WD 2011/ 151812PCT/ 1L.2011/ 000373 SYSTEM FOR TREATI NG GLAUCOVA BY DI RECTI NG
ELECTROVAGNETI C ENERGY TO THE LI MBAL AREA OF AN EYE FI ELD OF THE | NVENTI ON

Thi's i nvegbiefy/sedidt es to nedical devices, and in parti q;@lrgtzotlp,o@gf:ﬁ
devi ces for use in ophthal nol ogy. BACKGRQJND OF THE | NVENTI ON 5The

foll owi ng docunents are considered to be relevant for an understandi ng of

t he background of the invention: -Barkana, Y and Belkin M, Selective
Laser Trabecul opl asty, Survey of Ophthal nol ogy 52: 634-653, 2007. US Pat ent
No. 6,698,886 to Pollack et al. 10US Patent 5,479,222 to Vol k. Under

normal circunstances, aqueous hunor is secreted into the posterior chanber
of the i es t e r gnber
where i pgsg%g %Eﬁ;&&%h&ﬁ]&% SBY M%%g&é Wm%ﬂﬁggeﬁ%g?ﬁr}%sé%f&ﬁ%from
the eye. In nost forms of gl aucorra t e Iow of the aqueous hunor through
the trabecul ar 15 nmeshwork is inpeded, preventing adequate drai nage of the
aqueous hunor fromthe eye. This leads to a rise in the intraocul ar
pressure, a state which nmay cause damage to the eye and |lead to progressive
bl i ndness. One nmethod to treat or prevent this fromoccurring is to alter
sone of the trabecular neshwork in order to inprove the flow of aqueous
hunor through the trabecul ar meshwork.. 20A comon net hod of enhancing the

fl ow of aquIWIPD OFTPHE INVENITION trabecul ar nmeshwork is | aser
trabecul opl asty (LTP) which consists of the application of |aser energy to

t he trabecul ar rEshmvehtiontedates tr medicaledevicab, dndpiaspaticul AFRp sscic Heases for
selective | aser trahecul oplasty (SLT) argon |aser trabecul oplasty (ALT),
di ode | aserUSf iy r"%ty (DLT), micropul se | aser trabecul oplasty
(I'VILT), and titaniumsapphire - 2 -

BACKGROUND OF THE INVENTION

5 The following documents are considered to be relevant for an understanding of
the background of the invention:

Barkana, Y and Belkin M., Selective Laser Trabeculoplasty, Survey of Ophthalmology
52:634-653, 2007.

US Patent No. 6,698,886 to Pollack et al.

10 US Patent 5,479,222 to Volk.

Under normal circumstances, aqueous humor is secreted into the posterior
chamber of the eye, and then circulates through the pupil into the anterior chamber
where it passes through the trabecular meshwork, before being secreted from the eye. In
most forms of glaucoma, the flow of the aqueous humor through the trabecular

15 meshwork is impeded, preventing adequate drainage of the aqueous humor from the
eye. This leads to a rise in the intraocular pressure, a state which may cause damage to
the eye and lead to progressive blindness. One method to treat or prevent this from
occurring is to alter some of the trabecular meshwork in order to improve the flow of
aqueous humor through the trabecular meshwork. .

20 A common method of enhancing the flow of aqueous humor through the
trabecular meshwork is laser trabeculoplasty (LTP) which consists of the application of
laser energy to the trabecular meshwork. There are a several types of LTP, such as
selective laser trabeculoplasty (SLT) argon laser trabeculoplasty (ALT), diode laser
trabeculoplasty (DLT), micropulse laser trabeculoplasty (MLT), and titanium:sapphire



| aser trabecul oplasty (TLT). The various types of LTP differ in the

wavel ength and other characteristics of the | aser beam SLT, for exanple,
utilizes ' ed 532 Nd: YAG | aser which sel ecti vel

mel ani n- c‘gg%ﬁﬁs#g\lgcel s within the trabecul ar meshwor k}.ﬁc?‘gfégﬁgﬁ%),”% et al)
VWhile the entire nechani smof action has not been conpletely 5 el ucidated,
it is believed that |aser-stinulated nelZnin-containing cells rel ease

cyt oki nes which attract other cell types to the trabecul ar nmeshwork that

i ncrease i tissepaateealbplhsty YTLIYN Th& @aridud aypes eif AT diffef id- e, wawekhgth sand\lother

sel ective | aser trabecul opl asty s.nhot requir, reci se tar i i nce
the wavel erf§tRteHlEc ﬁéﬁﬁgﬁsﬂﬁb%egﬁf’gfw Gfarmg sé‘Pﬁ% |‘¥/§W‘%‘F6§§é #‘gﬁé]

mel ani ne CQéEeﬁWBidB&ch@He‘iyrﬂrééﬁ ﬂleldaﬁl-e@ﬁm?keeﬂ Bahiithe @UBSHulE mddh w6 s are
not heated or destroyed. Thus, the fluid outflowis inproved w thout

damagi ng t HBatkambat et ab Whdabe lentigt meachanismeol adion has npleheerpcomnleielypen
angl e gl auceonm, intraocyl ar hypertensign. -normal .tension. gl aucana,  aphakic
(gl aucong iegucb%ﬁt‘fd;nltsl 'Lheﬁﬁft% gﬁﬁa al‘jFra%hq“é] %di rr{le%aﬁ'érf_rco%ye % pc§eﬁd1€)e;1)‘?1a?<i C

gl aucoma ( @yfkaRBwhith Refdce Bilfer \6ell ®nthartidbbtlimeblansiki that! fneieaseeits

pi gmentary, chronic angle closure glaucoma and 15 juvenile %}aucoma. SLT

has al so basrmebdlitssYnliie gldgroeeions of lddh spheashe b selectenlasas Tahequieplasie
pouses P, ek B6 <R HMdiQ Brecting sinck e whnSRAYE dCAIRAGITR 18l B0 OVE 1

by LTP. Eye drops n e eye provi desur anest hesi a
and t o pr epaleetivdhe tagets thermélieing caneimitigecells tvathin tHeanesdhsvorkrdlevsorrkuriding S

situated around the ang|l e of the terjior ghanber of the eye 20 and.is not
di rect | y0ol5€ { FaiLheHeL streyeds %B%&ﬁ@wﬁwgf%lﬁ ImpEayedatitipus damaging
goni 0SCOpi Ghe eRb&lar BERWARWBICH hhd! bt GSeddtoMrédt Printary ﬁ)%gﬁdglﬁ&oiﬂgi% eye

1 to direct a laser beam 6 through the cornea 5 to the trabecul ar meshwork
10 under nedttnadchlar | hiypbaénsame snot@al Tensiopakglapcorhat eplakicl §gaudoma3@o pefienthe

anterior chanber angle,i,s irradiated by rot.ating,the i 0scopi.c cpnt act
lens 12 af (00w, anatyah dens, i fhewrapie), Pleydoptiakic Zlaucome (glatichind iy pafichts
nanosecondsyithbuebh antifiid 18kaudtthér eyd pi tary) Lhedni€ BeFlg ¥loshe glaldour aad t o

t he trabecul ar nmeshwork. US Patent 5,479,222 to Vol k di scl oses a .
goni oscdpi duvels glapcoma Sbihap alsecbegn specessfublyysqdetosisat prgsswsBereasse ibf t he

| enses i ncl %qﬁh [ . of revolution. The |lenses are
posi ti oned tﬁ%?’?"‘c‘%% 0 eC%ano rﬁgdrl&?fnb%% housi ng, such that the refractive 30
properties of edif khsipwsahbirastthehvofansyer Pby LTEhEyd deovps are filst platdtaini the

| i ght source to the, entrance pupil of the patient's eye to iIIucin' nalrhe t he
fimdus. Th&YFeRsPRYideattrfase fnestiena) and  toyBrePaiet eafyeaffoticaprogedure. The

opht hal nos qpci%&ll&xexﬂéarllm%ﬂg 2‘) ifi}é;?tﬁ%d%&ﬁﬁfﬁthe 'anéle of MAdid 5 dhaMbES of hE QP 1 Cal

characteristics of the opht noscopi ¢ | ens Systemin a predeterm ned
manner. 20 and i9SnéatizedtlyNobsegvabis beSfis¢ at As| dbsckred tbyalthalilisthabseea 43. A

|e|r Ie?rgl[’l? ,rryaagr?'nd éﬂ' t%(ﬁ)?ﬁ{%&l'}t% ll%%;%gﬁj%ﬂl igcl:lggeesra rln‘larrrlgr .J»] iasvallp?)ﬂeél tocﬁlre]te%(e:tl tloecfllrsect a
laser beam 6 through the cornea 5 to the trabecular meshwork 10 underneath the limbal

area 12. Typically, between 180° to 360° of the anterior chamber angle is irradiated by
rotating the gonioscopic contact lens 12 after each laser pulse. About 100 laser pulses of

25 a few nanoseconds duration and about 0.6 to 200 mJ of energy are delivered to the
trabecular meshwork.

