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(54) Title: GRAFTS AND STENT GRAFTS HAVING A RADIOPAQUE BEADING

& (57) Abstract: A device and method provides a graft having a layer of synthetic non-metallic material mcIiK&ng a first surface and
a second surface spaced ‘apart from the first surface. The device further meBucbs a beading coupled to the layer and a radiopaque
agent coupled to the beading. Another device- nn— method provides a Impi&ntabk prqsiliesis having a stent frarn'e, a first inner
layer aixl a second outer layer defmmg a central axis. The implantable prosthesis further ineiudcs a beading coupled to at least one
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the layers,
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GRAFTS AND STENT GRAFTS HAVING A RADIOPAQUE BEADING
Priorily Data and Incorpovation by References
:{w g -

{eeet] “Thisapplication. claims benefit of priority to US. Provisienal Fatert Applivation

Mo §0/734,726 Tiled Noventher %, 2005 whieh s incorporated by reforencs s s entiest

3 Techwnieal Fighd
NE RO ‘The prosent inventice relatsk gfsmmﬁv to medical dovites, and more particulaly

to & radiopagque beading for inplanitable: Hevidds.

Backgrownd of the Tavention

¥

{3683 Unless mentionsd specifieally, the ferm: radic-opaque and radiopaque have the

0 sume medning, Acificial geaft iy stent grafls and related ondoluming devices are on viently used

by piperators to treat inbular body vessels or ducts that become 50 nasowed {stenosed) that Sow

of Slood or other bislogival fluids i testricted. Soch narrowitg {stentsis) vecars; for example,
238 9y 3 ) "Qr £ r‘e' TR R ey ot R §Er d &
ag a yesult of t dishass process Xhown 8¢ arferinselerosiss Thes dovts can be used o "prop

oped” blood vessels, they canalyo be used to refnforee eollapsed or narowed tuhalar structures.

15 inthe mosphvatony systeny, the reproductive systam, bile or Hverducts or any other tubuler body
stiucturg: Vasoulay geadts mnde of yolytetrafluorssthylens (PTEE) are typitally used fo replace
o repair damaged proceiuded blood vossels within the body. However, they niay require
additional means for anchoring the graft within the blood vessel, such s Sutates, clitops, or
simiiarly fnctiondvgeloments i overcome refraction,

20 [Bindy PTFE has proven wn usvally advantageous asa matertal fomywhich to fabricais

blood vessel grafts or other iplantable prostheses, becavse PTFE is extremely hiccompatible,

cousing Hitleor so. Itinnoegenie reaction when placed within fhe huingn hod dy. In 118 preferrett

form, expanded PYPH (ePTFE), the material § is light, porous.and readily colonized by Bving ealls
$¢ thatit becomes s permaneit partof the body. The protets of making & SPTFY of vasoulse graft



R 5

oo
s

ook
55

28

peiivester Initted oollagen, teicot knle

WO 2007/056762 PCT/US2006/060704

grade s well known {o one of exdinary shill fn the art. Suffiesitto saythat the eriticad step in
this provesyis. the expansion of FIRE fuic 'ﬁ?ﬁﬁ‘i?}?.-, Thisexpanision ropresents & controlled
fongfiudivgl sttetching dn whith the PIFS i stivtohed to several hisidied pevoent of its osiginal
fongliv. Bxamples of ePTHFE grafiy ade shown dnd describied:th ULS, Pafent Nos., 5,641,443
3827327 5,861,026 5,641,443, 5.827.307; 6,203,735 6,221, 101; 6,436.135; and €350 278,

ach of which is tncorporated Iy s enfirety by reference, Gealis mede Fom materials oftier than

i”/

eFTFE inchade, forexample, Dacron mush refnforced umbilical sy s, bovingeollagen,

oy )

fed polyestercollagen impregnaied, angd j"mi yurethaie

{dvaitable under the radetark “Vetta®™) have hewy wilized:

RUHES| Ireplaniation of @ grafiiato the vaseulatuee of'a patient Involves very  precise

S 3

fochuigues. Geneeally, the device s guided to the discased or damaged portion of 2 bleod vessel

via an kmplantation apparstus that di gi*\% the graft avthe.desired Joontion. In order tov pifipoint

the Tocation during dmimmex + the opérator will gehedally utilize & fluomscdie 1 obsbrve the

deployrent by meads of Keray, In addition, visualization of the itplanted device Iy exsential for

implatation, follow-up inspection and treatment. Avcordingly, i order te implant the gt or
impiantativa-devics b fmmrosmpv searve portion of the device should preferably be. radiopague.
1006] A graft can be generally delivered for the damaged or discased sitevia o

-

coristialning mender in the form & a cathetet or sheath sud cail be deployed by temovisy the

(=

Py

consiraining mémber. In onder to direct the devite of graff o the pregise location for
deployment, Serafiopacily is prefecably insorpocated into e devics or the constridning

mznberto confinm the corspet placement within the ve ssal. A pmius,m can arige iy debivering &

graftvina shoath. In particuler, Fihere is any interforence betwesn the graft andthe sheath, the,
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defivery procedure is.complieated by requiring additional manipuiaticn of e graftio migrate
through the sheath and to'the site oFthe. stenosis.
{087] Iaddition o visdaliy verifying Ioedtion of the implanied geafl, ¥ may be

nevessary to viseally veify the ortentation of the graft, andior vismlly deternuine i the nplant
wag heen mislocated, for sxample, twisted or kinked. Generally; the wail thivkness-of a graft ix
velatively thin ranging from about 50 mivrons fo abont 1000:mizrons, The thin walland
ditnenstony of the iraplant device provides flexibility to the fmplant which assistein
manirdation ofthe implas V::mmm iibsue duriig implantation. Use of 2 thin vall graftican
per the manadboture of smaller devives whith esuld be delivered néing sral] $izs citheter

i§ believed however that, that those thin wall devices may be subeot.

f"}:

fo stractura! degradation such as, kinking, dudng implantation,

w)c.

&, "stom grafiz, 10

bty

18] Stents Tave beent wsed tn conibination with-vastulas gtafls, i
provide endovaseuler prostheses ivhich tre capable oF miatutaining thet it against Mood vessel
walls, The nse'of grafls Slong-with stents also serves 6 dysfeome 2 problam fonnd with stents
where smeoth musclecells and other tissues can grow through the stent’s mesh-Iike openings,
sesulifng T restonosis of the vessel, Stent grafts are a prosthetic device designed to mainggin the
pateney of various vessels b the body; including the tracheobronchial tree; The devine can
fnclude a Balloon sxpandable sent sucapsulited withinePIFE or é%}z‘crfmzfi'é«iﬁy 2 selfveipanding
Nitinol stefit enéi apsistated within ePTEE and pre-loaded-on & flexible delivery sysfem: Orie
Known ofmmereialiv as, “‘i*iamw&ﬁ “which s nyarketed by TR, Bard

<

oripheral Vasorder Ine. Fxamples o such stent grafts is shown and described in UK Batent

Nos, 6,053,941 6,124:523,6,383,2 14; §45L,047, and 60797,217, each o which i neorporated

fn Hyontivety bereferance. The Beld of savering stents with. paﬁvmsm coatings and sFTFE &
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particular has buen substantially explored by these skilled inthe ars. Chae populas way of
coviriiy tiestent with eFTFE materiad i to sncapsulate itwithih two fayers oL ePTEE, which
are:fubseqrently fused togethior by heat it plates wheére the two laiers sife 18 contacs through
npenings in the stent wall. Thits provides ¢ solid one-plece device that can be expanded and
confracted withowt au ePTFE layer deluminating;

OB Implantation of an encapsulated stent into the vasculature offa patient fnvolves
very pracise techuigques,  Cenerally, the-devies 1& gaided to the diseased or damaged portion'ofa
blosd véssel vis s I s'sLm iHon appatatus that deploys the encepsilated ont at thedesired
toeation. In order to pinpoint the looation duddng deployment the operator will genesally atilized
finoroscope to-observe the deployment by means of X-rays, Deploymest of an encepsulated
stext ot antntended ocation con result B hnumediate tranma, 28 well a8 horeags g the
fnvasivaness assootated with multiple deplaymient attempty and/or relocation of 2 deploved
devies, Jn additton, visuslization of the implanted device Iv excintial fof iplaatation, follow-up
sispention sud egtnent Adsoidingly; in Q}?{iéﬁf}k} implant the socapsilated Moot using
fuprostopy, some portion of the stenl &r fmplantation device should be rad finpagae,.

§'é§{331€}:§ Seonts that ave implanted and expanded within g Blood vessel us g ballotn
catheter van be lovated by fuoroscapy because-the balloon cathiter can huve radiogague foatures
feorporated therels that-may bé wsed as 8 vishal marker. Foweser, if tie ballosn maves after
expansion of the steii, correot plavement of the stent, in the absece ofa vadivpagis marker
corporated foto the stent, cannot be confitmed. A selfexpanding stont tin be generally
defivered to-the dumaged or-diseasedsite via a constraining mentber in the form of o cathetor oy

sheuth and cun be deployed by removing the constraining member. In order to ditect-4he dovize

to the self-expanding stento the presive location for deploymens, the radlopasity can be
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eosporaied inlo the-device orthe o constrathing member to facilitate the comect placement within

Disclosurs of Hiventivn

011} A preforred enbodiment provides & graft-device with a layer of synthatie pon-
wetaliiy material having o fest sucface dod dseeond stefos spaced apaft from the Sost sorfics.,

w-nt

The grall devipefurther includes a beading coupled fo thy laver anda rfldiap&agu;z agent ooapled
t0 the beading. Proferably, ‘ig‘ze‘baaﬁimg provides kink resistance, and the coupling of the
racdiopaque agent tothe beading provides a sadivpague beading.. Prefivatily, theJayer of
syathetic vor-metallic matesdal fooms {:‘I{@ngai:ﬁti substantially tubular member. The seovnd
suetaed gzrnx"ab‘:‘ﬂ‘a&i}a outer sucface oF the thbolad member, ane t:he:.rrzi;iioga e beading is
further prefembly spivally weapped sbopt the outer sacface, Inaddition, the radiopag & hegding
eferably defines.s substantially rectangular eross-sections! arga. Tn ose embodiment, the
radiopague beading inciudes aradiopaque material embedded in 2 » polyarathand material. In vet

anottier embodint, the radiopaque beading includes 2 radiopague core disposed within a
mmbtmimam stfvlotie sholl: Prefs rably; the madippaque misterial includes 26% by woight of
Barlom Sulfate. Aliernatively, the radiopaque beading is formed from 5 pasie Having dbout 20%%
tantalumcpowder. Yet farther in the alternative, the radiopague beading is formed fom 3 paste

tape.of 40 % tantadum povidir and 0% PTRE,

gz Arothier smbodiment provides s method of forming.a grift-devics whith
prefecably inclides dispading & tadiopague sgentina polymeticsliel], compressing the

eacdiGpague agent and shell to form a billey, extroding the billerso ag o form wradiosadie.

beading: and wrapping the beading about ¢ 2B materinl so asio define a gl doviee: The.

