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WO 96/ 13303 PCT/ US95/ 13728 ---Vascul ar System Treating Met hod and

Appar atus--- FIELD OF THE | NVENTI ON The present invention relates generally
to the WA9E383 of treating elenents by a catheter to a BeFEEI¥F'Si t e
within the vascular systemof a patient. Mre particularly, the present 5
I nvention relates to nmethod and apparatus for the delivery of a treating
el ement, such as a radiation source, through a catheter to a desired site,
such as a coronary artery, for inhibitin nd healin onse, such as
restenosi s fol | owi ng-Nastel@h SY%@"’OE N%Hﬁa@&ﬁ%’%ﬁﬂ% | NVENTI ON
It is known that the human body's heallng response to wounds typically

I ncl udes the formation of what is conmmonly called scar tissue This

, response al so occurs within the vascul ar systemof 15 oW ng
injury to a blood vessel. An injury that provokes the f "Mﬂ"&car
tissue may occur in various |ocations within the vascular s st

in the carotid artery or in coronary bypasses, or in varlou *Bys, such as

trauma from surgical or diagnhostic procedures. 20 One area—e#—%he_¥ascuLaL
system of particular concern with respect to such inj urlez S coronary

arteries that are subjected to procedures for renoving or mymm,w ,L

bl ockages due to plaque wthin the arteries. Partial and

bl ockage of coronary arteries by the formation of an at heroschenatic

pl aque 25 is a well known and frequent nedical problem Such bl ockages nmay
-1 WO 96/ 13303 PCT/ US95/ 13728 gfhigerly &5 e/ SHREEN$Fe§ ect ony devi ces, which
mechani cally renove the plaque; hot or cold |asers, which vaparize the

pl aque; sterkhe H%ﬁ%#ﬂ%o%ﬂv?ﬂElﬁPtE?}aﬁﬁénge&ﬁHaéﬂNeF°d§@@bé§¥%ﬂfry of

pr ocedungfeatlindg dbeterte BP) £cta¥BRebbratboyi ealeet@aasqiebkecmhﬁx fdhav

t hrough _the arter st co n, suc roced ﬁ%r& er cut anequs

transl uManas o%\'a?";ﬁlﬁnﬂ?oﬁ%ffggf‘&r 9 gFoBSH rEY YmoFE' r&.

r efSer r ed riveresi dral telates gt ophethgd andt apparptusedorethea daﬂMMaﬂyluﬁna@

an '”f'%¥ﬂ§éiégﬂéféwb£%, sﬁcﬂ §éa£ radiation source, through a catheter
to a desired site, such as a coronary artery, for inhibiting
wound healing response, such as restenosis following balloon
angioplasty.
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BACKGROUND OF THE INVENTION
It is known that the human body’s healing response to wounds
typically includes the formation of what is commonly called scar
tissue. This response also occurs within the vascular system of

15 a person following injury to a blood vessel. An injury that
provokes the formation of scar tissue may occur in various
locations within the vascular system, such as in the carotid
artery or in coronary bypasses, or in various ways, such as
trauma from surgical or diagnostic procedures.

20 One area of the vascular system of particular concern with
respect to such injuries is coronary arteries that are subjected
to procedures for removing or reducing blockages due to plaque
within the arteries. Partial and even complete blockage of
coronary arteries by the formation of an atherosclerotic plaque

25 is ‘a well known and frequent medical problem. Such blockages may
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ABEeTc L R s R G AL 9 TYNENG® DAl | GBre-
sdoging pﬁethawmnmqphnmanA passageway through the artery.
Reétenosis, wherein the vessel passageway narrows to
approximately 50% or less of the enlarged size, is experienced in
approximately 30 to 50 percent of the patients within six months
after PTCA. Restenosis may occur for various reasons, but it is
now believed that restenosis is, in significant part, a natural
healing response to the vessel injury caused by inflation of the
angioplasty balloon.

Vessel injury may occur in several ways during PTCA,
including: denudation (stripping) of the endothelium (the layer
of flat cells that line the blood vessels); cracking, splitting
and/or disruption of the atherosclerotic plaque and intima
(innermost lining of the blood vessel); dehiscence (bursting) of
the intima and the plaque from the underlying media; stretching
and tearing of the media and adventitia (outside covering of the
artery) which may result in aneurysmal expansion; and injury to
the vessel smooth muscle. Such injury to the vessel typically
initiates the body’s own natural repair and healing process.
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U”neces%ﬁyéT%é?ﬂ&“ﬁhf%fﬁiently small for insertion into the patient’s
vascular system. The catheter tube is preferably but not
necessarily adapted for positioning the distal end of the tube at
the desired site by advancement over a guidé wire. A port is

25 provided at the proximal end portion of the tube, through which
blood-compatible liquid may be introduced from a source of such
liquid into the lumen. One or more treating elements, which may
be in the form of a solid capsule, pellet or the like, such as a
capsule or pellet containing radioactive material, is _

30 positionable within the lumen and is movable between the proximal
and the distal end portions of the tube under the motive force
exerted by the liquid flowing through the lumen.

In accordance with the present invention, a method is also
provided for treating a selected area in the vascular system of a

35 patient wherein an elongated flexible catheter tube having a
distal end portion adapted to be positioned ét a selected
location within the vascular system of the patient, a proximal
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of treating elements so as to not unnecessarily expose other
20 tissue to such treatment. After the treatment is completed, the
catheter tube is removed from the patient.

In another embodiment, the present invention is embodied in
an angioplasty balloon catheter having proximal and distal end
portions, with a lumen extending therebetween. The lumen

25 communicates with an inflatable balloon located on the distal end
portion. 1In accordance with the present invention, one or more
treating elements, such as a radiation source, is either carried
fixedly at the balloon or moved through a lumen from the proximal
end portion to the distal end portion, for delivery of radiation

30 to the stenotic site as the angioplasty procedure is actually
carried out =-- therefore allowing what may otherwise be a two-
step process to be carried out in a single step. From this
summary, it should be apparent that the method of the present
invention may be carried out before, during or after an

35 angioplasty or other artery-opening procedure, whichever is
deemed most desirable by the treating physician.



20 enbodi nent of the el ongated catheter tube of the present invention,
showi ng the treating elenents in the distal end portion of the tube.

Fi gure WRI43¥3partial cross-sectional view of a third SRR/l the
el ongated catheter tube of the presep %A%E b?vention, showi ng the treating
elements in the distal end portion 0O ube. Figure 6B is a partial
cross-sectional view of the Figure 6A enbodi nent of the el ongated catheter
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the treating elements disposed in the distal end portion of the
tube.

Figure 5 is a partial cross-sectional view of a second
20 embodiment of the elongated catheter tube of the present
invention, showing the treating elements in the distal end
portion of the tube.

Figure 6A is a partial cross-sectional view of a third
embodiment of the elongated catheter tube of the present

25 invention, showing the treating elements in the distal end
portion of the tube.

Figure 6B is a partial cross-sectional view of the Figure 6A
embodiment of the elongated catheter tube of the present
invention, disposed within an outer guiding catheter which may be

30 used to position the catheter tube of the present invention
within the body of a patient.

Figure 7A is a partial cross-sectional view of a fourth
embodiment of the elongated catheter tube of the present

’invention, showing the treating elements disposed in the distal
35 end portion of the tube.

Figure 7B is a partial cross-sectional view of the elongated

catheter tube of Figure 7A taken along line 7-7B.



Figure 11 is a partial cross-sectional view of an alternative enbodi nent
of the RW@S&I¥3es Nvention having an 20 inflatable balloon, pwrhied Hfﬁzg reating
el enents di sposed therein. Figure 12 is a partial cross-sectional view of .

anot her al ter ragure embadi %Iﬁaﬁlélh%ﬁ%cﬁiml@fb‘ha&f ng f0fth
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treating ﬁbfggghsognfﬁglgu%bpng the catheter. Figure 14 is a partial
cross-sectional ,view of another 30 enbodinent of the treatnent delivery
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=SUBSTITLﬂﬁbftEEﬁ bRUtEeZﬁpBHD 96/ 13303 PCTI US95/ 13728 Flgure 15Cis a
Cross- sectlona aken ,a AR N | gur e e 16 is
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thelQreat%h@dumenVepﬁ §99t erip@gattleei Sahhetmnt tubhemf othe Fppesent? is a
partial ci{pseneeshi eﬂemsbe\eoe el Eﬁf fi-ht-eér{?ﬁéd’ Fé‘%:@ 8efibnt

present invention having oon eatlng e?enents
novabl e a?%ﬁgd%ﬁsalcspﬁei’é’rtlﬂ?@ pfgthe fthes a partial cross-sectional view

of still anothpigugkt eopatisve mla@@rdgsié&ﬁ&&ﬁ‘tviéwe@f'&’ﬂ having an
|nflatable}€allo el enents novabl e, al ong t he catheter.

Filgure. 195 FECEnAERY PaPRBpYdTept, AfoRhe FERRT SN InCHOR Hefving an
al t¥% nat i ¥ef babalilechaldbonhandr ¢xeatt iimy erlienment= v ingedly positioned on
the distal end portion.

Figure 10B is an end view of the catheter of Figure 10A.

Figure 11 is a partial cross-sectional view of an
alternative embodiment of the present invention having an

20 inflatable balloon, with the treating elements disposed therein.

‘Figure 12 is a partial cross-sectional view of another
alternative embodiment of the present invention having an
inflatable balloon, with the treating elements movable along the
catheter.

25 Figure 13 is a partial cross-éectional view of a further
alternative embodiment of the present invention having an
inflatable balloon, with the treating elements movable along the
catheter.

Figure 14 is a partial cross-sectional view of another

30 embodiment of the treatment delivery system of the present
invention.

Figure 15A is a partial cross-sectional view of a further
embodiment of the treatment delivery system of the present
invention.

35 Figure 15B is a elevational view of part of the prdximal end
portion of the treating system shown in Figure 15A.
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inflatable balloon, with the treating el enents novable along the catheter.
SUBST! Ti{igeent3igs! (RULE 26) WO 96/ 13303 PCT/ US95/ 13728  DEJAL LS BHRgCRI PTI ON
Figure 1 depicts one enbodi mrent of the present invention 'in géeneral _
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an el ongg_tsedrézfat et er Zl%ﬁvi ng a proximal end portion 4, a distal end
portion G ot h-r e lunen 8 extending therebetween. The catheter
is sized for iFispnte ok ais 4 hpadtiahl crogspsettbanahr viigh biie varioulsaparts
system Ofofa(?oaftdr.e(‘.rﬁ rl SEh&GL e AL RE {:]PeQEmLEEa&Sinéi‘ghsg§tteﬂe of helf
a bal l oon 10 angi opl'asty procedure or other opening procedure, such as an
at hér ect ®Resent alnNBWEERY. artery. This nmay be carried out, for exanple,

by i ns_erti ng tp het efs pﬁﬁé’f@f@?@&é%@g@iéﬁﬂr@!‘Lewab?eéﬁo%&@r
advanci n%&t he catheter over a typical guide wre 10 dly through the

1 ypwar dl y
descendi fg TEFMEE 1R STRILLBLRY | a?l&%,PE%s%ﬁn%\BYﬁP'ilgﬁr Baykngh&Nascendi ng
aorta andrnfllatdbdle BHIlson Arwitloremaryredt bny éhenehts hoeablel adlbnd fthe -
treat nentdat%‘é% as a coronary artery that has been subjected to PTCA or
ot her artery- opre'ni ng procedure. Guide wires and procedures used in
adw@nci ng sudioummt}tetiss a rarteipbicross-séet bogadplasewyofr stéddr enatbe20
vel | known taithati e NbARE flSE USE Sthd NpreLaht - i AbehBEoR! AXVIRL gRd of the

catheter,, which is |located ouiside the patl ent in a Eercut aneous _procedure
such as d&&datshrie Rhieony vy ehe i Feeahingrelenenky Bevpbde121pgg the
provi ded dadvheteadi ng a treating el enent, such as a pellet or capsule 25
conprising or containing radioactive material , . into . the lunen 8. of th
cathet of 5. - AJGRESh Y B (HAE Gl M es e ah SONBL VEBHABY Shih L ABPTPRE
t o8l | enditierolattive Emtindiowerit ezff i the mresemt sinventsponbavingaanl east th‘

| angth of e B8 0 R RT, SBo Ry SEeh el Sl dniFeh L 85hERye TATRRY Phe

st enot i cCa&h&¥em order to assure that the end edges of the stenotic area
are also treated. This | oading procedure may al so be perfornmed manually,

but a nmechanical |oader as described in nore detail later is preferred to
provi de better user protection against :
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35 radiation. After the treating elenent is |oaded into the [unmen 8,
pressuri bl ood-conpati ble liquid, such as sterile sali - 6/ 13303
PC 1U89§¢§g75§03solution or sterile water, is introduced gﬁgnpgﬁgﬁzgsource
14 through a port 16 in the prgegdiflesnseSérRiPEION™EN behind the treating
el ement. Flow of liquid through the |unmen pushes the treating el enent

