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Invention The invention is generally directed to the
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beam. Over the past fifteen years, more advanced lasers have been developed that

employ small spots at a high repetition based according to complex shot sorting and
sequencing calculations to ablate more accurately, more efficiently, and much more
correctively than in the past. Advanced topography technology, wavefront aberration
measurement and analysis, laser pachymetry, and other diagnostic techniques and
instrumentation have driven the development of complex treatment algorithms that no
longer merely correct a patient's manifest refraction to improve visual acuity, but rather
to correct higher order aberrations, compensate for biodynamic responses of the eye to

tissue destruction processes, compensate for thermal heating effects on the cornea due to



t he bonbardnent by | aser pul ses, and adjust for
abl ati on beam efficiency due to oblique beam
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adjustnents are applied to treatnment algorithnms to
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shoul d best be applied to the patient's eye. If, for

ex i#pensls upeiihe prergpskfie HRdingstof Sisalisnds expathighineitself leads to a
whi ch one may optimn ze optical zone but at the
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inventors have recogni zed the need for, and advantages
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200&, 29 %vﬁét%mﬁfgqj tedan PR éhg&ﬂi]bgﬁ be applied to the patient's eye. If, for example,

three treatment options are available in which one may optimize optical zone but at the
expense of tissue consumption, while another may improve visual acuity but result in
poor contrast sensitivity under low light conditions, and the third provide yet different
tradeoffs, it quickly becomes obvious that even out of the particular treatment options
available to the surgeon, only a very few can realistically be considered.

Accordingly, the inventors have recognized the need for, and advantages of, a

method and system that would aid the surgeon in classifying a particular patient's eyes



and in selecting a treatnment plan based upon a review
of a nultiplicity of viable treatnent plans that can
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opti m zed, and displayed to the surgeon for review
and selection. Thus, there is a recognized need for a
solution to the probl ens di scussed herei nabove and
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cor'réspondi n
treatment algorithms that can be reviewed, modified, and ultimately selected by the

surgeon for application to the patient's eye.

An embodiment of the invention is an algorithm to aid the surgeon in the
selection of a treatment plan for vision correction in a patient's eye. The algorithm
includes the steps ofl acquiring selected diagnostic input data types about the patient's eye,
parameterizing the input data to automatically classify the patient's eye into one of
several pre-determined classification sets, automatically determining two or more viable

treatment algorithms suitable for correcting the patient's vision defects based upon the



plans to the surgeon for prospective selection of one

of the treatnent plans. The initial treatnent
wa@b@endtabsn cal cul ati ons are based upon out comePCT/US2004/011188

determ native default paranmeters. In an aspect of the
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includes the steps of obtaining selected input diagnostic information about the patient's
eye, analyzing the input diagnostic information to automatically determine two or more
potentially usable treatment algorithms that are selected from an equal or larger number
of available treatment algorithms, processing the potentially usable treatment algorithms
using pre-set outcome determinative default parameters, presenting a number of viable
treatment plans to the surgeon for review corresponding to the potentially usable

treatment algorithms, selectively modifying one or more of the default parameters and



treatnment algorithnms using the nodified paraneters,
and re-presenting to the surgeon for further review

wo besoersespondi ng treatment plans for correctPemUsive4/011188
patient's vision based upon the diagnostic input
information. In an aspect, the nmethod further includes
selecting one of the treatnment plans for application
t o athee dplaneaddisatmenigapamatess, serptoessing disdwe or pafedotatiplbhusable
in the calculated treatnent plans can be optim zed
andregndnéalgomthmk uging th encdifred panmesrse anvipatpeestitiimg to the surgeon for
mul tiple viable treatnent plans based upon the
surfggls 'revigy gk ebrresgorting tedainzent planafootdrectigsthe pitientshasion based
met hod includes the step of automatically recomendi ng
a RposhRrdigmodticeauiBiiérmiati®n or, alternatively, warning
agai nst contraindicated treatnent plans. In both of

the foregoi NYed B BRMoE AL NBINIS selbdiBig D8t 8ChE RBatment plans for
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detWPR{LS SHEECPMEPIpEEhe e y usabl e treat ment
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al goefetréttheatagd glanponltethdivelypwarnihgtagaing nonteirsigated ieatment
for displaying the nmultilevel graphical user
I ntgadsace which facilitates review, nodification, and
sel ection of viable treatnment plans for correcting the
pat i ent 18 bith SF MR for¢fEnSEEcMrhiSodirhen¥DiR QO 1¥B&ssing, storage,
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st oA ARt aliost BdnbdicCRbabas, 88l ABMp&ek @ab@thtion, as well
as the display and selection of viable treatment plans is accomplished through a
multilevel graphical user interface (GUI).

A system embodiment according to the invention includes a component for
receiving the diagnostic input data about the patient's vision, for analyzing the input data
and determining the potentially usable treatment algorithms from a database comprising
an equal or larger number of available treatment algorithms, and for processing the
potentially usable treatment algorithms based upon the input data; and a component for

displaying the multilevel graphical user interface which facilitates review, modification,

and selection of viable treatment plans for correcting the patient's vision. The system is



treatnment plans which include executable instructions

for a photoabl ative | aser conponent of the systemto
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eye. In an aspect, the receiving conponent is one of

a variety of conputing platfornms well known in the

art: the display conponent is a display nonitor; the
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| i kiecatmerd plank ehichgealude sngsuabletingtimctiont §3rrphetoablamye laser
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algorithmfor classifying a patient's eye

| N {hRHSENRANERN Aorade MeHR idTRiingRi@Buds OE DY 5y -91] ike;
correction in a pati&nt s eye h%@%%?ﬁ%th%o 7> and the like; and
enbgdi t [ tion: Fig, 2.is. hemat i .

1 o HE B0 o R Aer defor e o BB TeRH Biseflgne comet
of a treatnment plan for vision correction in a,

pat 1EHE 18 2R Peel PP A 5 R GTHEr A BB dogice apder other
invention; Fig. 3.is a schematic representation of a

sy sTRFROSHN thegppepiic:Homnegenss 4% Bapgishle cpmmunigptiqnoyith the laser
correction in a patient's eye according to an

enb®dFRent of the invention: Fig. 4 is a schematic
representation of a process step set forth in Fig. 2;

Fig. 5is a schematic representati on of another

process step set forth in Fig. 2; 6 WO 2004/091458

PCT/ US2004/ 011188 Fig. 6 is a view of a start-up

di spl ay screen of a graphical user interface (GU)

according to an BRIHDEBORIPITONIE THEBRAWNGSEI 9. 7 is

a view of another display screen of the GU according

to an emOdiif®hematic flow diagram of an algorithm for classifying a patient’s eye
for aiding in the selection of a treatment plan for vision correction in a patient's eye
according to an embodiment of the invention;

Fig. 2 is a schematic flow diagram of a method for aiding in the selection of a
treatment plan for vision correction in a patient's eye according to another embodiment of
the invention;

Fig. 3 is a schematic representation of a system used for planning a treatment for
vision correction in a patient's eye according to an embodiment of the invention;

Fig. 4 is a schematic representation of a process step set forth in Fig. 2;

Fig. 5 is a schematic representation of another process step set forth in Fig. 2;



of the invention; Fig. 8 is a view of another display
screen of the GQUJ according to an enbodi nent of the
WO pwen9ids®; Fig. 9 is a view of anot her di spl apCBHUS®EH011188
of the GUJ according to an enbodi nent of the
invention; Fig. 10 is a view of another display screen
of the GJ according to an_enbodi nent of the
i nvent i dfig- ¢Fp g viewlofjagstagt-up dsplayrscrgpmelfregraptiianbhsey indesfaee(GUI)
of the GUJ according to an enbodi nent of the
i nvawoidog;to F gebodiBentlof ke anveintims of a preferences
di spl ay screen of the GUI according to an exenplary
enbodi nefig. 70k atvieey dfavethér duplayfstrgen df3hd GURac¢brdmgab a®embodiment
patient selection display screen of the QU according
t 0 @fhe BX@Phary enbodi ment of the invention;, Fig. 14
is aview of a patient information display screen of
the GU m@gaag Q'v[éQJ 3f@notBét EpBREBEYof RGO ad Bfbodiment
invention; Fig. 15 is a view of a treatnent overV|ew
dis n of the GU according to an exenplary
enﬁ%ﬁ?%gﬁéﬁg the invention; Fig. 16 is a view of an
i1 us;ggfg#? gztog%p ét%%eer% 29 scgrlees Of?( faec%ﬁgrd%nﬁ 10 an embodlment
|nwgq@? 7 mo 2004/091458 PCT/U82004/011188 Fig. 17
fanot her illustrative treatment option
di spl ay screen of tEe cul accordln to an exenpl ary
enbodi meg- 18fiS # HEWioh gt givplapsegeen ot i G kecarding footts
of a data ckeck display screen of the GU according to
an crebodimpi pithe fyediovent of the invention; and

Fig. 11 is a view of another display screen of the GUI according to an
embodiment of the invention;

Figs. 12a,b are views of a preferences display screen of the GUI according to an
exemplary embodiment of the invention;

Fig. 13 is a view of a patient selection display screen of the GUI according to an
exemplary embodiment of the invention;

Fig. 14 is a view of a patient information display screen of the GUI according to
an exemplary embodiment of the invention;

Fig. 15 is a view of a treatment overview display screen of the GUI according to
an exemplary embodiment of the invention;

Fig. 16 is a view of an illustrative treatment option display screen of the GUI

according to an exemplary embodiment of the invention;



Fig. 19 is table of paraneter val ue ranges accordi ng

to an exenplary enbodi nent of the invention. DETAILED
WOEBORRTE ON OF A PREFERRED EMBODI MENT OF THE PCT/US2004/011188

I NVENTI ON To assist the reader in a clear

under st andi ng of the invention, certain term nol ogy

used t hroughout the description of the invention wll

be underig.ddds 2 vetial anathee ilfustratypitisgfmenteaption display srreenof the GUI

field of refractive |aser vision correction, a
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calculation for determning certain paraneters of a

par ti culFgs. 13apearefvictks @fi dEntkeck displex sulphef tHe@Ulccording to an

| aser ablation treatnent to correct a nyopia

r ef gxdfiplayiPerf¥dd@kient 8f e HivERbnOdndt ar get corneal profile
wll be determned as well as the nunber, sequence,

and pl aqgyaots @hiec bASRLIMEH A afie Mheb & cHIRLIPEY %ln}?@ary embodiment
corneal surface to obtain the target profile. The

| asgiy,Shol«Bhacenment, sequence, and nunber

calcu?ations are paraneters used to calculate a shot

file, referred to herein as a ".TLS file," which

stands for Technol as Laser Session. A laser used to

apply t | at] ] [ t s the
shot ”r1 PET LR bSCRRGRRY Arne Erni bR A5k The
the particular treatnent. NN PR nt pl an as that

termis used herein represents the process planning

and r esUiorasyst therigedss By ardeas upderstandipg of therevgntiein pertain terminology
al gorithm based upon defi ned paraneters and

detusedribndughoud therdssqrption oishonverdive wik pe vedsrited thiava the following
variety of information that may include algorithm
parmemings:sInabe figdh bf mfagivaildset edopastectipe s atdtmentrigosithm is
simul ated 8 WO 2004/ 091458 PCT/ US2004/ 011188 abl ati on

pr afnidbs®od paihB proeess Yalcldithion fodete@inizo0dteaid iphRnSic@ S a particular
refraction val ues, aberration information, topography

| nfiopdGHttie@itent | Fok OfhriPRs, FdrG 1hREAALRBatnRACo @bR&% a myopia
relevant information, including the shot file.

