to a focal point behind the retina; and a simply astigmatic eye focuses some of the



di stances fromthe retina. For a long time, practitioners have attenpted to
accurately neasure these defects and correct themwth spectacles, contact
| enses, awo oowdmbs2 devi ces and/ or procedures. Popul ar therapaisnd/esc4s
procedures were, and continue to be, devel oped that use a suitable |aser

beam (typicall n.exci.mer |aser hayi a_wavel engt h 193m to
photoablatgﬁgﬁx¢ﬁﬁﬁ??¥ldgﬁF€P§%gn% ﬁ%ﬁﬂgwﬁ858835%f%%3rgéﬁng%l£L¥hus

nodi fying the shape of the cornea to refocus the incomng |ight.

Phot or ef r actiP9BCR&Tom BESFHPY PRK), | aser in-situ kerat om | eusis (LASIK),
and | aser epithelial keratomleusis (LASEK) are exanples of photoablative
refractive surgefForaslongtimer preefitianges hape aitemptadfosaseuraipbniicanieel thegsodedecty'e can
now al so accurately neasure what are known as hi gher-order optica

aber r at i onsand dofreeidyiemn eath gheatgeios icbntattdelsaglaad ytherdévies and/og procadwes ef r ont
sensor. These higher-order aberrations come fromdefects within the

overal | optp&aRllarSNsthRini®prockiieWere( ARE cdntifitie @ HEl SRAPEA IR LELA uitHIf ace)
and contribute to poor vision quality by reducing acuity and/ or contrast

sensi 11 vi Yoo GRUShG bl S ROGer LRV K o Wbl B3k (OpRSEaELS. - Not

surprisingly, facturers and practitiorers have ‘reSpon W th
t echni ques, instr.ume{r}t at i ﬁn and déevi c%?, ?nd trhheraﬁpfu.ti rocedur es that
attenmpt to YUYPPEEPOUHODS 8h 4R SRR YHBSH Sviack hHy mofiiyns Sy Bapg as
supervision) or, practically, to. optimze vision quality by elimnating,
ni ni m zi ng, casreadarefReysihe incemingldit s Rhotgresractiye kemtatopy (BRI laggrtirwtiut hei r
attention to the higher-order defects. For a variety of known and yet
undi scover ekkratemslonss (LARKI) ndriaked epidliblt kerasdmileusst (biSHHD) b oxanailbsaef ve
refractive surgery and custom zed | ens applications including contacts,

i nlays, onlpghttoabiilihe kéPtactivé urgerieasn® kemredn theavpies Mefctshattionkd Wissiel gat or s
have focused on the structure and physi ol ogy, and sophisticated nodeling,

of the eye to beyl&hn ngw\égo%é%t%%efs@g WRRHUO8RAR as higher-order optical

aberrations with advanced diagnostic technology such as, e.g., a wavefront sensor.
These higher-order aberrations come from defects within the overall optical system of
the eye (not just a misshapen corneal surface) and contribute to poor vision quality by
reducing acuity and/or contrast sensitivity, causing glare, poor low-light vision, and in
other ways. Not surprisingly, device manufacturers and practitioners have responded
with techniques, instrumentation and devices, and therapeutic procedures that attempt to
correct vision to the theoretical limit of 20/8 (known as supervision) or, practically, to
optimize vision quality by eliminating, minimizing, or balancing these aberrations, or
otherwise directing their attention to the higher-order defects.

For a variety of known and yet undiscovered reasons, the intended results of
customized photoablative refractive surgery and customized 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
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under stand the dynam cs of correcting vision defects. The interested reader
is directed to an article by Cynthia Roberts, Ph.D., The cornea is not a

pi ece of wbaswsne2 Jour. Ref. Surg., 16, pp 407-413 (Jul y/ Raguso3/a€s09) . Dr.

Roberts hypot hesized that if the cornea were simlar to a hormgeneous

pi ece of bl bl dnOERREAN & c%ﬂgwpl uhf kb LT LA s PR B

have wor ked" I"onechani ¢4 es onse ure a

i nci sions would n ave urr Kis a surgical p cedu esigned to
correct neast ﬂ?géfr{-g@&‘ﬁgg ?lém GREEr ef’Wf%ofé’ gﬂ‘ fi nci si ons
that resenble the okes of a V\/neel(}. There is an increasi ng confi dence
among per soygs |16,|p Tr 4l 3 (elysiugusf 2000k f Pp dtabeids hypsithesized thag dithoeomemt t he

bi onechani cs (the bi odynam c response of the eye to an invasive stimulus)
of the eye,wapeainilarcdabhpmogeriches giocneiplassicgnpiocedune knyovat dsatiml kdratotany cones
of | aser vision correction. Roberts, id., reports changes in anterior

corneal ¢ %{H@t\{/&ulﬁ' Hét KEvE QJonédQ)eE&'t%e ls%&ﬁ&%@;w rédpoafe ©Uhd stRichRE aft@idgser
abl ati on. bi omechani cal corneal response to an invasive stinulus such

as a kerat %ﬁg&%}ﬂs Wohgirn&ﬂavéﬁh&cpr %ﬁ;l nesﬁ&‘@lf;él Eur%Qi E@z‘l’ o%BEJeétae by the

| aser in a procedure can be |ng to erts

Ctacked r oo PaRRg %ﬁrﬁea@%ﬁﬁé%‘%‘%éﬂ%ﬁ%%tﬁﬂ Heagpit the shics o

(interlanellar spaces filled WI th extracelJular matrix). The rubber bands
are hypot Hoekeserf awhasd). There ésay igpreasing eenfideacemang nersons skifled infhe aeof e
pushing on themfrom underneath, and the ends are held tightly by the

|i nbus. Theeftattisie vision eorrectipn gt e beproerhenide $habiodyrsmic esporsee thadisdr band
is stretched. G eater tension squeezes nore water out of the sponges so

t he i nter!| asEhlaivesianiling ofl drregaspscificalB of thheorfiey, sigaifgantdy affdcas ther . Thus
the act of |aser surgery itself to reshape the cornea may alter the corneal

B;feﬁ E ru g\lto Ltlr@cdﬂlésfbfmer ekloaehrrtdinh, ROBts }3'91? r%%%t sichaf}b inkiabriorQengat - U S.
plication Publication 2002/ 0103479A1 to Sarver discusses

optim zing ée%ﬁw?ry due merely to the keratectomy (flap cut) prior to laser ablation. The
biomechanical corneal response to an invasive stimulus such as a keratectomy prior to
LASIK or the severing of corneal lamellae by the laser in a PRK procedure can be
explained, according to Roberts, by conceiving the cornea not as a piece of plastic, but
rather as a series of stacked rubber bands (lamellae) with sponges between each layer
(interlamellar spaces filled with extracellular matrix). The rubber bands are
hypothesized to be in tension, since there is intraocular pressure pushing on them from
underneath, and the ends are held tightly by the limbus. The water content of each
sponge depends upon how each rubber band is stretched. Greater tension squeezes 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
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WO 03/ 082162 PCT/ US03/ 08645 predictability of a vision correction nethod
using surgical outcones in an iterative analysis to create an optim zed
t reat mentwouwsoerme2 Publ i shed PCT application WO 00/ 45759 pdiracsosesss t he

i nteraction between the photoablative | aser system used and the wound

noa 9. SRRl bRy AR AANFLHER Uk REY ARG hAGERGR (| oo
fficient d Zerni ke pol. ials t f e' [
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radially de(;t)pzndent ablation efficiency in the formof a nodifying

pol ynoni al ¥4$EFIshscupsss Hstipieractipmbefwgrn thepbatoablgiyauassy systpmaised anththe and a
measured wavefront froma patient's eye. In nany instances, surgeons wll
modi fy the weund lzaling esponseoftheent apd ofndhekes that téresctiop facsara fifudgenogr ans,
which typically only provide a power shift correction. This type of

personal nofdetotRln BB rangd @R YEIOX rhSst Beirgeaed i thased obperile doeffitidntehnd smal |
sanpl e of patients and procedures, thus general applicability and

optim zati OfeHRY Ip%%noﬁﬁa@mc@&ﬁﬁ forthSeyd” @B@dﬁhg?@s‘%gﬁse.l:f’qibliﬁﬁfliﬂ.é. terYet hod

and Apparatus fo tomated Sinul ation” and DeSign of Cornea Refractive

Procedures"_descri i Lhite.ele t d f .Sl mul at i ng
pat | ont - speBPiTanay s aay? AP EA ARk T SRR R PciPhO e
and/ or corneal _ablatjon procedures.. The patent provyj des a general
framewor k fiormafadng %%rfolwlala%ed Puthe gl nath @éjﬁféa?e RRSVRERRPSEF ved the
probl em of optim zed predictive analysis. A conprehensive review of finite
el ement netWeodsandagy medspisdavavegontdforaematientsiaygi damanpingeakss sggemsttil human
cornea is set forth in a 1994 dissertation by Datye which concl udes that
furt her worikodi€ette manufeturae tichimenn ptofdesdyahelr persdbnadl eormd pramsedhedt s and
phenonmena which may be inportant in corneal nodeling. Al of these efforts

hi ghl i ght %Pféaﬁty bERHrSvitky a peRer At sdrsctoRNThig sl dftpeRBLAISddRfidmdnf y and

custom ze ablation "algorithnms or nonbgrans to nore accurately predict and

achi eve desﬂc{v%j/ef, & é&%f‘aill\fl%ased upon a relatively smail 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 Corneal
Refractive Procedures" describes a computerized finite element method for simulating
patient-specific corneal deformation in response to corneal incisions and/or corneal
ablation procedures. The patent provides a general framework for this type of approach
but does not appear to have solved the problem of optimized predictive analysis. A
comprehensive review of finite element methods for simulatihg refractive surgical
procedures on the human cornea is set forth in a 1994 dissertation by Datye which
concludes that further work needs to refine the analysis and include other effects and
phenomena which may be important in corneal modeling. All of these efforts highlight
the attempts by manufacturers and practitioners to modify and customize ablation

algorithms or nomograms to more accurately predict and achieve desired refractive
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4 WD 03/082162 PCT/ US03/08645 outconmes. It is apparent, however, that the
puzzl e representing perfect vision, supervision, emmetropia, or optinum
vi si on quabiotgs21bty what ever nane, still has m ssing pi ecesT/uSes/ossxanpl e,
i nduced spherical aberration and ot her higher-order aberrations are known

convention t- I i - V.Sl fects and sub-
opti mum vi gchlgf)o qeﬁ’a#ﬁ? ?&%I\{}ée@ev??vte?ﬁ%atglgeﬁglgzgﬁgﬁrg@%n%gﬁfonvofonf hese
treatnment induced aberrations continue to ﬁFa Ienge manuf actltlﬁl ers. and
practiti oneWBeTX[Siqe SMMMETOPI, PLOPHIEN XiSInayalit,: BY SHie¢ata0 et fas miseing

i nventors have recogni zed a need for hardware, software, and nethods that
will facilinieges Bpt exa0ple dtdispdephsricalpherratipa i othsp highsr-pider ghepations &8, in
particul ar, photoablative refractive vision correction and, alternatively,
cust onm zed lophnrahwentiooph poss LASHA effees that cduse ogsidualivisivn sliefents agdabb-t y and
greater patient satisfaction. SUVWARY OF THE | NVENTI ON The i nst ant

i nvention igptighune ¢isasl dualigp Hdvadves tidichusedrdodinihitain EMadk erephedt Hduval
out cones for proposed therapeutic ophthal mc corrections including

phot oabl at i xRerafiGfs cBfifihto THARNE R Rl AERALE &5d Aackitfomtifikged opht hal mic
optics, and which support a transactional nodel for providing the

predi ot ve out C AR Sew, 5T e Al LeHTonu 0 Rl S nESe [ o fifhay 4 nd cat e

that no single of sinple Eonbi Rat1 on of TEct ors appear "to ~exptal it he

di fferences between cal cul ated or desired oabl ati ve refracti ve outcones

and act ual r&?ﬁgé%i’é‘éd,wﬂﬁvrsog?”é‘“i’ ﬁ%@m&&oé%ﬁét %ﬁgﬁfﬁﬁ?@@mwm&%‘ém ds, there

is no assurance that the surgical procedure/technique or the ablation

al gori t hm ttherepgusicigpbthalmaic proeedures.gd agrtisulay phpoablativerefraghive vigpoduce t he

same outcone if used on tonorrow s simlarly nyopic patient. An

i nt er est i ngcondestisnvadd, alterhitatel ) asst@enad opldtbalnhovgtvay that wsult madpticoms vsiency

and standardi zation in all aspects of photoablative refractive surgery
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 ophthaimic optics, and which support a
transactional model for providing the predictive outcomes. Reviews of numerous
clinical studies to date indicate that no single or simple combination of factors appear to
explain the differences between calculated or desired photoablative refractive 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 that 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 surgery
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5 WD 03/082162 PCT/ US03/ 08645 produces better therapeutic (corrective)

out cones. Accordingly, the enbodinents of the invention involve the use of
opt i m zedvohewosxtsi cal and hi storical, outcone-determ nati PeT/usat/escto
generate a best predictive instruction (e.g., optical zone size,

ker at ect ony, th ! i f or YA ther ut i ser,
ere) for TREFEeTperef et AR B8R ShidBhebl altornfl, e hipaRTal GrbE

vi sion defect correction. Toﬂb#lustaﬁhe, su?gﬁf€$that over the course of
1000 nyopi cPEHIPBATYOOV P Eefuttenzedpqyetys tonigely oycomerdeterainatiyn yght
to influence the outconme of the procedure into a statistical analysis
program of data to@eperetera bephpisdichyue Wseedion (g hptisahapnpdeze, kenategtomyplapth,
patient profile information (e.g., refraction, biographical, cultural,
etc.), prachiabilaioarnalgoethmifoubivimpartgrapastic lakdrs¢ta) fardhe prattittoner’saseato et c. ),
equi pnent specifications (e.g., |aser nake, nodel and operating

par anet er s, optigfikerme dukeoniel IR, préffdsbe vilod defectléaRast.i To xR ThiddupPhse tBAC. )
the diagnostic procedure (e.g., aberronetry, elevation based topography,
ul t rasound, ; [ enyi | &

Ferpor at ur & ohiicgfiss of {000y BRE Gl B BHERRIER BT bR SIpathrers, oo
limted. The c ut er praogramcan alyze this historical, i.nput data to
deter m ne, oierL et iE ST GRT of AR RISl ile m Nahod SRl BBk e e 1
rel ati onships to past therapeutic Qutcg succegg. For t?Qay's pati ent
#1001 wi t FORPRIFSWA hRsFpramders sught inplads dorgxammplen Ratigit Brotilgindormalor onput er
by manual or automatic neans, new, prospectively relevant paranmeters. The
conput er, i(a-gt uefmactioanbiographigalecultiral, dte).auraaiitioner teehniqug{nomegrame, opti m zed
theoretical and historical information that it has access to, and generate
an out cone-Histed¢dt burcemientata; eict)] @uiprsent bpeatficationu@tgytasee thakasesdehbhdit i on
shot profile algorithm for exanple, for driving a therapeutic |aser

system t hajpefatin pafintctdry SoftlvafivePRbi, il GQmBstOdxafPidtRA] dtON tRE t he
neasured defect.

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 limited. The computer program can analyze this
historical input data to determine, for example, the statistically significant parameters
and their relationships to past therapeutic outcome success. For today’s patient #1001
with a known myopic defect, the surgeon can enter into the computer, by manual or
automatic means, new, prospectively 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 outcome-predictive instruction, such as a
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.