along the lunen to the distal end portion, which 5 is located at the site
to be treatedFidhueel igdegdinhiscbnpr enbddd menite afottihee frevsent crnvenvt hon t e
treatin eopt : t Lt fr ts ISt ﬁ]'%

cat het e%%lr‘ may %g@gggﬁ?%{ég@l"ﬁgr{& %é’%e%&e I%tr?rrén%ﬁic?\% gié‘ I'n ﬁ%& cat het er
or fray bshown uimeBigure 3udsi an elpdggfecheadhedterufemaHinshiaprgwinal

ctreatinGegdh 65BPEdA 47 a¥eh3stAll ehal PRrkital 610 s MmN dast Wi efuwén te
desired site, .the treating elenent is allowed to renain for,at

g . ne
suf fi ci PFCeRYing chherpbetieene. EHe FCaghatiosn s siarchif ¥ ipsgeman of
‘site, tHisetdbstaDgenticpoptiphetitadbh ahe Ralszudr gyidmdMid gatdbent
sources,_and the resi.dence (i peri o i1l _be relatively short, 4 he
order ot eLeSES SR8 bR Pr Rora ot D P g TS 1 (3 SR hER e
cardl et @ngheplastiet progedube penother wpeninge pros@Eduny elBimintas eami ni ng
at the dééﬂ%e@@gm r’ixa%t ewahagg' )ért'el:%l!' d o hey q{eceé%ztﬁéﬁ"%h%,hefor
lunen in a revet e direction return the treatirng el enent to the
pr oxi nal exapRlendby niBsertingaghrg cadhieter Peredianapusdst ot ehfrmoHH 1
the cat hefeéry TARA" §40aRB1IHGOMNET chitWeteFvide aChiypirt DYgu fd¥ Grive [1@ui d
under positive pressure through the lunmen in a reverse direction qr by
appl yi nBVRRRLY GRRTCEh BEChHesSeRAiAg: ARG /t RYSH o 35T L% AT e
atisichedanwded py okhfalghntdheohstadingeaorita and linten thehgarticular
transpord i ngdl 030l pg.d6Vifey 15208000k e saangaleq - didigld Y St N o
proxi mal “end of the cat heter Ff “such~direct ~ connection woul d Tesu I n
possi bl ecromary aftehy thahehas beed(swbjledtiedstio AT U \atihd) |dnteryn
that casgpeRingddtblegate. ! eaa&Ia Olritdll Bga( Yot dled Aided N SAPakkiRe"
of Iune??bas tﬁgg*catﬂeter) cou g.be provi ded between the
t r anspor$¥¢Ry/ 2 ogd¥tAgter to the point of the angioplasty procedure are

20 well known and will not be discussed in detail.

At the proximal end of the catheter, which is located
outside the patient in a percutaneous procedure such as described
above, a transporting and/or loading device 12 is provided for
loading a treating element, such as a pellet or capsule

25 comprising or containing radioactive material, into the lumen 8
of the catheter 2. Additional treating elements may also be
loaded such that the total length of the combined treating
elements corresponds to at least the length of the stenotic area
of the vasculature to be treated. The total length of the

30 combined treating elements also could be longer than the stenotic
area in order to assure that the end edges of the stenotic area
are also treated. This loading procedure may also be performed
manually, but a mechanical loader as described in more detail
later is preferred to provide better user protection against

35 radiation.

After the treating element is loaded into the lumen 8,

pressurized blood-compatible liquid, such as sterile saline



device 12 and the proximal end portion 4 of the catheter. In such event,
the additional length of tubing (as well as the 35 proxi @thlon of
the cat W%M3%Bcat ed outside the patient) my be shield prot ect the

ggf&nggéﬁzﬁt& A Bat geahfleowatu&neri%ss.wamea qura QqrAsid soulfce Y2

PCL" [ US95/ 1372 2A sho e enbod f e
pr oxi maFhERHIBS 3¢ HQrEatlﬁet’-é‘r gﬁstpéﬁxd' Vﬁteé@ ﬂ?Fcﬁli'tﬁjr]Eu%n oxlljég)htél%t
i mtedtreating elehehadi oFdlow eft rle.a;u.lmg téirevgit $he Hamipyipishemkhe n

Fi A LS, heulacl |

i gure SheabiRa; S18HERY, V1BARCLES linel'¥o MY AL et TOLOH dntien
205cont asnlngatedaaknghel sitet $o 2@ a:rrG ecthe tlolqufﬂed WHGHREARARSF a
three | Eﬁsnmsgﬁt}@t ?Erchu?%rzﬂiov-ﬂi\% leprdithe 48\ HoE ® 1EMEBHY SRy dod | g1 Towedy 26 .

prefera suitab rigi.d polyner, having.a proxinal .end urneg ftal

10 end 80 ﬁﬁéltafFPF‘thea é@@éﬁd%ﬁ’ﬁd% e & e Or Ay, P Fe

' espect h\éﬁh%‘aéiélendmaﬂ phevalaedngen the fddalﬁheﬁgezS&:ﬂ anat dge atetui'mecﬂmiTil
en (0] t he (0] onnect t he sSecon an thi lve ,
o ot euCE 2R R PUER: Thensans Tvmelr Jowrtlh WHd Lrdi¥ ffy dfaRERE Ve Y,

the prokrawelsnd of the housing nenber, ports, such as [uer connector
ports, are p egpbo TR R gewhiby difé) st
port 40 is aﬁ?é%nghL Er%%%qp§L§§ bore §%h]§?ﬁ§%2 gﬁ%y and is adapt ed ¥or
the entEheokreatingr edemeati ds addewess tq g/madnf9me W‘%%c%‘ﬁfgfg Yo s
:nkconﬂualaﬁbaengﬂg wikBukhe Eﬁﬁo&ddhﬁmﬁdh4ﬁﬁéiﬂMEﬁtnﬁmfﬁ]smﬁﬂmtlagﬂht?%

i kewi se. adapt to perm t the _ent or__exit .0 y e
third p5Pe gﬁ 85&Re FﬂFB‘eP%r PEREEE A e 35 tqf'etaooe ﬂw’%“# srg é)%%@’f%g to
resei vesaugoede wandethé tresdidenice mamalnnnnqgtnuil(hennﬂla#iYeﬁYt$h9rt, |

cat het cbn! YRE Brhitnod BIhLER. o8 WIRLA AP R ettt harod,

Touhy- Bor's attac ird port to prevent Ieakage of
fluid aroundAfherg@héetWﬁﬂ@mﬁwﬂln@ @PmR%QRﬁ'|ﬁhﬁNQQQﬂF§ﬂrtmﬂyckﬁw%%pQYﬁ%

the pat wegetﬁer tkaa@aag aa%%tu%%cilmgofaé Rehd r&aé.ﬁang aerenfs 22, a

retainin vice such %Pllne carrler or c rr| 48 s, 30 slldably
posi ti oft BeEPPEFNe&YsI&EQFGdd Ynd® iferaed “Qumen °in “a
20 reverse direction to return the treatlng element to the proximal

end and into the loading device, if desired, before removal of
the catheter. The reverse flow of fluid may be achieved by
forcing liquid under positive pressure through the lumen in a
reverse direction or by applying a suction, such as by

25 withdrawing the piston of a syringe attached at the proximal end
of the lumen, to the lumen.

The transporting/loading device 12 need not be connected
directly to the proximal end of the catheter 2 if such direct
connection would result in possible kinking of the catheter or

30 would restrict maneuverability. In that case, an additional
length of tubing (which may have the same number of lumens as the
catheter) could be provided between the transporting/loading
device 12 and the proximal end portion 4 of the catheter. 1In
such event, the additional length of tubing (as well as the

35 proximal end portion of the catheter located outside the patient)
may be shielded to protect the user and/or the patient from

unnecessary radiation exposure.
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internediate the proximal and distal ends. The carriage is preferably
constru %é he sane material as the rigid body 26 and has a first
t hr ough ore %3 and a second t hrough bore 54. The first (TS e e o t hr ough

b]9r te?] of the pmﬁragﬁmauobe Eﬁesﬁb?ﬁbll?/%hboalmﬁ@ﬁ:dfd@t thdhé fﬁrétiﬁdl bé}‘i& 1S
o e on_.the lateral positiqgn o e rr| ve
to the E%H% ciﬁ@%ﬁ?Faggs§FPhdSRF§t§dsFﬁgfggPﬁFb dgh Bd L %

- 11 V\Gt@615_3SGBtPCfaGJSGEI:tﬁv%t:Byapnegl ea.téme@ttshe uh@eaiemelsimn simnto

the carrg tﬁylsﬁgxrégcﬁggiéﬁgag gxgﬁa@%e a{iaﬂaeﬂ@a[}% &4 or ed

separate evi ce e user 1s ready for
t he? procedur%Ee@hélealiYagBlguyebéAsdﬁpﬂytﬁngeﬁhm@eﬁﬁumqnupikhgteﬁ

. ther eby gy & zi 910w R meaa&nghaew%@t biag c%%mmﬁd%ﬁuhﬁm £o
t he user,_ The carrla e is grefera made of a material and has sufficient

t hi cknes®? t?f’%r%?‘é’é? ted & thﬁgBFﬁ§ﬂmal}nﬁé‘6‘e§§aPy tonsss umen, Gakhekteon
when t hetubeead 4 ng 'Blhenl?ﬁéd1ﬂ§edeﬁadb0&6hp¥'6.sel:0 aAT igiaMbddy a&l{iﬁaf?&ably

8 | t t 26 Ah.th t b
The carriads St bHele iAo ReLPhRE, | BBYaRg) 2o PraRi dn s (#5mis SERk 4t on
sddbnd rnd B am ahfireatyi agsecondaand ahehtirdaborg el3@verds ard a‘ml S
posi 11 on i ve e BREUnaiRE" ERE-BERYLELRY PROLICHIBY s Wiftdted'S
n position,

fromradiation emt reating e enents fir

fluid, i dstakrend %él the bady genpgactsdbed flrtsm,o@gwqrwe ang sthixsd ¢

to primbddes pcwspé@twébﬂ ewifAdoheMBYethanN¥h#ke AVAMeMsNSS t Yy @iny 3F SO
desired. {%%sﬂ |d| the carriage 48 outwardly fromthe body 76, the 20

carrlage ﬁ?% a-4Reof *position wherein second bore 54 of the
cdiSriage is dUaxthéIyra&igmbdendtbffthetthEQn@Zmehbbhe paads, iﬁﬂtﬁka

ot TR e O o €80V 0T Dl EQRHC HL 8kl (SR UL, e !
i nt r oduced ﬁ%aanﬁmﬁQ4 25 fhrstighoftr40 psraldgned ydpplyh@héunat\hpﬁaan
097 o e iy M SRS SRECHOCHAEY, LSRRI LT
a Iunenﬁﬁcqlﬂ§(§ﬁ?ﬁ&¥ﬁ saline. second port 42 is in communication
20 with the second bore 34 of the housing member and is likewise
adapted to permit the entry or exit of liquid into the body. The
third port 44 opens into the third bore of the body and is
adapted to receive a guide wire 46 to aid in positioning the
distal end of the catheter tube within a patient. A valve (not
25 shown), such as a Touhy-Borst valve, may be attached to the third
port to prevent leakage of fluid around the guide wire during or
after insertion of the device into the patient.
For loading and/or unloading of the treating elements 22, a
retaining device such as a magazine, carrier or carriage 48 is
30 slidably positioned within a slot 50 defined in the body 26
intermediate the proximal and distal ends. The carriage is
preferably constructed of the same material as the rigid body 26
and has a first through bore 52 and a second through bore 54.
The first and second through bores of the carriage may be
35 selectively aligned with the first bore 32 of the-body, depending
upon the lateral position of the carriage relative to the body.
A carriage .with only a'single through bore may also be used.
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The specific design of the punp 14 may be chosen from 30 vari ous

al t er nafy or exanple, the punp 14 may be a sinple 1 ne-filled
pi st on ?ydrlﬁ?llgééattached via luer |ock connector to port%@%“’hgj’ 26.

