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System and Method for Correction of Ophthal mc
Refractive Errors Specification Technical Field The
WO Reensi106 generally relates to a system and apOEERDUG6/009878
for correction of ophthalmct refractive errors and,
nore particularly, to a systemand nethod for
calculating a course of refractive treatnent for
correcting a refractive error. Background Art Severa
techni ques for correcting the vision of the eye have
been proposed. The radial keratotony technique
provides slits in the cornea which allow the cornea to
rel ax and reshape. The present techni ques include
photorefractive keratectony ("PRK"), anterior |anellar
keratectony ("ALK"), laser in situ keratom | euses
("LASIK"), and thermal techni ques such as | aser
thermal keratoplasty ("LTK"). Al of these techni ques
strive to provide a relatively quick but |asting
correction of vision. WO 01/28477 A 1 relates to a
met hod and apparatus for nmulti-step correction of
oPlystermrand Methadifor €asreatian of Pphthalmic Befrpctiye &ysors
decentrations of the refractive error are corrected,
all om ng the subsequent steps to be relatively
symmetric in their treatnment profile. After each step
Specifizatigne' s refractive error is again neasured, and the
subsequent treatnment is applied for the remaining
TechnicabFiel/ t h t hi s known net hod, any bi odynam c response
which is observed after an initial step of treatnent
The ihveritidkederdtaly Agatedd of Sistaralapd atidiBod et dbprRESAY ophthalmic
treatnent profile for correcting a residual refractive
refraciivecerress andomase Ipasticularint ts at sysdemappdrmeiheds tor calculating a

coursE B apA Fiethert FEGh TR L AREV KRl Aol i ng

to this known nethod, the step of hyperopic astigmatic

Backg%lﬁﬁ&tAﬁPn and the step of nyopic astigmatic
orrection are perforned in conbination to correct

Seve@ﬁt#@@ﬁh%@@i@@@ggﬁi&Q%S{isﬁﬁrﬁgggtﬂgﬁ%zb:rhia%l 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 sitQ keratomileuses (“LASIK"),
and thermal techniques such as laser thermal keratoplasty (‘LTK"). All of these

tech'niques strive to prbvide a relatively quick but lasting porrection of vision.

WO 01/28477 A1 relates to a method and apparatus for multi-step chrection of
ophthalmic refractive errors. In a first step, gross decentrations of the refractive érror
are corrected, allowing the subsequent steps to be relatively 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 treatment is taken
into account for calculating the necessary treatment profile for correcting a residual

refractive error.
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steps may be followed by a fourth step for snoot hing

the laser irradiated surfaces. This known nethod shall
we@bioTiorate t he need to obtain a hyperopic shifPCT/EPB®06/009878

upon astigmatic correction as an enpirical value and

Us oS EREZRE Giart BPRRr0 K borheal PutBr RaBorset g refractive

error biebit rmeaMiSRUBMItH & ldgerieavi.de a system and a
nmet hod for calculating a course of refractive

treatnment for correcting a refractive error of a

Acoofiftq FEtiF KFklin riblsogh BERlen BUMAHRIc 4oHBnielf (iPicoRand the

step ©PNARBDIC Qstigiditise cofretiAbtard peHBImEd eRri BoRtbibatiord ® correct
followm ng the main treatnent) which provi des an

astigmetismol heradfien, astamef sphesingdgovectiat manbsaiefiected: These three

stopsy A5 B oL S RLE ik B S5 Bbb 3R et maciated surtaces.
This RYGWE FheRRId Stall Mimthai@ans fiedl to/ obRiis & Aypérdpit 8hift rate upon
preferred enbodi nent of the invention, a mnyopic '

astigmatiacoaactien asan empisicabyalue anidtoves coyiestiopior LAKEacP@ACtion in
hattern. T nesent invention has the advantage that
cenalﬁgbsqrﬁ%rbsepg{ﬁ%\é)@fg%ﬁ%%l aberrations after a

refractive |l aser treatnent are controlled to a
speci fic predeterm ned val ue, preferably m ni-num