US Patent 5,479,222 to Volk discloses a gonioscopic lens system comprising at
least two lenses. At least one of the lenses includes an aspheric surface of revolution.
The lenses are positioned adjacent one another in a housing, such that the refractive

30 properties of each are combined to converge light from an illumination light source to
the entrance pupil of the patient's eye to illuminate the fundus. The lens system is

designed for use with an associated ophthalmoscopic lens, enabling selective



5 fromthe optical axis of the contact |ens elenment and first and second
button | enses nounted on the anterior surface of the contact |ens el enent.
Magni fi ca‘g,bgﬁn/lg%gl?ature and |l ocation of the button |enses, A516095EN SO as
to provide the ability to sinultaneously deliver |aser energy to the iris
of a patient's eye along a first optical path offset fromthe optical axis
of the contact lens element and to view3ihe trabecular 10 nmeshwork around
the region where the | aser energy was applied. Irradiating the
trabecul ar mgEfivaioh of tHe apticab @harh@aistits rafCthe bphktalitigdtopiteleadispstam @sa shown
in Fig. 1, is often not possible in cases of narrow or closed angle

gl auconma wiiredetepdRAddmaMSE the iris of the eye approaches the cornea and

t hus narrows or i gi.nat t e b h d .. L L Thi s
is the nost com‘ﬁ% 23'}5% g\fo'lg’%aﬁgg%otr?a%ﬁg ie&legle%ggr‘fg)%?sn |aﬁhg§8p eag%d
hence the gppEANSShst) YoRloMses lehl HAVRgaN dofkthdtNEAE SRmreht, tV flan& infkror Hffiehese
cases, the |l aser 'beam cannot reach the trabecul um neshwork to be

i rradi at éd.frasunivrptict axigeof thgrontacivlens eclgmens cand finst and isesenil buitesdensss t he

novel and unpexpected fndin h L can rfor Ly . iallng the
trabecul ar Iﬁ%lgﬁ ?%glﬁrf?: uré {uﬁ%&f Pg«ﬁg &gpég}&t%hezegn%{l\?‘o%?#ﬁ%i%% éc:r a
goni oscopi GndoNicatdn | &Mshe Bakoh Nesdes Oire biavsen f suind thgirovide atle aabiliy tdie

trabecul ar meshwork directly through the |inbal area can achi eve results
conpar abl e sipultanseesly Belayer dasengnepsy t9rthairis af prragigntissys alonge first optical path

goni oscopi ¢ ENSHeall R€; t , mp’ﬂe bddffar @ 532
nm | aser beoﬁg?gr%%t%aggﬁa}aqg %ﬁgt%ﬁcﬂg&?h‘g%%mnﬁoﬁocﬁ I eaFaar ea and

r eaches ihané¢shabecaroand thessgien wheteah¢ tasatendrgyi wds appliadiequat e i ntensity to

enhance the flow of. aquepus hunor throu the trabecul ar,. meshwork, dto
cause a signifi ﬁlgﬁfh_aﬂ’é% r@%%@g?‘g‘?ﬁr nef a‘?"gblae&?fr cam dlrec"e‘_’]’ﬁﬁ?}lg]f’ 333
exanpl e, | o8 RAShAM iS ¥id. or 0O fikh Aot ORISR cBsed| FURSTRHY Bt tldsed ansgslg

m

pseudoexfoliation, followng irradiation of the linbal area with a
Nd: YAG | aseglagomatwhich oequey wherdk ineofcthe eye approasheethe gernga gudhthus @agyws ¢ he

pat i ont  vac"SUFHERGET ARHE Praited e bolhed o Wb B e SRl BB, g
from open aislcondl iaUCkifigsevdnidinBia Ytoplsf @i lht® the commonest ierm Bf gRacshar
pressure decreased from 24 a week after treatnment with a

nmg to 12 mrHg
reduction ¢mdhbndpgssdn thewpld Iaythesgcagss, thedagen beyn zannqy reachthe gabecyuny

primary op the intraocul ar pressure was reduced from 27 to
18 mMm Hg fgﬁ?sg\g\n’%lgtt egﬁtggfezgeflhent. 5Thus, in one of its aspects, the present

invention provides a device for directing a beam of el ectromagnetic

radi ation t | he Iinbal area of an eye. Device of
t he invepti%ﬁﬁ@gﬁ%ﬁg@;’f@w’rg‘?g having one or nore apertures that are
arrayed in the phﬁt;ﬁ'?éeﬁt RAVehtlon ib BERE bAMR: Avel R dddkpdddPRndiAg 8at LTPRan

apertures may have, for exanple, a circular cross section or the apertures
may haveoarbeapafiethed hap éradidtmg] e prabieculam mesbworkt tiraighethsolimhalt area cthus

aperture can b itio over .different lqcatigns.of the.,sclerlal linbus.
The. devi ce Tyt tie, el v d Earitonif-camtpch Ted, T iftentorn ity Sl
treated, orirhffigtifleitHeGfabeB)atBeshNdrk Bt thioupR thelifba fRELERL Rhivve echults

di stance away fromthe eye. In another of its aspects, the invention

provi des a compamble & these pbtaipechhy egrior arhd. TP methods that utilize a gonioscopic

contact lens. The inventors have found, for example, that a 532 nm laser beam is

25 capable of penetrating the 1 mm thick limbal area and reaches the trabecular tissue to be
treated with an adequate intensity to enhance the flow of aqueous humor through the
trabecular meshwork, and to cause a significant decrease in intraocular pressure.

Thus, for example, in one patient suffering from open angle glaucoma with
pseudoexfoliation, following irradiation of the limbal area with a 532 nm Nd:YAG laser

30 (total energy delivered to a single eye around 10 J), the intraocular pressure reduced
within a day from 24 to 14 mmHg while the patient was using antihypertensive eye

drops. In another patient suffering from open angle glaucoma with pseudoexfoliation,



15 system of the invention conprises a source of electromagnetic radiation,
a device of the invention for directing radiation generated by the source
to one orypBLE/IspG3tion on the sclera |inbus of an eye. PEE‘?Lﬁ)'l%&OB%”Hgne“ C
radi ati on may have, a wavelength in the visible or near 1nfrared range,

bet ween 514 and 810 nm and may be, for exanple, a 532 Nd: YAG | aser. The
system may be configured to generated pu‘f'ses of the 20 el ectronmagnetic
radiation. In this case, the pul ses may be between 0.1 to 3 nanosec in
durati on, ahelidtimecilhtpressmrsiecaecased dgloen P4 eeHgwny 1DenfiHg4 weeKldfidd Qftathhant?.

The total engr elivered.to a si.ngle e e frgm4 to 20.J. . The
i nvention a‘l"’élbg%? ‘8’é§f§ﬁué"ﬂ§é%?%g%‘?r§%p§ir%?v58 %(r)["ﬁd?aé‘e BYIB JLIRAY ¢ he
i nvention f@jendfbieV Blabing KBS iNtPIRGIAL prsird vl ticdd fidnl R7DR! 18m&A BE an

eye. In the 25 ensenble of the invention, any two or nore devices producing
a cyl i ndri dallowingdbe wéatment t ed beans produce a cylindrical array of emtted

beans having a djfferent cross-sectional dianeter. Simlayl f or. nore
devi ces 6 roducin ué’rﬁnt(fn&?cfﬂt%aaﬁgeﬁ% en%‘e%e“g ysgH IleB{(’lvb({%la déﬁ%ﬁefo%\?u%‘f{ g
circul ar arg£bdanPsiiatrogiiichétRCrabRE6E td 1608 dtdnére GELi61s GEGt llidital aishapen efe. a
circular arc of a different dianeter. Twg or npre devices produci ng an 30
enitted bedP§vies phthednvention| comprisesa thiaplats hayingRpecer mareesRertuesy thdate
havi ng an ect | . b j

i aroteror tayef iy e EhRe RFFleY)otiicRfrcihd o Al ek SpEfeed BFRpve, |

i nvention nfay ekenplsedl cisladar ¢ross sectios ot alid epdrurést maylhateat lasched shale. dhea of
an eye in a_procedure using serLes of irradiationg of ‘gfﬁfferent.

