SOFT BODY CATHETER W TH LOW FRI CTI ON LUMVEN FI ELD OF
THE | NVENTI ON [ 0001] This invention relates generally

wo eooshes3bd el ds of nedical treatnent devi ces aneCTER1008I803364
of use. In particular, the invention relates to

devi ca5oRT BBV ERTHETER WITHA O FRICTION LM ' N9
pre- cancer ous, oggﬁﬂgzx¥iéiﬁ#§$ggﬁuﬁgsg removed.
BACKGROUND OF TH i agnosi ng and
reatipg certai.n nedical conditions, if IS often
[°°°1izlesi raﬂl%é nyeptipp ofelates, ggpEIRllY; fo v%h?chdgssﬁ{ecﬂ‘ﬁ@'ﬁabﬁ'eatment
sanple of tissue is renoved for pathol ogica
devicess amdnBstioeds tafsuse.alid pamtigularn, stheainyeotien rejatesaliol gevices and
results in a biopsy cavity occupying the space
methddsr foerifrgdiating dissde bgurtdunding aukodn ghvityy suchnay edsiteéAfrom which
is known, obtaining a tissue sanple by biopsy and the
cancePolRs PR cBIGUY, BRLHNT tRisBetHAY 5édr berRgépyed in the
di agnosi s of cancers and other maljgnant tunors, or to
confirmthat a suspected |esion or tunor is not
malignant. Tr SHERAROUNIRERETHE ARENTIGH DY bi opsy
may include s ur roundi ng
l,eay, an_.enl a

10002, % ofAeasTig, Sl AR i oS Ingate" sppdiolel it gy desirable

|ication of radiation, by chenotherapy, or by
to pe%ﬁ&ﬂnﬁﬁ"?%&t HbrWh'F'é.@.s:PQQH)E/@P RERAMRJe et Ji§§E@ i removed for
therapy, and other treatnents to heat, cool, or freeze
pathological @xanjinatiy), teatscand tanadysientA hiopsyetypically tresultiraa biopsy
natural cavity, or to a cavity in a patient's body

cavity focgupyinigcthetspeseciolraerip @egupedhiethe tisguiecthlat Was removed. As is
foll owm ng renoval of cancerous tissue during a biopsy
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typicaW'erﬂT&/o%’g ’iﬁth\et 8iabHBglgkof Egﬁcers and other malignant tumors, or to

confirm that a suspected lesion or tumor is not malignant. Treatment of cancers

identified by biopsy may include subsequent removal of tissue surrounding the
biopsy site, leaving an enlarged cavity in the patient's body. Cancerous tissue is
often treated by application of radiation, by chemotherapy, or by thermal treatment
(e.g., local heating, cryogenic therapy, and other treatments to heat, cool, or freeze
tissue).

[0003] Cancer treatment may be directed to a natural cavity, or to a cavity in a
patient's body from which tissue has been removed, typically following removal of
cancerous tissue during a biopsy or surgical procedure. For example, U.S. Pat. No.
6,923,754 to Lubock and U.S. Pat. Application Serial No. 10/849,410 to Lubock, the
disclosures of which are all hereby incorporated by reference in their entireties,

describe devices for implantation into a cavity resulting from the removal of



di scl osures of which are all hereby incorporated by
reference in their entireties, describe devices for

WO pgBani3ad i on into a cavity resulting from t heP€EIB2088/003364
of cancerous tissue which can be used to deliver

cancér&é?ﬂ%éﬁé WP'nct,rP SH by f&gdéllv%?‘ adishign {& %Q?é?[xgdiggéiﬁsue. One

trea nment used to treat cancer

Vi ty.. foll n noval of tissue.is .
form 8, atiAjReisAy RNt Uaefclo draad aiibes: el BaBogH Favity remaining
pl aced near _to the site to be treated. [0004] Lubock
followighremenal @f tissde isphrashyibeearien sdich grsouresof ragiation is placed
ti ssue surrounding a cavity left by surgical renoval
near tofthe sitedo destreatedt her ti ssue that includes an
i nfl atabl e balloon constructed for placenent in the

[0004}aVlLﬁJ§bocSUCéch@/| gescribas bﬁnﬁl‘éﬁt’aﬂlé inldésonﬁ)rortré"ﬁl" g tissue
radi ation therapy, chenotherapy, and thernal

surrow}ﬁﬁ@pﬂ éé?ntﬁlhf‘eﬂt 'b&lagﬁr é’élr%‘ﬂg\ﬁﬂgof angadusY of f&ﬂbg tissue that
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nt th bal | oon of the device by placin
may br%\{a?%‘ié? 2pelyane ar dTioe ehragiatien iharapy vehersaiiwsapy,ang thermal

delivery lunmen. Such treatments may be repeated if
therapiets thedissuecasioursting thempawty fiormihich $he ¢iss)ie Reasi remiaved. The
Therapy Systent (MamoSite(r) RTS, Proxim

deliveiyndumepuiof cthe Hevice AWayhaesdive, a @lid00P % Uitiid | radlatidds source.
a balloon catheter with a radi ati on source that can be

RadlaﬂbﬁQ%tMehh'ié‘aﬁpﬁéHer tlés‘ii%eﬁﬁl'ae&nf:@n\é Ballooh & tbégf%gflce by placing

ter unpectony It can deliver a prescri

radloﬁlvéamaﬁbhgp SRS n?‘é&’i?ﬁé{\% §g§§§’r ﬁﬁﬁ%t 'd%[l'tyér@v'lﬁ%e Such

tissge sarrould i ng
|at|o sour ce i ally a solid radiation
treatn} H%\Rﬁ@%@teddfsﬁj?%?ﬁ‘ﬁ radi ati on source may al so be
used W|th a bal I oon catheter placed w thin a body
[0005 o v iRof ep@ngple, poiMamMoSite® Badietiorhdhapaay System ndiammoSite®
A radi ation source such as a mniature or mcro
RTS, Rrokimairherapeyticsydacneiphbestta) eGAs 80002 . (gSAV.itludes a balloon
Patent No. 6, 319, 188). The x-ray
catheter with a radiation source that can be placed within a tumor resection cavity in
a breast after a lumpectomy. It can deliver a prescribed dose of radiation from inside
the tumor resection cavity to the tissue surrounding the original tumor. The radiation
source is typically a solid radiation source; however, a liquid radiation source may
also be used with a balloon catheter placed within a body cavity (e.g., lotrex®,
Proxima Therapeutics, Inc.). A radiation source such as a miniature or micro-
miniature x-ray tube may also be used (e.g. U.S. Patent No. 6,319,188). The x-ray
tubes are small, flexible and are believed to be maneuverable enough to reach the

