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WD 2008/ 055506 PCT/ DK2007/ 000495 Method and appar at us
for non- or mnimally disruptive photomani pul ati on of

wamoseysoAl | patent and non- patent references eit/og2000/000495

the application, or in the present 5 application, are
al so hereby incorporated by reference in their
entirety. Field of invention The present invention

I Meth66 ah@ apparitiiofbrindn- B Mmininally disruptivg piotoriaiipulation of an
10 phot omani pul ati on of the lens and/or its
c&¥8tituents, collectively or selectively, of an

ani mal or hurmn eye. Background of inventi on Opaciti es
in the eye are mar.i d aract

o ShBR P A BoaiRrh hrerplodiled Tn e ePl B G cor i ok gert
happkation apé alsb Getebi Sndospdpatetddy iréfgrened & tadir EMrety.
presbyopi a. Presbyopia is defined as a decrease in
accommodati ve anplitude of the eye resulting in an

i Fadld lof inveintionorrectly focus light on the retina from
objects at variable distance. This is usually noticed
by emmretropi c subjects (persons who do not need

s Fl"hétp?@deﬁt ipventionnélaes tb amsetad foe adn-ar niinimatly disamuee

RoRManiapa ar S Teriprior T cofidRierts. balebiveiy of pd8Gively. of an

t.raamsamramhalewem to ultraviolet and the dense protein
content of the lens forns a well-organi sed, el astical
and fl exi bl es substance. Fromthe age of 10 years,
prBzgkg&mndeofyaVéIﬁiAimg begi ns to change the |ens, 25

- CHEERI 1% £V s AL oqteR i Rt Whenip @Budly thp teacing
8tcbu§kﬁcfaﬂiegméssl whereasahdaraegueg jof thederis is primarily uélptedits presbyopia.
ave .dev, | .
" 08 SR L KR, MDA Bl SFBRIEEEY ke resutng
| éwveh jnabliityute @nntectlyffoqasdightorathe refinarfcel objects ay eaniable/distance.
f ?ﬁrigﬁtgu%lg%gﬁ%e&é?oyygﬁirggﬁgﬁgégﬁe ’ﬁ rgéf'nrs%vﬂosdor ﬁ&%@ sBéctacIe or

e surg
arcoofati lens barcaxtise fop Histarck vision) beeentage mﬁeﬁ@ras lnablllty to see close
st an f surgical treatnment. Even in

ir?glfgsrﬁ%?rﬁ'md countries the burden of treatnent

creates significant problens for the health care

smﬁ?e n hJ é‘ﬁc‘ is b%'?n élﬁ? Fe'ﬁ%’ npqSF?FeH{ 8\?&535 %fﬂa@l?: e‘? g'trfel@énse

ude” an Sy
t rpaztelmmmhteof oftthe leine I‘ﬁQTmSpﬁ weléowahs%edmhasmicﬂﬁnmﬂhmb@ﬁl substance.

Cg?gm% 38 §1/ 1%5)7%%93 pP%TéQ'i%%?é\QﬂQ %galns to change the lens,

concurrently or in close relation to the loss of accommodative amplitude. Ultimately, in
the 7™ or 8" decade of life, a large proportion of subjects will have developed visual
impairment secondary to cataract, i.e. opacification of the lens.

On a global level, thousands of people are blinded each year by cataract and at
present the only cure is removal of the lens by surgery. For many people surgery is not
an option because of lack of access to modern standards of surgical treatment. Even in
industrialized countries the burden of treatment creates significant problems for the
health care systems. Thus, an instrument for restoration of visual function

(accommodative amplitude and clarity) by treatment of the lens, preferably non-
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2 invasive, wll be of significant value for the
prevention and treatnment of visual dysfunction. The

wqslog/ossseol orati on of the lens is believed to lEr/DRUDSU00495

by the formation of covalent % cross-links and
aggregation of degraded proteins in the |ens.
Mol ecul ar cross-links and other types of degradation

dirfvasivé, Wil 8e @PLibRiAtant RaluaRs: lisnpreaéntRinapRItidatfiertiof Visgal
lens. The fluorescence of cyclic nol ecul ar conponents

of¥$fHecti®Poss-1inks is early evidence of this process.

10 The application of laser light for

phot omani pyl at.i on_of the eye i 1 kn in the.

t e qeTcyy ColprtinmptiBe iagy is Pelieved to RecRusRY By S mniipgof covalent
| Srd¢8BAKSAmPaggregdtiof lof dedragdd prateindf ihitied IeAS.|Molecular cross-links and

monochromatic to allow sufficjent focys. One ex I

oPEh g gl peareiaifnsteryitdos ot land Beciiisicel GoBeRaRo the lens.

WTRE Bubr@s€snceicd Byclic SnoMudldr éomponetitd aftthe arudsdihkey islegrly evidence of

renove small portions of the lens with the purpose of

cH¥$ BOCERYy vision. A different application is

described in 15 US 6, 726,679 where laser light is

applied. tao dissol ve opacities and/or rdenin of an

cBp arblrByt o Beerloat B F Lo TR RTAIL e 16 S8 s wen KRbwR h the fel

diofftandimoldgy! [Bitthiy comtektiiadendigtetyie understsed as tighitshidbtis sufficiently

gossr{ogr'mrgg]taﬁ@?ﬁlgog\tm cier %%.yqﬁé”%ﬁpﬁlﬁgw\?ea'gﬁfﬂ%ﬁw‘Sf laser light is

daumgelsz,ase Whereslaser |igl|®ts'§ bplied W gblatesdrakibatepy bemovecsamaicoortions

seyer ti . Secon t he corregct,.dose of .| . .

S R e S RSP R A Ko SRR oK 1955 aBhisaRFgl cescroea

a(EJ;B' @,V§6,6|79 wpeid lassrrightds appliedlto dissellé opacitieisgimidior hardenings of an

i ndi vi dual and nmay.vary . wth the Pt i he.

| SgperaAayeBPwEvr i€ mbndgi s sslera fRibacks, Fill [Fih s eve

i RRfsteittd Net possible-to deteahine ekadly viemadi thg lens the eye is being treated,

over-t.reatnent. nages na ccur due.

ed&%'ﬁ?‘ﬂﬁ"%’fresﬁﬁ@ O%BWQF? %f] tssan?en#l?srlwt}é’glrlé s'%‘rsctaaskﬁpltyibﬁgtreated

| Begysal tbhé§ISeb6nc(ly;ah€:t d:cateicbdodemj_ﬂﬂses )ightSppiechbiaenos'rtign within the

P RaE e s YR Pb e E ey ki i 8y vary with the

appeidominctae dend. WithIsapeuesedf thenldserahisingayi resdhintineffective under-
chani cal stress on .t e [ ' :

¢ Teafiert 3, a3nasig ol eaien Bandes Bpy PRI BRal evaporation of

atie cedtitueats ibthedens cablting in gasdlisterm@avitatian boblies)eSuch blisters

control | ed e eat,. LG [

T e L

haodevertbeir appergancesnd edlapse ahayapdukessignificagt mgchimical stress on

6,,/2 79,01 i i fficult ' t :

5 By 5l o PSR, o ot 1S BRUB oo avoiis

whr be agwidable nig aonanrienthat zambe contadisd b thectréating physiciamor

a ' i_st .

oAt kones FIRALACTR.AGnt 26 2ERER NS Lo usn

t meetbodsssuch adaleberitedan USHe72606v-9 ihisaliffiquit to adjust the amount of
energy, so as to obtain sufficient treatment effect while avoiding or minimizing
undesired effects, such as gas blisters or photodamage of the cornea or the living
layers of the lens. In spite of these risks, there is no doubt that the non-invasive
reduction or removal of opacity and hardenings in the lens is an important clinical goal.
It is therefore an object of the present invention to provide a method and apparatus for

non-invasive photomanipulation of the lens and/or its constituents, collectively or
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reduction or renoval of opacity and hardenings in the
lens is an inportant clinical goal. It is therefore

w@booglses of the present invention to provi dep@r/pReWOM00495

and apparatus for 35 non-invasigve phot omani pul ati on of
the lens and/or its constituents, collectively or WO
2008/ 055506 PCT/ DK2007/ 000495 3 selectively, while

er&%l&:ﬁ\fé@/ Hhilk eh&hmy eﬁb‘iﬂn‘éy aRBBHEAEING th’ﬁHt oﬁﬁ}'tb{e Ffimally- or non-

m ni mal I'y- or non- "di sruptive amount of photonic
eﬁ@rwlveémuah@frﬁhpt%\& Qr@rssh'é trgpemitted g e\eY8f i nventi on
5 The present invention relates to a nethod and system
for photobl eaching or other non- disruptive or
mSyunRRofdn¥entian ve phot onani pul ation of the lens of

t AP pY¥Eseht inERioANEIBR)s to Qrmé'thﬁﬁaéhd?y}%téhﬁ‘ fHr Pholobfeaching or other non-
constituent con@gnent s, selectively or collectively

THESTURtiYe 08 MinDabrARETNEBhasTRTIBNIaUSN GFdadigp Gihe eyé of the animal

PIoP RBibh @5 Bhd/bERScIntitERt tompiA¥nta Sseldttitp dREBlIechively. The aim is
optical transmttance and/or increase jts

aé@ eharegdne ggthabwggeqhanga prppg;tlg%ofdﬁ%lpgsgclig way as to enhance its

defREdahsmittdndd M/érhﬁcr%‘é@ltsoé&gmmaﬁv&%ﬂéé oﬁ)éblhty to undergo
accommodation, . t he dynam ¢ adj ust nent of

f slefarmationygyringtthe H@vwgelcam@csg%?fr%aowte?%ﬂ eetPF gypamic
b%‘dﬂﬁtrﬁ&ﬂ'oﬁﬁﬁ%céﬂén@ﬂﬁ&%@@yéJ rRa @Bkird afecs&rafaat%lw@eacmeved

resolubilisation of precipitated natter
" B8 T ng M g ChBERPhBies s SolkBatioh el eRipialan Sateh with

ofabABInes %f@%t.&éﬂ&tnghay@tteﬂ@@ba@mes AR j@ictibRbf @Blechidt that have
|nvoIV|ng cross-1linkin teratl on

c HBAPGPRS deratiratipn ki invalvig srese- kg %@%}%mehﬁ%wm'sw
d'c‘ﬁ?#&@fe‘&@fbsﬁf Iei?@\b%hﬁﬂh?dw Byl Gisrupfibs o{ éovdléﬁt?bdaﬁdielrhhls is done under
prefera conti nuous feed: ba ntro t he . chapge
TeSBEP b ERRS Ol Do GBI B FRTaPER NPt ShETRURGPs of the
Olleri¥ S 49 t3QvEidBR @8Il dnhate rfeﬁtﬂl’ﬁgcf%fh icalitations or othétuisruptive

oy et 6 it faasio WEle o RAcHlR Uk SR PPl pesirable

| réffbbﬁnkmgns 20 In particular is realized that optimm
phot oneni pul ation, while ensuri ng that undesired

rré? ﬁgr&%\dlg{ g ﬁ%%lgeg ﬁ’a&ghﬁ"ﬁnﬂﬁl 0 omagf,pb: |8€tv9h IréaebnlsSrlrpa/ th%t undesired
pfwieelﬁm pudiddd @mnunlfmutéte id iab\smfahﬂelb;bla méthod fon sibnt eremininally
coll ecti r. | ectj.V 0
e pier ik sFpbrizpieudgfof gL e &gt RatRlerat i Rby o
[ rstelbcavelsebm ardmplaorthueafantdye, ¢opmmisanigd/ or 25 its
constituents collectively or selectively where

treat rrent %oél.gfr@rbdt%jatrtngnt Iggecr%%amqato%uée?écﬁ]& B;rt 31‘%9 lens and/or

treat ment 2 aser
its constituents collectively or selectively where treatment is intended to

occur,;
b) pulsing of said treatment laser beam;

c) measuring one or more types of radiation from the said selected part
and utilizing this measurement to decide to stop the said treatmeht laser
beam or to adjust at least one of the parameters: focus, intensity,
wavelength, pulse length, repetition frequency, and pulse train length of

said treatment laser beam,
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C) neasuring one or nore types of radiation fromthe
said selected part and utilizing this nmeasurenent to

wolemsdssst® stop the said treatnent |aser 30 beeryp&ROTO00495

adj ust at |east one of the paraneters: focus,

intensity, wavel ength, pulse |length, repetition

frequency, and pulse train length of. said treatnent

| merebh e TphotémaNPALERIEE @BeSIVElYHEHHLAIOAHY fortan accurate and
wher eby t he phot nipulation is effectively nonitored
aPPYMRAFPP 'Bﬂ°g5??‘ﬁ? P¥9%nd optinmum application of

phot o energy. Furthernore, in a second aspect of the

i FURRérmae, e b 3t eandt aspactyf secinvértion nelates & a spsteinrfer hon- or

di sr.uptive ot omani pul atj.on he | ens. and I.£s :

c BB R BYee PR RYRfbta of e o2 anffif Gotsfughts borectively o
aselaetivelyr of anramimal yoe hudaneyée, ongrisidy: a treat ment | aser
systemfor emtting at |east one treatnent |aser beam

e) focusing ' o t :
beam i nt o‘Ba as &%g@?'gggseégf#%? &tﬁi@hlﬁgtﬁg %g%%rtrélat?@gﬁt laser beam;
constituents collectively or selectively where

t r eat nente)i $odusing mans far foeusing; saidtréatmenidaseripgam into a selected
pul si ng of j r [ 1 ;

measuri ng oﬁghgghﬁgﬁ ypocars',é%? F‘Srtg I at ?%Dﬁc@?r?t%egcg\g%where
sel ect ed patreatnient isgatepdédio qeceicessi ng t he said one or

nore type of radiation fromthe said selected part;

15 i) neaws J gl t part of

the out pu é&?ﬁi&%ﬁdg"@f%@%;e%grgggg’%éﬁiﬁ | east one

of the paraneters for the said treatnent |aser beam
focus, i r@emgany foryprastERgOne opmPredypesRftadiatiqnfem thegipid
frequency, g3pdciedlpag; train length of said treatnent

| aser beam In a third aspect the invention relates to

a system and nmethod a net hod of 20 mechani calgr\é L

i mmobi | i Zn @'e3RE feriReGegsiag dhe said png olnoredyRs of ragigfion,fiom the
treat ment, Ryid EReRAPaFRl contact with the surface of

the eye or by nmechanical contact to a contact |ens

nmounted op the eye, as _well as a st.em of

nmechani ca'VI V‘%H‘ﬁ%‘{‘fi djusting, qaﬁ%‘? PR \?ﬁ%@ﬁ PRILOT thg Qy{tpyf of fhe means
partly, dur ifsiprodessingpattieast ongof the pgramesers férahe said treatment
mechani cal contact wth .the.surface of the e and/.or
neans for n&ﬁéﬁ?%’ﬁﬂ%‘@nf gsity. W%Yege@ﬁ&‘a&‘g?éer%ﬁhﬁ%ett@%n

frequency, and pulse train length of said treatment laser beam.

In a third aspect the invention relates to a system and method a method of
mechanically immobilizing the living eye, wholly or partly, during treatment, by
mechanical contact with the surface of the eye or by mechanical contact to a contact
lens mounted on the eye, as well as a system of mechanically immobilizing the living
eye, wholly or partly, during treatment, comprising means for mechanical contact with
the surface of the eye and/or means for mechanical contact to a contact lens mounted

on the said eye.

In a fourth aspect the invention relates to a method of tracking the movement of the
eye by imaging of the eye on at least one light detector, as well as a system of tracking
the movement of the eye comprising means for imaging of the eye on at least one light

detector.
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25 on the said eye. In a fourth aspect the invention
relates to a nethod of tracking the novenent of the

weymshyssoeragi ng of the eye on at | east one |i gitT/DK2007/000495

detector, as well as a systemgf tracking the
movenent of the eye conprising neans for inmaging of
the eye on at |east one light detector. WO

2008 KRS agitlt E@Tﬁ@ﬁﬂ@l@7élﬁ@9&95meﬂ1ddrfor&n6hlfdnhg M@r@ntéﬁbﬁ of an

invention relates to a ne r%‘rgltorln

oY R IR Y S dlaneQipl PRNIE SoSATER Y PHRRRRTSf the eve and
MgHH fuRdus @osteRorSiHEIB@ 6Ftheley rﬁifdaWuldﬁag thedbridnketion e therge in

the fundus (posteri i ns % he, eye) _and . -
C 3P TR VA R8T PGS e QTP oS Eyepspage comprising
Wdan@%r%cﬁtﬁ%h@ﬂﬁ‘e@uﬁ@’é@bﬁ aritérngy pftah%f Hel @@taaﬁir@éar&ffoﬁﬁonitoring
e S ace co s for nitorin

< Ui hBaE e o calcetngiihg Agerglonitens B Spare

nmoni t ori ng the fundus and neans for cal cul ating the

orientation of the eye in space In a sixth aspect the
invention relates to a nmet hod for conditioning the eye

prior t ment tr
érgg §§‘£%?ﬁ998€tﬁ8 aneﬁtéor}ar Laé% r‘figtlwgg g% pclol%llt c%lréé the e prior to
| ereatmemt, ctmhng treathednit, prionty: assessment ot durmgobssagpment by applying at
field as as a.
c 53t PEPHEE IR Pt T o oG AL A i o F gt for
f abhditioniry theegé composiog mednsmg applyingfat lelast orl of the following: heat,
sey e invention relates to a nethod of
Fglgﬁnﬁﬁ%g%%g f%ﬁ or animal in 15 need of treatnent
for cataract, pre-cataract or presbyopia by non- or

m ni mal |y disruptive phot omani pul ati on of the |ens
and/or its constituents collectively or selectively

Of Q'ge\?éHtﬁ'?éa%e‘e&E thEH‘lW%‘?m@rY ?elat@é’fw netHod of krkath rgfé‘ ér@gn 8r animal in

t reat ment eam I nto a sel ected part I'ens
ameed of treatmentdnseatangeh pee-ealanaelcaripresbyopip by &10Bce) 'V@W/auy

\g?ifégg.?tlgé ??Ee’% rE't Pﬁtlbﬁ‘%ﬁ'ﬂg@&sté?\d/o?‘@ts @6kdtfiuenks cdlebiielybr

_ : aser beam 1) neasuring one or nore
t pplestively of i animaler humantele, COMRIISHE] ect ed part and
utilizing this nmeasurenent to decide to stop the said

treat ment) | m%lnglbet?éﬁtrﬁénttlé’se@@b%tmt@ta sleﬂ-;%’ﬁéd &?ﬁonﬁe leR€ and/or
par anmet ers focus, intensity wavel en

