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WO 2007/054176PCT/EP2006/009878 1 5 10 System and Method for
Correction of Ophthalmic Refractive Errors 15Specification Technical Field
The invention generally relates to a system and a method for correction of
wphtiwalnsia 20refractive errors and, more particularly, to a systam:@nes/o09s7s
method for calculating a course of refractive treatment for correcting a
refractive error. Background Art 25Several techniques for correcting the
vision of the eye have been proposed. The radial keratotomy technique
provides slits in the cornea which allow the cornea to relax and reshape.
The present techniques include photorefractive keratectomy ("PRK"),
anterior lamellar keratectomy ("ALK"), laser in situ keratomileuses
("LASIK"), and thermal techniques such as laser thermal keratoplasty
("LTK"). All of these 30techniques strive to provide a relatively quick but
lasting correction of vision. WO 01/28477 Al relates to a method and
apparatus for multi-step correction of ophthalmic refractive errors. In a first
step, gross decentrations of the refractive error are corrected, allowing the
subsequent steps to be relatively symmetric in their 35 treatment profile.
After each step, the eye's refractive error is a%aln measured, and the

sutR¥RfGan ancMedhes fop Sirirastion obMaithaleie Refractve Rrtrs

method any biodynamic response which is observed after an initial step
of treatment is taken into account for calculating the necessary treatment
Spauiffdetioncorrecting a residual refractive error.

Technical Field

The invention generally relates to a system and a method for correction of ophthalmic
refraclive errors and, more particularly, to a system and method for caiculating a

course of refractive treatment for correcting a refractlve error.

Background Art

Several techniques for correcting the vision of the eye have been proposed. The
radial keratotomy technique provides slits in the cornea which aliow the cornea to
relax and reshape. The present techmques include photorefractlve keratectomy
("PRK"), anterior lamellar keratectomy ("ALK?"), laser in situ keratomileuses (“LLASIK),
and thermal techniques such as laser thermal keratoplasty ("LTK"). All of these

techhiques strive to prbvide a relfatively quick but lasting corraction of vision.

WO 01/28477 A1 relates to a method and apparatus for multi-step correction of
ophthalmic refractive errors. in a first step, gross decentrations of the refréctive érror
are corrected, allowing the subsequent steps to be relafively symmetric in their
treatment profile. After each step, the eye's refractive error is again measured, and
the subsequent treatment is applied for the remaining error. With this known method,
any biodynamic response which is observed after an initial step of freatment is taken
into account for calculating the necessary treatment profile for correcting a residual
refractive error.
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WO 2007/054176PCT/EP2006/009878 2 US 6,607,521 B2 relates to an
apparatus for corneal surgery to correct a refractive error by ablating
corneal tissue with a laser beam. According to this known method, the
wiepoofAmsparopic astigmatic correction and the 5 step of myggiger2006/009878
astigmatic correction are performed i combination to correct astigmatism.

US Bie0oater pfemie sphan e speeiRg esmon SRR Bes8dNEfetractive
errcgtﬁ? %g? be followed by a fourth step for smoothing the laser irradiated
A

HRISUABAN PREMYHSRARSAIRRRITE the need to obtain a

hyperoplc shift rate upon astigmatic correction as an empirical value and
r correctiop or under, correction in 1 rtaln ortlons of the ablagjo
f’:g E anmd the

ACSH TSR LR KR HATAYIRG 15 S0t THOSTRBI RASpIBURPTS
ste ;anuf armeﬂnod afshgmmamachourwmf peffactied treatooentiifertioarrestingrrect

asti %ftrgﬁwt'\;ﬁq% ror aap eg Sttt So\ﬁ%ri%gl-rchlrsré) e%tﬁ"?as Vedf%N ctthcghel'qef'se thres

atures of the claims. t IRvention 15 hase e Cotice
Ste%m@m@%ﬁ‘ tHauted frstariarifeata@nfinesiotolliing tihe r&sam ttfeaﬂratmt)surfaces

