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TO RELATED APPLI CATI ON This application clains the benefit of U.S.

Provi sional Application Ser. No. 60/143,730, filed July 14, 1999. 10 FIELD
OF USE TheWr®48%6t i nvention relates generally to a radi oXCO{UPRYE3% ce
train for nmedical applications, and nore particularly relates to an

encl osed or jacketed radi oactive 15 sourdds train that acts and noves as one
unit as it travels through a catheter or tubular nmenber with one or nore

l'umens for the delivery of raﬁhﬁiagé@wgv\gbﬁhegtgga%@dy of a patient. 20
. BACKGROUND OF THE | NVENTION | ntralum nal radratron has been used after
angi opl asty or atherectony to treat the affected area of the artery in

order to inhibit cell proliferation and, consequently, hel ped prevent
restenosigs. Methods and apparatus for such 25 . intralumnal radiation.

treat nent. -are discl OSe%ﬂdgsukﬁrgﬁ%n&omﬁmégﬁgﬂpmﬁ, 013, 020 and

pendi ng  applications Ser. S. , (02, TITEe y 4, 1999, :

.09/ 469. , 510, 'fil|Beis Deepmidicarion \V9edaimsandthe ol ity59of. UhSl.ed

March 10, 20 : ' : + L. NC ongl e [,&l y f . These

applicati ons%%%ﬁ%ﬁﬁa%?gﬂﬁégégé%a%ﬂs?‘% 'c%r?'g‘ra1 i4§i’ Qagé gg%%‘gtgﬁa%iiéh is

Inserted intreedm nally into the patient and advanced to the site to be

treated1 A transfer device is provided for facilitating either the

hydr aul i €@ or pneumati c advancenment and retrieval of W 01/03761

PCT/ US00/ 19396 -2 individual radi OREELDEOFI®aEi ng el ements or "seeds"

al ong The present invention relates generally to a
radioactive source train for medical applications, and more
particularly relates to an enclosed or jacketed radicactive

15 source train that acts and moves as one unit as it travels
through a catheter or tubular member with one or more
lumens for the delivery of radiotherapy within the body of

a patient.

20  BACKGROUND OF THE INVENTION
Intraluminal radiation has been used after angioplasty
or atherectomy to treat the affected area of the artery in
order to inhibit cell proliferation and, consequently,
helped prevent restenosis. Methods and apparatus for such
25 .qintraluminal radiation treatment are disclosed in U.S.
“Patent Nos. 5,899,882 and 6,013,020 and pending
‘applications Ser. Nos. 09/304,752, filed May 4, 1999,
09/469,510, £iled December 22, 1999, and 09/522,759, .filed
March 10, 2000, all of which are incorporated herein by
30 reference. These applications generally disclose apparatus’
comprising a catheter which is inserted intraluminally into
the patient and advanced to the site to be treated. A
transfer device is provided for facilitating either the

hydraulic or pneumatic advancement and retrieval of



the catheter to and fromthe treatnent site. As with any device inserted
into the vascular system it nust have sufficient integrity to insure that

no pieces 5 or _elenments are separated fromor exit the deyi i% éhe
vascul ar s}‘&‘é‘fﬂ”‘fhis is particularly true for the treatixﬁ%&sg %? ,

whi ch are noved to and fromthe distal epd of the catheter. Additionally,
because the treating elenents are intended to be radioactive, there is a

10 hei ght enedindédifnsl spddigactShesi treatiyg éhementis ar nesskeds'o Kmy track

of all of the radioactjve treatj el ements to nake .sure that all are '
account ed for EB¢¥nE2 F‘Frsti"‘iea'tb# n%% ﬁrﬁ%aﬁﬁﬁ?gt“@né"nﬁ §€:further conplicates

matters by maki ng aMiwivh @onideviRid dhseirtidde iheeathewaschlwr tewsidnlg 15
el enents nore difficult. Accordingl rinciple object of the

. L 1t is a .
present i nvedti BHSEPYOFHELE t-"inr?fgalé?ﬁfegf’ iBERER ERAF P9 REecs&eps

the pluragityoef el bRGhtH0hAL YYD HRR o30erSt! Ohe f @V G SIMH HEi t.
20 It is an additional object to {lo_row de a source train that is flexible
I

and al | ows foVa@gulanl SYERRN. | Thi§ alfuRarhippsdy ofrife fresdie
i nvention to te@.a\faﬂgf é%‘ﬁxﬁeﬁtép%ﬁfcﬂré’ff mFeEEd Ny fﬁ‘aéd5'élht3et i ddg

vi sual confirnmation | ocati on of the source train. is a still

further objecendoofr thiedsatheer . sohddd tionaldysy decauskatt o direadting
el ement s, SUTARTIERCR; S ARFeRRED fhedte o Rliodtt vk HAEEL LR 31 cn
will beckire &appghbenedpueed diaxr eafetyo t Spetdfically, detere e adeed ption
an o 0% REKIEBCERALENSE B "ok AL s LAV SR bl
conpri sing a lol make M HMAE621 PCAr&SARFGARIE for.ouTke dwakl mizd @fed on
each end and %h%agéé%é{ﬁg‘éikk%kﬂg further complicates matters by making

visual confirmation of the location of the treating

15 elements more difficult.

Accordingly, it is a principle object of the present
invention to provide a treating element source train that
keeps the plurality of treating elements together so as to
form a single unit.

20 It is an additional object to provide a source train
that is flexible and allows for variable length.

It is a further object of the present invention to
provide such a source train system that facilitates the
visual confirmation of the location of the source train.

25 It is a still further object to provide such a source
train system that does not interfere with the pattern of

radiocactive emissions from the treating elements.

SUMMARY OF THE INVENTION

30 These objects, as well as others which will become
apparent upon reference to the following detailed
description and'drawings are accomplished by a treating
element source train that comprises a plurality of treating

elements, with each treating element comprising a hollow



substance encapsul ated therein. The treating elenents are, aligned
end-to-end, and one or nore wires are wound around the exterior of the

treating ﬁlﬁ’ h]s to maintain the 5 treating el enents inP ﬁ}sﬁ'{,ﬁg&-to-end
ship.

rel ation e wre my be helical_log/ coi |l ed about the treating

el ements, or braided around them Al st®~"the wire may be secured to the
proxi mal and distal treati el.ements, or to each ipndivjidual treating

el enent. |f WEEF EGUSERE ﬁﬁgﬁe‘Eaﬂnbﬁa‘i}ﬁ At iR EMECdPBal  such

as gold, pl gubdtancePbatapsiilited ithBrein)gSTRE, tAdEk ity ialdientsl Bran
alternate enhaodi nent, the source train may be provided with an end cap at
ei ther. end?aligngd; grdnkozend @Rt B AY TRER BHEeS aXR (WG agound