Cengt h, T opét CORBtHeTeRlEriplY oaﬁe'eﬁw%wg?rs.tﬁarreﬂzjmntended to
of said tregégrent | aser beam

k) pulsing of said treatment laser beam;

I) measuring one or more types of radiation from the said selected part
and utilizing this measurement to decide to stop the said treatment laser
beam or to adjust at least one of the parameters: focus, intensity,
wavelength, pulse length, repetition frequency, and pulse train length of
said treatment laser beam.

thereby photobleaching said cataract, pre-cataract or presbyopia and thus treating the
disease. Furthermore, the invention relates to a system for treating a person or animal

in need of treatment for cataract, pre-cataract or presbyopia by non- or minimally
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t her eby phot obl eachi ng said cataract, pre-cataract or
presbyopia and thus treating the disease.

wdrbioslssso@re, the invention relates to a systepef/BK2007/000495

treating a person or animal i need of treatnent for
cataract, pre-cataract or presbyopia by non- or

m ni mal |y WD 2008/ 055506 PCT/ DK2007/ 000495 6
digRruptive ‘ﬁﬁoﬂ%hﬁh%ﬂaﬂbrﬁ) Bt mbuéﬁs dhfd/dr ftg cbﬁam@meédntecﬁv@sj or

constituents collectively or selectively of an ani mal
oreelaiMely @A aniBahsr NEMAR YRy COMPEINEYT or focusing a
treatnment |aser beaminto a selected part of the said

| ens and/ @y mdaps wn&dUstdg@nﬁ@atmeht Iasdribéamyiniera selected part of the

selectively where 5 treatne tended to o n
means for p&P'g(? W’@é‘ﬁd’%?’@é‘?’ﬁ%ﬁ%%@? o] tﬁ?ﬁveg; wnEe

means for npastidnt@ inteadéed tosecer;t ypes of radi ation
fromthe said selected part; p) neans for processing

t he said qne or of |at|on romthe 10
sai d sel e®t S¥WIHE/T rputﬂ"}/q?r%a?ﬁp tfe&?’“s% ﬁa at | east
one of the paraneters for the said treat ment | aser

beam f ocels meant éorsneasuringiord enmbre, typed cfeadiatimgt fgm the said

repetition y, and pulse train |length of said
treatnment | ggléft%é ﬁt Thereby optimally photobl eachi ng

.said cataract, pre-cataract or presbyopia and 15 thus

treating phenedins éargpeocessing theesajhpnegpote, typéef radiation from the
i nventi on rggﬁt%%cfe%ﬁgmwet hod for non-invasive

treatnment o and/or its constituents
collectively or selectively of an aninmal or hunman
eye, conpq) sneaps iy adjustiog ableag) caetof thetpasameterssfer thesaid treatment

into a seleg Js%ijf)?ﬁﬁifo&iﬁ Ht&wéltgr\ﬁav%fé%ﬁf qusHéngth repetition

constituents collectively or SelectiV
treatment i drefvensydent puise ain lanathsf saig tggqt@eeklagqmgam
treatment | aser beam t) scanning the treatnent | aser

beamrQu gty B&ﬁnéllg%ﬁoﬁble%huhféﬁﬁ cBFdct, preRaReict oPpredbydpia and

a const ant or v vel ocity; u) nmeasuring one or
mor ethuyﬁégtlﬂﬁthﬁétfieaﬁ on fromthe said selected part
and utilizing this nmeasurenment to decide to stop the
said treatnent |aser

In an eight aspect, the invention relates to a method for non-invasive treatment of
the lens and/or its constituents collectively or selectively of an animal or human

eye, comprising

r) focusing a treatment laser beam into a selected part of the lens and/or
its constituents collectively or selectively where treatment is intended to

occur,;
s) pulsing of said treatment laser beam;

t) scanning the treatment laser beam over the lens or at least parts thereof

with a constant or varying velocity;

u) measuring one or more types of radiation from the said selected part

and utilizing this measurement to decide to stop the said treatment laser
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WD 2008/ 055506 PCT/ DK2007/ 000495 7 beam or to adj ust
at | east one of the paraneters: focus, intensity,

wowaelesngs h, pul se length, repetition frequencyct/PrRE&S/000495

train length, scan velocity, g ze of scanned vol une,
scan repetitions, and scan pattern of said treatnent
| aser beamm 5 In a ninth aspect, the invention rel ates

to a systempegm d196 abjl¥Rst iast dreatithE Phraffetdrfochse iHtensity,
and/or its constituents collectively or selectively of

an ani mal oWaygleagthepse lepgiiintapstitiny fiaaugpgh Sulss train'length, scan

focusing a teRetyTBRE df 364ineBeaIliMeNECarArep6titRAs SfhdRRbA pattern of
of the 10 lens and/or its constituents collectively

or sel ecti veRid gatipent!aseaPR¥AL is intended to occur;
w) neans for pulsing of said treatnent |aser beam x)
means for scanning the treatnent |aser beam over the
lens or at least parts thereof with a constant or

varying vel ocity; 15 vy) ans _for suring._one, or

mh & i aspest. the fpvatiobireblests aisdstet o b larlig paipent of the
anghsredng its @dnstitudnts coligctivielysornseestivetyrefidn aromdiearirdenanceye,
stop the said treatnent |aser beam or to adjust at
Iég&p”ﬁ'ﬂg of the paranmeters: focus, intensity,

wavel ength, pul se length, repetition frequency, pulse
train | engt measdor foelsig 4 yeatsientiasdr eamintoch selécied part of the

20 scan repetitions, f I ;
S emt omon R 1 RS ARLERD, §'sopBlibipuee regiment
provi des a nmtehded tarodcar; system for si nul t aneous use

of multiple probing beans entering the eye, each

form ng i\R,?ing%%hszﬁc@]ﬁqﬁe%dfs%%ﬁe&%e?g%&q%laMoI unme where

a desired response es ate, such a
response 25 being for instance fluorescence or another
eni ssi on ¥haveansdol sseneiog thedreaynentdaspsbeamayet therens or at least

focus, and ipHeRdrLf wifh d &ﬁ\g{a‘ﬁ[‘gr vdr{ﬂrﬁggelgbi vent h

aspect, the 'invention provides nme nd a system
for sinmultaneous wuse of multiple treatnent beans )
ent eri ng Yhenesns forraeasuring anegr mete yaps Sldpdiptienirerg dhrssaid

or target V@eié!@?ed‘m FhdInélasitbediliking Mis fldaSireRfént to decide to stop
chem cal reaction or structural alteration

WO
2008/ 055506 thesaigikeatyend Asgoeam or to adjust at least one of the
parameters: focus, intensity, wavelength, pulse length, repetition

frequency, pulse train length, scan velocity, size of scanned volume,

scan repetitions, and scan pattern of said treatment laser beam;

In a tenth aspect, the invention provides a method and a system for simultaneous use
of multiple probing beams entering the eye, each forming its own separate focus or
target volume where a desired light-elicited response takes place, such a response
being for instance fluorescence or another emission that enables control of target

position, focus, and intensity in the lens.

In an eleventh aspect, the invention provides a method and a system for simultaneous
use of multiple treatment beams entering the eye, each forming its own separate focus

or target volume where a desired light-elicited chemical reaction or structural alteration
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8 change takes place, while avoiding side-effects that
woul d follow from having the total energy delivered

wo Sooklo&sseye concentrated in a single focus. 5 pcT/DK2007/000495

Description of Drawings In thegfollow ng, the
invention is described in nore detail with reference
to the acconpanying drawings, in which: Fig. 1 shows

a cﬁsttb@takéscmscyee WHlI@Wv&Han s&ﬁéséfféﬁls&ﬁ@twdﬂjlmﬁlléw froRehaving the total
i nventi on OWs a . Ssc erTFtl c overview of a

sﬁ?@ﬁtdﬁﬂ‘@é‘%?%ﬂegéeFWQ“H@‘@Ht‘” BANgle{eeufdi ng sever al
features such as adaptive optics. Fig. 3 shows several
of the different forns of information the neans for
15 processign may receive as input and provide as

omdgut.pt.gngfnflavs.hggs a suitable Iaser system Fi g 5
hows a suitable |aser %/ste Iﬂgga Eﬁ/
o i fekowing, g Ruention i déscrige aan%fa gt £ <Engerdp e,
C%e@ﬁpa@mgbﬁgmgg ih Mpiceye and the said contact |ens.

Det ai | ed description of the invention 25 Feedback

Em ssion of radiation, such as autofl uorescence,

erFig.tied fr growda SEREAAH dVeRdevp b4 8ysiém acedtding tol tredndantion.
nmoni tor photochemical reactions. It is preferred that

at | east one of said types of radiation arises due to
sdigl 2t r eat EABWs basREMARAGIeVIéw bEBYystém @ccording to the invention

characteristic of sai d radiation aI ysi s of
which is ué’&ﬁ“‘ﬁ'@ %ﬁyje@i{eqnﬁgs tst“g‘a?srt%qﬁpPYeag%fcsbeam Wil l
30 depend directly on the said treat ment | aser beam

oF e a ¢ ysbEnb povaith ot reAFELRERE b aloshE Ritapg 5

source of rpastessign mayTecdiveass mplitcaelrprovitieasbytput he

said selected part may e.g. be nmanipulated at one

wavel ength but probed for characterizing radiation

UFiigi@ a di fshews atsuitaisly &lsengytstem WO 2008/ 055506

PCT/ DK2007/ 000495 9 A preferred enbodi nent of the

met hod according to the invention further conprises an
Fig. 5 shows a suitable laser system.

Fig. 6 shows an eye on which a contact lens is attached as well as a fluid

connection between the eye and the said contact lens.

Detailed description of the invention

Feedback

Emission of radiation, such as autofluorescence, emitted from the crosslinked proteins
can be used to monitor photochemical reactions. It is preferred that at least one of said
types of radiation arises due to said treatment laser beam. Thereby, the characteristics
of said radiation, the analysis of which is used to adjust the treatment laser beam will
depend directly on the said treatment laser beam. However, it may also be
advantageous the at least one of said types of radiation arises due to a secondary
source of radiation, such as a laser. Thereby, the said selected part may e.g. be
manipulated at one wavelength but probed for characterizing radiation using a different

wavelength.



10

15

20

25

30

initialization phase, where non-manipulative intensity
is directed to the said selected part and one or nore

wo Y5306 r adi ati on, caused by the interacti onpORDRR®N/000495

the said part and the said no® mani pul ative

intensity, are nmeasured and utilizing this 5

nmeasurenent to decide not to photomanipul ate said

se mteeﬂédwﬁodmierd efihdandthoacneding tothe invention further comprises an

DSBS e R bNE AT byt S s
aparHhedne for hidnetypes of radiatiors, qaueédaby the mthattldirhaetwaemthe said
b P R, A P o
Wanvesseregient taodecide dot g pligtomaniptilatel said éefle:qedapmjmr qediceeto proceed

ofttrholREybyRR: TraraE Wl i vy FEBRELmpry o

t rpeatorfwmipula}tlaa maybmaanseﬂ'deelr Evhrjhdrimeres étig pretpred thatdhe said
r t t . .
ol G s i Mo fa AR ST b 7 B bl B darouynas oo

anmtemsilg \ﬁ/a‘mbrtdﬂe pi.:lseSéngtl'p hepetitiam frpqnheltcymulsestraln length, scan
m nj n z A _secand re erre
aelglgrcm ﬁ&e oé Sf?{‘g‘leg o e, 8 %an %Hgt%ggsangnns aﬁga@é}g éaggérggr?;atment
pl1me beémeTheIpw the aemog obthetpaearseied for thatpmetomanipsiation are pre-

t
t ﬁ)g[n rg%eg éhag ét@ %rogélﬂlﬂ/ §¥ gﬁ/oﬁeggg% Sﬁéc'étta}[mha frghrtﬁg hes?l 0
t yphetonahipudadioats mminiaeded by the i nt er act | on bet ween
thg said part and the said non- manipulative intensity
a
; u%r?%tgbh pf &?enc% Qbﬁocﬁr?@r?t%f?ﬁ?ﬂg hof agtgcgrhfﬁg St% ﬁ\ee%b%hgo%ortnpnses an
wiasbessment phasgtafted ppplicationt ofdslne aald treatsnend lasepipeanh wherg non-
f 21:5%? I%}g/ﬁ |r$tgﬁ§ﬁ§l is Hl%c?ébﬁtiotst%e séﬁ@‘é@llegtiggwan aﬁ’iHln‘T‘e‘éshﬁﬁ@Bﬁb or more
veyml of yadlailozne:agsedstasamnerdei\astlweetwg@!aﬂ\erfafbwa't af@ﬂw%‘e said non-
TMarﬁ;%ﬁ:ﬂnv@%tEﬁé aﬂﬁ \}Jélr gfjthzfrrﬁ?‘& %}P?rb:tl"’lg ﬁéc@@ #3top further treatment
pmwn‘mrtmu Itcatesume tieatmernt withros witbeutiadjustment o aieastigae of the
r Q&#’h cuE gﬁtgﬁlgl £ ??gﬁ&ﬁ;ﬂflsé@){gth erepgt??)gtf%qggﬁéy"b@@e train
ad@rmﬂdusqgn velocltye size pksranped vﬂ&m§a$@nrf§%@m%§r@ﬁti scan pattern of
o8 %'\é l’éeaémgﬁttlﬂépb%ﬁ%gﬂt\é}@b)p ﬁ’tﬁ‘w&;%e b @Btlfléruﬁciéfnt bh&omahiBulation

rirsin east one of
f dlas @apured orritihkasnat thervasata thesaig §S%ﬁ’5i5§‘|eﬁbma)§ b gsed to optimize

farﬂgrgﬁgtb eptu fahent pulse or any characteristic

that c ed usi ng steady-state or
ti me-resol ved spectroscop}é’let (such as a change in col or

arle agweferpd Method Fesprdinddp dhe ihvantiop g said measurgmenbinyeive
' rhe@nﬁu%(ﬁle%pﬁaélfsrgnaﬂ% 5aRe8aid Galed ﬂaﬂtc%ﬁﬁirf%b‘\b at least one of

phot on-correl ati on spectroscopy (such a

appafaliavingoiransiank ehafastgpgtics Prlgna e @n effaet %H}?p‘b%ﬁt%?@remse or any
f | QFREFRHC Mhat SRS FRERRYisinG sty Etdte Br tihB8eéHRER, spectroscopy
spectral shift or other change in |Iens
(such as a change in color and absorption), Raman spectroscopy (such as a change in
Stoke’s shift and Raman scatter intensity), photon-correlation spectroscopy (such as a
change in apparent molecular weight, rigidity, and composition), fluorescence
spectroscopy (a reduction, increase, spectral shift or other change in lens
fluorescence) and/or phosphorescence spectroscopy (a reduction, increase, spectral

shift or other change in lens phosphorence).



10

15

20

25

30

fl uorescence) and/or phosphorescence spectroscopy (a
reduction, increase, spectral shift or other change

wo posesssophosphor ence). WO 2008/ 055506 PCT/DK2007/000495

PCT/ DK2007/ 000495 10 It is futghernore also preferred
that the said neasurenent involves detection of

acoustic effects recorded using non-contact sensor (S)
and/ or an acoustic sensor placed in di rect contact or

i ndi t cont ct ' t ot

N BB taro R amsletree g e e S5 B REMuntaes ftagtign of

phbﬁstlabﬁeg&ﬂ ﬁtoﬁdddil wr@im@tm sér&de(s) andloean ataustit sygnsor
of f a

f ) f t f . _Acousti.
o PIRERT B giecb s ot oiresconiaprhultihe BV or AlRGHT bfsuys, Non-contact
I eﬁmsab iss;ssfd‘rs ara Wé‘lﬁknoﬁmnmmiprmh drtsaaﬁa insitlophdres or laser
co se 0 t m ot t f
%'?‘%8'?1?% B@qr&,@bﬁeﬁ?éﬁlo ﬁ&” ?CsegueerAcZgFZl ggl Y,
I A@bm&im@ebtb@ smldwcaomuﬁth pbotsmanpulatuhebfethy €3 gise Vriodethe

qrgmg meﬁpﬁpﬁgy t§§ cgﬁqpesglﬂf th%tPl}c qr{gg%d g’om othg'a}ypes of interaction
pbmmgmérmttlseme Aﬂbbrhiuriglydiricmtngdbé emtilaouustrc seasdrltissreby

DT Pr o, PRa Y ceteiof ok e ol o G2 s’ Rt @ resutt o he
pphbdtonmnipolatiah.i With afdirett déteetion it istthen rmmpla tepasitively verify whether
RS o B4 BabL B0 DS ) Bppomamuisn 1 oes
f ee::l back | oop, so the said st eps of rreasur enent

{ .
S0 VS TR B BRI Rab e v
f aad-adjosinient fmm eoﬂaeda)belslosp bsnthesaldlsltqpa af measlrenient; .analysis and
! ]tadjjluglgplﬁr ::)ﬁélrr Pst La y gg h%l)ﬁetafp%e)\er%% erfégf]egictﬁgtsthg Qaid feed-
phatlolap ioperatesi substaftiallyén rea&tlrdeslelsenefede@mai thecsaid measurement,
| Faesthd B TtE R 0 b B AN y BPA Bhmspton of e
s panﬂtsaleemdsaanmmmmt deasf withie selys&@na(lss 8dcsedend omashorter time

Pelied FREN i ARtRlialy el fhdn BRCGRG n;é%pgié{aggrgaﬁéa@@gg%yes

m cCro novene
| gsmmadb&é and bsstferahlg sbottey tharodrDhisecdnds Within a easpansedtime of this

ey rrrﬁ?ro%?&fg&?eﬂ??&%hé 83(@.t njﬂgy gé q%to?éﬁbscbetﬂgftgé ls)fe frowavghich said

i rradi Ve 0 I's preferred
t madiagtiopds n’easur‘edserreéspmds tamtdjﬁ site aulsequentlyduadiatedur ce
of radiation is focused using adaptive optics.