desired treatment location within a patient's body. The radiation source is to be

removed following each treatment session, or remains in place as long as the



tubes are small, flexible and are believed to be
maneuver abl e enough to reach the desired treatnent

woomatiism wi thin a patient's body. The radi at i POT/E82008/603364
is to be renoved foll ow ng each treatnent session, or
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her a eutlcs Inc.)), are useful to treat cancer in
G“aSW@sﬁ atfrexiopa Ehesameutiesyi ing.)).[ aB0EFefHl doutieatagancersin tissue
resulting from bi opsy or other surgical procedures
adjacentzhbady cavipect ony typically are not always uniform or
regular in their sizes and shapes, so that radiation

[0006] r edligget cafified réfiting frof Bidps ?r@mﬁér s0rdleaasiBsedures such as
applied to different reglons of surrounding tissue,

Iumpég g‘ﬂl;ﬂSal \X;SFe A él%va Nehifdre 8 lar’ |ﬁ|tﬁ5 e 51‘?:;{1"shapes SO

ver, nformng t t1ssue | n: In
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tat ALY AR eﬁmrs%uﬁm ﬁ%reaf?%ﬁnci%qs@siw 11§ gitornt
tissue. [0007] The radiation ball|oon catheter is
feg'°ﬂ§seé|sluyfquefia{%élasam McHdiRg 'Bat ispts’t 8Rd dissianss of gelatively low

days during which tine radiation is emtted froma
dosageadi Hewevers dy confgmiing thiee tisslie diming the Eaatyi aboukemd inflated
of the catheter is preferably folded or coiled and

membeecsucitasa vallmon, rdeibré beifpahicerdontrotisd radiatibn ¢anhtse applied to
retention period. However, in order to facilitate

the tiskQkdi ng or coiling the cat het er shaft, the shaft nust
be fairly flexible or it will be difficult to maintain

[0007%” ﬂ?& rEGIaQ%ﬁ Béll§| S ‘i’hé&%Pﬂé%‘é&fényﬂbt%gHO@ﬁtn& the patlent for
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pol ymeric materials have high friction surfaces,
the ballgeng Ty BFXIMG! £ndagf Hhe sathelar i prefesatl feldagren csiled and

the catheter shaft difficult. Form ng a soft polynmeric
securechtamtd air widertthe patieyits skibedwiindhtiee retention period. However, in

order to facilitate folding or coiling the catheter shaft, the shaft must be fairly flexible
or it will be difficult to maintain in the folded or coiled configuration without subjecting
the patient to discomfort. The catheter shaft is formed of low durometer polymeric
material in order to improve flexibility but low durometer polymeric materials have
high friction surfaces, making advancing a radiation source through a lumen of the
catheter shaft difficult. Forming a soft polymeric material about a single tube with a
lumen with greater lubricity is not difficult but forming a soft polymeric material with a

plurality of lumens with greater lubricity is problematic.



umen with greater lubricity is not difficult but
formng a soft polyneric material with a plurality of
WO ooenss3ve th greater lubricity i s probl emati c. BUVIVERYS/003364

OF THE | NVENTI ON [0008] This invention is generally
directed to irragidii td g a patient's
body cavity, an MMARY.OF and Imet Ihods
orsuch treatments. The inventjon js particularly )

[0008) TREY dyesitor; Bniaeng 4 s STECRY 46 chaditii fisnve stwsaynding a
site such as a cavity formed by renoval of tissue for

patient spbeghs gavity.| aih eertisyjarly bodeyicesrand pethods dbi guchatreatments.

el ongat ed cat heter devi ce enbodying features of the
The imvertioni isrparticlladg suitablechor ieatiag disgae etijadwrtta patient's body site
treatnment location at a distal portion of the device,

such aé al RA&Y feffed BYRBNRYaEBEIiSM o) Bl lﬂob%‘?o? idhpedtSmiyne

treatment | ocation which is configure fto rlecel ve ' or
. : e P y
100s{ et VRLAERN7, 47 Al S BBl Hpurs of tre
iverdBh A0S o A S ST eSS B Y5 et porton

the flexible elongated shaft is fornmed of relatively
of the dryicriralieast o lufnen iextensding mdthin theyshaitito the tieatrment location
25D Shore Hardness, to provide flexibility. At |east
whichdsesondigurent & eeceivey oa which idlagesh rald@ationnssurcememeferably, the
are provided with a lining of relatively high

cathetbtreiseaR infRaabIeeEE ety TIRY hidmbér 6r b4liddr SufElhdiRg tRe treatment
Har dness. The relatively | ow duroneter polyneric

locatidRisH itﬁ% digfalt i'éhoagfl‘ﬁ@dci(n@{eﬁ'. | $n AR %rnf?r%c}’lm%nt, the flexible
th p as poly e.g.

ernmopl astic el astoner suc ur et han(e:h
| e ich.is,avai l.able from Dow.Cheni cal .
etongafe et et ea kel iR iftuetes FaVTFHG Midleral, e.0. 70A to
I ns, i ncl ud ol yvinyl chlorjde, Styrene, ABS and
about ﬁr§§%ﬁevgﬁ¥§%$%sssépva{%d%8ﬁy%%. ﬁ%éeqfémﬁarar@d preferably a
material of the elongated shaft may be a bl end or
pluraligy gétherdnner bonens are provided with ki lifieg afuetativelr high durometer

polymeric material is preferably applied by dissolving
polymierie rhatgial, elgr ¢0EX &y 80DI Sherd Barthieys alhé neftisdlyt 18l gurometer

non- aqueous
polymeric material for the elongated shaft is preferably a thermoplastic elastomer
such as polyurethane, e.g. Pellethane™ which is available from Dow Chemical.
Other suitable polymeric material for lining the lumens include polyvinyl chloride,
Styrene, ABS and other solvent dissolvable polymers. The pblymeric material of the
elongated shaft may be a blend or copolymer.
[0010] The lining of higher durometer polymeric material is preferably applied by
dissolving the higher durometer polymeric material in a suitable non-aqueous
solvent, e.g. tetrahydrofuran, applying the solution to the surface of the inner lumen

and then evaporating the solvent to leave the higher durometer material on the

surface of the lumen. Other solvents include cyclohexanone, dimethyl formamide



solvent, e.g. tetrahydrofuran, applying the solution

to the surface of the inner |unen and then evaporating
w0 b@saoizyent to | eave the higher duroneter matRCT/EE2008003364

the surface of the lunmen. Qther solvents include

Vel e ] f ] ' r

and niYEhECTEBEET OfiefBhdoie HMRRaGAE Sr kBl Bing 8F ffimers and
and non-aqueous. sol.vents whj ch di ssol ve such pol ymers

non-afiticoys salfants MRiCh djs5alyS SUFAROMMER BaV 0 emPlRvetce
enbodyi n% features of the invention preferably has one

