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GRAFTS AND STENT GRAFTS HAVING A RADIOPAQUE BEADING

Priorilp Data and Incorporation by Referenees

{001} Thisapplication claims benefit of priority to U8, Provisienal Patent Apulication
oy, SOIT34728 Rled Noventher 9 . 200% whigl mneorporgied by reference iivHs entivaty
Technioal Figld

(B642] The present Invention relates geterally 1o medical devites, and more particudardy

L L

to & Tadiopaque beading for Implantable deviéss.

Background of the Tavention

e e v

T ﬁﬁ%} Ubless snentioned specifically, theterm: radiv-opague and mdwm&um 52 the

same mesning, Artificlal gr afis; stent grafls and rel é.fed endolnminal devices are curtentdy used

'

\

QY aperators - el nbular body vessals or ducts that become 50 natrowed {sten osed) that fow

af blood ov other bislogical fluids 1§ fesivicted. Such rrciwing (slentsis) octurs, for example,

as aresnit of the diskhase process Khown asarteribselerosis. These produers cant Be used 1o "prop

opet” bivod veasels, thev can also be used o relnforee eollapsed or narrowed tuhelar structures

i the vespiratory systeny, the reproductives system, bile or Hver docty or any other tubular body
sttuctury. Vasmilay g ea rafis niade ai olvietrailicorsetindens (PTFE ars Iv;ma}ix ased 1o replace

Or repatr damage ed proceluded blood vessels within the body. However, they may reguire

Raiional means X anchoring the geafl within the blood vessel, such as fu s, oldinph, oy

sindilarly Hnctioningsloments o overcome refraction,
AT R }’“ » N v AR "o y Tt £} ' |
10084] PTFE has proven wnusnally advantageous as.a matertal fonywhich to Sibricais

dood vessel geafls o1 other buplanteble prostheses, because PIFE is exiremels hig corpatible

“a

causiby Hitleof o tinnogenie reaction when placed within the huinan hody. In it preforted

o, €3 ?ﬁmieé PYPE {ePTF )M the material | is Hght, pofous.an d readily eolonized by iving cells
“en A L --s . 3 :”'\‘:\ s, " ) N - PNy . . ] « rate gty \
SO ATt droonmes & perntanent partof the body. The protets of making ¢PTFE of vasoular graf

3

il ¢ Wl
‘M



2.2

ypy)
: 1o

26

‘..;:s_..‘%’ ' . ‘.i.‘q . » Y
peiveoster amitted eollagen, tricotkm

CA 02626601 2008-04-18
WO 2007/056762 PCT/US2006/060704

grage 18 well known io one of evdinery skill in the at. Suffice’it to say-that the oritical step it
8 provesyis the expansion of FIFE inlooPFTPE, Thivexpmision represents & controlled

tonghiudind! stfetching dn which the PIVE i stiv tehed to several hubidesd pareent OF its original

T O E s J e S '
onglit. Bxamples of 8PTFE grafis ave shown dnd described:th UiS. Phtent Nos. 5,641,443
2,587,427 5,861.026; 5,64 LA43; 5,827,327, 6,203,735; 6,221,101, 6.436°135; and 8,389,278,

sach of winich 1s ineorporated i iy enlirety by reference. Gralls made From materials other fa

3

&, forexample, Dacron mesh relnforced wmbilical tiseue 3, bovine collagen,

A

&2
ol g
Srvr
at 3
7
e
Y,

W

S

)

-fl

ed poi}* esfer cotingen ? IR snsdecd, anit "sgxs,\,» urethane

'(':""":v* s- i~ AR - PRI JRC handes wEE £, R ey L0 b S 3 .. em b 3
(avarkable wnder Hie iradeinark ¥ VedtiaR™) have bewy wiilized:

-«

RHEIRY Implaniation of g graltinto thovass uiﬁmm of e patient involves very v precise

{echnigyes, Genspally, the deviee 15 guided o the discased or damaged 3 portion ol'a blood vegsel

vigan implartation apparatuy that pi**m the graft atthe desired loeation. In order toy ninmoins

the Incation daving i e pldyment; the operator will geheslly utilize 2 fluomscofe 1o obsbrve tha

