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(57) Abstract

Apparatus for delivery of a treatment element (22) such as a radiation source, through a catheter (92) to a desired site in the interluminal
. | passageways of a patient, such as the coronary artery, for inhibiting the formation of scar tissue such as may occur in restenosis following
balloon angioplasty. One or more treatment elements (22), such as a capsule or pellet containing radioactive materlal, is positionable within
the lumen (144) and movable between the proximal and distal end portions under the force of liquid flowing through the lumen. Balloon

membrane (256) can be used for angioplasty. —_—
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2 BACKGROUND OF THE | NVENTI ON It is known
that the human body's heal i.ng response to wounds typically includes
the formation of .what is =~ comonly called scar tissue. This response
al so occurs 5 wi thin the vascul ar systemof a person follow ng injury
to a bl ood ves‘ﬁ‘sgqﬁg injary that provokes the - fornati porossmnsss

ti ssue may occ ™ ari ous | ocati ons : wi thin the vascul ar system
such as in the carotid artery or in coronary bypasses, or in various
ways, such 10 as trauma from surgical or diagnostic procedures.

Just as with lunmens within the vascul ar system non-vascul ar

i ntral um nal passageways wi thin a hunman patient can experience
stenosis. Procedures, such as t hose descri bed bel ow, are perforned
for elimnating the 15 areas of narrowi ng in non-vascul ar body | unens,
and the - walls of the treated |unens nost likely are injured

during the process. As a result of the injury, the human body begi ns
its healing response and an overgrow h of tissue due to increased
cell proliferation renarrows 20 t he | unens. One area of the
vascul ar system of particul ar concern with respect to such injuries
is coronary arteries that are subjected to procedures for renoving
or reduci ng bl ockages due to plaque within the arteries. 25 Partial and
even conpl ete bl ockage of coronary arteries by the formation of an
at herosclerotic plaque is a well known and frequent nedical problem
Such bl ockages may - be treated using atherectomny devices, which
mechani cal | y remove the plaque; hot or cold |asers, which vaporize

RADIATION TREATMENT OF THE VASCULAR SYSTEM



30 t he pl aque; stents, whi ch hold the artery open; and ot her

devi ces and procedures which have the objective of al | owi ng

i ncreased bl ood flow through the artery. The nost conmon such
procedure is the percutaneous transl um nal coronary angi opl asty
(PTCA) proc = 35 nore comonly referred to as b

angioplastysﬂﬁ n 15 this procedure, a catheter havingagn |%?T%?%ble

bal | oon ‘at its distal end is introduced into the coronary WO
97/ 37715 o PCT/US97/ 05538 '
3 artery, the uninflated balloon is positioned at the - stenotic

site and the balloon is infl apMKGROUNBtOPITHE INVENTIONe ball oon disrupts

and flattens the plagye Apqidiah WhSe the nibdPBly Whleardld sbegheles the

arterial wall, 5 i'ng 1 n_enlargement of tHe intra assageway

and increased bl 58WPYRSS UMHR931§WbﬁnEgBG9%i¥ﬂﬁ formation of ywhabnis s
deflated and thecbmuhd®Dp called ecarckiuede. This respodsGlaliodovéuad y used

procedure and has, ' | S __he apd, 9
ercont . Honever Wi R "tid Yancuiar, BYEEER o} Y ekeck WiTPedde Moy, ,
artery- optRi dgbloet sansed .r cABr LRIUEKY hily Provekegckheor e

limted, duehl ar gokyaton eof @oas Tissuel gay! msdiy 19 viatdous 1oc£ﬂid|iﬁé um nal
passageway throu , r ggse
passageway narro&sﬁt{'%fa%%ééfﬁéﬁa gﬁ{/%%%ﬁ' 55‘5}3%} eglsq%'% %Egoéf' e of the
nati ve vessel, i3artery or cifhSqQronasy b¥Passet.iofmtid yayjous waypersugh of -

t he 10pat i eabStiratia NExonX suryikalabr edidgrest il Yroceduzesny

Just as with lumens within the vascular system,
non-vascular intraluminal passageways within a human
patient can experience stenosis. Procedures, stuch as
those described below, are performed for eliminating the

15 areas of narrowing in non-vascular body lumens, and the
walls of the treated lumens most likely are injured
during the process. As a result of the injury, the
human body begins its healing response and an overgrowth
of tissue due to increased cell proliferation renarrows

20 the lumens.

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.

25 Partial and even complete blockage of coronary arteries
by the formation of an atherosclerotic plague is a well
known and frequent medical problem. Such blockages may
be treated using atherectomy devices, which mechanically
remove the plague; hot or cold lasers, which vaporize

30 the plague; stents, which hold the artery open; and
other devices and procedures which have the objective of
allowing increased blood flow through the artery. The
most common such procedure is the percutaneous
transluminal coronary angioplasty (PTCA) procedures —-

35 more commonly referred to as balloon angioplasty. In
this procedure, a catheter having an inflatable balloon
at its distal end is introduced into the coronary



occur for various reasons, but it is now believed that restenosi s

I's, in significant part, a natural healing 20 response to the vessel

i njury caused by inflation of the angi opl asty bal | oon.

Vessel injury nmay occur in several ways during PTCA, including
denudati on (S{pigpirpg) of the endot hel i um (t he | ayer petrukdmissagel | s
that line the blood 25 vessel s); cracking, splitting and/or disruption
of the at heroscl erotic plaque and intima (innernost |ining of

t he bl ood vessel ); dehiscence (bursting) of ghe intina and the

pl aque from the underlying nedia; stretching and tearing of the

medi a and advent i tdrtefyyt s:héeuﬁmnflatml/d:ali@om‘ ishpoaitioned \ati dhenny
resu:t lg aﬂeurysrﬂenouc g;_%épﬁﬁal% ||§’dlidd?i li:’s%’ihﬁlh’?édyesﬁﬂlaﬁmt b
nmuscl e. Suc e vesse y e § own
natural repair anchrf'equhtj’% glacup ﬁﬁ'f%géﬁtﬁ %nﬁegb ig&ué agr%"%

fibrin and pl at el eaxteri@ldwaldccandl at@t%ﬁmmartGEHthmlmm and
vatscul ar Tﬁ m)?t h m;&%dnﬁs.%ld $n enlarg&h@&t for aine Antralohehs) ipd | y

i ntima. e forma aL Lissue rol.j era i on,
al so g#] maseﬁ hi d H.cvw ﬂéei-m&%:ﬁ @Sgﬁf;cﬁ,,uggﬁ 05538

4 known as batloor ieydeflatedaand sthe badlognt gcatheterenoved.

contributor to restenosgaey <1|s| QV"wﬁlaei?f" ReEd pritiedRirashiid has atpfl.ﬁihﬁal
coronary artery.

coronary 5 art%ﬁ??ﬁ?ﬁuﬁﬂ?q H%|88§ #ﬁh ﬁ% bFﬁFﬁﬂgtet é@%ﬁé&%ﬁ

10 long term success of PTCA (as well as the other artery-
opening procedures referred to above) is much more
limited, due largely to restenosis, or re-closing of the
intraluminal passageway through the artery. Restenosis,
wherein the vessel passageway narrows to approximately

15 50% or less of the size of the native vessel, 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

20 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

25 vessels); cracking, splitting and/or disruption of the
atherosclerotic plague and intima (innermost lining of
the blood vessel); dehiscence (bursting) of the intima
and the plague from the underlying media; Stretching
and tearing of the media and adventitia (outside

30 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. During this healing
process, fibrin and platelets rapidly accumulate in the

35 endothelium, and vascular smooth muscle cells
proliferate and migrate into the intima. The formation
of scar tissue by smooth muscle proliferation, also



various |ight therapies, chenotherapeutic agents, stents, atherectony
devi ces, hot and cold | asers, as wel | as exposure of the stenotic
site to radiation. These therapies have had varyi ng degrees of
success, and 10 certain disadvantages are associated with each of these .
t her api es. radi ati on therapy has shown pro cularly
I n inhibitiﬁga nti mal hyperpl asi a, the devices availa umgﬁﬁ&%elivery
of radiation sources to a stenotic site have been |imted and have
tended to 15 suffer from drawbacks which linmt their useful ness.

Typi cal of the devices using radiation to treat restenosis are those

shown or descri befowl ab Sinttais J%%r plasidipsis Sodbfavidid Yoo bel achgfor

= 084, 002 1o 20 CSREFTRYYER o Furtiipaih, eByiBing hitibol hnglopiffry

97/ 37715 ~ of the coronary artery. PCT/ US97/ 05538

5 g dPrioéﬂﬂﬂﬂﬁﬁﬁﬁgFﬁEHEnhmﬁﬁﬁﬂiéiten051s of coroﬁb@ypresent

i nvention | irecte r ring,one or
nmor e treatl g el 85&'5?7&&8 HaVE "gllfliri'da%s aaF'aaFa{;@é)n soulfn Be tqﬁlﬁ‘ gf
catheter to a 5 Vardegﬁrkth%xﬁhﬂﬁﬂPhﬂﬂuhFheﬂﬁﬁh¢¥ﬂnﬁﬂﬁ%ﬁlﬂﬂenﬁassagemays

ei ther vascul ar gten€s; Vatietedtonyf devices) hoti&id <okl laserst,OaEe”l evi ng

the treating el egggh (3} LAEGMML 'JF the stehBLE'flre o adisUich! The

treating el enent
These therapies have had varying degrees of success, and

10 certain disadvantages are associated with each of these
therapies. Although radiation therapy has shown
promise, particularly in inhibiting intimal hyperplasia,
the devices available for delivery of radiation sources
to a stenotic site have been limited and have tended to

15 suffer from drawbacks which limit their usefulness.
Typical of the devices using radiation to treat
restenosis are those shown or described in U.S. Patents
Nos. 5,059,166 to Fischell; 5,213,561 to Weinstein;
5,302,168 to Hess, 5,199,939 to Dake; 5,084,002 to

20 Liprie; and 3,324,847 to Zoumboulis.



used to treat the intralum nal passageway through which 10 they are
delivered or may be used to treat a surroundi ng area of the body

| ocated within a maxi mum radi us of the i ntral um nal passageway

t hrough which they are delivered. The present invention is
particularly swoeysrAkPlicable, but not limted, to the treatpnisofésssd
coronary arteries that have been or will be subjected to PTCA or

ot her artery-opening procedures, in order to inhibit intinmal
hyper pl asi a and reduce the risk of restenosis. Ot her areas of the
vascul ar systemin which the present invention is al so useful
include the 20 - carotid, renal , SUMMARY Qf FHELSYVENTIONarteri es,
peripheral arteries, vessels leading to and fromthe brain,
anastonotic sites, vein ng_i nternal, fts Bypass
grafts may be treated v'm% presen% gﬁ oEiq), 18 t‘%’ré’F"Bg?% %? aﬁ@ are
inplanted for 25 metlndmforsdejdveringiosne i Foxe a:reas:.nmelemen;qsr esent
invention is also %{g@{% 'amla atiB ﬁ Bodtde Y Kliroughts catheter GRPRAGUS,

trachea, bronchi, er al ure st ruct.ures and ot her
ur ol ogi cal aPeas, lpcation within Eﬂﬁi*ﬂﬁﬁ§1“&§ﬁéioPﬁﬁ?%%ﬁwﬁﬁﬁkﬁn
prostate gl and andeithmr fﬁhculamabe BOntvasgwiar,biofi ar humant patismgatansd

ducts, panC{g%éﬁﬂi&&ﬁ, t%&dtkbaﬁﬁ&j Cei&l‘lfetn‘-‘t(ﬂh%hﬁbﬁéﬁ NEhe

brocedur 65 are perFEHEEEEad @ dgeired. e TiZating elenente way de o

di al ysis shunts amis€® to tMJMﬁatrahwmﬂipaa”wxl through owhiant s.

Non- 1ouUM Natp @y egfe UelliVerkadsr may! beliviied 1o ke |b‘£'ﬂ|?ound1ng

VO 97/ 37715 area of the body located withxnlmjggﬁg%zkpgggxus of the
intraluminal passageway through which they are
delivered. The present invention is particularly
applicable, but not limited, to the treatment of

15 coronary arteries that have been or will be subjected to
PTCA or other artery-opening procedures, in order to
inhibit intimal hyperplasia and reduce the risk of
restenosis. Other areas of the vascular system in which
the present invention is alsc useful include the

20 carotid, renal, iliac, and subclavian arteries,
peripheral arteries, vessels leading to and from the
brain, anastomotic sites, vein grafts, and internal
mammary grafts. Bypass grafts may be treated with
radiation either before or after they are implanted for

25 bypass surgery. Non-vascular areas which the present
invention is also useful include the brain ventricles,
escphagus, trachea, bronchi, ureteral and urethral
structures and other urological areas, vagina, uterus,
and other gynecological areas, prostate gland and other

30 male structures, biliary ducts, hepatic ducts,
pancreatic ducts, and thoracic ducts. The present
invention is also useful in areas of the body where
endoscopic procedures are performed, and in the
placement of shunts, such as dialysis shunts and

35 transjugular intrahepatic portalsystemic shunts. Non-
luminal areas of the body, including the brain, lungs,



l'iver, gall bladder, pancreas, ovaries, cervix, endonetrium and
prostate, nmay be treated through the delivery of treating el enents
via the catheter to a . near by intral um nal body passageway. 5

More specifically, as set forth in the appended clainms, the present
i nvention coglehsfis an el ongat ed flexible catheter ppbRhANIgY 2
proxi mal end portion adapted to remain outside the patient's body,

di st al end portion adapted to be positioned at a selected 10

| ocation within the vascular system of the gatient and a | unmen
extendi ng therebetween, with the dianeter of the cat heter tube being
sufficiently snalliveny fgan]slerb]laﬂder, panciraas,themp'md,emmmascul ar system

The catheter tub pa[r[ﬁ Va4 Qut t t for 15
positioning the gl s a en%ﬁof ?tu at ?Eg ?e& re L%r%qgﬂ @ﬂg
advancement over 9813¥eER f a they icpddeter; ke Brom mal

end portion of theatbbeintralumindlr(hcgly plassagéwayd- conpatible liquid may

be I ntroduged 8 fpedtfanly, Slashsb?qrbﬁi "I ¥ appiiife .8% or

nore treating el ene orm o capsul e
pellet or the i E&a?-g‘ﬂchﬂA% %F%“«%’a"u ié“’&ntm“ c ?ﬁ ad‘oﬁlgi"ﬁP

radi oacti ve nat efflekible pathetemmadhibe having ai phoximdic dnmgmr&tldnl s

novabl e bet ween ta%pﬂ ax%gai.eﬂﬂ, out ikt)ie”ll.ﬁx d*,é d"ea?ﬁva\'ﬁf %h%igi: he t ube

under the notiv orce_exerte roug t he
| umen. end; pogtioh adarked e %PBPéEé 1‘94 ferft ig5tectedet hod
is al so pridvi ded Jorattionawitiyim te orasehlarcaystemhef the patiedy ahdaa

patient wherein amaﬁboggeggguw il ebetiled ! elrith t e éi%é&vwg Redi st al

end portion adapte oSl t1.gn at a se ect ocat1,on Wlthl n
an intral um nal °ath°te§a§§9§e‘9wp$f"ﬁfé°§'§!‘itéﬁt small, for insexrtdopor i on

adapted to renuai intot thdepatienats crasalaxdpgystenl edifie cathetesn&ubeanen
extendi ng therebgt feggg g ﬂ&@%@rnecessarﬁ fgaglg@ég Iﬁblsmal | for
: zts grglnon llsnt ° the ion:.ng the dista{ aenLHnoI}ath ais_' eS er&tirrg uced
s:i.te by advancement over a guide wire. A port is
provided at the proximal end portion of the tube,
through which blood-compatible liquid may be introduced
from a source of such liguid into the lumen. One or
20 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 positionable
within the lumen and is movable between the proximal and
the distal end portions of the tube under the motive
25 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 of the
body of a patient wherein an elongated flexible catheter
tube having a distal end portion adapted to be
30 positioned at a selected location within an intraluminal
passageway of the patient, a proximal end portion
adapted to remain outside the patient’s body, at least
one lumen extending therebetween, and a diameter
sufficiently small for insertion into the desired
35 intraluminal passageway is introduced into an
intraluminal passageway of a patient. The catheter is
preferably but not necessarily introduced over a guide



I ntralum nal passageway of a patient. The catheter is preferably but
not necessarily introduced over a guide WO 97/ 37715
PCT/ US97/ 05538 7 wire until the

di stal end portion of the tube is within the selected area of the
vascul ar systegbysAyROr t communi cating with the first »ewnese703s3gadapt ed
for I ntroduction of bl ood-conpatible liquid into the lunen. 5 One
or nore treating elenments, such as a capsul e or pel l et containing
radi oactive material, is introduced imto the lunmen at the proxinm
end portion of the t ube and is noved fromthe tube's proxinal .end
portion t hrwdag dntdll thendistahbeenrd paxtiond ofotheokube 116 (Within o

lse' eCtted ar ea b%’ ’I:llu-?"ﬂétlgzééé‘a B!readosomtvdﬂduﬂauquyd::em. Atitwnugh thte f
unen to generate a mot, Vv n ve it from
the proximal end FoPMpicating H’é‘gﬁ fl'olr‘lﬂa?‘ngﬁ aggg £orl®

end ortion.
There, the intﬁnduq}mﬂnemﬁnblpedaFﬂﬂnﬁkFHl? AdaRig &n§8fFP% e« ne 15

for treatmegt of bﬁé |nﬁ§fee¢r%Q§ngd51éﬂ&1W}l @uch @8 a capsuléeor enmai ni ng
portion of the cat | s free

I t not
unnecessarily ex p8§ 1t °°“t93'tnl+é’|9 Fpgin %c'f‘}c')ves ucﬁ]{%@ﬁ rrg_g in%??&écﬁ
treatment is intoothe ckumen @ite thet pre¥imal,ang sE'qré"H@Verf EB®n ®¥ke 20
patient. If the Sﬁ&thQﬂuﬁé&NEﬂdﬁ thbrﬁdbéeﬁ pnﬁuim11 end poguidm wire, the

ol oo " cReobl 5 i co0 k8, aiasen B gRpln it thd P11
embodi ed | ian angedptted yares (kyofloWing: ‘e‘he Halmfb-compatible liquid
through the lumen to generate a motive force on the
element so as to move it from the proximal end to the
desired location at the distal end portion. There, the
treating element is allowed to remain a sufficient time
15 for treatment of the selected area, during which time
the remaining portion of the catheter is free of
treating elements so as to not unnecessarily expose
other tissue to such treatment. After the treatment is
completed, the catheter tube is removed from the
20 patient. If the catheter tube is introduced over a
guide wire, the catheter tube can be removed either over
the guide wire or with the guide wire.
In another embodiment, the present invention is
embodied in an angioplasty balloon catheter having
25 proximal and distal end portions, with a lumen extending
therebetween. The lumen communicates with an inflatable
balloon located on the distal end portion. In
accordance with the présent invention, one or more
treating elements, such as a radiation source, is either
30 carried fixedly at the balloon or moved through a lumen
from the proximal end portion to the distal end portion,
for delivery of radiation to the stenotic site as the
angioplasty procedure is actually carried out -~
therefore allowing what may otherwise be a two-step
35 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



25 proxi mal and distal end portions, with a |unen extending

t her ebet ween. The | unmen communi cates with an infl atable bal | oon

| ocated on the distal end portion. In accordance with the present

i nvention, one or nore treating el enents, such as a radiation
source, is carried fixedly at the balloon or ough a
| unen e"V?rom%}!ﬂe proxi mal end portion to the distal eﬁgﬁg§???%§

for delivery of radiation to the stenotic site as the angi opl asty
procedure is actually carried out -- g therefore all ow ng what may

ot herwi se be a two-step 35 process to be carried out in a single step.
Fromthis aftenvay, angioflasty or apher cartenyxiopendngephodedirehe

pr esent 'nvent'Oﬂhﬂﬁﬁebércfﬁrdéﬂﬁdﬂ“hmbﬁfaéSLriilérﬂb‘%he treatinyO 97/ 37715
PCT/ US97/ 05538 ter an angioplasty or otheér artery-opening
procedure, wﬁpgﬁéﬁé?“fs deermed nost desirable by the treating

physi ci an. WO 97/ 37715

PCT/ US97/ 05538



9 DRAW NGS Figure 1 is a

di agrammatic representation of a cat heter-based treatnent delivery
syst em enbodyi ng t he present invention. 5 Figure 2A is
cross-sectional view of one-enbodi nent of the proxinmal end portion of
t he treat ment Webiaoisy system of the present inventi onpCTS97/05538
Figure 2B is a cross-sectional view of another enbodi nent of the
treatment delivery systemof the 10 present invention.

Figure 2Cis a cross-sectional view of still 9 anot her enbodi nent of
the treatnent delivery system of the present invention.

Figure 3 is a cross-sectional view of oneDBAWINGS onhodi ment of the treating
el enents of the present |nvent|on Figure 4 is a partia

cross-sectional wewofFl . ﬁ%ﬁﬁﬂétf§1£%3% Qg@&ﬁg Sftgeter

tube of the present |nven |on atin ement s
di sposed in the Zocathe%ﬁ%tbﬂ'%d'-rﬁéitpﬂiﬁ 9? ivRry aystem embody;.ng ﬁ%ure 5
is a partial crosspgesén®nidivenitdanel a second enbodi nent of the

el ongat ed cathet er twerféux@%h de. crpgﬁggggelﬂfﬂ’fq}if&{] of> %ﬂg' Qﬂaé&ﬁnent

treating elefents in the
Figure 6Ais a parPﬁth%rE%E$¥Nﬁi|ﬁﬁﬁaP°F|éRPo? cthe treaﬁFﬁPFdGS#%ﬁﬁﬂhent of
the el ongated cat hgygtemUbE tle tﬂnsent invenesews invention, show ng the

Lreating el ements | {gyoure 2p 4l lrSRd RELLI GO IRP o Bfiptner

Figure 6B is a parti al SS- sectlona Vi ew o ure
enbodi nent of the GﬂbﬁgémﬁkF(ﬂﬁliﬁﬁb tregtment dellverﬁlﬁ¥ﬁ&e@S§ﬁtthﬁvent|on
di sposed wi t3g n anpgebéit dinvintgion. cat heter which may be used to -

g}?sgt :Ogt”i tegte catheter tpbsire 2c isfa CosBESELiondY Sl B Vet 1R the body
another embodiment of the treatment delivery system of
the present invention.

Figure 3 is a cross-sectional view of one

15 embodiment of the treating elements of the present
invention.

Figure 4 is a partial cross-sectional view of one
embodiment of the elongated catheter tube of the present
invention, showing the treating elements disposed in the

20 distal end portion of the tube.

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

25 Figure 6A is a partial cross-sectional view of a
third embodiment of the elongated catheter tube of the
present invention, showing the treating elements in the
distal end portion of the tube.

Figure 6B is a partial cross-sectional view of the

30 Figure 6A embodiment of the elongated catheter tube of
the present invention, disposed within an outer guiding
catheter which may be 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

35 fourth embodiment of the elongated catheter tube of the



Figure 7A is a partial cross-sectional view of a 35 fourth enbodi nent

of the elongated catheter tube of the WO 97/ 37715

PCT/ US97/ 05538 10 pr esent

i nvention, showing the treating el enents di sposed in the distal end
portion of t Figure 7B is a partial crow ﬁ'g%al Vi ew
of the e %ﬂﬁ;gted cat heter tube of Figure 7A taken al ong |%e -5

7B. Figure 8A is a partial cross-sectional view of a

fifth embodi ment of the el ongated catheter yigube of the pr esent

i nvention, showing the treating elenents in the di stal end portion

of the tube. 10 present ihirgnt forbB showingathieakreabing seldmeritad Vi ew of a

nodi fi ed versi oncﬂ lprt?lgg egnogﬁmmpgl t%}‘ea”go??g_lg;ﬁe‘?ﬁe e stf het er tube of

Fi gure 8A, show ng reat | ‘end ortlon of
t he tube. FF'-B&EFe"E iz 3 RP&?'-'tlraa'q ¢6P6§59§%H9'Eﬁﬂal‘"cﬁ‘é\ﬂ fthe 1

si xth enbodi nent elongated caghéter caibetof Figoreo7At teken alonqar:lﬁsmt?-

i nvention ovi ngg oroi dal or ring-shaped treating el enents in the

di stal end portlon ‘of the tube. gure 10,is parti al
cross-sectional view &ig4ge 83 is 3 partial wro HﬁBﬁFma%f"jt%‘Rf-résent
i nventi on havi ng fAFth embodiméhticd| ehdaloateddcathetenotuleromithel | xedl y

D See.Sact: onal b 1806ne05A! Phowing che cresbLAY' 1ol 230 O
i nvention hav,rm]dxstal end portion of the tube

10 Figure 8B is a partial cross~sectional view of a

modified version of the embodiment of the elongated
" catheter tube of Figure BA, showing the treating
elements in the distal end portion of the tube.

Figure 9 is a partial cross-sectional view of a

15 sixth embodiment of the elongated catheter tube of the
present invention showing toroidal or ring-shaped
treating elements in the distal end portion of the tube.

Figure 10 is a partial cross-sectional view of an
alternative embodiment of the present invention having

20 an inflatable balloon and treating elements fixedly
positioned on the distal end portion.

Figure 11 is a partial cross-sectional view of an
alternative embodiment of the present invention having
an inflatable balloon, with the treating elements

25 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.

30 Figure 13 is a partial cross-sectional 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

35 another embodiment of the treatment delivery system of
the present invention.



an inflatable balloon, with the treating el enents 25 di sposed therein.

Figure 12 is a partial cross-sectional view of another alternative
enbodi ment of the present invention havi ng an i nfl atabl e bal | oon,
with the treating el enents novabl e al ong the catheter. 30

Figure 13 is 4hisal cross-sectional view of a f UrRCEAISIINESAS nat i ve
enbodi nent of the present invention havi ng an infl atabl e ball oon,
with the treating el enents novabl e al ong the cat heter.

Figure 14 is a partial cross-sectional viewlf 35 anot her embodi nent of
the treatnent delivery system of the present inventjon, WO
97/ 37715 Figure 15A is a partial cmesprRecFiERAl view of a

11 Fi Sii#tshelS Ambodament t Al tife aaeatmentodeliveryy aystem of
further enbodlnent of t he Eagg;géogellvery syst em of t he present

i nventi on. ﬂﬁﬁi

el evati onal view of gart of the 5
proxi mal end portion c!l‘:.gﬂm i6Baisng elevakionadwiew of pa thesa,

Figure 15C ks a %Péf:ﬂcrénqnﬁbrﬁiaw bfkeve arsuting sysi:eneshdﬁc -ibc of
Flgure 15A gure 16 is a partial cross-sectional V|em10f 10
various parts of EL9HKS h%e'ir’l ‘enbodi ment of the treatment very

system of the present Figune i186. is a cross-seqhippal Y#ewstﬁkﬁar§1eﬂg
cross-sectional vigNe®fise-15¢c oEneigarealdbzmi native enbodi nent of the

present invention Figure 16 is a partial cross-sectional view of

10 various parts of a further embodiment of the treatment
delivery system of the present invention.

Figure 17 is a partial cross-sectional view of
another alternative embodiment of the present invention
having an inflatable balloon, with the treating elements

15 movable along the catheter.

Figure 18 is a partial cross-sectional view of
still another alternative embodiment of the present
invention having an inflatable balloon, with the
treating elements movable along the catheter.

20 Figure 19 is a partial cross-sectional view of
still another alternative embodiment of the present
invention having an inflatable balloon, with the
treating elements movable along the catheter.

Figure 20 is a schematic drawing of a further

25 embodiment of an intracorocnary radiation system
comprising a transfer device, a radiation source train,
and a delivery catheter.

Figure 21a is an exploded view of the transfer
device of Fig. 20.

30 Figure 21b is an exploded view of a further
embodiment of the transfer device.

Figure 22 is an exploded perspective view of the
transfer device of Fig. 21.

Figure 23 is an exploded perspective view of the

a5 rear housing and fluid control switch assembly of the
transfer device of Figs. 21 and 22.



having an inflatable balloon, with the treating el enents 15 nmovabl e

al ong the catheter. Figure 18 is a partial cross-sectional view
of still another alternative enbodi nent of the present
i nvention having an inflatable balloon, with the treating el enents
novabl e al o t theter. 20 Figure 19 is a par
Cross-secti gﬂ'&’%ﬁﬁ% of still another alternative eE' o)glsgr%or??“of t he
pr esent i nvention having an inflatable balloon, with the
treating el ements novabl e along the cathetgs. Figure 20 is-a
schematic drawing of a further 25 enbodi nent of an intracoronary
radi ation system FigePETI4 Sid@ BokttdRsveewlSF i €ife A uiadicahteslsour ce
train, and a gsllvery cat heter. Figure 2la is an
expl oded vi ew of S fansfer device of Fig. 20. 30 Fi gure
21b is an expl oded vi Ehgurea23 ia [asy explodedcpevsperitveViewe ofr hef er
devi C]g%- devi cfenlt::_Eb,!lUgeui:Enq il aothlatoedspitop eadsanbly leragog:hbhe
transfer vi ce Q. g is an expl ode
per spectiv viemﬁﬁ?nfﬁgrBéeViceﬁ?%?ﬂﬁgdsgggué§d3$Tuid_control switch
assenbly of the Figuren2éariajd icxessf serional wiry of a connector \\O
97/ 37715 for the intracoronary radiatioR(dyskén/dHF&. 20 that
12 Fllangcts tRe el Hetlcd' tbEnd! SLAVAY ‘Qltheter.
Figure 26b is a cross sectional view of an
10 alternate embodiment of a connector for the

intracoronary radiation system of Fig. 20 that connects
the transfer device to the delivery catheter.
Figure 27a is a plan view in partial cross section
of the delivery catheter of Fig. 20 with the connecter
15 of Fig. 26 attached.
Figure 27b is an enlarged view in partial cross
section of the distal end of the delivery catheter of

Pig. 27a. .
Pigure 27c is an enlarged cross-sectional view of
20 an alternate embcdiment of a delivery catheter.

Pigure 28a is an enlarged cross-sectional view of
the distal end of a delivery catheter according to the
présent invention that permits perfusion through the
guide wire lumen.

25 Figure 28b is a cross-sectional view of the
delivery catheter of Fig. 28a taken along line 28b-28b.

Figure 29a is an enlarged cross-sectional view of
the distal end of a delivery catheter according to the
present invention that permits "rapid exchange" of the

30 delivery catheter.

Figure 29b is a cross-sectional view of the
delivery catheter of Fig. 29a taken along line 29b-29Db.

Figure 30 is a cross-sectional view of a
radioactive seed to be used with the delivery system of

35 Pig. 20.

Figures 31a and 31b are a perspective view and an

exploded perspective view of a fiber optic seed



Swi t ch. Figure 25 is an expl oded perspective view of the
central housing and actuator swtch assenbly for the 5 transfer device
of Figs. 21 and 22. Figure 26a is a cross sectional view of a
connect or for the intracoronary radiation systemof Fig. 20 that
connects the tygeshais device to the delivery catheter. PCT/US97/0683gUr €
26b is a cross sectional view of an 10 al ternate enbodi mrent of a
connector for the i ntracoronary radiation systemof Fig. 20 that
connects the transfer device to the dei3very catheter.

Figure 27a is a plan view in partial cross section . of the delivery
catheter of Fig. 2vewification swssemcthat may dre @sgociated: withdthe

Figure 27b is an epbpésel Nddding) ofdtheatrah®fsr device.section of the

distal end of the deliv cathet er. of i 74, X l gure
27c is an enl arged crosgi'%'gﬁi ale'%'swg weg?‘aﬁ%eé: @ro;ﬁa-%etc&iﬁg?é ‘é’r‘r%a&rrent
of a delivery cat htherdistal end of arfdgliverycatheler. qcgogding to the
Crossa_sect i Orsalh Vi gpefént inventilth dothtedeps eitw ainl iih&ll?ldﬁ.ﬁghﬂﬁﬁr )
according to the [ es at pernmits perfusion throug

t he gui de mf?geﬁ‘ﬁﬁ%%g%éﬁ\ﬁ?hhﬂg{’gﬁre 28b is a cross-sectional

vi ew of the del | Diogyre Al ao£rppg. sechionade VigwoR§ thecinsitwp.
Figure 29a is an egh8h8L&r CoPFid.e @a0takelti 8Yo§ line 32b-B39pdi stal end of

a delivery catheter acc i to t r ventign t rmts
"rapi d exchange" of theﬁ}ég"PgB a%al \r}g'rdysggt ﬁ%?e?ﬁﬂaf Q—_? %t'!'g ‘F?%ﬁr%ﬁ)‘ggb S
a cross-sectitnal 32buweseephthat the genteringchaklaon is ip fheoshape @f

along line 29b-29ban eccentric cdilgure 30 is a cross-sectional view of a

radi oactive seed to be | Ry Lye f Fi .
Figures 3l1a and 31b ar eygs'g%grmsstgc J|]\E/aeqz\%k"g\)iév éﬁﬁégiﬂgnﬁeégfpitggeégugf
perspective vi ew oeng @fpardebivery aatheter according to the present

invention that has a radiation-blocking coating.

15 Figure 35 is a perspective view of a device to
permit the user to create a radiation source train in
which the activity level of the seeds comprising the
source train can be varied.

Figure 36a is a plan view of an alternate

20 embodiment of a delivery catheter according to the
present invention.

Figure 36b is an enlarged cross sectional view of
the catheter of Fig. 36a.

Figures 37a and 37b are cross sectional views of a

25 catheter similar to that shown in Fig. 27c.

Figure 38 is an exploded perspective view of a
further embodiment of a transfer device according to the
present invention.

Figure 39 is a perspective view of a further

30 embodiment of an intracoronary radiation system
comprising a transfer device and a delivery catheter.
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13 verification systemthat may be associated wth the centra
housi ng of the transfer device. Figure 32a is an enl arged
cross-sectional view of the distal end of a delivery catheter

accordi ng t ogliSprss present invention located in Situ angrhieldiizng an
eccentric centering balloon. Figure 32b is a cross sectlona
view of the in situ catheter of Fig. 32a taken along |ine 32b-32b.
Figures 33a and 33b are simlar to Figs. 3g2g and 10 32b except that the
centering balloon is in the shape of an eccentric coi

Figure 34 is a cross sectional vi ®DETAILEDEDESCRI®PTION end of a dellvery
catheter according to the present i nvention that has a

radi ati on- bl ocki ng coatlng igure 35 is a perspective view of a
device to perniF S‘F\%eu]séeijFtL‘r e&eeeabeém Rf dhe presertn in

whi ch the acti vi uvéﬂvebnointgmmmiagnmtﬁg form for easeubge train can

b i ed. 15 f 20
entod et of a ARATel W cHniR D Tl oA ENE el W BT,

i nvention. 3 aPParath‘Eﬁ cthe present éﬁVﬁPﬁbﬁ“ c?%%"!?ed?thi%ﬁépew ew of
t he cat heter of Eegaraﬁess of which 1ntEagum&naB7paﬁsu§éﬁﬁy'&ﬁﬂleeSS

sectional views Poze hqglfg ey \L/’vir Fﬁg gﬁlﬁéxm\ﬁ | g. 27c.

Figure 38 is an ex ers 'ect) ve VI er enbodlnent of
a transfer devicB®a GEbFHPnﬁF? Wiieh 8 made may be altered so that

the maneuverability of the catheter in relation to the

10 applicable lumen may be optimized. Shown in Figure 1 is
an elongated catheter 2 having a proximal end portion 4,
a distal end portion 6, and at least one lumen 8
extending therebetween. The catheter is sized for
insertion of the distal end portion through the vascular

15 system of a patient to a selected area to be treated,
such as the site of a balloon angioplasty procedure or
other opening procedure, such as an atherectomy, in a
coronary artery. This may be carried out, for example,
by inserting the catheter percutaneously into a femoral

20 artery and advancing the catheter over a typical guide
wire 10 upwardly through the descending aorta, over the
aortic arch, downwardly through the ascending aorta and
into the particular coronary artery that has been
selected for treatment, such as a coronary artery that

25 has been subjected to PTCA or other artery-opening
procedure. Guide wires and procedures used in advancing
such a catheter to the point of the angioplasty
procedure are well known and will not be discussed in
detail.

30 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 comprising or containing

35 radioactive material, into the lumen 8 of the catheter
2. Additional treating elements may also be loaded such



present invention. Figure 39 is a perspective view of a further

30 enbodi nent of an intracoronary radiation system conprising a
transfer device and a delivery catheter. WO 97/ 37715

PCT/ US97/ 05538 14

DETAI LED DESCQIFHseNs Figure 1 depicts one enbodecipinsorassas he
pr esent I nvention in general diagranmatic formfor ease of

initial understanding. The overall design of the 5 apparatus of the
present invention remains the sane regardl ess of which intral um na
passageway w || be used. However, the size of the apparatus or the

material s from whithiati thestatak kengtie of tdecgonbinaditreating plements
maneuverabil ity ofedri@spdhlst €6 a¥ Yedsk ithe henglh 48 the aYHncdE areanen

may be optim zed. _Shown in_ Ffgure | el d t heter

havi ng a proxi nal %&%ﬁo?'f‘?b‘ﬂig?ure v %f &r&a&?géndgﬁgf%%#ae% f? | east
one |umen 8 the amibigedhtreating @lempnisc alpot epuld be Aongesr than
insertion ofsthe dingd @teRdtiBOAte# NN Bxuedh tohaskageUtRat the entd €dy@sof a

bal | oon angt opt aciGf ERePEESs afed e, almo sxeRbRd. SMK FaAdinin"as an

at herect ony, in aprocedureomsyaniserbe perfoxmed mantaliys rbukl aut, for

exanpl e, bynddhfiiilcald 1bhdes i deiciPed 1A ABYE! Jetdi L Fardials!
preferred to provide better user protection against

10 radiation.