Manual depr esyt @reflddtbiny rthgecpeatiysy eYementdr Ontoetnaf Eacriagel Otheytol

; . ¥ ] ! ; 23 .
cat het RSt ke PRI LE 1580 IR Tl Pond s P RFER o BRE Rk Dr bl e
tr eat i nFesiterafhtthe doadingriasving . erthenrthenusér eist headyefionethe| s

conpl et @hoceMr@d NalHe/ bakr i rﬁ%%}’ﬁef&ftﬁﬁlﬁi&?@r@é@viﬂﬁg Bieadpsayym of
12 96/ 13303 PCT/ US95/ 1 28 liquid froma suspended cont ai ner.” of

steri| etherehy FiniRizing AaidoinePhythe treating| ¢tementsipb¥r aBdopcock.
A tﬁrnabgcpesui-@‘_ it@:;lrtaié Qﬁﬁerf.or 'remef@ﬁ;]fim i@?pgéf@m 1p! ﬁ@deFrraf ae ulsed
wi t hout ar.ti.n m t he scope of the presen i nvent1 on. For_exanple
the car PRAg iady 9l RS ROF S ettty LoRneR 51 5BI BE AHEHE abPE PP, ACARBST
body. Thnoegesisarys expashareheirs radidt ion heherarthegeresyihg etémenhtsecaye
brought LLatiQaddigament with the bores of the body by rotating the

carriage. The treati ng el enents may be pre-loaded in the cylinder to
mAi ni ze 10 ASesheyin dat Edene I otanriage ubderis rond kndinsevhedhénte

r adi oacthee bbaqaltzisr)g w;ilt_erfmme ifle‘ixétfjﬁolmiga .5 BYo Ol e déé‘ﬁrii{@e d&gf@héagwith
ol erent sngz Rkl SIS0 L0 S loqd IR o8 20 Srebr e, S2dd TbO R op,
the treafi theeclcareriage cantain athe anrkatiiigrelememest2yeand ebsi ng
Furt nor PPt sl TR0 Y Bk, "iRell A ing S FRCEiGidE Ene
| Afent | BEErCArR sRdipdion Sitites hedhe dkresting enlensntsg dbviteisnd
punp 58frapdtapollitiiof) |funA,CAN s Geriie COU] ART | RAYy, PHEP; REH-EQEEA NY
devi ce 8}(‘:‘on'gr s%g a bogédport I on 62 having .a djstal ené:l pOI’éI on 64 opave
at t acheSPF8Y8Re tBFofd&SEd PO&ith &% RTINS HiRI RodF AhdnfatdiRteh ARG oFeBS
mount i ngnygoahectontaficed thietedoymit ead idestddl. passageways defined in
the body. 4 29 IN3a99QY ¢ Wa2210%d d% DRIy s AndASHPYEY &' "
20 carriage is moved into a second position wherein second bore 54
of the carriage is coaxially aligned with first bore 32 of the
body, and the treating elements 22 are ready for introduction
into the catheter 24. 1In this second position, pressurized
liquid, such as sterile saline, may be introduced via pump 14
25 through first port 40 to supply the motive force against the
treating elements 22, ejecting them from second through bore of
the carriage, distally through the first bore 32 of the body, and
into a lumen of the catheter.
The specific design of the pump 14 may be chosen from
30 various alternatives. For example, the pump 14 may be a simple
saline-filled piston syringe attached via luer lock connector to
port 40 of body 26. Manual depression of the syringe plunger
would provide sufficient force to eject the treating elements and
move them to the desired position in the catheter (and withdrawal
35 of the plunger may assist in returning the treating elements to
the proximal end portion after the treatment is complete).
Alternatively, the motive force may be provided by a column of |

- 12 -



which treating el ements 22 are located prior to the treatment and after
t he tregﬁgﬁﬂé s conpleted. The central bore 68 conmmunicates dlrectly wth
one of #dns of nulti-lumen catheter 60. Di schar ge BYT/PRB/13738 5 | ng

el ement 33 569A EROmPQAr @D eHAdS méﬁiéﬁ%pys@@éﬁz Osa MhehofByaleroved
bet ween blocklng f|OM/Or allomnng fl ow through central bor e:

oSl t|
AIternaFBVEF? gfﬁe bYate AR CHISEPFPKent Iy small size to
permt flui dAunepaasmhercadfrl@j@atMé efcpf emwtcmgrw@ésagetoéhbhﬁ) also

treatin t at e hl oc 35 central .b ids in
or+ i ngieRe B8 UERa" Wikl diBE Ul SranhHE f5one oot ERS; RTBRR%G" ||
so5desi invent3onyD Qerlax@mnméwlﬂﬂkﬁqaﬁhihgé%maxwhwldyhgmdnecg@eeadered
. flow of 2t quhf1{OmblaR §mrt Wit8d! tr1 KSR S iy fﬁméhsrdegsg%eﬁed of

- catheter 60, a “pair o I ston-cylin er arrangenent are €FOVIde
opposi t ¥i EFBeEthCFH€1BSGyH&MWHQM$Q%FCQW¥E¥X1Qﬁqqim%rl nkEeapdigament2 5

;Sro;/l ?eﬁlthefhfﬂbbgetglhalﬁ fedle ¢ioﬁ§)a:ﬁ¥1|ﬂg:a{ﬁ'!§xé r@%lé&rﬁi@@ent SThéO tge .
i sta e.ca er i sto er grrangene rovi des e
Cover s bl eatintl BasRRBES: el B i e ddash i She  SPElRaer | fo hiBrniES

| h@ eri ousprsesagtaay &6d mot perotedit &bauusnnnﬁnﬁmﬁr&ﬁﬁat&mm WRehi qui d inlet
ort 78 0 d_t d f S j nder

PPt angeraifosbRivBOkeedl 300 a1l midloxdd SPHE TPe ol SngY EhEl o
eIenentErﬁhténanalamsngsaZBrPm&WQQadddﬂﬂntqﬁatlnadmnqmdQWlﬁe 2Qnervaye-
spring 19aded bakb XaEKQrQQgeWWBh't@xa&a%'%%ﬂwylr%ﬂéé iﬁ?(':‘om tﬁa&ﬂﬁﬁr

through_the inlet port 15 but bl ocks I|qU|d fron1eX|t|ng

Vent 7998Y166s Hseau sﬁr'ae&ﬁemlta theo taeating g wmsﬂagemmmezaﬂenand

|l igui d £f6r nddedactaveptireatynguiel@sRhty)d tHe Uddee mBPba & ES38E8 FLbhef
val ve 8} JRY be prOV|ded to prevent overpressurization of the catheter. 20
I nterior pasgéa way 82 in the body 62 comuni cates between the cylinder of
the retri evaFiguseoRBcphowser furdhgermilitehatiidre enmsddimentinef af t he

cathet et ffet&F LDE gh55§|tﬁgd Q%EQE@“ Hvertiorrdt eldlard N fumen
Phe 2P iR Elilardf B4

comruni cates wt princi ["'umen "t o provi de atTon path
for thelmghgﬁgstgapomblnatlon loading device and pump 58 and a multi-

20 lumen catheter 60. The combination pump and loading device
comprises a body portion 62 having a distal end portion 64
attached to the elongated catheter tube and a proximal end
portion 66 mounting connectors for fluid communication with
passageways defined in the body. | |

25 The body portion 62 has a central bore or ;assageway 68 in
which treating elements 22 are located prior to the treatment and
after the treatment is completed. The central bore 68
communicates directly with one of the lumens of multi-lumen
catheter 60. Discharge of the treating elements from the bore 68

30 is controlled by gate 70, which may be moved between positions
blocking flow or allowing flow through central bore.
Alternatively, the gate may contain openings of sufficiently
small size to permit fluid to pass therethrough, while preventing
passage of the treating elements while the gate blocks the

35 central bore. This aids in priming the system with the treating
elements in position in bore 68, if so desired.
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25 dispatches and retrieves the treating elenments. In addition, the body 62
has a t k{d Lnterior passageway 84 that communicates between guide wre
i nl et 8A3¥3gui de wire lunen of the catheter 60. By BIHYPYIIRS

cat het Ie(r)ntoﬁaf BebviRang eHel predlhursliedglibuior Aizhineles idlidpoler

serpentine vascul ar path
et opl SBeaipaclenental ke aRe: BRon e, e tate 38 @ FARRALEL 80y 20 nt
and t hepabroafir piatbargyliyndes apmrangemnentsy a’i*e4;i:&eﬂ1de(<90>xi2§bpnﬁité’ o

focat| otaPReoE, BRE ROl R T iBy, €31 (ristin ST NRE, Hpr iyt oF2
pre-i nserevides the aégunédflloryathndmpa&qmmqerthnel ltneriving e kemants

ski ||edtbntﬂér&%{’!hﬂgeﬁagb?pltﬁét xeatﬁ@%e Bl 14 1"3.‘|§1de-'ihea ke
i nl et preferabgaelnc udes - 14 WO 96/1 303 PCTI US95/ 13728 a y-Bor st

val ve of 4 sPRPY RnbhA HSVFEEetélapégef@ﬁy GFd§e§H¥ﬁ¥¥QGeﬁ %ﬂ?ﬁﬁ&F%W&
gui de weleméntsesherefrbpakage of bl ood or other flurd fromthe guide wire -
| unen. In us t he interior pass piston-gyl i nder 5 arr

and catheterfBF?ﬁ&?BaPaﬁﬁagﬁgFﬁr2%I&He%hﬁré Péd cofmupiGake Zgékﬂ%ﬁnor
skl i ne lhgwidghinhet| pqutd78nl eenporill Bérands amdrwup\ayhmndﬁr dfh the

i ni ti a'dfé’ﬁé{:éﬂ 108ndLoRahaRzA80r ahBehkftaly 20 SHALOMIIVIGIGS Aife £1u1q )

opp05|t posi tT oned n t he ‘di spat chi _pi st on- cy
in a wikRK aFPTr 18oB48Tt EBE, t5§a§h6ﬁ/nellﬁmr3p§§r dnkg a&&ﬁ’datlmiqgl%tmnﬁlll%

Ir: etri evxghmexpl 6f obhéytatHeteF46bN abnadwaps;eepPangt 19aded LA1AS vIME 0
i gure

t he t ti t d d
posi tio E%%b?egégs%%ﬁY?QESFﬁﬁgPﬁeE&EHﬁﬁaﬁ°b8P§eﬁu¥§r889hoB@ﬁé iy mert
abyancibut thkocks phighi@i ftom, eklieihgqfirdm theheodits patvent Qﬂlahkﬂwss
f d h h
cont i L PRcehcle BLETLE ekiP ehAh"1h8 BSsaRRRall e WYY M dFs (e
treati rRf %meﬁ@% prmmepumqseal apdr thendiker candt nepme@@turmg rs ldedt s

al ong t\Re1we | i Py b@o%fév?ﬂeeftbhggﬁﬁbhﬁtSbeEBrhggd@fydﬂldﬂ“$fpQHH on

| ocat ed ag the Site to be treated l'i quid noves along the principal
| unen iGRCBEYREt al direction, it displaces an equal anpunt of |iquid that

20 Interior passageway 82 in the body 62 communicates between
the cylinder of the retrieval piston-cylinder arrangement 74 and
a return lumen of the catheter 60. At the distal end portion of
the catheter, the return lumen communicates with the principal
lumen to prov%ge a closed circulation path for the liquid that

25 dispatches and retrieves the treating elements.

' In addition, the body 62 has a third interior passageway 84
that communicates between guide wire inlet 86 and a guide wire
lumen of the catheter 60. By itself, the catheter 30 may not
have sufficient strength or torsional rigidity for insertion

30 along a lengthy serpentine vascular path -- in typical
angioplasty procedures, the distance between the percutaneous
entry point and the coronary artery may be approximately 3-4 feet
(90-120 cm). To assist in positioning the distal end of the
catheter at the desired location, the catheter may be advanced

35 over a guide wire that is pre-inserted to the desired location in
a manner well known to those skilled in performing angioplasty
and similar procedures. The guide wire inlet preferably includes
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returns along the return lunmen and enters the cylinder of the retrieval

pi st on- Gyble, ?ﬁﬁqearrangerrent 74, pushing the retrieval WB@% war dly.