ThidV IR NS S PRHAMEEHRYRSHO AT Hag dntsnaedin0y CRWBfﬁvgﬂﬁtartate upon

least a second treatment (in the following a compensating treatment)
astigRpYs CSITestionag a0eramiicalon! isorat pEBTeRl: CHeR HaHI 85 @prrectlon in

certaigfesragranabadineriiehths-Hevention, a myopic ablation pattern is
combined with a hyperopic ablation pattern. The present invention has the

advantage that postoperative spherical aberrations after a refractive laser

Thetresjtriennded o tiedlgrdssatihepridfidptedetaiginedyaime apeterabliiod for
Calcn]%imum value. Kn vrv&ra)&tem and m?t ods rov dlng am ﬁ%c ablation

COUTS: Y%ae%{aor of a

% Gft&R-INduce & negative spa]"tl@r?@al a erraf C A Bndhe
pat!hvyb@m@c treatment data show the opposite effect, i.e. they induce a
positive spherical aberration. This change of the post-operative status of
the eye having an increased spherical aberration can cause vision

Thisspsisehis Svsshatinifedsatires slitisndaimizh cause the pupil to dilate,

for example under dim light conditions. The patient's ability to see under
such conditions can be severely limited. For example, a patient may not

TheuessRtinERIOR IshaspRIgRER GRS 1 HRE B BhisRoLAIGH, tthtment (i
the @isxwv@ ehangininrsphasies! hrHationican ba Svbstarialy restugrdintended

corrg f% 95)2';1re%;%?£ther ethods6 @Cé)%? ctlr‘i%é%rts?he hcal gw%éon V(\:/tg)mpensatlng
treatment) which corrects said overcorrection. More specifically, according o a
preferred embodiment of the invention, a myopic ablation pattern is combined with a
hyperopic ablation pattern. The present invention has the advantage that post-
operative spherical aberrations after a refractive laser treatment are controlled to a _
specific predetermined value, preferably minimum value. Known systems ang
methods providing a myopic ablation pattern often induce a nsgative spherical
aberratiori. On the other hand, hyperopic treatment data show the opposite effect, i.e.
they induce a positive spherical aberration. This change of the post-operative status
of the eye having an increased spherical aberration can cause vision - problems
especially under conditions which cause the pupil to dilate, for example under dim
light conditions. The patient's ability to see under such conditions can be severely
limited. For example, a patient may not be able to drive a car by night. According to
the present invention, this observed chénge in spherical aberration can be

substantially reduced. Compared to other methods correcting for spherical aberration
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3 using wavefront measurement or topographic guided ablations, no
additional information of the individual subject is necessary. A combination
of both myopic and hyperopic ablation patterns can be used to adjust the
postepaeaherical aberration. For example, for a patient havig-g#efiasting s
of -4 dioptres, the following treatment5 may be provided. Based on this

uskejrantiverdingnestic exariaia, ¢ CRIpbyiassstgMdAlcWBIgfAdirsto  additional
' rofile Whéif? rovides a slight overcorrection. As an example

. t [ h i n. A o
T A RR AT APOEHA SURECD B LS B ARSI B Gt P B Myopic and

hyploppie bfhtore paliog o encdreeatien wilhbisothpensated Hayien aberration.

nd treatment profijle, in this case by a hypergpic, treatment,of +1 .
P e A A S POt MAARS o 0wy treatment
maynhtepiawdedftBates e thithefmytbpicddmicticregtrdais, Atconapiviely system

e j S c ed. Thus, for the
c e e, Ty oD e A BRI SR R s an
exgmaifopititrderatarardt palispnds cosragpandrikeraalizraiarioet ter fiesmcting —5

dioptPda TeRIMRNIMGLbEEHYidetdn RlleRSEAWR SHRINAIERIMANS S4RAHOHES tment

The second or compensating treatment may be divided in at least two .
Profien i frgtdamivmesoipismeeeTHY mbrierismdrerasphorthe hyperopic

tre QUASAPRIICRP HsScURTSHias INhiBPtha Bh AR (e FOBS BBRLIRG: freatment.
treatment may comprise 20sub-profiles c1, c2, ...cy. The treatment may

be performed with an order of the sub- profiles as follows: ml, c1, m2, c2,
Alternakivelcythenard sk tiethins b lerhativertihdriadivichiat shdis oesegsdryrieus, for
rmi ' .CO, ing profile are combined in pne
R Y R E S A
mypei§dramsaers ohe Bditnteteatment. The effect of the present invention on
post-op spherical aberration can be adjusted or optimized by selecting the
amount of initial overcorrection and the corresponding amount of