Fu rr@ﬂﬁ!ti_v@%nﬂ?@ Heshed 811 tﬁlrzgetvgohﬁalﬁjgéfﬁg QA1 B@dé%é{ﬁh ed aﬁ well as the

in
classification, a virgin eye ans an eye that has not

h adnug{bieg rseq%%c%,e ﬁxld p'ia%]érﬁgn(f tok aber SIS e pre-operative corneal surface to

obtain the target profile. The laser shot placement, sequence, and number calculations
are parameters used to calculate a shot file, referred to herein as a “TLS file,” which
stands for Technolas Laser Session. A laser used to apply the ablative photorefractive
treatment uses the shot file as its executable instruction to carry out the particular
treatment. A treatment plan as that term is used herein represents the process planning
and result of processing a particular treatment algorithm based upon defined parameters
and determining a prospective outcome represented by a variety of information that may

include algorithm parameters as well as simulated post-operative maps, simulated

8



a regular eye refers to an eye havi ng associ at ed

vi sion defects that are correctable wwth standard
wo@pivihed4s8 cs such as spectacl es, contact | enseBCT/ESIH04/011188

the like, or by non-custom zed photoabl ative surgery

limted to sphere and cylinder correction, whereas an

irregular eye will be, for exanple, a keratoconic eye
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illustrates an algorithm 100 to aid in the selection
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step 120 the diagnostic input data 110" is

parawnkyber Mysgicsbypetontc, aldaspematis pyesdiavy ticie fipidebmeanings as well
classified into one of a pre-determ ned nunber of

cl asdefstopdin thaaget s desi gnated, for illustration

pur poses only, as Type A 135, Type B 140, Type C 145,

and Typ&i 1lifstrated ailg@EPRADO0 &CAAO ircthe geldctiod BEa treatment plan 190
invention, the classification types are determned to

be 4} Gigio cO¥@Siol BY Sphbielrs 8Yd. akStey 190 WR.ARP 81 985 4B Biagnostic input
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astl_gmal m ast_ese erns een defi

par PPEredy Sreuteghymy By PR Ay Bae e R Ep T pgerson

ty ps?c?lle?ifin ﬁl)é ea?t Cngl /u‘?l{izevtio %ﬁa?gcte%ez]; g%&t?ent's eye and its vision defects. All, or
only some, or various combinations of the data may be acquired and/or used as will be
determined by the various treatment algorithms. At step 120 the diagnostic input
data 110, is parameterized so that the patient's eye can be classified into one of a
pre-determined number of classification sets designated, for illustration purposes only, as
Type A 135, Type B 140, Type C 145, and Type D 150. In an aspect according to the

invention, the classification types are determined to be virgin eyes versus previously



associated with particular treatnent algorithnms that

typically are proprietary to a supplier. For exanple,
wa@2aonegt4sent al gorithm known to those skill ed Per/ukmo4/011188

art as a Planoscan(r) treatnent (Bausch & Lonb

I ncor porated, Rochester, New York) m ght be used to

treat a regular, myopic or_hyperopic eye using.

TecAdSE R ICERI Cyes ERFUS ITRFUATFY B TR /ot BD of Without astigmatism,

I ncorporated, Rochester, New York). O, for exanple, a

to m@gm@#ﬂﬁlymxﬁélasagmw and bsmeropisteyes Wi ortwithogtiiplggnd/or mixed

referred to in U S Patent No. 5,891,132 may suitably

be astigmetishg a$ thegetterars heyebade tiefineil heintloovee Hiwitl dguhderstdmd that the

t opographi ¢ di agnostic input data. In another

ex apaplictlar diste@ yiassificat@i fp@doasspbiad/iongresvbsos adl/diivisivardefects

order aberrations and a regular topography m ght be a

Pr efseddidsl W phrialR tkfimedt ALbSHIOR il e b @td@mta supplier.
al gorithm (Bausch & Lonb I ncor porat ed, Rochesﬁgr PP

YOr Qg exARI6, radtkaasnetn@a@&nhﬁxﬁm amos%mga Hﬁﬁ& al@ss m@noscan
|nvent|on ‘and as knéwn in the art, it can

deter| ‘%]1??13 \Qi{:lf E%ﬁlb%]cogyo?at f{op{ ?t}éf QL5 ')Yorpﬂq ht be uhsed to treat a

photoa aser surgery ’ng at topoy

E‘Sda i IORG° sFnBe PR b 15%;”%!112%%%@22 i AL, 1o

el t t he resence .

o cET BB b e T SAD 5 o FeE e apnoewa@gqayy driven
ablated cornea can be determ ned. The rre%ular
an &g aleoptipsyehes gferred loda UsY - PatenioNo-Cafif 12 may Sultably be
determ ned, for exanple, by exam ning the symetry

( di ysedl 8 tregt any ey delermiaed totbe rergilap by tenogwekie diagaastioput data. In
Vﬁvefront nmeasur enent and anal ysi s, manifest
r ef anather onmpém dn eelvéssifietdshagoe sicksnodrhigher ¢ildersderrations and a
skilled in the art can be used to determ ne the sign
andregEgnbpageephe inigle be e ysefared candidandior a arstonr Zyang® treatment
hi gher 10 WD 2004/ 091458 PCT/ US2004/ 011188 order
abeq]gaith (BAUREIO& TR bIAcorps By RobRSRr, NeREBorRf. According to an
information to classify a patient's eye helps to

| defenbry\hsduichéne 8t B lved 8 Odridtal s Hf'tﬂehz{rt lPc‘i‘:am be determined

appropridate for developing a treatnment plan

cor ﬁe“tﬁex‘aﬁ Eyd Rk Bﬁ'{}fouﬁ%géﬂq%%aﬁﬁﬁ%%ser Ldrkér#zbg ﬁatokl\{ 'aé/top@graphlc

regul ar topogra ow wave ront ure

nayan'd%%c':l{:ﬁa‘r}e ic (P agnos ic 1n 1maz%10n %P ex%nlp% by anaiyzmg an%erlor sureface

topography and delta-pachymetry measurements, the presence and location of a transition
zone in the previously ablated cornea can be determined. The irregularity of an eye for
purposes of classification can be determined, for example, by examining the symmetry
(dipole) of the corneal topography or decentration. Wavefront measurement and
analysis, manifest refraction, and other techniques known to those skilled in the art can

be used to determine the sign and magnitude of defocus and cylinder errors and higher
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treatnment. A regul ar topography and a hi gh wavefront
measurenent nmay indicate that a custom zed or

W@ 200i/024sg omi zed wavefront-based treatment i s POBUS2004/011188
appropriate. An irregular topography plus a high
wavefront nmeasurenent (i.e., highly aberrated cornea)

may i.ndicate that a topographically-based treatment or

a hYEFs geRtion OrmalighnbintiE i Vers o intergrespRsr s pationts eye

this aspect, higher-order corneal aberrations, rather

t halelpsie idspifyerinchyiaspeni plaprithey< mighybe epnsomsintd foedeveloping a

ocul ar system are addressed. Irregul ar topography

Wi t freagment plat hoerrreat the gaiiewkswadiorodetfechreBisstraginglpta meguylar topography

contraindi cate refractive surgery, suggesting instead

s peatdadbe vawefodnn arcampdntdnanay mdicet shat @ ktaedikd Satiodlis the suitable

ophthal m ¢ surgical correction such as a cornea

t r agp@phant A rbgilar@opRERbRy andaviflOwiRESntdRH6IrEREH may indicate that a

particul ar diagnostic types, eye classification

ty pastondize@adt F@tcustb Pl WA ANPBSed REIMSR iR ost 'aﬁprb}??r]iatté? C(Xn

be understood that the invention is in no way limte

by ﬁ'ljlagulg.rocf)ﬁﬁﬁdgﬁ?pﬁ§ 2R Sveint g{aeﬁs%reﬂmgégt .lre]a.léhl%féllytaggrr t%ircomea)

vi abl e treat al gorithnms 16 ticu

| Lfil [ i.ned f .
g L R TR A T ——

e- progr anmed Se aval

al gorithns ... For. .exanple, t patient's e nay

pe 1 abfRErds ARt psppalieles e e B ieri ot g hon e isher
typigal opi a m%th astigmatism that may suitably be

t r €A EAPHIAHOPT YLK Qb FisteRhrIr e epd ¢ isgylwelapography with or
al gorithm160,,. At step 170, a multiple nunber of

t r eBithpsh high yixeiogdmeasurgmentypeseontraindipaie rafiactivssnigoty, suggesting
di splay to be discussed in greater detail below that

r esipeieadi spedtaelecayothes peitlisklmis Ietseoagnpivnpr oplithdlynic surgical correction
identified treatnent 11 WD 2004/ 091458
PCToutIS200ebtEa111:B88plat]| fypoexatiphs HabOa-thususiofi@ed particular diagnostic
pre-programmed default paraneters which are outcone

dettepes) dyatlaveification HPesatreimnbrit ABrithA 9 p¥LAddi sBloh Gt 1s¥o B understood
treatment plans 190a_n based upon the default
parBRhShFendilis ih A6 wal BANESEY Be FRBNndabRpnE | | be

presented to the surgeon via a display screen in the

form of j : ical ar_ inker
372- 516 1 Tt o oG B BT ER gt R g SR8 bt o

classifications are determined from a pre-programmed database of all available treatment

algorithms 165,.,. For example, the patient's eye may be classified by refraction as a
Type A having typical myopia with astigmatism, that may suitably be treated by
treatment algorithm 160, or treatment algorithm 160,. At step 170, a multiple number of
treatment plans 190,., are presented in the form of a display to be discussed in greater

detail below, that respectively correspond to the appropriately identified treatment

11



11. According to the invention, the surgeon then has
the option to a) review the various treatnent plans

w@ 1®da9n¥Fs t hat have been presented, b) save t hEGEUSZHOH011188
storage nedium (282), c) select one of the treatnent
pl ans (190X) for prospective application, or d)
nodi fy (step 168) selected paranmeters and be presented
wi t Heerdhma ] Quh viegipre-peasrananed defiulfrpgramptees whiph jre ogisome
will be described in greater detail below in respect
t o determlimtivelof therdgatitmnt according to the invention.
Anot her enbodi nent according to the invention is now
descr i bethewndltiplicitf ef @saaaent pland-1 Ws., badedldpon FhedlefzAlt parameters and
di agrammatically sets forth a nmethod 200 for aiding
t heths alaggdsti® mpff datawilllNRPré¥eited Rl sufdn v Ardips8€dd BGhe form
vision In a patient's eye. At step 210, selected
Pr €5 QRRKIALIENE AR A iflefidb B3R 882914 MRkt in Figs. 6-
obtained is p%%%ided to a ca?%u%ation nod%?gwgﬁgﬁphsulF%SG
(Fi g : - it . .
ot & i hal e iy SR aphbin U3n PTGy apyigy o varions
R P e P BP0 G700 PR
tre t al gori 65a n jch.oare initially .
ot GaF B eohi e of BF EafimenAet ok b RE Presmsh T e iepiapier O
paraneters to allow first-run_ _cal cul ations. As
desBPHiBEater boR) ecleqtpbpassmetsrs pad b prpsspied With -calyuiaiprbissaiment
data 210a_n will informthe selection of particular
t r elanseh?0"al) cporiill herdespdorg in greatepdafdihlplavoinagspettan b eclated
treatment plans 290a_n. According to the invention,
t hi enlagsomt aicbgiing ts tidameendo.omat i cal ly for all
potentially usable treatnent al gorithnms sel ected from
a dat abas@tiet ed@bddidvaiat@bdity h2hdibyeiod 1s0R%ARSribed with reference
PCT/ US2004/ 011188 al gorithms 265x ,,. At step 230 the

cal guiat 200 PRAVKGRMBHASIOSets RRRGh&RSd ol HBADHE selection of
treatnment al gorithnms 260x_" utilizing various outcone

d . . f i indpatid?l e e S
et:ﬁ@é&'trﬁ%{; bl 206, f@i‘éogrﬁa ABEEHL S patid Pt X %gﬂ],ﬁ 21 %ﬁ%{aﬁad

flap thi ess, resi stromal ‘ti1ssue de

2O 348 A 40955 RSB Ry 0 clion

;—E frgg@ﬁev g][Oi @ i’lgz %)t \%1:?@%%, gﬁggetaa %Oggflg ggarlgzgg :toi lt a el% atngul%ill;]lg number of
potentially usable treatment algorithms 260,., selected from a database containing an
equal or larger number of available treatment algorithms 265,., which are initialty
programmed with certain outcome determinative default parameters to allow first-run
calculations. As described above, the analysis of particular diagnostic data 210,., will
inform the selection of particular treatment algorithms 260,.,, leading to available

treatment plans 290,.,. According to the invention, this association is done automatically

for all potentially usable treatment algorithms selected from a database of all available

12



(Fig. 3) by neans of the nulti-Ievel graphical user
interface (GQUJI) 312 (Fig. 6) and illustrated in

wo 200408581 splay formats 313-316 in Figs. 7-11PCT/OSH04011188
7, for exanple, four treatnment plans 290a-d
representi ng a Zyoptix(r) A treatnment algorithm a