DRAWNGS  Flee lesstior? bk' the"PPUERY Blehbftk APt mEIt £60tne

t
radi oactive source train of the present 1 nvention, with a portion
br oken- 2way txeatingaelenentsr ias theiragndatereadogetatiionshipch The
encl osed w thi u : {9 . G : | L nal
Cross-secti yraflr%f htgﬁeﬁgj gg&{:&g}]}?l %‘Zie: raﬁdgigctﬁ%eig%\g?églg{ r%glg{'r‘l‘ggpéle G 1.
FI G 3 showort brajideflcaround oshems adilamt ithe sdxecmayt bei secir€ ol f or ned

of round w re i ?iqﬁ of aty. 2 ' ' sh | n FEl 1. FIG
4 shows a | (g'ngei {k}g‘% na 1cr%éé- tsdél%'lti:f-%n%ozgé#ﬁg@ },\%:([: e?r?%srfcl gggcfor aﬁ?cgéct Ive
source trai indivEGal 3tréafing elament.he Ifadestiredc| thedwizadi castbee source

train jo FIG.1 having varJ.able coil_ .pit.ch alo its | th, 0 FIG 6
shows 61secglr"ﬁl eerﬁfodgnﬁﬂ&@?aﬂ%@j%ac J'ag‘nc?%% daPacﬁ?eigcgﬂ-i %agbﬁ‘t"ﬁe train
of the preselatinuanitibdiunfltangstenowantiheaneakah-encl osed radi oacti ve

train of FIG 1 att d_t | ted_push rod.. WO 01/.03761
PCT/ US0CY 19396 T# APGALESEABRE SmPofitiin fe FURER LT th BY (bR

. provided with an end cap at either end, with the wire
jacket being secured to each endcap.
15 '
DRAWINGS
FIG. 1 shows a first embodiment of the jacket-enclosed
radiocactive source train of the present invention, with a
portion broken-away to reveal the series of radioactive
20 seeds, which are enclosed within the source train jacket.
FIG. 2 shows a longitudinal cross-section of the
jacket-enclosed radicactive source train of FIG. 1.
FIG. 3 shows the jacket-enclosed radiocactive source
train of FIG. 1 formed of round wire in place of flat or
25 ribbon wire, as shown in FIG. 1.
FIG. 4 shows a longitudinal cross-section of the
jacket-enclosed radiocactive source train of FIG. 3.
FIG. 5 shows the jacket-enclosed radioactive source
train in FIG 1 having variable coil pitch along its length.
30 FIG. 6 shows a second embodiment of the jacket-
enclosed radioactive source train of the present invention.
FIG. 7 shows the jacket-enclosed radioactive source

train of FIG. 1 attached to an elongated push rod.



j acket encl osed radi oactive source train of FIG 1 within the distal end
of a co-axial catheter lunen. FIG 9 shows a |ongitudinal cross-section of

the 5 jaclw'(?oﬁdgqglosed radi oactive source train of FIG 1 wWceriisde19396
distal end of a nulti-lunen-catheter. FIG 10 is-an end view of the

cross-section of the radioactive source4tain shown in FIG 9. FIG 11
shows a portion of _a jacket-enclosed 10 radi oactive source train having a

preferred end cap FEdnf BguPBP¥®n2 Fepgisugdinal , aross-segkden, dphalthe

Cross-sect i onjQéxké b Cent Bo4Ed CFad BsH ARGl \Eo 18U GF-AiTAIdE FIRW 1 Rrifeh@n 11.
15 DETAI LED SCRI PTI ON Frllcgures 1-4 illustrate one enbodi nent of the

radi oactive sbhiec@iskal eid Qff & IR0 PdsdnCAtREERE dHMeR. series of

| ndi vidual radi 0acktye $OUERGwSCaIS1BhaltRAlASY RoRERBLRclEndSr CRElOSCd
by a cylindrical sleeve or jacket 20 12 having a central elongated body
portion f5tt ejagken-englosesradiqactdvenaouwnne tradnc oft FIG.elomj&hdd body
portion has r x| , i . n n ext endi ng

t her ebet ween glrll ?jé%#% negﬁgo?@k?glnﬁ@gc:ﬁ 3%§‘O| g:(?@\l;l\nlekrdggw along its entire

| ength. The cut awBi@shddnisnahi gmde Viedb abethaotrasstattyieni of gheng t he

j acket 14 but i Vi A how n radi oactive seeds 12 that
lie wthin tﬁégéﬁ%g%]é‘g% %og.g &t %Ilé%r%é%.&ﬂ%f'hégghgﬁm QS hown, radi opagque

mar ker seeds, whi ciRIGr e Visi shewsindar pbrkudonscefy, a NBuckletcehelaspart of
the radigactive.source 30 train 10. Such, natker seeds b

non- r adit¥act | FRIERHHYP bgé’u;ﬁcfcegrﬁ‘lmei PRRING P ofp’fq%a%&qee§n3f cap

radi oactive seéfifiguratiomssi st in the proper positioning of the radiation
source train 10 at_the targeted site for radiation exposure. WO 01/03761

PCTI USOQ 19396 - 5F Hfie 1fefFcaIP3F it dengitudinal Cragtidesian Qfr Ekel- 2

jacketed radiocactive source train shown in FIG. 11.

15 DETAILED DESCRIPTION
Figures 1-4 illustrate one embodiment of the

radioactive source train 10 of the present invention. A
series of individual radioactive source seeds or treating
elements 12 are enclosed by a cylindrical sleeve or jacket
20 14 having a central elongated body portion fitted with end
caps 16 at either end. The central elongated body portion
has a proximal end, a distal end and a lumen extending
therebetween and is formed of helically coiled wire 18
along its entire length. The cut away shown in Figure 1
25 does not actually exist along the jacket 14 but rather is
for wvisually showing the radiocactive seeds 12 that 1lie
within the enclosed jacket lumen. Although not shown,
radiopaque marker seeds, which are visible under
fluoroscopy, may also be a part of the radiocactive source
30 train 10. Such marker seeds may be non-radicactive and may _
be placed at either end of the series of radiocactive seeds
12 to assist in the proper positioning of the radiation
source train 10 at the targeted site for radiation

exposure.



as flat wire with a rectangul ar cross-section, also compnly referred to
as ribbon wire, but can also be round wire wth a circular ¢tross-section,
as seen '%Eﬂl&%les 3-4, 5 or wire of any other avail abl epebRssusdst | onal
shape. The  "prtch between coils can be |arge or small, depe I'ng on the
preferred spaci ng between each coil an@-other dlfferentlatlng
characteristics, nost |n23 tantly those that affect the novenent of the

j acket encl osed TheiheddCRIdY16°i8Acwireaid 18 BRPERGH BIGWres k# vature

associ at ed g4 t F1athewracendih of FectbbRlbr Téeoeel-!aeeﬂsﬂ OraIB{Ci Ng can
be uniform as seen in Figures 1-4, or can be variable _al ong the Iength of

the jacket QRMMAYsFEEGTrEE P a8 TiPhen widitet bYC ¢api abse ke inqunds.