Al I fics were initially applied in the field of
as BHbte Ie'F1ere di stortion of the light field froma
diySE BRdk g tctﬁléﬁ‘égtn}l%nt i | l?é%H nd/8it m%é’arﬁg&rce of radiation is

reno atln a deformable mrror
t @oquned um@ ﬁd@@vauogtvts ﬁdéptwe ogamﬁwmaalyoanpaw isthe field of

IUEHEnahPvhére ditGtlon Bthe NghtSield Rk 8 didtint3td? @¥BSdd By the earth

atmosphere are removed by adapting the shape of a deformable mirror to the incoming

light field. Commonly a so-called guide star is used, which is created by a powerful
laser beam reflecting off the outer atmosphere. The deformable mirror is then adjusted
until the image of the guide star is clear. In the context of ophthalmology, adaptive
optics may be applied to compensate for aberrations due to imperfections in the eye
tissue, so that the focus of the said treatment laser beam is optimized. It is preferable
that the said adaptive optics further comprises the use of a deformable mirror.



30 |l aser beamreflecting off the outer atnosphere. The
deformable mrror is then adjusted wuntil the imge of

wo bs@gsssoe star is clear. In the context of PCT/DK2007/000495
opht hal nol ogy, adaptive optics1tmy be applied to
conpensate for aberrations due to inperfections in the
eye tissue, so that the focus of the said treatnent

| FBRReMRAENT i§ pﬂsﬂéﬂréﬂ thﬁﬂthe |sb|dl ﬁiapt‘ RS eptieh furthet Béthprides the use of a

said adaptlve optics furthe rises the

AR SenAek Ssor vied TR GerB SRoToEn LR U00Rgs ophthalmic
1hpphidatioey |ﬁﬁ[1&ng tHe rapmihg besptiesl éﬂéﬂhtldd&&)f% é&eﬁﬂ'&md 3ed after
optics further conprises the Har t mann-

S S G-aRAton G i T 8 ST b S P SO et Hesue
oRbAFRENEC WHIB r%irig(‘eaéhdv aﬁjubtﬁtdnv dsing aﬂi}ﬂlvmpﬁnmg possible it may for

opti cal berratlon lor to
c 8oMéAPRiteNPnS b B qrﬂ%leé*aﬁ? Hé%ad%% aPt.lCérﬁ?fnwa ?%‘ﬁ’ga%'i lggp where
U%Uﬁl.@tn@é?ﬁ laA® indag&remeht SfHE résult vopiterbiliveproddeisl The adaptive optics

SI | e- shot tment usi a ive tic
53 i e ik o0 Bedehpd BEbiecies e tif s <Cnratsyaple ovided

ibgtreﬂehﬁoradr&ﬂhemd@md causka bintire $xie tbataient lasgr bidaar er a said

ustqme and suremsnt of the result is an
|t58?°oﬂ W%%fgg 3890 adaptive optics may be gui ded
by a light sources dedicated to this purpose but it is
priRaldatiab kypegui ded by reflection or other radiation
caused by the said treatnment | aser beamor a said 10
Smoneiaeryloa@mheenethod aciaading tn the Raetintien, dire $ajgh exsligtion snmprises at

s ?éﬁ 8@%? atp? EﬁlomEt t? §c%§%g H%g%cté'?n tgﬂ@roé&-%?ﬁ% bfﬁ%snornrb? light from
f dhé tavgetgat Idrigeowewemgtbt*(améhﬁmf theninodmibg dight), Isaalter (detection of

Tl o b S o, v

( de¢tectionar nefrodbahd ghissimi af tight flonothettarget, at lpogeraar shnder

; L on
( R BRG] b8 e R b tehectSh TBHbCBER erEtion of the
t amapeting kght), phwhomscmr(dehecthmf@r@@%dtm&lom gt light from the

t I?grpﬁ{‘%f’ﬂh % nv!/éﬁ/%i%nbtmt[\?é lheaﬁgf tﬂﬁor e@%&ﬁli{gﬁ @cg{/vletﬁtﬁltdgfnﬁ?oof more
b rtiuerd 1 Gimahos ec sl ) ancbbrdmg}htahlhn@ (detention of g@?d bapd emission of light

I

R E=JE0, S0 000410 Bt 0 BehROTAR e i )
brSpesiicaliyhit may bedisetut ta measre thecwpgctsal istrdmmtian pbiegpid radiation

t

ma\%@ﬁ%er@%yﬁml%ﬁg tﬁ%{t]lgétegp?c%heefaﬂ%rﬁ) %Qﬂt%ﬁ sP&ﬁf 35113% rfdlecular origin.
Srfemllarlyc diffesent fime wagstants.sush @s relexa’f@aé!mee mali e iRt piopgtties of the

t&ltafrhgwsh? ﬂ n ?Fn? %Em%gﬁigdceﬁ Bﬁﬂ? ng’eg@nolﬁ@ﬁgérgﬁﬁ@ Bitferred to analyse
spke rrfeasurement of saisl redian@n bytemponally reiaiiadzanajysis.
different tinme constants, such as relaxation tine, nay

r YSRteIREl RRIGbLGS of the

In the above described feedback system one or more of several physical goals may be

considered in the programming of the feedback system. Accordingly, the feedback
system may be programmed to observe specific physical properties and adjust the
laser and/or the decision to progress or stop the treatment based on this property. In a
preferred embodiment of the invention, such monitoring may be performed by the

following steps
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it is therefore preferred to anal yse the neasurenent

wObkoos@sstos adi ati on by tenporally resol ved anal ysi/pK2007/000495

Goal related feedback In the afpve descri bed feedback
system one or nore of several physical goals may be
considered in the programm ng of the feedback system

Accor di ngdyy phbtomahpRriAg kaideerystipartnay be programmed
to observe specific physical propertles and adj ust the

| aser and/.or, t he deci o} gr stop the

treat nentci’)bgg@ﬁt'%raf’ﬁ% B’P'BBB??? Cté?d RaFte gr red
enbodi ment of the invention, such m)nl toring may be
per f or mede)bygrddually iholebsing egergy epsaid\phatotahphEHon

PCT/ DK2007/ 000495 12 a) phot omani pul ating said

sel ected part det ect AV

sel ected Pa ?g' }r"bgr‘ﬁlg‘:ﬂ-' ﬁ@ d%g'f) f’(iené;\gsli%)é]ncg’;‘xlendegfEgoeth?@gh((ild
phot omani pul ation d) registering when said radiation

i Simitdrigwinaandtier pesfierteor arslhaslindent®f Siennvention the efficieraytat the

P r%%ﬁﬁgn?%rlﬁ&% ngétgﬁ %& ngashgﬁénpifﬁgﬁfg%h §itocd ﬁér?h%ﬂ@élative

I nves measur enment
r aueraeuty ditectee ta meaammam naml hinalle suclmtrynstigtayon of the efficiency

d'n{ gct{ rFo?mE@S e e%{g@ocﬁfgor@@érﬁr?g })/Et)eélo\‘ ¥Yaid vath |on obtalned

i'gat1 on o i crenc per or me
Slpppnteﬂeatwtwhdmmaalmgaln@I fuoss saifl vedfiatiomdi at | on
obtai ned prior to treatnment with the data obtai ned

! é@@%rie?ﬁl%% gBélfoif ﬁ%tfb%dbal'p *] e PGS B tolHRe 48R radibtidriRcrease,

temrmy ave sdid radi ation
i Wecreas® appeeic disaprear aphavera suifabledevehrAnaendthe dreferred goals of the

%'d&lg*t?rl-é?\t e Eltreaﬁf@rﬂ fadeP Scd&(ﬁﬁ&fcf fhd p%%@hﬁar@fatd}@tﬁ?qent to obtain

nt of the treatnent aser accord
prbb@ehmganoéora“apm Henaggregnatioptohlans cemeaeentsgierelymegrization of lens

E)?&Plﬁs ogg&ggécﬁﬁﬂﬁjkfﬁﬁg Pthel IBRS of RIEBRBMABALON of lens proteins or other

merization of |ens proteins or other
c @n@%tltlﬁ!éfrl@féhéfenﬁhg“'$ é‘»rwefetﬁb'w eed ot whilg @veidingfor minj@izing
prfdueﬁ REcHINRET ef\ae'étsC QE&IS'ME EfES a‘PnH/otr R rinBNSHectsdrsmbicules,

prerera carri ed [ e avoli |n or mmmzmg
c&OF\PQWQSﬁ or gelisial @camotéwme%f%geté@dtgqtment@f@é%P@s'd said selected

%aprln fl’\'%%ﬁ'aﬁ'to 8l i HeSsadevEk %Uslfygﬁem maQ FYARENthe saME or other

do not forma target r treatnent or. are
om@@;atem assatha r@@t@@f%&secatoé&termm achieuement ofthe §3idiggal

the said event the systemnmay nonitor the sane or
OtAgdng dtREH préfeRBd gdalb Bfith@%@l;itmém (@8gordmgdo the mlwrﬁbmmdjustmg

S K O N S T

aghatsdrh&Bcular adducts, for instance lens proteins or lens protein cross-links, without
damage to healthy lens proteins, cell membranes or other healthy components of the
lens, and further avoiding or minimizing cavitation, mechanical effects, acoustic effects,
and/or thermal effects on molecules, components, or cells that do not form a target for
treatment or are outside said selected area. More specifically said radiation may be
fluorescence and the system adjusts to simultaneously minimizing or preventing an

increase in scattering.
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the treatnent | aser beamto obtain nol ecul ar cl eavage
of specific larger nolecules or nmacronol ecul ar

wEdgss06 f or i nstance | ens proteins or |ens ppoL/BKP07/000495

cross-links, wthout damage to3healthy |ens proteins,
cell nmenbranes or other healthy conponents of the
| ens, and further avoiding or mnimzing cavitation,

nmhﬁa.@h&ah eftédtect s, acoustic effects, 25 and/or

thermal effects on nol ecul es, conponents, or cells
t Mbtdiﬂ: &@itatfopranspedifs :gevecmla.r cor\tsrteemterenthemuneerrﬁeye using blue light

out sj id sel ected area, More f |1
;RO RSB als besauss R oA pReoDs Sruth daff et the
t @ofrieandntiaemirsg Ieyeérs oF teabmy Additipha pestiémsJindlide retinotoxicity and

i NnCr ease scat [ .. WD 2008/.055506 . . .
P ER Y Aot AGISTactatk eifRs ATTERa% CLeuTyeRg thig poblem is to
exeé hilitiphBtoplexsitdtionf Two-phbten ekeitation astietdsespiesifio tlettnenic

h ht I i ol ' . .
orE5B1RtRA By gttt it peengly o b8 Vel rafeg o nauce
t ®hé bHesired @Ffectdyanehnisivg alsmglmg-ndtay mhe high |hiees¢yedif8he light increases
Addi ti cuderﬁJ ICIt and

'Pf’eP’P %H %ggpcht%gpéﬂ?tgﬁgech 4 prokedd fnareiR8 molecule
Clthiesmmmeimﬁrst ddiciteqh tood Vietorali level by thssFESthotdrMImIWbsequently by

55l R RRR B8 AT SRR BT oo ol e

I rgiroesthé Vifetime olf lefvirtlad lewahie Ivenygslhbn,raespnondthbmnlsmduldebe available

b LA TynE T bk FEBRR sty s0R B oREE 1 ise oneray

ofshexld ibkikept ;trlaeerﬂ trenmeb@roheminal darhage tottee spracesy, tlssue

2 Al P8 BRL s roreab B BRSO e e Lahe T e Rty may
b)be falfitedtarough athigh peektintensityk Adigheeall peder, drut lowt énemgy pulse is

| i Ea[meﬁ@; anq?%p%?%c&éﬁ ol{aZ%g e&)%g %\Egeﬁrﬁtbs cghp ?a%el’ Qﬁd b”fcusmg the
p hasteo lightt lirda ek degioa\ohitHedtislsee ofintenesh qumﬂlrm’nbntof fneusmg and two-

B e LT

d deagusettbe filneofsanergyumetided td acisave. extEatmowrsda orgy gt the fieeal point.

I . '

o 3 TRl 153, S ol BSonaRA B Rl
pebkeriptioreofsiltraviolét, Sugrastbelenso@ely redlght lopinfraresy rggiation with no

!

DSt 0 eVl Ry IS BRTRETE roBTBSRT ment
i morasb@qe@@serwedélmg ¢het ir%menuasermeerreetthe Bheas a result of two-
gl%g?# E?pf:rg%t%ﬁg ?%@2‘9?% Sﬁ‘(f\ﬂwe fegﬁk;a%eedf?ﬁé ﬁéétﬁ’l@nt laser beam
smelatwmtdnhglensssue 20 because the flux of energy
needed to achieve excitation exists only at the focal

b cﬁ&rdlngv; ﬁs Ftlélférfé?i %rﬁéﬁm@ﬁiqniﬁ‘éﬂ%nf Bs@ P3PS RitREProm a

ance t as a
treatment laser system comprising at least one ultra fast laser to enable multi- -photon

effect, such as two-photon effect. Said treatment laser system emitting light at
substantially 800nm, preferably 1030 nm. Preferably the treatment laser system emits
laser light in the wavelength range 200-1500 nm, preferably in the range 300-550nm, in
the range 550-700 nm, in the range 700-1000nm, in the range 1000-1500nm. In a
preferred embodiment the treatment laser beam originates from a Titanium-sapphire
laser emitting at 800 nm or a band or line within £300 nm of 800 nm.
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absorption of ultraviolet, such as the lens. Only red
light or infrared radiation with no significant

wobakosdsoxi ¢ ef fect exists in front and behi ndp¢BK2007/000495

focus. During treatnent, the f4uorescence observed
along the treatnment | aser beamin the lens as a result
of two 25 photon processes can be utilized to adjust
the focal plane of the treatnent |aser beam relative

the |e A di ngl d enbodj men

{ Ragomaly iR fre A EaL B b s PefaBr B st S pplsE i shorter

I mswxan&mywmﬁos?bmsa?fokemtermﬁwuh brmléeaﬁﬁtthl shoréer than
ot.on e ucC -

& RpEER s T o eiiR wirca afiSe it Soeufa? e RRhfly 10
g‘blcfwbé‘drﬂétwlﬁi & ¥su|8@mm shxlrrﬁa‘rﬂiaﬁkéwsfhaﬁéllyr1ipmos?cond, with a pulse

re e r . ser s em.emt .

R PR g PO RGeSt A uBRhersy than
It I%ubétﬁntl‘aﬁmgg% %}glgwno 8, vi/itthha puise Wﬂiﬂ?ﬁ\dﬁﬁ@fh‘éﬁ&ubétantla'lly 100
e ange N . an

* KiploP ol e Rang Wit shoar Mo BREa1Y R TR RoseBorts, with a

Olpuenadiashbrerthan Subistantiaiy 5 feptbsecends.aser eni tting at

800 nmor a band or line within 300 nmof 800 rim WO
2008/ 055506 PCT/ DK2007/ 000495 14 Secondly, the

t I'Tﬁ&tillyﬁmé plu&ingroflseﬂmeiaﬁnemeéser bbam ppafemblygomiprisespulsing with a

plpb' & ee\émsggty o@%&f\%ﬁe %lﬂbé%%& rtnf‘cﬂg Jgu!OeSI @g% prg{eﬁably substantially
sl‘llt')omecr_otjltalaes rﬁ?ft:tr\mt"% gﬁlnhlyroamms ,Gobstantially éSuwcﬂo-jaules
S nti

P suBatlialyd o WerSlies, 4F SuSUP e S he plodes, o
substantially 1 picosecond, with a pulse wdth
;'&l%ggﬁm tir?Eeéﬁ‘i“r’}%%s 3 ki Y%pﬁ%%{%bﬁpﬁogﬁ%&q@%%powt% diameter of
eubstaetttind 90 mitrbhs, anqre lpseferablytd® micmns 20 substantially microns,

b I S
S ROPBRIR 1R e S BRRRT S Bron, B, Thkish
pul _sl_ﬁ w dt h sEort er than substantially 5 flem oseconds.

i , .

