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METHODS Ar\‘g% P@%gc@ FOR MINIMALLY-INVASIVE EXTRAOCULAR EP@LIVERY OF
TERIOR PORTION OF THE EYE CROSS REFERENCE R d01] This

application claimsLirérityNONIPROMIBUIBIBMAl application serial number 61/010,322 filedJanuary 7,
2008; U.S.provididhaiBpplicdfi®nserialnumber 61/033,238

METHODS AND DEVIC.ES FOR MINIMALLYINVASIVE EXTRAOCULAR
DELIVERY OF RADIATION TO THE POSTERIOR PORTION CF THE EYE

CROSS REFERENCE _

[0081] This application claims priority to U.S. provisional application serial number
61/010,322 filed January 7, 2008; U.S. provisional application serial number
61/033,238 filed March 3, 2008, U.S. provisional apbiication serial number
61/035,371 filed March 10, 2008; and U.S. provisional application serial number
B1/047,693 filed April 24, 2008; the specifications of which are incorporated herein-
by reference in their entirety.

FIELD OF THE INVENTION

[0062] The preser(t invention is directed to minimally-invasive methods and devices
for. introducing radiation to the posterior portionn of the eye for treafing and/or
managing eye conditions including macuia degeneration.

BACKGROUND OF THE INVENTION

[0003] Several diseases and conditions of the posterior segment of the eye
threaten vision. Age related macular degeneration (ARMD), choroidal
neovascularization  {CNV},  retinopathies  (e.g., diabetic  retinopathy,
vitreoratinopathy), retinitis {e.g., cytomegalovirus (CMV) retinitis), uveitis, macular
adema, and glaucoma are several examples. '

[0004] Age related macuiar degeneration (ARMD) is the leading cause of blindness
n the elderly. ARMD attacks the center region of the retina (i.e., macuia),
responsible for detailed vision and damages it, making reading, driving, recognizing
faces and other detailed fasks difficult or impossible. Current estimates reveal that
approximately forty percent of the population over age 75, and approximately twenty
percent of the population over age 60, suffer from some degree of macular
degeneratlion. "Wet" or exudative ARMD is the type of ARMD that most often causes
blindness; in wet ARMD, newly formed choroidal bicod vessels (choroidal
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filedMarch 3, 2008; U.S.provisionalapplicationserialnumber 61/035,371 filed March 10, 2008; and U.S.
provisional ap%lié:%(i)o/rdsggrial number 61/047,693 filed April 24, 2008; the specifications of which are
incorporated herein %y feterence in their entirety. FIELD OF THE INVENFi Zf&%ﬁ)fﬁe present

invention is direciedideiminpnatlycmisasivaimethods and devices for introducing radiation to the
posterior portiof“dfth&eyezfiop treating and/or managing eye conditions including macula
degeneration. BACKGROUND OF THE INVENTION [0003] Several diseases and conditions of the
posterior segment of the eye threaten vision. Age related macular degeneration (ARMD), choroidal

”eo"ascu'a”Zaﬂ%%%ﬂ%\%ﬁé?m&%ﬂﬂ%&%@iﬁ%&?-ﬁutod;%*&e %é@tmg%%e"%‘?ﬁ’éséiQ@%W%bn%‘?“”ms (e.g.,

cytomegalovirus retinitis), uveitis, macular edema, an qucoma are several examples. [0004]
Age related maffipf ERHRPRREHGR RS S THID I BSRHRPEANER 6t BIfdFESSAi R BRferly. ARMD

attacks the center region of the retina (i.e., macula), responsible for detailed vision and damages it,

making readingygliyingsf2GaeRaNg fRGRRaRdratheRaiipsbinskadiiputonimpassiple. Current
estimates reveal that appr x'[_'lnate’. for%y P r%en,t of the R.oRuIann over age 75, ?ndd aﬁproximately

of {'ﬁaar . %0{ maliinan entﬁn qpnd-io S are SUCCSS%HY freated, w . . "
twenty percent of the population overage 60, Suffer from Some degree of macular degeneration. "Wet

or exudative ARMERNEEerH pbesoA FIvHIOh dickisst tERénaphiedwighad iesShentiRRiMERMD, newly
formed choroidalfdaost yessctedshotipidatast, tongue, abdomen, or muscle capsules, catheters

are inserted into the tissua (interstitial application). Radiation may be delivered by
inserting strands of radicactive seeds into these catheters for a predetermined
amount of time. Permanent implants are also possible. For example, in the
treatment of prostate cancer, radioactive seeds are placed directly into the prosiate
where they remain indefinitely. Restenosis of coronary arteries after stent
implantation, a non-malignant condition, has been successfully treated by placing a
catheter into the coronary artery, then inserting a radioactive source into the catheter
and holding it there for a predetermined time in order {o deiiver a sufficient dose fo
the vessel wall. Beta emitters, such as phesphorus 32 (P-32) and strontium 90 (Sr-
90), and gamma emitters, such as iridium 192 (Ir-192), have been used. The
Collaborative Qcular Melanoma Study (COMS), a mutﬁcenter randomized frial
sponsored by the National Eye Institute and the National Cancer Institute
demonstrated the utility of brachytherapy for the treaiment of ocular cancers and/or
tumors. The technigue empioys an invasive surgical procedure to aliow placement of
a surface applicator {called an episcleral plague) that is applied extraccullarly by
suturing i to the sclera. The goid plaque contains an inner mold infe which
radioactive iodine 125 '(t'~125) seeds are inserted. The gold plague serves {o shield
the tissues externai to the eve while exposing the sclera, choroid, chaorcidal
melanama, and ovériying retina to radiation. The plague remains fixed for a few
days to one week in order to deliver approximately 85 Gy to the tumor apex.

[0666] Radiotherapy has long been used to treat arteriovenous malformations

(AVM), a benign condition invalving pathological vessel formation, in the brain.  An

AVM is a congenital vascular pathology characterized by tangies of veins and

arteries, The dose applicable to the treatment of necovascularization in age-related

macuiar degenerafion (WAMD) by-the devices described herein may be based on
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DI SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 neovascularization (CNV)) leak fluid and
cause progressive damage to the retina. About 200,000 new cases of Wet ARMD occur each year in
the United Sta‘f‘é%zgi'g/ﬂ%g.z?éOOS] Brachytherapy is treatment of a region by giacHitdtithctive isotopes
in, on, or near it Bo malionant@ndioengn conditions are successfully treated with brachytherapy.
Lesion location distatesy tremynent technique. For the treatment of tumors or tumor beds in the breast,
tongue, abdomen, or muscle capsules, catheters are inserted into the tissue (interstitial application).
Radiation may be delivered by inserting strands of radioactive seeds into these catheters for a
predetermined gmount of time. Perm implants. are also possible, For example,, in, the treatment of
prostate cancer*% ?éeéjgg% i&%d'soesga%egr?%%ie%)a Olgrn e('51ttly0§1 (r)let %85?85 a ea\l/f\%@rééi?ﬁé) rg&%lin indefinitely.
Restenosis of caRénansaftirideigiapdiaiieniiaiendlibin ddricrmaligriniicandifmotiRadsSbeen
successfully tresigag bifplasing Avtatieiendnto The mpionervicysatyedae oibsketisg anradigactive source
into the cathetegandidipliinad haseaion-Arads sTmineiae o o AR er Ay igent dose to the

vessel wall. Beta emitters, such'as phosphaorus 32 é(._5@3t)2?) and strontium 90 (Sr-90), and gamma

! : P 90
emitters, such é’g‘?ﬂ(ﬁri?ﬁ??‘i@‘frtl?-ﬁ]@ﬁr {558 Gerl RRMESHIREB SRR A Brfoma Study
(COMS), a multigeifitantaamimmii zfdeidateponrsordd- by theim sagwrs Eyperamstinjisey dpladly National
Cancer Institute dRBonsiEaRondiRdBHiBaaidnens) el aRyHtRe e algheddself AGHimeANcers and/or

tumors. The technigue n invasive surgical procedure to all lacement af a surface
applicator (callé%ea?]e%%rl%sg(g:%ra pc?ga%seﬁ rgﬁagnap&%\(? é:?ﬁ%é%% ar y%gﬁ% uerﬁﬁgel{ytgqtﬁ%esclera. The
gold plaque cortdihvaieifiretaroR thtoriRHscReBIbEEGH R dRifRe 13%o10h 25 igwsdEedtelinserted. The
gold plaque semves e sipelebtherissuas external to the eye while exposing the sclera, choroid,
choroidal melanoma, and overlying retina to radiation. The plague remains fixed for a few days to one
week in order to deliver approximately 85 Gy to the tumor apex. [0006] Radiotherapy has long been
used to treat artéiidledB8ASSHERTERIBASTRVRR, A KEihh Eomyiib MRSV IR p&FBIBSical vessel
formation, in thenmi@st. ArivAHivsidhe edagbisitddsesserd apathenl dg\behamdiereidzing igtanyles of veins

and arteries T(fa%ségggegn%ﬁ%m@_mmsst@%mf@%xmﬁﬁu%@@gm ihaggellggmaculer
egeneration e gevices gescri erein, ma € pased on .

NN PROVIS I A R RS ST Aty (R R R e Py 5 BB teriovenous
malformations BAaPg. BRSshEeaeeakieEniadificiotRenA vVIGbaNisTo BBlitetaesit, and radiation
is highly effectidestobéd/ Meispatoneniibearsiripesteaasenaagtedio pbkieramnanAxbiyvith high
probability is appraximal XOQthC%%ﬁI%Or‘é’&lé{r%f%@&%&MM&%&%&%’F‘Q?&S{;%@ geaierwih a higher dose

(e.g., 30 Gy) because when treating small AVMs, a si‘%mflcant amount of efoquent brain (e.g., brain
li

M (
regions whereifFful§ibeany 2aueeS drsis ?fgzrﬁ-:‘ﬂ BhIBANEIRNE) RS FOMERESE&I T the high dose
of radiation. Thesnegented tBRSgityseErcnimFsyo Tdses thicd Gyearetmaxian Hrsgeoiisedy. of the AVM,

\éVh”e t[f(])% g%s$ @trgasml%wfg (SRR )fog?n'd\%;t&' @é@&ﬁera@i@ -Eé%fl@és&!‘%@@&&'@%%fﬂaﬁiiﬁIOOtrtiS'/ IaRtﬁ
ose, scular region jnvolved in IS much s es , thus
the effective dgsse\é’aﬁr\gagx%oe?c%gacgg% Hsal?nsilgtr %0\ Meﬁ %‘faﬂ?é‘%‘ie&%@egs%té%]ﬁo%%. %?f%?es of irradiation
of WAMD havestifowiiehggigrbaasetimineorgipheidgen it aiifoaeie ety dpmbittes some
response at 16gentdfVithouttndshitng, talinigtthie persent wsentersialanpidbesaty By magaanism, the
devices descrit&g%ﬁﬁg%ghgpr WAMD are expected to be effective by delivering a nearly uniform dose to
the entire region of neovascularization or by delivering a nonuniform dose which may vary by a factor
of 2.5 higher in the center as compared to the boundary of the region with minimum doses of 20 Gy
and maximum ghosgls @fifbubyishime potimising madess imgetiofotoraac tHao g eg ermerati@mdigscribes that a

dose of only 10:@yaAs: Ak efegbied 13385 8dert NEEHASH EDE iVt bodP 4 plidthat study, the
stated dose is the peripheral dose W:E{h the centerﬁ;elnp %bout 10% q&r’ﬁ,a}‘er. Further[nore, the study
& 5 ; Shere ¢ |

results were seve 10 BYGRtRa SORPIRE oton beams easily penetrate

the ocular structures and pass through the entire brain, the pafient must be

positioned such that the beams may be directed towards the macula, making the

geometric uncertainties of delivery a few millimeters. The devices of the present

invention have geametric and dosimetric advantages because they may be placed at
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[0008] Without wishing to limit the present invention to any theory or mechanism, it is believed that the
devices of the present invention are advantageous over the prior art. For example, since SRS employs
external photon beams which easily penetrate the ocular structures and pass through the entire brain,
the patient must be positioned such that the beams may be directed towards the macula, making the
geometric uncertainties of delivery a few millimeters. The devices of the present invention have
geometric and dosimetric advantages because they may be placed at 03 the macula with
submillimeter accuracy, and the beta radioisotope may be used to construct the radiation source with

predominately imifed.rangg, DBAFaeAIEsRR NYRIIRHRa S SIBRIN AR RBE dRyags for
minimally-invasive delivery of radiation to the osterl% rtlcgn of the eye. SUMMARY OF THE

INVENTION [0BAS{ESBE FTIRIRS 3RH4RE PrEERITmE ﬁ%ﬁ"?‘ésﬁfﬁé?% method of irradiating a target of

an eye in a patient. The method comprises inserting a cannula into a potential space under the

Tenon's capsulgghetrNiR GameHESSs Rardionslises irciptherary sanrmer(RREIa a treatment
position, whereby the B%.i%)o{sitti(g')ned aver th .ﬁr&% T g RBS irradiates the target. In some
ivery of radistion 1o e i 2

: ey, :
embodiments, atment position 2 7685k0N on or within the cannula (e.g., the middle of the

cannula, along the length or a portion of the length of the cannula, near the end of the cannula). [0011]
In some embooﬁmﬁé{g}'h% FPQ’EM% guides the insertion of the cannula and provides
positioning supjportfoEtiedcemsuibihtrrsorbivaRTHSURAERE? FPerEdr 2t ddtivasddriated with the
retina. In some gmpagiments:dhetatyehistiesatettion dhewiteegus sidentd theceyeddnisome

embodiments, the target (e.q., lesion) is a benign.growth or.a malignan 0] In some
embodiments, E%é‘ﬂ?osd %%ﬁﬁ%is s?n%%a\_ R% ac%réq ntia Se@%%?lufﬁ&eg'@ﬁénﬁégé%&[ﬂé%% the sclera of
the eye, for exdRffe aitateaimetinaibomtpeiseyibies Bt SiRtsiowd e fae 85sht Bween the

limbus and the deiralilegrnoe erfaediments, cumodprrog inareanntiapijobs usedativaccordance with
the present invgntion, for the subtenan DrocdurR L SaMe SmhafimsRly GaNaR Was may be used

in accordance with the gresent invention include flexible cannulas, fixed shape cannulas (or a
combination of RPTERIBIE BRI SR 58T MGRY) A FILEE AR are tapered to provide a larger

circumferential surface in the portion of the cannula which remains in the Tenon's capsule upon

insertion, therelyy proyiding, additionah pasitigpingsupP QMRS e GaRrRda everdhe target. In
some embodiments, the arc Ieg%:h of the distal pﬁr{tio of ghe a Q%Ic?mig g%ggglrxe%ftss%gcient length to
penetrate the TERBAS TS RAYE SR oS RRNALT AT (R SLTRINE"S !

e outside of _
target is a lesion associated with the retina. In some embodiments, the target is

located on the vitreous side of the eye. In some embodiments, the target {(e.g.,
fesion) is a benign growth or a malignant growth,

j0012] In some embodiments, method comprises inserting a cannula between the
Tenon's capsule and the sclera of the eye, for example at the limbus, a point
posterior 1o the limbus of the eye, a paint between the limbus and the fornix. In some
embodiments, any appropriate cannula may be used in accordance with the present
invention for the subtenon procedure, In some embodiments, cannulas that may be
used in accordance with the present invention include fiexible cannulas, fixed shape
cannulas (ar .'a combination of a flexible and fixed shape cannula), and cannuias
which are tapered to provide a larger circumferential surface in the portion of the
cannula which remains in the Tenon's capsuie upon insertion, thershy providing
additional positioning support to maintain the cannula over the target. In some
embadiments, the arc length of the distal portion of the cannula is suitably of
sufficient length io penetrate the Tenon's capsule and extend around the outside of
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SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 the globe of the eye to a distal end position in
close proximity to the macular target. [0013]In some embodiments, the cannula employed in the
inventive subt %Fﬁﬁ?)')l%%%%sure comprises a distal portion, which is a port?ﬁqirwgg@é??féla that is
placed around & portignoidherslobeeiiie eye. The cannula has a radionuclide brachytherapy source
("RBS") at a treatmigaRpastton (e.g., in the middle of the cannula, near the end, in the middle, along
the length of the cannula). The cannula may be "preloaded" with an RBS or "afterloaded". For
example, in some embodiments, the RBS is loaded into the cannula before the cannula is inserted.

- For example, in,U.S. Pat No. 7,070,554 to White, the ? Iy devi i a "preloaded"
radiation sourcg]?é.?% radiati ﬁzé}oéuﬁ%ail?\i/géjc? sar%t?ﬁemkt)lép;% % Ué%je ié%%p?i%?at%&t%gg}f?%értion of the
device into the eye. In some embodiments, the RBS is loaded into the cannula after the cannula is

inserted. For exagple, seedrlé empadracethaiadationsauptedd [Daitledrioentar Hubtépaafter the

cannula has beg gseied A0S 8 AlstelOhALARNBoRRR B o Lonill dRepiRdge radiation
source is advanced from the handle/pig after pé)szﬁlonm% ?ﬁ distal @ortéon. The meth a further
p a

comprises posiBEtiiG BB RleftheSh8rd ko DrFBIPARCLARiA (R PIEETe.g., lesion),
and the RBS irrerdrigseraptagets d GEIEsieng theatrogntrogimerde oy freheiddisnoidhtay be of
various shapesand, fizasamekcoRstustethtion) avyiely ehdnaéetirlsainsamerenabediments, the
cannulais a fixedashgget Cra@JQHela%” I%%orgg %go%meﬂgm%a g,ann%q, [ a%(qsfgblﬁ] cggmgla, including
an endoscope-lrﬁ'(eydevicg.ein some embodiments, the cannura is tapere e.g., a larger circumferential
area in the portfSrPafReP RS fRER ihérdkoi® é%ﬁ?@‘ﬂﬁ&?ﬁ?@e&oﬁ?mﬁlﬁflwiﬁfﬁ% embodiments,
the target is a |Fsiorassse)jake vEthFdte Mding, 0l $6mdceiivbivelintentsathgtbarget (eegigdesion) is a

neovascular lesign Q01 6lNeeuaseulaniasicas,Alavel. nasHiaide denetalinrgapgially eannot be seen
via indirect/direct opht_halmoscokl%r]ln some embodlment%, an an Iog?;%?ﬁg&%ghet localizing

technology suck 8 BptR Al AR En aH IR AIHT e (i AS8 URR S p PUTENBle before the
cannula is insettedFgcdencittiTe funtsoaps aiée0dhie cannula is inserted. For example, see

FIG. 8, where the radiation source is loaded to near the fip after the cannula has
been inserted intc the eye. Also, for example, see FIG. 1C and 1D where the
radiation source is advanced from the handle/pig after positioning the distal portion.
The method further comprises positioning the RBS over the sclera portion that
corresponds with the target (e.g., lesion), and the RBS irradiates the target (e.g.,
lesion) through the sclera. ' '

[0014] The cannula may be of various shapes and sizes and constructed from a
variety of materials. In some embodiments, the cannula is & fixed shape cannula. In
some embodiments, the cannula is a flexible cannula, including an endoscope-like
device. in some embodiments, the cannula is tapered (e.g., a larger circumferential
area in the portion which remains in the Tenon’s capsule upon insertion.

[0015] In some embodiments, the farget is a lesion associated with the retina. in
some embodiments, the target (e.g., lesion) is a neovascular lesion.

[0016] Neovascular lesions of wet macula degeneration generally cannot be seen
via indirect/direct ophthalmoscopy. In some embodiments, an angiogram (or other
jocalizing technology such as optical coherence tomography, ultrasound) is
performed, for example before the cannuia is inserted between the Tenom's capsule
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and sclera. The angiogram may help locate the cannula and the target (e.g., lesion), and direct the
cannula to the correct position over the target. For example, while localizing the target (e.g., lesion) via
the surrounding landmarks and in reference to the previously obtained angiogram, the cannula may be
directed to a precise position. In some embodiments, the cannula comprises a window and/or an
orifice, and the window/orifice of the cannula can be placed directly behind the target (e.g., lesion). In
some embodiments, a photograph or video may be taken during the procedure to document the
placement of the cannula. [0017] In some embodiments, an angiogram, optical coherence

tomography, U'tgﬁéeag%n%ﬁp]gyg@% A mggégﬁ%eceﬁmg@ﬁw@wﬁg& AltRgihe cannulais

inserted between the e localizing technolog ogram) may
help locate the 83thAiiRekiRE ﬁ?@'i’a\ﬁg@’[ E%egcm@bﬁ‘ﬁs'g% WrEdrEnEeshida ﬂ‘% Et position over
the target. For dxalizplg ivehidegetsiaalizlegatieriatye s egundiioa)driariisealut alivgfrgeremenitology (e.g.,

angiogram), th%@BP&%@JQ%‘B&%@%@H&Mrﬁeseaaee'élqaa}nb%omeeeabwmfseeﬁwe cannula
comprises a window a d/or an oné e Wlndqwlorlflce of the. c&nnulaﬁ)en be Placed directly

C dt
behind the targ@f’?@o@ 3%7 THR o‘%’?ﬁe‘3 retfe‘nbodf:r%%nn S, HRERoeR |Z|r\’1ﬂ’éﬁ ec no? aE‘eDg ahglogram) isa

real-time procedméhmﬁe/efﬁﬁﬁ)@fﬁﬁ’érﬁ@m@éa%@t@éﬁﬁﬁaﬁi@ﬁit %Yf&t‘?%ﬁ&éh@e@tomography or
ultrasound or oibgeigcihneleey Hssamertnkoshmentsaphategra) ot visen mainbettaken during the

procedure to docum Qrte% ?&%&%’H‘%ﬂ%ﬁ{a@%ﬁwgﬁ%%ﬁ J49018] The RBS can be constructed to provide
Iments, t

any dose rate t8'the arget. [n some e e RBS provides a dose rate of between about 0.1
to 1 Gy/min, between about 1 to 10 Gy/min, between about 10 to 20 Gy/min, between about 20 to 30
Gy/min, betweemtatjout 38ctasA @Ghyddierize twe earglogard 0 tpisel Gphmiendsetiveegrapiout 50 to 60

Gy/min, betweep 00018+ G, REMABE, AbOuicHhIR §9 Crefiva dhehwaetuahaut 80 to 90
Gy/min, between about 90 tol min, or ert an 103_%%[/%5 tot etar%etﬁgg lesion). [0019]

Embodiments df A& Pé‘s%%ﬁ\f“?rﬁ?e‘ﬁﬁ 985 fé %?F]% 4 lesion
associated wuhwmogeammmieyecm@mmw%a Iﬁédﬁ@ﬁ@@@dm%%@ﬁh%ﬁlﬁ@eﬁfééﬁnula into the

potential space ééﬂﬂ@;étfbetﬂ'@eﬁ?e‘étcﬁiéﬁl&ﬁi €G=0 thbabaren He J@ﬁms WRRSWeianthiesclera) of the
eye. In some etr% m{nentﬁa ;Qﬁ W?orm %ﬁgh%ee é%gn t%en(’%r% gggmt &%séglr]mé%gge limbus, or a

point between n some em e cannula comprises’a distal portion

(e.g., a portion Bf thieceigfribla BEss preitie- O%P%W%WSQFBB@W% eRBYRESBme
embodiments, thdlistalpnsticn aftte, canniia isipiacesitee osf nbar dirersel e behipidaie target (e.g., a
lesion on the f%f?@&ﬁng%'de@é@%ﬁh%%ﬁ Ol CARBShin ARARCai kg cannula, for

example to the freatrent position (e e middle of the ca nuI near a‘?:%%ge§ d of distal portion),
via a means for'SVSIRghdTife F?E@ngﬁ'@)td?ggt ﬁ%%%ﬂ&s@a"?&# BSOS alﬂﬂ %e loaded
before the cannutalisingséatbootganftier Mo@ammnmms@mrqmer ‘Ilﬂ@éawﬂjlafnﬁiyebe constructed
in various shap%@wogyze% éansé)@ﬁbgm@&mn@gpm@%gmmmmy%gmgmaq;f@ plecement
around a portion of the ob gco tare[ @ée nsal etweboglments the distal portion has a radius of
curvature betwdef’ %%%ut d[ oM and an arccfengtﬁ Belf'ween about 25 to 35 mm. In some
embodiments, the cannula further comprises a proximal portion having a radius of curvature between
about the inner gyass-Tectivpalerdissaistheeansplaartapdatdratetethértagstelpsegiments, the

cannula further comprises. anofiecion s BiCh iswhersalhedisisbRostion andhgproximal

portions connect Wlt eac other. In some embodiments, t f%f?& between the |line 13 tangent to

the globe of thePEesR ARo ARSI FSBT ZRIVASE BPOINAI ‘b%?t LRRINEER Y fan about 0
degrees to abodt 18@diegreswef022pin 3hdoadpedy/ofitheresenehnefiom tﬁer@%rqmowded a

hollow fixed shapgeheanpula s@mrﬁes@%ﬁndb%@&%@&mﬂm@@%@r@é&wee% pestioncof a globe of

an eye; wherein the distal portion h urvature between §1 mm and an arc
length betweenRBEGEYETH SEYRAT gsﬁau%% kl?e?(élé {Snd?ejrb an?@t%roé] (%P%IS pégﬁfgh Is between
about 0.1 mm agréat®. hanrmdaFo/aiploxiveirpeirtfon HeRIRY a radius of curvature between about an
inner cross-sectional radius of the cannula and about 1 meter; and an inflection point which is where

ihe distal portionai eaNImEl otlenscame i ARG WheiBInRRafkIR A between a
line t3 tangent to e of the eye at the inflectio OQ Eg)omt and thenP%X|matangrtlon is between

greater than ab&RD (ﬁ@gﬂéﬂgr‘tﬁsé%éﬂ?dl‘%’ {i§grana) of sn eye In a patient. The methbl comprises
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[0021a] In another aspect of the present invention, there is provided a fixed shape cannula comprising:
a distal portion for placement around a portion of a globe of an eye; wherein the distal portion has a
radius of curvature between about 9 to 15 mm and an arc length between about 25 to 35 mm and an
average outer diameter of the distal portion is between about 0.1 mm and 10.0 mm; and a proximal
portion having a radius of curvature between about an inner cross-sectional radius of the cannula and
about 1 meter; and an inflection point which is where the distal portion and the proximal portions
connect with each other; wherein once a distal end of the distal portion is positioned within the vicinity
of the target, the X|mal rtlon is curved aw from the visual axis as to aIIow er to have direct
visual access .nrtgﬁ&% [(%55']‘ th 'S8m tg &%33}” ¥ asceoriilcr?e‘?heL s? Fena SPHvE %Ilf?a('f ‘portion is
positioned withiketesndhstyeorifecangds, arétirerlfial gohtoryes é@ﬁ?@éﬁ&ﬁ@?@%ﬁﬁ“ﬁw@ﬁlsual axis as

to allow a user ighavg idireeidsdatRoeasssin hene yos o2 % tﬁeaan@ttbercasomhotéh@aﬁesent _
invention, theretf'% Rigyded.a ﬁae”{%éﬂ&e "(‘QEJ-P s%ﬂé%%%ﬁéﬂ%nté'%gaé%glﬂac%% fyfﬂ | portion for

placement around a pOI’tIOI’] 0) an eé);han average outer diameter of the pOI’tIOﬂ is

between about Bcf'ﬁﬂrf?&wc?ﬂ?ré%ﬁﬁ theeranpibiR & PBrREIESMRRTER & tRaneePibftion via an
inflection point; eybereémstiteedistabgiortias, trasdsishapeioal atizr cdéorMviedsimdemed cormeeton between

two points locatgd Qnyan %mdtﬁgﬁgﬂhsefb haémgeeﬂ %ﬁxtﬁé“fr@ﬁﬁt%lon A8 reinaigglimension "b,”
and a z-axis dimen %ﬁlon "c," wherein %a%ls eween bout met b"is betY\/ﬁ aboutOtol
Hage

meter, and "c' 'i8B W%%rﬁpgb%thﬁ é%eardﬁh% %ugfbr%xw?%\nﬁ&tlgh RECR e of an arc
formed from a draatipetibprbitienéa twdhﬁd‘rrﬂéf@)ﬁféiﬁﬁémmém nise e lipsoirhdisiagpamathxis dlmension

"d", a y-axis dim@ngiaRags fansdeargsirressiomefiirdiaseinpskels teahwasrsatrayt{e 1 meter, '
is between about 0 0} }ILO & que% thgl agﬁé aesen S%ptggtop tqe}t%e%gﬁhwg%re{%ﬁg angle el between the
€ of the t Intan

line (3 tangent O he ¢ glo eye at the |n ection po he proximal portion is between
greater than about 0 degrees to about 180 degrees. [0024] Embodiments of the present invention also
features a methpekof deternguradiatiosetemisteyedinhevaetihoshepmparse sirsadidtirsgrastarget (e.g., a

lesion associate o Leliinyadnintand e dienys sieddhie. s 0p0iaR drapgn, a malignant

growth) from an outer surface of the sclera. In some embodiments, the target receives a dose rate of

th
greater than abB3PE G ERMRR (0038 R HBRAMENT %‘Ftﬁ'&tﬂ@%@ﬁt’ PR AR89 FXRHES a method of
irradiating a targetwesy.akzetaQtst/Iésion aisbackreigngithoeteeeniabdfedieye mma pasene The method

comprises placi&gb%mﬂﬁeu@t@ed@ﬁmmﬁéaeymg@sea(%ﬁw pEeAhaPRtonaidhg eye (e.g.
sclera) that corre Prl) SW|th the ta %t 'il'herlgrB;_lgg%?lates the ta{;gret thro gh tge scl{e{a wherein
more than 1% of the radla ion rom S RET S ep0sied o a tissue af orrb onda dJstance of 1 cm
from the RBS. Iﬁ?%f@me‘@mﬂ|ﬁﬁ‘@9ﬁ§‘”@@§ﬁtt¢ﬂ%’?@%@%f‘6ﬁﬁe%ﬁ%ﬁ Foif 3&?@%8’3‘“& deposited on

a tissue or beyaitica disiasestaf disgindsaimtbesRBSrdnisaneraons edimentsitakact tserthan 99% of

the radiation fro1 tgr% Rg‘%&%' %R%S'B%j %%IQ %IS @er?tﬁés ﬁg%et %%ith%ntge rgﬂ) O RBS. [0026]

Embodiments of the present invention als or deilvering a smaller volurme/area of radiation as
compared to otl§¥¢ gideedilkiior gplekanipie groximal portion is between greater than about 0

degrees to about 180 degrees.

[0021] In one aspect of the present invention, there is provided a holiow fixed
shaped cannuia comprising a distal portion for placement around a portion of a globe
of an eye; wherein the distal portion has a radius of curvature between about 8 to 15
mm and an arc length between about 25 to 35 mm and an average outer diameter of
the distal portion is between about 0.1 mm and 10.0 mm; and 2 proximal portion
‘having a radius of curvature between about an inner cross-sectional radius of the
cannula and about 1 meier; and an inflection point which is where the distal portion
and the proximai portions connect with each other; wherein an angle 8, between a
line 5
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radionuclide brachytherapy source ("RBS") in the shape of a disk can provide a controlled projection of
radiation (e.g., a therapeutic dose) onto the target, while allowing for the radiation dose to fall off
quickly at the periphery of the target. This keeps the radiation within a limited area/volume and may
help prevent unwanted exposure of structures such as the optic nerve and/or the lens to radiation.
Without wishing to limit the present invention to any theory or mechanism, it is believed that low
areas/volumewsfeint ddittoalehsadi deetivgeugietiof Hitgnipt oot arss thhickimaiuparidiows for faster

surgery time aehirsyenaplications: (0d/d-A Ry deaiursoaiegaradination of features described herein
are included within the scope of the present invention provided that the features included in any such

combination %g ;éf}%%”é{rlg%gg&t% B:%é@ll! plgeggmrﬁggrgrgrm%g@gt%d ngp'%oemflcatlon and

the knowledge o one of ordinary skill in the art. Additional advanta%ﬁs and as%ects of the present

invention are %ﬁ%ﬁ?%ﬁ@qoﬂd{ﬁfﬁbpaﬁ'fﬁh@a URKPRGHCLRY RIRSHR BRAERBESERIPTION OF THE
DRAWINGS [e@281Fied thekistes nasiws fefsvarigivs fikedrstiageretvesnlabeaPdecdrding to the present

invention. FIGnbAsbeusgisisiassena-0ba fixes shapescannwaiie comprisingadis@l portion 110, a
proximal portign, 120,30 @H&%%ﬂ Q&H&tol?’%n‘?‘gﬁ’d%‘@ﬂ%e 40 AU ISRIR %%100 the arc length

185 of the distal portion 110, and the arc length 195 of the rOX|maI gortlon 120. FIG. 16 shows a

perspective vf@ﬂl“ﬁf‘ifrfé“ﬂ?%’des?%%%ee&?ﬂfﬂﬁﬁ'ﬁﬁeﬂgﬁfﬁ@d PR3l FEUS; o R SRR tal region 112 of
the distal portibaut 10 meier radd|enagfiestian aabftthdichisialvisreoihe adwirldewion @ 0%

proximal portions connect with each other; wherein once a distal end of the distal
portion is positioned within the vicinity of the target, the proximal portion is curved

away from the visuat axis as to allow a user to have direct visual access in the eve.

[0022] In some embodiments, once the distal end of the distal portion is positioned
within the vicinity of the target, the proximal portion is curved away from the visual

axis as to allow a user to have direct visual access in the eye.

[0023] in another aspect of the present invention, there is provided a cannuia with a
fixed shape, said cannula comprising a distal portion for placement around a portion
of a globe of an eye, an average outer diameter of the distal portion is between about
= 0.1 mm and 10.0 mm; and a proximal portion connected to the distal portion via an
inflection paint; wherein the distal portion has a shape of an arc formed from a
conneciion between two points located on an ellipsoid, the ellipsoid having an x-axis

ll L1}

dimension "a", a y-axis dimension "b," and a z-axis dimension wherein, "a" is
beftween about 0 to 1 meter, "b" is between about 0 to 1 meter, and "¢" is between
about 0 to 1 meter; wherein the proximat portion has a shape of an arc formed from
a connection between two points on an ellipsoid, the ellipsoid having an x-axis
dimension "d", a y-axis dimension "e," and a z-axis dimension "f," wherein "d" is
between about 0 to 1 meter, "e" is between about 0 to 1 meter, and "f" is betwesn

about 0 to 1 meter; wherein an angle 6, between the line £; tangent o the globe of
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SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 seed-shaped RBS 400, and a guide wire 350
having a distal end 320 wherein the wire 350 is housed in the handle 140 of the fixed shape cannula
100. FIG, 1D shows the guide wire 350 extended through the proximal portion 120 and the distal
portion 110 of the fixed shape cannula 100. FIG. 1E shows the circle 181 defined by the curvature of
the distal portion 110, the radius 182 of circle 181, and the radius of curvature 180 of the distal portion
110. FIG. 1F showys theneirdleciSd defired iy thexownvadtiog af hoavpsaxraskpeiosbdaz0, the radius 192
of circle 191, gnd thesadiys 9% syafdeg. 190 of the proximal portion 120. 10029] FIG. 2 shows side
views of various tips 200 of distal portions 110 according to the present invention. Various tips 200
may comprise an orifice 500 or a window 510 and/or a light source 610, and/or an indentation tip 600.
10, 53 o AL HERFR T oot ARETEl RS P TS Go YOI & RV S5l 510 wher
extended fronfagielitp 206N FE: JKeHBMRE GRTIERaIGEIEINY WHriesh & memd?r§Wire 300 forms a
flat spiral 310 vbhereextended Biodhe idiséabshiantbenad 03§00 tCa Beslypwratside view of a distal

portion 110 anga proximakRorien h2Q.arcerding 4p dhespresent SURNURBHARALL G, 4 shows
perspective views of handles 140 accPrdlnt%rt% ﬂea&rﬁ%%rg |pv,ent|on. FIG. 4A shows a handle 140

t
comprising a fﬁ%ﬁeﬁ%’éegf(fo\fﬁl'éar%iﬂ fi&handgie compnse%rg'rr]ion-wire plunger 800. FIG. 4B shows a
handle 140 comprising a graduated dial 820. FIG. 4C shows a handle 140 comprising a slider 830.
FIG. 40 show£ a2Pbxamnarineg s il der SHessatdarinties amisABIFRg a Reingdsh SRMENYPpig 900 between
the proximal Qm@@ﬂd@Oa&fﬁdgth@abiaﬂ(ﬁesd@e@\ \siaed@haped KBS éﬁﬁ)iisaﬁaﬁﬂmd?&&a'guidg wire 350,
and the seed-shapadRR%A00 S ROUSERMYithRdNR.LigR9%,/ 00324 fHGs)2.shous the insertion of an

assembled fixed shape cannula 100 according to the present inventiQn. The. fixed shape cannula 100
comprises a IS J60F FHb Futh P B BrBRTICR UTIBR BA ar Mot B HSeal axis 220 of the
physician andtfeé2pgient. Tenon's capsule a layer of tissue running from the lirnbus anteriorly to the
optic nerve posteriorly. The Tenon's capsule is surrounded anteriorly SALU08.01
NON-PROVISIONAL JANUARY 7, 2009 by the bulbar conjunctiva that originates at the limbus and
reflects posteriorly into the tarsal conjunctiva at the conjunctival fornix [0033] FIG. 6 shows the
insertion of an unassembled fixed shape cannula 100 according to the present invention, wherein the
handle 140 and/or radiation shielding pig 900 is attached to the proximal portion 120 via a connector

150 after the fixed shape cannula 100 is in place.
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[0034] FIG. 7 shows an example of a radionuclide brachytherapy source ("RBS") (e.g., seed-shaped
RBS 400) inserted into a fixed shape cannula. [0035] FIG. 8 shows lateral radiation dose profile of
various devices, including that of the present device (SalutarisMD). The graph represents an example
of relative radiation doses (y-axis) measured at distances from the center of the target (x-axis). The
SalutarisMD device presents a more rapid decline in radiation dose as the distance away from the
target periphery (e.g., area within about 1 mm from center of target) increases. [0036] FIG. 9 shows a
comparison of the insertion of a fixed shape cannula 100 of the present invention (e.g., according to a

posterior radiatignaipienckil o I LiRepliAnAla-de g st ior aoHeiiseal tadiatien approach

910. 100371 FI lllustration defining the term "lateral.” The drawing may be representative of

a horizontal cro88-848%¢haeaR¥yabARSHANERR InEndgeiie RR%hErSRIZF FERPILEENS membrane
(CNVM), the sosiroet it%ite tatioattevedetivodrierdghesedl isidepesitdRB8 4065uand tbypstiera is located

betwgeg (;he SOHré%Sn%@‘éﬁH‘%ﬁﬁéﬁﬁF-tiﬁgﬁi’@é.Fiﬁ 2&&@9@%@@@5&%@9@@% faglizdon fase prtlnfilefcla_f al
mm Sr-90 source as measure rally at a 1.5 mm depth. [0 E{é . 12 shows.an example of lines
that are p’erpenmgaééqn%qmé’fé%gés\ééwgg%gﬁi%glsgﬁetg))\%a[[k%'es t g}FaSFg%gF Bgverrpv&grra%ﬁ%ng line IR.
SALU08.01 NORBRROVISIONAL JANUARY 7, 2009 [0040] FIG. 13 shows an example of an isodose
(e.g., the area directly surrounding the center of the target wherein the radiation dose is substantially

uniform), perpepgisylat ipdingdRs 25 vewadlopking-abowriha RBRIAGRLAQVEWALIAlONg line 4. In
this example, the area wherein the radiation dose i §ub tantiallx léniforrr]:extends Y to about 1.0mm
? ? -allfi O ?ﬁ egures ar O?E)t

away from the c\’é’H‘{’@P 6fthe° a%%ﬁnfﬁbff] Sie iS aTront Bross sectional view o the distal portion

110 of the fixedratfapecidirathyiQdaphereicd R E&F )of the fhepd shapekcaampievite® (e.g., distal portion
110) is rounded gndtae hoferm o lakift &4B Siadhaiiom virw ehidedisiakpqitien 110 of FIG. 14A.
FIG. 14C is a perspective view of an exam le oéﬁhe. I?(PS |fn the form off%dgk 4%3ghavmg a height "h"
406 and a diamBlBVAg-Hd7e FHEPRGIR R OLHKNY AL IR RERE N ThiBR AP AR WS 8% RBSS having
various shapes eens, thecrsiirgien withitgidinitascrefiYoPIG. aTgEenbRIE risveb et RBS comprising
a disk-shaped sybstitesssh R aBoHO et ¢RP6 Aridhesdstiatadiibis \amnisatope 362. FIG.
14F shows examples of rotationally symmetrical . resent in iQn.] imited to the
shapes shown i\ﬁv%@ ?fz{'l?@!l]& P Ff%gxs n‘(\:'f\;?v%s&(g%r? %%%?gﬁ%rg gn%gfzaﬁ%n ’sﬁi%gegr%é%&ﬁarhprising a
window 364 (e.fPWraRARHRATSShiRAIFEANZPRIBL ISR S IH S 0T ERIGE 262 5R ig&iBrally
radio-transpareati@ndiihizsaeatigmstrapend Gassgepimaibpsadio-opaque. Radiation from a RBS is

substantially blocked or attenuated by the radiation shaper 366 but not the window 364. [0042] FIG. 15

shows an example of an ellipsoid 450 with- an x-axis dimensio,n,daR/-axis dimensjon, ap!,d a z-axis
dimension 6627] Any feature or compination of features described herein are included within

the scope of the present invention provided that the features incluged in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skill in the art. Additional
advantages and aspects of the present invention are apparent in the following
detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows views of various fixed shape cannula 100 according to the
present invention. FIG. 1A shows a side view of a fixed shape cannula 100
comprising & distal portion 110, a proximal portion 120, an inflection point 130, and a
handie 140. Also shown is a {ip 200, the arc length 185 of the distal portion 110, and
the arc iength 195 of the proximal portion 120. FIG. 1B shows a perspective view of
the fixed shape cannula 100 from FIG. 1A FIG. 1C shows the distal region 112 of
the distal portion 110, the middie region 113 of the distal poriion, a window 510, a
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[0043] FIG. 16A shows a side view of the proximal portion 120 of the fixed shape cannula 100. FIG.