After the treating element is loaded into the lumen
8, pressurized blood-compatible liquid, such as sterile
saline solution or sterile water, is introduced via '
liquid source 14 through a port 16 in the proximal end

15 of the lumen behind the treating element. Flow of
liquid through the lumen pushes the treating element
along the lumen to the distal end portion, which is
located at the site to be treated. The liguid which
provides the motive force for moving the treating

20 element may be allowed to exit from the distal end of
the catheter or may be returned in a parallel lumen
provided in the catheter or may be returned via suction
through the same lumen in which the treating element
travels.

25 After the treating element is located at the
desired site, the treating element is allowed to remain
for a time sufficient to treat the tissue. For
radiation treatment of a stenotic site, the treating
element preferably are beta-emitting radiation sources,

30 and the residence time period will be relatively short,
on the order of minutes as discussed in more detail
below.

After the treatment is complete, the catheter may
be removed with the treating element remaining at the
35 distal end or, alternatively, liquid may be forced
through the lumen in a reverse direction to return the
treating element to the proximal end and into the



20 artery and advancing the catheter over a typical guide wire 10
upwardly through the descendi ng aorta, over the aortic arch,
downwardly through the ascending aorta and into the particul ar
coronary artery that has been selected for treatnment, such as a
coronary art evgoniras 25 has been subjected to PTCA or otgfiusezosss
artery-openi ng procedure. Guide wires and procedures used in
advanci ng such a catheter to the point of the angioplasty
procedure are well known and will not be diascussed in detail. 30
At the proximal end of the catheter, which is | ocat ed outside the
patient in a per dRe8g depioRedts desired, befprasremaval b theove, a
transporting and/cathetagi ng'rhe reveriay iflowl dfi £1pidvimaie e chth@&@dnﬁya

treating el enent,

cont ai ni ng 35 forging.t ﬂ\; a‘?" %ﬁtu‘?rre &Qaﬁb’ﬁx?e %Aﬁe catlﬁlgfgr
2. Additional trdd& |an538F§ﬁﬁrﬁ%r‘Pﬁ§f1%ﬂ 9? M PPE@!B g & puction, suchpas
97/ 37715 s by withdrawing the piston of aPS¥Lilnge / &bfathed at the

15 that t t gt ng el ements
corresponds to at” |east t%ea ﬁ M‘ﬁg' t ﬁ'gt | iéﬁgéﬂ of the
vascul ature to be tre&'PSdtrm?’é‘Eiaﬂg'T qqgofievx.ce 12 t@%mﬂtn&? treating
el enents al so cowohneetedndiredthyn to the t#mﬁhamOéna of Sthe 'cathdtler! 0

assure that the eﬁpl %@geauec &Enéé\g orne&ucrgaﬁﬁa{'?lﬁé%b reated. This

| oadi ng proce ure
mechani cal}® oader %J@@seﬁ Bbﬂ ‘thm%"-' 3 aﬁqulﬂarevtx%ct

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

15 portion 4 of the catheter. 1In such event, the
additional length of tubing (as well as the 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.

20 Figure 2A shows one actual embodiment of the
proximal end of the catheter system depicted in Figure
1. Although not limited to use with radioactive
treating elements, the device shown in Figure 2A is
particularly adapted for that application.

25 Specifically, Figure 2A depicts a three~-lumen
catheter system 18 with a loading device 20 containing
treating elements 22 and connected to the proximal end
of a three lumen catheter tube 24. The loading device
comprises a rigid body 26 preferably of a suitable rigid

30 polymer, having a proximal end 28, a distal end 30 and a
first, a second and a third bore, 32, 34 and 36
respectively, extending therebetween. A fitting 38
located at the distal end of the body connects the
first, second and third bores, respectively, with one of

35 the three lumens 33, 35 and 37 of the catheter tube 24.

At the proximal end of the housing member, ports,
such as luer connector ports, are provided for



preferred to provide better user protection against 10 radi ati on.

After the treating elenent is |oaded into the |unen 8, pressurized
bl ood- conpatible liquid, such as sterile saline solution or sterile
water, is introduced via liquid source 14 through a port 16 in the
proxi mal end ¥mpewsrak the | unen behind the treating el ement .rcTRissmnssis
liquid through the lunen pushes the treating el enent al ong the lunen
to the distal end portion, which is | ocated at the site to be
treated. The liquid which provi des t A& notive force for noving the
treating 20 el emrent .may be aJlowed to_exit . fro e dist.al end of

the catheter or nﬁﬁmﬂﬁniﬁﬁéiﬂBdw+FPzPﬂE%PaP elsﬁuﬁﬁ 5£L A tirst pegti A% he

catheter or may bdsr altigned withsthe ifixst bore B2rofigthe lodyamnd asen in

whi ch the treati n%d%k‘?:tgﬁgkor the %ﬁsﬁ@f exit of a liquid, Yuchas!reating

el enment is locate . site e.trgating elenent is
al l owed to renmi nsterile galine,; A sgpond. poxt ﬁg ts el ‘fﬂ'gmﬂié’ﬁg.‘mFor
radi ati on trgat nestithf the_sseoond cbmre 84 oifethechousing memberelamnleri_s
preferably are betlgﬁwﬂkh! 8a Egﬂaéé Perdlt’ the eAbry or aid fuF negudance

time period will be relative ort, .. n_the order .of m nutes as
di scussed in rmreid’é:Paltse body. the fhird port s °¥f¥%r{“’ﬂe tthree&&'ﬁ'Eﬁt is
conpl ete, the cat heirer ofaghe body &md risnadapted: hot heceiemta gnicdecwire

remaining at the 3§ to dial ¢h S8sLCionilg Th@AWiNehY ehd bF tHEP tathetaiced
through the_ lumen in a &gﬁerse direction to return

| he treating
el enent to the pr FOBFWIERAR,APRRIEIL A Valve (n°%\lfm)7‘7f3‘°|i‘ as a
PCT/ US97/ 05538 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

15 elements 22, a retaining device such as a magazine,
carrier or carriage 48 is 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

20 first through bore 52 and a second through bore 54. The
first and second through bores of the carriage may be
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

25 through bore may also be used.

By pre-loading the treating elements into the
carriage, they may be conveniently handled, shipped and
stored separate from the rest of the loading device.
When the user is ready for the procedure, the carriage

30 may be simply inserted into the body, thereby minimizing
handling of the treating elements by and exposure to the
user. The carriage is preferably made of a material and
has sufficient thickness to protect the user against
unnecessary exposure to radiation when the treating

35 elements are radioactive.

As shown in Figure 2A, carriage 48 is fully
inserted into the body 26, with the first bore 52 of the



16 | oadi ng device, if desired, before renoval of the

catheter. The reverse flow of fluid may be achi eved by forcing

| i qui d under positive pressure through the |unen in a reverse
direction or by applying a suction, such as 5 by w thdrawi ng the piston

of a syringewdémngd at the proxi mal end of the | ungAyudePoishie
| unen. The transporting/l oading device 12 need not be

connected directly to the proximal end of the catheter 2 i f such
di rect connection would result in possibleag0 ki nki ng of the catheter
or would restrict maneuverability. In that case, an additiona

| ength of carriage( ahignedwitinthe fdresnbonend robhtheybody.asInhe

catheter) coul d Rfip’ posdesoRst ¥6edhd Nore 54 of! tRESERFFidyY lcontadasdevi ce

12 and the proxingal end. .15 | 4 _of e eter Jn.su event,
the Da t ReaEnatien s1oRed 24 286 4R7pGRIPENN eiehih Ehe

portion of the cdody,ethesebycproniding: poetecsiconef the user frope shiel ded
to protect g he ugpdiatdof ehfiCtédine ¥nd rﬁi:@atinz e1EMERESS S Ay tha@ ation

o oxi mel end of 5. PARLEL OBy T T, FURC S, HEFELR SaTile, "nay Bet ougn

not limted to usatwoduceddtbuouglvcthe first: ponti hg primethe body aadi ce

shown in Figure ZAtheter and Péhéve Wy lairadantainbar thddimpPRls et i on. 25
Speci fically, Flg##ﬁé%ébdepICts a three-lunen -cat heter system 18

with a loading d cont ai ni ng treating elements 22 and
connected ¥® the proxByasldding the caxrimgehdScontwandlyifrometheubedgs. The

loadijngodevi ce 26 theO éRkir§R§e aid !M&Qgﬁtggﬁ Bégbﬁ?%&ﬂiﬁo%‘wﬁwébim e
(19 30 secons, Whond REFROaR, 8 a0 sa sl a1 Rl B
ext endi ng t her ebdtinesn boxger 32t Pty body, andihectireating alementscdd of
the body connect sardh@eady forf intiodueriuid idtd ther dabtRéssr 2@spagtively,
W th one 0{5 this second position, pressurized liqguid, such as
sterile saline, may be introduced via pump 14 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
20 of the body, and into a lumen of the catheter.
The specific design of the fluid source 14 may be
chosen from various alternatives. For example, the
fluid source 14 may be a simple saline-filled piston
syringe attached via luer lock connector to port 40 of
25 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 of the plunger may assist in returning
the treating elements to the proximal end portion after
30 the treatment is complete). Alternatively, the motive
force may be provided by a column of liquid from a
suspended container of sterile saline or water,
controlled by a simple roller clamp or stopcock.
Alternative configurations for the carriage {(not
35 shown) also may be used without departing from the scope
of the present invention. For example, the carriage may
be cylindrical and/or rotatably mountable within the




35 the three lunens 33, 35 and 37 of the catheter tube 24.

At the proximl end of the housing nmenber, ports, such as | uer
connector ports, are provided for WO 97/ 37715

PCT/ US97/ 05538 17 conmuni cati on
with bores 32,wg@4rsiass 36. A first port 40 s aligned weClhvusdrossasr st
bore 32 of the body and is adapted for the entry or exit of a liquid,
such as sterile saline. A second port 42 is in conmmunication 5

with the second bore 34 of the housing nmend®@ and is | i kewi se adapted’
to permt the entry or exit of liquid into {he, body. The,third port

44 gpens into th@"ém-rd'm’-"’“ghb‘eﬁ’@%@:t cRapbeys JFythin CAFTiage-RaYve a
guide wire bé6 seldeat iiveby datughiniimiot mdignment with dhet boreat bEter 10

tube within a palun@hody vy 2kyfadilif cHE Wakriagel fné treatinfOUhy- Bolst

val ve, may be attache he t port tQ event | eaKage of fluid
around the gui de @kemenys, PRY bp pre-loaded,in; ﬁ?@r?ﬁﬁ‘%’: t%“ﬂ@gpééei nt o

t he patients user contact| anditw protewt theondengfrdm treliatdan wheih5S
elements 22, ar Y bCEreSalihd L12mEAt2 45 Nempl . Cakgier or
carriage 48 is slealt ?a%ligggggy?iglr:\ed V\nf’lhi n a g?o?YeS% def.ined in the

body 26 i nter mediPH¥ gpERe; FEgating elemenks 22 PEemioaded it gyge i s

preferably const rlosding devicef20 e garee-loaded dhtesatémrriaged 480dha26 and
has @ 20 = 11 SledyidH9RgBPE8a Sintl G AoWANY abli ol ud Sontact Wen
first and second t rou% ores_of the carrlade my be selectively
ali gned wit® the the Ireasingzelepents ifpMinimized, and for radiocactive

treating elements, the user may be shielded from
radiation.

Figure 2B shows a further alternative embodiment of
a catheter system of the present invention. Catheter

15 system 56 includes a combination loading device and pump
58 and a multi-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

20 for fluid communication with passageways defined in the
body.

The body portion 62 has a central bore or
passageway 68 in which treating elements 22 are located
prior to the treatment and after the treatment is

25 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 is
controlled by gate 70, which may be moved between
positions blocking flow or allowing flow through central

30 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 central bore. This
aids in priming the system with the treating elements in

35 position in bore 68, if so desired.

For providing the pressurized flow of liquid to
transport treating elements to and from the distal end



dependi ng upon the |l ateral position of the carriage relative to the
body. A carriage with only a single 25 t hrough bore may al so be used.
By pre-loading the treating elenents into the carriage, they may be
conveni ently handl ed, shipped and stored separate fromthe rest of
the | oading GW&@ﬂE When the user is ready for the QQaRGHEsSs t Ne
carriage 30 %e sinply inserted into the body, thereby mnim zing
handl i ng of the treatlng el enents by and exposure to the user. The
carriage is preferably nade of a materialzend has sufficient

t hi ckness to protect the user against i unnecessary exposure to

radi ati on when oficcathetiem§035a padrcofrpistone-cyddndert avcangements As

shown in Figur %Q;A W;He@%n‘l%prsiﬁé'é’ldes of th@s%BﬁdpbPEQoﬁh@ body 26,

with the first re 52
PCT/ US97/ 05538 P:?ston-cy?l.inder arrangemeng\QZg provi epgthe liqu%grﬂ% e

al i gned with t heo¥ idispatehdng? the t hreabing alements tohtbepdéstabrendecond
bore 54 of the gar{iaGartieted Ahd Fistoﬁ Ly )it RerahgeRehs 78 and is

Proms " radiBEPUTaRche, Fertap. LEpaLy; S f%ﬁe%e%%te?%%bﬁ TN
posi tion, fluidtreatingelementiscthberefiromany be i ntroduced through
the first port to prigferdiky pPadsagéday 76 uﬁamewdya%d &smuﬁimealr
Zgngﬁlt \Tvg?dfge;re ‘f#é‘é(?‘tﬂ"ld inq.% '{)Sgt ‘}9 central bo\éeskb 8 ‘E e carriage
10 cylinder of dispatch piston-cylinder arrangement 72,
which provides the fluid flow for moving the treating
elements into and along a principal lumen of the
catheter 60. One-way, spring loaded ball valve 80
" within passageway permits liquid to enter through the
15 inlet port but blocks liquid from exiting from the port.
Vent 79 allows displacement air to exit from the
passageway 76 when liquid is added, for priming purposes
and the like, and a pressure relief valve 81 may be
provided to prevent overpressurization of the catheter.
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 provide a
25 closed circulation path for the liquid that 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
30 itself, the catheter 30 may not have sufficient strength
or torsional rigidity for insertion 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
35 feet (90-120 cm). To assist in positioning the distal
end of the catheter at the desired location, the
catheter may be advanced over a guide wire that is pre~



26, the carriage is noved into a second position wherein second bore

54 of the carriage is coaxially aligned with first bore 32 of the
body, and the treating el enents 22 are ready for introduction into
the catheter 24. In 15 this second position, pressurized |iquid, such as
sterile salineoeymynbe i ntroduced via punp 14 through PCTrUsst105588 t 40
to supply the notive force against the treating elenents 22,

ej ecting them from second through bore of the carriage distally

t hrough the first bore 32 20 of the body, and into a lumen of the

cat heter. The specific,design of, the fluid source

chosen from vari Bﬁgeﬁ??‘%r%tﬁl\%ge“ﬁ?ge agAtien . a m annerfvﬁ}%h%e 14
may be a sinpl e tal thesd iskidled snoperforming\angipplastycand similamer | ock
connector to porg-4Qefires. - T g\slaé wﬁ@”&ﬁietgeﬁi‘e@.%%'aﬁﬂ oinemdéyrs nge

pl unger woul d provi I ent ;orce to 4 ie tl{ﬁ
el enent s Eﬁﬂhmﬁméfﬂ]t"(? Pﬁesaﬁé AL Koy ¢ %Yﬂ'cient’?h‘é P8¢ B,
(and wi t hdsawal gﬁ;déawﬂ:exrt;ﬂremy:oandl thei gnide witiendo restriche treating

el ements to the R&Qi& Iy rxsbh tdrOBtﬁEi'eh@ﬂ% £rda &He’ &a’sn&;fé

conpl ete). Alternat| e notive orce nay e provided by a
colum of liquid 1ppghy o suspended contai ner of sterile saline or
wat er, cont r ol Imduske, &l ripiterior| passagewayn, pisgone&ylinder

Alternative conf agysﬁgﬁ.@smé Oraxfé‘%a%ﬁﬁﬁéﬁgﬁriﬁ@:l 20 and rshasem 1dhép May be

used withqut departi nventi1on. For
exanpl e, tife calroPFﬁgg with BWQS'?I Y"ﬁ&??cﬁ* %ﬁr}cﬂ'& %%Péb“?emunt abl e

within the liguidWhDPa¥ POiss 78 and one-way valve 80. 1In the

PCT/ US97/ 05538  jpitial position, the dispatch and retrieval piston-
cylinders are oppositely positioned, with the piston of
the dispatch piston-cylinder 72 in a withdrawn position,

15 as shown in Figure 2B, and the piston of the retrieval
piston-cylinder 74 in an advanced position, also as
shown in Figure 2B. Before the treating elements can be
moved to the desired position, gate 70 controlling the
central bore must be opened.

20 By advancing the dispatch piston, the liquid in the
dispatch cylinder is forced through the interior flow
path 76 and into the central bore 68 containing the
treating elements 22. The pressurized liguid flow
ejects the treating elements from the central bore and

25 forces the treating elements along the principal 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

30 enters the cylinder of the retrieval piston-cylinder
arrangement 74, pushing the retrieval 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

35 reverse or distal direction along the return lumen and
returning the fluid to the body along the principal
lumen. The liquid flow moves the treating elements in a



body. Through bores or chanmbers within the carriage may be

sel ectively brought into alignnment with the bores of t he body by
rotating the carriage. The treating el enents may be pre-loaded in the
cylinder to mnimze 5 user contact and to protect the user from

radi ati on Whgihoynms @ radioactive treating el ement is enplpeygeerosiss
providing the treating elenments 22 pre-loaded into a | oadi ng devi ce
20 or pre-loaded into a carriage 48 that may be inserted into a

| oadi ng devi ce, user contact with 10 tdpe treating elenments is mnimzed,
and for radioactive treating elenments, the user may be shiel ded from
radi ati on. proximalFoguretfifn sdivectidnmlong sheepnincipaknbumeiment of

a catheter systgmohihietRemSe8! the ViYL HoreNBECEnd Shody S§5! €Mited

i ncl udes a conbl nat 1 gn |3&dl2 devi ce ndéﬁég% 68 gnd [ ti-1unmen

catheter 60. THeETHRIFaltoH Buﬁﬁters e sYHPe5% R HRe: %’%%ﬂ%yises a

body portion 62pistdimegydindex ardasgemertid?Zportion 64 attached to the

clongatedscathieter | wieh chiBadibds HNLLR an ol LhOBGEFTISL W10 |
Ss S |

body. °°‘“E’r?é=°dx¥d$i&8r°%ﬁ’§§“ R %Wéﬁ%aal aggrﬁg&“ﬂ‘we“q‘“

passageway 68 icontacts Maeaﬂ:tegtéhgnehemem drec aldoweddto enter (theor to the

treatment and ﬁ:&@i At} bl BRhikSmay be grvilaliadiy Iilaﬁ?glem{ neidr e 68

G0, By sonBhGIRating ABERF: 18 ERCHMTE-onibRcohBpRtcRTRRR
control | a0 by gateandement alscaplbowapthe trsatiag elemenpssi vhethemlaocki ng
may cont ai n o 2%?*%%” eaiet’ oz 8, L2018 bf ci¥lting SLEABREE, €obe | 12 07 ©
pa)s/s tE\eFE£ ?Qﬂ?d??cm%%ﬂfg eﬁi?%y%g‘éﬁg dp th Bgﬁﬁf ng
el ements whi |l e pbetip oblthek catheternbyakltmmatellyi slightly aids in
priming the sysgemaidihd e dddpaeenchRAC btridvald pistBASLL i #Rié N bore 68,
T 50 deqir el technique may e Used €o"frbtfad Fade 48l rbiR e dlobl ! ¢ 1
of the selected vessel area, particularly where there is
dead space between or at the ends of the treating

elements.
A variation on the catheter system of Figure 2B is
20 depicted in Figure 2C. The catheter system 88 shown

there similarly includes a combination pump and loading
device 90 and a multi-lumen catheter 92. The
combination pump and loading device 90 also has a body
portion 94 with a distal end portion 96 attached to the

25 catheter 92, and a proximal end portion 98. 1In this
embodiment, however, ligquid inlet port 100, guide wire
inlet 102 and dispatch and retrieval bellows 104 and
106, respectively, are located on one side of the body
94. This arrangement permits a large cylindrical

30 chamber 108 to be provided, extending inwardly 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 comnstruction.

35 Insert 110 has a central bore 112 in which the
treating elements are located, & gate 114 controlling
passage of the treating elements from the central bore,



transport treating elenents to and fromthe distal end WO
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20 of catheter 60, a pair of piston-cylinder arrangenents are
provi ded on opposite sides of the body portion 62. Pi st on-cyl i nder
arrangenent 7swoymviides the liquid flow for di spat chi mgTiUss7/0sssat i ng
el enments to the distal end 5 of the catheter and piston-cylinder
arrangenment 74 provides the reverse liquid flow for retrieving the )
treating elements therefrom 23 eri or passageway 76 in the body
62 conmmuni cat es between liquid inlet port 78, central bore 68 and

the 10 cyl i namd @flwwlmeﬁﬁgpéﬁneywm 146 ofgtheneentral whi ch
provi des the fl upgrél ovwien inpertedt hatorehé iclgamber 108! effiethe bodp and

al ong a prlnC|pab4Iug§$$?glth§e 112 o?aiﬂgtfﬂs{¥¥ X i@a¥1léﬂé§n91£9aded

bal | val ve 80 ¥ permts ent hrough the
15 i nl et porPeBEFabIEﬂﬂﬂﬁqu$¥ 4l rBﬁ1E§?t??ﬁYf34UnFPﬁE port. Vent
79 al lows @i spl acemmahicated airectlir withhe principgladsmgavwey ¥hewhen

ijguid i s added. chehotLt W5 i BEARSY 116 cofhidkids’ WenBiirarhEeooure

relief valve 81 ma t.0 prevent overpressurlz lon of the
catheter. 20 passagwezmﬂ %%Sgbﬂﬂy'@!h }c¢h (qennesks &9 thanligeid es
bet ween the cyli adeetopotticlgltandethe gdispatel \belibws 104. arrangement 74

and a return | unmen OfﬂgérﬁﬂiWJ]‘i{, €fHe insert ﬁot Sih afte gnd portion of
p

the catheter, the_return g connunlc tes w |n0|8al | unmen
to prOV|déQa plurality of bores and be rotatably mounted 1n th

for selective alignment of the bores with inlet port 100
and central passageway 118. In this arrangement, one
bore could be empty for fast priming of the system and
another bore could contain the treating elements.

15 As with the embodiment in Figure 2B, an internal
liguid flow passageway 122 is provided in the body 94,
communicating between the retrieval bellows and a return
lumen of the catheter 92, and a guide wire passageway
124 is provided between a guide wire lumen of the

20 catheter and guide wire inlet 102. Also similarly, a
vent 126 is provided in communication with the
passageway that connects with the liquid inlet port 100.

in operation, the catheter system of Figure 2C is
‘essentially identical to that discussed regarding Figure

25 2B. The embodiment of Figure 2C allows the treating
elements to be conveniently stored separately from the
remainder of the catheter system, for example in special
radiation-proof containers.

It should be clear that in each of the embodiments

30 discussed above, the body, carrier (insert or carriage)
and catheter may be provided in various combinations of
assemblage, as a matter of choice. For example, the
body and carrier could be preassembled or even of one
piece construction. Similarly, the body could be

35 preassembled with the catheter tube, with the carrier
separate for convenient storage and transportation of
the treating elements. Alternatively all three elements



25 closed circulation path for the liquid that dispatches and

retrieves the treating el enents. In addition, the body 62 has a
third interior passageway 84 that comruni cates between guide wire

i nl et 86 and a guide wire lunmen of the catheter 60. By 30

itself, the gﬂ%ﬁ@%ﬁ 30 may not have sufficient strength pepmicofissss
torsional rigidity Tor insertion along a | engthy serpe#{lne vascul ar
path -- in typical angioplasty procedures, the distance between the
per cut aneous entry poi nt and the cgfonary artery may be :
approximately 3-4 35 feet (90-120 cm. To assist in positioning the

di st al ecoubd bé sepmiratecandt ashembbad rinl thec desdredt he

cat heter may be Lnd bde_W t ' A
cathetel cORY PRGEE 1B on stede-Vihts %gggﬁﬁ x_the physicidif

21 i nser F@BeLTH Ehf BPPEQPEdaLE; SAmbination, depeRaing e he to
t hose skilled i|depttédrprogedure.opl asty and sim | ar procedures. The
guide wirg inlet pr ' u ; t ve simlar
known devTe’ce to cl ogi.é&% ﬁ’%‘%ﬁt&%‘ &?ﬁg@aﬂ:’?eolf n{%‘%s?%%? tség%'u}: ée wireto
restrict Frerbing flenents g? GPRERLR| FRYLacTiven makerdfdly r e

| uren. preférable beétwemitting. pinstiye\preferred enbodimener

ST eeTEe ok o o LS gt 35 Bl SatERY logita bo erdafaldd! o0 L0
val ve 80. In thbollow cylinderhy 138swhich arecpreigrably SeRstrurred pf
pi ston- 10 sihinless stexlqoppddives),ythtaniomnmrd othierh suheaplet on of
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
15 130 is preferably in the range of 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
end plugs are preferably less than about 1 mm in width
and are affixed to cylinder 128, for example, by
20 welding.

The outer diameter of the treating elements is
preferably between approximately 0.6 and 0.8 mm, being
sized, of course, to slidably fit into the respective
receiving bores of the carriages, bodies and catheter

25 lumen described above. To permit maximum mobility
through the loading devices and catheters described
above, the inner diameter of each of the bores or lumens
the treating elements pass through should preferably be
less than twice the outer diameter of the cylindrical

30 treating elements and the outer surface of the treating
elements may be coated with Teflon material or similar
low-friction material to reduce friction between the
treating element and the wall of the lumen in which it
moves. This allows the treating elements to move

35 quickly through the lumen, minimizes unnecessary

- exposure of other tissue to the treating elements and in
particular minimizes radiation exposure to other tissue.



the dispatch piston-cylinder 72 in a withdrawn position, 15 as shown in

Figure 2B, and the piston of the retrieval pi ston-cylinder 74 in an
advanced position, also as shown in Figure 2B. Before the treating
el ements can be noved to the desired position, gate 70 controlling
t he GRBFmPore nust be opened. 20 By advagpiriernsss

di spatch piston, the liquid in the di spatch cylinder is forced
through the interior flow path 76 and into the central bore 68
contai ning the treating elenments Z2& The pressurized liquid flow
ejects the treating elenents fromthe central bore and 25 forces the

treating el emerdasageong Fowethei prefrrred dasage, thecoradiaqikvter to the
di st al Iend D?Ltﬂﬂéﬂi&aﬁiﬂ@ fhvéhe radioactiiviityt efbapprerimatelrs d.iq5ui d
noves al ong e I JUCI i | | i spl aces
an equal al'E#r[?gﬁftd%g’f "ﬂcé'qBPﬁ %%ﬂf’% tf?r?? g’%%%egtfﬁgcééeg}mena‘{efrfen and 30
enters the cyl idepeanding jos tber rediatipniaaunce uagds As desepibeshenent 74,
pushing tge retpiamly RarlaerQUikén dd Ytrain of treatifgtélemamtofig he

treating el enments . C | s{hetq, [ ' 1§£"5 S PS
descri bed above‘.”fém%l%%TﬁngeF?%v%@%#§ on -il}}sédé’%g%gggd? or CI rfgpl iquidin
a 35 r ever seadjagans flegenssy i bhe FEMip MAY e opRillaEeA iy moving
Ir_eturgi ?|g the fgne ;i:alﬁhéthﬁ eadghelpriga¢k cand iforithabr by briéfigen. The

I quli oW noves e S Y/
PCT/ USO7/ 05538 Sopddediy Pevitsth§ R Seide Bt liguig, remg%éixiﬁ\ln% of
return diPecti oshifting thack @ndc £psth| @fcthe treating elements to

provide a more uniform radiation exposure of the
selected area of the vessel.

The selected radiocactive material may be contained
within glass, foil, or ceramics, or, alternatively,

15 within a powder or liguid 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
‘the central chamber 130 of the treating element cylinder

20 128. 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 contain the radioactive material without

25 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. Alternatively,

30 a radiocactive 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 steel or silver, or in plastic, as by dipping
in molten or uncured plastic. In still another

35 embodiment, the treating elements may be formed from a
ceramic material which has been dipped in a radioactive
solution. 1In a still further alternative, the treating



returning themto the central bore of the body 62. The returning

liquid enters the cylinder of the dispatch pi st on-cyl i nder
arrangenent 72. 5 Wth the catheter systemas shown in Figure 2B,
a conpletely closed systemis provided, and no |iquid that

contacts the twedhdywg el enents is allowed to enter the PERUSINESIS
body. This may be particularly inportant when the treating agent is
radi oactive. The cl osed system 10 arrangenment also allows the treating
el enents, whether a single elenent 6 a train of treating el enents,
to be shifted back and forth slightly while in the distal

portion of the caddétitondldy ttey dpcrepse thetsyrface arepemfedBeng t he
di spatch and ret Ftt&&ﬁin@léiéﬁé&msﬂmbj&ﬁt tot End MckireTiBodeR proditedpr ovi de

a nore uniform expo e ar
where there is )f’g' ﬂu%%a%msnp%@ea aget%gigbgﬁﬂ ?h%(esyﬂ%‘g' %?"et E:?e%lrtg'gbl ngy

el enent s. elemenps \may Al hen previdedqeleh opeiqxmereragnudarn s 20
depi cted i Fi gurgaddes wilih Gattuice ovtwakalySsboiovhe circunifeence 6t arly

i ncl udes a conbi I%igl ggegg%gﬁ%mdeqﬁ@ ng device 90 and a nmulti-Iunen

catheter 92. The nat |1 on ?bnp and | oadi ng device 90 al so has a
body portion 9Fovkreaty alikengtheof Fapenbar dolaguenc fedluyalisy2s

catheter 92, and o Rnaivi@haE) hdirdondecting tﬁeéﬂl element®}bodi nent,

however , I|qU|d inl d dlspatch

and retrieval be|ﬂ°5§q%—1§8ﬁ& %gg't&%n%ef&fg espe%’f‘a#e]lsé é‘?éﬁ @at ed on one
si de of tH& body elementsgsas mmm%nthseaﬁta@%ﬂlme@yl mayr beal 30
chanber 108 to begeQVi Qedkeéixtﬂﬁjlmaltm’@r dl¥ménvdninformly spdiced mal end

of the body, for e|

pre-loaded wth t#eé é H) Aneif %rezimpﬂﬂ:erna*l \]ﬁqof%vg tbigy 94 and
insert 110 coul dq;'@ating el%mere#fe fnam begomingcteo | spaged apantowhils

Insert 110 has a npfingathbeigh ke icathetel,! Bhe individistideatdngents are

ocated, &y gate Lrtmagdk! hbidbor, may tHPESAHBOba Y il G RgtHR

fromthe central
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
20 emitting substance 138. Radiation emitting substance
138 is contained within interior chamber 130 of the
treating element and may be composed of any alpha, beta
or gamma particle emitting substance. Preferably,
however, the radioactive source is a pure beta-particle
25 emitter, or beta and gamma emitter. Examples of such
substances include Strontium’’, Ruthenium'®’,
Phosphorus®, Iridium'®?, and/or Iodine'®*.
The amount and strength of the radioactive material
contained in the combined number of treating elements 22
30 should be sufficient to deliver a desired dosage of from
100 to about 10,000 rads, preferably about 700 to 5,000
rads, in about 2-10 minutes. 1In trials of the device,
doses of between 1200 and 1600 rads have been delivered
over a period of between two and four minutes.
35 Radioactivity is generally measured in units of "Curie"
(Ci), and the radioactivity of the material for the
present invention is selected to provide the above
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23 and a laterally extending branch 116 of the central bore.
When inserted into the chanber 108 of the body 94, central bore 112

of the insert 110 is aligned with central passageway 118 of the body
94, which 5 wooassasi cates directly with a principal | unenpetrubdmmssas

cat heter 92, and branch 116 communi cates with internal passageway 120
of the body, which connects to the liquid inlet port 100 and the

di spatch bel |l ows 104. Alternatiegly, the insert 110 could have a’
10 plurality of bores and be rotatably mounted in the body

sel ective al i gnmeiemENten22 Jeay beiqqpatyiustegdoin the form of m PéﬁFFaI
passageway 118. Inblllbwscflindgbralicapsiiles hav1nbouEﬂdtg&t#dﬁhmﬂtﬂ&y for

fast primng of t 0

trZatPnb eIgnentgaﬁfgxi£ﬁn;aégb§fal ??Jﬁﬁg:gngoglﬁgﬁ g%agn
internal 30 baVFBQ/%a@%ﬂ&ﬁﬂ*nFﬁﬂEEY'stBFo%?Q&%FF 4 q&i&ebéx,
conmmuni cat lmg betxsmivéaewiehmemé Tatdexhadfidand reonded or weldedes oOf

t he cat heter A € @ﬂﬁf@g@/\ay 124 is provided between
a guide wire Iunen 0 %P% sM&éca eter and guide wire jnlet 102. Also
simlarly, a vEurning naw £e\a diere detaided; deseriptiom of sbe
passageway that cminetegsVbf hthéecptespiyl inveatipn| tad Odkated

2o 0 scussc BT SRS S i Boonees i fFRETN 47 om0

al | ows thelfreat |Bﬁf’atta°heﬁl E‘Preﬂl% JcQPQ)‘é‘Q:G‘ﬁVéﬁPeWH ya%t‘!*%‘ﬁi"?aslai"&fibl y

fromthe rmegarddeo Plgahe Zatdctittingssach der3gwap ke iprovidedal

| for attaching an elongated catheter tube to the loading
device. Although catheters of the present invention may
vary in the number of lumens or the specific .

15 construction of such lumens, those catheters have in
common, a proximal end attachable to a body member such
as body 26, a distal end opposite the body which is
adapted to be positioned at a selected site in the body,
and an elongated tubular portion therebetween. PFor

20 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 fittings may
include those generally known in the art which will not

25 be discussed herein, but alsc may include specially
deaigned 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 specifically

30 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
35 intended to include a catheter possessing one or more
lumens produced from a single extrusion and catheters of



radi ati on- proof containers. : It should be clear that in each of
t he enbodi nents 30 di scussed above, the body, carrier (insert or

carriage) and catheter may be provided in various conbi nati ons of
assenbl age, as a matter of choice. For exanple, the body and carrier

coul d be preagﬁﬁ d or even of one pi ece construc 0 arly,
t he body coul b}?&gg Mﬂjs?@sﬁgﬁe

preassenbled with the catheter tube
carrier separate for conveni ent storage and transportation of
the treating elenments. Alternatively all 4ghree el enents WO
97/ 37715 PCT/ US97/ 05538
24 coul dmbktipiealumenanvhereinithel datheltterdési made up of

configuration ogbégféa-geﬁggaiewgghgspsﬁﬂajedIy%ggﬁugk0|an to sel ect

t he appropriate coﬁ$rmu|o g geng Q 4 %Lred rocedure. 5

For radiati on expos e (i j4istal, end portion of i oRE ¢ enents 22
contai n radi oactathetext &f &he presentpinﬂantﬂdqy benerem1YtaUQ140n t he

pref erredgembodg {flithe treatd gwalaﬂeﬁw&a?beat R h@a&f%af'&@“ts are
elongated J|OM/ I|n erspéga ﬁ}FﬁEp S grab constructed of
10 st ai nl esBOEkIR - Fis +TFR§W AtRETEL L PEMPTiBes Jyieri al |
and are ideall ysimgldnel:utmigz oembef 142 having a proximall endt porthon

cyl i ndri cal tre%w@swdmemasdham end porttiiatdl a' JmaRdiggoond ends

wi th a chanber ext erebet ween. The_ i nner di aneter of
chamber 15 "F%“them?%1 Qiaromgmpgroxg m A
10 preferably extruded from Nylon 11 material, although

other suitable plastic materials may be used. The outer
diameter of the tubular member is sized according to the
intended application -~ for example 5 French or
smaller for use in treating the Btenotic site of a

15 coronary artery. The inner diameter of the lumen is
correspondingly sized to receive the treating elements
22.

To prevent treating elements 22 from exiting the
distal end of the tubular member, a retention projection
20 may be prbvided in the lumen to block passage of the
treating elements, such as an end barrier 146. Barrier
146 is a separate molded tip adhered or bonded to the
distal end portion of tubular member 142. Barrier 146
preferably has a smooth rounded external surface to

25 minimize possible 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

30 surface of tubular member 142 at the distal end portion.
To provide a continuous 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

35 may also be provided internally as well. Preferably the
barrier 146 and marker band 150 are constructed from
barium, a platinum-iridium compound, or like substance,



first end plug 132 closes the first end of the cylinder, while a

second end plug 134 cl oses the second end. The end plugs are
preferably | ess than about 1 nmin wdth and are affixed to cylinder
128, for exanple, by 20 wel di ng. The outer dianeter of the
treating el enyyy Fahfis preferably between approxi nmat el yconSozossss0. 8
nm bei ng sized, of course, to slidably fit into the respective
recei ving bores of the carriages, bodies and catheter 25 | unen

descri bed above. To permt naxinun1nnbi|i2% t hrough the | oadi ng
devi ces and catheters descri bed ove, the ,jnner dianefer_aqf each of

the bores or |unéhich is Viﬂﬂh@ﬁ:P@é?iﬁ@rﬁﬁﬁﬁﬁﬁu49ﬁ&§§bPFHFBH@Hts?EnHQF

preferably be ecathete&ss than twi ce the outer dianeter of the cylindrical

30 treating ele %}d #%&P%%Erﬂﬁfaﬁ? ﬁg\fx}ée 4" @Ak Bﬂstal end

el ements nmay be coate mat er | si;m | ar owfriction
material to reduE@rF$?%t94nFqﬁﬂ thB°r€ ig dnfrodpcs, Feﬁﬁﬁ? t he
wal | of theé | unebody otialpattient intonavesledied siltepwsucheasrthei ng

el ements 10 NMOVe dponary Gy 1153/ %qhoﬁhﬁglmodﬂaﬁﬁbﬁaswnecmsary
exposure of other e to the particul ar

t regtd ele
M ni ni zes radlatPBﬁLekﬁﬁﬁRR?Fﬁﬂ)ﬁnﬂiaﬁ g@Eﬁe. typlcaflymkpgp 87715
PCT/ US97/ 05538 positioned in the patient, although #Quiding cdbtbetex For

the preferred doagdea ai6o r@éﬂm | Vghe aiswfltéﬁd A e l&a»eﬁeeer is
radi oactivity of rOX|nate y §: q1 er TEL”Eter of
vessel to i tre&gg advanced ‘over the guide wlre, through umen

The pos1tioning of the device is made more precise due
to the ability to fluoroscopically observe the barrier
146 and marker band 150 at the distal end portion of the
catheter tube.

