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WO 2008/055506PCT/01C2007/000495 Method and apparatus for non- or
minimally disruptive photomanipulation of an eye All patent and
ron-padertamferences cited in the application, or in the presemicrpr2607/006495
5application, are also hereby incorporated by reference in their entirety.

Field of invention The present invention relates to a method for non- or

minimally disruptive 10phatomanipulation of the lens and/or its )
cons%ﬁﬁ Rt R0 RRRRRIY O SRR IL 7 B R RS TAPSM ARip Bpgipulation of an
Background of invention Opacities in the eye are primarily caused by

cataract which is globally the leading 15cause of blindness, whereas

hardening of the lens is primarily related ta presbyopia. Presbygpia is
el St s e T
an imaplifgtias coit eéy Toehs ghtronatad petinlefeons bojetitshlirehriable
distance. This is usually noticed by emmetropic subjects (persons who do
not ectacle or contact lens correction for distance vision) between
ager%%q?§§ %E Yﬁgé'%éﬁi% to see close 200bjects clearly. When an human is
born, the lens is transparent even to ultraviolet and the dense protein
conteny pidhenengdaoomsansetbarganiseds elasticahanmBexdiesptive

o A ! ; .
su %%S%aﬁﬁﬂ%ﬁgr‘? 3L @ﬁ%‘%}sﬁ?@ﬂ@ﬁ%ﬁ%ﬁ%’%\?{w&;}%rﬁg%é@veiy, of an

change the lens, 25concurrently or in close re e loss
accOPRIPARAEEBRude. Ultimately, in the 7th or 8th decade of life, a
large proportion of subjects will have developed visual impairment

sec%rg,gg@@r@g}e},ﬁo@pacificaﬂon of the lens. On a global level,

thousands of people are blinded each year by cataract and at ,
Opacities in the eye are primarily caused by cataract which is globally the leading

cause of blindness, whereas hardening of the lens is primarily related to presbyopia.
Presbyopia is defined as a decrease in accommodative amplitude of the eye resuiting
in an inability fo comecily focus light on the retina from objecis at variable distance.
This is usually noticed by emmetropic subjects (persons who do not need spectacie or
contact lens correction for distance vision) between age 40-50 as inability to see close

objects clearly.

When an human is born, the lens is transparent even to ultraviolet and the dense
protein content of the lens forms a well-organised, elastical and flexibles substance.
From the age of 10 years, progressive yellowing begins {o 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 leved, 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 oplion because of lack of access to modern standards of surgical treatment. Even in
industrialized countries the burden of ireatment 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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30present 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
stamdargisahsurgical treatment. Even in industrialized countrigs #h8c2007/600495
burden of treatment creates significant proplems for the health care

systems. Thus, an instrument for restoration of visual function
(accommodative amplitude and clarity) by treatment of the lens, preferably
non- NAF&2008] 6555 oBn ey P@%W@WQW@%?WW@?@F visual
signitiggohmalye for the prevention and treatment of visual dysfunction.

The yellow coloration of the lens is believed to be caused by the formation

of covalent cross-links and a%negatlon of degraded proteins in the lens.

MoleEUTtERSSEARIRE AR BhE s/ pes b e i adfori Ui fraropticapt covalent

5 and mreshérnicalpropgriesiof thedgnded hefliorésteneasofiyetidar cross-links and

15

mom@iﬂ@ﬁﬁ%@B@@O#}Iaﬁj%én%lgfﬂﬁstﬂ@&ﬁt&I&Qr{&’n‘?é/éQSHﬁgi BF&E&QEO&%@ iens.

10The %ﬁﬁ?lcatlon aser light for photomanipulation of the exg is well

knowr'SH HOESRERT ST QLIRS PRSI HEL PR it s sarly evidence of
undédfstaodeasslight which is sufficiently monochromatic to allow sufficient

focus. One example of the application of laser light is US 6,322,556 where
Iaser %:t is a I|ed o ab atm ?nd thereb rrtjove n{nall ortlon of the.

on of as hotoma %ﬁ 15 wel known in the field
Iens Wi e pur pose o C recti g VISIOn. Ifrere atlon IS

desceitsedipnsels 6, TABiIs 7o RKdRs dakET IRy hﬂ@@mﬂféaswﬁaig@@%s sufficiently
opaciigandfmsirrdspngsmtian wopepes m;ﬁ@w&u&aﬁpﬁéﬂsﬂmaser light is
has r cks. Firs W|th th e et

determ|§é eéjé%ﬁ/ﬁ 6 Eslﬁrt ésn'“é 'gd:%e |s%se|%'%&treegf%bj) 'ﬁlch i?"%alt ﬁomons
may ?E@‘@quﬁ%&'?ﬁé@%ﬁ%@%?e‘%&ﬁﬁ’@%@&ﬁ@f?ﬁﬂéyd %ﬁﬁ@ﬁ@'%“?@ét@?ﬁ”’b@d in
severs 6meEss Beaoad yatbelighr e epplasaodiasbrdighs aypplimcitor aardenings of an

positiaRMItLIne A0EUES IneriRle Ausiaollinant slplcalienulhSONY o

individual and may vara/ with the position in the lens. With set val ues of the

laseCtPREhidy PESBIRSH 'ﬁéﬁ&éﬁﬁf@*ﬁﬁ&éﬁ%d’lﬂ%ﬁf’b?hﬁd‘?ﬁé&“ﬁgeye is being reated,
overvrédtinenin Damnagel imdgnogesradlkstoduest@itaporaionigikiely be treated

consIpeals IS LaARIGSIHE 'Bgr!@cgéé%é’|é$t%§%r(ﬂ§mt§é'&@@tbb§lﬁ§)tl§wrth:n the
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signifiesitemiedraisionl Witk est valtae deis mfdhﬁuﬁ%ummurn@@ﬁé@w tifuler-
formatigmefiasibisigry Shenie igmavoniedages may occur due to local evaporation of

the constituents in the lens resulting in gas blisters (cavitation bubbies). Such blisters
are considered unavoidable and in some instances preferab!e in US 6,726,679,
however their appearance and collapse may induce significant mechanical stress on
the lens and/or surrounding tissue, so the formation of gas blisters should be avoided,
or be avoidable, in a manner that can be controlled by the treating physician or
therapist or an automated therapeutic insirument. On the other hand, when using
methods such as described in US 6,726,679 it is difficult to adjust the amount of
energy, $o as to obtain sufficient treatment effect while avoiding or minimizing
undesired effects, such as gas blisters or photodamage of the cormnea or the living
layers of the iens. In spite of these risks, there is no doubt that the non-invasive
reduction ot 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



or be avoidable, in a manner that can be controlled by the treating

physician or therapist or an automated therapeutic instrument. On the

other hand, when using methods such as described in US 6,726,679 it is

icult t ust the e

s R e R TR A
amougta@’ blisterts enpigytisdeamsigéast e 6iiea or the living layers of the lens.

In spite of these risks, there is no doubt that the non-invasive reduction or

removal of opac:|ty and hardenings in the lens is an important clinical goal.
SumpaeRd GrEEA object of the present invention to provide a method and
EmboaipRaraius foe Josamnt mvasitenplattiemars [:mmmlmh afdhe/séms &mdfbotitbleaching or
othercq?lgir}g'g 5 CO”eCtNeI dns% ?veec%g é’ E{%B@%gfﬁﬁg%ﬁﬁ@‘yﬁ of the

Ing a% onI the minimalty- or non- sr ptive amount of photonic
amm@n@rgwmmnmtwmetey@ommﬂﬂwwmmﬁtmn TEIRpEIn etits GHlectively.

EmbdBfBRESENHEVRALIoR ralatede serleiberagd BsigimcirophniahiareningmRities of
other non-disruptive or mlnlma% dlsruptlv hotom nlpulatlon ,?Espthe lens

lens ipfapd & Wy RIS I ASREETESMITBR TR 28 %fﬂ%"ﬁ?&% AL odative
rangesele@atwm Qh@@ﬂﬁ&leferm@mbmﬂmgemsmmwmmemancseemdanon ie.
the dgﬁ%ngcet us r[r)itlc P(ir ek hapleng (#%F{[ée Iy%f l%ﬂé '&‘e@%@ yoz?se#ects being

ance I S op ansmittanceand/or Increase Its accommodative

achievardey Gndisitity tdeaskiogyof défernmehereauitagthiissigsisloarearpaticbswlier with

abnoRSSARRARIGNGHE sRR SRaRipREINSHRRAELAEANS iesabirnoth-ohihe ed8srgone
The desired effect or effects being achieved by mducma blea

denaiypipRdBorS BedBA GretspitiBaHeR RO REAGE s o ens
constieksagtivednirliphsrsonttearptonestitss disiometiode prateebljesritratduafeed-back

contr@ cén@o?r&% deerga}tura qu tha% I3 chsga?rtﬁéﬁeﬂek%ga? @%B@o?frﬂnﬁ@ldamage

TallSREtES Or lans constituents by disruption of covalent
resulﬂﬂm'mnml@wm mﬁéedlpmévﬁlﬁfiﬁéﬁﬁﬁﬁi}@ﬁ@ %WH%W!@%%PH?@‘W%O“

stifeANGRIERHIN QRIiEALERAERSISTiSties ighthe lens so as to avoid or minimize
damage resulting from cavitations or other disruptive effects that lead to
whole-cell damage, opacification, stiffening or other undesirable effect in
In pafieulens feapasticulardstrealizetdbatapiitation, phicte memipngatien ndetged effects
ensuring that undes;j red e eCls e void (erl;cmlqul;\ d, ig,obtainahle B stive
are gvﬁjneﬁﬁgarfon?‘ﬁ%z%r minima a"y sru% tl\}gquhotomampu atlonrof the | erlli HP
photamalitruisicovéthedens eotéstitrerprsitseisicdivcireln Armiasbiehupian animal or
hum&Y 8yE0RBRTERIBRGa) 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; b) pulsing of said treatment laser beam; ¢) measuring
oNng) GbENeire iy pestokbradistioretrornih e sstisdlpated thartemndndibzitegctstituents
measUEmenl 18 decldr 6 Sinp e shid AR Irsss am or o adjust
at least 6ne of the param idrs® focus intensity, wavelength, pulse length,
re@tﬂl@m&ﬁaéﬁdgﬁﬁmfﬁmeﬁb&ﬁmength of said treatment laser beam,