Retri eval treating el enments may be acconpli shed by the
steps descTolieg-Bbpse. valleer 6kr sdvdlapi Xndwm Ve vdPERFE G1ddy tHY duige d in

a reverse, ' I dlret n alo t.he return |unmen _and retu
f1uid t(i&f]gé gﬂ‘%%/éa ong gﬁ OgBi"lg%ciwﬂ'é'le FEFSHRIEY iIfRkRSS o?/\‘f]r%%&t%
treati nPeherefleidnframptbei gulider wizeudmmeinr.ecti on al ong the pri nci pal

lumen, returjyngsdhephbo t sl{(qq.y R returning
qu‘i/\:,d enters the cyl ﬁderlhegr?ﬁg glg%sg éaﬁra étg) cy H?%zlr arrangenent 72.

t h AFRARIRMRREF/ s?§@eﬁ?§§e§ﬁﬁmr#ﬁcFP@}r angprefurgy rﬁmarewgreel%@ebpd
.system iwith astéethe aeasltaia btqghdlhaafth%ﬁbﬁc'ﬁtﬁe tlfl%\tlrde@d pp:td

allowed to enter_ t pé % &B ¥ i %/13 t3 PCfU89/13728 Th|s
may. be fHITTEN aff V‘T’r’r%1 rtabl SRENIPAE AL ROS 19fanithes AiSRALRR1ARE. The
“cl osed systreiewwal ap\gmm-cglli;ndatlsomet bppohrmaatllyng:o?la:riﬁn']tcéﬁ d\&gﬁimketrh%
sinle r ai nts,.tq be shift ack an
Foron siiatrdty O b {81 8ofhen PERLPRICGITRUD 72 An'S ReNdiihl Mot ol
sl%Qht | WOW%NM shewn| spaftguaﬁdmet anév&heppsismqm oihitthe emmncpxal
may be @*Pi/rh&’@raﬁmiﬁ HA Eﬁ(th%éﬁ()?BE‘it(lfont he 58 %Fét L en?ﬁof the

ar ea, partlcul where there is d bet weén or at
treati ngFJEQ‘b?Ferﬁ% 1Befoye  Fhe; Bﬁeéﬁlpﬁeeésﬂﬁé‘f‘ér caps henmeved die £hes

depi ct edlesirdd gpoei l{onThgatat hot econreba ity thewkentead Hdrd aust be
I ncl udes Coéml nati on punp and | oadi ng device 90 and a nmulti- |unen

cat het er°®’ e conbi nati on punp and | oadi ng device 90 also has a body
porx i on 94 wiBy adanc bhg etlle pdispathGpastanhecthkS 1ue;uﬁlm icatthad en:&ihtcaﬂd
a proxi 1 &4k i v

100, guide w relploin% £ %d 4:ﬁlc-lzagé ngm: ?3‘@% %Stlhl %4

respect |QFE?"3Fa]arQ°r‘F o@%t%@n%ﬂlbhegstbé §reahengoe}egr¢ntsh|2§ .ar rﬂm;;enent

perni ts preds\ikiz&y! 1f@kﬁi@aflshag?éétéoéhteotbea%%' d9dmeRtisCHigd tHynar dl 'y
20 fromtr“%é)f”%ore ang ggrégg the trggélggcg&ghggt% gﬁggbe%ﬂgrprlnc1pal
20 lumen of the catheter to the distal end portion located at the
site to be treated. As liquid moves along the principal lumen in
a distal direction, it displaces an equal amount of liquid that
returns along the return lumen and enters the cylinder of the
retrieval piston-cylinder arrangement 74, pushing the retrieval
25 piston outwardly.

Retrieval of the treating elements may be accomplished by
reversing the steps described above. The retrieval piston is
advanced, forcing liquid.in a reverse or distal direction along
the return lumen and returning the fluid to the body along the

30 principal lumen. The liquid flow moves the treating elements in
a proximal or return direction along the principal lumen,
returning them to the central bore of the body 62. The returning
liguid enters the cylinder of the dispatch piston-cylinder
arrangement 72.

35 With the catheter system as shown in Figure 2B, a
completely closed system is provided, and no liquid that contacts
the treating elements is allowed to enter the patient’s body.
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Insert 110 which is pre-loaded with treating elenments 22. Alternatively,
the body 94 and insert 110 could be of one piece or int ruction.
I nsert WPPH3¥3a central bore 112 in which the treati ng Wégg'més are

| ocat edTB.a..sgﬁita? wpﬁwﬁiﬂ arly rianm&farfa‘ with tHeairéwk theragent fiom t he

central bore a lateral exten branch 116 of. t he ore.
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r ot at ab nount e for selectjive alignnment %1 { he bo

i nl et pBFW bgo uged é@ntﬂrﬁv’-@é%m uniforn LXPOSULS | g'%lh%n? 1é\,\%ore
coul d beeggally aerra f@%trtlclﬁ.ar\ll@ WH B Gh e | 165U dB 79Bacerbatweenf or hat
syste ngﬁ'ﬁ t er 3 e could contaln the treating elenments. As with the
enbodi I§| Jr MRid flow passageway 122 is

provi ded | n mheratmay:m oanmtmazaa:thertgars susteerrf Rigure i 28 aispdepigsednd

f
a retur gl wigR,af Jcle g@\@%taecrhet%?r APk i BH LNk CLRGSS AGENRYaR g | S

provi de en a gui w re | umen “of the cat heter and gw(ﬁe W e LnI et

be
102. Al $9Cly¥pes| d IOPRbANASHON FBMBs D ARANIN WM TA?BN i ‘PH
passagewdnehhatheteeciop W tthd f&xﬂmmwlmrm;ﬁimpcuﬁd 108ad ifg | devpee a900n

the catheter system of Figure 2 ssen h

di scuss@ds Pe&érsdlané’qugtﬂo}liz‘gn C#E% %ferl‘—‘f ‘J?lgﬂz?f['a?% ﬁt?ﬁhed

t L8at i ngoe khee iathetdre gzqorarmqiaerpﬁqun eeshd;e;pm*aim y98 ¢ onImhthienni nder‘
of the er sy for di f a rs.
5 11 sABrPdinens s HoWhves® AU AT RS addr UBE RLES IRIBETAOS L
body, candi drlspaﬁ@é!r tal‘@r redriiempd) held Qg h@‘era’?ﬁhyl%r E‘F%E‘P%Hvﬁhyva?Fﬁus

conbi na ppAtedl RS L AHe A thdBddy 9. ONPisarFdgenen®! permbesbady
and carrier could be .preassenbl ed
large cylindrical chamber 108 to be provided, extending inwardly
20 from the proximal end of the body, for receiving a carrier or
insert 110 which is pre-loaded with treating elements 22.

Alternatively, the body 94 and insert 110 could be of one piece

or integral construction.
Insert 110 has a central bore 112 in which the treating
25 elements are located, a gate 114 controlling passage of the
treating elements from the central bore, and a laterally
extending branch 116 of the central bore. When inserted into the
chamber 108 of the body 94, central bore 112 of the insert 110 is
aligned with central passageway 118 of the body 94, which
30 communicates directly with a principal lumen of the catheter 92,
and branch 116 communicates with internal passageway 120 of the
body, which connects to the liguid inlet port 100 and the
dispatch bellows 104.
Alternatively, the insert 110 could have a plurality of
35 bores and be rotatably mounted in the body for selective
alignment of the bores with inlet port 100 and central passageway

118. In this arrangement, one bore could be empty for fast
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or even of one piece construction. Simlarly, the body could be 20

pr easse th the catheter tube, with the carrier sep

conveni gﬁ% s%“r age and transportation of the treating g@hg%sns%s

Al ternaprigliyigablf thecaystienimi ecrdthde Wr@é@l@%nﬁsiﬁﬁbhedtréatﬁlﬁg
desi redeigg\f hggratlon on site -- this would permt the physician to sel ect
the appropriate conbi nation 25,depending on. the;.desired procedure. For
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first e 2 Qs d L&t of i a second
end pl ugg‘igﬁ&gf”’% eg'%t he%z)g%%%(f wcsf‘thl'he Wg@ﬁ%@oé%%{b@%/ 13728
eh® pl ugs ar Enppperaiiion,| &he Mheﬁﬁmtsnsm iof W igwrenaCate affixed to
cyli ndeésézﬁtla%ye&amltqcatiy 4199 ik c?rr&jé’f@iﬁ% ﬁ%};ﬁ & bpeat ‘rﬁ

el enents |s pre era et ween appr oxi nmat e ei ng Si ze

of cour&@bofgmenty Pifdé"ﬂlgyrﬁ 2G Rldawfe the prercﬁqwg ekenents pbPebeof the

carri ageenvbﬁﬁieﬁt1§ndt©&blaets@rpa!ﬁamﬂ&&€dm Rk ahayeindér POf Mthe 8a¥h&YEY
nmobi | i tg hrough theﬁmgﬁdl ngl devi ces and, catheters escrj bed above, the

i nner dF% Pre§& RS TR TRF L A9 LI8NEnt s pass
t B? ough shoult phefhdrabley cieat0 theds irhaadhwiat tme embmlmlemwzsoﬁsséé

cyli ndragavel ! €Ak Baaye! SARRLSA AU O Ul el A6 Und "Cath€BLt fay be

el ements may b coat fl'on material or ‘si Ion
mat er i aPr?BldPGdetBeVﬁFllé’Hsoﬁ%W@éﬂc’cﬂ?e af; @eﬁsengoleamms anhdmakkenapf of

the |ugreita.whrek b&aﬁ@l@s thd boly %téwrﬂf@@témcflﬁéf%%éaége&éwave
qui ckly through the | unen, mnimzes unnecessary exposure of ot her

ti ssue ?b BKE tPgaPPﬁgpéPéﬁeﬁpé‘%?d‘qtr}%rt iR Y rﬁ%sb°‘?)§td?9‘ﬂ-‘3nbe
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for convenient storage and transportation of the treating
elements. Alternatively all three elements could be separate and
assembled in the desired configuration on site -- this would
permit the physician to select the appropriate combination

25 depending on the desired procedure.

For radiation exposure of the desired site, the treating
elements 22 contain radioactive material, preferably beta-
emitting. 1In the preferred embodiment shown in Figure 3, the
treating elements are elongated hollow cylinders 128 which are

30 preferably constructed of stainless steel, silver, titanium or
other suitable material, and are ideally in the range of 2.5 to
5.5 mm in length. The cylindrical treating elements have rounded
first and second ends with a chamber 130 extending therebetween.
The inner diameter of chamber 130 is prefefably in the range of

35 0.4 to 0.6 mm. A first end plug 132 closes the first end of the
cylinder, while a second end plug 134 closes the second end. The
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the surface area of the treating elenments subject to the notive force
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cont ai ndesaribed ahpeel,olthecb,amg'r diamesien iof teash ify e koneier may be -
Conposeg?ﬂ£n§n¥h§5ti‘bﬂlﬂﬁngb% @m%t@amgoacrﬂfoqg% AU I Gorid st ¥

Pref era however e ra | oactive source IS pure bet a-parti
ehPtter] leds thanyEwage1 $863 OPEErUSSBMES £XR Ol t’é@( £Yai e‘i‘ﬁ??@'ng
Exanpl eéléfneﬁﬂehaﬁdbthanﬁaternehmt(faces'fdfortlheJriﬁ(éaﬁ:ilﬁdl&miem:ﬂﬁs may be

Phosphor us32 [or, _l,odi nel2h. a t he
r adi oac??eg ?ra Hj]a#n%gﬁpafnﬁ §rigl /& Csdﬁ%%d%ﬁ%{%ﬁﬁw %I 1) e?e‘?rc}ant s
22 shout‘dduéebérsutﬁonl betweendchievéreatdeg redemtogagnditife sralbef chaout

10, 000 | 700 , i
10, 090 i gflsn B%?Eelﬁfeir gtaﬁa%s OThis>al1dvithe, Ittty ?elgéiner{%élt%hcgs p

r 88 oackPVet guépk Hethﬁt-"éghar-hﬁorlu@ﬁ@rplméé’émlzel%MQQﬁﬁﬁasrlé SRV P
provi deotheraeeggudosageheFQs:ehi&ng erlreaife@trseciﬂanaagq:azttnecdm asiiinvikzes

mat eri al ave a_ radioacti f, a | l.y d 25 000 rrCl per
centi nef %Hagf)f‘oveg&?s??;eb St Pébf%d% ﬁ?‘dﬁ: ]ﬁ?}’cﬂ
used. +¥Bedsurfabedabeneblfythar rtn:elatl\rdgerelzentem:m smb;tercaattmg:lté emmuee S

used whighehaye deadaspace LI EINLORE RUNRAD Ml A6Ren ol .

the trarn m e 0Scrl cat htlyeback andforth
020 by btreatyngegégmgupy mgyepg,sggbph@rov1ded with one or more annular

ridges which extend outwardly about the circumference of the
treating elements.
To treat a length of vascular tissue, a plurality of
treating elements, joined together to form a train of treating
25 elements, as illustrated in the attached figures, may be used.
To keep the treating elements uniformly spaced from each other,
and, more importantly, to prevent the treating elements from
becoming too spaced apart while moving through the catheter, the
individual treating elements may be connected by several lengths
30 of‘hard tempered spring wire 136, as is shown in Figure 3.
Each treating element 22, as constructed above, encapsulates
a therapeutic agent, such as a radiation emitting substance 138.
Radiation emitting substance 138 is contained within interior
chamber 130 of the treating element and may be composed of any
35 alpha, beta or gamma particle emitting substance. Preferably,
however, the radioactive source is a pure beta-particle emitter,
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Lo fuse TRERtIER SRRt W WAV il B dodiolie For Bhgpe,
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in nolte uncuréd plastic._In sti’ll, another enbod di ment, treating
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capsul e5h3FF B dR) (G TAGLQART 6] capFYeeR addacent
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present tauehyOB1ERENRS EEBp&%ﬁ%ﬁﬂ?%ﬂﬂ%ﬂé“%ﬁfﬁgyﬂmk£EW$€fbﬁrexp@éure of
dlscussed withregard to Figure 2, a fitting such as
the selecteéd area of the vessel.

- 20 The selected radioactive material may be contained-within
glass, foil, or ceramics, or, alternatively, within a powder or
liquid medium, such as microparticles in liquid suspension. When
solid materials are used, the preferred outer diameter of the
material is approximately 0.5 mm, allowing it to be inserted into

25 the central chamber 130 of the treating element cylinder 128.
Such radioactive materials may be formed into 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

30 contain the radioactive material without departing from the
present invention. For example, the treating elements may be
toroidal, spherical, or in the form of elongated rings, and in
such configurations, the radioactive material may be actually
impregnated in a metal and formed into the desired shape.