15 After the distal end portion of the catheter is
positioned such that the previously stenosed area,
generally at 154, of the coronary artery is located
between the barrier 146 and marker band 150, the guide
wire can be removed, and the proximal end of the

20 catheter can be connected to a treating element loading
device and/or pump, as described earlier with reference
to the Figure 2-2B embodiments.

Sc connected, the treating elements 22 are in
direct communication with lumen 144 of the catheter and

25 a flow path is formed therebetween. Pressurized liguid,
such as from a fluid pump, syringe or other piston-
cylinder arrangement, plunger, or elevated saline
solution container, is then directed against the
treating elements, causing them to advance along the

30 catheter lumen until stopped by the end barrier 146.

Referring to the Figure 2A embodiment of a loading
device as an example, 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

35 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 the



depending on the radiation source used. As described 5 briefly earlier,

when a train of treating elenents is used whi ch have dead space

(non-radi oactive) between adj acent el enents, the train may be

oscill ated by noving the catheter slightly back and forth or by

briefly 0§ﬁ%ﬁﬁgedly reversing the flow of |iquid, res g & 10

shifting bag& orth of the treating elenents to prov e a nor e

uni form radi ati on exposure of the sel ected area of the vessel.

The sel ected radi oactive material may beagontai ned wi thin gl ass,

foil, or ceramcs, or, alternatively, 15 Wi thin a powder or liquid

medi um such ajdumenrofathe cdatheter to ithel dijatal serd poxitdion ,\Wehdchol i d

materials are gﬁeﬂocate at [{ife Rtehotitdsptber fﬁ Iq of the material is
e

approxi mat el y lowng it to be | nsert the centra
chamber 130 oftFHBsPP§§§F¥EP ﬁ?ﬁh’ﬁﬁ??lﬁBgreéﬁpe“t51599“QG§:W fadi oacti ve
materi al s nay amotntnef radiation whipghl het srangmitiesd tand/imswesaddini n order

to be plgced i ghg po i RIRE thk b6 Pgsegalé&ﬂt@?
Various alternative_t eatln ele nt.s used to contain
t he radioacti vE&*NEREG: al I “gepﬁPFl*&FW*Qnﬁqﬁﬂ§ﬂﬂ§§P§

I nventi on. Fomhexanpheinqrniements emu&atthgougbnEhﬁsnennrdﬂecpendnéal,

spherical, or ijRgtB8 the endfé?fPiai glagnoat ed rlngs and in such
conflguratlons th | oactive material ma be actually i mpr egnat ed

in a metal af@ REERE ARAVEy FWE”UE?PFBangh ®Rd vely, 30
a radi oa® i ve pomtéonnef thefelunganaa|tnbeuheheatznating elements hlret it

may be formed idufishiefiosiaf betiaPbiebteN into the it IdiAN BiF hacapsul at ed

in metal, such_.as élta st ee S|Iver

|
plastic, as by P& Pi"igmE Onge, Wﬁﬁet'eﬂ"?‘ Eb?’éda Rarkex Ibl‘?“?t ?“PIY
anot her 35 benneednbot fluorpgcapidaldyevisualizenthe adleansd from a
cerani c materi addaetibasel@fehtd ,PRAM akcBunfIESACERHr locationQ! Ution. In

a still lfsurt her'.l‘haeI earrg?.tei'vgfxd tlbaerléerre%anr&gmay be specifically spaced
to cover the distance of the lumen occupied by the total
length of the radioactive treating elements, and the
location of the elements may be confirmed by viewing a
solid image between the barrier and marker band on the

20 fluoroscope.

To maintain the treating elements within the distal
end portion of the elongated tube, a constant fluid
pressure through the lumen and against the treating
elements may be required to counteract the effects of

25 external blood pressure and/or gravitational forces
exerted upon the treating elements, depending on the
angle at which the distal end portion of the elongated
tube is placed and on the specific location in the
patient.

30 Preferably, in order to sufficiently irradiate the
stenotic site of a coronary artery that has been
subjected to PPCA to inhibit intimal hyperplasia, the
treating elements should remain at the selected site for
a sufficient time to deliver a therapeutically effective

35 amount of radiation, which is preferably between about
100 and 10,000 rads, preferably about 700 to 5,000. The
length of time required to deliver this dosage of
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25 Additionally, to increase the surface area of the treating
el enents subject to the notive force provided by fluid being passed

t hrough the system the treating el enents may al so be provided with
one Oor NnDre apgvsrmnsd ri dges whi ch extend outwardly aboRE€TASRIO5538
circunference of the treating el enents. To treat a

| engt h of vascular tissue, a plurality of individual, non-connecting
ageatinglelenents posi ti oned end-£3-end to forma traln of treating

el ement s .l ustrate tach f
used. To keep tﬁ@%PPEéPP 4%H#%§4} #ﬂg %ﬁ @ﬂe éé%#ﬁﬁ%h ra&yﬁlra%meach
ot her, and, nore:ad:pectanelsoumﬁ treating edaments.apdethe from

beconi ng t 00 Sp%ﬁﬁd;eavpatt ti“@éiﬁhg elenen’divbﬁglbiiéwugfwuéaraﬂﬂim&wltyhe

I ndi vi dual treatln t Y gseveral
| engt hs fltl.fﬁ‘p‘z? ‘gpoﬁ r%'%m%wefggﬁ ogeﬁrg&%m&?r?%l gure

3, 5 mmeeemqgl@emd may bes 1Bokbe, £anaR) ofh R4S

encapsul at es_a ti5oue i Cdegending s e aomdeat | Rt el suff:emem:l ng

subst ance 138. Radl at %?‘hgm ﬁttt.c;'glf has %iw ed within

interior chanber*{y I Ng elene conposed of
any al pha, bet a treatmendy gaqm@tmq:@lmm. %Ys%s‘f%!‘@@d m¥ef er abl vy,

however, the ragy m&iﬂa‘éﬂn YhéE Ccabhétét! I FrdifitheDpatione &5 by apdlving , or

bet 3 and B8 gl g ”f*eﬁy % difhae), to il BIERGRD, diq 47
W,

and/ or | odi ne[ erthe lumen in whiclhihthe rexeating eé?ﬂ@hﬁt#%‘feltﬁre rHdi oacti ve
nateri al €PliB Il the 88eice)hiseet Biibetweént 1260 i g cleoent s 22

rads have been delivered over a period of between two
and four minutes.

15 Another embodiment of an elongated catheter tube
156 of the present invention is shown in Figure 5. The
proximal end of the catheter 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

20 earlier. Accordingly, only the distal end 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 158 defines an inner bore or

25 lumen 162, through which the treating elements 22 are
advanced. Inner and ocuter tubes are spaced apart to
define to define a return lumen 164 therebetween for
return of the liquid used to advance the treating
elements.

30 The distal end of the outer tube 160 tapers to a
narrow, flexible and atraumatic tip 166 bonded to the
outer tube. A radiopague barrier 168 located slightly
beyond the end of the inner tube 158 closes the outer
tube 160 and blocks further proximal movement of the

35 treating elements 22. Similarly to marker band 150 of
the previous embodiment, a marker band 170 may be
provided in an undercut area on the surface of outer



30 shoul d be sufficient to deliver a desired dosage of from 100

to about 10,000 rads, preferably about 700 to 5,000 rads, in about
2-10 mnutes. In trials of the device, doses of between 1200 and
1600 rads have been delivered over a period of between two and four
m nutes. 35 woorEadkoactivity is generally measured in uni tgerRiserdssis €
(G), and the radioactivity of the material for the pr esent
invention is selected to provide the above . WO 97/ 37715

PCT/ US97/ 05538 32 27 el ements 22 may
be constructed in the formof two piece hol I ow cyl i ndrical capsul es

havi ng a | ar ger tép@ & at a locasipn,ppaced Rraximaldyy fromakle o
smal | er - di anet epadeidr 168 toaknhaheei pllacemant iof theviaigtalhengnal | er hal f

L dably S o BOEELUE el ekbSe 359 eblds A0 B dEg0La el dod Lo

formthe capsul ructur ng now to a nore detailed
description of 1P@ation. catheters of the present invention, as stated

pLeV: Ouz! 5, gat het erghedl dsed pocteeati thensitw ofyn eerdflary &feedytached to
t he | oadi ng dey, r c regakd t g a
%@gr%a 2 1Yo Hggggpwh&@yf%zr'ocaﬁd hds! Bebh H%F%ere%

fitting such as e provi . F .ac_lng an el ong
catheter tube t®ubncthih@atheter 15§c4pcRositionadyin: Eheepeevionsline

present inventispenbsed site by & gniteetubebhsr smimillaredavieel he specific 15
et vy o o\ TUEEMTRT o LA RAGENILad o Gr eng coPRERE. 7
end oppodPte thHBaBJES Viswad fluoroscopically due to the radiopaque
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
15 repeating earlier description, the treating elements 22
are advanced along the inner lumen 162 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
20 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 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
25 described earlier, for alternative disposal.
Unlike the first embodiment, this embodiment is a
completely closed system, in that the fluid is not
released into the patient and the treating elements 22
dc not contact the blood. While this eliminates the
30 effects of blood pressure in moving the treating
elements, a small but constant fluid flow may be
required to maintain the treating elements in the distal
end portion ¢of the elongated catheter tube due to the
gravitational effects in the event the treatment site is
35 at a higher elevation than the proximal end of the
catheter. By oscillating the liquid flow between the
dispatch and retrieval pistons, the train of treating




adapted to be positioned at a selected site in the body, and an

el ongated tubul ar portion therebetween. For 20 those catheters that are
not pre-attached to the | oading device, the proximl end nay be
provided with a keyed fitting to allow attachnment of only certain
catheters to woemsynshe fitting on the | oadi ng device. Such doridsefgssgay

I ncl ude those generally known in the art which will not 25 be di scussed
herein, but also may include specially designed fittings which would
be peculiar to this device. A speci3ly keyed fitting would prevent
t he I nadvertent attachnment of the fitting or body to_other

catheters on theehements @2 mayape abifted skighiily bagk a“‘aeg?ﬁ?kot?o

recei ve the treahakq Bler@posuredalongothe desinedcared mbreturnibforng.

ﬁlareg:sztSt];\:aotmelr)ﬁvlsngelrgﬁgalf;%da@ﬁvp treatiﬁf %Bri%gted cm?ﬁeter Fﬁ% Hsggd
simlar phrases @igtalh end ROTtdRBcaft Ehe relopgated: uke: £Pr pBssessi ng one or

\r/r\%rgﬂ 3771.; | unegafpicLsime periiod afstﬂﬂéetd!)déliatdi:naﬁlhdeﬁ apeat LESL 1Y
28 mul ti p'Fe ?ﬁ?r’évnes Ak g’l ﬁf adia'{:ﬁoxf Afgys ggz‘&é?gfy ever al

s
separat e tubes b8herespedydhis is preferably Fﬂkg?}’r"e 1@%‘&8!999 ¥adsdimal end
portion of one the casé hef cinhibitlingpthe edévelopmentonf grbiwally at 140, 5

wih he treall ngyRbegRiifl OCArelr! B bifesbBbd idint of rRLALEN 18 NS

enbodi nent, the C rlse gn
10 dellvered, t treating elements 22 may be retrieved

from the distal end portion of the elongated catheter
tube and returned to the loading device by introducing
pressurized fluid into the return lumen. This reverses
the flow of liquid and creates an oppositely directed

15 motive force on the treating elements forcing them
proximally through 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

20 withdrawing the catheter from the patient.

In a third alternative embodiment of the present
invention 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

25 comprises co-axial inner and outer tubes 176 and 178
respectively. Inner tube 176 defines an inner bore or
lumen 180, through which the treating elements 22 are
advanced. Inner and outer tubes are spaced apart to
define a return lumen 182 therebetween for return of the

30 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 barrier to the treating elements
as they move along the inner lumen 180. Also similarly,

35 a marker band 186 is provided on the surface of outer
tube 178 at a location spaced proximally from the tip



singl e tubul ar nmenber 142 having a proximal end portion (not shown),

a distal end portion and a | unen 144 ext endi ng t her ebet ween. The

t ubul ar nenber is 10 preferably extruded from Nylon 11 nmaterial,

al t hough other suitable plastic materials may be used. The outer

di aneter of (b4l ar nenber is sized according to the pcnmwﬁ%&ﬁ”ded
application -- for exanple 5 French or smal ler for use In treating
the stenotic site of a 15 coronary artery. The inner diameter of the
| unen is correspondi ngly sized toa4eceive the treating el enents
22. To prevent treating elements 22 fromexiting the

distal end of ti4 tobenhanpenbbacementerafhnthendjstpdcendrpaxtion andy be
provi ded in theHelkpeateng eLtmERES e tHe deBired lochtfedj Ny el ements,

such as an end barrier 14 rrier 46 i.3 eparate ol ded tip
adhered or bonded t 658 nicidf p%f%%nterﬂfég?t f_’&ﬁgﬁi SR8 BOFEIREBE, 142
Barrier 146  elonggteflerabhgterstube otk lier Sandditaked bpitha uescofi o 25
M ni m ze Hossi jY ¢hiRA2BLOGuiQe 2O SFE8 OlagOiBCBhbUASYR FIG 6B, 2@ 2 central

opening 148 to allow,liqul.d flow t her.et.hr ough To aid in
pl acement of tlﬁ%‘% ﬁbfgglﬁf #ﬁ% gRRITaLe ik 5:}'gga{'?%n','“d %ar ker band 150
i s attached to preximaleendoportions (nat ahown)hukatapenedrdistalaendhe di st al

end portion.  portiohOaRHO¥ $8mén CPY | MUNAIRGO LhBrabbehest! face, a slight
undercut may be pro

whi ch the marker ba#&dgg?:'gﬁégeﬁ¥é%3§ﬁegwgﬁﬂgﬂﬁﬁ T?Pée%&htelfj’%g’r '
surface b9 the rigidityr forhplacenent omdis placednjntdsthedgdwwfdad
internally as vidientPovke’ abprelpssitioned Jaidecwitdf 86HE kil band 150
are construct edu/diaT ena porPibh'0k ehed'hlsrd Tubbi dk GosRlp ot O 11 ke
located at a specific selected site within the body at
which treatment is desired. Once the guide tube is
15 positioned at the selected site, and the guide wire at
least partially pulled back, the elongated catheter tube
174 shown in Figure 6A may be inserted intoc lumen 190 of
the guide tube.
As in the Figure 5 embodiment, the embodiment shown
20 in Figures 6A and 6B allows treating elements 22 to be
hydraulically 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
25 lumens. Thus, after maintaining the treating elements
at the distal end portion of the elongated catheter tube
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
30 guide tube may be removed from the patient and the
procedure concluded.
Another embodiment of the catheter of the present
invention, particularly intended for placement at a
desired location by advancement over a guide wire, is
35 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
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29 which is visible by fluoroscope during placenent of the

cat heter. In use, still referring to Figure 4, the distal end
portion of the tubular portion is introduced into the 5 body of a
patient intoo9asAed ed site, such as the coronary ar petisshmssis
foll ow ng ball oon angi oplasty. In such instances, a guide wire wl|l
typically be pre- positioned in the patient, although a guiding

cat heter could al so be used. The di @#sal end of the catheter is 10

t hen advanced over th%#gylde wire, through |unen The positioning
of the device | Putere tibeelfBeci Ianey tube 194tvowpﬁﬁha-'b?l‘?ft \SR3ller

f1 uoroscopi cal | Bﬁmtethbﬁ babe i 196, definks6 aandnner kbumdrn b0l Fdrat t he
di stal end port| 4? guideqﬁifgﬂﬁgé&‘ﬁg% éﬁcem nt of r t he di stal
cat

end portion of t

05|t|on t hat reV|oust

st enosed area, cathetﬁgéﬂérépPydﬁﬁlﬁﬁﬁl Qfatien @BFBﬁary %u?%ﬁ F? | ocat ed
bet ween t he bar rimterl 4ubend96prwkiclhaial dif5Qarger diameter, prowidas can be

renoved, and th ﬂ&(llr@eneggzogﬁ%ﬁ witich thgatgq.%ghéa%lescr,ﬁ%g; ted to a

treating el enent

ce and/ or earller

with reference ¥ravely oRPﬁErpl Luren 204 18, RRAV; the space

connect ed,

t he theaieciy thiecinnds Sfrface iof the outérr enbe cmmwnd:euhe)n W th

| umen 144 of the .g@é#%%a@aq ﬁ% _the rfm{ézo“lﬁ 193 hRAENES LAY %ﬁiﬁe”-

Pressuri zed I|q

pi st on-

1iguifoBAes to JFEARROTY the) Evgating lements.

sol uti on cont ai ner uss idean dnrntgwhaya.l nﬂte duter tube 19&Masmarel enents,

' h 3 I db
CEUSLNG L L G e by e, Wﬁ?’ﬂb‘%ﬁ?& 13 e "or o

| oadi ng
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cE%?Y%?Qﬂ;W%?héﬁaﬁb?eD“??F it thecRegipning (h

taper and at the distal end of the inner tubes 194 and
196. The wall 206 includes an aperture in sealed
communication with lumen 200 of inner tube 194, through
which a guide wire may pass. The wall 206 is preferably
slightly spaced from the distal end of the other inner
tube 196, through which the treating elements pass, to
allow liquid to exit from the end of tube 196 for return
through the return lumen 206. The wall alsc provides a
barrier to prevent the treating elements from exitlng
the end of tube 196.

As in the earlier embodiments, the elongated
catheter tube 192 has first and second radiopaque marker
bands, 208 and 210 on the outer tube to aid in placing
the distal end portion at the desired 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.

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



fromthe body 26 to the selected site in the patient, the carriage

48 is noved fromthe first position to the 35 second position. This
rel eases the treating el enments into the fl ow path where they are
carried rapidly by the notive force of the fluid therein into and

t hrough t he WO 97/ 37715

PCT/ US97/ 05538 57775 - 30 PCTORIeR of the
catheter to the distal end portion, which is located at the stenotic
site. The rapid transportation of sghe treating el enents reduces the
anount of radiation which is transmtted to tissues in 5 t he body

t hrough whi ch tearldlesnga®he dietal cend partion ofckberglongatedthis
Chrough the conoiitss LhBBSES! théq ponitiondd hothe WeRLOPRDwLLe | o
ug | | e.end . barrjer .
As not ed above,"’tFS’ér'i‘ gg&c ggﬂ& ?ﬂet%? s?aat?q‘eé‘r’fd b¥0adva“f)b??i%?he Sathgker
el ongat ed tube,over a pee-prgitionediguidewire. Iprthisiembpdimenthei ng
ej ected igto thg,dhiidet wike! B8y be alldwdid it® rémlinOfk pd@{tBior.he barrier

. p .
and mar ker band_ma be u to fluoroscop |y, visualize the
rel eased T’f’%i’ﬁ?&c?ﬁe‘gpﬁﬁﬂ??t a‘?‘fﬁ'aé‘%@g n%ﬁsgr#h:}e r location. 15
The barrier ancunmedessaryngonidpsertsiheiguise wirepaceecond time dfc@ver the
di stance of thegd MR} atheited 8Y 46¢iddlnleds to bel enséiréd dfter

be. conf i rmed bydi# dofersaent 1s BGmpletedyroc pevecn the barrier and marker
band on 1fe 20 fTheo radiopegue marker bands 208 and 210 are visible
on a fluoroscope and aid in the placement of the device.
When the distal end portion of the elongated tube is
positioned such that the selected site is located
between marker bands 208 and 210, liguid may be pumped
15 through the lumen 202 to move the treating elements to
the distal end portion of the elongated catheter tube,
where they are accounted for by the positioning of the
marker bands. After sufficient irradiation has
occurred, the flow through the device is reversed by
20 reversing the flow of pressurized fluid through the
return lumen causing return of the treating elements to
the loading device. The elongated catheter tube may then
be removed from the patient and the procedure completed.
A further alternative embodiment of the catheter of
25 the present invention, preferably intended for placement
over a guide wire, is shown in Figures 8A and 8B. The
elongated catheter tube 212 comprises a pair of inner
tubes 214 and 216 that extend in a parallel side-by-side
arrangement within an outer tube 218. As in the Figure
30 7 embodiment, inner tube 214, which is of smaller
diameter than tube 216, defines an inner lumen 220 for
receiving a guide wire used for placement of the
catheter at the desired location within the patient.
Inner tube 216, which is of larger diameter, provides
35 inner lumen 222 along which the treating elements 22
travel. A return lumen 224 is provided by the space
between the inner surface of the outer tube 218 and the



To maintain the treating elenments within the distal end portion of
the el ongated tube, a constant fluid pressure through the |unmen and
agai nst the treating el enents may be required to counteract the
effects of 25 external blood pressure and/or gravitational forces

exerted upon ghasedragti ng el enents, depending on the rNglse7assaswWhi ch
the distal end portion of the el ongated tube is placed and on the

specific location in the patient. 30 Preferably, in order
to sufficiently irradiate the sten@7c site of a coronary artery

t hat has been subjected to PTCA to inhibit intinal ygerpla5|a t he
treating el ement Sutel Rurfaces @fathendnaer fukas 2ildo apg 216° for yeturn

sufficient tine Egodleds idiquid Reedpeot teansport et mreataﬁg eleﬁlmm.t of

radi ati on, which,is o) rads
pref erably about 17 t’)ﬂ)% qig,a%ﬁ%&g%gg 2 #ée%l‘f%ed fmt m?are ul re
deliver this dosshe Bigure 8 imeng 7/ YFr' inner tube 714 (£ or
PCT/ US97/ 03538  the guide wire) extends fully along the lengthrafi ¢tié on

depends prinmaril ﬁBﬁ? t'g%st%fdngaladois xéded t‘fre(yt %q_'te&vgﬁégugge ed in

the treating ele ing el ts e oyed.
The radi oacti vit flistal-moptedaeation,where the (ontes: tabg: Asotaperedour ce

gsegog 5 Snd the entsFfurerBA,Man &nteﬁnibaaamm ah60.145pi-ev1dedh ,
tg 10 m nut egpenglgng%en %4160?\/\&!&?9‘““@? %{'bérea Cl'ﬁ‘{]:toutgr%1 w{'fi'le:gtrrlg!r'\esglcerrg?\t S
may be rerdfved bfreating plements axe: Farsiedetto hlagk the P&PPéﬂ? % by
appl yi ng treating elements from the 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
15 as depicted with barrier 228 in Figure 8B (which is
otherwise the same as Figure 8aA), and an aperture 230
may be provided in the wall of inner tube 216 to permit
liquid to flow between the treating element lumen 222
and the return lumen. Although not depicted in Figures
20 BA or 8B, it should be understood that the elongated
catheter tube may also include a series of marker bands
appropriately placed along the length of the tube to aid
in accurate placement in the patient.
Another embodiment of the catheter of the present
25 invention is shown in Figure 9. As shown there,
catheter 232 has three co-axial tubes, inner tube 234,
outer tube 236 and intermediate tube 238, which all
extend the full length of the catheter. 1Inner tube 234
has a lumen 240 for receiving a guide wire for placement
30 of the catheter at the desired location in the patient.
Inner tube 234 is spaced from intermediate tube 238 to
define an annular treating element passageway 242
therebetween. In this embodiment, the treating elements
are preferably ring shaped, as at 244, or donut shaped,
35 as at 246, to allow them to slide over the inmner tube
234 and along the passageway 242. To provide a return
flow channel, the inner diameter of the outer tube 236



10 suction (such as by a syringe) to the proximl end of t he

| umen in which the treating elenent travels. In trials of the

devi ce, doses of between 1200 and 1600 rads have been delivered over
a period of between two and four mnutes. 15 Anot her

enbodi nment ongat ed cat heter tube 156 of th ﬁm&?f

I nvention igﬁg o&ﬁkin Figure 5. The proxi mal end o?m?ﬁgﬁcat eter
tube may be pre-attached to a | oadi ng device/ punp or enploy a
fitting for keyed attachment to sa&h a device, as described in
detail 20 earlier. Accordingly, only the distal end portion of

the catheter i§8debiqntiyiharspgugbaa.the intermediake $MbRN2B8 tPgure 5, the

el ongat ed tubep#&bide a ret@fPEl6RSpatha2is|thcrebeta@dnout er tubes 158 and
160 respecti y, u ef d ' r 0+ 25

| umen 162, through %‘\%c m* h%geh‘%apl ﬁéggfgrrieénts %ﬁah%m; mgi)'a&éltd{\:'/"'él%ced. .
| nner and out eP1RGNRE0 o Rrefexabdy,pa, Fagicpaque mageriiad,: bopded ®¥0a return
| umen 164 t her ¢thet ¢sd® dPrthe innerr ahdr outér ttubes @3iddanded3so advance the

treating ' e f u tube 160
tapers to a ceﬁwﬁ%%’vﬁ%ﬂx?é?e%ﬁ%ﬁ?%@m J‘|E.'cgtq'|u fggsgongé%i to the
outer tube. A Ehgibpesage of & guideswise PEqthg iljke for placemeptRft he end
of the inner tyhe ¢athetarsart ithe debired locatiome The daidthloena ofrt her

e i s i e o S
provi ded® n anthgueby Allpwihdthentreating celament passageway 242 4p
97/ 37715 communicate directly with the refiifil UI™W @athS248.
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
15 within the body at the selected site.

After the distal end portion of the elongated tube
is 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-

20 shaped treating elements, moving the treating elements
‘along the passageway over the inmer tube 234 until they
abut the distal tip plug 250. The radiocactive elements
are retained at the distal end portion of the elongated
catheter tube for a sufficient time to deliver the

25 therapeutically effective amount of radiation to the
selected site. To retrieve the treating elements, the
fluid flow is reversed through the flow path by forcing
ligquid in a distal direction through the return lumen.
Following this the elongated tube can be removed over

30 the guide wire and the procedure completed.

In a still further embodiment of the present
invention, shown in Figure 10, a catheter 254 is
provided which includes both an inflatable balloon
membrane 256 for carrying out a balloon angioplasty

35 procedure and treating elements 22 fixed in the distal
end of the catheter for simultaneous treatment. The
catheter of Figure 10 includes an elongated tubular



32 tube 160 at a | ocation spaced proximally fromthe barrier

168 to enhance pl acenent of the distal end portion and the treating
el ements at the desired | ocation. 5 When used to treat the
site of a coronary artery where a bal |l oon angi opl asty procedure has
been carried woeyzrmn®ut, this catheter 156 is positioned i npchaspnossssous!y
stenosed site by a guide tube or simlar device. Posi tioning of the
distal end portion of the catheter 10 may be viewed fluoroscopically
due to the radi opaque barrier 168 &% narker band 170.

If not pre-attached to a_|oadi ng device/punp, the [ oXi end of

the catheter is RP¥EaRe#58s $yphcally of e’E%H"PB &§n8§§ﬂ?€b‘éﬂ' g‘?ﬁ*& & .

W t hout unnecessgiide wire lumeap260i and can |infilatdoor lpmenn262 he Areating

el ements 22 balfddn i%@?sﬁ@ EBOE&%&'W%J WiBRaibendfof heneat het er
0 ui 0

under the force | W ng t heret hroygh. th this
enbodi nent, i nst@éﬂ’?ﬁireﬁuheng“flr BﬁPiﬁg g‘?sftli% eé;%rxor surface to L or
t he | qui dsexit safirimflatabdiesballoon.of PGt 264 communicatésnbetwesm t hr ough

Chrough he retuphe iEistion 1umenidnn Che NfUSr iRsbarflin BTN 1
out er t ubé‘.‘f%fei%t%n%a?&w{} {’rﬁyp’f)%“dﬁq% Q'F'S“SQH HY)JSHE

the | oadi ng devi distalnendt pexibs ofl theteathaterciis, showas5-~ thelescri bed

Thi s enbogmen PEOSa® ohcP RE° She catheter beind brblchlcop o OO0l OoTs
not O el eaggﬂl??&?t't%&%t@ﬁt céﬁﬁ{:’t"ﬁ%uﬁ%&’l EPéﬁreﬁ’t‘%"‘kzt" do
not contact the bhose. skillled dnt the Shiekdnates the 30 effects of bl ood

pressure in noving thf, i35 drdd radiatioft! €r&dtinentd st taRbus PPkt fluid

end portion of tRcbebihrmangieRinsty, Prapeinn, sadipsttive tieabings, onal
effects in the eelements 22 anendocatedewithys the ballgoni ghetweervati on
than the poxi NBbogRflaPfwd¥i®s 266 and 268 of the distal end portion of

the catheter. The treating elements 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

20 string of treatment elements to maintain the treatment

elements at a fixed location within the balloon and aid

in locating the catheter at the desired location.

The strength and other characteristics of the
radioactive treating elements are essentially as

25 described earlier and will not be repeated. With this
construction, the balloon angioplasty procedure and the
radiation treatment of the stenotic site may be carried
out simultaneously instead of sequentially, thereby
further reducing the time, cost and risk associated with

30 such procedures.

In use, catheter 254 is positioned into the
stenosed area of the artery over a pre-positioned guide
wire. Using the radioactive treating elements alone or
in conjunction with the radiopaque end rings, the distal

35 end portion of the catheter is positioned such that the
balloon portion is located at the stenosed site.
Pressurized fluid introduced into the proximal end of



catheter. By oscillating the liquid flow between the di spat ch and

retrieval pistons, the train of treating WO 97/ 37715

PCT/ US97/ 05538 33 el ements 22
may be shifted slightly back and forth to make the exposure al ong the
desired are ni form The radi oactive treaj) nts
remain in tﬁgﬁ?ﬁﬁwﬂ distal end portion of the el ongated tutgﬂg%ﬁkgﬁg
sufficient period of tine to deliver a therapeutically af fective
amount of radiation. As was previously 40 di scussed, this is preferably
about 100-10,000 rads, in t he case of inhibiting t he devel opnment of

i nti mal theeinflation lumensr ag withiaj eyxringmuenters: shraugbn is 10

del ivered, thepbrgadédy HhLIEYY %&mm&ﬁ?tm@\@?pandm baleBbhhe distal

end portion of th el on ed cat retur ed to the
| oadi ng dewce"’ﬁ?g 0%%% qﬂrpresses ﬁPss§ﬁ+?€%Eﬁ§|éhﬂﬁqﬁn59 he return
| umen. This reiacsecses the diamertiexyoff thegblood neaselat c Shenbsppoont el vy

di rectedsl5 tbaedéﬂ&@&rhﬂdﬁ&nu aahtam eisrm&ﬁﬂéa Gn¢niBem
proximally thro

nner, | u Letprn, to | oadi ng
devi ce. The elgﬁgéPiﬂnc ?ﬂéﬁ%ﬁ 4gﬁ§§a%§ %8ﬂ g time t°r§§ﬁﬁﬂ§ﬁ fBom t he
patient and t hsfﬁeotnmrmmmqmmdiation to| the rprevisiusly stenosedi ng
el ements may b%réS”DV@ﬂebdeﬂ:&e méy tt'h@ha%nﬂeﬁbﬁe&affm Rhe g‘i’ﬂi.&ﬁ% patient.

In a third alteraa£+ve enbo 1 %hs pr esent I nvéntion shown in
Fi gures 6A and?® FePEST q?ﬁ QQ?P e constructed and oper at es

similarlyto that deigureecll fajyows a variation of the radiationm

delivery system of Figure 10. In 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

15 radiocactive treating elements are located on inner tube
272 and 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.

20 Figure 12 shows the distal end portion of another
balloon catheter 280 embodying the present invention.
The catheter 280 employs three coaxial tubes, inner tube
282, outer tube 284 and intermediate tube 286. Inner
tube 282 defines an inner lumen 288 through which a

25 guide wire may extend for placement of the catheter at
the desired location. The space between the inner 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

30 tube and the outer tube 284 forms a return lumen 292 for
return of liguid used to transport the treating
elements.

The catheter 280 also includes a balloon membrane
294 bonded at one end to the exterior surface of the
35 outer tube 284 and bonded to the exterior surface of the
inner tube 282 (which extends beyond the distal ends of
the intermediate and outer tubes) at the other end. The



the Figure 5 enbodi nent. El ongated catheter.tube 174 25 conpri ses
co-axi al inner and outer tubes 176 and 178 respectively. Inner tube
176 defines an inner bore or | umen 180, through which the treating
el ements 22 are advanced. Inner and outer tubes are spaced apart to
define a retuwpdnsmas 182 therebetween for return of the 30Pcrushiassisd used
to advance the treating el enents. The distal end of the outer
tube 178 is not tapered, but is closed by radiopaque solid tip 184,
whi ch al so serves as a barrier to the trea#}ng el enents as they nove
along the inner |unmen 180, Al so sinilar

of toe

, 3D a rker, band 18 S
provi ded on the dis%akend outer L%%elslﬂ%edangvot?a{’?ﬁﬁ a£%
proxi mal |y fromwhichimay be radiopaqu, OF¢ Itk the exit of the

PCT/ US97/ 05538 tﬁ ating elements from the d:.stal end3®f lumen 39d.topgnhance
pl acenent of the Lsta gguié%%Ht n and ?&énﬂﬂsdggath g ele nts at the
desired | ocati on®h ﬁlPFﬁF bF5 £4RPRPY
portion of 5 treatipg celenentst i alse uged to finfilateathe bgllh@nuse of 5
a third or gui dephibRadés aﬁ:%du@hshﬁ% i8 foE Fdjuited if a sépapataer ein,
the separate third iub 88 g i %gﬁéﬁ% gﬂj shown), a
tapered distal enBf ati hHPFVbH”EﬁdP§°F fie bg?h ALHRPReen.
In use, the gui dmembbanéasa siide opentingt 228 goh portl(Gs proividedt ynfthe
placement or is gh eg:'f‘ﬁé’ 6&&1@%%0581 and ald@iine® eolﬁﬁeﬁmed at:
pre- p05|t|oned gwgP 39 % I stal, en ortion % %e
third tubdar 6 1f esired. ith this construc ion,
pres-urized blood-compatible liquid, such as sterile
saline, may be used to advance the treating elements
while simultaneously advancing the treating elements to
the distal end portion of the catheter. The treating
15 elements may be retrieved by reversing the flow of the
liguid through the return and treating element lumen 292
and 290, respectively. Further release of pressure
exerted upon the ligquid will allow the balloon to
deflate and the catheter to be removed.
20 Figure 13 illustrates a still further embodiment of
a 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
25 contained within an outer tube, and the interior space
therebetween forms a return lumen. A balloon membrane
310 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
30 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 permits expansion
of the balloon membrane to carry out an angioplasty
procedure within a blood vessel at the same time the
35 treating elements are being moved to the distal end

portion of the catheter (where the balloon is located)



| ocated at a specific selected site within the body at whi ch
treatnent is desired. Once the guide tube is 15 positioned at the
selected site, and the guide wire at | east partially pulled back,

t he el ongat ed cat heter tube 174 shown in Figure 6A may be inserted
into | unen t he gui de tube. As in | 5
enbodinent,%?ﬁgggﬁg%dinent shown 20 I n Figures 6A and Eﬁ?@ﬁ}%ﬁéﬁ
treating elenments 22 to be hydraulically noved between the proxinal
and distal end portions of the el g3gated tube, with the direction of
the hydraulic flow being determ ned by the pressure gr adi ent

exi sting bet weao effedt| radigtionl tr=atment! oZ5the tisswedbeinglhus, after
mai nt ai ni ng t hg ket bRdes! €HEYa1100n andilop1R8ty shééediftd portion of the
el ongat ed cat hetuepgtgtge or oa gesﬁﬁe%ggr ?og géf. turﬁ, the treating
el enents may EBQuFSt 1# cohowe, A deyics hd8: e8RAeRELaLLY o t hr ough t he
el ongat ed t ube.identlicalngot phattétmmatz‘lmtx-ilguarndzcnand desc¥ibed igui de tube
may be T ved el BarRabl e Exddiit Wit the bolyOREMHEF S NHldiiRe

Anot her enbodi nent caf heter of the presen I nvent, on
particul arly it dRFeh ?Gﬁ'pFBEErﬁts%”%F 1caded Bigy tQ Fefain Jnagrt
advancenment ovalOawjthde champber of3cavitysiidin | A Feleass mechanisiB. The

el ongat ed cat hefs§f wladyPRlso be prdVideiRid T¥AedsetheCingdRel tubes 194 and

\1/\%69;?2;715 ext er’:.%u'rgsalgﬁlﬂ eslhésv':daer{o -esi_l deI ar| angene '[38WI thin an
35 10 treatment delivery system that is similar in many

respects to the embodiment shown in Figure 2C. In this
embodiment, however, the gate 114 is in the form of a
disc 318 pivotally mounted at the distal end of the
insert 110. The disc includes a pair of spaced-apart
15 apertures 320 and 322, of different sizes, therethrough,
which may be moved into alignment with the center bore
112 of the insert. One of the apertures 320 is smaller
in diameter than the treating elements 22, and when
aligned with the bore 112 blocks the passage of treating
20 elements from the bore 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
25 insert by liquid flow pressure and advanced into and
through the 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
30 opposed side access openings 324 for accessing the disc
318 to pivot it between the desired positions, and a
pair of opposed viewing access openings 326 for visually
verifying the location of the treating elements. 1In
this embodiment, the catheter 92 has a proximal fitting
a5 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



outer tube 198. |Inner tube 194, which is of smaller. di aneter than

tube 196, defines an inner |unen 200 for receiving a guide wire used
for placenent of the catheter at the desired location within the
patient. 5 | nner tube 196, which is of |arger dianeter, provides

inner | unen 204 oad-3d Which the treating el enents 22 PCTUSdr0ssHEt Ur n

| umen 204 is provided by the space bet ween the inner surface of the
outer tube 198 and the outer surfaces of the inner tubes 194 and 196
for return 10 flowof liquid used to tﬁansport the treating el ements.