[0011}, Adpdiatienceathetasdeviesempadying teateresroff thei invention preferably
comuni cation with a proxi mal vacuum source and one or

has amer er vmoreirmper feumpnsf esrflguyegrtox berin floidl @ontthahightio® with a
the cavity filling nenber such as described in US.

proxinfalt vadiaim &o87ck ahd cﬂféjoﬁmd?@f\ﬂidwmiigﬁhbcﬁbfé?ab@ﬁﬂo&imal and/or
No. 10/849,410, filed on May 19, 2004, both of "which

distal 8 T 2al @) fiffinb inbhibd? KRAMs BESLHELIn OPE! PSANQS 85354 and

I n~t lurd in e

vacuum w e | nner unmen aspil ra{ es

co b AR 58 PR D, HSH SN 5 P B of i

ti.ssue defining the cavity onto the exterior of the _
are a$ﬂ9P§§ d8 te prspant| assignes nifRpligalirsydfoavyaguum twithin the inner
cavity so as to conformthe tissue lining to the shape
lumenoaispinates dluid \in fthe| ¢avify tbndiegh tHe ©b2] ovrtdredsaacuum ports and the
previ ously described in co-pending applications Seri al

applichition 1of/ &8 ¥écdurh, withinetheobodhe leaviry Yulld tisd08 EdefiMin@hé @avity onto
No. 11/593,789, filed on Novenber 6 , 2006 for using

the exXt@Abebt e FfHfEd RavitAifingU gf?dé-’r cﬁé’ﬁlo@e(ﬁ e tRe favity so as to

cat het er enbodyi ng features the I nvention bod

contof i ol 5 BRETY VAT P GI 5 °

acjlitate securi he shaft. to or upder the . .
l°°12i)at Metdds’ Eviqusha derarBedorn Gochean f PRRiiCAtiops Aegial No.
low friction |unen for advancenent of a radiation

a
11/35¢20Ac filed ©Re Rebesanyerdir. | 3008 | and oPeriale Nhaflt1/595€89, filed on

catheter is particularly suitable for treating a
Noverobei 6y 2006 foedsing fadistian bathetsrsarel suitabte €ovrya radiation catheter
and ot her advantages of the
embodying features of the invention body cavity.
[0013] The present invention provides a radiation catheter having a flexible shaft
to facilitate securing the shaft to or under the patient's skin in a coiled or folded
configuration and a low friction lumen for advancement of a radiation source to the
treatment location of the shaft. The catheter is particularly suitable for treating a
cavity created by breast biopsy or lumpectomy. These and other advantages of the

present invention are described in more detail in the following detailed description

and the accompanying exemplary drawings.



present invention are described in nore detail in the
follow ng detail ed description and the acconpanyi ng
wes@splsry draw ngs. BRI EF DESCRI PTI ON OF THE DREWAUBESES/003364
[0014] Figure 1 is a perspectlve view of a catheter
devi ce enb e 4 0015]
Flgure2|o€|| a'“ B Se—Cr oSS catheter
en al ong the lines shovvn in Fig

l°°14f08'%'spf gSrd Pgr QS'Meéﬂ?‘é(rcﬁé‘j Cathaedpdes THkadying features of
secti onal vi ew of the balloon shown in Figure 1.

the inyerdion,  Fi gures 4A-4D are enl arged | ongitudi nal
sectional views of the flexible catheter shaft shown

[0015] n FFiggee 2 i8-Btransvdrbasiross settivh epihe catheter gifaftatakealalong the
duronmeter coating to the surface of an inner |unen

lines 2-DeghRmin in BigLfd 1Figure 5 is an enlarged | ongitudinal
Cross-section of a radiation tube taken al ong the

in [
[0016Leplle u% ﬁst ?41 Jgégftg%n%voed ér&" e%t ?Hélh'\a/ jiew of the balloon
i on DETAI LED DESCRI PTI ON CJ: THE | NVENTI ON [ 0019]
shoerrblS'tllgéxg i 5 illustrate an el ongated catheter device 10
whi ch has an el ongated flexible shaft 11, an
[0017] ntfrigueas 4Ac4D)i age renlaigeg lanailedingl sestiopah viewsoft the flexible
distal portion 13 of the catheter which for the nost
cathetearshafteshowes in Haguree dt3rbmtillustrate ithan applicatich ah aakight durometer
15 on the proximal end of shaft 11. A plurality of

coatingtb@he 3Grfate ot GanAneniutndmtherdemdt er 15 and are in
| uid communi cation with [unmens 21-25 respect ively