.S58 o B BUEAIG o Pk RSBy 50 057 Bt
| cubstantizip 1slooket mntsqtadrbyceamﬁetm doveerjthan substantially 500 milli-Joules
p[ﬁ%&?é@ﬁ? Frﬁtﬁ#%ﬁseamﬁ}e?ltﬂ% smﬁlagtgn{gllglrﬁojn%tﬂlﬁﬂes pggsquare centimetre,

bst an
mlwer—thmutlﬂsiantlallmm(hmlh Hulgs ped squafp@eptm]eteg lowgr than substantially

o eg'bﬂlnjdu?%s er§qlggr8 rcgnﬁnc?é{ eefowé%ﬁo#fbtsﬁlnﬁa Iyti?aergllll %oules per -

et ser rabl ocuse
ofsquarelceatinetiedower tban sumsbmtlallu 1(&mII|Urth0©S Perauare, centimetre.
preferably 50 m crons, 20 substantially mcrons,

Commonly it is not sufficient to photomanipulate the lens in one position only.
Accordingly, in a preferred embodiment of the invention the focus of the laser beam is
scanned so as to treat at least one predefined volume, said volume being of a size
enabling selective targeting of the lens substance and its sub-regions without
damaging adjacent healthy or unhealthy tissue. Preferably the size of the said volume
has a cross-section seen from the instrument corresponds to the entire lens or specific
parts thereof, or up to about 100 square millimetres, 10 square millimetres, 1 square
millimetres, more preferably op to about 0.6 square millimetres, up to about 0.3 square
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substantially 10 m crons, substantially 5 mcrons, or
substantially 1 mcron. 20 Fifthly, the pul se energy

waolensisssoof the treatnent | aser beamis pref eredt/pK2007/000495

| oner than substantially 1 Joig e per square
centinmetre, |ower than substantially 500 m|li-Joules
per square centinetre, |ower than substantially 250

Mydilliletiés) |uF$o BBsut DU Lﬁréimﬂlimétﬁﬁsr 8p to AlSBUe0.01Msg0are millimetres, up

b
su st antl %&g%% |u9 tIepe 18& @a&%%&roﬁgPl}P;tgegP%HOSQUE'm

Cﬂﬂnérbﬁ@tupqo ab&ueIrsquaRmirdast antial ly 25 mlli-Joules
per 25 square centinmetre, |ower than substantially 10

| I . .
YIS osgﬁz‘g inzﬁPLLFEE ine Tens i b one
f
%?h%rﬂ%ﬁwé:ﬁtprgﬁra?)ﬁ(m n%gél S?m;ﬁ.]cZa %s%égg%rgg%gmi)% E‘R&H tunable

S palsaeedf laserdighttvaitH areadljuaablé dalay obvery shed diiiatienl beteleane,

* Bbthet i T8 S ool Fmrasi QNP b € Bkealime of e
wekditedtcomgpbaamds, egchainj sadesired Ispedtnahgange funtm;;ulenhg) two-photon

cpBgEten o Bunp Rl TP aPo B el el A ded R g hC o dses

t irgeretetlito eliditesubtie tocalredieffects th milsintbeer dedvage rof leps pootein cross-

aﬁrﬁ}gt %ylsoe%]ugﬂ%ﬁs%crﬂgls &rL hﬂﬁél[e&?aerf%o?\d%&ué{cﬁa{gd Atwgg&g [:;'ulses too
gueak ¢ indlide cledvags in apingle axbmailoncste& §qlgm pulsed for standard multi-

SRR PO RPROTGA0E5S 15 m 1 mecres up 1o

square m res, up to about 0.01 square
mlllmstres up to about 1000 square mcrons, up to

akb%lét 0%9 Qless% by isniiocbru (E]ﬁ‘lel Rt sto%r@ebé’sugt gaﬁl %ﬁ@al arametric
O o e e i DR OPlE pareme

mcr re mcrons.
Tbecdlatg’rtﬁ%bmumeprbarfae‘rmbycsemthecbtéenlumrq@aphlr%nlasqstbat in turn is

S%gﬁﬁgd ﬂ? ‘Bt ug{%ﬁ’lg q%éﬂkgqoﬁpleggﬁoﬁgiﬁor%édgﬁ{(AG or Nd:YVO,
bdaetsaeé’rhe twm@eo‘mqueacmdm@w tltaaum sapplatte leperi provides an excntat'on
ﬁf)t%l:m F0In% bRlY tn%"ar bb@(ﬂa\}eié% J?%B-ﬁbnﬁﬁe exci ted

ounds, eac °red spe t range, for
séqa@umgbrl mta/\nretamdcambo@mrtt af ﬂ”@nn\@lhtlofb rike ﬁe@iﬁ@nhlgser system

T%ﬁmg}@ésl éa{%géﬁl oﬁ{jpegb?%ﬂg?ﬁ'lcs&%@fﬁ%[)wrﬁbﬁ g % frlehgé}’icy doubled

S IS Iclt su i zed
emfamm saprdireyaser, whedeio saidl feequenpy deubledritaninasapphire laser is in

ggﬁa ?urwlﬁb g AVbnRRME 'de@lfre%@ﬁéy%'uﬁlgd %fod@tﬂtﬁﬁﬁ@d%ser

. tation steps that use pulses too weak t
i nduce cl eavage in a si ngI e exci tatl on step. Single

PUnfier F;&rb sibid %]gf'i’(f(ﬁs R bild- t r@{tggur%é %b%ﬁh@d’blé"bétlca?ﬁé@metnc

be aval OSSI e solution is to buil
| |og¢1uatsrdm m@mdthyr?etagm@mca@pp@aﬁ lapery wheein said ttanium. sapphire

laser is in turn pumped by a diode laser. The tuneable titanium-sapphire laser can
provide an excitation photon in the range 650-1100nm. The OPO allows the breaking
of this photon into two, one at a higher wavelength than half the titanium-sapphire
photon (the signal pulse), and the other of lower wavelength that half the titanium-
sapphire photon (the idler pulse). A delay of 0 to a few ns is introduced between the
two OPO pulses by an adjustable optical delay line. A specification of the exact tuning
range for the OPO-pulses requires a detailed calculation of the phase matching
conditions with input parameters from the chosen OPO-crystal (e g. LBO), but a tuning
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oscillator (OPO punped by a frequency-doubl ed
titani um sapphire laser that in turn is punped by a

WO bkjosEsgis- wave frequency-doubl ed di ode- punpeplcKYRdG000495

or Nd: YVO4 |aser. The tuneabl ¢5frequency-doubl ed
titani um sapphire | aser provides an excitation photon
in the blue to near UV-wavel ength range (-350-450nm.

2 @arfyeCaBbiBOYnm can Be BXRfctsd Insbed BRAFoARAtionAvaildbte from previous

invention, the treatnent |aser system conprises a
tJW@étﬂﬂaéwB?)tl cal paranetric oscillator punped by a
frequency doubled titanium sapphire |aser, wherein
said frequency doubl ed ti tani um sapphire laser is in

eI e SRR BT B JErIPE e a Peetaystem

b@bingri$dtea fungdtile SptﬁUaCﬁarame&lctdﬁ&mahk purapéd byh titanium-sapphire laser,
paranetri. §3 0SCi

IV\tthﬁl WI‘H"? ga;?p g'élla’(sg\rz%p Etfurﬁ%ggripga’ b)a/1 a diode laser. In a preferred
t iebribodiniens apetitaniem $apphire laser émitsilight au:mwedelér)gtla oflorozkese to

The tun able ti.tani
o BORR e iRER Rt BN R P25 Ko sl Aoin gy tranium
Tbﬁpm@ laddr @eamtidiin the earigiers® marEme toi 300phditm? @ndttioe pulse length
one %szh her veI ength than half the
tibFQH’ §5‘8 ﬁ?crog B0 photon (the signal pul se), and
the other of |ower wavel ength that half the titanium
sapphi re photon (the idler pulse). A delay of 0to a

a3 B0t BlpR EHPSGuTR) Hif fiedthny bl SHE U ALK Bbasie

e>oat1d:al pammaylc oszillgtor fatitabibm-sEREhipel lasers an@quilqd@dasﬁr wherenn said

det aj | u IR AN

%%Jﬁcal ﬁg a?r?etrgcr %s%él g:r'? és éuntlo%%t tﬁ}é@aicﬁ%tg@h%@rr& %{gg} Jvfz@l'?% in turn
g putnipeyl bylsald diodedaserg WO 2008/ 055506 PCT/ DK2007/ 000495
16 range of about 50 nm can be expected based on

' nrﬁ gétgg?\to{r]%p pFéYéarl'édaé?ﬁtg?dcuﬂgﬁf‘ He%ea ogHént Ié's'%YSﬁtirﬁ bmPRSes a photonic

erred e
i mtal fi ber whhr@ aarcbfmenmreiea@:éy PyyRedhy 3 divdafaseses a
tuneabl e optical paranetric oscillator punped by a

t'éc%ﬂhuHﬁ?ﬁ@éH?#k&ﬁwla@é%fns wherein said
aser is in turn punped by a diode

laser. In a preferred enbodi nent, the tltanl um
s&MsRe teairaast o BRilanS, fhedmter Ream Mgy ke 85a5NAd BYeTGt lqasha gart of the
t (I’enssQQé‘ Q&é’MnH@ anbRRofrh&dusing fartius Schrtiig Sdttdiid, s0ch as

. The intensity of the titanium sa phlre | ase
bé%ﬁﬁﬁdgf $Gant fiacontingies IN6-linerisan.2 SuBNAYs Wiesby- lijescARPiral scan,

PEnar LROMScAR) FQﬁth@Mh&éothé RBAPVSEEY AR belafd!jl.%[&l fedWeen scans or

preferred enbodi nent, the treatnent |aser
cSWiRg 3&5am ThgseamMmay wﬁﬁr@a're QsaieRR#ER 0Be 85 %?‘1%"%11'8?6?-

t 'dr%‘@iré’dﬂséa’#ﬂié‘lﬁdt? is FE9Réen RBAJ 2000 MitPor AR Secolie rdrdpreferably
sai
between 10 and 500 microns per second, even more preferably between 50 and 250

microns per second, more preferably between 75 and 125 microns per second.

In some embodiments, the volume of the lens that is treated by the laser beams is 1

millimeter times 1 millimeter times 1 millimeter.

The means for scanning a beam over an object may comprise the means known to a

person skille din the art.
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optical paranetric oscillator is punped by said
titani um sapphire laser which is in turn 15 punped by

wotoslosisede | aser. I n yet another preferred enmedbREMY/000495

the treatnent | aser system conpyises a photonic
crystal fiber, where said fiber is preferably punped
by a diode | aser. Scanning of beamrelative to | ens.
During treatment of the lens, the | aser beam may be
scanned over at least a part of the 20 lens. The
scanni ng can be performed using various scanning
pdnmebdization, ch as nmeander scan, discontinous

| i_ne-by-1line scan, a continous |.jne-by-line scan

s BF Amen.sS eXEIRW BlcramaYBMaP= LMt A fredtienRu BE ardey QHz. These

S GREroMROVREhdnts Srarnafuniaty Asl @Gk thefefereos pestibl@for adiubjedgreceiving

a scan. The scan ma fg{;ther nor e bg re\Piﬁalt ed onef or

< ebgtorianiaujaten txsunpfessdheses mavEmepE byoMilyInee PITiRkEs 1

glrédmbbe%fgbﬁmgrpgesw ing€rstion Gpatiay ecanrgfeqmbinyarﬁ@lation is obtained
t ween n .M ¢rons per secpn eyen nore

B EaRaT Ao rRRbzg e Begye. RABhLrabr Ayl featment, by

ImhﬁefthﬁﬁieéI%ﬁ?ct/wiﬂethmga(?&oflahﬁ eye f5r mﬁmewimﬁomde contact
n sone odi.nent s e vol yne of the. lens . t is

tr'“é‘ét’@%”’g%? P ine eyeeFUHhetmare; 'simeFH%’\"?ah’é‘?’E?b'ﬁ%aﬁ@% pipferably

mf%dﬁeﬂebmbr%és@mgdiméﬁdcé ﬁ‘fﬁﬂ\ersaidTrhecﬁﬁﬁaﬂBcdma,?saMI kngwn in the

a beam over an. object co i se, the nmeans known, t

7 artoanqiar ar APRlRRYAnPT GHEHONHE relplprediey SPAdIchanGa contact also well

PGAGKEDE /200495 17 I nmobi lization The human eye

exhibits mcro-novenents with a frequency in the order

1 . _These, m Lo av%rrents are involuntary and it is
tmﬁi@m@mv algen r a subject receiving 5

phot omani.pul at i an Iy e ,
TR e P BPehfS R ol R St R BE L prpbment o

i immobilizationpd theaeeyrendering st highp hoteotied farmeteracy iSpesifically if coupled
obht ai n i cal ' [ Liz]0g: Y

b a5 BT HARE st ARG bth Bbubtifor, KR, ¥ rovements
c and adliified retativér o thesfstem. of t he eye or by nechani cal

contact to a contact |I|ens nounted on the eye.

Furthernore, this mechanical inmobilization prefer ablty _

1\ctomdinigty, aquefprred esbadifrient of therinwentianecomprisgea efitlpd of tracking
' C I ' -

PR e o R sy oA by B

mRrefarablyathe saitk at deashbreofitee baid lightweteator{s) somprises a camera and

N%Y&QE% G qno(x’/fein%m &%@Qyé i ?&lﬂd% tracking reference points in the eye. To
obtain even higher accuracy the said light detectors may be spatially separated so a
3D perspective may be calculated. Accordingly, it is preferred that each light detector

views the eye from different angles.

In another preferred embodiment of eye tracking according to the invention, the
orientation of an eye in space is monitored by simultaneously monitoring the surface or
anterior part of the eye and the fundus (posterior inside of the eye) and calculating the

orientation of the eye in space.
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Tracki ng of eye novenents and/orientation is an
alternative or supplenent to 15 immobilization of the

we@y@sinsssokeri ng a high potential for accuracy. PCT/DK2007/000495

Specifically if coupled to regponse system which
provi des real -ti ne beam adj ustnent, so that eye
nmovenents are nullified relative to the system

ACRAlEbMAY ¥nd adnfhli6reef @[@di pRdiinaedutichie i nvention

conprises a nethod of tracking 20 the novenent of the

SYI'@ nvakel tA& @B ehcvé shibép&Mé t@ﬁhc&bmbﬁﬂﬁlhtmﬂ@nd/érghbre susceptlble to
et ect or ast _one

S TR0V BiRrodbete o7 pRODENBPLS s BRRAMS SRp{Fations savantageous
?E@Ecﬁfdﬁbh)the}!c 272 mwecummt_; @fpdshﬁmcﬁMﬁamlﬁuléﬁnm@*r ésysessment

I acKi rerer e
PPGFRRMBcBrakip e SRy e Do SPEPrEGy Hietiodss:

S eahdifdring theege @h@doi’el@aﬁnerﬁ Riyiag reatntent, qadﬁatyeé:tment prior to

cal cul ated. Accord referred t

Bt etio bta SssesomeRior he SpEeBhPUPprEre et on of the
afgloRihg: heatacuid Bed mageéterfletd] enbodi ment of eye

tracki ng accordi ng to the invention, the orientation

| £ y . .
al?ad lﬁganpmg ‘f?r 3 nrgt:}joat 'ﬁﬁ qu)e véﬁtgﬁt gﬂ: |?§%{héyaéjmmlstratlon
al@dadijbﬁarft phalvsacépticatse Praferablysihdse pthartﬂaeelﬁ'yoebs aquedch free radicals in

cula t he ar| £ ce.
e PHELEot et R SR Do b u ek B oFREC

athbmnmhrpatatuom and asdprefesatily gkposeddyunears| dheFdharaikteradtion with

nslnqge suscepti bl e to photonmani pul ati on and/ or nore

BY%E to renove bi- products of the

phot omani pul ation, it is for some applications
advant ageous to condition the eye prior, during, or
p sessment. 5 Accordingly,
[ (r?setéa pr eée%lrz?@gg“r?gwaé)arag{m e invention conprises a
mathk oukthar ancbmmnn Acgrirding tchte pyesept inventiop are Wustrated via non-
duri e&g&% gvf urQQ?te treatnment, prior to
assessnen assessnent or post assessnent by
appl yi ng at Ieast on of the follow ng: heat, cold and

gtéh%w% ﬁh‘}am}?enaf adystem (1 ‘TE a@&f?&ih? fhoetf%‘?rﬁ\%'hﬁ@ﬁjsmtable for non- or

ent1 on cohpri ses dm nistration
1cumorfnaélml diswmtive phetemaoipulatiem pithe hr@f(é)r%mlgf itstcpastiuents

]E’[&ggé@ggyu AL SivaY R GR ahin&f of ﬁ'&’rh%‘glay?e (3N co |s e. Such

may - ari1se as an undesired - uct of
the phot @rramqamamtu lager syeterar() for eméﬁrwt;le%’f @b%géanwt laser
nmeans ot her bEEﬁ‘lrIS} nteraction with healthy tissue. 15
Det ai | ed descripti'on of the draw ngs

f) focusing means (6) for focusing said treatment laser beam (5) into a
selected part of the lens (7) and/or its constituents collectively or

selectively where treatment is intended to occur,

g) means (8) for measuring one or more types of radiation from the said

selected part;

h) means (9) for processing the said one or more type of radiation from the

said selected part;
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The nethod and system according to the present
invention are illustrated via non- limting exanples

wo PooBjosHsoes 1-6. Fig. 1 shows an exanpl e of a sysbRBI07/000495

(1) according to the inventionguitable for non- or

20 mnimally disruptive photomani pul ation of the |ens

(2) and/or its constituents collectively or

sel ective)y nﬂs‘ané\(ﬂ 03 forrgaijusBig, IbABEd of ¥Elehst partCs Y dBDIRST the
e) a treatnent |aser system (4) for emtting at |east

one treat meAteaN L Proag %IHQ(S) f) focusing neans (6)

for focusing said treatnent |aser beam (5) into a 25

s eleotshgwpanbthef exahpld 6Bsystom adebréing td Seoestint invenitios further
collectively or selectively where treatnent is

i APPREYEYt 0 occur; g) neans (8) for neasuring one or

nore types of radl ation fromthe said selected part;

h) neans 4)9)mdans (tﬂr)@ejem'rm@imgmeaxphdalslgaamte ofthe saiy!pselected

of radiation_fro . 30 saj art;

2008/ 055506 P %ﬁ%ﬁ?ﬁ@f%ﬁ&@@edﬂeﬁ ”??g%{ﬁs (10) f or

adj usting, based on at |east part of t he out put of the
means f orb)pnezes $12743) for geteﬂimswmsrwm(aﬂm gengbr has been

2 Syt o SComedl WinkdhehlB B FRF WA B o0 [t ther

conpri si ng: neans et er ing the

optical si gnature of the said sel ected part, such as
a ti me-r egoladagtive petics (rkhere exenplificdry g dgformabje miror,
detecting acoustic effects where the sensor has been

pl aced iny mﬁ'ﬁé%ﬂg '(‘Fﬁ”}lfor‘“segl?rﬁﬁ%tr}@' fBElet &%a%yt?eatrﬁént%’s%?béé(rﬁ at least

optics (1) ere exe formable mrror,

10 d) neans ope pYyedefine rgv,c&mme nrg\etrﬁ @er mofdhe &g is scanning by
treatnment | anQQﬁ@@nét(Zi)%ﬁfe setlil ahRé ﬁ%dsﬁ%ﬁ i/ §danHBd by moving

where the dept focus i s scanning novi ng
the I ens (2#)e plang mirosé23)@ndahgicyrned wéqrﬂz nis
scanned by moving the plane mirror (23) and the

curved m gy %eaﬁa‘far,.ms%mmﬁs bPMolEmBhts therédt (25)i s or
novenents thereof (25 means for prow ding a

fixation target here shown _as. L
) ngeans for providing a fixation targSet hgre s]s"nown as LED (26), said

target being projected (27) onto the retina,
g) means for imaging the fundus or movements thereof (27),
h) and means for imaging the target (28).

Fig. 3 shows the one example of information flow to and from the means for processing
(9). Although sketched as a single box the invention is not limited to having the
processing means confined to a single unit. Instead, the processing may be performed
by several computers and/or dedicated hardware units. Some processes may also be

analysed manually.