The abjeatdindenlying hespresentindentiemisdto pioyideda ystemnangdia method for

calouBRb3L & RS 4 BRSO PSRBT B BTl oror of @
patierftat éyeshow t he opposite effect, i.e. they induce a

positive spherical aberration. This change of the
post-operative status of the eye having an increased

his GG 3B RN e BRTER G R RS catse tre pupi 1 to
dilate, for exanple under dimlight conditions. The

patient's ability to see under such conditions can be )
The psesentdnyentioniis basedon thr peprept te guambisatat gast gdirsblseatment (in

the 1Y ol e Rlent w8 ey 0B R iR e ntonied
corre@ieT Nath odt (eastbg sedusidantdaambeyit r (@l uped followim@r £ dcdripensating
ot her nethods correcting for spherical aberrationusing

treatmpgptdfwoich remectserift overcorgstierpMaregapeitically) ;agcerding to a
prefeHQd %%&l%%lt 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 fefractive laser treatment are controlled to a
specific predetermined value, preferably minimum value. Known systems and
methods providing a myopic ablation pattern often induce a negative spherical
aberratioh. 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 change in spherical aberration can be

substantially reduced. Compared to other methods correcting for spherical aberration
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informati on of the individual subject is necessary. A
conbi nation of both nyopic and hyperopic abl ati on
W@at0res4136 can be used to adjust the post-op SpPer/ERBN6/009878
aberration. For exanple, fa¥ a patient having a
; QN = j ‘ ' .0l ' i
using Wil of¥esiyrémghO i, opodrdcy U Bt GRS CHb, additiona
inforrmatiordef the mddvdagmltstibjexy 3¢ ascesdaryl Atcambinafiors of both myopic and

~treatpent profile which provides a slight . .
hypetsinic aBlaton PRIPMASaRDR KERgI 0. aduplsier BastamEpbetial aberation.

| S r [ SleRvi -
For el 36F =980 £ T84 ELs SRR A ol ching tratment
may bermegieleﬁeﬁa%ed dyy trds seftactivet diaghostic epe afatd.ea domputes system
case by a hyperopic treatnment of + 1 dioptres. .
calculates & 4ty treatiaemty peafipi Which cRfoMdes @i $'|ﬁ¥a@\@rﬁ¢ra%@'0n- As an
' i at f ne ORy ' e
examipR- i€ fetufirt rofel uff CofteshBid PR, reBlinght & comecting —5
diopt®8¢ The reseltihgovercorredionatiibgesbmpénsated for byha sebone treatment

exanpl e, a hyperopic _treatnment of + 1 dioptres b )
proﬁlwnﬁgwss;bha myeprapi¢ freatmentofor! digples fedarabl the hyperopic

reauhif 5P PEATENG b8y BEeheind e RSB PR A Hmn.
The second or conpensating treatnent nmay be divided in

Atorsinb T T V) B ool e ot s, for
e iy, ST, ek SRBRRRRFCH 0L HGHGE By ofowod by

myopi@frebengrerdfossndidptses.h an order of the subprofiles as

follows: mM , ¢ 1, n2, c2, ...mx-1, cy, nx. As
anot her alternative the individual shots necessary for

As a f:lgf eﬂ?'lefgﬂ%tfv'ée(hg?iré’t ?Wﬂa@?fe%ﬁ@f%fgé‘?'ﬁéﬁ in & 185& two main

In one single s e over

treatraent subi-profiles1dThendecormbor eofripensating érebtmertimay ndivided in at
unitary treatnment. The effect of_the Igzrsent i nvent,i on

least §wo so8IResIsaLPE dfaatmenh BehPAelileh T M dgatmerymay for example
comp?ﬁ[a'srﬂbgﬁr%ﬁﬁéoﬁﬁ' | Nght A5 %@Hehp%ﬁséﬁn}%%'rt{‘télag@ent may comprise

ovércortection and the corresponding a
sub-prefiles s, v2¢ or¢ye TtHeotre atsnawt rhap et rerfaroredewitio raohi orgler of the sub-
[ zone, Si ccording to the invention, the

opt i ?aﬂ ) es
profilgt, g6 follqws: M}, ¢hén2.i ¢4t -MPehtGYeMX-i s cal cul ated with

As another alternative the individual shots necessary for performing the main and the
cbmpensating profile are combined 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