6 WO 03/082162 PCT/US03/08645 |In accordance with this illustrative
description of the invention, an enbodi nent of the invention is directed to
a systemwbas/gmeyi des a predictive outcone for a propose®CTiuses/agpeut i c
ophthal m c correction that includes a collecting and transmtting station
(or platform for r [ Vi . | . 0 I . .

t her apeuti c- out c@%gﬁﬁﬁc\ééﬂg} %bsgh#%%(%#’%é?s’:%%ﬁﬂ{np@g@%E)ﬂé’\régrtl?l}ign §I§]tb8d1|nhentt he
non-limtin ase of phqtoablative surgery).. relating at |least to either a
ot ent. andiahe Svpreshs QIEies et WAchhyiest PEdibss SHenBAL: aRaPoteda

t herapeutic condition, and/or an environnental condition, and for

transni t t i nigerapersiciphibalmicgorection thitriaglndas acollectgrapd fiapgmisting stafion (Phe
conputing station can receive the plurality of information, store a

pl urality oflatfiorat)doi eediyinglagriapbiyt ofpraptaoreherapdudcoatcoor-infladnchas been
derived froman optim zation analysis of theoretical and historical,
prospect i Ventdiphase Pré-op&uti fddma intht UeRGinliGng CHs@ bNBiidtedblAtRlcaliigeg)at | east
to either a patient and/or a practitioner and/or a diagnostic neasurenent,

and/ or a. UARKARGUILG (Ol bipfent WHESE £ biaklior SAVGEN U aBhGRe nAEL B en

out cones data, and/or an environnmental ~condition, an en provide an

anal yzed output that is a best predictive instruction for_.obtaini an
o oved ¢ e byl ant i P8 el rorn Rt i, oG o it
enbodi ment, the collecting and transmtting station could be a conputer
station thafe phgalitmoémff%z@pawwo A SPRIRRHNS Siatthno L he spmpRiies HRUMSCAHFEEINE of a
variety of diagnostic devices (e.g., wavefront sensor, topographer,
pachymet er , the ganatityenf infermatjon, store aplutaditapelustogcal siastapenticeoujcomexci mer

| aser, custom ophthalmc lens platform etc.), to an operating room

"weat her stiatormation thathasrbeehdériyddvond as opxairatidroinabysascdfithécvergial amput  of

ot her prospectively relevant new data. In this and other enbodi nents

accordi ng tgsthhAgal, HroyReGTPherap IR -Qltccthd-iffuchdifs BEYNRKILE PABIANYt I8RO NY
i nformation coul d be collected automatically by the various

I nstrument aggon, B&genE LRDS™ }tnla@tﬁic;n%r EAWorCaOdTRéHois,ﬁcgmggéﬁir&ﬁent,oa(nd/or a

therapeutic condition, 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 therapeutic ophthalmic correction. In an aspect of
this embodiment, the collecting and transmitting station could be a éomputer station that
is 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, custom 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



7 WD 03/082162 PCT/ US03/ 08645 input manually by the practitioner,

assi stants, or the patient via a keypad or other known neans. |In various
aspects oWotobesiinyenti on, the conputing station could be pamtuses/oss43 ocal ,
inter-office systemor, alternatively, it could be a renpte server on a

network, a r.in Tr anSMm, SSi . ] i ng
crati on counrgupdhf by Ble RA8Riner sANMESE AtDalnIRFs KA EPSREPRRINL "0
by portable nedia such as a CD or disk. An advantageous routing nmedi um

woul d be sdBtH¥ i nternet transm ssion. The software and data structure for

perform ng the optim zation analysis of the theoretical and actual

hi storical ther algéf@flpes BeedpEhcanwntion hatampbiag statiphsoHd ke pam s fesel.on
for generating and providing the best predictive instruction can take

vari ous appteoatiesystemeirealtezahtivielyt iticonldibemiremnty sexwgnph e seiwnck,Lohd/or
statistical analysis (e.g., multiple Iinear regression), mnultidi nensional

vect or ( matihicket BARUY Trdsmigitnglo amelravartkd s@amaing sfatibh teuld be Rlitaradlyysi S
(FEA). Dat abases may be conposed of, e.g., individual practitioner data,

FDA clini Cgarngq;a%vlaguiaeﬁah&q Jr RifelesP ehs, bEBYH2abl fBdiaQath §d D JHRERL iA}9.

manuf act ur nical data, etc. Conputer stations, network servers,

di agnostic devices, therapeutic devices. and interface.hardware and
sof tware ddoNBTAERYS Lot mgfmef(%uerprswe uxde]gs:e Sceg%rgtllﬁte ﬁ]te]éeg%ngr 1§s1%r¥ t he invention per

se as they are all independentl avai_l abl e conponents. Alterpatively, an
enbodi ment of th’éhfisr?:‘}]‘r‘é*’ﬁffi%ﬂil aéa%‘WEE?E‘H pﬁefoawngﬁéecmt%z@orﬁ%wﬁﬁn,

enbodied in a deliverable means to an end user-controlled device, that can
be used to thewviicidand pated histoncel dgrapewtic-wieomes and thpenalyses obthe Ravni c
correction. In another enbodinent, the invention is directed to an
opht hal nmi c idfamated for geasratiny artdrpratidmgtthshest predictied indtrmgioi cag tdkstviacoand/ or
treat ment conponents, and a
approaches. Preferred, but non-limiting examples include statistical analysis (e.g.,
multiple linear regression), multidimensional vector (matrix) 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, therapeutic devices, and interface hardware and software do not in
and of themselves constitute parts of the invention per se as they are all independently
available components.
Alternatively, an embodiment of the invention is directed to an executable
instruction, embodied in a deliverable means to an end user-controlled device, that can
be used to provide a predictive outcome for a therapeutic ophthalric correction.
In another embodiment, the invention is directed to an ophthalmic diagnostic
and/or treatment system including diagnostic and/or treatment components, and a

graphical user interface (GUI) having a display and a selection device that facilitates the
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graphi cal user interface (GUJI) having a display and a sel ection device that
facilitates the 8 WD 03/082162 PCT/ US03/ 08645 sel ection of collected

i nf or mat iwo oBosg21anal ysis with optim zed historical infornecrarses/pseesyi ded in
or by a data structure, and resulting in an outcone-predictive instruction

for a pro 1.5] r; | I | TR, ordi ng
to the i nvgs%ﬁ% gﬂxggg@%@gsﬁtgﬁﬁ%@%&gf ?ﬁ“‘%ﬁ‘giﬁ? %%ﬁ&gh%%?{;“ veaf)}gl?corre for
a proposed therapeutic ophthalmc cqgrrection. The nmethod .includes the
atope’of caTPEEER Rbount SHA RS SRR 0 Mo ToRe R YUBHEIAGn o ew
information including at | east ophthal m c defect information about a
patient: proRECBPRY VLo OTFRSHPT RIOSEHHEET on to a conputing pl atform t hat
contains a data structure including optimzed, theoretical and actual

hi storical, therApethei emtmdirsenrtecéarfiog tatheonventipn tiessriberet method éor wphidig ni ¢
defect; and generating, via the conputing platform a best predictive

i nstructi o fredicéivpovpoae toraqropsed erdpeand ofiifaleic ddmecdedt. eThs metod
opht hal m ¢ defect based upon an anal yses of the new

t herapeut i Cih@lkih@@ﬂi’i@_‘sie?i bi@lebtity 4 LANIRSS BBrapélicCRMHRCnNaBnihd, Pndde
hi storical outcone intormation.” A prefierred aspect of this enbodi nent

hi stori cal rre thi's” erodin
tr ansact ) onoragys bl ichel i R Wp L R TR b pRhioine

described, the preferahle optimzation.approaches include either.
statisti cal hEmaRERImaRGR fq LeopptpgiplatiorBlbal CopasadiaRricHre meRding
conbination with the paraneters of a corneal ultra structural nodel (CUSM .

The pr ef ereiineized), dipossitcplandtagtuabhisiopiedlutrempaiicapideqppinfemagioe forghe f or
exanpl e, the ZywaveTM wavefront anal yzer and the Orbscan” corneal analyzer

(Bausch & LdetdrndimaioophtiralnediefecRant estarating\Vie, the bemputeggrafdrm, & bestapeut i ¢
station includes a 193nm flying spot, excinmer |aser systemsuch as, for
exanpl e, t hgedisaRb@sctidh ferldpropededrbrtabRItreaiisdng ot th idefezmit@d ophthalmic
defect based upon an analyses of the new therapeutic-outcome-influencing information
in conjunction with the historical outcome information. A preferred aspect of this
embodiment describes a method for providing a predictive outcome on a fee or
transactional basis as a business model.
In all of the embodiments described, the preferable optimization approaches
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 includes an aberrometer such as, for example, the Zywave™
wavefront analyzer and the Orbscan® comneal analyzer (Bausch & Lomb Incorporated,
Rochester, NY), the preferable therapeutic station includes é 193nm, flying spot, excimer
laser system such as, for example, the Technolas 217Z™ excimer laser system utilizing

the Planoscan® or Zylink™ software platforms (Bausch & Lomb Incorporated,

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



t he Pl anoscan(r) or ZylinkTM software platforns (Bausch & Lonb

I ncorporated, Rochester, NY); the preferable therapeutic procedure is

LASI K; amwtotobesypsef er abl e best 9 WO 03/ 082162 PCT/ US03/ 08®@¢%/Usps/asdiu<t | ve
instruction is a m)di fied, customablation algorithmfor driving the |aser;

h ownever, Th L}ﬁedlgff\? tloﬁ 1@9&038‘16? éqqs{o‘?rg aﬂlgticgrnﬁ ?&itﬁﬁ%f gﬁwﬁ? t}g:QEgerrJ bed

her ei n. se an objects o resent rnvention w become nore
readily apparent fron1the detai |.ed tio However, it
Shoul d”be. QIEVEE dRPHIER it 1 SadPiRan tnsbiserRe reAcbeLbatRr e exanpl es,
whi | e indlcatlngrthe preferred enbodinments of the invention, are given by
way of il ustr at Fisge and gtherghiecss Qfdhe B%entéfh"ﬁﬁa‘é%w%hecﬁﬁ@l‘?‘Préé?a}délb{s wi thin
the spirit and scope of the invention will beconme apparent to those

skill ed i n dppareat fromabedetapdriesdrptivese follpw. dhowentr,dr sheukiblee wnslesstopdathat  t he
appended cl ai ms. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a bl ock

di agr am of the gyatleniachmioh angd specific prasipged, adile idaichiting thie wméferebe i nventi on;
Figure 2 is a block diagramof a system according to another preferred

embodi ment é?ﬁb&dlﬁeﬁt%?ﬁx%h%ntlgﬁ% vén by wa lammlétrm@qwnsﬁice@an@agerrpl ary
LASI K system i n accordance wth e i nven%ll on; Figure 4 is a block

di agran [ | oo 8ha bl ddflahd @ahﬁg grﬁmeﬁfacge.gg e k2offbn FifAGGLAENL Of the

i nvention; preoperative
hi gher - or der 3rd, 4th e order aberratl ns. for a.clinica
study groufPBRregbio @?Skgpg &wémﬁ gr Qﬁﬂ g%%ﬂf?ﬁ? ﬁM@g gain e of
LASI K-i nduced hi gher - order

the appended claims.

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,

Figure 3 is a block diagram of an exemplary LASIK system in accordance with
the invention; |

Figure 4 is a block diagram/flow chart illustrating a method according to an
embodiment of the invention;

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

Figure 6 is a graph showing the RMS magnitude of LASIK-induced higher-order

aberrations over time;

10



aberrations over tinme; 10 WO 03/082162 PCT/US03/ 08645 Figure 7 is a graph
showi ng the RMS magni tude of LASIK-induced hi gher-order aberrations, but

wi t hout swbawiogabk2 aberration, over time; Figure 8 is a graph/usazess4dn a

| i near regression analysis showi ng predicted vs observed val ues of

post - LASI K sp herf}i%gllei 72113 g%éﬁgﬂb%@@%ggé gy%n{ag%iggalpm%glﬁ'%ﬂhu&h b %g—iogder

i nvention; Figure regression an

showi ng predicted v ohserved .val ues of post-LASI K spherical aberration
according t e&ﬁ“@ﬁb@&ﬂwgﬁwtﬂﬁw ﬁ%ng%§5Wt86ﬁpnﬁ?gure 10 is a di agram

illustrating a hardware rel ated enbodi nent of the inventjon; Figure 11 is
a schematic of algpiepl i agantasedioma ey regsersion; anglypis sheyvmgpredigied vy
training; Figure 12 is a diagram show ng inplenentation of web based nodel
for out consscanedivylsesofpndt-BASHK isplrerival aberratietedcs ordingatioi avrembicidguens of thei s

bl ock di agram of an architecture for business nodel according to an

enbodi ment @bedtltd; i nvention; Figure 14 is a schematic illustration of
overlaying fibril layers of a cornea; Figure 15 is a schenmatic

illTustration of gighiny isiaQRah Ba8Ed8n ¥ AR &Lt ARG EL BhdWRg pPddidtBBys
invention; Figure 16 is a graphical chart of pressures affecting the eye;

Figure 17 i? $2rvEY lljlgg of Sois{IE!éSTH%%&eﬁcalaab%}rgﬁcgneac%gﬁl% agoe%odﬁlflentt %?th%ye

accordi ng 0 an enbodi nen I nventi on;

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 data
based training;

Figure 12 is a diagram showing implementation 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 cornea;

Figure 15 is a schematic illustration 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 finite element mesh according to an
embodiment of the invention;

11



Figure 18 is a conputer sinulation of a finite elenment nmesh according to an
enbodi nent of the invention; 11 WO 03/082162 PCT/ US03/08645 Figure 19 is a
conput er womskstison of | ayered solid elenents of a finiteperasestssnodel
according to an enbodi nent of the invention; Figure 20 is a schematic

t wo- di nensi onal .l | rati f ol I t S, of finite.el enent nodel
according to an %ﬁ%g i ﬁg%tcglgp Qtte %éelg%ﬁ‘rr:]aygﬁto?ll)aﬁl;%%aiSélﬁ((r?gle%fntlsso ?3 ﬁglgr%ﬁfffré?n

si mul ati on of Iayerg.d solid elenents. simlar to Figure 19 show ng

de- coupl ed BedfeRtudingiyan gm ”ingmac’fftﬁ%wvali‘t&lj’ﬁ am according to a method
enbodi ment of the invention; Figure 23 is a cut-away view conputer

si mul ation of anFigpisi2Ariansehemstindyo-dynenstanahdlustsation of dyseridrabemends of e
invention; and Figure 24 is a close-up view of the applanated region in

Fi gure 23. fileTeMrhé&d ndsCirichidigNoGh driiolEREREDS tHeNBemkiMENTS OF THE | NVENTI ON
Figure 1 illustrates a system 100 for providing a predictive outcone

instruction forriguRran9aesmbpier daRlios of lHZEf&@'sBii@ cleMIeh® Glrhiddt-to FBir&h come
is effected preferably by a custom zed LASIK treatnent to correct

| ower - or der he &egl&ﬁﬁﬂé?irs@ ﬁperrati ons that cause vision defects in the
5 Qﬁfr% or a cugtEle

patient's eye omretreatnment for a decentered ablation, for
exanpl e. However.. it Jj,s tq be.appreciated. that th apt ure, .feedback, and
anal ysi s of - dat FEBES2Hop TeSiEp Fhde gL ATieio TRy A Mg Ryt oy
the strategy and_. i nplenentation of the invention will apply to PRK and
LASEK, for exanpliguregs iarcht-apay Yigw cAmpHss sightiation of ep peplpwatedessnea ust om
ophthal mc optics including contact lenses, |1Q.s, inlays, and onlays. A
col | ecti ng aperdingaasuientbodignent af theanveoton;sindhown in the form

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 instruction
for a proposed therapeutic ophthalmic correction. The outcome is effected preferably by
a customized LASIK treatment to correct lower-order and higher-order aberrations that
cause vision defects in the patient’s eye 120, or a custom retreatment for a decentered
ablation, for example. However, it is to be appreciated that the capture, feedback, and
analysis of data does not restrict the invention merely to LASIK; rather, the strategy and
implementation of the invention will apply to PRK and LASEK, for example, as well as
to the design and performance of custom ophthaimic -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
aberrations of the patient’s eye 120, preferably up to the fifth, and in some cases the

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



of a wavefront sensor. The wavefront sensor 102 neasures the preoperative
optical aberrations of the patient's eye 120, preferably up to the fifth,
and in soweocmsnas2t he seventh, Zerni ke order, or equival eatr/usdsiossxenpl ary
wavefront sensor, which is not in 12 WD 03/082162 PCT/ US03/ 08645 and of

itself a part, of. the inventi.on per se, is describ in WILi t..al. U S
ot No- " cunst e s el 68 il iR B0 0B e U RE HE P e st BT oR EBy

ref erence i eir entirety to. the extent all owed by appl.icabl e patent
laws and r uﬁé%wﬁﬁh@f oSSRk % horein HeorpgEatgd feier%% ip AieiraAndigety &o
obtained fromthe wavefront sensor data as described, for exanple, in
commonl y owiie@xigahallomgdbySppheable prtent dawseandirileat ianifsst iefpctibngd/thg4, 644
filed April 28, 2001. Manifest refraction data and hi gher-order aberration
dat a r epr esgaient’ aeidas etsodfe obtaisqleftdm Ve Winefipesthsar-dati asalveeribatl) feenci ng
information 105 relating to the patient. The arrows 104 represent other

prospect i }/e@ﬂaﬁ@lé%éﬁ&&bﬁ@&@féﬁp&ﬂ&ihgﬂ@.iﬁﬂﬁvisﬁﬁm% %ﬁ‘daﬁhh @&jal%@O/R&%ﬁ@' e, to
the practitioner, other diagnostic neasurenents, F erapeutic conditions,

and/ orenvi fRANGHI3E. LPATNARAS: relrhd bR daRldeiRhdtrer- bir AOGTBlon Wk rthi2lert ©

i nput personal ‘nofmogram i nformation and past ‘out cone

vi si on def ect S.currently measured, as |1.as the mak del, and
operating pt HEr eI CREG SSERP UGt e s ine  pirmator 95 mefane e Heaser
(therapeutic device) that will be used to correct the patient's vision

def ect, opeRaienhglheawiovanior aerressnhethey agPechye haspetiterutcapiiliendng t hat
coul d prospectively influence the results of the custom zed photoabl ati ve
surgery. Asdaa falatingefor examplkdo thdpraphtamer, othen dragnesyicwegasurementst theiapeutic
post-surgical spherical (and others) aberration to inprove |owlight

vi si on qual ¢dnyliting, antifoe eefieonenentd dballitioiel UliRstrpiveDp eHeatocto nfyveikh etinput
aberration as a specific input paraneter. Al of this information 105 (104)

i's manual | ypQEon@ihh@iddrhm ahoymhiRidnd st &&con?@dak@fo&%ﬂnipmmﬁdéf@été geting and

transmtting platform 102, and transmtted as shown a

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 the customized photoablative surgery.
As a further example, the practitioner may want to optimize post-surgical spherical (and
others) aberration to improve low-light vision quality and, therefore, would include
preoperative spher.ical aberration as a specific input parameter.