One exanpl u t h I pjteh can be
seen 0 Fi aps SitRRCELIGHY LRKBLeLELIbh B S I BigRHs B

ti ght! $ woewl wige @fnapyzether eavam le cyops-sectiéonatoshape?, The le the
coils 24 al ?gf¥ &t twe nds are
of a great }{%%t(q%%ﬁ ?@;?ntmggn %I I%zz%é‘%q(}t gg?hgglgad&y\fn" e j acket
20 provide pmﬁemdf acepacéng f obetweent t cedelent @bil he aandl cemshe% and can
be used, in f ke rk or; | acement  of
t he Jacket e%l re%xé:?. I;glﬁﬁ Zélasﬁ%h 1?%eggatﬁé st; 1{#’?’?5%9? sﬁe of a

r adi opaque tﬂﬁteatfﬂactvul:he: moniemenenbfindes tjlaeket enbll.bsed rﬁditdae:tb.lvght |y
coi l eq .section under .fl yugraoscopy. variabl e ¢ pitch ¢ 0 be used
Co fotha St ShpiR 08 FRSTIR medetolr” BrEnglhre Hiftrirt e it E hat have
a | arge pitgte pladenenyr ofiteicaghpsebet Vil cedQh piach endspitingiganl ess
cover age of t he seeds al on j acket . e advaﬁéa ge of

the .l ength of the
having a | #%Ye"RBFP Wi t 2% grﬁ?“bén Htgures, A4yt ?’édﬁ%d EhivardBRd®al ong t he

length of tdiong adie0dehbtn 6f:a£ise jAlcketnai, vpbysibEg Stswidraaitialy gay be
warranted i f shieldi ng al ogg éensgst h of the radi oactive WO 01/03761
PCT/ US00/ 19ifstket. @ variab scfe -

is One example of a source train jacket 20 with a
variable coil pitch can be seen in Figure 5. The coils 22
along each end of the jacket 20 are tightly wound to
minimize or eliminate gaps between coils 22, while the
coils 24 along the remainder of the jacket 20 between the

20 two ends are of a greater pitch. The tightly wound coils
22 at either end of the jacket 20 provide ﬁore surface area
for the attachment of the end caps 26 and can be used, in
place of marker seeds, as markers for the proper placement
of the jacketed source train 28 within the catheter. Wire

25 18 can be of a radiopaque material, which will enhance the
visibility of the tightly coiled section under fluoroscopy.
A variable coil pitch could also be used to form a jacket
with variable stiffness along its length. Coils that have
a large pitch produce greater gaps between each coil and

30 thus, less coverage of the seeds along the length of the
jacket. One advantage of having a large coil pitch may be
the result of reduced shielding along the length of the
radicactive seeds. Alternatively, 1ess.coil pitch may be

warranted if shielding along the length of the radioactive

v



seeds is desired ta deliver the proper..dose to the vascular wall. The
coil pitch and tts uniformity or:variability--may also be dictated by
per f or mance, teristics, such as sufficient flexibilifpgy /19864 |

akl ow for successtul 5 delivery and retrieval of the jacket-enclose

radi oactive source train to and froma setected site via a pre- positioned
catheter. To pernmanently enclose the treating elenents an end cap 16, 26
is affixed, bpeedsgis drsigigsh togfgliyer 4he RAQREN.A9Sebkasthg, varsuian

bondi ng or an ce &, it f j P8 FRbAlkL ' . h
of t he proxi rré’laag'ﬁd |staﬁg§ggggf&§%eﬂs%t}ir}%e tra:t Jsgcr:rﬁée?{ﬁ?lifﬁ%‘?@
preferred endadsp dbenfdigtesedoryc penformance chRinaateristicsnd sikh Bsl cap
58 is an elon | ndeyr fi . and d rti.o 6 nd 62,
t he second por%?%ggcgéh%e?ﬁlgeﬁylg%z [ Sh?ft'y]‘g:ﬁa Igﬁei%g{e;r:ggi aér}“e eerse%nueain t he
first endd Tdeliveopdapdrtebniéval sofi zhel jacket-endlused hmdicamtife
created by the COH(H#%%IG g6, m@ilg t he fir%ﬁ ggrtion.60 .S sized to be
of the same ofPEFCEi arfetdt 58 3 5P 2057 88 AFS efdPns? o*&ide t he
| umen 64 and pdjsaetbhefiocatietedi|led wire 66. A weld 68 al ong the

i ntersection of portions 60 and 62 ermanﬁntlx. affixes_the end cap 58 to
the coiled wire 66TCTREFBARGRFLY BRCLBERsLRepETsAtINdRLPREPLE AN £Rd
configurationcap the,other esd gftfiked 25 pypcked aqa,n,cl-qm(ainr@;qi 0gakidiwg,sour ce
train, which is_not displayed in Fi%ures 11 and 12. Alternatively, the
wire cantbe afPldegingor REazii% LPolVerEr RRAMNG, OF 0 Y nESERSAPlehe
radi oactive sgREhod? forrNdothifhnatdtllie needrifisend CaRshlbhr 28130
Figure 6 illustrates a second enbodi ment of the radioactive source train
30 of the prepeprimalcind slistal sedpeqf gthe mPuricqubraind aciet i sdbrce
seeds 52 are aCPELpSprederd Chbl BOREEGhratl £5Y ¢ pbAgUeh £ 21 4,

central elongated body portion fittedwth end caps 36 at
PCT/ US0O0/ 1939end 12. End cap 58 is an elongated cylinder and has first

15 and second portions 60 and 62, the second portion 62 being
of a slightly smaller outer diameter than the first end.
The second portion 62 is sized to fit within the lumen 64
created by the coiled wire 66, while the first portion 60
is sized to be of the same outer diameter as the coiled

20 - wire 66 and remains outside the lumen 64 and adjacent to
the coiled wire 66. A weld 68 along the intersection of
portions 60 and 62 permanently affixes the end cap 58 to
the coiled wire 66. There would, of course, be an
identical end cap configuration at the other end of the

25 jacket-enclosed radiocactive source train, which is not
displayed in Figures 11 and 12.