[oo1aj'vit|hi' brd BSs Hhbhlatdeditirditudirtal t 58 ti%h lube taken
g ; SOS PR ba LEGRIYS

nore radi atT on sdurces

sons M 55 AR P, SHE L el st

to and i fluid
source W|t‘f‘\ ?he treatmentsiocah

DETAILED DESCRIPTION OF THE INVENTION

[0019] Figures 1-5 illustrate an elongated catheter device 10 which has an
elongated flexible shaft 11, an inflatable cavity filing member or balloon 12 on the
distal portion 13 of the catheter which for the most part defines the treatment location
14, and an adapter 15 on the proximal end of shaft 11. A plurality of tubes 16-20
extend into the adapter 15 and are in fluid communication with lumens 21-25
respectively within the shaft 11 which are configured to receive one or more radiation
sources 26. The catheter device 10 also has an inflation tube 27 which is in fluid
communication with inflation lumen 28 in shaft 11 that extends to and is in fluid
communication with the interior of the balloon 12 to facilitate delivery of inflation fluid
thereto. The adapter 15 also has a vacuum tube 29 that is in fluid communication

with lumens 30 and 31. Lumen 30 is in fluid communication with proximal vacuum



communi cation with the interior of the balloon 12 to

facilitate delivery of inflation fluid thereto. The
wW@o@pter39ds al so has a vacuum tube 29 that is PeT/UB20081003364

comuni cation with lunmens 30 and 3 1. Lunen 30 is in

port 42 458 RGBS 2 R0, oot O IR, A A0 53 whicn

extendS B2eke< e leHor B pBan o8 853 e b gin Shid BbiPelhicatin
. distal vacuum port 34. Radiation delivery tubes 35-39

with distabry@cuHroRgR BAe iRadiation dslivedt tues B3-3hexderd ithrough the

fluid conmuni cation with lumens 21-25 within shaft 11.
interiofhd badldoat 12 andarevierfluid cbasnGhicatién walh lanterdo? &5 within shaft
radially away froma center-line axis 40 within the

11. THY eadiafiorfddirbhpAlibes? 35N 38, i3 ahd B9 dxtéRd r§dial|¥,away from a
radi ati on source 26 closer to a first tissue portion

S . y cAQn . < -

centefiie AR iR e e of Bl 12806t 81 Bosiion a radiation
bej slightly radiall xtended w.thin the interior

sourcg ey SloSeh ' first 36s0e Brilh SUfoundling Rapodisrdly Jhan a second

i extend within the balloon 12 dependi ng upon the need )

tissuerpprtignp hile tubes 3% a3Getft angdode @i showibas being skighthgradially
and 39 nay be in a contracted state within recesses of

extended within therintedor of baliwore H 2¢jessntanbalt ob threrhmeay radially extend
proxi mal and distal ends of the balloon 12, and one or

withinithe ®allboi M@ de{t@r&im%wpba thediedd fior @p@tigder tebtriént hRloreover,
recesses after the balloon 12 is deployed within a

tubes B idey 38 ahlisd ﬁ{a?eﬁe RO conirscted iéﬂéi’ﬁ?wﬁhihl r'e‘é%%ée@%g)f a support

the radiation source 26 disposed wthin the tu
01 .T | . rtpent
mem %Jvmﬁiﬁﬁ%ﬁggLﬁeegﬁaﬁﬂ‘éﬂ%ﬁp%'sﬂaﬂiaéq”ﬁ%a%ﬁgé%i‘saafﬁlqhéa"oon 12
[ jvely. T
and o€ gt 915D WBRS N3k 08 ALIAV AT iy Obiher Eseapey after the
extended to the extent that they contact the interior

balloogyt2 iscderIpyed within pasyity atithe 4arget biody sitec driguee Billustrates the
[ 0021] The expansion of the balloon 12 is illustrated

radiation geiugce 262ispaded withinathedobe i38. an as f or ned,
non-turgid condition show in phantom The arrow 52

[0020] | | T¥s¢ s@pp6rtidiément 41 has four compartments 42-45 which are designed
to receive tubular radiation delivery members 35, 36, 38 and 39 respectively. The
radiation delivery tubes will not usually be radially extended to the extent that they
contact the interior surface of the balloon 12 in an inflated condition.

[0021] The expansion of the balloon 12 is illustrated in Figure 2 with the balloon in
an as formed, non-turgid condition shown in phantom. The arrow 52 illustrates the
expansion of the balloon to the turgid condition from the initial diameter shown as
arrow 53. As described in co-pending application Serial No. , filed on March 12,

2007, entitled RADIATION CATHETER WITH MULTI-LAYERED BALLOON (Atty.

Docket No. RO0367-06900) the balloon is preferably multilayered and has an



expansi on of the balloon to the turgid condition from
the initial dianeter shown as arrow 53. As descri bed

WO poosaipendi ng application Serial No. , filed POT/NB20081003364
12, 2007, entitled RADI ATI ON CATHETER W TH

expa%Tﬁohﬁwsﬁﬁté@I té@é %op?ﬂi‘lé'é%frlggs t%?égwgpqg?erably less
than EASE e oD SO LG 6 it s 1h35 shown as

initial dianeter. Wile the inflated, turgid balloon

being sphesicahswahare hethey stiapesi may be suitable, sschas ahapvaid shape.
may be suitable, such as an ovoid shape. The

The thicknéssess of thed tidﬂeobalvbld)(tayemald:ad agey depaendivnar ypon the material
dependi ng upon the material characteristics and the

charabteniBiiés aind QN@rrﬁJmﬁépld?allaWrs t h'ﬁyﬁlbél%ﬂﬁéstr%kness of [ndividual
i ndi vi dual bal l oon wall |ayers range from a bout 0.

f
bauooih%ﬁmtv(%g i?ﬂ@;e éﬁngsa%fﬂ? 'WoghPHd aBoliPd dob o0&, B o yoa%%ut 0.001
[ unen 60, e.g. lunens 21-25, of erX|bIe
to aboéjéph@?%ﬁ‘ bhaft 11 with a high duroneter polyneric
terial. As shown in Fig. 4A, the catheter shaft 11
[0022)'q 'g'ﬂiué?ﬁ éﬁ%ﬁﬁh%@amaw t"Hsﬁaﬁﬂ lining alumescRq. igygt Ienens 21-25,
| ower opening to the unmen 60. The lunen 60 is filled

of flexiblercatheter whafin1 6 witboahighs dugoraetesrpalymedasnateriabnAs shown in
and a high duroneter polyneric solute as shown in Fig.

Fig. 4ABthel batheltergsifaf 11sis rorispived! vertivally vatH avysig Qﬁeﬁlbﬁﬂnthe lower
 umen 60 as shown in Fig. 4C allow ng the sol ution

openuﬁé’t&[ﬁé RiInhé P B! hﬂwé ieh Beay ! 'fﬂSd @vnﬂh%%ohﬁ‘ﬁbﬁ%féoﬁ@nsing a non-

so ution on the wall of the |unen € non-aqueou
a a
aquedifh §@nt and AR 33%&%%"“@%%%%Eﬁ'gu?%%so%m gy 48, The
t.he hi ro ner.ic Iute on the surface
Plug fﬁnﬁaﬁgﬁgmgﬁﬁ o Epghing s TeRaniiias 85997 inddg4C allowing
granms of a high duroneter polyester polyurethane
the sqbtéimr@?- te Beaindremribeduypniaaving athindayastG ohseluties on the wall
of 65D Shore was dissolved in 90 m of
of the lumen. The non-aqueous solvent is evaporated from the thin layer 63 of
solution lining the lumen 60, leaving a coating 64 of the high durometer polymeric

solute on the surface of the lumen as shown in Fig. 4D.