Aeminurrient By mes v P el 48 v e
aepioyiient by meads of Kevay, In addition, visualization of the inplanted device iy exsential for

Gv "

mupiaiation, follow-up Inspertion andd treabment. Avcofdingly, inorder o iplangt the gradtor

'

ih ;;é;?;;zmmim devics by Booroseo Py SOme portion of the device should preferably be radio HRGE,

{061 A grattcan be. eners ty delivesed to the dame wgedd o dissased sitevia s
covistinining mesaber  the formrof a catheter or sheath and cai he deploved by farmoving the
consiraining miember Ih ordey to direct the devite of srafl {0 the precise Iocation for

.,

3 5\ \ 3 .gq: :-"’-'.-\”‘ ™ "mw w® ‘1\ .ro’:.,q “ e RPN SN S ! N O % SR e B o aane 7o ¥
deployment, thevadivpacity Is prefesably incorporated o ik davice or the constraining

mgrnberto confir the correst placement within the ves ssel. A pm{wmm can arise iy debivering &

gratt via.a sheath. 1o particndar, i there is any interforence betwesn the sraft andthe sheatli; fhe.
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detivery procadare:is complieated by requiring additional manipuiation of the grafido migrate

.
L

- 3 \..

thioogh the sheath and tothe site of the. stenosis.

$0¢7) e dxﬁliﬁi‘ll fo visdally vert }mw focdtion of the

P IIr Sy

t.-r-l

4m olanded grally # may be

13 v#

netessary o visnaily verify the orientation of the grafl, shdfor viswally deternuise if the in pdanyd

\-

ws been mislovated, for sxample, twisted orkinked. Geonerall v, the wall thickness of g graft iy
redatively thin ranging Srom abont 50 microns fo abeut 1000 microns, The thin wall and
ditensiony of the implant device provides fexibility to the Implant whicly assists in
manimilation of the implant abound Hisue duriig irpplantation; Use'of a thin wall g raft'can
pernn the mandboture o simaller devicey whith could be delivered uing small §ize cathetor
vased delivery sydtemn, It is belipved however that, that those thin wall devices may e subisct

to stractural degradation such as, kinking, duing tnplantation,

":., 3
PERLR, I

v

w)«
L )
M

}IM.

u-‘i

e

et d

HHEINY Stents Fave beon wsed in combinafion with vastular prafis, i

BV zf*e Snrdirvascniay prosthisesw hici vare capable of minintaming thety ﬁt auaigst i a0 ERNER

-

walie, The nselof grafl dlong with stents also serves 10 oveicume & problam fHand wi {h stenis

where smooth muscle cells and other tissues gan grow through the sm*s. mesivlike openings.

‘ﬂ’

agl Stent gt aftsate a prosthetic device destonsd 1o maintain the

A

DARENCY of various vessely i the i}&d\s X ﬁmhzdm fhe v acheahmmh altres; Thedevies 5 QAT
ficlude 2 Balloon sy s:a:mdab ‘o stent sncapslaied: WithinePFIPE or alterative ¥ r selfedpanding
Nitinol stest énés Capsuiated within ePTFE and pie-loaded on x Hexible delivery systen: Oge

niple of e et 15 Xoown odmmerciaiiv as “‘i’ eney®," which s ma viheted by OR. Bard

~

Poripheral Vasouder fne, Examples of such stent prafis is

N »

sitiown and described 1o UK, Patent

Mg, 6,053,941 6124823, 8,383,2 14 451,047, and 6,707 217, each of whick is meorporated

in iy entivety by-relorence, The ficld of ave **m  stonis w ithp aﬁw‘,«»me rig-onatings and ePTFE in
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purticular has been substantially explered by these skilled inthe art. Ooe popnlar way of

goveriiy tis stont with e TTVE material s to sncapsulats 18 withih twa +fayers ofePT FE, which
are:fubseqrently fsed togethir by heat in plates wheére thie twvo lavesd site 8 contacs through

spemngs in the stert wall, This provides ¢ solid one-plece device that can be expandsd and

S $°

confracied without aun oPTEE layer deluminating

09 Impinotaiion of an encs pulated stent fnlo the vasculature ofta patient fnvolves
very pracise techugues. Generally, the-device & ki‘i}ﬁ :d b0 the diseased or damsged portion ofa
blood vissel vig an fn Ty Lasitaition appatatius tat deploys theencepsls z‘ia.,d&‘imi at the desired

A

tocation. In ovger to pinpoint the locktion during deplovoetit the operator will denca

v
\,

i} d{ii R e

t-m

o

A

’ M’.