~f4-
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»

method forihes provides that e wrs spping iheludes preloading the beading abont the geaft The

¥

method further preferably includos npplying a soluant,

0013 In vt anether embodinent accoding to the present fn-’%’éiit“is}'n,: 2 stént peaft device

includes-a kton Fanwe hzm*u; L {1est inver fayer ami a second buter fiyer dispoyed sbout a céniral

Yovh

ayers Inaddition, the

axis. The steat gradt further ihcludes a beading coupled o at ledst one fhe
stent grall devies ean Rprther include ¢ mdiopaque agent conpled'to the } heading, Thecoupling of
the radiopague agent to the beading provides a radiopague beading,

0014] T yet another prefereed. eritbodintent, provided i & method of forming arstent
waft device. The stent fraftdevies is formed, at-foast by, nclufing :déspa‘s{‘ﬁg a radiopague dgént
g the radiopagie agéntand shell 1 form a hillst, extinding the
titlet soas to form aradiopaque beading; and wrapping the beading ashouta geafl material so ag ,
ter detioe 8 graft devive,

0615 Aklnk in g giaft device can substiniiad iy vedute blood flow therethrovgh und

s
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{8018 Avoiher prefidred eiubadiment p ovides ethod of chserving apositivn vfa
ifnplaniteble prodthesis in a body, Themethod proforabily 1 noludes dispbsing a Dviplaable

frosthesis having & sidiopsiue Yeading in the body and exposing the body 1o an glovireinagnetic:

R

™

enevey. The methed further ;miemhiv inludes fluoroscopically ohserving atlepst a pm**ism of

the heading to detesming the position of the implastable prostiesis in fhe body..
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SN Aceordingly; & properly configured radiopaque beading can feilinate meeting fhe.

;
£
2]
5-”;;
o

visual pesds of an operator fn additonto providing siraetuial “1;{3& vt s implant devics,
Mor specifically, § radivpaque beading coupled to.a graftar stent gra® dovice can provide the.
secdssary visual busstn assist tn'the buploatation, follow-ip and treatment of the devivs. Thi

1

sadiopague beading can. s.isc\ be contfigurad to reduce kinking in a graft by providing sufficient
striehural supportio the implant without s significantly reducing tHloxil ity Moreover, the use of
the radi inpagus bea ading can'be iefcmb}v configured to miniraize Hoe contact between a & yid
aud a delivery shieath or betwesn 3 stont graft and a delivery shieath by Hoiting sisstact 10 ne

somiact i thetarea defined bénween the madiopague Healling and the sheath. ¥ isbe Heved thist

minimizing surfiee contact of interforence between the stént and the shesth can 1 minimize the

“h

arce veguived towithdvaw the sheatl covering the selfexpanding stext.

Bedef Description of the Drawings

R The accompanying drawings, which are dncotporated herein and constitidy partof
s gp soific ation, Hlustrate sxenplary embodiments of the jrvention, andtagethes, with the.

geomal devoription given abiove and the detsifed description given beltw, serve fo expduin tHe
foaturey of the invertion, 1t should bé understond that the prefeired smbodimentyars some

R

esamples.of the nvention as provided by theappended elaio,

HEU R P35, 1ilhustrates @ prefierred raft deviee,
U FIG 1A dvan Xeray view of the grafl device of FIEL 1.
A FIG. 3 a.orogs-sootions] view.of a first embodiment of  sadioy pague beading

~

ubed dorthe device ¢ FIG. 1.

{221 FHG. 3 i'a crogs-sectional view of dutther smbddiment s sacdiopacuee beading.
3%3%5«:4 FIGA Iy an iwstrative smbodiment of & preformy bares!.
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N,

[8024] FIG. § isa cross-seelional view of another embodiment.of o preforred orast

el

{0825} FICE § Hlustratos andfher ebodiment of “n preferted praft devicd,
{H26} FIG T Hluvteades vt another gabodiment of @ prefosred giaft devive,
3 W7 FIG, §ilhyslioesa preforsed stent grafl with radfopaque beading.
DSy FIG. 9ts an Keray view of the vient grafl withradie pague beading off FIG, 8.
{0629 FI 8A Iy a cross-seotional view of the radlopagque beading of FIGLB.
L FIC 1D b & ooesssectional view of yet another radiopaque beading.
g3l FIGR. 11, T1A, and 118 are various pésspectiveand ross-seetionl views of

My agother dent graft having & radiopaque beading.

p032} P 12 is an illestrative fluorescopic image of a sie ?gmﬁ.&‘.'}éaw_iﬁg 2 beading.

formaetd by & coinbination of polyurethane and a radiopadue agent,
Modefzl For Careping Ont fhe Fnvention
{3033 FIC, 1 stiows a prefesred embodiment of a medical deviee inplant 10 having.an,

>

outer surfece 13 and &b laner surfaoe (uot shiown). The deviee 10 1§ preforably a graft device and

P
“h

Pl

ts ol surface 12 preforably defines a stbstantially tubular meivher sbowt 4 peiteal Axis Lo
of the device 10, Preforably, the device 10 defines a subst tantially cirendar eross-section
perpendioular o fhe oontral axis, although other cross-sectiona! geometries are possiblersuch as,
for example, rectangalar or oval, The device 1D s pr eferably configired for migration trough a
20 bivod vessel to.engage, for example, e enbsis. Alternatively, the device 16 van be substantially

sphefical of any other poorelry appropiia tely dimensioned for i zmgn wiatation sod *mwr stion fn

L Exeinplary graft devicts 10 inelinde IMPRA CARBOFLO® dad

CENTERFLEX® by Bard Pé cripheral Vasaydar, Ing., Témpe, AZ,
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UK Disposed or coupled to-the.outersurfice 12 fva beading 14, "Beadin 12" asased
et means s&im"‘azzté’aii. solid segman, rod, wire or elongated strueture capable of beldg
shaped:inte various cross-séetional cont gnmtmm Pmttmbi} coupled to the brading 14 isa
radiopague agent i provide a visos! indicaior to an opetatoy viewing the device 10 under
fluoroseopie obisbvation, ag sven for example in FIG, LA, Move pecifically, the b iading with
sadiopatue sgerd, Le. the radiopague beading 14, provides anaperstor with g visual indioator fo
determine orverify the location and/or odartation of the doviee 10 upon implandation i 2 blood
vossed or other Hssue, The radiopagque beadihg T4 is preforably wonnd about-the outer surface 12
80 to substantially cirpumiseribe the cential axis of the device 10, Alernativily, the
sadiopaque beading tan be disposed on the vuter surflice’ 12 56 a3 to be substantially to one side
of the central axls. The radiopague beaditig farther preferably forms a continsous wrapping
shout the eantral axiy o the device 10 50 35 to form a confinnous contour line nwihe oute
surfhos of the devise 10, Altermaively, ﬁwx&&%&p&gu ‘beading 14 can be forme iixx a sertesof
seginonts afigned about the owted serface 12, Further in the'slfers ttive, the radigpagie b ading

4 can'be formed by a-pheaity of individuad rings dimenitoned and configured to be dispoged

ahowt the oo 10 and spaced apart along de central dxis. Each of the phevality of fings can
define ity own geomettio shape, for example, ring of beading may be substantially reclangular

or clreuiar so long as the ring defines asufficient interstitial. space o be disposed o bout. the
Jevice 1 Preforably, the radio-opague bedding 143 helivally wrapped shout the nuier surfice.
12 50 a8 to provide a desited level siructural rigidity, for exinpile, Kink résittancs slong the
longth of the vesitral axis-of the devide 10, Thehelicsl widpping of the radivpague Beading 14

can maximize coverage of the ouler surfaes 12 while minimixing the overall surfice arew of the

sading 14 1o addition, the preferred continuous helical w rapoing beading 14 movides contour

o Ey
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Hnss that provide additional visual ouesto the user diwing and after implantation, Ror exam npit 2,
an wnbwisted implanted device 10 with preferred radiopague beading 14 optimally appesss as o
serfes of paraliel le es along thecentral axis bf the device 10 im*u rselyy any twisting oy
onding in the devies TO-woulil appéar 45 converging ithes In the rsdiopdqis beaditg 14, ‘Othey
covirage conltguraticns for radiopague beading 14 can be-employed such as, for example,
mmmg distingt-ciroular z:,a;di.csgaz«u;uﬁ beading about iix.@.mztér. surface 12 along axial fongth of the
dovice 30, The olvoud far radiopaque beading Td:can be substantiafly perpendiculsr in the contral
iy oraltornatively be. obfigue tothe ven wralaxis: In another aiternative wereerage configuration,

by

the beading 14:0an be clongated stripy of fadivpanue beading radially ¥spaced abowt the central

Y

avis O the device 16
§{§§§3§§ { l‘;: {,;{) "EG i’i{,; S:Eﬁ} be ] ?ﬁhﬂim ?Iiﬁfn}‘e‘;’ {i}d{&: ﬁ*{)-ni {3? ﬂzag i?,;g %\.}}i {:h {:{Sﬁ %}gj’ ;z

) t

non-mataitic material, E?ﬁw?éferaﬁ}}}f» the grafy m’zx&s*iai is expanded pi}i}et&imﬁus;mé?:h};msg
(eFTFE), but alternative son-metellic mmterials ave possible far forming the devies 10 such s,
for écample, Daoron, polydater; polytetrall uomt,ihy}mﬁ {(PTEE)Y, ePTFE, polvuretione,
podyurethane-pres, siloxans, and coptbinations thereof., The material can includé additional
addithves such as, Jor example, blo-active-agents.