EXAMPLE
[0023] About 1.4 grams of a high durometer polyester polyurethane polymer
(Pellethane™) having a durometer hardness of 65D Shore was dissolved in 90 ml of
tetrahydrofuran which is a non-aqueous solvent. A flexible catheter shaft having a
plurality of lumens and formed of relatively low durometer polyurethane was
positioned vertically with the lower lumen openings closed off by a plug as shown in

Fig. 4A. One or more lumens were filled with the solution of tetrahydorfuran and



tetrahydrofuran which is a non-aqueous solvent. A

flexi ble catheter shaft having a plurality of |unens
war@sfioisped of relatively | ow durometer pol yur BCTTaERm08/003364

was positioned vertically with the |lower |unen

o BN S oA R i i

dor f.uran andpol yur et hane pol yner, the plug
L Feasuigbaial heglumens wib allowed dry,
l umens. The sol ution remaining on the surface of the
evaporafifit sthga solventwedd digaving afher digmgdutometer vpolyueettiane solute
| eavi ng the high durometer pol yurethane sol ute

tenacibasiycilioirg) ythiei numgnshe Mheengmenbe lihggensthl ithed high hdurometer
t he hi gh durometer pol yurethane material had | ower

polyur%'thé?ﬁé %téﬁﬁlf ha&iiGnES fﬁdi%ﬂ &(geﬁf ibB AR thaf tﬁé“ﬁ.urﬁé'ﬂ?é“o?rthe tubular

before lining with dur onet er ur et hane

oS A A e ot
ve oA AR bl PELIER L) hSrabr A s irrouen e

i nk, dye or pignment nmay be added to the polyneric
Iume@d}gfp@theoagph@apgn,o@m limiporwpsdEfiat. rore | umens.
Friction reduci ng conpounds such a zinc stearate (a
[0024]v! Ifl desiredse cajenan} sushirasaan amk, dysuchpignpaitymayte added to the
al cohol or lubricants such as Carnauba wax may al so be

polymefidegodting he gidain ﬂﬂen!ﬁ?ﬁw@pbnéobr nhgfé?ﬂ&ﬁenwchnctlon reducing
addi tives should be at [east partially soluble in the

come399ERcn BBV e, B TR g
scong’ ) g 308508 CAAS RRVBAEEE 5 B8 BRERS e contng
oo A P TER aCal h 7S soent

Wi t h the brachyt herapy seed and the friction between

[0025} hePigmentansuctheas F3eactye [Blo6]PrussioneBhus,i #onobxide, titanium
tests a lunen in a catheter shaft fornmed of a

dioxidpp hyangdrieseevibiet] ofjraanadia? bl aedHethéne seayvd®e susisshded in the

with a pol yuret hane having a 55D Shore

polymer solution to be deposited with the polymeric material. The pigment particles
provide an undulating or uneven surface which reduces contact with the
brachytherapy seed and the friction between the seed and the coating.

[0026] In one series of tests a lumen in a catheter shaft formed of a polyurethane
having an 80A Shore Hardness was lined with a polyurethane having a 55D Shore
Hardness as described above. The lined lumen exhibited a reduction of 75% of the
force required to advance a brachytherapy seed through the lumen over an uncoated

lumen of the same material. Incorporating Reactive Blue pigment into the

polyurethane coating reduced the force required to advance the Brachytherapy seed



Har dness as descri bed above. The |ined | unmen exhibited
a reduction of 75% of the force required to advance a
whre@shyisher apy seed through the |umen over an BPET/US1068/003364

| umen of the same nmaterial. Incorporati ng Reactive
voud 5 R BY a5 A BEIE I LPBRHGR) SRR S inrougn

seedt.hr ou e | unen b | most 90% of the force
an u”?%%fﬁpﬂ*é@e?‘ B@éﬁ&ﬁm?é ed t hrough an uncoated | urmen
of the same material. [0027] Al of the radiation

[0027}e| Al of fthe updiatiani defivery dukes whishyaxtend thnough the aiterior of the
the balloon 12 would not necessarily be used in a

balloopat2 iveauld rnatrmeudisgaiynbe ruseedinr & pditiéulah ryadiatiosl ppécedure, but
avai l abl e for use by the physician if needed, e.g.

they w88 Hé“@v:ﬁ%'b'lé’ﬂﬂ e B{ tR1BhY SeiaR!if ABeddY h@tbﬁwﬂa% ﬂﬁé balloon 12

not in a desired position and rotation of e cat heter

o el BB JBRSBH LS 1 5L Eoeh 9 Bhg TGt

radi.atio E’g on the distal end of rod 4 1. The
not aqpéﬁ’i)réﬂtfacﬂ{ CEE(NP 26 preferably includes brachytherapy
ds or other solid radiati on sources used in

[0028} adTm irgdiatingr sgyrce RGiifer therbrachyiherapyr dgvicat Heisishown as a

may al so be utilized. The radiati on source 26 may be
radiatieint beed poreltbadiistal remu oficodedl ceThe mididtion soureol6 preferably
manuf acture or may be | oaded into the device 10 just

includesf raeh9therdperseeldeC 8Faithel Bofid aradishiont 8¥LiEdesO Us@& hﬂr radiation
site of a patient. Solid radionuclides suitable

therad&seAVH"lcho niflRies- é%{ FQ@\%‘M’ ﬁll%ylaq?é BEeLﬁlllg%dt The 95&3%5 source

nvention are curr enerarly aval

2 ma%@é%bg%fe%@%&?ﬁt 0GR b oo A3l o oy e

eliv b a mcro-mniature x-ray catheter device
'oadefg 96yt Retore, ormgfterrplaggmept mto a bady pavity or other
X-ray cat heter devices are small, flexible and are
site obal patiand. t Bolisk rwneuoléi@bswtabledgh use witha@hdeviee 10 embodying
desired location within a patient's body.
features of the present invention are currently generally available as brachytherapy
radiation sources (e.g., |I-Plant. TM. Med-Tec, Orange City, lowa.). Radiation may
also be delivered by a micro-miniature x-ray catheter device such as described in
U.S. Patent No. 6,319,188. The x-ray catheter devices are small, flexible and are
believed to be maneuverable enough to reach the desired location within a patient's
body.
[0029] The radiation source 26 preferably is one or more brachytherapy seeds, for
example, a radioactive microsphere available from 3M Company of St. Paul, Minn.