Alternatively, the wire can be affixed, for example by
laser welding, to points along the radiocactive seeds 12,
and eliminating the need for end caps 16, 26.

30 Figure 6 illustrates a second embodiment of the
radiocactive source train 30 of the present invention. A
series of individual radiocactive source seeds 32 are
enclosed by a cylindrical sleeve or jacket 34 having a

central elongated body portion fitted with end caps 36 at



-7 either end. The central elongated body portion has a proximl end, a
distal end and a | unen extending therebetween and is fornmed” of one or nore
wi res 38 braijde or intertwined along the entire length E&g’ lacket body
5 and gat‘ﬁ‘ép’é%"g‘t the jacket ends before being fitted w Fﬁ}men 9%y§ps 36. -
End caps 36 are affixed, for exanple byz7-gluing, welding, soldering,

brazi ng, solvent bonding or any acceptable nethod for joining netallic

mat eri al s t eithelr emils ofThehecehtrajht eliohgateddbodyt ipertike basl aaps 36 .
can 10 be forned at least partiglly.fr the wire e emaj i ng. after the
brai ded secHFH™ tj'co &t e.% Al esrt)rél‘%t i \%g'}dy, gg\g % th eran (r:]%'ﬂeeg'%vﬂn e

enbodi ment ,  tHerebetiwded ahdeiorformeats of30neaorbmoné fwieels IO braddegdl e by

| aser wel ding, ,to points . alon e radjoactive .se 12,..and elim nating
t he need 15’% dmtergwings §g9n§a%ﬂev\?$5"%%qced??e%é9 ate a'ﬂ?g‘eite#’ggyed to as
ri bbon 5w r eandMdat hareac ladn ¢l aukets endet beforeobedny tfitkedCwichl ar

cross-section,_ or of any other avail able cross-, secti onal sha&g. The
br ai ded por t8%h FABE b6 of aﬁ"ﬂf{oﬁ@%ﬂéoaﬁﬁreﬁ XednsthaekayPhe P¥gnhtiy or

| oosel y wovendeengdéiding) dd1R139 5, CHr&PEIYIE $o1¥enthBol@aNE cindniyhe
amount of esired flexibility. Al sQ dependent_on the desired flexibility
of the sour @ecepsrRlpagRERods Torhd BraPdeBehBd)icpBREPEANEY tReDBF g .
uni 01 M of \GJePAeCORSIdHAALALRAYALR dddt RIH | T Gnkeatafioas ¥ Lall e br aid
may al so be forme ere the tight pitch would act as the nmarker and the

| oose 1pi t crendipimmedeatr depshoparti Ya@%&h%‘éﬂ%@ds AeFRLP&RAl |y, the
brai ded W I, e, ich2TBALI 4EANsBEE 168N S WS i OV altaraltd va2§(ISa82 1 2
way so as to cover 30 l'ess surface area and thus, limting any interference
bet ween t he veitilt thegcohliedt wiwe awbadimensy ehiedoraidedgiitre on wiresgure 7
:O'r'egZ; rates g i decuPPiklBN et dllip1eaBlORahy W, Wo?bBifLs O the

along ‘the radiocactive seeds 12, and eliminating the need

15 for end caps 36.
Each wire 38 can be flat, also referred to as ribbon
wire, with a rectangular. crogs-section, round with a
circular cross-section, or of any other available cross-
sectional shape. The braided portion t'n"ay be of any one or
20 more patterns and may be tightly or loosely woven depending
on the desired openness of the weave and the amount of
desired flexibility. Also dependent‘ on the desired
flexibility of the source train jacket 34, the braided body
portion may be of a uniform or varied construction along
25 its entire length. A variable braid may also be formed
where the tight pitch would act as the marker and the loose
pitch would securely hold - the radioactive seeds.
Additionally, the braided wire or ' filaments can be
configured to overlap the seeds 32 in a way so as to cover
30 less surface area and thus, 1limiting any interference
between the emitting radiation and the intended treatment
site. ' _
Figure 7 illustrates a third embodiment of the

radioactive source train 40 of the present invention. A



WO 01/ 03761 PCT/ USQQ 19396 -8 series of i.f_l"ldi vi dual radioactive source
seeds 42 are enclosed by a sleeve or jacket 44, which is nade of coiled

or braided wre d which is attached to a push rod 46 to r
maneuver i ndwfhlémjg cketed radiation source train 5 40 to an (‘%@Wﬁég
intended treatment site. The jacket 44 +&s a central el ongated body
portion fitted with an end cap 48 at one or both ends. The central

el ongat ed bodpepdesi opf Hasldyigiugli nnadipactivei stresd sgedsa fAngre
extending th an( & Q. L0l gheliGahl YsCRhEE b &6 flat
or round, or E?Ig?é%ﬁmg%d%r |e1bargeﬁta§§%n any manner sas %escri%edl%gove
with respect br breideiewireband memich i$ sattrchedcreian . pusie m&HE &P 46 is

connected to gne ' Lye Is j (e end
of the el onggfeﬂg%%a%/&gg{a?%gﬁggPénﬁgﬁ%ﬁﬁgﬁ%zﬁ%gg? ?ﬁ?ﬁ%dté.earlge]s of
radi oact is’e saedsod@ndnfirothechmisintended/ treatmeskt sdhed VWhéijrdket @ | ed
or braided extension so tha It . akuis.the | ast . the series_of

radi oactive s 3ﬁsa4ﬁe.ntﬁ?£ %ﬁl@ﬁ&&@ B3y %%’F'H%fhoﬁf‘sttaﬁ%f ?’%Eb, 3R 7RG/ e by
Wﬁl di n?ﬂ,) Zol vest abombh' g mrr]xadhldslveme tceﬂ&talbegysn%atéaebaﬁy m&th :'rdlzd 46.
Thi s enbodinent is shown with opnly one en C 48: however, the jacket 44
may be equi ppE@Swid PECXEML NG hdacgﬂsF qcl%’g d Bt e@ncF’EFfe‘{‘ﬁé’% acket

44, as showniharEbatweenlafid £AA BESEoraRad G tdid dlay keildd ashed or
fused to either of the two end caps, 25 The source train jackets 14, 34, 44

are conptd sed f8At ANt EPVAAs PhATPCEC¥STEF PECELARMERES| H7 |30Y MG e
them the abiLigt e rtibanelaboFaotdikn %ﬁ%% Ry trlﬁgldtua‘r Sodndm & hey

may encounter while traveling via a catheter to and fromthe targeted
treatnent sitdigcinpadt hergbay ofha@EushxedMs Meteanneshnstital Iops winire
form is a gogge ?QBEB& 160U E&s 142 | o'io'i;h@e%éﬂgt@x a IgadldndPlos
constant contact wth radiation emtte romthe” radioactive source train.
Some exanpl es tbe gdpapgstedchbode portion extends beyond the last of the

15 series of radicactive seeds 42 and the push rod 44 is

positioned within the coiled or braided extension so that
it abuts the last of the series of radiocactive seeds 42.
The extended body portion is affixed, for example by
welding, solvent bonding, or adhesives, to the body of the

20 push rod 46. This embodiment is shown with only one end
cap 48; however, the jacket 44 may be equipped with a
second end cap to close the other end of the jacket 44, as
shown in Figures 1-6. The push rod 46 could then be
attached or fused to either of the two end caps.