4
g
°
o

N flnorosco pe to-observe the deployment by means of X-ravs, Deplovmesst of an encays ?im‘es;i
stergt ot an anintended ocation can result I immediate tranma, s well as increasing the
fnvasiveness associated with multiple deployment attermpty aad/or relocation of a deploved

devies, In addition, visualizdfion of the implanted devige Is excential fos snplantation, follow-up

sEsperiion sud trestinent Adcoidingly 5 1 ovder ‘{(‘t ipiant the ancapsulaied sfent using

St

Hundostopy, some portion of the stend &r lmplantation device should be radinpagae..

GHEREED | Stents that are implanted and expanded within g Blood vess wing 3 balloon

%

catneter-can be lovated by fluoroseopy becatse the balloon cathiter can have radivpange featnres

-

eorporated therely 18 SRt may be used as & vishal marker. Fowe ver, i the ballobn mieves after

o

-

expangion of the stgist, condet plavement of the stent, i the § whsthce of 8 radivpagié marker

s %

<.
ok

2 imcorporated fnth the stent, cannot be confimmed. A seif ~eXpanding stent San be generally

v

$oll oot tov i ol LTRSS 0 N °\’° 2% s ; T, -
gelivered o the dawmaged ordiseased:site via a constraining member in the form of o catheter oy

ooooo

¢

shigath and can be deployed by removing the constraining member. In order to direcs he doviee

FIRS S T o , . rand 3 oN e 4N b iy e CRE L ..
to the self-expanding stentto the prepise locaticar for deploysuent, the radio pacity can by
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seosporaied o the device or-the consh rathing member to facilitate the-corraat placement within

"

Disclosurs of Imvention

U RS A preferbed embodiment provides a graft device with a laver of ¥ oynihetic pon-

'}.. )3. .
5”.-19

nsetatiic materiad having o flest sieface dod dsecond surfaed spaced apatt from e st surfiics.

ﬁ'

:f:-;\ \(*':"a;rq ;‘v: i e e T T S Y 2 Xy LIS
the-gratl dovigeturther includes & beading coupled to thy lyveranda radiopague-agent conpled

°

to the Heading. Profemably, the beading ;mwmt,ﬂ ok resistance, and the coupling of the

raciopaque agent o the boading provides a radivpague beae.im Preforabily o the laverof

"

synihelic non-mielatlic matesial fros ay elon sated substantially tubularm amber, The second

\‘ .'

& sued &{*1.:3 vréfer *1{3“‘ forms the outer surfiee ¢ ihe thhialar mems ber, aihd

FrPPA,

the radiopagire beading is

ooooo

further prefembly spivally winpped abot the outer surfuace, Indddition, the vagdio pagque beading
E‘;'*'wéf&}ﬁ%x definexa substantially rectangular cross-sections] arca. In one embodiment, the

radiopague beading includes aradiopaque material embedded in 2 L polyar athane material, In vet

<«

anothier embodinat, the ¢ radiopagque beading includes » radiopaque eore disposed within a

»
» 3

‘i?\}h'i:mraiia,zs:ﬁ;i sthylote sholl: Prefk srably, the radiopaque material inchids oa 209 by waight of

{’”fl.
LA

; “~

£ IR o 3oL Py R w e ,.:}‘ ~ s s DA svand - TR SRS
Satim spbfawl Alternatively, the fadiopaque - beading is formed from 8 pasie Having about 2%

iantatumypowder. Yot further in the alternative, the tadio ypague heading 15 foomed Fom a paste