As seen in Figure 7A, the outer tube 198 S an en t ered di stal
end. An interl uiivmenr @f rheopatheter areppa gned V&anqpé) er tube at

the begi nning Ofahhﬂgeways bfpene dullyat the distal end of the inner tubes

194 and 15 Z%NW d ‘
conmmuni cati on mnth |§§§H¥goh |nner 1§E§6366% fbdrbfﬂ%yée whi ch a gui de
wire may pass. Treaking spstem of fhe aﬂefen 1“"%?? 1y A8 BHOWD; [ om ¢ he

di stal ends of tfﬁhe&bbethenﬁeéatxng eleniznts9082 tbreugﬁnﬁﬁunddtﬂneatreating

Ceturn - PO ifepgad, g Sleut |unet‘*z§§hb’r§aoﬂbﬁ"’?e3?ﬂ ; %fec‘}*v‘figgéﬁgé or
barrier to prevekck N@WPG&PF@:"%IW SnfpExthe niplet end gf theg of

tube 196. assageh}ﬂ anihmakerlier lewkodbmettort3ds dspravideds

cat heter tube 19 a CEWL | h a gnds, 208
and 210 on the outer t%@ %8 g?% g?%gﬂ&@&ﬂ?,”& gﬁgZ%taJ X% portion
at the dedfPred |Bkthing, as,deggribe AP MAY hﬁt%ﬂe arlier, although

general |y depicted DurlngOMrhheloundwstnﬂaga a namponaryhﬁuﬁﬂbodMBsnts t he
30 mar ker s neibéﬁadﬂﬂﬂﬁbQSQ b?g'ﬁ? iff%éﬁﬂhh%be atoﬁﬂréih;onned%ﬁﬁve”'e”t

| ocation, such as on an 1 nn surface ting
fromthe present33§huﬂﬂh€bﬁ°n“e°t°r 338 ingluges PoPlPr 88ic site
in a coronary from the eonnectbrr intatthe pasisagpwayi tel held tie t he

elongated 3> ¢ iﬁng cidhehtBCLATY14 i FRO02AECH barAidpAlalast
separ at

deV|ce/punp or conne I C a keyed
fitting or siml ’P&(Féer?ém“ étg H?%tugﬁl?d%"ﬂe% &ha’ét the

passageway is smaller than the treating elements,
thereby keeping the treating elements located in
generally the center of the body 332.

20 To use this embodiment, the temporary connector 338
is removed and a female luer lock connector {(or keyed
connector, as discussed above) connector 342 at the
proximal end of single lumen catheter 344 is attached to
the outlet connector 336. A source, such as a syringe

25 or suspended container, of blood-compatible liquid, such
as saline, is attached to the inlet connector 334, and
ligquid 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

30 distal end portion, which is presumable located at the
site in the vascular system where treatment is desired.
After the treatment is complete, the treating elements
are removed by withdrawing the catheter from the
patient’s body or by applying a suction to the proximal

35 end to return the treating elements by the force of
.reversed liquid flow.
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36 earlier. The distal end portion of the el ongated cat het er
tube is then positioned at the selected site wi thin the body of the
patient by advancing the catheter over a pre-positioned guide wre.

In this enboabr;%%mS the guide wire may be all owed tOP&'FIBE;M

posi tion. I's has the significant advantage that it rs

unnecessary to insert the guide wire a second tine if a further
catheter or device needs to be inserted algter the treatnent is
conpl eted. 10 The radi opaque marker bands 208 and 210 are visible
on a fluoroscope an¥ignyei 47tie identdead: tof Figureecl? cexcept thavhan the

di I'sta{ Snd_ Forfffbﬁl&tﬁf fbhsxshpmadﬁ\ﬂeshskis rmcriﬂ!&i tdvyiedd;g?échl_tha_t dt he
sel ected site | ocat,e ween [ Ker nas an , I qul

may be punped 4. athgBﬁgﬁ“?h‘éPﬁaWeﬁ”ég%"f‘o 'éa'f?u?ézoﬁ'éﬁtibﬁé‘ ements to
the distal endbsotheopubert hube| Mfydnaread: pét thet twbe 284. Thehere they
are accounted iipthl eha BeSthe Mittintst ttbe 346 téBmimitddrYope After

sufficient irradiatjon,ha rred, the flow throygh'the device is
reversed by'201n€% e&BPsﬁﬁbl??ﬂaWéﬁ%%#ﬁﬂ'pfggsﬁPFz%RPéﬁLhéﬁﬁﬂmPo Sﬁ t he
return |umen cawsdiergposs: tuheod4¢ Aand the itupecR8Acprevides an t he | oading

device. The el ghgalatdonalBfeA 348/ Renrtiigh Wlch presskeizéePiedd halp t he
patient and the,proced

embodi nent of c&ﬂﬁ§%§F§8+ éétéﬁk quee hepeath fh%ﬁﬁ%“ﬁﬁ?s%ﬁfﬁgfahri
i ntendedi®or plinfdase the balloory Ihif ¢enstructiensablews a Fi gures 8A and
8B. The sRipaiatiecdoapblcbe predturibedC 1RLHSES Be Afdda Yo | Nner
inflate the balloon membrane, and inflation of the
balloon membrane is not dependent on the pressure of the
liquid used to move the treating elements to the distal
15 end portion of the catheter.

Similarly, Figure 18 is identical to Figure 13,
except that an additional tube 350 is provided over the
other tubes described in .connection with Figure 13, and
one end of the balloon membrane 310 is bonded to surface

20 of the tube 350. As with Figure 17, the space between
the additional tube 350 and the tubes described earlier
provides an inflation lumen 352, the distal end of which
lumen opens directly in the area beneath the balloon
membrane. This construction also allows a source of

25 fluid, independent of the liquid used to move the
treating elements, to be used to inflate the membrane in
carrying out an angioplasty procedure.

Figure 19 shows a still further embodiment of the
distal end portion of a catheter 354 having an elongated

30 inner tube 356 (which extends from a proximal end
portion, not shown) defining an inner lumen 358. The
inner tube 356 extends co-axially within an outer tube
360, the distal end of which stops short of the distal
end of the inner tube. Balloon membrane 362 is attached

35 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



tubes 214 and 216 that extend in a parallel side-by-side arr angemnent

within an outer tube 218. As in the Figure 30 7 enbodi nment, inner tube
214, which is of smaller di anmeter than tube 216, defines an inner

| umen 220 for receiving a guide wire used for placenment of the
catheter at tRgyggshised | ocation within the patient. PERNBSoTRsBE 216,
which is of |arger dianmeter, provides 35 I nner |umen 222 al ong which
the treating el ements 22 travel. A return lunen 224 is provided by

t he space bet ween the inner surface4sf the outer tube 218 and the
WD 97/ 37715 PCT/ US97/ 05538

37 outer Soringces thflatiomrameny364, 2throwgh Misichyliquid: may

flow of liquid usRdiherbaadedOtsd idi@dveahenBatisornt s, in the very

sanme manner as depicted in Figure 7B. _ | h ' enbodi nment ,
however, inner tube 2$4Sf?5¥a€e gl%ﬂ?é‘egj{]f"a&“ﬁ}?%)&é% g}ngadg ’%ul |y al ong the
| ength of the  inseytabletimto 2imner;damen B5AJ8UCk cthake the sistalcend t he
giA stal - _motsts ! olcatﬁdﬂ_ionhggetwes@aﬁté \tubel iiéﬁp@iﬁldin the area of! 8hé&i gure
, an internal harnkier i s_provide 0 e tnner tube
216, through whi ltlﬁ’ ™10 @he ?é)%%ﬂ%g%é\bgrrg%?ga{é?ée %aﬁﬁ%ﬂ,“{ég) bl ock the

passage of axteading fromcthe proximalcenis({net showt) tthroughe 216.
A center opening yyichherBating'eleifieritd @45 aredhibdable under RAfS forew t he

oD 2o oy 4 FviHC sl A ne prpkEHELD IEFE adld alve!
(which is 10 portion of the catheter (the liquid in this embodiment
- exits through the distal end of the lumen 358).

In keeping with a further aspect of the invention,
there are seen in Figs. 20-37 further improved
embodiments of an intracoronary radiation system. As

15 illustrated, improvements have been made to the
transporting and/or loading device (herein called the
transfer device), the catheter, and the interface
between the two. Once again, the specific design of the
fluid source may be chosen from various alternatives

20 such as a syringe or other mechanical pump or automatic
fluid injection system.

As shown schematically in Pig. 20, the
intracoronary radiation system comprises a transfer
device, generally indicated by 401, and a delivery

25 catheter, generally designated by 403. The transfer
device 401 functions to house and shield the radiation
source train, generally indicated by 405, and controls
the direction of fluid flow for priming the transfer
device 401 and catheter 403 to effect delivery and

30 retrieval of the radiation elemente. The radioactive
source train 405 comprises two marker seeds and a
plurality of radioactive treating elements or "seeds"
(which are described in greater detail below). The
seeds of the radiocactive source train 405 may be

35 connected together.

The transfer device 401 is shown in exploded view
in Pigs. 21a, 21b and consists of three main assemblies:



ot herwi se the sanme as Figure 8A) , and an aperture 230 may be
provided in the wall of inner tube 216 to permt liquid to flow
between the treating el enment | unen 222 and the return-|unen.

Al t hough not depicted in Figures 20 8A or 8B, it should be understood

that the eloqﬁg catheter tube may al so include a kﬁ%s mar ker
bands apgégbrlately pl aced al ong the length of the Féﬁé %?d

in accurate placenent in the patient. Anot her enbodi nent of the
cat heter of the present 25 i nvention ges shown in Figure 9. ‘As shown

t here, catheter 232 has three co-axial tubes, inner tube 234,

outer tube 236 mwat houeingdandecfluidk @EIFrolhswhtah| assembly edt’ynd t he ful |

2501 de wi o1 Ginited hobBify dkdcadiiiator switBAIeRUtLIELED U1 Loation
gui Wi Si i

in the patient asééi%iY”ﬁHhera ﬁb@piﬁﬁ-qﬁyé;&ﬁcggffron1internediate t ube 238
to def i ne an asnbeb&r seenain ig! dfntthpareagchoysinkp 407

t her ebet wgen ébthP 8"ROEy TBRAriddlE .iémtﬂ a43¢! gf@f&famy mad'}

preferably r|ng or to

as at 244,
allow themto s‘F]r‘%ﬁ%pG‘\?é‘P“t RE clenr mar °nat3234'rﬂﬂd°¥1}’cﬂfgtfﬁ?é passageway
242. To provi denembeat 433 includes| two caxdalelthrohghi humensli 1% tfor of t he

outer tube 236 ¥YWbO¢taidiens steel socket head
PCT/ US97/ 05538 PoBitioning el socket head screws 417

1S S tly
| arger than thethak SORDECY: the Feashoysing 407 ﬁf’ogpﬁe"%“?%?)urlﬁ’qq"gﬂ pat h
248 t her et weet9. The end of the catheter is closed by a nol ded

tip plug 250, miertgndhyichl RchpeR @i ThtEahak. a bopritshlRal
recess 419 for placement of the fluid control switch
421, which is discussed in greater detail below. The
rear housing 407 includes two female luer fittings 423

15 and 425. These fittings 423, 425 may be recessed in the
cylindrical member 413 and are preferably made of a
polycarbonate and secured to the cylindrical ‘member 413
by, e.g., adhesive. Luer fitting 423 is attached to the
proximal end of the rear housing 407 and is in f£luid

20 communication with a fluid inlet channel 427. Luer
fitting 423 connects to a liquid or gas filled device
(not shown) that is used for hydraulic or pneumatic
delivery and retrieval of the radiation source train
405,

25 Luer fitting 425 may be attached to the bottom of
the rear housing 407, as seen in Figure 2la, or may be
attached to the proximal end of the rear housing 407,
adjacent to luer fitting 425, as can be seen in Figure
21b. Luer fitting 425 is in fluid communication with

30 the fluid exit channel 429 and can optionally be
connected to a fluid collection bag or reservoir (not
shown). The cylindrical member 413 also includes a
hydraulic return channel 431 and a seed delivery channel
433. Each of the channels 427, 429, 431, and 433

35 communicate with the cylindrical recess 419.

The fluid control switch 421 selectively provides
access between the various channels 427, 429, 431, and



5 the ends of the inner and outer tubes 234 and 236. Cent er

passageway 252 through the tip plug allows for t he passage of a guide
wire or the like for placenent of the catheter at the desired

| ocation. The distal end of the internedi ate tube 238 stops short of

the tip plug,wd@ss7nd hereby allowing the treating el ement prevussNEsss242 to
comuni cate directly with the return flow path 248. Radi opaque

mar ker bands, al though not shown, may al so be i ncorporated on the
di stal end portion of the el ongated 47cat heter tube to aid in placing

t he el ongated tube 15 wi thin the body .at, the sel ec&

After the distald¥h¢opdntreduce and/Qn E%% a‘:’S'?""s"eposmloned at

t he desired | ocaipeatnientt beenantsmnd &he markeh geeds fxowh the saline, is
forced through t&azioe%t baﬂneuar 10%) eMRY ﬂ%&aaeewﬂoﬁ%m chzuect ed

Slamonts iy o gRReEaRLY Al et Rk, HEFAR. e BIA At Moy

abut the dstal is pyereraldyOcylindricabeaand hasetwoecuxved portisens ret ai ned
at the distal e % d Froff ﬁhgetSboﬂﬂf‘f]e& opposmfaém‘é@rof%for a

sufficient time I ver E er apeuti,ca 1Yleff%gtlve anount of
radiation to the”’lt‘-’h 47s1eﬂ'-8c§§ﬁ Y'%te‘ﬁf‘sr olatio {8y el ements,

the flui dewivehi s Tocferthert faciljitate a‘alsw\mpaipnbgrtim @th¢he
liquidin a distgl di?ét{)qutl' ORnbNa2uEH1 | EFa ! W DihVERR 588 is pild OW ng

this the eI ongat e e can e renoved o and the

W I
procedur el@onpl ef&kted within an opfning; ?I%rfgﬂép 'éﬂﬁgﬁ‘?ﬂe‘m t he
pr esent i 42Ent it liziagnpin &ryudes 1N maneavert the2suitch 421

~provided which '§f+ W;ﬁﬁr&ﬂﬁéété@f @2l 10QRtention SEPdF A2 256 for
carrying out a b oon an%_ ast rocedure and_t e?% n | enent s
22 fixed in the ®xtends ough. g SPtfﬂ%'B‘gﬁ Ii‘FOF §T‘ﬁ{5 *1%{@
treatment. The bore mactyidmdrigathgusengouawcﬂmaeguaﬁ thenepiech t42Jul ar
15 to the cylindrical member 413. The head of the
retention screw 422 is notched so that a locking pin
422a may fit through it. ' The locking pin 422a prevents
rotational movement of the retention screw 422 so that
counterclockwise movement of the fluid control switch
20 421 will not loosen the screw 422. It is received in a
shallow hole drilled in an annular seat in the fluid
control switch 421 where the head of the retention screw
422 rests. A locking cap 422b closes the central bore
in the switch 421. Alternatively, to prevent rotational
25 movement of the retention screw 422, a set screw 584 is
fitting within the bore of the cylindrical housing 413
for binding with the retention screw 422 once the
retention screw 422 has been extended through the
central bore and washer 586 in switch 421 and the bore
30 of the cylindrical housing 413.
In order to limit the degree to which the fluid
control switch 421 can be rotated, the bottom of the
switch 421 includes a fluid control slot 453 and a
cooperating alignment pin 451 is secured in hole 451a in
35 the recessed area 419 of the rear housing member 413.
Optionally, the recessed area 419 of the rear housing
may include the fluid control slot 453 and the
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39 portion 258, typically of extruded construction, with a

guide wire lunen 260 and an inflation |lunen 262. A bal | oon nmenbrane
is |ocated at the distal end of the cat heter tube and sealed to the
exterior sur form5 an inflatable balloon. Por

conmuni cat es Jv@é?’\‘/égsn "the inflation lunmen and the i ns%ﬁé’gg?mfﬁg
bal | oon for |nflat|ng the ball oon by pressurized liquid. Only the
distal end portion of the catheter is shggn -- the proxi mal end of
the catheter being typical of 10 angi opl asty cat heter construction as

is well known tc@operatmboahgmﬂddteq:ﬂnn 48llecancbe secured withia perform

radi ation treat gt BOEASE! aQpI a
procedur e, radlgébtlvegyreat df‘@hhhf}gxd coaﬁ%?%néu¥%5?2333 ?&ln t he
bal | oon, bet wedduid c°"§68%|§ﬂl I@?IZGGBSn&“EBBdQﬁ thyeeydimpl eén 3portion

of t he adatctiaterabe wiﬁata dptentrball 437 and gonpyension
donut - shaped, ginq e $kt € noegol NE 1 NNET
wal | 266%pStop écgyg Qo vel o bl £ gﬂg&ﬁ{d@ néFErlal are

radi 0
posi tioned at e&@ﬁ%e dapd ﬁ%$ERP ﬁé&iﬁﬁPﬁ&'of The dg baldnddis angd
nai ntain the trcenpression sprimg dSntareahoasédxin & calwirtorlumenhi4dlt he

bal I oon and ai ¢, &_ iﬁ theNe #Qfﬁﬁfigaﬂﬂygdggghqggr at the desired |ocation.
othe

The strength an r cha acterlstlcs radi Qactive treatlng

el enents are essent P# Pp8isseen 1 dﬁbb?ﬂbe&hSaPP?EﬁmeﬂﬁiFﬁqI wdd p
repeat edio Wt ledntrdl switchce2btincivdes, d:neshabéoombnqutnﬁiﬁﬂﬁpnpmocedure

and the fbd'a%fd af Lig a{perféul_% %ﬁﬂe&g r SédndBY A% .Cagh
out sinultaneou I nst ea entl further redUC|ng
the tinme, cost ?Bﬁéqu3?“&§§Bcf%& Gd ab°§ﬁc%h%r and

elliptical-shaped connector channels 443, 445 in order
to receive O-rings 447 and 449, respectively, which seal

15 the connector channels 443, 445 against the recess 419.
To further prevent leakage around fluid control switch
421, an O-ring 590 may be received by an O-ring channel
about exterior of the fluid control switch 421, and an
O-ring 592 may be received by an O-ring channel about

20 the distal opening of switch 421. The O-rings 447, 449,
590 and 592 are preferably made of Buna-N.

Alternatively the O-rings 447, 449, 590 and 592 (as well
as all other O-rings described herein) can be made of
ethylene propylene, which has less of a tendency to

25 swell during the sterilization process.

In operation, when the fluid control switch 421 is
in the "send" position, both the fluid injection channel
427 and the seed delivery channel 433 communicate
through the C-shaped connector channel 443.

30 Simultaneously, the hydraulic return channel 431 and the
fluid exit channel 429 communicate through the
elliptical-shaped connector channel 445. Thus, fluid is
allowed to flow through the fluid injection channel 427
through the C-shaped connector channel 443 and into the

35 seed delivery channel 433. Fluid that bypasses the
-treating elements reaches the distal end of the delivery
catheter 403 and returns to the hydraulic return channel




In use, catheter 254 is positioned into the stenosed area of the

artery over a pre-positioned guide wire. Using the radioactive
treating el enents al one or in conjunction with the radi opaque end
rings, the distal 35 end portion of the catheter is positioned such

that the wo $abheon portion is |ocated at the stenosed Fidrasernssas
Pressurized fluid introduced into the proxi ml end of WO

97/ 37715 PCT/ US97/ 05538

40 the inflation lunen, as with a s42inge, enters through port

264, inflating the bal|oon. The expapdi ng bal | oqn . mepbr ane 256
conpresses the sﬁ?ér%ﬁ#clﬁﬂﬁiiﬂyegndgﬂr°“ghiéhﬁeéii%?téﬁélaFggﬁF r of the
bl ood vessel. Theobmé¢tmn channelng4be tiof f£bdwtharamghhdéhedi exat channel ai ned

in this pogh?ion for the desired period of tinme to deliver an
effective anount of radi ation to . the greviousj area. The

st enosed
devi ce may then be rcWeRREhe Fluidec FF@}nt‘ug/"h 421q1gndnptReedur e
conpl et ed. 510 »returtt gpositibns hbothather fhiidningectionr elanhebns2?

delivery system ghaFt Rydihullie rBRukhOthfndd1 431 ameﬂ'gﬁsat tni-&?% asi ¢
operation and con tructio of the _ cathgtfé&gre thﬁ sane as destTri bed
with respect to Fﬁﬁtc shaped, copreckog; ghapnay efimulLAneQuUELYor e 11,
tgg é?rect{adLg?bbthet?zesuigggsﬂivezgt2ha;;:lot3&(ahdomhbnﬁ&uzauéxit e 272
?nf | at ed q§yt he Pﬁ’??%gcﬁ%ﬂ] of :‘ii.?: apggssuérl?gietd: ﬁ@ﬁgﬁ?%ﬁgﬁaﬁl ation
of i negonnector channe o onsequently, u 8 allowed
to flow through the fluid injection channel 427 into the
C-shaped connector channel 443 and through the hydraulic
return channel 431. As the treating elements and marker
seeds are forced hydraulically from the distal end of
15 the catheter 403 back to the transfer device 401, fluid
is allowed to flow from the seed delivery channel 433 to
the fluid exit. channel 429 through the elliptical-shaped
connector channel 445. -
When the fluid control switch 421 is in the “off"
20 position, the fluid injection channel 427 is the only
channel aligned with the C-shaped connector channel 443.
Thus, no outlet exists for fluid flowing into the
connector channel 443 from the fluid injection channel
427. Distal of the rear housing 407 and connected
25 thereto is the central housing and actuator
switch/shuttle gate assembly 409. Proper alignment of
the rear housing 407 and central housing and actuator
switch/shuttle gate assembly 409 is assured by alignment
pins 457. As best seen in Fig. 25, the assembly 409
30 includes a central housing 459 having a central lumen
461 for receipt of a guartz sleeve 463 (Figs. 21, 22) in
which the radiation source train or seeds 405 are
stored. An actuator switch 465 is located at the distal
end of the central housing 459 that pivots a shuttle
35 gate 467 to operate the system.
Specifically, the actuator switch 465 allows for
three positions: “"connect/prime", "seed transit", and

| unen 276



bet ween i1 nner tube 272 and co-axi al outer tube 278. 20 Figure 12
shows the distal end portjion of another bal | oon cat heter 280
enbodyi ng the present invention. The cat heter 280 enpl oys three
coaxi al tubes, inner tube . 282, outer tube 284 and internedi ate tube

286. | nner wosm'}ﬂ?e 282 defines an inner |lunen 288 throug&k@%@%}g 25

guide wire nay extend for placenent of the catheter at sired

| ocation. The space between the inner tube and the internediate tube
286 defines an annul ar | unen 290, gdr ough whi ch ring-shaped or
donut - shaped treating el ements may pass. The space between the

i nt er nedi at e 30'released.anlft hcsepaxatea yeledgs buttenais etneludedyen 292 for

return of |iquighehs el ActadbéP Wwitdle ddyeallilow for onlf! €ents.
The catheter 280 al sq ,i n¢ludes ﬁ@al I oon nbr% €, ransi 294, bonded at one
end to the ext &9 {PFiRg BPsificnan %@F ?ufsﬁ BRIt PP P to the
exterior surfacheofcannect/primeimode allows F2r( thectornectiton o/ @nd t he
distal engls of agpnectokN@6bN(BeSEde B FiYsl.C20% UPES)amd 7€ other end.
y&% Us97/ 05538 d\ﬂc%a:gi?ig greater detail below) to,the transfer .| cond of
Egebfgzirthgb: @wgmﬁ.byutﬁarzbmem, the co;héch/gn;n@enodnji ogag]lcje,
| umen 290. I'n i r?;tﬁ’?i % g@é@%ﬁ%nﬁdﬁ %ﬁ%tuéﬁéeﬁf%ﬁ%ﬁgort t he
5 treating 4% fhescarhgtex 404 i hdeliyery L the i ane,
al t houghl® hat ixadigitiongsonedei traincdls at e
The seed transit mode allows for the delivery of
the radiation source train 405 to, and retrieval from,
the distal end of the catheter 403. The seed transit
mode of the actuator switch 465 cannot be accessed
15 unless the connector 469 has been locked into the
transfer device 401. This prevents inadvertent delivery
of the radiation source train to any location other than
the delivery catheter 403.
The release mode permits the removal of the
20 connector 469 from the transfer device 401. 1In order to
prevent accidental removal of the delivery catheter 403
from the transfer device 401 prior to the completion of
the treatment procedure, the release mode is spring
loaded and must be held in position while removing the
25 connector 469.
Turning again to Fig. 25, the central housing 459
is cylindrical in shape and preferably made of clear
Lexan or clear polycarbonate. A central through-lumen
461 houses the quartz sleeve 463, which is preferably
30 made of natural or synthetic quartz or quartz glass
(fused quartz) or other material consisting of natural
or synthetic fused silica, and has a lumen extending the
entire length thereof, designated by 463a. The
radiation source seeds are stored within the lumen 463a
35 when the seeds are not being delivered to the treatment
site. In order to more easily discern the presence of
the radiation source seeds within the quartz sleeve 463,



inflation umen were provided. To inflate the balloon menbr ane, a

si de opening 298 or port is provided in the wal | of the outer tube
284 and also in the internediate 10 tube 286 if desired. Wth this
construction, pressuri zed bl ood-conpatible |iquid, such as sterile
sal i ne, may efst 0 advance the treating el ements PahTUSe7/05538

si mul t aneously ‘advancing the treating elenents to the distal end
portion of the catheter. The treating 15 el enents may be retrieved by
reversing the flow of the liquid t8xough the return and treating

el enent | unen 292 and 290, respectivel Further rel ase of pressure
exerted upon t htheilpwer Walf of het# %‘ﬁl*ﬁ%% be coveﬁgg dhd the

catheter .to be pLoipyegh m2%96, preferdbly/' €inyd idrl wyveRepsta atedﬁe faur t her
enmbodi nent of %) | oon cat h tgr 300 whi ch has g paléa$f adj acent
parall el inner FQEE%aSEKHB:HﬂEkSGE““ 0 ABESRi pESTS tmen 306 and

a treating el enBRbuldrme tikén hntatnanhecure the topnwiiew o thqures 7 and

B, the inger tUBgS: gt fodfeeds CORLALEEENNLIPIGE W1tesuALiveRy, aNd the
|nter|or space

Ehet ween retur. g oon menbrane
310 is bonded tmﬂﬁéfm%rp’ﬁﬁef é&‘?tofﬁm? © Q:&ngéﬂcase %#'%rm ng an
i nflatable ball artihelén#é(!ﬁﬂpneubianeahgyg or be embeddedaindthehr ough

side port 312 ig 163 Uae tb o
bl ood- conpat i bl e | quﬁé %Iafﬁ%”'%&é@e ; é’é}.ﬁi Belthter

[,e el enent
al ong t he IunenV1°uallz§%EP“ qungag}géign ??F g@e h ﬁﬁr?%r >
expansi orio .eeasr. he'rlnalqmtzmgeiiﬁa i;ernged)mo amerlg\l speast y

procedure w thi & Qi ng’ﬂltfzfoh\etﬁe@aawa&heo%&ee tra_-mat B8Y
e et are oo RS IE KT T oan oo AR sheedl? CabEt
' quartz material does not break down as a result of
storing the radiation-emitting treatment seeds and also
15 remains clear so that the seeds can be visually
detected. The quartz rod is of sufficient thickness to
block at least 99% of the radiation. In practice, a
thickness of 1 cm has been found to be sufficient. To
provide a seal for the prevention of fluid leaks, O-ring
20 464a fits within an annular slot at the distal end of
‘the rear housing 407, while O-ring 464b is located at
the distal end of the quartz sleeve 463. As seen in
Fig. 21b, a rear housing insert 594 with a lumen
therethrough may be added as an intermediate member for
25 providing fluid communication between the seed delivery
channel 433 and the lumen 463a of quartz sleeve 463.
The lumen of the rear housing insert is sufficiently
small in diameter such that the treating elements cannot
pass through it and enter into the rear housing 407.
30 A smaller, off-axis, through-lumen 471 extends
through the central housing 45% and is a continuation of
the hydraulic return lumen 431 in the rear housing 407.
Fluid leakage between the connection of the return lumen
431 in the rear housing 407 and the return lumen 471 in
35 the central housing 459 is prevented by means of an O-
ring 472, preferably made of Buna-N. The central
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42 to effect radiation treatnent of the tissue being subj ect ed
to the ball oon angi opl asty procedure. Figure 14 shows a device
that is essentially identical to that shown in Figure 2C and

descri bed i etail earlier, except that the body ne cl udes
a latch 314nw§hc 75% spring Ioaded pin, to retain insert qg%béﬁﬁ#%&thin
chanber of cavity 108. A rel ease nmechani sm 316 may al so be provided
to rel ease the insert. Fi gur g 15A- 15C show anot her enbodi nent-
of 10 treatment delivery systemthat is simlar in many respects
to the enbodi mixusing\459niBi geces@€l to xeveive the acbuatoergwitchiever,

the gate 114 | %csn a"th‘i?‘Eor”bSBrashallcw(Ho'ifésﬂ@sph%tﬁbéﬁzﬂ@&”%r?%h%t the

distal end of t i nse I sc .includes a galr

:
spaced- apart 15‘°°°5‘$HEPFEPe§7§298aW§&“ tral &PFPéPgnF F Zkqceive
t her et hrough, positidning pdnsbé7Wotve dposittivellygdloekt thet actwetorent er bore

112 of thg InNSeglse @Q@Vshggtﬂegﬁﬁe&ﬁ%gl 'p%s?.'ﬁbkefortﬁne df) At er

than the treating elenents ned w the bore 112
bl ocks the passHikesmodes,giggusged aboYement s fron1the bore while allowing
liquid to pass If tther ®rieleagt” fwoderiariapyringd lohded keher® tavenat i vel vy,

the disc may beggy %atit&%nanaomalﬁmwemth%babaﬂuon-mg ture 322
is aligned wt e center he” treating

h
el ements to be % et dng hgeggnd anck rg‘iﬂ"itbo?"llPﬂu?’gseFl BY pr essure and
advancedlPnt o aacktuator swiiltcbugs i.nethat’mnmectl?(prmbr'pmde.armaﬂmage

the di sceggan Re-anadic nbad, tehé%éiﬂ%{ﬁhgt g& 911:?&191‘ t he

Io;r)lgs)g;ted si de ac%sﬁrﬁrﬂl‘é%ghas%ggﬁg gega tt g ﬁg‘% Eeénggey "e‘gde' gt%gtgf p|3\(/)ot
it between the pesitishings pinend?7add sot rest wixhinoanpppbsthe vi ewi ng
access openi ngsh@f& f olond dfakhe pos:.t:.orYﬁ{d f;)in'w 4t7belhoa§1qe£u Qitrhe
treating El erren{he thni.rd or fourth hole, but the other positioning pin
aligns with the solid portion past the fourth hole. The
solid portion stops movement of the positioning pins 477
so that they cannot engage with either of the holes.
Once it is no longer forced towards the “release” mode,
20 the actuator switch 465 is biased by the spring and
returns to the “"connect/prime® mode, where the
positioning pins 477 rest in the second and fourth

0

holes.
Alternatively, there can be five positioning pin
25 holes 475, in which case the pins rest in the second and

fourth holes for the “connect" mode, the first and third
holes for the "seed transit” mode, and the third and
fifth holes for the "release" mode, with the actuator
switch 465 locking into place for the "release” mode.

30 In practice, the positioning pins 477 are inserted
into a sliding plate 479 made of Delrin. The sliding
plate 479 has a beveled side and two through holes that
receive the pins 477. The sliding plate 479 is oriented
beveled-side up between two legs of the actuator switch

35 465. The positioning pins 477 are biased into position
by compression springs 481. One end of each compression
spring 481 rests on the head of a positioning pin 477



this enbodi ment, the catheter 92 has a proxinmal fitting 35 328 for

attachnent to the distal end of the body 94. This fitting may be
keyed to assure that it is attached in the proper relationship to
t he body and the correct WO 97/ 37715

PCT/ US97/ 055 3&0 9737718 43 |mmmssssh e
catheter are aligned with the proper passageways of the body.
Figure 16 shows a sinplified version of the treating system of the
present invention. As shown 5 t here, t&® treating el enents 22 are
contained in a central passage 330 sol i bod 332. Femal e
I ver Mook VHHRahR Sher eng BOPYE O the Bead of AR Lndadenent

passageway and npis 488 |TheK shatndet gat&3561 s qdmi\imgeplate 47%¢ the outl et

end of the passgggmioﬁlt&t%%t} i‘llie%/?gmvéfessi ts?trla sageges&mt{q{%above

al so may be use a tef emal e

| uer | ockeRgRgRIREN):: PiNS ﬁ§3aPF§cH@%PYQ}Qqﬁaiﬁu oPeE o
336. The c@nnect betweén it yoencimapi and4disteal leegsciods the actu&tann t he
connector into tQﬁlE@ﬁ ﬁg@may to hoId the 15 treating elenments in place

and provide a barrier agal nst g éﬁge of radiation. The jnlet end
of the passagehe® actuakon QﬁlFﬁBn4 QF & bard;plastic

t her eby keepi ng mliteti&h} i siwrlelasrdelsihoont Xeetal , and hageaegehéyalhp

center of the bo s a : éﬂqwg# orary

connector 338 Qxcéézguf§k mxd sec&zzﬁ ET t*éer ocC connec?or E % keyed

connect or ,10as di %Eﬁ%@h%)dméiﬁrthﬂ?%ﬁm [ provide a nob-like
section for grasping by the user. Extending below the

nob-like portion are two rectangular legs 465a having
elongated holes drilled therethrough for receipt of the
engagement pins 483 in the distal leg and positioning

15 pins 477 in the proximal leg. Also extending from the
bottom of the actuator switch 465 between the
rectangular legs 465a is an angled projection 465b (Fig.
21) that mates with the sliding plate 479 when the
actuator switch 465 is depressed.

20 Also secured to the positioning pins 477, and thus
the actuator switch 465, is the shuttle gate 467. The
shuttle gate 467 is pivotally attached to the central
housing 459 by an axis pin 487. The shuttle gate 467
also includes a seed hole 489 and a prime/flush hole

25 491. The seed hole 489 is large enough to allow the
radiocactive elements to pass therethrough and is
positioned so that it aligns with the through-lumen of
the quartz sleeve 463 only when the actuator switch 465
is in the "seed transit" mode. The prime/flush hole 491

30 is sized small enough so that it does not permit the
radioactive elements to pass therethrough. Prime/flush
hole 491 is adjacent to the seed hole 489 and aligns
with the through lumen of the guartz sleeve 463 only
when the actuator switch 465 is in the connect/prime

35 mode. Thus, fluid will paas through the prime/flush
hole 491, but the seeds will not. An O-ring 492,
preferably made of Buna-N, prevents leakage between the



proxi mal end of single lunen catheter 344 is attached to the outl et

connector 336. A source, such as a syringe 25 or suspended contai ner,

of bl ood-conpatible Iiquid, such as saline, is attached to the inlet

connector 334, and liquid is allowed to flow through the center
assageway, ejecting the treating elenments 22 and f ' m al on

ltOhe I gngt% Db a!t het ergf romthe progi mal to the 30 péf’g%gpg%ﬁd ]

portion, which is presumable |ocated at the site in the vascul ar

system where treatnment is desired. s4After the treatnent is conplete,

the treating el ements are renoved by withdrawi ng the catheter from

t he pat iseedshbbey489 dxyd gppime/fluahsholée 0491 of cheprshattae 35

end to return igagel kER 4§ ENE Btirectbr! 480l O Afréinatively,” BHRr Sed |1 quid
pCT/0597/055383hutt1e gate E%? could have a single hgle that, Figure 17

i s identical tdepegdingldporxitptpdsittion, wouldfalldw the passageuder tube
346 is prpvi dediqygr SHP% fluid RRathe FuLol i BAdy YRAD! ane
to the 6 the tube 28

294 i s bonded outer tube 346 i nstead of The 5
distal end of CPBREGELPFIRE ROAR) 9% fiNid ARd treatment seeds,dthe  he
bal | oon nmenbr anetuatdrt awitehctsS diedng inhthe seed ctransits mdde)e 346 and

the tube 284 provi dgScaiipression piind aos! BEdadd Sehd suihetld Ghiten

Tembr ane. to 10463 AHRYAFEORHERSANEELE Thtec4Edno ! YRR (1P ATHIALOR
separ at el our cawiftchr 465uiszpriessed dlovwnwarduagdinst the force of the
compression spring 493, the angled projection 465b on
the underside of the switch 465 engages the beveled side
of the sliding plate 479 to force the sliding plate 479
and positioning pins 477 toward the distal end of the
15 transfer device 401. The positioning pins 477 are thus
moved out of engagement with the positioning holes 475
to permit movement of the actuator switch and shuttle
gate to the various modes.
The assembly of the actuator switch 465 and shuttle
20 gate 467 is configured so that the actuator switch 465
may be moved from one mode to another only when the
connector 469 is locked into place. To this end, a
collar housing 485 holds a collar 495. A front housing
497 located at the distal part of the transfer device
25 401 (Figs. 21, 22) functions to secure the collar 495
and collar housing 485 to the central housing 459 by
means of socket head screws 499. Alignment of the front
housing 497, collar 495, and collar housing 485 (as well
as the central housing 459) is insured by alignment pins
30 501. O-rings 500, preferably made of Buna-N, are
located on opposite sides of the collar housing to
prevent fluid leakage from the return channel. While
the collar housing 485 and front housing 497 are
preferably made of clear Lexan, the collar 495 is
35 preferably made of white Delrin.
The collar housing 485 and the collar 495 both have
cylindrical through-holes 485a and 495a, respectively,




i nflate the ball oon nenbrane, and inflation of the bal | oon nenbrane
I s not dependent on the pressure of the | iquid used to nove the
treating elenments to the distal 15 end portion of the catheter.
Simlarly, Figure 18 is identical to Figure 13, except that an

addi ti onal Hgﬁ"é gi s provided over the ot her tubes pdaAEs745538 | N
connection wt I gure 13, and one end of the balloon nenbrane 310 is
bonded to surface 20 of the tube 350. As with Figure 17, the space

bet ween t he additional tube 350 ands%he tubes described earlier
provides an inflation |lunmen 352, the dlstal end of mhlcg | umen opens
directly in thewhieh ace mided ko paredye the co 9vhi TM€onst ructi on

al so allows a seHEe8 Hihéié 495af ini €hei cdbpands9s aﬁbd:haslaqaldpeéed to
rove the o chigall RIS G a1 be g 6h iHd BiSehcriBRbGEne 11

carrying out an ws a stil
further enbodi nthe obllﬂe 495. Thei spAlagnd9pAsQinsludes,tye: 4985,
havi ng an sel onggbed SQd 496B"Na{at! eRkteRBOELuh thie qxtcidmlf phase pfokhenl end

portion, not shg u %igﬁ gly tube 356
ext ends co- axi afP ﬁ#ﬂtaﬁkéﬁh¥§ag§3%g EEEe§§§%6 ﬁ? Egcétap end of which
stops short of aneaalsnathe collar-ghaped; Kecensed axga: 4830 PEohRenbr ane
362 is attacheded3alar nbuamgems J OA compresaten cdpringrd98ubdageéd the is

attached at theﬁ%hﬂﬁkeg ég *E%fﬂﬂhbéﬁﬁtQthﬂslé a does notube 356. The

space between t Vg%97/ 771
PCT/ US97/X6538 normally almgn with either the central hole 485a in the

collar housing 485 or the central lumen of the front
housing 497.
The connector 469 works together with the collar

495/collar housing 485 and the shuttle gate 467 as

15 follows. Before the connector 469 is inserted into the
transfer device, the leqg 496a of the collar 495 is
positioned to prevent the shuttle gate 467 from pivoting
in the direction for the seed transit mode. When the
connector 469 is inserted into the transfer device, the

20 proximal tip of the connector 469 contacts the sloped
relief 495b of the collar 495 to slide the collar
against the force of the compression spring 498. The
leg 496a moves against a niche 467a at the edge of the
shuttle gate 467, still inhibiting movement of the

25 shuttle gate so that it cannot be positioned in the seed
transit mode, but allowing the connector 469 to slide
through the through-hole 495a of the collar 495 and
through-hole 485a of the collar housing 485.