Fig. 4 shows an example of a suitable treatment laser system (4) comprising a
tuneable optical parametric oscillator (16), a frequency doubled titanium-sapphire laser
(17), and a continuous-wave frequency doubled diode-pumped laser (18), wherein said
optical parametric oscillator (16) is pumped by said frequency doubled titanium-
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target being projected (27) onto the retina, g) neans
for imagi ng the fundus or novenents thereof (27), h)

woepgshEssns for imaging the target (28). Fig. 3pShDRS007/000495

the one exanple of informatiomglow to and fromthe
means for processing 20 (9). Al though sketched as a
single box the invention is not limted to having the
PeaSEHe! I Akr (BB WehichoiB fin fuatipirtpeti 5 i Eortiflbus-Wasd Réfliency

the processi ng may be rformed by several conputers
aHBV’@?‘?E'@S?@H Sd%{%ﬁeﬂwgﬁ-e units. Sonme processes may

al so be analysed manually. Fig. 4 shows an exanple of
a EYi 8 sHwe drf ©ainpibf 4 asiabletyatreent (2Ber SPstEmi(8) cunmisdg a

t b) ti.cal N il 16 .

t PBRRB Pt Br O PRl P PuaBE KRy FishPy-Hpufsd cigggrpymee

?Qagb'r (18P, uehensiv %afdadww{m;endaﬁ&)baﬂlatdir@mmpﬂmﬁféidtﬁeaiuGency
erein sai opt i :

| Bolpiee UG et JBRLURED 10BN EUEE BN el s Have

2{e8éHey HobtbIBCHIdEpedl85 20 sapphire laser (17)

which is in turn punped by said continuous-wave

f reguenc doubl e j ode- ef.; . okl .

S Ve ofR drec PRt Bhore it Tt Sy el s ity

( 4mmobilizing wholly ar paothy torngctreatmentaby felbes for bégchanidalaontact to a
cantinyous-ywave f -. ' - pu .

" 2RSS T Bu el M IRE Y YR L o, BBiErony e gonmection
i Sluidumtpefaicebi? 15 i utilifeddn s eid eyeanhe fidyl reechanicahdéamtact.apphi r e

| aser which is in turn punped by said continuous-wave
frequency doubl ed di ode-punped | aser. Fig. 6 shows one
aspect of the invention where the living eye (3) is
mExBewplesal [y i nmobilizing wholly or partly, during

t f i : , :
PP Do TR BE RSB ERY R0AT By e mventon
l(:lstl(?m_eff shive intfig.i nfihe peesehteexanwmire systemfiorerp phatethergpy system
bbb U8 1 0 SR By SR, o me o
d densi df ¢heoliuraars grsanimalayeoh gpegifia embotimenh,af the ipKentips uses an 800

fs tﬁmﬁitgﬁiu& rﬂ 1a5b0at 2Y5 KD GepUtRSE Pte 58 TRInfos3e SORAHRITe

ens p g#t erapy system uses one Or nDre sources
ofduratight pulse eneigyu®.84 pdoresrmowstP d8MVY, ard Banwgrsgdargaiarea

OFRALF A9 B, M AT 91 gL L b RRE LG of ciasin

t iimagin@ aptirspyhich anaydsdvdesslit-peam iiyminatigatand(as Scheimpflug real-time

23R ofogaphy SRt RREwRY h$&ser pulse or pulse train is applied in incremental energy
steps to arouse a succession of events in the target volume, the nature of these events
being detectable by the optical signature recorded by the spectrometer. These events
include but are not limited to backscatter, fluorescence, Raman scatter and
bremsstrahlung from plasma formation. By using one of more of these return signals
from the tissues while imaging the shape and extent of the target volume, an adaptive
optics feed-back loop enables control of a flexible mirror and optimized focusing of the
laser energy. By rapid focusing of the incoming beam and adjustment of the energy
required to produce fluorescence or any other measure of tissue response alone or in
combination, the sub-threshold probing light pulse is followed by a supra-threshold
laser pulse that achieves the desired optical e'ndpoint, e.g. bleaching of the

fluorophore, a change in scatter, refractive index, or transparency. Subsequently, the
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duration, pulse energy 0.04 NJ, peak power 0.18 MW
and transverse target area 20 radius of 10-200 pm

wdbdoRls&e6UI ring a target area in the | ens by pEEDKRSI0PD00495

of classical imaging optics, ®hich may include
slit-beamillum nation and/ or Scheinpflug real-tine
phot ography (not shown), a laser pulse or pulse train

| fnstrBRlehsfokls isriﬁév%ﬁfiﬂltoﬁ{;h 8RR/ of talg@PFollife ﬁfc@ﬁ&% ?hus enabling
successi on of events in the target volune, the na

othe entise leag ena @red@&n%s%v@%msmeéewo pe eh@ﬁmaewated A further

SiggMRbiMent bRREirRAtidY udddt F0BRGInM eRBiaffiber [YRF B QMRBtWo-photon
25 include but are not limted to backscatter,

f fuereaesncn cebsererdhroush o bafries filteriar Bingnaans ol aSeqtiommter to cover

p'aao%rrﬁawfdﬂ'f SRdppRIXim ¥y 53018 630 ﬂwn&Bm@’@’r@ al, él&@%ﬁthé%aﬂéﬂ increase
gnals fromthe tissues while inaging t he shape

nd
oAiePeTeY grefeally aP\eq- bvepﬁﬁeunﬂbwr%@mt%@mr%iﬁene of approximate

f @arawiatk3do0d iR adidesibssdiiehpbeddly oftHel fRiStdRCENdE dfftied target area,
and optim zed focus

of the _|aser ene
f e BPiRg Inicativrof rnelam%ﬁ@nwé%a’fh@ﬁ&ra eagwf%ﬁ?hﬁéem@mg occurred

emﬁthQMhé’»ﬂssrL@cum@tdrgte@ sifd, %Wdédfthbtqfo&ﬁémt of thalye has taken
ot her neasure of tissue respon

chAsEnHE m?'tlom%twsfqeﬁv@gwsmt mtgﬁ i Faﬂg conftantlyjraonitored
f %k Ir&xEiehetshafy sfE? i infiges bpihd furﬁo&@%oéﬂéﬂoﬁ‘s enhsideadf the eye) and

achi eves the desijred o i cal bl each
o liesel e it €042 Plrge i e e iesppi et the eve
2 Ogi}i%ré gdénéibgl s b@ig)ho)?le/esggtgikg gqu%abﬂuyand the tike- coufrse of target
t's focus
i SCYHERN. PRRRINERD %2 megtbeing 'f%{?‘é%tf’g F‘lﬁ‘:@?ls%%qé\dr ons,
thus enabling the entire lens or a predefined
s b-vol une thereof to be photomani pul ated. A further
eRERR of the invention uses a 1030 nm crystal
Bglit SaAs& Lér@eremf) Reofosherpizal Moduldtionaf slsadnzematic Glucosylation.

O oS b 8 o 5 P e o

53@pfembesfogi.croneters, and, closely thereafter,

increase the energy gradually, pul se-by-pulse, until

t hree- photon fl uorescence of approxi mate bandw dth
3{;3%94%%6@1 Lasen wl?suemu&érhlcdlemegchofg df fleorebcamt glycesytation

of t et.ar dIC ti,ve of

mirddiesn &l BReutisie i S ol RERerltoBBowRefy Bugen 27 ma
ocggered wthin the tissue at the target site,

provi ded that no novenent of the eye has taken 10

pl ace. The position of the target volunme within the

| eSamdersB Hairsem MoPisdtadttemicatbleatioing df flunyesceal glydosglation products. Int
anal ysi s of, 1he. of the fundus (posterior inside
oﬁ&%@"@?'el{&g#ddsgﬁ%%tures of the anterior end of the
eye, notably the iris, the response tine of the eye
position-control system being less than 0.1 second and
the time-course of target acquisition, probing and
treatnment being conpleted within 0.1 second.
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Sander, Larsen M Photochem cal bl eachi ng of

flugrescent glycosylation products. VI Meeting of the

| M@MSoc. of Qcul ar Fl uor ophotometry, Bruxel les, 27.
NMghat €8@imedds: Sander B, Larsen M Phot ocheni cal
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P@.tT {{Dﬁ%}?ﬁbﬂ’f@ﬂﬁ&ﬁ%r nﬁﬂm@lﬁ(}iiFﬁlptiWﬁt‘totérﬁamb@hﬁmﬁbﬂtIﬁé lefs ard/or
met ho or non- or mnimally di Y
phot BrRAPHHPREE PB‘?PCBYe'lf aresq'eecﬁggaﬁﬁgﬁ%n@%f pighuman eye, comprising:
constituents collectively or selectively of an ani nal

or human ®y écusingprtieatrent lase) béaro irsto RGetectedqairtnaf tite lens

aser beam BB SRR RGBSl B LGB R Bmens -

treatment i tendedtd ecudled to occur; b) pul sing of said
treatment | aser beam 10 c) neasuring one or nore

types of tg)?ﬂiu%tn:qg)?sgiﬁ‘?@aff&‘?}tgﬁi&gbé‘ ected part and

utilizing | asur ement cide to stop the said
treatment |aser beamor to adjust at |east one of the

par amet erg): nfeasuring onetesrmore itypes ofeadiationdiom thgsaiskselected part
| engt h, repetiti f %{%{; : td

of said tregbérjrg{r']@}]ggégr _eg?ﬁm%@%ZQ&A&errtgt%?dﬁgfsgglqgahmnem
1 furt her nolasecbeqm osloragjust ahinastpneted ther asameters: feggigrinten-

beam rel at is,\{)g)\,&d?eﬂehﬁg!rﬁgée |eﬁ%t ﬁéﬁ%ﬁﬁlﬁ?ﬁr&{ueﬁéﬁgﬂ? Eglse train

. h
wherein step ¢C urt re conprises utilizin
meas- ur enetangthoofdaid ttratmentdegerideamt | east one of the
paraneters: scan velocity, size of scanned vol une,

$6an Al RRRbé b QGith 1 ARG cBAbHSHG scanning the treatment laser beam

relative to the lens.

3. A method of claim 2, wherein step c) furthermore comprises utilizing the meas-
urement to decide to adjust at least one of the parameters: scan velocity, size of

scanned volume, scan repetitions, and scan pattern.

4. A method of claims 2 or 3, wherein said scan pattern comprises a meander
scan and/or a discontinuous line-by-line scan and/or a continuous back-and-

forth line scan and/or a spiral scan.

5. A method of claim any of the preceding claims where at least one of said types

of radiation arises due to said treatment laser beam.

6. The method of any of the preceding claims where at least one of said types of

radiation arises due to a secondary source of radiation, such as a laser.

7. The method of any of the preceding claims further comprising an initialization
phase prior to steps a)-c) where non-manipulative intensity is directed to the said
selected part and one or more types of radiation, caused by the interaction be-

tween the said part and the said non-manipulative intensity are measured and
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20 4. A nethod of clainms 2 or 3, wherein said scan
pattern conprises a neander scan and/or a

wolb@sosdsoaiuous | i ne-by-1ine scan and/ or a contPOLDHI007/000495

back-and- forth line scan asd/or a spiral scan. 5. A

nmet hod of claimany of the preceding clains where at

| east,..one of said t s . of at i narl s due

o PE ¢t ar SretnPRER st s BEl ViR shideltigo part o
t he duoideadipnaseed alithphotveramipadatioeast one of said types

of r adi ati on arises due to a secondary source of

r S n f

t 'ﬁ} Pﬁé‘fgﬁg‘?@h Peﬁwlrn?trggﬂ?%nrsﬁﬁggeog fgrftheq WiliZeY to adjust
ini tataéaszane ofthe [idllmwingp facos, mtenstyewaveelengtb puiteerlength, repetition
non [ | .d .
sel ef?%ad;u&R(é}a ys @ﬁnnlégﬁgréc%n v&o?%%&%%?sé%n:egslp@ﬁ*’e, scan repeti
c austahsbagnd svanipattemanf iseidrireatm&0 lasgebeamhe sai d part

and the sai d non-mani pul ative intensity are neasured

apd

(A MR AR sy G e Sk £} Sesmen
seI ephasd aﬁar apphpathme;ﬁmmsqud)trpatma@asw ttelam w ere non-manipulative

phot |9{a5|ﬂgn't d‘f’r&tgﬁ to fhe shldsell ?g&oﬁgrpé rlzg Wﬁ@ 0P P pres

init ation ase is furt ut| |ze
| easef radiatiasf catuned by meomer@tlom between ithe :aid pery/ and the sald non-

'vvave,lnglqi Elgtlv H{eﬁglﬁ) ﬁ{bgﬂithzm %@Hetaélﬁemeﬁt tford’e‘&ld%%)étop further

ul se t scan V [ocit , Slze of scanned
voI utmtmsotaof sra@mm or te resyEe tmaanerdaﬂthpaw@mt agfjusimppt of at

treaf %elo?ﬁ‘%rfo@@@ fScus | BB}, BRRleRhgRNYuISE IetanFl repetition

prece cl al ns her conprising an assessnent
phasfeecaxeney pulsgitiainalength, ssantveloci sizetaf seanfedtvoluses scan repeti-

beanpaes sy tdsgehpaf'sard'tve%tmérnt|§§é$b&amls directed to

the sard se part and neasuring one or nore types
10 of radi atl on caused by the interaction between the

sdPdThmamethad #f eR e ararsAng sMpUhare the spidraeasHEsmelt gvolve
uti | getbmeinihgitse weﬁw@ygn of thedar sifedidy §ér@@orﬁ|bﬁdirhﬁét least

treatnment of sajd r to resume treatnment Wt
Wi t honf oféﬂe fellowipat tl’@ﬁSlQﬂt charaglefistigs @rigipg g @nfegppt&htnegtreatment

f ocusylsd Bt msdhhyacté@@ﬁ@{rﬁﬂgémbe Rigbied lueimgisfeady st o tuﬂé—
frequency, ulse train I ength, scan vel ocit si ze

scanfesalvedp QﬁFérOS%QPan?@ﬂ@tsPeci@s??Wn Bhotgp:gow Q?P’b%ﬁeFE?WOPV
of shidledceRad %roé@%?ranB)%@BhosbﬂoreEB&dé@pb@l%é@f)pﬁny of

t he preceding clains where the said neasurenent

i nvolve determ ni t he ure of the said
sdileFheaefhopiof éBYer & PFReed oifetue Whefahg s8icitpedslientéh
f ol | eanerdietddtion of 8cdustit affénts Rtbidied ©SingNoRicogtagtsemBor (s) and/or
ef fect of %he tr eat ne(P
an acoustic sensor placed in direct contact with the eye or adjacent tissue.
12. The method of any of the preceding claims where the said measurement, analy-

sis and adjustment form a feed-back loop.

13. The method of any of the preceding claims where the said feed-back loop oper-

ates substantially in real-time.

14. The method of any of the preceding claims where the said measurement, proc-
essing of resulting data, said adjustment(s), and renewed irradiation of the said
selected part occurs at least within substantially 0.1 second.
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pul se or any characteristic that can be recorded using
steady-state or tinme 20 resol ved spectroscopy, Raman

WG p@shsBecopy, photon-correl ati on spectr osScopypPCT/DK2007/000495

fl uorescence spectroscopy amd/ or phosphorescence
spectroscopy. 11. The net hod of any of the preceding
clai ere t renen detect i
ot S A e apf 8t P8 e BPREIATE gt sl R el gt Proc
(s) exsihg@f resating datss said adﬂjstm&ntcsb amddenewadi irradiation of the said
contact wth the e Q |.acent S e 1€
et riotpeisd ety Sosirs 3 Beof W TGN el B 3ubanl gmater
rreastharememppnanabqs- mevementsl ofttie egésrsatcddesnaral preferably shorter
feeq g’ﬁ Isog{? 13. The nmethod of any of the preceding
cl a| ér rﬁje sai d feed-back | oop oper- ates
substantially in real-tinme. 14. The nethod of any of
t ne. A metredi of @nyg bffheprededing ddims Meubimrﬁwasmembsem@balong
30

¢ encgreftrfis g8t haenf el e 5 Al ?éﬁ%‘* Focgsi e ueed
at | te @sljustiiheiocal plabe relativiedd the 1ens. second.
2008/ 055506 PCT/ DK2007/ 000495 24 15. A net hod of any
of .t | ' !

o DT BERGA0H 38 § iy BRocbllfy Blind Wie/® 3 folRe s Bimed
and gommsising th¢foélawug|stﬁp80f the said sel ected part
occurs at least within a tine period which is
subst anti bHot%H{%Hpﬁfatmé 544 sbiReieaR@Rt aneous novenent s
of the eyes (saccades) and preferably shorter 5 than
0. 01 second. 16. A nethod of any of the preceding
clai ms wHdr getectianjgpiatien fiem t%§@i’\?€'&°téfjc5’|§5 t he
treatnment | aser beampath in the |l ens due to

t wo- phot of) grfaMSIAGreasing eAEQy of Sai@dhotdimahipalatios al
pl ane relative to the lens. 17. The nmethod of any of

10 compr 181 PRI B oA GO BRE e9o ASRNE RN ng

said selected part b) detection radiation fromthe
S 3B dTteanethbed «bf pay of the pcading klajms fucthersimmyisingesr ggrificdtion of

7 SEPEINS TSR e of faleeh AbELs B e Bl sty i
nmet hedtedfto tysaif sdlémtedppartedi ng cl ai ns further
conprising a verification of efficiency by

Fﬁ?sfﬂeeﬂg{ﬂég %F aﬁf&j tﬁé L)l%%egiHS cfaﬂn@fuptﬂgr' Mrﬁmg%%%ring values

ensity
of said radiation obtained prior to treatment with the data obtained from said

verification.

20. The method of any of the preceding claims where the treatment laser beam
and/or any secondary source of radiation is focused using adaptive optics.

21. The method of claim 20 where the said adaptive optics further comprises the

use of a deformable mirror.

22. The method of claims 20 and 21 where the said adaptive optics further com-

prises the use of a Hartmann-Schack sensor.

