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SPHERI CAL ABERRATI ON BACKGROUND OF THE I NVENTION 1. Field of the Invention
The concewo mh4/0d818 nvention i s generally directed to thrirRba/6777aser
vision correction and, nore particularly, to apparatus, algorithns, and
met hods that provide control of spherical aberration associated with a

| aser vision correction procedure. 2. Description of Related Art The field
of | aser vision correction currently offers several types of procedures for
correcting or inproving refractive defects by |aser photoablation of the
corneal surface. These procedures include PRK, LASIK, and LASEK, which are
typically used BICONIC @®I ATIWVNPNCIIROONTRORNED SPIHE e SABERRAGTIONM t hout
astigmatism and 1 n sone cases provide custom zed treatnents to address at
| east some of the higher order aberrations of the eye. A well known

techni que for delivering a '@ﬁ§3'6ﬁﬁ¥oﬁ¥§EMth treatment 1is the
Pl anoscan(r) abl ation algor?%hn1 éPlvered y theﬁﬁgc nol as 217A(r) | aser

system (Baqﬁ%ﬂm§uhﬁggvggﬁ8rporated, Rochester, NewYork). In this system

sel ected scan of a 2mm di aneter | aser beam are used to abl ate
the corneal surface. The Jnterested reader..is referred to U S. Patent Nos.
6,090, 100 and 5, g@’i‘:%‘?‘?Pt ofitbe-iRvegn ‘Srgé?eéﬁﬂﬁ’ Jingetsd gbﬁsﬁ@g %%S?rgf%%nce in
their entirety to thg full extent allowed, by applicable |aws and rules.
For sonme ti r@Teftiflcnd Fefs PATCHREY. L0 frReBslerrifaye papmatiodsibatiproamdent i on

al gorithns based upon the so called Minnerlyn approach and the well known

equati on bewnirelpfispherigalpheration gasoaiptad 1ith g 1asen wsipweotersepraeeduref unct i on of
optical zone size. WD 2004/002318 PCT/ EP2003/ 006777

2. Description of Related Art

The field of laser vision correction currently offers several types of procedures for
correcting or improving refractive defects by laser photoablétion of the corneal surface.

* These procedures include PRK, LASIK, and LASEK, which are typically used to correct
myopic and hyperopic defects with or without astigmatism, and in some cases provide
customized treatments to address at least some of the higher order aberrations of the eye.

A well known technique for delivering a conventional myopic LASIK treatment
is the Planoscan® ablation algorithm delivered by the Technolas 217A® laser system
(Bausch & Lomb Incorporated, Rocheste;, New'York). In this system, selected scanning
patterns of a 2mm diameter laser beam are used to ablate the corneal surface. The
interested reader is referred to U.S. Patent Nos. 6,090,100 and 5,683,379, which are
herein incorporated by reference in their entirety to the full extent allowed, by applicable
laws and rules.

For some time, laser manufacturers have been developing their ablation
algorithms based upon the so called Munnerlyn approach and the well known equation

bearing his name for determining ablation depth as a function of optical zone size.



According to Munnerlyn et al., the cornea is nodeled as two refracting
surfaces with an intervening bulk material of index, n. For myopic (i.e.,
near - si ghwedboogerssct i on, the goal was to increase the PvER20@0065HdI US Of
curvature, or flatten the central anterior cornea, as illustrated in Fig.
1. Asinple geonetric formula described the "shape subtraction” paradi gm
whi ch based the final corneal shape on the anmount of tissue subtracted by
the laser fromthe initial corneal shape. Wth the use of the Miunnerlyn
formula, the volune to be ablated, A, (described as the nom nal abl ation)
is calculate follaws: Pre -x2 -R2 Pre | 2 A= R-0.25(QZ2)- R5, -x2 +
RS -0.25( oz%‘:g?‘\}{i@?eﬁ%mﬂm %t“{-o'ﬁe FHRGH modglpdasdie sefracting sefatarwithmi ng

t reat ment Rf))re: .Pr%-ﬁ(p r adi uE, of curvature of the cornea Rosst: Post-op
radi us of cdPHETFS Pk maierial ot idex, oy Forapyapicd.e.zemae sightedetoerection, fe godl he
desired size of the corrected region on the cornea). The Mnnerlyn
equation, fOFSExETRES heatoias refiuscol suraptuiengy fattem thefeertralaimyrictebaiki, 8
algorithns. For a nyopic ablation, the pre-operative cornea is nodeled as a
sphere of dWusieisd inBigy bt Asinpihgeontetre fomaila édoiRathORRAR LM cEN€a, which
is also nodeled as a sphere. In order to sinplify conputation of the

nonmi nal abl @eiadigm, Whihswebddubs nalaymead SipeBn he Aottt Sic QRSLAL g radi us of
curvature is the sane for all eyes. (The nean value of the population is

43.4 D or efldsechion elieyinifiaBoormehl shipee VaRaKe & of AR Mﬁrﬁieﬁfrﬁfop,?ﬁfa,—tag 5}5 %ta i vet_ |
I e optica

cornea is displaced fromthe pre-operative cornea un esi
zone to be ablated, A, (described as the nominal ablation) is calculated as follows:

A=Ry, —x* —\|R;, ~025(02%) - R%,, ~x* +,[RZ —0.25(027)

Where
A: Ablation in pm
X: Distance from center during treatment

Rpe:  Pre-op radius of curvature of the cornea

- Rpost:  Post-op radius of curvature of the cornea
OZ:  Optical zone diameter (i.e., the desired size of the corrected region on the cornea).
The Munnerlyn equation, for example, serves as a starting point for many ablation
algorithms. For a myopic ablation, the pre-operative cornea is modeled as a sphere of
greater curvature than the desired post-operative comea, which is also modeled as a
sphere. In order to simplify computation of the nominal ablation, the software may
assume that the pre-operative radius of curvature is the same for all eyes. (The mean
value of the population is 43.4 D or effectively 7.8 mm). The apex of the desired post-
operative cornea is displaced from the pre-operative cornea until the desired optical zone
is reached, thus determining the maximum ablation depth. Parameters useful for the
computation of the nominal ablation include the size of the individual laser spot, its

energy profile (i.e., the change of intensity or energy of a laser spot as a function of the

radius), as well as the amount of tissue ablated by one pulse (i.e., the rate of ablation).



is reached, thus determ ning the maxi mnum abl ati on depth. Paraneters useful
for the conputation of the nomnal ablation include the size of the

i ndi vi duatvd ms€0023130t, its energy profile (i.e., the clrager2063/dont7ensity
or energy of a laser spot as a function of the radius), as well as the
anount of tissue ablated by one pulse (i.e., the rate of ablation). 2 WD
2004/ 002318 PCT/ EP2003/ 006777 The Planoscan algorithm for exanple, uses a
| aser spot having a beam dianmeter of 2 mm at the target, as well as a
so-called "flat-top"” profile. This means that the intensity or energy in

this |aser spRipiRsSH | @l i.formacross. ahout 90% or nore of the
beam profile. At (S:orn%thtgtﬁ ?%dﬁ%é)rf&‘ti "@g’eusgsoan%fﬁé‘fqt b#vies 2 premydipmeter ofgrmmpl an i n

t he form of file is created that iis intended to result in a
desired ref rag(t:}{%il{%/r%&h%/so%ﬁlﬁasggf’?"glie(adi glﬁt.'toEaEr@FﬂevWF Bisanschatdlegt intonsityroeat nent s,
however, typically._ i qduce resi dual, spherical aberration. Residual

spheri cal at?é’?rlg?ﬁfr?/tgﬁ 8L SAOLS St stantiglhy upifor agrpestabput 98%ediringure bivae bédae
patient's dil a}Led upi |, causing glare and halo effects in |owlight