Other suitable brachytherapy radiation sources include I-Plant™, (Med-Tec, Orange

City, lowa.).
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[0029] The radiation source 26 preferably is one or

nore brachyt herapy seeds, for exanple, a radioactive
wor@sospber e avail abl e from 3M Conpany of St. RaIUS2008/003364

M nn. Ot her suitable brachytherapy radi ati on sources

10020) o, 4t O e pre e Bn hd Wi ol iy oxter
ubr | |ous rlor coatin such as

coating, shEh s # EvRERITGMateRa | T Tubritials Gaphing, pretorably is applied
preferably is applied to the el ongate shaft 11 or to

to thetgjengale shaft 12 @rtopthenbaliapr 2wrebathi tk redypcgnsticking and friction
friction during insertion and wi thdrawal of the device

duringlidseHiair apdhmlithdraeal ofrthe davide 48. tHyalsepipitio codtngdyuch as those
AST, Surnodics, TUA Systens, Hydromer, or STS

provuo‘%ldoﬁyﬂA({B“I?Ir BLMRITS, tﬂbAeSYJt@fhsS L!‘I{/dﬁ‘b?r%r‘)fort SesdBiYpfymers are
0 may al so include an antim crobi al coating that

suntab‘f‘%‘é%h%sgbllf?%s Bf B eQlkeCd0 fj trﬂﬁy%ﬁ 1dde, B gﬁtﬂh[@r&@al coating

Introducing o on duri
vt o ' B8 e B N0 T SERREL FESH R goucn o n
to a hydrophilic carrier. Alternatively the silver

y
mfectlpanguang exiensededregtmentsne dhier abimigroblad geating: preferably is
by i on beam deposition. The antim crobial coating may

comprserb db esilyar aons smprégnated dinto @& bydeophilucarries.  Alternatively the
chl or hexadi ene, benzyl chloride or other suitable

silver ivracarprhplahtedaohionine Sbiface B ties dalizel TP bYIBA RGN HePosition.
hydrophilic coatings. Antimcrobial coatings such as

The éﬁ\ﬁﬁ%réﬁn@y'd&%ngyn%v rfiso 5 aftl GRflse Jﬁg{ fd?c'dfé‘?nfegf%t such as

Fusi on, or Bactérin‘ lnternati ona be suita

e T SR

aft of t del i ver ice 10 at the, 0|nt where the
matef@é% '@8?%1 %E’e\néot it 9&9'3/%&08@“9@ n Antingrobiaiheoafingsc such as

10 may be used to treat a body cavity of a patient in
thosetﬂﬁ@wﬁﬁﬁ yr Spies. AP bedlgan, Ssfasine;ilendugiare fasiBamderio International
co- pendi ng applications. Usually the adapter 15 on the
wouldpbexsuitdblend Adferndtevetyatan edufi ndewber coveesd swittutthef ahtimicrobial
patient during the
coating may be provided on the elongated shaft of the delivery device 10 at the point
where the device 10 enters the patient’s skin.
[0031] The device 10 may be used to treat a body cavity of a patient in the manner
described in the previously referred to co-pending applications. Usually the adapter
15 on the proximal end of the catheter device extends out of the patient during the
procedure when the balloon is inflated. The catheter shaft 11 is preferably flexible
enough along a length thereof, so that once the balloon is inflated to a turgid
condition, the catheter shaft can be folded or coiled and secured to or placed under

the patient’s skin before the exterior opening of the treatment passageway to the

treatment site is closed. Atthe end of the treatment time, e.g. 5-10 days, the exterior

11



procedure when the balloon is inflated. The catheter
shaft 11 is preferably flexible enough along a | ength

wo b@saaf399 so that once the balloon is inflatedP€DUS2008/003364
turgid condition, the catheter shaft can be fol ded or

openiig e R RSTRAE IO BRFEISE oD SRt Seo ror

exemBR Rdiacissinere? Héaﬁrgve@»%s@' Bouhed| &3 pending appication Seria
ext eri oropeni ng can be reopened and t he catheter

No. 1A&RRK884 1 r diver ﬁ@"?ﬁhtqfefwdedsé@qlbie sheftndaest met cause significant
di scussion thereof in previously discussed co-pendi ng

discorafgrt toctiel patiede while Sdzurdd tS67 udddr. thEheatizritsagkimr
fol ded flexible shaft does not cause significant

[0032!1|I ST@REaNy, rhgiatia Hlﬁlbbﬁrﬂath\@t'e'r@ f&%r‘é‘égfjlrﬁﬁlaﬁfat%dﬁfe about 6 to
he patient's skin. [0032] Typically, radiation

t s r
about ‘@“&?qﬁ*é@ﬁéﬂelﬁﬁn oo ERF haffs Wbt 25 W pLRitke Son (6.4
b t 0.25 to out i nch ( transvers

10.2 farfﬁéiﬁ%nayﬁgse HiB8GHb03, (e §i2e B icividuAdbatian aens Gepends
depends uRon the size of the radiation source, but

upon H@@zam Jheradiatignisavres by gansnaloare aheut 9§25t05about 0.2 inch

, preferably about 0.04 to about 0.1 inch (1-2.5

(0.5- 5n11)'nm)rrmefanabbttatmutemﬂ4 ‘aaboot Outrinth (182 Bhenshat he dnflation and

about 0.03 to about 0.0.08 inch (0.8-2 mm. The

vacuubdlldraens iartre driftardabont 003 &) 8BoaO0f0.081REH 0B-2 mm). The
about 0.5 to about 4 inches, typl cally about 1 to