As gurthignn)teBraivadinadmbarduaindieataspb mamPestidarsdneatigast b main
tre ARRATING 19 SRR B VERS e el shot dhepiaidhe-ly sfdEeane Ay sRIGHARE in at

wiLh reference to.a corresponding first optical zone_and the shot file for the
leagh by §PaRERRatng derlingRbsirrefitentbadneibreaimrimp¥desmyample
coraptisalstdnprdRtefenablynthe sisemidhpditsirapisshiageriadiiterentdyodmprise

suébﬁcﬁﬁaes %f1t,h§2,5(?989.dﬂ\1/\é%ég%é% ?T%Lza?y6 g Eé%ggr%ggl%ﬂﬂsgnigcﬁ'der of the sub-

profiles as follows: m1, ¢1, m2, €2, ...mx-1, ¢y, mx.

As another alternative the individual shots necessary for performing the main and the
compensating profile are combinad in one single shot file. Thus the over correction
and under correction is performed as one unitary treatment.

The effect of the present invention on post-op spherical aberration can be adjusted or
optimized by selecting the amount of initial overcorrection and the corresponding

amount of secondary correction as well as the corresponding optical zone sizes.

According to the invention, the shot file for the first treatment is calculated with
reference to a corresponding first optical zone and the shot file for the second
treatment is calculated with reference to a corresponding second optical Zone.

Preferably, the size of the first optical zone is different from the size of the second
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optical zone. Most preferably, the size of the optical zone for performing a
hyperopic treatment is smaller than the size of the optical zone for the
myopic treatment.  The system and the method according to the present

Nwentotsear be used for Shyperopic and myopic correctiong¥ilamhes/o09878
without a cylinder. The present inventéion will be further described by way

opﬂﬁ%@'%&ﬂs@ §ﬁ%§?9§3§, "ﬁ%j ét}% %@H gﬁti&t\’\g&iﬁg f&roagnég"ﬂé@drﬁg a hyperopic

1schematica WS aCross section of a patient’s eye
tr@%ﬂ%éﬁﬂ@kérﬁb@dha sigeofitieropsigalAnng fecHiaduieniceaimgnbd

the invention. 15Figure 1 shows a cross-section of a patient's eye 1,

having a pupil 2 and a cornea 3. As shown in Figure 1, the diameter Dn of

The, RGHRRmIBICRP 201782 ds 2retding o greatspitdR PRl RiaratePp g epd for
hypgbepidrihg afibsidatiestssuewithrReer tioulight fengition. More precisely,

the diameter Dn of a usually circular nominal optical zone 4 is at least 0.2

to 0.5 mm greater than the diameter Dp of the pupil 2 of the patient's 20
Theyestamderditiolighill donflitiber Destrthiasey tregtnkthic todéaareaxdisples and
thet@gﬁgg\giﬁi%ﬁigﬁa@ent zone 5 _having a diameter Dt wherei_n the N

treatmént zone comprises the optical zone 4 and an annular-like transition

zone 6 surrounding the optical zone. Thus, the optically full corrected zone

Fightll be greater than the gupllsize-of & patignt sndlgs glim-ightcongition or a

typical size of a patient when driving a car at night. 25 Figure 2 ‘
schematically shows an example of the system for performing the