condi ti ons, P&YIEr Shsoanpletionef thess copytatiopssemta tieetnot planlin e FhAGE a pullks issue
has been recognized in the prior art, along with observations and

measur ement 411§ isgreeted ithagistintandeti herepuleinopiesisddirvfeaceios A9Gkic ctchi@ce i s not
spheroid, but rather is a prolate ellipsoid. Myopic correction involving

flattening of théasevisionkoratingatatnegsMBwty (GAkdIY HESdSnRA0 bl at e
el lipsoid that again exhibits spherical aberﬂr}}gt i%,l’ll. I'n v?gw@{%@?’[cﬁe

foregoi ng, ®baratinn.eRésidual sphvieral SLEGHIZAL) RsuleRsn LODZWE ELANRGHL h{i;
limtations and concerns di scussed above in providing | nproved V Fon

through | aseatienv Gilae Sl @kih® PlareAYMAR Y rre ALinBP IS ®NE;:3f L1, i nvention
is directed to an algorithm fo%gll aser Vislon in902h ERbitBhs, br'From

spherical post-operative corneal surface. This issue has been recognized in the prior art
£l

along with observations and measurements indicating that the pre-operative corneal
. surface is not spheroid, but rather is a prolate ellipsoid. Myopic correction involving
flattening of the central corneal region typically results in an oblate ellipsoid that again
exhibits spherical aberration.
In view of the foregoing, the inventors have recognized a need for overcoming the

limitations and concerns discussed above in providing improved vision through laser

vision correction.

SUMMARY
An embodiment of the invention is directed to an algorithm for laser vision
correction. The algorithm fundamentally determines a resultant corneal profile expressed
in terms of a pulse file (i.e., a calculated sequence of individual laser beam pulse
locations over an ablation area of the comea). The file may subsequently be processed by

a suitable laser vision correction laser system in order to achieve a refractively effective



correction. The algorithmfundanmentally determ nes a resultant corneal
profile expressed in terns of a pulse file (i.e., a calcul ated sequence of
i ndi vi duawvd ms€e02bBam pul se | ocations over an abl at i on POTEP2063/06E7
cornea). The file may subsequently be processed by a suitable |aser vision
correction laser systemin order to achieve a refractively effective 3 WO
2004/ 002318 PCT/ EP2003/ 006777 change in the shape of the cornea. The
general conponents of the algorithminclude determning pre-operative
surface paraneters of the cornea such as a pre-operative central radius of
curvature, R, and a pre-operative shape factor, Q determning the desired
post - oper at i Sangedn theshipee! dsroomse.i Bire, geBerbldionpbrersy of thedlgorithmimud desi red
post- operative central radius of curvature, R, fromthe desired
refractive cisterminirigyve-opratardurfidegapmetetadiiat doviea GRIM A5 alprd-aslidige of
curvature, R, and determining a desired post-operative, biconic shape
factor, Q (>ceytral rddhatofptuiuteR, hdlaafr@6heRslive SRipe FRRS: jye%erﬁﬂﬁrgtihgal
aberration value. In an aspect of this enbodinment, The targete

post - oper at idesirc@RPBtdpeativeRehédleicoRecti¥R I V& b tim zed.for

particul ar pati eI?i)tIa orp@f or a parti gﬂ?cgyagﬁlﬁ%}s)bg%%&éé? ﬁ%ﬁsﬁeﬁﬁ?& f or
exanpl e, st abSii . t her aspect, the.vision correction

abl ation i S%Eﬁ%l*{%bﬁ%ﬁ%&%ﬁ?ﬁu%vﬁwsé? %m%% fnatggresbrgddmfrdpthv&éngpcnﬁm Readnayi ng

ei ther a Gaygs| r..a truncated- Gaussigan (soft-spot as that termw || be
used herei n').ﬁa:‘lnrgrg B%atb‘?eocfenﬁr% a 6‘?‘5,0?\%}‘5"?{“’60 i%ﬂ(dfﬁmlﬁ‘alglai depirgdepostroriseatine,

di anet er pul ses. hﬁvi r}%i ei t,rzer a Gaussian or a truncated- Gaussian energy
profile (th&%RNi5Ehas TEHIIBIEY) H3EPioYdpes elaptcd pestopeamijye spheri@hatehetion aspect ,
a residual corneal thickness determ nation can enabl e/ di sable the vision
correction VAE&t Memtasposhefithis embedimgitnthn targefted fost-opeveing ssherica abirfagshed to a
devi ce readabl e nedium having stored therein an algorithmas outlined
above, or alelee pittievapliyized foreeaticubbatient or for a particular patient population using,

for example, statistical methods. In another aspect, the vision correction ablation is

. carried out with only 2mm laser beam diameter pulses having either a Gaussian or a
truncated-Gaussian (soft-spot as that term will be used herein) energy profile, or, with
only 2mm and 1mm laser beam diameter pulses having either a Gaussian or a truncated-
Gaussian energy profile (these pulse diameters being merely exemplary). In another
aspect, a residual corneal thickness determination can enable/disable the vision
correction treatment.

Another embodiment of the invention is directed to a device readable medium
having stored therein an algorithm as outlined above, or alternatively, an executable
instruction for directing a laser vision correction system to deliver a vision correction
treatment implementing the algorithm outlined above.

Another embodiment of the invention is directed to a method for laser vision

correction comprising carrying out the steps of the algorithm outlined above.



instruction for directing a |laser vision correction systemto deliver a
vision correction treatnent inplenenting the algorithmoutlined above.
Anot her ewlwomosren2sisof the invention is directed to a nethcadEH2003/doeer
vision correction conprising carrying out the steps of the algorithm
outlined above. 4 WO 2004/ 002318 PCT/ EP2003/ 006777 (Objects and advant ages
of the enbodi nents of the invention will be further appreciated by those
skilled in the art in view of the detail ed description and drawi ngs that
follow, and by the appended clains which solely define the invention. BRI EF
DESCRI PTI ON OF THE. DRAW NGS The accon*%an_yi ng draw ngs, which are

i ncor porated i n 2RECE 3RS anegesof fhgembodimentsiof the preenfiorcwili @furthdr| USt r at e
enbodi nents of the present invention and together with the description
serve to expPRFHatehey theserkillsdlinthotrt imeewod tiatdeatled dddcription AW RS Fi g 1
is an illustration of a myopic correction of a cornea known in the prior
art; Fig. thasfediew, anditlyobe gipanded dfoy Whicheplél) eemRTROBOAIS,Of the al gorithm
according to an enbodi nent of the invention; Fig. 3 shows a flow chart
descri bing additional conponents of the algorithm according to an aspect
of the invention; Fig. 4 shows a flow chart describing additional

conponents of the al gori tMFm@T‘@N.@FWB%\VﬁRﬁN of the invention;

Fig. 5is a block diagramof a |laser vision correction systemincluding a

devi ce readabl eThEALMIDAGER Wb On; iment. of .the.invention;, Fig. 6
is an illustration of&?l gg‘gr béefgrsﬁ‘g}rugl??rﬁgzg sogag? Lrend §emshitvis Radi ment of

the inventiggy specification, illustrate embodiments of the present invention and together with the

description serve to explain the principals of the invention. In the drawings,
Fig. 1 is an illustration of a myopic correction of a cornea known in the prior art;

£

Fig. 2 shows a flow chart describing the components of the algorithm according

_ to an embodiment of the invention;

Fig. 3 shows a flow chart describing additional components of the algorithm

according to an aspect of the invention;

Fig. 4 shows a flow chart describing additional components of the algorithm

according to another aspect of the invention;

Fig. 5 is a block diagram of a laser vision correction system including a device

readable medium according to an embodiment of the invention;

Fig. 6 is an illustration of a laser beam profile associated with an embodiment of

the invention;