4 c) measuring one or more fypes of radiation from the said selected part and utilizing
this measurement o 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,



whereby the photomanipulation is effectively monitored allowing for an
accurate and optimum application of photo energy. According to the first
aspect of the invention, there is provided a system for non- or minimally
disruptive photomanipulation of the les of an animal or human eye,

h cqQmprising: ,aéa,treatm nt laser system for emitting at least one .

whelgii e A HioaPoR ﬁf'%tﬁv‘aﬁ%@%ﬂw BhigfR i enoT SRREIFERIBGBtImUm

appimatoninfthiectargergf 1000-1500 nm; b) focusing means for focusing said
treatment laser beam into a selected part of the lens where treatment is

intended to occur; c) means for pulsing of said treatment laser beam;
Acceiping ihBeofiai asseriny Bisavientiore typesobiadigtion srstertHiersagd- or minimally
disrGRIRSIR-BABNRLIERRANS 105 RIRACESSNEHRRISHA ARE0E DB RIPSIRL:

radiation from the said selected part; and f) means for adjusting, based on

at least part of the output of the means for processing, at least one of the

parametérsfoethd=sard dysaimednt lasetifeam idegusninteasityent laser beam with

Hasienal BHISE eI SPRIS! ndl pulse, ain lepgth of
WaVsaiogqtreatrneﬁt Iasé'-r%ggg%ﬁ Wgﬁggfg%rﬁiﬁﬁﬁ? éﬁ%@%ﬁﬁﬁ@eiates 0a

systefAcHRRGetRD e rresharfiell ijsamasbingrideam iving egecird oty of the lens

partlywsheringeatmeinkynaaeciianical contact with the surface of the eye
or % mechqfnical contact tg a contact lens mounted on the eye, as well as

a sySBRAST eI RRIFRBBNFIhG IRy eye, wholly or partly,

durigeeatfoene oy isiegneas $yfersroebaticel cortectadetbeed part;
surface ;] e f nical cantact to a.contact lens
o s B e Rl RN S 8 electes

a metrRﬁiTi_)F%cking the movement of the eye by im_aging of the eye on at
leagt enahohy-daleaing, BesuelAa FaySHRaMPIREASHING ReEPLEMEDE Fbcessing,

the ey comprising means for imaging of the eye on at least one I_i%ht . _
detectBreB YA ALIR PRRBSHR At Bitsaith Verkpet dRsRISD R niRgHB dNtensity,
for movitetengtthepotientatigh ofapeitive: ifrepaseyy Siyltaeausty length of said
monitﬁ@%&%ﬁﬁ?tﬁ%ﬁ% dgrg_r anterior part of the eye and the fundus (posterior
inside of the eye) and calculating the orientation of the eye in space as

well as a system for monitoring the orientation of an eye in space

An FAIBBEMSEAD SNBRNBVSHBIO RHAEB A RS UAC SRS ABISSIP bPRRPLINERY frmobilizing
and means fqr monlt?rln the fundus and means for calculatr%%the

the I RgTAROR Y Y B9 LR RARE R ISSaRAGAL SriRctindB B Surface of the
eye relhteséoranivethaittart torditotingidthe eyemeocio ttiealyeent, deing a system of

%gﬁg ol e ent.or durn spen lying at least
meCon of tf %ﬁ%%%%g.aﬁe%aﬁc |§Uaeﬁ r#g %éﬁ:ﬁﬁgl(?&aéné/g%%xs{ys%nrﬁr%m means
for mefiHNERITgHssiVE b pyERse RidBRSYerangfyimgansidersieahsnitrl contact to a
contdellRwingoheal soldangaganetic field. Another embodiment of the
invention relates to a method of treating a person or animal in need of
treatment for cataract, pre-cataract or presbyopia by non- or minimally
Ancitiesrepibedipleot@fihniputaiion ofithes|ens mediod 6 canstiuratscalirstivelyhe eye
: ' ' r e rising, ) focusing a ,
o ) Boan e R e S0 B e T o wracang the
moverp &t diReEtREaTERe sree BRI Py e tis astonaddhioletector.
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 laser
beam or to adjust at least one of the parameters: focus, intensity,

o R S e e Rl S S S ot o
eye premfaba@muiwammaimmbdbagaﬁng f_ﬁhembs'easm és’cibera&'vagamd thefundus
(postETIARRPEELRY H)8)invg 'Héﬁ’éhséﬂﬁé%% BF%‘A'&%&%?X&&GQJ% té@?é@ APwell as a

person or animal ir need of treatmént for cataract, pre-cataract
sysipie ENyEpH BT adie eiTHRiATaAl28 BYS ipERACH KOtoPRERIINGHDN fof thenitoring the
surf4@BSHf afeAbiNRHOBNHY R € hCOMBASING: RbMEANS 19 FREUSNGA means for
| treﬁtm nt Iaser?ear? glto a selected part of the said lens where treatment
ca C%ﬁ Qgrt. eark%“@ R0° § R AT Elaser beam with wavelength of the
light in the range of 700-1000 nm or in the range of 1000-1500 nm; b)

A fmwewamp{h%a{ﬁbgﬁ%wﬁt SeJ b S%"io@ @e@&%@%ﬂg%g@ prior to

one or more types of radiation from the sal elected part; ans fo
treatygl Skifp tieadaRT b REB AN RSRE S FIE BT FadiiEne Fress IS Bycrseldatedt least on

of tRAfsIelMeansforadibsiingahlarstaneoiibe patasysters &1 dheisdithg the eye
treatment lasgr begm: focus, intensity, wavelength, pulse length, repetition
com RS AR WA e GHh B <10 BBk 150 B eR T o

optimally photobleach ng said cataract, pre-cataract or presbyopia and

Anoﬁ%ise%%%ﬂmeﬂﬁ%ﬂi%e%&méﬂ%ﬂﬁé%%‘%ﬁ' I%Qto?ﬁr%%rja\laeﬂg@gnr%@ﬁiﬁﬁta? in need

a method for non-invasive treatment of the en_s an ts const_ltL_Jents . .
of treaiEaiefplorcaaEivalpoRimashifhl BEHERIA &Ye @Smisigia)ally disruptive
phoftEHEIRGAJFEFINE RN sAHRE M INSRSRlEIReERAT of thadensgnd/an Eimal or

h constituents collectively or selectively where treatment is intended to
um@@cﬁ?b‘f%ﬂ%lﬁ’&%f said treatment laser beam; c¢) scanning the treatment
laser beam over the lens or at least parts thereof with a constant or

vangnguslngty dAMEARULON. 005 praPLe LRl adiRtign i e said

selected part and utilizing this measurement to decide to stop the said
treatmi&rioRadiyents 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 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.
According to the second aspect of the invention, there is provided a system for treating a

person or animal in need of treatment for cataract, pre-cataract or presbyopia by non- or

minimally



7 beam 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; Yet anothe® embodiment of the invention

disd&!ﬁ@&@o%g}{g&gﬁggrf,pfplg-!i%@g{va%ltég ent,of the lens and/or its
e y

humsalt eve. compiising;
constituents collectively or selectively ot an animal or Human Bye, 9

comprising a) means for focusing a treatment laser beam into a selected

partpfidinicnsfandag iksueanatifi s cellecively iselectivelt WSS tens where

treatm nt#'s intended to occur; b) means for pulsing of said treatment
laser B &) e R it FRE (e At et Brerseaydheraneiaaeth of the
or at |dagt patts: treegobivito d dohstantron taryingyelotiyn-dsomeans for

R B A L o e caiq otan

means for uti measurement to decide to stop the said treatment
lasét HBSATSfIgdtILING P80 ST HIESOV iSRS Parsiatioorkpfothessditentsityed part,
wavelengine Rl eRdeagiRy HOSHEIOShE RAURNE Yy G JERIRICREMH 1368id selected
veloc%, size of scanned volume, scan repetitions, and scan pattern of
said tr gf?'nent laser beam; A further embodiment of the invention provides
a neethodsan doasystang folsishultanedepusereianubiple: Riobirg:eamMBser beam:
enteri c ing,its ate focus ot target volume .
here S s e Lk e JERE e R O ST it pute i
being fBRFHLRA el figatesablaser Geamother emission that enables control
of target position, focus, and intensity in the lens. Another embodiment of
h th invenﬁio%rovideza method and a system for simultaneous use of
SIRURDIIE RTINS BRI By E21sRd, FDRIFRRY HRD AT deyrnisrating the
disefseus or target volume where a desired light-elicited chemical reaction or
structural alteration WO 20081(155506PCT/DK2007/000495 8 change
takes place, while avoiding side-effects that would follow from having the
AnotfisiapERerye pidhedristiencpieiesieenmatoediframindtedsica dreatment of the lens

and/BDeswiRteeRE BIRMNGS b $BRIANaIRgn BSHRYBPHGRAR 65CRaEBng
more detail with reference to the accompanying drawings, in which: Fig.
1shows a schematic overview of a system according to the invention.

a) focusing a ftreatment laser beam into a2 selected part of the lens andlor its
constifuents collectively or selectively where treatment is intended to occur;

b) pulsing of said treatment laser beam:

¢) scanning the treatment laser beam over the lens or at least parts thereof with a
constant or varying velocity;

d) measuring one or more types of radiation from the said selected part and utilizing

this measurement to decide 1o stop the said treatment laser



10 Fig. 2shows a schematic overview of a system according to the

invention including several features such as adaptive optics. Fig, 3shows
several of the different forms of information the means for 15processign

may receive as input and provide as output. Fig. 4shows a suitable laser
systerhe®igy o6&hadsshal ida len seinsypaarm e Fitpcashioiensiy, eiavelpngth, pulse

Which g EARERRR iRAHARIEA RS el &g UL UMRAY o8B EBHEE volume

eye and the said contact lens. Detailed description of the invention
25Fee%&éﬁ@%%o?ﬂgﬁ%iaﬁ%ﬁﬁﬁﬁéﬁEﬁéfﬁﬁ%ﬁﬂ‘gl%%%e?ﬁ%?émitted

from the crosslinked proteins can be used to monitor photochemical

reactions. tig. refer ﬁlthat leas ?ne of said.t ?s of radiation rist
Yet gm 87‘ 71 iment oﬁ 2 inveniion fi ﬁes Eo a ﬁ\éstc%ﬁ OF hon-nvasiye rec? frient of the
ue'to said treatment laser beam. Thereby, the characteristics of sal

lensradiideiots, ehestinatysisodéditebhossalsstivelvandjas atieateatmertawe rdeexivising
will 30depend 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 PSRBT SRS FEaHAEM BSRE BRI &rSaiirckRA iR Gigidpns andlor s
selecteshpaticmay.figstibeyaasipdatiad ahaaaraavelengiftdideproked for

cha%?cterizin%gragijation ;si%%ra %!iffer réts \évr%/eegrenngth. WO
20081055506P &1 ASFC21167/0 8‘f§5§ *

c) means for scanning the freatment laser beam over the lens or at least parts thereof
with a constant or varying velocity;

d) means for measuring one or more types of radiation from the said selected part and
means for 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, pulse ftrain length, scan velocity, size of scanhed

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

A further embodiment of 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.