Figigeimiquesracroeinacinibr Rreseiysiane OB HAF RGN RRS R ERBbrding to
laser 10, which outputs a laser beam which by means of an optical system
the GiI98d o a patient's eye 1. The optical system in this example

comprises a first deviation mirror 30 11, a beam homogenising system 12,
. cond deviation mirror 13_an aperture 14, a lens 15 and a.scannin
i R S RSR TN ST ERALROLR Pl B L G Tomea .
As @it dutpigisrart athrindjdrealer tBroagh thetseebnptidelative 4risreslddted to be
fi h ' laser.b, ienf' "
oo i oo P At CoBrUCR S/ g im ioh

coriirer MR eelropies ot wokaTREr Cvew 20061edpgigWar nominal optical zone
4 is atleast 0.2 to 0.5 mm greatér than the diameter Dp of the pupil 2 of the patient’s

eye 1 under dim light condition. During laser treatment, the cornea 3 is treated within
a treatment zone 5 having a diameter Dt wherein the treatment zone comprises the
optical zone 4 and an annular-iike transition zone 6 surrounding the optical zone.
Thus, the optically full corrected zone will be greater than the pupil size of a patient
under dim light condition or a typical size of a patient when drfving a car ai night.

Figure 2 schematically shows an example of the system for performing the
techniques according to the present invention. It comprises an excimer laser 10,
which outputs a {aser beam which by means of an optical system is directed to a
patée_nt‘s eye 1. The optical system in this example comprises a first deviation mirror
11, a beam homogenising system 12, a second deviation mirror 13, an aperture 14, a
lens 15 and a scanning mirror 18. The system further comprises an aiming beam
laser diode 17 which outputs an aiming beam through the second deviation mirror 13
on the same optical path as the excimer laser beam fo the patient's eye 1. The
system additionally comprises a fixation laser which provides a preférabiy red
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flashing fixation laser beam 18 through the scanning mirror to the patient's
eye 1. The system further comprises a preferably green focussing laser
beam 19 which is directed to the patient's eye 1 at an angle with respect
wohemplcakpath of the excimer laser beam. In this system, ga@Meoo6/009878
tracker 20 with a corresponding infrared 5 illumination system 21 is

f!aﬁ&ﬂ%éﬁ%@gpﬁéﬂsmtﬁg@c %Q%gﬂlﬁggﬁﬁﬁj%.Edgs§ét??%ttgeeya 1,

scanning mirror 16 and the eye tracker 20 via communicati nes
ThesBistpBHEE i SPrTRGERS 2 AIST erbvraieei jopersinadaseoperstict® which is

dirSBIEEPISORE HANNES With 1e8PeF e PAIERLSIRYE B aHANIRA DS of the

the scanning mirror 16. The treatment zone is schematically indicated by a

XYL PEBRAERE MDA SYRIRTh B SR/ RS QLN Gt réfesmRnding infrared

- Hlutresdtihenisiotaoredting groefiactiva estonpiaadiciianh aBEPherieHRIEEd to the

enerall a computer system that recejves refractive eye data

COMPrises Y
SXGom a?g 'écrﬂge ?ggl it g’ﬁaéﬂééotro& éﬁ?%e b%@%o"@ﬁf‘eﬁr (gt Via data
corshowitatitord étersn(pew dashreftdictbs) proparics alka patientstieyty Théicates an
C . e first,and second treatment profi L

o D T e B AR VTR g Ponine
theferabpiseting refrittivderimeinsuihzenefiacitkematielycodiestied by a dotted
dashsiamas preferably an excimer laser eye surgery system which is used

for ablating corneal tissue with a laser beam 20 emitted from a laser

source and delivered onto a cornea of a patient's eye with a light

A sjelivering QricRiisystBbutae 6pMEienRY SFeatfel% TP ARG 80NN active
computer compatible with the IBM PC by Internatipnal Business
et REY PHEfePa b THERRIRET HIGREB e RS o SoRBiRgeFyStem that

receiste meEauiivd e pevdatdy fafray steefsadtickiding, tig K ersieasiRe7tbyl may be a
mbH, @f Domach, Germany, Generally, the computer 25,
P S o G e e Aaee S ah i natepbe e The
COW@r&Nﬁ@@sqﬁwiam [ thagbHbeidicat astvebamdeirastiverdapeofitecarhich is
use%mﬂlOé’o%‘éﬂﬁ?ﬁ%rpf@ilﬂo%thlré‘ﬁaQﬁ@r%uy@eggf%ﬁ&th%%%ﬁ} Ofor correcting
sers a

excimer laser system E. The excimer la ystem E prefetably employs a

refrRQBR EFIET g8 Uhted SRIdive siisal pRike carfb Atstesde suafrsatily woexcimer

las&16dydl bRy 6aNRERE A ieAaY 2lopk sar A3 aAmeRthashth o adisheam
treatment profile for overcorrection and a second treatment profile for
il S