geonet r i ¥al Plpfg dpetabig;vpsthay each aperfise gan %@05&@6319916& Ferenblocatiqns @t at ed
with a eithet saeAyl lihbld. G &w&ymg,f bORBARzREd RS BEDIRRY Ididcdy 6h@She eye
sectional shape of a circular arc 5 wherein the cylindrical "array or the
ci rcul ar arteingtaeatedaor e device mayderionfigiradrts be held a predetenmyned distanch eway
irradi ated gne or nore additional tines, each time increasing the dianeter.
The final Mee?erray be around 13 nm Sinilarly, the eye may be

sequenti al 'y i r rpadingthefofitd d3pécts ahé Bveioninavided@yystign &5t tratihg ad eyd. THE
section where one or both of the inner dianmeter and the outer dianeter

i ncrease ewstemofithe inventipnseamprish aspaee of elpetsorpagnetie fdiation, pAedemef the

I nvention pp é’ﬂtﬂg%oracg%rnﬁg Sja({iﬁf ot e%e?;@xta'té?i%f‘@s@fﬁ‘ce I(p nd "Gt 1?89: lBI:at}og%n the

i nvention conprises directing e romagneti ¢ radiation to one or nore

| ocati on onrscldielifibus b ah ieg&UBheoélectroneapmetid beeliationahsiy hagn atwaveleadthaini tha may

have, a wavelength in {he visib]e or pear frared range, .bet Wee{1 5%.4 and
810 nm and"i#BlF Bacyapbasd sapeer bytwesinif and $)0 nn.cad mgy heador exawple, 4332 15
el ect romagngy.| agiat i I Ber i r ' l@es. In
this case, rltQ 'ﬁ% gééggli ngge gg%ﬁ)%?wqu é?lgtg%ﬁ%l%]d;ﬁtgseéggﬁﬂgte?n?’gﬁgt?%n, and
t he f| uexnceclaftromagnetifl mdatibs.clnrthis dase,GhS pulses M3y ®O between).1 Tha naposgk imner gy

delivered t .single eye may be from4 to 20,J. of, the

Movent on it o0 AE Ot obR AR e tisy pBhbE0-Thie THOBRGH. T et
invention rardialeisdd tdla binpleteyd Mayaseifroth 4R@R09wW or cl osed angl e gl aucoma,
since, in accordance with the invention, the beam of el ectromagnetic

radi ation i s notThtiineention alserrsoyides areensaggble comprising tyieups morg dgyisesodf the s
aspects, the |nv L Oy i i A | i I L C
radi ati on t@v‘glqﬂoﬁ%gﬁegf%%\éo%g%\&éa e&l‘f g%élagg)\r/h:jt?eé E@ﬁ*‘gg“g (ﬁlcéx{s ? g‘giqg:th%nd a
25 secong Séndémblerdd thé énvdation,canlyr @S 610mdtd devicks @odutinge a legkindrical afray of

el ectromagnetic radiation that are incident Qn the first side_into one or
more beans @Ritted beans pradyst gifetindngal array job smitted beams having a diffsrenh qrpss-

second si dege MRET Blathetd?eSRREArR, WY & Bl detfted pRITRCAL Sttt A¥EMd Ravil &1 ' aY

selected from
cross sectional shape of a circular arc produces emitted beams having a cross sectional

shape of a circular arc of a different diameter. Two or more devices producing an
30 emitted beam having an annular cross section produces an emitted beam having an
annular cross section of one or both of a different inner diameter or a different outer

diameter.



- 6 - In the device of the invention, when the emtted radiation
conprises two or nore emtted beans that are arrayed in a cylindrical
array, t i Lcal array may have a circular cross i i-ng a
di anet er 92}%151%%&13 mm When the emitted radiation cor%}gﬁﬂs@g”g‘ﬁwgﬁ ay of
one or nore beans having a cross sectional shape of a circular 5 arc; the
circular arc may have a dianeter from9-%e 13 nm Wen the enmitted

radi ation conprises an array conprising a beam having an annul ar cross
section, the annpheénsemBRSofIRE irventidiPihall déaisad wheh ¢ is desifadlelo inradiantheut er
di aneter, the average of the inner dianeter and the outer dianmeter being
from9 to ldnbsh argheof ameeyenint eeprocediiratusing @osasics sefs iragiations nefr diffesgntt ed
beans that gr ' ' ' b i se
an ol emont Gsmshicef BlikEtel Tufls T4 LG the B¢ iy tholelRKligRa Wit £ORR

ci rcul ar ard eylimiricalpatdyusfeiseagistoz tdaimg hbving aacrbsy sdctibrat ahage éfihve cin@Aarusrc

el emrent to a second face of the opaque_ el enent. The circul ar._ array of
apertures rbereigihe cylndrical argy or thecircylar av8 8 Iy tiyely, F’é‘@ﬁ digmeter{ggud

el ement Mynfs. bA% 3hal ifadthe lonkNe: &R HaaRlonk Bnfek! ARtk f&yeasﬁ@geﬂnet he
emtted radiation 15 conprises an array of one or nore beans having a cross
secti onal sdiapetenf The dimat wliameter oayt be adeunidc é3 nmn. clinplailye then eyt emaynibe
opaque to the elegtro netic radi ati,on having therein a circul ar array of
apertures, S@&EW“S’B@ Wﬁ%_ﬁ‘ﬁ&’b‘ﬁﬁgﬂ%ﬁ%‘?@@é‘@@é@gﬁ&@“@ﬁafp%m%% seghion W[?fffé’f‘ear c
and each apgtodi 6f B iifRe iRmelcr AR thefdulerdidmaer iérehRs eadaste €l enent to a
second face of the (_)Baque el ement. The opaque el enent nmay_ be rotatable
about th#® 20 cenlnestilbfanether of risutspectar theypreyymé invensioanprovidgs ammethodofer
conprises two..or nor it h [ [ I cyl.indri .
oy, "t he HEURE T efe i, FRAREE NS tibenof AANES didofh Yt finhbitic
cyl i ndri cal radiafiay t®@bn®pt hiord ideeticn smyhdsclaainsigchfian &e. Thaglcetramnagnetit
with the cylindrical array of optic fibers extending froma first facgj of

t he opaque Tefishanmayhaye.acvarsiengiicia the visihle opngsn anfeared@age. bamssnild aadi t t ed
radi ati on L .30 Ml S {

devi ce nayzszlgcrrpqﬁzsgﬁ (gsnrng% ?%?{ge @%Mg?’ é?‘? férigg#s !egeb)gpf?%}zgl ?‘gflt‘gprr‘g}ntlg}\%g{%@t he
em tted rsaceledtrommgoetiqpradséon mayderdehizered ¢o the lanballasea i poksss. 3e tis case, thhe

device may c rise.an elli idgl mrror, . The devicg of the i.nvention
may furt herp‘g%ﬂp?% ke iﬁ‘%’ﬁeﬁfxg t%gr’?aé‘{?%ecﬁﬂ? 4 SHratiog ?‘Pfgﬁ‘feﬁ‘beﬁ‘ﬁe? 351881 he
devi ce. Th%£%§¥ Be D84 RCR,0001/607 FTHeotd ehbi@y Wlif@e® toh sidpfe SR NP bEO
pronote stabilization of the device on an eye. I n anot her of its

aspect s, t hsomrvierd0 bihpmesihatkef the invgntiemmay dereprried; avg using the systsmeoftbei ces
for deliver.l n\gglel ectromagnetic radiation fromthe first source of

el ectromagrf@f’ %Padi ation to a linbal area of an eye, each of the one or
nore devipces - The invéntioAdnay be tisedl i1s ttdareatiflerd of 86w o8 cldged @iple glactontigvi ce
transform ng one or nore beans of el ectromagnetic radiation that are

i nci dent orSiRdse i ppeprdagice avithhths 1gyratign, s, keapeahglegiromagnetic gadiatinpaismati c
radi ation t r 1 romthe second side, wherein the one or nore
emtted beaﬁngécge?eﬁgﬁ%%?ﬁ% an array selected from 5(i)an array of two or
nore enitted beaTisust iatonar ef @s raayesth, i the dnegrtiondproeides ar dewice fdreddiperingri cal

array having a circular cr.oss sectipn, erein each.of, the ope, ar, nore
Govt voo o CAleroRpEReR o finn Lok BabRL e B! BhETe SiF SRvistbasi e, S AR &
cyl i ndrigal 26 PK%idel 2881 tht SdbvR@aFBnPAWIRY dhedbl hedre NWeafis 081 eREEEMAARYC

dianmeter; (ii) an array of one or nore beans having a cross sectional
shape of a milratigh athatiraze vineidentn ogathe dirstt lsideointo oenermre mpes/ i keamspebathei ng

emtted bea havi ng.a cfqQss sectional e of a ci,reul ar, ar.c .produces
o tted bedHECHIEEi g BECHE T HERE f sdobit i Jnpf 4t S
di fferent dingreRdngifted bénsk are arrayed in an array selected from:

(a) an array of two or more emitted beams that are arrayed in a cylindrical

30 array, the cylindrical array having a circular cross section;
(b) an array of one or more beams each beam having a cross sectional shape of
a circular arc; and

(¢0) an array comprising a beam having an annular cross section.