Fig. 7 is an enlarged photocopy of a laser beam profile shaping aperture

associated with an embodiment of the invention;

Fig. 8 schematically illustrates an idealized uniform ablation of a target;



Fig. 7 is an enlarged photocopy of a | aser beam profil e shaping aperture
associ ated with an enbodi nent of the invention; Fig. 8 schematically

il lustrate® modidesl i zed uni form abl ation of a target; PCVEP28@BI6T02318
PCT/ EP2003/ 006777 Fig. 9 schematically illustrates an actual target
ablation in contrast to the idealized ablation illustrated in Fig. 8; and
Fig. 10 is a chart illustrating different aspects of the pre-and

post - operative shape factors of a cornea according to an enbodi nent of the
i nvention. DETAI LED- DESCRI PTI ON OF A PREFERRED EMBODI MENT Enbodi nents of
the invention are directed to an algorithmfor laser vision correction; a
conput er or devi d¥g.YeahkmibitieallyaThisiatch &y hoehl 5% S5latdhSh BbdtralblG ¢ '19&'11%%4“”1 or

an executabl e instruction for directing a | aser vision correctin atform

to execute hbﬁnoﬁhﬁ@ﬁmﬁ@ﬁMﬁg%dmkp a nethod for |aser vision correction,
with supporting apparatus vari ous enbodi ments are now descri bed mnth

reference to theg gyLES.H NG fLelence |s are used to refer
to like elements throug out . EMh! fé&§s§§a58 pﬁﬂ?' POFizoperalve shape t er m
"conputer c I ut er |lated. entity, hardware,
firmare, quﬁgggsagﬁ%ﬁﬁgﬁﬁ% f%ﬁ? %BgﬁPtagge“?EW¥mare in execution.
exanpl e, a conputer conponent can be, but is not limted to being, a
process running on a processor, a processor, an object, an executable, a

thread of execution, ﬁ R ramand a conmputer. By way of illustration,
both an application rQHR H§§>BﬁSERE%H9@' A&TEW@R§&HM€M36HﬁNﬂﬁ¢EOnputer

conponents. One or nore conputer conmponents can reside within a process
and/ or thread of Eevedigentsof igdnveniiengye disecteddo apalgenithmcaniatee visimal i zed on

one conputer and/or distributed between two or nore
correction; a computer or device readable medium having stored therein the algorithm, or

For

an executable instruction for directing a laser vision correcting platform to execute the
algorithm; and to a method for laser vision correction, with supporting apparatus. The

. various embodiments are now described with reference to the Figures, where like
reference numerals are used to refer to like elements throughout.

As may be used in this application, the term "computer component" refers to a
computer-related entity, hardware, firmware, software, a combination thereof, or
software in execution. For example, a computer component can be, but is not limited to
being, a process running on a processor, a Processor, an object, an executable, a thread of
execution, a program and a computer. By way of illustration, both an application running
on a server and the server can be computer components. One or more computer
components can reside within a process and/or thread of execution and a computer
component can be localized on one computer and/or distributed between two or more
computers. The term "software," as may be used herein, includes but is not limited to,
one or more computer readable and/or executable instructions that cause a computer or

other electronic device to perform functions, actions and/or behave in a desired manner.



conputers. The term "software,” as may be used herein, includes but is not
limted to, one or nore conputer readable and/ or executable instructions
t hat causwomoooomsitser or other electronic device to perfcver2besmosizons,
actions and/or behave in a desired manner. 6 WO 2004/002318

PCT/ EP2003/ 006777 The instructions may be enbodied in various forns |ike
routines, algorithns, nodules, nethods, threads, and/or prograns. Software
may al so be inplenented in a variety of executable and/or | oadable forns
including, but not limted to, a stand-al one program a function call
(local and/or renmote), a servelet, an applet, instructions stored in a
menory, parliegfstraefians erapnbe agbslist ia vaieus s eWIRE rouinds E% rithhl$ Spodulest S 1O be
appreci ated that the conputer readable and/or execufa ?e RSP PURET ons can

be | ocated inethmde, thmaqmarfeworpﬂgramwns&ﬁwﬁeﬂ{a%lsgib@ﬁrflﬂlgﬂgn%gd between two or
nore comruni cating, co-operating, and/or parallel pr 0CEesS| nﬁ ¥ put er

conponent s axgutahl¢sind/aniodébleoBaRtinanghe ed.in _serjal, parallel, and
ot her nmanners. For the purpose of neasegofu?ﬁ(ﬁglﬁlgg5%&%8&'4%%1’@%‘%iaed

i nventive meindA6OEMNIRE] an@ofrenldtddS nd described as a_ series of
bl ocks, which are dﬁ%{l necessar i Ié;’%%e%}efeg’c?%tagple? Wé{r‘fCt‘PP*’r $fored iy xeweer or

concurrence arNQfﬁ%f f t | of .the illustrated blocks in a figure
may be sufflpci ent to ainrlr%F}é%%]n(%}%gmﬁgg?’tapiwgﬁe'n%f%B(96Pﬁg?c.latﬁlj@iﬂtth@nal ly, the

net hodol ogi gy, i nent ed .as. conput er executabl e instructions and/or
operations store rgaﬁlaiélggnlﬁcg?reerxecruga&’ IBFEICHERS can b loceted ingpnelsampwtet | nited t o,

an applicati ecih,fic jntegrated circuit (ASIC), a conpact disc (CD), a
di gi t al ver%}rﬁbélé@iagﬁfor 5‘8@%&'@‘956%%@1oaa@&@rmmaying,mmmang, aadloonl y

menory (R()\% ogrammabl e read only nenory (PROM), an electronically
erasabl e pr dé?@ﬁﬁ&?ﬁ%gmgg%plg?ﬂ ompangsts,and URERROM loaded@ndlsr exto@ad il €F wave,

r
and a mem)rsy Stick,
erial, parallel, and other manners.

For the purpose of ease of understanding, the embodied inventive methodologies
. are illustrated and described as a series of blocks, which are not necessarily limited to
their illustrated order or concurrence. Moreover, less than all of the illustrated blocks in
a figure may be sufficient to implement a particular methodology. Additionally, the
methodologies may be implemented as computer executable instructions and/or
operations stored on computer readable media including, but not limited to, an
application specific integrated circuit (ASIC), a compact disc (CD), a digital versitle disk
(DVD), a random access memory (RAM), a read only memory (ROM), a programmable
read only memory (PROM), an electronically erasable programmable read only memory
(EEPROM), a disk, a carrier wave, and a memory stick.
Figure 2 illustrates in flow chart format the basic components of an algorithm 200
according to an embodiment of the invention. At box 202, the pre-operative, anterior
corneal central radius of curvature, R, and the pre-operative, anterior corneal shape, Q,

are determined. Commercially available topography devices or ophthalmometers can



Figure 2 illustrates in flow chart format the basic conponents of an

al gorithm 200 according to an enbodi nent of the invention. At box 202, the
pr e- oper awiov®p4/emsmri or corneal central radius of curvaaer2063/00e17d t he
pre-operative, anterior corneal shape, Q are determned. Commercially
avai | abl e topography devi ces or ophthal noneters can 7 WO 2004/ 002318

PCT/ EP2003/ 006777 provide direct readings or allow the experinental

determ nation of both paranmeters. Unlike the Munnerlyn paradigmreferred
to above, the values Rand Qw Il generally define a conical surface
defined by Z = p2 R+ I[R2 - (1+Qp2] Were Zis the sag of the coni cal

surface, p2rovideydirectYpadings or dlimt thabxpeaithet] dbfterﬁil{a‘eiéﬁ @d?%n atdss Q<1 (Q
# 0), where the surface can be a prolate or oblate e I ps a parabol a,

or a hyper bandike the Munnedyaasitad kkﬁr&dmbm constants Q (and
Q) define biconic surfaces; %?l?e., Q (and Q) A gﬁkaﬁﬁ@ %egFmtbédl us of

curvature, Beﬁr&rwboﬂichl,suﬁﬁ&d%gﬁgatgyons of x,vy, and may be dlfferent in the x
and y directions. A biconic surface allows specification of R, Ry, QX Q