3038 To form the devige 14, the non-metalfic material s preferably formulated Intera
resin ov paste which i thewcompressed within acylinder fo form billet'of the matesis] for
example, s ePTFE biflet. Rasins of difforem riaterials oas Be also be'combined fo form a resin
cofiposite having vadous desired properiic s, for example, the ¢PTFE fesin can b conbined with
hygroxyspatiie (HA) to produce & matetial I::m;}v mereased biocompatihility dad Moadkivity.,

The: billet v then preforably extraded and cured to form the tabular member 10,
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160371 Dispased about the deviee 10'n spiral configuration is fhe radiopaque beading 14,

2

Shown in FIG. 2 fvs erosiesectiondl view of one erabodiment of the vadiopagss beading 14, The.

radiopadie beading 14 18 preforably rectangniar 1 oross-Section  provide the ; i foman Sondact

surface forconipling to the device 10, Altsmiagively, the bedding 14 cdn be any other 4 geometry i
srosvssection sudh-as, for example, cirentar, ovad or podygonal, The preferred cross-sectiona

b

¥ ~-‘--‘?Q.\~b$"\ Rv\
weR ot he OORGID

14 Is dimerssioned 5o ag o have a length ranging front about 1 millimerer 1o

g.‘\

shout 2 miliineters and x widih vanglng frontabout 100 microns to-about 506 microns. Mors
profirably the crossssectional area-of ths beading 14 is dimensioned so as o havea length af
about | miiliiler and 4 width of about 500 microns, Preferably, the elongated side of the
heading 14, fn cross-section, forms the Inferface Setiveen the radiopaquebeading 14 gad fhe
dovice 18, i another prefored embotiment, the bes sding 14 is substantially cironlsr in crogs

section, and the Slameter of $he Zaz,af*m,sz idis pxdar by about §.87 millineters,

H838] "Fhe radiopagie beading 141s proferably made of 2 Blocdpatible p olynsethong
m;:zsz,mi suclas, of example, CarbSthage® PO-3573 by Noveon, Ing. { Thetmedies Division)

Cleveland, OH with 4 Batiom Sulfite salt embedded in the polyirethase as a radiopague agent,
The Carbothane pmmzbiv fias & 72 Shore Drhardness and ‘the Barium Sulfte 1 prosent vt 204

by welght. Generally, & concentration of Barlum Sulfate greater fhan 104 iy safficient o

~ ORI

provide radivpacity. Preforably, the conceinration of Bariu Sulfste in the heiding 14 ranges

-

frontabout 20% 1w about 0% to-provide the vaiiopacity. Al fternatively, the radiopague bunding

san be made from other bocompatilde polvimers such as, for example, Dacrosn, golyester, PTFER,

oPTFE, polyvearbonates, polysilfons, polyethyiéne, polypropylens, wolvurstdane-ures, siloxane,
: ; FLaEK ¥p

&
Y
v,

sndd combindtions thereof. Tr addition, ofher materialy can serve as the radiopague agentssach
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as, for example, tatalom, tongsten, gold, sifver or.other metallic povwders ov salts such 85
saleium ar HA salt,

{8039y Thie radiopague heading 14 is prefirably formed by extrusion. Tn g
gmbodiment, the Carbothane PO-3575 material and 209 by Barhury Sulfite sve combined M2

Compastie resin & paste i which the Barlum Sulfate i proferatily disbersed tronphout the

\L

;Aﬁs.iyam‘ihéiém' aferial. The eompostie paste is préferably Toaded in a press device to compross

the matedial Intp arhiifer. The illet &s then preferably extruded to. formythe radiopague

15548} The polynrethans radiopanue beading 14 can be coupled fo the device 10.16
poduve e smgx laritable praft with rediopague marker Showa § PRI L b dprefevved methodof
coupling the beading 14w the outer saefhes 12 o the devide 18, the b ading 14 & preloaded

onin the outer surties 12, More specifically, the beading 14 s placed under tension, proforably
about-300 grams of foree, and then the beading is wound throngh @ selution.of soivent ghont thi
vuter surface 12 of the gealt whicl pan betemporarily monnted © a mandeel. Proforably, the

spacing between adjscent windings of the beading 14 is sbout | millimeter to abowi 2
muitlimeters: A previpudly nivted, the elongated'side formiing the rectangular éross-sectional stéa

of the beddingis engaged 9t covipled to the outer suetace 12, The'soluiion-of solvent.can

dissolve polyusethans, and therefore when applied to the beading 1 in the wrapping procoss, the

solvent'can form a mechanical bond betiveen the beading 14 and the ouler surfhioe {2,

o

Profiably, the sebvent s teteabydrofuran {THE 3. btk othor apretio solvenis can beaase

satvant iy preferably applied by any suitable techulue such a5, spraving or ceiiting ard
wferably by pulling dhe'beading throngh a solvent bath. Therenfier, the solventean be

subseguently vemoved by preferably post-curing the assombled device 10 and beading 14,

“13-
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a0l FRE LA shows g Suoroseapio or X-ray view of the device 10 with radiopagque
piyuiethane beading 14, The mdiopacity of the eading 14 is manifested in the imaging of th
bead T4 confrasted ywith the ¥ mmmwt oufer Sugface 120f the deviee 1. Conssquently,asfong
awdn ordinary Observes can detérmine thal the Hnes provided by the radioptqué beading 4ina

=+ -,

fuorogeopic display medinm has a darker or higher contrast image thaw the remainder of the:

deviee 10, then zikms.swmmm Fthe beading 14 would be deemed 10 be greator than a minimym
fevel seoded for the eading to function as a radiopaque marker i 2 mammalian body,
Aleroaiively, 2 maching vision with the abillty to recognive discrete ovels of conteast tan be

o

The begding 14.1s preferably mounted orecupled o the device 1 by winding the-

polymerde heading nnder fensionon the sarface 12 of the device 10, The beaded grafi neseridly
can theh be spraved: with a solvent such a8, for eeample, térabydrofuran i an amount sufficient
solvent to édhere the' bebding tothe \miaax i}tﬁ'ﬁ;{)ﬁﬁ nmvzg the beading, Aherstively

beaded graft spsembly 14, 10 can be dippel! in the solvent such as totrahyvdrdfman for Sve

3

seoonds 1o 300 seconds, more preferably In the range of thirty ta sixiy seconds. The beaded g

a,»m:*&si ¥ 15 rexnoved fom the solvent and the solvent is prefirabily evaporated by alr deying.

The bende «d gl assembly is preferably deded in oven at 70 °C for twelve houis toremove the

i
solvent cotnpletely. The shortdipping time s preferably desdined to bond the beading to grad)
furfdos without distolving the beading Somplete byl Oiher solvents such ax acetons, Hmethyl
acetantide, dimethyl sulfeotide, memithyl pyrrolidinone, dioxane may also be altematively wped.
Solvents that evapprates :ap;sﬁi ave most preferred, and solvents with boilisg point below 70 %

e furthormore preforred. n covtain application, it is proforsble o provide a beading thatean be
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l

nocled dusing surgical tvplantation. Thesol yenii:bm';ﬁiagg methods deseribed shove van provide
3 remowatile beading tat-can be.easlly peeled away. More specificdlly, the solvert bonding
tnethod can facilitate mantial sephvation of the beading and the graft matedal upols applcation of
an appropriste forte, However, the bead peeling can-toctr without substantially dusmiging the
graft suplhee. Again miore specifivally, the bead peeling can progress so as to separate a portion
of the brading from the graft msterial without disturbing the bond betwesn the graft material and
the remainder ofithe heading,

{8343 Anothor preferred i:m'hi‘ﬁim*‘ﬂf of the radiopague beading is shown in FIGL 3

f which the vadibpacue beading 14 inchudes sn duter lumehal Tayer of fon-radiopadue matirial
16 surrounding & radiogle core 18°, The outer fiyer 16" i preforally ePTPE so asto provide an
ol {TE brading 14 with desived pecling properties ay is provided in koowy beated products sugh

ag, for example, CENTERFLEYSA

 graft by Bard Peripheral Vaseutar, Tempe, A%, Aleomativaly,

3

ther-polymeric materials can be used to forin 3 shell to which the radiopague agent can he

0.

toupded 10 o disposed w fihini. Such-as pelymeric materials include, for exartiple, Bacron,
poiyestar; polnwretiane; PTFE, polyesthonates, polysuifone, polysthylene, polypropyiene,

potvurcthage-urss, siloxaneg, and combinatiohs thereof. The radiopas wig cope 18! s praferably

- 20%e by welghtof Sartum Sulfate saltmateral. Alternatively, the radiopaguesore 8 canbe

made from sther vadfopague sgents notuding mmdmm tengsten, gold, silveror other metaific

potwders or salts suoli a8 caldiun or hydraxyapatite LX sadt.

{00:44] Although the ePTFE beading 14° can bo made bva vagiety of snitable echoiguss,
- pretirred tochnique i désadbed s follows, A dompoimding of a pdlyimerie cofpaiind iy

genetated by sifting PTEE resin with 4 suitable amonit 'of hibricant such as; for-example, Isopar

onsit
ok,
>
P4
Ll
L;J
v
i
’~J

by weight ofthe PIFE 1o enable the PTFE o How through extrusion equipmens. The

3
prver)
2
3
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ubined FIFE resin andhubricant are then placed in a shaker device and Shaken so thet the
fubtieans eoats ahd penstiates sach-of the PITH resin particles. The thoroughly miged
doinbination of PTFE restn and lubricant is then incobated in & warining Sabinet overiightwhich
is maiatalned ata temperature of approxinately 85 degrées Fabreuheit (R5°F).. - The thcabation

perind is belteyed to ullow for a farther and more eqngl dispérsion of the Jabticant thronghoul the.