15(iii)an array conprising a beam having an annul ar cross section, wherein
each of the one or nore devices producing an emtted beam havi ng an annul ar

Cross SG%P%PWSQ%ECGS an em tted beam having an annul apLghPsiS1/66S4H on of
of a

one or bot Ifferent inner dianmeter or a different outer diameter. 20
The invention al so provides a systemfor delivering el ectromgnetic
radiation to a |linbal area of an eye, cdmprising: (a) a first source of

el ectromagnetic radi ati on; and (b) one or nore devices for delivering

el ect romagnet i ¢ IhakH ddvic offth®iveitton!, whei theZmigedifadatioh compeibdsavd PR @idre
radiation to a linbal area of an_eye the, device when the first source is
optical |y caupedbeanss thabagearrayed ina cxlipdricaharrgy dhe eylindricalpiiaycmay havs #g a

first side - side. ar‘?]?fé ' r.ans ' faloT-R
beans of e|°2"§§lra§%§’§%g |gﬁrhgglln§taa{1%n rgr%%ﬁgq‘?il?s@%émé?etﬂ?ﬁat g&%d{aﬁé?dent
on the fir somprides amamwaynfons ommioee beramshaving b er@d sbamnabstage ef accircaldr at i on

that are emtted fromthe second side, erei n .t he e o nore em.tted
beans ard A% ADeETSTATAC 37 ave aidamelér o % to i3y mm- Hhen the emited mrtation o

em tted beapdiRA aRafaf domEiding ™ Bedn |HaViig! £ hnilArd¥osd BetibN, i HrnGRk
array having a circular’cross - 8 - section, wherein each of the one or
nmor e devi ceagosssodivnasayshavglanniomear didmeserrand apfoutsmidiamsgerhibe aperage dride inner

different cross-sectional dianpter. (il n,array of one or nore beans

havi ng a cr_%‘getgre%@ithﬁgﬁ?teg l_gﬂlg%rge‘g\g(ﬁéml??%bfg’fn'arc wherei n each of the one
or nore devi ces WheWyeeenkitdd rREhtIRAEGInpIREE REo0rC oS eifiidd BBahs sii@pge of a

circular arc of a different dianmeter ; and (iii) an array conprising a beam

havi ng af amyedin @ edindsisel pay, the device may comprise an element opaque to the
electromagnetic radiation having therein a circular array of apertures extending from a

first face of the opaque element to a second face of the opaque element. The circular
array of apertures may comprise, for example, at least 50 apertures. The opaque element
may be rotatable about the center of the circular array. When the emitted radiation
15 comprises an array of one or more beams having a cross sectional shape of a circular
arc; the device may comprise an element opaque to the electromagnetic radiation having
therein a circular array of apertures, each aperture having a cross sectional shape of a
circular arc and each aperture extending from a first face of the opaque element to a
second face of the opaque element. The opaque element may be rotatable about the
20 center of the circular array. When the emitted radiation comprises two or more emitted
beams that are arrayed in a cylindrical array, the device may comprise a cylindrical
array of optic fibers. The cylindrical array of optic fibers may be embedded in an
opaque element, with the cylindrical array of optic fibers extending from a first face of
the opaque element to a second face of the opaque element. When the emitted radiation
25 comprises a beam having an annular cross section, and the device may comprise a
refractive or diffractive optical element. When the emitted radiation comprises a beam

having an annular cross section, the device may comprise an ellipsoidal mirror.
The device of the invention may further comprise a concave surface adjacent to
the second side of the device. The concave surface may conform to the surface of the

30 eye to promote stabilization of the device on an eye.

~ In another of its aspects, the invention provides an ensemble comprising two or
more devices for delivering electromagnetic radiation from the first source of

electromagnetic radiation to a limbal area of an eye, each of the one or more devices



wherein each of the one or nore devices produces emtted beans 10having an
annul ar cross section of a different inner dianeter or a different outer

di aneter. the systemof the invention, the fir be a
| aser. Thvgolzg!slélrsur}éy have, for exanple, a wavel ength fr%&n@%iﬁ@%)% The

| aser may be, for exanple, a 532 Nd: YAG | aser. 15The system may further
conprise a processor configured to execute a predeternined regi me of
activation of the first source of electromagnetic radiation. The

pr edet er m nadingadinesidé andta sstwhd Gidepind Earhsizuice eran$foahmgtone roa gt ibeams

radi ation y. conprises a. series of pulses. Th ulses may be between 0.1
to 3 nanosg’gﬁ}?ﬂg"mﬁg‘%f’éﬂl?}}? ﬁ?ﬁé‘&‘*"ﬁéﬂ%@eﬁrs “i‘ﬂﬁ‘éﬂ%n Qf raerehegmp of f r om

0.84 to 10,000 edtdifenetd adifiod! thACrE BRiERA Fl6thiHE5REnd 9id8, whel8InGth8¥Re BRY be
from4 to 20 J. The system may further conprise a second source of

el ect r omagmedre emitéadi beaing are dredyed inauamay slegtedifidm: | i ght beam where the
second source of radiat..on is configured to be t.i,cal | oupl ed to. the
device of the system EIB an Wh‘ggﬁ‘"ﬁv%rn?ﬁoﬁeneﬁqég bﬁ?‘&&?ﬁa"@safg%eﬁ‘g‘&‘ tor
delivering el ectromagneti gyhigdfical iafy]! the28ylmdticalDadrayahevingfa @itci@de cross

conprising (a) delivering el ectromagnetic radiation to the |inbal area of
the eye wherein the delivepdipnewherain eaghef ithe pagiionmaesp deyices, progiicigran of

one or nore beans, the be i ' e (1)
an array of two or nore e%@%{&%@&fﬁ@eg;ﬁ 8@??@9@%&&@%@%%&%&&
array, the cylindrical ar emittdbbdans avingraddiffarentcérogssestiaial diametdri ) an arr ay

of one or nore beans haying a cross sectional shaﬁe,of a circul ar %rc; and
VO 2011/1951812PCT/ 112044/ 00@3 Atray of one or more beams having a cross sectional shape

of a circular arc wherein each of the one or more devices
producing emitted beams having a cross sectional shape of a
circular arc produces emitted beams having a cross sectional
shape of a circular arc of a different diameter ; and
15 (iii) an array comprising a beam having an annular cross section,
wherein each of the one or more devices producing an emitted
beam having an annular cross section produces an emitted beam
having an annular cross section of one or both of a different inner
diameter or a different outer diameter.
20
The invention also provides a system for delivering electromagnetic radiation to
a limbal area of an eye, comprising:
(a) a first source of electromagnetic radiation; and
(b) one or more devices for delivering electromagnetic radiation from the first
25 source of electromagnetic radiation to a limbal area of an eye the device
when the first source is optically coupled to the device, each of the one or
more devices having a first side and a second side, and each device
transforming one or more beams of electromagnetic radiation from the first
source that are incident on the first side into one or more beams of the
30 electromagnetic radiation that are emitted from the second side, wherein the
one or more emitted beams are arrayed in an array selected from:
@) an array of two or more emitted beams that are arrayed in a

cylindrical array, the cylindrical array having a circular cross



- 9 - (iiti)an array conprising a beam having an annul ar cross section. The
nmet hod may be used in the treatnent of glaucona. BRI EF DESCRI PTI ON OF THE
DRAW NGS w o fidd,t © understand the invention and to s%% Hﬂ%ﬁﬂ/ﬁoog‘/’s\’ be
carried out 1n practice, enbodinents will now be descri e;ilr, y way of
non-limting exanple only, wth reference to the acconpanying draw ngs, in
which: Fig. 1 shows the beampath in SLT8usi ng a goni oscopy contact | ens;
Fig. 2 shows a device for directing electric magnetic radiation to one or
nore 10 regions of a |i nbadectioreawhdreianeaehicofnthel oz ar aore Wesicespraduced a
apertures, in accordance w th qne enbodi.nent of the ]nventiqn; Fig. 3
shows a device for di recti??’é;‘“gﬂ%ait?rf%’ ﬁﬁg‘ﬁ’é‘f‘?@ Beamisahavane taoggffée‘ﬁrcrﬂﬁsr‘eg
regions of a linbal area ofecaghsfifantt@i Ng an array or arc shaped apertures,
i n accordance with anot her enbodi nent of the invention; 15Fig. 4 shows a
device for directing eli@ctrian anaynefione orauoretticams thevinga wessrsecteonabghapas of
a linbal area of an eye having.a circulag arra off ertures, where.the
array is rotatable; ofFngu%lfagh%w&ergubg%?hcé) f'8F W 85@?{8 ‘iﬁfvé%etgri C

nmagnetic radiation to one_%rbdwgeexﬁi@tgaq;&n@fh@iﬂg AbedosAkeRiodhl Sihpeysf hhat
I ncl udes oor nore optic fibers arranged in a 20 cylinder; and Fig. 6

shows a system for del i ver$irsylasaecefraghtfgicat diametgsi ard on to a |inmbal area of
an eye in accordance w.t.h ong enhodi . t.hi e ' at [ on.
DETAI LED DESCRI PTI ON Els;l\/|3 @Iﬁ@@,ugé){ Bé’eé"hihma? e(‘/‘%“é&rg%ogfsgs%wm’

directing el ectric magnetiwhé¢raiieath ofithe@ne e ntwre deviees produces emitted beams

10 having an annular cross section of a different inner diameter or a

different outer diameter.