The connector 469 includes an undercut area 470

30 (Fig. 26). Once this undercut area 470 is inside the
through-hole 495a of the collar 495, the compression
spring 498 forces the collar to slide in the reverse
direction so that the wall of the through-hole 495a of
the collar 495 comes into contact with the undercut area

35 470. In this position, the through-hole 4%5a of the
collar 495 is no longer in alignment with the central
lumen 461 of the housing 459. The connector 469 is now



forms an inflation |umen 364, through which liquid may be introduced
to inflate the ball oon. A separate el ongated catheter tube 364
i's insertable into inner |unen 358 such that the distal end 5

portion of the separate tube lies within the area of the bal | oon. The

separate tulgsa P1pas a lunmen 366 ext endi ng fromthgc.pk,?ﬁ,ﬂg@% end

(not shown) t roug which treating elenents 22 are novabl e under the
force of flowing liquid fromthe proximal to the distal end 10
portion of the catheter (the liquid in thee enbodi nent exits through
the distal end of the |unen 358). I n keeping with a further
aspect of the icempletely lockediinte the transfer deyice andTanaathde

i mproved Mmﬂm&a eheafct it G Gwlthy ikadhabithes iem As 15

Tt R oo G i s ok I 7
and the interfA6a alao nDeﬂ-QBSﬁrtm% the, pathyaynoft the fhatittle desi gn
of the s fdatie g ana TBYche B Qsedivioned’ ani eyshet teaat i ves 20

such as a syringe or_.o utomatic fluid
I nj ection syst nn“t/tpr?meng%Aggé‘ﬁa‘l'v%&i%ewdal ly in Fig. 20, the
i ntracoronary radi atRooiredpasentbenpennectaor 46hstbe actuato:demmh
general |y indi cpd qibved 401 theNdefedse inele/ ﬁﬁwnicncehaem&uy@ g |y

desi gnat ed by The nster vi.ce 401 f-un 0 house and
shield the radlpdf‘f% so t&‘%ts&grgﬁt? rJa?%d&ée’né’lfa?:ﬂiﬁ |ﬁg$‘ é%#‘oy 405, and
cont r ol s10 forging the codlar toureve agaimst ghenfegce hef tthensf er

device 401 and gp¢iify W9ost@ndl aiséhgade Jené \eide %lidtﬁe throgghiord of the

radi ati on el ene T t a nprises two
mar ker seeds an%gia of r]:‘ie %?u.?g? ¥§ ;ro%qt oag‘\% ?: 2? g“e?cte‘?‘rents or
"seeds" qopnestan 46%escPhecthreughhnls 435e830f bhe oopllanh 495

seeds of the r aghéRGidvwes S9oC A1igament Grith e throughtRoIeC485h temet her .

The trangger d%‘!ﬁ%&%é %o%'&%’gb{zﬂs%?&%?é’ déntfal lumen'df - 212, 21b
and consiSts of ree mai n asse I es
front housing 497, allowing the connector 469 to be
disconnected by pulling it out of the transfer device.
The connector 469 functions to connect the delivery

catheter 403 to the transfer device 401 so that the

20 lumens of the catheter are aligned with the appropriate
channels of the transfer device. In practice, the
connector 469 is made of clear polycarbonate and
includes a handle portion 501 (best seen in Figs. 26a,
26b) which may be corrugated so as to produce a non-slip

25 surface. The connector is undercut in two places as
indicated by 503 to allow for the proper positioning of
two O~rings. The connector 465 includes a seed lumen
505 and a fluid return lumen 507.

Turning to Fig. 38, there is seen an alternate

30 embodiment of a transfer device 401 in which the rear
housing, central housing, and front housing are combined
to form a single unit with an upper housing 560a and
lower housing 560b. With identical reference numerals
being used for similar structure, the housing members

35 560a, 560b encase a fluid control switch assembly 407
comprising a front and rear manifold, 562a, 562b,
respectively, that encase a fluid control valve 564. A
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46 rear housing and fluid control switch assenbly 407, central
housi ng and actuator switch/shuttle gate assenbly 409, and front
housi ng 411. As best seen in Fig. 23, the rear housing 407 5

conprises a Cylgrdimeal nmenber 413, preferably made of PCTIUSgWOsE¥BXan or
cl ear polycarbonate. The cylindrical menber 413 includes two axi al

t hrough | unens 415 for positioning two stainless steel socket head
screws 417 that connect the rear hodwing 407 to the central housing
10 4009. The cylindrical nmenber 413 includes a cylln rica
recess 419 for ontaednleveri$ss rigperativelysgpppgcted to the £ his

di scussed i n gr emirdiebaiitched PIV.td htontrol flutar fhowsi s 407 i ncl udes two
femal e | uer f'”"ﬂﬂxsst%%%e Silarri daémftheﬂ xif bﬁ{:f&ﬂss\?féﬁ 4% may be

recessed in the

§ yH& are ‘g{e era&) made of a
pol ycar bonat e arRPR{@lse h?op?%t%%ﬁ'fdr% foepntyal valve %&/ e.g

adhesj ve. suer fdaliding #d8ibs, atatisdwecklian tfotational motiemal end of the
rear housing 407%a0chdeyy go[sk.ﬁignﬁrg% the Cﬂﬂ@&“c%ﬂ& ia i d2ui d inlet

channel 427. Lue connects to a_lrquid or S f|IIed
devi ce ( vt laws oRe ﬂ:ﬁa?J-J-Sn uEke Fhiid ﬁﬂn&ﬁplcvﬂ"%m&
delivery and retdégirdd Qumehicof athat front mamiddldab6da. 405. 25

Luer fitting 425 may %@E&@Eﬂegft‘ehé hf"n?ﬂi téﬂﬂtg:fol valve 564 is a
10 quartz sleeve 463 that houses the radiation source
train. A view port 568 in the upper housing member 560a
permits visual verification of the source train when it
resides within the quartz sleeve 463.
At the distal end of the gquartz sleeve is an
15 alternate design of an actuator switch 570 that
functionally corresponds to the actuator switch 465
described above. However, in the embodiment illustrated
in Fig. 38, the actuator switch 570 operates in
conjunction with a soft gate 572 (or, alternatively, a
20 pin gate -~ not shown) mounted to a two-part gate
mechanism housing 574a, 574b. The soft gate 572 is
cylindrical, made of an elastomeric material, and
includes a seed lumen therethrough. The seed lumen
within the gate 572 is sufficiently small in diameter so
25 that the seeds cannot pass through it. The soft gate
572 designed to protect a treating element if it should
accidentally be left within the pathway of the gate when
an attempt to close the gate is made.
Contained within the housing 574a, 574b are a
30 sliding ramp 576 and a spring assisted plunger 578,
which are manipulated by means of the gate lever 580 and
actuator switch 570. As the gate lever 580 of the soft
gate 572 is pressed downward and to one side by the
actuator switch 570 ("open gate mode”), the sliding ramp
35 576 maneuvers the plunger 578 (hollow pin) forward
toward the proximal end of the transfer device so that
it enters the centered lumen within the soft gate 572.




the rear housing 407, as seen in Figure 2la, or may be attached to

the proxi mal end of the rear housing 407, adj acent to luer fitting
425, as can be seen in Figure 21b. Luer fitting 425 is in fluid
comuni cation with 30 the fluid exit channel 429 and can optionally be
connected t g collection bag or reservoir (not The
cylindricaloﬁgﬁ%é?hgl3 al so includes a hydraul i c refﬁ?ﬁggﬁgﬁﬁel 431
and a seed delivery channel 433. Each of the channels 427, 429, 431,
and 433 35 communicate with the cylim#ical recess 419. The
fluid control switch 421 selectively:Provides access between the
vari ous channelBheipalunges coppletely L£ills the lumep7p87the soft gate

PCI/U§97/0553? and %s_of a lﬁrge %Pough_diameter tPaﬂ7the ?ee?éﬁﬁi%<3 dih

i ntroduce and/ or_retniev adi ve re nt elenments an e
marker seeds friftAt Mere%h&aﬁgf\rvﬁqcﬂﬁ t%attgr 1285.: %geﬁlf AR%Y ol switch
421, whi cb"ekogedeigatebnodetlie Bie [RoRpressrdnspring expaminal , 5

is generasly cydideligaging?ttleNpiuigér B79 ErdiOtheOBELt gate @ ed fromthe

top half of opppsin | f.Lh Wi 21 facilitate easy

mani pul ati on OPPWé'p a%éjgig%ff'é hft 79 u?’f%@t}&%%i‘lgl F%ﬁ? eg%% yt%%edlﬁ ation
of the sv@xiginal) posisigns ol Thepend dumen gfnthesgate iEss 10
fitted within arediytus o iitst beiginal diviietdr awdt ehe seeds bl ndtilizing

in arm588 to neyver. . th ' 1 rovi des for increased
p B e .

torque. Arete 4 ends through a central bore in the
switch 428 and a  Altemmatdvedyeyif nairpimigateudsnysadiinstead of & he

switch 421 soft gate, as the gate lever of the pin gate is pressed
downward and slid to one side ("open gate mode"), a
rotating shaft with an eccentric rotation (i.e., a cam)
and seed lumen therethrough is rotated so that the pin
15 no longer occupies any part of the seed lumen. The
seeds can now be delivered to the distal end of the
catheter. As the gate lever is released ("closed gate
mode”), the rotating shaft is rotated so that the pin
fully occupies the lumen and prevents delivery of the
20 seeds. The pin does not, however, prevent fluid flow.
Also, the pin gate includes a leaf spring which controls
the force with which the pin moves. If a seed is in
the pathway of the pin gate and an attempt is made to
close the gate, the seed will not be damaged as a result
25 of the leaf spring’s control over the pin. Upon contact
with the seed, the pin‘s motion will be halted, leaving
the seed undamaged.
Downstream of the actuator switch 570 is a collar
mechanism, indicated by 485. The collar mechanism is
30 similar in function to the collar assembly shown in Fig.
25 in that it receives the connector 469 to secure the
catheter (not show) to the transfer device. Neither the
pin gate nor the soft gate can be positioned in the
"geed transit mode" unless the connector 469 has been
35 fully inserted and locked into the front housing of the
transfer device.



15 to the cylindrical nmenber 413. The head of the retention

screw 422 is notched so that a | ocking pin 422a may fit through it.
The | ocking pin 422a prevents rotational novenent of the retention
screw 422 so that countercl ockwi se novenent of the fluid contro
switch 20 ﬂ? (} not | oosen the screw 422. |t is rececyoteonossss
shaIIOM/hoIe‘%rl In an annular seat in the fluid control swtch
421 where the head of the retention screw 422 rests. A locking cap
422b cl oses the central bore in thé9%w tch 421. Alternatively, to
prevent rotational 25 novenent of the retention scyew 422, set screw
584 is fittind weparatenselrease Jukion SH2; May; %Ii'Pféd%qe?g

for binding wthidehgalingt the e6nmecticr’ 46%C Eromethe transimerdevdmescrew

422 has been extgnde hro h 6€?€€h §§?383'5¥¥Gd n
switch 421 and t %‘B:or ngd& f’f'?n'é cy?clln ri cg'l1 housﬁn&z'll d
In order to |inithe tﬁ%ﬁé’e@&lﬁf cthe eekqase) button 582, gan, ondy &&, 421

can bel rolt gt ed, ideivatiddowheh the gate 58Gviig dn 42&lbaed upesitidn Ui d
contr t 45 d
ol slo fah&e,..gt to SORPGAEL| O Hd1UUER bukkDn ‘582 IvhelP GHeCd | N

hol e 451a in 35 cessed area e rear ou5|ng er 413.
Optionally, the gatedhfl is da Fhe ol’eQ‘ﬁetIF%lﬁwoMRgW1 not Be i ncl ude

the fluid controguéeddsfiil aWhehhthe gate 580 180pdsitidnéd to the
PCT/ US97/ 05538

" matlng
alignment pin 451 %%ﬁl?fa§§§§UreadmItﬁhe ollar mﬁ$hfﬁiln t%e‘%otton1of t he
fluid coniPol svsuel that the: connector 469 cannot be disengaged from

the transfer device.

The actuator switch 570 and the connector release
button 582 may be positioned in relation to one another
such that the actuator switch 570, when being positioned

15 in the "seed transit®” mode, slides over the release
button 582 making it inaccessible while the gate 580 is
opened.

As can be readily appreciated, the interior
configuration of the transfer device is dictated by the

20 mechanical functions of its various components.
However, the exterior can be ergonomically configured,
as shown in Fig. 39, to be more comfortably held in the
operator’s hand. '

Distal of the connector 469 is the catheter 403.

25 Similar to the catheters discussed above, catheter 403
has three lumens: a seed lumen 509, a fluid return lumen
511, and a guide wire lumen 513 (Fig. 27). Similar to
the catheter illustrated in, e.g., Fig. 5, the seed
lumen 509 and fluid return lumen 511 communicate at the

30 distal end of the catheter through an interluminal
connector 512 (best seen in Fig. 27b). The connector
512 is preferably made of stainless steel tubing and is
located in the seed lumen 509 to also serve as a barrier
that stops the treating elements from advancing further

35 within the catheter.

As illustrated (Figs. 20, 27a), the catheter 403
communicates with the connector 469 by means of an



fluid control switch 421 al so includes three dinples 435 t hat

interact with a detent ball 437 and conpression 5 spring 439 to
positively locate the switch in "off", "send", and "return"
positions. The detent ball 437 and conpression spring 439 are
housed in a ghor men 441 within the cylindrical .

As best seena{g’r?"ér}éy 24, the bottomof the fl uié 10 co%%#@ch 421
i ncludes a C-shaped connect or channel 443 and an el liptical -shaped
connector channel 445. The controlggwi tch 421 is relieved about the
C-shaped and el liptical -shaped connector channels 443, 445 in order

to receive O riexrenBiomi508449Thecextensimi \508/comprises ftwo sepdriate
connector chan #5peat480882hA0E hﬁ;ﬂ&ﬁfsﬁl 41813 ith 1 r
prevent | eakagﬂ%)suﬁ ﬁ'ui d copt rorligs 2 i?l‘ w1th09h$ Lgé%go may

C . ap orin
be recei ved by 388 EY4id, retrRefumens %%tﬁﬁﬂ 307 c FREPESELYRLY 4 |=‘?nd control
switch 421, andtke connectop #6A8g S5AE ihludkratexhi the extensibritybehannel

about 20 th | I B9 ' cﬁlfgﬂ.. Th [
590 and 532 ar e@%ﬁ%@ﬁ@iﬂbﬁﬁtg% %ﬁ%g . 505 %P%rénegévéel e?%ﬁ‘ori ngs
447, 449, 590 aRwPePLEb pagtiplly lines the fipid.regurp, E‘“ﬂ%s%‘”bed

herei n) can be Thelcextfension 508t ksl preferalply made woifi FecbfilekcBa-1D00XA
tendency to 25 . ' SALri4d j CESS : In
operati on, V\hennta%)éé:‘,ﬁué &Qg%%? gglehgtvivi %ghi%f%ﬁdgm €hd Elant{lﬁedeléjé%%w

posi tion, both ¢aEhetexr £03,tbrongh anpptional trifurcation,Roustng delivery
channel 483 cona0dacht avhich eachhofiughet deed; Hiwidd retornst andcipeide! 443.

30 Sinmulta I dr [ e ﬁh;gml 431
fluid exit chagﬁg#ézg‘gﬁc&opm?@%i'cg?g taﬁéo%il%r% e - ie ??ﬂtef'ggle?s%aped
connect or channéithout arhousing,fgr; its trifurgatigny iFo’PP@R/ B3 t he

fluid injection36san3gd. 4Xnhstead, at heatigbhyinkablehsledveodddbt or channel

443 and Into ! hgndposey ﬁf@ﬁﬂj;&&ﬁr brCHRE A bk 1ubellsdsbbytspypasses the
reaches t e del

&éné
treating_el enen e distal end of t Ivery cat het er
403 and Pgturnsgia o PERMAS added BEERG D e

The catheter 403 is preferably made in a single
extrusion of Pebax 5533-SA-00 with a matte finish to
reduce friction. Alternatively, Besno Pebax blends,
Hytrel, or a material resistant to gamma sterilization,

20 such as polyolfin, could be used. The material is
uniform along the entire length of the catheter body,
including the tip. As best seen in Fig. 27c, the
outside of the catheter 403 can be in the shape of a
three-leaf clover, rather than cylindrical. This

25 results in the catheter 403 having less “dead” space
than a cylindrical three lumen catheter and will also
permit more blood to perfuse past the catheter when in
use. .

The guide wire lumen 513 of the catheter 403

- 30 extends to the distal tip of the catheter so that a

guide wire can be used to position the catheter at a
selected site within the patient’s body. The guide wire
lumen 513 may include an extension 519 that includes a
standard luer 521. The luer 521 permits a valve to be
35 fitted to the guide wire extension 519, thus permitting
insertion of the guide wire, drug perfusion, and saline
flush of the guide wire lumen 513, while preventing
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49 431 and is allowed, through the elliptical-shaped connect or
channel 445, to flow through the exit channel 429. When
the fluid control switch 421 is in the 5 "return" position, both the
fluid injectiwooetsnel 427 and the hydraulic returnpchamsewssis31l are
al i gned t hrough t he G shaped connector channel 443. Sinultaneously,
both the seed delivery channel 433 and the fluid exit channel 429
are aligned through the elli pt i cal - shaped €10 connector channel 445,
Consequently, fluid is allowe to flow through the f]luid.injection
channel 427 int P}qpd from ex@%ﬂ%pw&ﬁﬁﬁﬂ#eeﬂaﬂ th %Aﬁ}“é#d ugh t he
hydraul i c lumsiniSl3chasimilas 1to Ashe [vathedersndesdeibed abowe,nar ker

seeds are forced.y Yed iz thSﬁOﬂ&]t‘ﬂﬁrft:@tuﬁ'ﬂdeﬁeﬂ%ll ard'GeAledet er

403 backtothetransfer evice 40 Jlow from

1
the seed deliver{P @pGHQthessspthat the hwid Rngﬁil?s%‘ﬂ%é*e T hr ough
the el lipt5cal - stlapsztrieve thectreating (ﬂikzemtﬂdées not exit theMen the

fluid control g isthehd of BhéNCathéier 2ﬂu-.o tnaose:ayocsw éﬁa% pdtdieht .

I nj ection chann 427

ne aI| the C—shaped
connector channel 443 Afd:.tlona%‘és "'ho"'(')‘%ﬂxl' 3:[" é‘!‘llg’('s ‘\P,)‘Ifjiﬁ'ﬂ" & owi ng into
t he conndalaoed diomore eaelly opexinse |past mhpedelmmacamleter

427. Distal of tb@sf%u.@lﬁhn orf§/ ﬂi‘ﬂ' G e %‘hiied fréW¥pd 0 is the
central ? sing an sfﬁé wgfi cs tch/ uttl assgﬂghéq409
Pr oper gnnent RE Fhe, P 1R and
act uat or l;mn: Hlshut The hales aS%%ngam@auage\wredfduy tHe gnnent
blood within the vessel to travel through the guide wire
lumen and exit at the distal tip of the catheter. The
distal end of the catheter 403 is also tapered from the
15 perfusion holes to the distal tip of the catheter. Once
the delivery catheter 403 has been properly placed, the
guide wire can be moved back proximal of the perfusion
holes 522 so that the guide wire lumen 513 can be
unobstructed so as to allow for more blood flow.
20 Alternatively, the delivery catheter 403 could have a
separate lumen with holes for perfusion. In either
case, the catheter could incorporate a valve (not shown)
in the guide wire or perfusion lumen to prevent the
blood from flowing back to the proximal end of the
25 catheter.
Radiopaque markers 515, 517, such as those
described above, are located at the distal end of the
catheter 403 approximately three centimeters apart
(depending on the length of the series of treating
30 elements) to assist in proper placement of the catheter
and the treating elements used therewith. Suitable inks
for producing the radiopaque markers include those
manufactured by a Creative Materials, Inc., of Tynsboro,
Massachusetts and are identified by the product numbers
35 114-29, 113-49, and 256-04 c.
As illustrated in Figs. 27, 28a, the guide wire
lumen 513 extends the entire length of the catheter.




pins 457. As best seen in Fig. 25, the assenbly 409 30 i ncl udes a

central housing 459 having a central |unen 461 for receipt of a
quartz sleeve 463 (Figs. 21, 22) in whi ch the radiation source train
or seeds 405 are stored. An actuator switch 465 is |ocated at the

di st al wodsmed the central housing 459 that- pivots apgfipkdresss®

gate 467 to operate the system Specifically, the actuator
switch 465 allows for three positions: "connect/prinme", "seed
transit”, and WD 97/ 37715 62 :
PCT/ US97/ 05538 "rel ease" |If

a separate rel Heweven,t 88 shovmcin dEig. 29a, thFhEﬁl‘Pﬂé"ja‘?ﬁl}dmn a4t ch may
al l ow for only ddif be contigapéd ctd nextend enly dponnthé hi sl dipaedi t

posi tion. T CLLpPLI o] h of ab
connector 469 ( %@%ﬂ'g?nEé & i@%@%?ljc’%%&/ tné &'%Pscus I n greater
detai |l bel ow) tQP‘%afié! tﬂ‘&ns?é?i exchanpgg; benefity; ?W%%r&%t@!?s% he
connect/ p§i me ragltribed ifil Uoss Paxert Ui g 762¢1291 IBsging tidie transfer

devi ce th fs of

radi ation sourg%mfi% n iB%aEGE&ngf@é W%B gﬁ#&#\ﬁsﬁ’ﬁ :ge ovvs for
the delivery offrom the distaidtipitm %W%PHOKGBQOOfa‘FhFret ri eval
from tf&dﬂdﬁa@ueeﬂdrnértbﬁspawe&ﬁt 4fhen the ﬂdetwmlm

e of the actigt ol AR JBen RS D) e EBRLE
prevent519nadve¥m¥#ﬁ84k§rpmetye treating elements) the guide wire 514
still engages the guide wire lumen 513.

Turning to Figure 30, there is seen a radioactive
treating element 523, which can be used as an
alternative to the treating elements 22 described above.

15 The treating elements 523 comprise a radioactive
material sintered into a ceramic rod 525, which is then
encapsulated in a cylindrical stainless steel capsule
527. In practice, 12 independent, non-connected

. treating elements 523 are used in a series, with each

20 element being approximately 2.5mm in length so that the
total length of the source train is 3cm. However, the
seed length and the number of seeds may vary so that the
total length of the source train is egual to or longer
than the length of the lesion to be treated. Preferred

25 radicactive sources include beta-emitting sources such
as Strontium-90, ¥Yttrium-90, Ruthenium-106, Thulium-170
and Tungsten~-185. Gamma -~ emitting sources, such as
Iridium-192, may also be used. Such radiocactive sources
are dissolved within a solvent, such as chloride or

30 godium nitride into which a ceramic rod is dipped. The
ceramic rod is then heated so as to sinter the
radioactive material into the ceramic. The ceramic rod
is then encapsulated within a hollow, stainless steel
cylinder, with a cap secured at each end by, e.g.,

35 welding, adhesives, or solvent bonds. Sharp edges are
removed from the capsule, and a coating can be applied
to the exterior surface so as to reduce the frictional




of the radiation source train to any |ocation other than t he

del i very catheter 403. The rel ease node permts the renoval of

t he 20 connector 469 fromthe transfer device 401. |In order to

prevent accidental renoval of the delivery catheter 403 fromthe
transfer deviwos3inprior to the conpletion of t he t PEXUSLTSSIS
procedure, the release node is spring | oaded and nust be held in
position while renoving the 25 connect or 469. Turni ng again
to Fig. 25, the central housing 459 63 s cylindrical in shape and '

preferably nmade of ear [o.Cl I r : a
t hr ough- | unen coef%&%f%oagggc#ﬁéggu‘gﬁlg @%g@ Bﬁgg, 8‘\?\%%% (?ég'%r?e erably
30 made of nathreughrthey gasheter quafhe WALl 2Lt £hg| g¥linder may thesed
quartz) or otherggP¢fsiett1§0RRLEkI 8¢ Piodkioieltype of radisyiémetic fused

silica, and has a_ | xt end] le t f,

desi gnat ed by 463‘5?‘19%% £¥ond ng‘d?'gﬁ%%ﬁ rs%%ffogges%ggdégggégét%?gggw thin the
| umen. 463a535  all#wing [ second tvpenef radiatiom i(fcdaughter relement hrent
site. In order tgpnpéfertid ¥né egtindéhe presence of t he radiation
source seeds within the gquartz sl e, 46 7/ 37715

PCT/ US97/ 05538 uarﬁbr seedg §§¥ (éi 8. 28a, %gf) cg%)getggp equﬂf

of the sl eeve 46enceither ®ider of khenhradiocactivgeource| krain torassisty| y
vinyl or Tyvek[ejp] 1oé#tiifand positioniNgttlis irdatingkelenaftsdr he

ource Seqe  Rhfwer e Y ?Egﬁngérgg%% il Bl blgeddP i o o
stainless steel, or synthetic ruby, each of which can be
seen under fluoroscopy.

In order to verify the position of the treatment

gseeds 523 and marker seeds 528, the central housing 459

15 of the transfer device 401 can optionally include a
fiber optic device associated with the central lumen
463a of the quartz sleeve 463. Turning to Figs. 3la and
31b, there is seen a quartz sleeve 463 in which twelve
treating elements or seeds 523 and two marker seeds 528

20 rest end-to-end. The central housing 459 includes
fourteen fiber optic transmission elements 531 and
fourteen fiber optic receiver elements 533, (i.e., one
pair for each treating element and marker seed
comprising the radioactive seed train), which are

25 positioned on diametrically opposite sides of the lumen
463a.

Operatively connected to the fiber optic elements

531, 533 is a modular circuit board 534 (Fig. 31b) that
includes a battery 535, a light source 537, an interface

30 unit 539, and a light receiver/logic module 541. The
light source 537 produces either a visible or a non-
visible light energy which is transmitted via the fiber
optic transmitting elements 531. (Alternatively,
reflective light energy can be used.) When a

35 radiocactive seed 523 is not present in the transfer
device between the fiber optic transmission element 531
and its matching receiving element 533, light energy is



magni f yi ng pi ece (not shown) may either encase the quartz sl eeve 463,
or lie along or be enbedded in the top of the quartz sl eeve 463, to
permt better vi sual i zation of the radiati on source seeds and narker
10 seeds. The quartz sleeve 463 is used to shield the radi ati on

emtting fro Ff:,ﬁ.; di ati on source train so t hat t hedprRigsdass devi ce
401 can be hgh; ealgafely. The quartz material does no#ﬁgredk(kwm

as a result of storing the radiation-emtting treatnent seeds and
al so 15 remai ns clear so that the see6$ can be visually

detected. The quartz rod is of sufficient thickness to bl ock at

| east 99% of t htransmittesh aqness: bei tumen 563a at (Hhatkpeintoand cm has

been found to bgeseftédiMpithel FeceivingPehemélft &3Hakvhfieh thansmeyention of

fluid | eaks, O¢jng 2 . 464a fits w,thin an nulgr, sl a e distal
end of it Fhe, gt egeibatyiabll Mo, 0! BheSlogll

the distal end né¢dele epngludes dbat acseedsisauipging from thegsleaye 5 rear
housing i Bsert §3¢ #dséndsd @ output tbhenethitsifaceaunlie sgded as an

i nternedi ate e ;2 ovi g i ' i en the
seed delivery ?R&icé@ﬂ%ﬁh&e énd%ﬁg %%#re%%% %%&a??‘zepg*‘égve 463.
The |unen of thingide e Bleevend2d Adlslighttranspissions ape|| in

di aneter such tBabckéd. t Iied iTuyic! abaGle SeIndétermines Rhat allosgéast and

enter into the rear_h 1ng 7 R er., Qff -axi,s,

t hr ough- | unmen 435 RE %%g@ ‘éfq‘ce t%%r %ﬁ&ﬁ?tﬁ%’&%%*eﬂo& Fnﬁgﬁgg Bd is a
cont i nuatlifon of output tehtheintenfacer BpiEnS3Ynindigating the same. housing
407. Flurd esekaoef £ieé itert bptienatehents 31 ,ha33etigrn | unen

housi ng 459 o BPBUERESHY LA o' dpieln g’ HEBATER Adbs moguap B4 £P T 0,
of Buna-N. The &henrthe number of missing seeds can be determined. The
circuit board 534 may include a digital display on its
15 exterior side so that the general absence of seeds, or
the number of seeds missing, can be displayed. The
interface unit 539 can optionally be replaced with green
and red light emitting diodes (LED’s) 540a and 540b
(Fig. 3la) so that when a seed is not present, the red
20 LED 540a is illuminated, and when all seeds are present,
the green LED 540b is illuminated.

In an alternative embodiment, (not illustrated) a
single pair of transmitting element 531 and receiving
element 533 can be used to verify the position of the

25 radioactive elements 523. The fiber optic pair 531, 533
is positioned just proximal to the distal end of the
central housing and counts the number of seeds that have
passed by, recording the number of times the light
energy is blocked. A micro chip with memory counts the

30 number of seeds which have either entered or exited from
the central housing and a logic module reads the number
to indicate whether all the seeds have been returned to
the transfer device or, alternatively delivered to the
catheter. In a further alternative, a timer can be

35 added to ensure that the seeds are properly counted. If
the seed length and speed velocity are known, then the
time it takes for the seed (or seeds) to pass through
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52 housing 459 is recessed to receive the actuator switch 465
at 473. Four shallow holes 475 are machined in the recessed area 473
of the central housing that receive positioning pins 477 to
positively | owlotensmct uator 5 switch 465/shuttl e gate 26Tmussrassssiti on
for one of the t hree nodes di scussed above. I f the

"rel ease” node is spring | oaded, there are four positioning pin

hol es 475. The positioning pins B% est |n t he second and fourth

Cthe s " S ranm “atSagﬁ%f”hé%o%?ﬁ%ﬁ R gt L S

first and third medwke can datermine how manxasepﬁe have pageed thytih®y pins
477 do not rest pipdy BHprle Qighggl 533,holes One of the positioning pins

477 i's aligned with 15 d [t t.her
positioning pin ]A P&Hcaﬂgsﬁ?%lfﬁ% Elgﬂ c#p%%fl@ﬁﬁ%gﬁ@% ‘?’b’tﬁ’w hol e.
The . 5so0l i cdemage @f shepradbatiemtfzam tthe govreeokrainpi it may’ be
Iso thatftheydCfn oﬂﬂgﬁg%o%lbhterthﬁé ﬁédidﬁdnohearce w:.thllo"ﬂfE'tth' 2620_
onger forced tq "rel ea u W tc i s
bi ased by the sp‘\fl\lﬁlga a#c]% vess %S ‘Emggt "zé)anted’ Rﬁegﬁ% E?‘Srb € e, where
t he poSi t SOMKCRE Bres no¥7centered w#ﬁb#naybﬁdvaﬂaeldualh. then hol es.
Al tertnﬁt ively, teﬁéera?rat%nf Bbgaaésﬂy%ﬂwldﬂ1%5mr @hesﬁéx?tizr idE Whltgh
case the ns re 0 connec
node, the I rst %Qrdg essdl j‘%o?é eceeﬁ]a &e Eg ?%ﬂé %s %B% and the
third and °¢¢$Q¢1Qﬁﬂt§§ Papsage “ﬁ%l%k&ﬁ?thﬁﬁﬂs,-mn%hstﬁﬁo%éﬁuator
swi tch 465 LOCkiﬁﬁsééﬁ(hdi aC aakoow! hamen chersns d e BZdplaglie or tLTsuéfl |
ractice, the po r t sligin ate
E)179 made of Delor;‘ﬂr'#:'cr)'ﬁg %cﬂhﬂﬁ éigna &é”@%&ée%g ﬁ'a erlégvg %(ka gng t wo

t hrough hol es t hBany cases, the plaque or tissue is not un;form 1n size

15 or shape along the vessel wall. Thus, the lumen of the
vessel is non-concentric in relation to the vessel
wall.)

The radiation source can be passively centered

within the vessel wall by using a catheter with a

20 sufficiently large outer diameter in relation to the
diameter of the vessel. The difference of the vessel’s
diameter and the catheter’s diameter determines the
degree of movement the catheter will be afforded once it
is positioned within the vessel. The radiation source

25 can be centered or approximately centered within the
vessel wall 542 between the plague 544 by e.g., the use
of at least one concentric or non-concentric compliant
balloon 546, (Figs. 32a, 32b) (i.e., eccentric in
relation to the catheter 403). When using a catheter

30 403 that has a non-concentric seed lumen 509, the seed
lumen 509 is closer to one side of the vessel wall 542
and the centering balloon 546 needs to be eccentric even
if the vessel lumen is concentric with respect to the
vessel wall 542. If the catheter has a concentric seed

35 lumen, a concentric balloon can be used only if the
vessel lumen is concentric in relation to the vessel
wall. while the balloon 546 is illustrated as extending



receive the pins 477. The sliding plate 479 is oriented bevel ed- si de

up between two | egs of the actuator switch 35 465. The positioning
pins 477 are biased into position by conpression springs 481. one
end of each conpression spring 481 rests on the head of a

posi ti oni Nng Wov147{s WO 97/ 37715 PCT/US97/05538

PCT/ US97/ 05538 53 whi |l e the other
end rests on the head of an engagenent pin 483. The shuttle gate 467,
sliding plate 479, positioning pin®6&77, conpression springs 481, and
‘the engagenent. pins 483 are nmaiptained in er position 5

ro
bet ween t he proﬁﬁqﬁﬂllﬁhGrﬂpgpthFeﬁgt{ﬁetqi§QHEFE§FB e of the,;ch 465.
The actuator swathetéd) it eadédoéxtendrxidiladdly about a patetiakhl, such as

Del rin or Acet aéircﬁiﬂg!l%ic% 02"ehe! Edtheter. 9% fRAUrAA AL foRCCLI ON Wi th

two curved arns exten 10 out war dl d wnwardly t efromto

provi de a nob- | $igments 5g§e€FPoﬁ° o?eﬁFeog‘iﬂaHﬁ i H@sﬂg\{,r‘.'ag({ dh8Mhg bel ow
tre t dSEoF-It&E{qxtuétmr 403 may becpartgially bcgfulﬁﬁarbﬁatum t

el ongat e ol es J o : ngagenen
pins 483 in thed‘gllrls'{daI%(%J't(:ai'qrgéfﬁtlllQE Hﬂ@_é&édﬁ%&i IN"Bgi ﬁé S??t?nn?ﬁe pr oxi mal

position) 3% 5).
leg. Also ext e%‘iﬁj‘mgl“ﬂe‘me area ot fhe)vesselate e orrearedy 465
bet ween t he r sitidega sariety ¢f5Shalloam shapesdcpubicbei wsedodn (Fi g.

6 | henocs Myttt Sslonainetn ol i "an, il e 3L
t hus 1 advantage of allowing the patient’s blood to pérfuse
past the catheter 403 and balloon 548. The centering
balloon could have a separate inflation lumen, or the
existing seed lumen or hydraulic return lumen could be
used as the inflation lumen, in which case the seed or

15 hydraulic return lumen must be in fluid communication
with the balloon. The centering balloon, in addition,
may be used as a dilation balloon and a stent deployment
balloon. Alternatively, coatings that at least
partially block emitting radiation (Fig. 34) could be

20 applied to the distal end of the catheter. The
thickness and location of the coating 550 can be varied
about the periphery of the outside wall of the catheter
403 in order to have the vessel wall receive a uniform
radiation dose.

25 'The plagque along a treatment site may also not be
of uniform composition (i.e. calcified and non-calcified
plagque). Thus, it may be desirous to use radioactive
gseeds 523 with different activity levels depending upen
the composition of the plaque in the area of the vessel

30 to be treated. Such a variable radiation profile may
also be desirable either before or after the placement
or removal of a stent to treat the "end effect" of the
stent on the vessel wall (i.e., the formation of intimal
hyperplasia within pocketed areas along the vessel wall

35 at the ends of the stent).