FTRE rosty,
SR i deaired, the BEPE resin-can be further mined and heated with other suitable bio-

aviive dterial ag part ofan optlonal mmmmwnw prosess. For sxample, the PTFE resls oo be
compounded with a suitabile hydroxyapatite (HA) material to-produce a beading miatsdial for
ioreased blocnmpatibility and Moactivity In otder to, fir-example, fromote endothelial Sl
grosvih for thereduetion of tntimal hyperplasiz '

{8446 The PTFE resin or s compound can b&3&"@?‘,}3}’3‘?&{3&«:\%{33--’c%: compressed oylinder by
serics of processt steps, First; the resin 'can be poired into an inner baviel of a preformer by

it through a funnel which is fitte the outdide of the fondt barrel. FIG. 4 ilbstrates 'y
preferred dmbodinient ofg divided preftrm barrel 40 which can be tsed 3 in prefonming « vesiny

ylindrical memsbor 42, an optional tnner hollow eylindsival member 44, and a ceniral salid

-

oylindrical memdber4& The imierhollow. wimdncai mernber 44 on be conostitrie feally contained

within the suter Bollow 2ylindrical member 42, Details of o situilar process ave Shewn-and

(%1

deseribed i UL Patent Mos: 5,827.327,°5,641,44%; and 6,190,590, sach of which i

.- o -

smesrposiied iy catively by rofbronce,

{0047 The PIFE resin can be poured within a St ares 52 Jocafed betweon the-outer
ol oylindrical member 42 and asolid eylindrical mernber 46, The et grea'§2 ean be
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o~

divided by one.or move Inper members 44 to defines second ary-area 48 for receipt of g
adiopague material such as, for sxample; 2 2096 by welght Barium Shlfats compound o forny
the radivpadue coré 18"

160481 ih one o the greferred embodiments, the outer hollow Syvlindrizal member 42 has
Kradids groater than e sadivs-of the faner holiow ylindrical momber44. The dlameterofthe
somponeiis which Yoo the preforsn bareel 40-will vary depending on the size-and type of goalt
that is being produced. & proferred ombodiment ofthe p rreform barrel 4Q-can bave s vadive of
approximately 15 inches. iixiﬁ;‘ee{m‘déry area 48 hetween the inner hollow oylindrical menber
44 antl the éentral solid dylindrioal member 46 can have & radivs OF spproxinstely .38 inches,

the inner hoHow aylindical mombee 44 can hs

& a wall thickness of approximistely .07 ihdhes,
and. the firstaces 32 tovated between the outer hollow eylindrical member 42 and the lunes

wiow oylindrical member 44 can have s radivs of approximately 0.6ioches;
{8048 Abternatively, s sadiopagiie paste or veisin-can ber pattiaily or: fully etabedded ing
postion of the foner surface of the PTFE resin without theuse o an funer divider miember 44,
Theradicpaque paste can be formed from o tuitalun powder. For example, the radispaque pasgts
can be formed Somya sy percent (50%%) tantalim paste combined with an ePTEE pasé,
Additienaily, other suitable materinly can be wilized 1o Torm the radiopague paste, for sxample,
gold-or thanhum, Fuether in the altermative, the radiopague paste can be formed fom 2 Bariun

Sulfite mixture, Por examiple, the radiog pague paste can'be Include an ePTER paste niised with

ety to forty perdent (20-40%) Bariuns Sulfaie. Tn g proforred enmbodiment, the radiopagque:
pagte iy Brmed infoun glohgated strip that can be disposed dlong the length of the fande siirfie

of the FYFE resin, Aller »1&%1&':&\, or inaddition o, the radiopaque paste oadt fory a plosality of

radiopaque slements that ¢an be aligned along the inner surface of the PTFE resty along i
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tength. The: gaéiepaq s paste-can be formed inte any shape or'forny, For example, the paste can
be foemedas situres, threads andother small pioees such av isks dizposed anywhere within e

PYFE resit. The sobtfovous o slotigated siip of radiopaque materisl embedded in the tmier

e

surface of the PTTY resist can provide the radiopague core 18 to the opérator viewing the
beading 14" under fluoroscopy.
005 Theassembly of PIFE resin and radiopaque paste markess is proferably
conpressed to-form a billet. The megerials ave compressed by placing the assenbly-into the
prefiitny barre! 40 oo sultablepress such a§ is shown, for example, in FIG: 3 of U8 Patent No.
ER27.337. Theprewsused during the-compression of the polymerio dommpound is diivon by »
suilable power dedve, which foroes . top mentbet Yovward & bottom iember to compress the
waterial within the divided profosm barrel 40, Hollow ¢ aimdm:ai tubes of varying ihickness are
used toonmpress the material within the divided proform barrel 40 by shdably reciprocating
averind the taner E‘;‘(}I}m&tﬁ};‘ii‘ném al nsemberdd, iht’ pruter hollow oytindrical menbier 42, wid the

senter solid cylindrical esber 46 of the dvided proform barel 40, Afier « cofipfessing the

v,

waterials contiined within the proform bawel 49, the faner cylindtical member 44.GF used), the

N y

pufer oylindrical memher 42, and the conter solid evlindrical mnember 48 of the divided § prefoam

%,

bharsel 40 are remsoved to obtaik a compressed oylinder or billet of material, Alternstively, S

dvidarswithin the proform harrel way Be temoved prior fo compression, without distarhing the
interfict between the different camponnds, and fhen eompressed 1 forkea hiller fof exrusion

FHENEY Thecompressed eylinder of billet having ab outer PTFE layer and raciopague
core i8 preferably so-sxbraded viaa suitable devics such a5, for example, the exéudershown iy

BIG. 4 of U8, Patent No. 5,827,327, Briefly, the compressed oylinder of material is placed

withivan exirusion barrel. Foree is applied fo-a ram, which in fum expels pressureon the

-18-
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3

compressed eylinder of matevial, "The pressurecavses the compressed oviinster of matorial 4o bo
gxiruded through extrusion die and issue as o tubular extrudate or beading,

JOUsL} The ¢F TRE radiopague beading 14 can be bonded or coupled toa graft devies 10,

frea praferted methsd Tor bondi fng the =PTFE radiopague b sading 14/ @ n gralt device I, sPTFHR

beading 14"can be Woapped about the eralt dévice 10, Thegralt 10 and beading 14 cai be

sirtered af a temperatire o fuse the beading 14" with the grafl swefaces 17, The sintering

e

omperatures can range from showt 346 5C to ahont 380 °C, and gi‘irlﬁarath}y front abost 355 °C o
about 363 S(,
D853 FYE 5 shows neross-sectional view of anothet embodiment of'a racdiopiine
boadifig winpped about 8 graft device 10, Mo gaﬁciﬁc‘aﬁy,_ shown by Figure 5 is a oross-
sectional view of ¢ radivpague beading in the Sorm of atape 14 The cross-sectional area of the:
beading 14" preferably is rectangalar and is further preferably dimensioned such that the tape14°
is about 2 millimeery wide with & thicknesy rangisg from about 100 microns to sbout 150
microns. The tape can be formed with 4 preforred contposite tosin of abour 60% tantalwn s &
radiopacue’ agint and 40% PTFR of polyineric-muterial. Alternatively, other polymetic and
radiopase agenss oiin be used. The tastabuniand PTFE composite i breforably extruded ang
expanded three times toform the radiopague:tape 14" "Further in the alternstive, s wexpanded

tape can be-employed. The unexpanded tape can provide more radio-opacity as compared &y

expanded fage presutnably due to reductisn of density of tadio-opagae material, The taps 14 s

preferably bowid or coupled to agraflt device 10 by wrapping the tape 14" abouty gt duvice
18.and sintering the dsserbly fo fuse the sadiopague tape 14" o the divide 10, The tapé 19" s

prefirably bound fo the-device 10 by sinteting the assembly at 340:380 °C, preférably a1 3559

40 36570 for 8.5 10 § minutes, and preforatily for 12 minutes,
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{54y Although the graft deviee 10 has been described in relation to specific examples
aotedabive, 1t should be amphastzed that variations {n e sonfiguration or compogition of

sRTFE; radiopaque beading, and othet desiim pavameters can be ntilized with the graft device 10,

Fov edample, vefernin
vasoular bypass grafls 200 a0d 300, Grafls 200 and 300 can prafeiably include ahelivally
werand radin ypagae beading (net shown) bound to the onter surface: Vascular bypass graft 200-is

configared fordosived blood flow churasieristioy for applicationaabove the kuees, whereas

R

bypass graft 300 is configured-for blood flow chavdcieristios blow the knve. Regardiossof the

stractural configneations and appliciiions of thebypass pafts 200 and 300, the grafts 200, 300

Rro

That s, a radiopague beading can be bonded by sintering or sobvent bonding 1 at leasi-one of the
tuminal and abluninal susfaces.of the gralis (200 or 300). Additional sxamples of various grafis.
are shown and deseribed U 5, Parent Mos. 6,203,735 6 {} 8,753, 790,226, ench of which iz
iwcorpotrted in Hy entively by reference.

Shuoway ip Figare 8 iy 4 preferred embodisment of an implantable prosthests device,

>4

LR

S

por2n

more preferably u stont grafl 100 having an onier surface layer 102 and an fnnes Jave (not
shows) defining & tontral axis toengage, for example, a stennsls. Thestent gralt 100 and its
Guter surfiace 102 proferably define a substantially tubular member sbiont the contral axis AA of
the device 160 Pf‘ﬁi Ay the de syies 100 é fitena substantially circtlar erosswsiction
perpendivaiar o the eepival axis A-AL although othérartss-stetional petimoltics are Hossibile

suchas, for axaraple, reetangdar o oval. The devies 100 is preferably confipursd for migrition

trough » Tloed vessel to engage, for example, a stenvals,

20
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§§§§3§ﬁj§ The stert geafl 100 proforably has 2 beading 104 to provide strotursl rigiity 1o
the stet 100, More proforabl v, the beading 104 fncludes or s coupled o 2 radiopaque agent to
form & gidiopstie iaa:\'-ading;ji'@ii‘ to provide.sn operator with a visnal Tovation or oriteiation.,
indiddtor during and following tmplantation:of the implant 100 v & blood vessel. The
radiopaque beading 104 is disposed within the stont geifl 100 so as lo substantially cireamiciibe
the ventrad wxis, The radiopague beading iy Q?{:’&fﬁbl}f disposed between the inner ad ouder
layers ofithe stent geaft to define the contoursof the device 100, The radiopague beading 104
further protuiably forms a continaous wiapping about the contral axis-of the device. 100 sous i

form 2 continuoys cortour Hog of e outer surface 102 of the devies 1 190, Alier matively, the

pague heading 104 canbe for sned by o series of segmsnts aligned about the 'vuler surfice
the alternative, theradiopague beading 104 can be formed by wpluealite of

ngi-dimensioned and configured to be disposed about the deviea 100 and spaced
apart along the costtral axis. ook of the plurality-of vings con define it own geometrie shape,

for pxafple, g iy of beading may be substantiadlly fectingilir or circular so fong as the ting

defines o suffictent tnterstitiel spadeto e ‘h%p\)\ui sbout the device 106,
10371 The radiopague heading 104 is pnafemiﬁy helically wound about the sterit graft