(as well as their respgctlve pgst-operative values) directly. As those
skilled in the art wl ur@ﬁg—(/ﬁfsa‘w—raje—sag, Z, of a biconic can be

expressed as Z = C'x2 +

Where

Z is the sag of the conical surface,

p’=x’+y,

R = central 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, Qy, 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

Z= cxx -+ f
1+[1 (1+Q,c)<;2,<x2 — (14+Qy) 4]
where ¢, = g ¢ x? x*—s.c v
cx’ + cyy2
and sziconic — + C__Xz + CyYf

and  5=-(1+QJ), s=-(1+Qy)

so that -z, = -2z + (cx + ).
Substituting z =z’ + R,®"°

then, cx*+ Cyy? + ¢, 72 = 1/ ¢, diconic
and since ¢, =1/Ry, ¢, =1/R,,

then x2 /R, + y2 /Ry + 7%/ sziconic = sziconic.
8



1+ "[1-(1+QX)c2x2 - (1+Qy) c2yy2] where CZ biconic = _s '"C X2 - sXcy y2
CXx2 + cyyz and Rzbiconic = + cXX2 + CYV2 - sxcxx2 - sycyy2 and sX =
-(1+Q ) , W® 2004/002816) so that -z2CZbiconic = -2z + (cXX2 PETEERRA)3/006777
Substituting z = z' + 1ZZbiconic then, cXx2 + cyy2 + CzZbiconic z'2 =1/
CzZbi conic and since cX = 1/R,, cy =l /Ry, then X2 /R, + y2/Ry + zi2/

RZbi conic = R Z biconic. 8 WD 2004/002318 PCT/ EP2003/ 006777 Enpl oyi ng the
definitions cz = -sxcX - S E. 2 and A= -sxcX + sxcX 2 fives in series
expanded forn) C biconic 2 2 gives (in) sxcX x - scY Cxx + cyY =c,
x2+ c-D Cxx2 + cyy2 = CZ - 0 c_x2 - cxV2 cxx2 + Cyy2.

c, +D

Employing the definitions ¢, = -s,¢, — SyCy
2

and A = -s,Cx t+ 50y
2

gives (in series expanded form) ¢,”*°=_g ¢ 2x* _ SvC Y
X’ + ¢,y

= cyle, + A)x? 4—yv}(cZ - AV

cxx’ + ¢y
=¢; - A( c_,p(2 - cxyz_)

X’ + cyyz.
The interested reader is further directed to MacRae et al., Customized Corneal Ablation,
p. 1023 SLACK (2001), which is incorporated herein by reference to the extent allowed by
applicable laws and rules. One skilled in the art will appreciate that the biconic model

. can be used to define different Q" values for half-meridians (e.g., meridian 1 at 10°,

meridian 2 at 100°, from a Q1 and Q2 for meridian 1, and a Q3 and Q4 for meridian 2).
Next, the desired refractive correction, D (in diopters) is determined at box 204. This
can be accomplished by subjective manifest refraction or objective refraction with the
use of commercially available phoropters, refractometers, software fitted topographers
and/or wavefront analyzers, and other devices. Once D is known, the desired post-
operative anterior central radius of curvature, R’, is determined, as shown at 206. This is
preferably accomplished using the formula R’ = (n-1)/(Dpreop-D'), where n is the corneal
index of refraction. Along with R/, a post-operative anterior corneal shape, ', can be
selected, at 208, to optimize the amount of post-operative residual spherical aberration.
In one aspect, this optimization can be selected at 212 for the individual patient,
depending upon age, occupation, comfort, and other factors that will help to provide the

patient with the highest level of patient satisfaction. In another aspect 214, Q' can be
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The interested reader is further directed to MacRae et al., Custom zed
Corneal Ablation, p.102, SLACK (2001), which is incorporated herein by

r ef er encewionovhen2asst ent al | oned by applicable | aws and raa/Er003@oe773Kki | | ed
inthe art will appreciate that the biconic nodel can be used to define
different Q values for half-neridians (e.g., neridian 1 at 100, neridian
2 at 100, froma QL and @ for neridian 1, and a @B and 4 for neridian 2).
Next, the desired refractive correction, D (in diopters) is determ ned at
box 204. This can be acconplished by subjective manifest refraction or
objective refraction with the wuse of commercially avail abl e phoropters,
refractonete . i @qp{ v . lvzers,
and ot her de%%%ggg;%ﬁ@@giﬁ%g&ﬁﬂg&%pggﬁgﬁggéﬁwe pS epw@%gpéﬁﬁégggﬁP rior
central radiyus of curvature R ,.1s determn s_sho at. 206. . This is

o of erabl y. aeehieh ST e iy S ot PPl 1 Hermala 0pHReBinREH 9 wher o n
is the corneal .index of refraction.. Alo | , a_post-operative
anterior cor Hec E"ﬁgﬁ%’fmef ?ﬂwﬁn%éne”g@f‘%&g %@égﬁaﬁfﬁ)@“l‘{)@ éﬁf’c“ze %e the
amount of post-operative residual spherical aberration. |In one aspect,
this optim z4itfpent aeas obthesarmer teek sst | 219 cntial arpa s¢tddpya pramphergbingel set
dependi ng upon age, occupation, confort, and other factors that will help
to provide thér peinbewhring?t4nd 5o enhlhjidlde appreciptedby paersanrgkiliedtin $eact i on. | n
anot her aspect 214, Q can be 9 WD 2004/ 002318 PCT/ EP2003/ 006777 sel ected
to optim ze thite gresinduaferspiveng afdhe wheerfsplierical abgratian iravigjen pedlitewill
popul ati on group based upon statistical analysis, for exanple. In an

al ternati ve @bjpesaipirival irdianalgtical optirhigatidai coni ¢ descri ption of orthogonal
meridians, R and Qval ues could be defined for different areas of the

cornea (e.g., setOnk rh@fwish Gestbviat a daliflg fab0F fo? tHeQkplRribief ddfRekdH, whicAg 1, set
3 for peripheral ring 2, and so on). It will be appreciated by a person

skilled in t&%maaetbasédwcoa]emrtm&}q:i@s,léaéxeznsamﬁéd'tﬁ}g (&f., poRyrh@yeorSfites Bleer i cal

aberration in vision quality w
shape of the cornea, age, sex, type and amount of treatment (e.g., myopia, hyperopia),

. and final corneal curvature. For example, assume a patient has a typical pre-operative
corneal shape factor, Q =-.25, and requires a refractive correction of —5D with a desired
post-operative Q' = -0.1 and R’ =R (i.e., same pre- and post-operative central radii of
curvature). Due to one or more factors relating to degree of correction, biodynamic
effects, age effects, and/or other physiologic factors, the desired post-operative shape
factor, Q', will not necessarily be directly obtained after ablation without adjustment or
scaling. Fig. 8 provides an exaggerated illustration of a “plastic” cornea 800 showing the
pre-operative corneal profile 810 and the post-operative corneal profile 820 for R =R’.
This situation is never realized. Rather, the( obtained post-operative shape might appear
as illustrated (not to scale) in Fig. 9 where 910 is the pre-operative corneal profile and
920 represents the actually obtained post-operative corneal profile Q’opained = 0.4 without
any adjustment or scaling. In this example, the surgeon would choose a target value