Zyoptlx treat nt algorithm, a Zyaoptix C tyeatnen

al GoEITHRRT 205an o L5 P rhscapsu {?P@%fﬂﬁé‘ﬁ? PROCESTs; ger]?ﬁt%i}iléﬁy usable
illustrated on a GUJ treatnment review display 313.
Eacireaiineh plgaribmp Poh- agbiring wrions peicenedaiqrapqnptiyy default parameters;
i nformati on about the treatnent including sinulated

ablfat ¢xampls; bASHe flamibscknesarpadis! shioamphbssué depit apiinabrsatsize,
such as optical zone dianeter and pachynetry, nunber

of dndse nthasltatiétemishtb¢ sorsemebneinigitirdity dejodaiment plane280h,. These
treatnent algorithm and other information as can be
Seefribtk fda@nent plahdlart Bgplagedasieatise@ihatdp XBMbn liisplaPdevice 370
7, for all of the treatnents information is provided

abquts. 3 PREYEbF the nfiltbjeR6ltdrapBichBfstdiatel fadd, (GUIERLBRL 6) and
refraction, nunber of |aser pulses, treatnment tine,

rmm&wakea%%ﬁo%d& yfoﬁﬁm@m Bk ﬁtlii%”m(.i n), and
optical zone dianeter (inn) For the Zyoptix A and B

t t t
hi gher oF Bk 12 3??1 %F %ﬁéﬁ%@g%ﬁgﬁéﬁ%ﬁ”up? SR o A
obj ec

axi eﬁa erpg 6llgf>r1th: Y%) X (Ba nﬁstal o Ij: g%ﬁ%t%g‘a? géﬁlpgtx t%ea‘tment algorithm,
bj ect f est t nd t bl at
dorth (PR A "6 TR OF & G B o dipley

the presented information  includes pre-operative

K- riéddiFagsteament slsn 8PS coppins praudpeligforpaionghpw the treatment
constants (Q, treatnment pre-operative K-readings

( D)incladidg tsiaw@eéqd Plasion pioéileamapsevaciond Gagopiistragsyeinicyty such as

13 WD 2004/ 091458 PCT/ US2004/ 011188 As will be

di saptisgexdnd dinmhéter and phdpmetrheuatbemnydllaenablatien tmgsvnd ablation depth
review screen 313 in Figure 7 may col or-code

t r efot sa2hrBathland algutiiehni, @60 oiliernid &6metonCe Bir 16 seeli Kadtied, Lathe
wel |l as provide textual infornmation as to why a

pardxefmplady edibRahdi b Fipl Bforah@athd tektnehe i fekn@bn Rerovided about
used. The screen provi des an editable field for

"p Bﬂmury}/sdiajecm/&@fr&clﬁbﬁ KRESRent reﬁgglonofﬁﬁﬂb%%f lasePPAfises] teatment
al I ow adj ustnent of these values for a of the

di StPl g X gmﬁ [ %lr@o%t (ﬁm),l%glfngiﬂ ntg stroma (pm), and optical zone diameter (mm).

For the Zyoptix A and B treatment plans, information is presented regarding higher order
aberrations over a 6mm pupil diameter, objective manifest refraction (sphere, cylinder,
axis), pupil diameter (mm) for the calculated objective manifest refraction, and central
ablation depth (um). For the Zyoptix C and D treatment plans, the presented information
includes pre-operative K-readings in diopters (D), pre-operative conic constants (Q),

treatment pre-operative K-readings (D), and target post-operative conic constants (Q").

13



val ues may al so be restored for the above editable
fields. Selectable information is provided relating

wo eoottlog1480f t war e version of the system and di BQRUS1000011188
wavefront and topography files with associ ated
comments. A selectable itemfor rotational eye
trackin i.nformation relating to pupil shift and o
pupf W%lg'effacilﬁ%lﬁﬁe Tt bele th G¥maleny trealeent eqyiest sorn 813 in Figure
the avail abl e treatnent plans based upon user input
chahges ceprecads igafmgrts dhat ate mopmimsndagi o3 gprpinsiioatsd as well as provide
Treat nent plans and associ ated graphi cal maps can be
maxtextuzigufonsationlak trswhyaa padtidar tregn@ntgpireshosld oe groald ot be used.
Fig. 11. Hint boxes can be displayed for each of the
t r €Blienserekn ploaiiss oaaidble fickd oS pachymat @ IMefip; thitkdess," and "optical
exanpl e, under Zyoptix A "wavefront-based treatnent

W tfpnenidareeddasiier ifthdsy valss fopsORifahe dighyBBd fr¥atments. Default
personal i zed aspheric treatnment node); Zyoptix B:

" Waysfek QY 218 56 thstorRIEbIMBR hbovEt L¥iRRld fitldsP SERARAL iF&Shation is
treatment node); Zyoptix C. "aspheric treatnent wth

;g%&ﬁéea%iaah' Qe B Vel N0 ﬂ&@%ﬁﬁ{@a&@%&n@%ﬁ% and

ng treatnent node); an yopt |
re e l-at i "o (Zvoptix tjssue.saving, .. )
" e SRR LN X LB R o e i

s ol BEPPOIPnIB R a3 P Rt A ST )Rt APAged. Kecaloulation of
nesga es hased uﬁon n%dified defaul t parameters. This
scrieenafiable FeFmanniRns bRvee UROnyFY Bt chingessar exlewdafedstiem this
calcul ated treatnment to an executable .TLS file for

| asBplaypspiere al iegfnenigdrmyand asspoiebgepival meposnde majimized as
optical zone and other optimzation/sorting functions

ar dlladteteddy dleadispdhyfsceastin Fig. $Lr Bmhboxbd can®e2:pihy 0D b4 B&h of the
PCT/ US2004/ 011188 Due to the fact that each of the

cal teaainaine plahy wach@andurdok placen2A0 dordxangle hadedzyoptidaf aul t
paranmeters that represent required initial input for

t he‘vlaheiniBhded fle@Bicht WilfBenhbdted aspBéig fAGERIpAN By dplx t he

i nvention provides for user selective nodification of

0N&yeonali¥Bd SspRErid thatsiat Ahd) BRLATEE ef s A8 Rkt D ent” i
deﬁ?negatreaﬁné%t paranete?sﬂg? step 2?5 as ° ent” (Zyoptix

ialc L]}eégsg)éﬂfzgg trga)f%%tjlln_nﬁlgj\}m%%tﬁhé p‘gr%)e’xe%b;tgera{lﬁknﬁvgch re%’uced ablation
depth” (Zyoptix aspheric tissue saving treatment mode); and Zyoptix D: “treatment with
reduced ablation depth” (Zyoptix tissue saving treatment mode). The exemplary
treatment review screen GUI will facilitate execution of storage and selection commands
as well as display warning messages based upon modified default parameters. This
screen further allows the export of the selected and calculated treatment to an executable

.TLS file for laser application. Commands for optimization of the optical zone and other

optimization/sorting functions are also executed from this screen.
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can then request re-processing of the treatnent
al gorithns shown at step 230" in Fig. 2 whereupon

w0 esogabass at ed treat ment plans 290 are re-di SPCHYSIHOH011188
step 270'. The re-calculated treatnent plans 290" a_d
appear as illustrated again by 313 in Fig. 7. This
type of iteration can occur as many tines as the
sur geonDpe ! the fagt theicadsefthe cajnylated teptmpniplags; 2@t 3rghased on
will likely be sufficient in npst cases. In an aspect
ac defadit pgrameters ifhag repraserd ireppired inithbingyidor ba freaimeet algesithms, the
calculated treatnent plans at step 280 in a storage
me chaitiod 28 rdikg o thSnveiimnh prevides &utabdrseclestivh amdifisatnon of one or
making it readabl e by a therapeutic conponent 294 such
as nafte 6XiGé OFRull RSRActétS B6ll/dr@thed PEfingd thamehttparmbteadryat step 275 as
sel ected treatnent plan 290X. As descri bed above, each

st QfiReatel F? BUTER enfiddMy 33 D%n Figh8, labcetbel bR b@ll-MowR Reddl. IThe user

a shot file 399 which is the executable instruction

car - i lnfert 388FtheRIRANEA ke 930" in Fig, 2
apﬁ 1131/&1? %gédggsg%/er%g&s%ﬁgg?%gﬁﬂ%t [ %rﬁ t%r etat ment to %e e e;llne.lg

EL Ié"(’: r r%lgonsr%%iaﬂ?la%%i é%&tgtgﬂtzp%%s ZPP %re%dis@%?ﬁdyﬁglég 376latf,

reen a as illustrat pl ays

315a, h | ' . an B for t di f.f er.ent tient,s. ..
eachetaBe ket eBE R G rabar ire bl pBRRRY 7 By EE g o
upon the calcul ated and sel ected treaféenFnt epI ans.. In . ]
a fyRe<yt TeseBofRogCus AR BARHERES 45T LTgeqn Kalsiitrecessyy, e single
the data check screen 315b contains the follow ng

i nfilsratian Walhlikehpbq wficiond fRemost 6ases-ent date of birth,

patient eye, treatnent algorithmtype, selected

t r eat et arsgshest eccordéns te ghieembodaaentethe usey ¢anisaieerthe calculated
selected treatnent axis, optical zone size, treatnent

Z oneatnidnt X200 rdp DR 5StdPEE/muBRAO2920(Figl 8Bthatrisirepdablepdr has means
| aser pul ses, treatnment tinme, maxinmum abl ati on dept h,

I e ik igrep@®ivyivel thatapeutic esmpcnent20apuchas at Beirsg@dasef wsed to
flap thickness (LASIK), currently running software

ve ra?i)@lrihe H@hsidlyatlefbd BdiiBent $laaQNOS tAsCesXidBA Sl € %ach stored
i nstrument -speci fic pachynetry information, manifest

reffaehd i hif2SPHSRE N 309 wARALIIBE executabl
exetfﬁe'p aérn gﬂaneg%gﬂibﬁgﬁl{hnﬁ&%?t raat ed ineFi g. 9A thgXecua ©

| hfigsrh% i(i)nocrglrrlie% o‘ilpl?y %@E}%ra%gﬁﬁhas%fzgo%ﬁ%néﬁ %ﬂpﬂﬁhy §&%ed
photoablation treatment to the eye. Prior to saving at step 280, the GUI displays a data
check screen at step 279 as illustrated by displays 315a,b in Figs. 9A and 9B for two
different patients. Each data check screen 315 contains information based upon the
calculated and selected treatment plans. In a first exemplary embodiment illustrated in
Fig. 9B, the data check screen 315b contains the following information: patient name,
patient date of birth, patient eye, treatment algorithm type, selected treatment sphere,

selected treatment cylinder, selected treatment axis, optical zone size, treatment zone,
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objective mani fest refraction, central abl ation depth,
wavefront RMS val ues at 6mm pupil dianeter,

wo odoavyasal eyetracker data (if used), and a tBXI/US2004/011188
nmessage such as "reconmended centration of treatnent
Is the pupil center". In a third exenplary enbodi nment
for rticular freatnment plan types, the data check
| nt BYRRE PbFE GHISPS Hestgent ks, Masimug AbIeD depth.iewpirae paghymetry
(K-readi ngs) and pre- and Ppst-o erative conic shape
pr ovlvqeé@e%@ fof dheoipagified e nchteess&&%), eurrqnglzrunming software
plans are saved at step 280, a treatnent plan 290X is
sel| esioy caleulgtiaydang diagunstip etasndatea) instpphentatebifio pathysicrp
296. Anot her aspect of the GJ display structure and
f unofirpations manjfesefednetivneagidaseeshot Bddendyl Bisidodie ekdntplary
Fig. 10 that is also accessed via a pull-down nenu. In

an exsndirhart yluseakdmi Mg oA, tHehefoi Al (eME 8at8 6KBR Bereen 3152 includes
allows: (a) default nonogram values to be set for al

di f §igéctine mahi@at fBAti0APh@NSbIalibl ddphe wis o ENGS
default assuned flap thicknegs ( LASI K) f&rﬁyﬁémﬁwSM6nnn

di fﬁll%ﬁlﬁﬁﬂmétér%ﬁaﬁﬁﬁ‘atl e%@%ai:l%? data glf aseﬁ)e t4d J‘tgxﬁﬁesg’c}gg %lfl&lualst

opti cal zone dianeter for I erent treatne

thi . t fel Jhmt o .val f . [
op iy SR Myl L o B o ST

< PRl kBB ARSH R Sy af Bpd T BB e oggiion consists of
m ni num r emai ni str | thickness under the fla
( LA@FF?}H, cu wgﬂ? E;}‘%Hlafl?& readiggm pud prenrpdpogiroparatine 00118: shape