In the system of the invention, the first source may be a laser. The laser may
have, for example, a wavelength from 514 810 nm. The laser may be, for example, a
532 Nd:YAG laser.

15 The system may further comprise a processor configured to execute a
predetermined regime of activation of the first source of electromagnetic radiation. The
predetermined regime of activation of the source of electromagnetic radiation may
comprises a series of pulses. The pulses may be between 0.1 to 3 nanoseconds in
duration and the fluence of a single pulse may be from 0.84 to 10,000 J/cm2. The total

20 energy delivered to a single eye may be from 4 to 20 J.

The system may further comprise a second source of electromagnetic radiation
that produces a visible light beam, where the second source of radiation is configured to
be optically coupled to the device of the system.

The invention also provides a method for delivering electromagnetic radiation to

25 alimbal area of an eye, comprising

(a) delivering electromagnetic radiation to the limbal area of the eye wherein
the delivered electromagnetic radiation is in the form of one or more beams,
the beams being arrayed in an array selected from:

6)) an array of two or more emitted beams that are arrayed in a

30 cylindrical array, the cylindrical array having a circular cross

section;
(i) an array of one or more beams having a cross sectional shape

of a circular arc; and



regions of a linbal area of an eye in accordance wi th one enbodi nent of the
i nvention. The device 20 conprises a thin plate 21 that may be a circul ar
di sk. TheWB'Zﬁh?lS?ﬂlES provided with a plurality of small %?ﬁf}olﬁ/@(ﬁn%? t hat
may have a circular cross section. The plate 2 is for msg rom an opaque
material such as nmetal. The apertures 22 pass 30 through the plate 2 from
an upper surface 23 to a bottom surface®5. Thus, el ectromagnetic radiation
directed to the plate will transverse the plate only at the - 10 -
apertures 22. The aper(iif) es ad2nayomptisingabeih havihigadahfulabérogysestioras t 0
overly the sclera |inbus of an eye being treated. The circular array of
apertures niy methed may beriaddp the reaymentgd glaueoma 11 to 13 nm which is the
typi cal dianmeter of the sclera |linbus. Theplate 21 may have as nany as 200
apertures equally spaced along the circunference of the 5 disk 21, so that
200 spots in the sclera |linbus can be treated sinultaneously. This is

where the r, N W'nto play. It should be ained as
to cover tf@%ﬁﬁ%@mﬂﬁ?%e |(r%§us. When the operator sees the
ai m ng bgam posigh i @fe o RinABREY  thE Sni¥ntiby 3h& o SBE hbiweR il be BAREYH onfdn f 1 1 St
para on page 5 above. 10Fig. 3 shows a device 24 for dirécting electric
magnet i c r guaciice.oembasliments ovillmmve be algswibed oby avayi efbadn-Bmaingoéxample palyi n
accordance w.t h_anot her, enbodi nent of the . nvention. The device 24

conpri ses & eﬁerﬁfcﬁtt%ﬁ]fé‘cf‘l’fal’w awvires 1P e Q} di sk. The plate 2 is
provided with a Fs.ur shokwksYhébe th iROET ubihg S gdfiddeopy@nideleasiape of
circular arcs. The plate 26 is fornmed froman opaque material such as
netal . The aper tHig-ed slkgvpa deviee femdissiing elrstris magnetis mdighemite opper Mg f ace

ol at o 280 PHOR o Pielthon i o BEHCERARRLY kP Blorlfs vl OBl 02

28 are arr anigeéhd ebbdhért wf die iavémipnso as to overly the sclera |inbus of an
eye being treated. The circul ar array of eflpertures nar%ghave a dianeter in

the range from ﬁg.t:})slp;vwdewﬁp dor dligecting e;?Bch‘_é‘Iag‘Eﬁt‘é ’@P‘”bf" Phe S EI19F a

|1 mbuS. 20 rbdifns &f SHAYA afealieh@Ge Ahine o P61 drd Unle8Ghbrre 88 Aol dince

radi ation to one or nore regions of a linbal area of an eye in accordance
with yet anitthaotlerombodmerent of the imeventierent i on. The device 30 conprises a
circul ar__di sk B?F.t th rotates. i 3 a.cir.cul %‘& hol e i n. 2 éhén ?I ate 34. The
disk 32 'Ps provilded® ¥ & I5YGE 495 CHPe SifsHC MAERTB1a4En i 8P° fhfFave a
circul ar cressnS&d lifbal afddofEn®ye Baving afcﬁbﬁﬂﬁﬂaﬁ%?ﬁ' ADRrtARIMEréBetirtaglis such
as 25 netal. The apertures 36 pass through the disk 32 from an upper
surface 35 rp@tablehot t om surface. Thus, el ectromagnetic radiation directed to
the circular di wi ll transvers ] l.at. |y - : 6.
The apertures 3?§§'r35(235h§r‘¥saan%g§w§e ?05 n‘gf‘%{‘]’? ?lg%gtngé%’é%‘ﬁaf& %‘ﬁgq{s’)gf’épgﬁ%ﬁbus
of an eye hegiogs bf edintlshl afdweol b @vit @liat dhidladesoforaneret optiRsfibary afrangedain a
dianmeter in the range from1ll to 13 mm which is the typical dianeter of
the scl éPa3bnderands. |1 n use, the disk 32 may be rotated between pul ses of
el ectric nmagnet iffio r @l Als i rih P Eleb@SHh A HefP rifaton P EmbeY arsPOt S
in the sclera Iilﬁ'r%ugg%(ﬁ‘;agtglgsé&és??gﬁ %{ﬁgnt yegrea'?éeﬂre tﬁanat e nuﬁ%‘er aé?
apert ur es iaf ahkge th ®kordance with one embodiment of this aspect of the invention.

|~

DETAILED DESCRIPTION OF EMBODIMENTS

25 Fig. 2 shows a device 20 for directing electric magnetic radiation to one or more
regions of a limbal area of an eye in accordance with one embodiment of the invention.
The device 20 comprises a thin plate 21 that may be a circular disk. The plate 2 is
provided with a plurality of small apertures 22 that may have a circular cross section.
The plate 2 is formed from an opaque material such as metal. The apertures 22 pass

30 through the plate 2 from an upper surface 23 to a bottom surface 25. Thus,

electromagnetic radiation directed to the plate will transverse the plate only at the