25 The source train jackets 14, 34, 44 are comprised of
materials that possess sufficient flexibility to give them
the ability to travel smoothly through any radii of
curvature they may encounter while traveling via a catheter
to and from the targeted treatment site within the body of

30 a patient. Metal, especially in wire form, is a good
material choice; it will not degrade as a result of
constant contact with radiation emitted from the
radiocactive source train. Some examples of metals include

stainless steel, aluminum, alloys, and super elastic



stainless steel, alumnum alloys, and super elastic WO Q01/03761
PCT/ US00/ 19396 -9 materials, such as nitinol. Radi opaque. naterials, such

as gold Laum platinumiridium tungsten,. and tanpeytsgenomng be used
to creat 8"@‘2‘%{’1‘3% train jacket that is visible under ﬁuoroscopy and :

assist in the proper alignnment of the B adi oactive source train 10, 28,
30, 40 with the treatmen:: site, ,The two ends of the squrce jacket are nost

crucial i nmakeriRlsg FURR BSaBEREAPLor RILIIRAAUS, MRESE 1848y cBUERARR.  Thus,

as an al terggidyeplopinuh hepracigansidfdidh, S€ngdfenar&n@f tantatuwpaque
mat eri al . Radi opaque nmaterials are 10 denser than those that are . not.

radi opaque A8 PRysede 80t Brede & ST ARt IRCH FR RSt ¥esiBtB ce train

S0 as-not  hadRANPRhId hRACkSside 14 thel bfosde Glidigiment etendhe  push
rod shown in Figure 7 is al'so of sufficient l exibility and may be made of
the sarfe orrafliPecrive seurse &r3inslPhe2@otbe 40 #ikh EBReETedEReRbe best

choices arg;ljkel | Shes RRlrc@ j8cREPChrE! tCorii@igyial. The
| ength of t EL%Ushﬁrl%gt‘?cZ %*efée;}lrfnefby trr?e Jrrggi caﬁrap\gﬁ%ca‘ffon. and the
speci fic | otatassisting thadbbacemenyy ofi therradicanidyve Bouprectrain. 22, 24,
38, 50 usedin_the f | . Lhe ( Il gl acket s, desgsi b above
can be of aﬁiﬂlmsth%%k%g%i,&%&a 6re’er°a %Eﬁgvéﬁg ?ﬂ#%kgg'sszig'n ﬁ]'e ‘fé;nge of
0. 0005 i nchate Bf0@G2(0rddicipadilel snatmrjelal | Rediapaqueufriatdrials lase bility

o0 SO "heBeRRL A ke 5, 08, BB Btbutad By HEE AT
train 10, 2Be 20oiddd.alldrey vilee ltemgthness thbssogféeptsaimescm\m-aidt di anet er
i amot er " of EPHEATRR &ey FBLPREtHFEr T, iRt s 0t dibe HeEsrR- afis o the
overal | di agasRr pédt hehown heirer Fidurel | r dst halsos ofy seffiefentred for
certain medigal i pfPPly C s "fad " be HnikHe CEENLEL S JIRL PS-PTELALSY for

15 materials as the source train jacket, but the best choices
are likely to be stainless steel or a super elastic
material. The length of the push rod is determined by the
medical application and the specific location. for
radiotherapy within the body.

20 Wires 18, 22, 24, 38, 50 used in the formation of the
source train jackets described above can be of any
thickness, but preferably have a thickness in the range of
0.0005 inch to 0.0020 inch. This range allows for
sufficient flexibility and does not significantly block the

25 radiation so as to affect the radiation dose the treatment
area receives from the radiocactive source train 10, 28, 30,

40. The wire thickness also affects the overall diameter
of the jacketed source train 10, 28, 30, 40, which in turn
affects the diameter of the catheter source train lumen,

30 which in turn affects the ovérall diameter of the catheter.
Smaller catheters may be preferred for certain medical
applications and larger catheters may be preferred for
other medical applications. Any suitable width, of the
flat or ribbon wire can be used, but preferably, the width



ot her nedical applications. Any suitable width, of the flat or ribbon wire
can be used, but preferably, the wdth WO01/03761 PCT/US00/ 19396 -10 is
i n the ranggo 0391002 i nch to 0.005..inch. The wires 18, 2¢rndiongdss 50
may al so be coated to reduce. the friction, coefficient between the outer
surface of the jacket 14, 20, 34, 44 and*Yhe inner surface of the catheter

lumen in which 5. it,travels t fromthe tr nent, site. The

radi oactive sour c& %P |ﬁaﬂ%e°2§°a3%2 48< an ébﬁ%%ﬁij_]s%dh'nytr%nﬂéfeﬁfls'

i ndi vi dual radja4,va8seais My Bso HE evatedctoraedvwest the feedeiem be

of any suitable | t.h d_dianeter. Thus, the |length and the di aneter of
the 10 source qq%%ﬁ%ﬁgﬁ:{;eﬁﬂ,e%(fh%ﬁu £F ﬁngﬁﬁgeﬁg J etd?ﬁen%?ons of
and the nunber3gf sindhdi thelinrmedi eagifave ofcele dabhetdr 4amendiABgKEEh

seeds. Additional l’%;i‘{ tlhe outer, _dianeter of the source train is affected by
the thickPess 1t ¥@NeLfi £@ 8 Somozhe spreagment, Bit# o oduce the coils or

15 braids. As showrheh Fhdib&stfre O aduteel ackein €Nl 0588, ragli agponegpurce
train 10 is positignable within a catheter |umen 50, 54" and is novable
bet ween t he prRSERFESeaRBY tHEnbey Sfaindividual | mdieactine sgedsubder3dwti ve

force exerted @0 don LhihCehhoshaO TS ddhe HRALBCLEY LTEDS1E0 GIMLIPZ: 54

and 56. For radiation exposure of the desired site, the adl oact seeds
or treating elafderiameserai n Tl oathe véengbheand| ther ciemetley of the

beta-em { i ng. h ek 5.enbogy meyy , e ead | e nt,s are
el ongat E%ma Isévﬁégyﬁ%dgr sﬁéﬁlg%% %(rié girae’f eirils‘abl ;%Qcoa{né r%%ggﬁ (L:')‘%gglt atlshn ess
steel, silver dimensdionsm orf oahdr the tmvhisemaoér ijaldivddthadr eradimstdiwe n t he

e 100 BT AR LR hlRes YL, SRR R e
i nner di anet elianfetelrapiicthes spueter abayni ist affectge wf thd tinickness
of the wire 18, 22, 24, 38, 50 used to produce the coils or
15 braids.