2004/ 091458 PCT/ US2004/ 011188 correction can be set

as PIoREhiytsital ue for a particul ar treatnent (e.g.,

add 0.5D to the sphere for all Type A treatnent

pl ans) . Qnge fssuitable tespreant plan artysaved atrstep @80 tactretngent dlan 290, is
the surgeon may wi sh to re-evaluate the avail able

t r caleptet vt P92 fyasedtiappplictert istep apé.i i zed

paraneters. For exanple, for the Zyoptix A-D

t r eat meditnofheaaspedt bf ths GUAtdRPIal Birddtge ard fuhdtiolBYa Pi@ference screen
desirable to view all of the treatnment plan

i nf306 maistoed Based ouRe s d14benceRtddViZAbI0M W mQRt IKE &b exemplary
zone (Q2)
embodiment, the preference screen allows: (a) default nomogram values to be set for all
different treatment options; (b) the setting of a default assumed flap thickness (LASIK)
for the different treatment options; (c) setting of a default optical zone diameter for
different treatment options; (d) the setting of limit values for maximum ablation,
treatment time, number of laser pulses, minimal optical zone size, minimum

post-operative K-reading, maximum post-operative K-reading, and minimum remaining

stromal thickness under the flap (LASIK); and (e) a fixed amount of over or under
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dianeter. In the treatnment review screens 313

illustrated in Fig. 7, for exanple, an input to
wopinrres t he OZ i s provided. When executed, tPET/US2004/011188

optical zone is increased for all available treatnent

plans until the m ninmumresidual stromal depth under

the fl ASI K) i I -defined limt, t
SR o BB T RSSO i o

i ngut data f ex le. At step 250 in Fig. 2,
opﬁleﬁplieé‘??oéﬁﬂtarﬁﬁegg@?‘?nﬁ@tplfi‘qs}'ustrat ed by Oz 252a,
residual stromal depth 252b, and refraction 252, can

be cal cHieaeer aspssd YYithaalersaer tofligdsthe surg¢onphayyeidh wre-evaluate
step 270" as shown in Fig. 4. In another aspect, the
nuHis@vailgblegesataent plinsybasssiamh eertaimecptimered patagwterd. Hivs example, for
260x_" is at least tw selected froma | arger group

of thavapptabh @ treatmentphns Alugteatéd ih . 26i5May bé Esirabl2)o view all of
preferably directed to nyopia treatnent only,

hy the mepirent glead frembtiaBayed upye fHedptinidtiodst dp8oB Lb&T0Z)
hyperopia with astigmati sm other standard | ower ordeéer

abeamatet. O theCt@fatrsit tedbw RieBMeT13AMEGhtARENE AL if&nsxample, an input
correction, re-treatnent correction, Spherl cal

COfdf Fihideahd O2 A FBRHe Whed SHUEED t}leioig%‘g (z:ég%'ig img?sleg for all

asphéric corrective treatnent wth

Vo ol : n PRI
et o b el SRR ot i e o
cust.Qf reat ments e.lpvention h ver, is pot
ot Babd S B e 0 s o Db e rsvof Aognostic
anot her as t according,to an_enmbodi nent of the .
BB TR Hlte SR g e rE  pucpiingsation and sortng
automatical ly recomend a [i)referred treatnment plan to

t hidhugfeatsd byﬁﬁY 32 dptidushs deme2 3 2mAng Aefircten 232 can be calculated
color-coding the preferred treatnment plan out of the

avaiid tegptneent plaugtrawlisplapeded sten 270" as sletwrain&ds. By 317 in

Fig. 11. Based upon the nature of the treatnent plan,

cert ai Anendiker agtefa thetmunihtranf ppieatiadly @pable takatnt Mpdrhhng260,., is
i nformation, and other outcone determnative

paatdenst teoseloeyd Hhem mddger ppapes svdibele tbitw@hdohenmaddes,, (Fig. 2)
menus. For exanple, the cal culation of certain

t rgafer@itdirected to myopia treatment only, hyperopia treatment only, myopia with
astigmatism, hyperopia with astigmatism, other standard lower order aberration
correction, higher order aberration correction, re-treatment correction, spherical
corrective treatment with reduced tissue ablation, aspheric corrective treatment with
reduced ablation volume, LAS]K treatments, LASEK treatments, PRK treatments,
nomogram adjusted treatments, and other customized treatments. The invention,

however, is not so limited.
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pl ans for the correction of aspherical aberrations nmay
require the input of rotational eyetracker

WO pdoatomeiss on. LASI K- based treatments may requi PET/US2004/011188
particular mcrokeratonetric information. A system
enbodi nent 300 according to the invention is
schematically illustrated in_Fi nasti c |n
210" céhM@€wbﬁW§ﬁﬁ@H”%9gVﬁW@H@gégﬁﬁﬁﬁ?ﬁﬁﬂfmﬂgwﬁ% Innwy
wavef ront sensors, pachynetry devi ces, phoropte
¢ s tpovpranedediioagivenstivally ToqEIeaa BEcdured ieatent Iﬁﬁlhf@r’fhe user. This
opht hal m ¢ devices and techni ques that are not in and
ofoptiberidkbe/ieplqpzamtes byfoloheodinatbapicred &eatment plageout of the
means 310 for receiving the diagnostic input data,
f QRai@ibR] tyeainigt plass dshifustratddbp3 Bhid Fietlér m ni ng t he
potentially usable treatnment algorithms, and for
proces .54 Jpbe tHRehRR: éfahd yeatitadbRntdersih wihet defiigiotatd, preerence
based upon the input data and other al gorithm outcone

ecfa?ar FLaal 1H1%nﬁzﬁfo?1”ﬁfd%"tl§:r 6@RPorREd oSkt ¥\Bdr@n €lérs YRR be made
cal cul ati on nodul e such as a P.C. or other wel | - known

.f acges %le%@éﬂl& B theRh A THP ERmpld) %e@'aﬁ@llaﬁ% (W%@ﬂa?m %Zzgment

screen or nonitor wel known in
S use
A A i

functl ns) as des rei.nabove.

e BTN LUE oS HA e Fey er e riiefy pe
provi ded by the GUl according to the enbodi nents of 18
Wonzgkeyatp s ferAi9s2 004/ 011188  t he |nvent|on it is
well within the skill in the art of conp

pr ogr amiystet enbadinaemé 3Qhascording to e |11§’le’ét1‘@UF S@F’é‘ﬁ?“é’% illustrated
and cal cul ati on processes. A devi ce-readabl e storage
neigiRign3. Z8&nwsticlinguy Pl Gahh e guaineddorigtiees topfgstoly devices,

fl oppy disk, CD, DVD, conputer hard drive, or

el ﬁ@&eﬁ@ﬂiﬁﬁﬁ@té, pachgmetisedevivasy phuhpteis, oaomsted disghdntic dat a
in appropriate file formand which is readable by a

C OB ir@dnt 811,08 bilet ophEiRei0 daticafand kehdifes dpeat not ihaséof
conponent 294 of the systemto execute the shot

(- hbmbetids ;;zgrtsso%héc i‘ﬁflerﬁgﬁ’lnéﬂ BRI ThdRe SR 1380 tR deckivatih@dibgnostic

plan 290 The photoabl ative | aser conponent 294 wil |

t yl%'p&t%altay £ EndlYbifethé ot daBSHA d8@nhikinB She potentially usable treatment
algorithms, and for processing the potentially usable treatment algorithms based upon the
input data and other algorithm outcome determinative parameters can be a
software-driven calculation module such as a P.C. or other well-known form of a
computing platform. The display means 370 is typically a screen or monitor well known
in the art, which is used to display the graphical user interface 312 (and associated

display screens and functions) as described hereinabove. Once it is determined what

functions and attributes are to be provided by the GUI according to the embodiments of
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i ght having a wavel ength of 193m or ot her suitable

gas nediumor solid state |aser device adapted for
w@ormed4sg | ssue phot oabl ati on. Anot her exenpl aPg@T/US2004/011188

enbodi nent according to the invention is illustrated

by a treatnent planning software cal cul ati on program

(referred to, hereinafter..as "Treatnent Planner:) .that

g ehrcieraen b s TR T S EEROr f e SO 4o ke the
on the basis of the available neas red,datﬁ from .
disaprepsate S Ulaiselyoind celenelionprasssEr AASKEgTAple storage medium
di agnostic corneal topography and pachynetry .
a8 wik tepively bé m Cm%@?é‘?ﬁgﬁ&e {lorpyslésks CDy §¥D= gty dprdedrive, or
information is accessed by a Zyoptix(r) D agnostic )
Walldcabmbimetic C(Beersedve &hidhaab stbrechr @rew iatappropiie filedpiat and which
New York). This workstation is a conbination Zywave

| 1is Alaeduiomed empaind ofxdnsrobwvnipogentn ée therapSeigriesst component 294
Anal yzer. Zywave (aberroneter) data is stored in what

ar & thefBEmas ckRuidshe'shoTHELY) ifilee399 féplybpaheselcbed tivaiast plan
Export) files, and O bscan (corneal) data is stored

is &?gé %lgﬁhl(){oaﬁlaﬁve%g?ﬁ 6@hoheanookas gg%é@lw e anfdxbi@r lafdt@mitting

y cal cul ated treat nent ais stored in

t + ha 2 ) . able¥al i 0 ate laser
bgggrhgh?vg}g 3 %rhxle?engﬁx%‘cfci%lﬁ?ﬁr AL VGitableMds GRAGLAT FRolidRate Tase

e refractive [aser abl ation treatnent.

ﬁﬁ or&#&aéékga¥m§g§%9 6%?838&£t, the treatnent is

a I'X Vvision correction 19 WD

2004/ 091458 PCT/ US2004/ 011188 t.reatnpent, whi.ch i
carri ed BT GRERPLRLY FRRR @Flitﬁc?fsﬁg %)(tg‘?%’?nqogésel:ﬂués@agetdeb 8

operating at. 100Hz. According to the lLary .
eI eRS Al 50TV ASE e RAOPPHRFRGT (eigec P e as “Trostment
software is utilized by selection fron1a_and%w§([%

c oPfpuites’?) tlst eensratésapindivifyed feamen dietor o paticyb e} the fagisef the
mai n screen display 312 as shown in Fig. 6. The user . )
c asvaiihble lneamredhipta fpondia@0eic Was&peidenseansErmers apdyliagnostic
preset settings such as, for exanple, the file path

f Okorhda® topv@usiiyr 2 bachyagnpsitisorefneAF Eln 4ni dxewplatstaspect, the
corneal (.OTE) diagnostic files, and the treatnment

dag@gdostld-oriali®sis adceksad by ageopix® Dedeaostie; Wakitation (Bausch &

i nformati on such as clinic nane, |aser
Lomb Incorporated, Rochester, New York). This workstation is a combination Zywave
II Aberrometer and Orbscan [Iz Anterior Segment Analyzer. Zywave (aberrometer) data
is stored in what are referred to as “.ATE” (i.e., Aberrometer Technolas Export) files, and
Orbscan (corneal) data is stored in “.OTE” (i.e., Orbscan Technolas Export) files. The
subsequently calculated treatment data is stored in the “. TLS” file, described above,

which forms the basis for the refractive laser ablation treatment. According to an

exemplary aspect, the treatment is known in the art as a Zyoptix vision correction
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serial number, surgeon nane(s) and technician nane(s).
The Preferences screen also allows certain default
wa@eatiopyss t o be preset; for exanple, LASIK fl apCT/US2004/011188
t hi ckness; K- reading; Qvalue (e.g. Q Q), which
represent a pre- operative aspheric corneal shape

oSt - gperat.i v heric carneal shape

\%?agriner% glglé Gaglg ut V%gt 2 ﬁﬁﬁp@g&i 51276 ﬁ@amler leger systegl operating at
cahc}‘ated frontpupll si ze; and nonograns representing
a percent of baseline refraction values. (K-reading
is the central corneal curvature cal cul ated on the
basi s ofccordipgiadhe erwplan ambodimzent tlerBmatmentRiatingr calculation
expresses in diopter units as (n-.1)/R where Ris
t hofiwa is gtiifedblisclesion frofteeWimibes B etmeghteraader icbis which directs
referred to U S. Application Serial No. 10/460801
enthe thee tb BE GO CreaBHRTROMN MNs EhbvGONTRELM. BRe SRIAER &Rk on the icon
ABERRATI ON, filed on June 12, 2003 and i ncor porated

he30@2 nathiedr efefiranes to Prekdt Settu@g@tshé‘tﬁds)’f& Exalnfife, mél fh@}%th for the
extent allowed by applicable |aws and rul es.

apphvetohi @aEnbalcat/CrE) ilesaife 8hthat ( OTE) Hﬁ@ﬁd@ﬁ@ﬁleplaﬂ@ Fﬁe%ﬁatment
an aspheric tissue saving node that nmay be one

PR TPaDITe araliogy PR R s A f SRR SR, tcer

R R G R b R i o et
2 04/0 /1 US2004/ 011188 314

sy e delt 0 6@%&%%@5&111 O LS Koo ey

enbodi nent described earlier herein. The user then
hd€adipe QYRS 8t 8> QanEhieihspiopest & prermparaties asphagis camdalgbape

on to the calculation phase of the Treatnent Planner
pridgiprand agrostreperative asphariseomailshaperfactorpesmr ety QZo(optiias zone);
exenpl ary enbodi nent, patient selection and treat nent

c dP4 cdlatlateth it pbpidsine; byd Botdgvats ragreteneing' Spdrasit of baseline
Patient"” icon 3004 on the main nenu screen 312 shown

| nefracgion Galudhh €K-reditngSethe cbntidtdrRdl cuirGive icdlc@sibd YRR Basis of

a display screen 1302 as shown in Fig. 13 is

progsialletshatidin@eSiRERAS kidis bir8ed iRk RH uhils 48 1)‘/%,' WRLSR is
specified in the Preference section, described above,

afRe AHRPbPHE dye) SPhd BEkrddd ¥hBer is referred to U S, Application Serial No.