All of this information 105 (104) is manually or automatically input to, or
collected by, the collecting and transmitting 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, telephonic data
transmission, wireless communication, via CD, disk, etc. As such, the computing station
110 can be located locally, in the doctor’s suite, for example, or remotely. In any case,

13



103 as "new' information to a conputing station 110. Transm ssion 103 can
occur by known neans including, but not limted to, directly, via the

i nt ernet ,woeBegtheni c data transm ssion, wreless comuni eariusn3/osesa CD,
di sk, etc. As such, the conputing station 110 can be located locally, in

t he doctor' ite. fof.. r telyv. In any case VWO 03/ 082162
PCT/ US03/ o8%‘51zgﬁli’ﬁfén%%‘rr‘%oﬁi(’?%i’eg??%lgr??rrr‘]%;?%bly b abi ‘éto{)‘?ﬁ?%%“é%?f’h%@’ﬁ%w or

hi storical input fromother,  sourc as indicated b he arrows 106, and
described i ¥ és a@e%qd%débawowig%&%Gﬁ%%éeitndp? r‘iiteﬁ.aild’ﬁéﬂ"iéf erably
operates in three functional capacities. One of these capacities is to
receive "new, " pFaspuenuting staien d p@ nreferally openstes iihfhressivoetianal ¢appeoitient i on 105
as descri bed above. In a second capacity, the conputing station includes a
st or age nedDwewf thegp. capakdiBés is pacesivatitbvgh pappeciye itletr gpedat-autsdmeadhfluencing
(descri bed below), that contains and/or can generate optim zed theoretical

and actual iRfshRfibab5 as ddieriHAMBbYE - U LO6RI daphatyTaid Rmphtidg sthiib®
hi storical information has been derived from optimzation anal yses of

actual i stREkAal  dalde nRABRIGE |6 LG AREUh b BHIAONER shitlliqBCicRYed

i nformation, an etic ‘gl ca ans relating to patients,

on- For o, MR ORRERD gt ol BB H R b R Bt B aridh i *° °°
d . Each dure to . t . tient' . d visi def ect
"ol ved a BERPPLLTHCRGSRIED ks i ARG BOTHBAR f7< el KT ToR o

particul ar diagnostic device, a specific |laser systemw th an ablation
profi | e- driantimgizatiayoamialyisen gfasgiabhistonrealidatae grospectilie themapgaticroutcpmes onal
nonogram and a particul ar keratectony procedure for flap creation (LASIK).
Each pati enflubihginforofatibe and dieoadticalgsuagieal plans eclatendeiatictt, prachiniohens
operating room conditions provided an environnent in which each procedure
was per f or nggenotfish, @REdbeutiREERRRUeAtaPEQRIRHHs Cania® orh FopEtMi1Iged by an

out cone (post-operative results over
practitioner may have performed 1000 prior LASIK procedures. Each procedure to
correct a patient’s measured vision defects involved a particular diagnostic measurement
obtained with the aid of a particular diagnostic device, a specific laser system with an
ablation profile-driving algorithm possibly modified by the surgeon’s personal
nomogram, and a particular keratectomy procedure for flap creation (LASIK). Each
patient had a profile indicating age, race, gender, etc. Ambient operating room
conditions provided an environment in which each procedure was performed. And each
therapeutic procedure was characterized by an outcome (post-operative results over
measured follow-up periods) that was knowingly or prospectively influenced by some or
all 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
a proposed therapeutic procedure (theoretical surgical plan), outcome predictive

therapeutic relationships can be determined. When “new” information relating to the
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measured fol |l owup periods) that was know ngly or prospectively influenced
by some or all of the foregoing variables, and perhaps others. By

per f or m ngoanasyers of new i nput data in conjunction w tRCrhEsosmssn zed

hi storical data and prior optim zed instructions for a proposed

t herapeutic Q . i i . ~ jctive
therapeutic“?glggﬁ%ﬁgﬁﬁi 2%%8€§%%8§g¥2$%@gWR&%gﬁnmﬁgéﬁgﬁﬁ%g%ﬁﬁcg%n
relating to the 14 WO 03/83%16§,PCT/U803/08645 1001st procedure i s

provi ded f oPULeeTRF {pdPnatinn & by Lifcthosprpputng sktor d 69 €Al onerale By iiciird out cone
information 112, 114', the conputing station 110 can operate inits third
functional Gapaial yapaocityoiet guiput (Soownatdd 4)1to4he practitipmen(osde theilassesysfemn) t o t he
| aser systen) 118 a best predictive instruction 116 for facilitating an
optim zed cpry£bdst prediefivé istrugivin 6t fosfaopitdtingl afioptifeicdbrredtiunsofipst
predictive instruction preferably is a custom zed algorithmused to drive
the phot oablafeh¥ oRAHARIENMIe@NThRIREEHHIB v i tr¥8Yn bRGEHES is QER&EmPRET M zed
information relevant to the procedure, such as, e.g., LASIK flap thickness
and/ or opti . Lze. T g j .predictive
instructioﬁﬁ%%gﬁgggggh%%%w?ggPﬁ%ggﬁﬁggﬁ%ﬁgﬁgﬁg%ﬁﬁ%ggggé¥%ﬁg%%ﬁé(%ﬁfbd
enbodi nents. A first enpodipent utilizes nultiple |Iinear ssion, for
exanpl o, t BFIRRIRZe BRAmRETT Aol GePECe fEchan B LGS Abr et | cal

hi storical outconme data 112, 114' that can then be used in conjunction with
t he new i npiickgessandonoptiq@bzonpiézepasi s of this embodinent is illustrated as
follows with reference to Figures 5-9. Figure 5 shows the distribution of
what are ref err ethd apphechifor geaerahng Herbestrptedicta@anstatctiond 1¢ 3cabrdidg to thed 5"
order Zerni ke) anong 92 preoperative eyes from a clinical study sanple
group. As showkion3nélu@y dgious prférddd @itsod(rdany ) AfefrastRdimén atilisej miltipe of
preoperative wavefront aberrations in the normal population, with

(negative) jisRPRIEESn ABPELMPION0 HAAOR) a hRBicREhIYsiSofMc dchiRNing One known

ef fect of conventgl onal

theoretical historical outcome data 112, 114’ that can then be used in conjunction with
the new input data 104, 105. The basis of this embodiment is illustrated as follows with
reference to Figures 5-9. Figure 5 shows the distribution of what ére referred to herein as
higher-order aberrations (3“’, 4™ and 5" order Zernike) among 92 preoperative eyes from
a clinical study sample group. As shown, 3" order aberrations (Z3yxy) represent the
majority of preoperative wavefront aberrations in the normal population, with (negative)
spherical aberration (Z4q0) also being significant. One known effect of conventional
LASIK treatment is the inducement of higher-order aberrations, particularly spherical
aberration, which may account for reduced vision quality under low light conditions.
Figure 6 shows measured (RMS) higher-order aberrations preoperatively and at three
one-month postoperative intervals for 46 eyes that had Planoscan® (Bausch & Lomb
Incorporated, Rochester, NY, USA) LASIK treatment, and 46 eyes that had Zyoptix®

(Bausch & Lomb Incorporated, Rochester, NY, USA) LASIK treatment. Planoscan
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LASIK treatnment is the inducenent of higher-order aberrations, particularly
spherical aberration, which may account for reduced vision quality under

| ow | i ghtwoon@stisnpns. Figure 6 shows neasured (RVS) hi ghecTarsd®osc4s
aberrations preoperatively and at three one-nonth postoperative intervals

for 46 eyes, - r d hest er,
NY, USA) el 48 n‘ghltq&% RS agg@“’?‘ﬁ ) A%)@“ed@?’%(a?&rﬁ’?@f%@n%& Lonb

| ncor por at ed,. Rochester | K tr ment . Pl.anoscan

03/ 082162 ﬁéf%‘éb%?‘%‘éﬂ%f*%@ra ‘?“6 OEﬁmgﬁﬂnofr?&lun(DH%‘? 8852}}6 %Dé‘tfllv‘grrati sm)
LASIK treatnent algorithm Zyoptix refers to a custom LASIK treatnent

al gori t hm t Gaus¢in&demptulnepiporated, RiechdsterAYYi HREA) poftyBawiatfora is designed to

| ncor porated, Rochester, NY, USA) software platformis designed to correct
measur ed prmmtmtehsmed/meﬁammemefrbﬁtdbeﬂsﬁorﬁi Guguee 7 i Sgraplgsiafitar &0 tiat ar to
that of Figure 6 except that the spherical aberration term (2Z400) has been

removed in @rEghiretPexceptanatithesghenddl 'ai%ﬁrdti%ﬁ t&ﬁi ?Zﬁ&yhiﬂ%eﬁfréiﬁéyeariﬂ ordet fb and

5t'" order Zernl ke ternms. A stepwi se multiple near regression was

performed u g%hﬁ cl)ntpi'i)gf?@ﬁ;r@g'b\z(ﬁ% tfler g‘h%}ld 5th {&?Zeﬁﬂ&ﬂé coefficients

to investiga e pre ure of the rel ations et ween
fsi cally,

t ti h | ab t d t
Co" prodict the SRIESHIERPLIHER oAb AL PO IAO0F OFprat 9'3pt. x and

Pl anoscan treated eyes at three different up|I sizes, 5.0mm

7.0mm For #fdhtorden Zeanike qoeffisients fQnvestesa tgaprquctwﬁnstl};e qfﬁ@f Y‘%%@PF]@HS hi p
3Mont h Z400 = PreQpZ400*0. 387686 +Pre(pZ200*0.034882+0. 023291 gave a
corr el at i onbatweaf pastipertivespherBalzberrfoon ahdqpedperative arcasures; epecainehlly, ®nm
pupils (n=46) the relationship 3Month Z400 = PreCpz400*0. 501336

+Pr e pZ200* el 1ihe fdbhtilsbheg eal @baratdn(Elogk fod the@yopfik bid Plahosehn trefted0.

For Zyoptix treated eyes and 7. 0mm pupil s

eyes at three different pupil sizes, 5.0mm, 6.0mm, 7.0mm. For Zyoptix treated eyes and
5.0mm pupils (n=51) the relationship

3Month Z4g0 = PreOpZp0*0.387686 +PreOpZ,00*0.034882+0.023291
gave a correlation co-efficient of r=0.75. For Zyoptix treated eyes and 6.0mm pupils
(n=46) the relationship

3Month Z4g0 = PreOpZ400*0.501336 +PreOpZ,00*0.052621+0.042704
gave a correlation co-efficient of r=0.80. For Zyoptix treated eyes and 7.0mm pupils
(n=23) the relationship

3Month Z4yo = PreOpZ4p0*0.356462 +PreOpZ,00*0.070921+0.068812
gave a correlation co-efficient of 1=0.72. As Figure 8 shows for the 6.0mm pupil, there
is strong agreement between the observed and predicted values using this equation. For

Planoscan treated eyes, 5.0mm pupil, n=52, the relationship

3Month Z400 = PreOpZ4oo*O.933579 + Pl‘eop2200*0.023760 + 0.004549
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(n=23) the relationship 3Month Z400 = Pre(pZ400*0. 356462

+Pre(pZ200*0. 070921+0. 068812 gave a correlation co-efficient of r=0.72. As
Fi gure 8 wbowes®iez the 6.0nmpupil, there is strong agreeagrusobesoween the
observed and predicted val ues using this equation. For . Planoscan treated

Y B bop 220090 B3378BIG b b s O 6 Vo B FERITEH REH GRS OIS Phave &

correlation co-efficient of r=0.84. For Planoscan treated eyes, 6.0nm
pupi |,  n=4846; fe relatigshibnshi p 3Mbnt h Z400 = PreQpZ400*0. 745150 +
Pre(pz200*0. 037653 - 0.020633 gave a correlation co-efficient of r=0.84.
For Pl anoscan treat ed3Myrth Zsob. OPneOpdmoT0.745150 3, Pre@pladi0376 a5 hi02868ht h
Z400 = Pre(pZ400*0. 638732 + Pre(pZ200*0. 055682 - 0.069077 gave a

corr el at i ongage-acbfretiomto-efficiend oBi=0.9% Har Plines@nsieawd efyex; 7i10han pupilm pupi |
data wusing this equation, there is strong agreenent between the observed
and predi ct,eoh3valeyE@tionshipus. "new' information (preoperative spherical
aberration) was analyzed in conjunction wth statistically analyzed

“historical® infor mtiﬁﬁmﬁ%ﬂ@@ Pr%b@%zé@ﬂ?%@@%%wg%foﬂ%%ﬁi _ 03RBHFAL T ON,

defocus) to generate a pre tive ruction for mzing a patirent's
t hree- nonth postoper.ative hercal .abgrratiqn. Accordi t o _anot.her
enbod nont , BACAGPRERA FRBIETRL 0 Mo DEENCbea S BY e G SUBT 80 de ¢ he
best predictive instruction. The current gr ocedure for determ ning an
abl ati on prusing Gisrgyatipn, fisie i stranshagresment Setsen thesobservpd agd prpdigtad valpes.
shortcom ngs. For instance, biodynam cs and heal i ng response are not
consi der ed, Thasd“ewiphfrms@ofpredperativg spiericsimbémation)) wak esalgzadon aonjuscion
renoval profile based only on refractive power
with statistically analyzed “historical” information (pupil size, postoperative spherical
aberration, defocus) to generate a predictive instruction for optimizing a patient’s three-
month postoperative spherical aberration.
According to another embodiment, a multi-variable matrix approach could be
used to provide the best predictive instruction. The current procedure for determining an
ablation profile based upon a thin lens formula is limited by various shortcomings. For
instance, biodynamics and healing response are not considered, and simple use of the
Munnerlyn formula leads to a tissue removal profile based only on refractive power
changes. Moreover, the current linear approach does not adjust for individual procedure
differences among surgeons. What results from all of this is refractive power adjustment
through personalized nomograms without viable means to effect aberration correction
adjustment.

Ilustratively, let Z be a vector representing a Zernike vector output from an

aberrometer related to the corneal surface to be removed.
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changes. Moreover, the current |inear approach does not adjust for

i ndi vidual procedure differences anong surgeons. \Wat results fromall of
this is rwbraogitge power adjustnent through personalizedpaoorusgs/essss wi t hout
vi abl e nmeans to effect aberrationjcorregtion adjustnent. Illustratively,

|l et Z be a vector representing a Zferjyi ke vector output froman aberroneter
related to the corneal sur}la_ce o] beg‘re ved. 17 WD 03/082162

PCT/ US03/ 08645 ZI Z = (n- T(221 3 “%Zn| where the wavefront data out put
fromthe aberrometer has been nodilfi%d y the index of refraction, n, of
the cornea. Define M as a clinical -matni x having terns that describe the

i nt erdependence of various Zerni ke t.er as affected by wavefront and
non-wavefront information such ag, 4. g}, topography or. other preoperative
patient data. For exanple, M coutd be a diagonal matrix Gl M = C22 C33
Cnm wher e tyigerBBid wiveBlof®A4 Sutbuf fréth ehd HeBmies Hhd bed@ niddafedoy Ak ihdek&f

| i near regression of preoperative and postoperative spherical aberration

measur eme “tr%ﬁﬁ‘&io(i’l,eﬁﬁérfit £ 6o: 300 Vﬁeﬁng‘ﬁ' A cg{anﬁlﬁﬁ; ﬁﬁﬁﬁ%&dg@ tgfiflé"ﬁﬁt“qe‘é@ﬁﬂeoﬁﬁé

Zerni ke terns are ther realized, typl nical studies, M

wll fill out as a full .n x i trix. Anqgfher matrix, M, can
mter(?ependence of vartous erql?ke terms as a%ected by wave%‘ront and non-wavefront

information such as, e.g., topography or other preoperative patient data. For example, M’

could be a diagonal matrix

C nm
N\ J

where the matrix elements Cjj are terms resulting from a multiple linear regression of
preoperative and postoperative spherical aberration measurements as described above.
As interdependencies between various Zernike terms are further realized, typically
through clinical studies, 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 form,
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be generated from actual and theoretical historical outcome information. In
form 18 WD 03/082162 PCT/US03/08645 H11 H12 . Hill M = H1 H22 H2n Hm
Pr ef er ablwo obsmerl d be devel oped with the same anal ysis ®ofrtusas/escused f or
M, to "develop a feedback loop to regularly update M to reflect the
surgical procedure. A resultant trigg Z° = M'x Z+(const ant)
represents information for genefatithg 'af optinizel, |predictive instruction
for correcting the patient's vision defect. In a br padened aspect of this
enbodi nent, M may cont ai ™ ¥ o mkkl o2 r om a- plﬁ%allty of sources and
thus act as a central database fior providing predictive instructions to any
surgeon wishing to utilize a senfvice providing such information. In this
case, M could be updated as new.outcone infornation becones avail abl e.
Update information could be obtained fromnultiplg $ources through a

vari ety of acquisition schenes including purchase or |ease of the rel evant
1 or Rt Ofereldtadly Al LELEN FRBRILITAL BEEAIIR-L Qokfiire (NPRINE rlesCr | bed
with reference 10 igure 11 eural netwo envi ronment is an
approach that could provide the best predicti e instruction to the

sur geon. SOPﬁéPﬂ§WRkHBPt%HW%F?H%@dWEgngEH Fﬁt@%““ﬁéﬁﬂﬁo%ﬁﬂﬁhﬂ?ng, is a
fundanental | y new approach to infornmation processing, and is the first

vi abl e al t erendtanvmatrix Z'egMER N Al Z-{{c@gtaatireptcssnmsuformgtiorNeu gether arigrvor ks

of fer distinct advantages for applications where there is little or no

exi sting knnGdae pRlaidiWinsiAckiayRl eprafing iftopatichid videH dafecnahwor ks can
oper ate where there IS |Inpreci se or anbi guous data, and can be trained to

d l.i abl e d nf k
E;(r)] gggp{ ettlga% 8& Els%elctcc%qfl FSl(llj)l eglyo *f}\}lﬁéﬂa&g ntal 1n9 I‘%g{lgﬁj ﬁ'OmAé IHSH{EI%I tn et wor

sources and thus act as a central database for providing predictive instructions to any

surgeon wishing to utilize a service providing such information. In this case, M"' could
be updated as new outcome information becomes available. Update information could be
obtained from multiple sources through a variety of acquisition schemes including
purchase or lease of the relevant information.