10

15

20

25

30

reference to a corresponding first optical zone and
the shot file for the second treatnent is cal cul ated
wowddi/osafer ence to a correspondi ng second opti Pal/ERIINE009878
Preferably, the size of thetfirst optical zone is
0 ize_of he s ndo ical .zone

optlcmpep%sé ggm 9abqy htE\essfléeeoB hg ﬂg fo& BAEOENIAg a hyperopic
treatrREt i@ SHNGr Tty PRr 84 6f tHeE@xStreemzohéfcﬁrfﬁé Ingyorid ﬁreain'i‘éht

size of the optical zone for the nyopic treatnent.

systen1and the nethod according to the present

The SylerBcand dBounsiat Sapoing 18 The esBnt inpéatas cam,pe used for
hyper’fogiéﬁ%HVa ﬁgo déorf@ctfoHéghﬁLoﬁﬁﬁﬁéutbféyIMe%y of the

xanpl es an e draw ngs, 1 n which: Fi gure
1 schematically shows a cross section of a patient's

~eye and Figure, 2 sho a f n f
The %é%»efr%ﬁwefaﬁ%wwfnaweé&@é?ﬁ?%@ by geandr eolEMsg examples and
the dr%\/\ﬂwq] a cross-section of a patient's eye 1,
g a pupll 2 and a cornea 3. As shown in Figure 1,

t he di arreter Dn of a nomi nal optical zone 4 is
. lected to ater than the dianmeter of the
Figurg i | SNSRI SR GroBF SoEiaRabR AR S GiE and
condition. Mre precisely, the dianeter Dn of a
usual ly circular nom nal optical zone 4 is at |east
Figur®22 t ostioves am epramapleroftah apstehe fafi partarmindtediniquas according to
g i1l 2 of the patient's eye 1 under dimlight
the in Nion. During laser treatnent, the cornea 3 is
treated within a treatnment zone 5 having a dianeter Dt
wherein the treatnment zone conprises the optical zone
Figure 1astbvesna anosd-sectionkef a patisntis eye ﬂohaviagajpmpiua(andga cornea 3.
t he o Jcal he optlcall corr.e
As shagiePuiofife, - S diaeleh o e nsanne! GRtsa! 6ptd 415 4eisqted to be
tangein Hemildredyer ‘?a'ftth@ il @dfytﬁé tieht'$ %y&f 1aunder dim light
grea pag'l%(rgnt when dri ﬁ ;blﬁf nig c@él Figure "2 3@ 9
condifiamevate peem;elys,htbmdmmeémaaplcé a;ﬂsmaiky crasdarmdroinal Optlca| zone

o s PSR AP0 SR 5 ASSRARR ol DR RLAFE e patients

eye 1UHdA EmAIJATBAJIBAMDYRNEGNaddt tF@a’%ﬁl%anthé'boﬁﬁ’éé 834 treated within
systemis directed to a patient's eye 1. The opti cal

a treatyentzone & hawngeadisinected i rwheseinathe; treatmemr\hza)nemmpnses the
optlcamzone 4 and an annular-ike 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 driving a car at 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 laser beam which by means of an optical system is directed to a |
patient's eye 1. The optical system in this example comprises a first deviation mirror
11, e beam homogenising system 12, a second deviation mirror 13, an aperture 14, a
lens 15 and a scanning mirror 16. 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 to the patient's eye 1. The

system additionally comprises a fixation laser which provides a preferably red
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11, a beam honogeni si ng system 12, a second devi ati on
mrror 13, an aperture 14, a lens 15 and a scanni ng
WOoR0070541316. The system further conprises an ai PETYEPIEEMNISTS
Iaser di ode 17 whi ch outputs an ai ning bean1through
[o30) devi at i irr or 13 on the sane .o
flashipd TRH61 RecTcke e F6 BibioPh s SpriRg BB dRtne ient's eve 1.

The sV@.@erﬁwéﬁﬁm egﬁhlphs@@fa bbéfér@w gr?e%% fﬁcﬁbéﬂ?'lﬁ@eﬂ 9@% 19 which is
provi des a preferably ‘redflashin i xation | aser

dnrectedaﬁcm the patieniigheyacl ataamanglerrwrthmespectt toe theaoptical' path of the
The s rther co ef er abl r.een
excimef Jagsr, BB S DI SUsteht Ay, Suf ok 28 uffiid o fdshoriRg nfrared