ballooﬁ?,oHFe HdsI&P fbP ibfiABaVE6 F@ﬁ@'é’&%t @§tﬂ about 4 inches,

di aneters.” [ 0033] Wiile part ar forns of t
weicaliP 5B} % %é@s?iﬁ{h%%'h%%?%ﬁ% R A
t t
o33, ;¥ Uik ”ESh%giaaﬂp Siefieniae e bean Uugitaintan described
_the cat heter devi ce may be made from conventi onal
hereinyt; willi kg appawit thatyaridusrmadificatiensiadd timprolamentsaaan be made

si ze of various conmponents may follow simlar devices

to thekinwention.t ko dne extdnd: oot descritkd indusih, tleatvarieas @lements of the
enbodi nents of the invention may be shown in sone

catheter JEViKEs niydbBhate fRdreésnvebiibnbNRiReddls! hRY i sififar devices
art will recognize
and the design and size of various components may follow similar devices know in
the art. Moreover, individual features of embodiments of the invention may be
shown in some drawings and not in others, but those skilled in the art will recognize
that individual features of one embodiment of the invention can be combined with
any or all the features of another embodiment. Accordingly, it is not intended that
the invention be limited to the specific embodiments illustrated. It is therefore

intended that this invention be defined by the scope of the appended claims as

broadly as the prior art will permit.
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that individual features of one enbodi nent of the

i nvention can be conbined with any or all the features
wotooanaisber enbodi ment. Accordingly, it is notPCTHUSIWAE3364

that the invention be limted to the specific

[0034 ”b?gl‘n‘??néﬁ'cﬂ ld S‘Ef &ite bnel érhen&;r%g L en halheans”,
Thi Do Gpertie % Ehided"

i nvent1on I néd by e scope
, as ro d he . pri,or t
ma"uCFaP 5 oparied® '#ﬁ%ﬂt Bl w rwéo%gl Ry viripoR when used
" devi ce" : " manuf act ur e” "portion",

herein ghal} nehbe was'é\agd agrigvokingshe previsions ofi3epdr$.Ca§dI 2(6) unless
used herein shall not be construed as invoking the

the foplowingstlaimss @xpBsssly 8s€.the léﬂ('nﬁ)‘rrmlnes‘sr"t dsre“sfte;b If@\’l\lifolg)wed by a
clainms expressly use the terns "neans for" or "step

partictilar furictionoxitidoltyrefereAté it6 W Sedifit) StriiStireVot B@an All patents and
reference to a specific structure or action.

all pat%?gﬁﬁer e%&%usﬁ%tﬁrﬁ g{‘ée%&gegbré fléiréy‘ﬁnf:@{ﬁ)%'}%tgﬁ B)Preq@r%%%e in their
enmegptlrety WHAT IS CLAIMED IS: 1. An el ongated catheter
evice for irradiating tissue surrounding a body site

within a patient, conprising: a . a treatnment |ocation
on a distal portion of the catheter device; b. an
el ongated flexible shaft which is forned at |east in
part of a | ow duroneter polyneric material and which
has at | east one radiation |lunmen extending wthin a
portion of the shaft formed of the | ow duroneter
polyneric material to the treatnent |ocation and
configured to receive a radiation source; and c. a
coating of high duroneter polyneric material |ining at
| east in part one of the radiation |unens to provide
i nmproved frictional characteristics thereto. 2. The
device of claim1l, wherein the | ow duroneter materi al
has a
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duronmeter hardness of about 70A to 25D Shore. 3. The
device of claim1l, wherein the high duroneter nateri al

whawsa1dey onet er hardness of at | east 40D ShorBCT/AS20081603364
device of claim1l, wherein the lining is forned by

WHAf‘Q'C}ﬂAwﬂﬂéDqg! ution of high duroneter polyneric
non- aqueous solvent to the surface of
the | ugen, ev rat.i the sql vent. _and | eaving a | ayer
o1t neA R ELRGATPY rRlnAEr P Yine fot R eSS o Qg body
) the lumen surface, 5. The device of claim4 , wherein
site withia spatienfueempristidvent is sel ected from the group

consi sting of tetrahydrofuran, cycl ohexanone, dinethyl

far nana reatrmentlocatibn wata distallporioh of the cathetetalgvice; of
claim4 , wherein the solvent contains about 0.1 to

about Sfiteldngated Nekib®hsiiurt YRR BRhSERI ICasTiit géh%f,-aﬂow

The device of claim6 , wherein the sol vent contains

about Qur%rﬁéleiap?ghé? r“n%%r‘fgc! 'a)ndr\jvgilapqﬁsomé%t Qne.fadiation

pol ymeric mate evice o al m
I umenﬁ ext endi i bl

i i ¢ hi fl
por 11 ol eRenalErpai PP oh b hPGoMee LR fow

polymeric material. 9. The device of claim6 , wherein

t he” hi gwometsreemesia patena tedhe treatment lgcatigreand gonfigured
the surface of the inner |unen has a Shore duroneter

har dnetosreseivebs tadisiith soumieoand80OD. 10. The devi ce of
claim 1, wherein an inflatable ball oon surrounds at

least paobting of hRH deehatet pbeRiricmaterial limftg stashstn part
of claim 10?)@\/\hefrgei n the fl Fei‘xi bl e el ongat edrmghaft has P

T o O AN SRS,

Interi %arggtetrgﬁcg fﬂérg@ '

2. The device of claim 1, wherein the low durometer material has a
durometer hardness of about 70A to 25D Shore.

3. The device of claim 1, wherein the high durometer material has a
durometer hardness of at least 40D Shore.

4, The device of claim 1, wherein the lining is formed by applying a
solution of high durometer polymeric material in a'non-aqueous solvent to the
surface of the lumen, evaporating the solvent and leaving a layer of the high
durometer polymeric material deposited on the lumen surface.

5. The device of claim 4, wherein the non-aqueous solvent is selected
from the group consisting of tetrahydrofuran, cyclohexanone, dimethyl formamide, or
a combination thereof.