As shown in Figures 8-10, the jacket enclosed
radiation source train 10 is positionable within a catheter
lumen 50, 54 and is movable between the proximal and the
distal end portions of the tube under motive force exerted

20 by fluid flowing through the catheter lumens 50 and 52; 54
and 56. |

For radiation exposure of the desired site, the
radioactive seeds or treating elements contain radioactive
material, preferably beta-emitting. In the preferred

25 embodiment, the treating elements are elongated hollow
cylinders which are preferably constructed of stainless
steel, silver, titanium or other suitable material, and are
ideally in the range of 2.0 to 5.5 mm in length. The
cylindrical treating elements have rounded first and second

30 ends with a chamber extending therebetween. The inner
diameter of chamber is preferably in the range of 0.1 to
0.7 mm. A first end plug closes the first end of the

cylinder, while a second end plug closes the second end.



0.7 mm A first end plug closes the first end of the cylinder, while a
second end plug closes the second end. WO 01/03761 PCT/US00/ 19396 -11 The

end pl ug eferably less than about 1 mmin width p@ﬂ(@ﬁ,ﬁg@gf i xed to
cyli nder?v ol‘rﬁ’sﬁarrpl e, by welding. The_ outer dianeter of the treating .

elenments is preferably between approi?'?'rﬁtely 0.3 and 0.8 nm being 5
sized, of course, .to slidably fit ipto the respective receiving.hores of
the carri ag&ge %@Ii%’s“%@‘?a#&fﬁcagﬁ'ﬁ 7R i%’&i“rati'o\%‘. "’I‘o%bgf'{’n't
maxi mum nobphiit ¥ré N PEkea 1t dyaddides, dEvirceganple ¢ abPek€Iding he i nner
di aneter of each of the bores or |unens the treating el enents pass 10

t hrough shoul d pFiae eraHisy hdiagesernaftt R (IReaRiNg odeH®BEEr % the

cylindrical Eéﬁé}%ﬂﬂ;rebéﬁ%bﬁ; abproxdiheusy (018 4841 NG GheMERESng0 NoOVe
qui ckly thrgug the Tunmen, mnimzes unnecessary exposure of other tissue
to the 5treaiend, elofneppursed te fbidadlyvarfif niitftoesthadraspPentive :

exposure t orgggﬁ,]ieégs Presta6s iRAl éiﬂrf&ﬁ? N bo@fes OMld PE&Eﬂeggwe’

encapsul ateS - a peutic agent, such as tadiation emtting substance.
Radi ati on ekunensglesdsibed abpye. c At permdt whakimum malyildtyc hanegh of t he

treating el ”305813 dgggxcgg ggg‘ggg%@éﬂ%nytﬁé pfﬁePe&gaﬂétQPW

particle emtting substance. Pre wev er € radi oactive source
is a pure beneshpaftithe bores epr dumebsa tived tgeeatdingenelementsoxpags es of

isl'ﬁﬁlhl 3#&%8% %ﬁl tClg gﬁégt rp%%}aée%%gghcﬁe:tsi%fmpglgﬁi t%%%gié%gng‘gtrerl odi ne
125. The amadameted «ff thegthldhdtieal ateatdhgvelements al Thiendhlawsl i n t he
conbi ned nunber of treati el emepts__shoul d sufficient, to,deliver a
osi rod dosiB8 SReRFLRS. SAAMERER S0, mate OBt Tats. Chraief aths MR 700t o
5000 30 radginifi2éeUtunnelcessaryi ripemursadbbacithext yrissyenenval the
measured | ntllj:'giait:gngf eli'l.gynreing; (a%d) ’inanpda%t:hiecu.rlaa.q:i O&fﬁiﬁ’iéé/s OI:adiation

15 exposure to other tissué.

Each treating element, as constructed above,
encapsulates a therapeutic agent, such as radiation
emittizig substance.  Radiation emitting substance is
contained within interior chamber of the treating element

20 and may be composed of any alpha, beta or gamma particle
emitting substance. Preferably, however, the radioactive
source is a pure beta-particle emitter, or beta and gamma
emitter. Examples of such substances include Strontium 90,
Yttrium-90, Ruthenium 106, Thulium-170, Tungstun-185,

25 Phosphorus 32, Iridium 192, and/or Iodine 125.

The amount and strength of the radiocactive material
contained in the combined number of treating elements
should be sufficient to deliver a desired dosage of from
100 to about 10,000 rads, preferably about 700 to 5000

30 rads, in about 1 to 10 minutes. Radiocactivity is generally
measured in units of “Curie” (Ci), and the radioactivity of
the material for the present invention is selected to
provide the above dosage. For the preferred dosage, the

radiocactive wmaterial may have a radiocactivity of



the material for the present i nvention is selected to provi de the above
dosage. For the-preferred dosage, the radioactive material nay have a

radi oact i vj 01/ 03761 PC /US00/ 19396 -12 approxi ma Xrsod? and
25, 000 nﬁwﬁie/ql%%? timeter of vessel to be treated, depend?’% on Ié&

t he-radi ati on source used and the thickhess of the materials between the

source and the tissue to be treated. Wen the radioactive source train has
5.dead space {PRFO¥HEARL QdP BEt8EN040) BEANPSE| IFRIREt e OL vegsRlmy be
oscillated by.goyé Wré%&?t'&%é{diﬂd Wi Ithe Bafdt atiGn Ykl uBkaPRLA! | Y

repeatedly reversing the flow”™ of fluid, resulting in a shifting back and
forth of radiheohicnese of dike mataridlfe hetvaen (whef omrcedand she 10

exposure of tig, el 66l o EESQtﬁ&. tthf‘eﬁ’ ‘%%%%aﬁ@ﬁcé%@%&?réé‘@:%ﬁ% hyg
material nmay be contained wthin glass, foirl, or ceramcs, or

al t er nat iSvel ydead tdpace dnpowdadioactivgl dertwtiempdjacentelbmanyzar thel es in
l'i quid [ on. ' ' ' b iRt o