35 Alternatively, a radioactive powder may be fired to fuse the
material so that it may be formed into the desired shape, which
may then be encapsulated in metal, such as titanium, stainless
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15 provided for attaching an el ongated catheter tube to the |oading i
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" ebongaseduesulret.er tube and simlar phrases are |ntended to |ncI ude a

catnet er POSTESNiNG G ¥q IHbdd TR, MOUAALL 10K 6 F R dRcRitEvSl O

and cat het er umens whereln i's m e up of several
separ at eft tbes pygsendd W@étth@n as s At e/ pSBoYEdY USsathetens ef gthe 4

depi ct SF}EQeﬂ‘tStlﬂkze%%‘ioﬁp'ﬂdWrbé)f P& A LIt OftHd L P EERt a e VY88t 621,
general ly at th the freating _elenents |ocated in the distal end

porti on2S| ﬂlﬁﬁP§s€f‘?‘bU&|tﬁ’eﬁtegartdné:cb£Wé’cr& Zorfbri LELing YR A% (% BRY be
nmegber ﬂaéavlia\édn@o& ataehimg aAnelunddted (cxthsteyvybe € stlké Poading

d 144 b Th
brct cr aBEY16Re r uBATTRLG RACOR CEE Smtortil PER T S Rer o AR oy *in
pl asti cthet snnbes wdy llwemsecbr The apegififiomonstoiction ofismeh hHemers,is
sized ag §8§Q' Bgth%tte?% h'&tv%“qh‘%ﬂ M2t Prpinigl féa AEERERapLET €5CE OF

smal | er use 1n treating t enotic site of a coronary artery. The

i nner dPaf¥t Bemper: gach agedkady &ﬁrr&[ﬂiﬁiﬂgl%ﬂ%l%&f’-’tb‘?e v@@}ﬁe" ich
tpeati ngseh@ephied t32be positioned at a selected site in the body, and

an elongated tubular portion therebetween. For those catheters
that are not pre-attached to the loading device, the proximal end
may be provided with a keyed fitting to allow attachment of only
certain catheters to the fitting on the loading device. Such

25 fittings may include those generally known in the art which will
not be discussed herein, but also may include specially designed
fittings which would be peculiar to this device. A specially
keyed fitting would prevent the inadvertent attachment of the
fitting or body to other catheters on the market which are not

30 specifically designed to receive the treating elements and/or to
prevent the treating elements from being released into the body.

As used herein, the terms "elongated tube," "elongated
catheter tube" and similar phrases are intended to include a
catheter possessing one or more lumens produced from a single

35 extrusion and catheters of multiple lumens wherein the catheter
is made up of several separate tubes bundled together.
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To prevent treating elenments 22 from exiting the distal end 15 of the

tubul ar WwEsPei30 ¥a retention projection may be provided i nggtrljﬁfsg#hjﬁg to

bl ock passage of the treating elenments, such as an .end
Barrier 146 |mgarsepaaap£caﬁl thd aiptadhenadpoirtikm&Fd drie tdethbtédnloend

portion gf t 142. Barrie 14 fera has h rounded
externalig}‘seurskj"b %%grt‘% ?ﬂﬁ%” 0958§§FE’5|1¥ g g‘éﬁdnwtlgzlhy t\5’es esal?%oq her
tissue eﬁf-tbr@em:’@mtlmate@ennnghé4élsbaAI eod pogtiidnf.| ol rtérleﬁ iﬂmh@hméﬁttal d

in placeypdtcDind ber C@&Hﬁf?&eét tE?ne?Lé' 'Eﬁgullgg'atm'e%er 3 RIS rg?‘@ 150 is

attached to the outer surface of tubdl ar nmenher at the dist end
porti on. P’-'I‘b’"pﬂ‘%*n%I%daPEBE%?ﬁuéﬂgtﬁhQWBé)t'haoétléltaéurelnécé’oréi’ﬁﬂ @R thder cut

. lronaydbe pngwe:derm ﬁi%dsﬁgfaﬁerebﬁtbeeﬁat heher thfwm,ari ﬁhéﬁbéﬁﬂ itshhet mar kte[1
and reside ou on exterior surface et er, e
mar ker BT dé %VALY s%xg’éu%?‘g\\,/\?ﬁgﬂ f‘ﬁ?BPn;ﬁl parerialy aig'r ‘%’th
“barri er smictainte nplistibamatétaisemagnber usedd f Mha lmrt:exmdﬂﬁneter of
| atinu [ S [ |
P r@ﬂé éﬁnlng 0 Qﬂﬂgr ?é %i%ﬁd Hgé @aﬁﬁg W% %ﬂe iqgﬁﬂ refé&ﬁJcaﬁlon

fl uoroscope acenen cat et er” I'n use
Filfure 47~ t Heoxli exampbadS pbreneh ouf smhéleUbapa'ruﬁ@rtumrtne;aﬁmq dmﬁ;ed into

the bodyst¥ndt Pl PPE of NhOc8roRhLy! 8PLarye FHeh 1%41:“%11%%&@ Yof2IdHd V.

152 fol |l ow 35 bal l oon angi opl aSty. I n“such instances, a guide wire wll
typi cal I "Efég p+% %%F??Bﬂ’é‘a“ﬂ‘ﬂll’hélﬁsgl ERt re&letlﬂﬁué-ﬁeattj'tﬁad%w LATMRA &S
coul d alzn. be used. The distal end of the catheter is - 21 V\D 96/ 13303

PCT/ US95/ 137 t hen_ advanced. over .t he |g§ gire, t hrqu h 41 ]t[ag‘l. de
positioning o © (RESYRUT B 7R ﬁﬁ%eeﬁswgngf’e s&T8fe ¢%3 JSF en
f lifor os cufpitthe | yulbbar vmenmber baarretemuﬁoanprnéeb&riomamyiw ptovtidedliigt al

end por tdn ﬂjméxhetgaﬁf@éfrﬁﬁé' Sge ﬁ@‘f LRk Egga@'l g;alelﬁ'ﬂg Lifad rﬁerl

cat heter i S PoOSI tioned sSucC € previ OUS t enose rea gener a
at 154, 519 (AT EeF oktf y alP?’é¥§'e¥sl1‘GCAFe§ Eeméﬁet peleed itdp phered or

mar ker Huaided S6b ﬂk@ @Lé€€1 Zehe gapthens e@waéulaadmb&%ew Q42 TRIB A

t he cat nected to treatin ment Ioadln 10 dev,i ce ,

bndl or A PEELSIRlY DR i PROPEN FROPURY, BREETROY RUT TAtgue Rl mize

e@odi nassible abrasion to a vessel or other tissue and a central
opening 148 to allow liquid flow therethrough.

To aid in placement of the catheter at the desired location,
a marker band 150 is attached to the outer surface of tubular
member 142 at the distal end portion. To provide a continuous

25 smooth outer surface, a slight undercut may be provided in the
surface of the catheter tube, in which the marker band resides.
Although shown on the exterior surface of the catheter, the
marker band may also be pfovided internaily as well. Preferably
the barrier 146 and marker band 150 are constructed from barium,

30 a platinum-iridium compbund, or like substance, which is visible
by fluoroscope during placement of the catheter.

In use, still referring to Figure 4, the distal end portion
of the tubular portion is introduced into the body of a patient
into a selected site, such as the coronary artery 152 following

35 balloon angioplasty. In such instances, a guide wire will
typically be pre-positioned in the patient, although a guiding
catheter could also be used. The distal end of the catheter is
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So connect ed, the treating elenments 22 are in direct comunication with
| unen 9§ ecatheter and a flow path is fornedther g@?ﬁ
Pressurize PIQUId, such as froma fluid 15 punp, syringé or er

pi ston- euénndavgaeegn@mthepkgwi@er mhnrre, am\cigi Jlaﬁdemam utThom

cont ai ner s then directe ai nst_t atin eeme to
advancepaﬁbhéopﬁggc tfhg'ﬁgr gelvgﬁ?n TnfAee {m %ﬁeé’ e end arrl e;&ﬁl

Ref errihg fduphesEppicellx obisediviee rheofbagrieadilds dmd marker dmnd 150
exanpl eae | nBOHESERE EhAAPLRE IShC BN Tt duily 26 0 the sel ected

site in the patient e carriage 48 1 s noved from theflrstHfPosl |onto

the second pBSFeF o'n'heTﬁ|1§tPél eRcle Porttd ony Ofa by CANRIAS ISiRPSHL MMy
pat h wheuéehnt ’ﬁﬁatatﬁecﬁtéwﬁdusﬂ@pIsd:lek‘lc@édt h&émt lg\eexefmrm aft t1et f |of dthe

h i i d h 2 f h h d
e FoncobRRafl ok beaydis lokit ed Fedulon Wil bR Lk ¢, i ibshet |
of the bandalbfng thengniider wdrree canhdearemovedy, raemﬁ a:tha)rpmml *nd of
A0S g LonLRUER i BEAOEclERNEN ) i R b £ ot o

t ube extends di ment, the e treat| ng
el @nentdeeiresandy gtigRulRe éénﬁileélcrléﬁén e3g e ‘*ﬁttl'hé' SRy %Fr# it? As
not ed appgereupongrgﬂgbaagehlag di stal end portion of the elongated tube

the treating_el enents, are ohi_bi ted from bein ectedln e patient
by the barr §p SABNCBRED. noha, tRACEE% BLEREN tin L AAFSE be used
to fl uocosmepicatlipnvwithl lnment h4 4r eife &hed caxthiedsxt |ami ed efilow patdndis
account h n A a

speci fi %é. ?E’sgi&%’éﬁwg?&%\% 96}5?‘%?%@& 6%%23%)‘@72? c%‘ ngsvregratytnﬁea dflls ance o‘
th2 | unPwmpecapr dugpyorhetherabilsgngricy ldhdere ary@ngaments (Rlamndery, or

el ement §1e98€el Ngah 2Ra! ‘sBﬁqulohh%on%'a‘i%Q't S iR Hed SBHdIHERT dYa MVt a
solid im bet ween the barrier and narker band on _the fl uoroscope. 5 To

mai nt ai ErgﬂEngeﬁiFH@nEFenﬁﬁP§lﬂﬁt knem fo ddyanceefdonso s Fah YRy
el ongat baménbent 81 cetsppetl byutHepeadsbagriilerouds. the [ umen and agai nst

Lhe (1ot onEEIERs UBY chs baBibiedl BRI ias WS Belice o

t2@at i ne¢xawple, to move the treating elements 22 from the body 26 to
the selected site in the patient, the carriage 48 is moved from
the first position to the second position. This releases the
treating elements into the flow path where they are carried
rapidly by the motive force of the fluid therein into and through

25 the lumen of the catheter to the distal end portion, which is
located at the stenotic site. The rapid transportation of the
treating elements reduces the amount of radiation which is
transmitted to tissues in the body through which the elongated
catheter tube extends. In this embodiment, the liquid

30 transporting the treating elements exits through the central
opening 148 in the end barrier 146.

As noted above, upon reaching the distal end portion of the
elongated tube, the treating elements are prohibited from being
ejected into the patient by the barrier 146. Once more, the

35 barrier and marker band may be used to fluoroscopically visualize
the released radioactive elements, and account for their
location. The barrier and marker band may be specifically spaced
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10 depending on the angle at which the distal end portion of the elongated

tube i swy) eig@Gpsand on the specific location in the patieptryuksgf5al! Yy, in
order to sufficiently irradiate the stenotic site of a coronary artery

t hat ha%obeewesujhec tdics ttandel ©f ttthe . bunenhi bccuphednby thpetptaldi Aenghh
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ringe t.h roximal end of t ldmen 1n treatin el enent
?(ava s eQé“ﬂ&Bﬂhé’P SRS AnER adF WH A prdistal h%ltlérpmbeomsefoth@he

pr esent ellorgatiedn tubes i@vpliadtdd HHE én the PexXirdE eodaiohhen €Rkheter
t ube na¥ g ﬁ%e attached to a | oadi ng device/punp or enploy a fitting for
keyed a PacRMEAt to such a device, as described in detail earlier.

Accor di ngl y, Pueiferabd ydi simlorsietr 3o putfimieditlneirrddisee thedepenbedci n

Fi gur e sho I t oppr axi a
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PCT/ USobphibis intdmads hyperpiasifer QhﬁE;IﬂatlnEWﬁlﬁmﬁntarehghldhremanhe
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li qui d HBEH2PEULAFAtdY EfLectdNe APMEnf Fadiation; svhickhndisof the outer
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20 of radiation depends primarily on the strength of the radioactive
source used in the treating elements and the number of treating
elements employed. The radioactivity needed will depend on the
strength of the source used and the emission, and may be in the
range of 0.45 to 25,000 mCi depending on the source. After

25 sufficient time, such as 2 to 10 minutes, has been allowed for
treatment, the treating elements may be removed by withdrawing
the catheter from the patient or by applying suction (such as by
a syringe) to the proximal end of the lumen in which the treating
element travels.