8. The helical weapping of the radiopaque heading 104 can maximize covarage of the surfice

12 while minhnizing the overall surficsaren of the-beading 104 thereby minimizin g the contaet

c:;,
(5
¢$
yoos
*Z:b

Between the 00 and any shoath wsed 1o install the device 100, The beading 104

preferably dofiney the Hoe'tdntatt or dontatt wrm;,a of the device 180 when ioseried in, R

sxarple, ¢ delivery shepth, An exdinplart ditivery sheath inélodes FLUENCY® by Bad
Peripheral Vaseular, Tempe, 82 The pinimized contact between the devite 100 and the
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P

implantafion. In addition, the prefaved vontinuous helical wrapping beading Hdprovides
cortour Hitios that provide additional visual cues to'the wser Siring,and adter § implantation. Fer
example; o witwisied fnplanied devicd 100 with preferred radiopagve biading 194 optimally
appears.asa series of paraliel lines dlong the cefdral wis of the deddes 100 Conversily, say

bwvisting or bending fn the devies 100 would a appear as vonverging lnes i therediopague
beading 104, Othercoverage confl igerations {or radiopague beading 104 san be erployed such
38 for example, forming Hstinet clirentar radivpagus beadi ing about the.outer surfaee 102 glong
vaf thedevice 100, The cirealar radiopadive beading 104 can be substantially
perpendionfar to Hre coniral agiy or altemstively be obligus to the central axis, In another

alternative coverags configuration, the beading 104 can be clongated strips of radi diopaque

bending radially spaced abous the centrs] axik of e device 100,

-y
R

{8058] Referring to Fig: @, 5 fuoroscopie or X-tay 1\1&1“@:. fthe device 100« Fig, 8s
shown havieg the fataton 60% and FTFE 40% beading 104 throuph & 15 wiillimeters ahuiinum
plate, The plate I wiilived to shondaw the debsity of biologicnl fissues by Tnterpoiition of the
plate {not shown) between the fluoroscope and the-subject graft device. The madiopacity of the
brading 104 i manifested in thy imaging.of the bead 104 contrasted with the radictucent outer
surface 102 of the device 100, Consequently, as Tong as an prdinary observer can defermine faat
ihe Hues provided by thradiopaque beading 104 in a flusroscopic display-medivns has adasker
ot higher contrast iagie thian the rentainder vf te-device 100, ther the radiopacity of the
bading 104 woult be-deemed o be greater than aminlnigs Jove! negded for the boading
fundiion as pradippague mrarker in s mapwnalian body, Allernatively, 4 machine vision with the

ability 6 recopnize disorete levelsof contrastean be utllized to mfmci can ebjeclive indleatorof

~R
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the effestivensss of the radiopacity of the radiaparue beading 104, The tantabum beading

speribed abovezanalio be visible to the naked uoaided bumai sys.

REtaY Shews in FIG. 98 Is a cross-sectional view of orfe smbedinient of the > device 100
with stent 107 sndapsuldiad by Inner gnd outer ePTFE material and the radiopague beading 104
The radiopaque deading 104'ts proferably vectangular in crogs-section foprovide the maximum
contaot surface for soupling 1o the device 18, Altematively, ﬁ}&i}e&éi&g 104 can be any other
geomelty in cross-eection suckas, for example, eivcular, oval or polygonal. The preferesd erose-
seivtional area of the bes wma 104 is diivenaioned sa as to bive o Tengdhy Lof ranging e wbont 1
osillimeter téeabout 2 mifilimeters and & width B ranging fofd abowt 100 miferons fo about SO0
micedns. Maoredreferably, the dross-sovtional aven of ﬁ‘ze vopding 104-is dimensioned soas to

Baven length £ ol about Lmillimeler and a width I of dbout S0 mitrons Proferably, the-

L

elongated side of the beading 104 forms the interface between the radfopague beading 104 and

N\ A

he oxteior sirface 10258 the deviee 100, In ancther prefarved embiodinsent, the b adtng 104 is

N

»

suthats *; ytalby ‘clrdular in Srossisaction, gnd the dlameter of the bending 14 & preforably about 1567
millimeters, The radiopague beading 104 can be formed by vatlety of techniynes fochuding

extrusion, infection molding, solvent casiing and the Jike..

{Ghety] Theradiopaque beading 104 can also be made of & Wocompatible polyurethans

waterial such as, for example, Carbothane PC-3575 by Noveon Ino. or other polymeric shell withy.

o Barbon Sulfate enbedded in'the polyurcthane of golomerie shall gy atadiopague Agent. The

Carbothane material priferably Has-a 72 Showw D hardfiess and the Rarfum Sulfite i prosentt pf

20%:

2}-‘.
o5

l'x)

vy welght, Generally, 8 concentration of Bartum Stilfate greater than 1096 i xufficient to
provide radiopasity. As shown in Figire 12,2 polyurethane beading withabout 209% Barism

e

Sulfate added outilived I a spiral configuration about a stentegraft, Proferably, (he
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oongairation of Bacium Sulfate inthe bes mimﬁ 104 ranges from about 20%: to about 4%t

provide-the vadivpacity.

~

{0061} Refeeritg back to FIG. BA, the radiopaqus beading 104 can be fiade from other

¥,

blocompatible polymers.such us, forexample, Dacron, polyester, PYFE, ePTEE, polycarbonates,
polvanifons, polyethylens, polyps opyiens, polynrethane-uren, stfoxane, and combinntions
thereol. In addition, other miaterials can serveras the radiopague agents such sis, for example,

e

tantatum, tungsten, gold, siver or other retallic pvwdm orsalits such ns caloionm-or HA sl

»u "

{0e2) The polyieric radiopague beading 104 is preferably forared By extrasdon! Thoane

wnbodintenit, the Catbothane PC-357S material and about 20% by Berium Sulfhie are coinbined
i & odmposite Tesin or paste fn which the Barium Soifiteis preferably subst mmsi evenly

dispersed tronghout the polysrethane matertal. The compesite ¢ paste iy preforably Jouded Bra

press devioe to compress the material fe-a billet. The biller is tha preforabily extruded to fovm

the mdiopague polyurethine boading 104,

{88831 The patyurethane beading 104 {s preferably soivant bonded to theePTEE surtaos.
Although many mathods efbending suchas sintering, heat melfing can bo.us sed, & preforred

bonding method dnvolves the nseof sobvent forthe beading material, Forexample, Carbothane
FC-3575 48 soluble in fetrabydrofiss an (THEY, THE is relatively Jow haiting selvent {ha viling

point <70 "i wid dissolves the polyurethane stowly. In 2 preferted method, ativst fayerof

ePTPE encapsulation materdal (100 micron thick, 10-45 mi 3 internal distancs) I8 mounted on

the steel mandiel and astem is mounted on'the ei’i FE encapsulation Myer. The radig-opagus
polyurethane beading containing 2096 Rerfum Sulfite s preforably spimlly wonndon the stent.
Alternatively, other winding confizurations can be used., Preferably, a second encapsulation

membrave i mourded on the beaded stént. The entire axsenibly s dipped i a long measuting
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surroundibg a racdiogiie-ope TI8L The'oater fayet 167is preferably oPTVFE soas to provide an
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o

oylinger preferably containing 200 millifiters THF 50 a8 to exposeall surface of the sient Lt

preferably to7 minwe, Thesxposurs thne is conttolled s6 .25 fo pormit bondingof polyurethane

CN

heading 1 to the ePTFE encapadation Tayers without yubstantinily dissolving the beading mgteriall.

- After the dipping, the beaded assenblv can be taken outwnd sir dried for30 minmes and'then

dried In oven for 70 °C $or 12 hours. I the oPTPE enc apsulation raatesial is sinlered, o

additfonal sinoring step I needed, a5 the polyurethans beading holds the encapsutation layers

{EESS Another preferred embodiment of the wdiopague bording 104 I shivvt n FIGL
109 fadiopaquebading 104 Having an outer hametial layer of aon-radiopaque material 116

ePITE beading 104" with desived pesling properties in known beaded _‘{*i‘wﬁi&is wch as

o Bard Peripheral Vascular, Tempe, A2, Aliomats

1y other palyrabeis

materiaiy oan beused to Torm ashell to which the radiopaque agent can he cotipled to o

spesed within }mh-miﬁwm‘i‘izﬁ-';’mﬁexml‘;«f itelnde, for example, Daceon, polyester,

& "l

polyursthane, PIYE, polybacbonites, polysulfore, palysthylene, polynmpylene, polvurethane.

wrtn, slOxane, dad pombinations thereaf. The ridiopague core 118" Is proferahly 20% by weight
of Barkum Sulfate salt materiall Alloratiy ely, the zadiopague core 1 18 can beupade from ather
racdiapague agents: including temtalom, tangsten, gold, siver or othermetaliic potwders or Salts
such as ealolum of Ha Wit The ePTER hes adivig 1047 can be mads by a varaty of subible

fothinigues, such o, [or Skample, by extrwsiog of P TFH and'a stlfable radiopague material, a8

doeribed earlier 1w forte 2 tubnldr exiradaie or beading.
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{0065} Adtgroatively, a radiopaque pasts or resit cen be partially ot flly embedded in 4
portion of the drner surfiwe of the PIPE rosia wiiliot the use of an e divider member 144,
The radiopaizie paste ¢41 be formed from & tintihug pawdsr. For sxaniple, the radinpague paste
can be Frmed froma sixty pérodint (§0%) fantalunrpaste combined-with an oPTRE: pasie
Aghfitionaily, cther-suitable materials cun be utilized to form the radiopague paste, For exampde,
goldor fitanium, Purtherin the aliermative, the radiopague paste can be fwmed fom x Barhin
Sulfale misture, Forvoxample, the radiopague pasto-can be include s eFTFE paste inived with
about fwenty 16 about forty peroet-(20-4094y Rattuni %umu, Tt 2 pieterred embodimend, tie
vadiopayue paste 4 foemed ito an clongated steip that can e disposed slong the feapth of the
imher surfice of the PTFE resin.  Allernatively orin addition to, the radiopacais paste canform a
plurality of sediopague olements that can be ali wood along the tnner sarfacs of the FTERS resin

alongiis length. The radiopagque pastevan Be formed into any y shape of Torm, For tuatnpls, thée

1

atlierémall ploces sueh as Hisks disposed aywhere

within the PTFE resin. & pieferably cominuous of elongated sttip-of radiopsque material
embeided in the fnner sucfioe oF the PTEE resin can provide the radiopague core 1 18 to-the

Gperator viewing the beading 104" under Sooroscopy.