Q'target = =.5 t0 get @ Q'gesied = -0.1. This is further illustrated in Figure 10, which shows
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drive enpirical and analytical optimzation. One nmay wish to provide a
scaling factor for the asphericity correction, which could be based on
corneal tWwioclongem3iscorneal architecture (e.g., pachynet raCTprrRbe3/@§777t he
shape of the cornea, age, sex, type and anount of treatnent (e.g., nyopia,
hyperopia), and final corneal curvature. For exanple, assume a patient has
a typical pre-operative corneal shape factor, Q= -.25 and requires a
refractive correction of -5D with a desired post-operative Q= -0.1 and R
= R (i.e., sane pre- and post-operative central radii of curvature). Due
to one or nore factors relating to degree of correction, biodynamc

ef fects, ageyvafifek8s b SineaRENOT000OL £Lh 'eql ic f S, t desire

post - operative shape factor, (’3818@3\2 F"f Xjr;#os ed’ne?:bé"é'esdgérhltdg‘a’b“é —Q}%’rlélg’tcftfls tg%'i ai ned

after ablat i nopliglit ISy BNk wiBERL Y b dethrd reg,égrgcg an

exaggerated i fratron o astic

pre-operative carneagl profile.810 and.th ost-operative corneal profile
820 for R = R°" C{mf'ﬁzﬁsex Eﬁr&eﬂ%ﬁa\ngﬁuﬁggonr?g’i}'ﬁesf’ HPESWY. Rat her, the obtai ned

post - operati ve shape m ¢ p r. as illustrated (not to scale) in Fig. 9
where 910 is the ‘ﬁ‘-‘%‘ﬁgpéw%{?gg@%’rnﬁé%ﬂlﬁ??@?‘i‘qabz‘aﬁdortbf?mmi@plraébénn'Es t he
actual |y obt ai ned post-agperative corneal profile Q obtained = 0.4 w thout
any adj ust mefstergpedc ihis fellowsglangithe psscsdie asedtin thedingedyn-type kgbredehose a
target value Qtarget = -.5to get a Qdesired = -0.1. This is further

i |1 ustrat ed depribedataye] Ghe omguddtedprstvepetBiviNMr200 i/sAFR3 (&1 RGhAERZR03/ 006777
val ues on a linear scale 1000 for Qore-op, Q? desired, Q obtained, and

Q tar get Thiiscréased)cmtibthe tiesited OZhie rqactep e Ths fdreiakli 2BMutiOH velufde spBetesvil ue Wil |
nost |likely be determ ned enpirically based wupon clinical experience and

surgeon adj Usinetheriffenerica bbtweds thi lptesperadit @shdPosb&pera302 sirfickd. & sadrwakde
optical zone for the nomnal ablation is determned. This fof ows al ong

t he procedursut#seibrdiA rdfbieedVy g Prok oA™Y RE 2R PRLAASE Planoscan software described

above, calculates a laser pulse file at 408 in Fig. 4, to fill the nominal ablation volume, It

- may be desired, as shown at box 402, to determine a prospective post-operative comneal
thickness, T, prior to calculating the pulse file. Under a reasonable standard of care,
corneal ablation is contraindicated when the residual stromal thickness will be less than
200um, and more typically when T < 250pum (box 406). However, if T > about 250um,
then the laser pulse file at 408 can be calculated and the laser system controllably enabled
at box 410.

Parameters controlling the laser pulse file calculation 408 include the laser beam
size and shape on the target surface, the laser beam energy profile, the amount of tissue
ablated per pulse, laser pulse repetition rate, scanning patterns, beam overlapping, and
others. In an aspect of the embodiment, the target beam includes a combination of only
2mm diameter and 1mm diameter on-target beams having “soft-spot” energy profiles.
This combination of beam sizes provides time-efficient ablation and the ability to more

efficiently correct for higher frequency, higher order aberrations in addition to defocus
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descri bed above. The cal cul ated post-operative surface is shifted (abl ation
volunme increased) until the desired OZ is reached. The nom nal abl ation
vol une siwalo4/ersists fromthe difference between the moavEgesawswe and
post-operative surfaces. A software routine, herein referred to as
ProscanTM software, simlar to Planoscan software described above,
calculates a laser pulse file at 408 in Fig. 4, to fill the nom nal
ablation volune. It nmay be desired, as shown at box 402, to determne a
prospective post-operative corneal thickness, T, prior to calculating the
pul se file. Under a reasonable standard of care, corneal ablation is

cont rai ndi canddylivien Tieeemetsbfhspdt” Bérsiamerbrstdh BEOSEm Widdie R st%ﬁréwﬁ han

200m and nore typically when T < 250m (box 406). However, i > about
250m  t hen griphidalip &1 FipLd. Hethé kib@e ahe ol G4 L the laser
system controéquaabl?} engbl ed ath box %%g{eq%gc?rgﬁng%égrag‘%@kﬁg% {ﬁ?tr?ﬁpf | aser
pul se file aabgdiad FRG; . b si ze and shape.on the
target surface, the ﬁé@aﬁgﬁﬁﬁg‘ﬁg@%@?ﬂ“& ﬁﬁ ﬁ‘gggw%&ﬁqoq(gl?attt cdulle

abl at ed per ithon rate, .scanni ng patterns, beam
over | appi ng,ppdg*r}ggo%%vﬁgrggsle’qrt;ﬁgrrr\(;rg(gg&é%“hgf) i ie Mﬁ%ﬁ . O fal hegegfe® beam

i ncl udes a i 1.0 f I 2 i ter and 1mm di aneter on-target
beans havi nggr@oéb ?ﬁdsnp@tl%féh%g%@ur%?%gl@g% ﬁa’?ﬂf @%étﬁﬁtlﬁubié]ﬁ’ Jershs pesslge si zes

provi des tings icient ahblation and the ability to nore efficiently
correct for E{ﬁ% §fffé’F p¥°?{£ec1ﬁ®r1‘§§/°,nnﬂ?cﬁ’ﬁé§‘?thd Rt raad isiranded. Fhelpertiom t 0

def ocus 114&@ 2004/ 002318 PCT/ EP2003/ 006777 and cylinder. The term

"sof t - spot " “REFSYHMEEIA Ut the t3ding althe profile and okiends 406s awusssdns ogthaphi cal | y
in Fig. 6. In the figure, the profile is normalized and only one-half the
profile 408 9fde 00 inope agped, and artessabpusrc STt the pryfibf400 e ambtidpig@ct, i t bei ng
understood that the full profile 400 would be as if mrrored about the
ordi nat e ax®42&ertam printe swh ap\an intensitysheeteihd paint 404 at which the eye tissue

ablation intensity threshold is no longer reached, the profile 400 quickly drops off or
. diminishes as a substantially square, vertical, or truncated edge 406. The ablation

threshold and any variations in it are known in the art. The amount of energy falling
below the threshold for ablation is intended to be about 5% or less of the total energy
encompassed by the profile 400. The profile 400 is non-Gaussian, between square and
Gaussian-shaped, known as a truncated Gaussian. The soft-spot beam profile can be
formed by passing the laser output through what is referred to as a “soft-spot™ aperture
306, as shown in Fig. 7. The soft-spot aperture 306 is defined herein as having a larger
central, directly transmitting portion 305 surrounded by a multiplicity of microscopic
subapertures 306 which diffractively transmit and shape the beam and produce a desired
beam intensity profile 400, i.e., in the form of a truncated Gaussian, An aperture card
(not shown) preferably has two soft-spot apertures of different overall diameters,
preferably in the range of 1mm to 3mm. Upon proper alignment and positioning of the