- illumiRaidres ?/sﬁenﬁ*Yﬂ ks aéro@i@ieéngd\ Q:d’fhbth‘tef %%ﬁa% 3@ |§h€onnected to the

optlca pat of the exciner |aser béeam
excimeystaser 30, dhe scanting avror t16 aandarhhes;enyadrtragker 20 via data

commifsleRy s (5ed Sshed isickGute o e Buasmaticalsilicates an
operaffSn rhitfo 405‘9vh%ﬁ it eBpBEAHd 1 BuferitsXchkels dRaNged behind

data conmuni cation |ines ee dashed |1 nes)
the seamnnga'hlenmﬁ&ame/ tneattneait 2enans spbemhoailwmmmmy a dotted
ng which with respect to the patient's eye is arranged
dashg@bliféd the scanning mirror 16. The treatnent zone is
schematically indicated by a dotted dashed line. A
system for providing a course of refractive treatnent
A sysﬂem foor previding aacoerfseaot refeacdiveotreatimentior icootesting a refractive

err or, Y. CO Ses a CO ut er stem
error,  RopatiEglar v SANSTIEas oL sy eTal ZomPRes T Sorimaes syotem that
recel\Ie%OrLefraUﬁk/é o)ﬁg ro%@é'ﬂ’cﬁnté’%frgéhﬂ/eb?ocﬂ ey ‘Pé’l*rfdtlv%n@ol may be a
hown) for termning the refractive properties of
phoropmn (ent slsowny)sforueeemmmp'ttbe refyactive prapetlestafa aatleré@seye The

comE S UG ST R oSl 35 i
used Sﬁséﬁrﬂbflﬁtloﬁowmcb' ?éfré&fv@a%fgl@alebéﬁéétiorﬁtéggteﬁ'] for correctmg

refractive surgical correction systemis préferab
refrao@xe ieners.| Qe a egisactivegaurgical soreection systern |$mefelfainly an eXC|mer

aser 2% PSSR iR So kY AbRECoRRRILETI U 23 boam
emttté?:ﬁfrblﬁhné |sef¥Bukid And dbiirbd dRitd ‘éQfdnﬁ‘@a BPb'p‘"aﬁbnﬁé/ §§/§ With a light
he conputer system C is genera a personal conputer
dehvecmgmptldal sysierh The COBIPUEET wterntérlﬁ generally Bpersanad computer
compg/Pbcle A the fé?\/leF;@ %l Yint e?ﬁat%’éjnarf%usmess Machines, preferably including
a high-powered processor. The laser system E 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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a hi gh-powered processor. The | aser system E can be a
variety of systens, including the Keracor 217 by
wdaeannsiiae GrbH of Dor nach, Germany. General | yPCT/EB2006/009878

conmput er system C runs the goftware which devel ops a

csgi e of treatnment based on paraneters provided by
ysician as well as refractive data. It can

enploy a variety of algorithms, generally depending on

t he type of excimer |aser systemE. The excinmer |aser

whergjip <3 dﬁngtqa @ﬁessmlﬂry inrAioRives, £ denates, B1g/cylimdge in digrires and A

deno o € o 98 aSIGHRNE, B OGS RS hlfn o voot

More %‘é@lﬁc@ﬂv éthé'S/@/Atréﬁﬁﬁsféﬂﬂth@fégpelcﬂvé MipLae vy fcﬁcddlc’tnatlng the
and a second treatnent profile for correctlngt e

treatrosrérprofiledort r:@wnechmeofr@fefaaﬁtwe@rmrazj oatient syeyedat a may
be descri bed as shown in the follow ng: S/C/ A wherein S
denotes the sphere in dioptres, C denotes the cylinder
The &ystein0RCESRIiIRd doAtHE RPESsntt CeBtidrs Mbvides astd@Bt bf Fefractive
rein, the mnus cylinder convention is used. Mre
treatragricihichacoynprisee as/c:amwt@prsygtam that reeeipes trefraciivippye data

oo 5% [ G- oHID b SEETRAN BB U b8 Jhe computer
systerfhBaleyRtEMaf t64th figst! teathforip(pRERIBt for ey B @dirtl @ atment
a course of refractive treatnment which conprises a

whiche @@mver, w;ayld@m armavercesertiers of e idended eg@eefiana For example,

the GRS orfedtont i 04T P8 S woBlstesCnfe, Lol yreatment profiie

provided &l babRBrRfctibRaFISHF 1-8/070. THEBNRNE1 ¥ 8fdontdiRlin the range of
performng a main treatnent which, however, provides