™

,,,,,,

having dhout 209 to about 40% Parfawy Sulfite; Moe preferably, the radfopaque beading is &

o

pe of 40 %6 tandadam posder and §0% PTRE

<

g € £ ' : N .
S0 g Antother smbodiment provides s method of “forming o graft devics which

s

wliides dispsing « sadiopague agentin.a polymetivishell, comprossing the

: el
ry
204,
Fohe
401
R

)
-
fammn

‘:,Qf:.
yr3 a
ot 4
M

J'

rachipaqueagent and shell to form a billet, extruding the billetso ag e form wradivsadue

beading: and wrapping the beading about ¢ gl malerinl so agio define a pmfl device: The
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method forther grovides that The wy spping ipeludes preloading the beading abount the gt e

¥

method further preforably inclades applving a solvent,

o'

10013} In el apethier embodiment acehrding to the prevent ..m:cmm*&, a stést pralt dovice

nchides o slont fae Navinga fivdt inver layer ami a second Outer iyer disposed about a cénixal

L
<

Uhe stent gradt further inchudes a bosding coupled o at ledst dne fhe fayers, In addition, the

A

W8
0.
sapl g
i’

ot 3 TYENSY £y . NPT of oy - ok 8 : N
stent gealt devies ean Buther include & mdiopague agent coupled o the heading, Thecoupling of
the radiopague agent to the beading provides a radiopague beading

B814] o yetanother preferred embodintem, provided 1§ & methiod of for nung o stent

x "a.\\‘: b J

oafl dévice, The stent grafl avies s formed, st foast By, r&-aim&m d.bpmm ¢ a radiopague agdnt

Yy
o
i
{M s
Jv)

>

LA Polymeric shiell, comprossing the radiopague agentand shell 1 form s bitlst, extruding the

tllet soas o form g mdmrsaqu beading: snd wrapping the beading about.a grafl material soag

1801 5] Ackink in g graft device can substantially reduce blood flow therethrovgh and

Y i

5. K 1t gty gy 3¢ ovan e R "
wiake the grallessentinlly useloss! Thus, she'ability to resist kink uring and alter stirgical

15 implantation can bt s Taelor in restoring blood flow. Geaerelly, i corfumereial Vaseular'erafl
prochu *s such a8 CENTERFPLEXN® graft, v example, beading is provided fo resist Kinking i
the graft. In apreferred ombodiment acconding fo the present invention, beading s provides radio-
opacity as well as kak resistance,

GUIEY Another prefesred embadinent p ovides a'miothod of ahserving & postfion ofa

28 implanteble prodthesis 0 8 body, The method preferably includes iSpOsIg 7 Hiplamable

prosthesis having & sadiopasue beading fn the body and exposing the body to an sleciroinagnelic:

energy. The methed furiher - prefocably includes fluoroscopically vhserving ableast porian of

the beading to detepmine pz}:;i fion of the mplamiable prastiesis in the bady..
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01T s’%fag:ifﬁs"éis‘zg:l.y; property ¢ onfigured radiopague beading can facilinate me eting the

dsunt frogds of an operstor in addition fo providing sireetural rgidity tooan implant device,
Morg specifically, § radivpagque beading coupled to.a graftar stent graf deviee can provide the.

fpecessary vivudl buesto assist hu'the brphatation, follow-iip and trestment ofthe devige, The

<

3

radiopagoe beading can alse be configurad'to reduce kinking in 2 gralt by providing sufficient

striefural s wportio the mplant without s significantly reducing flexibily Ly, Moreover, the use of

A

w

the sadinpagus beading oan beprefen ably configured o minimize line contact botween a gradt
sl a delivery shieath or between g stont-graft'and a delivery shicath by Hmiting ststiact & fine

contect i the'arda defined hétween the madiopague Yeadin 1w and the sheath, Hishe §§< verd fhat

manrmzing surfgce contac or infetferenci between the stént and the sheath can minimize the

°

¥

foree vequived o withdraw the sheatly covering the selfexpanding stent.
Brief Desoription of the Dirawings
OS] L apecmpanying drawings, which are tncorporated herein sl constitids part of

s specificat o, iltusteate vremplary erabodixnents of the hrvention, andtogether, with the.

penexal depoxiption given above and the detailed deseription given huiﬁw Serve fo eXpdain the

features of the invention, If should be understand that the prefetred smcdimenty are fome

esamples of the invention as providad by theappended elatos,

{119 ¥, 1 iilustrates a preferred \*mii devics.