, BERLErreRhB e iNRSeshB710 543 BPE Pl EPANSEIGoRET With a light
deliBeEry whitalnsEstienoirstheraphriespskoptess Gereratestheewiafieniputer
coflJRUE AP AEINER e A LS SRR SR BB g
a higipevteiethpuoeskass Thedakaratistpthe can be a variety of systems, including
the Keracor 217 by Technolas GmbH of Dornach, Germany. Generally, the computer
system C runs the software which develops a course of treatment based on
parameters provided by the physician as well as refractive data. It can employ a
variety of algorithms, generally depending on the type of excimer laser system E. The
excimer laser system E preferably employs a relatively large fixed spot size, for
example, algorithms described in WO 96/11655 can be used to develop a course of
treatment based on a first treatment profile for overcorrection and a second treatment
profile for correcting the overcorrection. '

The refractive diagnostic eye data may be described as shown in the following:
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treatment profile for correction of a refractive error of a patients eye. The
system according to the present invention provides a course of refractive
treatment which comprises a computer system that receives refractive eye
dataodiadigative of a refractive error, preferably a sphericabg¢ippahiRGos7s
eye. The computer system calculates at least a first treatment profile for
perfgfA)ing a main treatment which, however, provides an overcorrection

‘of the intended correction. For example, the intended correction is defined
as 3/0/0 whereas the first treatment profile provides an overcorrection of

wh&éﬂ§@@of§@ﬁi¥@'§@15}éﬁﬁ eRIpHARL O H&é@é@%@fc}ﬁweﬁﬁ%ﬁtres and A
Cie"_E)refer bly in the range of 0.05 to 0.15. When calculating this first

R AT (e RSt SRRID o TR iRea BRI T BTcRIE oM is used.

Mom@@@ﬁﬁ&dﬂ@ ChE SUCFASYSIeB ltlﬁ:%r r@%b&@l@ iﬂblﬁaﬂ!ae@mméicuiatmg the
eatment iﬂo{:‘ [Tflle sunalﬁe to correct overczrrectl \{vhlch can be

trea géec |it%8 e %%88 ?%5’ A /6/?)r "Thid 8dEbI re Bt fient profile is

calculated with reference to a second optical zone 200Z2 having a

T S AR LAY Lo
UGBEV@/GIOZ}IEOMHWQP@HIDM@ZM@PAtb@érmﬁgﬂf@% rbastieel eye data

indRERRAINENLREIRPBRSNHRVYEALIN. é@%ﬁé’r"%ﬁ}‘%&%ﬁ%%p@ﬁﬁsﬁmpuiﬂr

first treatment profile which represents the intended correction which

SYSIREY B@Cd@@ﬁb%@%%%/@/ﬁrﬁﬁée@&ﬁméf%%é% feﬁmﬂ&ame{f@érhtreatmem
wh;aﬁcﬁﬂd/émtfﬁﬂmﬁéfdﬂ w@aﬁ&@wr@ptr@xm@@ﬁr@@&t@&nbﬁ For example,

R e T R ST R
provéleceaceterterbiooptit SkFOR8/QE L Tteevalue F1 is a constant in the range of
0.05 to 0.3, preferably in the range of 0.05 to 0.15. When calculating this first
treatment profile, a first optical zone having a diameter D1 is taken into account. The
computer system further caiculates at least a second treatment profile suitable to
correct said overcorrection which can be described in the present case as —F1-S/0/0.
This second freatment profile is calculated with reference to a second optical zone

‘0Z2 having a diameter D2 which is smaller than diameter D1 of the first optical zone

OZ1.
Thus, the following two steps would be combined.