0.05 &1 (b3epeeferably iionthef range ioft @AGel® Qota-eWthesn cak;y}atlng this first

vostiute, 15! SEATO00E RN Bl e R Ubount e

compQirT Satédciurbrr Halcuthtbs- &/ a8t aTbgcortl teatmdnt Fro’f ile suitable to
constant in the range of 0.05 to 0.3, preferab

corre¢trﬁeal¢ angecosrectionsvhien ganHe dgranibedlin iheprerpnt |¢a§e ﬁSr-s“H S/0/0.

i 4ERTEOAGRER. bl b AP RIGe 19 Bicdh pt zono

‘022 havingerdiasietsrd BRaghioh id emallepthapcdiahetercR of e firstfopltieal zone

suitable to correct said overcorrection which can be
OZ1.described in the present case as -F1 S/0/0.

Thus, the following two steps would be combined.

1)  S+F1:S/0/0 0Z1=0Znominal
2) -F1-S/0/0 022<021

According to a preferred embodiment 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 second
treatment profile suitable to correct 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 0Z1, the

second treatment profile is calculated with reference to a second optical zone 0OZ2
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This second treatnent profile is calculated with

reference to a second optical zone QZ2 having a
wolk@Tesare D2 which is smaller than di aneter D BCDEP100€009878

first optical zone QZ1 . Thus, the follow ng two steps

and i, PEpBEE T Rile f hpivdiated Wil BraPhen (e bR ebalche 0z,
HereihDthePBR6ster DIVEMHeOitst bhfcal Gopet OF 15¥ Hreates 8RN trediatneter of
first treatnment profile which represents the intended

the seeandeand dhe it aptiea) Zopes §244 apd0438. BysfemblyrHbe diameter D2 of

the se@Rofieel EPREMP2 5 ABpr<ihSH At SlflsRF IR Bt e Btical zone

0Z3. Fot thiSpPéferrackerhbbdiffint theFollewing tArddéteds i€ abiBikited.
profile providing said overcorrection, i.e. F 1-S/0/0.

The first treatnent profile is calculated with

refere to the firs pi-cal zone QZ1 , the second
tri)atngﬁfoprofile IS @gﬂ?ﬁb ted with reference to a
segpnd.popgjygl zone (@B2padAthe third treatment profile
is calculated with reference to a third optical zone

az3) Hed&/B/0 t he di anPZ80B21 of the first opthi==0,05...0.3
Exanidae Z1 is greater than the dianeter of the second
N8 the third optical zones OZ2 and QZ3. Preferably,
the dianmeter D2 of the second optical zone OZ2 is
greater than the dianeter D3 of the third optical zone
In thisszgampte, theintepded deatuertios gorrestion ohe spdierical ergor of a patient
. t hr ee, st are calculated. 1) S/0/0 AZI=CZ 2) -F1
is based) ) e PISIE 4558 1. 5/ 0/ 0 Cza<az2 Fi= 0,05 ... 0.3
Exanple In this exanple, the intended treatnent for
correction of a spherical error of a patient is based
Refragtion #6/0/@1 | owi ng dat soptRel zeme Fofmm6/ 0/ 0 optical zone
= 7mm This intended treatnent may be divided into the
foll owi ng steps. .

This intended treatment may be divided into the following steps.

1)  -6/0/0 optical zone = 7mm
2) +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 OZ2 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

light condition is improved.



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

= 6m 3) -0.5/0/0 optical zone = 5mmIn this exanple,
wWo200705088. A treatnent is calculated with ref PCERE®0E/009878

a first, second and third optical zone. The first

optical zone QZ1 corresponds to said nom nal optica

zone. Wth reference to the dianeter D 1 of said first

optical zone a dianeter D2 of the second optical zone

QZ2 is selected froma range of D1-0.5 mmto D1-1 .5 _

The feregoingh diggleswec@ndo dessrigtiameotrthel pﬁefegradd gmbediments are

s BBl Bhq B EBE, T gL 2l st

constﬁﬂtn@ﬁtdr@“m@fhdd"éf oESrRa6H inYsy Bé ?ﬁacﬁﬂf Mth@up@épa?rﬂhg ¥f@ﬁ€ﬁ1e scope
has the advantage that viewing ability under dimlight