Turning to Fig. 35, there is seen a dosimetry
device 552 that permits the fabrication of radioactive



the actuator switch 465, is the shuttle gate 467. The shuttl e gate

467 is pivotally attached to the central housi ng 459 by an axis pin
487. The shuttle gate 467 al so includes a seed hole 489 and a
prime/flush hole 25 491. The seed hole 489 is | arge enough to allow the
radi oacti ve eWOIRTYSt o pass therethrough and is posiRATAISeNSSI8 t hat
it aligns with the through-I|unmen of the quartz sleeve 463 only when
t he actuator switch 465 isin the "seed transit"” node. The
prime/flush hole 491 30 is sized small Bhough so that it does not permit’

hote 491 i's'ad oReRtef SRRILID, VAER Tug el B hecd e LT,

through | umen of achivifiarkeved af, shecyagipys seed g ComPrigdngath@at or switch
465 is in the copagidbagive sturce ter@dén igheodstdn Welastled.pass through the

rime/flush p : g, 492,
Bref erably made o? B‘ﬂ#\%ﬁ%y rlt}t/htgnhggﬁ'ﬁs%gg a\%&i"é‘g}s%ﬁ?ﬂ!’%%lga VO
97/ 37715 S rotatable cylxnder 554 having ppluralitysofgstorage

54 seed hchamké@es 586 prisasf [ildasboated P lirofwhtileh elanht Btorage gate
467 and the CO”“‘éﬁEﬁ%eé‘%s N&ﬁfﬁata' Eﬁ'u?éali of radﬂ%itoh' ﬁtdé‘%ﬁfou' d

have a single hole 03|t|on ow t he

passage of 5 °€|Fh%rsﬂﬁﬁquq%ﬂ;Tthhéaaﬁgﬁﬁfo achivisy Bélﬁ@eln t he
connect/pri me noetgments | andy axndher eaaﬂ:aat:tm@m(ﬁdﬁa may difgerusiem Switch

465 being jgn thecﬁﬁﬁgef r@cﬂséﬁanme)and the elements GHJP'i%eiud8 5841 N9 493
bi ases the act uat or
actlve or passive elements.) A storage chamber may also
house a plurality of marker seeds. By rotation, the
cylinder 554 can be positioned so that the individual
chambers 556 can be aligned with a transfer sleeve 558

15 which includes means for moving the treatment elements
from the various chambers 556 into the lumen of a
transfer sleeve 558. The customized source train can be
manually loaded into the transfer sleeve 558 or can be
loaded by an automatic controlling unit, including a

20 microprocessor in which the physician defines the
appropriate radiation dosimetry profile and the
automatic system assembles the customized train and
loads them into the transfer sleeve 558. After the
desired source train is fabricated, the transfer sleeve

25 is detached from the dosimetry device 552 and the
radioactive source train is loaded into the quartz
sleeve 463 of the transfer device 401. Alternatively,
the dosimetry device 552 may be integral with the
transfer device 401.

30 The operation of the transfer device 401 of Figs.
20-25 can be summarized as follows: Initially, the fluid
control switch 421 is in the "off" position and the
actuator switch 465 is in the “connect/prime" mode. The
connector 469 then is inserted into the distal end of

35 the transfer device 401 until it locks into place, as
described above. The seed lumens 433, 463a, 505, 509
and the return lumens 431, 471, 507, 511 are primed by



465 away fromthe shuttle gate 467. Wen the actuator 10 switch 465 is
pressed downward agai nst the force of the conpressi on spring 493,

t he angl ed projection 465b on t he underside of the switch 465
engages the bevel ed side of the sliding plate 479 to force the

sliding platgob48rms and positioning pins 477 toward t herfissimssgend of
the 15 transfer device 401. The positioning pins 477 are thus

noved out of engagenment with the positioning holes 475 to permt
novenent of the actuator switch and shut téée gate to the various

nodes. The_assenbl¥ of the actuator switch, 465, and shuttle 20
gate 467 is conPPRikioping the: Tipid contr), switch,42dsin eithexkhe,e npyed
from one node toretninremodel prwhsandhanode, whidenthet actdéfor sswitdted i nto

pl ace. To this : : I ' o S amkQl A front
housi ng %@ Il.ecq)ncaéltngdlgt %Pkea%i?@%?ﬂ%r of 1 gftrgﬁgf{é?éad%w e 25
401 (Figs. 21, ©bements 523,§apobecdalivernd 19 and maintained imthey| | ar
housi ng 485 to aietalerindlothehei ogtiéfeb)d03 by posttiondhgsehéetldiend

screws 499. Ali n " Sl I 495, and

col I ar housi ng ‘9@&@”’?%15%\f}\‘'/éllttlt'ui‘ll 429 5'nagh?heSécﬁt :;%Qi?%égi %§b4gg7 I S insured
by alignnent pi#Qtuator swigch 465, ipgtheieeed trangdty made.of Buna-N, are
| ocat ed on opposite Telaxeatihhcetoneénts (525 iare retrieved andvent fluid

| eakage fromth {Lfedi . | |1 usi ng 485 and
front housing 4g$£§§%efb QH%#%PX?%%Ftrﬁﬁﬁﬁfrb?gﬁngr4ngg , the collar 495
is 35 10 eof cPasitioning (S‘I"G\M#F-Pédlﬁ?%‘ﬂ?l switch 421 ipptherefulnysi ng

485 and the col pesitidn baiileathe actuatay|switichc 4165t remaghs hih eshet85a and

495a, respective - 974 3¢dA 5n
PCT/ USO7/ 05538 bded transit” mode.97Affér the treating elements 523

are repositioned within the transfer device 401, the
connector 469 can be disconnected by positioning the

15 fluid control switch 421 in the "off" position and the
actuator switch 465 in the spring-loaded "release” mode.

A treatment procedure utilizing the transfer device
401 and delivery catheter 403 of Figs. 20-34 can be
summarized as follows: Prior to radiation treatment, a

20 sterile sleeve is placed over the transfer device 401
(if, for some reason, the transfer device has not been
already sterilized) and the operator confirms that the
fluid control switch 421 is set to “off" and the
actuator switch 465 is set to "connect/prime.” The

25 connector 469 is then inserted into the distal end of
the transfer device 40l1.

The fluid control switch 421 is then set to “"send"
or "return®, while the actuator switch 465 remains in
the "connect/prime" position. A saline-filled syringe

30 or other fluid (i.e. liquid or gas) supply is then
connected to the fluid injection port 423 of the
transfer device 401 and positive fluid pressure is
applied. As a result, the various channels of the
transfer device 401 and the closed lumens of the

35 catheter 403 are primed and flushed with saline. Proper
flushing is confirmed by the exit of saline from the
fluid exit port 425 of the transfer device 401.



55 which are sized to receive the connector 469. The

t hrough-hol e 495a in the collar 495 also has a sl oped relief 495b of
a parabolic shape on the distal face of the collar 495. The collar
495 al so includes two legs 5 496a and 496b that extend fromthe

proxi mal phaseyénstins collar that are slidingly recei REFUPIIHBI t wo
hol | ow areas in the collar-shaped recessed area 485b of the

col I ar housi ng 485. A conpression spring 498 bi ases the col lar 495 so

that the central hole 495a does not 10 Srmally align with either the

central hole 485a in #{geemnect%@ '4%5 qu%%g ﬁ%dﬂ?e’c?%%cﬂﬁﬁaéhé unen of

the front housi connect or 9 wor ks toget her

with the coll ar transferigipwise 401nbyspagittoping thee figid: PEPEERL 467 as
15 follows. PBelese 421 G0 UIRC "OF £46PosStims aridethenaetuhtor switch

transfer devi ce, e,leq 49 f__the 495w Lk J to
prevent the shut 9%{% Uét %6%]?%3#1tepi ?%P%l%g‘g“' Srﬂéitrfatnﬁge Praggébgn%?or t he

seed transist nodshenvke placed in a shigdded avem for vemporayy; fFQrigR
transfer device, yhiel 2feady oxiudd. tip of the connector 469 contacts the

sl oped relief fﬁ%b%.g,‘;ﬁ)é Q&ﬁmllu%}“ﬁ%gﬁ‘gﬁiﬁgﬁ%t@g :428 M6a moves

agai nst the force of ression s

agai nst a ni che 4bea primecd antLlyws by conneating & spddderfrlied; |
i nhi biting novemgiyiaf stpgly o tHdWiide gake eftérnsion tfitaingt 528,

it jn th d ' ' ' t 469
Posiide 10" '"Bi95Tana paring B drod Gusdiln e e 13 10RARES! 2
t hr ough- hol e 485®xitst at the|distmh &ipy ofgthe catheter 403me connector 469
i ncl udes an undercut gheaddYfvely systien s R6W. reddy cfdihipenfodaingtaar ea

470 is inside the .. .. t 4ol e 0 I ftaent!
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direction so thattoldew,anpther (PreeeduRfyh (RoBe soallogn or laser,, g | ar

495 cones it o CGilgioplusty, t @cuy ndEXivdrygr stelt or shiitt placemens,

position, the thQﬁHﬂQ&legrégéﬁ'ﬁgpégﬁ’graft, or atherectomy), any guide

wire and/or guiding catheter used for that procedure is
left in place while the other catheters are removed. If
the gquide wire used in the procedure before the

20 radiation treatment is not the proper size for the guide
wire lumen 513 of the delivery catheter 403, then a
guide wire 514 of the proper size will be exchanged for
the one already in place. If the radiation treatment is
to precede another procedure, such as those identified

25 above, then an appropriately-sized guide wire and
guiding catheter is introduced into the patient’s
vascular system and advanced until their distal ends
reach the treatment site. The delivery catheter 403 is
then inserted and advanced through the guiding catheter

30 over the guide wire 514 to the radiation treatment site.
rluoroscopy'is used to properly place the delivery
catheter 403 at the treatment site and placement of the
catheter 403 is verified by aligning the proximal and
distal radiopague markers 515, 517 with the ends of the

35 treatment area. The guide wire 514 is then retracted to
just proximal of the treatment site and the proximal




collar 495 is no longer in alignnment with the central | umen 461 of

t he housi ng 459. The connector 469 is now WO 97/ 37715
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| ocked into the transfer device and cannot be renoved when the
actuat or sSwiyweddrhsi N ei ther the connect/ prine node gémiik9nssed
transit node. The |eg 496a al so no | onger bl ocks the pathway of the
shuttle 5 gate 467 and it can be positioned in either the
connect/prinme or seed transit node. 70 To rel ease the connector
469, the actuator switch IS noved to the rel ease node in which the

shuttl e gate radiopaqus sarker,5§15 sonhasste Rptdmbertergcwith theqo5 10
forcing the cokhaiationeudssjamnssoft hnefareawénﬁ lelements 52pLi ng 498 and

di sengage the edge -ﬂﬁtﬁf‘an%e@%ﬁ%%m 3 ﬁé’tﬁgﬁ%op &3495 from

the undercut 470 in connect 5a of the

col lar 495 cathetgs, 413, &y Nﬂaasapﬁgﬁhﬁn?mm?‘ﬁ-%ést%ro@&hdﬁoF@r 485a of
15 t hg col | ghehoperaigprt Yonfitmshehaenthel f1nid cantrole switch 421 ont

housi ng 497, aLLo &HQEoﬂesgnﬁotﬁ’g actuatﬂ%:d'am%@ﬂeﬁkgdagy

pulling it out %ran nnect or
functions to céﬁneﬁ?“‘!?fét cRFIIMPerPSJ-tW“ tad Hehe conmeqtor: #69: i8nsf er
device 401 so thsertéd fito thd distaloendhef celid tiransfer devgoed4dith the

ggg;gg{ Io?t 46169 Fg rrg'g%e%?qj'c ear ltj%:at%; g%% 3994/%;4'3%0 I&eor&%l“ ggg ;hﬁandl e
portion 101 (bdevigectdln ag gles ed above.)gh)lighidh oFa@a8e corrugated so
as to produce supplys!swch as a saline-filled syringe or gas pump, is
connected through the luer lock 423 to the fluid inlet
channel 427 of the transfer device 401. A fluid of a
higher viscosity than saline may be used to insure that
15 the individual treatment seeds of the source train
travel as a group through the seed transit lumen. (A
pressure gauge and pressure release valve (not shown)
can be embedded in the proximal end of the transfer
device 401 to insure that the fluid pressure does not
20 exceed dangerous levels (e.g. more than 100 psi).) The
delivery catheter may include an angioplasty balloon at
its distal end to perform angioplasty at the treatment
site just prior to, during, or just after radiation
delivery. A radiation delivery catheter including an
25 angioplasty balloon may have a separate lumen for
inflating/deflating the balloon. If so, the operations
of the transfer device are unaffected and the balloon is
separately inflated either before, during, or after the
radiation delivery. Deflation of the balloon may occur
30 at anytime after inflation of the balloon. If there is
not a separate inflation lumen, then the balloon must be
in filuid communication with either the seed lumen and/or
the fluid return lumen so that when the radiation
elements are delivered hydraulically/pneumatically, the
35 balloon simultaneously inflates. To deflate the
balloon, a negative pressure must be applied to the
fluid access port of the transfer device. If the



25 surface. The connector is undercut in two places as

I ndi cated by 503 to allow for the proper positioning of .two O rings.
The connector 465 includes a seed | unen 505 and a fluid return |unmen
507. Turning to Fig. 38, there is seen an alternate 30

enbodi nent ofweetsamsfer device 401 in which the rear PCTUSATIONSSB
central housing, and front housing are conbi ned to forma single
unit with an upper housing 560a and | ower housi ng 560b. Wth

i dentical reference nunerals bei ng sed for sinmilar structure, the

1o 0 T et RS Ve b By o e

respectively, tiradiatigoscelenents QBHATAr Fatrdeval oﬁ\the radiatiopp
97/ 37715 elements, the actuator switch 4BSTmbée HéScHEitioned in

57 ' t t t

contr ol svmc'?(r:]hr \ée@gﬁf:%?‘%#gﬁr é’ﬁ!&"g%%%ﬁﬁ Eﬂ?lge%%tééﬁ %eﬂ.na 38,
the fluid $ont rcdelsI\Me!:@Id while the halkqon ds: beipgsinflated. ¢ L the;

control valve bx:a"xheters |4|o§l ificlGdéda deritediinghballobnt { et amottw

o the PUoi o SHeitridC ceptefifS i loo 548 o higs, 328; P B"EREC

mani fol d 564a. coiled °ent56hﬂ§tpébk?Qﬂ 548 of) Fiigseoddrol33RInva64 is a 10

quartz sl eeve 46ghddertigh@uEerrtheluneh afowrinflation of thér¢eénmtering ew port
ng

568 1n thgouppen, NSO RIS £2604 supply AY Bohfiedtaioto Vélid i cation of

t he sourc traln
znflatlon lumen and positive fluid pressure is applied

to inflate the centering balloon.
If the operator wishes to confirm the operation of
the system prior to performing the radiation treatment,

15 the operator may attach a transfer device 401 which
contains only non-active or passive seeds to the
catheter 403 via the connector 469. The passive seeds
are then delivered to and retrieved from the distal end
of the catheter 403. If the catheter 403 includes

20 either an angioplasty balloon or a centering balloon, it
is not necessary to inflate the balloon when testing the
system. If the system is determined to be working
properly, the transfer device 401 containing dummy seeds
is replaced by one containing radioactive seeds.

25 The operator is now ready to deliver the radiation
elements 523 to the treatment site. To do so, the
operator positions the fluid control switch 421 in the
*send” mode and the actuator switch 465 to the "seed
transit* mode. A shield such as a sterile (lead) drape,

30 may be placed over the extension tubings and the portion
of the catheter 403 outside of the patient’s body to
shield those in the room from radiation exposure when
the treatment elements 523 travel from the transfer
device 401 to the portion of the catheter 403 inside the

35 patient’s body. With pure beta-emitting sources, a
plastic drape may be used for shielding purposes. Then,
either saline or gas is injected into the fluid



resides wwthin the quartz sl eeve 463. At the distal end of the

quartz sleeve is an 15 alternate design of an actuator switch 570 that
functionally corresponds to the actuator switch 465 descri bed above.
However, in the enbodinent illustrated in Fig. 38, the actuator
swtch 570 opeesi@es i n - conjunction with a soft gat epbfdsdriRssss
alternatively, a 20 pin gate -- not shown) nounted to a two-part gate
mechani sm housi ng 574a, 574b. The soft gate 572 is cylindrical, made
of an el astoneric material, and | 7@l udes a seed | unen therethrough.
The seed lunen, | within the gate 572 is _sufficjently small in_dianeter
so 25 t hat iPHectdensPesh A3 ?{%Hegﬁfﬁf’ deyige 4f} to propel 572

designed to pruﬂmcmaaiattenien;pmrﬂza ftoi thehdistial end ofadhedental |y be

left within th mﬁﬁ i&%ﬁ? th
ggte \IMS rr:age %ﬁ%@é@ycgé&% |ne W t rﬁomsﬁ""ﬁoum fatﬁg? b gree S 30
sliding ranp 5F834Hdu&e§pFPnﬁP%EE9sR?RPﬂH Piacemsny of “the ragiation o

mani pul atsed by eTementsl 52Be OB etlHeevthetierand3 has a a&iwm swi tch 570.

As the gate le t 5 rd and
to one side by ¥§935%8 BLt HS Sééérate ﬁpﬁ$§§§§n é%%% gat e nn&gﬁﬁg

sliding ranp 35‘-‘13 sag-?ﬂen’bﬂéﬁ‘%ﬁ% e hhen §nig; dnjecticony pant qfor*'—h&rd
toward the proxivalsfenddevit@ecd0) arklileralbeyiin€latet thé balloon iin enters the

center ed | umen g U8 301 viitfy Ve treatment g1 MieVd 37515

PCT/ US97/ 05538 pl unger
compl et Y fills th&heyradigtionelonqnts,523 are then maintained at

the treatment site for a prescribed amount of time,
preferably between 1-10 minutes. This treatment time is
calculated prior to the radiation procedure and the
radiation elements may be maintained at the treatment

15 site by maintaining a sufficient fluid pressure in the
delivery catheter, either manually or by the use of a
fluid bag or locking syringe.

If the catheter 403 includes a centering balloon

with a separate lumen for inflation, then, once the

20 prescribed dose has been delivered, the fluid control
switch 421 is positioned in the “return” mode, a
positive fluid pressure is applied, and the treatment
elements 523 are returned to the transfer device, as
verified by the operator seeing the marker seeds 528

25 located within the guartz sleeve 463 or, alternatively,
as verified by a fiber optic seed verification system
529, as shown in Fig. 31.

A negative fluid pressure is applied to the

separate inflation lumen to deflate the centering

3o balloon. If the catheter 403 does not include a
separate inflation lumen for the centering balloon,
then, once return of all the radiation elements is
confirmed, a negative pressure is applied to the fluid
injection port 423 so that the balloon will deflate.

35 After the return of all the radiation elements 523
to the guartz sleeve 463 is confirmed, the fluid control
switch 421 is set to the "off" position and the actuator



and is of a |arge enough dianeter that the seeds can pass

theret hrough. As the gate |ever 580 is rel eased ("cl osed gate node"),
t he conpressed spring expands, 5 di sengagi ng the plunger 578 fromthe
soft gate seed | umen and sending it and the sliding ranp back to

t hei r owaRmatisposi ti ons. The seed |unen of the gate FPCIUSITNS538
reduces to its original dianeter and the seeds can no | onger pass

t hrough the gate. 10 Alternatively, if a pin gate is used instead
of a soft gate, as the gate | ever 7 the pin gate is pressed
downward and sl i NEeeS 4 opgn,gat > " tating shaft
with an eccentri g"']r'g lgt&ss ﬁ;s t QS tﬂé &Pﬁgf J)oad%dsegglfﬁéngn t her et hr ough
is rotated so t hRPBikEom; n traﬂlfFBnSGYiﬁ%dUH1é§ henpdigcopnesied oo

| unen. The fromethie comnhettorbé6de| i Tie edeliverye cdthetéresd3ofist he

catheter. As theyqgh eyl Eifa ahfl Pgaedca ﬁéé@ﬁﬁa?ﬁ]b‘f. proceduf@de’ ). the

rotating shaft is rota E occuples the | unen
and preven®s deIPVEF§1€ﬁ°t§ﬂ9:59° N1GUES ¢ SOF q#k?ﬁnﬂ¥9889§rﬁ6t(ehSmever
prevent fluid fl balloon or Jldserx ahgdopilasty; cathexectemya Head sprlng whi ch

Che pat huay of t Efp?ﬁfge 4 diollt ©F bhEnt! pLa¥UENe) ake PeffSfnid.
gate, the seed will nd® ddition &9 §§eaggégﬁ¥¥r2§¥3tem'thPh€1FEG} eMling' s

control over theofi the d:hmemwmbe introdacédd tihﬂ:csaay oh&eofi thé notion

w1 be hglg ed, B.ﬁ%i‘hﬂ&g%al $astsQ§e§§?Q Hﬂgﬁ‘{‘i‘i‘ réam.

of the actuator switc anlsn1 |nH|cated %@ 485.
The col | ar nechaﬁp§ﬁ1P§3§E93"aY'§FhFF§rspﬁr?ﬁﬁ@$4Qn?qﬁ§3PheTBSIPH?rﬁ§%enbly
shown in Fig. desigiiband furdtioh ofcehecapparatimidcthe po8sentsecure the

catheter (not shqQw,ehibhieyr f%ﬁedgxhﬁeamaﬁﬁtigg vatious usegphﬁ cHgn © nor

the soft gate can_be posjtione t he seed transit ess
the connector 46814aSfpthe hupan bqqm FyiPﬁ§%}?¥&PQ%quq&Eﬂ€HaYﬁto the front
housi ng ofl% he Rowever| atisé asizcwifc&he apparatus or the materials from

which it is made may be altered so that the
maneuverability of the catheter in relation to the
applicable lumen may be optimized. Other than the
placement of the distal end of the catheter, methods for

20 treating a selected area of the body by delivering
treating elements via a catheter to a desired location
within an intraluminal passageway of the human body are
identical to the method provided for treating a selected
area of the vascular system. The catheter is

25 preferably, but not necessarily, inserted over a guide
wire and through a guiding catheter.

In treating the biliary tract and its surrounding
areas, the distal end of the catheter may be introduced
percutaneously into one of the three main biliary ducts,

30 which includes the common bile, common hepatic, and
cystic ducts. The cystic duct and the common hepatic
duct join to form the common bile duct. Transjugular
access to the common bile duct may be an alternative
route. The distal end of the catheter enters a hepatic

35 vein via the internal jugular vein in the neck and entry
into the common bile duct is achieved through a
percutaneous puncture across the wall of the hepatic
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59 A separate rel ease button 582 may be included for

di sengagi ng the connector 469 fromthe transfer device. To prevent
seeds frominadvertently being displaced from the transfer device,
the rel ease wegdrem®82 can only be 5 activated when thecgRiseSg i S I n
a cl osed position. Any attenpt to activate the rel ease button 582
when t he gate 580 is in the "seed transit” node will not be
successful. Wien the gate 580 is positiontd to the "seed transit"”

node, the collar pechani sm 485 rotates 10 such that the connector 469
cannot be di sentEtdy Afo ’e°°ndtﬂ£t?FEﬂEﬁeﬁnqﬁEV|Ebe common bile dpgt
actuat or swit chmay (bearaetciseedothrough the quapdlla of Wateop &fopemine

positioned in rgh €ogh e u a h switch
570. when bei ng gos"ﬁ&ogﬁ_ ﬁ o# QﬁQ duodenum .S C'AlftEQ knkné @ﬁét?f ges ver

ﬁ i£ ‘seed 3n5|t" nD
the rel ease rhgi RL18TY Lrasks ﬁlésmHP?%t%?EF%é?b 580 is
opened. 5 the dekiredn lbcatéoni withpthe didiiady tihactnteri or

configuration OfyiPunditiys heealC¥hat m%&tmehylhbgué’a the "B cal

functions of its various c qug Hé tg¥ever e exferior can be

ergononi cal |y cB¥FfA%eq 92 adder, ,ang quedenim.zg (o pe npre

confortably held i n Irh&reating cberanmreas_laa_mﬁ the pancreati®iduetis,of the

connect or 469 i gné NeiAAN A o¢08heCathetir e bols QtFLBﬁ ggﬁﬁg Scussed
ui

b het I
?e?\lj(ran I hee *of %%an"&'ﬁ'&%ic a}lﬁg un;gh? lma ngfglEFg‘éc t87). Sim| ar to
t he cat heter il ¢tosnunicate witd. ghﬁ @ugdenal tpapiddedof the duodenumt;09 and

fluid return | ugkgs plthe @Rthete2t fapt b&NBositioned within the
pancreatic ducts through a percutaneous transduodenal
approach.

15 The distal end of the catheter is inserted into the
exterior opening of the urethra and guided to a desired
location within the urinary tract to treat urinary
structures, such as the kidneys, renal pelvis, ureters,
urinary bladder, and urethra. Surrounding areas of the

20 urethra, such as the prostate, may also be treated by
introducing the catheter into the urinary tract via the
urethra. Alternatively, the prostate may also be
treated by a transperineal or transrectal insertion of
the catheter.

25 To treat areas of the female reproductive system,
the distal end of the catheter is introduced
transvaginally into the female reproductive tract and
positioned at a desired location. Although a
transvaginal approach is the least invasive, the female

30 reproductive tract may be accessible through a
transperineal insertion of the catheter. Such areas of
the vagina, uterus, cervix, fallopian tubes, ovaries,
and the endometrium may be treated by delivering the
treating elements via the catheter to a desired location

35 within the female reproductive tract.

In treating the esophagus, the distal end of the
catheter is introduced into the mouth until it touches



30 distal end of the catheter through an interlum nal connect or

512 (best seen in Fig. 27b). The connector 512 is preferably nmade of
stainless steel tubing and is | ocated in the seed | unen 509 to al so
serve as a barrier that stops the treating el ements from advanci ng
further 35 woisysImst he cat heter. As il ustr at ®CTUSYTNS53820,
27a), the catheter 403 comuni cates with the connector 469 by neans
of an WD 97/ 37715

PCT/ US97/ 05538 75 ext ensi on 508.

The extension 50Q S Sler el tub

lumens that alig 5{% g‘%ge‘\é\glf ! (Pt}alrgn&: re ?&’ﬁens%&o%‘i’and 507,
respectively, irasked to mébme%%rtmgza%tﬁm QQtMY% geniel e qnuwaridon
tube 5 50861 fidd M:ﬂel 8% hhgesfemﬁéﬁmn 805 di8kial cend O£ IS ON

Lube S08b part!allshadi®Isl Es oS LA de'TRE 30d1red 1pcql ot HeiS! ON

508 is preferabl?/a resin an T Thnstt ed at
its distal3end t‘bt'Qmm’é'-l-l very cat heter 403 through an opti onal

tr :jf ur Cgt i on housi ng 1|1n0 treatiﬂ%athé‘ ﬁf&%ﬁhﬁgﬂi‘oﬁfzhﬁ.heaﬁd?eﬂutnﬁfitshéllggur n,
and gui de e J unens n n et er
W t hgut a housi n‘giﬁ%ﬂl etr;g]f# c%#lb%t?’éas%d\ﬂ% cﬁugfasmgg

36a, 36b.
Instead, a heat tradhdeaiia thecnasabpavities.cnOngecint tejtwachem of the

various |unens 599e &kl:etb'é is ebiRei opwmdﬁda@l@ed aés£red hlocation

;-223(:%;38 S\rM fg \& fer %?géh?%dgr'{]s afl?ftrit%r advancedef:%ré' 5&8&‘1:" Pebax

1ocat:Lon within the bronchi of the lungs.

Although the present invention has been described
in terms of certain specific embodiments, it is
understood that various changes and modifications may be

15 made without departing from the present invention, and
reference should be made to the appended claims to
determine the proper scope of this invention.



reduce friction. Alternativelry, Besno Pebax bIends, Hytrel, or

mat eri al

be used. The
cat het er body,

out si de of g@

resistant to ga such as polyolfin,
material i s “m" nm“mlal ong the entire |length of t

p.* As best seen in Fig. 27c, the
5 ﬁﬂﬁﬂgter 403 can be |n the shape of a
9t an cylindrical. This 25 results in the c’n%kﬁe?g;?

i ncl u g it

a
coul d
he

cl over, rather 403
havi ng | ess "dead" space than a cylindrical three |umen catheter and
will also permt nore blood to pemsuse past the catheter when in
use. The guide wire |lunen 513 of the catheter 403 30

extends to the distal tip of the catheCBAIM8 that a gui de wire can

be used to position the catheter at a

patient's body
519 that inclu

t

guide wre | umalieiégts“ﬁé.{r?g Q:rea\ﬁeﬂi)oﬂgd to and frony\gfngw

PCT/ US97/ 05538

exiting the pr&iteabyeddfinid hconprdsingse

selected site within the

e, ui 2B W‘{;ﬁ | umen 513 may include an extension
at dard |uer 521. The luer 521 pernmts a valve
o be 35 fi ttedlt-o Amcapparatuf forckreating & treatmentpedtet inng

insertion of tlag grcdaltmical (ﬁmmﬁﬁlﬁbﬁna Body S atitie the treatiefif of the

cat het er g descri bedaaba¥Reter compgri®ingcdn! é SR aﬁibtfldt' themBbyl N

5
5

11 are sealed

J‘:glﬁf%od from

| unen 513. Simlar to the

| umen

e gyt 3 B LA b i g g 10 OV

10

15

20

10

proximal end and a distal end;

a transfer apparatus having a proximal end and a
distal end, the distal end of the transfer apparatus
communicating with said first and second lumens through
the proximal end of said catheter, the transfer
apparatus further comprising:

an external housing having first and second fluid
passageways therethrough communicating with said first
and second lumens, respectively, of said catheter;

a fluid control switch to selectively permit or
prevent fluid from entering said first and second fluid
passageways; and

a gate mechanism to selectively permit or prevent
passage of a treatment element to or from said catheter,
said gate mechanism being operable only when said |
catheter is connected to said transfer apparatus.

2. The combination of Claim 1 further comprising
an interior housing for holding the treatment elements
and having a passageway that comprises a portion of said
first fluid passageway, said interior housing further
comprising a sleeve of a radiation-blocking material for
holding the treatment elements.

3. The combination of Claim 2 in which said
transfer apparatus includes at least one pair of fiber
optic transmission and receiving elements for verifying



di stal end of the cathet of the patient.

Additionally, in order tlamll &m/"mamﬁm}ent S bl ood to nore easily
perfuse past the delivery* cat 403, holes 522 (Fig. 28a) can be
drilled fromthe 10 outside wall of the catheter through to the guide
wre | wieev3548. The hol es 522 create passageways for RATAISS7/05538

bl ood within the vessel to travel through the guide wre | umen and
exit at the distal tip of the catheter. The di stal end of the
catheter 403 is al so tapered fromthe 15 77 perfusion holes to the distal

tip of the catheter the delivy t 0 b

properly placed, WpREher 7 Che t@ﬁa& Rﬁrgf E%% % Q‘g"%& é %rg@m ?gic‘# t he
per f usi on ihtéetordwdnghat the guide wire |lunmen 513 can be
unobstructed so as to allow for nore bl ood flow. 20 Al ternatively, the
delivery catheter 403, coyl.d hav S t for
perfusion. In either ** 55?@1%Fﬁé°8a?ﬁ Eﬁﬁ@éﬁl |ng8r%%$aggé§a%alv
(not shown) is madeRf guardawi re or perfusion lunen to prevent the

bl ood fromflow ng back to the proximal end of the 25 cat heter.

Radi opaque markers 515, 7, such L ho . e

| ocated at the distal Eéngﬁ%ﬁ ct%mg%lgn §gt %le?% %ﬁ‘%‘e?ogl n§?¥$ nélhree
centimeters apar @t least gnphaldiosy a% the distal end 8§é§|€§tb#t?¥eat|ng
30 elenentS)fbe aéfteting duidpaisghacen@nst ofaidieataeerewithin  and

the rad opaque miRBerEoRgRetEHiRY, Baad bailodn Mg sepegcifbaf o117, "
Material s, 8nc., fla‘%b-b% ‘through onel\/ﬁ;:s&éﬁﬁsbﬂ@%md are identified by
t he product numbers 35 114-29, 113-49, and 256-04 c. As

Ilustrated in Figs g7 g8 chlidrUeids e Brain 5 widiAR Thi BUifSds the

entire length of the
has an asymmetrical shape.

7. The combination of Claim 5 wherein said balloon
is in the form of a spiral.

8. The combination of Claim 1 or 5 wherein said
third lumen is a through lumen and the distal end of
said through lumen includes perforations between the
exterior of the catheter and said through lumen so as to

5 permit perfusion of bodily fluid through the catheter.

9. The combination of Claim 1 wherein said
catheter has a cloverleaf-shaped cross section.

10. The combination of Claim 1 wherein said third
lumen extends along said catheter for a predetermined
length at the distal end of said catheter for receiving
a guidewire.

11. The combination of Claim 1 wherein the distal
end of said catheter comprises a radiation-blocking
coating, said coating being applied so as to selectively
block or transmit radiation from the treatment elements

5 through the catheter to the treatment site.
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62 However , U l”""ﬂ"ﬂt t he guf|dEHRSHERTHAS BERS can
be configured to ext e IM distal tiH_of REPLAGEE cat ter to a
| ocation proximal the di st al* ti'p fo* obt ai A 5

benefits si mMggstRst hose 5 described in U S. Patent 53],29
Issuing to Bonzel. The guide wire |unmen 513 preferabl y exten

fromthe distal tip to a | ocation proxinmal of the radi opaque narker
515, so that when the guide wire 514 78is retracted (so as not to
interfere wwth the radiation 10 emtted fromthe treating elenments) the
guide wire 514 still engages the guide wire |unmen 513.

ngni \rllwg1 tﬁ Figure 3Q2.t hahe catReter dof ali«iac 11V @herein sueaﬂinﬂil el ement -
5 i ch can S eat | el eyrent s
descri bed abovefuﬂ%‘ %'CL %ﬂ?g%ge ﬁﬁgée#“gérre%ﬁt “@?&gr% Fhéeagag%die tive
mat eri al si nt er@fl sakd catheter énﬁbﬂdm pexnfianetionshbatween thencapsul at ed
! nda cyldl ndri caéxedrict T theceathepét| £nd sa:.d thifd tlgméﬁaﬁﬁéfédin b

i ndepende nop- connec n ar ed.in a

seri es, ngth eath pezlm:% ?ﬁgﬂlsbé §£ b%‘%ye@t g’?y% rgﬁﬂﬁ ?ength SO
that the cathetiler.ength of the source train is 3cm However, the

seed length and the nunber of seeds nay vary so that the t ot al

thel osion 1o be 11 ioa The BpERkEhr 8 C1a3T, mersin biFCeathandild. "

beta-enmitting shas cesrkawarleaf-shaped L¥eRR i8AWGON.Yt tri um 90,

Rut heni um 106, Thul i um 170 and Tungst en-185. Ganma - emtting
sources, such as I | S ctive
sour ces are dus'solllm c'i%%ar n lb"e ?%émc orlgﬂ"QCfl

sodi um nitri de iween miand@ @dongi Eaﬁ-édci‘%hﬁﬁ%é"@.r aTpgedetermiged am c rod
is then heated $éngth tat hd Aistat end of s&ild watheteryuterial into the

ceramic. The ceramc rod
15. A dosimetry device for arranging a series of

treatment elements in end-to-end relationship comprising
a treatment element storage block having a plurality of
channels for storage of said treatment elements, a

5 transfer sleeve operatively connected to said storage
block, said transfer sleeve having a channel for receipt
of said treatment elements, and means for selectively
aligning the channels of said storage block with the
channel of said transfer sleeve and for moving

10 individual treatment elements from said storage block to
said transfer sleeve.
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IS then encapsul at ed WThin a hollow, stainless steel cylinder, with
a cap secured at each en “ﬁﬁmul wel di ng, adhesives, or sol vent
bonds. Sharp edges are ﬂ“‘m“ml“m om the capsule, and a coating can
be applied to the extéribr Surfacde so as to reduce the frictiona

WO 97/ 37715 wo9137718 PCT/ US97/ 05538 PCTMS97/05538

63 coefficient associated with the capsule during delivery

through the catheter. The walls of the cylinder may be sufficiently
thick to block one type of radiation 7%nitted froma particul ar '

- radi oactive source, jle 5 al | owi radi ati.on _(a
daught er el enent) ° t@%@ﬁ@f*‘ﬁ%@ﬁﬂ%%ﬂﬁ%ﬁ'@%&wg Pgdlaath\'}aﬁ?ela seeds

528 (Figs. 28a, satment bétpoypthbneﬁhe lﬁtralﬁmleﬁihBF8§¢!E¥§ﬂ§1ﬂi¢a

radi oactive sourgggay hiith raddatish treatment) diemehtBy 6hé FPaEidtion ng the

gol d-plated  Creaymdy saengRES bedfy SrahdtEbe B0 08 o R ch can be

seen under 5f | uorteeagment site by a flwidy dhe @prasatng eemppisind:on of the

treat ment seeds catheted bBohpLisitsdm ®AongaltedCeabibar isberd 459 15

devi ce aseoci at i BEfilpl BR nd W di¥fad eng, £irat Tk’ Cove
463. Turning to fecend jinmens] having ppoximal,and distadnendyusbhe sl eeve 463
in which twelve gigtal dridd?idfN8agUCERréE #iid $eRGndO1dmens bethglle¥edseeds
528 20, rest go A s (jx‘almg.nginﬁarzgéaghe%ﬁ$ Rd'3R 'cgl%llngrqgcsation with

each other, and a lumen for receiving a guidewire;

a unitary transfer device connected to the proximal
end of said catheter for transferring the radiation
treatment elements to said first lumen of said catheter

15 for delivery to and retrieval from the treatment site,
including:
an external housing having a first passageway
adapted to communicate with a f£luid source at one
end, a second passageway communicating with a
20 reservoir for receiving fluid, a third passageway

communicating with said first catheter lumen, and a

fourth passageway communicating with said second

catheter lumen,
a fluid control switch communicating with said

25 first, second, third and fourth passageways and
moveable among a first position in which said first
passageway communicates with said third passageway
and said second passageway communicates with said
fourth passageway for directing fluid flow from

30 said proximal end to said distal end of said first
lumen and from said distal end to said proximal end
of said second lumen to transport treatment
elements from the transfer device to the distal end
of said first catheter lumen, and a second position

35 in which said first passageway communicates with
said fourth passageway and said second passageway
communicates with said third passageway for



fourteen fiber optic transm ssion el enents 531 and fourteen fiber
optic receiver elenents ﬂﬂﬂ““ﬂ“l “ruﬂl pair for each treating
el enent and nar ker seed‘ t he radi oactive seed train),

whi ch are 25 positiorfedon*dihnetri*cal |y opposite sides of the |umen
463a. eratively connected to the fiber optic ﬂﬁﬁﬁﬁha

531, 533 is‘goﬁg%u gr circuit board 534 (Fig. 31b) that ek I ncl'udes a
battery 535, a light source 537, an interface 30 unit 539, and a |ight
recei ver/logi c nodule 541. The | i got source 537 produces either a
vi si bl e or a non- visible light energy which is transmtted via the
fiber opti c dizectingi Aljuid ohikow Lrom theAproximal ko \the

reI lecti vet I gh: henariasta]gae::beoﬂsw%a wwnéiatﬁﬁen aﬂﬂafli:%@(%ﬂé/?l_i%%%(i 523 is
not pres in the transfer Vi atween i bey optic
t r ansni s§$on el ementos3he pr”mﬁ%ae’ﬁsf&ﬁﬁ%mﬁé‘rﬁécg?”?‘hgf%ﬁ ement 533,

i ght energy is returningtpgatmenty elements from the first

PCT/US9ZL05F38 56§athftfﬁ lumen to the transfer de¥ice; transnitted
across the |unen a a receiv e recej ving
el ement 533, which t ransﬁifgﬁapgbﬂiﬂ%&jt%e “l“.“gﬁﬁgr gg’é%%*‘?’r%i g’em)dul e
541. The | ogic radiationctreatment elementsecgaid separakle rom t he

sl S_evet 545 th529 anthouding Fficmw i Ppddvageway’ tonmunibat iR withh |
Lo Ca 10, e Foe madl Radeh, FiSsd St S8 hasg ekl Shithaty < o
deternines that all lswmens said separable housing comprising radiation
blocking material,
a plurality of radiation treatment elements
50 emitting radiation disposed within said interior
housing; and
a gate mechanism communicating with said third
‘passageway between ‘said separable interior housing
and said first catheter lumen and movable between
55 first position to permit passage of said radiation
treatment elements between said interior housing
and said first catheter lumen and a second position
to block passage of said radiation treatment
elements between said interior housing and said
60 . first catheter lumen.