In a different embodiment according to the invention described with reference to
Figure 11, a neural networking environment 2000 1s an approach that could provide the
best prgdictive instruction to the surgeon. Neural networking, sometimes referred to as
neuro-computing, is a fundamentally new approach to information processing, and is the
first viable alternative to sequential programmed computing. Neural networks offer
distinct advantages for applications where there is little or no existing knowledge of how
to develop an algorithm. Neural networks can operate where there is imprecise or
ambiguous data, and can be trained to produce reliable predictions from historical
information. A neural network can adapt to external input by modifying memorized data

according to specific learning laws. These in turn may re-size the shape of the network
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according to specific learning laws. These in turn may re-size the shape of
the network 19 WO 03/082162 PCT/ US03/ 08645 (nunber of connections) as it
maps t he wooblgrs2 OFten there are | arge nunbers of sol ut iPOmMAUSHEOSERY
probl em but the advantage of a neural network approach comes fromthe

et vor k123 DhRg 40 BLOMES &N AR TURLER| S OL Rt purbpRgeer danee

al .
I nven S nproving re ctive

surgi cal outcones can be . viewed as the al ysi s of | ar and varied set
of pati ent ,SOHtogs BEEPPrapgTHu £ aradé’élPta%Fa‘iafn H%F?d DERYOr F‘@HP%‘% Sresiroghhet i on

algorithns that give the desired outcone. Since nmuch of the data provided
for det er minatwerkdpdratnigde peddgee thetopb myassobitone resylthdn @¢dordangs with@n anal yze
and determ ne correlation coefficients by traditional statistical methods,
neural congubddigentayf theriavention, the task of depdovingakfriaive amaioak outgoraedrand base
of diagnostic data and providing optim zed, predictable outconmes. The

neural net wakked®Bytht URAYIOBS & Mirge andaGked§d RAPRIING i dPRES AdndiRdtbeNS dhta
Figure 11, which illustrates a sinple neural conputing nodel 2000

i nvol vi ng d?fg%?%@%ﬁfétibﬁ aF 5‘31?(9({%%&&5&& %?gfv(e%@d&ﬁe&j Bﬁt@oﬁqg.agi&@&ucp%f

applicabl e outcone o e proce prospective outcone-i1 nfluencing

information) i.s inpu the buffer layer 2001.. The hi dden .l 2003 may
const ot of S pratied B AOEmREhEbIaRK EleoPlutsnd Mot BRaHMYE lhar woul o
be proprietarY to a third party, which al]lows the systen1to test and | earn
from exi st i #ghaaead defamyne eomeatio Gigts by Spdifipral plagsiicabmedofs, GRBast
procedures, the hidden (analysis) |ayer 2003 is trained to perform

appropr i at ecomaiuting mayaneve to beaiiidead tagd firraelysing edneas! tage pf dagnostigdatag known
wei ghting factors to generate internediate outcomes. As new patient data,

t heor et i cal andpbviding opétrazedapad@eidbledutaniiaso Mhedabal iworiemay fincadd i a t he

hi dden | ayer 2003 continues to be trained to output a best predictive

i nstructi onyRk prdife@idPibads folibwd ABigurtha, WhidhU RudtfabiRersinvipRietiaur al

networ ks i s that tﬁey can be trained ?ron1an
computing model 2000 involving data based training. All relevant pre-op data that may
be applicable to the outcome of the procedure (prospective outcome-influencing
information) is input to the buffer layer 2001. The hidden layer 2003 may consist of the
historical information (rules and relationships) that would be proprietary to a third party,
which allows the system to test and learn from existing data and outcomes. Knowing
historical outcomes from past procedures, the hidden (analysis) layer 2003 is trained to
perform appropriate calculations to achieve desired outcomes by pre-assigning known
weighting factors to generate intermediate outcomes. As new patient data, theoretical
outcome data, and actual outcome data become available, the hid(ien layer 2003
continues to be trained to output a best predictive instruction at the output buffer 2005.

The unique property of neural networks is that they can be trained from an

existing set of data and known solutions to update the hidden layer weighting functions

and rules to improve outcomes from future information. The larger the database of

20



exi sting set of data and known sol utions to update the hidden | ayer

wei ghting functions and rules to inprove outconmes fromfuture information.
The | ar gewotobesxat abase of 20 WO 03/ 082162 PCT/ US03/ 08645 pClrrusvsi0ssus conmes
the nore effective the network becones at producing optimal solutions. The

neural conpyj I :
application m%@%ﬁ%&%%ge &geggg %}\%nr%lhﬁ& bggérngs #%?O%ug&%ﬁgrrngg%gg??n\%l y.
Al informatio 002, 3004 oIIeted in ite 3006
there data e compyRERE Y Brieuls i SPefinefiedenput SR r uct | on

out put 3008 returned to the client 3010. Input and out put. woul d preferably
be through 2PPhEBiBaBedriapi0 6010 asrhowadn FighresrlPaedd Swictreclvelpnpll | ng
architecture 4000 shown in Figure 13. The rules box 4001 refers to the
necessary cofpuiagon §062, 3804 wanld terrvallygedatt esmpuguoe sit¢ 30Womdre tlatatanalysis
process. The storage requirenents 4003 al so could be defined. Once the

system was cold bd)esinpleted ahidl gredtiex padtaetrueasn dytpiitB 098 P oMmed 2o theictivht base of
any size. This represents a standard scal able architecture for web-based

busi nesses. 3gdof QHEilt %@B%ﬁ%‘v@ul@ %P&Qﬂaﬁﬂz H%Yth}&ﬁgh b WB Mok &agpichtfoh B 2

probabilistic finite element analysis (FEA) "using accurate cor neaI ultra
structural ction
with new i npu? 5834%2% lgtﬁgoaqgiﬁteﬁ%\rlée:%%&%%t&jgllﬁﬁ@éungngﬂ%\)al I (96? a and
Poi sson's Ratio information about he e has _been proposed that a
proper bi ooﬁ‘?%‘Faf'rtoct NG HERASSAY CORRMIEN O Xfrdr?aafva@ t%“(%‘lntﬂuﬁsg’t ? gdefhe nodel ing
of the cornea provided by an ultra structural fiber nodel and a fluid
dynani ¢ anpgesss Thasterrea pesvirgmeyig 4802 alspraowlil e dotiedd. (nesdhesitstenTivese two
aspects of the corneal system referred to herein as the Cornea Utra
Structural ddiohed it(cCuE\e exprmled@adily tosdp@st 4 didnobase oBiany sige.c This seresentsvihen
exam ned on a nmacroscopi c scal e, appear non-isotropic

standard scalable architecture for web-based businesses.

A fourth approach embodied by the invention relies on a probabilistic finite
element analysis (FEA) using accurate corneal ultra structural model (CUSM) input and
a correct finite element in conjunction with new input data as described above to obtain
Young's Modulus data and Poisson’s Ratio information about the eye. It has been
proposed that a proper biodynamic model of the eye must include both a structural
modeling of the cornea provided by an ultra structural fiber model and a fluid dynamic
analysis based upon a hydrated matrix model component. These two aspects of the
corneal system, referred to herein as the Cornea Ultra Structural Model (CUSM), are
outlined as follows.

Biologic tissues, when examined on a macroscopic scale, appear non-isotropic
and highly nonlinear. However, tensile tests that measure this behavior do not reproduce
a valid physiologic environment. For example, elongating strips of corneal material at
first produces no measurable tension, but instead, a release of water. Eventually, often at
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and highly nonlinear. However, tensile tests that neasure this behavior do
not reproduce a valid physiologic environnent. For exanple, elongating
strips ofwomsngrab2 material at first produces no measur ablPeTiisnsossms but

i nstead, a rel ease of mater Eventual |y, often at 21 WO 03/082162

CT/ US03/ 086 d I
e %ﬁ%tﬁ'%%%waﬁ e T S

result of |gnor|ng nechanlsns hat are L .nDst a li near, but
conpl exly | FIEHEXMHERCATRRES SHaYh BPWEET, bed %relsvlﬁe kgnela%&fﬂ%aénsmst hytiase far
mechani sns retains its linearity, there nust be sonme essenti al

nonl i near i tthe mastieaat linear,tiut eomplaklynetgrtwingd; Neyentherdeperasal lineas¢ampasite afid i s
magni fied by the conplexity of the overall, nostly linear, nechanism If
thi s i s thdimrasmectanisasaataatsatsyinparéts ihticvrusabel somb d&shmiﬂpphlﬁrfeaﬁi}e nmodel
will only be realized after the essentials of all ultra-structural

nmechani sms @EAIY, Wit Momﬁfé@rﬁﬂgqg AtrRemenhlly dnipld, Uad Lérrﬂitéf ﬁedtkyeth@ Qb Préxit
conpl ex conposite naterla consi sting of oriented fibers | ae 10002

as shown di t’ﬁg '6%%“1?& 1¥1e¥11n II@CH#HI%! 1ffth1@r1§ Bl %ﬁey an & %?rédﬂ:t

spaced by a hydrophi d matrix o gl ycosam nog yéans |IIed

st el BB erg ey RorHe b ey et b SRR MRnlier phedl are

not shells, but |ayers of fibrils. Intraocular pressure (10OP) puts fibrils
under tensﬂ6ﬁ>amﬁF§aﬁéﬂ%VdﬁxF@”HW§trlbuted uni form y throughout the
corneal thickness (i.e., anterior fibrils and posterior fibrils are for the
nmost part equal Uktrasﬁtlruews%lb') thexor@aas & egrhplgx £opoditelnagtenal cansstingedsed ( near
per pendi cul ar). Human corneas have specific directions of fibri
pr edom nancaienbit fibeh(iardel tienl 0020 as/diotvinciddgrammbticallydh Fégire V4, tprimaaiigd ot her
geonetric factors like the rate of peripheral increase of
arranged in layers, spaced by a hydrophilic matrix of glycosaminoglycans (GAGs), and
filled with water, some bound and some free. An accurate modeling tool, therefore, must
include or explain the following facts:
1. Members under stress are not shells, but layers of fibrils. Intraocular pressure (IOP)
puts fibrils under tension. This tension is distributed uniformly throughout the
corneal thickness (i.e., anterior fibrils and posterior fibrils are for the most part
equally stressed).
2. Overlaying fibril layers are crossed (near perpendicular). Human comneas have
specific directions of fibril predominance (both horizontal and vertical). This
directivity, and other geometric factors like the rate of peripheral increase of

pachymetry, varies with species. Thickness abnormalities (e.g., nasal thin spots)

arise from fibril layer nonuniformities and are developmental in nature.
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pachynetry, varies with species. Thickness abnornalities (e.g., nasal thin
spots) arise fromfibril layer nonuniformties and are devel opnental in
nature. 2208036082162 PCT/ USO3/ 08645 3. Rel atively | ar gem/uso3/08645
circunferential stresses at the linbal junction (where an 8 nm radius

surface joi 2 radlus a are ircu erentla
iber orl ng- 16065y gl g end Ste e o THOBREMhelen Rtk S5

organi zed into exten5|ve araIIeI fibril |ayers. M nlnun1scleral thlckness
occurs at its RUHRIBRCE NI HeTpeadive sufe) arﬁtspe%ﬂrteérby ayreHEdergntialfibent t he
eye). 5. Surface shape is determned by fibril |lengths and stabilized by

| ayer intercoﬁnedOD@ﬁ Normal (i.e., healthy and not post-surgical) shape
is unaffected by significant changes in intraocular pressure. Under these
nmodest st r ess@slerdl ifibeislase clossedtrathertthmdbeiggppreanizebinyo exiensbierfapalzl-gsibape
changes occur when fibrils are cut, redistributing the stresses non-

uni formy and la%rlefSO\MﬁﬁJmHﬂ' s@ﬁz@eﬁ%&hﬁ% odcAMedt $ts bQuARNNHAM. reshet 18 ¥RAE s ANor S
determ ned by a conplicated interaction of fibril and cross-link stresses

with the |nt§%nhfgga&mq@hw ressures. See Roberts, id. 7. Fibril spacing
rans

necessary for arency | recisely mai nt ai ned. This necessitates the
observed st structur as.n rous. | ayers |ber a fiber

e ng & oot UG SRS ekt Y P InELs aig StaPﬁI&?cﬁﬂg Iy e et
opacity of the cornea, especially near the linb is indicative of |ess

fibril organi Nermah(ieehgplthygnding Q§&§‘€gl°ﬁl)ﬁh%}eﬂﬁ u%%féfgqurbgss)gwé%n t he
l'inbus. 9. Fibril spacing is maintained by a conplex bal ance between
springy spaci ebpnges ey ingtheculariphessirnt Enfledghede nBAd@s!) strepsts f fituilsidpnetsstand (whi ch
at honeostasis is relatively negative,

appreciably.

6. Surface shape changes occur when fibrils are cut, redistributing the stresses non-
uniformly and allowing unloaded fiber layers to expand. The expansion is
determined by a complicated interaction of fibril and cross-link stresses with the
inter-fibril matrix pressures. See Roberts, id.

7. Fibril spacing necessary for transparency is precisely maintained. This necessitates
the observed stromal structure as numerous layers of tiled fibers (a fiber being a
compact group of parallel fibrils).

8. Increasing peripheral opacity of the cornea, especially near the limbus, is indicative
of less fibril organizatiori (e.g., an increase in fibril crossings) near the limbus.

9. Fibril spacing is maintained by a complex balance between springy spacing materials
(the interfibril GAGs) and fluid pressure (which at homeostasis is relatively negative,

about 60 mmHg). The negative pressure or suction (imbibition) is maintained by

the endothelium.
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about -60 nmmHg). The negative pressure or suction (inbibition) is
mai nt ai ned by the endothelium 23 WO 03/082162 PCT/ US03/08645 10. Over

t he physiwboghgisange, corneal thickness is proportional PaThpds/@EsON.

Exci sed stroma in saline expands up to 150 percent its physiol ogic val ue on

a tinme scal qurs.. vhen consér al i n.saline. nt | ggitive
Swel 1 Tng. pr s Shiee S siolb ey Emeynitioldts BhptFoo R R REhARY Frehed act
the swelling pressure,. a negative _inbibition pressure can be nmeasured. 11.
Swel [ing and SWOPBIR s3hRe ﬁ%&@ﬁ&ub% egeent i physiqlesic VAluG R Aitmgsealepfn t he
intraocul ar pressures responsible for generating the fiber tension. Hence,
interfibril mhowisx Winneossirasreddanaliney e substaniighpssiye swellingpressurkichn be
cross-links, the matrix conposition, the fibril layer structure, and fibri
ori entati on ameasirkd.sPpaien atdtionde geniictd nd cavntdraa thchsvedlingymassuts aakgdtivieer

| ayer orientation is at |least partially responsible for observed

non- uni f or m Mgkt reShfeddal e mitdsigedd by excess intraocul ar pressure. 13.
The cornea is flaccid in youth, becomng nore rigid with age. This is

presummbly 114G clifhel A6 ABREG0EH 'ﬂré@ﬁﬂe@gsquigérﬁh el LGO4AG e iy

accurnul ati on of various nolecular "species e Inter ril matrix with

. Corneal Fiber Mydel For.th f expl aining the.
bers are t naBPRTFPLanTystr foh iSRS o EuE JRUE. IR e

fiber is a nodeling construct. rather than physiologic entity. It is a way
of subdi vi di n§TESPRYSAFICHEi Re 188Y7&Y-. The corneal fiber nodel follows from
three postulates: 1. Fibers foll ow geodesics. Corneal fibers can not
Wi t hst and bEhditagfibmheegsslinkanftie matrix composition, the fibril layer structure, and fibril

orientation are all spatially dependent within the cornea. Local fiber layer orientation
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 presumably
due to increased cross-linking and/or stiffening (through accumulation of various
molecular species) of the inter-fibril matrix with age.

Corneal Fiber Model

For the purpose of explaining the invention, fibers are theoretically defined as
compact groups of fibrils. Thus the fiber is a modeling construct rather than physiologic
entity. It is a way of subdividing a physiologic layer. The corneal fiber model follows
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 straight line, which when confined to some surface, is a geodesic of the
surface (e.g., a great circle of a sphere).
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therefore, they are for the nost part under pure tension. A fiber under
pure tension follows a straight Iine, which when confined to sone surface,
i s a geodweios/oeflet he surface (e.g., a great circle of a Pphmarse3/oss2st WO
03/ 082162 PCT/ US03/ 08645 2. Fibers tile the surface. Every layer is an

| ndi vi dual bl | g, e bt ?‘W aaltsaﬂumfwdﬁglqa@gg% eeeﬂkﬂgg < B08L 80

significant optical scatt d the efore are avol ar ea
conserved. The nunber of te f ils.and fibri cin onserved
Therefore, as 4°FPBEP Woéll gedm%’%} f‘ﬁ’éoml‘éﬁl PERLEr ?‘}({}P Feo org ¢ @BH{dﬁ ns, fiber

area nust be conserved. The follow ng term nol ogy, wth reference to Fig.
15, will ai@- thder egddy C‘?’ﬁe""é‘ﬁdyﬂ%@‘ﬁmﬁrﬁédtsﬁ@tecfé)‘?rﬂéallld fibmlespagipgd accordi ng
to the invention. The linbal plane 10020 is a plane that best fits the

| i mbus. The coromeevedipEerdfotR 2s i §bertie defaredrigd thadisengt dibrilsit cdrdaies, fbentirea
farthest fromthe Iinbal plane. The corneal axis 10004 is the normal to the
i mbal pl ane thaét bertbedes@elt s t he corneal apex. Meridional planes 10006x,
contain the corneal axis. The central fiber in any layer is the one that

intersects the cqhagalowdi) formitdeAYSS, wﬁﬁqb@ﬁeﬁenﬁ@f&ﬁ?sis fwomig b eaRt @l fiber
are lateral fibers. For any layer, the medial ane is the neridional

e MM bl DR
1 f the arpeaﬁoé)fé‘ﬁafﬂ ﬁ?@’ %&ﬁ%ﬂ%}‘é%b gﬁqef:c"f“le éﬁ%ﬂ%ﬂe}l&m &si cs,
then a fiber |aid over convex_ surface nust be th| nnest nedi

i ncreasi ng E‘érrfiioﬁfpéﬂﬁlfmhesﬂﬁ?@ thdimbglipdanien Tha corneqharisst0gtds the HP@R?Hé%ﬁle

i ncreases peripherally. However, the inventors postulate that the observed
i ncrease i nlinthatplans that Stargctsithe tyment ppex. N dridipnalipdings d0R(6, todein ths pect
changes. corneal axis. The central fiber in any layer is the one that intersects the corneal axis.
Layer fibers farthest from the central fiber are llateral fibers. For any layer, the medial
plane is the meridional plane that perpendicularly intersects the central fiber.
The following consequences can be immediately deduced from the model
postulates:
1. Fiber aspect ratio changes gradually from medial to peripheral locations. If the area
of a fiber is conserved and if fibers always follow geodesics, then a fiber laid over a
convex surface must be thinnest medially, increasing peripherally. This explains in part
why stromal thickness increases peripherally. However, the inventors postulate that the
observed increase in thickness is not fully explained by individual fiber aspect changes.