UL FIG LA i an Xeray view of the graft device oT FIGL 3

821 FIG, ¥ v g oross-seotiona] view of a fist embodiment.af . acitcs pague beading
wled e device of FIG. §

{22 FIG 3 iv s cross-sestional view of ghother embéd Hment i sadiopagque beading.
823 G is an dhisstrattve gmbodiment of a preforyy barrsl.
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[HH24] FIG. §iwa cross-seelional view of anotherembodiment of a preforred erad

GCS 3 £,

RG2S ¥ 6 iustrdies another embodiment of'a preferted grafl devicd,

1HEZE6] £ T dingtales yet another giabodimént of g prefosred giaft devive,

WMEET PG, & illusltistes g preforred stent arafl with radiopaqué beading,

B8] PG Qs an Xevay view of the stent grafl with:radiop: if;;ufﬁrs%:s-ﬁ:a{iin uf F1GL 8.
{29 FHY A Isa cross-sectional view ofthe radiopaque beading of FIGL3.
RS0 FICk 19 is A exbes-sectional view ol vet ancther 1 sdiopique bea ading.

O3] PIGS. 11, 1IA, and 118 arevar ive i ross-seetional Views of
31 PIGR. 11, T1A, and 118 aeé vapious pémspective and sross-seetiom] views of

another stent gralt having & radiopague beading.
2] PRy 12 18 an testeative fluoroscopic image of a stent graft having a beading

rormed by combinstion of polyurethane and a radiopaue agent,

Muogdels} For Uareving Ont she Tovention

{333 FIG. § shiows a prefered embodiment of s medical device implant 10 Basi R

°
d

outer surface 13 and o lnner surfice (ot shown), The device 1018 preferably a graft device and

At

sty ooy surface 12 preferably defines a substantially mbum migixhir pbowt & pentral axis Lk

2 ¥

of the device 18, Preforably, the device 10 defing 3% & substantiaily cireular cross-section

perpendicular o the contrad axis, although other cross-sections] goometries gre possiblersuch as,

\ 1g Aq

or example, rects ;:;';:ma; or oval, The device [0 is prefera bh cossirgr red Tor migrativn fiwou gha

“

titsod vessel to.engsge, Tor example, ¢ stonidsis. Alternatively, thie deviee 19 can be substintiaily

spiietical or any olher poonphy ¢ pf}mpi ately dis cnsioned 3 imm wikation and mi wﬁti ORI

blodd vessels-or ofiier tissue.: Exeinpdary graft devieds 10 fnclde IMPRA CARROFLOE sad

-~

CENTERFLEX® by Bard Peripheral Vasadar, Inc., Témbe, AZ,
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QUK isposed or coupled to-the.outersurfice 12 v a beading 14, "B eacting” a8 tsed
berei meany y substantinlly solid segmt, rod, wire or alotigated struetare capable of heidg

shapedinte Various crosssséétional con figutations. Preferably coupled fo the hoading 14 s &
radiopaguie agent 16 provide a vises! indicator to an opetator viewing the devics 1rinder
3 Huooroscopis observation, as scen Tor example in FIG, LA, Mo speeHiicatly, the bitading with

>

ragiopgiue agerd, Le. the radiopague beading 14, provides anoperator with g visual indicafor to

4

determuine vrveri B the location and/or otiantation of the devies 19 upnn inplaniation | in & Blood
vessedor other tissue. The ¢ radiopaque beadibg 34 1 eefotably wionnd about the ouwler serface 12

508 1o substantially cireumsoribe the central axis of thie device 10, Al terintively, the

r

~

-3 . A 3o N . . e . . , "
W radiopaque beading can be disposed on the omiey surtace’ 12 so-as 1o be substaniiallyto one side