Another embodiment of 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 farget

volume where a desired light-elicited chemical reaction or structural alteration



9 A preferred embodiment of the method according to the invention further
comprises an initialization phase, where non-manipulative intensity is
dirkEré¥ 31 8%aid selected part and one or more types of radP&{ToRE2007/000495
caused by the interaction between the said %art and the said

non-manipulative intensity, are measured and utilizing this 5Smeasurement

to decigleagt 1o R Bé“@aﬂ!%%%‘?d%'@&@ lgeied 9%(%9@@9&7 ﬁofme%ﬁ% the total

with photomanipulation. Thereby, the suitability of the sai ected part

for phB?SFﬁéﬁﬁﬁﬁ%ﬁ%FPﬁ?ﬁfb%%@Eggeﬁd%ﬁﬁ%f@uﬁ is preferred that

the said initialization phase is further utilized to adjust at least one of the

following: focus', intensity, wavelength, pulse length, repetition frequency,

ulseéaln length, scan 10velocity, size of scanned volume, scan

epetl GRETRH K"s%?a FREHE of said treatment laser beam. Thereby the
settindj dfiaHel pairanrtstersfotithasplestoirahip olattore taibvpite refetientzcid fe
that the Rrabakitty stundesineshrHect arising from the first
photomanipulation is minimized. A second preferred embodiment of the
method according to the invention comprises an 15assessment phase
after &jiplication chehe scidhreatineridsecbesysipmarecaminoriaiiipinetivien.

tgntensity is directed to the said selected part and measuring one or more
typesFof r@dlatlon %aused e'[nqghlcntevractlon ets,w‘?e,i%rr}7 tgcecg r%far%har}d th
said no manlpu[3 ative |ntenS|ty an u{\ﬁzmg thi symeasureme S0 m
stop further treatfiegHEEE SEFIFhFePPIBSBLhE adartiveplinth or without
adjustment of at least one of the 20following: focus, intensity, wavelength,

p“'seﬂﬁngth rePERA0 JLGAHe BEY:ER ﬂ%?e%ﬂ@rk?@@ﬁhféﬁ%é%ﬁ%‘%egé?sef&f

scanned volume, scan repetitions, scan pattern o treatment
Saser beam. Ther@Bﬁ%ﬁW&?‘@é"@éﬁﬁ%éﬁﬂ%F eshr e RiMBttation has
occurred or if it has not the results of the said assessment may be used to
optim,jg& Iyrther %gm%mg@ger?s@geanpreferred method according to
the invéntion the said measurement involve determining the optical
signature of the said selected part comprising at least one of the following:
transisat Eharacternstics avitihlg Esenspifent of the treatment pulse or any
spcharacteristic that can be recorded using steady -state or time-resolved
spectroscopy (su as a change olor and sor tion), Raman
poctBatopy (AITHE 3 HATGCHTORTORIE TR A HAFLAT Heltgy i
intensity), photort@ueclatidreivrectibe cup\rsiith %daﬁeh@ngfenﬂ apparent
molecular weight rigidity, and composition), fluorescence spectroscopy (a

reduglc% [ease, spec ghshlft orother change in lens fluorescence)
escr!g I ) ventio
and/or | p osp orestence spec roscopy (a reduction, increase, spectral

shift gr other change in lens phosphorence).
25 Feedback

_Emisséon of radiation, such as autofluorescence, emitted from the crosslinked proteins
can be usedto rﬁonitor 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
30 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.
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WO 20081055506PCT/DK20117/000495 10 It is furthermore also

preferred that the said measurement involves detection of acoustic effects
recordechising non-contact sensor (S) and/or an acoustic sengpiplaegd Hioios
direct contact or indirect contact with the eye or adjacent tissue.

Non-contact 5acoustic sensors are well-known in the prior art such a
microphones or laser interferometry of laser light reflected off a surface.
AcoUSTEH R SR eI T RE AL WA PROBSAPLATHLIA R BraRP R iEaGomprises an
fromittigfiostitingtorse . ogpeeiatiy-thenpollEyserdé nyty Islidirerssand tresaidthelected

typesat BHEHLIgN-RIYGRR %@mcﬁm.u%eé\ﬁgqr@ng%&rswm&ﬁhe said
said ac USE# sensfgr there% rowde for a fgtrlma ﬁ/ detectjion of the

form&fio ars'76 %8'{ 48 PEE e SR BRSEhRRNBUIEES A Svith

a dlrmﬁﬁéféﬁfmﬁ t feervispbissithieitn pogilivielyaid dfjentad bt or deoidgds proceed
blistefipghhasiakmruRinge. RReY s ORui)er Bholamapipukationifdt

oS agRL el Mhon e e ing i I SR 1B

mea uremen ana ysSis X%’ dsadsustme orm a e BaCK SO ?ﬁ

said %‘i@ﬁ@?ﬁf%éﬁ@%ﬁé‘?ﬁ@ﬁ"ﬁeéH@I?%‘#sf%tﬁ@l%ﬂéﬁ@ﬁérﬂ%&h%iﬂﬂ%ﬁﬂaﬁ%us
co ntinmsw wawréhgmmpm@@ﬁgﬂﬁ%;ﬁb@ﬁ@dﬁ%@h@ﬁ@ﬁ@%«ﬂ&ﬁ@aﬁ@ﬂﬁrm

SUbS\S@@(’: ys QJS c!%'&t%%f%é rg&% }%% S%'rg @ga%sgar%g? o%’said treatment

processin resu tln ata sal ustment renew
photlﬁ?%{rhﬁmt%wf@%aﬁ@a|@fcff&jpaéﬁv@&%’ar%ﬁhﬁea§?mﬁn@ufam are pre-
substatitigdhe G tsecbagobabihptiartirer 20 gfietpariathichds: subftantially

' sma%g@g%ﬁg,m@m&&ovements of the eyes (saccades) and
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preferably shorter than 0.01 second. Wlthln a response tlme of this order

mlcr% movegne ¥s fathe ¢ may t??h |50 that.t from which
reierre et o accor l e znventlon compnses an
said rao?a?lon IS‘'measured corresponds e site su equen

|rrad?e?ﬁ&??%laﬁ?p‘?h@%ﬁﬁéé%’IF%**B?é?%ﬂ?@é%#éf%@“ﬁ@%ﬁ?@rﬁq%émféﬁﬁp“-
and/@faawssmmﬁi@:@t@wm@édaﬂia&mai&ﬁ@@useqauaia@adwuim@bﬂ@m more

Ad '
s e AT e 18 i s o
atmdBphereiye é%ﬁ%%wgmlﬁﬁm@%éﬁj@e&f 10 Jerifminiendtbptdreatment
the intesnipgriightdislslrtGoteatordyt avitio ccatita giuadp staens aise thastvoh of the

creajeh g RS IMEANKISRE DR IECHogHh he,HiEh AURASR Mise train

The deformable mirror is then adjusted untll the |ma%e of th%ﬂgwde star is

cleaf* T thEBN{BREDY SHRRRHFOICH ¥ ARG T B HRE RN S S FfR a3Le ™ of
comperdeefontisenrdtioms dberediniyasiebtonsfiediliedfjoddshetaoathpgliation

the feuisRlihey %@ﬁﬁnt'}?a%tmﬁEﬂéa@@ﬁf@%ﬁmé%ﬁﬁtﬁﬁé@%Hdﬁr@éf?i?é%gk% to optimize
that }Dshsa c!‘atda tive %gggs further comprises the use of a deformable
mi ’

nzpu
in a preferred method accerding to the invention the said measurement involve
determining the optical signature of the said selected part comprising at least one of
the following: transient characteristics arising as an effect of the treatment pulse or any
characteristic that can be recorded using steady—state or time-resolved speactroscopy
(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).
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WO 20081055506PCT1DK20071000495 11 Furthermore, it is preferred

that the said adaptive optics further comprises the use of a

Hastmesms:Sehack sensor well known from astronomy and ophitaisolagyoeses
ophthalmic applications including the mapfding of optical aberrations of the
eye prior to and after custom-ablation of the cornea, as currently

conducted using excimer laser tissue 5 evaporation. While single-shot
adjustment using adaptive optics is possible it may for some applications

be plidsdiatilertitae dieoqdefstivel Gptictefonm mdesdbatioiovpivrdstection of

adlu§%l%ﬁ5%ﬁgc@$@éﬁﬁ%@§§$§fnmﬁd&§bﬁi S RELHESPING Y Qﬁ%%éu;tt%%ensor
adap |ve t| S tg gwde } ht sourees dedlca%ed to thi cact
purp%s%e utl r%F%fé?a i G raecﬁ ion of otYer é%“%u‘o%s%‘é%%‘é&“‘m ac
by. tr?@%m:ﬁemm@ﬁfqarﬁkfbm 'ﬁrﬂéﬁﬁa@ BOsusbriargreptpeesopr laser
radigtieRe Badiationdypasn enscurrsivn afithe=method according to the

inve d radiation,comnprises at least oft ollowin

ol L 3 Bl RS I R A o e
Iong@t‘@ﬂ)ﬁ%!@?ﬁ@%ﬁ%ﬁ\’i’ﬁﬁ‘&t%‘ﬁﬁ’éﬁﬁé@ﬁ%ﬁbﬁﬁ@’ﬁt?“@cfﬁ?t@@éﬂéﬁéﬁfﬁ;ﬁﬁ&ﬁtﬁfacmﬁ
15lighteseiiteshfram tbastameaioadityy wavsdanotheaftbexbacenisgdghtere by
Raman Aeafie QQ%%@'g%géﬁ&ﬁ%?W%ﬂ%%M%?' é‘s%@ﬂ!}r& ﬁ’rgﬂ ﬁg%@geesun of the

at longer or shorter wave than that of thel min flection
(spe%*‘&&?“?@’ﬁ‘@éi?&‘ﬁfbf’ﬁ'f@ ceRRikG RGHRT, 'bﬁd@ﬁﬁ@%‘s“égﬁ& Roeiteetiorrdy whether
broag-hainghehiitdsion obightdnariadtbestaiigety atdpmgeran auelengtipthiation i it does.
that of the incoming light and with a delay of more 20than 100

nanoseconds), and bremsstrahlun?g (detection of broad-band emission of

lig ht!ﬁSrﬁ‘?ﬁ‘epfgfﬁé?déP%tBﬁ‘F RHGET Sk P S REP 04N RAIS TRaR REEST analysis
the inrbasiingtiight foBpedifichtvncit nmay Bethsefil stepreobursshepettaaklysis and

distrisiiank @&@%QH@%&W@H%&I@Mwﬁﬁg}g\m&;&@%ﬁe&%@km said feed-
radl%ttl?ﬁq is often s eufbggo its olecu rorlgln Simila