To reproduce the normal human thickness distribution, different fibers in the same layer

must have different areas, the area increasing from the central to lateral fibers.
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To reproduce the normal human thickness distribution, different fibers in
the sanme | ayer nust have different areas, the area increasing fromthe
central twoloabgret fibers. 25 WO 03/082162 PCT/ US03/ 08645 pC2/ushavssnal
fibers blend naturally into the Iinbal circunferential fiber ring. Geodesic

orientati on,ca | . I r The nost
“atoral i bar ot AEbLHBySbEhd hABIS hf RE N LALLM REEL AL deodky
Corneal organi zation (tilin | eads tp scleral disor i zati on 0SSi ng) .
Tl g 1 bapBeARHonCubis e hnes o e e gubobepauhehd: hsrae: enbEREs ol 4
cause all the fibrils to cross at  two opposing dianmetrical points. Taking
this spheri ¢karefosafiow sasilydnteghe impaldiber Rg. mul tiplicity of overlaying

| ayers crossing at all angles together contain fibrils that all cross at

t he equat or 3. t Gemkacuganafatiph ¢lilorg) dsidn tp sl eambatisorgamiizapon feressi@p dlilogy) filedrd vy
this neans that the uniformtiling over the cornea necessarily leads to

ext ensi ve fiibhkingledapgIolngy gcodehies anoNeat shhdidalouldagussall tHeiibrigs 68 at
shape determ ned? If fibers are formed under tension, then a flat surface

mi ght be eX@@SBﬁﬂosi@Hﬁ\ﬁ@&i’caﬂﬂc}iﬂg.sTﬁlQﬂgt}pﬁflimeﬁ?ag%?é&ﬁﬂletaQ?ép fuhferdgiée! 0PI Ng

cornea must be pressurized to form properly. I nal shape may be

det er i ned o bffeg) Fok bl GIR9BIRh 9ol 161850 RORL TRbiafihichs PR "o1 D1 ©

for generati ng? stroma essur es thrs ce ayer I1nto a

dome. As fibers are |laid qown th follow the cell .layer. Eventually the
Coher Toyer orass allng eafisth 5 Moo ok the oss i ieetfrl moimtt, TepsRemaBs | ha

the | ayer can wthstand pressure on its own. This puts the fibers under
t ensi on and mdaps thet thednipme 8ling prerdheerapes neapssemly deadls iy exthresivg fitksddy fi xed
fibril lengths. Repeated |ayers are added to the surface with the fibrils
fol | ow ng t keossingfimthe ageddelsmbal.regipiber s do not fol |l ow geodesi cs outside the
cornea. Linbal ring fibers, for exanple, do not follow geodesics. Al so,
there is no scl erw Isioateandhage adtetntified?OH fiekdre formed under tension, then a flat

surface might be expectéd. However, it has long been observed that the developing

cornea must be pressurized to form properly. Its final shape may be determined by the

initial arrangement of the ectodermal cells responsible for generating the stromal fibrils.

Pressure bulges this cell layer into a dome. As fibers are laid down they follow the cell

layer. Eventually the fiber layer 1s sufficiently thick and sealed (via linking GAGs) so

that the layer can withstand pressure on its own. This puts the fibers under tension and

forms a surface with a shape maintained by the already fixed fibril lengths. Repeated

layers are added to the surface with the fibrils following the surface geodesics.

Fibers do not follow geodesics outside the cornea. Limbal ring fibers, for

example, do not follow geodesics. Also, there is no scleral thickening at its posterior

pole, which would be a consequence of minimum equatorial thickness if geodesics were

followed. So what is the difference between the cornea and scleral lay-up? The parallel

lay of corneal fibers does not permit lateral fiber-bending forces. Hence corneal fibers
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pol e, which woul d be a consequence of m nimum equatorial thickness if
geodesics were followed. So what is the difference between the cornea and
scl eral Iwg-ogp$21dhe parallel lay of corneal fibers does matr/yses/osets | at er al
fiber-bending forces. Hence corneal fibers 26 WO 03/082162 PCT/ US03/ 08645
must follow i CcS. Scler i St...hel | r | at er al
forces on orllrgﬁpgﬁ%%%ero dgé(r}éf' fsg}‘ﬁr%lvf\ﬁ) %%Sh?%gggg%ivdg Q%ﬁrc‘égéfé}e&?e%%gﬁ P&? % érrl Pﬁés are
conserved. Thiﬁ calagbﬁ deduced,fromthe repeated observation that fibrils
do not seenfRYNEHARAHRHON BRREFOYSSICEYRNESt he cornea from |inbus to |inmbus (and
beyond). If fibril ends are infrequent or termnate in some confluence with
anot her fiber, CosgeahBbrils apecapseryedi FHip e be dedused Bem thegepeqted ebsgretiont i on
may not be rigorously correct as it is difficult to envision how any
unendi ng fi krat fibotsudochdy eeeno frs¢ndunt epheaHpdipan 8 debriaaifronMbohbhis ©dimead (afid ber s
are bent by an internal pressure gradient set up by the intraocul ar
pressure. FeeydnH fibriliehdd di€ infRsgaént S tdrmdate\er senfedafligek withn@bthch Eber,

pressure gradient normal to the surface would be given by dp 20 dz R

where p is ' ' iy its the
R S

stressed and the,l r adi i rly I he corneal depth.
Thus the prél%glﬁ glf @‘?’“3%%%? ISW%IHO%b%&ﬁglgé‘%i}g %(\?%ﬁé{néélpé ?ﬁ’?’%ﬁgﬁgt he cornea.
However, this nmechanical]y-induced pressure gradient is only part of the
pi cture. Hy L (actually suction) within the cornea is
responsi ble for governing the inter-fibril spacing. Any accurate prediction
of corneal shap&omgs fibereredeenbey #n micrpal presswre gradsent setjupry the mvgicagadue t o
pressure gradi ents and

pressure. For example, if the layer surface were spherical, then the pressure gradient

normal to the surface would be given by

dp _20
dz R

where p is the intraocular pressure, ¢ is the membrane stress, and R 1s the membrane
radius. It is well known that the fibers are nearly equally stressed and the layer radius is
nearly uniform through the corneal depth. Thus the pressure gradient will be nearly
constant through the cornea. However, this mechanically-induced pressure gradient is
only part of the picture. Hydraulic pressure (actually suction) within the cornea is
responsible for governing the inter-fibril spacing. Any accurate prediction of corneal
shape must include both mechanisms, i.e., fibril bending due to pressure gradients and
inter-fibril spacing due to hydration balance.

The glycosaminoglycan matrix, which maintains the inter—ﬁbril spacing, is very
hydrophilic. Imbibed water causes the matrix to expand, and thus fibril spacing is

governed by controlling corneal hydration. The physiologically normal state is relatively
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inter-fibril spacing due to hydration bal ance. The gl ycosam nogl ycan
matrix, which maintains the inter-fibril spacing, is very hydrophilic.

| mbi bed vwaDaB/ogABEEes the matrix to expand, and thus fibri lPCIABm03/08g45 S
governed by controlling corneal hydration. The physiologically normal state

is relatively, 2 3/082162 PCT/ US03/ 08645 de rated, whigch requires a
negative i ntdénﬁ%f‘t\égr glﬂFe@ulfr%Sra ﬂ%ﬁ%@?ﬁ@%.prﬁl‘fg r}gﬂéom‘??&aﬁlgh :Iilgﬁ‘{ i cture of
the matrix is one of ;a springy material_ under conpressjon brought about by
rel atively MASGRENGH PRFereQf MednyFX dsonef amemey praesigl @51?5 FAHPresgien progghat r i x
can be deduced from nmeasurenments of the inbibition or swelling pressure.

" | nbi bi t i on'abowt bytrhlatinely acgafiere hydnanli¢ pressyre sBhe ‘spring eenstank eofithe magix can
"Swelling" is the positive reaction pressure of the conpressed matri x. The
measur ed f obsdefludel droposicisuvemained i tha gnpibamawr ewelling peasurbe“kntibgiesed as E
=E (H =Z O exp(- ¢,H+ c2H2) . Although this is expressed nmechanically,
one shoul d reNEEREVe hitRbulichResiBilevithis Bl Mftrixf 0S%ellihs” Mrthy Sebith fehidtioRi tion,
that is, the bonding of water nolecules with the hydrophilic GAGs.
Therefore, it.dl .d e IS b d i ng
{emper at uy o P e B PR REPRLA s ARERRARIed Fr B BEB Rk Miipd SRR 0T
mass of the _cornea (both fibrils and matrix). The swelling pressure

rel ation abdv&ah e eXpLessefl ver H ranging from1 to 10. It has been observed
that corneal thickness, T, is linearly related to hydration, dT/dH

equal i ng 0. 14 mmH=fqH) baneppco reas,H*J=T(H) =To 1+PWH PD The dry mass
density of the cornea, PD, is substantially the sane for all mamralian

speci es. Although this is expressed mechanically, one should remember that the matrix spring

force is driven by imbibiﬁon, that is, the bonding of water molecules with the
hydrophilic GAGs. Therefore, it is also temperature dependent, X decreasing with
increasing temperature. Hydration, H, is defined as the water mass divided by the dry
mass of the cornea (both fibrils and matrix). The swelling pressure relation above is
valid over H ranging from 1 to 10. It has been observed that corneal thickness, T, is

linearly related to hydration, dT/dH equaling 0.14 mm/H for human corneas.

T=T(H)=TD(1+£”1- j

D
The dry mass density of the comea, pp, is substantially the same for all mammalian

species.
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with the existing hydration equations to obtain a transport equati on,

y, 29

These two hydrated matrix equations, X(H) and T(H), coupled with the complex fiber

mechanics, are sufficient to construct a static model of the comea.

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 imbibition pressure 10032. This

rapid drop is impressed across the epithelium. Over the comeal stroma 10034 there is a

SS

a

is a

chis
bver ,
udy
ot ed
n

d

$0

f
ed
H( X,

gradual pressure increase, equaling the IOP in total. Across the endothelium 10036 there

is a positive jump to the IOP, which is uniform in the anterior chamber 10038. This

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

example, a study [Odenthal, 1999] 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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WO 03/ 082162 PCT/ US03/ 08645 z, t), for H20 in the cornea. Exanples of

di ffusi on nodel s include sinple diffusion and chenotactic diffusion
(chem calwdiohs=bnn). To nake accurate bi omechani cal prediPCriusn®(s6edr neas
must be measured and nodel ed both generally and individually. Thus,

a
proper finite,e . F b Lo 4 r e A Nt |

bel i eved byEtRé&?%@Qﬁ?g%%%%ggbgykﬁgﬁ%é%gﬁﬁﬁgwqggﬁ%gﬁgﬂgimbgw%ﬁh@§§h9¥%e
CUSM consisting of (a) fibril .orientation; (b) lanellar size and
structure; 6&?“&39%“%@%“95 ﬂﬁﬂ?%ﬁpﬁﬁPBB@rties; (d) hydration transport
mechani snms; (e) stromal structure; (f) epithelium (g) hydrophilic GAG s
structure; (h) criogsikenerwgte pamegenicplpredicons) eayaeas Mushpe messuredynd
structure at the linbus (circunferential ring). The individual data
consi der ed newlebksldoth geaneratlyrsd individnglyt Abus; apremr fihiteclement modelt(FEM)si st s
of (a) topographic elevation data; (b) wavefront data; and (c) | OP data.

Once t he corviBGhicoryahtdachaofs cMeremy belldveibyithednvknkat sslths efehtiql ar e
determ ned, a correct finite elenent can be constructed. Preferably, the

finite el engpp¥hddis BRePfrbRRECHSNERShANRE of (RN YittAl RRNaGon; (BYBARHar 2 1 d
el ement having 20 nodes. Once the finite €lenment is constructed, an

i nvasi ve pr a iyl i i r d wth
i 1 cal " aara PhEuEEh Bt At T RS bE TR M EmE AR, 21
be iteratively nodified until.  sinul d procedures match gbserved.
responses. ﬁ%ﬁfamag ﬂfucé‘fre; PGB @Eyﬁﬂlﬂ 1c % S btf’ﬂi?‘ilraé@? ﬁroﬁ%lg'g(_mg
predictive instruction for a proposed surgical ophthalmc correction.

Cor nea Fi ni betveadamelladrysrs; ekl abmtuetugmatithe mpyslcirgemtengntial riegk 1 t he

invention, a cornea sinmulation nodel 500 shown in Fig. 17 includes the
scl era 502, mdinidusl da@dconsidered aecessar 0, constarcéing teraveatt famtesaiénoent posdiss i or
surfaces in the optic zone were determ ned from di agnostic 30
of (a) topographic elevation data; (b) wavefront data; and (c) IOP data. Once the correct
values of Young's Modulus and Poisson's Ratio are determined, a correct finite element
can be constructed. Preferably, the finite element will be a three-dimensional,
anisotropic, layered, solid element having 20 nodes. Once the finite element is
constructed, an invasive procedure can be simulated and the modeling results compared
with empirical data from actual surgical outcomes. The finite element can then be
iteratively modified until simulated procedures match observed responses. The output of

the optimized model then provides a best predictive instruction for a proposed surgical

ophthalmic correction.

Cornea Finite Element Model

According to an illustrative embodiment of the invention, a cornea simulation
model 500 shown in Fig. 17 includes the sclera 502, limbus 504, and cornea 506, where
corneal anterior/posterior surfaces in the optic zone were determined from diagnostic
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WD 03/ 082162 PCT/ US03/ 08645 exam nations nmade with an Orbscan corneal

anal ysis system (Bausch & Lonb Inc., Rochester, New York). The sclera,

| i mbus, awo opesiipheral regions of the cornea are assunedPCo/USO3/08680
elliptical shape which transitions to the nmeasured cornea surfaces at the
edge of the gptic.zone.. Ei.g. ut : away fi nit I nt .mesh 508 of
the cornea xa%gt&aéo.n R%adf F‘%lglsatn:(grtbg%’%yxﬁ f‘g?“a@? ?tfa‘ Wot r gspclgc‘éﬁgrﬁltgr%ﬁ’ brick

el enents 5 re used o .represent_all regions of the eye, where the

mat eri al prlgﬁé’ref%i\]e%g(’@t F SEGr 1Bt rRORS PG reskcns H ReOrBepAre ser ve to
define the gross properties of each region. In the sclera, the |ayer
properties asemethio OFmagediniicelshppewhich transitiensdo dhesmpasuressomsgiserfaces pbnse,
while the lamella in the |inbus have a dom nant circunferential

or i ent at i onthardgdofthe bpidpzonst iFig. 1&@sbowTheutewayefmiteaheahdremdam§es ofthdom
orientations near the posterior surface, and transition to nore
predom nant ¢3mnél tdadgpnal orientations near the anterior surface. These
orientations are illustrated by the five |ayered el enents 5121-5125 shown

by the element gepy &Qﬂéh%ﬁ%ﬂ&ﬁﬁ’thb?o@%@aye?eﬁbrﬂ%l%%‘{ $@) arPLRGE L1 €s for

each finite elenent layer (nmaxi mum o O’layers per elenment, with 5-10

el ements through.the cornea.thi cknes nust. be specified as either. a
cpi t hol  um By SR S)up O SRR Mhe MR BT i hapfileMioRd
Decenet's nbrane, or f) endotheliumw th a prescribed. orientatjon and
structure. I\%Fﬁi‘fé’alta)é‘ﬂ 513&%& toifle&ine s PSS mEoRgrdcs fd gach 15108 Mt Qletsra@r%lgﬁer

thi cknesses as well as the lanmella wdth and orientations; a bilinear

wei ght i ng flaxennreperties are anifern astgivgriscie o teansydrsady sholrepic aesporss, whie the
function of depth below the anterior surface. In regions where a sinul ated
| amel | a wolahdlle @i theiloiebusibibe pdemimotsdincuadérened otanetidraand ligh 2@er t i on of
the |l ayered elenent is assuned to consist of ground substance. Further,
the | anel | agifces. apseBREbal1®mendeat¥e rdndom dricfiidnd Beak iHEYSSeRbLOG BB ndi ans,

with thickness variations consistent with
transition to more predominantly orthogonal orientations near the anterior surface.
These orientations are illustrated by the five layered elements 512,-5125 shown by the
element representation 550 in Fig. 20.

The material properties for each finite element layer (maximum of 100 layers per
element, with 5-10 elements through the cornea thickness) must be specified as either a)
epithelium, b) Bowman’s layer, c) lamella, d) ground substance, €) Decemet’s
Membrane, or f) endothelium with a prescribed orientation and structure. Truncated
normal distributions are used to sample the layer thicknesses as well as the lamella width
and orientations; a bilinear weighting function is used to modify the lamellae orientations
as a function of depth below the anterior surface. In regions where a simulated lamella
would coincide with previously defined lamella, that portion of the layered element is
assumed to consist of ground substance. Further, the lamellae are assumed to extend

from limbus to limbus along meridians, with thickness variations consistent with
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31 WD 03/082162 PCT/ US03/ 08645 constant cross sectional area. The
paraneters of the sanpling distributions can be chosen to represent a
broad ramye cesassunpti ons regardi ng | anel |l a geonetry andPchasos/esses ed

| anel | a i nteractions. The basic structural |oad on the cornea is the |I0OP,
and this tends. to inflate th ball. Therefore...th rent . formul ation
ncor por at eSoms? ety SE}iPp1dRe, FHEPRiariero oF Bt S Brb i Mieah 85 esour o
Nonl i near geonetrical effects are also included i.n the evaluation of the
finite el emShRsCREFHrSEN aIPIdigpge ?‘&%?@PWSB%%%B&EWW?@SO@F% tecan  be
simul ated by rel easing the connectivity between el enents that are adjacent
to an i nci &yereddamEbximteradiioss.i s acconpl i shed by defining duplicate nodes
al ong potential incision surfaces, and mathematically tying them together.
The actual i nci siThe basic sthwturakloadibatietomearnethed®Pnandithi teridsso afbptecthei al | y.
An exanpl e of decoupling the elenents is illustrated in Fig. 21. According

to a preferepshafModici®e] theblchdft formBRtibPhcofpdfatéd 1dticSs &R cfifReley S S
approach involves the inclusion of all of the structural properties and

I
obser ved behawhl fir iffmbl QU NP GRERIRLMS B Al fRan Rl a o

the structure o eye. ng this intormation wth specific

information from a ient, .the structural . observations e then

| ncor por at edviifHis et fibtrettnr G g e JE AR BSn Hifie hEfknts s ces
to solving equations of the formF=Ma +Cv +kx, where Mis the nass of the
obj ect, a i $¢shmaulaiedby &lgasingthe onngeti iy Regyeenclementhhatrradideent éhat ant f or
internal oscillations, v is velocity, k is the stiffness matrix for the
el astic def oomaon snfat. This is awbwplisheddrydiefining duhbcatagerdes aldag pbtential

di spl acenent. The equation contains all of the information necessary to
predi ct t heingbanir€ats, et aatiemadtallyhwirguhan tagetheealhelfvtuat (hoddiénis thay
becone non-

simulated by releasing the ties sequentially. An example of decoupling the elements 1s

illustrated in Fig. 21.