16B-D shows I inner diameters 171, outer diameters 172, an nner radius 173 of a
cross-section M%@%%m portion 120 of the fixed shape cannula 1001(:FI iﬁgjﬁ?{%f&%%&; shows an
example of angie 0dod 35 nehickrishetniegn line t3 420 tangent to the globe of the eye at the inflection
point 130 and theNirarivmakpagrtion SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 120. [0045]
FIG. 18A shows two different planes P1 431 and P2 432. FIG. 183 shows plane P1 431 as defined by
the normal to the plane n1 and plane P2 432 defined by the normal to the plane n2. FIG. 18C shows

examples of an%%_\%%v% @146&13%1% P& é%{'ﬁ%%ﬁ@é@%}t%gﬁémwﬁs d%ﬁ%ﬁgr%ﬂiﬁ%view of a fixed

shape cannula rein the cross section o lon 110 a e proximal portion 120 are

generally circul¥ierFie8 is Saured D&t hardFe! ool Wﬁﬁﬁéﬁ%ﬁ@@éfﬁﬂﬂ% 160 WhEhewthe cross
section of the distadydrtiare 10 exehtiee proxghdhpertizimd 2@ofiatiered itheadidi@qultkenconfiguration.

[0047] FIG. 20A ghemRaResshaptivaNiRy 9b6 disk ShapedlR B trpstegindmeans for advancing
the RBS toward the ti

200 of the fixed shape cannula 100, FIG. 203 js a perspective view of a
plurality of cylincd’l[?‘éaﬁ}’% D E8RERIH a?ﬁ?eﬁh r%jr'{ésdgéa)%&gnarfiee%léésa $§V&%Brdaféigsti8f8200 of the
fixed shape casHtveired 80o4RE Rigkl 2eréppnapersiictitmus hagistie (PEIRREVAAPY 480 opaque
walls, and a racigpatehislermaghytheanyraures beeidughendlircie 191, and the radius of

curvature 190 of the proximal portion 120,

[0629] FIG. 2 shows side views of various tips 200 of distal portions 110 according
to the present invention. Various tips 200 may comprise an orifice 500 or a window
510 and/or a light source 610, and/or an indentation tip 800. FIG. 24 illustrates a
memory wire 300 wherein the memory wire 300 forms a flat spiral 310 when
extended from the tip 200. FIG. 2K shows a distal chamber 210 wherein 2 memory
wire 300 forms a flat spiral 310 when extended into the distal chamber 210.

[6030]  FIG. 3 shows a side view of a distal portion 110 and & proximal portion 120
according o the present invention.

10031} FIG. 4 shows perspective views of handles 140 according to the present
invention. FIG. 4A shows a handle 140 comprising & thumb ring 810, wherein the
handle comprises a non-wire plunger 800. FIG. 4B shows a handle 140 comprising
a graduated dial 820. FIG. 4C shows a handle 140 comprising a slider 830. FIG. 4D
shows an example of a fixed shape cannula comprising a radiation shielding pig 900
between the proximal portion 120 and the handie 140. A seed-shaped RBS 400 is
attached to a guide wire 350, and the seed-shaped RBS 400 is housed within the pig
900.

[0032] FIG. 5 shows the insertion of an assembied fixed shape cannula 100
according to the present invention. The fixed shape cannula 100 compriges a locator
160. The handle 140 and proximal pertion 120 are out of the visual axis 220 of the
physician and the patient. Tenon's capsule 2 layer of tissue running from the limbus
anteriorly to the optic nerve posteriorly. The Tenon's capsule is surrounded anteriorly
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- [0049] FIG. 22 shows the radiation profiles where the intensity of the radiation at the edge falls off
significantly, i fast fall of at the target edge. When a shieldi the radiation
fall off at the ‘zrge |§Jé§ea% compared to when there is no shielding. DEggﬁfgg}%ﬁ%g% PREFERRED
EMBODIMENTS: [Q@RQ1 Nos-prevastidnyantion features methods and devices for minimally-invasive
delivery of radidtuii4®the pEsterior portion of the eye. Without wishing to limit the present invention to
any theory or mechanism, it is believed that the sub-tenon method of delivering radiation to the
posterior portion of the eye of the present invention is advantageous for several reasons. For example,

the sub-tenon %E&’Q&n@%%@@% SHGNAL LMD AR RR9B10GsGerl Aeally Invasive

and does not r Ire extensive surgical dissections, Thus, this unique procedure is faster, easier, and
will present feﬁéﬁé@@'&‘?@&?éﬁ@%?%‘fﬂﬁl%fﬁfﬂ@ the prior art methods that otherwise require

dissections. Moreover, the sub-tenon method may allow for simple office-based procedures with faster
recovery times, é@%’?lﬂct‘eﬂho&@ﬁ% et asamlipwssinidiae tneanispapsstand ssher structures

(e.g., sclera) to help guide t e d vice,in place whep.in us la in a fixed
location and at® %Efp?g‘ﬁc?e ?ﬁ,‘ r%reﬁen é?‘éee 33?%68 E fh eﬁﬁgﬁtﬁ:@%%ﬁ@?iﬂ%éﬁ%&d& ﬂ? errors and
increases the prigdtBRilsilajashad se e IrFarmahrartinttr 3Rt éa Fasest (@Y afiffdamlifffithe target area
by directing thesragiagsnnireonomvighinpting vitreous chamber from anteriorly to the retina of the eye back
towards the target), a physician is required to hold the device in a fixed location and a fixed distance
from the target in the spacious vitreous chamber (see FIG, 9) It may be difficult for tg hysician to
hold precisely tWﬁ@‘ﬂoép {BnfSPas PnRTHSiIce? BRI &3F 8ﬁ8¥aﬁ§}ﬁ§t% §BD for the
physician/surgeeg.icdateshaheddX38 Lo taneted dtwecixedsmobeaanidahe retina; he/she can only
estimate the distance. [0052] The methods of the present invention direct radiation from the posterior

side of the eye forwar%l ata iation is hlelde in the back, W Iﬁ I limit the
present inventié10'a ‘%%r?%érﬁ ater qanéear%oqt |gsbe‘:ffgvl ﬁg{’ﬁggsdee%e u§ ?s% z:l?re the patient

from receiving @fﬁiﬁrﬁgﬁ’%ﬁﬂbﬁ%ﬁ% @%‘Wﬁé@bé‘ﬁ]ﬁ@w é%r%?dfd@@p%ﬁafﬂﬁﬁ ﬂﬁéeé%}é’eA pre-retinal -
approach (e.g. ,rﬂdad@imébqﬁamwmﬂw girgietiingadh earadiatioemtirooh ttectarpte (iomaigle of the retina

back toward (e jaragl) raffales joe BRIRHY SIHGHES 8 418RY G S8R s, ary body, lens)

and has the potentla?to irradiate the tF%ues deeper than the lesion, such as the periorbjtal fat, bone,
and the brain. ﬂﬁtﬁ‘ﬂ?ﬁ\ﬁt’?@&ﬁ%|t§ﬁd?f5ﬁ5ﬁﬁ5%ﬁ%@c)gh§§eﬁ1@§‘&@ﬁﬁﬁ MT]PPJEﬁg‘tg isues deeper

than the lesion feggt) peremdssal fat, bone, brain) and also, in a forward direction, the Iens, ciliary body
and cornea. [0053] Prior to the present invention, radiotherapy as applied to the eye generally involves

nvasive eye suigeries. Eo Siample, sn auholiafie (ener 1t {eadie

cannuia 100 of
the present invention (e.g., according fo a posterior radiation approach) to the

insertion of a device used for an intravitreal radiation approach 910.

[6037] FI1G. 10 is an illustration defining the term “lateral.” The drawing may be

representative of a horizontal cross-section of an eye ball, wherein the target is the

choroidal neovascular membrane {CNVM), the source is the radicactive source (e.g.,
‘seed-shaped RBS 400}, and the scfera is located between the source and the target.

16038] FIG. 11 shows an example of a radiation dose profile of a 1 mm Sr-80
source as measured laterally at a 1.5 mm depth.

[0039] FIG. 12 shows an example of lines that are perpendicular to line 4 as

viewed looking above the RBS!targ'et downward along line &,



SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 therapy industry known as the "COMS study"

discloses a pr(}y],}gcolgtplat employs an invasive surgical procedure to dissect the (Periocular tissues and

place the brac ytﬁ{gjraﬁg)glza%vice. This is unlike the presently inventive miﬁ%’gﬁﬁ RIBERL subtenon

method. [0054]skhemrier ahasalisalosad a number of brachytherapy devices and methods of using
same for irradiging/arasiopofdm behind the eye. However, these techniques do not employ the
minimally invasive subtenon approach of the present invenfion. Upon reading the disclosures of the
prior art, one of ordinary skill would easily recognize that the procedure being disclosed is quadrant

dissection appry or.a. retro:bulbar intra-qrbital approach, neither of which is the minimally invasive
Coemon ] B e e et
refer to herein: f058MEO0°fixE8 SA9EE WaRIHINaTG05ARD RSER Fortidis FibBl] 1rF8tal region of
distal portion [OfoRdrikilRiarida léneeqicrs efedistalopkirito BHOE6DHE1RBIoyahddyporaon §00G1]) 130

nflecton point 10062 440 hapdl (083,450, Scnnerior 19054) 46, RCalgKI0RA. b ner clameter o

cannula [0066] outer r of cannula [0067] 173 inner radius of proximal portion
extends up to about 1.0mm away from the center of the target.

[0041] FIG. 14A is a front cross sectional view of the distal portion 110 of the fixed
shape cannuia 100 wherein the top of the fixed shape cannula 100 (e.g., distal
portiont 110) is rounded and the bottom is flat. FIG. 14B is a botiom view of the distal
portion 110 of FIG. 14A. FIG. 14C is a perspective view of an exampie of the RBS in
the form of a disk 405 having a height “h" 406 and a diameter “d" 407. FIG. 14D
shows a variety of side cross sectional views of RBSs having various shapes {(e..g,
rectangle, tiangie, trapezoid). FIG. 14E shows an example of 2 RBS comprising a
disk-shaped substrate 361. On the bottom surface 363 of the substrate 361 is an
isotope 362. FIG. 14F shows examples of rotationally symmetrical shapes. The
present invention is not imited to the shapes shown in FIG. 14F. FIG. 14G shows
an example of a radiation shaper 366 comprising a window 364 (e.g., rotationally
symmetrically-shaped window). The window 364 is generally radio-transparent and
the radiation shaper 366 is generally radio-opague. Radiation from a2 RBS is
substantially blocked or attenuated by the radiation shaper 366 but not the window
364,

[0042] FIG. 15 shows an example of an elipsoid 450 with an x-axis dimensécn, ay-
axis dimension, and a z-axis dimension.

[6043] FIG. 16A shows a side view of the proximal portion 120 of the fixed shape
cannuta 100. FIG. 16B-D shows examples of inner diameters 171, ouier diameters -
172, and an inner radius 173 of a cross-section of the proximal portion 120 of the

fixed shape cannufa 100.

[0044] FIG. 17 shows an example of angle 6, 425 which is between line & 420

tangent o the globe of the eye at the inflection point 130 and the proximal portion .
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[0068] 180 radius of curvature of distal portion [0069] 181 circle/oval defined by curve of distal portion
[0070] 182 radi%szgfgﬁjggégloval defined by curve of distal portion [0071] 185 arc Ien?th of distal portion
[0072] 190 radils of curdature of proximal portion [0073] 191 circle/oval %%r’f{ﬁéftf%ﬂ? citve of proximal

portion SALUOSQ LiN@NBRONVIFQNALIJANUARY 7, 2009 [0074] 192 radius of circle/oval defined
by curve of proximalazortiopo@075] 195 arc length of proximal portion [0076] 200 tip [0077] 210 distal
chamber (disc-shaped)

120,

[0645] FIG. 18A shows two different planes Py 431 and P; 432. FIG. 18B shows
plane Py 431 as defined by the normal to the plane n, and plane P; 432 defined by
the norrﬁal o the plane ny. FIG. 18C shows examples of angles between Py 431
and Pp 432,

[0046] FIG. 18A shows a perspective view of a fixed shape cannula 100 wherein
the cross

section of the distal portion 110 and the proximal portion 120 are generally circular.
FIG. 198 is a perspective view of a fixed shape cannula 100 wherein the cross
section of the distai portion 110 and the proximal portion 120 is flafiened in a ribbon-

iike configuration.

180477 FiG. 20A shows a parspective view of a disk-shaped RBS inserted infc a
means for advancing the RBS toward the tip 200 of the fixed shape cannuig 100,
FIG. 20B is a perspective view of a plurality of cylindrical RBSs inserted into a
means for advancing the RBS toward the tip 200 of the fixed shape cannula 100.

[0048] FIG. 21 shows & perspective view of a well having radic opague walls, and a
radionuclide brachytherapy source is set in the well.

[0649] FIG. 22 shows the radiation profiles where the intensity of the radistion at
the edge falls off significantly, i.e., there is a fast fall of at the target edge. When a
shielding is émpioyed, the radiation fall off at the sdge is faster compared fo when
there is no shielding.

DESCRIPTION OF PREFERRED EMBODIMENTS
[0650] The present invention features methods and devices for minimally-invasive
delivery of radiation to the posterior portion of the eye. Without wishing to limit the
present invention t¢ any theory or mechanism, it is believed that the sub-tenon
methad of delivering radiation to the posterior portion of the eye of the present
invention is advantageous for several reasons. For example, the sub-tenon
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[0078] 220 visual axis of user [0079] 230 Tenon's capsule [0080] 235 sclera [0081] 300 memory wire
[0082] 310 flatws‘?irual L%%Sg] 320 distal end of wire [0084] 350 guide wire !OO_85 361 substrate [0086]
362 isotope (or raéllgonucailde") [0087] 363 bottom surface of substrate [ ]J R Widdw of radiation
shaper [0089] 366 radigtionshareniieQQa} 400 seed-shaped RBS [0091] 405 disk [0092] 406 height of
disk [0093] 407 diematerrofaisk [0094] 410 radioactive source portion of wire [0095] 420 line 13 [0096]
425 angle al [0097] 431 plane P1 [0098] 432 plane P2 [0099] 450 ellipsoid [00100] 500 orifice [00101]
510 window [00102] 520 distal edge of orifice/window

procedure is minimally invasive and does nof require exiensive surgical dissections,

Thus, this unigue procedure is faster, easier, and will present fewer side effects

and/or complications the prior art methods that otherwise require dissections.

Moreover, the sub-tenon method may allow for simple office-based procedures with

faster recovery times,

[0651] The sub-tenon method also allows for the tenon's capsule and other
structures (e.g., sclera) to help guide and hold the device in place when in use.
Keeping the cannula in a fixed location and at a distance from the target during the
treatment reduces the likelihood of errors and increases the predictability of dose
delivery. In an intravitreal approach (e.g., irradiating the target area by directing the
radiation from within the vitrecus chamber from anteriorly to the retins of the eye
back towards the target), a physician is recuired to hold the device in a fixed location
and a fixed distance from the target in the spacious vitreous chamber (see FIG. 9).
1t may be difficult for the physician to hold precisely that position for any length of
fime. Furthermore, it is generaliy not possible for the physician/surgeon to know the
exact distance between the probe and the reting, he/shs can only estimate the

distance.

[0052] The methods of the present invention direct radiation from the posterior side
of the eye forwardly to a target; radiation is shielded in the back. Without wishing to
iimit the present invention to any theory or mechanism, it is belisved that these
methods will spare the patient from receiving ionizing radiation in the tissues behind
the eye and deeper than the eya. A pre-retinal approach (e.g., iradiating the target
area by directing the radiation from the anterior side of the retina back toward the
target) irradiates the anterior structures of the eye (e.g., cornea, ks, ciliary body,
lens) and has the potential to irradiate the tissues deeper than the lesion, such as
the periorbital fat, bone, and the brain. An infravitreal radiation approach also has
the potential to irradiate the tissues deeper than the lesion (e.g., pericrbital fat, bone,
brain) and also, in a forward direction, the lens, ciliary body and cornea,

[0053] Prior to the present invention, radiotherapy as applied to the eye generally
involves invasive eve surgeries. For example, an authoritative report in the radiation
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[00103] 600 indentation tip [00104] 610 light source [00105] 800 non-wire plunger [00106] 810 thumb
ring SALUOS. N%) -PF%OVISIONAL JANUARY 7, 2009 [00107] 820 graduated dial [00108] 830
puIssezs

slider [00109] adiation shielding pig [00110] 910 device used for intravitreal radiation approach

[00111] As used hareimn thetesaniakai ameans plus or minus 10% of the referenced number. For
example, an enmasdiarent \wwrein an angle is about 50 degrees includes an angle between 45 and 55
degrees. THE EYE

therapy industry known as the "COMS study” discloses a protocol that employs an
invasive surgical procedurs to dissect the periocuiar tissues and piace the
brachytherapy device. This is unlike the presently inventive minimally invasive

subtenon method.

[0054] The prior art has disclosed a number of brachytherapy devices and methods
of using same for irradiating a lesion from behind the eye. However, these
techniques do not employ the minimally invasive subtenon approach of the present
invention. Upon reading the disclosures of the prior art, one of ordinary skill would
easily recognize that the procedure being disclosed is guadrant dissection approach
or a retro-bulbar intra—orbitéi approach, neithar of which is the minimally invasive

subtenon approach.

[0053] The foilcwihg is & !iéting of numbers corresponding 1o a particular slement
refer to hereir; ' ' '
[0056] 100 fixed shape cannula

160577 110 distal portion

[0058] 112 distal region of distal portion

(60591 113 middle region of distal portion

[0060] 120 proximal portion

{6661] 130 inflection point

[08s82] 140 handle

{0063) 150 connector

[0064] 160 locaior

[0065] 171 inner diameter of cannula

[0066] 172 outer diameter of cannula

[0067] 173 inner radius of proximal portion

[0068] 180 radius of curvature of distal portion

[0069] 181 circle/oval defined by curve of distal portion

[0070] 182 radius of circle/oval defined by curve of distal portion
[0071] 185 arc length of distal portion

[0072] 190 radius of curvaiure of proximal portion

100731 191 circle/oval defined by curve of proximal portion
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[00112] The mammalian eye is a generally spherical structure that performs its visual function by
forming an im%&?z%%ﬂ]sv %(gerior illuminated object on a photosensitive tissCuTe/ tgl{% rgtina. The basic
supporting structure forthe functional elements of the eye is the generalf)y Sp erlgjaf"f%ﬁgh, white outer
shell, the scleras235whicksis.sRmpEasdrincipally of collagenous connective tissue and is kept in its
spherical shapesyithaainteroal pressure of the eye. Externally the sclera 235 is surrounded by the
Tenon's capsule 230 (fascia bulb’), a thin layer of tissue running from the limbus anteriorly to the optic
nerve posteriorly. The Tenon's capsule 230 is surrounded anteriorly by the bulbar conjunctiva, a thin,
Ioos_e, vqscuIa%s%clyrggga}écéi'ﬂss%%lgir%ha]% \?arf'%i%}ﬁi[%edsbgtﬁtgﬁelirgb{l&%répﬁ%eé!lggts posteriorly into the tarsal
conjunctiva at the conjurictival Tornix. Anteriorly the sclera jOINSthé cornea, a transparent, more
convex structurB?THe Pinewirietisé Merra asdiedbrnea is called the limbus. The anterior portion of
the sclera 235 sgggprigoandpcontains the elements that perform the function of focusing the incoming
light, e.g., the C@W %g qggpéugﬁggp?di&n&g%gg}mction of regulating the intensity of the light
entering the eye, e.g., the iris. The posterior portion of the globe supports the retina and associated
tissues. [00113](\?7#e2[38st‘é?‘f5‘}J BEFRSHSH the globe (referred to herein as the "posterior portion of the
eye") immediat@ly7apjaceniréreriistesimrusrirface of the sclera 235 lays the choroid, a thin layer of
pigmented tissygy§eraly sisplied with blood vessels. The portion of the choroid adjacent its interior
surface is comgﬁiq%ei %TO network o?‘rgapillaries, the choriocapillaris, which is of importance in the
supply of oxygen artd hu riéhts 10 thE adjacent layers of the retina. Immediately anterior to the choroid
lies SALUO0S.0#0RRDNEHRERYEBI@NAL JANUARY 7, 2009 the retina, which is the innermost layer of
the posterior sqgmgnt3zthaseyemnd raeives the image formed by the refractive elements in the
anterior portion gfthe %bgui‘gggvipgotoreceptive rod and cone cells of the retina are stimulated by light
falling on them{a ass their sensations via the retinal ganglion cells to the brain. The central region
of the retina is ¢4ifi8 "ﬁq&cﬁ}ﬁ"f"ﬁt@ roughly delimited by the superior and inferior temporal branches of
the central retinégaster§st isatpstiprresgonsitide for color vision, contrast sensitivity and shape
recognition. Theyyeny egstrabiprtionrekiBesmagula is called "fovea” and is responsible for fine visual
acuity. NOVEL SUBTENON APPROACH TO INTRODUCE A RADIONUCLIDE BRACHYTHERAPY
SOURCE ("RB@%O%&MY@@W@%&%BE [00114] The present invention features a method
of introducing ré§#iosa8 treipéatenapdiortion of the eye in a minimally-invasive manner (by
respecting the ipysgcuby spacahepeaaaly, the method comprises irradiating from the outer surface of
the sclera 235 %dﬁ:d% gilarget. The target may be the macula, the retina, the sclera 235, and/or the
choroid. In some embodiments, the target may be on the vitreous side of the eye. In some
embodiments, M@%rd@@isfﬁzﬂmgﬁhlar lesion. In some embodiments, the target receives a dose
rate of radiatiorjé0pFresi@r thmmeiobtié® Gy/min. [00115] In some embodiments, the method
comprises using@ollow campuiaEARiRdpliMenaiRe to the region of the sclera 235 corresponding
to the target. (A|t£lgOs gQQ% C nntula 100 of the present invention is used in the subtenon approach, other
instruments suth 43 aff ndf?)séope may also be used in accordance with present novel subtenon
approach). Thel@snudasl Gowgleeds be slid on the exterior curvature of the eye to reach the posterior
portion of the emg.}ﬂob‘gﬁ g,i{écﬁlly, in some embodiments; the method comprises introducing a
cannula 100 com rlsin% a[%‘s 0 the posterior portion of the eye between the Tenon's capsule 230
and the sclera %@%nﬁ 3X|c5’ figthe posterior portion of the eye to the radiation. The cannula 100 may
be inserted at 4088#ht postetioeeisi the limbus of the eye (e.g., any point between the limbus and the
conjunctival forfggae SetloUSEL NON-PROVISIONAL JANUARY 7, 2009

[08101] 510 window

[00102] 520 distal edge of orifice/window
[08103] 600 indentation tip

{00104} 610 light source

[00105] 800 non-wire plunger

[00106] 810 thumb ring
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[00116] The method may further comprise advancing a RBS through the cannula 100 to the tip 200 of
the distal porti\%r(l) 110(9)/{\)/%;92% means for advancing the RBS. [00117] In some embodiments, the method
further compriseszt(he sf’ep of exposing the target (e.g., macula) of the e;}’eC T &M on. In some
embodiments, ®e; mathesEeRPRASESERIGELiINg a neovascular growth in the macula. [00118] In some
embodiments, thesBB®Yig plawed in the subtenon space in close proximity to the portion of the sclera
235 that overlays a portion of choroid and/or retina affected by an eye condition (e.g., WAMD, tumor).
As used herein, a RBS that is placed "in close proximity" means that the RBS is about 0 mm to about
10 mm from the surfa%% f the scle %,%35. In some embodiments, the radiation irradiates through the
sclera 235 to th8%Adk61 aﬁ%%at% iNg. [00119] In some embodiments, the step of inserting the
cannula 100 bel#0&esh 836 THA®N's capsule 230 and the sclera 235 further comprises inserting the
cannula 100 intpdhepeperieateapanaldngsigant of the eye. In some embodiments, the step of
inserting the ¢ b SaCARY e sclera 235 further comprises
inserting the CZ@EE’@ %g irﬁ%ﬂ%ﬁ%ﬁ?@%ﬁ t%grﬂtgg%al quaﬁgﬁa%r%%?%f eye. In some embodiments, the
step of inserting the cannula 100 between the Tenon's capsule 230 and the sclera 235 further
comprises inse[ti#id thaxasediardioGhatiernh dabupl risranasilsciani raat1 6t hétey esfinesorde
embodiments, thesiap péiassring the sabaHian ARbempahghesTamnsb cagrsde 230 and the sclera
235 further comprises insertipegnthe C%’l%ualadj’%o ient%tge inferior nasal quadrant of the eye. [00120] A
RBS disposed C{Hee%%?ﬁn S ors canndi (?ngraglates the target, and the target receives a dose
rate of greater than about 10 Gy/min. In some embodiments; the RBS provides a dose rate of greater
than about 11 Gegy# the target In some embodiments, the RBS provides a dose rate of greater

fhan about 12 ey {adne.iarislinioe stRbaosnisda Rinravidee /- dasqitaie of dreater

than about 13 g@({ to the target. In"'some"embodiments, the RBS provides a dose rate of greater

iments, S pr :
than about 14 A By FREENG &0 Imaasned %ﬁ%ﬂfﬁ{épﬂ@*?ﬁ?%@@%mE’J(B’QRSESRIERV-%ROVlSlONAL
JANUARY 7, 268:provddetna. ddscbeate sifpgpeetne rsthab.egbistiis iGyiianaltelements gétthih some

embodiments, e RBRLRViEEHAHISREAISRBIWANE RAULHRIIONAS L1minsH) same gmbodiments,
the RBS provides a dose rate between labout 15 to 20 Gg/{nin. In spme embodiments tpe RBS
Pallodl 59 ; oRE

provides a dos@?’gf’é’%eec{\ﬁggﬂ § ?S%Lﬁﬁ?ﬁﬁ tﬁ" Some e &8.#?8%%2‘ hé §§: EEJrovides a dose
rate between aBeRRSY iU DIEPAMIESIISHNBRAYBoBIBEIRY, IHSREBS HDHEREWssEMate between
about 40 to 50 Gy/Taibre eame«IRhaisorEsbe RBSapsovidesia dosmgatenhetwirebuabout 50 to 60

Gyimin. In some: RRpR e, he BRE BIAHsR 2 ARsedaipDRIER: 2N SQHALAGGY/MIN. In

some embodimen provides a dose rate between about 70 to 80 G%//,min. In some

embodiments, FESRBY B SHRRLEE RIS PEIXA BN 1P SH0 TRES B8RS BRRRTS HesHmEEmbodiments,
the RBS providedganateseat ate lietweeamabeflircdO poslad@yinttirthintssmaeibotimehtsethe RBS

provides a dosgJaieafareaias tARARNY Fy/igdRE233hsemarrmbodinasrhedistance from the
RBS to the target is between ahout rC)ér‘g‘]m. In some embodime s, he.dii?tan from the RBS to

0.4to 2.
the target is befRRER SB8THG 4 el?B'?ﬁWEin SOme Igﬁgggi?ﬁénrﬁ%ﬁﬁg Sls{a%(l:'? fom the RBS to the
target is betwe@ntafigurertion e mweran236 #iePBoAb AtneMsinh & dlisRINRT At AREIBS to the target
is between aboInfhdord. 6 MtlsRDh3dhdorsngRieMmbedimenisicend Bspiovidessa stese rate

petween about 2 {9,202 T A0 S21EksI BPERE IERAAIE R dDe BBSuqdena dose rate

between about . . to the target. In some émbodiménts, the RBS provides a dose rate
between about 285'&51 %P 7 5 glebephapors SsnielBRYARIEHMCIHERES provides a dose rate

between about 30 to 35 Gy/min to the target. In some embodiments, the RBS provides a dose rate

between about 363,40 GWRiRkAdh8JAIEL: he UnsL Phodmentsetie RBRravidara dose rate
b_etween about 40 to 50 Gy/min to the dtar et. In somg embrg)(;ig&eat% tE% Rg% r]%r%jéi{sassa dose rate
between about B3HY'&) J@%ﬁﬁﬁt@fﬂ% BFOEPIRE T MBOUIRTEAtS, The RES 5révidéd™ dose rate
between about 18 thOIG N taveicotaigaenieddaseeipmiinterpsetheiR B o@RfEFa dose rate
between about 7iQ:tecBb 4531 dRotbid tigedni s orase BbRdime bisiheRES prawises:A dose rate

petween about Sl LR BAFAALIRA ROBISRIBRARNAHR LS BP RYRUKERR dose rate
nutrients to the adjacent layers of the retina. Emmediateiy anterior to the chorold lies
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SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 about 90 to 100 Gy/min to the target. In some
embodiments,v"gj(l)e2 0%9%59%?“‘195 a dose rate greater than about 100 Gy/min to the target [00123] The
present methods may Bé Sffective for treating and/or managing a condit%%’(‘é%ﬁ?géfﬁoéy}e condition).
For example, thespragantastieds maywhe, used to treat and/or manage wet (neovascular) age-related
macula degeneratiomRENE pr@Esent methods are not limited to treating and/or managing wet
(neovascular) age-related macular degeneration. For example, the present methods may also be used
to treat and/or manage conditions including macula degeneration, abnormal cell proliferation, choroidal
neovascularization, retinopathy. .,.diabetic retinopathy, vitreoretino at{] , macular edema, and
fimors (e.0. B Se0iA T B R K R S S fo01241
Without wishing&eril#ft e PRESSRETFMMIBI 16T th StV P AR Ot ReTBeTicidBethat the novel
subtenon methgidsaf the pregesidpientianzatecady ariagsfons eaterthe: pisuartbagalge they are less
invasive (e.g., thgy,dangilivagehs LRSI SRAGEMINRYASUFGRRIACH RrestRsIa, and they

provide a quicker patient recovery time. For example, the technigue of introducing radiation to the
posterior portion &t F8'&) £99PRRLIMTG BIFZIB SAIIRE TTRGHE orf dhd LEka SIBIRAHY JB%terior portion
of the eye requirerercB O penfawiory iémporalidsestien of te aenjtaotting, stsiatiohisfriestiour recti

muscles and extapshépaniRidtoRieh thergabahudhgrairenulerdognrigaueris 198Hn place and
then removed a feA pag Jater, a second sur qulsfg(‘e’ggwgd. The meth%qes Ff tlge preS%%pt invention are

. cen}N ioh. of the macula { g r{ﬂ {8 restbons or f'{ﬁ Vi .
easier to perform. e Intraocular metho exposing the posterior pole of the eye to radiation

involves perfor@fH§a vitrectomy as well as positioning and holding the radioactive probe in the
preretinal vitreous cavity for a significant length of time without a stabilizing mechanism. This

technique is di%@%@@@éﬁp@ﬁbgpﬂgggé Mimgb@gé@@%%,@gggm@nd IS prone to a number

of possible complications such as the risk of retinal detachment cataracter%Jaucoma, and/or

endophthalmiti SRR CHRR AR g&”&%ﬁliﬁﬁ%)g %Eﬁﬁﬁﬁ&‘%’?&%&%ﬁlﬁ Bfreoretina surgery is
required. The nigithigdiS e thregsrd serentive ritiginres eae asitnoto Weidtercingnaidijemvadive, and do not

impose a risk ofgiagRag edRishedNiROsWAlSE UL HIRSHRIRT= AL MBSO MO MBRGNY SHONAL

IANUARY 7, 2009 Mareaust, he mefliods ahihe, Bresent inventian do not fequife. addtional
vitreoretina feIIowsﬁlp raming as these methods can %e er‘nDp\oyedr %y an surgica? offh%almologist.

[00125] As usettHasgiff e tefi? FRhimamiiaie asitwencthe daraebmaalin éip sorgva dbes not require
that an instrumesinbetiiatsorec 2ds iadbethatehotiidar iapaee: (@ntetdismesiesikfgel vdlesss chamber) of

the eye for deliygry, ol sadiongtive fOwke 1A L BOBUAARILIR LIE 8 ALADelipd that does no

require the suturing of a radioactive plaque on the sclera 235 or extensive conjunctiva peritomy. For
example, the mATATITFRASITE IR BedrissrdetsiYshGerrrsTOR ST rataie £5ereatShcision of
conjunctiva andi@r@bns tapyGrén230 for inserting of a cannula 100 comprising a RBS to the posterior
portion of the eye. The preferred approach is through the superotemporal quadrant, however entrance

through the supgrp, D33l e R RHeIIROM! QNS LG onaRal GHADALANS can R saplgyed:

deliver & RBS fo the region of the sclera 235 corresponding to the target. {Although

a cannula 100 of the present invention is used in the subtenon approach, other
instruments such as an endoscope may alsc be used in accordance with present
nove! subtenon approach). The cannula 100 may be slid on the exterior curvature of
the eye to reach the posterior portion of the eye. More specifically, in some
embodiments, the method comprises infroducing a cannuta 100 comprising a RBS o
the posterior portion of the eye between the Tenon’s capsule 230 and the sclera 235
and exposing the posterior portion of the eye to the radiation. The cannula 100 may
be inserted at a point posterior o the limbus of the eye (e.g., any point between the
limbus and the conjunctival fornix).
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[00126] The present invention features a method of introducing radiation to a human eye comprising
the steps of inserting a cannula 100 between the Tenon's capsule 230 and the sclera 235 of the
human eye at"gop%aul‘f?{ﬂﬁ%@?erior to the limbus of the human eye; wherein TR e (011 A (0 comprises a
distal portion 11Q1aR9 QdRPRS @huvature 180 between about 9 to 15 mm and an arc length 185
between about At 3FMmy@ proximal portion 120; and a means for advancing a RBS toward the tip
200 of the cannula 100 (e.g., tip 200 of distal portion 110); placing the distal portion 110 on or near the
sclera 235 behind a neovascular lesion; advancing the RBS to the tip 200 of the distal end 110; and

exposing the neovascular lesjon to the RBS. [00127] Irﬁ){some en:#g%irwent ng e area of sclera 235
by
r. H“s‘%

exposed to the (PAMELSRE ST B FHIRS SBOBESS SRYANGI@ia Fembotiments, the area
of sclera 235 expdtetiedintidadhtcisiel abdon 019 Mantoears der2AYaNINaiaeRES. In some
embodiments, the area of sclera 235 exposed to the radiation is about 2 mm to 3 mm in diameter. In

some embodiies e gice slsgeR A s p e AL AU S

diameter. In s e area of sclera 235 exposed to the ra out 5 mm to 10

mm in diametef4nt¥8R %I IBaRBh &, heetifeld dhedriiatoss dypoddt s8R TEaBIS is about 10
mm to 25 022 5éthdd00 frixks Mg VOY/A DO MALLBANIARNY he208imm in diameter. THE CANNULA
[00128] The present invention features a fixed shape cannula 100 for delivering a RBS to the back of

the eye. The fixgsi fljapasnsumdiifdias aslefied frxedshape snstaemppsesia distal portion 110
connected o & ploxnal PRLIN 20,ig Endaliectinavila0. L dstalaian LAg gl the fxed
shape cannula 18018 Yor placement aroun(fa portion of the globe o the eye. In some embodiments,

the distal portidRtDaFE#IRE X HEDCTIMUIE-2oME S SHBEA be T&%8h 8dp=8le 230 and
above the scletha? 8pidneticimeliesa pogiimiyitsistine fhet thsifiizicaboutld HOOs2holiol0.fBO129] As used

herein, a fixed shapgcapmia OANaUNG Sadfixpissharmbsiarit afixestioRe-canmya 100 that has

a single permanent shape and cannot be -manigul?ted into another shape. For example, the fixed
shape cannula T8 Sﬁ'%@@ﬁ? VERFORHASH ﬁ&‘gém@'hape because it generally has one shape,

whereas an endoscope does not have a "fixed" shape because it is flexible and can be manipulated
into another shggeiof IfixasnehanBceaneiia theGRavinthseriing dnshanarnaymisehe canstructed from a

materialthat has some flexjplty, Accoidindl, i) g dressuieds Applied QDia. I frgy shape cannuia
w

100 of the prese?ﬂqnvenﬁson it may bend. However, when the pressure iS removed, the fixed shape

cannula 100 of ffe{prei@RtipiveRRer hiEgYast phd RLyfigiRat IR SBRAPE G et eieR Sftion of the
deformation shiapetif@OtaOidnreememdiedmeivsTammélestonlpadit 230 taypdealeifed as a point

on a curve in wiligh He-5ig0.anAEEHIoR OEIRG GHYETHES REANERS: Hipart,GaaRedngRats, there may
be a straight portion of the fixed shape cannula between the distal E@Img@ryﬁﬁgxmal portion.

Accordingly, in®6md eSS RIS AB%iHER A0 d arRtNe BiriGRAATR §ht%h inflection
point where thé etrvatcrpsoltaditfesndithe spiese @b dunbedmmepriseespriond thalqeonim18Ads at a point

where the curvatdrenshanees: frasziadliniemadiens aaso. Ok lethmamertinirdirents, the inflection
point 130 helpsmts% i%&ql’;[g %Q,{,%gn»%o between the Tenon's capsule 230 and the sclera 235
further comprises inserting the cannula 100 into the inferior nasal quadrant of the

gye.