{B8s8] Boferring fo FIGSU 1L, V1A, and 1 LB, the stent graft 100 oai geneta fy ftclnide o

wbelar member 112 having an Interfor surfios 114 aind dn exierior surface 102 which e

s

somtained hetween fest and second endi 15 120, The fubular member'} 12 prefeably i

‘
‘:,:‘e
s
tul
t’:M
ey
w
e

¥

halloot of presiue xpandable tibulat shaped support frame oramember 22 whick is Joaded over

w fiest hiocompatible flexible fubular mensher 28 that 15 held on a.mandrel {mot shown), A

second biccenpatible Hexible tubular member 26 Ivthen preferabily foaded over the first
bocompatibletubulr member/support menber combination 22,24, Thetubular dhaped stippiont

w36

R
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member 23 profuvdbly nctudes & stent stoilar to that desoribed In U8, Pa, ) Mo, 733,665

&

§.053,9¢1; 6,083,343, 5,70

7386, 3,716,303 .“..‘m{} 959 ‘i 8,57 72647 cadtvol which i

<

nvorpiraied in. is.enlitety by reference. The stent wiilized for the motiber 22 can Ben balloon

xpandablestent, selfoxpanding steat or memory-shaped plastio stent, The tubular fnemibers 24,

26ate preferably Tnged togethed fehsapsniate the support.anember 32,
O “The twbulse members 24, 36of steni-graph 100 ave prefecably fom el by

sxirading a billetof expanded pelyteirafiuoroethylens ePTEE).  Alternatively, the firstand
seeond bincompatibleflexible tubulir members '34, 26 may dso.be made of unexpaided
polytetrafiveroethylens (ePTEE). Foriher; the pz essure expaddatie whilar shuped support
aiemiber 32 ey b wade of aay material having the Sténgth and elaslicity to prrmit radial.
expanston and resist sadial collapse such as siiver, tianium, slainfess stee steel, gold, sud any suitable
plasiiompteripl eapabie of maintaining ity shape and materiad propertios at various sindefing

tomperatures for PTFE or eP IV The tubiles membe ot 24, 26 pan Turther aliernatively be

firrmed Frisn othisr Sovi-inetallic mnterialy stk as; for exatiple, Dacrdd, polvester, polvimethiane,

3
<
$ooa
&
g
75
£

eihiafio-iivel, siloxate, snd coribivtions thereof. The material can include addiftional
acditivel suctias, for example, bloactive agents incloding hydroxyapatite (HAY 10 produes g
material faving incrensed biocompatibility and boactivity. To form the ubular members 54 4,36,
the normetailic material iv proforably formndated fndo a restivor paste whith by then coraprassed.
withih s-cyltinder to foem billet of the matérial, fr exaimplé, de SPTFE billet, The hillet s then,
prefesably extraded and cired 8- forny the tubular miember. More preferably, heregin
fomulation; conyrelsion and sxtrision techaiqués to farmthe tihular members 24, 28, are

substantially siinilat o Hhe tochnigues for-formin g thematiopsque beading described above.
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exional view of the stent graft 100 of FIG, U1

ffx

juoe8] Shown i FIG 1B &5 aprosss

priorte fusiy 1 the: grall T ortubitlar msnibers 24, 2610 he exgansion menbir 22 to B the |
pvice 108 The Hrst Blodos mpatible Hoxihle tubular mémber 24 fotms the innemmost laver oy

tupiinal surfaes of the stet gralt 160, mivd Rurther defines the fumen 38 ofthe g stent graft 1,

thereby providing-e smooth, Inert Slocompatibie blood flow sarface. “The hibudar SUppoT

member 22, preforably o steat, stent frame or shatlaly copstruoted struchre; forss the middle
1

>

Jayer locpied ot the conterof the steat gralt 100, "The sccond biovompetibly flexitle wbular

wrombet 26 formy the outeravost layir o ablumdgal strface of the stend gralt 100, To afiveat

thestent graft devies with sadiopague beading, the radiopagus beading i oonpled or honded o
thi: stent grafl devies 100 4t any suitable Iocation. One location ean be fhe onter susbice of the:

PR To]

mmeramenber 24, Another location can be on'the suter surfice o tke stent 22, seshowy in FRY,

rosk

1A, Yetanother hocation can be on the outersurface ol the cutes mémber 26, I cach of thirsk

o

EQ.{:-ati{ms:,.{i\.e Setding 104 {s splvally wrapped dbowt 2 ong siindingl dxis tuiextonds thron ch the
devies 100, Prefovab 1y, the ha&mg 104 wrapped and bonded to the owter surfice of the
devics 100, as shows in FIG, 11

LS Frogsure is proféeably applied fo the grﬁﬁ»“fi’maﬂing{s&«.ﬁnﬁgmﬁ;‘z"szésa'iﬁ’%.ii}’ in oxderto
fuse the frstandsecond bivcompatible Hexible tobular members 24, 26 1o oné another trough
the opentugs.contained within the twbular suptiott member 32 anid butween the spaces of the
bading 104, Where the tubulir stipport medaber 22 by a stet frame, ke Srst and seoond «PTER

oy

tubularmerabers 24, 26 are figed o one doothsr through the upenings betweens the struiy of the

A

R "i.‘.im::;;;:swfe;‘rc&'iw%miqu os for fasing the radiopague’ heading betiwein the fubils

.

members 24, 26ty vary depending upon the configuration sndfor materials furn ning the

28-
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radiopaque beading. Por n\amms: where the radlopaque beadi tng i the polvuretiiane radiopsgue.
weading 108 described above, the bediding 104 is proferably dippedd into an aprotis solvent fag.,

THF and sobsequently prslcaded ontts the doter satfice of the fnner tubuler menther 2201

altanatively duiside the stent diember 22, More Specifically, the beiading 104 i placed yader
fension, preferably about 300 grams of foreeas the beading 104 is wound onto the devive 100,

3

ternatively, the sntive raftheading g/ stenld g:raft assembly can be sprayed bya coating uf solvant
that can dissolve. g_}'fﬁ:ﬁ{‘imihé‘méi fo-form s meckenical bond betwesry the :ibeaiémg T and the e
and outer Iayers of theagsembily 1o form the stent graft devics with radippague beading in FIG,

L. Wherethe beading is locaed bétwean the stent frame 22 and the ofter member 28, aprolic
wat san be sprayed onto the outer surfice of teember 26-such that the solvent s}:i%@;r&i.@s
throngh the porons surfices of member 24 to hond mamm 26t the hw{imw 104, Additonslly,

fheentive assembly can be -dipped to the aprotic sbii-‘é:ﬁt.« Prefurably, the solvent Iy
tetrahiydrofisat (THE), bt other sprotie solvents ‘can heused, The other solventyor solvent
foistures that van be used Inclads Aodione, dioxens, dimethy! adeniide,, dirnethy! sulfoxide, p-
miethiyl pyrrolidinang and the like. Solvents or solvent misiures with boiling points fess than 10,
more proferably lessthan 70°°C is most preforred, Thy solvent can be removed by prs,ﬁ; abiy
posteuting the assembled devies 100 and beading 104. |
{974} In one embodiment, 2 100 inferon thick & millimeter dismeter, eraft with 80%
tanfalam foe {2 millimeter wide-and 50- =90 nferon thick) wWas extraded. A rantalum Hlument can
be prodoced by manually sutting the Rlantent fror e grafl body wsing-amzorilade. The
flapent f preforably used to produce radiv-opague markings on'a gralt or stent wrafY sorfice.

’&

The fHament can be sintersd or unsintered. An vn-gintersd Slament & preferred bocauss it onn

.

be figed voith the graft body or sterd pral body by sintering process, Inanother embodiment, o
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fitament with 50% tantalum sod 0% PTFH s spivally svound on an unsinterse d expanded graft
surfaes. The Hlamentand grafl are preferably sintered o produce tantahen marking-on the galY
surfice-thit iy visible i xoray irmaging, The filatent may alko be: spivally wound on a stent grafl
wnriied. I o prefeirsd erdbodiment, the' filane ont nay be eeloséd between two Stoat graft,
envabhdation layegs,

o

{6472 In another preforred bondisg twebnigue, preferably for nse whess Hhorad diopague

et

beading 14 hagan outer ePTEPY shelliand radiopague coreas deseribed above, the

sraitd mims:(a fent/grail assenbly s heatod 4t sinterd ing tenipetatures to form g physical bongd

e

between the layers. The sintering tomperstires can range frams about 100 °Cota ahont 304°0,
and proferably fom abest 100 °€ 1d.abdw 200 °C,

{0737 The resulting prosthesis 15 an unexpanded stent and rag Hopague beading,

encapsiffated within oFTFE layess, or specifivally, an unexpanded stent having # vadiopague

s

beading and el'IFE fayers On s Honinal and abluming! suefapes i which thig sten, \a&mr’m‘m

& *

Beading aod 6PTER layers ave inscparable, Aliernatively, the prosthesiy can fnolude

e

+]

hydedxyvapatite on mii &8 Tominal snd ar\ivmzmi surfaces. Further, the ePTEE layers v dlso
used of foined togsther around the ends of the unexpanded stont ther chy entively suvasiog the

vithtn2PTPE in both the radial and lengitudingl divections. The reswlting stent graft 100

,
ey
4
Vo)
et
9
b
R

and raciopaque beating can be loaded.onto a sultsble delfvery device suth as, for erantiple, 1S

Pasent No. 6,756,007, which is ieorpotated in Iis srtirsty by roforénce. Ty stett grafl 1O niay

o ~ ¥ W

advantagevasly e useddn o varioty ofinedical applcations including ivfravesodlar reatmient of
stonoses, anearysms of Hstulad; roaintsining openitgs in the winary, biliary, tracheshroneiial,

‘n

sepphidgeal, ronal fracty, vena.cava filters; repaint ﬁabdamm,d acriicaneury Smm oF repairing or



Uiy

P
o
G -

3

WO 2007/056762 PCT/US2006/060704

shnnting damaged vt diseased organs such-as, Tor example, Transjognlar Intrahepatic

Parfosystemie Shunt (TIPS

+

{0074} Refotdag back to Fig. 9, by shewn B this Hwitvdtion a stmulation of the density

a

of blological Heswedhy interposition o the plats (ot ghown) bétween thie fhroroscope and the.