According to a preferred embodiment of the invention, the finite element analysis
approach involves the inclusion of all of the structural properties and observed behaviors
of the human cornea combined with additional data on the structure of the human eye.
Combining this information with specific information from a patient, the structural
observations are then incorporated into a 3D model of a patient’s eye. The problem then
reduces to solving equations of the form F=Ma +Cv +kx, where M is the mass of the
object, a is the acceleration of the object, C is the damping constant for internal
oscillations, v is velocity, k is the stiffness matrix for the elastic deformation of the
material and x is the magnitude of the displacement. The equation contains all of the
information necessary
to predict the mechanical 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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|l inear, in which case the mathematics becone nore conplicated. The actual
solution of 32 WD 03/082162 PCT/ US03/ 08645 these equations wll require

t he sol utworn3ps$21e2 system of non-linear partial differenti @cT/UsqsredsisONS

(PDE s). The differential equations will be solved by finding a solution to
the weak fgrmof t.he PDE s . wi gl i.ated,. however ...t hat. t he
mat hemat i csalre %ﬁ‘i‘%ﬁéans gﬁse §Pl\r/%a{hteﬁ8fu(k:18‘?ﬁggg)%g)er?%gf}é%_gpeearip fann% filcg{;i erEtISI t he

mat hemati cs to sol n terial . deformati. probl em. The enpodi nent of
the i nvent | BRHAPRBIPDE 3) (Hie dbRentislsahaions il Be pelie pypén geﬁg‘glflena%%ndem
upon the constitutive properties that are created inside of elenments and
bet ween el eitigak form ¢f the BDEfowl wildeappretiatedt hapecvisk, dhad the mathgmati¢serequired

el enents, a solution can be found for the corneal response system This

i nstant enboshlnetht comeagsolgnmdcire alebamk tocthe ouatlenmtico tonsedive anynsdtetialt | ve
properties for classes of patients and provide predictive analysis of the

cornea strugkféfmhtidrasioplese Theenibddaneht oftleliRvendss ahéig e tBenstiARIVeOr Nnea. An
exenpl ary net hod of obtaining these constitutive properties is illustrated

in the flow.di ' ! : | 1. DL : pe
par amet er o & aTAREEY ARt b R R e P O B PR g
| ength neasurenents the eye, or..generalized valuyes from.the nornal
popul at i on Abg eents aad betagn S8 SRERE UL AE Lol Tl R S ashiit N X

determ ned. Preferably, this ifs x%;PI;erior chanber geonetry and nost

pref er abl y, clepieats; & sqlptioneanchs fryng 1on e comepbrespqnse Fyvem. BusInstagh| i nes
(NURBS) obtained with an Orbscan pre-treatnment exam nation. |In alternative
aspects, apmbogimeat i dgsigacdiolagk pdcwie apmeal depstdwiveopropersesnior Clakses a§ound)
measurenents. At step 606, a 3D solid geonetry of the entire gl obe

i ncl udi ng ceatiedds anldiprovide predicsiot enaydisof thecombaitadn(ralsresgonssduestoadyi N Fi gs.
17, 18. In step 608, the incision/ablation surfaces are identified based

upon a best yGfdy ABrRAUpoR Y QERAC AVSefiplay GRthdAl ARbtHRRE BR3E RtiRtive he
cornea is sinulated with applanation plate 514 of Fig. 17, and a 1mm

def or med COE)H)%%rtleg is illustrated 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 generalized values from the normal population may be used.
At step 604, patient cornea geometry is determined. Preferably, this is anterior chamber
geometry and most preferably, this is in the form of non-uniform rational basis splines
(NURBS) obtained with an Orbscan pre-treatment examination. In alternative aspects,
appropriate data could be obtained by OCT or C-scan (ultrasound) measurements. At
step 606, a 3D solid geometry of the entire globe including cornea, limbus and sclera is
formulated (as illustrated in Figs. 17, 18. In step 608, the incision/ablation surfaces are
identified based upon a best estimate of a prospective surgical plan. Applanation of the
cornea is simulated with applanation plate 514 of Fig. 17, and a 1mm deformed cornea is
illustrated in cut-away and enlarged in Figs. 23 and 24, respectively. At step 610, default
finite element size is selected and a finite element mesh is generated as illustrated in Fig.
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illustrated in cut-away and enlarged in Figs. 23 and 24, respectively. At
step 610, default finite elenent size is selected and a finite el enent
mesh is geoesasre2 as illustrated in Fig. 33 WO 03/082162 PCT/U8)®6@8645 18.
A spherical elenent coordinate systemis used, and the el enent edges

coi nci de w g@.t ﬁ% Jﬂxl eli['i%ﬁl hféﬂ @&r&’ihh@@y%é‘rﬂi}?ﬁ%ﬁ-an'tc)ﬂngléx%[@ﬁtee gmf‘mﬂl&m}ﬁ are

built aroun I nCl si ons

de-coupl e the el ene at those ] ocations. 612, el e | ayers
are defined! eﬁﬁ%‘s‘ﬁ%’i’@‘gnf ac@%cjﬁ‘ PEPEP qﬁ%e@g‘efnﬁl 'i’/\‘fél]f Oé‘?gg}?e‘BfePn? (irat erial
as epithelium Bowran's |ayer, lanella, ground substance, Decenet's

Menbr ane, ORDCETIQRStWidh Fh?rﬁbﬂ(tb}o eyple g dieag?épletﬂf*ﬁ elReas at these lapations.y AL 888 | a

| ocations and orientations for this layer, by i) selecting a starting point
on cir cunf e6éncthe(elemaent B§ersdegdefosyl, The pr®e$8dot ¢avh layer sas|fblloves:i ent at i on
(-90 to 90 degrees; function of depth), 1iii) selecting lanella width (1 to

4 mm), iv) proj eg&)i Speci@Ghatbdlak bpitHeliofm, Bowias s laydr] latigda, gegundfsubstaade, Or
partially bl ocked by another lanella in this |layer, reduce wdth and

conpl ete pr @eﬁ%bwe%%{e%%doﬁ@ﬁﬁrﬂe as ground substance vi) have
maxi mum nunber of |anmel | ae been processed? If No - go to (c); If Yes -

define all unspe?ll))f begm%qéﬁ{)%la&egg ound substance and continue to next

| ayer. vii) afte ance’and | anell a propert| es have been defined

for " all Tayers, apgly Lq ingl vidual el enent s basef on acalion of el ement

i) selecting a starting point on circumference (0 to 360 degrees),
i1) selecting a lamella orientation (-90 to 90 degrees; function of depth),
ii1) selecting lamella width (1 to 4 mm),
1v) projecting each lamella from limbus-to-limbus;
v) if clear or partially blocked by another lamella in this layer, reduce
width and complete projection; otherwise, define as ground substance
vi) have maximum number of lamellae been processed?
If No — go to (c);
If Yes — define all unspecified layers as ground substance
and continue to next layer. |
vii) after ground substance and lamella properties have been defined for
all layers, apply to individual elements based on location of element
centroids.
At step 612, the boundary conditions are defined. These preferably include a
displacement constraint at the sclera, and individualized IOP values. At step 616, the
basic material parameters of the system are specified. These include Young’s moduli
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At step 612, the boundary conditions are defined. These preferably include

a displacenent constraint at the sclera, and individualized | OP val ues. At
step 616,wbhe/ostiesi c material paraneters of the system ar @ecypmsos/fscesl. These
i ncl ude Young's noduli 34 WD 03/082162 PCT/ US03/ 08645 (EX, Ey, EZ);

Poi . . - ) . d i . , t

018, - the | ey rEnt SR SRUSE v Jas vl fREHlouh (Y 0 B e s
-1 lution |S. f d. Finglly, at st 620,.th del.ed

Cor neal _shaf NESteBApRHal SWich® MeAgkreed s MereuaiHdR- ipseaoliiotihe shapes

are in agreenent, then the finite elenent is nodeled correctly. If the
shape agr eepgiermes. Finallyattisép20othg madeled comeahdang s comaradavithymepssiseds 16
where the material paranmeters are nodified and steps 618, 620 are

reiterated. pdstareatent dstal if thé shdpes amde hgregmenst, than decfimte ederhémiis modéledrent
nodel for each "class" of patients that can then be used as predictive

i nf or mati oncyhedilya I shael agfdenient isdop&dtisfactoly thddathe Bidthodl refisnsi t6 seypallgat ed
for surgery, according to the invention. Figure 2 illustrates an overall

system conf wgf@th& ﬁﬂt&ﬁpgmﬁle@r}%hmdméa%%fess 6iaboiACR{BRtAL es the

invention as described Ih the foregoi ng embodi nent’s. A di agnostic station

210 pref erabl y | qgoLporales: AN AREHAONELEL.L QL. HANElS o0t IBASYY engnt, and

may al so includ y  sUi a I'agnost c rnstrunen ion as shown, for
exanpl e, a topography deyice for neasuring.corneal geonetry, an . .
SPPanISfbot B thesyb° 56] BLPRUETYS m?%rs]ga&etl Wt P getiedrindat a,

aut or ef r act oflagy O
a tononmeter for 10OP, and others known in the art. The diagnostic output
215, represemeitisylar patignt classos sutlhgad Ecursery, perording tq thedeyentieny a  conput er
220 that includes structural and functional architectures 222 such as an
opti m zed act ual Fagude 2 flactretes aabvdrald systéne adn fpuratomed0 dat abASE procedure
capture/ anal ysis software, graphical user interfaces (GUs) for surgical

and cust om kgfsmBRRYdtEAthE RentidNsk @sEEded in (RAbreEbMMEMboARAENS T & defgnbiif:

di agnostic information 215 in conjunction wth the
station 210 preferably incorporates an aberrometer for wavgfront measurement, and may
also include any suitable diagnostic instrumentation 212 as shown, for example, a
topography device for measuring corneal geometry, an autorefractor or other device for
objective or subjective refraction data, a tonometer for IOP, and others known in the art.
The diagnostic output 215, representing “new” information about a patient is sent to a
computer 220 that includes structural and functional architectures 222 such as an
optimized actual and theoretical hist.orical outcomes database, capture/analysis software,
graphical user interfaces (GUIs) for surgical and custom lens applications, and others
(not shown). Analysis of the diagnostic information 215 in conjunction with the
historical information is provided 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 astigmatism, re-do (e.g., prior decentered ablation), mixed

35



historical information is provided in the formof a best predictive outcone
instruction 217 which is integrated at 219 with procedure planning
sof t war e WB®3/08216mNn- exhaustive nor limting list of correctrivses/moecedures
232 includes myopia, nyopic astigmati sm hyperopia, hyperopic astigmatism
re-do (e.g., Rk n | gt L xe : . .

PCT/ US03/ os"éﬂg{naﬁé?{jﬁﬁn% f“gﬁ?ﬁp%g %?fl&g@?mg%@ gﬁe?ls‘ i ﬁ%gérd%gt%% %ﬁ“ﬁhspht"ﬁ‘é’%'
integrated at 239 wi.th physical. renoval.profile soft e 240 that t ake
|t o accourE PRSP LI RS vaR Akl EGRe ) feeapit S D ouch 1y BisioPhetl zone
size, customcontact |ens design, etc. The information is further

i nt egr at ed ZNe3Kg, FRnsHION 298¢ SIEF, HFER) Contgt nodsHghFl- fhginforratiadis 250 t hat
can be accessed locally or over the internet, for exanple, as shown at

252. The i nfugheminiegrated at 240iwith dthertdhinicahadi ipdyhantic 2®9ifivatiger2SOrthdticard

surgeon nonogram 260. All of this analyzed information is then used at 269

t 0 gener at ebeadcbred Bicaltybr Swer SheCiaiternzk, &0r Skathplsias elibwrBatdsat Tak indéfndtont he
| aser driver software 280 for driving the therapeutic |aser 290. Such a

system i s eghpfifgther hRYdifeeAARsS byip@rséﬁh@iz&@ﬂﬁ@@brﬁhdn%ﬁ?arh%@f RO GHiiRd

Zyoptix(r) systemincorporating the Zylink(r) version 2.40 al gorithm
package. As . . My el l |G a d the
actual hi st%lfary%a mgé{hg%ﬁ)gﬂ%ggg%%gjz&grgg% %ésneggt? %Hi(’?gtle'(t&?lr]llusglhlgal é%%‘a e the data
structure 220. 10 provi t he best .predictive outcome _instruction f t he
cor rect | ve hsbbH SX0dp A 8 g er R st SN0HE! FRUBRAICRORBEdest 20y a
system 300 for providing a predictive outcone for an ophthal mc

t her apeut i cSusbra systeirois embodied afor exapinde.dabieaBauseh &dlormie EicorpestiedZrontin‘s
illustrated by the bl ock diagramof Figure 3. A diagnostic station 302 is

provi ded tosy@téhaineox%ﬁmiﬁgmmm@t@rsmno m%emahg&&zh%é. CASSdUN, ten of a

patient's eye 320. e diagnostic station 302 preferably wll consist of

O o ey CoptfihBA RblcfiodSHlgiesPplah 270/ dhd e b1 FNAMBAISrur B! £ Ure SONSOT

used to continually update the data structure 220 to provide the best predictive outcome
instruction for the corrective procedure.

Another embodiment of the invention representing a system 300 for providing a
predictive outcome for an ophthalmic therapeutic correction, such as a photoablative
corneal reshaping, is illustrated by the block diagram of Figure 3. A diagnostic station
302 1s provided to obtain new measurements about the ophthalmic condition of a
patient’s eye 320. The diagnostic station 302 preferably will consist of one or more
diagnostic devices including, for example, a wavefront sensor, topography
imstrumentation, an optical coherence tomography (OCT) system, an ultrasound device, a
scanning laser ophthalmoscope (SLO), and/or others used alone or in combination as will
be appreciated by a person skilled in the art. The diagnostic station will have the
capability to export a new information metric 305 acquired by its particular diagnostic

capabilities. A data collection and transfer station 308 is appropriately connected to the
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i nstrunentation, an optical coherence tonography (OCT) system an

ul trasound device, a scanning | aser ophthal noscope (SLO, and/or others
used al orwoams/osriezonbi nation as will be appreciated by appgrnsosossks | 1 ed in
the art. The diagnostic station will have the capability to export a new

information netric 305 ired.by its particul.ar di tic..capabilities.
A dat o col | SEEBHC Ao DA drapeniy e Mt n &R RS bk L0 T5R 8%  ed 1 o
the 36 WO 03/082162 PCT/ US03/ 08645  di agnostic station 302 for receiving
the new di aghbestion apé gansfgtation 3984s alypadapiadfo optapnadlytrecshy eitferepapewver
station 308 is also adapted to optionally receive different, new

pr ospect i ve prdspecipedhdrapentit-ootmomenhfluamoigngformbaem3i6 han 8@6provaied biydhe

provi ded by the diagnostic station 302, as shown by arrows 307. This

i nf or mat i on didggbitic sitlod 362 patshewh byREHs 1307 dThR inforAstidri iphencllrle Patient
environnmental data, and so on, and could be input to station 308 manually

via keypad ofoffDdathOfraQitRmB! &ata, thvAMAERAI G hyd RYor2RRE RIH BE $npus RIISOr S
that record the desired information. The data coll ection and transfer

station 308 __ i. 0 o) {n I i

i lar in PaiEn gl R BRIR REYRE SRR ARG o AhhyRRUT 40 hBAbS, 1
connection with Figure 1. t her apeuti.c ation 318, preferably co i sing
a flying spé?ﬁog%h ﬁﬁ?”&g? nggW@HPaﬂaneiﬁ&5%%&@**Pgng%fgﬂwgaﬁﬁﬁﬁpgﬁ ively
connected to the data collection and transfer station 308 to receive

out put 314 ot further eonneated/ ol acommting siaton Ad0 Srahisissnila 1o ferm anclaingizondgt put
322. Regardl ess of whether station 308 or station 310 is the source of the
ul ti mat e outcpmbuBddstatidnal1Oalesqitied abbVvd inlensechies tvithriaghiretli \fetherepeuticct i on,
preferably in the formof a custom photoablative algorithmfor driving the

t her apeut i ¢ sla#5£118YréfeRbly @mpragid 4 figihg BotCOCiRathRA s@terh ARd cylatietis S
vi sion defects. As before, various stations can be located |ocally or

DL 2 R AR SR D AT LIRS B RO T e

predictive ioﬂt%tu{ 5’% <i)r? Ql’ter\lll\'atlﬂv% Y, itoS cénqgut}illlgts%a%gl%lo to receive ogtput 322. Regardless
of whether station 308 or station 310 1s the source of the ultimate output 316, that output
will be a best predictive instruction, preferably in the form of a custom photoablative
algorithm for driving the therapeutic laser system, for facilitating correction of the
patient’s vision defects. As before, various stations can be located locally or remotely as
appropriate for gathering information and carrying out procedures contemplated by the
invention. As will be appreciated, the best predictive instruction, which is the ultimate
result of the invention disclosed herein, may be used to drive custom contact lens, IOL,
inlay, or onlay fabrication.