[00128] A RBS disposed at the distal end of a cannula 100 irradiates the target, and
the target receives a dose rate of greater than about 10 Gy/min. In some
embodiments, the RBS provides a dose rate of greater than about 11 Gy/min fo the
target. In some embodiments, the RBS provides a dose rate of greater than about 12
Gy/min to the target. In some embodiments, the RBS provides a dose rate of greater
than about 13 Gy/min to the farget. in some embodiments, the RBS provides a dose
rate of greater than about 14 Gy/min to the target. In some embodiments, the RBS
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SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 portion 120 of the fixed shape cannula 100 away
from the visual axis 220 of the subject (e.g., patient) and of the user (e.gii %%%sician who inserts the

fixed shape cannila 106 hto a subject. In some embodiments, the user r%ay vidianzgthe posterior

portion of the eyg; efthe siHiest ByrermrRIQYing a coaxial ophthalmoscopic device such as an indirect
ophthalmoscope Quasprgieab microscope while the fixed shape cannula 100 is in place. Distal Portion

Dimensions Of The Fixed shape cannula [00132] The dimensions of the globe of the eye are fairly
constant in adults, usually varying by no more than about 1 mm in various studies. However, in
hyperopia and myopia, the anteroposterior diameter of t lobe may. vary significantly from the
normal measur| é%ls [@&f?%] Fife %ﬁﬁé?aiﬁté%%o%%{?{oﬁé (?’gig:p%f){ fe {918%99 rfglnnjgg)(%etween about
21,7 mm to 28 Bmdimeits AreabBRagrgeehauions. 1Hendeivrssiddeah iR 4% o8I 10.8 mm to 14.4
mm with an avgragesaiabpinte. hemps prempet apie exeLetareasdiiel hiteztalbbgmeroposterior

diameter averages, ahout, g2}, (FRIMSANRIAARS 200wl 1Ll AR BiGiyPypREMropia and

myopia, the anteroposterior diameter IS frequent ow as about 20 mm and as high as about 29
mm or more, réd¥BEIVBISOTHOTBAPHRE Tt %pf@é Biavete? @, B8 i&?&ﬁ?@?e?t%ﬂ“fh@ dflobe at the
anatomic equator Gyaaisuhe ddrenetitediasattoith & Bhmpordesie clpaw categesiwdsnr 2848 mm (radius
avera;ges abo%]go@mm)?rﬁ?&ﬁ%‘eeMSF%%ﬂ@'ﬂﬂ@tﬁéb@;ﬁwgh}g%@%tefﬂé@&@%ﬂ Lhe ta;\;tt%rsnic
equator measuged syperiorly to inferiorly) averages abo . m (radius averages about 11.

mm). The circu?ﬂfgfegﬁcé )6?{ e‘&g%@%g [)H%’gﬁnag%g%i%eeq#{uba% rrg\!/’e?asgge?% eo&att%k.%gfer%%, The volume
of the globe of aheut\id avefagBy/Bétwite AORO BB BIMENtD 212 rRBSaRtPYaSSas GAER 63 ea of about
22.86 cm2. [00dsihkdhardistaopersorclifofithafisesharapesarnmiarB30pnayidedesigned in a

number of ways..In s e | tsy t ist j fixed nula 100 has an
arc longth 165 BRI SUB 0o b A o A S USRS, BRGNP REY 7. 2005

[00136] In som@PEEnFBRiRRHRS RPN Réhin DB diseAPorfBR B, enGBYof the arc 111
of the distal pogtiendti 8)dumyrite of yrasieuiangdhSyRun.example, hyperopic or pediatric patients may
have smaller eyes and may require a smaller arc length 185 of the distal portion 110. Or, for example,

different insertion points (e.g., limbuys, conjunctival fornix) of the _fixed shape cannula 100 may require
different arc -Ien%“t }1@55%?'%18%%@{?‘58%?0 61‘5’6%ﬂ?%g&‘?é?‘é’ﬁq%gfgr%’eﬁ%?gwg arc eé#l"&ﬁ? 185 of the
distal portion 12borid\4se bemvee s006t tbatmesiasbr R on dBafatshib B%iAEes, the arc

length 185 of thewdisiedpasiancld & mayhe hetwerreabouhithie)méaishous Zomime RBSOMe
embodiments, {he 815 /S LRR:0h W, istal pofion A 1 Iidenmeirenau 2 to about

25mm. In some embot ments, the arc length 18 e portion 110 may be between about 25
mm to about 3G FAHNARES e HEBiMETYeiTe L iLRJHE PIBDf the distal portion 110 may be

between about 30mm to about 35 mm. In some embodiments, the arc length 185 of the distal portion
110 may be be@?ﬁ} ALK S2 IR SROULS RBYPrdteee BRIl neNssthp Arcergth 185 of the
distal portion 128 [CT-}]% i%etc? %?Eave\a{etgpggtp% ts%?nén g]m% 1%%91%5,7%@%88 provides a dose rate
between about 20 to 25 Gy/min to the target. In some embodiments, the RBS
provides a dose rate between about 25 fo 30 Gy/min to the target. in some
embodiments, the RBS provides a dose rate between about 30 to 35 Gy/min to the
target. In some embodiments, the RBS provides a dose rate between about 35 to 40
Gy/min to the target. In some embodiments, the RBS provides a dose rate batween
about 40 1o 50 Gy/min to the target. In some embodiments, the RBS provides a dose
rate between about 50 to 60 Gy/min to the target. In some embodiments, the RBS
provides a dose rate between about 60 to 70 Gy/min to the target In some
embodiments, the RBS provides a dose rate between about 70 to 80 Gy/min to the
target. In some embodiments, the RBS provides a dose rate between about 80 to 20
Gy/min to the target. In some embodiments, the RBS provides a dose rate between
020



[00137] As used herein, the term "arc length" 185 of the distal portion 110 of the fixed shape cannula
refers to the are Olezn(%gsgrg%asured from the tip 200 of the distal portion 11% %(/)Ugg(()eoé%fsleﬁtion point 130.
The term "radilis of curvature” 180 of the distal portion 110 of the fixed shape CHANETA .00 refers to the
length of the radius; 84 0fdherarsiedayali81 defined by the curve of the distal portion 110 (see FIG.
19A). In some gmbogiment®othe invention employs a unique sub-tenon insertion methodology,
wherein the arc length is designed to be of sufficient length to traverse the Tenon's capsule and
portion of the eye which is interposed between the Tenon's capsule entry point and the target (e.g.,
macula) area. [00138% Ins embodiments, the distal portion 110 of the fixed shape cannula 100
has a radius of %%ﬁ% Srg 1%@%’3@/’8&3 gl?&?f@%o _If55 (r’nmrfél). W%Eﬁiﬁr’?ee rétrsné%%ignéegn sr,O h%sfaadius of
curvature 180 ofagrerefsgiperior BPoUs168ALEH B8R to about 10 mm. In some embodiments,
the radius of curvature 180 of the distal portion 110 is between about 10 mm to about 11 mm. In some

embodiments, %ﬁ}s -LH%oér %Urg%}%ldé\l%%z@%\%%%\lép ﬁ@ﬁ““&%/%%ggﬁaﬁﬁ vature 180 of the

distal portion 1 etween about 11 mm to ‘abou mm. In some embodiments, the radius of

curvature 180 GRS {&8h FRiGHEL TN Bk EXEAHBRIE BRRIPES ASRITA HAY. BR €8Ffe
embodiments, tletneatiasdair cuavatsrevé Brefvirewis) georiaed kadsibetepeserafivut TBemm to about

14 mm. In someeRodineatSahedamis b aHyRy I dBORLiEadistal pRYIRLER isdetween about
14mm to 15 mm. Ingome FT%?{d'me%sﬁ tt%% arc Ier‘gtiﬂwl% of tg%‘%ﬁtgé %ortlog 110 agg the inflection

point 130 may NSk e'_R?eCL{gr etiﬁeeraéepth.of Frfgg Ioh Of the Tix Oape Enhuta 100 along the sclera
235, preventing@hieeih Z0roiAeadrstedbitth Maodrsninaceia cleeanetrinta FRBOIH 3B ciliary
arteries or the gptigargve. [B0RE] Inenmetmbndimestiscghmygigial padianid teibasmyadius of

curvaure 160 Sypsianali Aol io e ks oL oL e SHERZaROTaRAGHY human oy

Without wishing to limit gsent Invention to any theory or mechanism, It is believed that having the
radius of curvatGH&RR B e distal portion 110 be substantially equal to the radius of curvature of the
sclera 235 of an adult human eye is advantageous because it will ensure that the area that is exposed

to the radiation jgi{hqQMieros WiBesmoh bR esirRe 235, generally above the macula. In addition, the
design permits accurate placement of the RBS and allows. a yser .,.a surgeon) to have the RBS
remain fixed in [?a“é’é%r%&%"ﬁ%@’fﬁ%‘ﬁ%gﬁri”ﬂﬁﬁ?&ﬁieé’ﬁB {”aﬁ?u'r?é’ Ltiﬁea 'ﬁ:ﬁ%@%%ﬁﬁ%ﬁ“&rﬁigﬂon dose. This
enables improvied kptievagtribactisratyvet dostetrslivERINGAR! iff pHsv cRreFESindNYeRFItN0EE some
embodiments, thesadisnel cusyaterpribBRobiiadistmbparkionstlivisshengtantifegraexasnple, the radius

of curvature 188‘%%]&%%9; % 0%8&0%%% @@é #g@gg&;t@g&%mé@Wﬁgﬂ};&qg@gnts, the radius

of curvature 180 of the distal portion Fof example, the radius of curvature 180 in the
distal portion 1 POiFHE,PEEERIGEPRYHEGis A" RFTRIe 1Dedrehaifn aF Birede AT aiidh 113. [00141]
Without wishingHe dostigrttrepprisset tre/eyiion sotaimg theoigeotiveetaarisming scbali@dedtthat different

and variable ragi,of SHENAWSHHRLPIY g s RAsie h apd-MRIRARC WS Bosiioning ipspecial cases,

such as that of a m%gcglc eye 'él‘WhiC the anterc% osteliior aclnl rgetter is grea%tea %an to e(hyeertical
diameter. In thi§CH ,'Vtat)néﬁf gogo’elafﬁ?aéoeuéﬁgcto e s%iRea sﬁgﬁsel CanALR Bnnavmg a distal
portion 110 SAQi¢kES BurtREDRPRROWISTE NERUSANEIAR Yiacaub gy ey ralfaurgdiradius of
curvature 180 aggrspesiicalbuhaving adelatvelyshettond atine pleunyatueitn ke disial region 112 as
compared to the radius of curvature i iddle reqi Ml j tageous to use
a fixed shape c%ﬂ%ﬁgﬁmﬁ#é’vﬁ%Tﬁt%il?s%%Q(gij}%%ﬁdlgl%%ﬁ@ng%vrgég?;s(%%ﬁgéﬁc%@\éﬁgurvature 180
and specifically %R0 LYelanaRiRIfYes AdiliRcdel/ARtrb f PREERYAE 88 ACII 8 ompared to
the radius of curadidacevien tiebeniddieregicstirkl Sitreous cavity for a significant length of time

without a stabilizing mechanism. This technique is difficult to perform, requires a

violation of the intraccular space, and is prone io a number of possible com'piicatiens

such as the risk of retinal detachment, cataracts, glaucoma, and/or endophthaimitis.

Because of the complexity of this fechnique, a fellowship in vitreoretina surgery is

required. The methods of the present invention are easier to perform, minimally-

invasive, and do not impose a risk of damage to the intraocuiar structures.
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[00142] The distal portion 110 and the proximal portion 120 of the fixed shape cannula 100 each have
an inner diam%%r %7%%51& outer diameter 172 of the respective vertical %rcofslgsgeﬂ%yﬂosgs. As shown in
FIG. 16, in some embodiments, the inner diameter 171 of the vertical cross section St the distal portion
110 is constantg(g.getheesidaeffiigd shape cannula 100 has a circular cross section). In some
embodiments, thgiinyrey djameter 171 of the vertical cross section of the distal portion 110 is variable
(e.g., the inside of the fixed shape cannula 100 has an oval cross section). In some embodiments, the
outer diameter 172 of vertical cross section of the distal portion 110 is constant (e.g., the outside of the
fixed shape cannula 100 has circulsfa%cross s%'ction%r in om e'mbodi:migtr;t%d ti ?eoru%r diameter 172
of the vertical ¢ °§§°§’8&th?‘| oF OgsdPt Iepbcgr 760 16 1€V er?g.ué’? & outaide or the Tixed shape
cannula 100 hdsllawshiral EriEadsertioMESEO0NZBPHS sEffe knRTRIPKEISts PthedieF4I883E cannula 100
has an outer crosgtsaebeaakshape that is generally circular. In some embodiments, the fixed shape
cannula 100 has an outer cross sectional shape that is generally round. In some embodiments, the
fixed shape cannula 100 has an outer cross sectional shape that is oval, rectan%ular egg-shaped, or
trapezoidal. [009%2P1 S 4137Y RTBBAITTRE tRLNINAY-LNAReC RN THIH-5 BA Mol cross
sectional shapeithat istcostfidrerbeit@allmatrarRBS e Detpdesat thirodogh. {0@LASRinspente
embodiments, fhgfhsd ﬁ%@%ﬂmﬁt@&@%aﬁmimﬁ@@@ﬁ sefliayalshapeidhalvs generally
circular. In some embﬁ]iwents{ the fix%.d sh?p?g cannula 109 haﬁﬁ?nis#ter cr%ss Su;erCtit gal shape that is
generally round°H%oi? PSB&?L?B@T(% OINPROVISIONAT H‘X R é’7'3 J8b88MBo Iments, the
fixed shape casrurng @baTadieariMpelegrssendbeiolie Shapesrarsiydean redieritMEgg-shaped, or
trapezoidal. [004A4GkdnHeNeR emmbagdimanisitheavetageininedinmeieidd 210§ tequrertical cross
section of the dig(g) PRGN Qe Rebuenh bau OcLBUTa QAN ) sPdeRmppiments, he
lameter 172 of t : d

average outer e distal portion 110 Is between about 0.4mm and 1.0mm. In some

embodiments, FEEREPE G BitelodiamBesieTsn RATAB Qistd S8RiORCLRGREBRRRERINS In some
embodiments, thewretag eupateae dizumat tpragiZzdip htive dis wlipodioihrd dghi$betvpeen ratseut 1.0mm and

2.0mm. In somg emRRAMEEHS JNRANRIB AR ALBEHAMAIS! de/ gpidhgydistal portion 110 is between

about 2.0mm and 5.0mm. In some embodiments, the average outer diameter 172 of the distal portion
110 is between about 5.0mm and 10.0mm. [00147] In some embodiments, the average inner diameter
171 of the vertit¥k2¢b35spissen snvandia deatyyestomaiiod sfleifadising FRSiation kam RFER0.4mm. In some

embodiments, gje aveErERJASISHRMEteRdTihok hmaligialgoostionedr this helwvestepbout 0.4mm and
L.0mm. In somggrahodiments, b, a¥sra0s, neLAlametBnd kot il prdin g is about

0.9mm:. In some embodiments, the avegge inner diameter 1 distal portion 110 is between

about 1.0mm aHMEDAYE: WheERIR B AR TR COTRISE & AP 98108 ARTETEY S £ BIHE distal portion
110 is betweembahoustlréntd zhdesOahmit Brisdhasratrbalirmeritsgthd Svestgpemammutizameter 171 of
the distal portiqq 33045 bewaaR aeﬁi%ﬁ-ﬁhm@a%%wma&owa REeSaRdipents, the
average outergl?}m?t r172 of t%&evertlc%l ?qgsms;gl?n %{Jgi St L l(r)1rt|‘t%g %%9 IS argg#t 0.4 mm and
the average in S GaiRtBP 1A SR de e cPos EeRASR } e A aPportlonaifB IS about 0.1 mm
(e.g., the wall thidkaess reabatgias Bih)behirbmaasHfSedRN BEIR tREVATRINEE O BRP flameter 172 of

the vertical crogg sgciianofthe@istaliponicmd Qisabow f:dvaaaneihe avesgegnner diameter 171
of the vertical cross section of the distal portion 110 is about 0.4 mm (e.g., the wall thickness is about

0.15 mm). In some embodiments, the average outer diameter 172 of the distal portion 110 is about 0.9
mm and the aviéf3gd FntfEreRdneiotticrtiatsl SoR T I 6RCSBOHR 676 MARERYS the wall
thickness is abatdud. 25 nmum)id reiseuh 6.8 mino chintianisidhelaweragenbteintiatmeter 628 of

sclera 235 exposed {o the radiation is about 0.5 mm to about 2 mm in diameter. In

some embodimants, the area of sclera 235 exposed {o the radiation is about 2 mm

to 3 mm in diameter. in some embodiments, the area of sclera 235 exposed fo the

radiation is about 3 mm to 5 mm in diameter. In some embodiments, the area of

sclera 235 exposed to the radiation is about 5 mm to 10 mm in diameter. in some

embodiments, the area of sclera 235 exposed to the radiation is about 10 mm o 25
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SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 172 of the distal portion 110 is about 1.3 mm and
the average inner (g(iameter 171 of the distal portion is about 0.8 mm (e.é)P. the wall thickness is about
0.25 mm), In SEhE gﬁ%’éﬁ‘lments, the average outer diameter 172 of th Si%féﬁzﬁ%’{?&?ﬁ“ilo is about 1.7

mm and the aveiaqe i ffsiiameieiiidaef the distal portion 110 is about 1.2 mm (e.g., the wall
thickness is abgui:0.2%vymmpoén some embodiments, the average outer diameter 172 of the distal

portion 110 is about 1.8 mm and the average inner diameter 171 of the distal portion 110 is about 1.4
mm (e.g., the wall thickness is about 0.20 mm). In some embodiments, the average outer diameter
172 of the distal portion 110 is about 2.1 mm and the average inner diameter 171 of the distal portion
is about 1.6 mrﬂ’%%f@ﬁ’?ﬁée‘ﬁall thickness is about 0.25 mm). [00149] In some embodiments, the
diameter of the distal portion 110 is between a 12 gauge and 22 gauge wire needle size. 1.00150] In
some embodimgatse kpetimgkness of the distal portion wall (e.g., as measured between the inner

diameter 171 o istal portion.110 and ter.di 1 he.distal por 0) is between
about 0.01 mm{%}gﬁoﬁ%%ﬁé&?' nves%%?é fé%ﬁﬁ%%i%ﬁ%}&%?h% r@ejiés‘?gfg t?ﬂ%‘g?s%é %%rlt%on wall (e.g.,

as measured bBRvEr & et EPe Ped FhRRTERIYR 10 Ma5 8 drinehd ¥ riahaiemeter 172 of
the distal porticand kd)igrisetweeeistabpotionl ritncoadmed Go3ammximsomdiembiilivizeats, the thickness

of the distal portian.yallishetweenRbALE0 R MM ja@bPelRdaThdSomarMeadiments, the
thickness of the distal portion wall is bem?ﬁ%[%ﬁ? ut 1f(%ﬁ"m to a?out 5.0 mm.dl,n some .embodiments,
(0]

the thickness of B7&TR ?'BHP[?O% Rl 8 I & ¥8hg BT eea}g?a T)%%Sohhflo. As shown

AIdhg
in FIG. 16B, in gst#lepertibodimfepfishenBxasckiress ehmiadisidl iporsered dirievedpstapBeibout the inner

diameter 171 agghaubes siaanetescvé2nin same mmbodisen sstitediiekte speofithe eisisd portion wall
varies throughaut tr&%g al gqfct}i‘%f)n 110, for example along the length of the distal portion 110. As

shown in FIG. T8¢ an 6'5 fnsome embodiments, the thickness of the distal portion wall varies
about the inner diameter 171 and outer diameter 172. Proximal Portion Dimensions Of The Fixed
shape cannula {2014 14sTheprexdnagd st ehap2@afrtiie fOEbashgpe"teuhateddRrayodso be 029

SALU08.01 NOY:RROVISION A IAIUAR Yk 2008 5ESH8RASHELR SHARDEIET WSt IBsScme

embodiments, {(he proXial boruon 129 of the Ixed SHape €930y 190 s an 7 ynpth 195 between

present invention has a “fixed” shape because it generally has one shape, whereas
an endoscope does not have a "fixed” shape because it is fiexible and can be
manipulated into another shape. A fixed shape cannuia 100 having a “fixed” shape
may also be constructed from a material that has some flexibility. Accordingly, when
a pressure is applied onto the fixed shape cannuia 100 of the present invention it
may bend. However, when the pressure is removed, the fixed shape cannuia 100 of
the present invention may resume its original fixed shape or retain a portion of the
deformation shape.

[6013¢) In some embodiments, an inflection point 130 may be defined as a point on
a curve in which the sign or direction of the curvature changes. In some
embodiments, there may be a siraight portion of the fixed shape cannula between
the distal portion and proximal portion. Accordingly, in some embodiments, the
proximal and distal portions are separated at an inflection point where the curvature
changes sign. In same embodiments, the proximal portion ends at a point where the
curvature changes from a finite value {o zero.

[80131) In some embadiments, the inflection point 130 helps to bend the proximai
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[00152] The arc length 195 of the proximal portion 120 (e.g., length of the arc of the proximal portion
120) may be of various lengths. In some embodiments, the arc length 195 of the proximal portion 120
may be betwedh ABout L' mm to about 15 mm. In some embodiments, ﬁgﬁ%?«%ﬁaﬁ“f% of the
proximal portioR J2Gmayksbetyesiakqut 15 mm to about 18 mm. In some embodiments, the arc
length 195 of the proseval padion 120 may be between about 18mm to about 25mm. In some
embodiments, the arc length 195 of the proximal portion 120 may be between about 25mm to about
50mm. In some embodiments, the arc length 195 of the proximal portion 120 may be between about
50mm to about 75mm. [00153] As used herein, the term "arc length" 195 of the proximal portion 120 of
the fixed shapepgg}?ﬂu?églﬁ]&tgéfé'@léo%ﬁ ea?@'?@ﬁ'&tﬁbﬁéﬁg"sa r(érgrf‘rgi?ﬁ t‘ﬁseular% &E %gépé%ilg% 930 to the
opposite end oftHe@rBdm aaiertiornd 20 Mehes e e SraplitsdrBuMatinees doedpge paRdimal portion
120 of the fixed:shapge cannuta 4 ARueters it ibedepgtvahifag athivsidH2nefthe chicle/meal 191 defined
by the curve of ' ] 0 . ‘ | the proximal
y é@%é?(%@%#?%‘% tRe f f&ﬁﬁ aé:é@erﬁa% (aved] Inc3gme g&%&%&%‘aﬁc b

portion 120 of the fixed shape cannu curvature 190 between about an inner
radius 173 of tHREPFBEHTAIGSATNPTED rhaTREEPERAE ELFHRALMIBESTBr e XAIR I H¥8feen 0.1 mm to
1 meter. In sonsbambathnients, ithe pedais of curvature 190 of the proximal portion 120 is constant. In
some embodiments, the radius of curvature 190 of the proximal portion 120 is variable. 1001551 The

distal portion 110 %th roximal porti 20_of the fixed shape cannula 100 each have an inner
B R AR

diameter 171 a _ of the respective x‘?&?%%l. Cross sections. As shown in FIG. 16, in
some embodimi@MtE2lifeariiapehiontedt METICSE e RYERTE (iR SrstanioR théuisrousi portion 120 is

constant (e.g., the/ingisieref Heslixad shape eanmularki stagiescCiruwaraiosspectignia some
embodiments, (el o g IMSIRICLEh &' AR eGPl A%, SR UOR R AR A NN GROVISIONAL

JANUARY 7, 2 the proximal porti Is variable (e.g., the ed shape cannula
100 has an ovAl¥FRIEEEHEHTETH some embodiments, the outer diameter 172 of vertical cross section
of the proximal portion 120 is constant (e.g., the outside of the fixed shape cannula 100 has a circular

cross section). i pamererBhadinRAE L QURHIRMS B8R Lo ihgaxaiticrlArags seation of the

proximal portion 120js variable (e.qg., the outside of the fixed shape cannula 100 has ap oval cross
section). [0015g]n|1ntoS%§nTe% é‘?ﬁbvcg‘g? RS 3RS %&g& Lét%ap?e %Wi[ﬁ% 31758 %%moﬂ%gfﬁ&@i sectional
shape that is g&ireralljAréuna. wirsemevemrdsoef Ments | Wb MiRB drshrapeieiih 81@SL0VEE8%N outer cross
sectional shapenh@itisrayalneestasgutardageshapedges wapazeidal. AROtafldnsermgembodiments,

the fixed sh h int ' ' fi I RBS t
be passed it b L0 L B e nl cross.
sectional shapd e ey 3 ARVInEoMmB #Bo’in{idts 2th &t iShaje CArARIR 100 has an

inner cross secdtspeadisiedpe that is oval, rectangular, egg-shaped, or trapezoidal. [001591 As shown in
FIG. 17, line 420 represents the line tangent to the globe of the eye at the inflection point 130 and/or

limbus. Line 13 420 and line 14 (the straight portion of the fixed Rap cannyla 100 or a line parallel to
the steaight pordI A 116 1058 St TARRLIE Bo0) ol eI DY 4 APt 1 2715 The el shape
cannula 100 maguBistoessucR Ao ienjEshys tihdrmopsah AgR GIERBhRIPHARNAMOUS values. In
some embodimenss the:anale HbA27 isheiyean arealertaprgiahast &9, 189 degweascoin some
iesrg?gggems’ hhgdbed 3NeRs: EanR YR A0 RendFOpRL A B IFEANG G ISR IUBRf angle 01 425

23.48 mm (radius averages about 11.75 mm). The circumference of the giche at the

anatomic equator averages about 74.91 mm. The volume of the globe of the eye

averages between about 6.5 mL 0 7.2 mL, and has a surface area of about 22.86

cm?,

[606135] The distai portiors 110 of the fixed shape cannula 100 may be designed in a

number of ways. In some embodiments, the distal portion 110 of the fixed shape

cannula 100 has an arc iength 185 between about 25 fo 35 mm.
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[00160] In some embodiments, angle 01 425 is between about 1 to 10 degrees. In some
embodiments, angle 01 425 is between about 10 to 20 degrees. In some embodiments, angle 01 425
is between ab%’&%&"{?%ﬁ‘degrees. In some SALU08.01 NON-PROVISTONAZIANUARY 7, 2000
embodiments, angle,93 4eSNssReiwerinapout 30 to 40 degrees. In some embodiments, angle 01 425
is between abopi0ARHH) ergrees. In some embodiments, angle 01 425 is between about 50 to 60
degrees. In some embodiments, angle 01 425 is between about 60 to 70 degrees. In some
embodiments, angle 01 425 is between about 70 to 80 degrees. In some embodiments, angle 01 425
is between about 80 to 90 degrees. [00161] In some embodiments, angle 01 425 is between about 90
to 100 degrees In some embodiments, angle 01 425 is between about 100 to 110 degrees. In some
embodiments, #9360 sxBeisheodimentasbaariongmias gélirdsiaPedimeléhBdtiments, angle 01
425 is betweenghenibkRe 46 139 sagsensdneaome eo) hodimettoatnglefitd25 48 between about 140
to 150 degrees In some e iment 01425 1 t t degrees. In some
%‘%XQ‘%P?%S’E'S@ véle&’a@%%%tg,d%?ﬁ&% WaaRARANLLAGHS, ilegq%ﬂeeg

. X8 :
embodiments, angrpeB tween about 160 to 170 degrees.’In some eémbodiments, angle 01
425 is betweensEBROER A9 (eRstrd§HRighecistiipaEs) ALs YW PEee JHRESR INSSHI¥IG. 5, in some
embodiments, trindistad. portios, tatiuemctveh Eopioxanibe fertdehateCHeninaiB0sanydgsidre. In some

emb_odirlnents, m%%%m%gﬁmsl&qrgé alALIRADE. fgﬁ%m@lﬂﬂ@di%%@wé%ﬁe ;‘or erx]arg_ple Ithe
proximal portion is rotated or twisted wijth respect to the distal, portio that the dista
portion 110 andeﬂ%hp%iﬁ%]ﬁep%ﬁ? ROy I?é%}maﬁtgeeréﬁﬁ% g%gqsm_a ?31 @WOTN% %bﬁ%%fgﬂ and 18B, in

some embodimersemerrentietinersetitie 2r0dnsEhingslahiedsis petierthd (RexPRAEHPEBN 120 lies in
plane P2 432. Blane BI#3k apsuplana 24 seheasnhe dietinrdihy dhakrkgspestvenaormal lines, for

example n for plape B3, 431306, 12 (1 lae B2 432, G les e difebagrton 110 can be

represented as nla e proximal portion can be represented as n2, in some embodiments, the

distal portion 1 B0BeRIMRERIHE F6IEBHN RP b S HAVGAN ISR EIF RENERE APREAT other between
about -90 and ma0toFsLl BTmbhustrates severdirexaipes ofeeptititd yoldtionippdrativeen the

proximal portion S L] e B e e I 15 SALUIOB 01
proximal portion and distal portion, re not limited to the mples in . :
NON-PROVlSlBW&U?ﬁﬁUﬁFﬁ‘&?‘, RSB ’83?'3?5%?‘?1”89&% %%?rr%ﬁ't@%ﬁé"rﬁg%ﬂ@found the
inflection point re®iseeyeadinentsithy Benansiichethat the distatieprtioputEe ek pe #4ee8haped 405 RBS,
a seed-shaped 4Q0:RBamaxHetrashed through the fixed shape cannula 100 (e.g., from the proximal
portion 120 to the distal portion 110). [00164] In some embodiments, the inflection point 130 of the
fixed shape cannula 100 extends into a segment of straight fixed shape cannula between the distal
portion 110 and%He ProKiHEEFpEHfh i"@o@efmsﬂéFﬁée@Hﬁ'Bo%%é’ﬁ@?tﬁ@ PSS i HeEEN about 0 to 2

mm. In some ermaadinenisrihgsadgemett e betviaethabeasuPetbfomtne kip S6fhe émisiaidnents, the
segment is betwaan-AbAE DR TRuBic R9F0e Mbadimedtsatie: SHumeatie besweemabout 7 to 10
mm. In some embodime,nts1 the u%%r?_en iS more thag E}BSUt %Qq%rqﬁ;qg%fég]gm% %S;%ent invention
also features a fIREHRIEPE CRHUIE 15EIAIRRE fRER“Shape Somprising & distal portion 110, a proximal
portion 120, ande&rofriftectitiefummt 1B3cetnmieltithp thendisthifsofirtd PITBENHthéSprdNfhal portion 130,

wherein the disialspotiaarid @apedenareximainerion d20:bas a shape wbasnarcifeened from a

connection between a first point ang a_s ont.| a0 sllinseid 480, the,glipsoid 450

having an x-axi"é’?,ee%ﬂ§}/(-?gl?|§¥’a\flv*(lg1 Bei'f-{é)?is? rs%%ﬂﬁ]% %ﬁgﬁggg%g% can Ie defiéfgd%}/ the equation below:
the Tenon's capsule and portion of the eye which is interposed between the Tenon's

capsule eniry point and the target (e.g., macula) area.

[60138] In some embodiments, the distal portion 110 of the fixed shape cannula 100
has a radius of curvature 180 between about 9 to 18 mm. In some emboediments,
the radius of curvature 180 of the distal portion 110 is between about & mm to about
10 mm. In some embodiments, the radius of curvature 180 of the distal portion 110
is between about 10 mm to about 11 mm. in some embodimenis, the radius of
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X2 +z2 b2 [00166] In some embodiments, the distal portion 110 has the shape of an arc derived from
the eliipsoid 4%9 hglvipg)the x-axis dimension "a," the y-axis dimension "b," and the z-axis dimension
. 2009/089288 " " Heon s PCT/US 009/({3 343

c.” In some embodimen S, "a" is between about 0 to 1 meter, "b" is between about 010 1 meter, and
"C is between ahoutd tn L{onetecFarexample, in some embodiments, "a" is between about 0 to 50
mm, "b" is betweenairaur,@@ad 50 mm, and "c" is between about 0 and 50mm. [00167] In some
embodiments, the ellipsoid 450 has a dimension "a", "b", and/or "c" between about 1 to 3 mm. In some
embodiments, the ellipsoid 450 has a dimension "a", b and/or "c" between about 3 to 5 mm. In some
embodiments, the. glipsqis SALUGE 0L NONRROVISIONAL JANHARY, L, 2009 450 has a dimension
a", "b", and/or "C" between about 5 to 8 mm. In'some embodiments, the ellipsoid 450 has a dimension
"a", "b", and/or " BSREIMHGU L [FABsRAURREELMBUHRBhES AR EIf FBfIS0 has a
dimension "a", 'dquandiem'e detweamabdusdistordaments, fwmedembirivients 18dexellipsoid 450

has a dimensiogealisifncARA %35 DAWERREHRPYS Hon® SBIDM4 RROME sRIodiments, the ellipsoid
or (% between ab(?tg%légt%g%% mm. In some embodiments, the

450 has a dimension "a", "b", and/
ellipsoid 450 ha@%ﬁlﬁgﬂgic}m' R a SHESP A Fetly MY D R IR embodiments,

the ellipsoid 4504ms o dfmensibrecas ybeditpotsthpetaisaatanBapbdedizimertion ¥éme
embodiments, theselinsRididRQ ARSI BoiagaRIDETS &I #RodepiicoureatirtbanRahedt 25 mm.

00168] | bodi lipsoi ' ' g "b".which both b
about 9 and 15000 o DA SR a S et s S T g e M S eioning

fixed shape canH3IECTOBH R PEAIFHBBBRICESEIN KBRS RTIREE) @ 1§ @RsrBRYSpherical. In some

embodiments, the ellipsoid 450 has a dimension "a" between about 11 mm and 17 mm, for example

about 14 mm, aggh &0IMERSINNKLNRIMECAARAUF LR ARAHES M (RLLXRaRIR 3BgUL 12.1 mm. This
ellipsoid 450 m%ébbe apProprlate for esl%rﬁlﬁ%a fixed shape canpnula 100 for a myopic eye, wherein

d

the axial lengthSEPEBGHRY S M) 19 NEJAR DAERR e ERiBota %30 AR LTI nsion "a” between
about? to 13 maysfotvdkeuhplehl fniimihthg arelianéimsinich tchanwirenrpborethanisd i, for example 12
mm. E;)rgsggll]ipsﬁgﬂé}lég ﬁ%yiQlﬁﬁg@ﬁﬁj&%f@ﬂ@afl)@awtg¥%§é@?§6ﬁt?}ﬁh¢0ﬁ%@al Iengtc? is alzjofUt 20 o
mm. [00169] In some odiments, the. proximal portion 1 as,the sha an arc derived from the
elipsoid 450 heTAEY SALa e B L e R N O ension - I
some embodim@Ranieaeayehrsarsatiort enee ielte seeadBbibverrsaldatts [84eiater, and " is
between about § fie: bureteridtesoihe etkibndis) eeterit ivbatteensablauti®adahionthe, "e" is between

about 0 and 50 am-andhis hefween abon D 2k S8 dAIVOLIsP RS embpsimenss, the ellipsoid

450 has a dimension "d", "e", and/or 1" between about 1 to 3 mm. In some embodiments, the ellipsoid
450 has a dim M%W%ﬁs ramain fixed in the correct position with minimal effort during the

application of the radiation dose. This enables improved geomeiric accuracy of dose
delivery and improved dosing.

{ﬂﬁzéi}} In some embodiments, the radius of curvature 180 of the distal portion 110 is
constant. For example, the radius of curvature 180 in the distal poriion 110 may be a
constant 12 mm. In some embodiments, the radius of curvature 180 of the distal
portion 110 is variable. For example, the radius of curvature 180 in the distal portion
110 may be larger at the distal region 112 and smaller at the middle region 113.

[08141] Without wishing to fimit the present invention to any theory or mechanism, it

is believed that different and variable radii of curvature may provide for easier and

more accurate positioning in special cases, such as that of a myopic eye in which

the anteroposterior diameter is greater than the vertical diameter. In this case, it

may be advantageous o use a fixed shape cannuia 100 having a distai portion 110
026



SALU08.01 NON-PROVISIO A JANUARY 7, 2009 "d", "e", and/or "?' between about 3 to 5 mm. In
some embodlments the e||IpSOId 450 has a dimension "d", "e", and/or I' between about 5to 8 mm. In
some embodlmenzt e ezfllpsmd 450 has a dimension "d", "e", and/or ' i BREe aBGut 8 to 10 mm.
In some embodgm%g{)m@(ﬁ}lwsl}ggms a dimension "d", "e", and/or "f" between about 10 to 12
mm. In some empadimreniapthe ellipsoid 450 has a dimension "d", "e", and/or 't' between about 12 to
15 mm. In some embodiments, the ellipsoid 450 has a dimension "d", "e", and/or "f between about 15
to 18 mm. In some embodiments, the ellipsoid 450 has a dimension "d", "e", and/or "f" between about
18 to 20 mm. In some emb oLments he eI| sou? f% dlme Si rlagor "f* between
2ot 20 to 25 W0, CERD GRRBBARAERE HE e Ba ) 250 ARESHETNCIRBR AP incior 1
between about SIBTEr 3BT PRt %ﬂﬂﬂb@hﬁ@ﬁftéeﬁ!@ difipRsiccaBperRe @ dimettisncfd”, "e”, and/or
"f* between abahagLie R Ahaidesege enhosiments itthayetipanishthldirsaudimenaion "d", "e"

andlor * betwSSgLA%aUL 1R 5GAVA, 2 Same BBRAmNIA, e Sl 480 Eag%ggmenswn o

', and/or "f* greater than about 50 m [00171] The ellipsoid 450 may be as eréin "a" is

equal to "b", antrrRtyEEctRarRS wPecticaliige 248 " %eééaqjé‘f?eoélﬁb’é’é ey ﬂ"?rlamal ellipsoid)
wherein "a" is riitelqagibto2'aélebispacdigubd tadict, cdirdVatlis indbe quadieaéglbr{003.72] In some
embodiments, the ellipsoid 450 is an oblate ellipsoid wherein "a" is equal to "b", and both "a" and "b"
are greater than bOdI e ellipsoid 4 at II| 0|d wherein "a" is equal
to "b", and bothm'%l‘e’%}r?g1 H%’é?ﬁ?a a@d%%ﬁ?%mﬁigome er%% g‘k gﬁ S 5% about equal to "b"
(e.g., for an emmr@)@%yéqh reveaTeimsbbematents tandouet elgogied T2 ?’ét@e for an emmetropic
eye). In some eg¥pedivacniscaliris abaibaguat thownh HBGME embediedtsirkinis et equal to "c". In

some embOd'”lﬁQé?ui%%&eF‘Pﬂ“#ﬁHé’%ﬁ ;Férdé‘sss%%neépﬁ%%@l%'ﬁém'&"ﬁd"@ SSAEN{O "¢. In some

embodiments IS about equal t some embodiments IS not equa to "e". In some

embodiments, & g,st%@aid@@g]etgqu W@%WB&QM@?\%W@“‘% FoeR aertion- ™ some
embodiments, ‘iris atioutiegua)l tee'hrier seametembbdithe mstitd dososetjioabidhe@B8alISALU0S.01

NON-PROVISIING) INLARKS (2908 J90LEA) Famslmansions ol ihaag o may vary. Table

1 lists several comblnago s of dlmensLogs The Ejhlmen&gns of B a? "," and."c" are not limited to those
listed in Table Fro5S S€¢ ior% In some embodiments, the outer diameter 172 o ve ical cross

section of the distal portion 110 is constant (e.g., the outside of the fixed shape

cannuiz 100 has a circular cross secfion). in some embodiments, the outer diameter
172 of the vertical cross section of the distal portion 110 is variable (e.g., the cutside
of the fixed shape cannula 100 has an oval cross section).

160143} In some embodiments, the fixed shape cannula 100 has an outer' Cross
sectional shape that is generally circular. in some embodiments, the fixad shape
cannula 100 has an outer cross sectional shape that is generally round, In some
embadiments, the fixed shape cannula 100 has an outer cross sectional shape that
is oval, rectangular, egg-shaped, or trapezoidal,

[60144] in some embodiments, the fixed shape cannula 100 has an internal cross
sectional shape that is configured to allow a RBS fo be passed through.