10/460801 entitled BICONIC ABLATION WITH CONTROLLED SPHERICAL
ABERRATION, filed on June 12, 2003 and incorporated herein by reference in its
entirety to the fullest extent allowed by applicable laws and rules. Said application
relates to an ablation treatment plan for an aspheric tissue saving mode that may be one
of the treatment modes of the instant invention embodiment.

Mlustrative display screens 1202a, 1202b of the aforementioned Preference

settings are shown in Figs. 12a and 12b, which correspond, respectively, to the displays
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(corneal diagnostic data) files 1310 and ATE
(wavefront diagnostic) files 1312 separately. As

W@ bawn9gi4she di spl ayed data includes wi ndows 13Bd1/1/82004/011188
the patient's last and first nanes, a w ndow 1306 for
the eye (OS or CI» in question, and a wi ndow 1308 for
the_date and ti of data acquisition, It will be
app? ¥eP 5 lé]astfaﬁ%@tm &1 & end Figa Hylorwhexsmplestieraladinaent deseribed earlier
stored and dlsplayed i nformati on may be presented
depesieinndheipshihan hasdhe entipn i save the dreferkpswnttings and@s en to the
skilled in the art. In an exenplary aspect, selection
of caldwation Bhase oATTE TidatreeniPlahngp pegemt, oacktirh itotha maitedhenu.
1316 in each file that may help to clearly identify a
pati ent Acconlirgpedhif bxempbapemesdindit, fatenteXadiohand Sed@ent
of birth, refractive values, file nane, etc. In

an Octaﬂtﬁﬂlatlaﬁ eizun BpLtiviting fid ‘@@&cﬁ&ﬂel’ﬁe icof @Dmﬂh@ Yhain menu
using the patient search area 1304 shown on the

di s@keau 3oy siRingh FNY6! Rten 8l eRE I%u@ﬁ%o‘%‘ﬂé aé@ﬁ%? ea cﬁi%‘ia@ screen

has previously been saved or, in another exanp

Scr ijb'aQ 91(;\%}?1“9 ll.*%‘ 13113 és%ntgcf T}E%{[wlr%ﬁ&ttlc rfﬁ%zlg'ca?eﬁqn the folders

sel ecting the eS|re patlent rnat

as psz)%&ﬁe in4fé 1 fé?%cé%e% o sgrﬂ:r)e% %/ agrt%ldgsﬁ Ay de megljfy .OTE

t r eat nen base |ve r°af

cas nei.t.her t.h U fil |1 used. A

P sty 3%@ fﬁ@ﬁ@f@ A e S doeario\ i 12
br|n S tient j.nformation 21 WD 2004/ 091458

CrD5 P Bhiigh heclihuBry Qe moindos ety HOgdonthe mignt's las

14 Basi ¢ patient information can be viewed and
verdodifisg namps p Miedeviol3 06 fardhasgye (@S ph@Dp it question, and a window 1308
informati on screen 1402. In an exenplary aspect, the
f ol foothe defe dnd Bme pedati sghisifient It will beanpadciagsnit that other arrangements
i nformati on wi ndow. patient ID, patient |ast nane;
patandmonteitrof stored med disilbyed ddfolmatioh mag 8e fRkentelyRpending upon a
(OD)OS); re-treatnent; subjective refraction (sphere,
cy |varigigtof faﬁtdrﬂ)nowﬂﬁ’&ﬂb%’ diea@tiethe BRO DML KEmPRKY e@ﬁéc't @aec‘aon of
i.e., objective manifest refraction val ues based

ATEWE I0TE GlaAEE fﬁ@ﬁllg@deh@aﬁﬂi’a@ﬂd At i18]6 111'%%!&%5 that may help to
10/ 100782 entitl ed JECTI VE MEASUREMENT OF E

REF: | d
TN iy WO 02 1S

values, file name, etc. In another aspect, specific files can be searched by using the

patient search area 1304 shown on the display by entering the name of a patient whose
data has previously been saved or, in another example, by scrolling through a list of
patient names and selecting the desired patient.

In an alternative aspéct, a user may wish to directly calculate a treatment based on
subjective refraction in which case neither the .ATE nor the .OTE files will be used. A

“New Patient” icon 1318 can then be selected, which brings up a patient information
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extent allowed by applicable [aws and rul es);

pachynmetry (from.OTE file or based on an ultrasound
walc@gnoss ¢ measur enent or ot her suitabl e di agrOBUBI904/011188

nmeasurenent); and pupillonetry. In an exenplary

aspect, the allowed pupil dianeter range is 4nmto 1

mm |n exenpl ary aspect., jnput values that have
bee??r‘?‘?ﬁ(’}l?l& @dﬁ‘lr‘gﬁ@teﬁ ShEigr 14 Pagic paiignt syfermetienypagrbe giewsd and

ot herw se dj stinguished for screen view ng. The user
may Ve Histh mediti¢drqr eptgeed dmihg palirnt Bmatierescenen £ 402 rloat pemiplary
calculation or return to a previous screen for data

r e- aspeqtythofollowmgealataard dsplayed inghe patientinforyataspeodqw:apatient ID;
war ni ng nessage (not shown) wll be displayed if a

r eqpaticetdast ngme; patiend first ngpny; databfikirth Sgenddrséyd€ODIOS); re-treatment;
predeterm ned default range. According to the instant

ex esvpjeatiye refrivoich (sphdre, dyWidet, la@R}; IPPRY(PRPicte@PhodbRr Refraction; i.c.,
avai l able to the user. They are referred to herein as

t heotfaeapé hiniRRF SaAGHoh Z8KlesTi8 FERAE ¢ 894; IstdUPpABRioh B&ial
Zyoptix Tissue Saving algorithm The Zyoptix

PerSenal | @esh7sd Eafl-ARRYECAY & Wdldia: il e REFRACTION filed

wavefront optim zation treatnent based on wave

i nf i . ' . or neal. topogr aph

it ST 29 204 Bod il B0 R €S8R s LABRTIER s

E; ge%?e%%ginoéveeﬁygrgﬁ%}ﬁn@g %ﬁvrgo\?‘%? %%E%g%r te %? l(f%(gjnh aCB”hg Ele%fr based on an
PCT/ US2004/.011188 treatnments. According to this

as pREgsound taghasfic measamexf oF plien sugible diagogtismeasurement); and
refraction are wuser nodifiable variables. The

t r SXPHOMeY e Iy acxeBplagyaseseh fegtlaved prpd dirmmatesnangg és 4pm to

the PPR. The percent value is a user nodifiable

varllameln apjsseroplety @sitect opat (aliiey thef havh eentmebificiensy dppear in a

al so a user nodifiable variable. The Personalized

Tr ehfferemtcolpp vt lwrptheavige distilgmishsd foaseetnusring. HEhe user may then
optim zed placenent of 2mm and | mm | aser spots on the
corveeifil the tatoaml qontiviedado trbametxaldkion & Yethibo 1 9EH¥AL &Feen for
217z | aser system Treatnent is centered over the

PURiata 16 @Afrebr cahddllbiinS IREPEGIplaNApERT SPR Ik ARSage (not shown)
Tr eat nent Opt 1 on Support S Irirs recogni t1on par aneters

SUGHII®S dfsplab@f i85 tdqRRePliflyBHR fnp&&Aketis ilNidd o afp%determined

exanpl e.
default range.

According to the instant exemplary embodiment, two treatment options are
available to the user. They are referred to herein as the Zyoptix Personalized Treatment
algorithm and the Zyoptix Tissue Saving algorithm. The Zyoptix Personalized
Treatment calculation option is a wavefront optimization treatment based on wavefront
information data (.ATE files) and corneal topography data (.OTE files). In an exemplary

aspect, the Personalized Treatment mode supports calculation of myopic and hyperopic
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The Zyoptix Tissue Saving treatnent calculation is
based on neasurenents of subjective refraction,

wo ec@navanetri c val ues (K-readi ngs) and opti cal P@DOS2004/611188
an exenplary aspect, this treatnent option uses a
conbi nation of 2nm and I mm truncated Gaussian beans
for ablation, and has denonstrated tissue saving for
ny dfaEnenise ARG to Busasascbdhe whee apd ediaderiof Eaatmerftrefraction are
which use a limm hard top beam profile, as those
skiusprrgodifialipearigbles.wilid tragivepert wiftaettbn i9\eKpagseadiin a pércentage of the
ti ssue saving nmay al so be achieved over the
PerRiFhdhe pedentrvdat isentseropddiablcesieble bk aitioseonki@Z)of the
the fact that small deformations of the optical
Sy sttcathenk Qg0 aaserh@lifebleovagieble ARy Pidn@led Tadatnd®bption
attenpted to be corrected in this node. Conpared to

t heu1 53R $CRBedalpd R Helopini 8l bBerdh® HMBEm A 1AMELRFSpots on the
normal i zed shape for the preoperative cornea

( K2bhedRkrornda provdfei UBt exapY @b fie TeMﬁJolél@ 2i’%lﬁ§ep %zsféfhr. M&&tment is
d ) In the Ti e

st eepness (K-readi ng) can be include ssu

fgya%ﬂ@ﬁgto%gghﬁﬁgc%% if hﬁga%gec{%}‘r{}% f&g@pﬁ%ﬁ}g Tﬁggﬁygn% lglllojt?on supports

enteri

d efif‘llsJ Let ol ?tltiolillteq;]tﬁaileétle% ?eﬁlal (a:s;— [ t%féc‘)&o 6(?& aniglqalutg h%ﬁrrrggftyﬂ% gxatl)n?ple.