1) S+F1-3/0/0 0OZ1=0Znominal
2) -F1-8/0/0 0Z2<0Z1

According to a preferred embodimant of the present invention, the computer system
comprises a first treatment profile which represents the intended correction which
may be described as S/0/0. The computer system further calculates a sscond
treatment profile suitable fo comrect an overcorrection, i.e. ~F1-S/0/0 and further
calculates a third treatment profile providing said overcorrection, i.e. F1-S/0/0. The
first treatment profile is calculated with reference to the first optical zone 021, the

second freatment profile is calculated with reference to a second optical zone 0Z2
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second treatment profile is calculated with reference to a second optical
zone 0Z2 WO 2007/054176PCDEP2006/009878 7 and the third
treatment profile is calculated with reference to a third optical zone 0Z3.

wereisyshg-diameter D1 of the first optical zone OZ1 is greatgfthaRGoosrs
diameter of the second and the third pptical zones 0Z2.and 0Z3.

anﬁ@%@ﬁé@?@g@wﬂﬁg 85!%?3%8&%%?8@5%%%’}8 2%%#'98 8%%%&?%}‘?‘@023.

optical zone 50Z or this preferre

Herginp8uiraiamates folllithg diidcoptinnd apeePRidsedreater than)the diameter of
the SEYORK AT )iy SAHOD 2876328 72 and BT @@9/99%?@5@4@55&9@9%2 of

... 0.3 10 Example In this example, the intended treatment for correction of
the SQUNHRRFER GoaF YftibhPTie s HepBriiReiiBmsian P dRh heskise agtisal zone
OZ 36Ky eptigrblaned-efbotfistnten asbiveainhest Raydardividedinig the
following steps. 1) -6/0/0optical zone = 7mm 202) +0.5/0/0optical zone =
6mm 3) -0.5/0/0optical zone = 5mm

1) S/0/0 0z1=0Z

2)  -F1-8/0/0 0z2<0Z1

3)  F1-8/0/0 073022 F1= 0,05 ... 0.3
Exampie ‘ ‘

In this example, the intended treatment for correction of a spherical arror of a patient
is based on the following data:

Refraction —-6/0/0 optical zone = 7mm

This intended treatment may be divided into the following steps.

1) -6/0/0 optical zone = 7mm
2y  +0.5/0/0 optical zone = 6mm
3) -0.5/0/0 optical zone = 5mm

In this example, F1=0.083.

A treatment is calculated with reference to a first, second and third optical zone. The

first optical zone OZ1 corresponds to said nominal optical zone.

With reference to the diameter D1 of said first optical zone a diameter D2 of the
second optical zone 0Z2 is selected from a range of D1-0.5 mm to D1-1.5 mm. With
reference to the diameter D1 of said first optical zone the diameter D3 of the third
optical zone OZ3 is selected from a range of D1 to D1-2.5 mm. The selection of the

respective size of the optical zones has the advantage that viewing ability under dim
fight condition is improved.



In this example, F1=0.083. 25A treatment is calculated with reference to a

first, second and third optical zone. The first optical zone OZ1

corresponds to said nominal optical zone. With reference to the diameter

Wé afosaid fhist optical zone a diameter D2 of the second optiga}- 2986 Odds s

is selected from a range of D1-0.5 msn to D1-1.5 mm. With 30 reference to

the diameter D1 of said first optical zone the diameter D3 of the third

optical zone 0Z3 is selected from a range of D1 to D1-2.5 mm. The

selection of the respective size of the optical zones has the advantage
Théh%r\égbﬂ\ﬂ{g ahditssnderim @%ﬁlﬁﬂgﬁ'OBf'SiH'@prB?éﬁgrreWOembodiments are
.. 2007/054176PCUEP2006/009878 The foregoing disclosure and _
usfedbotiBRchs BXPgRaANEdIBRIBBLINRIMS XREAKE(ravRIRSd BxpHiRatdlystrated
condterembnanshvieaehisictiasiae stivrihedusiraiad Svransit e mmrtBelieg scope

ftOf %&eraﬁion may be made without departing from the scope of the

© ﬂ?v' H#OHPTOMCSLLP Claims 1. A system for providing a course of
refractive treatment for correcting a refractive error comprising: 5a
computer system adapted to receive refractive eye data indicative of a
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refractive error of the eye, calculate at least a first treatment profile, which