card in the laser beam path, two different beam spot sizes can alternately be projected
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center portion 401 of the aperture profile 400 is flat or substantially
flat, whereas an edge 402 of the profile 400 is continuous with the
portion 490 mwndod2318r ounded. The portion 401 is symet riRCTAR0G3/006E7r adi us
of the profile and extends across about 60-80% of the profile 400 in one
aspect, and across about 65-70% of the profile 400 in another aspect. At a
certain point, such as an intensity threshold point 404 at which the eye
tissue ablation intensity threshold is no | onger reached, the profile 400
qui ckly drops off or dimnishes as a substantially square, vertical, or
truncated edge 406. The ablation threshold and any variations in it are
known in t henig the exppsedepsrpasumdice shemgyfilé 400 inRig. ok avoidiaitd dimesdgl d f or
ablation is intended to be about 5%or |ess of the total energy
enconpassed (Bigmetee) ¢fidotm sisce4DOoveTlichepn lidnt eter4Ofhe itfigd Q408 UShhABnifbEINEEN
square and Gaussi an-shaped, known as a truncated Gaussi an. The soft-spot
beam pr of i | €muanTheintdretedechdbryis pAG NG UL @aleaSNss. Q,Ub@wo-ltgm’g@lg?@ what is
referred to as a "soft-spot" aperture 306, as shown in’Fig.”7.” The
sof t - spot apes2ripee; 889,133, Belddtnrg ikemei | B8-sfot! L..feRtral,
directly transmtting portion 305 suﬁgﬁgg%ﬂg}fsgﬁﬁﬁ?tta%@ﬁgﬁcgm 8!

M Cr 0SCOPi C preTUOANQIThE Al j ivel.y transmt and shape the
beam and pr(I))duce a desifgaé@geéﬁﬁh?rﬁggﬁgfbgﬁﬂfﬁ‘%l éheif(?ﬁ,?“eﬁ@%?e % he form
of a trunca 5331555 j r card (.not, sh referably has two
sof t - spot atsggjtv ur es&Jg? &3 }%S?%ﬁtﬁg%i ﬁhglafﬁreﬁﬁglﬁﬁg‘fsé?lgmeﬁﬁé@%ébqps‘is’iaﬁdt he
range of 1 ?i[ﬂ%l . r .alignment and positioning of the <card in
the | aser ggg&nf?epsat ,Otbj I&gﬁbglﬁ)ho%ﬁle m%g’ﬁffﬁpieﬁol?ut§Tez‘%%rd¥élﬁlsgﬁﬁ?‘@rh%meI y be

proj ect ed 1%{%\0 20%41%80132318.PCT/ EFc)ﬁngB/ 006777 onto the exposed cornea
surface. ThBTRPSHEM &R0 S4eqonly dyakbeam sizesi Pl s offierbersi 572 (di ameter) of
3mm since the overall beamcfj aneter at the target surface is demagnified to
2mm  The i nfYPRERYATS caLRfdised @ thesppgs of betwsenjalmut Batmett 7idos. 6, 090, 100;

5, 683, 379; . .
Another embodiment according to the invention, shown with referernice to F ig. 7,

. is directed to a device readable medium 710 for use with a laser vision correction system.
In an aspect of the embodiment, the medium 710 is in the form of an enablement-type
card haviflg stored therein an executable instruction 720 for directing an ophthalmic laser
platform 730 to deliver a nominal ablation 740 in an optical zone of the comeal surface.
The particular architecture of the executable instruction 720 can take various forms. It
may comprise software that is downloadable by the laser platform that instructs it to
deliver the ablation. In this case, the instruction would include all, or at least a part of,
the algorithm 200, 300, 400 according to the invention. Alternatively, the medium may
contain a code that can match a pre-programmed routine resident in the laser platform
whereupon matching the instruction code with the resident instruction will enable the
laser platform to execute the ablation. This mode would facilitate a card medium 710
with a simple, low capacity data storage (e.g., 1000 bytes). More details of this aspect of

a device readable medium are contained in co-owned and co-pending application entitled
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5,827, 264; 5,891,132, for detailed informati on about the soft-spot aperture
and soft-spot profile, all of which are herein incorporated by reference
in their wationeo03tso t he extent all owed by applicabl e |rPERDES/M0617@S. The
f oregoi ng descri bed beam si zes, shapes, and profiles are not intended to
be limting exanples, but are nerely illustrative beam paraneters. Single
beam si zes only, dual beam sizes only, or other beam size conbinations can
be used in the range of between about .5mmto 7nm Anot her enbodi nent
according to the invention, showmn with reference to Fig. 7, 1is directed to
a device readabl e nedium 710 for use with a | aser vision correction system
In an aspectOrythaimie Gomoeitnreperatusiaed Mettiod forliirdving VisiohSfilbPédhc Qe

enabl ement-type card having stored therein an executable instruction 720
for directi ngthahe mptantyadonityappbaeon. pl atform 730 to deliver a nomi nal
ablation 740 in an optical zone of the corneal surface. The particular

archi tecture of Ihmotkeatsaltharn kaoidobiRin AR b AKERY Bl AR SoLys. 11
at1o0

¢J

may conprise software that is downl oadabl e by ther}flaser p

instructs i Wisidh cofl8ttion@bmpis alP h&ebt®Bf thl YiobBi the jnstruction would
include all, or at |east g par t %%‘e, the &l g%’?}]?ﬁﬁngdf&%leséfﬁfﬁnlbi‘gﬁ'dﬁ@gor di ng
to the invegbdvRDwhith bR sBGbitl fdrY by [diGe 8! Um may  contain a code that can
mat ch a pre-programed routine resident in the |aser platform whereupon

mat ching the ins I . A the resident instruction wll enable the
| aser platform tgsgf(‘{e}{s:@?dé&gto %geég%ﬁg(g F%ﬁ?pefﬁicgﬁ yeiraidiand dessabed heztin i car d
medi um 710 vt h_a sinpl | ow ca ity data storage (e.g., 1000 bytes).
More det ai | %VWE)#’C %W%Clag%r}g%?'a%qusr%‘f) éﬁ?f‘%‘@ and yariasions ofhl forszamg cont ai ned in
co-owned and_ co- pendi n% apiﬁflij cation entitled 13 WO 2004/ 002318

PCT/ EP2003/ &8 enteRTTPASIHS @ lieht ofdbe deserintiop setfontis atme atvbthb appehded | npr ovi ng

Vision, filed concurrently wth the instant priority application.
claims, without departing from the spirit and scope of the invention as a whole.
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I n anot her enbodi nent according to the invention, a nethod for providing a
| aser vision correction conprises all aspects of the algorithm

nmet hodol ogice®odersrsi bed in detail above, which are set HCWwER20632006770Y
reference. Notw thstanding the enbodi ments specifically illustrated and
described herein, it wll be appreciated that various nodifications and
variations of the foregoing enbodinents are possible in light of the
description set forth above and the appended clainms, wthout departing
fromthe spirit and scope of the invention as a whole. 14 WO 2004/002318
PCT/ EP2003/ 006777 We claim 1. A laser vision correction ablation
algorithm wanpsiLsSing: determning a pre-operative surface of the cornea
frominformation consisting of a pre-operative central radius of

curvature, R and a pres t . factaor determning a desired
refractive corrgétio%fﬁffpgg g?ﬁ?ﬁ?ﬁ§§§§%%§?¥§Hhﬁ%%Fpgﬁgrative surface
havi ng a central radiqg qf. curvature, R%, a g-a desj red post-operative
shape factor, Q whefSFPTp"Ea PE-ORsTaliyh s 3§ﬁ8€ © fABpProm IOIPRHOB | gor i t hm of
claim1, wherein Q.is selected to effect a desired post- operative
spherical aberr &P ?ﬁmgé"?ﬁBr.e'(’?.era"i*ﬁ%c‘%‘%]cflaﬁhflﬁ?ﬁCBWaEF%iRﬁ'?&‘?amékpéiahvﬁ and Q
are multiple R and val ues for respective nultiple orthogonal neridians,
and conprising FOIRSAEH Ry respective R and Q values. 4. The al gorithm of