In an alternative embodiment, the invention is directed to an executable

instruction, embodied in a deliverable means to an end user to provide a predictive
outcome for a therapeutic ophthalmic correction or ophthalmic optic as described above.

The instruction could be delivered as a surgical parameter, for example, a LASIK
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result of the invention disclosed herein, nmay be used to drive custom
contact lens, ICL, inlay, or onlay fabrication. In an alternative

enbodi nernwp osl&isnvention is directed to an executabl e i RETUS0s/0SBHS
enbodied in a deliverable nmeans to an end user to provide a predictive
outcone for, a_therapeutic hthal i c correction, or ht hal m.c optic as
Gescr bed. abgateonefEcs & ARObIAN Tt T B EmipaPRRpn AR OR Bl R
parameter, for exanple, a LAS.K 37 WO 03/082162 PCT/USOS/O8% ker at ect ony
depth, or aRNbFtGCRIEH bY PRIFUSE P63 PRCUNAShPALT BRUTOM BRGEUERT e surgery,

and executed by practice of a practitioner, or as a custom contact |ens or

| OL prescri ptasenptionn Inarelptgd @spest pecinstruckien cogld badelivaied vglagopwutéedr ver ed
via a conputer or device-readabl e nmediumor neans such as, but not limted
to, a disk, d&hxe-teadasblemedami of medras-shetsasgbakaton ligtited aoma dsk; CD, dnd eexecut ed
upon conmand as, for exanple, an ablation shot profile or ablation

al gori t hm f gitelfitd hRE@RRU sirbarh AHE! arklyeXb&iiRd hbnadairhald KM dkamt, dnl | ustrat ed
with reference to Figure 10, the inventionis directed to an ophthal mc

i agnost e andhf i SHTED! smiFRARAOA brEkuboRichaanpsthe 1003 and or

treatnment 1 conponents, 1nc a grap user terface 1001
havi ng a di splay,1002 and.a .sel i on device.1004 that facilitates the

Sel ecti on of | coli Btk iPdRRaE FuiERsl ShaFyLre o (e BEMe b fRe i e o
optim zed historical inforpation resulting in an outcone-predictive,

i nst ruct i ondireftedioranphihplmicdiagngstic afor drepfnagnt wmd@@@ncrilﬁ"tgﬁaa%%%m
1000 according to the invention, a nmethod of providing and selecting from
a nmenu 1007 1003 arviéordienprhent 1009 corpensnissimsluding o griploodl niger inteefpes 109)1
retrieving a set of nenu entries fromthe nenu 107, each of the nenu
entries repadfsgddispthya 002 aspectlestinn depict hab4itas facliritaptheiselection of _

out cone-i nfluencing characteristic; b) receiving a nenu entry sel ection

signal indi ggfidcvedt iRforindors R B6AIVAE wiR I dafh SRRt BorHmided historical

information resulting in an outcome-predictive instruction for effecting a vision
correction procedure. In the system 1000 according 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, therapeutic outcome-inﬂuéncing 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 signal,
engaging an analysis of a selected menu entry in conjunction 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 design.

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
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sel ected nmenu entry fromthe set of nenu entries; and c) in response to the
signal, engaging an analysis of a selected nenu entry in conjunction with
a data stwoaswosaenf optim zed actual and theoretical histramiusab/o8645

i nformation, wherein the analysis generates a best predictive instruction

relating to : | eutc . j or |lens
design. Fi gljl?g’ %Mggag@rﬁ ?@ésﬁglﬁ%&h%%ﬁ h%&%ﬁ@?%ﬁ Hgﬁlﬁrlggé‘é@ﬁ}g}% general ly
performed b t he. syst 0} 200, 300, 1000 0 in. Figures 1, 2, 3, and
Do | ¢ espect uaimiois b ied g Gestons 85 r90 (b o Biseied Trpatigh
plurality of prospective and known therapeutic-outcone-influencing new

i nf or mat i on IRQudes|thepatient’s prRivhalmiq drfiect sufaredipnsnd 2 vagsty of eter mHpanaiion
information includes the patient's ophthal mc defect information and a
vari ety of otlhng forthepatent, dire praetitenen dgha diagrvstipantd theapeutivangrmednitdtionner

t he diagnostic and therapeutic instrunentation, and the |ocal environnent,
for exanpl eandthddbeut knviZéhmedpttbnezatid. SAeblost 427 bptimived (NAhEENHSE) |

hi storical, therapeutic-outcone infornmation is stored along with

theoretical o Bk flstdan H{RLARLLRBmE AfornftRonNeWoldd R P heBREEAT Ni NT
to the correction of the 'patient's vision defect is analyzed In

i or mat i on SR PRRMEHAR R, RERLT AR BRI & BLERRon tite 2 ca

and delivered.to, the therapeutic devicel/operator 403. Preferably, the best
D edicti ve. PR SCrROn SIec A abaenTS ST Rcr SR LoREeSs PRURZESor |t hm (but

not necessarily so limted) that is inplenented to drive the |aser system
and provi de thesepeutieopicemepriofragiony  Atitdeckci0r @ best oredictive instyetienc4ios may be
optim zed by statistical analyses, nulti-variable matrix cal cul ati ons,
neur al net wgekerpted @ad delhgredan dicthemphigic demettopemtox 40nPteferbiilpsthe bkstl | ed i n
the art. In an aspect of the method enbodi ment, a best predictive
i nstructi onpr&di@iveihdR@tion is an optimized, custom photoablative algorithm (but not

necessarily so limited) that is implemented to drive the laser system and provide the

desired patient vision correction. The instruction may be optimized by statistical

analyses, multi-variable matrix calculations, neural network processing, and/or other

methods known to those skilled in the art.

In an aspect of the method embodiment, a best predictive instruction is provided

to a practitioner by a third party on a fee based or transaction basis as shown at 440.

Typically, individual surgeons throughout 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 treatments. Such a 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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to a practitioner by a third party on a fee based or transaction basis as
shown at 440. Typically, individual surgeons throughout the world are
limted twoashsatorical outcome base proprietary to thei PCOWSOIpossesi ce.
While this, arguably, may be sufficient for a very high-volune practice,

it would be v ageous, n.t . ess a vast| | ar.ger
dat abase of GB HDRERTLPhReSit BRbns B EERE, Tl § o Eliatou B
providing visiagn correction treatnments. Such _a database nmay he owned, for

exanpl e, by eépﬁlﬂmg&ndﬁgﬁ%ty}g %BISFP&V&M@%@M% i mraf%é%aaﬁo‘é{wi | abl e
to practitioners (and others) for a fee or other consideration. Historical
dat abase enteildProiage o pyBetHionetarbypthecd auteprISPreHctiND ingruggon 628.,

PCT/ US03/ 08645 owner fromother third parties for a fee or other

consi der at i ablatidginalgorithnafbv dnvageqistdablative laparsysten),amch epdmbiatige bimsss, in

hi storical outcone database. A third party database owner could provide to
a practiti ongpord? t6Bid pradRidneOstcq08ek farrsaeh &1 invRudtids askel drohe pRidht’s

abl ation algorithmfor driving a photoabl ative | aser systen), on a

renuner at | V%BME' ¢ dief%%t AR ARD S8 eVt B&@orﬁé-ﬁ’rﬁiﬂeﬁ%ﬁe{g %fbﬁna&ﬁﬂé{?ﬁ&idé&{o thé'ch an

instruction based on the patient's ophthalmc ect an er rel evant

out cone-i nf |l ,uenci information.proviged to,th t hird. part er b he
practiti onetﬂ.“r(?%atr@%sw& V& %rf}aft T8 erprlgéca[ Flfplptl)lﬁggyélbelﬁragggmgrc%o&?% achéﬁ ally
and/or automatically and transmtted to.a third party who ul d anal yze the
i nf or mat i onMARURIBHTIRIFUERMARCEHY pbiransmalicido abied Auy whe &@Q@i@r@bﬁzﬂf&r ably

many thousands of cases). The third party ower would then transmt an
optim zed, dfoonation ipcerjirctioneviththelr lage owcorves dasabpsaimreferabhemanshat shoul d
provi de an optim zed visual outconme for the patient. Depending on the
practi ti onethsusagigiofomses), The/tsind parayownse vidugl theptianenziedn bptsrhized,tdutome-
provided by the third party to sinmulate the prospective treatnent so that

the patient pyoidife kRciidh RAHEPFREQdned tHaB SovidMBYidE AR opamiRAWishal outcome
post operative vision should be |like, or in other ways, including

perform ng ?&1}}}19 B&tfgn? E%eglﬂ{n% on-lim: Eractitioner’s equipment, he/she may use the

optimized instruction provided by the third party to simulate the prospective treatment so
that the patient would know in advance of surgery what the patient’s postoperative vision
should be like, or in other ways, including performing ophthalmic surgery. This
simulation could be presented in various textual, graphical, or other visual forms
provided by the GUI 1001 or printer 1111, for 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 advantageous embodiments have been chosen to illustrate the
invention, it will be understood by those skilled in the art that changes and modifications
can be made therein without departing from the scope of the inveﬁtion as defined in the

appended claims.

40



simul ation could be presented in various textual, graphical, or other
visual fornms provided by the GUI 1001 or printer 1111, for exanple, or by
a phoroptwo odesitee 1113 wth a deformable mrror or ot hePCphme®08645
conpensati on nmeans known in the art, as shown in Figure 10. While various
advant ageouweecrm&di ments have been chosen to illustrate the invention, it
w Il be understood by those skilled in the art that changes and

nodi fications can be rein,wtho eé)artin fromthe scope.of the

made t t.d
invention as defined fiYt'HE tﬂ%é’b%vr\%“éc? RPN Ol 3PEpetgbiherapeutic
PCT/ US03/ 08645 We claim 1. A systemthat provides a predictive outcone
for a proposed tidihalwig ETeCHY CARPHSIBE cor rect i on, conprising: a col | ecting
and transmtting station for collecting a prospective,
t her apeut i c- out cone- i atélisehug argl transmifiting etatran f@rwolettinge predpattiveg t o at
| east one of a patient, a practitioner, a diagnostic neasurenent, a

t her apeuti ¢ condihtiapButicddcoradlirgli¢hding mentiaformaneh ine@it,relatiflg foodt least one
transmtting said plurality of new information to a conputing station,

wher ei n sai d conpuy f)dgﬁné bdkdcBlond?Cd H'iggnqu% aasurShert) a fh%&ﬁ)iel‘{tiid“&m%ﬁioﬁil, BV

information netric, storing a plurality of optimzed historical

ther apeut | c- out cog, i) f QLARLL A HCLIVE LESMAD SRUITLAR L anal ySi's of

prospective therapeuti c-outcomne-ihiluencing, ori i nformation
relating to at least .one of a patient, a practitioner, a diagnostic
measur enent, a tYEQHFEAR {2 cC Igistoland an environnental condition, and

wherein said computing station includes means for

a) receiving said new information metric,

b) storing a plurality of optimized historical therapeutic-outcome
information derived from an optimization analysis of prospective
therapeutic-outcome-influencing, historical information relating to at least
one of a patient, a practitioner, a diagnostic measurement, a therapeutic
condition, and an environmental condition, and

¢) providing an output comprising a predictive best instruction
that is derived from an analysis of the new information in conjunction
with the optimized historical information to facilitate an improved

therapeutic ophthalmic correction.

2. The system of claim 1, wherein the predictive best instruction is an

algorithm that describes a laser ablation shot placement pattern on a patient’s eye.
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c) providing an output conprising a predictive best instruction that is
derived froman analysis of the newinformation in conjunction wth the
opti m zedwbiosmgriszral information to facilitate an inprove@CTiuses/egsett i c
ophthal mc correction. 2. The systemof claim1, wherein the predictive

best instruction,is anR, algorithmthat, describes. a | r_ablation shot

pl acenent patter % on ihﬁgﬁg%nrl]f) %glag?/g,' Wh%im\%f %ﬁﬁgﬁig%?ﬁé}lﬁ%oﬁg’&fgs 3.
The systemof claim1l, wherein the predictive best {nstruycgtion conprises
an out come- predi &8 PYEOMERRECHVE P R BHGARHQTBI PR BICITEe SiFY R WEPY dse by a
practitioner for providing the therapeutic ophthalmc correction. 4. The
system of cl ai m practitienesifor prieidimgttheriherapewic ephthajmicscorrgcorst at i sti cal
analysis. 5. The systemof claim1, wherein the optim zation analysis is a
matri x analysis conprising a vector, Z, representing new diagnostic
information, a clinical matrix, M, representing an interdependence

relationship of g plurak is%gfel%f &Rt kRhéreinRe Sptirh8idn AW skak 8 Rtasisticnot her
matrix, M, representing historical outcone information, and a resultant

matrix, Z, repr gﬁﬁg%g_ng the predictive best instruction. 6. The system of
claim5, further conprising a feedback | oop provided by an updating
information nmetric supplied to the matrix M. 7. The systemof claimb5,
wherein the conponents of 'M represent information froma plurality of
sources. 8. The systemof claimb, wherein the conponents of Z are Zernike
vectors or theiP- equilharesien obaleput, VhgrnghaeRIEnIZaHN YRS asAtEe

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.

6. The system of claim 5, further comprising a feedback loop provided by an

updating information metric supplied to the matrix M"'.

7. The system of claim 5, wherein the components of M"' represent

information from a plurality of sources.

8. The system of claim 5, wherein the components of Z are Zernike vectors

or their equivalents output from a wavefront sensor device.
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42 WD 03/082162 PCT/ US03/ 08645 9. The system of claim4, wherein the
conputing station conprises a data structure enploying a neural network
for generwDiongsiihe predicted best instruction. 10. The sysTaso®isees ai m 1,
wherein the predicted best instruction is a postoperative spherical

aberration val ueq Z409R0st sehQf cRuflV SN HALL 3B fumaduolMBpRysLomal ol ai m

10, wherein the postoperative s erlba

excl usi vely dependent u reo ativ herical aberrati vaIue
Z400Pre, a preopéPH?PV@£@ﬂ988§§“9 p tW%@d%Eﬁ%?ﬂaﬁﬁ @%ﬂ@%@%?“factor, +C.
12. The systemof claim 11, wherein Z400Post = A*Z400Pre + B *Z200Pre + C,
where A, B are ()n%@MBWBntS for the given pup|I size. 13. The system of
claim1l1, wherein the conputing station is in physical proximty to the
collecting and transmtting station. 14. The systemof claim1l, wherein the
conputing station is located renmotely fromthe collecting and transmtting

station. 15. A syst emThaaystemn@Y cHes 1awhére th bredicked kenmstin@ition i§ Hier apeuti c
ophthalmc correction, conprising a conputing station having a data

structure that coatahlsehanid Tharioh vaker LGAL., FS1er aPatiigrau core

information netric rived froman optimzation analysis a plurality of
prospective therapeutic-outconme 43 WO 03/082162 PCT/ US03/ 08645
i nfluencing, historical information netrics, wherein the conputing station

is adapted to receive plurality aof prospective
t her apeut i c- out cdie- .rﬁhﬁa@ﬁemgclwﬂé&, Vhetein %P%ﬁonemVﬁapl%Fgwakaheeag?n

ophthal m c defect informati on about a patient,
value, Zaoopost, 1S €xclusively dependent upon a preoperative spherical aberration

value, Zsgopre, @ preoperative defocus value, Zopre, and a constant factor, +C.

12. The systern of claim 1 1 wherein Z400Post = A*Z400pre + B*Z00pre T C

where A, B are (+) constants for the given pupil size.

13. The system of claim 1, wherein the computing station is in physical

proximity to the collecting and transmitting station.

14. The system of claim 1, wherein the computing station is located remotely

from the collecting and transmitting station.

15. A system that provides a predictive outcome for a therapeutic ophthalmic
correction, comprising a computing station having a data structure that contains
an optimized historical therapeutic-outcome information metric derived from an
optimization analysis of a plurality of prospective therapeutic-outcome-

43



wherein said conputing station is further adapted to provide in a suitable
forman outcone-predictive best instruction based upon an analysis of the
new i nf ovoaBiogMei n conjunction with the historical outcomeTiushoesses i on.
16. The system of claim 15, wherein the data structure conprises a neural
network 17. The .system of. cl aim e ou ive best
instruction is 'BHYEIC B’&rf“tsﬁoﬁﬁc?lﬁn%’r%lgtég”nﬁégs  TAYE he m,?n tl%% %&\8{1 %l acenent
pattern on a patient's eye. The system of claln115 wherein the

out cone- pr edi ct .aﬂépqsééqrepﬁg?m rfﬂ&afo Pgosae%sf%@ea?? %tcg%pﬁé?ﬁ%fémg:
aberration val ue, Z400Post, for a given pupil size. 19. The systemof claim
18, wherein the rmsmrﬁpmaa@n wnslusirestilenst opfitalmin dedert infarmpationzbogiRopatient, s

excl usively dependent upon a preoperative spherical aberration value,
Z400Pre, a preopehaémwmddehmmuﬁgmaﬁmemfZQmﬁadqnahmqneywehsaanmbkabhnmn +C
20. The system of claim19, wherein Z400Post A*Z400Pre + B *Z200Pre + C,

where A, B are (Juicispbicavé Bést iﬂ%&u&idﬁ%s&ﬂlﬁ}jdn al afBlysidf We {23/ 082162
PCT/ US03/ 08645 21. The system of claim 15, wherein the optim zation

analysis is a st ﬁ}‘drﬁi%lh&ﬁn co‘aﬂﬁllcéféﬂ Fith e hlg:tgﬁczﬁ%ﬁ{cgmeqlfoﬁh%gﬂ 21, wherein

t he optlnlzatlon analysis 1s"a matrix analysis conprising a vector Z,
representing new diagnostic information, a clinical matrix, M,

representing an interdependence relationship of a plurality of Zernike
terns or their equivalents, another matrix, M, representing hlstorlcal

out cone i nfor matitn, BcYaemeplaEnkd, H@Fﬁf}(‘heéata SFréﬁﬂéeswrrrwss # Reural

predictive best |nstruct|on
network

17. The system of claim 15, wherein the outcome-predictive best instruction
is an algorithm that describes a laser ablation shot placement pattern on a

patient’s eye.