17. The combination of Claim 16 further comprising

a connector for attaching said catheter to said transfer
device, said transfer device further comprising a
connector-receiving orifice, a latch member having a

5 detent arm and a connector engagement surface, said
latch member being movable upon insertion of said
connector into said connector-receiving orifice between
a first position in which said detent arm prevents
movement of said gate mechanism into its first position

10 if said connector is not received in said orifice, and a
second position in which said detent arm does not
prevent such movement of said gate mechanism when said
connector is received in said orifice.



are present (since no Ii ' ) and sends an 10 output to the
interface unit 539 indi *ﬂ ﬁﬁﬂi“ﬂfmﬂ If each of the fiber optic
el ements 531, 533 is * elsy wired to the light receiver/logic

nodul e 541, then the nunber of m ssing seeds can be determ ned. The
circuit boargdesrBy i nclude a digital display on its 15 PCTASOTeSS si de
so that the general absence of seeds, or t he nunber of seeds m ssing,
can be di spl ayed. The interface unit 539 can optionally be repl aced
with green and red light emitting dbdes (LED s) 540a and 540b

11 U nat ed, _and- whekba (e gpabipaChoR &F Ehaial Y5 S whfen ki CI0 15

i Ilum nated, and wh ) [ D 540b is
i |l umi natisd.  transfer device iaclvdeatatcleagfomapair fbt fibeXstrated) a

single pair of ge&a NG44 dikh HiVHE BhaSBéciving (Sietiend for vertfeimyt 533
can be used to v

rify the, position of the 2 r adi i 523.
The fiber opti CngFpZBﬁa,i@geatmen% Pi‘*ﬁ%'%?? i%eeéﬁcﬁgt%hp%g%ﬁ%grg%%&t he
di stal end of theterior howsingsl housi ng and counts the nunber of seeds
t hat have passed by, recording the nunber of tinmes the |ight

energy is blocked. A pgicrg chip. wth Y, t aynber of
seeds whi ch have ei tﬁg} e‘ﬁf%r‘é%b&nag}{gﬁgggf?gﬁ#m ﬁ%%%gncgﬁ?&rial housi ng
and a | ogi ¢ nodinteriadshouwsing domprises a sleevelipeutdophoederofi | the
seeds have beenghggugged to the transfer device or, alternatively
delivered to th catheter. In a further alternative, a tinmer can be
35 added to ensure that the seeds are properly counted. |If t he
seed | ength and speeaovelﬂh¢t§0nhi$dh¥9nn9ftﬁgﬂiﬂrkﬁ wherein ggddi t t akes for

the seed (or segdtheterPinslidé® udh least one balld&Y/&X7its distal end
- PCT/US97/05538 for centering said distal end within the treatment site,

said balloon being selectively inflatable through one of
5 said first and second lumens.

21. The combination of Claim 20 further comprising
a fourth lumen for inflation of said balloon.

22. The combination of Claim 16 wherein said
guidewire lumen extends along said catheter for a
predetermined length at the distal end of said catheter.

23. The combination of Claim 16 wherein the distal
end of said catheter includes two spaced-apart
radiopaque marker bands for aligning said distal end
with said treatment site.

24. The combination of Claim 19 wherein said
external housing comprises a transparent material that
overlies said quartz sleeve so that said quartz sleeve
can be seen through the external housing.

25. The combination of Claim 23 wherein said
quartz sleeve includes a white film on one side thereof
for creating a contrasting background with respect to
said treating elements.



65 transmtting |i caI culated and the logic nmodul e
can determ ne how maRy- seg Iﬁ?g HH, t he fiber optic pair 531,
533. Appl i cants*b order to obtain uniform5

dosage of the radiation fromthe source frain, it my be | mport ant
to center tRg,pa@dLaALi on source within the wal I's of } téﬁ/ﬁisﬁé to be
treated. |f t?ue radi ati on sources are not centered wthin the vessel
wal |, then the radi ati on dosage nay not be uniform (The center of
10 t he bl ood vessel is not necessarilgg the sane as the center of
t he passage way therethrough. A stenotic vessel has a narrow I unen

because of plaque oR6:i sEh@ combinatiom ofaSlaimn2d whens) aaid vessel '

interior wall. th.-ansparentWe@ﬁép%oddﬁsﬁbaamaeﬁf%m?@mw:ot uni form in
size 15 or shape along the vessel wall Thus umen of the

vessel is non-concentric in relation to the vessel owall.)
The radi ati on sourc@7eanThe ¢embination: oft Claim 16 whexginthe distalsel

wal I by using paat Bet 84idi £iréet %dnd secundf batﬁet-.éy 1wiicifs Qrecodhageter in

reIatlontoth he. di tference of t he
vessel %%eénﬁf ngaﬁd”?#éP ﬁ?—:ﬂ eclnni’gﬁ?;gﬁe?ﬁe AR LS the

degr ee of novemoveneht ofit sdidrtneating elemgnti®ed once it

positioned wthin the vessel The radi ati on source 25 can be centered

or appr oxi rrately ceqtere hi he. €ss between the

pl aque 544 by e. % iéa%’r% ﬁ&&?{""oﬁé ‘\éﬁﬁﬁ% 511"8%
non-concentric exxdrplfl ann.d cathetealq:mm a( Fﬂgsreémmtl(q tap,
eccentric in relation to the catheter 403). \Wen using a catheter 30

403 that has a non-gqnceptric une th unmen 509 is
closer to one side gg't hgheegg@gf%h"%ﬁsganm ‘ignﬁ?ﬁij"&e‘rﬂ’él ng bal | oon
546 needs to beemﬂ-r housing comprisesg a isheldsthat| eneases saddcentric

with respect t gewars, re688! controDAitch,t hnteAlbL Kbuding,2 and
concentric see mchanggm a concentric bal l oon can be used only if the

30. The combination of Claim 16 wherein said gate
mechanism is movably. attached to said external housing
and includes a first hole to permit treating elements to
pass therethrough which is alignable with said third

L passageway when said gate mechanism is in said first
position, and a second hole sized to allow fluid to pass
therethrough but to block treating elements which is
alignable with said third passageway when said gate
mechanism is in said second position.

31. The combination of Claim 16 wherein said gate

mechanism further comprises an elastomeric member having
a lumen sized so that said treating elements cannot pass
therethrough when undeformed and a plunger having a

5 hollow interior sized to permit treating elements to
pass, said plunger being inserted through the lumen in
said elastomeric member when said gate mechanism is in
said first position, but is retracted from said
elastomeric member when said gate mechanism is in said

10 second position.



vessel lumen is concentr+ i ion to the vessel wall. While the

balloon 546 is illustrate [ WO 97/ 37715

PCT/ US97/ 00538 jjﬂﬂl@mﬂm““m“\ 66 radially
around the entire circunf e of whes * catheter, it could extend

radi al |y aboutw@opshisi al ci rcunference of the cat het erpcinfisetinssas

radi ati on el ements 523 are not centered in the vessel wall, then 5
the catheter 403 nay be partially or fully rotated during delivery of
the radiati on dose so as to not over%&pose any one area of the vessel

to be treated. VWile a variety of | o es could be used,
an eccentric codted THE I‘Tﬂﬂp%i(aﬁ g Chaip lsé;mixq%}nt gaidggate
advant age of al | giecRgnise Pundtihee cmm@hdsésta pmnfhauang a diapetert tizat

catheter 403 and 1%a|a Plor “fhan the HllaitBY of the AL PAsEAEAa §ave a

separate inflation raulic

X n
return lunen coul®®ife p1n tran!ﬁﬁﬁ%@%;ﬁﬁkg Fhi?éléhﬁ??Qﬁﬂ§¥ when BALY case the
seed or 155 hydhatkle gatermechaimsmnist ibhesaid fsecanhd pusitiion; i said

with the balloonp;iNgeeRgt fotrcRA] |10 sh@daghkfd A8sageway Wh¥nPgatiged as
a dilation ballogk 5 stent deployne oon. Al'ternatively,

coatings that at qaéﬁspechan“mp‘aﬁt‘r‘hlﬁag*ﬁbl“'bﬁﬁteﬂ‘??ﬁ*@‘r adiation (Fig. 34)
coul d be 20 applied to the distal end of the catheter. The

t hi ckness and | ocati ogqoOf 0 V bout the.
B30 mg é?ﬁﬁ 3§5ho§351§§h 6 ﬁﬁ?reln sa&a

peri phery of the outsi ete | er to have
the vessel wall ﬁé@@ﬁGgra ﬁﬁ%??w#ﬂréier comprises a collar for”

selectively connecting said catheter to said transfer
device; a release button for disconnecting said collar

5 from said catheter; and an actuator switch for moving
said gate mechanism between said first and second
positions, said actuator switch blocking access to said
release button when said gate mechanism is in said first
position. '

34. The combination of Claim 16 wherein said
transfer device further comprises a collar for
selectively connecting said catheter to said transfer
device; a release for disconnecting said collar from

5 said catheter; and an actuator switch movable between
first and second positions for moving said gate
mechanism between said first and second positions, and
movable to a third position for operating said release
to disconnect said catheter.

35. The combination of Claim 16 wherein said
plurality of treating elements are arranged in a line
having a proximal end and a distal end, with a
radiopaque, non-radioactive marker seed placed in line

5 with said treating elements at each end.



radi ati on dose. 25 The plagque along a treatnent site may al so not
be of uniform conposition (i.e. calcified and non-calcified

pl aque). Thus, it nmay be desirous to use radioactive seeds 523 with
different activity |evels dependi ng upon t he conposition of the
plaque in thegy@amré the vessel 30 to be treated. Suchrcasswossss| e
radi ation profile may al so be desirable either before or after the
pl acenent or renoval of a stent t¥a&eat the "end effect" of the _
stent on the vessel wall (i.e., the formation of intimnal hyper pl asi a
wi t hi n pocketed areas along the vessel wall 35 at the ends of the
stent). Turning to Fig. 35, there is seen a dosinetry

device 552 that permts thg4fabrication of radioactive WO

97/ 37715 s PCT/ US97/ 05538

67 " spurce traing in which the nunber of s and the activity
| evel of the various sdeds conprising the Efé oa@ti ve source trainis
_cust om sel egt e@UMP Speci fically, the dosirret devi'‘ce 552 conprises a 5
rotatable cylinder 554 jhaving a plurality of storage chanbers 556 (14
as illustraged) in which each storage chanber 556 houses a plurality
of radiation elengnts 523 of the sane activity. (However, the
activity of the el enents and/or the radioactive source may differ
from 10 chanbef to chanber and the el enents nmay include non-

active or passivejelenents.) A storage chanber may al so
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house a plurality of marker seeds. By rotation, the cylinder 554 can

be positioned so that the individual chanbers 556 can be aligned with
a transfer sleeve 558 15 whi ch includes neans for noving the treatnent

el enent s fromthe various chanbers 556 into the |unen of a

transfer sl eeveW99337he custoni zed source train can be nual

| oaded into the transfer sleeve 558 or can be | oaded b§0§ﬁm§' tic
controlling unit, including a 20 m cr opy@gessor in which the physician
defines the appropriate radi ation dosinetry profile and the

in and | oads theminto
ed source trainis
hed fromthe dosinetry

automati c system assenbles the c
the transfer sleeve 559. After
fabricated, the transfer sleev

25 i s det

devi ce 552 and the radi ¢ifcti ve source tfffain is | oaded into the

quartz sl eeve 463 of th@jtransfer devicg 401. Alternatively,

the dosinetry device 552 may bg{integral with {jhe transfer device
)

401. 30 The operation ¢f the transfer
20- 25 can be summari zed as fol fipws: Initial
switch 421 is in the "off" posf{ifion and the

evi%e 401 of Figs.
t fluid contro
actuator switch 465 is

in the "connect/prinme" node. Tk comqector 469 then is inserted into
the distal end of 35 t he tfansfer device Inuntil it locks into place,
as descri bed &pove. Thejiseed | umens 433 463a, 505, 509 and

- g

by WD 97/ 37715
68

the return lunens 433} 471, 50

PCT/ US97/ 05538
e

, 511l are ri
©
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56
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positioning the fluid control switch 421 in either the "return” node

or "send" node, while the actuator swtch 465 remains in the
"connect/prinme" node. The treating el enents 523 can be delivered to
and maintained in the 5 di stal end of the catheter 403 by positioning
the fluid wooestm®l switch 421 in the "send" position angechid8ernssis
actuator switch 465 in the "seed transit" node. The treating

el enents 523 are retrieved and reposdy2é6oned within the transfer
device 401 by 10 - positioning the fluid control switch 421 in the
"return” position, while the actuator switch 465 remains in the

"seed transit" node. After the trg/ R nts 523 are repositioned
within the transfer device 401, / cONgector 469 can be di sconnect ed
by positioning the 15 fluid 421 in the "of f" position

and the actuator switch
A treatnent procedure utilizing
cat heter 403 of Figs. 20- 34ucan
radi ation treatnment, a 20 i
devi ce 401 (if, for sone jeason,
already sterilized) and the operg

5 in the sprijpng-1 oaded "rel ease” node.

Ihe transfer OYVICG 401 and delivery
e sumiri zed as follows: Prior to
pl aced over the transfer

t he trfgansfer device has not been
tor confirns ffiihat the fluid contro

switch 421 is set to "off" and tiije act it or switch 465 is set to
"connect/prine." The 25 conn@ctor 469 is n inserted into the distal
end of the transfer devicig 401. The fluid control swtch
421 is then set to "send" or "return" I the actuator switch 465
remains in - t he "connect/ pffi mre" positi Saline-filled syringe 30
or other fluid (i.e. liquid or ggs) suppl}ﬂi hen connected to the

fluid injection port 23 of the j trqngf eV|§p 401 and positive
fluid pressure is pl i ed! i ous channels of the
transfer device 401 and the cloged lu S 0

As a ¢e
catheter 403 are
prined and flushed with saline. © Prager i ng, i s confirned by the

exit of saline fromthe N t rt Phe transfer device
401.
o
o
c & 3
o 2
~0 \
o
o
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WO 97/ 37715
69
transfer device 401 by positioni

the "of f" position and the actuator swtch
The wowIs$@s device can 5

posi tion.
for tenporary storage unt i
| umen 513 of the catheter 403 is

PCT/ US97/ 05538

The connector 469 is then di sconnected fronlthe

ng the fluid control switch 421 in

465 in the "rel ease"

then be placed in a ?E%ﬁkﬂﬁ%ﬂ@rea
he guide wre

| ready for use.
thgpaerined and flushed by

connecting a saline-filled {4+t d_supply to the guide wire extension
fitting 521, 10 589, and saljine is foiffed t hrough theq§rmH1513 until it
exits at the g% B p of theNCatheter 3. ﬁ%ﬂ delivery system
is now ready ¥oregem{ornmng a N radjati on treat nent f the radiation
treatment is to foll ow 3 edure, (e.g., || oon or |aser 15
angi opl asty, dr :ﬁf¢w§3yg st N pl acenent, coronary
artery bypass 7 or ~at her Moui de @ e and/ or guidi ng
cat het er used ht  proced N left in pla .\* ile the other
catheters are ref N wire used in N procedure

before the 20
wire lunen 51%
be ex

those identified_gZ
gui di ng cat het erfjg

FIG. 4
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vascul ar system and advanced until their distal ends reach the
treatnent site. The delivery catheter 403 is then inserted and

advanced t hrough the qgui

di ng cat heter 30 over the guide wire 514 to the

radi ation treatnent site. Fl uoroscopy is used to properly place the

delivery woonstres er

403 at the treatnment site and pl ace s@lfosésge

catheter 403 is verified by aligning the proximal and I sta
radi opaque narkers 515, 517 with the endsspigthe 35 treatnent area.

The guide wire 514 is then retra
Qe pr oxi nal

treat ment sit®
PCT/ US97/ 05538

Gl

ed to ust proxi mal of the

U adi opaque

mar ker 515 so Iat yon _entssi ons of the
treatment el ﬁ\\'s‘t‘!= The transfg g
connected t ot (ﬂ \ icat h 8 by neans [
so, 5 t he g!;}:? adQllconf i rxg t the fluiff
in the "off" .-ll OQlpind t he A ugf or switchj 464
"connect / prisE "i" \ ﬂ; and thdl cdhnect or 44
di stal end of T8 I er devi ( }l i,‘ cgnnect the del@very
catheter 403 t N0 nsfer 10 Hlevice 40 agl describ abve. A
|l iquid or gas ! ::}l ply, ' 5 salus' ng-filfl ed syri or gas punp,
i s cagnedit ,ﬂ ugh the 'ock Q2B tofkhe fiuifNenlet
channel 427 bf : :j‘n fer gevj 101. AT a8 Jhi gher
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travel as a group through the seed transit lumen. (A pressure gauge
and pressure rel ease valve (not shown) can be enbedded in the
proxi mal end of the transfer . device 401 to insure that the fluid
pressure does not 20 exceed dangerous levels (e.g. nore than 100 psi).)
The del woangreait heter nay include an angi opl asty bal | eefp8érnssss
its distal end to perform angi oplasty at the treatnent site just
prior to, during, or just after radiationgysag delivery. A radiation
‘delivery catheter including an 25 angi opl asty I @on may have a
separate lumen for B i §j! ating/deflating the $p|ﬂnon. If so, the
oper ati ons of thefj ;:sfer device are unaff%ttﬁp and the balloon is
|

o,

separately inflated i the) pf ore, during, or afteqltfw radi ation
delivery. Deflation &f t i bl | oon may occur 30 [} affilanytime after
inflation of the bal Nqonj S é
| unen, then the ball ooM\{j
the seed | unmen and/ or A
radi ati on el enent{s df @ delivered hydraulic.r

bal | oon sinultaneo@sly i fﬁ:ﬂes; To deflate the
N

| there is not sfparate inflation

v

{be influid coﬁ cation with either

!the fluid return lu =ﬁ sp It hat when the

| y§ Qpheumatical |y, the 35
§ Tt bal | oon, a negative

-

/P M vy e

pressure nust be dﬂ-lie@ toy | e fluid acce]§ gorfy of the transfer
device. If the F Nolb7/ 37715 ]|
PCT/ US97/ 05538 l?. } o M| angi opl asty is
to occur prior to the diliYerly of the raéﬂaj.og eflenents or after
retrieval of the radiatffon§ | el enents, the Agfjuafjor Nswi tch 465 nust be
positioned in thgy" cpnngct / prine" node to pgevient i he seeds from
bei ng Q ' ) !
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5 delivered while the balloon is being inflated. [If the cat het er

403 includes a centering balloon (such as the eccentric centering
bal | oon 546 of Figs. 32a, 32b or the coil ed centering ball oon 548 of
Figs. 33a, 33b), and there is a fourth lumen for inflation of the
centering 10 wdwishmen, then a fluid supply is connected to gi&user
inflation lunmen and positive fluid pressure is applied to |Hv$%&e
the centering balloon. | f the,gggrator wi shes to confirmthe
operation of t he systen1R;ior to performng the radiation treatnent,

O transfer device 401 which cont ai ns

A\l

may attach

15 t he operat orﬁ

only non-active or €eds to the cat het eff03 via the
connector 469. The R g are then def v *1 to and retrieved
fromthe distal end atheter 403. If t1 Mt het er 403

bal |l oon or a cent@

)i ﬁng bal | oon, it
on when testing t

et system |f

m ifhe transfer device

fngiai ni ng radi oactive
P §pdiation

p&F at or positions

i ncl udes 20 eithg
i s not necessary t o}
the systemis deter
401 containing dg
seeds. 25
elenents 523 to t

> O
«Q

v
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V.V T

RO DO
JAKARGRAS,
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sources, a rposes. Then,

either saline or g

the fluid control s ? "sawn he act uat or
swi tch 465 to t he@ ERG&H== 5it" node. g \ as a sterile
(lead) drape, 30 ~ " @_‘_‘p_. er the exte 5 and the
portion giisgﬂgzg' ut si de of the p4 bogy to
shield those in ‘&*z\ig {[i on exposur e ghh¢ — Ne treat nent
el ements 523 trve (,h“a ro devi cey he portion of
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WD 97/ 37715 PCT/ US97/ 05538

72 I njection port 423 of the transfer device 401 to propel t he
radi ati on el enents 523 to the distal end of the del i very catheter
403. Fl uoroscopy and marker seeds are again used to ensure proper
pl acement of tweswtswisati on 5 el ements 523. |f the cathep@fpsdshgs a
centering bal | oon but no separate inflation |unmen for the balloon,
the saline injected into the fluid injectd'ﬁr% port of the transfer
device 401 will also inflate the balloon iI'n addition to delivering
the treatnment el enents 523. 10 The radi ation el enents 523 are then
mai nt ai ned at the treatnent site for a prescribed anmount of tine,
preferably between lot@-Ri-Rep€Ss. This treatnent tinme is cal cul ated
prior to the radiati re and the radi ati on efjenents may be
mai nt ai ned at thetr site by maintainng ufpficient fluid
pressure in the ‘\ Ay catheter, either gty or by the use of
a fluid by ﬂﬁ H Syri nge. cat heter 403
i ncludes a cente o’k wi th a separat for inflation,
t hen, once the 20 ’ \ Aed dose has been geli Nl the fluid control
swtch 421 is posit' ¢ "return” node, & sitive fluid
pressure is appliegd Q eat nent ef @e returned to
the transfer devi ¢¢, & rified by the ope efhg the marker
seeds 528 25 t f\he guartz sl eeve I | ternatively,
as verified by a § ve?ification Syt 529, as shown
in Fig. 31. §§ ¢ flyuid pressurff i i to the
separate inflatig FHtH -t he centeri 3M¥- jball oon. If the
cat heter 403 doe$ tfb Q Sl
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separate inflation lumen for the centering ball oon, t hen, once

return of all the radiation elenents is confirnmed, a negative
pressure is applied to the fluid i njection port 423 so that the
bal l oon will deflate. 35 After the return of all the radiation

el ements 523 woomsriso the quartz sleeve 463 is confirnmed, tRerikdtioskss
control witch 421 is set to the "off" position and the actuator

WD 97/ 37715 9726 PCT/ US97/ 05538

73 switch 465 is set to the spring-foaded "rel ease" posi tion.
The transfer device 401 gegpt hen di sconnect ed romthe connector 469.
The delivery catheter 4Q8 ﬂs then with a ost catheterization

i

procedure 5 practicuﬁland t echni ques, op/ot her protgdures (e.g.
bal | oon or | aser angiopﬂﬁwﬁy, at herect ony, ffr ug elivery, or stent

or shunt placenment) are Jjegif or ned. In addit)jon to the vascul ar

system the distal end of the cathetfer may be infjroduced into any
one of the 10 i nt raff al passageways jM thin the hiijman body to treat
t hat passageway or itsAguffisundi ng areas. e overall ! desi gn and

function of the apparg {he pr esent I nventi remai ns the sane

anong its various ‘ A\ all ofjt he human bjpgly' s i ntral um nal
passageways. 15 E D & ze of t hejlapparatus @i\t he materials from
which it is made R \#0 that the man rability of the
catheter in relati IR \ appl i cabgje | umen ma optim zed. O her
N \
t han t he N i
w%w \
IS \ |
g N ] \
o :%§$ .
; Il
N N | 7
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pl acement of the distal end of the catheter, nethods for 20 treating a

sel ected area of the body by delivering treating elenents via a
catheter to a desired |ocation within an intralum nal passageway .of
t he human body are identical to the nmethod provided for treating a
sel ected wo d#as0f the vascul ar system The catheter i Spefuseriessas
preferably, but not necessarily, inserted over a guide W re and

t hrough a gui di ng catheter. ln treating the biliary tract and
its surrounding areas, the distal URP of the catheter may be

i ntroduced percut aneously into one of the three main biliary ducts,
30 whi ch includes th nmon bile, comon hepatic, and cystic
ducts. The cystic comon hepatic duct join to formthe
comon bile duct. access to the common bile duct may be
an alternative e distal end of the catheter enters a
hepatic 35 veinijvia the internal jugular vein in the neck and entry
into the comon bil ¢ duct is achieved throuef]a per cut aneous
puncture across theijwall of thge hepatic WO 97/ 37715

74 vein. As a
pn_bi l e duct may be accessed through
into(EBe | umen of the duodenum
: i e biliary tract, it is
A ocation w the biliary tract.
ated inclu the |iver,

PCT/ US97/ 05538 U[
second alternate roygte, the cgy
the papilla of Vater]{ an open
After the catheter ijp ap
positioned at 5 he desirg
Surroundi ng areas tHh
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pancreas, gall bladder, and duodenum In treating the pancreas

and the pancreatic ducts, the distal end of the catheter is
positioned within one 10 of the pancreatic ducts. The pancreatic ducts
communi cate with the duodenal papilla of the duodenum t hus, the
catheter may bgopfR$his oned within the pancreatic duct pef/BsdIiegeds a

per cut aneous transduodenal approach. 15 The distal end of
the catheter is inserted into the f¥} i or opening of the urethra
and guided to a desired | ocation it the urinary tract to treat
urinary structures, such as the kidneys, renal pelvis, ureters,
urinary bladder, and urethra. Surrounding areas of the 20 urethra, such
as the prostate,/ﬁen al so be treated by i ntrqducipng the catheter
into the urinary tract\via the urethra. Alfer By, the prostate

i nsertion of
ductive system
jginally into the
yd | ocati on.

g the fenale
%ransperinem
st erus, cervix,
reated by
§ desired
I n
is introduced

may al so be f tredt e@®by a transperineal or
t he catheter. o treat areas of the feng
t he di stal endjEf the gatheter is introduced

femal e reproductive trgpt and positioned at H
Al t hough -a trangivagi nal approach is the |eas
30 reproductivegtrget may be accessi bl e throughys
insertion of the cathet Such areas of th
fall opi an tubes, ovar] and the endonedr
delivering the 5at i ng el @rents via t heNgd
| ocati on 35 Wt hir femal e Meproductive tr
treating the esophagg he di stal\end of t
into the nouth until ouches o
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75 the posterior wall of the pharynx. The patient is then

asked to swal l ow and the catheter is noved gently onward into the
esophageal |unen. The distal end of the catheter is then positioned
at the desiredybofsdison for 5 treat nment. I n b&Eabdriasssg Ne
trachea, bronchi, and |lungs, the distal end of the catheter Is

i ntroduced into the trachea via the nasal cavities. once in the
trachea, the catheter is either po3/E8ned at a desired location 10
within the trachea or is further advanced to a desired | ocation
within the bronchi of the | ungs. Al t hough the present invention
has been descri bed in ternms of certain specific enbodinents, it is

understood that various changes and nodifications pa
departing fromthe g eseaffy nventi on, and g\
to the appended cl aigrs i determ ne the prdb
i nventi on. SN oK/ 37715

PCT/ US97/ 05538
CLAI M5
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VWhat is clainmed is: 1. An apparatus for treating a treatnent
sitein an intralum nal passageway of a body, with the treatnent

el enents being transported to and fromthe treatnent site by a
fluid, conprising 5 a catheter conprising an el ongated tubular
menber weviayhsi i rst, second and third | unens therein, pérmseressss
proxi mal end and a distal end; a transfer apparatus having a
proxi mal end and a distal end, the distal end of the transfer

appar atus 10 conmmuni cating with sai d*#{%%t and second | umens through
the proximal end of said catheter, the transfer apparatus further
conpri si ng: an external housing having first and second fluid
passageways t heret hrough conmunicati ng w i irst 15 and second

| umens, respectively, of said catheters a fluid control switch
to selectively permt or prevept R{luid fromentering said first and
second fluid passageways; and ajlgate nechanismto

selectively permt or prevent 20 age of a freatnent elenment to or
fromsaid catheter, said gate ﬁkc ani sm bei ng operabl e only when
said catheter is connected to sai ¢ transfer japparatus.

2. The conmbination of Caiml further co an interior housing
for holding the treatnent el enents g a passageway t hat
conprises a portion of said first zfluid passageway, said interior
housi ng further conprising a sleeqe of a rag ation-bl ocking materi al

for hol ding the treatnent el enment®l. 3. The conbi nation
of Aaim2 in which said transfer RAaratus i ncludes at |east one
pair of fiber 10 optic transnissionﬁi diy ecei viing el enents for
verifying Ny <
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77 whet her the treatnent el ements are |ocated within said

i nterior housing. 4. The conbination of Claim2 wherein the

sl eeve is made of quartz. 5. The conmbination of Caiml
further conpri YOYB7715 at | east one balloon at the distal e ;

cat het er for centering said distal end of said catheter within

the treatnment site, said balloon being sehg?%'ével y 5 i nflatabl e through
one of said |unens. 6. The co tion of Caim5 wherein the '
bal | oon has an asymmetrical shape. 7. The conbi nati on of
Claim5 wherein said balloon Is in the formof a spiral.

8. The conmbination of Claim1l1 or 5 whereigg
t hrough | unen and the distal end of
perforations between the exterior

| umen so as to 5 permt perfusion of b
9. The conbination of Claim1 wherapn sal

cl overl eaf - shaped cross section. m

said third lunen is a
BHsai@l through)lumen includes

H tf& catheterl and said through
G@ei |y fluid through the catheter.

.
2 cat he nghas a

\
498
N

4650

4650 [

-8
RS
QJ
O
i
-§ J
N )
:ﬁt--n@
g o el
g 3§$§ 1T\/§¢_> - S

401
\
27—

417




10. The conbination of Claim1l wherein said third | umen ext ends al ong

said catheter for a predeterm ned |l ength at the distal end of said
catheter for receiving a guidewre. 11. The conbi nation
of Claim1l wherein the distal end of said catheter conprises a

radi ati on- bl ockig;\,g,’g s coating, said coating being appli eBCERUSH95338
sel ectively WOIBHI%Hck or transnit radiation fromthe treatment el ements 5
through the catheter to the treatnent site, .

78 12. The catheter of O ai¥R/2P wherein said third | unen
I s adapted to receive a guidewire, the di stal end of said catheter
I ncl udi ng perforations between the exterior of the catheter and said
third 5 | umen therein so as to permt perfusion of bodily fluid
t hrough the catheter. 13. The catheter of Caim 11l wherein the
catheter has a cloverl eaf-shaped cross secot,i on.
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14. The catheter of Caim 12 wherein said third | unen extends al ong
said catheter for a predeterm ned length at the distal end of said
cat heter. 15. The conbination of aim1l wherein the

transfer device includes an integral dosinetry device for arranging a
series of treavoemrmg enents in end-to-end rel ati onshi p,.@ﬂﬁgg,jogsgg a
treat nent el enent storage block having a plurality of channel s
for storage of said treatnent elenents, a 5 transfer sleeve operatively
connected to said storage bl ock, said®/R6ansfer sleeve having a
channel for receipt of said treatnment el enents, and means for

sel ectively aligning the channels of said storage block with the
channel of said transfer 10 sleeve and for noving individual treatnent

el ements f LM sai dpstorage bl ock to said transfer sleeve.

79 ol spparatus for admnistering radiation to a

treat ment siteSWwd i ntralum nal passageways of a body with
radi ati on treat tle radiation treatment el enents being
transported tq Ytreatment site by a fluid, the apparatus
conpri si ng:

407



a catheter conprising an el ongated tubul ar nenber i ncluding a

proxi mal end and a distal end, first and second | unens havi ng

proxi mal and di stal ends, the di stal ends of said first and second

| umens being cl osed 10 to the intralum nal passageway and in

conmmuni cat i onyyiebsns each other, and a |unmen for recei Vippgr8osdssde r e;
a unitary transfer device connected to the proxinal end of said _
catheter for transferring the radiation treatnment elenents to said
first lumen of said catheter 15 for di%®very to and retrieval fromthe
treatnment site, i ncl udi ng an external housing
having a first passagemay adapted to communicate with a fluid

source at one a secon ag comuni cating with a 20
reservoir for receiving N . athird agéggegé§§$ conmuni cat i ng
unen4228d a .

with said first catheter ourth passageway

communi cating witfi ond cat heter |unen,

a fluid control smntch co nicating with said 25 first, second,
third and fourth passage and noveabl e anong a first
position in which %ng’LbF passageway communi cates with said

third passageway and sald second passageway conmunicates with
sai d fourth passag br directing fluid flow from 30

said proximal end to said & d of said first | unen and
fromsaid distal end te5§ end M? of said second | unen
to transport treatnment
di stal end i 2 (s a second position
35 in mhl ; ‘ S P

said fourth pass
wth said third

conmmuni cat es

FIG. 24 aat e
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80 directing fluid flow fromthe proximal to the

di stal end of said second |lumen and fromthe distal 40 to the
proxi mal end of said first |lunmen for returning treatnment

el enent s fr ompigwabigs st catheter lunmen to the t pafifstiossRvi Ce;
a separable interior housing for holding the radi ati on
treatnment el enents, said separable 45 housi ng i ncluding a
passageway communi cating with 18/28 d third fluid passageway and
said first catheter | umen, said separabl e housing conprising
radi ati on bl ocking materi al, a plurality of

enitggng radi aggagn di sposed within
4 te nmechani sm
sai d separabl e

radi ati on t gt pent Llenemss 50

sai d inteH:Eflcg Ei Qo5
communi cating Wth sai /
I nterior housing A
bet ween 55 4pppd G
treatment el enents between
catheter |umen and a secoareDed
radi ati on treat nent

sai d 60 fi rgitalcgz
Claim 16 further conpr
to said transfer
connector-recei vi ng Q%l
a connector engagene
insertion of said
bet ween

L4

radi ati on
and said first
sage of said

of Yo housi ng and
orrbi nati on of
g said catheter

her cpnprising a
d¢tent arm and
g novabl e upon
fving orifice

503 501

FIG. 26a =£=

505 507

F‘G 26b 503 501

111111
- < <

77

=z

e

%pq". S e e ————
’L\%\\\\\\ NN \\_\ ‘ 5080
505 507 A

469




a first position in which said detent arm prevents novenent of said
gate nechanisminto its first position 10 if said connector is not
received in said orifice, and a second position in which said detent
arm does not prevent such novenent of said gate nmechani sm when said
connector is npe9yy@gs in said orifice. WD 97/ 3771

PCT/ US97/ 05538 fs 81 Ftrnﬁnggn
conmbi nation of Caim16 in which said 15 transfer device includes at

| east one pair of fiber optic trans¥/&6 on and receiving el enent for
verifying whet her said treatnent elenents are |ocated within said

i nterior housing. 19. The conbination of Caim 16 wherein said
interior housing conprises a sleeve portion nade of guartz.