6. The device of claim 4, wherein the solvent contains about 0.1 to about

5% (by wt.) high durometer polymeric material.
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12. The device of claim 10, wherein the balloon is
configured to partially fill the body cavity when

wonjoBatB@ to a turgid condition. 13. The devi cECD1S2008/003364
claim1, wherein a distal portion of the device

conpri i | ar nbers wi.th_an j r
Gmen e TRt ofHpl gk e e, FivEstsaipg aBpul 63% abour
t ub r nbers configured to receive a radiation

2% (WOWELs'.ghEWOW%eHBQIiV rgrmatefiah 13, wherein one or
more of the tubul ar menbers are defl ected or ' o
d8f | ectlhiel deviesaf elaimd, wheseinpa piurality of lurnessiextending within
surroundi ng the body cavity to be closer thereto. 15.

the fietieledmortior obthes bhafinaiss linedhwith high ldudermeterpanpaetic material.
menber extending within the distal portion of the

shaf t trheSdEUIeS bf Ellfn 16 NHeREINIRBIMGIS dﬁ%‘(fnglé%r T;%lméﬁé Fhaterial

the distal portion. 16. The device” of ereln

o a 8 il RRGAAH R Rt AL R yppss o

A7, T evice of claim 16, wherein the vacuum
abouqoﬁ(ﬂéﬁo iaQOE[;ﬁPliggured to be in fluid conmunication with

a_yacuum source. 18 The device of claim1l, wherein a
r A8 at i'H8 deviceef ¢laing |1, wheringans isfligtablevbalioen sherounds at least
radi ati on delivery lunen and configured to be di sposed
part of the treatmeat Iseatiom.ocati on. 19. A solution for lining a
l umen within an el ongated nenber formed of |ow

danonmefee dediodref clainTaioe WhalreibGRE flexibld eforiRfe R SRR Kas at
sol vent and a hi gh duroneter polyneric solute

least ggé FHURM Ihﬁwérh@xtéﬁb%ﬁ%ere%ﬁ 10 Tﬂ@tr%%nb‘é%tﬂ?c?ﬁor? Ad R flyid

19, wherein the solvent contains abo 0 about
comnefeg i ¥ HERGEAFRRBITR 1 201y 2,0 o

atfgyt (?'hg c}e(%/ice of claim 10, wherein the balloon is configured to partially fill
the body cavity when inflated to a turgid condition.

13.  The device of claim 1, wherein a distal portion of the device comprises
a plurality of tubular members with an inner lumen extending through each of the
plurality of tubular members configured to receive a radiation source.

14.  The device of claim 13, wherein one or more of the tubular members
are deflected or deflectable toward the first portion of tissue surrounding the body
cavity to be closer thereto.

15.  The device of claim 13, which includes a support member extending
within the distal portion of the shaft to support the tubular members extending within
the distal portion.

16.  The device of claim 1, wherein the distal shaft portion has a vacuum

port and a vacuum lumen in fluid communication with the vacuum port.
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about 2% (by wt.) high duroneter polyneric solute. 22.
The solution of claim19 wherein the high duroneter

wQ@ologes39sol ute is the same type of pol yner aspPCTes1008003364
dur onet er poI ymar material formng the lunmen. 23. The

ob1 yrof e eyt S8 M 18 ot vabdlindHsias Tonfigured to be

ur et hane. 24. The solution of claim23, wherein
in ﬂ”"?ﬁ% WG?%QWA’HB 9 YaUYBSPEEY®r pol yur et hane. 25. The
solution of claim 24, wherein the polyurethane is a

t hr nolih@@ltewts:eeq»faéalmr wheein Bhadiatiom saurcefis slidably dposed
wherei n the non-aqueous solvent is selected fromthe

withinghe vadiation idelivery lamdreandbyafiguiretao becdisposex ﬁﬂm@&reatment
di met hyl formam de, or a conbination thereof. 27.

locatigfet hod of lining a lumen formed by a | ow durometer
poI ymeric material, conprising:a. providing a solution

ri L, v n lyneric
B AR A o3P o Mo B s fomed o o
r omet er ri.c. materi al the solutlon
duron}eier QVmeBE FEREHARGORPISRg: 8 AOBRAUS t'and a high
. evaporating the solvent of the applied soI uti on,

durom@gwpﬁlgmmcéuf@rﬁlsmvg@m Heeseluentai ng at | east in

part the [unmen. 28. The nethod of claim 27, wherein

t2@ solbeisolutiamtodi adlainrald®twilerkin thelsaiveri%dritginst about 0.1 to

hi gh duroneter polymeric solute. 29. The nethod of
about®@wi(by ¥4.) higietardmétes poRriéli@Bok@dt ai ns about 0.5 to

21.  The solution of claim 19, wherein the solvent contains about 0.5 to
about 2% (by wt.) high durometer polymeric solute.

22.  The solution of claim 19 wherein the high durometer polymer solute is
the same type of polymer as the low durometer polymer material forming the lumen.

23.  The solution of claim 19, wherein the high durometer polymer solute is
a thermoplastic elastomeric polyurethane.

24. The solution of claim 23, wherein the polyurethane is a polyester
polyurethane.

25. The solution of claim 24, wherein the polyurethane is a thermoplastic
elastomer.

26.  The solution of claim 19, wherein the non-aqueous solvent is selected
from the group consisting of tetrahydrofuran, cyclohexanone, dimethyl formamide, or
a combination thereof.

27. A method of lining a lumen formed by a low durometer polymeric

material, comprising:
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about 2% (by wt.) high duroneter polyneric solute. 30.

The nmet hod of claim27, wherein the high duroneter
w@eiogmes39sol ute is the same type of pol yner asPehesi008003364

duroneter polyner material formng the lunmen. 3 1. The

5! oo S o BB Bl sl R S TRoymere
T R B A e B S0 poymer
27, wherein the non-aqueous solvent is selected from
t he gria@tertansi sting of tetrahydrof uran,
cycl ohexanone, dinmethyl formanm de, or a conbination
tiher eodpplying the solution to a surface defining at least in part the lumen;
and
C. evaporating the solvent of the applied solution, leaving solute on the
surface defining at least in part the lumen.
28. The method of claim 27, wherein the solution contains about 0.1 to
about 5% (by wt.) high durometer polymeric solute.
29. The method of claim 27, wherein the solution contains about 0.5 to
about 2% (by wt.) high durometer polymeric solute.
30. The method of claim 27, wherein the high durometer polymer solute is
the same type of polymer as the low durometer polymer material forming the lumen.
31.  The method of claim 27, wherein the high durometer polymer solute is
a thermoplastic elastomeric polyurethane.
32. The method of claim 32, wherein the polyurethane is a polyester
polyurethane.
33. The method of claim 27, wherein the non-aqueous solvent is selected

from the group consisting of tetrahydrofuran, cyclohexanone, dimethyl formamide, or

a combination thereof.
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