00D Opera ntial n T refert r%y,h f{ éesgt;c} measurement,
consta é S USSRy |%ay reveaf’ﬁr%per %8 ﬂ
25treeResinG et rapubing éﬁtmé@iméﬁtﬁ@ﬁnﬁ@t(ﬁivéﬂﬁ@wmwmgmmpuiatlon of the

prefesig ddrAaedpsedhripensuremant efsaithrariatiordistarpesibiter time
eookssRurle. Gl IR ERibacol e aha dondihed eetiE e
systgm one or more O seve a yS|ca goa be consiaere

progfaRATiRE arehersisabi4 ShTRLERAN R@&o‘i}%‘?ﬁ@ Vifibireaaprpapse time of this
30sysiermcay he/pragiamiteds ehactegspasiiio physicakpsdpentiesansid
adjustihe.lPRehandanL G deCIRION L QRLes R L Siaming dieatgent

based on this property. In a preferred embodiment of the invention, such
monAganrt]g ay b be performed by the following steps

it is preferred that the treatment laser beam and/or any secondary source of radiation is
focused using adaptive oplics. Adaptive oplics were initially applied in the field of
astronomy where distortion of the light field from a distant star caused 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
fissue, 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.



WO 2008/055506PCT/D1(2007/000495 12 a) photomanipulating said

selected part b) detection radiation from the said selected part c) gradually
incoeassnganergy of said photo manipulation d) registering wher 8aisha7/000495
radiation is below a defined threshold. 5Sifilarly, in another preferred
embodiment of the invention the efficiency of the treatment is investigated

by measurement of radiation due to a non-manipulative intensity directed

to thE'SHIB8WEAES PEE Tan AR, Ba R Aty s S eferandsemily use of a
be peormed-beisigapiementet byoeorfrpar Bl salueszot saiciralchation, ophthalmic

obtainedariendoHigamgent Withthg sals Qtagé%%ﬂaﬂmm M%'E%F'Qﬁand after
10In %eneral the(go | of the feedbackgx tem may be to have said

radidliSiMEREL HeRr e aredl Hils SRR GRS HimB ey drsue

5 Amoritptiveapivafatiiild goals-gfchadhdjortnesinofadmriireatnientdasesible it may for
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accoging 49&&%@@8@@&@%@@5&%{@% iaRRRIRNIearing fs@!ﬁa@m&ﬁﬁmere
deaga%{egtatlo ofJens compo nterh?7 qllymerl ation of Iens (tein { p
other onst?ue?ﬁrfs ofthe [@n€of res?orﬁj ??)neé? ehe rﬁf*:etelns &%‘? /e opes
15cdnayilereatsier tealber. sPHISES pratferiadiip dairiadrasewhils fa\maﬁﬂ@@r guided

minigjze aRvitatinReMeshani cal efe elsinacaistic affestsaand/osthermadid
effecté 89&20@&3{] S mcra@gonents or cells that do not form a target for
treatment or are outS|de sal selected area. In the effort to avoid the said

event the system may monitor the same or other radiation as the
radil%%aﬁ%gét}%o determine achievement of the said goal. 20Among
Othefﬂﬁé@é%ﬂ%ﬁ@mgﬁdi%&mﬁ@@%fﬁh@gﬂ@nﬂf'ﬁe'Qgﬁrl%g%@&? comprises at

adj ustln? the treatment laser beam to obtain molecular cl eavage. o

sped ARSI &P m&%ﬁr@@%rﬂﬂﬁ%ﬁ%ﬁe@iﬁﬁ%ﬁhﬁ&@%Pﬁi"s‘iaeﬁ‘?)éﬁ@ﬂs"f light from
protédhesagtra rasinveyoksdihkbanitizd ot Hamnagsitg higaltarcities (detection of
proteys e‘ﬁ%ﬂé&@n@ﬁﬁﬁ@@@r&t QRE %@HQH&QWQ@%M&“@A%”&M scatter
furth %ﬁ?ldm or mlr_lbmlzdj %c%}%agﬁ p?lech%nl(%al ege snac?gtegre tar
effeéee 8 HRMWAEFELES SR thdfeel es, com onents BF RIS

do nﬁﬁ?@mﬁhﬁvgetﬁetrQfémmeﬁmmgd'r@%ug‘iaehgai@%@e@e@%@nmﬁ@

speqifmuwagﬁtﬁa@kieﬂpﬁbmeéeheeftuef@@mrm@ad BapPyRIRBIAdERAtRom the

SIM Y O 2B B R R DR SIS RS FaR SRRUGHN G delay of more
than 100 nanoseconds), and bremsstrahlung (detection of broad-band emission of light
from the target, ai both longer and shorter wavelengths than that of the incoming light).
Specifically, it may be useful to measure the spectral distribution of the said radiation
and thereby utilizing that the spectral radiation is often specific to its molecular origin.
Similarly, different time constants, such as relaxation time, may reveal properties of the
freatment site. In one embodiment of the invention it is therefore preferred to analyse

the measurement of said radiation by temporally resolved analysis.

Goal related feedback

in the above described feedback system one or more of several physical goals may be
considered in the programming of the feedback systemn. 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. Ina
preferred embodiment of the invention, such monitoring may be performed by the

following steps
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WO 2008/055506PCT/DK2007/000495 13 Multi-photon effect Photonic
excitation of specific molecular constituents of the human eye using blue

kghtessulteamiolet is problematic because the energetic photoRg €@uS8a7/000495
damage to the cornea and the living layers2of the lens. Additional
problems include retinotoxicity and poor penetration of cataractous lenses.
A method of circumventing this problem is to use multiphoton excitation.
Two-photon eRtiBRIASRHRNERE S8 FE'BREHBRIL excitation by laser light
with a high intensity and half the wavelength required to induce the
desired effect Dy #rtastisrodisivgl&pnatesarherigedehsity of the light
increases the probability of exciting the flouresence by a two-step
process, wherg tigearmeligculestBihe snalgculesifpstiexciedudetarvirtual
level by the first photon and subsequently by another photon that strikes
the electron withirethadifejime:afsthe fuprescrnisiate. dsineel thelifetitme of
the virtual level is very short, a second photon should be available within

verysghmsti fﬂ?anbﬁ%?%rﬁ?&#é@@&fﬂ@dﬁ% @nﬁ@w&hﬁérh@%ﬁ#a%rm#%ethe
eneli%/ ShO !S mve %ij Vent theurl’mﬂaigeor (Ih ma?a aerttgntwma ylative
surroun g tISSUE. cco¥d“ngal§/ e Ing & pre erapn ulsed SO f‘)tﬁ) {

the relgoFENEREGH G sitepie se fiRY ﬁﬁﬁﬁhﬂgh@ﬁf@@wn of the efficiency
peakqitensibointig Bmeplkipoviasdt &@W;ﬂ?ﬁ@VaMsS@figé@@mmémame&

usin con sec rfe osecond la and by focusing
the fgnsoerr?l Pe? INto en?“é}ﬁggfo%\ g dﬁe |s§l}t}5°o ?ﬁt%rveejclane combination of

focusin gg and two hoton excitation si nlflcantlﬁredtﬂ?es the risk of

damd ‘?ﬁrﬁ%ﬁ"ﬁ BRI dNg TRETE DL R ¥t &R G5 AiRBE TS
achids@eseitativese)dseponly at tagsfecalipbiateTdHusmanaiiislpteésicihtonls of the

is p%aﬁ@i%&%m%h%%b&@%&%ﬁm HBighabsARtRuSIment to obtain
uItra%lol t such as e Ien % |I%|?§ or mfrared raﬁlaﬁflon with no
S

significa OXIC gﬁeC%aega 15 ens i%/n]sﬂ%agaon of lens

treaﬂwé?iﬂstﬁéqﬂhﬁfr@%@ﬁ@%éi‘@é@rﬁlcﬂﬁ @%@@éﬁﬁmﬁ !ﬁ@rﬂﬁ@t&!ﬁ‘ﬁlﬁf other
the l@lﬂ@tﬂ@eatmmtewor%mmmﬁﬁﬁs& sarwbReldilzedd@adjishizing

the fo @n%gcthtgﬁ Qﬁ”}?{' t I z:Q%ﬁ]&ée'ﬁdﬁr%%%éﬁ ecis on molecules,

ACCOf INgly, In a preterre mbo iment the treatment laser

orighPARESTPaHR: artfa@&%ﬁt@ﬁ%@rfgygtéﬁafeshiﬂr%ﬁ?g@%%fs%r&?é“ﬁiﬂ%%%@tse'wed
lasesrtn Snabtecfudtisahoianhefiact sswohtias swatephotonnesteiot. iBaichme or other

trea{m&%@w%sf;}ﬁﬁ&smmhéﬁeﬁﬂmﬁevmﬁ%@m Jugferaply

1030 nm. Preferably the treatment laser system emits
Amaong other preferred geals of the ad;ustment according to the invention are adjusting
the treatment laser beamt to oblain molecular cleavage of specific larger molecules or
macromolecular adducts, for instance lens proteins or lens protein cross-iinks, 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 speciﬁcal!y said radiation may be
fluorescence and the system adjusts to simultaneously minimizing or preventing an

increase in scatiering.