30 Another embodiment of an elongated catheter tube 156 of the
present invention is shown in Figure 5. The proximal end of the
cathetér tube may be pre-attached to a loading device/pump or
employ a fitting for keyed attachment to such a device, as
described in detail earlier. Accordingly, only the distal end

35 portion of the catheter is depicted in Figure 5.

‘As shown in Figure 5, the elongated tube 156 comprises co-
axial inner and outer tubes 158 and 160 respectively. Inner tube
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I nner tube 158 closes the outer tube 160 and bl ocks further proxi nal
novenmeng, O treating elenents 22. Simlarly to 10 mar 50 of
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throughpé Si&keide&" 1N &n ligdéRchbeayah! ofif thBesubfigte bi¥bSutedEULRE UWETH
through the returp | unen 164 Provlded bet ween 30 .t he.i nner_ tybe and the
outer tibe® HPRATEPR FPRTED BEAXIMBALY af FEReiPRoPBRFL ST Sy RENARGS ng

devi ce/glageménteyf bEhe c@i $€81 eéndhpoetionaandeshei hedatdng @lenfetits at
Unlike the first enbodi nent, this enbodinment is a

aIternq:_tive(i dig@gsgl.
conpl etetﬁl 5T 0s ‘a"%%?‘ém in that the fluid is not released into the
gt i ent  and'hér usedttagteéabebhe S2tdoofioa compneryt hytieryowhew lae thit

el i m ngies ddie @ﬁéf&é affy OLPOLe RLLSSHAS %)QeHDEEPQiEBeoaQ, R0/ chditer
PCT/ US95/ 13728 tTeating elenents, a, small .but constant fluid fl qw may be
requi r P& olmqﬁh#ww% inchhenBrevipesly sheppeed sike byda gyrideytube
the el wgad ash rat hedeicé VbeposliibRih§eodr eMet aiseadl enaf pogitionn dfthahevent

22,? h:a'[ S:?a?t rg%lgss éqthe)r ;}'fs? ﬁ\téi%l'gé |g$ ﬁﬁ?gggggltﬁggléyt Q%g s:getpxremélagglop%r&%em the
20 barrier 168 and marker band 170.

If not pre-attached to a loading device/pump, the proximal
end of the catheter is attached to such a device as described
earlier. Without unnecessarily repeating earlier description,
the treating elements 22 are advanced along the inner lumen 162

25 of the catheter under the force of liquid flowing therethrough.
With this embodiment, instead of exiting from the distal end of
the catheter, the liquid exits from the distal end of the inner
lumen (or through a side aperture 172 in the wall of the inner
tube), and returns through the return lumen 164 provided between

30 the inner tube and the outer tube. The return liquid may be
allowed to exit through the loading device/pump or may be
collected therein, as described earlier, for alternative

disposal.
Unlike the first embodiment, this embodiment is a completely
35 closed system, in that the fluid is not released into the patient

and the treating elements 22 do not contact the blood. While
this eliminates the effects of blood pressure in moving the
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fl ow between the dispatch and retrieval pistons, the train of treating
el enents 22 ¥ be shifted slightly back and forth to make the exposure
al ong t N0 P30k d area m)re uni form The radioactive treal’ﬂi@lswmts
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procedure co ternat { I'ng elemen may be renoved
by wit hdr awi g %r@%m%%vef?w hRgpalewants| remadni m &hec dimtiale end

enpodi Npdrtdfor her REIRS eélioxh@é/@é‘& | @@be 2Pos hQV‘QuEE 1EhGHEe§>e§&o%n‘$f6 Bind'&o
cat heter, i.s _constr cted and erates siml ar scr,i bed for the

Fi gure g‘éﬁ&ﬁfrﬁﬂﬁ er%??ﬁﬁﬁﬁ% l%a?ﬂE?EFlYﬁb€m§?ﬂt08ﬁpFP§3§t&8“ax|éﬁ|Wﬁﬁw
and out @rrevtnmmslyimsamlséads r'aspecisvpi-;sfefabmy abbatl110odabi, 00® aads)ner

bore or t t ments _22._are. 30 ad anced
| nner anélgﬁgéﬁégﬁ%es are spac%@g @g?tég Eaﬁwﬁeg ot épéﬁﬁaluﬁgﬁef
therebetweenﬁﬁﬁeneﬁLﬁuffﬁ0i¢mtlaqqudtueédradlaadoanas tied ivesreli,n¢he

ehgnent%régya fﬂfﬂméﬂﬁgg? $§¥PﬂéeﬁﬁEPEEV%JBfkamneﬁetaREEgg’egﬁt#dition

cl osed by radi opaque sol1i SO serves as a
the tre&fi fheeRigated %fé}emetla%ngn@héethﬁeed tenthe1dgadingodevice

si mi | ar by, mﬂwd(ﬁn@r&é&wz@aosmﬁd oAtbdNenesyetash 2hment er Thike 178

at a Io% %JOH EP ed r oxi iga % iS Vg)96é13303 Pngug?5/1§728 t he

tip 1745 nd 23¢ apdiGreahes pBRt PBROSAGE 1¥nE1reELE

eIenentQO&HVEhéqhﬂaranjﬂhﬁxnrenmlﬂ@eelaménaé porcengnthem pexdmataly end

prtiontﬁEough the inner lumen 162 for return to the loading device. The
elongated catheter tube may then be removed from the patient and
the procedure concluded. Alternatively, the treating elements
may be removed by withdrawing the catheter from the patient.

In a third alternative embodiment of the present invention

25 shown in Figures 6A and 6B, the catheter is constructed and
operates similarly to that described for the Figure 5 embodiment.
Elongated catheter tube 174 comprises co-axial inner and oﬁter
tubes 176 and 178 respectively. 1Inner tube 176 defines an inner
bore or lumen 180, through which the treating elements 22 are

30 advanced. Inner and outer tubes are spaced apart to define a
return lumen 182 therebetween for return of the liquid used to
advance the treating elements.

The distal end of the outer tube 178 is not tapered, but is

closed by radiopaque solid tip 184, which also serves as a

35 barrier to the treating elements as they move along the inner
lumen 180. Also similarly, a marker band 186 is provided on the
surface of outer tube 178 at a location spaced proximally from
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el ongated catheter tube 174 is facilitated by the use of a third 5 or

gui de tywbg as is showmn in FIG 6B. As shown therein, Pkgﬂ, pabgte third
t ube 188 hgé§§ proxi mal end portion (not shown), a tapere sta? end
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suf ficlg pé{éae@ﬂﬁ% é’iexﬁéﬂ’cg LY tﬁQ 8855 P EGCSBEQhBB I's placed into the

body of "a I ent over re- posit one 8 so that the distal end
portion of tTee %¢H¢%P¥UB %Fmﬁéﬁb@? the| digtad endaPepsderni Ofsel ected site

Wi t hlt n éitgméwb'l t% aéaﬂli'é@@r;f@la%@m 5§tﬁ8éhﬂ.igat&3cbyt Itanlegu:séeotft ubezms:ldl
pasi tioned a e se ed_site, _an he a S y
pg-:isl ed Paguiqet ‘é?%ngééedaﬁa{‘ﬁe? PYRuULB ggé gB’shgﬁn ShQwR, Sﬁﬁg‘% mﬁ’

i nsert eskparate utkeird %Gubé 188 hasda prokémaAsend pbetiogur(@ok slhlmmmerat

the e i 6 n I | ements 22 to
be hygﬁg&%lca &{E@ﬁ;r%%y% §§3n§¥§egp?§§?ha?$§n%&g é?g%ggnd portions of
t he agﬁnﬁnqnﬁtwggn with the direction of the hydraulic flow being

determ ned by, e greﬁ?‘ %@1@& aghgat heI §ﬁf@9c@emfee@rbhetﬁeIolrve-rngum@
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Ot al &aF BAISRANDIOK his P LagRd elinEat RREePOf¥HRL LS GFl&"&eQ"Fé’d 3 &Ted
of ti npoditei driahtquiie! wiea] ssoayghdt thet dieval bndr poetdong oifhdhiel ow of

fluid t I third
qui de B RRE JREBREF 14 PratE, RE R shebl s paTeae o2ts | Ga”
Anot heszIthdlttEntbQﬂytm waidkt treatment psegeﬁuredvenpnen thgpguide
part““%&BABQéfBééE¥¥bﬂ Q&aeﬁgﬁaéléétédd§§té§dahac%hboauQHe wdyengenent

over guide wire, 1s shown in Figures 7 he el'ongat ed cat het er

Yhe 1@?%@%@&%@9%@.%@%t%eselqgaa‘aﬁé easheksr &pPend’tn a

par al | eﬁhcﬁwrdenbyfﬁqﬂ% %K afgEnpat indetbed 2Ateulamehuhe018E. th&nqmiﬁlebe
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deS|red | ocedt i 1 thie P iguihe Paembodiménhgr thabenb8dimehitcshiosmofinl ar ger
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20 moved between the proximal and distal end portions of the
elongated tube, with the direction of the hydraulic flow being
determined by the pressure gradient existing between the delivery

and retrieval lumens. Thus, after maintaining the treating
elements at the distal end portion of the elongated catheter tube
25 for a desired period of time, the treating elements may be

retrieved by reversing the flow of fluid through the elongated
tube. Following this the catheter and third or guide tube méy be
removed from the patient and the procedure concluded.
Another embodiment of the catheter of the present invention,
30 particularly intended for placement at a desired location by
advancement over a guide wire, is shown in Figures 7A and 7B.
The elongated catheter tube 192 comprises a pair of inner tubes
194 and 196 that extend in a parallel side-by-side arrangement
within an outer tube 198. 1Inner tube 194, which is of smaller
35 diameter than tube 196, defines an inner lumen 200 for receiving
a guide wire used for placement of the catheter at the desired
location within the patient. Inner tube 196, which is of larger
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el ements 22 travel. Return [umen 204 is provided by t he space between the
I nner sgyﬁ%ﬁg f the outer tube 198 and the outer surfaces of the inner
tubes 1 96 for return flow of liquid 5 used to traPfSHEFS/ 138
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ROT/ USE®stiy&2B location in the patient. As noted earlier, although
generally depicted on the outer tube in many of the embodiments,
the markers may be provided inside the catheter at any convenient
location, such as on an inner tube or surface, without departing
from the present invention.

25 In use for treating a stenotic site in a coronary artery
with radiation, the proximal end of the elongated catheter 192

 tube may be pre-connected to a loading device/pump or separately
connected to such a device by a keyed fitting or similar
arrangement, as discussed earlier. The distal end portion of the

30 elongated catheter tube is then positioned at the selected site
within the body of the patient by advancing the catheter over a
pre-positioned guide wire. 1In this embodiment, the guide wire
may be allowed to remain in position. This has the significant
advantage that it is'unnecessary to insert the guide wire a

35 second time if a further catheter or device needs to be inserted
after the treatment is completed.
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35 di stidl TRl B9uFR {1 embodEment ¢ ohbReT oBBRPNGI N FRECBaLSi 8 &F1 ows
l2oqui d dianessr fHin thebé U6, 222f Dhes henl pArert mbmealszboforheeceumng

| unen. AI te'rd.'eatvln\./recl. y\iség efcl:?ra réiaceme;{t of Sgiuiadcgéheter at the desired
location within the patient. Inner tube 216, which is of larger
diameter, provides inner lumen 222 along which the treating
elements 22 travel. A return lumen 224 is provided by the space

25 between the inner surface of the outer tube 218 and the outer
surfaces of the inner tubes 214 and 216 for return flow of liquid
used to transport the treating elements, in the very same manner
as depicted in Figure 7B. 1In the Figure 8 embodiment, however,
inner tube 214 (for the guide wire) extends fully along the

30 length of the outer tube 218, and is bonded to the outer tube at
the distal-most location, where the outer tube is tapered.

In Figure 8A, an internal barrier 226 is provided at the end
of the inner tube 216, through which the treating elements are
carried, to block the passage of treating elements from the

35 distal end of the tube 216. A center opening in the barrier 226
allows liquid to pass from the lumen 222 of the inner tube 216 to
' the return lumen. Alternatively, the barrier may be solid as
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20l i qurétus¥c/Flow channel, the inner diameter of the outer tube 236 is
slightly larger than the intermediate tube 238 to provide a
return flow path 248 therebetween.

The end of the catheter is closed by a molded tip plug 250,
preferably of radiopaque material, bonded to the ends of the

25 inner and outer tubes 234 and 236. Center passageway 252 through
the tip plug allows for the passage of a guide wire or the like
for placement of the catheter at the desired location. The
distal end of the intermediate tube 238 stops short of the tip
plug, thereby allowing the treating element passageway 242 to

30 communicate directly with the return flow path 248. Radiopaque
marker bands, although not shown, may also be incorporated on the
distal end portion of the elongated catheter tube to aid in
placing the elongated tube within the body at the selected site.