center a e pupi
t owar d e _Purkinje reflex at th i scretion of the
sur geo najﬁf" GYeIE ﬂ@% 5&)‘11%% NeAERES Eifﬁﬂ'g?ﬂo,“ 1% bsedrprpmegspigments of

has no influence on this treatnent node. In a 23 WO

2004Pig9ME3gaotay: Ks2hosoeies (Ketagadndpetesheng vl an

aspect, an aspheric tissue saving treatnment could be

s el eemplaryingpass ithigytreatiend oplaeh ysewa caanriungtios of Zpwraat ilnen truncated

aspheric corneal shape factors, Q Q In this aspect,

c orffayadiarsheafa de ablatidrd aEhaiebmomstmed tiswe saviignigr tingogidieatments

equation: Z = U2 R+ ~[R2 - (1+Qp2] Were Zis the

sagonipatet & Plamiscal tresuich&c®hich psX2inyid hard top beam profile, as those
skilled in the art will understand. An amount of tissue saving may also be achieved over
the Personalized Treatment option described above due to the fact that small
deformations of the optical system, known as higher order aberrations, are not attempted
to be corrected in this mode. - Compared to the Planoscan algorithm, which assumes an
average normalized shape for the preoperative cornea (K=43.3D), the actual curvature
value for the corneal steepness (K-reading) can be included in the Tissue Saving
treatment mode either by importing the value form the .OTE file, entering a K-value, or
using a default value K= 43.3D. Treatment in this mode may be centered at the pupil

center or, alternatively, toward the Purkinje reflex at the discretion of the surgeon. In the

exemplary embodiment, the .ATE file has no influence on this treatment mode. In a
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R = central radius of curvature, and -1 < Q< 1 (Q#
0), where the surface can be a prolate or oblate

we@bdopsasgl, a parabola, or a hyperbola. |In anPEEpsD4/011188

of this enbodi nent, the conic constants Q (and Q)
define biconic surfaces; i.e., Q (and Q) and t he
central radius of curvahﬁ R (and

f urieleted alorative asgect, Ak asp taaiecﬁarlf%rraﬁnelﬂﬁwlﬁ&e selegipg By using
directions. A biconic surface all ows specification of
RX, seleyted @, axiposhepereive awbericrsireal digprefetpipeQ, Q. In this aspect,
post -operative values) directly. As those skilled in

t hesoatchl snifhde donidébe sittamuined dveordmng to e eqgdatian:bi coni ¢ can

be expressed as Z = cxx2 + cyy 1+ "J[1-(1+QXx) C2xx2 -
(I+QY) C2Y?] z<bi conic ¢ 2 where cZ -sXcx s cY CXX2

+ cyy" and Rz bIRI’-]J\th QA2 + CYV2 - s cXX2 -

SyCyy2 and s -(1+QX) s) - +Qy) so that
Z con|c=-22+(CXX2+Q/y2). | Substituting z

/ 91458 PCT/ US2004/ 011188
then %@k}f&'&%{}&ﬁé AC@@?%%%F% z'2 = 1/ CZUiconic and
si nce ch— 1%;2( = 1/ Ry, then x2/RX +?/ Ry + z' 2/
RzUi coni’c ™2 Ui conic Enploying the definitions cZ =

-SXCX - RS_Y E:Q{]tral radius of curvature, and

-1 <Q <1 (Q #0), where the surface can be a prolate or oblate ellipsoid, a
parabola, or a hyperbola. In an aspect of this embodiment, the conic constants Q (and Q")
define biconic surfaces; i.e., Q (and Q') and the central radius of curvature, R (and R’),
are functions of x, y, and may be different in the x and y directions. A biconic surface
allows specification of Ry, Ry, Qx, Qy (as well as their respective post-operative values)
directly. As those skilled in the art will understand, the sag, Z, of a biconic can be

expressed as

7= c X+ ey
1+ V[1-(1+Q, )% — (1+Qy) A 3%
where Czbiconic = '§ux Cyﬁ
ch2 + cyyéy
and sziconic — +c _Q(E_t.gyﬁ

— $¢CxX” — 8yCy
and 5= -(14Qx) » 8y=-(1+Qy)
so that 226,70 = 07 + (c,x” + CyFP).

Substituting z=7+ sziconic
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2 and A= -sc_ + sYCY 2 gives (in series expanded
form czU conic SXCX2X2 - sy0y CXX2 + cyy2
Woe(0a/fHAFX2+C C - A CXX2 + cyy2 =cZ - AC_X2- BYT/US2¥P011188
+ Cyy2. Depending on the treatnent paraneters, three
different options of a treatment cal cul ation screen
may be presented to,the user in an exenplary aspect.
Fi ren, a treatlehey deervi 8w dckeen 1502 as shown in
Fig. 15 is presented if both OTE and ATE fil es have
beemdsgicect edexamdRoor e WRan one treatnment option is
avai |l able. Fromthe treatnent overview screen 1502,
t hethser can x&Rf hef/Rge 28t RATYHE RE*6Fhe cal cul ation
screen for one of the avail able treatnent nodes, or
t NEeEMBRYinG ARk dRBAKIBAIN ac,Si Jul L ous cal cul ation of the
t wo d?sgll gyed t reat nent rm”@s;@@&hi ch allows a direct
conpari son of the resujts,as, displayed in the
treat nent overvi ew wi ndow. A Shown on screen 1502,
t he .di spl ay [ 8 1264 _i nclude (ixz2addition to
wha IV?SS(PH é%/l?:srl Eéndfg?trgo e ndrﬁﬁéﬁ%ﬁg{lﬁé( | ati on
screens, dESCFI Qefl el Z400 f’%em e spheri cal

aberr at i o% i t 6mm the conic constant,

Q at 6nmm pufit "d¥éneter derived fromthe topography

data, and a mean K;r eadi ng at 6mm pupi | di aneter

deri ved =f¢zonﬁ(_l§>_rz.7£e;§ﬁf:iogr aphy data of the .OTE file.

| nput paraneter s 106 i ncl ude optical zone and flap

t hi ckness. Cal cul ated output paranmeters 1508 incl ude

maxi mum Rdpeatin®on the @nitmaht pabingters) threer dferemtalptistsrod A@reatment

(estimated 25 WD 2004/ 091458 PCT/ US2004/ 011188
calculation screen may be presented to the user in an exemplary aspect. First, a treatment
overview screen 1502 as shown in Fig. 15 is presented if both .OTE and .ATE files have
been selected and more than one treatment option is available. From the treatment
overview screen 1502, the user can either go straight to the calculation screen for one of
the available treatment modes, or the user can perform a simultaneous calculation of the
two displayed treatment modes, which allows a direct comparison of the results as
displayed in the treatment overview window. As shown on screen 1502, the display
parameters 1504 include (in addition to what is described in the individual calculation
screens, described below) Z400 (Zernike spherical aberration coefficient) at 6mm, the
conic constant, Q, at 6mm pupil diameter derived from the topography data, and a mean
K-reading at 6mm pupil diameter derived from the topography data of the .OTE file.

Input parameters 1506 include optical zone and flap thickness. Calculated output

parameters 1508 include maximum ablation, central ablation, residual stroma (estimated
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or calcul ated), treatnent zone, anmount of pul ses and
treatnent tine. Alternatively, a Tissue Saving

w@ 2008109158 on screen 1602 as shown in Fig. 16 wedT/US2004/011188
display if only the OTE file was selected, i.f neither
the . OTE nor the ATE files were selected, or if the
.OTE and the ATE files were selected but the _
peracaailtedd tregtegntrent. amody of ulsestand redimens|tienet g¥liepiipéively, a
sel ected patient. The third alternative option is the
di spksy Sefingcitaigonaticereb0e ab shewatin big. 16 wrlkedispldy7if onlgshe .OTE
show in Fig. 17. This screen is displayed if the
Per glemak sdetednifdeitlies thesOTE abveitle 0 TE filet trere Felsded oSH\henTE and
node is not available for the selected patient. As

i 1| s tA PR 81 ivBrefstcted But thd 1R rdoh S BHE tr&adivibit Gndaid lisCiatt atdilable for the
screen 1602 includes display paraneters 1604 relating

t o Rachy pRidny  TIRURA ARRRLLY optRRGs &b BisFIEY bVEPersonalized calculation
refraction; input paranmeters 1606 include K-reading,

tre R f ' , q | eciti . . .
o PRI 8 ShG 0, LR lep Pl B WP ersgpaized mode i
out put . par ters 08 | nelude [ Lon,.

cat R RO Bl SSU R0 PG R e B ey

pul ses and  treatnent. tine. In varioqus aspects, fhe

ot | mmt e PRSP T8t ot EHeCRYas et gE SaEerol 03 fietudes
entered pachynmetry value minus an entered flap_ . . .

¢ hi GRS | G EIRRE ‘o AR MATH PUPHESRF R AT Bl Fefiaction
val ue; alternatively, an estimted residual stroma

val inputipgrapeteesdl 69 m%mi@ Ky readipg tieatnedbicHactioptnercent ¢iisahjective

t hi ckness and the cal cul ated abl ati on profile;

al tefradiohyapitipa] zanaanddlap dlgcknasse Piadalyedutput popmeteisphe08 include
consum ng) cal cul ati on of residual stroma can be

sel matimdmi dblaties,iesi@dated\residhal Udtratia pireatntan zds 1@ mtser of pulses and
provi ded close to the estimted residual strona val ue

I T frda@ndts Gme WMiSHRiISuS Bpudd, tHelestih@eCrbidud] afr@fl hekhehd & based on an
stroma thickness. As further shown in Fig. 16, an

abl @tid: Q@NpRhRhdtlySa iR Rnid@1 dnferedifhp18¥8€ss0R1uk Rnusd @i¥ilated
hand si de of the screen 1602. In an aspect, a nap

fi %%gﬁpﬁgﬁw @%ué; qrﬁeﬁmﬁﬁ%@&ﬁﬁm@ gésldilégl%%mh sibie %fbia?ed on

t he e maps that can’ be viewed. For exanple,

N0 U hyrhdlyiRap’Rita) D& AhPRIARE s Riath A LIARR prosite;

alternatively, a more accurate (albeit, more time consuming) calculation of residual
stroma can be selected if desired. A calculation icon 1612 is provided close to the
estimated residual stroma value if the user wishes to verify the calculated residual stroma
thickness.

As further shown in Fig. 16, an ablation profile map 1610 is displayed on the
right hand side of the screen 1602. In an aspect, a map field is provided for accessing a

pull-down list of the available maps that can be viewed. For example, if no .OTE files

26



were | oaded, no pre-op nmaps will be available; if a

OTE file was | oaded, pre-operative maps including
WwW@zx00al09146% at onetri ¢ maps, anterior el evati ons PEPES2004/011188

posterior elevation maps and pachynetry maps will be

avai l able. Further, if a.OTE file was | oaded,

si mul ated post-op pach¥netr ps will be avallable

| nweredoased o1 Rig-9P BSpEELL betaﬁéﬂan%?plf aoP TE fide wis lgadegdpre-operative

profile is shown by default after calculation of a

t r smpyrspludinEjagial KeTaterheivie mapPentsioraldvatinhs Trapa Pasierior wivsiation

cal cul ation screen 1702. For this treatnent node, the

di spbayndpacismetrgmeapd Willbd avallabdke Huaibbry ifat. OYE file was loaded,

pupi |l onetry, higher order (RMS) aberration val ues at

a bigAwAReiohdst-61 PatBYBstyy 1 @fill 00 hvadhiFBeinahe cx@tp]a@fAshMR the map
refraction and PPR | nput paraneters 1706 i ncl ude

t r R BAhLtiEBIbMe td POwn PP USRNE afeh AR tionQPh e AnegOne
and flap thickness. Cal cul ated out put paraneters 1708

i ncl udeg; gaw ST a @@Js&{ah%a Trsmelﬁt%o% %1@&15%91 dscfe@ﬁ‘ hﬂ;ﬁ?‘ lFor this

strona (estimated or cal cul ated as descri

Frla ttlalerrxlctm%cg nt?e dgﬁgngg{}mrgét?@ Y l7(§4f3 %CI%H ﬁqnn%qyégup'gtlomn?ry hAgher
exa r cl ude ax er ato
antv@f G e a g oee %em FeDai oA méﬂ“’ bubjective
pac ynmetry her order vefront map and t

PRt aﬂﬁ%%ﬁ @ﬂm*gp%?feﬁelﬁazfe Bpudh e reélfaem psaﬁent of PPR,

aX| al keratonetric, and_ pachynetry maps are al so
av apticghaame andsflagethickagss. t%ma@f%%mutma@ﬂe@rﬂ 7% Hrclude mesium
1710 as shown. From any of the cal cul ati on screens
t heblatiney contry! abldtien.tresidgnabstysorat(citipmted s t8culiied as deba@ibed above),
brings up a Data Check screen 1802a,b,c as shown in
Fi gsatmé@arohe, amongppdbdsved jreatmditeinioa tAapu@ihdmokn 1ist bfx@#ps is, again,
1802, corresponding to a simlar screen display 315a,b

shewiiable. Fér egsmpldppreop haps MclpdExifl kslayontb@sCil) @tterior elevation
exenpl ary enbodi nent, allows the user to re-check and

Pr ifap, fobRrisiCl&ation ﬂﬁfqp bAGmefly Reh, M gheSbmiGavbfsht Tap and total
(treat nment) file. In addition to parameters shown

r
B L U5 e

PCEACH%Q%{H%S]&@ fso available, as well as the default ablation profile map 1710 as

shown.