[66145] In some embodiments, the fixed shape cannuia 100 has an internal cross
sactional shape that is generally circular. in some embodiments, the fixed shape
cannula 100 has an outer cross sectional ghape that is generally round. in some
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embodiments, the fixed shape cannula 100 has an inner cross sectional shape that
is oval, rectangular, egg-shaped, or frapezoidal.

[00146] In some embodiments, the average outer diameter 172 of the vertical cross
section of the distal porfion 110 s betwean about 0.1mm and 0.4mm. In some
embodiments, the average outer diameter 172 of the distal portion 110 is between
about 0.4mm and 1.0mm. In some embodiments, the average cuter diameter 172 of
the distal portion 110 is about 0.9mm. in some embodiments, the average outer
diameter 172 of the distal portion 110 is between about 1.0mm and 2.0mm. in some
embodiments, the average outer diameter 172 of the distal portion 110 is between
about 2.0mm and 5.0mm. in some embodiments, the average outer diameter 172 of
the distal portion 110 is betweeri about 5.0mm and 10.0mm.

[09147] In some embodiments, the average inner diameter 171 of the vertical cross
éection of the distal portion 110 is between about 0.1mm and 0.4mm. In some
embodiments, the average inner diameter 171 of the distal portion 110 is between
about 0.4mm and 1.0mm. in some embodiments, the average inner diameter 171 of
the distal portion 110 is about 0.9mm. In some embodiments, the average inner
diameter 171 of the distal portion 110 is between about 1.0mm and 2.0mm. Insome
embodiments, the average inner diameter 171 of the distal portion 110 is between
about 2.0mm and 5.0mm. In some embodiments, the average inner diameter 171 of
the distal portion 110 is between about 5.0mm and 10.0mm.,

[00148] in some embodiments, the average outer diameter 172 of the vertical cross
section of the distal portion 110 is about 0.4 mm and the average inner diameter 171
of the vertical cross section of the distal portion 110 is about 0.1 mm (e.g., the wall
thickness is about 0.15 mm). In some embodiments, the average outer diameter
172 of the vertical cross section of the distal portion 110 is about 0.7 mm and the
average inner diameter 171 of the vertical cross section of the distal portion 110 is
about 0.4 mm (e.g., the wall thickness is about 0.18 mm). In some embodiments,
the average outer diameter 172 of the distal portion 110 is about 0.9 mm and the
average inner diameter 171 of the distal portion 110 is about 0.6 mm (e.g., the wall
thickness is about (.15 mm). In some embodiments, the average outer diameter
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172 of the distal portion 110 is about 1.3 mm and the average inner diameter 171 of
the distal portion is about 0.8 mm (e.g., the wall thickness is about 0.25 mm). In
some embodiments, the average outer diameter 172 of the distal portion 110 s
about 1.7 mm and the average inner diameter 171 of the distal portion 110 is about
1.2 mm (e.g., the wall thickness is about 0.25 mm}. in some embodiments, the
average outer diameter 172 of the distal portion 110 is about 1.8 mm and the
average inner diameter 171 of the distal portion 110 is about 1.4 mm (e.g., the wall
thickness is about 0.20 mm). In some embodiments, the average outer diameter
172 of the distal portion 110 is about 2..1 mm and the average inner diameter 171 of
the distal portion is about 1.6 mm (e.g., the wall thickness is about 0.25 n’i’m).

[00149] In some embodiments, the diameter of the distal partion 110 is between a 12

gauge and 22 gauge wire neadle size.

[06150] In some embodiments, the thickness of the distal portion wall (e.g., as
measured between the inner diameter 171 of the distal portion 110 and the outer
diameter 172 of the distal portion 110) is between about 0.01 mm to abeut 0.1 mm.
In some embodiments, the thickness of the distal portion wall (e.g., as measured
between the inner diameter 171 of the distal portion 110 and the outer diameter 172
of the distal portion 110) is between about 0.1 mm to about 0.3 mm. In some
embodiments, the thickness of the distal portion wall is between about 0.3 mm {o
about 1.0 mm. In some embodiments, the thickness of the distal portion wall is
between about 1.0mm to about 5.0 mm. in some embodiments, the thickness of the
distal portion wall is constant along the length of the distal portion 110. As shown in
FIG. 168, in some embodiments, the thickness of the distai portion wall is constant
about the inner diameter 171 and outer diameter 172. In some embodiments, the
thickness of the distal portion wali varies throughout the distal portion 110, for
example along the length of the distal portion 110. As shown in FIG. 16C and 16D,
in some embodiments, the thickness of the distal portion wall varies about the inner

diameter 171 and outer diameter 172.

Proximai Portion Dimensions Of The Fixed shape cannula
[B0151] The proximal portion 120 of the fixed shape cannula 100 may aisc be
029
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designed in a number of ways. in some embodiments, the proximal porion 120 of
the fixed shape cannula 100 has an arc length 195 between about 10 to 75 mm.

[80152] The arc length 195 of the proximal portion 120 (e.g., length of the arc of the -
proximal portion 120) may be of various lengths. In some embodiments, the arc
length 195 of the proximal portion 120 may be between about 10 mm to about 15
mm. |n some embodiments, the arc length 185 of the proximal portion 120 may be
between about 15 mm to about 18 mm. In some embodiments, the arc length 185 of
the proximal portion 120 may be between about 18mm {0 about 26mm. In some
embodiments, the arc length 185 of the proximal portion 120 may be between about
25mm to about 50mm. In some embodiments, the arc length 185 of the proximat
portion 120 may be between about 50mm to about 75mm.

[00153] As used herein, the term “arc length” 185 of the proximal porfion 120 of the
fixed shape cannula 100 refers to the arc length measurad from the inflection point
130 to the opposite end of the proximal portion 120. The term “radius of curvature®
180 of the proximal portion 120 of the fixed shape cannula 100 refers {o the length of
the radius 192 of the circle/oval 191 defined by the curve of the proﬁdmai portion 120
{see FIG. 19B).

[06154] In seme embodiments, the proximal partion 120 of the fixed shape cannula
100 has a radius of curvature 180 between about an inner radius 173 of tha-proximai
portion 120 of the fixed shape cannula 100, for example between 0.1 mm to 1 meter.
In some embodiments, the radius of curvature 190 of the proximal portion 120 is
constant. in some embodiments, the radius of curvature 190 of the preximal portion

120 is variable.

[00155] The distal portion 110 and the proximal portion 120 of the fixed shape
cannula 100 each have an inner diameter 171 and outer diameter 172 of the
respective vertical cross sections. As shown in FIG. 16, in some embodiments, the
inner diameter 171 of the vertical cross section of the proximal portion 120 is
constant (e.g., the inside of the fixed shape cannula 100 has a circular cross
sectién). in some embodiments, the inner diameter 171 of the vertical cross section
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of the proxima! portion 120 is variable (e.g., the inside of the fixed shape cannula
100 has an aval cross section), In some embodiments, the outer diameter 172 of
vertical cross section of the proximal portion 120 is constant (e.g., the outside of the
fixed shape cannula 100 has & circular cross section). in some embodiments, the
outer diameter 172 of the vertical cross section of the proximal portion 120 is
variable (e.g., the outside of the fixed shape cannula 100 has an oval cross section).

[60156] In some embodiments, the fixed shape cannula 100 has an outer cross
sectional shaps thét_ is generally round. In some embodiments, the fixed shape
cannula 100 has an outer cross sectional shape that is oval, rectangular, egg-

shaped, or frapezoidal.

{00157} In some embodiments, the fixed shape cannula 100 has an intemal cross
sectional shape that is configured to aliow a RBS fo be passed through.

[00158] In some embodiments, the fixed shape cannula 100 has an internal cross
sectional shape that is generally round. In some emboediments, the fixed shape
cannula 100 has an inner cross sectional shape that is oval, rectangular, egg-

shaped, or trapezoidal.

[60159] As shown in FIG. 17, line 4 420 represents the line tangent to the globe of
the eye at the inflection point 130 and/or limbus. Line & 420 and ling & {the straight
portion of the fixed shape cannula 100 or a line parallel to the straight portion of the
fixed shape cannula 100) form angle 8, 425 (see FIG. 17). The fixed shape cannula
100 may be constructed in many ways, therefore angle 6, 425 may have various
values. In some embodimenis, the angle 6, 425 is between greater than about 0 to
180 degrees. In some embodiments, if the fixed shape cannula 100 bends through a

iarger angle, the value of angle 81 425 is greater.

[0016@] In some embodiments, angle 64 425 is between about 1 to 10 degrees. In
some embodiments, angle 85 425 is between about 10 to 20 degrees. In some

“embodiments, angle 8, 425 is between about 20 fo 30 degrees. In some
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embodiments, angle 8, 425 is between about 30 o 40 degrees. In some
embodiments, angle 64 425 is between about 40 to 50 degrees. in some
embodiments, angle 61 425 is between about 50 to 80 degrees. in some
embodimenis, angle 8, 425 is between about 80 fo 70 degrees. In some
embodiments, angle 84 425 is between about 70 to 80 degrees. In some

embodiments, angle 8; 425 is between about B0 fo 80 degrees.

[60161] in some embodiments, angie 04 425 is between about 90 to 100 degrees. In
some embodiments, angle 8, 425 is between about 100 to-110 degrees. In some
embeodiments, angle 04 425 is between about 110 to 120 degrees. In some
embodiments, angle 8; 425 is between about 120 to 130 degrees. In some
embodiments, angle 8, 425 is between aboui 140 to 150 degrees. in some
embodiments, angle 81 425 is between about 150 to 160 degrees. In some
ambodiments, angfixe 8: 425 is between about 160 to 170 degrees. In some
embodiments, angle 8¢ 425 is between about 170 to 180 degrees.

[60162] As shown in FIG. 1, FIG. 3, and FIG. 5, in some embodiments, the distal
portion 110 and the proximal portion 120 lie in the same plane. In some
embodiments, the proximal portion 120 is off at an angle from the distal portion 110,
for example the proximal portion 120 is rotated or twisted with respect to the distal
porticn 110 such that the distal portion 110 and the proximal portion 120 fie in
different planes. As shown in FIG. 18A and 18B, in some embodimentis, the distal
portion 110 lies in plane Py 431 and the proximal portion 120 fies in plang Py 432.
Plane Py 431 and plane P; 432 can be defined by their respective normal lines, for
example ny for plane Py 431 and n; for plane P, 432, Given that the distal portion
110 can be represented as n. and the proximal portion 120 can be represented as
ns, in some embodiments, the distal portion 110 and proximal portion 120 can be
rotated/twisted with respect to each other betwsen about -80° and + 80°. FIG. 18C
fustrates several examplas of spatial relationships between the proximal portion 120
P; 432 and distal portion 110 Py 431, The spatial relationships between the proximal
portion 120 and distal portion 110 are not iimited to the examples in FIG. 18.
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[66163] In some embodiments, the region around the inflection point 130 is a gently
curving bend such that a radiation source {e.g., a disk-shaped 405 RBS, a seed-
shaped 400 RBS) may be pushed through the fixed shape cannuia 100 (e.g., from
the proximal portion 120 to the distal portion 110).

[66164] In some embodiments, the inflection point 130 of the fixed shape cannula
100 extends into a segment of straight fixed shape cannula between the distal
portion 110 and the proxim_ai portion 120. In some embodiments, the segment is
between about 0 to 2 mm. .In some embadiments, the segment is between about 2
to 5 mm. In some embodiments, the segment is between about 5to 7 mm. In some
embodiments, the segment is between about 7 to 10 mm. In some embodiments,
the segmenti is more than about 10 mm.

[60165] The present invention also features a fixed shape cannuia 100 with a fixed
shape comprising & distal portion 110, a proximal poriion 120, and an inflection point
130 connecting the distal portion 110 and the proximal portion 130, wherein the
distal portion 110 and/or proximal portion 120 has a shape of an arc formed from a
connaction between a first point and a second point located on an ellipsoid 450, the
ellipsoid 45C having an x-axis, & y-axis, and a z-axis (see FIG. 15). Elipsoids can be
defined by the eguation below:

[66166] In some embodiments, the distal portion 110 has the shape of an arc
derived from the eliipsoid 450 having the x-axis dimension "a,” the y-axis dimension
“h,” and the z-axis dimension “c.” In some embodiments, “a” is between about 0 to 1
meter, “b” is between about 0 to 1 meter, and “¢” is between about 0 to 1 meter. For
exampile, in some embodiments, “a” is between about 0 to 50 mm, “b” is between
about 0 and 50 mm, and “¢” is between about 0 and 50mm.

[00167] In some embodiments, the ellipsoid 450 has a dimension “a”, "b”, and/or “¢”
between about 1 fo 3 mm. In some embodiments, the ellipsoid 450 has a dimension
“a®, "b”, and/or “¢” between about 3 to 5 mm. In some embodiments, the ellipsoid
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450 has a dimension “g", "b”, and/or “¢” between about 5 {o 8 mm. In some
embodiments, the ellipsoid 450 has a dimension "a", "b", and/or "¢ between about 8
to 10 mm. in some embodiments, the ellipsoid 450 has a dimension "a°, “b”, and/or
“c” between about 10 to 12 mm. In some embodiments, the ellipsoid 450 has a
dimension “a°, “b", and/or "¢” between about 12 to 15 mm. In some embaodiments,
the ellipsoid 450 has a dimension “&”, "b”, andfor “¢” between about 15 to 18 mm. In
some embodiments, the ellipsoid 450 has a dimension “a”, “b”, and/or "c” between
about 18 to 20 mm. In some embodiments, the ellipsoid 450 has a dimension “a",
*h", andfor “¢c” between about 20 to 25 mm. In some embodiments, the ellipsoid 450

has a dimension “&", *b", and/or ‘e’ greater than about 25 mm.

[00168] in some embodiments, the ellipsoid 450 has dimensions "a” and *b” which
are both between about ¢ and 15 mm, for example about 12.1 mm. This ellipsoid
450 .may be appropriate for designing a fixed shape cannula 100 for an emmetropic
eye, wherein the eye is generally spherical. In some embodiments, the eliipsoid 450
has a dimension “a” betwaen about 11 mm and 17 mm, for example about 14 mm,
and a dimension “b” between about @ mm and 15 mm, for example about 12.1 mm.
This ellipsoid 450 méy be appropriate for designing a fixed shape cannuia 100 for a
myopic eye, wherein the axial Fength is aboutlzs mm. in some embodiments, the
ellipsoid 450 has a dimension “2" between about 7 to 13 mm, for example 10 mm,
and a dimension “b” between about 9 to 15 mm, for example 12 mm. This ellipsoid
450 may be appropriate for a hyperopic eye, wherein the axial length is about 20
“mm.

[66169] In some embodiments, the proximal portion 120 has the shape of an arc
derived from the ellipsoid 450 having the x-axis dimension “d," the y-axis dimension
“g," and the z-axis dimension “f." In some embodiments, ‘d" is between about 0 to 1
meter, “e” is between about 0 to 1 meter, and *f" is between about 0 to 1 meter. In
some embodiments, “d” is between about 0 to 50 mm, "&" is between about 0 and 50
mm, and “F is between about 0 and 50mm.

[06170] in some embodiments, the ellipsoid 450 has a dimension “d”, “e”, and/or *f'
batween about 1 fo 3 mm. In some embodiments, the ellipscid 450 has a dimension
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d "e” andfor ‘f" between about 3 to 5 mm. In some embodiments, the ellipsoid 450
has z dimension “d”, "e”, andfar “T" between about 5 to 8 mm. in some embodiments,
the ellipsoid 450 has a dimension “d”, “e", and/or " between about 8 to 10 mm. In
some embodiments, the ellipsoid 450 has a dimension "d”, "e”, and/or “f" between
about 10 to 12 mm. In some embodiments, the eliipsoid 450 has a dimension “d”,
“a" andfor “f’ between about 12 to 15 mm. In some embodiments, the ellipsoid 450
has a dimension “d”, *e”, and/or "I betwesn about 15 to 18 mm. In some
embadiments, the elfipsoid 450 has a dimension “d", “e”, and/or “f" between about 18
to 20 -mm. In some embediments, the ellipsoid 450 has a dimension “d”, "¢, and/or
“ hetwaen about 20 to 25 mm. In some embodiments, the ellipsoid 450 has a
dimension d”, “e”, and/or “F’ between about 25 to 30 mm. In some embodiments, the
ellipscid 450 has a dimension “d", “e”, and/or ‘T between about 30 to 40 mm:. In
some embodiments, the ellipsoid 450 has a dimension “d’, “e”, and/or 'f" between
about 40 {o 50 mm. In some embodiments, the ellipsoid 450 has a dimension “d”,
“e", andfor ‘" greater than about 50 mm. '

[06171] The ellipsoid 450 may be a sphere, wherein “a" is equal to "b", and *b" is
equal to “c”. The ellipsoid 450 may be a scalene eliipsoid (e.g., triaxial ellipsoid)
wherein “a” is not equal to “b", “b” is not equal to “¢”, and “a” is not equal fo °c”.

[60172] in some erhbodiments, the eliipsoid 450 is an oblate ellipsoid wherein “a” is
equal to “b”, and both “a” and “b” are greater than “¢”, In some embodiments, the
ellipsoid 450 is a prolate ellipsoid wherein “a” is equal to "b”, and both "&” and "b” are

less than “c”.

[06173] In some embodiments, “a” is about equal to “b" (e.g., for an emmetropic
eye). in some embodiments, “2" is not equal to *b’ (e.¢., for an emmetropic eye). In
some embodiments, “b” is about equal to “¢”. In some embodiments, *b” is not equal
o “c’. In some embodiments, “a" is about equal to “¢”. In some embodimentis, “a” is
not equal to “¢”. In some embodiments, “d” is about equal to "¢”. In some
embodiments, “d” is not equal to "e”. In some embodiments, “¢” is about equal to *{".
in some embodiments, ‘¢" is not ecual to “f". In some embodiments, “d” is about
equal to “F. in some embodiments, “d” is not equal to "f".
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[00175] The dimensions of "d," "e," and "ft may vary. Table 2 lists several combinations of dimensions.
The dimensions of "d." "e," and "f" are not limited to those listed in Table 2. TABLE 2 (dimensions in
mm +/- 1 mm)‘féb%ﬁ'%‘is?ﬁégome embodiments, the ellipsoid 450 is egg-sﬁ%ﬂgazﬂ}gQWéﬁation thereof,
[00177] The preggnidpyerinn msrfeaiykes a hollow fixed shape cannula 100 with a fixed shape
comprising a digtatpertion 460 for placement around a portion of a globe of an eye, wherein the distal
portion 110 has a radius of curvature 180 between about 9 to 15 mm and an arc length 185 between
about 25 to 35 mm, The fixed shape cannula 100 comprises a proximal portion 120 having a radius of
curvature 190 between about an inner cross-sectional radius 173 of the fixed shape cannula 100 (e.g.,
proximal portion 120 of fixed shape cannula 100) and about 1 meter and an inflection point 130, which
is where the didfénpéiriion direrainnsné BroRinfiid6riiedy Y20 coRpat KRisF&EH other. In some
embodiments, eagRiEHsE @RohtREs, ThOSheBAhL 081 NONIPRAY KaiONAd SANUARY 7, 2009
200, distal reglﬁni%%ﬁgtgg m% r?at"i‘.l portion 110 is positioned within the vicinity of the target, the

proximal portio

IS curved away from the visual axis 220 as to allow a user (e,g., physician) to

have direct visual access in the eye. [00178] In some embodiments, the present invention features a
new cannula, sEisBEENM ¢dinraraicasriprisimg!-(Bnendlistal segment for placement around a portion of a
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SALU013.01 NON-PROVISIONAL JANUARY 7, 2009 and/or tip 200 and/or RBS. In some
embodiments, the locator 160 is disposed on the cannula 100 such that it will align with the limbus
when the canﬁmaz'%/ﬁ HETH place (see for example FIG. 5, FIG. 6B). In Somé Bififents, the
inflection point 4 30/ ipcatashanpeaniulantQ0 may serve as a locator 160. For example, the user can
position the inflectionpemtddo at the limbus as an indication that the tip 200 of the cannula 100 is
approximately at the sclera 235 region that corresponds with the target, e.g., the macula. MATERIALS
OF CANNULA [001801 In some embodiments, the cannula 100 is constructed from a material
comprising stainless.-steel, 4 Id, nlamumwgﬁamum—m%ukg, or a combination thereof. In some
embodiments, the distal por ibn 110 and/or the proximal portion 120 are constructed from a material
comprising surgical stainle$sisteel. In sonié embodiment¥; the distal portion 110 and/or the proximal
portion 120 areconstructeg;froma materigi comprising offrer conventional materials such as Teflon,
other metals, metal alloys, polyethylene, polypropylene, ather conventional plastics, or combinations of
the foregoing may also be used. For example, the distal portion 110 may be constructed from a
material comprisiigsa PlastiveAscanotiis) &xampld, apartrgf (MepRdbthesdistdl portion 110 may be
constructed froaerﬁbmﬂ@ﬁ'@wm&%ﬂg arplagiienand:ibe-gemaindgretibadisiakagstion 110 and the
proximal portlo 120 %y ?E)Z tructed from a material comprising a metal. Without wishing to limit
the present inv 'Hf ory or mechanism, it is believed that the plastic has sufficient softness
and/or flexibility to minimize the possibility of penetration of the sclera 235 or the Tenon's capsule 230
when the cannmhﬁl_@zgdms@{ge@hmtﬁm eye mmyescribed herein. In addition, the length of the plastic

portion of the gh ve-speehghe-plaegc are.preferably selected so that distal
portion 110 maintains its radi s of cirvaturej 160 when the fannula 100 is inserted into the eye.

HANDLE, EXTRUDING/AR/ANCING MECHANISM, GUWDE WIRE [00181] In some embodiments, the
cannula 100 is-functionatty;gonnected-withzahandle-H46-(gee FIG. 1, FIG. 4, FIG. 5). The handle 140
may be connected to the proximal portion 120 of the cannula 100. In some embodiments, the cannula
100 is 039 2 2 il

2] 8 24

12 g 1000

12 24 1060

12 0 0

12 5 5

12 24 24

12 | 1000 1060

[00176] In some embodiments, the ellipsoid 450 is egg-shaped or a variation thereof.

[60177] The present invention also features & hollow fixed shape cannula 100 with 2
fixed shape comprising a distal portion 110 for placement around a portion of & globe |
of an eye, wherein the distal portion 110 has a radius of curvature 180 between

about 9 to 15 mm and an arc length 185 between about 25 to 35 mm. The fixed
shape cannula 100 comprises a proximal portion 120 having a radius of curvature

180 between about an inner cross-sectional radius 173 of the fixed shape cannula
100 (e.g., proximal portion 120 of fixed shape cannula 100) and about 1 meter and

an inflection point 130, which is where the distal portion 110 and the proximal portion

120 connect with each other. In some embodiments, once the distal end (e.g., tip
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SALUO08,01 NON-PROVISIONAL JANUARY 7, 2009 free of a proximal portion 120, and a handle 140
is attached to the distal portion 110 at around the location where the proximal portion 120 normally
connects to th‘g%izé’f’a%f(}ﬁ%%’fon 110 (e.g., the inflection point 130). Withoufﬁ%ﬁﬁé’%%f“ﬁﬁ the present
invention to any;iheprPNLGHaNSoitis believed that a handle 140 may provide the user with a
better grip on thexxaarwla 301 and allow for the user to more easily reach the posterior portion of the
eye. In some embodiments, the handle 140 is attached to the cannula 100 by a frictional fit and/or
conventional fastening means. In some embodiments, the handle 140 comprises a radiation shielding

material. In some_embodiment e .cannula 100 a andle 140 are preassempled as one piece. In
some embodirrr?ei sgﬂ???éFSQWHu??YBB?“aEn%ﬁ%Ra éafglg(grs g%%’gﬂ?&é’g’]g’}%ﬁ t\(’)'cliﬁis%r. tﬁ?{‘f’into the eye. In
some embodimiérae; thREaximaleratornalid Isaviied Ry fordse vipletexfeiZhae fmgoMe cannula 100

into posterior poasépp of the syarmceeedn githiepresenisinveatiaa. [00182] In some embodiments, the
proximal portion 120 and/or handle 140 comprise one or more mechanisms for advancing the RBS
(e.g., disk 405, seed-shaped RBS 400). Examples. of such mechanisms include a slide mechanism, a

dial mechanism{0% TRUBPAIEERedins it R etPERal ByentionirrirEs s e HEMY 2 1Gi/hy-Burst type
fitting, the like, oevaceomikratigmisingr da)f { siste RG] 00 LBBEmesbansadribpuliivents, the cannula 100
further comprisgis BPAWIE RHRERHAOGLERR SHEnPadNOBdIRIina RAAPIRERER SiRsnwire plunger
800 include a s&ldﬁglclr(ﬁ_ a piston, or atﬁq)aft. In sqm gmg%glm{%qﬁéhe&%é s|éem[_:l)lupger 800 is
constructed frof a Aaterfal c%nrr?f)?iﬁn a Sf‘g’gﬁ[‘;, A metal a Wiy, he ﬂke, O & comibination thereof. In
some embodinT#iiag thedBSisusyasie bawenn asdtetiaors ¢ RRYPrlienah Ak 0Beitth the non-wire

plunger 800. InrsanBgnalRbesiNaBsis: thetaand/ (ks MumgeisOfbis alnitia i viRerothe esrbodiments, the
non-wire plunger 800 js not air tight. In some, e I t I rther.comprises a
spring. [00184]ﬁ?$?gr'1r§g %é:n&%% ﬂor%iaréﬁ!s%?ﬁrg%%sn%ﬁgg W@o%%%ﬁ%@%%%lﬁgﬁ%ﬁ% Oegnd/or a non-wire

plunger 800 wHIEHVAEAGIHH fo taBTRTH e HifcoiRprf hsBYASIdRIBIRRIBARSIB &G e wire 350 and the
non-wire plunggrgibaygseidhstiutadday: gratbendBbafb WRAL NN RN AR JANUARY 7,
2009 some embodiments, the proximal end of the distal segment of said new cannula is |
tapered such the circumference of the proximal end is larger than the circumference
of the dista! end of the distal segment. In some embodiments, the distal ssgment of
said new cannula has an arc length which is at least /4 times the diameter of the
-.giobe of the eye under treatment. In some embodiments, the distal segment of said
‘new cannula has sufficient arc length to penetrate the Tenon's capsule of the eye
being treated and to extend around the outer diameter of said eye such that the
distal end of the disté! segment is positionad in the proximity of, and behind, the
macula. in some embodiments, there is a means of advancing a RBS which is
disposed within said new cannula and wherein said new cannula is for delivering the
RBS to the back of the eye, said RBE having a rotationally symmetrical exposure
surface cababie of more than 1% of the total source radiation energy fiux beyond a

distance of 1cm from the exposure surface.

LOCATOR ON THE CANNULA

[06179] In some embodiments, the cannula 100 comprises a locator 160. In some
embodiments, a locator 160 is a physical mark (e.g., a visible mark and/or a physical
profrusion) disposed on the cannula 100. in some embodiments, the locator 160 is
for aligning the cannula 100 to facilitate the positioning of the distal portion 110
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mechanism which functions to advance the RBS. In some embodiments, the RBS may be advanced
and retracted b h}/dros(tatic pressure employing a fluid (e.g., a saline, an qil, or another type of fluid)
using a syringggrzé‘t%ﬁé?%sethod. In some embodiments, the RBS is advafited B atracted by a
pneumatic mechanisg (e naik BraSsYE) and retracted by a vacuum. [00185] In some embodiments,
the non-wire plyagen®80;angdbor the guide wire 350 comprise stainless steel. In some embodiments,
the non-wire plunger 800 and/or the guide wire 350 are braided. In some embodiments, the guide wire
350 comprises a material that is the same material used to encase the RBS (e.g., disk 405,

seed-shaped RBS 400) such a silver stainless steel, titanium tinum, the like, or a
combination th&RSEF f\iﬁé%ﬂ@ffﬁ{%%%mlgﬁg%% [ @Wffe‘égaéoE%Wpﬁ)r S68 %Sﬁ]oasfeedr%rl' that is the same -
material that théeadipiion HEsurichal Eydbrigninit. the Sors emoiimients!aH@RBI8 may be advanced
and retracted bygdifaotonianPRIFIEE Gt Tdak GAMN HALERNMSEE | msamesimatiments, the
cannula 100 compris ifi [ 1or.side w;ﬁg istal portion 110
(see FIG. 2). Th@eolﬁf%:?eeas%rg%@%%ﬁéﬁ%&%ﬁg %ng r%ﬂeﬁ{dﬁﬁefo Ffpgarsgg throug t%%gggﬁula 100 and
reach the targePofiisBine RSB PRIk SH @ﬁg’&@%@%ﬁ%ﬂ%‘&%&h{% B ISP Bdtof the distal
portion 110 or auretlier sbeasypfdkiedistehijoetioE IR regomi@Emivodipneddsyithéeistal portion 110
may have multi{y@&rigi_%iqéqgadgasome embodiments, the orifice 500 has a round shape (e.g.,
circular). The orifice 500 may also have alternate shapes such as a square, an oval, a rectangle, an
ellipse, or a triangle. In some embodiments, the orifice 500 has an area of about 0.01mm2 to about
0.1mm2. In sorMAERftibbRfeneAHESAice 500 has an area of about 0.1mm2 to about 1.0mmz2. In
some embodimgpiseitiveserficeridiastanraremeiiabosislcommiiia abeid ARABmm?2. [00187] In some
embodiments, the si f Ifi 00, II e,si f (8.0, disk 405,
seed-shaped R%? %r% 8%9@%%%% ’ 8%%%@%@“&@%%@ é%%ﬁ(sg c#::%i%rﬁ a§r||r(‘§’ [gans a diameter of about
0.1 millimeters 1188 & eRTBLEMABHRE TR S AR RSN HARRHRH DAIKIAR BRRAIARY 7, 2009 the
orifice 500 is circilarsastaidrasiaddiameterstzaileenpabiogs r@itamithimesergsehdradzowg 0.1 millimeters. In

some embodimept3Hhe-aLitice A9 iHrlrUAs sRddasadlamatsshaiwsen-akawRdapilimeters and
1.0 millimeters. In some embodiments, the orifice 500 is circular and %ﬁdﬁf.dlaﬁeter between about

1.0 millimeters E?I'B %Fﬁ%ﬁ?ﬁﬁh‘?&i‘é‘?g?‘ﬁ? g[)’?ﬁ@@?ﬁ%’&ﬁ’lﬁ%ﬁ%%ﬁg 8‘"&&:5 0 §¥&lar and has a
diameter betwedptzibdueis! elimitlipriveiayiang. Po\PiRisTs S e[0oTBg)ipnsbrestismbbdiments, the

orifice 500 is regiangisind BIIAEREFARQUIRE AL beilicabekifdsclengularpandisiabout 1.0mm by
2.5mm. In some_embaodiments, t i [ d, . by 2.5mm. In some
embodiments, {%hgyob:%fﬁ:og %%‘6%’ r%%i%&_ ae?%%cgrﬁf ﬁ%%%%tg?%r"’@g ﬁgr%%qwﬁ%gérﬁg! g'rﬁbodiments, the
orifice 500 is rebdgiRjhatiashtne SiseeriRmh! By eYsRa F LRt M BdBMTERts, the orifice 500 is
rectangular anctésnadisied © Bastie, and tBememdimdsrotendstd podinrs 1 tlezoditleeps®Oris! rectangular and is

about 0.5mm by 338 |R5HE ERRAT NS mﬁﬁﬂfi%mi?_?%gglﬂﬂ{h@&qﬂ%%m 0.25mm by
2.5mm. In some embodiments, the arifice 500 is rectangular .and.is %bput O.%\Sg@n by 2.0mm. In some
e I PRses, Tl s

embodiments, A& BHifEPESE 15 TEEARG HAPAME Y B 81 e me embodiments,
the orifice 500 iagisthngsidficiantiseitabeuerti2b el toonirmine denressiisdiments, the orifice 500 is
rectsngular ancbé‘%éamuh @f%@ryaelaé/&§mmhelmea@m§aﬁ@b@0ﬂmntﬁ@ @aﬁma@@fﬁhrectingular and
is about 0.25mm by 0.2 .100189] In.s0 iments, the, di e of the orifice 500 is
located betwee‘rqsa_ St %}ﬁ%m §h]3%.04%%§%n$%?ﬁ t 'g)qi%@ﬁgéﬁd)#?ﬁé_ é@aﬁ?gc%ﬁc%r% %’10. In some
embodiments, #fetiansehtsgeta portipird B agcebes e trerle HatlirearF 258818 mm and 1.0mm from
the tip 200 of theldistalspartodistdGoticsome marisiditte ridiuthef distatwd ébReotftitke orifice 500 is

located betweeg, ahout d-0mmanpd %,tgr@]@ef?gm the tip 200 of the distal portion 110. In some

embodiments, the distal edge 520 of the oritice 500 is located between about 2.0mm and 5.0mm from
the tip 200 of the distal portion 110. In some embodiments, the distal edge 520 of the orifice 500 is
located betweeHAHE St BINRCLUDYANCING MREHHNIOE, ¢F theEWiBEportion 110. In some

embodiments, {egistal eslee o8 Ritherorifiee RPAUS losatrdirisaery alaHdkOOmm and 20.0mm
from the tip 20Q, of the, distal PEIKOR L10. 4 k1o 5). The handle 140 may be connected to the
proximal portion 120 of the cannuia 100. in some embediments, the cannuia 100 is
03¢



SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 WINDOW ON THE CANNULA [00190] As used

herein, the term ' radlotransparent refers to a material that absorbs less than ab(g%t3 01%)31 or less than
about 10-2 of the Yadiatioh flux. For example, a window 510 comprising BGHasHS sparent material

includes a windgyy Sdshenoptsinygimatgrial that absorbs 10'5 of the radiation flux. [00191] In some
embodiments, thextamuta2t@d comprises a window 510. In some embodiments, the cannula 100
comprises an orifice 500 and a window 510, both generally disposed at the distal portion 110 of the
cannula 100 (see FIG. 2). In some embodiments, the window 510 of the cannula 100 comprises a

material that allrws ¥or more I’adI%tIOI’]i ‘,Erdansmsgl%ra}th?%qoth r @noré' eOfdts & ca% ulq&joo A window

7 proximal po da s a
510, for example, may comprise a lower enS|t material or comprlse a materl aving a lower atomic

number. In sonfé %’ﬁﬁ’ﬂédﬁ%@ﬁ%‘ofh‘éf\ﬁfﬁH&APWE{QWEB’M&@S@EW@@WW&@%%b cannula 100
but have a smatletiavall thickaedse | mGative: groihb dB0e ntdjitvenwiidovs 54 Oiraid ntrarisesent

radiotranspareq Haaia) o) SALER emhScimnto RSMIBARNLD RARIIAGS A1 sAAgaterial as he

cannula 100 and has the same wall thickness of the §$ %aja 100, In some embo r}gs the window

510 is the area'df &' fﬁhaﬁ%bgﬁaﬁﬂvaa%ara alg"@’rﬁ?ftg&? fﬁﬁﬁ@z’]"ﬁﬁes%?ﬁ embodiments,
the cannula 10Cagntpegwstariaimtoies 20 fuxgied oh sominrrbeditdents. iiedtdia)'dPtlse distal portion

110. The windca«a'éﬂa@dr&am@eaﬂaaﬁ toalove thetitadiatienderRassdhtens hadiencaymekas 00 and reach a
target tissue. I sope e %an ”t%nér&% ARdeyy %ﬁ@sﬁsﬁ% %8%%&@?&%‘%%‘3%%%% having a

thickness that is Iess%han ness o a cannula some em e window 510 is a
portion of the cﬁ?mﬁlﬁnlwfﬁﬁﬂfﬁgfﬁetmsm@a?@ é&ﬂﬁjﬁd?ﬂ@fﬁlﬁﬂ%@f’ﬁ%éﬁrﬂﬂa wall. In some

embodiments, Hhecavindswbldniscdipentnhef drercianolant0: hdiwingpathistsrassidtatits greater than
the thickness of g capmilawalle [99&9%5}&0%8&}99&%@%%;9%6' M %%Hdlel%@ay have

multiple windows 510. In some embodjments, the window 510 has a round sha %F% circular). The

window 510 m@ea%%%daﬂ%?ﬁﬂéeﬁ%@ si?é}?%l?, 4 L lTEPePOEE0RIPY R BN T

according to the present invention.

[00182] In some embodimenis, the proximal portion 120 and/or handle 140 comprise
one or more mechanisms for advancing the RBS (e.g., disk 405, seed-shaped RBS
400). Examples of such mechanisms include a slide mechanism, a dial mechanism,
a thumb ring 810, a graduated dial 820, a slider 830, a fitting, a Toughy-Burst type
fitting, the like, or & combination thereof (see FIG. 4).

[00183] In some embodiments, the cannula 100 further comprises a non-wire
plunger 800 (see FIG. 4). Non-limiting examples of a non-wire plunger 800 include a
solid stick, & piston, or a shaft. in some embodiments, the non-wire plunger 800 is
constructed from a material combﬁsmg a plastic, a metal a wood the bke, or a
combination thereof. In some embodiments, the RBS is extended from and
refracted intc the cannula 100 with the non-wire plunger B0O. in some
embodiments, the non-wire plunger 800 is air tighl. In some embodiments, the non-
wire plunger 800 is not air tight. In some embodiments, the cannula 100 further

comprises a spring.