After the distal end portion of the elongated tube is

35 positioned at the desired location in the patient, a liquid, such
as saline, is forced through the treating element passageway 242
and directed against the ring-shaped treating elements, moving
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20 surface to form an inflatable balloon. Port 264 communicates
between the inflation lumen and the inside of the balloon for
inflating the balloon by pressurized liquid. Only the distal end
portion of the catheter is shown -- the proximal end of the
catheter being typical of angioplasty catheter construction as is

25 well known to those skilled in the field

To perform radiation treatment simultaneously with a balloon
angioplasty procedure, radioactive treating elements 22 are
located within the balloon, between coaxial walls 266 and 268 of
the distal end portion of the catheter. The treating elements

30 are ring-shaped or donut-shaped, as described earlier, and
positioned over the inner wall 266. Stop rings 270, preferably
of radiopaque material, are positioned at each end of the string
of treatment elements to maintain the treatment elements at a
fixed location within the balloon and aid in locating the

35 catheter at the desired location.

The strength and other characteristics of the radioactive
treating elements are essentially as described earlier and will
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20 Figure 11 shows a variation of the radiation delivery system
of Figure 10. 1In the Figure 11 embodiment, the basic operation
and construction of the catheter are the same as described with
respect to that shown in Figure 10, except that in Figure 11, the
radioactive treating elements are located on inner tube 272 and

25 directly below balloon membrane 274. Balloon membrane may be
inflated by the introduction of pressurized fluid through
inflation lumen 276 defined between inner tube 272 and co-axial
outer tube 278.

Figure 12 shows the distal end portion of another balloon

30 catheter 280 embodying the present invention. The catheter 280
employs three coaxial tubes, inner tube 282, outer tube 284 and
intermediate tube 286. 1Inner tube 282 defines an inner lumen 288
through which a guide wire may extend for placement of the
catheter at the desired location. The space between the inner

35 tube and the intermediate tube 286 defines an annular lumen 290,
through which ring-shaped or donut-shaped treating elements may
pass. The space between the intermediate tube and the outer tube
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ABnbr ashe3fdow of the 11qu1d through the return and treating element

lumen 292 and 290, respectively. Further release of pressure
exerted upon the liquid will allow the balloon to deflate and the
catheter to be removed.
Figure 13 illustrates a still further embodiment of a

25 balloon catheter 300 which has a pair of adjacent parallel inner
tubes, 302 and 304, forming guide wire lumen 306 and a treating
‘element lumen 308. In a manner similar to Figures 7 and 8, the
inner tubes are contained within an outer tube, and the interior
space therebetween forms a return lumen. A balloon membrane 310

30 is bonded to the outer surface of the outer tube, forming an
inflatable balloon. The balloon membrane may be inflated,
through side port 312 in the wall of inner tube 304, by the same
blood-compatible liquid that is used to propel the treating
elements along the lumen 308. As in Figure 12, this catheter

35 permits expansion of the balloon membrane to carry out an
angioplasty procedure within a blood vessel at the same time the
treating elements are being moved to the distal end portion of
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insert. I'n this enbodi nment udes a pair
bore 112 blocks the passage of treatlng elements from the bore

20 while allowing liquid to pass therethrough for priming and the
like. Alternatively, the disc may be pivoted to a position where
the larger aperture 322 is aligned with the center bore 112,
which allows the treating elements to be ejected from the insert
by liquid flow pressure and advanced into and through the

25 catheter. For shipment and storage, the disc may be positioned
to fully cover the bore 112 of the insert.

In this embodiment, the body 94 includes a pair of opposed
side access openings 324 for accessing the disc 318 to pivot it
between the desired positions, and a pair of opposed viewing

30 access openings 326 for visually verifying the location of the
treating elements. In this embodiment, the catheter 92 has a
proximal fitting 328 for attachment to the distal end of the body
94. This fitting may be keyed to assure that it is attached in
the proper relationship to the body and the correct lumen of the

35 catheter are aligned with the proper passageways of the body.

Figure 16 shows a simplified version of the treating system
of the present invention. As shown there, the treating elements
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si de access openings 324 for accessing the disc 318 to pivot it between
the desjired positions, and a pair of opposed view ng 30 access Q en| ngs 326
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keyed connect as 4 discussed above) connector 342 at the proxi mal end
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ble connector 334, and liquid is allowed to flow through the center
passageway, ejecting the treating elements 22 and forcing them
along the length of the catheter from the proximal to the distal
end portion, which is presumable located at the site in the
vascular system where treatment is desired. After the treatment

25 is complete, the treating elements are removed by withdrawing the
catheter from the patient’s body or by applying a suction to the
proximal end to return the treating elements by the force of
reversed liquid flow.

Figure 17 is identical to Figure 12, except that a fourth

30 co-axial outer tube 346 is provided over tube 284, and the end of
the balloon membrane 294 is bonded to the outer tube 346 instead
of the tube 284. The distal end of the outermost tube 346
terminates just inside the balloon membrane, and the space
between the outermost tube 346 and the tube 284 provides an

35 inflation lumen 348 through which pressurized fluid may flow
directly into the area beneath the membrane to inflate the
balloon. This construction allows a separate source of
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Fi gure S |3ent|cal to Figure 12, except that a fourth PGHUSY/L38a1 out er

t ube 3ﬁ'é§stﬁ‘ﬁ/é&jefil@i’&rt$ URE ¢8da @Bdﬂnfgaeadtﬂg Hgliﬁlpgﬂlm%%anzegll and

menbr ane, 294 i s bonded the outer tube 3 I nst ea
di st al aiqmPhH the nB%Jcl?%em?,%raPSr Fan&PEdeE§Pdieﬁ§-r @ tthe pal | oon

menbr grpresami-é h:e? smeelldlpeiaveegig heooubeﬁm\zhﬁ_é ﬁubatﬂn@ ;éflfécliﬂéfilﬂ:d_ aﬁ@ t&i’ef‘ll
provi on lu ich pressurize uid may flow
di rect Ied;[ﬁ% l*1e éﬁ% %'en ?h‘éaﬁﬁﬁgane to inflate the balloon. This
cOnstructi orfigmilawsly, slémrae el8olscidehtic8d to\Wigtre3303 REHPROThREE/28

- pr eSSUfa!nZ%dcl'&Ld%éP Afod!SeEl L P | ﬁ&@i&e&hSVQill &:ﬁ@‘o@ﬁ r%%%esa%s ribed

i nflati,on of the balloon nmenbrane 1s not dependent pressure o

|i qui d s &PEGHARN thith rBEIRFe e$en%h@soﬂe end Oél §h§| b@rldosm membrene he

-cat het an.o asslkmﬂdﬁd Yo steecéSof sthéephbeabsho thuwda?’m@&(i:@tut hacthe an
ed ov r the other tubes describh

ddit 350 d
2on|nel:%n5r‘f‘%m%[e§c Ié’g %ﬂﬁl%‘?@ ehgPe 3P Re2Bd| FBEn CHERS! Qﬁécré-ﬂ?di s
BOnded eag lsiexf emm\cnfdetshean uiref BoPioMsluméh 565y rehé7dishkal &mcefbﬂmw

he ad

{08, a0t U b AL O e ORR A SRERLRER, Ehe° B BonP RIS,
area bIWdS ICANELIGY icvh 3ASDrahtows Tai souveet oficfluadal sodependent ofur ce
of fluithe iNidRBNAANG &0 n‘iJ\?e'ﬁl?é“E‘ré‘i’@fin%Oef’é’MSn{:Qe EBGB% Ngedl gents, to

be used t(i I nflate the nmenbrane in carr out an angr opl asty procedure
"5 Fi gdi¢ 1SS it% “%f—%*iqurrefmtmrmd?%n@norn%eparﬂetxr pepgedydesi on of

ascat het er ¥4uryirg s&rbtvaé ;ngﬂiﬁgl:cﬂﬁlﬁthéﬂbémﬁéélmé%l Y3 ehteea$§tfar10@na
r oxi ard ion shq e n . The i nner
ltoube 3 SQ%é‘fr)&sft caod vé,\‘ﬁ] rer%{hg %’?eﬂ?ﬁ%@tggoln{‘ﬁe &P?f—'al:’sénd of
whi ch étdbpghs lextterals tﬁIEDrQC& reimahderd pdsretionernbtbshoBﬁI)I det indmgr ane
362 tt nd t r b
| S afl igraed LiiferP ¥4 diik ey {@ﬁgoféehe £bniliPg ggéggqﬁﬁ’&t?&&c o

attached at the ot er end t he "sur f ace INNer
bet weeANt REtieFh &ubhen P Ut dthe histdbrend oof i wiiichi shobs nsh0864pf the

20 distal end of the inner tube. Balloon membrane 362 is attached
at one end to the surface of outer tube 360 and is attached at
the other end to the surface of the inner tube 356. The space
between the inner and outer tubes forms an inflation lumen 364,
through which liquid may be introduced to inflate the balloon.

25 A separate elongated catheter tube 364 is insertable into
inner lumen 358 such that the distal end portion of the separate
tube lies within the area of the balloon. The separate tube also
has a lumen 366 extending from the proximal end (not shown)
through which treating elements 22 are movable under the force of

30 flowing liquid from the proximal to the distal end portion of the
catheter (the liquid in this embodiment exits through the distal
end of the lumen 358).

Although the present invention has been described in terms
of certain specific embodiments, it is understood that various

35 changes and modifications may be made without departing from the
present invention, and reference should be made to the appended

claims to determine the proper scope of this invention.
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t hrough which liquid nmay be introduced to inflate the balloon. 25 A
separate el ongated catheter tube 364 is insertable into _i n 358
such t %@ Svﬂégﬁlstal end portion of the separate tubellgéﬁﬁ%¥ﬂgﬁgthe area
of the balloon. The separate tube alg ﬁA as a lumen 366 extending fromthe
proxi mal end (not shown) through which treating el enents 22 are novabl e
under the force of 30 flowing liquid fromthe proximal to the distal end
porti opgnak tikecl@admlet drs:(the liquid in this enbodi nent exits through the
distal end of the lunen 358). Although the present invention has been
described in ternms of certain specific enbodinents, it is understood that
variousg. 35Apbamg¢asam@nﬂhﬁdatmnq(nnseﬁgcﬁﬁﬁrnxhathtmhn vapeuwlang from

t he pr | ent a be made to the appended clains .
to detgﬁggke %E 2 F@BE¥13%5%§L§# {ﬁis i nvehtion. -35 WD 96/ 13303
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el ongate | exi b cat het er tube havi ng %éNOXIWB ?%ﬁo thgbadapted to

r émai neBet BPEI@lPP?eaﬁétﬂt&‘?t to hegpositianed af ¢ Pto be
p05|tlwmedlatthesah@@umiﬂ(yyﬁﬁeﬁtoﬁMdtpdtiéﬁt\Nﬁﬁdﬂ@ffﬁgﬁtenmnéna pati ent,

d bd
i st a1 CEEhAHET BetEL Q1 DEASR PA HAF B, B S2ld) alecaf, S
di anet pprtﬁon,u ﬁandd@@mh@temttmhm@amm%rswcemmﬁlxa h dbameker 10
b) a pept GAFFBRALCRLIHT iWHd 3Rl Qrd‘éé@ltaxl lé}f‘é'\'iéﬁ S 4l iRk r@étféﬂtport I on

for introducing a blood-conpatible |i hereinto; c) soprce of
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sai d | pgoikdmdndehdppoFtilon IfHir0 igAirbdir ity ta BIsbdhcempd iblagl dred@nt ‘
positlggable L0 said first lunmen, said treating el enent being novable from
said p el “8nid portion through said lunen and to said distal end
portion of siid Souste lofminldod-tduempeadtible florqueidfin eomdfun boak tioh | Yith

flomﬁngaEHrBBgQ for introducing said liquid under pressure into said
15 port; and _ .

d) a treating element positionable in said first lumen, said
treating element being movable from said proximal end portion
through said lumen and to said distal end portion of said first
lumen by the motive force of the aforesaid liquid flowing through

20 said first lumen.

2. The apparatus of Claim 1, wherein said first lumen is open
at said distal end portion, and said apparatus further comprises
a retention projection extending into said first lumen at said
distal end portion of said first lumen, said projection being

5 adapted to retain said treating element within said first lumen.