18. The system of claim 15, wherein the outcome-predictive best instruction

is a postoperative spherical aberration value, Zsopost, for a given pupil size.

19. The system of claim 18, wherein the postoperative spherical aberration
value, Zagopost, 18 €xclusively dependent upon a preoperative spherical aberration

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

20. The system of claim 19, wherein Z4gopost = A*Zagopre + B*Zogopre + C,

where A, B are (+) constants for the given pupil size.
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23. The systemof claim 22, further conprising a feedback | oop provided by
an updating information netric supplied to the matrix M. 24. The system of
cl ai m 22, wohengis t he conmponents of M represent i nfornmarcomwshs/asua
plurality of sources. 25. The system of claim 22, wherein the conponents of
Z are Zerni ke vegtor 0, ej IV : . fr f . _§ensor
devi ce. 26. A sysS ‘ems’{}ﬁea{ys%&od\)/fircéagglufg ’ ngh gﬁ%&@@éggh%aglgﬁe%aﬁgﬁé%tSﬁ]aceeggﬁ%uti C
ophthal mc correction, conprising: a) a diagnostic station that can
acquire a new, ¥We&tmic information nmetric froma patient, said

di agnostic station having a capability to export the new information
nmetric; 45 WO 03/082162 PCT/ US03/ 08645 b) a data collection and transfer
station cooperatively engaged with the diagnostic station, having a
capability to rex®i veTlangsteur ofvdaim Hx pdetein the opsmizanbo anaysios amestrixc; c) a
conputing station communi catively engaged with the data collection and
transfer stati omnafRistoapiinie NGctl,H, ir€itedenthg Bév diagne@icanfosthitita, Ur e
containing optimzed historical therapeutic-outconme information, and

Err?)?ﬁg\jtl’}/geﬁﬁéggnth{gaa'ﬁﬁﬂ?.e}dehQrtcf%ﬁg@xteila‘?f&nsltﬂ'ﬁ gtt” %gluﬁzﬂ L ¥fe

havi ng a capabi 'élercaﬁﬂ}a
each respective new i nro metric in cohjunctron w optim zed

hi storical therapeutic-outcome information and, further, to generate a
predi ctive best £HBRElEISER thearriviyrlents, protherdpatiiy. My gieptssenting festerisal el y
engaged with the conputing station, having a capability to execute the
predi ctive best outcome information, and a resultant matrix, Z', representing the predictive best

instruction.

23. The system of claim 22, further comprising a feedback loop provided by

an updating information metric supplied to the matrix M"'.

24. The system of claim 22, wherein the components of M'’ represent

information from a plurality of sources.

25. The system of claim 22, wherein the components of Z are Zernike vectors

or their equivalents output from a wavefront sensor device.

26. A system that provides a predictive outcome for a therapeutic ophthalmic
correction, comprising:
a) a diagnostic station that can acquire a new, ophthalmic
information metric from a patient, said diagnostic station having a

capability to export the new information metric;
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instruction. 27. The system of claim 26, wherein the data structure
conprises a neural network. 28. The system of claim 26, wherein the

out cone- pvedBo$21vEe best instruction is an algorithmthat pdeamsns/imsess a | aser
abl ati on shot placenent pattern on a patient's eye. 29. The system of
claim 26, wherein the outc -predictive st jnstruction .is a

post operati ve spheri cal ab@p?lac{‘%l{aocr? llsgf({?e%nla%fﬁﬁ) %tflt,lor\‘%)r()pgraa?@gﬁn%"lﬁﬁfil si ze.
46 WO 03/ 082162 PCT/ USO%/ 08645 30. The system of claim 29, wherein the
post oper ative spheri c¥Fthaetrgnosdnstayen, having aGansdaity tq wegive pud fuptey
dependent upon a preoperative spherical aberration value, Z400Pre, a
preoperative defocus ¢lotidhe FpOPpENatiphdneirigonst ant factor, C.- 31. The
system of claim 30, wherein Z400Post = A*Z400Pre + B*Z200Pre + C, where A,
B are () constants for thec)giawemputipg ktagérzeomi@dnicainvelysgrahged with theadan 26,
wherein the optim zation analysis is a statistical analysis. 33. The
system of claim 32, woslelith irfteraRicr BlaBad, iseid BRPUMBE Stafich McHBIng Xdat@nal ysi s
conprising a vector, Z, representing new diagnostic information, a

clinical mtrix, M, LERLES @&t&iﬂﬁxgﬁi}tihﬁ%&ﬁﬂfk@ﬁ&@'%%ﬁaeﬁﬁé- {cgmghi p of a

plurality of Zernike terns or t equi val ents, another matrix, M,
representing historical. outco informati.on, .and a resultant.matrix, Z',
representing the pred P O‘b’eag"ﬁ haying ,gRabilty to ?ﬁ?wﬁ”ﬁ%ggr%%h“g‘?nﬁug?m 33,
further conprising a feedback | ooio1 provi ded by an updating information
metric supplied to t hglq.rt&ta,nplyzwa_c respective new information metric in conjunction

with the optimized historical therapeutic-outcome information and,
further, to generate a predictive best instruction; and
d) a therapeutic station cooperatively engaged with the

computing station, having a capability to execute the predictive best

instruction.
27.  The system of claim 26, wherein the data structure comprises a neural
network.
28.  The system of claim 26, wherein the outcome-predictive best instruction

is an algorithm that describes a laser ablation shot placement pattern on a

patient’s eye.

29.  The system of claim 26, wherein the outcome-predictive best instruction

is a postoperative spherical aberration value, Zsgoposi, for a given pupil size.
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35. The system of claim 33, wherein the conponents of M represent
information froma plurality of sources. 47 WO 03/082162 PCT/ US03/ 08645 36.
The syst ewooB/ogldied m 33, wherein the conponents of Z are Zecmiuses/esset ors or
t heir equival ents output froma wavefront sensor device. 37. A rret hod for

providing a predjctive out rrefor t era tlc 0 hal m ction,
conprising: a) c%(fl ect 1hy g™t g %9[ e eE)e W@Sﬁoﬂ%ﬁ{ﬁ‘é‘?ﬁﬁﬂhﬁﬁcalﬁ ation
information netric including at I east qphthal m ¢ defect informtion about
a patient; b) af¥§ZunbssACECIHEVELY deRsnASR!UBAN A RrOBRTaLIHE BRISHCHjabrration
plurality of optimzed, historical therapeutic outconme information for the
det er mi ned opht hedlwd, (Z4adaé,@¢1r90pamﬁVb)lefgemaéud, Aeporry Biad & benstzotfagtarntC.devi ce,
a predictive best instruction for facilitating an optim zed outconme of the
ophthalmc therapeutic correction. 38. The nmethod of claim 37, further
conprising utilizing the generated predictive best instruction to drive a

t herapeutic systgm f0f ié?-rfjbmmhhﬁ) whehdihal m c— Qi ec J_EQZZOOPH: ¢he met hod
of claim 37, wherein t ecting Step corrprl ses autonat rcally
coIIectlngthe ne Lon netri.c t hod of cIa|m37 wherein
t he generating s‘f"ﬁ% gb%‘?‘re§e)5005‘5ta§tts5?rt§?5’6’5“’31?11 F\9%is. 48 WD 03/082162

PCT/ US03/ 08645

32. The system of claim 26, wherein the optimization analysis is a statistical

analysis.
33.  The system of claim 32, 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, aind a resultant matrix, Z’, representing the predictive best

instruction.

34.  The system of claim 33, further comprising a feedback loop provided by

an updating information metric supplied to the matrix M"".

35. The system of claim 33, wherein the components of M"' represent

information from a plurality of sources.
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41. The nethod of claim 37, wherein the generating step conprises

calculating a resultant matrix, Z', representing the predictive best
i nstruct iwo,03/08x161m a vector, Z, representing the new di agROFIULS03/08645
information, a clinical matrix, M, representing an interdependence

rel ati onshi p of pl ity of.Zernike. ter or their ui val ents, and
anot her matrix, % ﬁ%‘?’ sé'é%ém ?fncéal nje3 ’ H‘ihg{e&”ﬁ’ééPmSB?% FW}%FWS? VEHOS42 A
met hod for providing a predictive outcone for a therapeutic ophthal mc
correction, conp?lBFRgIULFIeRYHPRPHS ﬁ%‘ﬂ“é WA PR SRIPACEYRC et ri ¢, said new
information nmetric relating to an ophthal mc defect condition of a
patient; b) maintaining a database of optim zed, historical ophthalmc

out cone information, said ophthalmc outconme information being related to
t he opht hal m ¢ d&f.ect Aen¢théd fod provadink & pradicdive dutegma e eiecibeviiz dphsiialmic
instruction for the therapeutic ophthalmc correction, wherein the
predictive best {fgkfisigtcoRprisigProvided on a transactional basis. 43. The
met hod of claim42, wherein the step of obtaining a new infornmation netric

conprises collecting vvavef@o&tne@ﬁ%rar%gg?&tg mﬂﬁem @ for e RE S

. c .

device. 44. The method of claim ernt eostep 0 intaining a
dat abase of optim zed, K hi.stor.ical, o htl% |. m.c .outco i nformation.conprises
Updating the 69 o OBPEEITHSRER 8D P BANS ok R EERA G 1hou & prtsiFe
opht hal m ¢ correction outcone infornmation and _optimzing the historical
out conme i nformation. b) analyzing said new information in conjunction with a plurality

of optimized, historical therapeutic outcome information for the

determined ophthalmic defect; and

b) generating, via the computing device, a predictive best

instruction for facilitating an optimized outcome of the ophthalmic

therapeutic correction.
38. The method of claim 37, further comprising utilizing the generated
predictive best instruction to drive a therapeutic system for providing the

ophthalmic correction.

39. The method of claim 37, wherein the collecting step comprises

automatically collecting the new information metric.

40. The method of claim 37, wherein the generating step comprises a

statistical analysis.
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45. The nethod of claim42, wherein optimzing the historical outcone
information conprises a statistical analysis of the historical outcone

i nf or mat iw0.03/08:862 The et hod of cl ai m 45, wherein opti m ziPog/ushgodsst ori cal
outcone information conprises engaging a neural network to analyze the

hi storical outc i Af or i he_avai abl e hi i.cal .outcone
information. 47. The neetlﬁgiggggp%l?%?r31117’4‘§k,’er%é}rlee$er?e aﬁgﬁé@éﬁg%pnﬁcgi ntai ning a
dat abase of optimn zed, historical ophthal m ¢ outcone jnformation conprises
acquiring new h¢AewWHINGA regteBOMATXn Lo FePRESCBANG the Rresliqtive bestiastiugtionr a fee.
48. The nethod of claim42, wherein the step of providing a predictive best
i nstruction on afromansact, fneprefzatng theowprdisgwstienéimangn.a ¢lmgcabmaaiher
remuneration. 49. A conputer-readabl e or device-readabl e nedi um havi ng

stored thereon agy, r@fﬁ@ge%tiagIa@iﬂtaa&ﬁdﬁq&ﬁc@rfemﬁ@{shipsofiarm@rraﬂgobftzerﬂk@vér&@ a
predictive outcone for a her apeuti c ophthal mc correction, wherein said

instruction is a edi ct.e est . instruct. Jdthat is.derived from an

anal ysis of a ne%ptﬁﬂf 8‘?%3??%?1 aggfap&@errlg?tgf‘i ’EGBreéﬂﬁgﬁﬁF%gﬁS%”falc%“cﬂW? on of
a patient, in conjunction with an optim zed, historical,

t her apeut i c- out cfEMIaHeBr nati on netric. 50 WO 03/ 082162 PCT/ US03/ 08645 50.
The medi um of claim49, wherein the executable instruction is an algorithm
that describes a | aser ablation shot placenent pattern on a patient's eye.
51. The system of claim49, wherein the predictive best instruction
conprises an OUAZ:OMeApRi@kddCior pRvidipdh Baldivtve bifcombds DihertticCophtidlam f or
use by a practitioner for providing the therapeutic ophthal mc correction.
52. A data strucl{difL:&s3empatiRg Wi th a conputing device that generates a

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 instruction is provided

on a transactional basis.

43.  The method of claim 42, wherein the step of obtaining a new information
metric comprises collecting wavefront aberration data form a wavefront sensor

device.

44.  The method of claim 42, wherein the step of maintaining a database of

optimized, historical ophthalmic outcome information comprises updating the
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predictive best instruction for a therapeutic ophthalmc correction, said
data structure performng a nethod conprising the steps of: a) receiving a
new i nf orwatoBoseiaetri c, said new information netric rel aPCmESODOsaEmS

opht hal m c defect condition of a patient; b) naintaining a database of

optim zed historjcal o M ' [ et | . sai d .opht hal m c
out cone i nfor nat(iiaga%’a ee?'%grgélgg?ee%%ﬂ'{agﬁ hcgh(g)%tﬁqt %1&%91%261 Z?nélc?{lgrg%%&(;i tion; and
C) generating a %&edi ctive best instructjon for the therapeutic ophthalmc

correction. 53. SHiEVgLE hehisopeyouicemedp B wherein the predictive best

instruction is provided on a transactional basis. 51 WO 03/082162

PCT/ US03/ 08645 54. The data structure of claim53, wherein the step of
providing a predictive best instruction on a transactional basis conprises
receiving a fee 4 otHer methedoficha #2rwheb&in optimizhag the hil starddaliodcarhe cl ai m 52,
wherein the step of obtaining a new information netric conprises

col I ecting wavefihfitnaflbeEsBpiis adatistidal MBlis daHShis@icalSRiicoMte HRHGRoN.S6.
The data structure of claim52, wherein the step of nmintaining a database

of optim zed, historical ophthal mc outcone information conprises updating
the database with avail able ophthal mc correction outcone information and

optim zing the hjstorjcal outc .inﬁormat.i on.. 57. Th .E?ata structure of
cl ai m 56, V\herei%GS‘optT}Fﬁ ?Ftﬁlﬁ Pﬁg%ﬁlilé ’ov‘fl?e(r:%{ ° Wi%zé%&e?lh %}C%??t8?fn?:onpri ses
a statistical analysis of the historical outcome informatjon. .

information comprises engaging a neural network to analyze the historical

outcome information and the available historical outcome information.

47.  The method of claim 42, 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.

48. The method of claim 42, wherein the step of providing a predictive best
instruction on a transactional basis comprises receiving a fee or other

remuneration.

49. 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.
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58. The data structure of claim56, wherein optimzing the historical
outcone information conprises engaging a neural network to anal yze the

hi st ori cavooapsnse i nformati on and the avail abl e hi st ori cacTasvyesses
information. 59. The data structure of claim52, wherein the step of

mai nt ai ni ng a database of optim zed, historical ophthal m c outcone

i nformati on conprises acquiring new historical outconme information froma

third party for fee,, 52 WO O 82162 PCT/US03/ 08645 . 60. The system of
claim1, wherein’the 'Blb"t‘?l IE’Qt‘??{j&ﬂ“ n‘&l’ V’EF@”} geﬁx?‘iufﬁbfee‘mté‘?cé’ﬁﬁhst nal ysi s
(FEA) utilizing a finite el enent nodel (FEM, further wherein the FEMis a
t hr ee- di nensi onadlgoriimstbetrdspiribes adaser #dation shpsplaedment patarage ppatiend[seyent .
61. The system of claim 15, wherein the optim zation analysis is a finite

el enent analysis (FEA) utilizing a finite el enent nodel (FEM, further
wherein the FEMis a three-dinensional, anisotropic, nonlinear,

viscoel astic | aysred Tkd SRR of ddm 4 evhepeii enpaddic vaibbtafstruotien eomptists
optim zation analysis is a finite elenment analysis (FEA) utilizing a

finite el ement Wtcé&%@edich%,tﬁﬁfhaﬂﬁ%riﬁiioﬂnaﬁd?lemﬁﬁwshi%dafor use by a

t hr ee-di nensi onal, anisotropic, nonlinear, viscoelastic |ayered elenent.

63. The nethod of claim37. wherel,n.he nerat i step.caonpri ses
performng a fidﬂ?@“&P&h@%P“ﬁ%ﬁ?%gFéh?ﬁﬂiﬁc8?&%?@5%50%8¥¥ﬁ1te el enent nodel

(FEM, further wherein the FEMis a three-di nensional, anisotropic,
nonl i near, viscoelastic |layered elenment. 53

52. A data structure associated with a computing device that generates a
predictive best instruction for a therapeutic ophthalmic correction, said data
structure performing a method comprising the steps of:

a) receiving 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) generating a predictive best instruction for the therapeutic

ophthalmic correction.

53. The data structure of claim 52, wherein the predictive best instruction is

provided on a transactional basis.
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54. The data structure of claim 53, wherein the step of providing a predictive
best instruction on a transactional basis comprises receiving a fee or other

remuneration.

55. The data structure of claim 52, wherein the step of obtaining a new
information metric comprises collecting wavefront aberration data from a

wavefront sensor device.

56.  The data structure of claim 52, 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.

57. The data structure of claim 56, wherein optimizing the historical outcome

information comprises a statistical analysis of the historical outcome information.

58. The data structure of claim 56, wherein optimizing the historical outcome
information comprises engaging a neural network to analyze the historical

outcome information and the available historical outcome information.
59.  The data structure of claim 52, 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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60.  The system of claim 1, 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.

61.  The system of claim 15, 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.

62.  The system of claim 26, 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.

63.  The method of claim 37, wherein the generating step comprises
performing a finite element analysis (FEA) utilizing a finite element model
(FEM), further wherein the FEM is a three-dimensional, anisotropic, nonlinear,

viscoelastic layered element.
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