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
rangs@ERs&b00nm. In a preferred embodiment the treatmentdases heamiosos
originates from a Titanium-sapphire laser €nitting at 800 nm or a band or

line within 300 nm of 800 nm. WO 2008/055506PCT/0K2007/000495 14
Second P/ the treatment laser beam is preferably pulsing with a pulse

widt 5 bstantially 60 picoseconds, more preferably with a

pU'S%H&H%H?e%l&f%o‘i%ﬂsﬁwﬁ&%ﬂ%@ﬁs§r0 (538 %ﬁ%%?@glsth\glﬁh fﬁx %ye \é\g%tgb bhue light

shorter than substantially 10 5picosecon a pulse wi orter

an S HEARIRTS ABREREH RECHAR B HNSEoRIABheHSRGA A femage to the
substamial nB00:ferintp syeondshwitha pdltenddthoblrestanthate retinotoxicity and

5 SU b%@&'@é'ﬂe%@@o‘?ﬂ?%@v%%m IME@@ R %@ﬂﬁ%%ﬁ%&éﬁwthis problem is to
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substantlalli}loo femtoseconds, with a pulse width shorter than

substEniiPEe! ?@ﬁf&&@%J&wmfarb‘ﬁefgwﬁatﬁf:&ﬁdﬁéﬁmﬁc electronic
substegitiityg 5yidasrosetorithsa DRy ettt keesg béditiop of said tgtiatemeited to induce

lasefHaemparifEably R ISes M%%%&W FRUYIRM GREREyIONEBE A increases
sub%antlral)%blg |cro !jr\? é_ﬁs more rab supstantially 100

micro-joules,’s s Nt A]l'é?%sf 8t§i$t‘?a?|§? ?hygll‘xgrfobq%gwoiecuie
su bét@maiﬁml@ kniEsbguiied top gwmw BericrorforitesanidsRbssthigntly by

the féﬂdﬂﬁﬁﬁﬁﬁé@@@&b@@&ﬁk& pietasabhn ﬁ@muﬁeﬁietﬁr@@ﬁqsf(@ﬁmum%g@m%@fe

of substantially. 400 r‘?iﬁroﬂéu@%ﬁ%ﬁée\feera%éo micro 09 5“% t%’% vailable
microns, substant |al?y microns substlg Iy% mlcr or substanti

1 mfffl%‘ﬁ‘ Wﬁﬂﬂ? titRa wﬁéeéﬁéﬂ@ﬁdé‘ﬁﬁwyoﬂ'h&*ﬁéﬁlﬁﬁéﬁﬂ%é@? Bé‘émeﬂergv
is prefesably lepepihaniatbstantatyeihitauiapessqumie Lariimeketidowsr

tha”A%HQEIﬁBga%ﬁ%ﬂt’E'B!re@:‘é!ﬁ@ DAL AL @F%A%ﬁé%‘ib&ﬁ intensity may

substantiall i-Joules per’square centimetre, lower t
suba%miﬁ{lfgﬂ Tosyahip M&%w@qﬁ&e’%eﬁmﬁ%@@m@m&w energy pulse is
substatabieitbs @ smlis)gutes e soarare:cantionétretomvendhager and by focusing the

subgfagtially %ﬁaqﬂg'@&kﬂl‘?é‘f%hgéﬁ,gbﬁﬁ?ewum@t%nlgw&ﬁowgpfocussng and two-

subs%é’ ntially 10 milli-Joules per square centimetre. Commonly it is not

suffiRIeR S BHBtEm AN AR IeRS Ihedivg pLmaes ity ASHBRERGRS | ﬁsue

a pretemest émbfudioheneilthesitartiotanhitve fociiation thastasenbaiahe ifcal poin
scanmgg, %‘Rr@ﬁ6%5@@&%&@@3%@&%@69@'%%@'HtﬁB@ta?éBthé’t' wseahﬁgﬂg
ofasbze 3t9(?1n 1] %/o?e?cst{z\é oHhe rleec? %ﬁbSt % ithn
subrégions without damaging a acen?he SO RE Ry s g f@tion with no
Preﬁe@a&@aﬂi@wﬁ@fﬂm@ﬁ‘@aﬁ@xre‘immé“mgwmgds?é@tfgwgeanrmcﬁﬁwwf the

inStRuRestsNEesRONIS motkgemt&&ttae& s3pesHin pars Kiresh afsuUp éPtwo-
aboga&gg es%eggse@wgmgga% A0 ule pulimetres, 1 SR IIMEES: peam

more pre to abou squ e millimetres, up Boat squa e
relative to the Iens

Accordingly, in a preferred embodiment the treatment iaser beam originates from a
treatment laser system comprising at least one ultra fast laser to enable muffi~photon
effect, such as two-photon effect. Said treatment laser system emitting light at
substantially 800nm, preferably 1030 nm. Preferably the treatrent 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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WO 2008/055506PCT/DK2007/000495 15 millimetres, up to about 0.1
square millimetres, up to about 0.01 square millimetres, up to about 1000

SHuaRIMIEEONS, up to about 100 square microns, up to about ASSEKME 600495
microns, up to about 1 square microns. Ligkt source 5The light source
preferably comprises compact a laser source delivering short, tunable

pulses of laser light with an adjustable delay of very short duration

between consecutive pulses. Said duration is preferably shorter than the
decayetnrelipf thetsaitedidermpbeadss pabtrabia plésingdvitipeqirdda andb, shorter

for seguenial éﬁf%tm%@é%&%%@%r@ﬁ%ﬁ%mﬁg Heavalaliliohefier than

closel uls s is 10intended to eI|C|t subtle localized

f
o el o R Sea Ve X Rl el shaser Hhan B atian
excﬂﬁﬂ@?ﬁ@@?ﬂélé\ﬂtm@rm@mlwmwmgt@wmmajsé podsesah wiak puise

to irdmta gt@atéag%msa@t?a I@:@»@t&t&ﬁr(ﬁ?&aﬁ@%ﬁw |§9§JWc§IF6§}Qﬁ{Q than
multi i ill als vailable n ible solyti t
build the E%X%E?gé% g}syva ﬁ%%é?bfg 0 atl ul? eawpagn%etﬁrff osmﬁato %%?5‘83@ bo

IOUmf?@aq*fs?@ﬂ%?q%W@Whlﬁ@ﬁf@ﬁﬁ%@ﬁ%ﬁﬁfﬁwmﬁmwwd& with

pumpaesbyidiconditeatansave dreguentyrtostiesudiode-pumped Nd:YAG
or Nd:YVO4 laser. The tuneable frequency-doubled titanium-sapphire
Iase%ﬁrovides an excitation ghoton in the blue to near UV-wavelength

rang@ {(EB0NESPHIRiS SHAESRAHBRT! RS refsia arAbis dRMaNest fising with a
inveptiba ditedrdatmetilasebsiysiely 200npitsedoaltaneaipatiienly substantially

Parafpg e ASEIllRIOTRHERRRHIRYSE HRAMRRARY: IQUREd IANASARRIES

laser, wherein said frequency doubled titanium-sapphirelaser is in turn
pumﬁéﬁ’tﬁ?tg’@’oﬁ%ﬁﬂﬁﬁé%\’)ﬁ%"ﬁéﬁ%ﬁ@?%gWod#%‘dﬁspumped laser.

25Another possible solution is to build the light source as a tuneable

optiqa) payi 9%@%%@@?%&%% QW@!@IQY R8BSR BIRitR S S iameter of
where‘R n-said

ire laser is n pum ed b diode laser.
e TR A N e AL VRO, G0 SRR BB BT
the @t@éﬂﬁ@ﬁm1@0n¢fpﬁsheu@m®t@tlmgtm®me@tk$ngsmmyphomrpmto
two, one at a higher wavelength than half the titanium -sapphire 30photon

(the aI ulse)? and the thero w avele that half the titanium-
o oS o e Sh 1ty A R B ot AL € e Sbie thn

betviERi #REMHYD RS perSasass %ﬂ%ﬁi@aﬁ@t@%ﬁ%ﬁd@éﬁmﬂé’. 0 milli-Joules
specificadiourotéhtretastipmaingan substantially 250 milli-Joules per square centimetre,

lower than substaniially 100 milli-Joules per sguare centimetre, lower than substantially
50 milli-Joules per square centimetre, lower than substantialfy 25 milli-Joules per -

square centimetre, lower than substantially 10 milli-Joules per sguare centimetre.

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. Preferabiy 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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range for the OPO-pulses requires a detailed calculation of the phase
matching conditions with input parameters from the chosen OPO-crystal
(@g2uB@Y3Pat a tuning WO 2008/055506PCT/DK2007/000485116rangesos9s
of about 50 nm can be expected based onénformation available from
previous investigations. Accordingly, in a preferred embodiment of the
inventlﬁn the treatment |laser system co Lﬁji&)nses a tuneable optlca

parafE P EECHRIB A BRithBe LBV AR ESa P 7 8a%k? Qi raHass yfimetres, up
titanfamksapiiidestuses isitnottrnipirmabett HP @ diotte seonin @ preferedt square

embgghirment,the dhapiuncaRPRikgaser emits light at a wavelength of or
close to 800nm with a repetition rate of either 31 kHz or 275 kHz. The

mtergjé?M of the, titanium sapphire laser beam is in the range 50 mJ/cm2to

300 mJ/cmZ, and the pulse length 10below 250 femto-seconds. In another
prefe‘lffedgam()fhmﬁﬁteﬁﬁtﬂytm’ﬁmﬁﬁﬁ m@ﬁﬁyamee@mwﬁ@aaméuﬁ@m tunable