based upon the refractive eye data provides an overcorrection and

calculate at least a second treatment profile suitable to correct said

overcorrection, wherein the refractive error is S/C/A, wherein S denotes

sphere, C denotes cylinder and 10 A d&notes astigmatism, the first MCSLLP

treatment profile provides a correction of S+ F1*S/C/A, and the second
Clrdgient profile provides a correction of -F1*S/0/0, wherein Fl is in the

range of 0.05 to 0.3. 2. The system of claim 1, wherein Fl is in the range

of 0.05 to 0.15. 3. The system of anr%fof claims 1 or 2, Wherl?in the first

TireatmiesYpidkle ¥ RIS G086 fBNaF Y mEAIT GTbI e AT ting a
réfr gchiypesapic &irepasidgvherein the second treatment profile is provided
for correcting the resulting, hyperopic error. 4The system of apy of claims 1
2o SRS b AR At o GHIBYE prGUHEUN For SKier BB L I Blee ©f 2
rdfypeiopicamerseshlingyin acayopieatofcand whereinttbetsentngdrofile, which
treatment profile is pravided for correcting the resulting myapic error.
ORI o S N B MR 1B BT MRS BHE S R Aer R Ry ate ot
I/ rssecond teestinment profiile ss:idabtdethinatred stdiiootreatorenttion, whersin
sub-profiles with corr ding optical zones. 306.The system of any,of
U 1 R e G S, SNy B SRS o Jo P pger and
Apdsfilettes astigrespendingdifstdpteaizeont havikg @rdveiasize amdrection of S+
a es the second treatment profile far a corresponding. MCSLL .
O o o R R A et ol s 1000,
wérapdier iHas theHistsige.of 0.05 to 0.3.

2. The system of claim 1, wherein F1 is in the range of 0.05 to 0.15,

3. The system of any of claims 1 or 2, wherein the first treatment profile is
provided for overcorrection of a myopic error resulting in a hyperopic error and
wherein the second treatment profile is provided for correcting the resulting

hyperopic error,

4. The systemn of any of claims 1 or 2, whersin the first treatment prcfile is
provided for overcorrection of a hyperopic error resulting ih a myopic error and
wherein the second treatment profile is provided for correcting the resulting

myopic error.

5. The system of any of claims 1 to 4, wherein any of the at least one first
and/or second treatment profile is divided in at least two treatment sub-profiles

with corresponding optical zones.

8. The system of any of claims 1 to 5, wherein the computer system
calculates the first treatment profile for a corresponding first optical zone having

a first size and calculates the second treatment profile for a corresponding
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7.The system of any of claims 1 to 5, wherein the computer system 5
calculates a single shot file comprising the first treatment profile for a
corresponding first optical zone having a first size and the second  MCSLLE
treatment profile for a corresponding second optical zone having a second
size, wherein the second size is smalléPthan the first size. 108The system
of any of claims 1 to 7, further comprising a refractive tool providing said
SRaPach PRl dae J‘F’é/ﬁ%tﬂ/é%‘ﬁﬁg%él‘%%fﬁé’@ﬁéﬁ”g)f&%rﬁ PROFESiG sTaller
tafragtvier eregeesaid computing system receives the refractive eye data
from the refractive tool and provides control data to the refractive surgical
correction system, wherein 15said control data correspond to the at least
70ne first&reagaent psofieanst thearhieasttons sedeac e atmenspiniter system
9, The system of claim, 8, wherein the at least one first and second .
RGN, SrofE el diFora ireaber Miod B BF e egaofle for 2
caurgepydisystert diftidsimethedhal/pryvidifigibsiparsadfttefractomd treatment
tre@tnfnt for correcting.a refracti\ée ertror com ri%ing.: receivin% r%fractive herei
PEYE BAtA JIRATE FA FeR Ve e or GF the' &y )™ D5 Ealctiating at féast ™"
tefisstcredtpirpatprofilejsvhicnibsddsiparethe refractive eye data provides
an overcorrection and calculating at least a second treatment profile
suitable to correct said overcorrection, wherein the refractive error is
8S/C/IAT vhesaite 8 ddraotgbpladres Cldendiesheyliodempasad denotes
astigmati the firsttre Nnt_profile provid correction of S+
¥T @‘?&%&ggﬁ P§6ﬁ1‘%%%ﬁ?§ th%tér)ﬁg\rll 536%I§%§5vides a correction of
& Ff1 81010 whegisial Ebisantibe syatperofa.06me@iBg refractive error,