23. The method of claims 20 to 22 where the adaptive optics form a feedback loop.
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rected to the said selected part. 19. The nethod of
any of the preceding clains further conprising

W@ ogasisng val ues of said radiati on obtai ned peT/DK2600/000495

treatment with the data obbtai ned fromsaid 20
verification. 20. The nethod of any of the preceding

clgi wher tr | age and/.o

< o e Ao of BEimst 27 WiiF R tre, 304 Blsdf Sfich g tation
adaptaused bpthecsaid trédtmentlaserdteaodorad said sécondaryvdoarce df hamlia-
sai d.adaptive optics further conprises the use of a
defotll Pable nirror. 25 22. The nethod of clains 20 and

21 where the said adaptive optics further com prises

t 126. Tisemethod offany ofithe pBrkding ckims whereABe said¢adiatidnozdmyfrises

Feodiaet Phog PaiE e BinBbBtheald Boah il shecton

24. phespherebeancef and tiemsstehiuwdiger e t he adapti ve optics
is guided by radiation caused by the said treatnent

22@%@%@5\‘0& of Qn 31' tﬂe %F%E@Hﬂgfc)é.rﬁg’ Sr% tRE sélﬁq\'\@asuFén@H?n com-

he net rec clalms where
t he prised m@suwg fdi\ﬁ sogetrﬂi d§m§>utl® aftthe é@dtradm@rbf t he
following: fluorescence, scatter, Raman scatter,

r ol fird ﬂn@fﬁod o‘? QF)@ BfRE ?%&%Biﬁ& ’cla‘?’l'l‘?t‘;j whERTRE He%ghﬂéﬁgznt ésaid ra-

The et hod recedi ng clains where the
sai dd'ﬁ%'alf@mé/ﬁ@ b&é?ﬁ‘P?fﬁi'H@@'M%%ﬁ'Y% t he spectral
di stribution of the said radiation. 27. The nmethod of

ang. e MBHhoB'of Ry biNfle pletelg ‘M&ﬂﬁ@wh@n% JRPGEHMERNBsdbeam is
said ra- 10 diation is foll owed by orallé%resolved

anal %wéed tepobtaip blaaching ceolaT CBﬂQG%Fe?%e!Eﬁ"@E lafng components,

cl ai ga@ponresrRafich & Iéﬁ@&bi@i&tor'oﬂﬁfﬁ CoRgiiBntsSof tﬁéilelﬁStcﬁ*deédmblll-
obt ai n. bl eachi ng,. col or chanﬁ regatj on of
(Gapts oafe

conpeAteRos lens RERBING REPNELEANS %w@f%voeﬁng or minimiz-

Ot hejhg eanitdtibh UREdHanREI éftRts, BEGUstiO Effé@S Andldr tHermapdffeet on
of |ens proteins or other t<‘i\§|{1ét|tt3ents of t

whi | BORGHP GOFTRINERIS nPTHESS 18t fHOIU B AFBH OFtredifént or are
mechgisia@kaigfskRetes, arégousti ¢ effect s, and/or t her mal
effects on nol ecul es, corrponents or cells that do

cdbe bR 95hol Grersraang P wherecrd ResFBLEg g i

cl ai agustbe tccolitaih tndléidritheal ageasfaspebifia arges molecules or macromo-
lecular adducts, for instance lens proteins or lens protein cross-links, without
damage to healthy lens proteins, cell membranes or other healthy components
of the lens, and further avoiding or minimizing cavitation, mechanical effects,
acoustic effects, and/or thermal effects on molecules, components, or cells that

do not form a target for treatment or are outside said selected area.

30. The method of claim 29 carried out according to any of the claims 17 to 19
where the said radiation is fluorescence while minimizing or preventing the in-

crease in scattering.

31. The method of any of the preceding claims where said treatment laser beam
originates from a treatment laser system comprising at least one ultra fast laser

to enable multi-photon effect, such as two-photon effect.
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adj usted to obtain nolecul ar cl eavage of specific
| arger nol ecul es or macrono- 20 | ecul ar adducts, for

wo Dik@E3es | ens proteins or | ens protein cross-paBR2007/000495

wi t hout damage to healthy hens proteins, cell
menbranes or ot her healthy conponents of the I|ens,

et Barodel St 3P wiEloe rRoa s Cte RpBitna st sue-

ef f esthstially sooecul es, conponents, or cells that do
not forma target for treatment or are outside said

S TS TefioR 3 e 3D wor e S Mt as e &miefR IdhPH sub-

sai dstartéhllatt080nm.s f| uorescence while mnimzing or

preventi ng the in- crease in scattering. 31. The

5 AP B e BB el A HOREE Bl tser oo
| as etersig sttemeabtengptical pagametric oasiiatorpunmped by 4 titeniumasanphire la-

o 1 ot VBt BB RS B e SR Teser

met hod of claim 31 where the said ultra fast laser is

er$i5t Tlhmg\ethogmf any ofghe preseding ickims wheGrihe said tregtieent laser sys-
RS d ultra fast laser is

em {]@I ng F Iggg%]%ub- K'ecrgér;ttsllfg% y 1030nm 5 34. The

nmet hod of any of the precedi nP claims where the said
t 38al heemethod 9& any githe P@ﬁeﬂ@gz‘i aim» wheredhe gaid drgatment laser sys-

par aféﬂ (@) \?\%rﬂﬁﬁ‘ée'sla‘%ﬁéaﬂélﬁﬂﬁﬁl ParafetriclodBiliAtet, %ﬁ@zﬂhurh%apphlre

erein said titani umsapphlre Iaser IS 1IN
t ur nlap@mg@dja glipda lagiep ehergis spid aptical pREAMALtR BRfillatordspurpped by

the phi@tRAlRIsaIpRIrdTasBPRhRh iR tofipinipe8dY BB dibdSBSer.
sys- tem (4) conprises a photonic crystal fi ber 10

36. The nethod of any of the Precedl nq cl aj ns ?
t 13- Thg method f aanef thagé%cegvg clairagvnghe E%ﬁﬁ'f’ﬁgeég“%{“ aser sys-

t unegh| EorMftises al prBRInR By <thiGibessnd & @brﬂfnuoﬁs-wave dlode-pumped la-
titani um sapphire |aser, and a di ode

sai dSpr‘fVP%r&W W%ﬂ?é?’i’? erysteliiger i Rymped ?Yu??biﬁ'oﬂ?/ Fasgrél d

titani um sapphire laser which is in turn punped by

S@BdTlg’é Aethodas any offe pﬂ'ébédlﬂigtdwds Wheamald)bul*slhg comprises puls-
pr ecedi

15 t Bt @%ﬁ%tﬁllggtglager X gfrb\ﬁlﬁ'ba 8P§§f" qqﬁ%ﬁ%gqrt q?pésetrﬁ)sfc’%fcially 60 pi-

cont ggydersdsnvave di ode- punped | a- ser, wherein said
photonic crystal fiber is punped by sai d di ode | aser.

2%‘%?@%@%&%@ Sﬁ%f’ﬁgé grepcl?fjgxs cParngg ‘fjlice%gsa% Sﬁlgﬁﬁg \é@r‘%ﬁses puls-
ing the treatment laser beam with a pulse width shorter than substantially 30 pi-

coseconds.

40. The method of any of the preceding claims where said pulsing comprises puls-
ing the treatment laser beam with a pulse width shorter than substantially 10 pi-

coseconds.

41. The method of any of the preceding claims where said pulsing comprises puls-
ing the treatment laser beam with a puise width shorter than substantially 1 pi-

cosecond.
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ing the treatnment |aser beamw th a pul se width
shorter than substantially 60 pi- coseconds. 20 39.
wd be@sisistod of any of the preceding clainms wheper/pRo)7/000495
pul sing conprises puls- ing7the treatnent | aser beam
with a pulse wwdth shorter than substantially 30 pi-

cQ onds. 40. The thod of any of the preceding .

2 The Trabed ot amoryhF bréngoife AR Bhers il ARG pifEprises puis-
t r eghgeid trdament 1DssR eintwithca pulsewidth shidites krantstibstahiially 500
substantially 10 pi- 25 coseconds. 41. The nethod of

any fSF‘thﬁé°’b‘¥secedi ng cl aims where said pul sing

conprises puls- ing the treatnent |aser beamw th a

%Big}?"}ng??d ggam%?f;thé prceding skaang whereysald gilsing coreprised puls-
P 007/.000495 27 42 f
any B8 VIS AP RRUT A s wio i Tsr e fBLERRaIG 200

conpfeimsasecondss- i ng the treatnment |aser beamwith a
pul se width shorter than substantially 500

f se . f |k
o FEHRRER o1 ot iF oL R cRim ke sold WiuHhGEptes puts
t r eaihgrtie tréaiment lbseipenintwithea pulse widflh shdrtes trant ssibstantially 100
subst ant | géolngszoo fent oseconds. 44. The nethod of any

of the p?ece ing clainms where said pul sing conprises
puls- ing the treatnent |aser beamw th a pulse width

s KHbr Ther methad of aby ofthe pesckding 0@ims where-saistiiigiRg carppugss puls-
The iﬂﬁ?ﬂbot‘?eé%emé{sé?fbe%%m é??ﬁé’é Wity LRAriR tihedus@dtislly 50
pul sing conprises puls- 1ng e treatnment | aser beam -

Wi t Hemtpaeeamdsd dt h shorter than substantially 50

fent o-seconds. 46. The nmethod of any of the preceding

Clygi iR ?N@ﬁ-{o@ of ah{oftHE Bfétﬁﬁdigﬁ %Fﬂwsqﬁfﬁerfé@aﬁ pulI§l8g E&ﬁﬁrises puls-

treatnent |aser beamwth a pulse width shorter than
subsing e tseatyent laserideamovithea Byige widlly shotterthansrybgiantiglly S
of tRNs kng clainms where said pul sing conprises
pul sing the treatnent | aser beamw th pul se energy

density lower than substantially 1 Joule Ioer s%uare .
c &h 1A msathed of any of the preceding claims where said pulsing comprises pulsing

the treatment laser beam with pulse energy density lower than substantially 1

Joule per square centimetre.

48. A method of any of the preceding claims where said pulsing corhprises pulsing
the treatment laser beam with pulse energy density lower than substantially 500

milli-Joules per square centimetre.

49. A method of any of the preceding claims where said pulsing comprises pulsing
the treatment laser beam with pulse energy density lower than substantially 250

milli-Joules per square centimetre.

50. A method of any of the preceding claims where said pulsing comprises pulsing
the treatment laser beam with pulse energy density lower than substantially 100

milli-Joules per square centimetre.

51. A method of any of the preceding claims where said pulsing comprises pulsing
the treatment laser beam with pulse energy density lower than substantially 50

milli-Joules per square centimetre.
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48. A nethod of any of the preceding clainms where said
pul sing conprises pulsing 20 the treatnent |aser beam

wovkdoB/opashee energy density | ower than subst antpet/bx20000495

mlli-Joules per square cenginetre. 49. A nethod of
any of the preceding clainms where said pulsing

e AP PR eI IEP AT g POBG obrBEs Sifsing

m | | he I@utntent er B@ptﬁmmpalsblelmetgyeien_é’i& I6@er thanstibstantiafly 25

any recedin wher e sai d pul sing
corrp'?"f"éli%u(? &iSHyare ?ﬁ‘?@hq‘?@t nment | aser beamw th pul se
energy density |lower than substantially 100

ms3l A -ndathddesf gog of $gumeeedirgntlaimstwhere 8did palsimgtdoogbrieés pulsing

any f gllgg%eﬁ']r Eqs%gbg%ﬂ%tﬁ rpggte\gﬂg ?, ﬂgg/l \HL,S{hQH sHbstantlaIIy 10

conp
e_nerlguyh -deues per slqomrcehtrmatrsubst antl ally 50 30
mlli-Joules per square centinmetre. WO 2008/ 055506

PG/ ﬁ?%ﬂoﬁ%ﬁ’éﬂ@? %té? gﬁegcgld@g gﬁhﬂ@ thefe tﬁ%\o‘aleftreta ent laser beam

precedi ng C _ _ rises pulsing
t he isfeauseadta a bpatavithcediameter lof ws@@tldw&%mlm| ty
| ower than substantially 25 mlli-Joul es per square

c %t TR Efod ¥ anf‘oﬂﬁfz ?F&:eefn %&Ym?ftvh&#é%@ ES@Q@SaﬁtSent laser beam

I'ai & where said n’(grl ses pul sing
trealslf@(mse@ &%ﬁpﬁéﬁﬁvbﬁt@mlabwﬁ BIEARS- gy density | ower
than substantially 10 mlli-Joul es per square

C eggt THekefhodf any Bﬁhg‘ﬁé&aln@fdaﬁmy whEre the sBidefeatthévd laser beam

clains where the said treatnent |aser beam is focused
to aisfprsediiq %SBOtdlféH‘%?t@?t'aﬁlf 1QQ,miarefst i al Iy 20 i crons.
55. The nethod of any of the preceding clains where

t Ngy. $Rd FhetHoBaf BRY bf tha pRécelmgBairkd where thé daiddréatmént$aet beam
of substantially 50 m craons. @6 The net hod of any of

t he EF%‘B’@E? Ry éP%florfrbsuW%'?t@"\f MUCIPRP-t r eat nent | aser

beam is focused to a spot of substantially 100
M3yl PRS methbd o'f'bﬁy Bﬁﬂwb%déﬂlngmlamfs whbe the saididieatmentdases beam

wher e .t he reat ne beam is focused to a

spot 'Sé?cubssa?q afee taﬂ?lsvbs?%ntﬁﬁ%sgﬂgronﬁS 58. The nethod of

any of the preceding clains where the said treatnent

| eggeThdawthodidcf ahp oﬂtlaeqbréaedmgs:ﬁaims ohesauthe tsaidttiesatrhgntiaser beam

m crons. 58 The hosﬂ the preceding cl ains
wher & insad1p & Speideere Ul Himenry
60. The method of any of the preceding claims where the focus of the laser beam is
scanned so as to treat at least one predefined volume, said volume being of a

size enabling selective targeting of the lens substance and its sub-regions with-
out damaging adjacent healthy or unhealthy tissue.

61. The method of claim to 60 wherein the said volume has a cross-section seen
from the instrument corresponding to the entire lens or specific parts thereof.

62. The method of claim to 60 wherein the said volume has a cross-section seen

from the instrument of up to about 100 square millimetres.

63. The method of claim to 60 wherein the said volume has a cross-section seen

from the instrument of up to about 10 square millimetres.



Is focused to a spot of substantially 1 micron. 60.
The nmet hod of any of the preceding clainms where the

wo omemshe t he | aser beamis 20 scanned so as POI/DKS®L/000495
at | east one predefined vohkainme, said volunme being of a
size enabling selective targeting of the Iens

S ance d,its e out. danmagi
parEremed et o Pk RDe Prbdaumie et YR eqgy soen
of cfram the instbiimevitef ap to aboeit $ sqdareailimetreas a

Cross- secti on seen fromthe instrument correspondi ng

Er%gt ﬂget ?;f l:lsal mot‘io \ﬁl@%‘éfn thg sQ 8" %Jﬁjg{en%’s fsdgnegctigﬁ geen

a crforzmmmlostrumerK@éupto‘ahmtOlﬁesqua&tmdmrmﬂtesof up to
about 100 square mllinmetres. 63. The nethod of claim

t %66‘93%@8{%[1 5 BB %&bvwé}gmﬁe Eé‘iﬁ VBIFIARS SE6Ld-04k1iDK 88en

I NSt runren to a squar e
m | Iﬁrwretthaemstrmmmep MOWMGWQ}@M% 29 64.
The nmethod of claimto 60 wherein the said vol ume has

a 69rﬁ$esm§ﬁ1%ﬁ'o@ Elaﬁr?FﬂBO \K/ﬁé}mnttng sélﬁ%fum@rﬁgs Pérosfsd@ion seen

about square m | he nmethod of claimto
60 v@m@mmsmn@a.oaum %hﬁélt ﬁéssoaaterf@%n%t@@tl on seen
fromthe instrunent of up to about 0.6 square

migg| Tﬁ'@ltnéﬁt%d 05C|§§ﬁ toldtPwRE b RQHe ShidVoRintB R4a HEro¥8EtOA seen

the said volune has a cross-section seen fromthe
i nst Femihn ingffurgnt oh ug paRou 091 squared iimaticiet res. 67.
The nmethod of claimto 60 wherein the said vol ume has

a gor ﬂ‘@esmé%ti'o@ Blaﬁnﬁ?&mo WAt the shidSiolumiestids DErosPsédion seen
about 0.1 square The .nmet hod of claim

to 6?5°’W*|'%er '@F‘iﬁ“’f‘%r&%{?@ W%ﬁgo%ﬁ%“aée B¥¥LE secti on seen

10 fromthe instrunent.of up to about 0.01 square

70| THeeknegdd o Blaint l‘b%UWhéT@d\ thé saidajoluniechds(a evoss-seatioh lseen
sai d_vol ume has se n seen. fromthe

i nst Fmdhg 0 V“'U?)"G{P %é@%ﬁj‘aﬂaﬂﬂ{‘%r ons. 70. The
met hod of claimto 60 vvherel n the said volune has a
Cr7as$he methiodrof siaemto 60 whereimethe saidrvoiueTe hasfa cnoss-sectiooseen

aner G0 e 0oudENrpe T o 1SaUBE MG, 07 Con” From

the instrument of up to about 10 square microns. 72.
THR. Tied methodfof clasm tn bwbBéreintbe eaid iohimeskasda ¢robsraectionseen

a crfe?@ tﬁee%tsfrls)rﬂer?(eoﬂ]ﬁté 56)6Uttlr§(auimré%i'&}8}§?nt of up to

abou

73. A method of mechanically immobilizing the living eye, wholly or partly, during
treatment, by mechanical contact with the surface of the eye or by mechanical

contact to a contact lens mounted on the eye.

74. The method of claim 73 where a fluid interface is utilized in said the mechanical

contact.

75. The method of claim 73 or claim 74 where suction as applied to reinforce the

said mechanical contact.