[00184] In some embodiments, the cannula 100 comprises a guide wire 350 and/or a

nen-wire plunger 800 which function to advance the RBS. In some embodiments,

the guide wire 350 and the norn-wire plunger 800 are substituted by another
040



SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 or a triangle. In some embodiments, the window
510 has an area of about 0.01mm2 to about 0.1mm?2. In some embodiments, the window 510 has an
area of about 8/ TAM2 16 %hout 1.0mm2. In some embodiments, the Wlnﬁgwgsfﬂ)?{%{‘g%ﬁ area of about
1.0mm2 to aboyi AQ9mnmdNpeomeerabpdiments, the window 510 has an area of about 2.5 mm2. In
some embodimants Atire window 510 has an area of greater than 2.5 mm2, for example 50 mm2 or
100 mm2. [00194] In some embodiments, the window 510 is rectangular.In some embodiments, the
window 510 is rectangular and is about 1.0mm by 2.5mm._ In some embodiments, the window 510 is

rectangular and is about 0. by.2.5mm, In some di ments, the wi ctangular and
is about 0.5 by rﬂeﬁ% me n%%nr;}]’ne}%n%ntgnalmeantvsa e WIH%QQ @ereectegngﬂ]ar ar?tji %s%%%ut 0.5 by

1.5mm. In som@@hﬂﬁoﬁ?ﬁ?@ﬁﬁg e PR Qid‘@%&%@[ﬂﬁ%ﬁﬁ@%@ﬁt@@Hy(i Dnfn. In some
embodiments, gaénajinghos, SkGsintiestanguddiady isisd autydrigmor lyherSnathoth dJereerembodiments,
the window 51%5%%%9&'ﬁ{eaﬁgsﬁéamn%%ww&m o SRS REROLIBRNE e window 510

is rectangular and is about 0.25mm by 2.0mm. In some embodiments, the window 510 is rectangular
and is about 0. Wnrﬂ'%%f%%ﬁ%?”ﬁ@@ﬁ@%%%ﬁ%ﬁs the window 510 is rectangular and is about

0.25mm by 1.0mm. In some embodiments, the window 510 is rectangular and is about 0.25mm by
0.5mm. In Sommm@ﬁim@@tan{MWM@%mmeﬁWaann@@hﬁwg@.aémm By0.25mm. In
some embodiments,.the window 510 has an area o te than 2 50 mm2, or
100 mm2. [Ooﬁ%ﬁn so?ntaéneer%sbﬂalrggntss “the %ﬁ%eoéﬂ e?iS Wl{n gv?/HS S%m U%n%? 8%)(?mn zﬁe size of the
RBS (e.g., dlsléhﬁ)iguf@eaﬁ%ﬁ@d%gﬁ@@? In'BotRBL ABBERERS, the SYEHIYHR Witdow 510 is

larger than the sizetfehe RESidntisameientaodi matisaithesdindow54 GHs RHEiBtieal. adigkhas axis
dimensions of a@e%e%&gm'&ée%% 4l SQER %@m@é}taaﬁhsgylgggwt%ﬁ &Ylipfica) and has axis

dimensions between about 0.1 millimeters and 1.0 millimeters. In somé embodiments. the window 510

is elliptical andiad! K8 Q' AnfORABALOBIRERH aB RIS FRAARSESaribes HidRfIME Y SALU0S.01
NON-PROVISI@NasSaERY T2 C0D4carsshesehiasimbtsdistentsastisefistapesigé 520 of the

window 510 is jegatad:hebuasibahmimd) Hareanehd, bamkiamdhedinge0ef tedistabportion 110. In

some embodlments the distal edge 520 of the window 510 is located between about 0.5mm and
1.0mm from the Jff?i) 200 of the distal portion 110. In some embodiments, the distal edge 520 of the
window 510 is located between about 1.0mm and 2.0mm from the tip 200 of the distal portion 110. In
some embodimﬁﬁﬁ@dimmm@uof the window 510 is located between about 2.0mm and

>-0mm from ey g0 alesistalRationd Lohinsamte.embRdinaiss Dadistabards, 520 of the

window 510 is oca etween about 5.0mm and 10.0mm from the tip 200 of the distal portion 110. In

some embodinfrifeTRe ¥t Sa5ei8sY B e BARRIE10 18 R fdd et B8P 16.0mm and
20.0mm from theyipL69 efithvinglittalrpdetion 11 0aRADKAIH N SHIELEDINGIBO 1SN thesome
embodiments, %aanmgo%oemq@m%wmaommm aRsied gistad Rartion dk1Qeof the cannula
100 is construc né g rom a ggterla th LS arré furtpg]r 5418% ns‘qrofr(aqm éﬂ% Ignl%k?o&e 20,0 disk 405). In
some embodiniétits P Ra fﬁ(ﬁ) RA7or the rOX|maI fion 120 cBmprlses a mater‘lal that is
denser than théeafigtaldaton ht Sonw éﬁ’fﬁo’ﬁ#ﬁ@ﬁt@! ‘fﬁésh%léf’lﬂ%@?@ﬁ%#@ﬁ%l%‘brtlon 120
comprises a magaeal sbatrissthickenthanathe @annuiedd). |msomeemimdimantsssheshandle 140

andor the pfoxgn;ﬂkagré;%f% AR Gomnise.moredave sabmataual iandocranaul 40, 1001981 In

some embodiment ﬁ stal portion 110 IS constructed from A material that can further

shield the userSSAt GrMPRI SN Iror fitR SRB esrl ARA MR RHE a0 frRP Ak faf BBFtion 110
opposite the sitte shaecemtactsitns sthera@BS i§0ohstrurtettdron abmetdriahthfateardurther shield the

patient from the BB in some embodiments, the orifice 500 has an area of about 1.0mm? to

about 10.0mm?.

[60187] In some embodiments, the size of the orifice 500 is smaller than the size of
the RBS (e.g., disk 405, seed-shaped RBS 400). In some embodiments, the orifice
500 is circular and has a diameter of about 0,1 millimeters. in some embodiments,
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[00199] In some embodiments, the proximal portion 120 and/or the handle 140 comprises a container
that provides radlatlon shleldlng herein referred to as a radiation shleldlng 900 (és,ee FIG. 4, FIG.
6). The radiation sﬂlel%fng p,ig 900 allows for the RBS (e.g., a disk 405, ) g&% §W336) ¥ RBS 400) to
be stored in a reagted pPRsitiardmsamgembodiments, the radiation shielding pig 900 provides for the
storage of the RBS B®thatfte device may be safely handled by the user. 045 SALU08.01
NON-PROVISIONAL JANUARY 7, 2009 [00200] In some embodiments, the proximal portion 120
and/or the handle 140 of the cannula 100 has a wall thickness designed to shield the RBS. In some

embodiments, rtp Brgxm%% pgrct:!]%ﬂrézo %r]i' /or tge atggl e%’ef%of %ho%tcguar{nulal ee('r:?m Fj{lses stainless
steel and has a ThiCkness Detwasn abaut 1A to about smm. Ih-some embodiments. the proximal :

portion 120 andefui hEWiRetEsD Jn trrMePMORIMSOte ot RGBS A8k sEesabPRRA 133 a thickness
between about Baieiée RhHetirBansut i seine:esrbadirentsi hetgroximadmo eisod2@aed/or the handle

140 of the Ca”QHé%%@&;%%@Er %ﬁ.&!@m%t%ﬁdrﬁ&grm@én'gbaﬂ5§mrmm@@r§%ut§énm to about

4mm. In some embodiments, tlﬁe proximal portion 120 and/or the handle 140 of the cannula comprises

stainless steel BHIMEES: ticRHBE SHERAIF SO IR R RIS G SHHRATH B8hf SAMRHiments, the
proximal portiohet@éearadion the hifingiers40of AHengkimetdss. 100 comprises stainless steel and has a
thickness between about 5mm to about 10mm. [002011 In some embodiments, the proximal portion

120 and/or the 3%8&%51 140 of th %grl,}lg %0%6(1: JQ@H& oS recpal%ﬁ fl%ers IQ S r%%tgmbodlments
the proximal paortion e Randle T com rises a plurality o matenals. In some -

embodiments, i@ %Iﬁ?ﬁlﬁ?ﬁdﬁ fﬁﬁ%i@"cﬁ%lﬁr@é&@t@fﬁﬁ@é e’?ﬂ‘@ﬂ) ‘I‘hﬁg’ﬁ?e?f"&l%%eé}té well known to
those skilled intthesafiteMsmoaxasopleiarseme enshotisrents; therundsemalloydeasredtigh tungsten

content and a gy S‘Fﬁ%‘@é@ l:NUG&rgsdP é"t%‘“s%%@t%%@? é%m'aiH%rﬁQ'S%BQrJQ%O%L'” Some

embodiments, shieldin beta isotope in a RBS may difficult. In some embodiments, a material

having a low atifice Al Bé‘?c(tzﬁ’%iﬁgl%\g [?s%@%P?ﬂ?@]t%é BT Bb??m%ﬁmﬁqg?ﬁﬂt?rﬂ&’fe). In some
embodiments, orifizeEdidsadalpogsief andterihbar€.owedfoi Shieldimgomvieermirpdmantetiayer comprises

a material haweefeé%m&qau@ﬁwabsﬁ&%%d@@wﬁww@gmacruﬁl@&@aeaé\ﬂ@es%mg lgyer comprises
lead. In some em o?é nts the rgglmglgogtlop e ha dle 140 an/or thF radiation

shielding pig 9(5’5 5 prlésegégr?rf n¥er ayer surroun 2d by af ou{gr lgyg?q%%rgme emrbddlments the

proximal portiofe 20rifigfk1/6Phés hﬁfﬁéﬁégﬂiﬁ@ &/ tﬁ@%ﬁdl‘&%ﬁ’@hl@fdl%@% 90 c8fffrises an inner
layer of polymeshigomeithasyatedrsotherignatesial)ian raag e adduy amsmtebyay@noﬁjead (or other 046

SALU08.01 N(%Nn%%?%}{éz?'l%}lﬁ%@%‘dé%\ﬁo%%%&%ﬂa&?fé%'a is about 0.25mm by 1.0mm.
in some embodiments, the orifice 500 is rectangular and is about 0.25mm by 0.5mm.
In some embodiments, the .ariﬁce 500 is rectangular and is about 0.25mm by
0.25mm, '

[66189] In some embodiments, the distal edge 520 of the orifice 500 is located
between about 0.1mm and 0.5 mm from the tip 200 of the distal portion 110. In
some embodiments, the distal edge 520 of the orifice 500 is located between about
0.5mm and 1.0mm from the tip 200 of the distal portion 110. In some embodiments,
the distal edge 520 of the orifice 500 is located between about 1.0mm and 2.0mm
from the tip 200 of the distal portion 110. In some embodiments, the distal edge 520
of the orifice 500 is located between about 2.0mm and 5.0mm from the tip 200 of the
distal portion 110. In some embodiments, the distal edge 520 of the orifice 500 is
located between about 5,0mm and 10.0mm from the tip 200 of the distal portion 110.
in some embodiments, the distal edge 520 of the orifice 500 is located between
about 10.0mm and 20.0mm from the tip 200 of the distal portion 110.
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[00203] In some embodiments, the inner layer is between about 0.1mm to 0.25mm. In some
embodiments, the inner layer is between about 0.25mm to 0.50mm thick. In some embodiments, the
inner layer is B%?\ﬁ%‘gﬁlsg%g ut 0.5 to 1.0mm thick. In some embodiments,Ptﬁylilﬁﬁoé)?"fg%?is between
about 1.0mm to; 115 thiek ik semegmbodiments, the inner layer is between about 1.5rnm and
2.0mm thick. Injgsmerenbodiments, the inner layer is between about 2.0mm and 5.0mm thick. [00204]
In some embodiments, the outer layer is between about 0.01 mm to 0.10mm thick. In some '
embodiments, the outer layer is between about 0.10mm to 0.15mm thick. In some embodiments, the
cuter layer is between about 0.15 to 0.20mm thick. In some embodiments, the outer layer is between
about 0.20mm to 0.50mm thick. In some embodiments, the outer layer is between about 0.50mm and
1.0mm thick. [OOPHBPI SHHTEERBHMehts, the inner layer (e.g., polymethyl methacrylate or other
material) is about fe@immutickerth the auter tajeraegardatdeterothemmtsrtpisisooog 0.16mm thick.

In some embodiments, e, iNNET JRYAL (6.0 aRAlY e BV iatH AR, OF PhigkRIgral) is between
about 0.1mm to 1.0mm thick and the outer layer (e.g., IeacL,or ogwr materia |$nbetween about 0.01
TR e/

mm to 0.10 mnMAHAY FSERMEERB SdRABHES BRI elPaEES 5o ethacrylate or other
material) is betwereprisibpatroateriahthat Bigrents tHidlobihg thdiagatditayer (e.q., lead or other material) is
between about 0.10mm to 0.20 mm thick. In some embodiments, the inner layer (e.g., polymethyl

methacrylate or aterial) is between about 1.0 t ' 0 layer (e.g., lead
or other materié?%ri{éﬁe%?ggﬁ g) §8 '&i@?hmetgaa%éam (f‘lglnc:?ﬁg n%ﬂgggm o%hig*rlies;ﬁ@% the inner layer

(e.g., polymethgrmprdingiipdhe oputiar Ab-tenalisrs setiden SRR OHRRP X DRI thick and the outer
layer (e.g., leadyer@tiigdmaiasiod} iscbimbeniahdut@2bevantaib. 00M Fethits. [D020S)Mes shown in FIG.

1, FIG. 4, and Rl 5 4n, seme smhagimenisne.raneyti 1R sdesminaisr il aibaadie 140. In some

embodiments, the proximal portion 120 further comprises a connector 150. in so{rz;q%? embodiments, a

handle 140 and®rMERIIFFHY) KRENBHBYIE SREKPITANERRY 72580 §afidisi?¥hielding pig 900
may be fitted to5ttie foaexartgizOBajiadherisersicosrs OBy maEn wedsorinsenRatife radiation shielding
pig 900 further gammgrisew& BlbREemBsNanisd Brssamenhadtimertsy e sanula 100 is assembled
prior to inserting it into g patient. In. some embodime he.cannul | mbled prior to
insertion, for exfmﬁfés?heecsgf??leu aa?l%' 'issa?hs%g?n n@%qﬁeéruﬁu?éadﬁsatgﬁ%%gggr? E%{f@glsf%serted it into a

patient. [00207]n§&oRRErEATIDERME chesWRON £18IB0TRYSSH I A IREAPRPIGOL AR N &Y to the cannula
100 after the canppidakbQdisidnss tednadhe subtentecappscacts Mdithialsswehtagriaddimit the present

invention to any §eagy,a MECHASE) iRl ibal-apriung el ddeRndier the pig 900 to
the cannula 100 after the cannula 100 has been inserted is advanﬁ%iﬁ%%:ﬁgge the handle 140

and/or the pig SBBR G oth AR PE G FRIRLBIL R YBP R E'R itionally, the

placement of the cannula 100 may be easier because the handle 140 and/or pig 900, which may be

bulky, would noginteiferedithethsorinvsigakiealimasofbednaliens dWhQE EANNALAANDENTATION
TP an interior side (e.g., bottom) of the distal portion 110. The window 510 may be
~ used to allow the radiation to pass through the cannula 100 and reach a target

tissue. In some embodiments, the window 510 is a portion of the cannuia 100

having a thickness that is less than the thickness of a cannula wall. in some

embodiments, the window 510 is a portion of the cannula 100 having a thickness

that is equal to the thickness of a cannula wall. In some embediments, the window

510 is a portion of the ‘cannula 100 having a thickness that is greater than the

thickness of a cannula wall.

[00193] in some embodiments, the distal portion 110 may have muitiple windows

510. In some embodiments, the window 510 has a round shape (e.g., circular). The

window 510 may aiso have alternate shapes such as a square, an oval, a rectangle,
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[002081 The distal portion 110 comprises a tip 200. In some embodiments, the distal portion 110
comprises a tip 200 ha\{ing a rounded shape (see FIG. 2). In some embodiments, the tip 200 is
blunt-ended. 1K 5L &} Ef)odiments, the tip 200 of the distal portion 110 ﬂ’éf%é%%’f’?flf%éﬁe
embodiments, thg tigs2iQehilke distabrgition 110 is closed. In some embodiments, the distal portion
110 has a tip 20wwhagrem toeptip 200 is blunt so as to prevent damage to blood vessels and/or nerves
in the periocular tissues and to pass smoothly over the sclera 235. In some embodiments, the tip 200
of the distal portion 110 further comprises a protuberance (e.g., indentation tip 600) projecting from the
cannula 100 so as to indent the scler% 2§5 a dtLun\gli ns g,?oah\éisugla?ég g? ?o%'gteﬁ distal portion 110
of the cannula 208 Y§1§E ¢ r%%P%SQ} BN e Badk of the eyes(f%r example, see I@?Z). In some
embodiments, fheahryeRATON ofrtiierselerbedienty Bie JHadovedip fife BstERoPHBRESS the eye by
viewing througlp higuRilabSh LULIDSE L IN NP BERYUBIERHA thd ANRIAR ¥13, (2808n@A208] In some
embodiments, (e, probe C&E%x%!%ﬁ@lﬁ@@%bm DG AURS eRRRdRES b iEs 2 In some

embodiments, the combined thickness of the cannula wall and the indentation tip 600 (which may both

comprise stain|d&8 Sedbpid 260D 33MARIERERRMAIREE HiRd Merte %5 8)sHRAt Yeposit more
than1% of the emargytradiaedisg, foesRBPbEPonm*erf0Joo210] In some embodiments, the
protuberance (e.g., indentation tip 600) is between about 0.01mm and 0.10mm thick. In some
embodiments, the protuberance (e.qg., indentgtion Up 600).is.between about 0.10 mm_ _and 0.20 mm
thick, In some é%b%bi%eﬁ?g?ethg r?ggirwgﬂ%’h %}566(‘5@) |ds°l'§(et)gvi(;a.cer1'$abrgﬁtt385.;éJ nm ig%ncf U753 mm thick. In
some embodinfsnitedimneniadéiraviopoup BO0SIeERBEN aD8UE REBHAFOBEIHPHIEK. Th some
embodiments, tgmindeptatiasnty SRORORIFEE R abnaidLiaP anaiaacbt TEEmm hizkrmsome
embodiments, the inde ' iR.60Q0. i 1 H&%&u@dﬁrﬁ Bigk.mg_n fpme
embodiments, ERE%& eﬁg&gﬁ%ﬁ%ggﬁg’ﬁg&gﬁg %Egﬁ%ﬁ)ggénﬂ?h and 5.0 mm tﬁick. LIGHT SOURCE

ON THE CANNUDNA 358EsAtS dhr iRy ditfdhre iU Rt ANSRidP 116 T8 HRTE% d%ip 200 and a
light source 61Gmispaskatmtdhis, tthe20bdsed RIG. 2itdngsdmergnthahitidistieCaistaliportion 110

comprises a light sourae.HkhatHanNG e RN ofdhedenaied tharisia pariep 4 tRnn some
embodiments, the cannué%,%go comp{{/%es a |I\gh§ ourcecg/lo that runs th%c'llepgt%of thg cannula 100.
§

Without wishindtS Rt SHEHERIR iR AR 20T 'thEoTe S e BhanTs 7

B 'y of mechanism, 1t is Befievedy that a light
source 610 thaAms tHe semgterobediseanii ot mal e B AIHY Y DY S AMMinating the

entire cannula §0G maw aspiSidhe WseioEnbrtB s CldndGIFEDR) Bdsrding el ptaaseoent of the

cannula 100 a r obseryi e ical i ; f.plac In some
embodiments,r%ﬂé%%gﬁt% oﬁ’?c'%e*gl69%%%%%%&?%@&3%&@ i%c?g ?&%ﬁ%@gﬁ% of the cannula

100. The LED IRREIRFPBE YehOmuSH AR EMERTIMEGH BRMARMRIP 5 IRGE AN L i on to the
correct positionignghotitie2 6amm blallHOmln Isaorecernibodimeents b evinglowsd U ¢e rédiBrigutiirected through

the cannula 100 by ibBLaPHGEs SRy e SHROTIMSHIS Bt RHHI CHE Hihdaly iBeiEARatian tip 600, and a

window 510 or 2 rfice 500 afe comual, 049 SALUGE0L NONGFRQUISIONAL JANUARY 7, 2009

190195] In some embodiments, the size of the window 510 is smaller than the size of
the RBS (e.g., disk 405, seed-shaped RBS 400). In some embodiments, the size of
the window 510 is larger than the size of the RBS. In some embodiments, the
window 510 is elliptical and has axis dimensions of about 0.1 milfimeters. In some
embodiments, the window 510 is elliptical and has axis dimensions between about
0.1 millimeters and 1.0 millimeters. In some embodiments, the window 510 is
elliptical and has axes dimensions between about 1.0 milimeters and 5.0

millimeters.
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[00213] In some embodiments, the light source 610 illuminates the target area. In some embodiments,
the light source 610 illuminates a portion of the target area. In some embodiments, the light source
610 iIIuminateglﬂf’é}[f%{%géf%\rea and a non-target area. As used herein, aﬂfg@a@%fg%{mﬁ the area
receiving aboutl00%s gf thentesdrglhgrapeutic radiation dose. In some embodiments, the cannula
100 comprises g haiiepuresn610 that illuminates more than the targeted radiation zone. Without
wishing to limit the present invention to any theory or mechanism, it is believed that a light 610 is
advantageous because a light 610 may create a diffuse illumination through lateral scattering that may

be used in lieu of an indirect ophthal light. The_light from the li 10 tend
peyond the s GRS RRS T ATBFE GO 6 QA PR OL oA OLELL IS GETe which may nel

orient the user fefyseprasici & reurgebh): (00214 e dorAdatibe dismetianptid.ofor the entire
cannula 100 glawse ThisoaRE R ons thist&iseigts 00 s iviatbwwEngesr:itealkeariertbponsertion of the

cannula 100 anglor useV G RCISIORL i fm%ﬁ@ciaﬁgﬁgeﬁgﬁmﬁ RO HEd B luminated inthe

area that is to bé ;r)rféncaé over the targét (e.g., every ut'the target Is illuminate

RADIONUCLIDEeiRACHseTae RAmwSeyREE (reses) hetesraiRtPtd AR A e of
Regulations, a faeiamutlidedstiteyilsaigpytsourte (RESjccantpdbesnts rididistatkdgaeifased in an

Sncarf)stﬁlation [ ﬁﬁ&@ﬁ%ﬁéﬁgﬁ&%% S&Wé’%_n%gﬁt Qfoﬁﬁggéﬁt%ﬁ«m%%@dﬁaéwyde ts of
rachytherapy source as follows; "A radionuclide brachytherapy source is a device that consists of a
radionuclide wHBHHA\PBEUh LIS BERTE 535%%%%}%:3%%?%%%% %&ﬁ%gr‘ﬁﬁm{% e?%less steel, or
platinum and interceddfoemrichbplifbynsnd b praesaroHie i BEwhFaEtebraieia body cavity or
tissue as a soukee, gf baaleanrRdiRtaRr fortheraryge 602 36hE henatased invwestian features a novel

radionuclide brachyther ce %QR é\n'/l"tg %E%?D I [ lon {sgonstructed in a
manner that is %% eeg'&%%g%q% cﬁ I %%ﬁﬁf A U%ﬁ@@?@%ﬁ cgnsist"ent with the Federal
Code of Regulations, but is not limited to the terms mentioned in the Code. For example, the RBS of
the present inveraina ey SptENmARGETurther comprise a substrate (discussed below). Also, for

example, in ad _'H%f%bsm enIRRAENS NRMRRiRN 5o IRl fitRRI SR RERINIRSRAtaeh o platinum”,
in some embodiments the r_ad_lonuclldeﬁ?lﬁ?g%ge of the presTnt in zntlon ma% k%a eqclosed by a
combination of FIHPHAFREGEY A Bt TLPE; ARESE SR8 r%:}e[g\{ LA HE SRbodiments, the
radionuclide (istirthee sbietthdheresemtrinydiGipen 8/thedish468kd Ipysome smprsiaéalfer®®f an inert
material compriginglsHYe @ i nimestRilpssoteshpisdinaMalbfaring Digkalecpaper, other
metals, Ceraml(ﬁ% garn%ﬁg rﬂ%n %’glggn%f é%‘l So%‘lments, the handle 140 and/for proximal portion 120

comprises a material that is thicker than the cannula 100. In sbmg embodimenis,

the handle 140 and/or the proximal portion 120 comprise more layers of material

than the cannula 100.

{60198} In some embodiments, a part of the distal portion 110 is constructed from &
material that can further shield the user andfor the patient from the RBS. For
example, the side of the distal portion 110 opposite the side that contacts the sclera
235 is constructed from a material that can further shield the patient from the RBS.

[60199] In some embodiments, the proximal portion 120 and/or the handle 140
comprises a container that provides radiation shielding, herein referred o as a
radiation shielding “pig” 900 (see FIG. 4, FIG. 6). The radiation shielding pig 200
aliows for the RBS (e.g., a disk 405, a seed-shaped RBS 400) o be stored in a
retracted position. In some embodiments, the radiation shielding pig 900 provides
for the storage of the RBS so that the device may be safely handied by the user.
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[00217] The RBS may be constructed in a number of ways, having a variety of designs and/or shapes
and/or distributions of radiation. In some embodiments, the RBS comprises a substrate 361, a
radioactive is&!gpze{mé}@? %’é?g., Strontium-90), and an encapsulation. Figu?gﬂﬁ%f}??(oggsﬁf’e embodiments,
the isotope 36%jg epadenibestbatiate 361, and both the substrate 361 and isotope 362 are further
coated with thesgrcapsutati@n. In some embodiments, the radioactive isotope 362 is embedded in the
substrate 361. In some embodiments, the radioactive isotope 362 is part of the substrate 361 matrix.
In some embodiments, the encapsulation may be coated onto the isotope 362, and optionally, a
portion of the substrate 361. In some embodiments, the encapsulation is coated around the entire
substrate 361 and the isotope 362. In some embodiments, the encapsulation encloses the isotope
362. In some e#fB6tfiTcavBe BiBhodiErg s AifoPr efiER sesitRe! 4k ans/su s aeIBe 18 AGKe isotope 362.
In some embodineits, the ragdioactive igniensSoRigasdingegaadentpicBsandiis samewiched

between the encaRRHiAliRr ARG AUPSIALR 354-dADE1AL TR PR diapisg inprgyide a

controlled projection o radlatloﬁ ina rotatlonal¥ symmetrical (e.q., circularly symmetrical) shape onto
§[]r%3 '

the target. In sGRAEPEFRD SHRIEHSRARRB EA L HAERTOREMEED FREE TR s B2 Ut &S Rally
symmetrical shiapsotoepeowiddirfenthetpeojectiorlopertiviatitthalhdeyriractecdkirfddiatidheonto the target.

[00219] A shapghavinghasiclas:issc unsifderedibe havenbsio thrgiationalmyeasiy: Barogtions each of a
magnitude of 360/n l[groducfe an ide%%:’gl fic%geﬂ_]lg Sa-OWn(?aiSér%UnO?zﬁla NON-PROVISIONAL JANUARY
7, 2009 embo o sr?@haﬁesg REOSederein'as Bemg Fotationa y symme%rlca are shapes having
n-fold rotationa@ s erarylaniferenrariscs piesiere Fiesyardiasor diiskiers[boDEsIddthe
embodiments, gher atadionaliiymmeaisioal shapenassatiegsbiinialdueetiational syaameisy (n = 5). In

some embodmenis YR GAIoRal VEMSICEe aliape s Liss g ialanglaymmety (n = )

In some embodiments, the rotationa metrical shape has at least 7-told rotational symmetry (n =

7). In some enARSUiABRSCRECH BHBhalll SRR RERRIMNENE pb'h 8O M BR B I PAREBRal symmetry (n
= 8). In some ehebibatidierits) thehetmional Yoy nompisenbsirdpss veshiivabeD ddhickotational symmetry

(n = 9). In somg.erRRRIBEESHNE sotationaly symmetrical shape has at least 10-fold rotational
symmetry (n = 10). In some embodiments, the rotationally symmetrical shape has infinite-fold

rotational symmetry (n = cc). Examples of rotationally symmetrical shapes such as a circle, a square,
an equilateral tifaXYle!nes prex gghedimeotbie ArXisIR peited Standdng iwerle 198iAtdee star can be
found in FIG. 14nn[@0284 lc¥vitheds wishingtodimitéhe nresent isveotipneigsametheanynor mechanism, it

s believed that (e fotafionall SYOMENIRALGBQMRINBIOY UEsAIa ALkl i yget periphery. In

some embodiments, the rotationally symmetrical geometry provides a uniform f radiation at the

target peripher§MRPEBIAE T MBSHAEKE Tderiadt FATBIFET RIUNATH &'tie (HRISERIH Iy reduces the
volume and/or areastradiateth RetatibiiatrSjmanctfoakExposuire SméaaebCdinteotiedBy The Shape of

The Substrate {Q0222] IR SPMR SNRGHIMARLER ssHiate-AR hessklsiria 38 INFshapad in a manner to
provide a _controlled_ rojection of radiation In.a rotatlonally symmetrical shape onto the target. For
example, in soﬁ?@%ﬁ‘ﬁﬁgdﬁﬁgmg% Ki?o?cb t?#ggrface 363 of the substrate 361 is rotationally
symmetrical, e.g., circular, hexagonal, octagonal, decagonal, and/or the like. When the radioactive
isotope 362 is gpatedinrtpsushhiiationalinismeetitaldaiem sureendpBodithaisubstrate 362 a
rotationally Sy@%%@‘%%%ﬁ%gﬁgfea%géﬁggiﬁa%ﬁgtg%w atomic number {(Z) may be ljsed for

shielding (e.g., polymethyl methacrylate). In some embodiments, one or more layers

of material are used for shielding, wherein an inner layer comprises a materiai

having a low atomic number (e.g., polymethyl methacrylate) and an outer layer

comprises lead. In some embodiments, the proximal portion 120 and/or the handie

140 and/or the radiation shielding pig 900 comprises an inner layer surrounded by

an outer layer. In some embodiments, the proximal portion 120 and/or the handle

140 and/or the radiation shielding pig 900 comprises an inner layer of polymethyl

methacrylate (or other material) surrounded by an outer layer of iead (or other
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SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 [00223] In some embodiments, the substrate 361
is a disk 405, for example a disk 405 having a height 406 and a diameter 407 (s %‘We FIG. 14). In some
embodiments vghe %elg 3t%06 of the disk 405 is between about 0.1 mm ard WP example, in
some embodimegis;de ReighidPaabihgrdisk 405 is between about 0.1 to 0.2 mm. In some
embodiments, theviright4@of the disk 405 is between about 0.2 to 2 mm, such as 1.5 mm. In some.
embodiments, the height 406 of the disk 405 is between about 2 to 5 mm. In some embodiments, the
height 406 of the disk 405 is between about 5 to 10 mm. In some embodiments, the diameter 407 of
the disk 405 is between about 0.1 to 0.5 mm. In some embodiments, the diameter 407 of the disk is
between about 9E4E 10 mm. For example, in some embodiments, the diameter 407 of the disk 405 is
between about 0.5 to 2.5 mm, such as 2 mm. In some embodiments, the diameter 407 of the disk 405
is between abopZed] i SomBetbsaimensbedimenigethemdinmaiand(iroofmihetdiskdmis between

about & 10 10 i A SO SROAEIe s s I RTBEIRE AU OB Sk A0 Reenbout 10 10 20

mm. [00224] The substrate 3 e cons ructe m a variety of materials. For example, in some

embodiments tﬁ@%ﬁgﬁaﬁ@?@?@r@dﬁgﬁ‘d@t’% I bRMERIABIM TBAMHARG, BiShivd? 8PS Iuminum, a
stainless steel, ¢amgdteanisickel inver Zagoniv reteesn, ebpper Sanmdataflirmmatbidhl, dncessmnic material, a

ceramic matrix,fRgolitRe Rt O MPRIRP theiarlAnaBaIMe SMBQRiINEDimtbac-RUDAtEIRL361 functions
to shield a portion of the rad ation emltted rom the gotgé)s 362. F(gr exa@@e in some embodiments,

the substrate 38T%aé”fﬁn&ne 'sngﬁrcl eé‘” fadiaton e |sopope cannot pass through the
substrate 361. In some embodiments, the density times the thickness of the substrate 361 is between
about 0.01 g/crRdeu (b gigrrletBRdRRnTd) e WasiraigsB Glhatapdieatonstiotiad ia @ \aiaty of shapes.

For example, (g hape iy NGl St 3 QLR 18 364RE, ARRE!fo i AUUNlRsrrcctangular

prlsm atrlangu ar prism, a pyramid, a cone, a truncated cone, a emls% ere, anelli SOId an |rregular

shape, the like,{5f% é%ﬁ’?ﬂ?ﬁ%?@f“ﬁqug? %g%llﬂﬁfrﬁﬁ?i@e‘iﬁbﬂ’ff% dEPrARh A , the substrate
361 may have éngenerathpeeintaniguiss sider Eesssdetiiom mmm&mwm@nm,tmm.smstrme 361

may have 053 SAkUABAINRNRRAMIHANAbMNHARY: 6.2009 #genmralyiiangular or

trapezoidal side cross section. In some embodiments, the substrate 361 may have generally
circular/oval side cross section. The side cross section of the substrate 361 may be a combination of
various geometfit2ishit/ermeceuhadirriiestiRIMEO 1A S§Mmeaamtivkfoetiasgai¢aee Controlled By

The Shape of Tdieelsatenrj092B60 rosemeieabodia enis, tyerigntone=daR? isnepatedra) the entire
substrate 361. In D Soe {i‘i‘é%%“m%ﬁ'ts hgc;ﬁgtg&?ohe ef chﬁge%r%q e(alglsd 8 )ﬁﬂg%};on of the

substrate 361 (e g.,ont ottom sur ace stra e 361) in various s apes. For example,

the coating of tﬂ?@ﬁ%%?@ﬁées@?%fﬁ@%ﬁwrﬁt@%i%%b% thime §Habw A16kBH A symmetrical
shape, e.g., a atte |aydreragoradnrattagoriaiap taganear dreuilked Thire totatiomattdgmmetrical

shape of the isqiopsR02 FoRUHRAR ttpe h%@mwf@&@ 3630 sHasg 8 1prawges for the

rotationally symmetrlcai Pl‘gosure w |c|3 resulﬁ| a co tro f)ro ection of radlatlon ina

rotationally syn‘meeff%%\ ggegne o?ﬁa”t'% neﬁé)ti’r;l QI %re § face Controlled
By The Shape gﬁﬁ!h@ﬁmﬁb@@gﬁmen about 0.10mm to 0. 20 mm thlck In some embod;mente

the inner laver (e.g., polymethyl methacrylate or other material) is between about
1.0mm to Z2.0mm thick and the outer layer (e.g., lead or other material) is between
about 0.15mm to 0.50 mm thick. In some embodiments, the inner layer (e.g.,
polymethyl methacrylate or other material) is between about 2.0mm to 5.0mm thick
and the outer layer {e.g., lead or other material) is between about 0.25.mm to 1.0 mm
thick.

[06206] As shown in FIG. 1, FiG. 4, and FIG. 5, in some embodiments, the cannula
100 is terminated with a handle 140. In some embodiments, the proximal portion
120 further comprises a connector 150, in some embodiments, a handie 140 and/or
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[00227] In some embodiments, the encapsulation is constructed to provide a rotationally symmetrical
exposure surf%c(()ezf%rgg gzosgtrolled projection of radiation having a rotatiorILaI{y S (;n(mel;[rical shape on the
target. In some embodiments, the encapsulation has variable thickness EGRAT P ERIE s substantially
all of the radiatiQqy inps@Medpaitignsaast kansmits substantially all of the radiation in other portions. For
example, in ongswmbedimentsthe density times the thickness of the encapsulation is 1 g/cm2 at
distances greater than 1mm from the center of the radioactive portion of the source and the density
times the thickness of the encapsulation is 0.01 g/cm2 at distances less than 1mm from the center of
the radioactive portjon of the source, EFor a Sr-90 spurce, this engapsulation I k substantially
all of the radiatl‘gl:l""éE Ii?t%athr‘ﬁlgsir%gtﬁlgr? q%%#?@r%%ﬁgo%e% er of aaeqzragd\(gséﬁv%\%%é: %ﬁ]'(()%?) the source, yet
permit substaniiabpraf embrsiraentiiecadatenvsiiidineniia BPIHEEERRIM 8RS @ aI83R&1ve portion of
the source to passHbreughinssemenesabastimeantscdheuthithh assseftiveendapsulatiotingaries between

0.001 gfem2 03¢, 5Ok LR 0L NODEEBINIGHING el AR Ych 20RP ARdrfdd begydoIn some
embodiments, rotationally symmetric shapes of the high and low densq(% tréi%f?ns a§ escribed above
are used. [0027%EFHe SN EFANSIBR ARA)HR %@tﬂ%ﬁahngrﬁ@V%e é L9801 15r example from
one or more |layesriefi drintver patiatérial comprising a steel, a silver, a gold, a titanium, a platinum,
another bio-compatible material, the like, or a combination thereof. In some embodiments, the
encapsulation is about 0.01 mm thick. In some embqdiments, the ulation | een about 0.01
t0 0.10 mm thiéﬂ% ¢ '(E%Sé) né'ren%rga?rdr?rénﬁ st?’tﬁg eﬁﬁ%@ﬁgl%g?%‘%}% @eet\?sggr?%%o%%%gfg %%etgéSO mm thick. In
some embodinfanianto8 Fiep fia SRS ARV EIFHIREUID 15O fYDIEH M #PRRRAEN N \SBRM% embodiments,
the encapsulatigrrimpesweanhaieschOrieRioruratiyickedry somesaantsadiinerntsiave émtapsulation is
more than aboyt,Z ARt KNgk(or arRlaRbaY b BiheanHLA 180 BRaUmIALBYCk. In some

embodiments, the encapsulation is more thanabout 5mm thick, for exagr’nggle, emm, 7mm, Bmm, 9mm,

or 10mm thick. RBtAFBRAMFESInhaEYERIRe RS BREER AR CBIFoY BY'BHAF RSn8nents [00229]
In some embodimeéntsph ireiEtimrwihaber B&&wantpedvite cecouarolR prsjdtitoalivf thdliation in a
fogationa”y SYNyReiHca ??%R@ mr@ﬁ doreel S%i@ug%ﬁﬂéibuéermamfihﬂpeéﬁf’a@& Wgrise;sa )
radio-opaque portion and a substantjally radioactive transparent portion (hereinafter. "window 364"). In
some embodim%5 ts}"’mghrmgt 0 a%"fﬂgpeuy%g% ?ég:t p g%e rltﬁn%’dz?(:{ali?t g%@%?aﬁh%aﬁgﬁgt%ntﬁéom the portion
of the RBS thapstieitaps the window 364 is emitted through the window 364 toward the target, and the
radiation from the portion that does not overlap the window 364 is blocked by the radio-opaque portion

from reaching @@@%%JWAQWEW'@?ﬁ having a rotationally symmetrical shape will allow for a
I ’ irra

projection of a rotationally symmetrical irradiation of the target. [00230] In some'embod‘iments', the
window 510 (ol &RABE BEE B PienH sormETRRg Rafe Wisd %%éogﬁﬂgsréa?aﬁgﬁ shaper 366 to
provide a contrptigid:ptofectivpristsadipt?on hawvngeationdghysharmisasiCiFshade $ameé the target. For

ANUARY 7. 2o B ol o e oL 1o 1 ationally

, 20! discussed, a controlled projectio radiation_in ationally
symmetrical shg'ﬁglé’r?@%gt ?%8?%0'\?/3%}8 ae?qascidfa]?g ’Jaﬁt‘ﬁrl? n%%&gcg%}gt g'g?é? %8 Iso intended to be
within the scopa@fistropedsdmearvesmbedipertsetiafisia %H?Bi%ﬁiﬁ?r‘s%?%?%’ﬁéﬁ%hts of the
components of heiRED ansler saantdarshiaprageieeoocontaiedenunestiorhidiation ina
rotationally symyneigal %@%ﬁ QMR BIRLRLRRs eI e disclasurps arainpgnmafordinary skill

would know ho eve ese various combinations to produce a controlled projection of radiation

in a rotationallyta/ HREE RN K RATITHAA GRS SRPLTST & REREYHETRBFR 47 fhe edge of the target.
Fast fall off at theledgiotithérgekaiay aisotiraenhdadeld byaeiodadanyitiesfBE3B5a well having

deep radio opagueaylisnE9s SXANWIS: i Guidd tEQWRIMES 1ecrancshinm@anel withaleep walls,
where the walls can enhance and even F ster fa& off of rqdiatior?:@ tﬂe farget edge.

correct position at the back of the aye (Tor example, see .4} 1n some

embodiments, the indentation of the sclera 235 may be observed in the posterior

pole of the eye by viewing through the pupil.
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ISOTOPES & RADIOACTIVITY [00232] Various isotopes may be employed within the scope of the
present invent‘inzgz{%%%g%gitters such as phosphorus 32 and strontium 90 Weregreviously identified as
being useful ra lGACtve ISotopes because they are beta emitters that haber e 0ﬁ(%:ﬁﬁ(‘:itration and are
easily shielded.gg sone; srologimenisNage isotope 362 comprises phosphorus 32 (P-32), strontium-90
(Sr-90), ruthenimTABYRILEAB6), yttrium 90 (Y-90), the like, or a combination thereof. [00233]
Although they are distinctly different from beta emitters, in some embodiments, the RBS may comprise
an isotope 362 such as a gamma emitter and/or an alpha emitter. For example, in some embodiments,
the isotope 362 rises iodine 125 (1-125), ub iu 3 (qu-é? iwm, 131 (Cs-131), cesium
137 (Cs-137), N (?:%“—“go?,nﬁ?ég | ge”,tso%hSag 8@% %%Sﬁ%e#%i%ré% . %%%rﬁégﬁ B&‘r’f%%nts, the RBS
comprises a cotfibREHAFEEIEriDudtyEES SrRstEESaEe REPERIHITE S EHHE embodiments, the
isotope 362 comgphisesveritanbiratidenafiGr-G06a0 gWRiES2mainbstmeengmbnsiintusts sthed) isotope 362
comprises a cogaination-ah HAbanthe Y QZ34d0.achiereanaticmar dosa splp at the target,

the activity of the isotope that is to be %%d is determined for a given distance between the isotope and
the target. SALTRHE BENEARBRENIS OGN AEYIAN FRRY 7, 2009 For example, if the radiation source is

a strontium-yittrium-90 titanate internally contained in a silver-clad matrix forming a disk about 4 mm in
ﬁliametfr andf hgmﬁmam@é@m ahBaaHERD GBI eRiefdnditantsentEnos thaoops0.8 mm thick OH one
at surface of the,dis Wﬁl ! e e.an Q gggrq t pposite flat
surface of the ﬁgﬁgﬁéﬁrggg é%g 0 thg?éé:st&qﬁﬂé [@%?ég r?ssg{:% %%%ﬁgjfo a ’Olﬂ_}tglfétr%gn%v%ﬁc%ssue) and the
desired dose rdfeds BHRURLN B A P geeubh HEmmp st GBBHM dvckadit A¥Pbe used. Or, if all
aspects of the W@@‘met_ketpé th@aasm@ e’p(fﬁepiﬁlbambmcﬁam;emmrhem&aﬁmmmum-90 titanate
Internally contaipegrip eriselas] elieristols S B dianetels e eashis at a depth of

about 2.0 mm On tissue) and the desired dose rate is abm:é 18 Gy/min at the target, an activity of
about 150 mCi ) (R SRRSO R Ve M RSB TS 0 o BeR R At SO Eb R na the
diameter of theGTormtiuthiokittiiusarsDeépdiresiite thealhentatiaim tiel §A0dsshistmeetaebovhfrixddisk is about 3
mm in diametersMaARroetim MigdapiBHs ahosdiddnméimiissuermndetediesied-dose rate is about

- 15 Gy/min at thaebg%rt eé,’I an gg(t#té( rgf a%h)‘% t 33 rriCi may be used. Or, if all aspects of the source are
kept the same except ATRE Wianieter of the strontium-yittrium-90 titanate internally contained in a

silver-clad matrix disk is about 2 mm in diameter, the target is at a depth of about 5.0 mm (in tissue)

and the desired.as4E salORCEIMDNITRE CANNIDLA the target, an activity of about 7100 mCi may be used.