Suldert grall devied, The radiopaciiy of the bebding 704 {s manifested i the white or contrasy

imagingof the boasd 104" tn comparison-te the dack radiopaque "spoons” 103 a8 the ends of ihe

v

device 100 and the Hghter stont frame 101 of the device 100, .Another oxample of - stons having

Faponns” 108 Is shown and desoritied i 108: Patsat Application Puklicaticn No, 200 Q015228

which i invotpotated fn ityontd rety by feforence. Axlong s an drdinary sheetver an dermine:
shat the Hass provided by the radiopague beading 104 1 » fluoroscopic dsplay medivm has a

onntrasting brage velative to, fhr example, the stent frame 101 ordhe spoony 103, 1her the.

e

radippasity of the beading 104 would be desmed to be suffictent to foriction as wradiopague

»

3

matker iy a manmating hady, Alematively, 2 machivie vision with the ability fo roeaenizé

diserete ievelsof contrast fin be willized 1o priwvide an shjective indieator o the effcctiveness of

the radiopacity of the radiopagiie beadinig 104,

WeTsy I yet wiother epbodiment, a radiopague’ beading in the form of.e pe van be
wiappad about & stent graft device 100, The:cross-sectional area of such hoading preferably is
seetangstacand s frther preforably dimensioned such fhat fhe tape is about 2 miliimesers wide

v o2 . \ ey . ~

with a thickness vinging fom about 100 sicrons to-about 150 microns, The e ape g be fomeed

with & preferred comonite rosin-ofabon 60% fantalum ag & fadiofague sgent and 40% PTEE of
polymeric thaterial. Alwinatively, other polymierie and radiopague agenis-can bonsed. The
antaium and PITE composite is proferablyextruded and o xpanded thrse times o form the

ey b

raigpagque tape. The fape’$s preferably bonded or coupled to.a stent graft devies i by
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wrapping the fape about a grafl.deviee 100 and sintering the:agsembly fo fuse ¢ he padiopague tjps

{8076} In ystanother entbodiment; 2 hybrid stent- ~graft is privided i wisioh the
radiopagne material Is co-extruded as payt of the fover or outer members 24.61 26, Distingt fom

the privr eipbodimenty of the stént-geall 18 the fosture of the tnter and-outed giembers 24 snd 38

cennapsulating less than a major portion of the stent 22 That is, the sfent grafl of this

W

embotinent has the appearance of abont balf'of the stent befng encapsniated by members 24 and

26, with sbout haif of the stent being exposed or bare. The use of the radiopague bead ng oF tape.

1 suth hybrid stentogeaft allows for a.geis sraily precise placement of the : hybrid sient graft

B

devios In wproo mz“’ knowi s Trangjugular tnirahépatio Portosystentie Shunt (TIPS) due fo the

-“ 3

abdlity of the cliniian-to view the extent of the covered portion of fhe stent vin the radiopaque
beading under Buorosopic examination.

BT The. design -of the'radiopatpus bes sding aflosws 2 applicantto ashieveadvanages that
were proviously unevailatie: For example, the beading dllows for lowsy foading'and deployment,
forces because the cortact surfsee 18 & Mhmmm Hne tather than & cvlinder, Sceand, the

beniding allows the gralt orsterit-praft to have inoreased kink resistance, 1.0., a resisfonce ton

o

shange in the {nsids diameter of the graft or stent-gradf as the prosthesis { g,z:s:”t o stent-graft) is
enrved about.s snall radive of corvature such as for example, 20 millimeters. ’}‘his"a%ﬁ;ii{te': spiral
beading provides foran in-site fndication (via Suoroscople ioagiogyof whether the graft or
stont-graft has collapsed dite to-oxternal pressure nfter implantation.

{Ba78) Fioally, other typés of Biodulive agents ¢an also be combined with the v adiopague

sents elode (hut are

pad

materialy dpseribed horeln for the graft and the stont grafl. The bicactive

net lioited to) pharmaceutic apents such as, for example, ant m‘mﬁz..:"%xzvelzaszi‘imii‘@iiaage;:ts"

oS
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inclwding watueal products-soeh as vines alksloids {f;‘:fe'.,vinbia&&isw,-‘-vi.m:.z'és‘iémﬁ.is:sz':i vinorelbine),

packitaxel, epidipodophyliotoxing (e etoposide, ten zpf@si;i&}, antibiotics (dactinontyein

bleomycins, {}Eim‘r it (mithrathyein) sod mitemyein, engymes {l-aspasaginase which

ystemvioally inetabolizes L-usparagine and depiives cells which donot lave the capac ity do

)

(&

syrthesize their own asparaging); antiplatelot o gents such ag (v{{r?} g1, inhibitors and
vifronsotin recepior autagonists; anti-proliforative/antimitotis alkylating agems such as nitroges
mustards g‘mes’:}:ia:te:i‘immmqg cyciophosphataids and mmis;p,\ ivelphilae, chlctambucil,
etfiylenimines and msthyhrclamines thexamethylmelanine and thiotepa), alkyl selfonates-
bisulfan, hirosolreny (carmusting (BONU) dnd anilogs, stéeptozog A, trazenes - dacarhazintos
(DTG, anti-proliferdlive/antimitotic antimetabolitey such as folie scid analogs (vethotrexatél,
pyrimidine aprlogs {Huorowasi], Soxuridine; and m«tmaome}. purine wnalogs and related
inhibitors (¢ e,;:ag:t{}:gmim? ﬂéis‘ﬁgui?lﬁ?lﬁis-'iﬁéi}t@ﬂi&ﬁ“ﬁ and Z-ehlorodeaxyadinosing {cliduibinely

olatingny cosesdination chny :ée\esfcis platin, cdrboplating, provarhaxine, hydrekyures, mitotane,

Ly

andnogiutethiy side; hdmmones tie,, gstrogen); &Rii-&i)&g‘i}ﬁmb {heparin, syathetic heparin salis

and piher inhibitory.of thiombin}, Sbrinelytic agents Guch as tssue: plasminnpen activator,
streptotinase and arokinasg), aspirin, dipwidamele, ticlopidine, clopidagrel, abulximaly
migratory; nutisecretory (brevelding anti-inflammatory:. such as afrennoortical stereids

{eortisol, corsisone, Hndrocortisdne, prednisone, pradaissions, 6é-methiipredaisolons,

>

trigmneintlons, belamethasong, and desamethasone), fon-steroidal Aesnis {salioviic avid

derividives L. asplrin; pagtaniioophetiol derivatives Le. aostominophen: fndole and ndene

seetic solty (idomgthacin, sulindse, and etodalae), heteroary! acetic acidy {tolmetin, diciofonac;

and ketorolag), avyiproplonie aeids {fruprofen and derivatives), anthranitic acids fmefenamic
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aeitly and mectofenansic aoid), enclicacids (piroxican, tenoxicany, phistryfbuwtazons; atxd
oxyphenthatrarone), nabsmetone, gold sompounds. gauvmas}m antothiogh 1o, eold sedivm
thiomalae; irvannos suppiessives: {eyelospiring, taorolimus (FR-506), sirolinus {rapagiyeing,
azathioprise; niycophenclate wivfetil); shgiogenic agents; vasvilar endothetial growth fotor
{VEGE) fibrotlast growih factor (PGEY; ahgidtensia receptor blookers; nitrie oxide donors Sy apti-
semse-oligionucleotides and combinations thereof el eyele inkibitors, wPOR inhibitors, and
growth folor receptor stgnal transduction Kisase in%;ibitm;s; retincids; oyclin/CDX inhibitors
HMG co-emeyme reductase inhibitors (stating), and profeiise inhibitors,

R Although the stem grafk device 100 has beett deseribedd in rolation o spocific
exdfnples noted ghove, # thould be emphasis a,d that variations-in the configuration ar.
composition of ePTPE, radiopague beading, stent famevwork, and other design paranmetons san

X

by utilized with the. graft device 100, Purthermare, the radiopagus headin ng provides additional

visual evieerto the eperator beyond graft focation,
{86 Asused hetels, the singular Torm 6f Ve Y dnd Yo Melide the phurgl

wiurents nnlses specifically defined ad only one, While, the present invention hes beer disclosed
with référende 0 cortaly preferred embodiments, numerous modi fications, alterations, and
changes to the desertbed embodiments ate pog .~; fe witfout departing from the sp ere and scope

of the-prosent invention, oy defined 'in,ihe"appfsizaied claims. ‘Moreover, where methods,

processes and steps described above indionte tat Gortaiy svents octurting in dertativorder, those
Skiftert S the avt swould recognize hat thi ordering of Steps may 'bé modified and thet such,

ae

modifientions are within the vhdations of the described embodiments: Accordingly, it is,
ey

intended that the present invention nol be lmited fo the desoribed. grbodiments, bot that # e

the full ssope deflned by the language of the following gldims, and eguivalents thereof,

3
233
e 0%
3



5

Sore

[ os]

| #41

g

e

2 3}5“(:&.

surtacs of 1N tubndar menbey, and fucther wherein the radiopagee bead
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e Clainme

. A grall devicevomprising:

s,

w layer of synthatic nonarietallic material hz:vuma Hest sarface and @ seeond

swfack spacet apart from the fist sw fate;

o
o
st

a beading coupled to at least one of the first sirfice-and the second suffave of the
fayerand

a radiopague agent coupled fo the beading to form aradiopague. if»c aching:

(g

svice acsording o claim 1§, wherein the layer of Syibietis nommetallic:

sateriad formy an clongated stbstantially tubidar member, the Sodond surface forming the outes

abontt the outer urtacs

3 The graft devics seoording & > any one theabove:elaims, wheretn the mdiopague beading

defings a substantially rectangnlar crass-sectional area,

& The graft devics sceording to olaim’3, whireln the subsiadtially Fedtangulas grose

sectional aren has o longth ranging from about 1 millimeter o about 2 millimeters and awidih

ranging fom sbout 106 microns toabout 300 mivrons,
A The grafvdevice according to olatme 4, wherein §'side ol the- radiopuque bedding defining

thie.longth of the criss-ssetione al Biea ts coupled o ot least one of the Srst surface antd thesecnnd

surface of the kyver.
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&, The graft deviee a&mm\ ingto any enedhe above olalms, wherein the radiopague beading

*{

s tensioned and chamically bonded to the Jay

7, Thir weadt dovics according to gy one the above claims, wherein the radiopaqie beading
i sintéred tothe Tayey,

2 The graft device gcenrding any one the above-clatms, whereln the radiopsgue beading
8. e graft deviee acennling any one the ahove-claims, whersin the tadiop sque beading

fncludes.ars wmqm material embedded fnape §‘m-ai‘hasswz;rzaieria}..