said computing system receives the refractive eye data from the refractive tool

and provides controi data to the refractive surgical correction system, wherein
said control data correspond to the at least one first treatment profile and the at

least one second treatment profile,

9. The system of claim 8, wherein the at least one first and second
treatment profile is calculated for a predetermined excimer laser eye surgery

system.

10. A method of providing a course of refractive treatment for correcting a
refractive error comprising:

receiving refractive eye data indicative of a refractive error of the eye,
calculating at least a first reatment profile, which based upon the refractive eye
data provides an overcorrection and calculating at least a second treatment
profile suitable to correct said overcorrection, wherein the refractive error is
SICIA, wherein S denotes sphere, C denotes cylinder and A denctes
astigmatism, the first treatment profile provides a correction of S+ F1'S/C/A, and
the second treatment profile provides a correction of -F1 S/0/0, wherein F1 is in
the range of 0.05 10 0.3.
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MCSLLP 11 11. The method of claim 10, wherein Fl is in the range of
0.05t0 0.15. 12. The method of any of claims 10 or 11, wherein the first
treatment profile is provided for overcorrection of a myopic error resuitingy g
in a hyperopic error 5 and wherein the second treatment profile is

provided for correcting the resulting h;}éeropic error. 13. The method of

any of claims 10 to 12, wherein the first treatment profile 10 is provided for
1 a)vercjdh%éﬂﬁﬂ‘ﬁfjé)ﬁﬂ%% pie eVBRFELLfih S W&‘H‘%@ﬂ@%ﬁ%éﬁﬁd’{%ﬁégin

the second treatment profile is provided for correcting the resulting myopic

. 14. The method of any of claims 10 to 13, wherei ftheat .
Tieast SHE T5RIEPHRYGYER bR TG ot 1 eliti JEoat BALTRRS Profie

idrepsment Sab- prefiesradtivaonieapendisg epticalrzenksg 1b. I he/peetiod error
of any of claims 10 to 14, wherein the step of calculating the first treatment
aEf:i)file is performed for a corresponding first optical zone having a 20 first
vSizgeetndiibessiepraf cadeittating thefdecengtoeateteio profitesistipgritrenedsulting
for a corresrponding second optical zone having a second size, wherein
MRS RIG I S%e is smaller than the first size.  16. The method of any of
claims 10 to 15, wherein a single shot file is 25 determined for the first

eatment pro 'Ie%a ed on a correspanding.first optical, zg ving.a first ..
lgize %efcﬁ'ﬁ%os 8?)n%1¥re0at§rl1%tm%ro "%3bga%e\gt%eﬁ“%;régﬁ%g%%ﬁéﬁ%Qmer{?profsie
issecondeptical zenebaviciipa sdcarid/sepiherein thhssdognoh sizeigopic error
a%rél%eért&%ntgéesfgg})gg Seatment profile is provided for correcting the resulting

Myopic error.

14.  The method of any of claims 10 to 13, wherein any of the at least one
first and/or second treatment profile is divided in at least two treatment sub-

profiles with corresponding optical zones.

15.  The method of any of claims 10 to 14, wherein the step of caiculating the
first treatment profite is performed for a corresponding first optical zone having a
first size and the step of calculating the second treatment profile is performed
for a corresponding second optical zone having a second size, wherein the

saecond size is smaller than the first size.

16.  The method of any of claims 10 to 15, wherein a single shot file is
determined for the first treatment profile based on a corresponding first optical
zone having a first size and for the second freatment profile based on a
corresponding second optical zone having a second size, wherein the second

size is smaller than the first size.