claim1l, wherein determning R and Q further
determining a desired refractive correction, D;

determining a desired post-operative surface having a central radius of
curvature, R’, and a desired post-operative shape factor, Q’, wherein Q' is a
biconic shape factor.
2. The algorithm of claim 1, wherein Q' is selected to effect a desired post-
operative spherical aberration value.
3. The algorithm of claim 1, wherein R and Q are multiple R and Q values
for respective multiple orthogonal meridians, and comprising determining
respective R’ and Q’ values.
4. The algorithm of claim 1, wherein determining R’ and Q' further
comprises determining a plurality of R’ and/or Q' values corresponding to
different regions on the cornea.
5. The algorithm of claim 4, wherein the different regions include at least a
central region and peripheral region.
6. The algorithm of claim 1, wherein determining Q' comprises determining
a scaled value of Q' to account for at least one of a comneal thickness, a corneal
architecture, a corneal shape, a patient’s age, a patient’s gender, a type and

amount of treatment, and a final corneal curvature.
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conprises determning a plurality of R and/or Q values corresponding to
different regions on the cornea. 5. The algorithmof claim4, wherein the
di f f er ent woebgom3isncl ude at | east a central regi on andqIEER2pIBE0&l77r €gi ON.
6. The algorithmof claim1, wherein determning Q conprises determning a
scal ed value of Qto account for at |east one of a corneal thickness, a
corneal architecture, a corneal shape, a patient's age, a patient's
gender, a type and anount of treatnment, and a final corneal curvature. 15
WD 2004/ 002318 PCT/ EP2003/ 006777 7. The algorithmof claim®6, wherein
determ ning a scaled value of Q conprises selecting a target value QT

different Trom phie dgal Les b orfin] BRLARRLEAMAL LAy gepTein QT 15

an enpirically etermne or’i wherein the

desi red post-operative herl cal berra n value is.an gpti rral val ue for
a particul ar patP@REses i‘% Ct*?ﬁétaég‘ﬁb’a]lu? Qrﬁ‘{.ﬁﬁf ergftdiom e dggiefQ'n t he desired
post - operative spherical aberration value is an optinmal value for a
particul ar pati&nt p@hetlaerithm ofclbimp 7, whereir Rér ia by empiriaatsodetasinitieshvaluef ur t her
conprising determ ning an optical zone size for a nom nal ablation volune
of the cornea. 32. Tiike alggdthmtdficiath 2cWiairen fhe, desicipostsopeeptiste tpgheritali ng t he
nom nal ablation volunme by shifting the post-operative surface fromthe
pre-operative subdragion witué is antobemelptaluedbr zRtcutar patient r eached. 13. The

al gorithmof claim12, conprising calculating a |aser pulse file for the
nomi nal abl ati ongvol gf®algorithm of claim 2, wherein the desired post-operative spherical
aberration value is an optimal value for a particular patient population group.
11.  The algorithm of claim 1, further comprising determining an optical zone
size for a nominal ablation volume of the comea.
12.  The algorithm of claim 11, comprising determining the nominal ablation
volume by shifting the post-operative surface from the pre-operative surface until
the optical zone size is reached.
13.  The algorithm of claim 12, comprising calculating a laser pulse file for the
nominal ablation volume.
14. The algorithm of claim 13, comprising using only single diameter laser
beam pulses to calculate the pulse file.
15.  The algorithm of claim 13, comprising using only two different diameter
laser beam pulses to calculate the shot file.
16.  The algorithm of claim 1, wherein the algorithm further comprises
determining a post-operative, residual corneal thickness.
17.  The algorithm of claim 1, wherein the algorithm further comprises

determining whether the post-operative, residual stromal thickness will be equal

to or greater than a predetermined value.
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14. The al gorithm of claim 13, conprising using only single dianeter |aser
beam pul ses to calculate the pulse file. 15. The al gorithm of claim 13,
conpri si ngaumbsigp2ersl y two different dianmeter |aser bearmRquuEPRes/ 06777
calculate the shot file. 16. The algorithmof claim1, wherein the

al gorithmfurther conprises determ ning a post-operative, residual cornea
t hi ckness. 17. The algorithmof claiml, wherein the algorithmfurther
conprises determ ning whether the post-operative, residual stromnal
thickness will be equal to or greater than a predeterm ned value. 16 WO
2004/ 002318 PCT/ EP2003/ 006777 18. The al gorithm of claim 17, wherein the

predeterm ned value is nomnally K 250 micrqons. 19. Th ql orithm.of claim
17, wherein t hel8al gdteelearitha effamddnpherandhe gr e&iﬁ@}“ﬁgv ugfsr“@mdlrb%l?rol | ock
in the |aser vision correction systemif the determination is positive.
20. A device redfakwnsredi um for use with a | aser vision correction system
having stored therein a readable instruction for directing the |aser vision
correction systgm t oThexixorthen afclaingds wherein theedlgprithmg durthen AOTERINEY | Si ng:
determ ning a pre-operative surface of the cornea frominformation
consi sting of aecRhEn®PEferiontrél l6¢kin e laseadbios cofection atenr #theR, and a
pre-operative shape factor, Q determning a desired refractive
correction, D glet&hibibh kositibesi red post-operative surface having a

f

central radius o

20. A device readable medium for use with a laser vision correction system
having stored therein a readable instruction for directing the laser vision
correction system to execute an algorithm, said algorithm comprising:

determining a pre-operative surface of the cornea from information
consisting of a pre-operative central radius of curvature, R, and a pre-operative
shape factor, Q;

determining a desired refractive correction, D;

determining a desired post-operative surface having a central radius of
curvature, R, and a desired post-operative shape factor, Q', wherein Q' is a
biconic shape factor.
21. The device readable medium of claim 20, wherein Q' is selected to effect
a desired post-operative spherical aberration value.
22.  The device readable medium of claim 21, wherein the desired post-
operative spherical aberration value is an optimal value for a particular patient.
23.  The device readable medium of claim 21, wherein the desired post-

operative spherical aberration value is an optimal value for a particular patient

population group.
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curvature, R, and a desired post-operative shape factor, Q, wherein Qis
a biconic shape factor. 21. The device readabl e nmedi um of clai m 20,
wherein Qvamosaizest ed to effect a desired post-oper at iRCI/ERhESGOCE
aberration value. 22. The devi ce readabl e nmedi um of claim2l, wherein the
desired post- operative spherical aberration value is an optiml value for
a particular patient. 23. The device readabl e nedi um of claim 21, wherein
the desired post- operative spherical aberration value is an optinal val ue
for a particular patient population group. 17 WD 2004/ 002318

PCT/ EP2003/ 006777 24. The devi ce readabl e medi um of claim 20, wherein the

al gorithm further conprLses(% erm.ni ng .an tical zone size. for a nom na
abl ati on vol une?%f tihe de¥gs Fa .%}e .rguﬂ 89‘8@% e W:J‘S%?Hh‘ﬁ‘f glg%thfﬁcﬁp%fr cl ai m 24,
wherein the algorithmfurther conprises, d%t er m ni %]%P‘t%he n(grri nalf abl ati on
vol ume by shi f tGompriseiedeframining @ o) gonesizerdaranamipshaplation, yRump at % ve
surface until the optical zone size is reached. 26. The device readabl e
medi um of cl ai ngo2#ea. wherein the algorithmfurther conprises calculating a
| aser shot file to fill the nom nal ablation volune. 27. The device
readabl e nedi umof cTiwideviOreadubierraediumn loéclainmyd, ivihareirf the elgerithmclyrher ses
determ ning a post-operative, residual stromal thickness. 28. The device
readabl e medi umddprkbadaRfingthe neninal dbéatiah yoluine oynshittingithe post-opgrativees
determ ni ng whet her the post-operative, residual stromal thickness wll be
equal to or greghfite FbAMhSprabpsaierstifardniibthe eptical zone size is reached.