[00235] In some, eRqRIBEI SRS IRRIARaHRARRR PHHBAQ 79 Bt %m@!fa&ooﬁ@ﬁ 1002361 In

some embodiments, to achieve a particular o?e rate at the t%t ttflgﬁradioactivét%/ of the isotope 362

llar d , { )
that is to be usEAYSHELHRATERH AR IVEN TR IERR & Bettledh THE BT 383 % 1B HE Blrget. For
example, if the IR0 E6ioppBBRIS &8 s0E ¢h G ff drat thestapmtigmaisseyathdtihe distdled dose rate is
abogt (2)0 C_;Y{T%ﬁ&;ﬂﬁ%@@ﬁ%g@%ﬂ%b%ﬁ?ﬁ%ﬁ?@ bt wdwi&ygquab%grée% mCi ngay b265
used. Or, if the P-32 isotppe is about 2 m the.tar i ose rafe is about
Cyimin at the e Bor s oo 958 FEUE o Lo iont Ao ol BRSRIT

1002371 In soréeaiiffdairmyieobisereirnisnr hadaliewrdifia o gtnues 408 Kns

the length of the cannula 100 may be advantageous because ifEuminati_ng the entire
cannula 100 may assist the user (e.g., physician, surgeon) in guiding the placement
of the cannuta 100 and/or observing the physical structures in the area of placement.

{66212] In some embodiments, the light source 810 comprises a light-emitling diode
(LED) at the tip 200 of the cannula 100. The LED light may be seen through
fransitiumination and may help guide the surgeon to the correct positioning of the
cannuta 100. in some embodiments, the light source 610 is directed through the
cannula 100 by fiberoptics. in some embodiments, a fight source 610, an indentation
tip 800, and a window 510 or an orifice 500 are coaxial. '
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SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 to 5 mCi, In some embodiments, the isotope 362
has an actwﬂxi‘p?f é%%yé%%‘ about 5 to 10 mCi. In some embodiments, th% &s%gpe 362 has an activity of

between abou mCi. In some embodiments, the isotope 362 has an ac({‘i)\glﬁf/ﬂ?é?between about

50 to 100 mCi. ¢n sosmeetahosiinenisythg isotope 362 has an activity of between about 100 to 500
mCi. In some embBodirentsodhe isotope 362 has an activity of between about 500 to 1,000 mCi. In
some embodiments, the isotope has an activity of between about 1,000 to 5,000 mCi. In some
embodiments, the isotope has an activity of between about 5,000 to 10,000 mCi. In some
-embodiments, the isotope 362 has an activity of more than about 10,000 mCi. GUIDE & MEMORY
WIRE [00238] In some embodiments, the RBS (e.g., substrate and/or encapsulation) is attached to the
guide wire 350 [§f2nesempaaipreinenthdhariachinie &f hlusiprigaiacI8oHfi%8r the encapsulation
to the guide wirex@8@mayiberashieverhusingeabtarietyiokisreshation nidbetergeshbedinients, the
substrate 361 andior epcansulation is ALAEREC Y HGIHINGs ReaRE erRRHmENS. dhg substrate 361
and/or encapsulation is attached to the guide wire 350 by glue. In som b g!ments, the substrate
361 and/or encB58ulafgRE rﬁ%‘@h%o@@ﬁﬁ@%i&etqﬁi?éeggé%w‘%ﬁ%léﬁw%§%pog th a plastic sleeve
having an exteisndestichefmutis radidtistidepgids wiree3Baadirsenite Bmeritideti8, this may be
?Chiered (ljJSir:gcﬁrﬁi&ﬁHéQ? ﬁé&%@?f&@ﬂﬁgﬂ%}mmmmgi m&%%%dﬂh%qﬂige%@mgﬁrﬁﬁimége RBS ilsI in the
orm of a deplo. e wafer. In some embodiments. the w IS N a.cylinder, an ellipse,
or the like. In sg;\r%%%% :%g?ﬁ]’%oﬁ{ré}%t & Warer ég\fﬁﬁtﬁf}sne% ﬁ%ﬁé#ﬁ{gﬁmrﬁn%ﬂﬁ% n%e)iilt gr doped with or
surface coated Refievedriaiaidohs SédirardisaiRe Ry WITEAER BISFE P 1 reBnfEcaim B SiiHEnts, the wafer is
coated with a biasinestitnatesighifdtdmatedaadety ihglaes feraadcirttmdeidperioe:of time. [00240] In some

embodiments, ife,.30 r} ; i ' memory wire 300
functions like a%%@%g%ﬂs%gﬁéh%%g?%@ig%%%iugﬁiﬁgﬂ %é%@lggg %%éﬂrﬁgg;have a spherical

or ellipsoidal sHEPR! PHRKR AFEBITREURE (Edhaitl KBS 05T SERIHEERD YR A8 mentioned
shapes. In 058 hSALi#D8I0 U K6 BRODVIBHDNAIIIANUARY 7, 2009 some embodiments, the shape
of the seed-shaped RBS 400 is determined by dimensions so as to maximize the area and/or the

volume that can, pass {n(ough.2,capnula.0.perihe conmia. 490 d<sryinion. FRL sxgmple, in some
embodiments, IS'in"the Shapé ot a curved cylinder. In some embodiments, the curved cylinder

has a rounded #iSYaEr eI {8 & rOMHIERD SYERRAR) BIRPEVR GRS IRECoHIR 68 aHE urvature of the

cannula 100. and/for ocbserve the target. In some embodiments, the cannula 100 is not iluminated
irt the area that is to be placed over the target (e.g., everything but the target is
Hluminated). '

RADIONUCLIDE BRACHYTHERAPY SOURCE

[06215] According to the Federal Code of Regulations, a radionuclide brachytherapy
source (RBS) comprises a radionuclide encased in an encapsulation layer. For
example, the Federal Code of Regulations defines a radionuclide brachytherapy

source as follows:

“A radionuclide brachytherapy source is a device that consists of a radionuclide
which may be enclosed in a sealed container made of gold, fitanium, stainfess steel,
or platinum and intended for medical purposes to be placed onto a body surface or
into a body cavity or tissue as a source of nuclear radiation for therapy.”

[00216] The present invention features a nove! radionuclide brachytherapy source
(“‘RBS". The RBS of the present invention is consiructed in a manner that is
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[00241] In some embodiments, the RBS is for inserting into a cannula 100. In some embodiments, the
RBS is designv%((j) 580”;3\6%?9 a length of the cannula 100. In some embodiments, more than one RBS
is used to deliVer radiation to a target. For example, in some embodimer\’&?ﬁ%ﬂlff/gl}%’%% may be
used inside the ganmdla; 1 SQNSIBUG TION OF RBS WHEREIN MORE THAN 1% OF THE
TOTAL SOURGENRARWATION ENERGY FLUX EXTENDS BEYOND A DISTANCE OF 1CM [00242]
Without wishing to limit the present invention to any theory or mechanism, it is believed that an
effective design for a medical device for treating wet age-related macular degeneration should have a
radiation dose distribution such that greater than 1% of the total source radiation energy flux (e.g., total
radiation energﬁeﬁﬁQts?Rﬁ%iéﬂ?ceeggFﬁeFt‘gﬂ?naﬂég Hf ’9!58’ ig"ﬂ;a{ﬁsrfﬂft @Ht?glé?e%?‘?ﬂgé or equal to
1cm distance frogntineeR BB {@ldwepthe e FRINMOO248] MBSomie thenbriknktinvsntienpresent invention

has a RBS thatiepesijsilassrthamsiaeus 216 (2068 Yuils.) iids totadamppiee kadiation energy
flux at distance of, 1. or| f [ S odi the present invention
has a RBS thataggé_{o)ﬁ}g r%egﬁg tﬁgér&%g/? (%%%92%%1@%%8 4&&@%0%)%%@’%@ Zegg rgg??é‘ jation energy
flux at distanceH ¢ 8t FRBKR FRRAYMSRBES REEPHE IEPniRaiRTe st harps ey $rti#Mtion has a
RBS that depositsy beteretsetlbia tosbpbitsrtofalrsouncersadfishiod élxegy, fhixmatdistasice of 1 cm or

more from the BB5.{A0245] D sqme &H&B@%_@}@Qt%éh%ﬁﬁﬁ&éﬁ@@@t*@) isptaRe gadiaion (e.g., beta
radiation) with the encapsulation ’g?iq old, titanium, sitalnlesg ste.e!?,é) aélgunil) SALU08.01
NON-PROVlSlBﬁNﬁ’UEﬁ&%ﬁ?” oS0 GC SATS S SomEYSF L B (R FANRBH P LPEi™8%n emission of
bremsstrahlungi@agsidr titase .- sl less/steahtdiatingno ihezingtirickatiethesayhaogetaisth in the
prescribed targgdraseds asrc atspoprtel ateniggher than beta radiation. Thus such a device as

tructed wit ] [ tribyt ' | ' d
raition patterk I ANCh TV of Bonter ol e Fa e A TR R S Cicance

greater than 1 ER¥EEGANHE Sfietd AL i fibniahs HigdaRte ol ERMAFIPHERERS Eénter of the
target is greateRBSacoiwisdsthes tibtstto Bie sadidtiversrppd08Y. Sep, TabieiBnB05@me embodiments,

the present inveptian.{afues arfevicapherRi e RBSIMPHSS ABLSetane udisig the isotope

comprises a be%}a? radiation jsotope, wherein about 1% ?f trl;l total squrce ragdiation eneggy flux falls at a
h

distance greaté STElR A3 tAS RaldisoPiRRmpiRqe and isotope 362 are further coate

with the encapsuiation. In some embodiments, the radicaciive isctope 362 is
embedded in the subsirate 361. In some embodiments, the radicactive isotope 362

_ is part of the substrate 361 matrix. In some embodiments, the encapsulation may be
coated onto the isotope 362, and opfionally, a portion of the substrate 381. In some
embodiments, the encapsulation is coated around the entire substrate 381 and the
isotope 362. In some embodiments, the encapsuiation encloses the isotope 362, In
some embodiments, the encapsulation encloses the entire substrate 361 and the
isotope 362. In some embodiments, the radioactive isotope 362 is an independent
piece and is sandwiched betwaen the encapsulation and the subsirate 361.

[66218) The RBS is designed to provide a controlled projection of radiation in a
rotationally symmetrical {e.g., cireularly symmetrical) shape onfo the target. In some
embodimenfs, the RBS has an exposure surface that has a rotationally symmetrical
shape to provide for the projection of a rotationally symrnetrical irradiation onto the
target.

[66219] A shape having n sides is considered o have n-fold rotational symmetry if n
rotations each of a magnitude of 3680°n produce an identical figure. In some
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[00246] Without wishing to limit the present invention to any theory or mechanism, it is believed that it
Is desirable to CSQS},W%B%G RBS as described in the present invention for ease of manufacturing and
so it is inert to The boo?y Egue to encasing the RBS in a bio-compatible mlé?grllléﬁff’%(ﬁgé’that is

constructed in $is MARNKICNY: B{8GE radiation pattern comprising beta rays, x-rays, or both beta
rays and x-raysysuchetpat gigater than 1% of the total source radiation energy flux will extend a

distance greater that about 1cm. [00247] Table 3 is a listing for non-limiting examples of such
Sr-90-constructed radioactive seeds. TABLE 3 Platinum Gold Stainless Steel Titanium Thickness

(cm) 0.01 0.01 ] . ) ) _ .
embodiments, shapes described herein as being rotationally symmetrical are shapes

having n-fold rotational symmetry, wherein n is a positive integer of 3 or greater.

[00228] In some embodiments, the rotationally symmetrical shape has at least 5-fold
rotational symmetry {n = 5). In some embodiments, the rotationally symmetrical
shape has at least 6-fold rotational symmetry (n = 6). In some embodimenis, the
‘rotationally symmetrical shape has at least 7-fold rotational symmetry n=7.1In
some embodiments, the rotationally symmetrical shape has at least 8-foid rotational
symmetry (n = 8). In some embodiments, the rotationally symmetrical shape has at
least ©-fold rotational symmetry (n = 9). In some embodiments, the rotationally
symmetrical shape has at least 10-fold rotational symmetry (n = 10). fn some
embodiments, the rotationally symmetrical shape has infinile-fold rotational
symimetry (n = »). Examples of rotationally symmetrical shapes such as a circle, a
square, an equilateral triangle, a hexagon, an octagon, a six-pointed star, and a
twelve-pointed star can be found in FIG. 14F.

[00221] Without wishing to fimit the present invention to any theory or mechanism, it
is believed that the rotationally symmetrical geometry provides a fast fall off at the
target periphery. In some embodiments, the rotationally symmeftrical geometry
- provides a uniform fall off of radiation at the target periphery. In some embodiments,
the fast fall off of radiation at the target periphery reduces the volume and/or area

irradiated.

Rotationally Symmetrical Exposure Surface Confrolied By The Shape of The
Substrate '

[06222] In some embodiments, a surface on the substrate 361 is shaped in a
manner to provide a controlled projection of radiationt in a rofationally symmetrical
shape onto the target. For example, in some embodiments, the bottom surface 363
of the substrate 361 is rotationally symmetrical, e.g., circular, hexagonal, octagonal,
decagoenal, and/or the fike. When the radioactive isotope 362 is coated onto such
rotationaily symmetrical botiom. surface 363 of the substrate 362 a rotationally

symmetrical exposure surface is created.
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[00223] In some embodiments, the substrate 361 is a disk 405, for example a disk
405 having a height 406 and a diameter 407 (see FIG. 14). In some embodiments,
the height 406 of the disk 405 is between about 0.1 mm and 10 mm. For example,
in some embodimenté, the height 406 of the disk 405 is between about 0.1 to 0.2
mm. In some embodiments, the height 408 of the disk 405 is between about 0.2 10 2
mm, such as 1.5 mm. In some embodiments, the height 406 of the disk 405 is
between about 2 to 5 mm. in some embodiments, the height 408 of the disk 405 is
between about 5 t0 10 mm. In scme embodiments, the diamster 407 of the disk 405
is between about 0.1 to 0.5 mm. In some embodiments, the diameter 407 of the disk
is between about 0.5 to 10 mm. For example, in some embodiments, the diameter
407 of the disk 405 is between about 0.5 to 2.5 mm, such as 2 mm. In some
embodiments, the diameter 407 of the disk 405 is between about 2.5 to 5 mm. In
some embodiments, the diameter 407 of the disk 408 is between about 5 to 10 mm.
in some emb'odimants, the diameter 407 of the disk 405 is between about 10 to 20

mim.

[00224] The substrate 361 may' be constructed from a variety of materials. For
example, in some embodiments the substrate 361 is constructed from a material -
comprising, a silver, an aluminum, a stainless steel, tungsten, nickel, tin, zirconium,
zinc, copper, a metallic material, a ceramic material, a ceramic matrix, the itke, or a
combination thereof. In some embodiments, the substrate 361 functions to shield a
portions of the radiation emitted from the isotope 362. For example, in some
embodiments, the subsirate 381 has thickness such that the radiation from the
isotope 362 cannot pass through the substrate 381, In some embodiments, the
density times the thickness of the substrate 361 is between about 0.C1 g/em? to 10
glom?.

[00225} The substrate 361 may be constrﬁcted in a varisly of shapes. For example,
the shape may include but is not fimited to a cube, a sphere, a cylinder, a
rectangutar prism, a triangular prism, a pyramid, a cone, a truncated cone, a
hemisphere, an ellipsoid, an irregular shape, the like, or a combination of shapes.
As shown in FIG. 14, in some embodiments, the substrate 361 may have a generally
rectangular side cross section. In some embodiments, the substrate 361 may have
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a generally triangular or trapezoidal side cross section. In some embodiments, the
substrate 361 may have generally circular/oval side cross section. The side cross
section of the substrate 361 may be a combinati'on of various geometrical and/or

irregular shapes.

Rotationally Symmetrical Exposure Surface Controlied By The Shape of The
izotope .

[60226] In some embodiments, the isotope 362 is coated on the entire substrate 361,
in some embodiments, the isotope 362 is coated or embedded on a portion of the
substrate 361 (e.g., on the bottom surface 363 of the substrate 361) in various
shapes. For example, the coating of the isotope 362 on the substrate 361 may be in
the shape of a rotationally symmedrical shape, e.g., a circle, a hexagon, an octagon, -
a decagon, or the like. The rotationally symmetrical shape of the isotope 362
coating on the botiom surface 363 of the substrate 361 provides for the rotationafly
symmetrical exposure surface, which results in a contralled projection. of radiation in
a rotationally symmetrical shape onio the target.

Rotationally Symmetrical Exposure Surface Controlied By The Shape of The
Encapsulation | '

[00227] in some embodiments, the encapsulation is constructed to provide a
rotationally symmetrical exposure surface for a controlied projection of radiation
having a rotationally symmetrical shape on the target. In some embodiments, the
encapsulation has variable thickness so that it shields substantially all of the
radiation in some portions and transmits substantially all of the radiation in other
porfions. For example, in ong embodiment, the density times the thickness of the
encapsulation is 1 glem? at distances greater than 1mm from the center of the
radioactive portion of the source and the density times the thickness of the
encapsulation is 0.01 glcm? at distances less than 1mm from the center of the
radioaciive portion of the source. For a Sr-80 source, this encapsulation would block
substantially all of the radiation emitted more than 1mm from the center of the
radioactive portion of the source, yet permit substantially all of the radiation emitted
within 1 mm of the center of the radioactive portion of the source to pass through. In
some embodiments, the thickness of the encapsulation varies between 0.001 g/em?
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and 10 g /em®. In some embodiments, rotationally symmetric shapes of the high and
jow density regions as described above are used.

[006228] The ehcapsuiation may be constructed from a variety of materiais, for
example from one or more layers of an inert material comprising a steel, a silver, a
gold, a fitanium, a piatinum, another bio-compatible material, the like, or a
combination thereof. In some embodiments, the encapsulation is about 0.01 mm
thick. In some embodiments, the encapsulation is between about 0.01 to 0.10 mm
thick. In some embodiménts, the encapsulation is between about 0.10 to 0.50 mm
- thick. In some embodiments, the encapsulation is between about 0.50 to 1.0 mhé
thick. In some embodimenis, the encapsulation is between about 1.0 to 2.0 mm
thick. In some embodiments, the encapsulation is more thar§ about 2.0 mm thick, for
example about 3, mm, about 4 mm, or about Smm thick. in some embodiments, the
encapsulation is more fhan about 5mm thick, for example, 8mm, 7mm, 8mm, 9mm,

or 10mm thick.

Rotationally Symmetrical Exposure Surface Controlled By Other Components

[00229] In some embodiments, a radiation-shaper 368 can provide a controlled
projection of radiation in a rotationally symmetrical shape onto the target. . (Figure
14G). A radiation-shaper 366 comprises a radiv-opaque portion and a substantially
radioactive {ransparent porﬁon' (hereinafter “window 384"). In some embodiments,
the radiation shaper 366 is placed under the RBS. The radiation from the portion of
the RBS that overlaps the window 364 is emitted through the window 364 toward the
target, and the radiation from the portion that does not overlap the window 364 is
blocked by the radic-opaque portian from reaching the target. Thus, a window 364
having a rotationally symmetrical shape will allow for a projection of a rotationally

symmetrical irradiation of the target.

[00230] In some embodiments, the window 510 (or orifice 500) of the cannula 100
may be the window 364 of the radiation shaper 366 to provide a controlled projection
of radiation in a rotationally symmetrical shape onto the target. For example, in some
embodiments, the window 510 is circular.
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[00231] As discussed, & controlled projection of radiation in a rotationally
symmetrical shape cnto the farget allows for a fast fall off at the edge of the farget.
Also intended to be within the scope of the present invention are the various
combinations of arrangements of the components of the RBS and/or cannula 100 to
produce a controited projection of radiation in a rotationally symmetrical shape conio
a target. Based on the disclosures herein, one of ordinary skill would know how to
deveiop these various combinations to produce a controlled projection of radiation in
a rotationally symmetrical shape onfo the target allows for a fast fall off at the edge
of the target. Fast fall off at the edge of the target may also be enhanced by
recessing the RBS in a well having deep radio opaque walls. For example, FIG. 21
shows an RBS recessed in a well with deep wails, where the walls can enhance and
even faster fall off of radiation at the target edge.

ISOTOPES & RADICACTIMITY |
[00232] Various isctopes may be employed within the scope of the present invention.

Beata emitters such as phosphorus 32 and strontium 80 were previously identified as
being useful radioac;tive isotopes because they are beta emitters that have limited
penetration and are easily shielded. in some embodiments, the isotope 362
comprises phosphorus 32 (P-32), strontium-90 (Sr-9Q), ruthenium 108 (Ru-108),
ytirium 80 (Y-80), the like, or a combination thereof.

[00233] Although they are distinctly different from beta emitters, in some
embodiments, the RBS may comprise an isotope 352 such as a gamma emitter
and/or an alpha emitter. For example, in some embodiments, the isofope 362
comprises iodine 125 (1-125), palladium 103 (Pd-103), cesium 131 (Cs-131), cesium
137 (Cs-137), cobalt 60 (co-60), the like, or a combination thereof. In some
embodiments, tﬁe RBS comprises a combination of various types of isolopes 362.
For example, in some embodiments, the isotope 362 comprises a combination of Sr-
9¢ and P-32. , In some embodiments, the isotope 362 comprises a combination of
Sr-90 and Y-80.

[00234] To achieve a particular dose rate at the target, the activity of the isotope that
is to be used is determined for a given distance between the isotope and the target.
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Fraction of initial electron energy lost at depth > 1cm 0.027002 0.024787 0.010785 0.010609 [00248]

In some embodlrgg@tfs the RBS is in the form of a deployable wafer. In $eme.em (%géggents the wafer
is in the shape AR cyli nger an ellipse, or the like. In some embodlment fhe water comprises a nickel

titanium (NiTI) gubsisate \qiierdapediith or surface coated with an |sotope 362 and then
encapsulated, thatiogens, upowhen deployed. In some embodiments, the wafer is encapsulated with a

bio-inert material if it is to be left in place for an extended period of time. [00249] In some

embodiments, the RBS is for inserting into a cannula 100. In some embodiments, the RBS is designed

to traverse a Ien%th of th nnula 9 In some emboglments Lore. }aa{][ A%S iS used to deliver
a&E

radiation to a tar eFXﬁ@P Sxé B?er? LM iiSodimetite” s YadiSactive yéeed -shaped
RBSs 400 are iemdatestliint %ﬁ‘@b@\'ﬁﬁmimfvrﬂ?iﬁﬁimﬁmw WRE"[@@E&@WIWﬁdﬁ\‘é"‘érﬁbodlments the
cannula 100 of{bigrRisiseRlin/entian cesnptae stanguidenwile abQtnserad mishim e cannula 100,

whereby the e, U'e SROJMRYIENaI0 RYSY & BRRIONS S UBARG aFinalaghnguion 110

[00251] In some embodiments, the cannula 100 comprises a memory wire 3 FIG. 2). In some

embodiments, ﬂ?@@&ﬁﬁ@FﬁiW%@HBﬁgé"é‘étﬂﬁ?ﬂé'g\ﬁr%fﬁﬁ)déﬁﬁ% ' ?fﬁﬁ%/'%/\ﬁrteaéj@ﬁ Niflerein the guide
wire 350 is conasetet dontheimizme)and rib<E0Esitet stwseratmiscatinnt BtsGitvmitah the 42130 comprises a

guide wire 350 &n&mw&a&w&%ﬁ@; w&wa@%@ gwdfamsp%é@ aﬂ@\ér@mmwe 300 are the

same wire. In some embodiments, e3 0 ma exte qj ret cted into the
cannula 100 as%ﬁesaﬂFdSWPé g?é% én anﬁec%d or iPgtrsace X‘ %’m 3 ‘?93 ol erna

- contained in a silver-clad matrix disk is about 3 mm m d:ameter the target is at a
depth of about 2.0 mm (in tissue) and the desired dose rate is about 18 Gy/min at
th'e target, an activity of about 150 mCi may be used. Or, if all aspects of the source
are kept the same except that the diameter of the strontium-yittrium-80 titanate
internally contained in a silver-clad matrix disk is about 3 mm in diameter, the target
is at a depth of about 0.5 mm {in tissue) and the desired dose rate is about 15
Gy/min at the target, an activity of about 33 mCi may be used. Or, if all aspects of
the source are kept the same except that the diameter of the strontium-yitirium-80
titanate internally contained in a silver-clad matrix disk is about 2 mm in diameter,
the target is at a depth of about 5.0 mm (in tissue) and the desired dose rate is about
30 Gy/min at the targe't, an activity of about"r’ma mCi may be used,

[00235] in some embaodiments, the isctope has about 5 to 20 mCi, for example, 10
m{i.

[00236] In some embodiments, to achieve & particular dose rate at the target, the
radioactivity of the isctope 362 that is to be used is determined for a given distance
between the isotope 362 and the farget. For example, if the Sr-80 isotoye 362 is
about 5 mm from the target (in tissue) and the desired dose rate is about 20 Gy/min
at the target, a Sr-80 isotope 362 having a radioactivity of about 5,000 mCi may be
used. Or, if the P-32 isotope 362 is about 2 mm from the target andg the desired
dose rate is about 25 Gy/min at the target, a P-32 isotope 362 having a radicactivity
of about 333 mCi may be used.

[00237] In some embodiments, the isotope 362 hés an abtivity of between about 0.5
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SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 [00252] In some embodiments, the memory wire
300 assumes a shape once it is deployed to the tip 200 of the cannula 100. In some embodiments, the
memory wire B %ﬁ%@%s a material that can take a desirable shape %?Tﬂgéz?ﬁg@é‘fﬁéring the
radiation to a pestenigr AHeERbRREYes At Will be understood by persons having skill in the art that
many shapes of ARemery-wises may be utilized to provide a shape consistent with that required or
desired for treatment In some embodiments, the memory wire 300 is in the shape of a spiral, a flat
spiral 310, a ribbon, the like, or a combination thereof (FIG. 2). In some embodiments, the desirable
shape of the memory wire 300 for delivering radiation not allow for :ﬂga emor i%e 300 to be
inserted into théOéaﬁ‘l%le{”lwsr?@Pé’Pé%eﬁﬁ’48%%0%%%%yrﬂ%%@ IR ISR \?\ﬁpeag Is capable of
being straightertedtsodhatrisamg drebpiimeeld. i istoranbrikeg 80 Aisbraeheimssdimiewts, the memory
wire 300 may farma sthaes. (8- SonseSRiBAHWRAR eie Rdepdrap thes canaciaith 0. Jersesne
embodiments, the Joemoryire, 300 13yng 830aRe.(5.0 1 lakshraka1k may e, grgiohtened upon

being retracted Tnt6 the cannula . In'some embodiments, emory wire 300 extends from the tip
200 of the distaPFBRMNZ02E JOhEERM TS 1 b0 SpitRsaPRissRE b a2 HEH & mory wire 300
comprises an afetviaf sfickeldianhout @O0TH. HDVever, ihwilineembddirstodl by petganiahaving skill in
the art that any etal0r RHQu.&U-alb&H MBI 18! SHE0 A8i SHEhsERb AIRRRLNERRbLIE el -titanium,

super-elastic nickel-titanium, plastics and othe ta d the like, can be used to create the memory
wire 300. [oozéﬂﬁﬁ%Sﬁflé‘%r??b%e&%%%Ps‘ﬂ‘h&ﬁ%@ﬁ rilgvéll@ 3 c%n%%ﬁgeesn}%%ceﬁﬁgs(et%ge., substrate

261, isotope 3628ckmd/dbeheapsarititingf mosethenab®d dihieRtGhe memory wire 300 has the isotope
362 deposited on it and is further encapsulated, thus the memory wire 300 comprises the RBS. In

some embodimgﬂ @%%QW%QZO of the memory wire 300 comprises the RBS (e.g., isotope 362
ong,

and encapsulati or example the distal end 320 is coated with an isot(épggggg further encapsulated.

In some embo NS BIIRARMESE o TR SR ATy TIPSR R hr Y Bnd the
remaining portietieohéketonthen @uidsineir80858nd/or sbraey aitkodiire BS0theagtiacimeshifldhgeighboring
areglscl‘_rom the %?Q%H%Bémdé% @@%né&é%}&ﬂﬂ%@éb I%@bh@éﬁ@?é'@ﬂ@ﬁ{@-b% 3NMEéYu§én_§009 _
embodiments, the F nd/or jsotope re ed.tot Wi in coating. In
some embodimaeﬁ?g;e &R ﬁésaé)%ﬁgg?ﬁ ?a%oﬁrg%%&hﬁﬁg%%?%ﬁ |dﬂr @%%%ﬁ%% ] In some
embodiments, fheattiifsty Wird@G0%unciorfsMRe SREMMSor Hee§USRBRE] B SO0 The
seed-shaped R&B=400:nayihaienegpbenicglishape; B5tingdheal shagenoeabodllipstidaleshape. The

shape of the Se&@sﬁ%@e@é‘ﬂa&%?%&%@@ﬁe@%Qﬂ&d éhﬁ%eﬁuiﬁéﬁﬁ%eﬁ@%%% ts, the shape

of the seed 400 Is determine dimensions so as to maximize the area and/or the volume that can

pass through a¥RIARS 108 BEFIAS' RV IR S HELERYA A/ 0, BUBRHHRIETHHITE Hiffbodiments, the
RBS is in the sli&pe of soowrweetbediinelds, thisome rrdsditivadnisinthe meatied eydinderisas a rounded
distal end and aggungdgdproximal end so to further accommodate the curvature of the cannula 100
[00256] In some embodiments, the memory wire 300 is advanced toward the tip 200 of the cannula

100, allowing the memory shape to form. Without wishing to limit the present invention to any theory or
mechanism, it iPHE5eVeGat ETOFHEIABE SMapBSsiadnAndoen i BeLANBRIMEAT s rmed, it

concentrates theRB&ErBdhediesite witapr. i tréherperious rhapes maysbeotisedike. achieve a certain
concentration o JAiEliBRANEKE IRAGRIEY EhERILA!R A HEhBHPARYICerHRP deRs,Mey e customized

to achieve particu results. For example, a low radiation inténsity may be delivered when the

wire exposed aP4HREiAEHEA ML s o SRAIRRAIRS - HighORENa ARighEP 4GRS intdhSifPhay be
delivered with thehwitienexipotbedvaistie cistad efitl isbipited matertabibttisdedisiefiorebemitiing of the

radiation at the &/8@ended period of time.

[00240] In some embodiments, the memory wire 300 comprises the RBS. In some
embodiments, the memory wire 300 functions like a disk 405 or seed-shaped RBS
400. The seed-shaped RES 400 may have a spherical or eliipsoidal shape. The
shape of the seed-shaped RBS 400 is not limited 10 the aforementioned shapes. In
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[00257] In some embodiments, the memory wire 300 is a flat wire similar to a ribbon. In some
embodiments, the ribbon may be coated (e.g., with an isotope and enca sulatlong on only one edge,
and when the n&g(ﬁs:f%ss\czgﬁed the edge that is coated with radiation matgﬂgl‘{ﬁﬁﬂo Oritdhtrate the RBS,
and the other eggernrtgampisiag radigtieon material may act as a shield. [00258] In some
embodiments, thevBB®By(e.gopsubstrate 361 and/or encapsulation and isotope 362) is attached to the
guide wire 350. In some embodiments, the D63 SALU08.01 NON-PROVISIONAL JANUARY 7, 2009
attachment of the substrate 361 and/or the encapsulation to the guide wire 350 may be achieved using
a variety of methods. In SO m ﬁdlments :i%SUbS a];‘e 36d1 gl%gncaé)§ulatlon ig attached by

u

welding. In somé Bmbodime 5 the s&Bs?rate aé%caps afion is attached to the guide wire

350 by glue. In @mres@mbwaﬁm%a%ﬁ%dbgtﬁﬁa Bf@jioéir‘i'%ﬁd{o&‘?t@aﬁﬁl‘é&ibﬁ%%séﬁ@éﬁ@cﬁto the guide
wire 350 by beigghemnyelopedrihadqaiasiic steaiedhaning anrextensiennwbich dommogiagiastic guide wire

350. In some enbOHAGN}S.¢ '%ﬁag?/ aeaa&m%\éeameg m%me%aus&,ﬂérr@%éwmaubmg DISTAL
CHAMBER AND BALLOON In some embodiments, the cannula 100 com rises a distal

chamber 210 df$HRdRNa st BHEFSF 1E BlsBn8RToA fiﬂ“ﬁ?@eﬁf?émﬁ ). e HstBl 48ber 210 allows
a memory wire 880rmeditértie protetredigheicenmiEntdfn some embodiments, the distal chamber 210
is in the shape of a disc. In some embodiments, the distal chamber 210 is in the shape ofa
two-dimension rop. 100260) In some ents the istal chamhber.210 is rounded at the
tip and has a w ?é‘ig‘%g |s§}a 2? énsq.g??]énhs e Wlﬁ mﬁﬁ gnnalga%ﬁa&%éor}wnesém odiments, the
distal chamber%@i@%@'ﬂéﬁhq RBYlisdasimanberaecandaret Admeaniie 880 BrsameBs (e.g., disk
405, seed-shapsebRifeARDorbennserieRiBi0iY. Usesomesivioditadntsidie mrganoryavire 300 curls
into a col In the, distglkehaBhe Bl Ve aadimsnty wlkag Al e el 300 inside the
distal chamber ncentrates the RBS. Without wishing to limit the present invention to any theory
or mechanism, it is believed that concentrating the RBS allows for a faster procedure. Additionally, this
may allow for u@é%‘@l@@“@&@ﬁ\ﬁ@ﬁmﬂﬁi&m@mﬁﬁdﬁh@ﬁﬂ%WW&WWr 210 keeps the
memory wire 3¢AsnslioseEErs ePnUR BT s asattaw AgEarReRmTyarire 300 to coil into the distal
chamber 210 apg e, W&ﬁ&&@w Rgt&ﬁ;mnél@é@ﬁm@@%qe%%ﬂ&w@ ARMRRYVige 300 breaking

off or becoming trapped in surroynd I“ﬁ? strucefjres In so e distal, chamber 210 is

R%e ml? gnts tg
oriented to lay RPSIGERISTAH BHABCLEAES 2Jnedisai o5y e Y eI 5L B1T TR €8fe embodiments,

the distal chamMpmammngﬁmﬁpg@dgiwe a radiation dose distribution such that greater
than 1% of the total source radiation energy flux (e.g., total radiation energy fiux at

the source center along the line {&) is transmitted to greater than or equal to 1cm

distance from the RBS {along the line {r).

[60243] in some embodiments, the present invention has a RBS that deposits less
than about 89% (e.g., 98%, 97%, etc.) of its total source radiation energy flux at
distance of 1 cm or less from the RBS.

[00244] In some embodiments, the present invention has a RBS that deposits more
than 1% (e.g., 2 %, 3%, 4% etc.) of its total source radiation energy flux at distance
of 1 cm or more from the KBS, In some embodiments, the present invention has a
RBS that deposits between 1% to 15% of its total source radiation energy flux at
distance of 1 cm or more from the RBS.

[00245) In some embodiments, the interaction of the isctope radiation (e.g., beta
radiation) with the encapsuiation (e.g., gold, titanium, stainiess steel, platinum)
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SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 protuberance (e.g., distal chamber indentation
tip) projecting from the distal chamber 210 so as to indent the sclera and functions to guide the distal
chamber 210 {8 HE°L8HEH position at the back of the eye. In some embbaitHEE % distal chamber
indentation tip ig dispeseden-tigirenbrhihe distal chamber 210, the front being the part that has
contact with ther patiamtis2yerdn some embodiments, the distal chamber indentation trip allows a
physician to identify the location of the tip 200 of the cannula 100 over the target area. In some
embodiments, the distal chamber 210 further comprises a light source 610. [00262] In some
embodiments, the distal c_hani%?r 210 cgmg)rises a n;cletal, a gl?srtticf éhe Iéggég]r a combination thereof.
In some embooﬁ?ﬁ‘gﬁ%ﬁ?{@e a (?r?aarﬁ NG pﬁggsegné 8F More ayers BIMERIE and/or alloys

(e.g., a gold, a StspresnvicRd) JANEe BrilsRIFRrAdcthernyErshasiibe tEvessiiiYses a material
that does not shigid: hre RBS altv Seme-aamanEMBatSHdhe dbipiR TEmbencddeampases an orifice 500

andior a WinGoWRdl ek he AL WS el SORMRE L O AR EThgEments, fe distal

chamber 210 further comprises a radiation shield disposed on the back of the distal chamber 210

and/or a side oMhe"afMeH BrasiAar patE MG Wit g e8! kAt #lEepiRiatamBhtion to any theory or
mechanism, it isdoeleieatisbdied distebtinaendreatgd hraromngni sing . dheardidisition sihiery dispaised on the back
and/or a side oftheishstabchambal #1& i evaiagerUsHaGa uaauib v d premeptithg radiation from
being directed to an are ?ther thanﬂth tg‘ra%eit areq ge. .,n;[he gtlgnt's tor.;&llc nerv%)(. [00263] In some
embodiments, ﬁ?gregﬁ%ﬁé%ﬁ%%p?ﬁ% an eaxpeari ggFe t?peﬁa.a.fna af'l'looen?ﬁ%esome embodiments,
the expandabldnigiely/eaiuspafgegeudhssrh S SSCripRER PR kaARte I EIE c & salt solution (BSS).
In some embodimepéssdipraspaniabiediyiss abexpanded -aod theoftine BRSsterge disk 405,
seed-shaped REG.400L 0L e (adinestivepanion ALbEMREmAn e, 200 s dgpigved. Without wishing

to limit the present invention'to any theory or mecChanism, it is believed that an expandable tip is
advantageous fEesluse it could act as a guide to position the cannula 100 in the correct location. The
physican may be able to confirm the position of the cannula 100 because the expanded tip would

create a Convg%m theussletasRRa J eiaxpardabi e lematduiberserropHaabigld for preventing
SALU08.01 N N15P| Oglgl?ng& JANIUARY 7 qug rﬁg@gog frgrri’g ﬁpEsr% cé[ml%égn?n area other than
the target area’fe.a.’ﬂ(ﬁ Atiefit 98% ﬁf?o?f@iﬁ’ﬁ’ﬁ q?pe Srmpboanme s, the gxpandable tipisa
balloon.In soméniisstienents, ahaapaiisoning ABSRShtéxParidedsterdydave ts BReasiseaiBortion 110 of
the cannula 10@ #kercash¢abing2@RmRterial). A RBS that is constructed in this manner may

produce @ radiation pattern-comprising beta rays, x-rays, or both beta rays and x-

rays, such that greater than 1% of the total source radiation energy flux will extend a

distance greater that about 1cm.