el ct's, " sphef Shit may oBel MHCAIILER BY Shollidy TBHe " BabBEERE  STHERETY o

t he treating bhckeand fémtinos byt brieflyerépestedily atearamingaheakiowbe

used to contain ghe yadioactive material w thout departing from th
present inven?#or‘f‘.tlul‘—léi' e§§ﬁ’f5# g hém[raaﬁlhbé%*r@re%éézoa y%@ﬁ%rﬁ?dal,
spherical, orradiatiord aourefe eratgatodprévi@e ® mate wind foxmdradistesn

configurations, the radiqactive nmaterial may be actually inpregnated in a
met al d f oFFRPTE &£ tfgledéﬁ\ileé’&eghaﬁs‘? tEgﬁa’t’?%‘F : a radioactive

powder may be firerhd OsbUsetédergai8aLEivEeOmatelrial inayTBye becheaiBEqi Nt O
t he desired Shﬁfe' whi ch may ., then be encapsul ated in netal, such as
titanium st afHiREs 9lassy fRilyi Qrecergmics. prxsfilieTRatayedy ppvhghin
nolten or  ungycldY @3t Lequid widdium,aBechess aObpEiclldie 1 h! £8di 19

el enents may be forned froma ceram c material which has 30 been dipped in
a radi oact i veSuIReRsIAR - | Fughsrpfioagkinermaterials may be formed into

15 pellets, spheres, and/or rods in order to be placed into
the chamber of the treating element.

Various alternative treating elements may also be used
to contain the radiocactive material without departing from
the present invention. For example, the treating elements

20° may be toroidal, spherical, or in the form of elongated
rings or donuts, and in such configurations, the
radicactive material may be actually impregnated in a metal
and formed into the desired shape. Alternatively, a
radioactive powder may be fired to fuse the material so
25 that it may be formed into the desired shape, which may
then be encapsulated in metal, such as titanium, stainless
steel or silver, or in plastic, as by dipping in molten or
uncured plastic. In still another embodiment, the treating
elements may be formed from a ceramic material which has
30 been dipped in a radiocactive solution. In a still further
alternative, the treating elements may be constructed in
the form of two piece hollow cylindrical capsules having a
larger diameter half with a central cavity and a smaller

diameter half also having a central cavity, the smaller



alternative, the treating elements may be constructed in ,the formof two
pi ece hollow cylindrical capsules having a |larger dianeter half with a

central ceddnosmed a smaller diameter half also having acarseidsesavity,
the smaller WD 01/03761 PCT/ US00/ 19396 . ;13 half slidably received wthin
the larger half and bonded or wel ded tlo Tormthe capsule structure The

treating elelq‘;;\# 24" C e Li_gl | e nto a
ceram c rod I C 1 b?’ﬁre%ééé encé‘%‘?&q’?ﬁ E%&é lalta@éczgllﬁaﬁ' rlgc ?‘g?étlc’é"ss st eel
capsul e. I n wekidd dm fiorce pbedeapsubenstonrmateed treat i ng eI enents are

used in a series, ei n‘ﬁ%approm mat el I,n I engt h

so that the tot al'n} engfﬁggtnghe eg[?flgg t n CPEISE, Xkﬁmr‘;m & seed

| ength and treecenidler sahtereds ifrormp veeyamict haid,t hehliehal id engdely of the
h of the |esion to be

source train is ual to or thnthe t

treated: Suc?f‘?aé?ﬁ%ﬁ/énsﬁu? jg’g”éﬁ SEFLH 88% Bhenl CarM /RNt Tsuch as
chloride or segbidie)i ihidpehdént WMiidh-donneetad Eréfeihg &lidmatts The ceranic
rod is then heated so 15, as tq ﬁenter the radi oactive materi al |nto t he

ceramic. . HRELIRafi 3eTiRP i ¥itheRaEh nt; D§ingt APRroXimafiglyy2 -

stainl ess stgel i drifler soSRARE EHECEOBAE IEHEMEGDS M td?ﬁxrc‘éal%%‘éhﬁ and a
coating can be applied. to the exterior surface so as to reduce the

frictional coef¥ c®-enHo¥eVeSsdeintiaPdileRItReaRA e cumhem@loserdery
throughgt he pLAtNGELLTso T tWalHes :Qitatlhqeaglchn@er cHRY stvarauf fcgsmnt&y thick

to block one type of radiation emtted froma particul ar | oact1ve
source, whileguall owe ngr aleegendthypethef leagtht iasn the dh%@iﬂrertel beent) to

penetrate tNeregtady! UL radfolbe iV B REY AL It asBAVEY WiBRER §27 DO

posi tioned on elther si the radi oactive seeds to assist In Iocatlng-
and positi ordaiyente ﬁ@@haﬁﬁowhé@ernée orr gediumhpinnider isbedwhielk &e nmade

of radi O_paqlteeramlc rod is dipped. The ceramic rod is then heated so
15 as to sinter the radioactive material into the ceramic.
.The ceramic rod is then encapsulated within a hollow,
stainless steel cylinder. Sharp edges are removed from the
- capsule, and a coating can be applied to the exterior
surface so as to reduce the frictional coefficient
20 associated with the capsule during delivery through the
catheter. The walls of the cylinder .may be sufficiently
thick to block one type of radiation emitted from a
particular radiocactive source, while allowing a second type
of radiation (a daughter element) to penetrate the

25 cylinder.

As discussed previously, marker seeds can be
positioned on either side of the radiocactive seeds to
assist in locating and positioning the radiation source
train. The marker seeds may be made_ of radiopaque

30 materials, such as gold, gold-plated stainless steel,
synthetic ruby, platinum, platinum iridium, tungsten and
tantalum, each of which can be seen under fluoroscopy.