of thedaventidron i s i nproved. The foregoi ng di scl osure and
description of the preferred enbodi nents are
illustrative and explanatory thereof, and various
changes in the illustrated construction and net hod of
operation nmay be made w thout departing fromthe scope
of the invention.Cains 1. A systemfor providing a
course of refractive treatnment for correcting a
refractive error conprising: a conputer systemthat
receives refractive eye data indicative of a
refractive error of the eye, calculates at |east a
first treatnment profile, which based upon the
refractive eye data provides an overcorrection and
calcul ates at |east a second treatnent profile
suitable to correct said overcorrection. 2. The system
of claim1l, wherein the refractive error is S/CA
wherein S denotes sphere, C denotes cylinder and A
denotes astigmatism the first treatnment profile
provi des a correction of S+ F1*S/C A, and the second
treatment profile provides a correction of -FTS/ 0/0,
wherein F 1 is in the range of 0.05 to 0. 3,
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preferably of 0.05 to 0.15. 3. The system of any of
clains 1 or 2, wherein the first treatnment profile is
w@raxiosads f or overcorrection of a nyopi ¢ err or PCT/EP2006/009878
resulting in a hyperopic eryor and wherein the second
cnaltreatnent profile is provided for correcting the
"F%sultlng hyperopic error. 4. The system of any of
claims 1 or 2, wherein the first treatnent profile is
provi ded for overcorrection of a hyperopic error
1. rAssystemg fom proviging @ eputse &ﬁdraﬁmf i@ rireateendciefdcorrecting a

atnment _profile is provided for correcting the
refrac '%%Srfprﬁa"ﬁyr'émgc error. 5. The system of any of clains

a combutér %/stémethﬁt Féc%r\)ésoifefﬁé&ﬁvéﬂeybedh% ideafive 6t a aefactive error of
second treatnment profile is divided in at |east two

the eyer,@adatéaieSsaiHemtoa ifrgstreatotent wefdgpwhmmgasgd bpen the refractive
The system f an

eve R ol et SETTRGIont AL ckaiBHBT ot 1o 8sica, kY Teatment

proﬂeomfddleetd@érr@ctcsard @$@mﬁ+eeﬁoﬁlrst optical zone having
first size and cal cul ates the second treat nent

proflle for a corresponding second optical zone haV|ng
secon

S Rt BE w1t ruind B, HE Rt drfor T 'S/ElA Witbrein

denoté@ %bﬁbfb t(DQié?@%@élwrncféfsémcééﬁéﬂeét@ﬁlgméﬂsﬁﬂ| eS8t treatment
ecorrpr|3|ngthef|rst treatment profile for a

prOfllec@m\ed@@rﬁhGQgrethIDQt ob @+ dul*S/Gie Badi the aecq)mdsttr@itlzw@nt profile

.and_the s cond tr t profil o a respondi
providg A BRIERIO! ynh SO n e eubdshae o % IR 0fle o 03,
preferggpyqyfcb g5zg0if5.smal ler than the first si ze. 8. The

system of any of claims 1 to 7, further conprising a

refractive tool providing said refractive eye data, a
refractive surgical correction systemfor correcting
refractive error, said conputing systemreceives the

3. rﬂié SN Wénf‘adfaclﬁrrﬁ@‘l e 2.eivhetdihvipet ek tAs¥ment profile is
rovi des control data to the refractive surgi cal

providegr farcevereospstiem ofwaemyppicsarrar destlting in a hyperopic error and
wherein the second treatment profile is provided for correcting the resulting hyperopic

error.

4. The system of any of claims 1 or 2, wherein the first treatment profile is
provided for overcorrection of a hyperbpic error resulting in @ 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.

6. 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 second optical zone

having a second size, wherein the second size is smaller than the first size.