Fig. 5 shows a device 40 for directing electric nagnetic radiation to one
or nore regions of a linbal area of an eye in accordance with still another
enbodi menkyoohi1itfagsthnventi on. The device 40 conprises a begkdgodbran
opaque material shown in phantomdrawing in Fig. 5. The block 32 has a
first face 44 and an oppositely situated second 5 face 46. One or nore
optic fibers 48 extend fromthe first +d@e 44 to the second face 46. Thus,
el ectromagnetic radiation directed to the first face 44 will transverse the
bl ock 42 ondpgrtales2@. Theapepiutes 02i dve agardded idlacieplat arrdy BeastodBetly ehasdanged
in a cylinder, so that the ends of the optic fibers 48 in the second face 46
overly  t he luabysof an ¢y heing “%?ﬁe‘bgé‘let?é‘ic]’l@‘ PF@éPgﬁPeﬁPﬁ%g gy i‘ﬂYFe? gﬁfnett)eﬂtlpc

fibers 48 nRY H3VY$roth ﬂif B R, WhidH8 m@tstgr%alfdiméfome 1dehQiniBs. Mhigihte! S

the typical diarmeter of the sclera |inbUs. n anot her enbodi ment of
t he devi ce 4f mapdavneentanpns 200 apetves equadlympasdsaleng therasuinfgenge of the

diffractive,. j cal nt.. The rrefractive or diffr.active optical el ement
may be nﬁdéjlﬁ{)%imsﬁlﬁé?gésggpoﬁ?‘é’s ?Edﬂﬁ\}'llﬁﬂl_stcfi%ﬁgﬁﬁtﬁs ﬂ&lugtﬁﬁequé Practing or
diffractive optipgs va%@re%h're&dc@é—feﬁ@%%'cdiﬁlﬁ}g' BéanD 83 inté Phdyd I/ sktsdld ver a
nunber of discrete beans to 15 the |inbal area. Wen el ectromagnetic

radi ati on iaimed @b degevesihe wholecgircumiergaceoel gtlimbus. Whenethe opemtor seesi thei on
exits the opposiie si . n i n SS
section. Tha?@m% f)eoa\}\l%/s pgglaglféetdlt grE)p g‘{lﬁer}% c‘{i)crtrp tee etﬁ‘gi%r@é e\ﬂg?’ gﬂﬁdsgﬂgﬂt?ﬂr%agf’gar ea
by a conti rpages abbwg of |ight. The annulus of |ight may have, for exanple,
a dianeter between 9 and 13 mm_and may. be fromO0.5 to 2.5 mmin radi al

S

] I to 2.9
wi dth. THe | aserB22ohshawsa deviceed# 198 dustiingsdectian magnetis radation toHng ofimpye
emtting ragdjall j L, Sd ¥ . ngrogl ment
of the dev?g%l%%% Q)t@hdeﬁlmtr?\glgfalfté%odr\t{,%tﬁﬁgé cl)?){hlfcé(grld ev‘fV}:ﬂé ainggéﬁ%gg;ogﬁﬁ%ﬁl I psgi dal
or par abol iiaventionothd daticederomprisesa than pkitd)26 that may be 8 gotulaf disk.gitte patanni ng
along a large ci rﬁ:lg wi,ll generate a.small ri at i sea?LocaI | ane. 25The
I

optical de BePrayifedavith ¢ pfiralivy,pff small aperyres VT ROl HrgIm ATt t he

l'imbal  ar eaphel Malttie R BARKE frbRCarS ¥SdqRE IAYridl REEN 88 nRtATBThdd bpetfufls 28padk! ow
the | aser beamto be directed to a plurality of locations around the |inbal

area i n Suchmighothet platengcfromnas ynpgr auifage &7 tocabpbern sirfacae2?.r Ibuasul ar

meshwor k. A.first point ,ar.oun he .l i.qba a.gan il i t er
T ehC e tibcioRiagRd toa BN b b WP Blai 36 9 nBorde BB LA Al
| i mbus, andpsAuRs 28 TThSaeatird328dee arrantded 1A hicililay ardyso aiobverly Wie §dderabout

200 points can be illumnated sinultaneously at the treatnment 1ntensity
with a sindimbussefean eye being treated. Thy gineplag apgay,of apqriuges may haveya dispredsy ips
shown sche Lcal, t{Eah. Wi ' : AOESe W Shsusenbodi ment
of this asp@%t&% epﬁ?v{antl 6% (Sams/e?gﬁg%a%%ﬂ%tgnprlgé\ggglsourbe 62 of
el ectromagnet i c Figdd stidvwsmn ddvade 3fefoe datamgeaeldtdemagneaticeadintioratpeici o more

radi ati on 64.. The_system 60 so includes, a deyjce 66 for directin he 5
bam 64 adFEORD AL AJTBIA 26 SoAteeyeots Bieanecuthpghctherarodiep & thepe
device 66 NRYedion, TRE ASXETY Somptités ARG cihr §1IR 39 QH%[Q&%teg(?n a 2ftculdOhélE it

descri bed above. Operation of the source 62 is under the control of a
processi ng thin plagg3datliherdigodP is providgd Rt 7 luralityeofmall7gpestnees B6udat mayput

devi ce, such as a keypad 74... . beam 64 .can_have a wavel.engih, for
v e, b i ek RRGs ddtrion, The giskns2 BRMES SRl 85 MRESHORGA B

Vi si bl e Br meal. Thefapatads Bepas, thiough tasdisk 33 Zroe arY Appdraaffice 35 to a booriser

i nput device 74 may be used to_input paraneters relating to the treatnent.

For exanpl esurfaceddius nelgetiompagnetic aitiop direpisd tq theeiculap diskot2 will Gamsverse
el ectromagngl [ fid Ay &t 8ApEdRks 36 TH aBEdEl 5 GfeSilrah@ed Long%lirch Y Fefiy! S€

rate. The

the sclera limbus of an eye being treated. The circular array of apertures may have a
diameter in the range from 11 to 13 mm, which is the typical diameter of the sclera
30 limbus. In use, the disk 32 may be rotated between pulses of electric magnetic radiation
to deliver the radiation to a number of spots in the sclera limbus that is significantly

greater than the number of apertures in the disk.



15 paraneters may be stored in the nenory 72. The nmenory nmay al so be used
to store data relating to the individual being treated, as well as any

rel evant \Wbsg{iy@idi9ns relating to the treatnent. TheTRiei 600y be
between 0.1 to 3 nanoseconds, and the fluence of a single pulse may be 0.84
to 10,000 J/cn2. The total energy .-delivered to a single eye may be 20 from
4 to 20 J. At this fluence, the beam 64lils not visible. The system 60 may

t hus i nclude a second source 76 of el ectromagnetic radiation that produces
a visible |ight RiganshoSis aldeviceollr foe diféctimg\eldearid maprtiaradiytiqaodi dne ©p &tbré 0

direct the beam 78 to the device 66 in order tg proper osition t
device 66 de@PnY e i‘gf@agere@@f@@ YP A PEL T Witk ML %%L%/rs&,s?qslaewfh the
posi ti Oned_iﬂvegﬁioﬁ.hﬁle Qi odirisbEABIoER 49 bfgmgézzﬁ%][&az&aaa%hémgﬁﬂh%ﬁpnt he

device 66 is delivered only to tﬁe 1 mbal area t he eye 80.
use, the dalrawiagds Fig pddiet blocied2 dasn firblcfacy 44 30d adsoppositedyl sitedsecohd

device 66 i er | osi tj.oned er t e en.th eam 64 i.s. de)ivered

onl'y to. endsed b e g abrg ablt Hrs W e Foph e i ate o B B bekina Tt o

t o gener at eThys &URLRIALRNEAdRENH ANeEe®@ o MBFir&t fabDAL will kraRNeRE thdBlo&leam 64.

At any tinme, the device 66 may be 30 rotated over the eye 80 and anot her
exodS.

sequence ofonihalong thempsicdil i apéic gibeesr4 are arrapgedgn aceydinderesp thet the
repeated as_requhred.i . t tee o ad3 - 1 '

delivering eélflse r 8%%%@?%%@ g%lﬁ%tglgg%dtfgcea% ?v%glcajé%ég%aé @ﬁ%gzé/ié?% %ée}ﬁ%levi ce
havi ng a fitfeatedsThiecyiidenof eptivfibess 48 magridvé helidrsteca the aangé drom DY toh® or

nore beans of el ectronagneti¢ radi&tion that are incident on the first side
into oneworm‘ﬁo?vélcbl%@ﬁﬁﬁplﬁﬁl_dﬂ%t@] dhe sierg Harbus- radi ation that are emtted
fromthe second Iﬁ'aﬂ&hei"’@%‘b%iﬁwhpﬁf AeDfcc B e AdrkiBe, BEULDicB By S | 1
an array sel ecte rom (a) an array of two or nore emtted beans that are
arrayed i n rafraotive rotrdiffedctisie optical tahemeng] Thel réfcamtive or aliffraativen gptécat ictemenar
cross section; b) .an array.of ane or .e beans. each beam having a
Cross. sect aPe et ws f PRYIC PR ohwETSy 50 FEreape B BRTERYG o
beam havi ngyp@Bs ARIRHNAIL cBdabsSS cis@iar HRAm of rdfi8ly RV &S RERRT dF Bcref: Kehmis i 1

wherein the emtted radi ati on conprises two or ) .
15 the limbal area. When electromagnetic radiation is incident on the refractive or optical

element, the radiation exits the opposite side of the element as a beam having an annular
cross section. This allows radiation of a complete circle around the limbal area by a
continuous ring of light. The annulus of light may have, for example, a diameter
between 9 and 13 mm, and may be from 0.5 to 2.5 mm in radial width. The lasers

20 involve may be doubled Nd/YAG, argon or any diode emitting radiation in the visible
or infra red

In another embodiment of the device of the invention, the optical device
includes an ellipsoidal or parabolic mirror that when illuminated by a large spot of light
scanning along a large circle will generate a small ring at its focal plane.