From any of the calculation screens the user may select an export icon 1615 that
then brings up a Data Check screen 1802a,b,c as shown in Figs. 18a,b,c, respectively.
The Data Check screen 1802, corresponding to a similar screen display 315a,b shown in
Figs. 9a,b, for a previously described exemplary embodiment, allows the user to re-check
and print the screen information before saving the .TLS (treatment) file. In addition to

parameters shown either in the patient information screen or the individual calculations
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screens, other relevant information is displayed in

the data check screen including: anount of treatnent
w@bagmsi4ssiunber of pul ses for 2nm and 1nmm beanBCT/U81084/011188

recognition data if available for the particul ar

treatnment, type of algorithm (myopia, hyperopia, mxed

t t the .b f
Tty i S e
additional inforpation fromthe to ogra and

wa FEPFH I MR EGH LRI LI Piies 105 8 i brapes iffs recognition
satisfied wth the data and intends to_ erforma o

t r daleieayeilablg §or toe martigHarirestment ityrsrpf 2igouthey @xppis, tyReropia, mixed
TLS file, which will be saved under the file path
chegmaiism} #red By e brusrforthe ddsdrtidnertithaion) ipadidaseline refraction,
Table 1 of Fig. 19 shows an exenplary range of
paaadriatdétiondbinfoesationdemnt td tdppgtapley andofalveiasre dagaatich. Ng

to the exenpl ary enbodi nent of the invention.

Not Wi t hgithen dien@ertingltigiata0HatiEtd SvitRRCdAtd 4l ihtgnds to perform a
illustrated and described herein, it wll be

appeafleat SEkg e Rkh hé(ﬂd:réa'ibstﬂthe TS td, Ralch VAl ib@ Ysved under
nmodi fi cafions and variations of the instant invention

ar %%éﬁ;gﬁl oskAlir! thegpxtefeg’énc%srt{%s&{ﬁé&ﬁérpih'aﬁ Reset forth

above appended clains, w thout gepartl ng from

53847’ Sbiﬁ‘%%?ﬁﬁﬁl?u%’%%a% FoEah Gk 0%}".% g’fwx&“es accepted by the
h |
oI Bfor P AT BRP Y pET R e BB O Bonpr i o no:

obtalnln y ed di agn icin utdtatype

the pat Ngwfﬁ@fa% g the ﬁlalg%‘?o’rﬁlﬁ’étﬁ PREF alm@uﬁtﬁﬁétan@g?sar#e& herein, it
classify the patient's eye into one of a

pr &diébe prarerizicddtyihese iskifledm the asSptagians efigeetigns and variations of
determining a viable plurality of treatnent algorithms

f othepottem tivahtign argpaspibletin Hghttok the dagcripian sst fprth iabovetrad é

upon the classification; presenting a respective

pl ap@eind¢dyclafst wiﬁamn@apartipg &om thaspidt ang stopt hethe invention.
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treatnment algorithnms for prospective selection of one
of the treatnent plans. 2. The algorithmof claim1,

wo eootlogrssgonpri sing sel ectively nodifying a de¢EHUB1004/011188
paraneter of at |east one of the treatnment algorithns
and presenting a nodified treatnent plan for
prospective selection of one of the treatnent plans.
3.WaHai] gorithm of claim 1, wherein the input data
types conprise one or nore of wavefiont data .
t opogr dphy daekgorhaciyifenie Sﬂgf‘é‘?n of adrepeptRlt B viioRa,
4. The algorithmof claim3, wherein the classifying
steepeatiomir # pent’ tieyeeIomPHEARE whet her the eye is one of
a) avirgin eye or a previously treated eye, b) a
regul ar eyeoltrinig sélestetdibgnostiyiaputaaid taps abow p eticay geye;
wWith or without m xed astigmati smor a hyperopic eye
with or w t pgruahetsiizegitha stpugdad joshassify. thapasieat’ gaye inth mnodf a
claim1, wherein the input data types include

di pgnReshied pie®f snksidadiansng di agnostic corneal
data, the data of each of which is stored in a

di1ferent, iRiRk 8 G1aBRIpRurhiit) 8f re8n MO BORMAE 94 entiall
POt Us3004/ S TURRE § HaBl g, 6f ekl dinigOfih m dorolbntialy

iSﬁclogr%%t%ari%ﬁlé%atigntgs;\gﬁslf'ﬁagéd Hodthd MssifidifoBCL1 Ng Vi sion

, conprising: obtalnihg sel ected

i t di tic. dat : - .
o 2§ oot R ig 8t arGRPE bratdlfy Achithy Rabied upon the

potentially useable treatnent. algari.th fr
bR el CHARTTa SSep BhT of M deaaleRlbAD.
al gorithnms, and processin ajd pluralit f o
potentﬂ%lIyT@%é@BV@HV#EEFHgh@“&ﬁ§8WPFﬂﬂ%?xﬁﬁgﬂ%FﬁdggP%a
avail able treatnment algorithns utilize one or npre )
dededuilt pappaeeref alrlepst geed dstireaepbalesiimnedpreseriing 4 podified
of treatnment plans corresponding to said plurality of
potremhémiplay fogeedpbaive sdeatinn af ongl of drei tieatment Blansect i vel y
nodi fying the one or nore default paranmeters and ot her

3. The algorithm of claim 1, wherein the input data types comprise one or

more of wavefront data, topography data, pachymetry data, and refraction data.

4. The algorithm of claim 3, wherein the classifying step comprises
determining whether the eye is one of a) a virgin eye or a previously treated eye, b) a
fegular eye or an irregular eye, and c) a myopic eye with or without 1nixed astigmatism or
a hyperopic eye with or without mixed astigmatism.

5. The algorithm of claim 1, wherein the input data types include diagnostic

wavefront data and diagnostic corneal data, the data of each of which is stored in a

different, user selectable file.
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treatnment paraneters; re-processing said plurality of

potentially useable treatnent algorithnms using the
woR@Hldras par aneters; and re-presenting for fup€Tes2004/011188

review the plurality of treatnment plans corresponding

to said plurality of potenti al I y useabl e treat ment

al gorit rrB

conpri si S%F‘S-E{’Pﬁﬁoé o) ‘égt&}r Setl??élo? g%aa? ?nt P‘%Pé?fscongcﬂng vision

The net ho of claim7, further conprising engaging a

thglraali}?e‘ﬁ?trsceyf’égg‘ipmlﬁ%l ati on conponent of a vision

correction systemthat is adapted to apply the

sel ected t rofiHhiclgstedinmmp dipgnosidatashousinepaionds eyehe

met hod of claim6, wherein said treatnent plans

conprise d ateaalyzieg te idptg t¢ determineggdrakiy wépatntally aseble treatment

abl ation spot size, a |aser ablation shot placenent, a

| aslgorithink &bmom eghed br Begusntleer ofavaisds rsdnaént higodithn®, and

si mul at ed post-operative wavefront map, 30 WO

20prbL&8ihd Sid PluibliySIQReh B & bleareainBit A&dhms, wherein said
post - operati ve topography map, a sinul ated abl ati on

Pr failhie trédimantiaBlori thisRNR Al Bel dr %Mfatﬁ%’aﬁ%ltels
pachynetiy, optical zone dinmension, a manif est

refraction yalblgo & ALY %;ulurrﬁf %éa%n\/gllaﬁjsgcl%ﬁesponding to said

hi gher - order aberration in orrra I on

fnts ]%lﬁfégryooff&)bﬁﬁﬁh% g@&;} rtlt’e%ﬁgnfaal rﬁfnﬁp metric. 10. The

er co rrsrng selectlvely
sorting at of t he d f
t r eat nent p|5§‘n§1V818 CoY M& theong OBEISFC C%%aéﬁé’?’rag’ﬂte@r"’r“géﬁeé
di n% at | east one of the target refraction, the
reg?agrﬂ%ﬂt YPPEHEE depth, and the optical zone
di mension. 11. The nethod of claim 10, further
conpri si ng pPIORTHPAFIAPrabissef nefsatiafly usenble tregtmpent algorithms

preferred criteria.
using the modified parameters; and

re-presenting for further review the plurality of treatment plans
corresponding to said plurality of potentially useable treatment algorithms.

7. The method of claim 6, further comprising selecting one of the treatment
plans.

8. The method of claim 7, further comprising engaging a therapeutic laser
ablation component of a vision correction system that is adapted to apply the selected
treatment plan to the patient’s eye.

9. The method of claim 6, wherein said treatment plans comprise data
relating to at least some of a laser ablation spot size, a laser ablation shot placement, a

laser ablation shot sequence, a laser shot file, a simulated post-operative wavefront map,
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12. The nethod of claim 10, further conprising
sel ectively presenting the sorted data for review by
wo b@40sass 13. The nmethod of claim®6, wherein PeIEUS100$011188
of providing input diagnostic data conprises
providing at | east one of wavefront data only,

t opogr gphy data anly, vefront . and ogr ap dat a,

wt PRESRGY pesbRer b e BhC R st S G arae sppaa

t he recedi ng data plus other selected data. 14. The
me &ABmstricaRan. fergeal Ry ety SRIG@! aansidimsions & waifestetraction
algorithns conprise at |east two algorithns sel ected

f r gatne agpgeigeirartipy dilng highpyergiraberasian mmdermation|ayresidual stromal
hyperopia treatnment only, a nyopia treatnent with
astisgedeptbanda visygmenepe.a treatnment with astigmati sm

a lower-order aberration correction treatnent, a

hi gher - 00.der Tlaha¢that ofeinin Or fughiér comptisi@tdi®tely Sorting at least
hi gher-order corneal aberration treatnent, a re-

{1 &h&Bithe dita &R B&IK Tale tﬁé@ﬁﬁeﬁﬁﬁlhﬂé&xcédr@iﬁ% BPhser e%ferred criteria
aspherical corrective treatnent, a LASIK 31

20Qfth AR RaGht LSR0 QAP LELERn, b GRIAEkromAl Ae@?%d the optical

treatnment, a PRK treatnent, a nonogram adj ust
treatmak i&@d a custoni zed treatnent. 15. The net hod
of claim®6, wherein said one or nore default

par anet er s epresent. a.yv for paraneters .includjn
at | eas fonéﬁg?ngﬁxggfgggﬁbéﬁﬁg?C% EoT R 1635t o1t of the
t hi ckness, .and .anot her paranmeter that influences the
caP%ﬁPﬁ%?@ﬂCB fhe al gorithns. 16. The method of clai m

6, further conprisi roviding a display, device ]

di spl ayifhg angr%%bﬁfﬁ‘%wPaHg &P Triiics perapusiecsefeyti veby preseating the

a user. 17. The nethod of claim®6, further conprising
sav¥rirg detadorgeview|by the user. r e- processed treatnent pl ans

on a device readable nmedium 18. The nethod of claim

6, wher 8.n tHe mahad ofglagh épwhaeip thiesstep of providhing ingpt dfagnostic

| east one of the user preferred criteria and sorting

bagatad copmises piodidoptat kg ahe offwavefront data only, topography data only,

wavefront and topography data with or without corneal pachymetry data, and one of the
preceding data plus other selected data.