& The geialt device gecoiding any ang thexbove daims, whersid the radivpague beading

nélides s rediopague oote-disposed within & polyterafitorcethylens shell

W Thegral deviee scgording to any one the shove claims, whereln the radiopague material

includee 3096 by ‘M.i(‘iii of Bartam Solsw

th The gralt deviceacdoiding to sny tne the shove claims, whesin the > dynthefic non--

wietallie material gomprises a materisd selected from @ group consisting sasenti ﬁzx of Dacron,

Yo,

TFE, polyurethang, s@ivgzuﬁhmwuua, sifoxane, and combinations Sereal,

&

polvester, FIVE, oF

18 The grafideviee sccording fo any one the above slaims, wherein the radiv saqite heading
§ 2

i femed frony'a paste having about 20% tantalum powder,

13, The gealt devier adeording fo sy one the aboveelaimd, wherein the radiopague besding

is formed from & paste having abowt 20% o abowt 40% Barlum Sulfate.

4. The graft device acoording So-duy one the above claims, whersin the radiopagee Beading

s adape comprised-of about 40 % tantalam powddr and sbout 60% PTER,
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5. Thegrafl device acoording twany one the shove clutms, wherein the radiopagque agent is.

af least partially esabedded in the beading,

16, Thegeafl device Rrecording oy oné the above claims, wherdin the beading coniprises &

cnntinusus stiip disposed Helically about the device.

Foos
~ved

7. Amcthed of Ruming s peall device somprising:

dlsposing & adiopague.age ent.in & prlymerie shelly
compressing the r%};a}mqu“ agent and shellto forin o billet;
extrading the hillet bo asio form a ﬁz{%iaﬁ&q&abé&@iﬁgg st

wrapping the beading abbut a .de’{ materiad so asto define & grafl device

1%, Themsthod ofclaim 17, vherin the \\mp;mza, tnchudes "szplmém, the beading about the

arait.
. The nethad sccorting to'asy.one §f claimg 1 7-18, further vomprising applying a solvent

toal Jeast dse of this bending and the g graft material,

>,

M Amethod o observing a position of a graft in-a hody, the method comprises:

disposing a-graft Having @ radiopague beading in & body;

Dax

-

exposing the body t i electromdgnetic endrgy; and
Susroscopicatly vhservinig ut least a portion Of fhe beatling o defenming the

.. .
i 3
N

 the gialt i the bady:

s,

2, Amethodofvenifyingovietation of'a graft ina mammalisn body subseguent to

fmplantation of such geafl fu the mammalian body without an incision Tnte the body, the method
1Y A3 LG 8 ¥y

comprising:
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directing eleclromagnetic energivs af thedmplanted grafty and
formisg an image on a display mediom tat shows the portion a8 a helic daliy
&%

winni Teadia 12 about the grit, e hedding baving greater sonitrass than another porticn of the

iraphinted grafl.

5 22 Abmplatable prosthes m gvicecomprising:
a stent fTame hoving & frstdnner Tayer anda second buter fayer de efiving o versgeal
avigy and

abéudine mmﬁed o at lpast ong the lavers,

3. Thedmplasable prosthesis ofelaim 22, wheveln the be beading comprises & continuons sirp

03

24 The mplanetable prosthests of oltim 22, Wh tein fhe bsading ¢ Comprisesa pheality of

distivet sogrionts disposed a‘(‘m&i the prostliésis.

S0 The implayable prosthesis according o snyone of clatms 22-24, whergin the beading is

generaliy cirounterentially disposed about the central agis.

A8 The implantableprosthests accoeding th.any otie of clatins 22-25, wherein fiset and

M
5

seeond layirs sre spade of asynthetic non-tnetallic material,

7. The toplantable prosthests according 1o claiim 28, wherein the synthetic nop-metaliic
material of atleast oneof the layers ¢ comprives a matarial selected from.a group consisting
essentially of Dacron, polyester, PTFE, ePTFE, . polvurethane; polytrethane-uees, dloxans, and

20 combinatidns theteof:
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28, Theimplaniable prosthesis according: 310 any one of claims 22-27, swwherein the beading is-

onfignred © be pesled..

29, Thetaplaniable prosthesiy aceording to any pae of Slaims 2228, furthoy comprisiag &

g

vadiopague agdai Sougled fo the bealing o fornt s radiopagine beading:

3 The mplaniable prosthesis secoriling to claim 29, whereln the implamtable prosthesis has

. 2

first faner layer of synthetic non-nsetallic material snd a second onter Javer of non-metaliie

wiaterial spaced from the fhst layer the radiopague be ading belng disposed bevween the first and

33 “the implasable prosthests sccording to claim 29, whesein the radiopaque heading

.wf

nes o substantially rectangnlar cross-secsional aren,

320 Thueimplaniable prosthesis doeor ding to-claim 1, whersin the substisatially rectar wpudar
srofg-sectional dres has & lenyth rangiig frand ghowt § mﬁimmm % ahout 2 millimeters and a

width rangiig from sbout 100 microns (o abont 300 microns,

33, The tmplantable prosthests aceording to auy-one of elaims 3132, wiiereln & side ofthe

besding defining the Jength of the cross-sectfonalarea s coupled o at Jeast ong of the Tayers,

N 2

34, The implastableprosthesis sccording fo atry omiof dlaims 2933, wherein ths radiopague

pied to the stent, tensioned and chemichlly bonded to ot Jeast oue of the Hyers,

C’:“‘
£3.
ey
LA
yw
)';A
’/f(
b 3

=

3%, The wpletiable prosthesis acoording do any one of claims 29-34, wherein the sadiopagque

beading is sintered 1o at least one of the fayers,
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36, Thei fplantable prosthesis aceording to-any one of claims 29-38, wheveln the radiopague

hisadinig inelndos 3 sadiopats material sibeddedin a-polyurethatie material,
124 PRS %

37, The implanteble prosthesis according o aiyone ol claims 2936, wherdln the radiogague.

¢ s

beading Includes & radiopague core disposed within a-palytetrafivorethyiens shell.

g

38, The impltable prosthesis sco conding fo-any one.of claims 29-37, whersin the tadiopague

betding includes 20% by-weisht of B Swifate,

3% The implanteble prosthesis sccording to any pne of vlaims 28-37, whireln the rativpaque

onmed frony a pasie having aboul 20% tantalune powder.

4. The iing,:iiem'ﬁ de prosthiesis avcording o any one.of clatms 2838, wherein thes adiopagne

e

wined. from g paste-haviag ghout 0% to about 4096 Barium Soifate,

ul
L]
=
[
[
ol
b
s
&
,tﬂ.

Lo the lmplantable prosthesis according 1o any ofe 0 claims 29-40, wherein the mdiopagne

sasfing s & tape of 40 % tandalun powder and 60% PEEE,

42, Asosthod of § fhriing an smphz‘i&n?c prosibesie devids comprising:
disposing a-radiepague; agentina. gx}évmemr shefl;
compressing the radiopague agent snd shell to form a billet;
exirgding the Willet so-as fo-formt 2 radiopaque beading and
wiaping the beading about 2 grall material so 28 to define animplaable

*ms\'ihc.m device,
()‘ .
3

3. Themethed uf claim 42, whereln the wiapping includes pb eloading the hoadity abiout the

impladtabie prosthests,
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of elaime 42-43, further-comprising applyinga solvent 1o at least

T

44, Themethod of any aug

sneofthieb :amm and wmfr

A method of observinga position of a gralt comprises:

Tv 4 K]
sisposing a.graft ona b alyy

whserving the portion of the beading o the bosdy sweface:

k4

46, Adnethod of verifying orientationof a iraplantable prosthestsih a mamnalian body

ubseguent to nplantetion of such fmplantable g}msah st in the mammalian body withont an

fwision into the body, the method comprising:
drecting elevtrornugnetic energles at the implanted Implantable prosthesist
Hockin ng some of clentrotnagnetic ensrgies through portion of the implantable:

P
&

prosthesiss aid
Sornlug v Ivage on & display wiedinm that shows the pottion as & helically

swound beading about dhe Implantable prosthesity, the beading having greater vontiast than an

TR g %
oFTFE material.

15 47 A méthod of observings position of a Haplantable prosthesis in s body, the method

Lonyprises:

Qisposing & tmpladitable prosthesis Having b radiopague beading in the body;

expesing the body to an elettomagnetic endrgy; dud

Hooroscopically observing at least & portiod of the beading 10 determine the

20 posttion of the aplanable prosthiesis t the body.

48 Ametbed of Ruving & beading for o vasenlar graltcomprising:
combining & radippique agentand a polymedis fesinto form & compostie

-4~
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extiuding the somposite so asto form s radiopague-beading,

&

4%, The methad of claj 48 forthed compristhg foriding the composite fnto & billet.
0. Thewethod according tp.auy one of clajmia 4842, further Somgivising dxpanding e

1

sading 10 fornva fage.

b

1

H
-,
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