10

15

20

25

30

data correspond to the at |east one first treatnent
profile and the at | east one second treatnent profile.
wW@200Thet13y st em of claim 8, wherein the at | easPCDEBR2006/009878
first and second treatnent 1profile is calculated for a
predet erm ned excinmer |aser eye surgery system 10. A
nmet hod of providing a course of refractive treatnent
7. T Dhe e9stedt bf BBy af CRfimact to/8, whemin teerpoimpute system calculates a
. receiving refractive eye data indicative of a _ .
singler shotdileicamiprisiog the firstetregtment areliledfor @gcerr espapsting first optical

zone il SRS b Ene BeEnBRTAR ol Bppapaing second

opticat 2ofb! HEvimy adéedopdséize, wheriid the eatoRd sizy Rf smaller than the first
suitable to correct said overcorrection. 11. The

size. met hod of claim 10, wherein the refractive error is

S/ C/A, wherein S denotes sphere, C denotes cylinder
and A denotes astigmatism the first treatnment profile

8. - PTRYkgstenpofany 6EElaPis afto F flrtHerddmprisingd t he second
treathent profile provides a correction of -F1 *

a refragtiyedoolwreviding said refractive pye datige of 0.05 to 0. 3,

a refrit e g b oriae e Rt B e e s el Re sfopr of i e

said dotnpliting SesleirPfecei@isCiPler RS tactiVe @yead 4t Rdrd thErefractive tool and
resulting in a hyperopic error andwherein the second

provideseeantighdats tsf thegefraciive surgical corregtion sxstery whesein said control

data b0 18 25 Ral oPEI RSt weetmal b afffe Fladtope second

treatmentpreMeded for overcorrection of a hyperopic error
resulting in a myopic error and wherein the second
treatnment profile is provided for correcting the

0. (¥ Sy By 3, Pleraing BF R st 3P4 Shoong rpament
profiledid Haldulateddor atpreaétermingd @fdimer iseflieye ¢efgdrp sybtdneast

two treatnment sub-profiles with correspondi ng opti cal
zones.

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

receiving refractive eye data indicative of a refractive error of the eye, calculating at
least a first treatment profile, which based upon the refractive eye data provides an
overcorrection and calculating at least a second treatment profile suitable to correct

said overcorrection.

11. The method of claim 10, wherein the refractive error is S/C/A, wherein S
denotes sphere, C denotes cylinder and A denotes 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 to 0.3,
preferably of 0.05 to 0.15.

12.  The method of any of claims 10 or 11, wherein the first treatment profile is

provided for overcorrection of a myopic erfor_ resulting in a hyperopic error and
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15. The nmethod of any of clains 10 to 14, wherein the
step of calculating the first treatnent profile is

wQeol7msqee for a corresponding first optical zPOEEP2006/009878
having a first size and thaistep of calculating the
second treat nment profile 'S perforrred for a

wherdjf 1€ SEe e ateRd & 24ded Ty <hingBR reqidting hyperopic

error.first size. 16. The nmethod of any of clainms 10 to 15,
wherein a single shot file is determned for the first
t reat nent profl | e based on a corresponding first

opt i cal haV| a first s nd . f t.he, second -
13, oPheRenbdsiany of il 40 1”1 wBSisin dha reLEBRGReNt profile is
S t he n
Pf°v'°%?"z£&‘."‘éV§%§°F'eE?é"{‘ 8, AROpls By rSQURy It Ay BRR"Spror and
whereamyhefsecbnd teeat®end pidile fisiprivded dopcosecting the eetsuﬁtmg myopic
of : providing said refractive eye data, using a
eITOT. ef ractive tool, correcting refractive error, using a
refractive surgical correction system providing the

refractive eye data fromthe refractive tool to a
14 c'blnmmmémgdscyfsamnnémimsow do i@, oimeredd adatcﬁ the athleast one first

andiof Sa¢eiad gatRennPiatie i iMisd Roatibast Bl Ygaunent Sib-profies with
conegp{oﬁafﬁﬁét,égﬁph%g_ and the at | east one second

treat profi 18. The nmethod of claim 17, wherein
cal culating the at |east one first and second

15. o Igé?h?ﬁ. Hpgpr o i}g cg@;pgir@?gagdg\{g%?elﬁ e g;g o rgé{c]:gpating the first
treatment profile 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 second size is

smaller than the first size.

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

zone having a second size, wherein the second size is smaller than the first size.

17. The method of any of claims 10 to 16, further comprising the steps of:
providing said refractive eye data, using a refractive tool,

correcting refractive error, using a refractive surgical correction system, _
providing the refractive eye data from the refractive tool to a computing system and
providing control data to the refractive surgical correction system, wherein said
control data correspond to the at least one first treatment profilé and the at least one

second treatment profile.

18. The method of claim 17, wherein calculating the at least one first and second

treatment profile is performed for a predetermined excimer laser eye surgery system.