[06247] Table 3 is a listing for non-limiting examples of such Sr-80-constructed
radioaciive seeds.

TABLE 3 _
. Platinum | Gold Stainless Steei | Titanium
Thickness {om) 0.01 0.01 0.033 0.07
Density 21.45 18.32 8.00 4.54
Eiectron Energy 0.8 0.6 086 0.6
Radiative Stopping Power 0.08682 | 0.08828 | 0.02811 0.02297
Energy Lost 0.01858 | 0.017056 | 0.007421 0.0073
Fraction of Energy Lost 0.030967 | 0.028426 | 0.012368 0.012166
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[00265] As used herein, the term lateral" and/or "laterally” refers to in the direction of any line that is
perpendicular to line 1R, wherein line 1R is the line derived from connecting the points /R and 1-r,
wherein Ls is the P8ii¥6tted at the center of the RBS and 1-r is the po?ﬁﬁ%ﬁ’fﬁ’ﬂ'%lﬁﬁe center of the
target (see FIG¢ 10,k & 4aN-19Q268]Asused herein, the term "forwardly” refers to in the direction of
and/or along ling & fmmridbsough tr, (see FIG. 10) [00267] As used herein, the term "substantially
uniform"” refers to a group of values (e.g., two or more values) wherein each value in the group is no
less than about 90% of the highest value in the group. For example, an embodiment wherein the
radiation doses-at-a distance of up to about 1mm from the center of the target are substantially uniform
implies that anymfgai%?%ﬁngggégmithin the diStance of L9p2to abouffmm away frofrfthe center of the

target is no leséineuatah obeeiB®nbfthwatsghedtradiatién dose wRHiB7that area (8.t87the total target

center radiationiglase). For example, if a group of relative radia

ion doses withi

n a distanc

e ofupto

OO 0D

about 1Imm a /g}é&{ﬁdhllojriﬁ&gﬁl%@gﬁdg tar
s are substantially u

relative radiatipp.d M roun (1001 100

of the highest hzall

UEAE ™ CTRFED t
hiform begause each

2681 As used herein

BB P77, 94, 108 RA S
value in the group is no |
the term "iso

isodose, or the PRI S8k ElerTarerastayt

& 0492 ARA LBFro AT he ¢

2, and 91, the
ess than 90%
escription

arget wherein

eﬁt%%%% 1
the radiation dde# adsaystdmmally uniform (see FIG. 13). SALU08.01 NON-PROVISIONAL JANUARY
7, 2009 [00269] Without wishing to limit the present invention to any theory or mechanism, the

devices and meihods of 36 DIESEAINUR0'AR EPRIRVRd 1 e SMglB K dSliRring 2 substantiall

uniform dose t ntire target region (e.g., neovascular tissue), or a noh-uniform dose, in which the

center of the taf§BEIFERADRENRNS WBEHIDLIR RIREE Flhed o Swre- B il r&ions of the
target. 100270%dmesemeodimbotintenteafar dosgideabauicks! Gianude (V@i dulstiaetaiget. In some
embodiments, aage,ef abaut-Le Gwin R lsislvesedia thenarestsinsams.esiagiments, a dose
of about 20 Gy is dﬁlivere to&h? targjet. Iragg.me ?nggodin?ents a dosF togabt%ut 24;6&’ is delivered to
the target. In s6me e&r%g?')'ofJ %hts’,“ RIS R Sl &'ﬁ'/‘v 024 @ﬁgsgeah\e}e%d tabtt’ﬁe”‘iaq‘get. In some
embodiments, &1éfedd bitapburteiGy neekeiivarcexterdrs it ofifi®8me embodiments, about 24 Gy
to30 Gy is delivered to the target In some embodiments, a dose of about 30 Gy to 50 Gy is delivered

fo the targe, InghBs REARCIBANAfose kR ) Guin 100 Sulsdelipren e trget

some embodiments, a dose o0 ivere e target. DOSE RA 271] The

medical radiati6AESHTATIL) BERNSEEIHRb e SR ERA & BB WbWE588 Y800 4Bia%BR (e.g., less
than about 10 Eybodiestprefenethevembiditddseassate rddiatiorsbetause higgradserate irradiation
may cause Mo £amplicalions-dihexamelawih esscisatificipubligatiap sRestaatngakyisual Acuity in
Patients Treated with Egisclgral Prluaqt% T erapy for Choroidal Melanomas: Dose and Dose Rate
Effects" (Jones, .?rég}ee,ﬁ@.,' ?eil'e X urray, K., Gillin, M., Albano, K., Erickson, B., International
Journal of Radiation Oncology Biology Physics, Volume 52, Number 4, pp. 989-995, 2002) reported
the result "macohEdeeRoresoRE 1l cGy/h (+/- 11.1 cGy/h) were associated with a 50% risk of

significant visu éh'@&ﬂ@&ﬁ%&%@n&?%@%ﬁ nﬂ%%ﬁ&ﬁr@&%ﬁ#&&%i%ﬁﬁgr&%%r%'ated strongly

with poorer posttreatment visual outcome,” Furthermore, t merican Brac >rapy Society (ABS)
issued their re(%i’ﬂ?né‘f‘f&aﬁéﬂs“?ﬁ%s&’fg}‘ﬁiff@ep@Bﬂﬁ&ﬁoﬁ?%l’f@ﬂﬁ’?@ri@én%I%%pr)fﬁe?véBy Society
Recommendatfondifos BracklythBEfpipedid tealipvhelantihead S itNagid, 1@uivey, J.M., Earle, J.D.,
Followill, D., Fontanesi, J., and Finger, PT., International Journal of Radiation Oncology Biology

Physics, Volum Number 2 '
ysics, VOl [5?925561’] iﬂusor%ee Eﬁﬁtg}%;?ments, the cannula 100 comprises a memory wire 306 (FIG.

2). In some embodiments, the cannula 100 comprises a guide wire 350 and &
memory wire 300, wherein the guide wire 350 is connacted to the memory wire 300.
In some embodiments, the cannuia 100 comprises a guide wire 350 and a memory
wire 300, wherein the guide wire 350 and the memory wire 300 are the same wire. In
some embodiments, the memory wire 300 may be extended from or retracted into
the cannula 100 as the guide wire 35C is advanced or refracied, respectively.

cel



SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 pp. 544-555, 2003) stating "the ABS
recommends a minimum tumor 1-125 dose of 85 Gy at a dose rate of 0.60 to 1.05 Gg//h using AAPM
TG-43 formaligi 18P he* & culation of dose." Thus, the medical standard %?Egzroéw/g:&'uﬁes low dose
rates. [00272] Respig dhedgashingsanay, from the use of high dose rates, the inventors of the present
invention surpriginglyyscoyeved that a high dose rate (i.e., above about 10 Gy/min) may be
advantageously used to treat neovascular conditions. [00273] In some embodiments, the dose rate
delivered/measured at the target is greater than 10 Gy/min (e.g., about 15 Gy/min, 20 Gy/min). In
some embodiments, the dose rate delivered/measured at the target is between about 10 Gy/min to 15
Gy/min. In some embodiments, the dose rate delivered/measured at the target is between about 15
Gy/min to 20 Gi#fi#l Ih sonteesthpditientan tbe tmenodevistcde Rese e M@l Weths Brget is
between about RBis3imbtie GO0 /NiRe Lasae GMhogbmeriaptimiose raimeebvewad/measured at
the target is be n 0] i 0.Gy/min, ' , rate
delivered/meas%qgjegoat t %eg%%gnét‘%n%len’{%g%#‘ att%%tglo Sé&ﬁrr% E%S%B(g%%?#%%%gﬁ%o g‘%bodiments, the
dose rate delivErdaliTbiRstiRRFEl th@ e Pidhsetifech ‘ﬁﬁc‘ﬁ‘i SRISIRAT Y PRSSERH BRI some
embodiments, thdl tidse adtthateieeyadianensuredratytivraargey = hditizascln alwide2bsGapenin to 100
Gy/min. In somg mhadipenissthe, dase jatrdeliveredimeantred aldhetasgahismeqler than about
100 Gy/min. [00274{;} In SOI’%E em.b(égimﬁ%gs, ?bout 16 G],_}/ i105f ra ig]iignai?b %lj\v%;’ee(ﬁk\é\/ig} a dose rate of
about 16 Gy/mmefB A0 hiRGR Eag eeaOSler"aa{'tﬁeatar &) I sdE b6 Iments, about 20 Gy
of radiation is diveiretionithesedd el Faté) of asete 2 By He: HiIsotRsIdhkh HiEPasOMBEsured at the
target). In somenembONMEBIS, fabesilvaine Yalfiadetivesg thavidhavdosteateababas 380Gy/min for about
2 minutes (as red.a rget). m ime apoy 0 lation is delivered
with a dose ra@?o?%%%e?ﬁ%ﬁﬂ%g%ﬂlﬁ%% @?//rr?lﬁe%%g Eal %g@ren i%@%é@gb%y& hrr%?ré%{]g%s%&as measured
at the target). IH"@‘?)%’Q sftRANIR SRR HIRBERY 6P hal &idRY S BIRFERIURNe B88E3ate of about 15
Gy/min to 16 Giémirnfesrabeutt2dinienteSH{aseneagwied 30thetdogety sheperteenemispid#nents, about 30

Gy of radiation js,deliyered yith.adoserais AiRAWLAR ECHEBMHENERAN e MiRUR-éaR0 SALU08.01
NON-PROVISIONAL JANUARY 7, 009.n}§a ured %%.t%%eg In s’_ggw%empoq;megts, about 40 Gy
of radiation is NS EF IR £ doE AP AhoUT20 RIRYSH db%‘fﬁ ﬁnﬁd?e%af eg M&asured at the
target). In soméesasoditntifts, asemesonEidoatisidif nesapliviectOl rpteNdb §erdie dPabout 40
Gy/min for abopd omidaapsnrRasued: #idbentargaoIn some embodiments, about 40 Gy of
radiation is delivered with a dose rate of about 50 Gy/min for about 48 seconds (as measured at the
target). In some embodiments, about 50 Gy of radiation is delivered with a dose rate of about 25
Gy/min for abolM253hilLEERERMARHEHEY Haeetarne s SRR EiSAmalig, Slbiieso Gy of
radiation is delitenadnyiiT dosesrate iiviibeutridsrEydthiy fersireuiAgesd it ¢asitrehsured at the
target). In some,gmhadinenis, a gosadatr.habauln’ 2 Gy elererkpdtha-laperatg. of about 75
Gy/min for about 1 minute (as measured at the ta%%tet .In soge emtbiodl eggtsn a dos%)rate of about 75
Gy is delivereditiR: F588 1alfs It A 25"y /MR o5 H5oTh'S ﬁfe'eg% FibEstFEE%t the target).
[00275] In somesedibothpietts nMamoargéeid®xposed to the radiation between about 0.01 seconds to
about 0,10 seconds, In some embodiments, the target is exposed to the radiation between about 0.10
seconds to ab .0 second. In some embodi arget i radiation between
about 1.0 seccﬁ?éz%ﬁaﬁoa?r% 3@?@?@??%’5%%13%%@3;%%n@tﬁgwgggghgx%%eﬁg the radiation
between abouts¥bs§at 3 tésalseat 387 sapid &N FIRSHAECRIMb BH FREIR S TRE4EIEE s ¥ posed to the
radiation betwesshaipuirzsetandadd:3dmetohdsphsiedne drmddinuehts, shepangétds exposed to
the radiation bgfyean ARMY-30:RES00 dsHBridDiLReY) PR CMRRREIMGHLS b RilRIas(S exposed to

the radiation between about 1 minute to about 5 minutes. In some embqdiments, the target is exposed
to the radiation5810eeiauBEIS il s aBUIR A RinlifesT it sdfri elfBRmetts e target is
exposed to thearzdesitatibvtieexabpatiTerinatesdszbe seadimiiites jspiersnsaciitisdiments, the
targbet(;js eXpOS@ﬁchéD@té@di@H%rPgTé\‘ﬁ’&ﬂh iaﬁtét_%mmmad@ww&é%o@mﬁww mngeo _ |
embodiments, the target js se the radiation between about neites t 30 minutes. In
some embodirr?grrﬂ%?st%se %frzﬁeﬁ%aengéggergrpgi%né t%%%tri}o%?ﬁhe vv@geﬂéﬁbgﬂ% égﬁmaih%@eps%% about 1 hour.
In some embodivifnydraRbeamat ASleltpsiiel reigbeamEatisASSIMdRE tRdikiehodR B9OSES, DOSE
RATES FOR TUMORS 062 -

<



SALU08.01 NON-PROVISIONAL JANUARY 7, 2009 [00276] Without wishing to limit the present
invention to a theory or mechanism, it is believed that for treating or managing conditions other than
macula degen AN TER® tumors), a typical dose is expected to be in tAEYARYR*EF%8dut 10 Gy to
about 100 Gy, suGh 88 B EY-FrRERNSIRAIE, it is believed that to irradiate from the exterior side of the
eye where the ragiatigtyhasote pass through the sclera, the RBS should provide a dose rate of about
0.6 Gy/min to about 100 Gy/min to the target. In some embodiments, for treating conditions other than
macula degeneration (e.g., tumors), the RBS provides a dose rate of greater than about 10 Gy/min to
about 20 Gy/min to the target In some embodiments, the RBS provides a dose rate of greater than
about 20 to 40 EYARAINRYS: t%@@ﬁﬁﬂf@dﬁﬂ@%?&@t“ B AR bR AR MR B Brovides a dose
rate of greater thincasfingt 40 $0160 dByndimeoishteaRGSt 14 mpuindteilbodémentsith80RRS provides a
dose rate of gregigrdiBas about 60 to 80 Gy/min to the target. In some embodiments, the RBS provides
a dose rate of greater than about 80 to 100 Gy/min to the target. In some embodiments, the dose rate
that is chosen by a user (e.g. physicist, physician) to irradiate the tumor depends on one or more
characteristics [B¢£SHBiGRIGBRIESEEMh e MGMedioree3§0 fhectisexfika s ofishet@dnsor may dictate
what dose rate shedusapssEBS [00R 7 ThyVidwlénaisiaiRBH 400ikibe resanighseiatienssany theory or
mechanism, It i3 RRiRL IR R ng.shod bebetyarIabeybd % sReqRAs4O about 10

minutes for prac | reasons, However, other exposure times may be used. In some embodiments,

the target is exﬁ%@@&iﬁ?ﬁ@%‘ﬂ]ﬂ&ﬂ%@ﬁmé’éﬁo WW@T@B@OH&%%BEWB 3%#4&08R%s. In some
embodiments, tedetaniped isyeXpeseidn® thasddiatiuimnzetite exresbaut/@. 1 sedone st about 1.0 second.

In some embodigemgathie d¥aekis mﬁﬁﬂéQéh%fﬁdiﬁi%éﬁlﬂﬁerF%@ $£SeR4 to about 10
seconds. In somebegnbg!qtlm%n%é(?%t%r eti aexp{gs«ecdugf)ew C?Iatl n betweegI O%bout 10 seconds to
about 15 seconds TR'Some em Imen s Qgrge% IS expg nesroan&ea? \Wg@n about 15
seconds to 30 $&6HU8C |IRYYDHRE @ﬁ@oﬂ%ﬁﬁ@ﬁﬁsdﬁi@ BN axposeerteraEnRlRatdi® between about
30 seconds to iurthigute:dnsotae: enakodiments, Haatarget i9@xposed to the radiation between about 1
to 5 minutes. In some embodiments, the target is exposed to the radiation between about 5 minutes to
about 7 minutes. In some embodiments, the target is exposed to the radiation between about 7
minutes to abolPAPhHABE SmAsime0ihe RECEY, A ARSR ipreAPRSIORIAI JRRIBARY 7, 2000
embodiments, ti¢heatgetis Rposienvingttie raetistipahoetne drrabolittbOtwishitgstadiratb thet 20 minutes. In
some embodmﬁagémth@émrsﬁ%sawm@ épﬁié%f{a%ﬁéﬁ?'(?ﬂ%‘éms&' ﬁQPMEZ-QemH?ﬁE%% g about 30

minutes. In some 8@%% men%e the tar et |§|§¥&osed o the r?ha iati out 30 minutes to

cause med eF’a(jj"’% N f(S'r ASYESHEn 1 hour.

about 1 hour. Iff SGIE embo menLis %ﬁ Parget IS exp °8"t
RADIATION ARERE: RﬁWlWWR@FWE mzbﬁe%ﬁés@rﬁ@f%écﬁméﬁwpmré@ﬁwm lef 100 and/or

RBSs of the presfitionvention @redesignedindieairaasatali-ipsg et arcryidnapsupstaniéally uniform
dose and are s asines 30402 %%@P@%Qw‘éﬁsﬁs‘!ﬁ%“” BTAE! dy,a5 Magagyred laterally

from the target as compa rior art (see Figure 8 onversely teaches the

advantages of SEIHPRERG ﬁ‘ﬁ'ﬂ’ﬁfﬁ‘? Jhes Wﬁeﬁ?ﬁ’@??ﬂaﬁ%%ﬂ%@@gﬁﬁ%ﬂﬁ%@%a decline in
radiation dose $&sight asdrediigtter aligipiergintehShPaitante\isliveBR0VEMAIB2)ife @RF&ekh stome

embodiments, {hediagiatiansdened apighedasinas asrsaskirpdbiateraliafiamergs ef an isodose (e.g.,

the area directly surrounding the center of the target wherein the radiation dose is substantially

uniform) (as shown in FIG 8).
[60257] In-some embodiments, the memory wire 300 is a fiat wire similar to a ribbon.

In some embodiments, the ribbon may be coated (e.g., with an isotope and
encapsulation) on only one edge, and when the ribbon is coiled, the edge that is
coated with radiation material will concentrate the RBS, and the other edge not
comprising radiation material fnay act as a shiéld.

[00258] In some embodiments, the RBS (e.g., substrate 361 and/or encapsulation
and isotope 382} is attached o the guide wire 350. In some embodiments, the

G63



[00280] FIG. 11 shows a non-limiting example of a radiation dose profile (as measured laterally) of a
1mm source comprised of Sr-90. In some embodiments, the radiation dose at a distance of about
0.5mm from th& C&HtEPEthe target is about 10% less than the dose on B EEHEAIRTS of the target.
In some embodj tpﬁdﬁ}qjﬁg dose;at a distance of about 1.0mm from the center of the target is
about 30% IessJ%g@ 13 Q@@gont e central axis of the target. In some embodiments, the radiation
dose at a distance of about 2.0mm from the center of the target is about 66% less than the dose on
the central axis of the target. In some embodiments, the radiation dose at a distance of about 3.0mm
from the center of the target is about 84% less than the dose on the central axis of the target. In some
embodiments, tREAFATRRGH 1B SHsa!e R4 R00/6F BB SICaPEHAPR dP IR G EER IR R B get is about
93% less than the abserahutiegce narataasraéitivdsargetorf@0@8 tddimesoinetensobslinter#®] the dose on

the central axis gifBedasaiduiadbie: gg&sc@ew%@wQmseﬁ@éﬁééam@wmqema?a 2009
delivered at the % oroidal neovas aLftlar me bragg\;% é%ﬂrgﬁn somﬁsan%yod men s the radiation dose
scu

extends away flaom i ?ar@%‘faf)s% Rhorol ﬁcﬂ erbF afl & recf‘ ons”lee g., laterally,
forwardly), whepaiRogimenitaihe s halrale 3ad RGN gosw sdirtienecatieened it heubidantiely uniform

manner is up tosabat @eﬁ@n@m@w I sofetenkediMentsthe r@d@@m,d@mwmﬁQ% away from the
target in all d're EQ{ESF(ﬁy i %'é%"Vrnf%%rg'r}goé(msrliﬁ'W&Q?@ﬁ&%@&@\@dtbﬁ ﬂg@&&’ose laterally

extends in a substant orm manner is up to about 1 away. In som ments the
radiation dose EXERTEHE)POMUIE target in all directions (e.g., laterally, forwardly), wherein the
distance that the radiation dose laterally extends in a substantially uniform manner is up to about

2.5mm away. [292] Bsams:enRerEaenisolne radiation dose at a distance of 2mm laterally from the
center of the target is }ess than 60 of the rﬁdlatlon do,§ on the centra é% tr%?et et. In some

embodiments, &3l Sn%%"&o%@ Q"&&?’aﬁ B B?I?H{% e?gmp?ﬁ;&% T rget is less
than 25% of theliagredor desenatofHascantelroripe 1abgses fisome Eﬁﬁ)@‘éiﬁﬁéﬁ@@hﬂezr@diation dose at

a distance of 4mmvateralldrpwmrdmncenten of dirdecget dnlessiban H%nef dhpsadiatign dose at the
‘center of the tame% B5Cay @ ﬁh%eéb%dﬁef &Q‘?n%é‘%@?ﬁ&'s Qéﬁé%ﬁ‘&%&;& - tig dgg profile

provides greater sa et optic nerve than ' metho rior art 3] In some
embodiments, W%fﬁ%%ﬁé@l%@ﬁﬁﬁ%%ﬁ'G’ﬁﬁ?fﬁ?\a{/&ﬁ‘?ﬁﬁrapd|stance of up to about 1.0mm (as

measured Iaterally) from the center of the target. In some embodiments, the radiation dose declines

such that at a digfagse pfRRRAULOBIARARS ﬁ@@%(@ﬁaﬁ%ﬁi% ;gr%nﬁa@%@ms&iefaﬂamrget the
radiation dose IS Ies than abo t25°/ of the radlag% Q?tr{fke center of he target. In some
dIS

embodiments, ﬁ‘ne iaflgh 80%e 2LGcA%H % %?%@Jt qS.m (3%"?%easured
laterally) from taeesiireantsst the fféﬁf@éﬁfﬁi‘éhﬁoﬁéﬂm fdew.isTessliglrhiyober ot afaMe #adiation dose

at the center ofrﬁ@a]bwgﬁte (061284 LIRSS Reye raRRUITBE s i fad i REIEINAD0s &oi DS Urstastially uniform
within a dlstanc gf Uphli t&g r(%s measure I ;%rg%) J{;ﬂgﬂ;ﬁ% acggéiﬁ_cgﬁé 8cq'ﬁs%{get In some

embodiments, t e radlatlon ose declines sucht at istance of about

NON-PROVISIERAPES AR AR POMo 0%, Eﬁ%"’?ﬂéﬁéﬂ?eﬁ‘?ﬁ’tﬁ%w Errft RidEehier of the target,
the radiation dasigdk dessithad Mbhonicebfraiet tihe raditioNitlose wittirg denimitahthertaeget. In some

embodiments, ﬁ%rﬂe}}a&mﬁzﬁ%&%m%mm& A ﬁéﬂ@@d‘%ﬁ’foéﬁé@ﬁ%ﬁw@% t@sgmeasured

laterally) from th ter of the jatio els less than about of the radiation dose
at the ggnter ofaﬂf‘?(gvf’apé@t faster progec}ure /@éilt%na ly, TQ'S may alow f%r use of a owe; acti \ﬁt

RBE. In some embodiments, the distal chamber 210 keeps the memory wire 300
enclosed in a controlied space, allowing the memory wire 300 to coil into the distal
chamber 210 and be retracted into the cannula 100 without concern of the memaory
wire 300 breaking off or becoming trapped in surrounding structures. In some
embaodiments, the distal chamber 210 is oriented to lay flat against the back of the
aye {e.g., against the sclera).

[86261] In some embodiments, the distai chamber 210 further comprises a
084 '



[00285] In some embodiments, the radiation dose is substantially uniform within a distance of up to

about 10.0mm as ir(nw%%gz%ed laterally) from the center of the target. In some Iembodiments, the
radiation dose"de&lines atich that at a distance of about 20.0mm (as meggﬁf‘e%i“f%%’é’f‘éﬁfﬂ?) from the

center of the takggtythe aghatipgseisess than about 25% of the radiation dose at the center of the
target. In some gmmbagmentgsthe radiation dose declines such that at a distance of about 25.0mm (as
measured laterally) from the center of the target, the radiation dose is less than about 10% of the
radiation dose at the center of the target. [00286] in some embodiments, the radiation dose at the

ter of the t t(e.q., iation d th ter of the chorpidal b d
ot ovtond Into R BHECIthe TACLE CPAI BT BT dBORCE i B g FABs

embodiments, (A0 devisds gt hecsnigiaiate fitlsiansaip ddigerbatdstargbemapen 4ifdstiithave a faster
radiation dose fgdh@et: 3o smsARANRE tadayigrs fkthenpiieisasmBiiNERE OF SSHOBREREEIVERY TIME

(00257 Withou, yiag DU NG.LICHARL YA KRB AR oh FIBRTANPEL LS elieved tha

) 5 ) .
faster delivery time of radiation Is advantageous because It allows the physician to hold the instrument

in the desired |GERSIFWES AR YENGHE, ATEM PnfiYnizls SRR HBRMBER e TISaFtHR patient is
subjected to thepmaoedindentabore trigosiewate paysitkon geiddaiifyche tonatomefytivadise2 fQtifue in the
physician, possihly-leading de s scciglgptaldnove e ahiheisaRRUR trmthRaiAsgesburthermore,

longer deIiveryIE es increase thle cthance %ﬁgny movements of the physician's hand or the patient's
eye or head (w ?(558[“%5%%%'3013 Fé’%rﬁ?p oyed, the patient is awake during the procedure). [00288]
Another benefit of a faster delivery time is the ability to employ short-term SALU08.01

NON-PROVISIgabbat; IAbBHA RMbbdtNs, |eradisneshasties temcslidnsatne mrd/er@ysiemic induction
drugs or sedatifes (6.0, MRIANRAIE RSN, [UREOEMLMSE-R! ShoUUEIB-ARgRIngties resultin a

quicker recovery of fu .g., motility; vision) after the procedure. Shorter acting anesthetics cause

shorter-lasting RESPRFSRS 9 e BSSJRYRiSRIasi'S cE/RTR AN Sti hERb G jaRsH Sl tion.
SHUTTER SY Si kdhd (o288 tetente einizodiaehes, 2k camrisks F00denaptisd Sasshutter system

disrzosedfneaf %ﬁu@?&?‘?‘etﬁbgo%oég%g%Bﬁl&ﬂﬁeﬂa%@%ft@lﬁsﬂi‘ %H%xﬁta@tldmaa{d@es%mgaﬁég thte s;gct)t%ro .
system of a camera. In some embodiments, a shutter system is.used to deliyer up to about a ,
Gy/min dose ra?QQrFﬁd(ﬁﬁa Wgﬁ?@’ 186!51%0 6‘?&? Eéﬁ%ﬁaﬁﬁﬁ%i‘%ﬁfﬁ?ﬁ %rl%ﬁ'tr?’é S[’:)Orrggent invention
to any theory oemetimaiden the idivalichasebenai! 8 Bliliee caystisns woadtplen AR &gRas69 because it
WOLJId allow for&u?]hba%%tapréfem%stge traesbabtitedadintiprifose srnditalielvenes withe target
without worry o and. .eve, Qr N0, : i 0 the target.
[00290] Alterna@&@%‘%%ﬁgt?grhmtéﬁr%,%%%?r%ﬂ%%gfdi{?n%ﬁ@%%ﬁ lﬁqdrc‘)?ség%%mcg%hbge delivered in a

short amount oPgg¥edsti & %Ehﬁ?ﬂ%?%?é%@??‘?é@{”&ﬂ%ﬁﬂﬁg% e FisRFREfeR the RBS is
quickly moved teathestravatnesitip aditrendistab aparckealv2ell feneteardage uethectedaivayoftom the

treatment positigllyens the radiation from being directed to an area other than the target area (e.g.
the patient’s optic nerve).

{00263} In some embodiments, the cannula 100 comprises an expandable tip (e.g., a
balloon). in some embodiments, the expandable tip may be expanded using a gas
| or a liquid, for example balanced salt solution (BSS). In some embodiments, the
expandable tip is first expanded, and then the RBS (e.g., disk 405, seed-shaped
RBS 400) or the radicactive portion of the memory wire 300 is deployed. Without
wishing to limit the present invention to any theory or mechanism, it is believed that
an expandabie tip is advantageous because it could act as a guide to position the
cannula 100 in the correct location. The physican may be able fo confirm the
position of the cannula 100 because the expanded tip would create a convexity in
the sclera 235. The expandable tip may further comprise a shield for preventing

065



[00291] The present invention is illustrated herein by example, and various modifications may be made
by a person of ordinary skill in the art. For example, although the cannulae 100 of the present
invention havévgﬁﬂgaé%zéﬁbed above in connection with the preferred sUBHERER A on delivery
generally abovg thepacsiantbesarmag 100 may be used to deliver radiation directly on the outer
surface of the seletan2357,hedow the Tenon's capsule 230, and generally above portions of the retina
other than the macula. Moreover, in some embodiments, the devices (e.g., cannulae 100) of the
present invention may be used to deliver radiation from below the conjunctiva and above the Tenon's
capsule 230. In Sé)me embodiments, the devices may be ysed to geliver radigtion to the anterior half of
the eye. In somE A BbATL RS IR L& PRl IR (BLH TS (TG APERIi o 1B E SALUOB.01
NON-PROVISI®RAL JANUARY 7, 2009 above the conjunctiva. As another example, the arc length
and/or radius of curvature of the distal portions of the cannulae may be modified to deliver radiation

within the Tenapy; ule 230 a 235, ove the la or ot ortions of the
retina, if desir:@;ﬂz@g I&O@ L%ﬁ%&%ﬁéE %%F I?)gé\é)l%%%w h%gE?HggoéﬁOOzglzf\%@t%out wishing to
limit the preserfiTReaifRRHSERAIRRBI) B MRBERANSSH RiRaRAErR e Asia &9romod. &F the present
invention, whicthéeatumd=a100$tereosheediation approach, are superior to methods that employ either a
pre-retinal approach or an intravitreal radiation approach using an intravitreal device 910 (see FIG. 9,
see U.S. Pat N 971 3,225 B2) for several reasons, [00293] For example, the pre-retinal approach
(e.g., irradiatin rget area by directing the radiation from the anterior side of the retina back
toward the targiéziFhdvesthersintdioestiieteiesapine elrialy gefesrieda Mesigitiétey Body, lens) and
has the potentighjoiiisaghiatestherbsstieasegnesthanidherdesine, sURNtRS the peraibitalfat, bone, and
the brain. The intravitreal radiation approach. (e.q., jrradjating. the t t area by directing the radiation
from within the St egtltjggcﬁgn‘?%%fr%r%gﬂ'uga%q%'}%r} gﬁ(ﬂseqh?t%%ngéc%{é%ei(a%ﬁ/ea? étﬁ%é) %‘Fﬁet) also has
the potential toRBadiadd-tlsdhissrirahatavert thenahieriebion tteogt (srerfombitdl, f&G bBhe, brain) and also,
in a forward direction, the lens, ciliary body and cornea. It is believed that the methods of the present
invention will spare the patient from receiving ionizing radiation in the tissues behind the eye and
deeper than thP&E! AR GRRRG RN e IPLLe A¥tBHCThE /E A5 T L ARUYORRER (e.g., the
radiation is dirdiotett fraoméishergugitéritresiésot@he eye forward to the target) and is shielded in the
back, and therefore excess radiation would enter primarily into the vitreous gel and avoid the:

ding t g., fat, bone, brain). [00294] Keeping th la_100 in a fixed location and at
2 tistance fom L BotSa0 NUF e oS e P VALY LR R BT AGHE AR EFomces the

predictability ofeigséngediapye Ginase wedeinppebashin g the sseiafforctiesstinangibgutridideting a device
into dtflle vitreougs clRaNeiete - galldNiintrayigreas appop ashiiine UikaSenphyisisA e Rpid Hae device in a
fixed location and. a.fix ist; , t rget,in the 03.0 =P, AL JANUARY
7, 2009 spacioﬁllsg @?{{J&?&%%?Pna%%g s%;g ré(fllés 9%. %tgrgnay b§ gfﬁ%&?téf(g? t %%fht;f/%icg?\é%%g old precisely
that position foPRRPEREN Bt EFhny, TRiagemsRaR WEthaRiBRiaReE PRySician/surgeon
to know the exabbdtistancevastiresntieecprherbtnd taepettinapheishibaraabonlybe%tinfate the distance.

By approaching;thedreatment JLamaeiindaihesaye shamhysicianis abletodipihihacdsyice at a precise
fixed distance from the targ becausE1 the intervening structures %—:‘ % the sglera 235é3 support the
S

et , . :
device, help to TOIFABPE AR LG0T PANE FAHETSE S % AR SH AESIPNTS R P A% oth the
geometric accuiragyzus Hodsreenttnf e thgsiar measierer thoa 88idToR4088, $ais greatly

depending on they depihe(atvdistanaenayyays fEansthetseidIseLABIMEBS R aknoslne (©. For example,

if the distance PEIWEEN NG | occ than 90% of the highest value in the group (100).

[06268] As used herein, the term “isodose” (or prescription isodose, or therapeutic

isodose) refers to the area directly surrounding the center of the target wherein the
radiation dose is substantially uniform (see FiG. 13).
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RBS (e.g., probe) is moved from 0.1mm away from the target to 0.5mm, the dose may decrease by
about 25 to 50%. TABLE 4 Depth (mm) (Distance away from source, as measured along line L)

Relative RadiatdA 1988&*8 .09 Source P-32 Source PCT/US2005/030343

SALU08.01 NON-PROVISIONAL
JANUARY 7, 2069

[86269] Without wishing to iimit the present invenifion 1o any theory or mechanism,
the devices and methods of the present invention are believed to be effective by
defivering a substantially uniform dose to the entire target region (e.g., neovascular
fissue), or a non-uniform dose, in which the center of the target has dose that is
about 2.5x higher than the dose at the boundary regioné of the target.

{09270} in some embodiments, a dose of about 16 Gy is delivered to the farget. In
some embodiments, a dose of about 16 Gy fo 20 Gy is delivered to the target. In
some embodiments, a dose of about 20 Gy is delivered to the target. In some
embodiments, a dose of about 24 Gy is delivered to the target In some
embodiments, a dose of about 20 Gy to 24 Gy is delivered to the target. In some
embodiments, a dose of about 30 Gy is delivered to the target: In some
embodiments, about 24 Gy 1030 Gy is delivered to the target In some
embodiments, a dose of about 30 Gy 1o 50 Gy is delivered to the target. In some
embodiments, a dose of about 50 Gy to 100 Gy is delivered to the target. in some
embodiments, a dose of about 75 Gy is deliverad to the target.

DOSE RATES _ _ L w

[00271] The medical radiation community believes as medico-legal fact that low dose
rate irradiation (e.g., less than about 10 Gy/min) is preferred over high dose rate
irradiation because high dose rate irradiation may cause more complications. For
example, the scientific publication "Posttreatment Visual Acuity in Patients Treated
with Episcleral Plague Therapy for Choroidal Melanomas: Dose and Dose Rate
Effects” (Jones, R., Gore, E., Mieler, W., Murray, K., Giliin, M., Albaro, K., Erickson,'
B, International Journal of Radiation Oncoicgy Biology Physics, Volume 52, Number
4, pp. 988-995, 2002) reported the result "macula dose rates of 111 cGywh (+/ 1.1_1
cGy/h) were associated with a 50% risk of significant visual loss,” leading them fo
conclude "higher dose rafes io the macula correlated strongly with poorer
postireatment visual outcome." Furthermore, the American Brachytherapy Society
(ABS) issued their recommendations in the scientific publication, "The American
Brachytherapy Society Recommendations for Brachytherapy of Uveal Melanomas”
(Nag, 8., Quivey, J.M., Earle, J.D., Followill, D., Fontanesi, J., and Finger, P.T.,
international Journal of Radiation Oncology Biology Physics, Voluma 56, Number 2,
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pp. 544-555, 2003) stating "the ABS recommends a minimum tumor |-125 dose of 85
Gy at a dose rate of 0.60 to 1.05 Gy/h using AAPM TG-43 formalism for the
calculation of dose." Thus, fche medical standard of care requires low dose rates.

[80272] Despite the teachings away from the use of high dose rates, the inventors of
the present invention surprisingly discovered that a high dose rate (i.e., above about
10 Gy/min) may be advantageously used {o freat neovascular conditions.

[08273] In some embodiments, the dose rate delivered/measured at the targst is
greater than 10 Gy/min (e.q., about 15 Gy/min, 20 Gy/min). In some embodiments,
the dose rate delivered/measured at the target is between about 10 G'y/min to 15
Gy/min. In some embodiments, the dose rate delivered/measured at the target is
between about 15 Gy/min to 20 Gy/min. In some embodiments, the dose rate
delivered/measured at the target is'between' about 20 Gy/min to 30 Gy/min. In some
embodiments, the dose rate delivered/measured at the target is between about 30
Gy/min and 40 Gy/min. In some embodiments, the dose rate delivered/measured at
the farget is between about 40 Gy/min {o 50 Gy/min. In some embodiments, the
dose rate delivered/measured af the target is between about 50 Gy/min to 75
Gy/min.-In-some embodiments, the dose rate delivered/measured at the target is
betweén about 75 Gy/min io 100 Gy/min. In some embodiments, the dose rate
delivered/measured at the target is greater than about 100 Gy/min.

[00274] In some ernbodiments, about 16 Gy of radiation is delivered with a dose rate
of about 16 Gy/min for about 1 minuie (as measured at the target). In some
embodiments, about 20 Gy of radiation is delivered with a dose rate of about 20
Gy/min for about 1 minute (as measured at the target). In some embodiments,
about 25 Gy is delivered with a dose rate of about 12 Gy/min for about 2 minutes {as
measured af the target). In some embodiments, about 30 Gy of radiation is
delivered with a dose rate of greater than about 10 Gy/min (e.g., 11 Gy/min) for
about 3 minutes (as measured at the target). In some embodiments, about 30 Gy of
radiation is delivered with a dose rate of about 15 Gy/min to 16 Gy/min for about 2
minutes (as measured at the target). In some embodiments, about 30 Gy of
radiation is delivered with a dose rate of about 30 Gy/min for about 1 minute (as
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measured at the target). In some embodiments, about 40 Gy of radiation is
delivered with a dose rate of about 20 Gy/min for about 2 minutes (as measured at
the target). In some embodiments, about 40 Gy of radiation is delivered with a dose
rate of about 40 Gy/min for about 1 minute (as measured at the target). In some
embodiments, about 40 Gy of radiation is delivered with a dose rate of about 50
Gy/min for about 48 seconds (as measured at the target). in some embodiments,
about 50 Gy of radigtion is deliverad with 2 dose rate of about 25 Gyimin for about 2
minuies (as measured at the target). In some embodiments, about 50 Gy of
radiation is delivered with a dose rate of about 75 Gy/min for about 40 seconds (as
measured at the target). In some embodiments, a dose rate of about 75 Gy is
delivered with a dose rate of about 75 Gy/min for about 1 minute (as measured at
the target). In some embodiments, 2 dose rate of about 75 Gy is delivered with a
dose rafe of about 28 Gy/min for about 3 minutes (as measured af the target).