25 The optical device may be a lens. The lens may illuminate a single point of the
limbal area, in which case, the system may include a manipulator to allow the laser
beam to be directed to a plurality of locations around the limbal area in succession to
impact on a plurality of locations of the trabecular meshwork. A first point around the
limbal area can be illuminated, after which, the laser beam can be directed towards a

30 second point around the limbus, and so on. This can be done automatically and rapidly.
Up to about 200 points can be illuminated simultaneously at the treatment intensity with

a single laser.



nore emtted beans that are arrayed in a cylindrical array, the cylindrical
array having a circular cross section, the cross section having a dianeter

from9 tayd3,{sis13d 3. The device according to O ai m 1,ph&fshed3s em tted
radi ati on conprises an array of one or nore beans having a cross sectional

shape of a circular arc; the circular arc having a dianeter from9 to 13
mm 4. The device according to Caimtlédherein the enmitted radiation
conprises an array conprising a beam having an annul ar cross section, the
annul ar cross senirhipg nd® tb dig. 6y aapstemredris dhawie sehiematichlrfoo titatingdinssye tier |
the average of the innper diapeter an he outer _djaneter. beipg from9 to 13
M 5. Thecaudre WEBHnf Agbe ﬂépaiogm thisehew A o TeYFPLIOR %1(??’%(?%%0

Conpri ses taya, piedTof %omtﬁfdolb%iac:ﬁoﬁﬁgﬁetﬁr SacihtiRY Fht! gel:@erﬁ&l | D Hehmlof

array, the device conprising an el ement opaque to the €l ectromagnetic
radi at i on rededtromagheticaiadiatiort 64.clheasysteny 6§ alsd idGudes er daviceHbefor dirdéting the om a

first face  of the ue el enent to.a second, f.ace t he ague el enent.

6 The adviteem ARG @ et anare SRR o PRE A P Saf Fageraie SBRY ur es
conpri ses g, firaxhmple, ABLoHALSBBe devicds 20729, 366t 46 descsiBed abével OpetatibAoP Or 6
wherein the circular array of apertures has 30 a center and the opaque

el enent i s thosauredhbZisainder the igenicelmiar proeessing unit68uvkich spmpsises agCPH O, gevi ce

according to Cl ain 1 erein the. em t ggé]t'on conprises an array of
one or nor én%%%%ﬁhaél\(}wuﬁeram lrltosglcggg&l[c%‘%%% a§|o7|é" of a circular arc; the

device - 14 - CIHEbdaki 64) cad heve ABdvelpadl €ort éxabipte, HevdenoSRIgMRE 810 nm.
radi ati on having therein a circul ar array of apertures, each aperture
havi ng dOcrkwssaiees 62 5may b aplaser maﬂ’éi‘flélélea?r B¢¥ inHaredRpgG pRch @ser 032

ext endi ng frfI&WAQ%HS&STt face of the opaque elenent to a second face of the
opaque el enent . . The device according to Caim8 wherein the circular
array of aperturBs hses iaputeddvice dddmayédeopsmdute mipeimpatamesers gtlatioplte thbout

the center of the circular array. 10..The device according to Cl.aim1l
wher o1 -t BT SXFBRIFoh WG RY SBES hPeun SGd PLEYoL GRS SE ar o
arrayed in dectbhahticC Aldiatiohahat IR B8\defifere@NB theidyd, and ) bileE irfdl TRE r ay
of optic fibers. IO 11.The device according to Caim10 wherein the
cyl i ndr i16alpazamesgrs ghayope stored; ipethg memory 72. The memory may also be used to store
data relating to the individual being treated, as well as any relevant observations relating
to the treatment.
The pulses may be between 0.1 to 3 nanoseconds, and the fluence of a single
~ pulse may be 0.84 to 10,000 J/cm?’. The total energy delivered to a single eye may be
20 from 4 to 20 J. At this fluence, the beam 64 is not visible. The system 60 may thus
include a second source 76 of electromagnetic radiation that produces a visible light
beam 78. The source 76 may be temporarily positioned to direct the beam 78 to the
device 66 in order to properly position the device 66 over the eye 80 to be treated. The
device 66 is properly positioned over the eye when the beam 64 or the beam 78
25 impinging on the device 66 is delivered only to the limbal area 82 of the eye 80.
In use, the device 66 is positioned over the eye 80. As stated above, the device
66 is properly positioned over the eye when the beam 64 is delivered only to the limbal
area 82 of the eye 80. The source 62 is then activated to generate a predetermined
sequence of one or more pulses of the beam 64. At any time, the device 66 may be

30 rotated over the eye 80 and another sequence of one or more pulses may be generated.

The process may be repeated as required in any treatment.



enbedded in an opaque el enent, and the cylindrical array of optic fibers
extends froma first face of the opaque elenent to a second face of the

opaque el\gBBhi1s18132- The device according to Claiml V"@%‘iﬁtﬁhgﬂ(ﬁ)ﬁﬁm tted

radi ati on conprises a beam having an annul ar cross section e device
conprises a refractive or 15 diffractive optical elenent. 13. The device
according to aim1 wherein the enitted3radiati on conprises a beam havi ng
an annul ar cross section, and the device conprises an ellipsoidal mrror.

14. The device according to any one of the previous clains further

conpri si ngﬁﬁfolgﬁ\?g.e a surface adjacent to the second side of the device. 20
15. An ense hprising two or nore devices for delivering

el ect ronagpeti A ﬁ%@é fo? 'aeﬁ&agmgtéﬁ&uwa etﬁ%gﬁﬁﬂmo S hiGfbal AERARad bfe, the

radiation to a area of an eye, e one or nore des
havi ng a f idedte haviag anfirsaside andid secohd, siden dné dlchdelecd tansforanusg oneTonroone or

nore beans of el ctroma net.ic radiation tha dent on the first side
into one oPS3Bt & B@&‘i‘%‘ng@e{‘ﬁé" t&’ﬁ’r’fﬂ'ﬁ HB‘EI%i?f‘troé’O‘:hﬁgJFngl o GR&OLMOTS ed
from 25 §heesfe Qﬁﬁlesél%oﬂifgﬁét?d fadiéﬁencm 406 cHHEA 8ok the deddRAMRIcaWAerRId ayed
in an array selected from (i) an array of two or nore emtted beans that

are arrayedmonea)rmdrcnmm%bbeamslaeﬁyaﬂayhéuta}nWselmtedefmray having a circul ar
Cross secti on, erein ea(ih of the one. tge i ces duci nglmdqcm

30cyl i ndrical $Pr af® GF2E Tt 00O B0k © u es a Syfne e c Iide

emitted beams havi agay thé EfIRIIEBA] agtap haviag alcironlat cldbseetiod;; (ii) an array of
one or nore beans having a cross sectional shape of a circular arc wherein
each of the onéor apgyray gEopg exmore beams each beam having a cross sectional shape of

10 a circular arc; and
(¢) an array comprising a beam having an annular cross section.
2. The device according to Claim 1 wherein the emitted radiation comprises two or
more emitted beams that are arrayed in a cylindrical array, the cylindrical array having a
circular cross section, the cross section having a diameter from 9 to 13 mm.
15 3. The device according to Claim 1 wherein the emitted radiation comprises an
array of one or more beams having a cross sectional shape of a circular arc; the circular
arc having a diameter from 9 to 13 mm.
4. The device according to Claim 1 wherein the emitted radiation comprises an
array comprising a beam having an annular cross section, the annular cross section
20 having an inner diameter and an outer diameter, the average of the inner diameter and
the outer diameter being from 9 to 13 mm.
5. The device according to Claim 1 wherein the emitted radiation comprises two or
more emitted beams that are arrayed in a cylindrical array, the device comprising an
element opaque to the electromagnetic radiation having therein a circular array of
25 apertures extending from a first face of the opaque element to a second face of the
opaque element.
6. The device according to Claim 5 wherein the circular array of apertures
comprises at least 50 apertures
7. The device according to Claim 5 or 6 wherein the circular array of apertures has
30 acenter and the opaque element is rotatable about the center of the circular array.
8. The device according to Claim 1 wherein the emitted radiation comprises an

array of one or more beams having a cross sectional shape of a circular arc; the device