3. The apparatus of Claim 1, wherein said elongated tube
includes a second lumen extending between said proximal and
distal end portions, said second lumen being in communication
with said first lumen at said distal end portion, the distal end
5 portions of said first and second lumens being otherwise closed
to the exit of fluid whereby fluid moves between said proximal
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20 said first lunmen. 2. The apparatus of Claim1, wherein said first |unen
Is open__at said distal end portion, and said apparatus further conprises
a retent"8 ¥ ection extending into said first |umen at PEIEFIS3al end
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flsi d weegigbygetbhidlaReas bet ween said proxinmal -36 WO 96/ 13303

. PCTI US95/ 13728 and distal end portions of said first lunen and returns
al ong said second |unen, and whereby said treating el enments are novabl e
betmeen4saidTuésappaeadupooficﬂaamdBSaM®qmemhlsdldﬂunqngatedltdbesaid
el ongat b f f; r | nd
Cumen, Sho4pa8s ¥ tHErAO HEn BE8rdiing HiruddH AU Trokhin) a0f SEGEETT
third |%%npfé;zt:éﬂasngssé@\/\éénr%ll@msmo)hemg arendiat MotherrnpPereienssai d

the rd Imnbéfh@gaeagaeat teos.-acaa@ep@r Guike wlﬁeartszbeam:@c{iaﬁs ed to
receive a e.wre %? ositioning said el on ed tube at the

se|ecté%°%f%é??hn9h§abed91°nsa adt fheosedeqtifd arfr B nthe hody

treating element is a source of radi ati on. 6. The apparatus of C aimb5,

the. di <Tal oRoS pBPPRERELE, 82, c3S3REH,aPRR iR HR derd iy WP o SiPEcifua

t r eat neseurnceacft hadébbiomsen. 7. The apparatus of C|a|n15 wherein said
treating element conprises a beta-particle emtting radioactive material.
8. The apparatus of Claim1, further conprising: a housing nenper, said
housi ng® menbBRe hARPAE2EUR| Pt CRAAM §, SMEEHETre FPTRTA SN ratPF Ofxt endi ng

Wi t hi n spacledoapapg ﬁaabepaqﬁéoma%ﬁbésf Ilbiafat@ad,orﬁ trRd Qaoadrd gebeion

in h ai end .0
bei ng aléac qg tfogga ed £u£e nd de%lnlng the effective treatment area

:]

sail
therebetween.
7. The apparatus of Claim 5, wherein said treating element

comprises a beta-particle emitting radioactive material.

8. The apparatus of Claim 1, further comprising:
a housing member, said housing member having a first end, a
- second end and a first bore extending within said housing member
from said first end;

5 said elongated tube being attached to said first end of said
housing member and said proximal end portion of said first lumen
being in communication with said first bore at said first end;

said housing member being adapted for positioning said
treating element within said first bore.

9. The apparatus of Claim 8, wherein said housing member
further comprises a'gate, said gate being movable between a first
position and a second position wherein said treating element is
released into said first bore.
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housi ng nmenber and said proximal end portion of said first lumen being in
comuni cation with said first bore at said first end; said housing nenber
bei ng éﬁﬁﬁﬁ’é@"?or posi t i oni ng sai d treating elenent witRCAUSAYIBTRE rst
bore. ]Z ap aratu ggg whg R sai d_hoysi.ng nenber further
conpri %’s ay pgg? aa? BB Aoy § f&t ROBRTASAMSt  position and a
second p05|a|ﬁhumﬁepemp epedativelingosherntet to saéﬁedéeﬁﬁ Aumesyi dFid st
bor e. L3RG EETLLSBME 4801 00 ThEPRRRCRGY st ralmel [t e
conpri SI ng a unp operatively connecte to sa rst l'unen, said
fluid b&ﬂ'ﬁ)"‘adapted to control fluid flow through said fi rst lunen. 11. A
nmet hod for treating a selected area of the vascular system of a human
patient conprising: a) providing an elongated fl exi ble catheter tube having .
a distal end portion adapted to be positioned at a selected area in 5 the
vasculkx. systmetlndd t fer pateatingaapselestbedeageponifi theadasionl aro syestrm
out si dge th &ng fgtigﬁ pg&kgpi if first lunmen extending therebetween, and -
a port connunlcat %h FIPef  lunen at said proxi mal end portion

for introdw&ing nrwb@elnqohpaelgngateQUfaexhbieu gatheteri¢upe havidwLd@ ng

t he dlﬁé&aﬁ%&%&f@ﬂoﬂf a&’&'ﬁtéhoegaﬁédpo%‘&ﬁ@h@a heba RRNEEHRINE WY in
|gﬂ0 t vascul st em of Egatlen C) advang |ng)the di stgl end portion

to a s %xﬁ?ﬁF ¥ﬁFe?n°fh ﬁaEEEFﬁPtsygtBﬁPxiga enf POFFIRYy a
t r eat iatppet edretd remmmaodtéidetthanbadpf ofsahd phoﬁgatedac&uhsttenumd)e at

id
tsﬁlroug% sa@?‘?%g?%%ggegksﬁg ng §§B| n@é%}%g%ﬁ wﬁliaatséqghrou sal d
first 1%%&91atKﬁ#¥@w@r%%lmabx¢ndlPenﬁlpOrfOUnlnerdBcdngtalbdn@dportlon of

sald1dgﬁbag¥gfgIifﬁﬁfbféggfgfg gating a notive force on said treating
el emrent to nove said treatlggg efrent from said proxi mal end portion
¢

%hrough sai® | unptreAusing afishalpepd partion of the elongated
catheter tube percutaneously into.the vascular system of a

patient;
c) advancing the distal end portion to a selected position
in the vascular systenmn;

15 d) introducing a treating element into said first lumen of
said elongated catheter tube at said proximal end portion of said
tube; _

e) moving said treating element through said first lumen

by flowing a blood-compatible liquid through said first lumen
20 from the proximal end portion to the distal end portion of said
tube, said liquid flow generating a motive force on said treating
element to move said treating element from said proximal end
portion through said lumen to said distal end portion;
£f) allowing said treating element to remain at said distal
25 end portion sufficient time for treatment of said selected area,
during which time the remaining portion said elongated catheter
tube is free of treating elements; and
g) withdrawing said elongated catheter tube from the body
of said patient.
30
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f) allowng said treating elenent to remain at said distal 25 end portion

suffici qpgobg¥psfor treatnent of said selected area, durlflgeq. % G4 i me the
remai ning portion said elongated catheter tube is free of treating

eI ements2. anthg)methbdr avi agasai diel wne&taaeh galilde eQlorigated raimd Neubaer of

aid patien 3 613303 P S95/ 28 12 T e met hod of aim 11,
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el ongated guide wre xi'mal end portion and a distal end
pottion opp@lte slataogvexnﬁaﬁneﬁaonseﬁteﬂosm#teothtr@ Maene R preximal he

. body prémd ﬁ@rtﬂélﬁoﬁlﬂﬁlﬂgdléﬁhd EhHSbOQEQ%a osiite MR Yo Epidh dird 2l
end portion, of ., sai e .ext ends tip@ seI ected area; and. 10, b
fg&h&d PRAAE tidp

advanciBF S8 %%E%nﬁg?uﬁﬁ?teﬁiegaf“ﬁeél 8 FRMEIRY e to
‘nove saalidli Birst eelopgatedntubesawteekebygahdd dtnslta]t @rtdt@:c&etimt asf ar ea
in the hogy. a 1 sngthe step of: a)
i ntroduci ng I e?onga%ﬂs%ibegflgé g\nbrle' a\%e%elért 1Ei rst dport ion and a
ddtond end porti oaid‘omesn%seaddsecpgtl émepoptfl @nld |eitcmqa1tedseim caver ea
of the oy quids tIIPré ntasoﬂy%neaia' alétshoa%t d’ﬂ“‘:f f@éc?
he bo y and to t sel ect ed

end portion of sal g Wi re extends wth

area; BURHE? FhQ S bae‘aedtaseahav. ﬁBeabBF‘b'm rral end portion, an open

di stal end portlon and a | unen extend| ng therebetween |nto the patient
after ijnfjro aj opngat ed re by 10 .advan | |de t ube
over salryd ggl;'he ée ‘gnﬁE 833?‘15 gﬁr%ﬁa ﬁ%’ﬁ’?"&ﬁl&ﬁ %tﬁ be is
posi tioned @) hi nlmtneocmdyngpanxehangathd galidet gd rer eta,v:m)g ree sty exsd d

Tvancibotidtrnd & dobhy end BBFLIBH pBboRicd Bdif fdit BRF ot dion,

advancing sai d el ongated tube In sail gui
sai d dildtse ¥R spkeched careai afektbaghedy Puher to introducing said

5 elongated tube, whereby said second end portion of said guide
wire extends within the body and to the selected area;
b) inserting a guide tube having a proximal end portion,

an open distal end portion and a lumen extending therebetween
into the patient after introducing said elongated guide wire by
10 advancing said guide tube over said guide wire until said second
end portion of said guide tube is positioned within the body
proximate the selected area;
c) removing said guide wire from said distal end portion
of said guide tube; and
15 d) advancing said elongated tube into said lumen of said
guide tube until said distal end portion of said elongated tube
is positioned within the body within said lumen of said guide
tube.

14. The method of Claim 11, wherein said treating element is
radioactive and including allowing said radioactive treating
element to remain at said distal end portion of said first lumen
~of said elongated tube for a sufficient period of time to expose
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I's positioned within the body within said |unen of said guide tube. 14.
The et q)of Claim1ll, wherein said treating elenent is _radioactive and
i ncl udi 3) WP ng sai d radi oactive treating element to BB 13128sai d

di st al taRd seQlddted @rexict ftHe tbddy b -Dititdddpaloferi Byl éepectovea
suffici entgpgerl od of, ti,me to expose . -39 WD 96/13303 PCT/ US95/ 13728 the
sel ect 8FONE, of At ‘o a therapeutically effective amount of

radi ation. 15. The method of Caim 14, wherein said therapeutically
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prior to withdrawi ng said el ongated tube fromthe body of the patient. 17.
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el ongated tube within said balloon. 18. The apparatus of Caim17, wherein
said treating el.enent has _a proximal end and a distal end, and_further
conpri 7 ng: AR PLPRTAtEd SHbGudaAYeMR RFCIRA L Nt RAT SR A sF3Ftahd  of
sai d reddoportiencbppostiteandid dprovdaal el Qurtiontdnera | Danérd adj acent
sai d pégég kn eﬁg of %%id treating elenent. 19. The apparatus of Caim 17
wher ei i sal d - 8Porgat G55 ™as a second | unen ext endi ng between said
proxi mal endnpénfiletabie baildoodi dmalingnd orciiova bfershipbrituben awd dasecorf
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Sybal |§§ﬁeaﬁe%”8r gg‘g&?:oglegb? ?S%IQPSS% ?Lr?? #ﬁlfcle tﬁ%r%t %5%' g%éfﬂn&f’d

appar aPASELBR PLy gailgt PAd 1908c bedingd afitashed o Gajwhdistal end portion

of said elongated tube; and
a treating element being positioned at said distal end
portion of said elongated tube within said balloon.

18. The apparatus of Claim 17, wherein said treating element has
a proximal end and a distal end, and further comprising:
a first radiopaque marker located adjaceht said distal end
of said radioactive element; and
5 a second radiopaque marker located adjacent said proximal
end of said treating element.

19. The apparatus of Claim 17 wherein said elongated tube has a
second lumen extending between said proximal end portion and said
distal end portion of said tube, said second lumen being in
communication with said balloon to allow inflation of said

5 balloon when pressurized fluid is introduced therethrough.

20. An apparatus for irradiating a selected area of a coronary

‘artery that has been subjected to a balloon angioplasty
procedure, comprising:
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artery that has been subjected to a balloon angioplasty procedur e,
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el enent uP Fém the selected area within the coronary artery. 21. The nethod
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suff1c1ent to expose the selected area of the coronary artery
20 with a therapeutically effective amount of radiation; and
removing the radioactive treating elements from the selected

area within the coronary artery.

21. The method of Claim 20 wherein the elongated catheter tube
comprises a second lumen extending between said proximal and -
distal end portions and communicating with said first lumen at
said distal end portion for providing a return passageway for

5 liquid employed in moving the radioactive treating element to the
distal end portion, and wherein said radioactive treating element
is removed from the selected area of the coronary artery by
reversing the flow of liquid so that it flows from the proximal
to the distal end portion of said second lumen and from the

10 distal to the proximal end portion of said first lumen to provide
a motive force for returning the radioactive treating element to
the proximal end portion of the elongated catheter tube.
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the proximal end portion of the elongated catheter tube. - 41 WD 96/ 13303
PCT/U895/13728 22. The nmethod of Claim 20 wherein the radioactive treating
el ement WMHIP?%es beta-enmitting radioactive material. 23.PCHESSBFBatus of
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tw ce the dlaneter of the treating elenment. 27. The apparatus of C aim 17
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S the housing.

25. The apparatus of Claim 1, wherein said treating element
comprises a plurality of treating elements flexibly joined in ‘
series to form a train of treating elements.

26. The apparatus of Claim 1 wherein the diameter of said first
lumen is less than twice the diameter of the treating element.

27. The apparatus of Claim 17 in which the treating elements are
fixedly disposed at said distal end portion.

28. The apparatus of Claim 17 wherein said tube includes a lumen
extending between said proximal and distal end portions in which
said treating elements are movable between said proximal and
distal end portions.
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