26.  The device readable medium of claim 24, wherein the algorithm further

comprises calculating a laser shot file to fill the nominal ablation volume.

27.  The device readable medium of claim 20, wherein the algorithm further

comprises determining a post-operative, residual stromal thickness.

28. The device readable medium of claim 27, wherein the algorithm further

comprises determining whether the post-operative, residual stromal thickness will

be equal to or greater than a predetermined value.

29.  The device readable medium of claim 28, wherein the predetermined

value is nominally 250 microns.

30.  The device readable medium of claim 28, wherein the algorithm further

comprises releasing a fire control lock in the laser vision correction system if the

determination is positive.

31.  The device readable medium of claim 20, wherein determining Q'

comprises determining a scaled value of Q" to account for at least one of a corneal

thickness, a corneal architecture, a corneal shape, a patient’s age, a patient’s

gender, a type and amount of treatment, and a final corneal curvature.
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29. The devi ce readabl e medi um of claim28, wherein the predeterm ned
value is nomnally 250 mcrons. 30. The devi ce readabl e nedi um of claim 28,
wher ei n t W® bganatshm further conprises rel easi ng a fi reeeEro3iosi7ack in
the | aser vision correction systemif the determnation is positive. 31.
The devi ce readabl e nmedi um of claim 20, wherein determning Q conprises
determ ning a scaled value of Qto account for at |east one of a corneal

t hi ckness, a corneal architecture, a corneal shape, a patient's age, a
patient's gender, a type and anount of treatnment, and a final corneal
curvature. 18 WD 2004/002318 PCT/ EP2003/ 006777 32. The devi ce readabl e

medi um of claim 34, WIRS @vite RE1EINBAIGG ofl cafib Edvheral derafinifl a e@gdr i ses
selecting a target value QT different fromthe desired Q 33. The device

readabl e nmedi um i i ned
readabl e mediUm ol g b ﬁ@ scHRE R o Dot 818 0 ABEAGRIA the 8N

ng a | asér vision correction conpri Si ng:

determ ning a pre;ope ve Ssurf co from i.nf ormat.i
consi sting of a g? E@er%viceéeag%bg ‘?mmo Clagn (5) eIV Ardre 2t gt mczgﬂf

pre-operative shape factor, Q det ermning a desired refractlve
correction, D dé?té‘imﬁ“?ﬁ\‘ﬂ}jlea desired post-operative surface having a
central radl us of <curvature, R, and a desired pqgst-operative shape
factor, Q, wher@dfn QAimethod fby eFiHmEalssEViFigR FRFECtiaN; COMPESIRGt hod of cl ai m

34, wherel n Qis selected to effect a desired post-
determining a pre-operative surface of the comnea from information

consisting of a pre-operative central radius of curvature, R, and a pre-operative
shape factor, Q;

determining a desired refractive correction, D;

determining a desired post-operative surface having a central radius of
curvature, R’, and a desired post-operative shape factor, Q', wherein Q' is a
biconic shape factor.
35.  The method of claim 34, wherein Q' is selected to effect a desired post-
operative spherical aberration value.
36. The method of claim 34, wherein R and Q are multiple R and Q values for
respective multiple orthogonal meridians; and comprising determining respective
R’ and Q' values.
37.  The method of claim 34, wherein determining R’ and Q' further comprises
determining a plurality of R’ and/or Q' values corresponding to different regions

" on the cornea.

38.  The method of claim 37, wherein the different regions include at least a

central region and peripheral region.
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operative spherical aberration value. 36. The nethod of claim 34, wherein R
and Qare nultiple R and Q values for respective nultiple orthogonal

mer i di answoaavd4/enBsri si ng determ ning respective R andd@/Embesa®e7737. The
met hod of claim 34, wherein determining R and Q further conprises
determining a plurality of R and/or Q values corresponding to different
regions on the cornea. 38. The nethod of claim 37, wherein the different
regions include at least a central region and peripheral region. 19 WO
2004/ 002318 PCT/ EP2003/ 006777 39. The nmethod of claim 34, wherein

determ ning Q conprises determning a scaled val ue of Qto account for at

| east one, of & capnealnl NLRKREET L ADER dech e GO Brec B8RSR Shape.

a patient's age, a patient m°, and a
od of c

final corneal curvatur 35, wherein the desired
post - operati ve sﬁFf’g eoggog’rqcﬁ?‘i"&)ft‘]i“%l]leﬁﬁéoil%ogn ArPopisel thicknessiasemealr o
particul ar patient. 41 The nmet hod of claim 35, wherein the desired
post - operati ve s@HEHFEHP a cRpSEkshape A PYiENEages2 Relicas gander, ¢ sipaend or a
particul ar patient popul ation group. 42. The nmethod of claim 34, further
conpri si ng det er rinebpipf Zeatment, arll a tmgheomnenl gavdtaie a nomni nal abl ati on vol ume
of the cornea. 43. The nethod of claim42, conprising determning the
nom nal abl at i on 40vol Thembthod bf dlainnif, tvhereinabd daspat pdst-ugerstivefsplgegichlr om t he
pre-operative surface until the optical zone size is reached.

aberration value is an optimal value for a particular patient.

-

41. The method of claim 35, wherein the desired post-operative spherical
aberration value is an optimal value for a particular patient population group.
42  The method of claim 34, further comprising determining an optical zone
size for a nominal ablation volume of the cornea.
43, The method of claim42, comprising determining the nominal ablation
volume by shifting the post-operative surface from the pre-operative surface until
the optical zone size is reached.
44.  The method of claim42, comprising calculating a laser pulse file for the
'nominal ablation volume.
45,  The method of claim 39, wherein determining a scaled value of Q'
comprises selecting a target value Q'r different from the desired Q'
46.  The method of claim 45, wherein Q'7 is an empirically determined value.
47.  The method of claim 44, comprising using only a single diameter laser
beam pulses to calculate the shot file.
48.  The method of claim 44, comprising using only two diameter laser beam

pulses to calculate the shot file.
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44. The nethod of claim42, conprising calculating a |laser pulse file for
the nom nal abl ation volune. 45. The nmethod of claim39, wherein

det er m ni wg mogerBwd val ue of @ conprises selecting arargbovmbre Q T
different fromthe desired Q: 46. The nmethod of claim45, wherein QT is
an enpirically determ ned value. 47. The method of claim 44, conprising
using only a single dianeter |aser beam pulses to calculate the shot file.
48. The nethod of claim44, conprising using only two dianeter |aser beam
pul ses to calculate the shot file. 20 WD 2004/ 002318 PCT/ EP2003/ 006777 49.
The nethod of claim 34, further conprising determ ning a post-operative,
resi dual stromal iC . f.claimd49, further .

conpri si ng deter rﬁi é.|rii nlg;IIE m%*l%’g?’ff ]ﬁlen]_%g’s - eggéej;?g %“%Fe“,aeterné‘gi‘%%?°%f’¥’edﬁme’

t hi ckness will be %ﬂ%ﬁhn%&ﬂ%ﬁlgkﬁﬁter than a predeterm ned value. 51. The
met hod of cl ai m 50 erein the pfedeterm ned value is nomnally 250

m crons. 52. The th of .cl.ai.m 50, further conprising, releasing a fire
control lock in the | §8?€t11ﬂdé)f%lr’&6?rwefB?T“%riﬁé‘igéjrﬁq‘mlrtl%wb'é]ﬂeéﬁhﬁml'i on is

positive. 21 ) ; . .
operative, residual stromal thickness will be equal to or greater than a

predetermined value.

51.  The method of claim 50, wherein the predetermined value is nominally

250 microns.

52.  The method of claim 50, further comprising, releasing a fire control lock

in the laser vision correction system if the determination is positive.
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