Optlﬁﬂ;&@raﬁm@%ﬁ I3 ngi}&a &aPBPU ﬁ%nﬁafoﬁ'ea%é%?@

wherein said optic arametri OSC or IS pum
titanfARTRAPHKR ﬁ@‘?ﬁéeﬁw‘&ﬁqw*ﬁﬁ%?ff%fﬁeawméhaﬂa%aba@@ﬁ Phthe
yet anoithe cprefenred, esntyodimantirdiejeeathmenttaser syalenia onpsizesn

a ph&&@ﬁoﬁ%ﬁ@r@gﬁﬁe}ﬁgefﬁeSQJQﬂgBﬁfy'ﬁf@%@@%é@é{m%%% %y;@rq'gﬁﬁges is

laser. Scannln of beam relative to lens. DUFII’] treatment of the lens,

lasel AT ﬁ?a‘i/%*esﬁé% realigee Pﬁ?‘f&"’a@?h"‘ﬁ%ﬁ%%é‘%@ﬁ% orikes Pfo’fe’“ cross-
scannksgoeandoenpiet formietbusing degiderdsoanmirgqiatiendesttizase pulses oo

me%@ﬁ(@Qﬁ@hé@M@@%ale'@%ﬁ?é’é%ﬁa%%ﬂr&t@pcgﬂ{%@ﬂﬁié‘&?f@’s{%ard multi-

scan s&lral scan, %ndfor circular Sf IE Furthermore, the scan velocity can
a%}us&%ﬁ’ge WeeH gésr? (‘fa'r? gé a scan. The scan may furthermore
be repeated one or several times. A preferred scan velocity is between 1

and @Q@Qc@ﬂlﬂl@@Si@ﬁi{ﬁi@@@l&ﬂiicﬂﬁﬁéﬁ@fﬁé@u?@)&@%ﬁ@ﬁé@ﬁ@ dRligndaeRetric
mlcron d even maore efera Icy 8? en. 50 and %50 microns.
A ﬁ?lg r?g thfy g Uency-aou nidmm- sa ife laser %a inturn is
per Secon Bre ra etween mlcron er secon
pumped by a contznuousawave frequency—doubled diode-pumped Nd:YAG or Nd:YVO,
laser. The tuneable frequency-doubled titanium-sapphire laser provides an excitation
photon in the biue to near UV-wavelength range (~350-450nm).
Accordingly, in a preferred embodiment of the invention, the treatment laser system
comprises a tuneable optical parametric oscillator pumped by a frequency doubled
titanium-sapphire laser, wherein said frequency doubled titanium-sapphire laser is in

turn pumped by a continuous-wave frequency doubled diode-pumped laser.

Another possible solution is to build the light source as a tuneablé optical parametric
oscillator {OPQ) pumped by a fitanium-sapphire laser, wherein said titanium-sapphire
taser is in turn pumped by a diode laser. The tuneable titanium-sapphire laser can
provide an excitation photon in the range 650-1100nm. The OPQ atiows the breaking
of this photon into two, one at a higher waveiength than half the titanium-sapphire
photon (the signal puise), and the other of lower wavelength that half the titanium-
sapphire photon (the idler pulse}. A delay of U {o 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 maiching

conditions with input parameters from the chosen OFG-crystal (e g. LBO), but a tuning
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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
maansdossoanning a beam over an object may comprise the pagans:zoo7/v064905
known to a 30person skille din the art. WQ6
2008/055506PCT/11K2007/000495 17 Immobilization The human eye

exhibits micro-movements with a frequency in the order 10Hz, These ,
icr R AT B O R B S PR e B Rk o R R o prevous
subjévtesdigeiving Sphotomanipulation to suppress theses movements by

will. In one preferred embodiment of the present invention spatially

accurate photomanipulation is obtained by mechanically immobilizing the

living, eyemhiolba grpvéfg\lygcﬂé%&iesdﬁrﬁ@mme%@?ﬁ%n?{a@ﬂle%%&%ﬂa%hs%sﬁem

the surface of the eye or by mechanical contact to a contact lens mounte

Y l con NS |
on tHEBYESIEAIHERRIITE AFRE! REERGEASHIRISbMZAREH Prérdiai-gapehire laser,
furthehersi ety aniflaics amreriadesier thésaid pretieartiyal dontiegeasmelbreferred

kno"éﬂwﬁwﬂﬁe%ﬂ’tﬁé"ﬁ/é?ﬁaﬁﬂ liﬁk%tiagle%%ti ok LeIRiOERS, _o‘?fQ'Jﬂc_!ose to
mecgﬁglcal c?‘ntact also well known in the art. Movement and orientation

tracking FHRAJ BEEYRRICENRREY 2hdidrighedndi'ts ARt Bp ttanum
supplepbiie isstptinamdbilizhtionnot the reyemé iedthg ddwghepdtbatialisetength
accusaeys Speeiigallydéseupled to response system which provides

real-time beam adjustment, so that eye movements are nullified relative to

the system. Accordingly, a preferred embodiment of the invention

comprises a method of tracking 20the movement of the eye by imaging of .
the eYEUHME REEIGASTRCTtEL L Bratae PIReSyaierar iatssne bineable
the smitchbpardewdtorés)ietum pridesiarcameraaladepreferalslipdadaser, wherein said
moverReatt 2k SRR AYS iRtk DY HBEKIN SR RRG A ROMRISHIR RSB ¥ ichds in turn

obtain even higher accuracy the said light detectors may be spatially
cepdtATRrSBAE Jare e

ttive may be calculated. Accordingly, it is

preferred that each light detector 25views the eye from different angles. .
In yet another preferred embodiment, the freatment laser system comprises a photonic

crystal fiber, where said fiber is preferably pumped by a diode laser.

Scanning of beam relative to lens.

During treatment of the lens, the laser beam may be scanned over at least a part of the
lens. The scanning can be performed using various scanning patterns, such as
meander scan, discontinous line-by-line scan, a continous line-by-line scan spiral scan,
and/or circular scan. Furthermore, the scan velocity can be adjusted between scans or
during a scan. The scan may furthermore be repeated one or several fimes. A
preferred scan velocity is between 1 and 1000 microns per second, more preferably
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 freated 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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In another preferred embodiment of eye tracking according to the
invention, the orientation of an eye in space is monitored by

siguléagreausdy monitoring the surface or anterior part of the eyeanghtheaso195
fundus (posterior inside of the eye) and calgulating the 30orientation of the

eye in space. WO 2008/055506PCT/DK2007/000495 18 Conditioning
and administration of adjuvant pharmaceuticals To make the lens more
susceptible to photomanipulation and/or more susceptible to remove
bi-products of the photomanipulation, it is for some applications
advaimarpéiigation condition the eye prior, during, or post photomanipulation
or assessment. 5Accordin C?H% in a preferred embodiment the invention

compHESY BN EHoT R EdRBIRSAMG TiRa e YA AR B RERE Atz These
treatmier:rposhtavdraentvphiotay asdddsthentiogerinpgrassibssmeaturpdseceiving

asse@%mrbyﬁ@me&@éd%@ﬁ&%@é thesfplemding: hRals eald RBdrred
magnetbc fleld SI Iarlg/ noth? ref i dembotdl ent the in enton Htained
comees e SamIETSAon L 00r AURNVARD pRATTTACELTLAIL ErErarably *Ptaine
thesévpﬁaﬁhmﬁm@ar@wgwfhﬁe@mﬁaalwhptlﬁeﬁéyéﬁWWBa%tm@msby

may rﬁ@&%ﬂi&aﬁ%ddﬁ&%ﬂﬁdt’@ﬁ%ﬁﬂﬁé@@h@@ﬂ%@éﬂmﬂoﬂ%ﬁ(ﬁa contact
pref%ﬁg %Peo S tf?ge}ﬁ éﬁ%&‘@%'% %h O%J‘%%S? q}étlssufersbbly

15Deta escrl ion O rawm S The met and sy s em accor

to th@“ﬁft‘ééé‘i’ff‘Rﬁ%ﬁtﬁ?ﬁ'&r@tw&‘i%fb@%c?’ﬁdﬁ@ﬁﬁﬁﬁﬁﬁﬁé‘?&?ﬁﬁle%s Tty in the
1-6. art l%gd/bmommmmﬂmetmﬁmmél&@s@ﬁrma@wmﬂw dovestigno weli
suit d&J -9 20minimally disruptive photomanipulation of the lens

(2) and/or its constituents collectively or selectively of an animal or human

eye g com rlsmgne[}tghtre tn1<ent laser system (4) for emitting at least
one @ea%ne{'gr%ser‘ﬁeam%%—‘g

Tracking of eye movements andforientation is an alternative or supplement io
immobilization of the eye rendering a high potential for accuracy. Specifically if coupled
to response system which provides real-time beam adiustment, so that eye movements

are nullified relative to the system.

Accordingly, a preferred embodiment of the invention comprises a method of fracking
the movement of the eye by imaging of the eye on at least one light detector.
Preferably the said at least one of the said light detector(s) comprises a camera and
preferably the movermnent of the eye is found by tracking reference points in the eye. To
obtain even higher accuracy the said light detectors may be spatiaily 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 simuitanecusly monitoring the surface or
anierior parf of the eye and the fundus (posterior inside of the eye) and calculating the

orientation of the eye in space.
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f) focusing means (6) for focusing said treatment laser beam (5) into a
25selected part of the lens (7) and/or its constituents collectively or
selectnmalysadiaere treatment is intended to occur; g) means (8efor/nikz007/000495
measuring one or more types of radiation f®&m the said selected part;

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

the 30sai d selected art WO 2008/055506PCT/DK2007/OOO495 191)
meati§'ts o nigtration of adiyxant, BhasMacglicaldy it of the means

for p%%%?%eféﬁs%ﬁ@%:%ﬂ%fo%ﬂ rP;S@aﬁXﬁtguu df}% 0L ptible to

the present invention further comprlsm? a) means (11) for determinin

the SBHCAPSGAALIHELP S ShRieramdaligar! éﬁf&ﬁ%’é’“& ArlcRigR/agvantageous
spedtromettonhaeansi¢l, 2utidy for petbotirigraptpstitetieciswherethe

sen%seéaa@aﬁ@@em %J%F@r@rt@c{%mﬁﬁ@tﬁﬁd@% e@eﬁageescg RUARIVG
optics %{a? here exemplified %a defarmable mirror, 10d) meansaga %for

scarfing Pl YP XY e leRTE Ta Se ISk PR Tl B B prage e to
volupseevaene, theride pesefsmerforuwid stmminerbyymonivigalaeitess (22§ the

in the aetiHe: ABst thedPasitiaBdsssearnred by moving the plane mirror (23)
and the curved mirror (24), e) means for imaging the iris or movements

ther%%@ﬁg b SRR DRI PAQARING Ak AHOR JARES! BSRHSORAS I Rtration

(26) said tar%et being projected (27) onto the retina,
of adjuvart pharmaceuticals. Preferably, these pharmaceuticals quench free radicals in

the eye. Such free radicals may arise as an undesired bi-product of the
photomanipulation and are preferably disposed by means other than interaction with

healthy tissue.