76. The method of claims 1 to 72 in which the eye being treated is immobilized ac-

cording to a method of any of the claims 73 to 75.
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73. A nethod of nechanically inmmobilizing the |iving
eye, wholly or partly, during 20 treatnent, by

wore@bassse@l contact with the surface of the eypcmDKbBY7/000495

mechani cal contact to a coeatact | ens nounted on the
eye. 74. The method of claim 73 where a fluid

i nterface tilized in sai chani.cal t
787 ARl atechind STphferiéts B bR IR ot wE PR ateast
as agnd lightidétectoei nf orce the 25 said nmechani cal

contact. 76. The nmethod of clainms 1 to 72 in which the

miBn0F RrelEP by 72 whBledst i Bne SGR ARG Budin com-
PCT/ Dis26@%4ad®d495 30 77. A nethod of tracking the
novenment of the eye by imaging of the eye on at | east

oqg +Hegﬂ%thgato??lta%s 778 7 T%ef?ﬁ" de?\g%{egﬁra bithé Ey¥ebEnd by

| east one o he sai I i ght S) com prises
a c atnanking referance pointsivtthedysf clains 77 or 78, wherein
t he novenent of the eye is found by tracking

r %6 efi%‘%&té?\‘? bf‘&r?y 6frblatuﬂ§ 78YE79, %eré— R RastY fHe Beekbtor W;w@fthe eye

cl al ms 9,” wherein each |ight detector views
eye fr@mélﬁeﬁﬁrﬁﬁé@éﬁt angl es 81. The nmethod of cl ai ms 1
to 72 in which the novenents of the eye is tracked ac-

1@1 C'medr'nﬁ%oﬁ‘bf BlalRd NRA7 Dk vitiioh RE nbdvenfeh®y 6TBhe’ dyd i@ trabked ac-
A nmethod for nonitoring the_orientation of an eye

|n  sepadiBg 19,2 s1athnd ofaey @& Ihg C1aiBATY &9 Phg t he surface or

anterior part of the eye and the fundus (posterior
| 1391 Alenetifdd fohﬁhoﬂl!&)ng&ﬁé’ oﬁéﬂtﬁldn&if laR @yé hﬁsﬁob&iytsahulmmeoﬁsly

f,mlecmeq%glﬁglrr]\gglg% ob]antleH%r %%,rteé%%e ?¥ea%nkcgljme é%ncIUfépostenor inside

cor dbfife bpe)andeialtarkting tHel diefMalidn ofthe eyben spicbod f or
condi ti oni ng t he eye prior to treatnent, during

A g Pk 72 B e o AR RSB T =

and ¢edingte a nietimddiof oim 83. net hod of treating a person
or animal in need of treatnent for cataract, pre-

g%tg?t%;gh Bwpgrrecsoﬁr\éggh ﬁﬂ@/ éll%rbnop{o tPéJMR{ liMnr‘fB t?é'ét'r%htvﬁnor to

assessment or during assessment by applying at least on of the following: heat,

cold and magnetic field.

85. A method of treating a person or animal in need of treatment for cataract, pre-
cataract or presbyopia by non- or minimally disruptive photomanipulation of the
lens and/or its constituents collectively or selectively of an animal or human eye,

comprising:

a) focusing a treatment laser beam into a selected part of the lens
and/or its constituents collectively or selectively where treatment is in-

tended to occur;
b) pulsing of said treatment laser beam,

c) measuring one or more types of radiation from the said selected part
and utilizing this measurement to decide to stop the said treatment
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| ens and/or its constituents collectively or
sel ectively of an animal or human eye, conprising: a)

wo oeesaaes 2 treatment | aser beaminto a sel ectedr/pRb§07/000495

of the lens and/or its constituents collectively or

sel ectively where treatnent is in- 25 tended to occur;

b) pul sing id treat aser n nmeasur i ng.
one or nor e? Egargpr léﬁtiabllﬁa‘ft o&ﬁﬁﬂ? %rae@gi g%c(uédmten-
part and utslty Ivs?aiv@@ngtlhl pulse Ragthe repetitidndfrediencle aha palseprain

the said treat 8/055506 _PCT/ DK2007/ 000495
31 | aser %ﬂggfnft%%%@?n@?q 58" one of the

pararreters focus, inten- sity, wavel ength, pulse
| engthbreby eppebbrebdning said caetacact, medatatdct er presbyopid anbthhbs treat-
of said treatnment |aser beam thereby photobl eachi ng
sai d"8 aq%ease pre-cataract or presbyopia and thus
treat- 5 ing the disease. 86. A nethod of claim85
f 86t Wemetboe ot claipr 8$fw1tgema icomgrising scarmingrtbe treatmant laser
aﬁambeg)na} Ia}f\?e gqu I ens 87. A et hod of _cI _ai m 86,

erern s ep ¢ Urt her mor e conprises utilizing the
nmeas- urenent to decide to adjust at | east one of the
p&7akenethed of daim §&Ivdrein stepic) &urthermang copwnsesiutligingithe meas-
scan
ol ai GRS i ol SERRG U T the fPPam IR sy oy, size of
rreamseannego/awrrmefsmreaetbti@éoand $p30 Patteinne- by- 1 i ne scan
and/ or a continuous back-and- forth line scan and/or a

\?\%iBr al méﬁ%@& 0f glglm s BF‘@'F‘ %e?éln @QM s€hn Pi\tﬁérﬁ%mﬁﬁnéé& PReander

ereln at | east one of said pes o radi a- tion
ar i s&sanjard/era discentinueus linerhy- 'lr@sséﬁn BBRY/AY a gpntinpges back-and-

et hechiPiinel dc8ALhARr 8 sPRAISesn.Or ani mal in need of
treatment for cataract, pre- cataract or presbyopla

accor di n% to any of cl a| ms 85 to 89 [@rther co é}gr
ady- 4 mefhed Péa@mfééa"as'ﬁ 88\ta BRwwherely agpasiane qfr?@ adia-
of amyn afisddWudtbRarRdid2mEntaadss bedfier ei n adj uvant

phar maceuti cal s 20 are adm nistered. 92. The net hod

of claim 91, wherein said phar.maceuti ahs quen{cth free
r 29; the g1em?d of treatlng a person or animal in need of freatmént for cataract, pre-
cataract or presbyopia according to any of claims 85 to 89 further comprising

any of the features of claims 2 to 84.

91. The method of any of the preceding claims, wherein adjuvant pharmaceuticals

are administered.

92. The method of claim 91, wherein said pharmaceuticals quench free radicals in

the eye.

93. A system for non- or minimally disruptive photomanipulation of the lens and/or

its constituents collectively or selectively of an animal or human eye, comprising:

a) a treatment laser system for emitting at least one treatment laser

beam;
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the eye. 93. A systemfor non- or mnimally disruptive
phot omani pul ati on of the lens and/or its constituents

we aos@sisovel y or selectively of an aninal or hpeBDKe)8000495

conprising: 25 a) a treatnent |aser systemfor
emtting at | east one treatnent |aser beam WO

2008/ 055506 PCT/ DKZOO?/%?(M% 32 b%aéf ocusi ng _neans

for focustnfPcusing Means fordpcusigSad Eeatmen ?%er%egg\ Into a se-

| ected part |gied fet dfahs|eas dhdror its Sorsauehistodiettively or selectively
collectively or selecti veI%nnggere treatment is

i nt ended t o "HeE Featpntid 4 0 B6t%i ng of said

treatnment | aser beam 5 d) means for neasuring one or
nore typey @ieah8dbrgluising dfrsaich tidatmerstilakes eamect ed part ;
e) neans for processing the said one or nore type of

radlatlonfromt said sel e .
i ot | ng®) BRRn g meRufind 8o B FErbes o s orp B saia se-
means 10 f tecteayparessi ng, at | east one of the

parameters for the said treatnent Iaser beam focus,

intensity, r?d %Q %}q}r&esgﬁéﬁget %ﬁ%?ﬁ@or gb% belefa i6n from the

quency, e trarn sa| nment aser
beam 94. Asawaeme@fpanﬂ aim93 further m)re conpri si ng
means for scanning the treatnment |aser beamrel ative

to the | ensnlas9ta sﬁﬁ@tb%géc% &t I@h%Pp%flt obee&ﬁblH o?ﬁ{etmeans

f) furthernore conprises means ust - based
on at | east fgraprecaspingl least pog ofdhetpﬁ@,amﬁégﬁéor’ft g said treatment

processing, |ador b@é}ﬁi ¥ s O}? hﬁzf\}éﬂin@ffpﬁﬁfsé 1engtH5‘ répetition fre-

velocity, the size o sc¢anne
repetitionsquaney, endpylseatiaindenath Al S%"ﬁi"@?&'@é?ﬁ kepm.
claim94 or 95, wherein said neans for scanning the

t rgga "@?ﬂ@bn‘\ 8r clfifh %rtp&ﬁmr@ 96m5ﬂ|§r999m€3ﬁ§‘ﬁ3r E&4nning the treatment
perf or a meander scan and/or a di scon- tinuous

I|nelwfpﬁﬁmf@€%taﬂﬁﬁ'§f‘sa conti nuous back-and-forth
line scan and/or a spiral scan. 97. The system of any

0fgs5C | pady¥Fen? 8f claiffo£ WﬁBFélﬁbé\ﬁf)Wmﬁﬂi ccﬁrﬁﬁrtsés ﬁ@aaﬁ@fbf adjust-
mani pul'ative intensity direct ¥% a} sel dt
part g, PAERd o 3trhegqqgaggf the output of the meansor processmg, at least

one of the parameters: the scan velocity, the size of scanned volume, the scan

repetitions, and the scan pattern.

96. A system of claim 94 or 95, wherein said means for scanning the treatment la-
ser beam comprises means for performing a meander scan and/or a discon-
tinuous line-by-line scan and/or a continuous back-and-forth line scan and/or a

spiral scan.

97. The system of any of claims 93 — 96 comprising means for emitting non-
manipulative intensity directed to the said selected part either from the said

treatment laser system (4) or from secondary means for emitting radiation.

98. The system of claim 97 where the said secondary means is at least one laser

system.
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25 treatnent |aser system (4) or from secondary mneans
for emtting radiation. 98. The system of claim 97

woMesesthe sai d secondary neans is at | east onECT/BR2I07/000495

system WO 2008/ 055506 PCTBDK2007/000495 33 99. The

system of clains 97 or 98 further conprising second

cSoThe D ar Sire T B el SR BRI RE Sechng iR iggpurng
par torinst dére tmischf ra:d’atiasancausédtby e intetotish bgtwied thelsaid se-

99 further.c ri sing second neans for

pr oc'gggggﬁﬁﬁtaﬂgrﬂ%s%%f‘%n m?Q'Paignﬂﬁ%l"ze’F%e of radiation
fromthe said selected part caused by the said
nd0e manTheudyatenv of ¢laitnedBsiuttiier cbBprisifhsesgrst meaan foc pracessing the
100 wher - .
g SE0TRbiReR Bk b RB Rl o IR L5 GEARReN By RROEY the sai
adj usdn-mgnipulatiexnistensie of the said paraneters for the
said treatnent |aser beamor to determne if

pul | 4% -
?ﬁghsy ﬂeémé@% érﬁ'of étgfnt ﬁ?bs\bﬁéfeg%obut tg n?f?m@éraﬁn‘sjrlnﬁg ffor process
for idgter usaditn g)btaumep@qap iseidl meangrfon asjustiog at leestsefiedef the said
S eI e&ér?ﬂe@% for G, qﬁéaﬂ&eﬁ{ lab&BhmO8H0 Abtetifmef |Prha? ?ulatlve in-

transi ent characteristics arising as an

of tﬂeBSIs/aamuumemnwged)f the said treatnent |aser beam
or any characteristic that can be recorded using 15

stipady- %Qtsgstgr'h driaABof 851945‘9%%51B‘?%ﬁwﬁﬁﬁﬁé’)heaﬁ’éifﬂi'aetermmmg

spectrosco hot on- correl ation SpeCtrOSCOEﬁ
fl uoﬁh@@@ém élgﬁﬂ'@fﬁ pldbe spigl saleaiedPapkeBpHsing st ieqstcone of the fol-

S p e CWC 99Hsneri¥ Qﬁarazﬁﬁst'ﬁ‘)ésatngﬂb ok aA¥elf of%@ééf& pHBing @f the

sal d neans for neasurlng rlses
rrean%a'fﬂ tfeatmné@ﬁerr@eaateru@m %\aacf%'éﬂ%thakeamwecwd using

syst §Eugf st?ieadrmrkor%sm&i SpdctiBs &l IRARAN SpdBros E6ye phdtorg

acoustic ef- fects conprises one or nore non-contact
sensear(elgtion Bpectroprapys flaerepsasce EPeagtipscaryRsYor Rhespiipseseence
the sai-fo&®pys for detecting acous- tic effects
conprises one or nore acoustic sensor(s) placed in

direct or indirect contact with t e or ad a

t i1183ue. Thessystam ofrply FyraimpPafo éQ%,wE?reé %pﬂg orer%asunng

wher gorhpifses Mhns¥siifetdclihg BEARYE effedi@nt , pr oceSSI ng and
adj ustment form a feed-back | oop.

104.  The system of claim 103 where the said means for detecting acoustic ef-

fects comprises one or more non-contact sensor(s).

105. The system of claims 103 or 104 where the said means for detecting acous-
tic effects comprises one or more acoustic sensor(s) placed in direct or indirect

contact with the eye or adjacent tissue.

106.  The system of any of claims 93 to 105 where the said means for measure-

ment, processing and adjustment form a feed-back loop.

107.  The system of claim 106 where the said feed-back loop operates substan-

tially in real-time.



10

15

20

25

107. The system of claim 106 where the said feed-back
| oop operates substan- tially in real-tine. WO

wQ8/08&36606 PCT/ DK2007/ 000495 34 108. The syBtEDK2607/000495

any of clains 93 to 107, wsere the said neasurenent,
proc- essing of resulting data, said adjustnent(s),

R g e A
The esgingefresultmgatd, said @djustresht(s) ahdgendveadsiradiatien efthel said

acl AR ) SocBRER AR AR s b3 B0 R0 °2L5

sel ected part occurs at least within a tine period
wWiP@h i Ehestyistenaelft anyldf glaing:83 tae10& Whketeiniee sgid mease@ment,

mov . of ' ; -
s st or 1 S8 ARARARY Pk aiald rogpion o e
cl ai said sleated parh oeduss atdeadi avitbingahtime pedod whigh isesibstaatially

10 leRfHin e tatebdd %Wm%ﬁ’t@rlofl ':FLhng_FeE ek cRhdddy a;bé preferably

focused usi ng adaptive opticCs. he 'system o
cl aishotteothan & selsendai d adapti ve optics conprises a
de- formable mrror. 112. The systemof clains 110 and

1Hpowhef §RRNTE1 £hyafl BRIy 83 P 0F SaifddWHERE thetHitPiréftRient laser
a Hartmann-"Schack sensor. 15 113. The system of cl ai ns

110 hesmand/oprnyesecerdanyspies of rggiatienisifesused usig AJaetve optics.
| oop. 114. The systemof clains 110 to 113 where the

aqapt i VEhel§Ysted of daifii 106sheMY the sid addphive 6ptitsadnipYiséda de-
said treatnent | aser beamor a said secondary source
of fPHPRRIE MY 20 115. The system of any of clains 93

to 114 where the said neans for neasuring radiation

?Q:Ml!).r | SHfe éV?FJﬁ@off ddimdatioaindan 1 whesd thlga%aﬂadap&vwépttcb éurther

ol I owi ng: or es- nce, scatter, man scatter,
refl“é’é‘?‘?%ﬁ? aﬁﬁ’é@}ﬁ?{ifé‘i‘@%%@w&nd brensstrahl ung. 116.

The system of any of clains 93 to 115 where the said
mangs fTHe syetsniokclaids 11010 1¢2Wheiesths adaptive optics form a feedback
measuri ng the spectral distribution of the said radi a-
tion%R17. The systemof any of claims 93 to 116 where

the said neans for neasure-
114.  The system of claims 110 to 113 where the adaptive optics is guided by

radiation caused by the said treatment laser beam or a said secondary source of

radiation.

115.  The system of any of claims 93 to 114 where the said means for measuring
radiation comprises means for detection of at least one of the following: fluores-
cence, scatter, Raman scatter, reflection, phosphorescence, and

bremsstrahlung.

116.  The system of any of claims 93 to 115 where the said mains for measure-
ment comprises means for measuring the spectral distribution of the said radia-

tion.

117. The system of any of claims 93 to 116 where the said means for measure-
ment and analysis comprises means for temporally and/or spectrally resolved

analysis.
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ment and anal ysis conprises neans for tenporally
and/ or spectrally resolved analysis. W 2008/ 055506

woeibs k00 7/ 000495 35 118. The system of any péT/DK200m800495

93 to 117 where said treatsent |aser beamis adjusted
to obtain bleaching, col or change, deaggregation of

| G0 CORDOBRALS of A HERAUMHEDS £21NGL 1o HGALES pEm is

cons ens, T€s0

of | adjgsted tot ahtais bieacking, exolm:@hamget, deagg;ega‘tlonimélelne nemponents
whi | 0 it ation, i -
o DO e B MO R S .
nol ezambe:of leos ppudeies bsother conefitlents lefithedensrwhilef avoiding or minimiz-

;?;g'% ﬁ@{aﬂ%&ﬁé&g é:?np% @(s acoq.{é |§|e tS %Sglof %ﬁé@%cts on

sai dmbleelaiesrmwmnoaem dwahs ihat dcadq>tljetmad targetdpr taéatment or are
m)l e&%gg ighesgré@%% a%a speci fic |arger nol ecul es or

["écu adducts, for instance |ens

prote| ns or lens protein cross-links, wthout danmage
t d18eal Theysystans opanyt afictaims 83 19 11 mhermeaid tipatgientlaser beam is

heal éﬂysté:@fg’émﬁﬂ%le&ﬁartc@%vim sp@@iﬁ faﬁér'?ﬁ&le&:‘fé%‘ Sintromo-

I'mzing cavitation, nechanica
acoulsculler asidugist for instance fers [Reotaiab o6 lens erajeip Frofstiiaks ithout

COMPdNralesto h%%lt lehs pid s, cHPm@ rén‘é"s %tﬁe?hgﬂhyfc%ﬁwponents
gl

treat ne or out Sal d se ecte ar ea.
The ¢fytke @nsmndafnstherfaveldmgrm nuBiMizng gayitakern. @@aaacal effects

tr e?ﬁc{&‘égﬁc MR af /§F ﬁ‘m@ %W@Eth%ﬁ%&écdl@sa%mﬁaﬁerﬂg toF éells that

f as aser to enable mJ hoton effect, such
phot dnnetfferara targetfor meémgvtsqr@rﬁ @\ﬂtS'@Pé‘er Sfmtmpé t he
said ultra fast laser is emtting |ight at

S Ul%t an‘fhé‘éyjsl/eng 9@5\{9 of%félrﬁg 83 tol " Wﬁ?@%l@freéﬁrﬂénmaégrosystem

where the said ultra fast |laser is emttin ht at
subs¢QmRrisgs BYleastamerHlitra fast laggrdo gpakle mt’diffpf&?sw gifedt) sychas two-
93 tgholdleffedier e the said treatnent |aser sys- tem (4)
is a tuneabl e opti cal par anetric oscillator punped by
a titanium sapphire |aser erei

t i'84ni uFMSHYSIAM PECIRITS 140 Wherp the taid “W@ﬁﬁ%dﬂasﬁ\} Is£reffting dont at

| asegubstntidiRABOORRE system of any of clainms 93 to 123,
wher e the sal d treatnent | aser sys- temconprises a

T NGDEIRCAR= it TR A

substantlally 1030nm.