- 15 - producing emtted beanms having a cross sectional shape of a circular
arc produces enmtted beams having a cross sectional shape of a circular arc

of a diffgpepiy,digpeter ; and (iii) an array conprisingparREATHRYING an

annul ar cross section, 5 wherein each of the one or nore aeV|ces pr oduci ng
an emtted bean1haV|ng an annul ar cross section produces an emtted beam
havi ng an annul ar cross section of one -dd4-both of a different inner
dianeter or a different outer dianmeter. 10 16. A system for delivering

el ect r omagn&impisirptinedlénent topagud ﬂorthaéleemmaa@fenafadeatmn Haoingrthaeingi cifomlara
first source of electronagnetlc radi ati on; and one or_. nore deV|ces for
del i veri ng &Faycel Feryrst Fachy apertars baying BrFF‘?%éeFtFQ‘@{ shapgrfe gyrcular arc and

el ect romagng, %g&ﬁﬁé %&eeﬁaﬁn qu%g cPbLhe g},%@ﬁl e@aiﬁeﬁth@ a%gdrﬁefacééf&(een

the first sourceé is optlca y coupled to th each the one or
nor e devi cespaqawelament. fi rst side and a second 5| de and each deV| ce

transform ng one_or .nore be Iecr tic radiatio theflrst
source that”-are T#Fci‘%‘iﬁa%ﬂ%ﬁ%t‘fp é ? BT S 58S Bhe

el ect r omagnginter ahd e hﬁlfb d16aEntas forAablk ras@htfﬂﬁ@éentéil of #RCSRIal hﬂl@y wher ei n
the 20one or nore enmtted beans are arrayed in an array selected from (i)

an array of1@wo Bhe dayics ageordingdoldains 1 whareimthe emitted wdiationgomprisesdwosal

, th | i nd
of the ong Gbrpile R aaml I8 iefed if ol Sinicd 935, B 40 oo ThLa "

havi ng a diéyi@aaedl afrapssoptdditRgs.i onal dianmeter; (ii) an array of one or
nore beans having a cross sectional shape of a circular arc wherein each of

the one Br Hore qvics aseQrdingds (dam | @ whewunthe exlindrialarasoelontic dthernis)
shape of a &hl%%glﬁn@&a%{ afie Bleflieh {,sﬁ&a{e cgrhﬁ&‘?éa?larrzﬁy aﬁmgpté%ag éﬁﬁhd% I a

COITpI’I Si ng a g an annu Cross sectio erein eac one
nor e devﬁxsefnc@oﬁtﬂaopsquemletmm tdaemn&&uem@tlmropaqumélamem 0ss section of a
dl fferent | {lfl er 'Pl|1 exglger accor mgl ff&r ent W tereegn earerlllalgtted radiation comprises a
beam having an annular cross section, and the device comprises a refractive or

15 diffractive optical element.

13.  The device according to Claim 1 wherein the emitted radiation comprises a
beam having an annular cross section, and the device comprises an ellipsoidal mirror.
14.  The device according to any one of the previous claims further comprising
concave a surface adjacent to the second side of the device.

20 15. An ensemble comprising two or more devices for delivering electromagnetic
radiation from the first source of electromagnetic radiation to a limbal area of an eye,
each of the one or more devices having a first side and a second side, and each device
transforming one or more beams of electromagnetic radiation that are incident on the
first side into one or more beams of the electromagnetic radiation that are emitted from

25 the second side, wherein the one or more emitted beams are arrayed in an array selected
from:

) an array of two or more emitted beams that are arrayed in a

cylindrical array, the cylindrical array having a circular cross

section, wherein each of the one or more devices producing a

30 cylindrical array of emitted beams produces a cylindrical array of
emitted beams having a different cross-sectional diameter;

(1) an array of one or more beams having a cross sectional shape

of a circular arc wherein each of the one or more devices



-16- 17. The system according to Caim 16 wherein the first source is a
| aser. 18. The system according to Clains 17 wherein the |laser has a

wavel engtWofopmspshi4 810 nm  19. The system accordi ng t ecehseiBockd7wher ei n
the laser is a 532 Nd: YAG laser. 5 20. The system according to any one of

Clainms 16 to 19 further conprising a processor configured to execute a
predeterm ned regime of activation of tHé-first source of el ectromagnetic
radi ati on. 21. The system according to Caim20 wherein the predeterm ned
regime of activation of thgoduingemittedebemhy bavigpel css aeitinabshapengfl hses a
series of pulses. 10 22. The system according to Claim 21 wherein the pul ses
are between 0.1 to 3 nanosaEBREAE Prefdicst egptted ﬁ@?ﬂ@%s?éﬁ’i‘?%c@ﬁ?@fﬁgg to

Caim21 or 22 wherein thegf Sriar arSdN it Rt efer f 5N 0. 84 to 10, 000
J/ cn2. 24. The system acﬂ():or I ng ta(g any onlee‘(r)ékl %%éll mg’21 to 23 wherein

the total energy 15 defiiiver ent drmyaconpriing & peamshavingrandannmlaz @rdss se@tion, The

system according to any one of. O aj 6 to 24 further conpr.ising a,second
source of el ectronagnetic ‘?%Eﬁ?latqaglﬁ%?ﬁé‘? OR¢ OHMAE dgVigES ProdRcRE A eiEEd ( he

second source of radiati omeh® Eifpoa At 8LréR LEidPhroBAdes nGRMREEBed? t he
device of the system 26. A nethod for delivering el ectromagnetic

radiation to a |inbal aredayingan aspular oss saetion of are ¢rbotlief @ didfereny inner

el ectromagnetic radiation {.0 the | ﬂgf%l rea of the eye wherein the

del i vered el ectromagnetic &rlga?tgwroan i srﬁnﬁo?tﬁre‘%laglf%r'of one or nore beans,
the beans being arrayed in an array selected from (i) an array of two or
nore emtted beans that _are arrayed in a 25cylindrical array, the

cyl i ndrilal 165 ¢ a‘§' sp[ggqnn@r Aleliyering] ¢lectpgmpgaetic Tadiation to a limbal area of an eye,

comprising:
(a) a first source of electromagnetic radiation; and
(b) one or more devices for delivering electromagnetic radiation from the first
source of electromagnetic radiation to a limbal area of an eye the device
15 when the first source is optically coupled to the device, each of the one or
more devices having a first side and a second side, and each device
transforming one or more beams of electromagnetic radiation from the first
source that are incident on the first side into one or more beams of the
electromagnetic radiation that are emitted from the second side, wherein the
20 one or more emitted beams are arrayed in an array selected from:
() an array of two or more emitted beams that are arrayed in a
cylindrical array, the cylindrical array having a circular cross
section, wherein each of the one or more devices produces a
cylindrical array of emitted beams having a different cross-
25 sectional diameter;
(1) an array of one or more beams having a cross sectional shape
of a circular arc wherein each of the one or more devices
produces emitted beams having a cross sectional shape of a
circular arc of a different diameter ; and
30 (iii) an array comprising a beam having an annular cross section,
wherein each of the one or more devices produces emitted beams
having an annular cross section of a different inner diameter or a

different outer diameter.



section; (ii) an array of one or nore beans having a cross sectional shape
of a circular arc; and (iii) an array conprising a beam having an annul ar

Cross seGkpohi1/3¢s127- The met hod according to C aim 26 fegprhtRi1i/Hoobe
treatment of gl aucona.
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17.  The system according to Claim 16 wherein the first source is a laser.

18.  The system according to Claims 17 wherein the laser has a wavelength from 514
810 nm.

19.  The system according to Claims 18 wherein the laser is a 532 Nd:YAG laser.

5 20. The system according to any one of Claims 16 to 19 further comprising a
processor configured to execute a predetermined regime of activation of the first source
of electromagnetic radiation.

21. The system according to Claim 20 wherein the predetermined regime of
activation of the source of electromagnetic radiation comprises a series of pulses.
10 22.  The system according to Claim 21 wherein the pulses are between 0.1 to 3
nanoseconds in duration.
23.  The system according to Claim 21 or 22 wherein the fluence of a single pulse is
from 0.84 to 10,000 J/cm’.
24.  The system according to any one of Claims 21 to 23 wherein the total energy
15 delivered to a single eye is from 4 to 20 J.
25.  The system according to any one of Claims 16 to 24 further comprising a second
source of electromagnetic radiation that produces a visible light beam, the second
source of radiation being configured to be optically coupled to the device of the system.
26. A method for delivering electromagnetic radiation to a limbal area of an eye,
20 comprising
(a) delivering electromagnetic radiation to the limbal area of the eye wherein
the delivered electromagnetic radiation is in the form of one or more beams,

the beams being arrayed in an array selected from:

1) an array of two or more emitted beams that are arrayed in a

25 cylindrical array, the cylindrical array having a circular cross
section;

(i1) an array of one or more beams having a cross sectional shape

of a circular arc; and
(iii) an array comprising a beam having an annular cross section.

30 27.  The method according to Claim 26 for use in the treatment of glaucoma.