The source train jacket 14, 20, 34, 44 and the
radiocactive seeds are combined together to form the jacket



30 materials, such.as gold, gold-plated stainless steel, synthetic ruby,
platinum platinumiridium tungsten and -tantalum each of which can be

seen under yid giRBAICOPY. The source train jacket 14,- 20, 3gerAded{dEed N€
radi oactive seeds are conbi ned toget her to formthe jacket WO 01/03761
PCT/ US00/ 19396 - 14 encl osed radi oacti v&t&durce train of the present

I nvention. The o] n of t 4, 20, 34, 44 is coiled
or braided toe%cg%f%grﬁ%c?alc%ﬁé’fahsgﬁﬁc?rkrfe%ln (?Pf Fré?e?reéﬁfé'ﬁ ’éﬁ’eé’ﬁd@é‘ap 16,
26, 36, 48 |sméf|e>1edga0eén@c&tdfommfeaﬂe dfadket elongabed 3 | 4 9k

brai ded porti | oactive seeds 12, 32, 42 and marker seeds | f

used, are 3%%3‘3,. tcﬁ‘f n deGhefi%of 2t hdeterhined o YeRgFhadRdendnrEr end

contact Wit h aigmeter herrhedNent 8R4 0dd1er165N 3652861648205 afBbixedB ticS opbf | Xed
to the remaini n%}réen end of the jacket. 10 14, 20, 34, 44. The radi oactive

source train of endss ofit theRiAngatred gpiged |ﬂ¥rmmﬁ}gﬁhatl‘§at het er
into any one ﬁédidi@ctw& Rl A8 PRSSAYANAY Ravkbh é@édéwﬁ L&%gy el I €at

the passage ZY its surroundi ng areas. The di anmeter sources
may vary so aB 4%‘56‘”%%&1’}%t1é4‘%?% iofe§bgi dlackes SGatheYehavhaendn £b

provide the opid BndRACWIEHABHE ddortidd Nl BRCOLRED ARPRAGEHRY o

(appropriate placenent of the distal end

the treatment36si42)is 2Efined to rtém axoeiindngoopes endi afhakebgasoketovi ded
that acggnmpl |f‘gesz@l I 34, h Obj ects of the present invention. Wile the

i nvention has been descri ed in terms of certain preferred enbodi nents,
there i s no intentThe dadiicacitiveosouhee strain |ofs ttdwed priebensc oneent idhe

e on LS g B8 %introdlcd IS AN LA SRPURP Sle of the
intraluminal passageways with the human body to treat the
passageway or its surrounding areas. The diameter of the

15 sources may vary soO as to be appropriately sized with the
catheter that will provide the optimal maneuverability
within the chosen passageway (appropriate placement of the
distal end of the catheter in relation to the treatment
site).

20 Thus, a radioactive source train has been provided
that accomplishes all the objects of the present invention.
While the invention has been described in terms of certain
preferred embodiments, there is no intent to limit it to
the same. 1Instead, the scope of the invention is defined

25 by the following claims.



1. Atreating elenment source train useable in a systemfor intralum nal
treatnent of a selected site in a body of a patient conprising: 5 a

pluralitywghiddzefti Ny el enents, each treating elenment cegRfushdddos2 hol | ow
outer housing closed on each end and a radiation-emtting substance -

encapsul ated therein, the treating eleh®nts aligned end-to-end so as to

have a proxinal treati ng el ement on one end and a distal 10 treating

el enment on t ==ind a wire wound around the exterior of the

treating elenentsg, tom{:i‘é&tﬂn$h%1bﬁtéﬁi:' bR cCRITERE $i ”uEESbi?.Lee'lﬁ' tp- end
e

relationship. 2. The treating element source train of aiml 15 wherein
the wire is s¥stem|for dntwmluaal treatmenti rf acpelented sitghiitd eating
el ement sour I g jem whgeghh the wire is braided around the
treating el e]?r‘g#s&' %?aﬁ%e ctlaplgat ?ngéel enent source train of daim2 or 3
wherei n 5 he wire as pdaralddnt oofhetpeatdnml elememtsy al eacheatieatidi®enent s.

5. The treat} ' rlg%'g | . W | {re is
secured toeéoli(:%"%tga %ﬁce%ier%n%. ogj %%gr%%‘%lr?fe emaeg% Q’s%t%:ég train
of Jdaiml eidreandthe wiradiptipndembttingli opulgetames er entapdul atiesl
treating el enent source train,of | | e W re.i of gold,
pl ati num pl gﬁ?’ﬁﬁﬁﬁ' itﬁed:ilf%agf' %ﬁg%%#\g%l?s t%n%eéﬁehgotg e%%es? p%gaiﬁzlong

el ement sourk&vé raiprotimalhi trdating tdissmentmon Iney end el capdistadcent
each of_ the groximal and di sta enents, the wire being secured

| .t i
to eacd? endt¥SFing | L3eSRY PR FPelrgﬁé???ﬁ’ 197111 C S WO 01/03761

PCT/ USO0/ 19396 -4 6wire wound around the exterior of the treating
elements to maintain the treating elements in their end-to-
end relationship. _

2. The treating element source train of Claim 1
15 wherein the wire is helically coiled about the treating

elements.
3. The treating element source train of Claim 1

wherein the wire is braided around the treating elements.

20 4, The treating element source train of Claim 2 or
3 wherein the wire is secured to the proximal and distal
treating elements.

5. The treating eiement source train of Claim 2 or
3 wherein the wire is secured to each treating element.

25 6. The treating element source train of Claim 1
wherein the wire is made of radiopague material.

7. The treating element source train of Claim 6
wherein the wire is made of gold, platinum, platinum
iridium, tungsten or tantalum.

30 8. The treating element source train of Claim 1
further comprising an end cap adjacent each of the proximal

and distal treating elements, the wire being secured to

each end cap.
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9. The. treating elenent source train of Claim8 wherein the eid caps are
made of a radiopaque nmaterial. 10. -The treating el enent source train of
Claim1 fu nprising a push rod affixed to the wire | t he
pr oxi mal t&‘é@ﬁ"ﬁz&el enent. 11. The treating el ement sour Ce%%‘g&ﬁ&%?9% aim1l
wherein the wire has a substantially flafléeross-section. 12. The treating
el ement source train of Caim1l wherein the wire has a circul ar
cross-section. 10 23. THEBet t&satiggde| smmantsogovecer dinaiof 6f aiCdaim \ther ein
the pitch of i coil s_J | f %Egt f _the treating
el enent sourc‘éatgfglgh. Eglﬁ.gﬁ%e&?ﬁﬁea%g"ge e?réeé;%gs%gﬁggat ai ng r&?éi'm 2
wherein the pitch ap.t hEhaeltireatiogi |slementar sedrakorratime ofi5Cladgt b of

15, The tr oot R CBRERERtPELHIRd 1 Aok SpeCasimee Enlrie e Slareake udes

. .a fricti d-redhel pgorimal ngreating ldldmerdt /| 111" 11 111 [I1'I CL MS

11. The treating element source train of Claim 1
wherein the wire has a substantially flat cross-section.

12. The treating element source train of Claim 1
wherein the wire has a circular cross-section.

10 13. The treating element source train of Claim 2
wherein the pitch of the helical coils is uniform along the
length of the treating element source train.

14. The treating element source train of Claim 2

wherein the pitch of the helical coils is varied along the

is5 length of the treating element source train so as to
provide a variable stiffness.

15. The treating element source train of Claim 1

wherein the wire includes a friction-reducing coating.
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