14.  The method of claim 6, wherein said available treatment algorithms
comprise at least two algorithms selected from a group including a myopia treatment
only, a hyperopia treatment only, a myopia treatment with astigmatism, a hyperopia
treatment with astigmatism, a lower-order aberration correction treatment, a higher-order
aberration correction treatment, a higher-order corneal aberration treatment, a re-

treatment, a spherical corrective treatment, an aspherical corrective treatment, a LASIK
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19. The nmethod of claim 16, wherein displaying said

GQUl further conprises selectively displaying a data
w@b@akomiss een that contains sunmary data of therCT/US2004/011188

selected treatnent plan. 20. The nethod of claim19,

wherein the summary data i ncludes one or nore of

patient identifying inf tion, selected treatnent

o1 it s ER vistagal p SR g e s op B b Forgenia and o

given pupjl diameter, pre- and targeted post-operative

K guiqrgecd tafiventng  t ar get ed post-operative Q val ues,

optical zone size, treatnment zone, nunber of ablation

shots ahd t riéwmprshnd afickim 6 mbarein said bheaeringere defpulhparameters

central ablation depth, and residual stronmm

patspyesestt pyvalup for pagpetsis indudivpatieat orfelodipn dbiticekavas . coikal flap

The nmethod of claim6, wherein the processing step

f uthtidkaess camdpnotberparartteter imt nfudiced thasilcdatRnef the algorithms.

rotational eye-tracking data and m crokeratonetric

data. 3. WO 12E04bHA A oBinP6; Tihkde? QOudHkl A8 8vidAd a dellﬂﬁy device

met hod of claim 6, further conprising automatically

fe@i@ﬁrm% b B@phit4) ubdd ent4BRE (QUDNETRE bEguder eat ment pl an.
23. heﬂ%e?%%& o# clgin16f wherein fhg anal yzing step

conpri sgs i %@Eﬁéﬂ)@d%l@3161%{;6,%H1%‘9@&£§n%}%%ﬁngﬁ{;}'@%@& of re-

for each of the avai treat nmen

de LIy tiall abl e treatnment

al %@F%@%&E‘gﬁg@g@p‘%& ‘\iﬁglé’? %%‘?*ﬁ’?%%e‘%%?‘l owabl e |imit

par anetgrs e exceeded. 24. The nmethod of claim16, . .
wher ej n&{ he alr&l S éne@}ogtoﬁ gla‘ﬁ,%’ VEISTRSH ths SUUPE PP cEpATISEHPpHimizing at
se] ect ed om a oup conprising patient selection,
PR QB EE L EE S ePREGTRE TP BEb ST Fpaton.
software information, inputting patient data, and
creating- di Spe#pthod of dlain He adere dispdryinprreidrelfhrhafcomprises
claim 16, wherein the display of the GJ includes

c otetpctivabndispiayies a ddiecheclestreen hat phrdaiss sugmbazy daty ef the selected

di splay of rotational eye-tracking information,
treatment plan.

20. The method of claim 19, wherein the summary data includes one or more
of patient identifying informatién, selected treatment plan, manifest refraction, objective
refraction for a given pupil diameter, pre- and targeted post-operative K values, pre- and
targeted post-operative Q values, optical zone size, treatment zone, number of ablation
shots and treatment time, maximum ablation depth, central ablation depth, and residual
stromal pachymetry for a specified corneal flap thickness.

21. The method of claim 6, wherein the processing step further comprises

utilizing at least one of rotational eye-tracking data and microkeratometric data.
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sel ective display of mcrokeratonetric information,

m nim zation/ maxi m zation of data presentation size,
wW@2Ma/nmi4sg) nessage based on a user sel ected paPEIEsm04/011188

nodi fication, saving of treatnment plan paraneters to

a selected storage nmedium and other paranetric

monitoring. 26. The nethod of claim®6, wherein the )

pl ural i th of 10f B5ted A clainst Suther PorpaisHe autesiagpallydepommending

treat ment plan that reduces higher order wavefront

abdprhg yserispratsgedirepynent @list oni zed treatment pl an that

i nproves | ower order aberrations. 27. The nethod of

cl ai m 2@3. whdheimathof ef daim G wdewm the enalyzemtstaprebmptigen idestifying

based, at least in part, on a non-nonnalized

| C-anedidivalge Umlityparanfetet e epai dfeint dvailabjectreaRifent Agerithet badl

of claim 26, wherein the non-custom zed treatnent plan

I S demethg Bt phte@nlly ustaplatrbatment a@ébriﬂﬁﬁﬂlﬁl’séd\clu\g@ﬁ kuhkbr the
shape factor, Q of the patient's eye. 33

20041002814 BghitfalinldR2ON4 Qcbdded8 29. The nmethod of claim

26, wherein each of the treatnent plans is based, at

| east i pypartry, AR BE ﬂéi&eﬁst Wﬁ%efh‘?ﬁé %@%kth%gﬁﬁ@ren})g?eﬁ user

t hi ckness val ue. e nethod of clai m

the _pros ' resjidual str .1 hickness. val ye | n
ot PRRTERREkD 8! SR MR Bbig BRics} MFLPEASHIR s dfysBent
t he,.prospective residual .stroma thickness value is a._,

car IR et e STy et B b o e g ind disley
treatnert for vision correction in a patient's eye,
comptFR Y Sneans for receiving a diagnostic input

data about the patient's vision, for ana%yzin t he

i nput d@fa arhbe Bethed af fleimgl 6awheraindhg digplayfofjifest @HE ingliflep color

useable treatnment algorithns froman equal or |arger

nurdoding of thavrgitinghl Mansy sskectreardispddypd rotetinms], eyadtrdclfing information,

processing said potentially useable treatnent

al gelectivenisplaé chicrplemtomneric pferinated, aiaindzation/maximization of data
presentation size, a warning message based on a user selected parameter modification,
saving of treatment plan parameters to a selected storage medium, and other parametric
monitoring.

26.  The method of claim 6, wherein the plurality of treatment plans include a
customized treatment plan that reduces higher order wavefront aberrations and a non-
customized treatment plan that improves lower order aberrations.

27.  The method of claim 26, wherein the non-customized treatment plan is
based, at least in part, on a non-normalized K-reading value of the patient’s eye.

28.  The method of claim 26, wherein the non-customized treatment plan is

based, at least in part, on an aspheric corneal shape factor, Q, of the patient’s eye.

33



one or nore pre-selected algorithmdefault paraneters;

means for displaying a plurality of treatnent plans
w@oronesesndi ng, respectively, to the pluralitRCDS2004/011188

potentially useable treatnent algorithns, for

selectively nodifying the algorithm default

paraneters and ot her define reat ment jnfl uenci )

par anet &s, aneedrd af dpiry ’ﬂémﬁﬁFﬁgb%@%?@%mﬁﬂﬁPg%§F?a“ﬂaM

of nodified treatnment plans, operatively connected to

sai ldest Bty PhgyPieeeadve regdualpironz thickpgssyaleq. aj m 32,

wherein the display neans is further adapted for

sel ecti 3. a Fhefrethoddf tlpipulheherepl thewrogectivElresidnpd steoma

of claim 33, further conprising a device readabl e

st oh&@eess nedk 19en bhmiatagianleel ectively store the

plurality of nodified treatnent plans including the

sel ect ed1pr efTaé iRtholl bEALIFETH, whkRih thSgroWfecBRA4ARL dRdna

PCT/ US2004/ 011188 35. The system of claim 34, further

CONRck§dsH dalde {sARAIBRASKE vElué.aser abl ation component in
operative comuni cation with said storage nedi um and

adapt ed 3,0 a%Ps!ty¥tethJ§§1 ﬁ?bﬁﬁﬁilgéja _ﬁi_ Al rf&dfisticgrf&gr]'ggt{m% i% 3 patient’s

plan to the patient's eye. 36: e systemo

wher ei h.one of the plurality of nodified
treeéltgh%r@%glp ns includes a respective instruction

describing a | aser abl.ation.shot. file 7., Jhe system
of "ol ai m 96, T BT Fop F2E £ AEEON PR dsh DAY g en, fo
conprjse at |east a placenent and. .sequence
detaphPRgdiedrPib At aukiciepming wAvEHBLL et ugapledirpiment
eye. 38. The systemof claim32, wherein the
di e iiongnearhenlaiesr werhse playailablsifeainegt glggyithms, and for
including at | east one of wavefront data only,
t opwygreaphysatthpcdendinlly useolly teatoent algaritdnisbpesduapmihe depuhdata and
with or without corneal pachynmetry data, and one of
t heorproe o®th prg-seletd¢dal giriilem defaelt pgaheesed al gorithm
i nfluencing data. 39. The system of claim 32, wherein
the | arger nuiehey foodispivand afib@lityrof atameht plans corresponding,

y

respectively, to the plurality of potentially useable treatment algorithms, for selectively
modifying the algorithm default parameters and other defined treatment influencing
parameters, and for displaying a respective plurality of modified treatment plans,
operatively connected to said receiving means.

. 33.  The system of claim 32, wherein the display means is further adapted for
selecting a preferred treatment plan.

34.  The system of claim 33, further comprising a device readable storage

medium that can selectively store the plurality of modified treatment plans including the

selected preferred treatment plan.
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algorithnms is selected froma group of at l[east two
relating to a nyopia treatnent only, a hyperopia
woe@anyes only, a nyopia treatnment with asti gh@Er/USI0p4/611188
hyperopia treatment wth astigmatism a | ower-order
aberration correction treatnent, a higher-order

aberratig rrectiop . treat t, are-treatnent, a )
spheri cal ch cor8 &Yy O’F‘i*l%‘ﬁ“c ﬁeﬁg&era"r?mé’gﬁﬁ%f‘ i%?’é‘}peum laser ablation
corrective treatpent, a LASIK treatment, a LASEK

t r eSRIPRORENT 1 OpsrgEive cemyBisationyvith saidnregn rerdiurs predadapted to apply
treatnment, and a custom zed treatnent. 40. The system

of tka¢lestaboreigred Beatment plande tiephtiayt srevens conpri ses a
software-driven cal cul ati on nodule. 41. The system of

cl ai m 3236. whérheisystdnh of daisyd3aywhereiarschookf e @duirdity of modified
di splay device displaying a nulti-level GU. 35 WO
2004093t pBnPETINIS20MR4pe0ihkliBdructch deddidipyaslh@nisthticnl sBbifile.
34, wherein the device readabl e storage nedi um

conpri seg, on Q"h@fsys@enﬁ bR T FKered theasefaliMidn sBot files comprise at
conputer hard drive, and el ectromagnetic data storage

Neagst o PpBeen iR any ShEHROHetbrh@hdion of 1. 86186 $hBE on the patient’s eye.
therapeutic [aser ablation conmponent conprises a

| . | at i . | .
1 TSR PO R ) 0l SRR e i o
conponent

.. 44. The systemo l.aim32, wherein th
RO bewdisal R B2 HET kot iR T opBitgHs g ol wavetion
further adapted for sorfing and displaying a plurality
of | HaPPAREAPH Btia VEb oF BIUNCH o R HUTIVBFLY P aat B ol tucprioeding
treatnment plans. 45. The system of claim4l, wherein
t hedaiplps QWE%T\FéleC@ﬁlg?WEmd ngingdata check displ ay
showi ng sunmary data of the selected treatnment plan.
46. The 3yst dite astest af dain B2, wheeigithe letger nyniber of awgiddble treatment

@J includes a start-up navigation screen.
algorithms is selected from a group of at least two relating to a myopia treatment only, a

hyperopia treatment only, a myopia treatment with astigmatism, a hyperopia treatment
with astigmatism, a lower-order aberration correction treatment, a higheriorder aberration
correction treatment, a re-treaiment, a spherical corrective treatment, an aspherical
corrective treatment, a LASIK treatment, a LASEK treatment, a PRK treatment, a
nomogram adjusted treatment, and a customized treatment.

40. The system of claim 32, wherein the receiving means comprises a
software-driven calculation module.

41.  The system of claim 32, wherein the display means comprises a display

device displaying a multi-level GUIL
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47. The system of claim46, further including a screen

for viewing user nodifiable preference and default
wa@edoioygss 48. The system of cl aim 46, furtherPCT/US2004/011188

including a screen for viewwng a diagnostic data

file. 50. The system of cl ai m 46, further including a

screen f [ {f!rent forrmtl on. 51. The

system o fﬁ’ﬁ] Yﬁgeng)f’ 4R 1 ?Fli}éli‘%"ﬁe safhln Stf’féﬁe medium

Vi ewi ng, a t reatnment plan_cal culation. 52. The system

of eqmtifesone of g flopryrdiskn e Chdp Y Th asempelar agt drive, and

sinmultaneously viewng at |east two treatnent plan

cal dedtipmiagpatic d3@ sin®eROB41091458 PCT/ US2004/ 011188 53,

The system of claim 46, further including a data check

screen. 47  The system of claim 35, wherein the therapeutic laser ablation component
comprises a laser system adapted for photoablation of corneal tissue operatively
connected to an eye tracker component.

44.  The system of claim 32, wherein the receiving and display means,
respectively, are further adapted for sorting and displaying a plurality of user defined
criteria for each of the calculated treatment plans.

45, The system of claim 41, wherein the multi-level GUI includes a data
check display showing summary data of the selected treatment plan.

46.  The system of claim 41, wherein the multi-level GUI includes a start-up
navigation screen.

47. The system of claim 46, further including a screen for viewing user

modifiable preference and default settings.

48.  The system of claim 46, further including a screen for viewing a
diagnostic data file.

50.  The system of claim 46, further including a screen for viewing patient
information.

51.  The system of claim 46, further including a screen for viewing a treatment

plan calculation.
52.  The system of claim 51, further including a screen for simultaneously

viewing at least two treatment plan calculations.
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53.  The system of claim 46, further including a data check screen.
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