123.  The system of any of claims 93 to 122, where the said treatment laser sys-
tem (4) is a tuneable optical parametric oscillator pumped by a titanium-sapphire

laser, wherein said titanium-sapphire laser is in turn pumped by a diode laser.

124. The system of any of claims 93 to 123, where the said treatment laser sys-

tem comprises a photonic crystal fibre.

125. The system of any of claims 93 to 124, where the said treatment laser sys-
tem comprises a tuneable optical parametric oscillator, a titanium-sapphire laser,
and a diode laser, wherein said optical parametric oscillator is pumped by said ti-

tanium-sapphire laser which is in turn pumped by said diode laser.
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tem conprises a tuneabl e optical paranetric
oscillator, a titaniumsapphire laser, and a diode

wo 2gnssswherei n sai d optical paranetric oscil | gtOHKE®7/000495

punped by said ti- 30 tani ggn sapphire |aser which is
in turn punped by said diode | aser. WD 2008/ 055506

032 155 YRR 8 At R 27 S5 AL o B A pTectt ove-

CoNplehrt&Inpisps atphbioﬁlcafrwtéliﬁbeif araka diedel Iasedlvméeelh asidroptical
wherei n _sai d _opt rretrl osci | | I S

by <BAENE 2sFIRiPER pyPEE B 3ol e rsap@hidat P tur
punpedmsd Besad diodelmskaser. 5 127. The system of any

of clainms 93 to 126, where said pul sing conprises

p - h reat . ' )
87 or M itk BERT amE 33l 175 Wbl shif gl Sythalict puis
syst iegtief treatyeot lasdr dieam it 4 pulsew;dth\hMrerymmBL@slastiaib 60 pi-
conprc;s%lg(gﬁ uls- ing the treatnent |aser beamwth a

pul S& "shorter than substantially 30 pi- 10
coseconds. 129. The system of any of clains 93 to 128,
wi@Be sHialsystens ohapycafefaims 88 tp 2% whergysaidth pulsing gomprises puls-
| ase;

cube TN Rl et et A2 RSO R S ihan substaptialy 30 o
of cttmen@r\®3 to 129 where said pul sing conprises

pul s- 15 ing the treatnent | aser beamw th a pul se

wiidph SHy éy% erh Bﬁ%f&%ﬁrﬁ@bb% hya w&e s&@aeuemg%mpmés puls-

The system o 0, where said

pul sing @e:tmsmes@gsqmegm wiya PH'ée wcaaﬁh%rtﬁr thapsubsiastiaiy 10 pi-
Wit h,a e wi dt h shorter than substantially 500

fent osecon 20 132. The systemof any of clains 93

to 131, mhere sai d pul si ng co rises puls- ing the .
¢ 8 meTie Pystaam obaMrANGAIRS 3 Rl 23 WieER #1S AU compses puls-
subsi,gid RbdttheRO8ser REROFIEES Bdl%e WidiR shdrte tisarsdudataptially 1 pi-

any of clajms 93 to 132, where said pulsing conprises
pul sCOSeRPNdShe treat ment |aser beamwith a pul se width
shorter than substantially 100 25 fento-seconds. 134.

Thlleznsy Stl@é%;%ﬁerﬂaf/amf offdlaamasssa@w@ whizge saiblpuleingaothprises puls-
Pu Sllng%lhe tre trrnleﬁte Igsgr%eam with a pulse width shorter than substantlally 500

femtoseconds.

132.  The system of any of claims 93 to 131, where said pulsing comprises puls-
ing the treatment laser beam with a pulse width shorter than substantially 200

femtoseconds.

133.  The system of any of claims 93 to 132, where said pulsing comprises puls-
ing the treatment laser beam with a pulse width shorter than substantially 100

femto-seconds.

134.  The system of any of claims 93 to 133, where said pulsing comprises puls-
ing the treatment laser beam with a pulse width shorter than substantially 50

femto-seconds.
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ing the treatnment |aser beamw th a pul se width

shorter than substantially 50 fento-seconds. WO
w@008/0850606 PCT/ DK2007/ 000495 37 135. The syBteEmKab07/000495

any of clainms 93 to 134, wsere said pul sing conprises

pul s- ing the treatnent | aser beamw th a pul se vvidth

tert han sub tant.i al | econd
oI35 o T SRR AP SReo7 lp 1HE WAGRCFEA Edpind Seinarteg puls-
conphg ﬂ&strep!ﬂmnt lasdr bgamiwithta palserwidth blacster tHaasubetahtially 5
pul Sg ?nerc%% | ower than substantially 200 m -
cr o- POR-8eONds7  The system of any of clainms 93 to
136, where said pul sing conprises puls- ing the
t n8ait nefte syateen obwynofwiaimhs B3its 3% mbegeysdidprising lsamprises puls-

T e e L

conparogmdespul s- ing the treatnent | aser beamw th
pul se energy |ower than substantially 50 m -

5337 u+r?essysi]e%$ of a-rrl}eof%bé S 13%”3%3"' @hlﬁﬁlnﬁ SomPrises puls-

where’s npri ses
tr eangﬁmtreaament lmmeamtmthmulspeeraw igyet tbm:subﬁamtlally 100 mi-
subst gn&_lggly 25 m - 15 cro-joules. 140. The system of
any 0 alms 93 to 139, where said pul sing conprises
pul s- ing the treatnent |aser beam w th pul se enerqgy

| dvRr tThesystsns obanyi aiclajms 83 ta 137 whefeotai¢ Bulsing comprges puls-
Systif Igtr@d?ﬁ‘\eﬁ’lf Iaé‘ér%’egﬁ vﬁl’% Buiselétlrg W\f@%?th%ﬁ's%é}é'ﬁtﬁllﬂgo mi-

conprises puls- e treatnment | aser beamw t
pul s&odqlesyy | ovver than substantially 3 mcro- joules.
142. The system of any of clainms 93 to 141, where the

sakg. t rapd SRMm bASf of RRANS 98 fo 138 Whekk $4d 9u|§|ﬁ§"co@|fpnses puls-
substantial’ly 20 mcrons. 143. The s[ést em of

any
cl aiing thegtreaimentiasapken® withPulsa energk Wﬁéﬁ?“lsa%?"tt?@&ﬁ? mi-
25 i gofiqpatsed to a spot of substantially 50 microns.

144. TI'J1e system of any of clainms 93 to 143, where the
sai d treat ment ser beam gésojocu%ed to . a s

supQ+ an‘{t?eawsipnlg Ny f claqas re said pulsn%gtcor?lfprises puls-

ing the treatment laser beam with pulse energy lower than substantially 10 mi-

cro-joules.

141.  The system of any of claims 93 to 140, where said pulsing comprises puls-
ing the treatment laser beam with pulse energy lower than substantially 3 micro-

joules.

142.  The system of any of claims 93 to 141, where the said treatment laser beam

is focused to a spot of substantially 20 microns.

143.  The system of any of claims 93 to 142, where the said treatment laser beam

is focused to a spot of substantially 50 microns.

144. The system of any of claims 93 to 143, where the said treatment laser beam

is focused to a spot of substantially 100 microns.

145.  The system of any of claims 93 to 144, where the said treatment laser beam

is focused to a spot of substantially 10 microns.
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145. The system of any of clains 93 to 144, where the

said treatnent |aser beam is focused to a spot of
wosihsssté al |y 10 nmicrons. WO 2008/ 055506 PCT/DK2007/000495

PCT/ DK2007/ 000495 38 146. 3§he system of any of clains

93 to 145 where the said treatnent |aser beam is

f sed_,to a, spof of .subst i 5 mcrons, J147., Th
LIEE o ey ReTh S abigr angs 8T 9 Hlasthste M4l Feamisht ladffbeam
t r eait forosed sespdi @b substantiblychi simionso a spot  of
substantially 1 mcrons. 5 148. The system of any of

cl.ains 4 i Si .
A R e
one ipfantieéd tocalspaslofi suhstardially 1 ;midromee bei ng of a si ze
enabling selective targeting of the Iens substance and

[ Sufl- : . h )
2 SRS i 05 i O scon-
sai oningtherfecusaef saiddreatmentdaser bearm @b least ana predefingd volume, said
i nst L£or ' t i .
- pecTHFREbefpSt 30820 Ohg Rl B of e pubstance anvs

whersibrregioas witheutemagingrasiacanidiesiBy sewnteslihstisstes r om
the instrunment of up to about 100 square mllinetres.

13k9. TheheSySicpbr 48l dBereBe@hld VollfnSRasTa ¥HsEUEBCtMSeBn from

cross-section seen from the instrunment of up to about
10 sthednstrumient ¢areasperdingstolthe entirg densyos seesity Ptsthareehs,

wherein the said volunme has a cross-section seen from

t Reoi NStHIMRMmM 6f 148 whereiPPidisaill VoAliNGE Badt bidseREEtion seen from
153. The system of claim 148, wherein the said vol une

has thednsyymesbelyrta abakhn! 00rsayaie RUIMEYSEr unent of up to
about 0.6 square mllinmetres. 154. The systemof claim

1484, Whereedyatdnhef 548, Wheadinifiie sarbvoluntd hesa sskisettioheszen from
20 fromthe instrunment o{)q%ﬁlat 0 @Ibo%t 0. 3 square

mi | | thedRstryment afup tpiabout, B MYMENRS148, wherein the
said volune has a cross-section seen fromthe

i ASRr UEHY syetenul pf ¢laina 4B Wwhereln thesaidevaiirhé hasa cess-sg&in seen

The stem of clgim148, wherein the said volunme has a

cr os@/rg 'PB%“'E%@&W“PF%W%z SﬂH?Fr’Uﬁg}? ®Tof up to about
0.01 square mllinmetres. 25 157. The system of claim

1483. Wwhtheesystdrn of claind148) wheeeinhte saidovoligae bas a ictassseetipn seen

m cr Gt e BERCAR Y 8o ok O RHle MRS T

sai d volunme has a cross-section seen .
154.  The system of claim 148, wherein the said volume has a cross-section seen

from the instrument of up to about 0.3 square millimetres.

155.  The system of claim 148, wherein the said volume has a cross-section seen

from the instrument of up to about 0.1 square millimetres.

156.  The system of claim 148, wherein the said volume has a cross-section seen

from the instrument of up to about 0.01 square millimetres.

157.  The system of claim 148, wherein the said volume has a cross-section seen

from the instrument of up to about 1000 square microns.

158. ©  The system of claim 148, wherein the said volume has a cross-section seen

from the instrument of up to about 100 square microns.
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fromthe instrunent of up to about 100 square m crons.
WD 2008/ 055506 PCT/ DK2007/ 000495 39 159. The system

wobooslsssos 148, wherein the said volunme has a PCI/DK2007/000495

cross-section seen fromthe instrunment of up to about
10 square mcrons. 160. The system of claim 148,

ei n_the said, valu has a cross-section seen fr.om
L1855 T et Bt i . ARreth 3Rkl The Rk, Eogs-pedion seen
A syRémtheihstileérant aptd sboutmobyglargimigrohéie |1 vi ng eye,
whol Iy or partly, during treatnent, conprising nmeans

f mechani cal cont.act, WM th the surface of the .
B0 oy e PR tas WhPreirD e SAld Bindhag § Erof¥ Reption seen
nounfred tleninstnenardioflug yoeabadld 2 .squidre siyohem of cl ai m 161
where a fluid interface is utilized in said neans for

ani { cl, Al F Ao
CI1Gim 153 SiFE AL e Cqry irimobiiEng Y oy P of parth! during
r ei nirgatment, hempriging meahsaior owchanical gsentactvgth, theiserfagesafdng eye
.Of ¢ r?c{/gfsmgaohstfgr r?lgcqgn‘la]‘ %Hrﬁmqo 5 Q%E&tﬁér@mgﬁrﬁgé F‘ﬂ{e said eye.
i MmobiTizing according to a systemof any o t he

claims 161 to 163. 165. A systemof tracking the

md®@nenThe$ysteme obglaimc thiprhese adluictiatesfaceis tifizas in B8idi means for

of t dct! east one light detector. 166. The
syst@gmcrg%ﬁ%grgf mcf65 where at | east one of the said

Ii%ht det ector(sz conprises a canera. 167. The system
of1631 ai Thelswstanh et dairhto TrRnaaidrib2avherg meapefor sugtipniiziapgjied to

U1 aClinfhR@ tHetdafd ARESarRkQ Bbftaktn the eye. 20 168. The
systemof any of clains 164 to 167, wherein each |ight

detector views the eye fromdifferent a%I es 169.. Th%-,,
sy'§ftem bre sisiamel damsP3ted o in (uthercamsisingeeaisar igymobilizing

the §368rdify told Hateds oP&fsfhedainds FB1y3B8M of any of
the cl ai rrlig 165@50 168. 170. A system for nonitoring

the orientation of an eye in space conprising 25 nmeans

f dPSmorf\ SERPRE RS hEXpeyegierh At B e47 CREPHSIE MERRS ) mag-
and mganteldye ontieast ond ight tetectorindus ( posteri or

i nside of the eye) and neans for calculating the ori-

g% %ﬂa«%;@ heg@/‘g‘mi ﬂ%s \B ecrg'at Ye\la)s? c(>)noe8c4f hseSSsa%; light detector(s)

comprises a camera.

167.  The system of claim 166 where the movement of the eye is found by track-

ing reference points in the eye.

168.  The system of any of claims 164 to 167, wherein each light detector views

the eye from different angles

169.  The system of claims 93 to 160 in which the movements of the eye is
tracked according to a system of any of the claims 165 to 168.

170. A system for monitoring the orientation of an eye in space comprising
means for monitoring the surface or anterior part of the eye and means for moni-
toring the fundus (posterior inside of the eye) and means for calculating the ori-

entation of the eye in space.
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40 171. The systemof claim 170 wherein said neans for
nmonitoring the surface or anterior of the eye is at

wo emshsBe canera. 172. The system of clai ms 1FOI/DK2007/000495

171, wherein said neans fomononitoring the fundus is
a fundus canmera. 5 173. The systemof clains 93 to 169

a2l o Ty S8l SR f7gtunet o s Fotae b AGfEing s aytage or

f or arteribiriof thei ayg is hteea}eneoarpeﬁasn ng nmeans for applying
at least on of the follow ng: heat, cold and nmagnetic
fi 4 ?b d. 'the SystTeIH?ofs(%fﬁﬁmg%e r 947‘?'wrﬁ\%re(%§ 359 fﬁga%s & raonitori{\% the
conpri si ng ’ireans Tor con diiioni I'ng

cl aifondusdis affurdusAamesa.em f or treat| ng a person or

animal in need of treatnent for cataract,

PL 83 Catl-gf ALk he% opélﬁﬁgb@%%@% \Pﬂeh H‘%r g\‘/é?\’\émé #fythee eis
d| sr upt 1've “phot omani pul ati on rPens and ¥
constracke@aceprdioy taea sysfempf daimsel e1{d/el y of an ani nal

or human eye, conprising: 15 a) neans for focusing a

t heat ”‘W%yété’rﬁ%r LRambhiRG G‘me%y%@oﬁfbh@iﬂg Pl?éatns ®r dopfyingSAtiichst on
| ens and I'ts constituents coll'ectively or

sel edfthe/toflgwinacheat.1qokband megnetic deldnt ended to occur; b)
means for pulsing of said treatnent |aser beam c)

meass e é‘?%ﬁa‘h%f ASImRIDS tOH 7FW oty MéarisAei edridRidning an
fromthe said se- 20 lected part; d) neans for

pr oc68rding to1faIMEl7d: one or nore type of radiation from
the said selected part; e) neans for adjusting at

| aagl oMeyNémitbrarddhg BReRioh of ahinidlé seiddbftreatient fezRhtaract,
| aser beam focus, intens

| engR"RCakaERRtoF PresByqRia, by P?%(?UEH'@?‘al"bﬁgruﬁdYg ghcfciprgﬁwpulatlon of

| engthb 16Hs ot itk cemdtifnts dollsetivelyar weletivaedhanagrimatedr lhyman
phot obl eachi ng said cataract, pre-cataract or

pr esPHHPopPAPEHE- t hus treating the disease. WO

2008/ 055506 PCT/ DK2007/ 000495 41 177. A system of

cl ai m 176a)f wigdne fordocusihgrgiréatmant lassrbeamontosceatentenpart of the
the said lens and/or its constituents collectively or selectively where treat-

ment is intended to occur,
b) means for pulsing of said treatment laser beam;

c) means for measuring one or more types of radiation from the said se-

lected part;

d) means for processing the said one or more type of radiation from the

said selected part;

e) means for adjusting at least one of the parameters for the said treat-
ment laser beam: focus, intensity, wavelength, pulse length, repeti-
tion frequency, and pulse train length of said treatment laser beam.

Thereby optimally photobleaching said cataract, pre-cataract or presbyopia and

thus treating the disease.



treatnment | aser beamrelative to the lens. 178. A
systemof claim 177, wherein part e) furthernore

wWCEnmPnsisses neans for adjusting, based on at |EASOKRBIN00495
of the output of the neans4for processing, at 5 |east
one of the paraneters: the scan velocity, the size of

scapned, vol.une, the an repetitiaons, and the scan
¢ or rfs S8 ohclayE 1 28 el e e penIap mER7s TeliegRap the
sai d treetent fager semnrdlatyettbehetlersat - ment | aser beam
conprises neans for perform ng a nmeander scan and/or a

SUaBor" AR o P D7 e 58 o B e Bl s o
t r eatadjugtiry, pasexbon aftrleastipartiof the quiyrd obthetmesasifenrpro¢essing, at
i - . :
s 72168l ane B BALTARE, O PAEIHNE, e BB LB, v

f eat ycarsrepttitednaj ared 108 stan pattern.

179. A system of claim 176 or 177, wherein said means for scanning the treat-
ment laser beam comprises means for performing a meander scan and/or a

discontinuous line-by-line scan and/or a spiral scan and/or a circular scan.

10 180.  The system for treating a person or animal in need of treatment for cataract,
pre-cataract or presbyopia according to any of claims 176 to 179 further com-

prising any of the features of claims 93 to 175.