Detailed description of the drawings
The method and system according to the present invention are illustrated via non-

limiting examples in figures 1-6.

Fig. 1 shows an example ofe system (1) according to the invention suitable for non- or
minimally disruptive photomanipulation of the lens (2) and/or s constifuents
collectively or selectively of an animal or human eye (3), comprising:
e) a treatment laser system (4) for emitting at least one treatment laser
beam (5);

f)y 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 freatmeni is intended to occur,

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

selected part;

h} means {8) for processing the said one or more type of radiation from the

said selected part;
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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

imformatigastlow to and from the means for processing 20(9). Althguetor/oo0495
sketched as a single box the invention is riét 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 procesdts W%E@B@%H’éﬁﬁf% bRsRAmAtisgsUPeR QB RUtPUt of the
example of a suitatdentréatpressskiser system (4) comprising a 25 tuneable
optical parametric oscillator (16), a frequency doubled titanium-sapphire

|ase$@§)smdsaaﬁmn&nammam Baauenay:daityesidiofeeumpecdiasslither
(18), said optical parametric oscillator (16) is pumped by said
frequ n y oubled titanium- WO 2008/055506Pa/010007/000495 20

sapphire laser (17 WhIC pump continuous-wave
frequency double Goa ifJ aé%'P?%g? Xﬁ 5 aisé%&%e %Wa?ﬁﬁé%?cmd
a suitable treatmemﬁlﬁ@h Wﬁ@me(ﬂ?%mﬁﬁmfaﬂpﬁi@mmc crystal fiber

(19) and a continuous-wave frequency-doubled diode-pumped 5 laser
(18), wherein baidreptic&l Haf e tiataasol aterusipeffgpedihe saiick sensor has been

frequency doub'%aﬁE&f‘iH%e@ﬂQH@&%@ﬁ%Wﬂh@éf&wm pumped by said

continuous-wave frequency doubled diode-pumped laser Flg 6 shows

one aspect Ofé}jloﬁ'ya\é?i'%%a% t\@@?{%ﬁ%ré% rﬁ’Y i e@?) rma F?ﬁrror

immobilizing w g treatment €ans for mechanical

contact to a 1Qcontact | 0) mounted qn the said &
Frthermore, B BFB36 Hid ESFRERTBATR %Hﬁ@?ﬁ%@ totEhiscppem o oo
said means for mesheiisitsiinednelstnExdmside depth of the focus is scanning by

moving the lens (22} in the setup, and the position is scanned by moving

the plane mirror (23) and the curved mirror {24),
e} means for imaging the iris or movements thereof (25),

f) means for providing a fixation target here shown 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
(8. 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 andfor dedicated hardware uniis. 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 (18), a frequency doubled titanium-sapphire laser
(17), and a continuous-wave frequency doubled dicde-pumped laser (18), wherein said

optical parametric oscillator (16) is pumped by said frequency doubled titanium-
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The following example provides further details of a system according to
the invention 15such as shown in Fig. 1. The present example a system
farlens photatherapy system uses one or more sources of light-toaimaaney1os
photomanipulate a selected volume of the2lens of the human or animal
eye. A specific embodiment of the invention uses an 800 nm
titanium-sapphire laser at 275 kHz repetition rate, 238 femtossecond
pulséaﬁapéf%%?‘ﬁd@ WRIERY 6 AP BRI ORI (A4 NRP - e frequency
transietdectdiapE-prewedOasmdifi$)of 10-200 pm. After acquiring a target
area in the lens by the using of classical imaging optics, which may
inclugg; stitsheassil wRiinatios andiobbekempfiugJaalsime phaiogmply a
(not 1), 0 in.is applied.in incre

SN2 \BSENRINSE) Jn@'fg%%é{.ﬂlibté Wé%geé{h\%%ge&%ﬂgé %%%{nped

steps to arouse a succession of events In the targe e nature o
thesE@®idhte B@ﬁ@'ﬂé@@%l?b@%@%‘ﬁﬁ%@ﬁéﬁ %‘Waéd%@ffﬁguemy
specivohietetahnieseapphing Rbingtide hiutiane mot teditedstachatiiscatiewave

fIuorgm;d%m%jgﬁrﬁggd%g&sstrahIung 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 .

feedl B e N B B e AR tyeay

of thE"BSBlzR@FYIPIR P apTvitlismbest TIRe intomiig bieameangnical contact to a
adjustmeatiehdhieoe rergyaDsadquiresid e yer (BiuEarfiupraseencenproaayhetbefnection

meaﬁtﬂ&ﬁ% élrrﬂééi% ‘ii??‘;%ﬂ&&ﬁ#? QS&&&&Q@P@Q&%&Q&%&%@reShO'd

probing tpu owed by a supra-threshold laser pulse that
achieves the desired optical endpoint, e.g. bleaching of the fluorophore, a
change in scatter, refractive index, or transparency. Subsequently, the
WO 208BHB5506P CT/9K2007/000495 21 instrument's focus is moved

through dﬁu&ﬁﬂ@@ @a‘a&ami@bwiuam?ﬁ@ﬁmgsémﬁa emb%&Wk@tmavention
ora N - orio (0]

T TR B e SR AR A e PSRl system
two-pifsteneRioRsEe spEEcesIE dslé b #ro a6H RPBERRRAHEDR BYIPRISASme of the

a $pi@ﬁt‘f®mﬂé€ﬂdmmv&am@w[idthp_@ﬁi&pprﬁmﬁtahy &30t 630ion uses an 800
MICTOMEIES 05, SIS G INEf SRHEL INCIERRS, M COSERY HALLAN puise

pulse-by-pulse, until three-é)hoton fluorescence of approximate bandwidt

. dth
320458 PAISE SOBSYJUEhHdRER) BPYFE RSN v B (P aha?
this keling shdizaive:of Aitdtiqohotdm bl éaghirgearinthe faptinaihehaimgeof classical
havipg, oeeWEREsWIHhiE: theiseiRieb e RrAskAliRBrONIRRY BIREMDAUg real-time
movement o thg eg/e has taken 10 EIace. The position oflthﬁ.tar et voILflrpe
withR P TBRY S BERRE LB & S5 H) AORIRO PSP By PELEARR' HNB%EPS%‘?HS energy
imagtepefalacolintdusugsestiriopfingidés of the teyast apldrorbriredisf ohihese events
antesioh LRLQTIBR ByeneoFRBY dhpdife RedReRSAdINRGIJNGIBY T hese events
Posiion:goptiol eYsiem, heing lese han Oyl second and. the,imegourge o
targetacquisition, probing and treatment being completed within 0.
sechrMysrahiung 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 puise is followed by a supra-threshold
taser pulse that achieves the desired optical endpoint, .g. bleaching of the

flucrophore, a change in scatter, refractive index, or transparency. Subseqguenily, the
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References Birgit Sander, Larsen M: Photochemical Modulation of
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Sander, Larsen M: Photochemical bleachiig of fluorescent glycosylation
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Bruxelles, 27. maj 1992. 25Sander B Larsen M: Photochemical bleaching

of flBFELEEH ﬁf?&B%ﬁéﬂ%Y?Bn‘BHﬁ@ﬁ% 2R SpRiHaTERS M el ToHesgiprsolils enabling
22 Clairastite arsysternrédefiont armnviriimaltjaisriptive phoiemsinipitati@nfurther

of the,leRSiAEALANIALQHRHMAL: YR RAMPHIING: R B LGaLeBtdase photon

system for emitting at least one treatment laser beam with wavelength o

the TRETITaPRRE BP9 GO SHS TS T B Bl PP B B0 SPEBERHIR B0 cover
focusihgvedihsfarfocksiateshdttedtdientlasertdeamdntivseselesieafter, increase

part %tbﬁe@pgﬁélﬁl%r@t&ﬁ@é@@ﬁb@é@“@zﬂfﬂ%ﬁ%@ gﬁswm #;Q&Qega,%ﬁaé &Phpproximate

pulsg%‘f? %g&%ére%% ent Ias bgeam é'é eans % rgeasurl E or moret

typeSF tadation it S&Tecte %]é;ﬁy R A5 PloeELIRGIHE! area

saidtosdeneriodisalpe @wa@mgmﬁbmmgadoﬁmm@@im,a@aﬁdhavmg occurred
within the tissue at the target site, provided that no movement of the eye has taken
piace. The position of the target volume within the leps is being constantly monitored
by real-time analysis of the images of the fundus (posterior inside of the eye) and
structures of the anterior end of the eye, notably the iris, the response time of the eye
position-control system being less than 0.1 second and the time-course of target
acquisition, probing and treatment being completed within 0.1 second.
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15f) means for adjusting, based on at least part of the output of the means
for processing, at least one of the parame:t) rs for the said treatment laser
beam: focus, intensity, wavelength, pulse length, repetition frequency, and
pulse train length of said treatment laser beam. 2 A system of claim 1
furth|gemeee comprising means for scanning the treatment 20 laser beam
relative to the lens and wherein part f) furthermore comprises means for
adjusting, based on at least part of the output of the means for processing,

at lehstfonginterparancetensntbily stampéle gityitheasipealaf @cantredens of an
V°|Umea%£%%£ﬁ%@%%ﬁ%i%sca” pattern. 3. The system of any

of claims 1 or 2 comprising means for emitting non- 25manipulative

intensity directed tq th sai%selected art either from the said treatment
laser system 6 fr%ﬁ'%eé%ﬁ‘ WW&&P&W&F&%’HQ Ph{REROANG teRtment laser
system of claims Beenthvéthcoavetisipth sédontoghieanssfornpeasuing andlfon or in
processing one ofnQredYRes Qidadighian, caused by the interaction

between the said selected part and the said non-manipulative intensity.