20. The conbi nation of Claim 16 wherein said cat heter includes at

| east one balloon at its distal end for centergng said distal end
within the treatnent site, sai d ball oon being eﬁtlvely i nfl at abl e
t hrough one of 5 said fidst and second | unens. 21. The
conbi nation of C aim 20 furtHer coqgr|5|ng a fpurth lumen for
inflation of saidghalloon.
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22. The conbination of Claim 16 wherein said

al ong said catheter for a

sai d cat heter
di st al

treatnent site
ext er nal

end of said catheter
radi opaque narkgh,paggls for aligning said distal end

- predeterm ne
23. The conbi nati

24. The conbi nat

housi ng conprises a transparent materi al

quartz sl eeve so that said quartz sl eeve20/26

gui dewi re | unmen extends
d length at the distal end of
on of Claim16 wherein the

_ _ PEi0sPRssis
ion of Claim1l19 wherein said

t hat - overlies said
can be seen through the

i ncl udes two spaced-apart

external housing. 25. The conbination of Caim23 wherein
sai d quartz sleeve includes a white fi on one side thereof
for creating a contragt@gyng background with fefi@ct to said treating
el ement s. 97/ 37715 I )
PCT/ US97/ 05538 82 26. The
conbi nation of Clain1§3\mhere sai d trang ent material conprises a
magni fyi ng pi ece. :§ 27. The conbin F n of Caim16 wherein the
di st al o Q: " ‘k
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ends of said first and second catheter |unens are joined t oget her by
a reinforcing connector sized to bl ock novenment of said treating

el ement s. 28. The combi nation of C aim 16 wherein the distal
end of said catheter conprises a tapered atraumatic tip. 29.
The conbi nati aRo@isAisai M 16 wherein said ext er nal hous}eﬁmﬁgggﬁ&ses-a
shel |l that encases said passageways, fluid control switch, interior
housi ng, and gat e nechani sm 30. The conbination of C aim
16 wherein said gate mechanismis R3Va6ly attached to said externa
housi ng and includes a first hole to permt treating elenments to

pass therethrough which is alignable with said third 5 passageway when
said gate nechanismis in sa f rst 523 position, and a second hol e
sized to allo ‘r.-n- LA 8L A A RN AW A VAW 1A reati ng

el ement s whi C\fll\F G 3@a| gnab o Wi, th's éu’glz Lhyfd',pa‘ssageﬁayr' en said gate
mechanismis in sald second pos Plﬂhr //Cf/ ey T e,c:;-|nat|on of
Claim 16 wherein said gate /mschazn»‘s £ uF,t/ﬁer, ,eg;ﬁ)r’yses,' 4n el astoneric

L\\\‘\I\

menber havi ng a lunmen siz u,qu,v.uump"-u..un”,ALJmmn;:Jts cannot
pass t her et hrough when undef ornmed and.gzgl unger having a 5 hol | ow
interior sized to permt treating elenents to pass, said plunger
bei ng inserted égfy t | unen in sai d el astoneric nenber when said
gat e mechani smbi said first p&ttioh, but i34 cted fromsaid

el astoneri c menber mhen saof A

gy e nechanisrqﬁs |n sai ’1 second
posi tion.
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83 32. The conbination of Caim 16 wherein said gate
mechani sm further conprises a pin having a dianeter that is smaller
than the dianeter of the third passageway, said pin transecting said
third passageway when said 5 shuttl e gate nechanismis in said second
position, sai QyoersmnsPin being retracted fromsaid third passaggedbsilen
sai d gate nechanismis in said first position. ~33. The
conbi nation of Claim 16 wherein said transfer device further
conprises a collar for sel ectivel y2@8éd&hecting said catheter to said
transfer device; a release button for disconnecting said collar 5
fromsaid catheter; and an actuator switch for noving said gate
mechani sm bet ween, said first and second positions, said actuator
switch bl ocki ngFECCES sai d rel ease button when sai dogate
mechani smis ing ‘posi tion. ‘gﬁi TH® conbi nati on

of Claim 16 V\/neei ng‘- ;E transfer devi ce§f é’i},‘a} Ry pes a col | ar
for sel@chi vq % \a LI ng said catheterft Qo,f 9 ReNer
device; a relne scting said colla ::t,r d cat heter;
and an actuat$ §3 \;é£§- bet ween fi iﬁé : G@& QR posi tions for
movi ng sai d gat A 'ﬁsﬁb 3 15?' posi ti ons,
and novab@ﬁ ' ' % 2Be to
di sconnect sa&dQ?: 0
3 b
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35. The conbi nation of Caim 16 wherein said plurality of treating

el ements are arranged in a |ine havi ng a proximal end and a di st al
end, with a radi opaque, non-radi oactive marker seed placed in line 5
with said treating el ements at each end. 36. A catheter
for deliveringvosmsrrsent el enents to a selected site W t hpdridd90ss3s

i ntralum nal passageways of a body in conbination with a treatnent

el enent, the cat heter conprising an el ongated tubular nenber having 5
first, second, and third |lunmens therei#3/2% proxi mal end, and a distal -
end, said first lumen having a di aneter sufficiently |arge between said
proxi mal and di stal ends of said tubular nenber to permt slidable
passage of at |east one treatnent el enment between said 10 proxinmal and

di stal ends, saiB first and second | ugens being in fluid-tight

conmmuni cation W th ea ' iJjd distal end of said tubul ar nenber,
the distal end i ] pe ball oon for centering said

di stal end of the el ected site, 15 said balloon being
sel ectively inflADS K qgid | umens, and at | east one
treatnment el ene
first | unmen.
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20 37. The catheter of Claim36 wherein the ball oon has an

asymetri cal shape. 38. The catheter of Claim 36 wherein said

bal | oon is the formof a spiral. 25 - 39. The catheter of C aim 36
wherein the distal end includes perforations between the exterior of the
cat heter and a WOQA¥I7tsSherein so as to permt perfusion of biohpkdag!i d

t hrough the catheter. 30 . 40. The catheter of C aim 36 erein the
cat het er has a cl overl eaf - shaped cross section. 41. The
catheter of Caim36 wherein said third 3%3%/@fen is sized to receive a
guide wire, said third | umen extending al ong said catheter for a

pr edet er m ned _ 85 | ength at the

di stal end of said cat hetgr. 42. A catheter for the delivery of
radi ati on- emtting trgatnent el ement 2

selected site within the-fgntral um nal
cat heter conprising an hl (gngat ed tubul ar
| umen therein, a proximgl

oma 5
Dy, the
qﬁ | east one
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end, and a distal end, the distal end having a radi ati on- bl ocki ng
coating, said coating being applied 10 so as to sel ectively bl ock or
transmt radiation from the treatnment elenents through the catheter to
t he selected_site. 43. The catheter of Claim42 wherein the

di stal 15 end iﬁ'&ﬁ@é’@f’perfor ations between the exterior of tq,g:r 89?1% eter
and a through lunen therein so as to permt perfusion of bo |ny d

t hrough t he catheter. 44. The cgtheter of C aim42 wherein the
catheter 20 has a cl overl eaf -shaped cross é6i on. 45. The
catheter of C aim42 wherein the catheter includes a |unen for receiving
a guide wire, said lunen extendi ng along said catheter for a

predeterm ned 25 length at the distal end of said catheter. 46. A
catheter for delivering treatnment el enents to a selected

A=d within the
tITEI’lt

intral um nal passageways of a body in conbination w thod

el enent, the 30 catheter conprising: At | east®Ne el ongat ed
flexible tube with an outer wall including a proxinal/ end, a distal
end _ for positioning at the selected site within sh8735

i ntral um nal passagevag and defining first, (@, ond, and third
| umens, said first |unem having &H

This is the repl acenent /sheet ‘@i

l’m\
e,



86 a dianeter sufficiently large between said

proxi mal and distal ends of said tube to permt sl i dabl e passage of
at | east one treatnent el enent bet ween said proxi nal and dista
ends, said first 5 and second | umens bei ng in fluid-tight
communi cat i oRyMbddyRach other at said distal end of PCEUSHTOERVE, said
communi cati on being effected t hrough a reinforcing connector, and
at | east one treatnment el enment conprising a pellet slidably 10
received within said first |unen. 26/2647. The catheter of O aim 46
wherein said third |l umen is open at said distal end of said tube for
receiving a guide wire and includes at | east one 15 aperture between the
outer wall of said tube and third lunen to facilitate perfusion of
fluids past the cat heter. 48. The catheter of Claim46 further
conprising 20 at |east one longitudinally extending recess along the

outer wall of said tube to permt perfusion of fluids past the catheter.
49. The catheter of Claim48 further conprising 25 three longitudinally

ext endi ng recesses, saﬁgsérbe
FIG.




ey em——"

havi ng a cl over | eaf - shaped=cross section defined by ~—~ said recesses.
50. The catheter of Claim46 further conprising a 30 C(}nnector for

attaching sai d pafERNAANONALA SEARCES SREPORTIEVI Ce Of 1 NRrediipRl dppliciiagNg. i I St
and second | unens, said connector for aligning sal ¢chiyssFiosapd second

| unens in sai d cat heter \Mth said first and seconfl | unens of said

s ol The i m 50 wherei id
2" S PR P Rasnec,copar B L Wb com 20 "orel )

connecfor to said transfer devi ce. 52. The catheter of C aim 46
wher ei i sai dherechnieall fgatmes menpionedtinithe abstga@u da:pat incdudsce snterencs 5igan

sai d di sbajw&ncpaamség)g%(tTd{\upr&X(d)w of said distal end.
53. Th¢ catheter of Caim46 further corrpr|5| ng a 10 fourth lumen having at

oo R 55 OB b RSB B ER O o, of s

aca eter ite m e mter uminal passageways of a patient,
such as the coronary artery, for inhijbiting the formation of scar tissue such as may
occur in restenosis following balloon angioplasty. One or more treatment elements
(22), such as a capsule or pellet containing radioactive material, is positionable
within the lumen (144) and movable between the proximal and distal end portions
under the force of liquid flowing through the lumen. Balloon membrane (256) can
be used for angioplasty. :
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| east _one radi opaque

54. The ﬁfggﬁégékgiszaLnk46 further conprising 15 at
mar ker at” istal end said tube for alj : Js {

t r eat ment mmme sel ected site, n‘;= W LHFE N iis
open at sa \“ﬂ ‘ sai d tube for receivi [ | sai d

pr oxi mal sei d*tHird | unen bei ng 20 proxi

mar ker . 55. The catheter of C a7| m 46
out si de dlaneter sufficiently large with F%spect

i ntral um nal passageway. 56. The cat het € Cl aim 50 further
conprising a radi ation bl ocking coating at said distal end.

57. A catheter for del ilgeri Fpe cafheter ofcfdadim 11 WPGr&1§eFééFed site
within the intral ugpigly amqwﬁaapteaoftoar@%&venacgﬁhaaatmn Whieh a

treatment el enent, the cat het er, conpri si ng | east one
el ongat ed fl exi bl e diFFalyened of said cathe %&FP“S&BFUEFH&QEa%ﬁ&ﬁ
end, a distal end between the exterior of the catheter and said third
5 lumen therein so as to permit perfusion of bodily
f£luid through the catheter.

13. The catheter of Claim 11 wherein the
catheter has a cloverleaf-shaped cross section.

14. The catheter of Claim 12 wherein said
third lumen extends along said catheter for a
predetermined length at the distal end of said
catheter.

15. The comhlnatlon of Claim 1 wherein the
transfer device includes an 1ntegral dosimetry
device for arranging a series of treatment elements
in end-to-end relationship comprising a treatment
element storage block having a plurality of
channels for storage of said treatment elements, a

5 transfer sleeve operatively connected to said
storage block, said transfer sleeve having a
channel for receipt of said treatment elements, and
means for selectively aligning the channele of said
storage block with the channel of said transfer

10 sleeve and for moving individual treatment elements
from said storage block to said transfer sleeve.

Q4o 568~
1314\ 4



for poéi tioning at .the selected site wthin the 7 REPLA‘F?IW&]T T SG
passageway, and defining first, second:: 1 dE’a}&‘j Rage qé

first | II ' a diameter suffici aﬂ’ﬁ e’ ey P T
o MR e 7 e e S

distal ends, said first and second lJunmens bei ng i
fluid-tight conmmruni cation with each ot hgr DATE O RECHIBT EH&>&33W

of _ Sai_d tube, at |eastygne patiopdat E@fddéﬂ.i’irétm treatﬁ@ihtT Hlndity 1 .ng
said distal end of the c t het the selected site, said

n
bal | oon being t© EE?&V@F?elHFFQPQbeetﬁ45ﬁﬂ}qmﬁ9 RagIpgSWaLE
second or third kﬂhﬁﬂSbo@ydlﬁtcbﬁbihaﬁmentweahnantrkﬁtment(dkamaﬁt, the

conprising a pe ggg!% e ' S £ n.
58. The catheter 44% et e é%{u glg ed %ﬂ%graﬁ{eg%: rrﬁﬁa\h
shape. 20 5 fJBQBt,Thse§9nﬂet eangf tHiaidm Memr dihersding bal |praKimal s

inthe formof agpfaland a dista$0 edd® GRP! &hirek Glﬁhgh57hé{‘4?§ﬁ§'
said balloon 25 extends radi ally.around a partial circu grence ,of sal d

t ube. FHameReT PHEFIFIBRCEY aillinge RbwaSh saRYdpREOFSHal and
conprises a dilitaidtdl behi®obf Hdid tubulaﬁZmeﬁbercabh@Te&mctf 41 pdabhe
shereln (ATLNeT  pod Rl b7 88 Sb8H Lol WRReRAL SO, L e an gren
i ncl udi ng at eapraxicnapeandrdisbaleendshesaid first and second 1umens
being in fluid-tight communication with each other at
said distal end of said tubular member, the distal end
including at 1least one balloon for centering said
distal end of the catheter within the selected site,
15 said balloon being selectively inflatable through one
of said lumens, and at least one treatment element
comprising a pellet slidably received within said first
lumen.

20 37. The catheter of Claim 36 wherein the balloon
has an asymmetrical shape.

38. The catheter of Claim 36 wherein said balloon
is the form of a spiral.

25
39. The catheter of Claim 36 wherein the distal
end includes perforations between the exterior of the
catheter and a lumen therein so as to permit perfusion
of bodily fluid through the catheter.
30

40. The catheter of Claim 36 wherein the catheter
has a cloverleaf-shaped cross section.

41. The catheter of Claim 36 wherein said third
35 lumen is sized to receive a guide wire, said third
lumen extending along said catheter for a predetermined
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35 ou e and said fourth lunen, to facilitate

perfu5| | i the catheter. 63. The catheter
of O alﬁwl H mﬂ;ﬂ‘j fourth | unen, is open at its distal end and
ext ends M 't distal end and a | ocation proximal of said distal

end. 5 64. The catheter of C ai m578Burther conprising at | east
one longitudinally extending recess along the outer wall of said tube to
permt perfusion of fluids past the catheter. 10 65. The cat heter

of Claim 64 furt hedn AHTE HHW dietdY &hd YWiddid Raldnet@y.endi ng recesses,
sai d tube having "a cloverleaf-shaped cross section defined by sai d

recesses. 15 66. The catheter of Caim57 further conprising a

connector for attachi gp saix @athetelr tﬁofl tﬁ}fﬁlsaeulvergrevbf,e rddide dnpe

having first and secqond | unens nector fo l,.gni ng .sai.d first
and second | unens |£tq:m%at5e85f"ﬁ ereW rg fl?%{l é:g: LR8N of

said 20 transfier slaaied site W1thﬁﬂ,tmhe10arhéumnnaﬂ @B&sng@@aﬂ&aqﬁra
sai d connect or,ddif] UqgR aRaicHeReher LBRpTYEiAGe LA SEfMi&ated tubular
member having at least one lumen therein, a proximal
end, and a distal end, the distal end having a
radiation-blocking coating, said coating being applied
10 so0o as to selectively block or transmit radiation from
the treatment elements through the catheter to the

selected site.

43. The catheter of Claim 42 wherein the distal

15 end includes perforations between the exterior of the

catheter and a through lumen therein so as to permit
perfusion of bodily fluid through the catheter.

44. The catheter of Claim 42 wherein the catheter
20 has a cloverleaf-shaped cross section.

45. The catheter of Claim 42 wherein the catheter
includes a lumen for receiving a guide wire, said lumen
extending along said catheter for a predetermined-

25 length at the distal end of said catheter.

46. A catheter for delivering treatmenf elements
to a selected site within the intraluminal passageways
of a body in combination with a treatment element, the

30 catheter comprising:

At least one elongated flexible tube with an
outer wall including a proximal end, a distal end
for positioning at the selected site within the

35 intraluminal passageway, and defining first,
second, and third lumens, said first lumen having
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sai d nsfer device. 25 68. The catheter of
C]a[n16 rising a fourth lumen having at | east one aperture
t herein u.’mgﬁm’g ﬂF’ | umen and the outer wall of said plastic tube to
permt p d t hrough said 30 catheter. 69. The

cat heter of Cla|n157 further conprising 86 | east one radi opaque narker
at said distal end of said tube for aligning said distal end wwth the 35
selected site, and a fourth lunen, said fourth [unen bei ng open at said

distal end of said tule f@haneter uff1c1?nt£¥ lar? ﬂe?ween gaid
receiving a guide wire, sajd _proxinma our t

umen
"proximal to said radi GFRItdaIar A, distal endWOO AS@dchetidhe f §P @ﬁ#ﬂé&lng

treatnent el ements 5 tﬂ:ﬁlai:ﬂé?(‘ﬁafﬁbafgé Q)ﬁ/\/ldtl”lllréééiﬁ dri¥ rtﬁ!fé&ﬂni&it Rl Ay S
of a body conpri sing:

With an out or RRIMeSh TR dRTaKHISE, it BAGCad- APCPal S fOTSE

for positioninsg at therskl ecsedondt e \Zhwdem; t heébeing innt r dflumidretiight
passageway, and de”éBﬁMhnf&Jéﬁon with each other at said distal end
of said tube, said communication being effected
through a reinforcing connector, and at least one
treatment element comprising a pellet slidably

10 received within said first lumen.

47. The catheter of Claim 46 wherein said third
lumen is open at said distal end of said tube for
receiving a guide wire and includes at least one

15 aperture between the outer wall of said tube and third
lumen to facilitate perfusion of fluids past the
catheter.

48. The catheter of Claim 46 further comprising

20 at least one longitudinally extending recess along the

outer wall of said tube to permit perfusion of fluids
past the catheter.

49. The catheter of Claim 48 further comprising

25 three longitudinally extending recesses, said tube

having a cloverleaf-shaped cross section defined by
said recesses.

50. The catheter of Claim 46 further comprising a
- 30 connector for attaching said catheter to a transfer
device of the type having first and second lumens, said
connector for aligning said first and second lumens in
said catheter with said first and second lumens of said

transfer apparatus.

35

51. The catheter of Claim 50 wherein said
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secondm said first and second | unens being in

f|UId tiﬂmw at said di stal end of said tube, said
com‘rum Wﬂm mi&mfl effected through a reinforcing connector, and

* Feabt woNe gi tudi nal ly extending recess al ong t he
outer wal | of said tube to permt perfusi on8df flui ds past the
cat heter. 20 71. The catheter of Caim70 further conprising

three | ongitudinally extendi ng recesses, said t ube havi ng a

cloverl eaf - Shape(i: SECLRAA yiR ”Eﬂ ter&%:&'d e%ﬁ%‘i‘i&e £&° securd 2:

A transfer device use in an apparatus freating a treatnent site

in an intral um naﬁa %ﬁ:ﬁpr tofsaid 'JE(%}F fexyideyicene treat ment
el enents being transported to and fromthe treatnent site by a fluid,

the apparatus also in di a catheter c I_si_ng, an Oelon d t.ubul ar
renber havi ng i 1st, SondhhCRHRRLEr 2 taor g wRRz LT BRA ok,
and a distal énd,luten is topersfat dés cdisvabriesmdngand extends between

proxinmal end and & i shle %den&hﬁngi gt ihc%_@ion r‘g&qecong’ﬁe ddisieal

appar at us comuni catl ng w sal I'rst unens through
t he proxi nmal end

53. The catheter of Claim 46 further comprising a

10 fourth lumen having at least one aperture therein

between said lumen and the outer wall of said tube to
permit perfusion of fluid through said catheter.

54. The catheter of Claim 46 further comprising
15 at least one radiopagque marker at said distal end of
said tube for aligning said distal end and treatment
elements with the selected site, and said third lumen
is open at said distal end of said tube for receiving a
guide wire, said proximal end of said third lumen being

20 proximal to said radiopaque marker.

55. The catheter of Claim 46 wherein said tube
has an outside diameter sufficiently large with respect
to said intraluminal passageway to passively center the

25 treatment elements within the intraluminal passageway.

56. The catheter of Claim 50 further comprising a
radiation blocking coating at said distal end.

30 57. A catheter for delivering treatment elements
to a selected site within the intraluminal passageways
of a body in combination with a treatment element, the
catheter comprising:

35 at least one elongated flexible tube with an
outer wall including a proximal end, a distal end
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end of said catheter; an external housing having first and
sécond agemays t her et hrough communi cating wth
said fi rHIII“Hu"umHﬂm respectively, of 5 sai d cat heter;

a fluid contfolt sWitéh to selectively permt or prevent fluid from
entering said first and second fl ui 88passageways; and

a gate nechanismto selectively permt or 10 prevent passage of a
treatment elenment to or from said catheter, said gate nechanism
bei ng operable £l ﬁoﬁ@%ﬂoﬁi‘h@ Gal heker s'eie%%@&ecéﬁ%tﬁlﬁﬁhﬁ the
transfer device. 15 The “transfer device

/2
further conpr|5|ng1Q§Fa%QW%¥§¥w Pﬁﬁﬁ?ﬁﬁﬂayforaQQHdgﬁ 1n?ﬁ€ first,
treat nent el ements ambéubhdm)&n@ashﬁgawmuméhﬁt saldOEﬁiwxeiumquhavﬂngﬁ

STeave of a 20 Lam ot e Blamered? SGUPEEH A TVLD 1A del! LBEELERHP ST ©
el ement s. 5 7orStignak aasderdmlceems CbEi maidl f tubdeto permit

conprising at |east spmabm'ﬁaséﬁge f&f)ea% DA€ Ik EFENSRRRS | Slemérild
receiving elenents for veri f'yl ng er the treatnent elenents are
located within said Peesh ofaidueragimal and disggl epds. =fidt FikRbice

of daim73 wherein thand0 skeevad S M queeidg in  flufd-tight
uni tary transter devicg . (o] Usfon D180 eachPRRHM Al Ohald i 'O
10 of said tube, at least one balloon at said distal

end for centering said distal end of the catheter

within the selected site, s8aid balloon being

selectively inflatable through one of said first,

second or third lumens, and at least one treatment

15 element comprising a pellet slidably received

within said first lumen.

58. The catheter of Claim 57 wherein said balloon
has an asymmetrical shape.
20
59. The catheter of Claim 57 wherein said balloon
is in the form of a spiral.

60. The catheter of Claim 57 wherein said balloon
25 extends radially around a partial circumference of said
tube.

61. The catheter of Claim 57 wherein said balloon
comprises a dilitation balloon.

30 .

62. The catheter of Claim 57 wherein further
comprising a fourth lumen, said fourth lumen being open
at said distal end of said tube for receiving a guide
wire and including at least one aperture between the

35 outer wall of said tube and said fourth lumen, to
facilitate perfusion of fluids past the catheter.
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site wi-thin the Lntralumnal passageways of a body with 35 radiation
treatnent el enents, the radiation treatnent el enents being transported

}33 2n1(‘jl 3“‘\“‘3‘“@'“%&‘&‘!& al so including a catheter conpri gizng ansi te

el ongated fublil ar menber i ncluding a p8xi nal end and a distal end,
first and second | unens having proximl and distal ends, the 5 distal
ends of said first and second |unmens being closed to t he

:ntral ]yrri nal passagewy, amb i c_?afthett%O'B”ﬂJ!l‘{lCﬁttﬂ;H’E.Mﬁéiréi&ﬁfh_élweﬂoubﬁlﬂ_ a
unmen for recejving a,guide wire, the ynitary transfer device ei ng
connected to thew'na?'geﬁgeef aby; ﬂt%afll’réf:@ﬁ ﬁ?‘# ofh r&?fgfei@fj?i RetwRen
radi ation treat nsdic|dietds ¢émd andaadlbeoastohupepxdmalaiof catilketdirstfalr
delivery to and endptrieval fromthe treatnment side; the unitary transfer

devi ce conpri si ng: 15 an external housing having a first
passageway 5 adapted to communicate with a fluid source at one

end, a second passagevgy, COFHBINE§EhEPEr WoEN Blaim 57 Fu@EREYOidomFising
receiving fluid, a third passagemag ) comuni¢cating with said first
catheter |unen, d&Hd bepst ong {gpethugivel¥vwarteniiigi LaCeR§ RS fike
second caumdrerwalbedsf said tube toapéiwitl pemfuslioawidfchfluids
connunicatingwitsthSt the cé%ﬂéLJJrSt’ second, third and fourth passageways
10 65. The catheter of Claim 64 further comprising
"three longitudinally extending recesses, said tube
having a cloverleaf-shaped cross section defined by

said recesses.

15 66. The catheter of Claim 57 further comprising a
connector for attaching said catheter to a transfer
device of the type having first and second lumens, said
connector for aligning said first and second lumens in
said catheter with said first and second lumens of said

20 transfer device.

67. The catheter of Claim 66 wherein said
connector includes an interfering surface to secure
said connector to said transfer device.

25

68. The catheter of Claim 63 further comprising a
fourth 1lumen having at least one aperture therein
between said lumen and the outer wall of said plastic
tube to permit perfusion of £fluid through =said

30 catheter.

69. The catheter of Claim 57 further comprising
at least one radiopaque marker at said distal end of
said tube for aligning said distal end with the

35 selected site, and a fourth lumen, said fourth lumen
being open at said distal end of said tube for
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and rmmst position in which said 25 first passageway

connunJﬁﬂﬂnw third passageway and said second
passag m”"" ’! with said fourth passageway for directing
LfIwwsromsaid proximal end to said distal end of

sal d f| rst lumen and fromsaid distal end t80said 30 proxi mal end of
said second lunen to transport treatnent el enents fromthe
transfer devi ce to t he di stal end of said first catheter |unen,

and a 1@?&% ﬁn W gehi Ghrsai gséiastpﬂaﬁamew@m of said

communi cat es W|th sal assageway, and sai d second passageway
communi cates Wi tffPu’s”%dl‘t“ﬁ‘PIFdDelng prox qu o?a%ﬁqmwgnaf K% f1 ow
fromthe proxi mal to the
di stal end of said sec

r.om.t.he th [ oxi mal
end of said F7gL IAnEReRsreFofatn &ﬁVFEé‘ﬂ%OLt <ot SFefres
the first cat et etol arrsal‘ectetie gtitensfidhigeiilee; iftraluminal passagewys
i nterior housing 59rah&l}ﬂ%n&,l{1 radiation treatnment elenents,
said separable | ncﬁl%dl ng a passageway communi cating with
said third fluid passageway and said first catheter |unmen, said

separ abl e housing conpri si nstlmeast ohédleQUn@atléHOCﬂildiﬁHI%I G:rukﬂal ;with an
a plurality of radiation treat

di sposed within said iRtE? ?o?'a nc&uﬁgagl ﬁg,]préaﬁ‘d'ma‘i did,"% & gﬁjatﬁnd

mechani sm contuni cat i nfon posddiidning at the selected site within the
intraluminal passageway, and defining first,
second, and third lumens, said first and second
lumens being in fluid-tight communication at said
distal end of said tube, said communication being
15 effected through a reinforcing connector, and at
least one longitudinally extending recess along
the outer wall of said tube to permit perfusion of
fluids past the catheter.

20 71. The catheter of Claim 70 further comprising
three 1longitudinally extending recesses, said tube
having a cloverleaf-shaped cross section defined by
said recesses.

25 72. A transfer device for use in an apparatus for
treating a treatment site in an intraluminal passageway
of a body, with the treatment elements being
transported to and from the treatment site by a fluid,
the apparatus also including a catheter comprising an

30 elongated tubular member having first, second and third
lumens therein, a proximal end and a distal end, the
transfer device comprising:

a proximal end and a distal end, the distal

35 end of the transfer apparatus communicating with
said first and second lumens through the proximal
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15  third passa etween said separable interior housi ng
and sai Hm | umen and novabl e between first position to
perim t e !m Jﬁm : radiation treatnent elenents between said

L ®hoslsi

i nterior and said first catheter lunmen and a second 20
position to block passage of said radPation t r eat ment

el ements between said interior housing and said first catheter
| umen and a second position to bl ock passage of said radiation

treatment el enents betmrbﬁaé%ergae{ﬂeoge ousi ng 25 and said first

cat heter |unen. ranst'er device of Caim_76, said
catheter including connec®rextgrnakthouising haiing fisshemdd tgpcend

transfer device, said t1.$fBas884e68y80 theirbRBoG8AP dodnithidating with
connector-receiving orifjce; ,and a | at ch nber havi naaa det e£t¥ arorQ and

a connect or engag fimsiceand,i 3% N + pEPAGeRbYYB

upon insertions of sai dsxidnestietemi o sai d connector - receiving orifice

between a first position i | 3 .4, d ar, vent. nlBy%g@qE f
said gate mechani sm i nt %Y?%ﬁil?rg?ﬁg%gllt ?‘6’2[@%? §§ %regloeﬁér}:te%{ or i 10
not received in said @¥fipreventd ZFlvadonfreposiantering saidi chizard ardent

arm does not prevent SyCAoA®VEIRIH PdssagSyk Jaliy mechani sm when said

connector is received in said orifice. |, . .
a gate mechanism to selectively permit or

10 prevent passage of a treatment element to or from
said catheter, said gate mechanism being operable
only when said catheter is connected to said
transfer device.

15 73. The transfer device of Claim 72 further
comprising an interior housing for holding the
treatment elements and having a passageway that
comprises a portion of said first fluid passageway,
said interior housing further comprising a sleeve of a

20 radiation-blocking material for holding the treatment
elements.

74. The transfer device of Claim 73 further

comprising at least one ©pair of fiber optic

25 transmission and receiving elements for verifying

whether the treatment elements are located within said
interior housing.

75. The transfer device of Claim 73 wherein the
30 sleeve is made of quartz.

76. A unitary transfer device for use in an
apparatus for administering radiation to a treatment
gsite within the intraluminal passageways of a body with

35 radiation treatment elements, the radiation treatment
elements being transported to and- from the treatment

" This is the replacement sheet
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78. The transfer device of Claim 76 further | conpri éi ng at

I east - crm“;ﬂﬂul“‘mm“m ber optic transni ssion and receiving
el enent whet her said treatnent elenents are | ocated

within sdid®0% nferior housing. 79. The transfer device of Claim
76 wherein said interior housing conpris¥s a sleeve portion nade of
quartz. 15 . 80. The transfer device of Caim79 wherein said

external housing conprises a transparent material that overlies said

gquartz sl eeve so t i d_qu sle se hr
external housing. Eg% E?' a ﬂ&ﬁﬁlﬁe te}ignsﬁg?agg?/?ge gfms% a??ngggaaﬁg elan
said quartz skethetemc| tcREPELNRT e B0 m 8HOBARLERde U ef“%

creating a contr r heh@s
olements. 28 iﬁ%’lﬁ@l‘?@c@ ?leﬂbl eh@sparl &0distadi eérd,ecafingt and

sfer deV| ce of, Clai '
t ranspar ent rratelsie&'Pn@on?)P‘i“?Eg 3" T3S Pec aﬁamglosmr%mfd the
transfer devise distadi medfswhef elsa:m &ﬂetexaednaeeml ﬂglmﬁprbeéslga

shel | that encases sai pas ewa ntr
housi ng, and 5 oger?gchgm sm‘s‘ﬂg yﬁtréi@hﬂngge t%snsf er ex: crger&f):‘ O?flnal m
76 wherein sai d Sougamdcasdiemni WLl nesahl yosheZehe @D sAi d1BREBr ndOT

housing and i ncl ydes ;&ifdd Sh halfad Owkee tthé e@nitary transfer device
being connected to the proximal end of said catheter
10 for transferring the radiation treatment elements to
said first lumen of said catheter for delivery to and
retrieval from the treatment side; the unitary transfer
device comprising:

15 an external housing having a first passageway
adapted to communicate with a fluid source at one
end, a second passageway communicating with a
reservoir for receiving fluid, a third passageway
communicating with said first catheter lumen, and

20 a fourth passageway communicating with said second
catheter lumen;

a fluid control switch communicating with
said first, second, third and fourth passageways
and moveable among a first position in which said

25 first passageway communicates with said third
passageway and said second passageway communicates
with said fourth passageway for directing fluid
flow from said proximal end to said distal end of
said first lumen and from said distal end to said

30 proximal end of said second lumen to transport
treatment elements from the transfer device to the
distal end of said first catheter lumen, and a

" second position in which said first passageway
communicates with said fourth passageway and said

35 gecond passageway communicates with said third
passageway for directing fluid flow £from the
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95 . elements to and includes a first hole to perm t treating

elérrentstop Ill[\é/hichis alignable with said third
passageway V\htﬂ"m"ﬂ"m"umjw chanismis in said first position, and a
second hole 5 *siZed"td" allow fluid to pass therethrough but to bl ock
treating elenents which is alignable with s&Bd third passageway when

said gate nmechanismis in said second posi tion. 10 85. The
transfer device of Claim76 wherein said gate nechani sm furt her

conprises an el ast OMerd L PRIDE to t'?f%Vicﬂgso@ai UBRB Yesas@ & %bn&aifhnllen

treating el ements cannot pass_theret ugh when undeforned and a pl unger
havi ng a hol | ow i nt er i®¥9 sf¥el thepstiptal (k@ the BrItigint endo9fai2id s d
pl unger being insertedfifsOuDimen £B€ lkefRENHAGS diréatim@fitoBldmentTberomhen

said gate mechanism.is in said first positiqn, .but is retracted  from
sai d el astomeric nenbergrhm%stai??%?teeﬂgtlﬂ‘éﬁﬂ%ﬂ H FHApSEGTy ARG
position. 20 5 86. The sepaxdikblediuteriof Bbueingoc Hwhretmldiswg dche
gate nechani sm furt her | SES ' in | anet,et 4t h | | er
%&e&it‘%{:tr%? 2 rBhEmaAY Qefem%fxtqé, kaid aé?%a?g i

than the dianeter of t ! ) passageway, sald pi'n transacti, 1
third passageway 25 wieR2ing iRgludingafe PRESRISWaY: iCOMIGRT i gRith

position, said pin beiggidettnerad fAluNESaiphddidéevay Paggdagensayi Weirsai d
gate mechanismis in Sgé&'xeftl.erxstlumelq?msglign'separable housing comprising
10 radiation blocking material; '

a plurality of radiation treatment elements
emitting radiation disposed within said interior
housing; and

a gate mechanism communicating with said

15 third passageway between said separable interior
housing and said first catheter lumen and movable
between first position to permit passage of said
radiation treatment elements between said interior
housing and said first catheter lumen and a second

20 position to block passage of said radiation
treatment elements between said interior housing
and said first catheter 1lumen and a. second
position to block passage of said radiation
treatment elements between said interior housing

25 and said first catheter lumen.

77. The transfer device of Claim 76, said
catheter including connector for attaching said
catheter to said transfer device, said transfer device

30 further comprising a connector-receiving orifice; and a
latch member having a detent arm and a connector
engagement surface, said latch member being movable
upon insertion of said connector into said connector-
receiving orifice between a first position in which

35 said detent arm prevents movement of said gate
mechanism into its first position if said connector is
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30 . he transfer device of Caim 76 further conprising a
col |l ar’ for—se+eeLLMeL¥_gggﬂgpt|ng said catheter to said transfer device;
a rel ease ﬂ"lﬁn f or ~disconnecting said collar fromcatheter; and an

act uat or I sai d gate nechani sm between 35 said first and
second pos mlator swi tch bPécki ng access to said rel ease
button when said ga e S * 96 mechani sm

is in said first position. 88. The transfer device of Claim76

devi ce further, &9% «dif‘%:goééﬁé %E‘Ef%%ecéh&eé s%%%?ﬁcfﬁd&t%onsaup

catheter to said tra ev a rel ease | Ssconnec ng sal d
col l ar from sai d Whdhe tﬂﬁl Srtent arm dansg dots RredeHo B IRsieRaNt QF st

and second posddidngat®r meeanlsh avHefabaideebanesbl0 ia ededlved in
position for operat |é1g°rla£d rel ease to di sconnect said 10 catheter.
5
78. The transfer 'device of Claim 76 £further
comprising at least one pair of (fiber optic
transmission and receiving element for wverifying
whether said treatment elements are located within said
10 interior housing.

79. The transfer device of Claim 76 wherein said
interior housing comprises a sleeve portion made of

quartz.
15
80. The transfer device of Claim 79 wherein said
external housing comprises a transparent material that
overlies said quartz sleeve so that said quartz sleeve
can be seen through the external housing.
20
81. The transfer device of Claim 80 wherein said
quartz sleeve includes a white film on one side thereof
for creating a contrasting background with respect to
said treating elements.
25

82. The transfer device of Claim 80 where said
transparent material comprises a magnifying piece.

83. The transfer device of Claim 76 wherein said

30 external housing comprises a shell that encases said

passageways, fluid control switch, interior housing,
and gate mechanism.

84. The transfer device of Claim 76 wherein said

35 gate mechanism is movably attached to said external
housing and includes a first hole to permit treating
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elements t& and includes a first hole to permit
treating elements to pass therethrough which is
alignable with said third passageway when said gate
mechanism is in said first position, and a second hole

5 sized to allow fluid to pass therethrough but to block
treating elements which is alignable with said third
passageway when said gate mechanism is in said second
position. |

10 85. The transfer device of Claim 76 wherein said
gate mechanism further comprises an elastomeric member
having a lumen sized so that said treating elements
cannot pass therethrough when undeformed and a plunger
having a hollow interior sized to permit treating

15 elements to pass, said plunger being inserted through
the lumen in said elastomeric member when said gate
mechanism is in said first position, but is retracted
from said elastomeric member when said gate mechanism
is in said second position.

20

86. The transfer device of Claim 76 wherein said
gate mechanism further comprises a pin having a
diameter that is smaller than the diameter of the third
passageway, said pin transacting said third passageway

25 when said shuttle gate mechanism is in said second
position, said pin being retracted from said third

passageway when said gate mechanism is in said first
position.

30 87. The transfer device of Claim 76 further
comprising a collar for selectively connecting said
catheter to said transfer device; a release button for
disconnecting said collar from catheter; and an
actuator switch for moving said gate mechanism between

35 said first and second positions, said actuator switch
blocking access to said release button when said gate
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mechanism i8 in said first positidn.

88. The transfer device of Claim 76 device
further comprising a collar for selectively connecting
5 said catheter to said transfer device; a release for
disconnecting said collar from said catheter; and an
actuator switch movable between first and second
positions for moving said gate mechanism to a third
position for operating said release to disconnect said

10 catheter.
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