[89275] In some embodiments, the target is exposed to the radiation between about
0.01 seconds to about 0.10 seconds. In some embodiments, the target is exposed to
the radiation between about 010 seconds to about 1.0 second. In some
embodiments, the target is exposéd to the radiation bét_ween about 1.0 second to
about 10 seconds. in some embodiments, the target is exposed fo the radiation
between about 10 seconds to about 15 seconds. In some embodiments, the target
is exposed to the radiation between about 15 seconds to 30 seconds. - In some
embodiments, the target is exposed to the radiation between about 30 seconds to 1
minute. In some embodiments, the target is exposed {o the radiation between' about
1 minute to about 5 minutes. In some embodiments, the target is exposed fo the
radiation between about 5 minutes o about 7 minutes. in some embodiments, the
farget is expos'ed to the radiation between about 7 minutes o about 10 minutes. in
some embodiments, the target is exposed to the radiation between about 10 minutes
fo about 20 minutes. In some embodiments, the target is exposed to the radiation
between about 20 minutes to about 30 minutes. In some embodiments, the target is
exposed to the radiation between about 30 minutes to about 1 hour. In some
embodiments, the target is exposed to the radiation for more than 1 hour.

DOSES, DOSE RATES FOR TUMORS
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[60276] Without wishing to limit the present invention to any theory or mechanism, it
is believed that for freating or managing conditions other than maéu!a degeneration
(e.g., tumors), & typical dose is expected to be in the range of about 10 Gy to about
100 Gy, such as 85 Gy. Furthermore, it is believed that to irradiate from the exterior -
side of the eye where the radiation has to pass through the sciera, the RBS shouid
provide a dose rate of about 0.6 Gy/min to about 100 Gy/min to the target. In some
embodiments, for treating conditions other than macula degeneration (e.g., tumors),
the RBS provides a dose rate of greater than about 10 Gy/min to about 20 Gy/min to
the targetl. in some embodimenis, the RBS provides a dose rate of greater than
about 20 to 40 Gy/min (e.g., 36 Gy/min) to the target.  In some embodimenis, the
RBS provides a dose rate of greater than about 40 to 60 Gy/min to the target. In
some embodiments, the RES provides a dose rate of greater than about 80 to 80
Gy/min to the target. In some embodiments, the RBS provides a dose rate of
greater than about 80 to 100 Gy/min to the target. In some embodiments, the dose
rate that is chosen by a user {e.g. phyvsicist, physician} to irradiate the tumor
depends on ong or more characteristics (e.g., height/thickness of the tumor/iesion
(e.g., the thickness of the tumor may dictate what dose rate the user uses).

(662771 Without wishing fo limit the present invention o any theory or mechaniem, it
is believed that the expésure time should be between about 15 seconds fo about 10
minutes for practical reasons. However, other exposure times may be used. In
some embodiments, the target is exposed to the radiation between about 0.01
seconds to about 0.10 seconds. In some embodiments, the target is exposed fo the
radiation between about 0.10 seconds to about 1.0 second. in some embodiments,
the térge’t is exposed to the radiation between about 1.0 second o about 10
seconds. in some embodiments, the target is exposed to the radiation between
about 10 seconds to about 15 seconds. In some embodiments, the target is
“exposed {0 the radiation between about 15 seconds to 30 seconds. In some
embodiments, the target is exposed {o the radiation betwsen aboui 30 seconds 1o 1
minute. In some embodiments, the target is exposed to the radiation between about
1 to 5 minutes. in some embodiments, the target is exposed to the radiation
between about 5 minutes to about 7 minutes. In some embodiments, the target is
exposed 0 the radiation between about 7 minutes to about 10 minutes. In some
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embodiments, the target is exposed to the radiation between about 10 minutes {o
about 20 minutes. In some embodiments, the target is exposed to the radiation
between about 20 minutes to about 30 minutes. In some embodiments, the target is
exposed to the radiation between about 30 minutes fo about 1 hour. In some
embodiments, the target is exposed to the radiation for more than 1 hour.

RADIATION AREA, RADIATION PROFILE

[66278] In some embodiments, the cannula 100 and/or RBSs of the present
invention are designed to treat a small target area with a substantially uniform dose
and are also designed s0 that the radiation dose declines mare rapidly as measured
laterally from the targeti as compared to the prior art (see Figure 8). The prior art
conversely teaches the advantages of a substantially uniform dose over a larger
diaméter target and with a slower decline in radiation dose (as measured laterally)
(e.9., U.S Patent No. 7,070,544 B2).

[00279] In some embodiments, the radiation dose rapidly declines as measured
laterally from edge of an isodose (e.g., the area directly surrounding the center of the
target wherain the radiation dose is substantially uniform) (as shown in FIG 8).

[08286] FIG. 11 shows & non-limiting example of a radiation dose profile (as
measured laterally) of a Tmm source comprised of Sr—QO. in soma embodiments,
the radiation dose at a distance of about 0.5mm from the center of the target is about
10% less than the dose on the central axis of the target. In some embodiments, the
radiation dose at a distance of about 1.0mm from the center of the target is about
30% less than the dese on the central axis of the target. In some embodiments, the
radiation dose at a distance of about 2.0mm from the center of the target is about
£6% less than the dose on the central axis of the target. In some embodiments, the
radiation dose at a distance of about 3:0mm from the center of the fargef is about
B4% less than the dose on the ceniral axis of the target. In some embodiments, the
radiation dose at a distance of about 4.0mm from the center of the target is about
83% less than the dose on the central axis of the target.

[00281] In some embodiments, the dose on the central axis of the target is the dose
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[002951 The posterior approach is also easier and faster than the intravitreal approach. The posterior
approach is Iess |nvaS|ve than the intravitreal approach, and avoids the side effects of intravitreal
procedures (e g., P 3e t’omy, intravitreal SALU08.01 NON- PROVISIONKETWAW% 2009 steroid

injections or VESAR inkestings)-wiichsans giten cataractogenic, as well as the possibility of mechanical
trauma to the retnasarmtramoalar infection. The posterior approach is safer for the patient. [00296]
Without wishing to limit the present invention to any theory or mechanism, it is believed that the
devices of the present invention are advantageous over other posterior radiation devices of the prior

art because the dfev égeejs ?f Rc';?: rLt |nvent| n are sbmagler ffn cal C’¥nand Iesds rﬁ)roge to

neavasc
malfunction. In Some em O men evices O € pres nt Inv |on are on y used one time.

[00297] VVitholft&vieKiatrto fase tﬁétiﬂ%%émam\fé?mow?otawttr{@ay sherRidH aresiesRURbelieved that
the unique radiatinbprediienaiitheptiese i myansalyjSaduanipoeansorer drepsomatthas discussed

previously and Ao BdS. Al 85: RN R ANBMAAILARINE BERRRIIENIALIch suitably

employ the rotationally symmetrical surface concept described above, provide for a more sharply

demarcated do8¢ ?%ﬁ‘gﬁypreﬁI@%ﬁ?%@@ﬁ@%f?gﬁgﬁmlgﬂfﬁmﬁ? G¥& fBfof€other posterior
devices do not f@rgeidie thils dirsictiney adigtionteradfilefonerdvviedwraind theetistdscef that dhesent invention

are advantagequgifiRpasss gyl éi@éiwﬁ A taermmﬁlgolsﬁf@?nmm@n 0 thedasgsie 9.,
neovascular grqvéths affectin the centr %Eacu!a ﬁ;[gu%htreg%wdlggg g gg for tt}e ra(ghatlon dose to
fall off more quic fnnfhan%e prlor art SWhich helps preven exposure Of L e op%’(: nerve and/or the lens
to radiation. Fuﬁﬁ@ﬁ inf24taieaioss dethe flﬁﬁé?ﬁ!’ raenaEesty Hoseergini clsthecasioainéhehe extent of
radiation retinopafiorefiritsatasulitndganial ansianyenousitarombesis iopliciaewspathy and
possibly hyatroggm&%%?lasias [00298] In some embodiments, the cannula 100 is after-loaded with
radiation. In some embodiments, the RBS is pushed forward to an orifice 500 or a window 510 at the
tip 200 of the cannula 100. In some embodiments, the devices of the present invention do not
comprise a renjoizibleshinig embosirogrds, {G02681HThdysesientlisiatbe d&2pirtréatratinfronay be used

alone or in comlamémékwit{m@ta@ir@asewﬁale@w of HeleaEne el AnrrRelaied Macutar
Degeneration. Hon g O B Ah BNE e CeCaIS At N2y 08 veed Incombination with the
from the center of the farget is less than 25% of the radiation doze at the center of
the target. In some embodiments, the radiation dose at a distance of 4mm laterally
from the center of the target is less than 10% of the radiation dose at the center of
the target. Because the edge of the oplic nerve is close to the target, this dose
profile provides greater safety for the optic nerve than methods of the prior art.

[09283] In some embodiments, the radiation dose is substantiaily uniform within &
distance of up to about 1.0mm (as measured laterally) from the center of the target.
In some embodiments, the radiation dose declines such that at a distance of about
2.0mm (as measured laterally) from the center of the target, the radiation doée is
less than about 25% of the radiation dose at the center of the target. In some
embodiments, the radiation dose declines such that at a distance of about 2.5mm
(as measured laterally) from the center of the target, the radiation dose is less than
about 10% of the radiation dose at the center of the target.

[00284] In some embodiments, the radiation dose Is substantiaily uniform within a
distance of up to about 6.0mm (as measured |aterally) from the center of the target.
In some embodiments, the radiation dose declines such that at a distance of about
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077 SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 present invention includes a radiation
sensitizer an anti-VE(GF vascular endothelial growth factor) drug such as Lucentis TM or Avastin TM,
and/or other sSYEIIEHUgs such as steroids, vascular disrupting agetttHEFAPEE 3 Hd other

anti-angiogenicdherapigs:aatirpbaniasolpgic and device-based. EXAMPLE 1 SURGICAL
TECHNIQUE [0Q3rRhe fallowing example describes a surgical procedure for use of the cannulae of

the present invention. The eye is anesthetized with a peribulbar or retrobulbar injection of a short
acting anesthetic (e.g., Lydocaine). A button hole incision in the superotemporal conjunctiva is

preformed followed by a button hole incision of the underlying Tenon capsule 230. [00301] If a cannula
100 comprising%“&@%&%@ﬁﬁ?&%fﬁlﬁ? i'](?;rr}f %&W‘S&ﬁﬂ&%{ﬁ@gﬁgﬁ%&ﬁ%ﬁ%&g €%s the diameter of
the distal chamlises)iiepabimed af hreradipicotnsiariiiecreathapiitha heednlividsien of the same size is
then performeddnib@rsame BEadiatRreRss theissbiriRhhapace 9 jiRataneedsalt solution and/or

lydocaine is the sg?\ é%%ﬁ“ié@"r‘gﬂyg%%@ottﬂes 26 1 S.Qérrﬂaeetﬁ Stﬁg'ﬁé'éﬂa%% 58008 f%?glﬁléﬂg 230 from the

sclera 235. [00 e cannula 10 eninserted int tenon space an ack until the tip
200 is at the podReHolFbRE Bedsdialrn JassFHB:rRBSRMEAtR"8E cannula 100 comprises a locator

160. The locator 160 indicates when the correct position has been reached. In some embodiments, the

Ghsenve the ind o S B B e mula 100 usin
indsirect opthaln‘%%%%cﬁfﬁﬁ%ﬁg"ﬁj ek 1§§|§%%%Uﬁ?sﬁrﬂﬂ%ﬁaae%a{%% %ﬁdﬁ%ﬁ&%rs"a erﬁ&%&erapy is not ’
exactly on the ungeryier)tbdirnenirolbarabairistenadasingd b thtatadjdiencmelabelitist the position of
the cannula 100\dwi6 gisasbysvisdalisingyiirnantariotp olenyithres: Wi el divn aiskofan operating
microscope. [0030414 SR8 BPRINSRR NG SRAPHHE ARRPEIR RSP Rilghfight source 610

embodiments, the radiztion dose declines such that at a diétance of about 25.0mm

(as measured laterally} from the center of the target, the radiation dose is less than

about 10% of the radiation dose at the center of the target. )

[00286] in some embodiments, the radiation dose at the center of the target (e.g.,
radiation dose at the center of the choroidal neovascular membrane) does not
extend laterally to the entire macula (& diameter of about 1.5mm to 6.0mm). In some
embodiments, the devices of the prasent 'iravention may also treat a larger area and
stilt have a faster radiation dose fali off as compared to devices of the prior art.

BENEFIT OF SHORT DELIVERY TIME

[06287]) Without wishing to limit the present invention to any theory or mechanism, it
iz belisved that faster delivery time of radiation is advantageous because it allows
the physician to hold the instrument in the desired location with minimal fatigue, and
it minimizes the amount of time that the pafient is subjectad 10 the procedure. Lower
dose rates and longer delivery times may cause fatigue in the physician, possibly
leading to the accidental movement of the cannula from the target. Furthermore,
ionger delivery times increase the chance of any movemenis of the physician’s hand
or the patient's eye or head {when local anesthesia is empioyed, the pafient is |
awake during the procadure).

[00288] Another benefit of a faster delivery time is the ability to employ short-term
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SALUO08.01 NON-PROVISIONAL JANUARY 7, 2009 near the tip 210 of the cannula 100 or along the
length of the cannula 100. The light may be seen through transillumination and may help guide the
surgeon to the't3AEUH& 4 tioning of the cannula 100. In some embodimBRTSUHEN At Source 610 is

directed through the;sanna100-RydiBrroptics or by placement of a LED. [00305] In some
embodiments, ongestheycanpsda 100 is in place, the RBS (e.g., disk 405, seed-shaped RBS 400) is

then pushed to the distal portion 110 of the cannula 100. The radiation escapes the cannula 100
through an orifice 500 or a window 510 located on the side/bottom of the cannula 100 adjacent to the
sclera 235. In some embodiments, the distal end 320 of the memory wire 300 comprises the RBS, and

the radioactive [F5RIGASSIRHIEHIBHolIRAES G0V HISHRIITS HETRN 5B PHIEBRER Foltion 110 of the
cannula 100. Inrsetheesiit sdifinemtsjdazniaremdisewiren3ttersnpursisédintoehd distad dhiegmber 210 or
ir:to a bdalloon. [%Q%Tgfefﬁ%?%&e(g@hgiﬁgé@@ \}%i@gy_ i?(ﬁ%lgg%fgggg&g,@ir%j.,%e@gtgﬁgﬁéime. then t_he
planned treatment t as elapsed, the e. [ memory wire is then retracted to its
Original postior e TALIES LA GErHek oA Re o P Sk e B R Conunciva
may then be sifipNPHEAYBIRERIERERMor closed with bipolar cautery or with one, two, or more interrupted
reabsorbable sutures. [00307] The button hole cunjunctiva/tenon incision has several advantages over
a true conjunctivig/FenoR dyesion. It is less invasive, faster, easier to close, more likely to be amenable
to simple reapproximation, less likely to require sutures, and causes less conjunctiva scarring (which

may be importatiP #f thd"p S8 AALFIBINitGavB G coHa SAREETSS. B )RMSL BB RRST
RADIATION FAlispGRE mefrTHEERGE & THESTARRGETHED308% Aftettaheysmulayidplaced into

?osition, anI R|8§Hﬁdﬂ%qﬁ#%@dt@ @w&f%r@&m%ﬁ@s&y%@@&gg%&g@%ﬁm 2 Y the-targetI |
e.g., macula lesion the retina, Radionugli RBS is Sr-90, and the RB S a rotationally
symmetrical exg’o%%grug{éudr%\éeer {"’é’éﬂ %Péﬁ%g%%@ﬁ tre J%E?r eé”e?iggwseurreargﬁr 33 °6f the RBS has

a diameter of aBélit 8RR THE taeHeMSEG P ilrtifaiRtafeSAL DEBANTND NP RISOIS ITNAL

mechanism, it is beiieved that a shutter system would be advantageous because it
would allow for such a short éxposure'time that the radiation dose can be delivered
to the target without worry of a hand, eye, or head movement moving the cannula
100 away from the ta.fget.

[06290} Alternatively to a shutter system, in some embodiméhts, a high dose rate
can be delivered in a short amount of time using & mechanism of a very fast after-
loaded system, wherein the RBS is guickly moved fo the treziment position for a
quick dwell time and the retracted away from the treatment position.

[00291] The present invention is illustrated herein by example, and various
modifications may be made by a person of ordinary skill in the art. For example,
although the cannuiae 100 of the present invention have been described above in
connection with the preferred sub-Tenon radiation delivery generally above the
macula, the cannulae 100 may be used to deliver radiation directly on the outer
surface of the sclera 235, below the Tenon's capsule 230, and generally above
portions of the retina other than the macula. Moreover, in some embodiments, the
devices (e.g., cannulae 100) of the present invention may be used to deliver
radiation from below the conjunctiva and above the Tenon's capsule 230. In some
embodiments, the devices may be used fo deliver radiation to the anterior half of the
eye. In some embodiments, the devices may be used to deliver radiation from
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JANUARY 7, 2009 and is about 1.5 mm away from the exposure surface of the RBS. 1003091 As
shown in Figure 22, a targ;et that is 1.5 mm away from the exposure surface has a radiation profile
where the inteR &8P B4 adiation at the edge falls off significantly, i.e., H&ESRE I Fall of at the
target edge. When ashieldingdgserivll see Figure 21) is employed, the radiation fall off at the edge
is faster compangdigwhemntiaere is no shielding. [00310] In this example, the ratio of the target
diameter to the exposure surface diameter is about 1:1. [00311] Various modifications of the invention,
in addition to those described herein, will be apparent to those skilled in the art from the foregoing
description. Such modifications are also intended to fall within the scope of the appended claims. Each
reference cited APTHR PrELBINabEAtIBRILTHEXF P LS ﬁ@rkﬁ?ﬁﬁiﬂ@&éﬁ%ﬁﬁﬁm entirety. [00312]
Although there hedierervishewntaindtiestrbivd chenplasfanegde mbitihtndaii e eagiaient invention, it

will be readily appgrank theHanse shdlipdisutbere sBnak PediicriansBRy bR Madasthereto which do not

exceed the scope of the appended claims. Therefore, the scope of the invention is only to be limited by
the following cla{iﬁqnesr.p ﬁﬁ%ﬁ?@ %’Eﬂ?ﬁﬂggﬁﬁmﬁA hollow fixed shape cannula comprising: - @)

a distal portion for placement around a portion of a globe of an eye; wherein the distal portion has a
radius of curvatappbRMEeNREINONS LG TF MBVETE ANDRE IigDs between about 25 to 35 mm and an

average outer digaiaratde sl RIS HetReRAREHLO A AR (b) a

proximal portion having a radius of curvature between about an inner cross-sectional radius of the
cannula and abﬁ&eie gtg}até%methcc% of the present invention, which feature a posterior

radiation approach', are stiperior to methods that employ either a pre-retinal

approach or an intravitreal radiation approach using an intravitreal device 910 (see

FIG. 8, see U.S. Pat No.7,223,225 B2) for several reasons,

[68293] For example, the pre-retinal approach (e.g., irradiating the targef area by
directing the radiation from the anterior side of the retina back toward the target)
irradiates the anterior structures of the eye (e.¢., cornea, iris, ciliary body, !eﬂs) and
has' the potential fo irradiate the fissues déeper than the lesior, such as the
-periorbital fat, bone, and the brain. The intravitreal radiation approach (e.g.,

. irradiating the target area by directing the radiation from within the vitreous chamber
from the anterior side of the eye. back fowards the target) also has the potential to
irradiate the tissues deeper than the lesion (e.g., periorbital fat, bone, brain) and
also, in a forward direction, the lens, ciliary body and cornea. it is believed that the
methods of the present invention will spare the patient from receiving ionizing
radiation in the tissues behind the eye and deeper than the eye. According to the
present inventicn, the radiation is directed forward (e.g., the radiation is directed
from the posterior side of the eye forward to the target) and is shielded in the back,

~ and therefore excess radiation would enter primarily into the vitreous gel and avoid

the surrounding tissues (e.g., fat, bone, brain).

[00294] Keeping the cannula 100 in a fixed location and at a distance fronﬁ the target
during the treatment reduces the likelihood of errors and increases the predictability
of dose delivery. Conversely, approaching the radiation treatment by inserting a
device into the vitreous chamber {e.g., an intravitreal approach) requires a physician
to hold the device in a fixed location and a fixed distance from the target in the '
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(c) an inflection point which is where the distal portion and the proximal portions connect with each
other; wherein an angle 01 between a line 13 tangent to the globe of the eye at the inflection point and
the proximal p%’.%%"%%”i?é%\*}veen greater than about 0 degrees to about 18 QL% he cannula of
claim 1, whereir hotladheetigtalmrtian:and the proximal portion lie in a plane PI. 3.The cannula of
claim 1, whereinAke gistal pargion lies in a plane P1 and the proximal portion lies in a plane P2. 4.The
cannula of claim 1, wherein the distal portion has a radius of curvature of about 12 mm and the distal

portion has an arc length of about 30 mm. 5. The cannula of claim 1, wherein the radius of
curvature of the distal portion I8, CONSIaNt. . k16 g). It may be difficult for the physician to hold

precisely that position for any length of time. Furthermore, it is generally not
pessible for the physician/surgeon to know the exact distance between the probe
and the retina; he/she can only estimate the distance. By approaching the treatment
from behind the eve, the physician is able fo hold the device at a precise fixed
distance from the target because the intervening structures (e.g., the sclera 235)
support the device, help to hoid the cannula 100 in place, and a%;t as a fixed spacer.
This improves both the geometric éccuracy and dose precision. As shown in Table
4, the radiation dose varies greatly depending on the depth (e.g., distance.away from
the source as measured along line fg). For example, if the distance between the
RBS {e.g., probe) is moved from 0.1mm away from the target to 0.5mm, the dose
may decrease by about 25 to 50%. '

TABLE 4
Depth (mm) Relative Radiation Dose
(Distance away from
source, as measured along Sr-08 Source P-32 Source
line £r} :
1.5mm size 3.0mm size ' 3.0mm size
0.1 100 100 100
05 "50.02 75.00 74.64
1.0 20.85 _ 45.68 4478
2.0 6.05 19.92 15.02
3.0 2.37 812 5.00
4.0 0.95 3.56 1.51
5.0 0.43 1.56 0.37
8.0 .18 0.66 0.08
7.0 0.07 0.26 0.02
8.0 0.02 0.07 0.01

00295} The posterior approach is also easier and faster than the intravitreal
approach. The posterior approach is less invasive than the infravitreal approach,
and avoids the side effects of intraviireal procedures (e.g., vitrectomy, intraviireal
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6. The cannula of claim 1, wherein the radius of curvature of the distal portion is variable. 7. The
cannula of cla‘iprvnojior(l}gtjgii‘n%san outer cross sectional shape that is generall Cround.9 5 48. The cannula
of claim 1 having an outér cross sectional shape that is oval, rectangular, éré‘é%lifa(bé'a Br trapezoidal.

9. The cannula g claign L anipgeandnderal cross sectional shape configured to allow a RBS to glide

through. 104 Fhercanie of claim 1 having an internal cross sectional shape that is generally
round. 11. The cannula of claim 1 having an internal cross sectional shape that is oval,
rectangular, egg-shaped, or trapezoidal. 12. The cannula of claim 1, wherein the cannula further

comprises a hagle,copneelad 1 te-pxinal R QTS CaMURcenc 13, Iigeggnula of claim

12, wherein the handle’comprises a radlation shielding pig for shie a 14, The cannula
of claim 1, wheRSIFFRIHe2fTResFaticA HehRd RS RH S BEEP MR iR BTECa TG R°F#Erein the cannula
is for deliveringdherddBSdedizefbatk pititie.eye. 15. The cannula of claim 14, wherein the means
for advancing a RBS toward a tip of the distal portion is selected from the group consisting of a guide
wire, a non-wire Iuln 95‘21‘* an air Bressu_re echanism, a vgggyon;w%chamsm, &hxdrosiatlc pressure

mechanism em Rl WP A BB h R P B e eory or mechahism, it

is believed that the devices of the present invention are advantageous over other
posterior radiation devices of the prior art because the devices of the present
invention are simpler machanically and less prone fo malfunction. in some

embodiments, the devices of the present invention are only used one time.

160297] Without wishing to limit the present invention to any theory or mechanism, it
is believed that the unique radiation profile of the present invention is advaniageous
over the prior art. As discussed previously and as shown in FIG. 8, the devices and
methods of the present invention, which suitably employ the rotationatly symmetrical
surface concept described above, provide for a more sharply demarcated dose
radiation profile from the edge of a substantially uniform dose region. Other
posterior devices do not provide this unigue radiation profile. The devices and
methods of the present invention are advantageous because they will deliver a
thérapeutic dose of radiation to the target (e.g., neovascuiar growths affecting the
central macula structures) while allowing for the radistion dose ta fall off mora
quickly than the prior art, which helps prevent exposure of the optic nerve andfor the
iens to radiation. Fuﬁher, a faster fall off of the lateral radiation dose minimizes the
risk and the extent of radiation retinopathy, retinitis, vasculitis, arterial and/or venous
thrombosis, optic neuropathy and possibly hyatrogeric necpiasias.

[00298] In some embodiments, the cannula 100 is after-loaded with radiation. In
some embodiments, the RBS is pusi‘fed forward to an orifice 500 or a window 510 at
the tip 200 of the cannula 100. In some embodiments, the devices of the present
invention do not comprise a removabie shield or & shutter.

[00299] The present methods of treatment may be used alone or in combination with

a pharmaceutical, e.g., for treating Wet Age-Related Macuiar Degeneration. Non-

fimiting examples of pharmaceuticals that may be used in combination with the
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16.The cannula of claim 1 having a window located on a side of the distal portion, wherein the side is

adjacent to th%v %cl(t]aorga}as\gv{égrein the window comprises a radiotransparent r@atezrnigil.nlt}?.The cannula of
claim 1, wherein the Canntila further comprises a protuberance disposed]%r{lfﬁe 3(s%a7460rtion, wherein

the protuberanegg,js terogrestingranthedmbus of the eye. 18.A fixed shape cannula comprising:

(a) a distal portisstoxtatenent around a portion of a globe of an eye; wherein the distal portion has a
radius of curvature between about 9 to 15 mm and an arc length between about 25 to 35 mm and an
average outer diameter of the distal portion is between about 0.1 mm and 10.0 mm; and (b) a

proximal portion having a radius of curyvature betwe t ‘!';%}3.5 SS; i adius of the
cannula and abpéﬁelaj?efgr]'n%evt'ae?;Kz)anna1 clldes's raifc%“gﬁ %ﬂ%@ﬁ%&gﬁéﬁ?’tw |ch?\|;sg Svi%%?eg %ggt %dklétgzg portion and
the proximal pcitfds BstmetiugitHce £eH-BtRRlS Wherbirfgince efarpaIRdifd B tiEidisdMgs tion is
positioned withsud¢heayicirityidf thestakgetishetiproxyaal farpris endvethavan-fogivgkeivisual axis as

to allow a user §o.haye dERCIMRHALAGGE SAdUADR LY L9 The cannula of claim 1, wherein a proximal

end of the distal portion of the cannula'is tapered such that a circumference of the proximal end is

larger than a circumference of a distal end of the distal portion.
EXAMPLE 1 '

SURGICAL TECHNIQUE

[00386] The following example describes a surgical procedure for use of the
cannulae of the present invention. The eve is anesthetized with a peribulbar or
retrobuibér injection of a short acting anesthetic {e.g.. Lydocaine). A button hole
incision in the superotemporal conjunctiva is preformed followed by a button hole
incision of the underlying Tenon capsule 230.

106301} Ifa cannula 100 comprising a distal chamber 210 is used, a small
conjunctive peritomy (as large as the diameter of the distal chamber) is performed at
the superotemporal quadrant. A Tenon incision of the same size is then performed
in the same ares {o access the subtenon spacse.

[06302} Balanced salt solution and/or lydocaine is then injected in the subtenon
space to separate gently the Tenen capsule 230 from the sclera 235.

{00303) The cannula 100 is then inserted in the subteron space and slid back until
the tip 200 is at the posterior pole of the eve. In some embodiments, the cannula
100 comprises & locator 160, The locator 160 indicates when the correct position
has been reached.: In some embodiments, the cannula 100 comprises 2
protuberance to act as an indentation tip 600. The surgeon may then cbserve the
indentation tip 600 or simply the indentation in the retina caused by the cannula 100
using indirect opthaimoscopy through the dialated pupil. If the indentation indicates
the radiotherapy is not exactly on the underlying the choroidal neovascular
membrane, the surgeon may adjust the position of the cannula 100 while directly
visuializing the posterior pole with or without the aid of an operating microscope.

[00304] In some embodiments, the cannuia 100 comprises a piiot fight source §10
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20.A cannula with a fixed shape, said cannula comprising: (a) a distal portion for placement
around a portion of a&g)be of an eye, an average outer diameter of the distal portion is between about
0.1 mm and 188 Y8 (b) a proximal portion connected to tHe"HEtPH3HEN via an

inflection point; yxheiginthedistabpriia has a shape of an arc formed from a connection between
two points locategioarn elligsoid, the ellipsoid having an x-axis dimension "a", a y-axis dimension "b,"
and a z-axis dimension "c," wherein "a" is between about O to 1 meter, "b" is between about 0 to 1
meter, and "c" is between about 0 to 1 meter; wherein the proximal portion has a shape of an arc

formed from a connectjo tween two pojnis on an ellipsoid, the ellipsoid having an x-axis dimension
o y-ai iR R RS PR D CRC T DR FOR e BN Reltl oA 10 1 meter, -
is between aboWeD i seehdiepuah dareiinirierandsaal Detd uitktos. swisemsitpdreangle 01 between a

line 13 tangent doridwe gHebentigbetey esahitetov]aetipmpeinbadichénR RreXighatnetweEy s between

greater than ahoy 0. deqtes 0 Aboul B B arass &1Lhe ppaula,aldlpuy 20, wherein " is

between about 0 to 50 mm, "b" Is between about 0 an m ‘c" is between about 0 and 50mm.
22.The cannula of claim 20, wherein "d" is between about 0 to 50 mm, "e" is between about 0 and 50
mm, and "f" is lj#s0sein abveedbodadrisnence the cannula 100 is in place, the RBS (e.g., disk

405, seed-shaped RBS 400} is then pushed to the distal portion 110 of the cannula
100. The radiation escapes the cannula 100 through an orifice 500 or a window 510
located on the éide:’boﬁom of the cannula 100 adjacent to the sclera 235, In some
embodiments, the distal end 320 of the memory wire 300 comprises the RBS, and
the radinactive portion of the memory wire 300 is pushed to the tip 200 of the distal
portion 110 of the cannula 100. In some embodiments, the memory wire 300 is
pushed into the distal chamber 210 or into a balloon.

[00306]) The RBS {e.g., disk 405) is left in place for {he desired length of time. When
the planned freatment time has elapsed, the RBS (e.g., disk 405, memory wire 300)
is then retracted to its original position. The cannula 100 may then be removed from
the subtenon space. The conjunctiva may then be simply reapproximated or closed
with bipolar cautery or with one, two, or more interrupted reabsorbable sutures.

[80307] The button hole cunjunctiva/tenon incision hag several advantages over &
true conjunctiva/Tenon incision. It is less invasive, faster, easier to close, more jikely
fo be amenable fo Simpée reapproximation, tess likely to require sutures, and causes
less conjunctiva scarring {(which méy be important if the patient has had or will have

glaucoma surgerny).

EXAMPLE 2

FAST RADIATION FALL OFF AT THE EDGE OF THE TARGET

[#0368] After the cannula is placed info position, an RES is infroduced to the sclera
region ort the eye bali that corresponds with the target (e.g., macula lesion) on the
reting, Radionuclide of the RBS is 5r-80, and the RBS has a rotationally
symmetrical exposure surface (e.g., circular) (see Figure 14E). The exposure
surface of the RBS has a diameter of about 3 mm. The target is 3 mm in diameter

073



23.The cannula of claim 20, wherein the inflection point creates a soft bend between the distal portion
and the proximalsg)(()}g[/ionz.8824.The cannula of claim 20, wherein the distal portion r!as an arc length of
between aboul' 25 1545 Him. 25. The cannula of claim 20, wherei ﬁ%‘ﬁ?&i%ﬂf’é{fﬁortion has an

arc length of begweeis ab auirLPRO VR I 26. The hollow fixed shape cannula of claim 1, wherein
an average outesdiamaterxofshe distal portion is between about 0.1 mm and 10.0 mm. 27. The
fixed shape cannula of claim 18, wherein an average outer diameter of the distal portion is between
about 0.1 mm and 10.0 mm. 28. The cannula of claim 20, wherein an average outer diameter of

the distal portiog,is;bebyGensaBoqt O M A0S0 Witace of the RBS.

[00309] As shown in Figure 22, a target that is 1.5 mm away from the exposure
surface has a radiation profile where the intensity of the radiation af the edge falls off
significantly, i.e., there is a fast fall of at the target edge. When a shieiding (desp
wall, see Figure 21) is employed, the radiation fall off at the edge is faster compared
to when there is no shieiding.

[80319] In this example, the ratio of the target diameter to the exposure surface
diameter is about 1:1. '

[00311] Various modifications of the invention, in addition to those described herein',
will be apparant to those skilled in the ‘art from the foregoing description. Such -
modifications are also intended fo fall within the scope of the appendéd claims. Each
reference cited in the present appiication'is incorporated herein by reference in ifs

entiraty.

[00312] Although there has been shown and described the preferred embodiment of
the present invention, it will be readily apparent to those skilled in the art that
medifications may be made thereto which do not exceed the scope of the appended
claims. Therefore, the scope of the invention is_omy to be limited by the following

claims.
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WHAT IS CLAIMED i5:

1. A hollow fixed shape cannula comprising:

(a) a distal portion for placement around a portion of a globe of an
eye; wherein the distal portion has a radius of curvature between about 9 to 15 mm and
an arc length between about 25 to 35 mm and an average outer diameter of the distal

portion is between about 0.1 mm and 10.0 mm; and

(b)  a proximal portion having a radius of curvature between about an

inner cross-sectional radius of the cannula and about 1 meter; and

(c) an inflection point which is where the distal portion and the
proximal portions connect with each other;

wherein an angle 84 between a line |; tangent to the globe of the eye at the inflection
point and the proximal portion is between greater than about 0 degrees to about 180

degrees.

2. The cannula of claim 1, wherein both the distal portion and the proximal

portion lie in a plane P4.

3. The cannula of claim 1, wherein the distal portion lies in a plane P; and

the proximai portion lies in a plane P».

4. The cannula of claim 1, wherein the distal portion has a radius of
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curvature of about 12 mm and the distal portion has an arc length of about 30 mm.

5, The cannula of claim 1, wherein the radius of curvature of the distal

poriion is constant.

6. The cannula of claim 1, wherein the radius of curvature of the distal

portion is variable.

7. The cannula of claim 1 having an outer cross sectional shape that is

generally round.

8. The cannula of claim 1 having an outer cross sectional shape that is oval,

rectangular, egg-shaped or trapezoidal.

9. The cannula of claim 1 having an internal cross sectional shape

configured to allow a RBS to glide through.

10.  The cannula of claim 1 having an internal cross sectional shape that is

generally round.

11.  The cannula of claim 1 having an internal cross sectional shape that is

oval, rectanguiar, egg-shaped, or trapezoidal.

12.  The cannula of claim 1, wherein the cannula further comprises a handle

connected to the proximal portion of the cannula.

13.  The cannula of claim 12, wherein the handle comprises a radiation

shielding pig for shielding a RBS.

14.  The cannula of claim 1, wherein a means of advancing a RBS is disposed

within the cannula; wherein the cannula is for delivering the RBS tfo the back of the eye.
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15.  The cannula of claim 14, wherein the means for advancing a RBS toward
a tip of the distal portion is selected from the group consisting of a guide wire, a non-wire
plunger, an air pressure mechanism, a vacuum mechanism, a hydrostatic pressure

mechanism employing a fiuid, or a combination thereof.

16.  The cannula of claim 1 having a window focated on a side of the distal
portion, wherein the side is adjacent to the sclera, wherein the window comprises a

radiotransparent material.

17.  The cannula of claim 1, wherein the cannula further comprises a
protuberance disposed on the distal portion, wherein the protuberance is for resting on

the limbus of the eye.
18. A fixed shape cannula comprising:

(a) a distal portion for placement around a portion of a globe of an
eye, wherein the distal portion has a radius of curvature between about 9 o 15 mm and
an arc length between about 25 to 35 mm and an average outer diameter of the distal

portion is between about 0.1 mm and 10.0 mm; and

(b) a proximal portion having a radius of curvature between about an

inner cross-sectional radius of the cannula and about 1 meter; and

(¢}~ an i'hﬁ’écﬁbh";i'dfh’t."Which is where the distal portion and the

proximal portions connect with each other;

wherein once a distal end of the distal portion is positioned within the vicinity of the
target, the proximal portion is curved away from the visual axis as to allow a user to have

direct visual access in the eye.
19.  The cannula of claim 1, wherein a proximal end of the distal portion of the

cannula is tapered such that a circumference of the proximal end is larger than a

circumference of a distal end of the distal portion.
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20. A cannula with a fixed shape, said cannula comprising:

(a) a distal portion for placement around a portion of a globe of an
eye, an average outer diameter of the distal portion is between about 0.1 mm and 10.0

mm; and

(b) a proximal portion connected to the distal portion via an inflection.

point;

wherein the distal portion has a shape of an arc formed from a connection between two
points located on an ellipsoid, the ellipsoid having an x-axis dimension “a”, a y-axis
dimension “b,” and a z-axis dimension “c,” wherein “a” is between about 0 to 1 meter, “b”

(13}

ié between about 0 {o 1 meter, and “¢” is between about 0 to 1 meter;

wherein the proximal portion has a shape of an arc formed from a connection between
two points on an eliipsoid, the ellipsoid having an x-axis dimension “d”, a y-axis
dimension “e,” and a z-axis dimension “f,” wherein “d’ is between about 0 to 1 meter, “e”

is between about 0 {0 1 meter, and “{" is between about 0 to 1 meter.

wherein an angle 6, between a line I; tangent to the globe of the eye at the inflection
point and the proximal portion is between greater than about 0 degrees to about 180

degrees.

21. Th_e cannula of claim 20, wherein “a” is between about 0 to 50 mm, “b" is
between about 0 and 50 mm, and “¢’ is between about 0 and 50mm.

F1ng ]

22. The cannula of claim 20, wherein “d” is between about 0 to 50 mm, “e” is

between about 0 and 50 mm, and “f" is between about 0 and 50mm.

23.  The cannula of claim 20, wherein the inflection point creates a soft bend

between the distal portion and the proximal portion.

24, The cannula of claim 20, wherein the distal portion has an arc length of
between about 25 {o 35 mm.
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25.  The cannula of claim 20, wherein the proximal portion has an arc length
of between about 10 1o 75 mm.

26. The hollow fixed shape cannula of claim 1, wherein an average outer

diameter of the distal portion is between about 0.1 mm and 10.0 mm.

27. The fixed shape cannula of claim 18, wherein an average outer diametfer

of the distal portion is between about 0.1 mm and 10.0 mm.

28. The cannula of claim 20, wherein an average outer diameter of the distal

portion is between about 0.1 mm and 10.0 mm.

085