235 The systgsn fOf claim 4 wher tkfle output from the said means for
processing are/usd t GUTEATRpUL RS L FRAHS P S0 (RYH P sRRLP @
one of the said paeipettdnsaidpitieesaits intatm brtiasett eamratetdto ocour;
determine if manipulative intensity should be applied. 56 The system of

any of claims 3)tagespFisingingeARsOFSIRREMIRIBG thesaptical

signature of the said selected part comprising at least one of the following:
transient chargeteyislies B113i00«an A SIes! 8bi0%, 830 RUISING.OF 8 SRl caio
treatment laser beam or any characteristic that can be recorded using
steady-state or tiffderd3BIRBY spectroscopy, Raman spectroscopy,
photon-correlation 10spectroscopy, fluorescence spectroscopy and/or
phosphorescericenspestioseapysFing hieesmteonobamoaf ledns rhdaton from the

where the said n@@@égcmgmigg&omprises means for detecting

acoustic effects. 8 The system of claim 7 where the said means for

detecting acoystic effec;s 15dcomRrises one or more non-contact sensor%s)
and/or one orﬂno%ei%u%rﬁ% Justing, based on at least part of the outp_ut of the means

for processing, at least one of the parameters for the said treatment
laser beam: focus, intensity, wavelength, pulse length, repetition

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

2. A system of claim 1 furthermore comprising means for scanning the treatment
laser beam relative to the lens and wherein part f) furthermore comprises
means for adjusting, based on at least part of the output of the means for
processing, at least one of the parameters: the scan velocity, the size of

scanned volume, the scan repetitions, and the scan pattern.

3. The system of any of claims 1 or 2 comprising means for emitting non-
manipulative intensity directed to the said selected part either from the said

treatment laser system or from secondary means for emitting radiation.

4. The system of claims 3 further comprising second means for measuring and/or
processing one or more types of radiation, caused by the interaction between

the said selected part and the said non-manipulative intensity.
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sensor(s) placed in direct or indirect contact with the eye or adjacent
tissue. 9 The system of any of claims 1 t0%8 where the said means for
measurement, processing and adjustment form a feed-back loop,
preferably said feed-back loop operates substantially in real-time. 2010.

Thesystesé@Ry @fEaMSh IR NOSERIN: e s Aild NEASWEAXBE processing are
processing of resulting data, said ad ustme%ﬁssﬁ and renewed irradiation

of the <A GGG S A b AP St i S EBaRy 4 ebsrid o
preferablyat tderst witlnin s tihre gerérd ledtcheéssubstadtisynsma lerxthamative
the Spoiﬂ@%%@l%’%@% é%ég_the eyes (saccades) and preferably

shorter than 0.01 second 2511. The system of any of claims 1 to 10

claims where the said treajment laser beam and/or any secondary source .
of 1ot BT UCT SEp U SHCEp CARP AUERRS bt e the optical
preferablynetirpritine aaieforirrdbienminmanttiop s tHestrhamn <8 tratkiowing:

sensor L sibhepyeieia Rticimsihh where e AGARIVE RPHGSI IR 3 fhe said

feedback loop. 24 13. The system of claims 11 to 12 where the adaptive
optics IEGHORY RP PRI NS s FIRESH Fesimbat presi et urng sipady-
said sesahglaryiseureiobiaghativnscopy, RanTdiespysterasbanyteictadnsclation
to 13 w, id f [ radiation comprises means for
et T e A S e

scatter SPEREEHEAPPhosphorescence, and bremsstrahlung.  15. The

system of any of claims 1 to 14 where the said mains for measurement
confprigés rystars fo6mnyeststizing theospettsad distebidtionnfthe sadsuring

radiatiqgn:l1 pdlor means. forten ‘%@ﬁ& dé% ectrally resolved
. e T ey

analysis. 16. The system of an aims where said treatment
laser b;?_ m is agjﬁjs}ed fo gbtain bleaching, color chan?e,_deaggre ation

of Iéhs CEHSIERE FEBLI S 06 3 IBIRSprSRiAEBriEmaroustic effects
constitgentsrisEtheniens rareesolulitatices efdgns prateinso©bothete acoustic

COns““é@ﬂé%%)%?a!:%@ﬁﬁ"ﬁ?“%@gpmgcq AR mﬁi{eﬂ%e%g\éit@rﬁé)ﬂgcent tissue.

mechanical effects, acoustic effects, and/or therma S on lecules,

components, rcel%s that d? not f%)rm a target for treatment or are outside
sai .Selllggtgas%@ao any of claims 1 to 8 whete the said means for measurement,

processing and adjustment form a feed-back loop, preferably said feed-back

loop operates substantially in real-time.

10. The system of any of claims 1 to 9 wherein the said measurement, processing of
resulling data, said adjustment(s), and renewed irradiation of the said selected
part occurs at least within substantially 0.1 second, preferably at least within a
time period which is substantially smaller than the spontaneous movements of

the eyes (saccades) and preferably shorter than 0.01 second

11. The system of any of claims 1 to 10 claims where the said treatment laser beam
and/or any secondary source of radiation is focused using adaptive optics, said
adaptive optics preferably comprises a deformable mirror and/or a Hartmann-
Schack sensor .

12. The system of claim 11 where the adaptive optics form a feedback loop.
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17. The system of any of claims 1 to 16 where said treatment laser beam
is adjusted to obtain molecular cleavage 02f4specific larger molecules or
macromolecular 20adducts, for instance lens proteins or lens protein
cross-links, without damage to healthy lens proteins, cell membranes or

othernaalthyysempsmenissof the ensnardiurhenavoitingsas BivBNZDadiation
cavitation, mechapnical effect ,acwlstic ffects, and/or thermal effects on

molecufé&SEShTE AR AR 8P eRIETharE0 G TothT S35rGEpF0P FrainHEr of
are outsitkadaid selected area. 2518. The system of any of claims 1 to 17,
where said treatment laser system comprises at least one ultra fast laser
tc; enabﬁgﬁwwat@impfg@ftﬁh@taﬁﬁghd&ﬁ ‘ﬁ@{%ﬁ@ﬂi@ﬁe@m tmalegnQ_ !ftbﬁ S8 Hing
of any o ims 1 to where sai sing comprises pulsing the
treatme R1A080 BRI it AR L WIBHRCLFBPoP U o CUBR Ay e vine:
30picodtsunsies; Therecgiisie fabiyestede thai stivstapitizhhb68Gcence, and
femtosecopdsahrpgr than substantially 200 femtoseconds, shorter than
substantially 100 25 femtoseconds, shorter than substantially 50

fem onds, shorter th ubstantially 5 femioseconds. 20, The system

of oy O GATHET 5 76) OH L Ay B, P BEIGp e seuremen
treatmestTaISEbseaawithr prases usinertie| sneatdialisttbstamtibtlye260d radiation

micro- mmem@r%p@iﬁfé\@mlQw@&maec%%tm@ﬁl%%Q}Jgo-ﬁou'eS,

lower than 50 micro-joules, lower than 25 micro-joules, lower than 10

micrgsjqules, lower than 3.micro-jqules,.21 The system,of any of claims .1
o 200 T e SR s AN Tar SoLr 1 oG GF LT KRAEE acusted

laser béarbigitebisaehbg redstiehanyel dergwaihioienh&ndbeingookatsize

enablingspRloRTe SatBetingaf IRRdpR-PURRIARGR AN s Sl RIIONS:

WithOUtrggéﬂﬁ%iiggt%gjg? %rl]wtsQ)ergtlgiwsoorr%?F?e?’%gg%ttiﬁglrj‘ltes' of the lens while 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 ouiside said selected area.

17. The system of any of claims 1 to 16 where said treatment laser beam is adjusted
to obtain molecular cleavage of specific larger molecules or macromolecular
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.

18. The system of any of ¢claims 1 to 17, where said treatment laser system
comprises at least one uitra fast laser to enable multi-photon effect, such as two-

photon effect.

19. The system of any of claims 1 to 18, where said pulsing comprises pulsing the
treatment laser beam with a pulse width shorter than substantially 1
picoseconds, more preferably shorter than substantially 500 femtoseconds,

shorter than substantially 200 femtoseconds, shorter than substantially 100
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22. A system for treating a person or animal in need of treatment for
cataract, pre-cataract or presbyopia by nofR or minimally disruptive
photomanipulation of the lens of an animal or human eye, comprising:
15a) means for focusing a treatment laser beam into a selected part of the

said lengheeedreatmenids tiandediaRac sosaidrealngat sekPaam

with wavelength of the light in the range of 700-1000 nm or in the range of
1000- 15885 R B mdSRERGB0/Sng of said treatment laser beam; 20c)

means for measuring one or more types of radiation from the said

sele¢ted pastsdl mebiyfol protedsing $hevisaid ot prlsyetypeists pulsing the

radiatiopdipnsHhesaidesiecied Ratk apd ) mﬁéﬁﬁeéwﬁﬁjé{%%ﬂglﬁtéﬁé%ecmw

one of the parameters for the said 25treatment laser beam: foc

intensiti? vav B8 S IR IERGthi R EHRS R @HMQHQW%WBHEE {eygr than 50

length ofiseiddréatnmentldser Beart therddy, aptendiblyrptibtoblegohiag lower than
said ca%g}o%grggtaract or presbyopia and thus treating the disease.
26 23. The system for treating a person or animal in need of treatment for

cat ct pre-cataract or ﬁlﬂ opja according claim 22 further comprising,

anya%l? f@é? LRI %T%L%]g ifa 5 uri:h%r comprising means for scanning the
focus of said treatment laser beam 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.

22. A system for treating a person or animal in need of treatment for cataract, pre-
cataract or presbyopia by non- or minimally disruptive photomanipulation of the

lens of an animal or human eye, comprising:

a) means for focusing a treatment laser beam into a selected part of the
said lens where treatment is intended to occur, said treatment laser
beam with wavelength of the light in the range of 700-1000 nm or in
the range of 1000-1500 nm; -

b) means for pulsing of said treatment laser beam:;

¢) means for measuring cne or more types of radiation from the said

selected part;

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

said selected part; and

e) means for adjusting at least one of the parameters for the said
treatment laser beam: focus, intensity, wavelength, pulse length,
repetition frequency, and pulse train length of said treatment laser

beam,

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

thus treating the disease.
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23. The system for treating a person or animal in need of treatment for cataract, pre-
cataract or presbyopia according claim 22 further comprising any of the features

of claims 1 to 21.