\

tihe central axis. The radiopagee beading forther preferably forms a continmous wrappi 153

e TN

ahout the comtral axiy ofthe devie o 10 a0 85 to form a contintious contowy Hine o the nute
surfhos of the device 10 Alteraatively, the sadis pague beading 14 can be formed by a sertesof

seornenis.aligned about the ouwted sarface 12, Furthey in e dlioradfs Ve, he rad }féf}ﬁs}{‘{% beading

i

_t:'IIA
L

4 can be formed by a-pluradity of individuad rings dimensioned and configured o be disposed
about the devite 10 and spaced apart along the ventral axis, Bach of the phurality of sin 28 Cay
aeiine iy own geomettic shape, for sxample, a ting of beading may be substantially efaneular

] '«i?\a.: g tr'v 5 3 2 33 1 3 s caeY .rv' SALY 2a N .:-...-h.-s**'-“ v, ; 23« An . 3 : . o 8% e wea 1o ‘ 1o
e ofroular so long as the ring-deiines a sufficient interstitial space $o be disposed about the

".ﬁ

20 12 50 & o provide a desired lovel sructurd! rigidity, for exiple, kink resistancs slong the
ongth of the centtral axis-of the devide 10, Thehelical widpping of the radiopague Beadiny 14

can maximize ooverage of the outer surfaes 12 while minimizing the overall swiace arep ofthe

kn

beading 1% inaddition, the prefereed continuous helical wrapping beading 14 movides confour
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<

ines that provide additional visual cuesto the user diding and afler implantation, For exam ;~,§< 2,

}u;lr

ay antwisted implated deviee 10 with' preferred radiopague beading 14 optimally appeass as

\

sories of pais slfel Hnes aimw iheperral axag bl the doeviee 10 tm‘ww Ay, sy wWisting oy

penting i the devies T0 woull appbar g8 converging fhes in the radiopdque beading 4. Other
coveige conligmaticny forradiopague beading 14 can be emploved such as, forex antpla,

tomming distinct cireular radiopague beading about the outer surface 12 along axial fenath of the

device 30, The civeudar ré:-;duspaq ue beading T4-caw be substaniially perpondiculsr o the contral

k~

axis oraliornatively | b ﬁcs;m i o thecentralavis: In another aiternative cover age-confieuration,

N ot

the beading 14-0n be clongated stripy of fadicpanue beading radially spaced showt the central

axye o the devive Hh
(U35 The devics. 10 can be & tubular member made froma wrafl material which pan he g

aon-metaitic material, Preforabh Y, the grafl material is expanded polytetrafiuoro cthiyione
(eI ITE}, bt alietaitve nonemeiallic materials avepossible for form wmyihe device 10 such 4B,

ror eample Daoron, golyester, polvtetrall 1:{0;{&3;1}1%}{3{1& (PTERY, ePTFE, polvurethane,

l

poivurethane-pres, siloxane, and combinations thereof.. The matérial can Includs additional
aciditives sueh as, for example, bio~-active agents.

0361 To form the device 14, the pos-metallic nusterial is 81 mf%}rzibig formulated intora
resin ov paste which & then oo £§‘;pf§?.’t3~$§3 d awithin a eylinder o form hilletiofihe materisl, for

v

exgmple, anePTFE billet, Raostos o differen siaterials o be alve b comibined fo forg s resin

coinposits having varibus dosived properiie &g, for example, theePTFE fesin can hé g ned with

ayaroxyapatiie (HAS 1o produce & matettal has *1;3<“ mereased bivoompatibility and MosoHvity.

‘e
.

he: bitiel txthen preforahly extroded and cured ® form the tbular member 10,
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{08371 [isposed about the devige 10710 spival configuration Is the radiopague heading 14

!

Shown o FIGL 2 fva oross-sectional vew of one embodiment of the sadiopacis bead ug 34, The
radiopadue beading 1445 preferably réttanonlar i crogs-Section 1 provide the m Axinmun eondact

strdsce K coupling 1o the device 10, Altemidgiively, the beading 14 can be any other geometry h

.

crosswsechion suchas, for example, cirontar, ovad or polygonal, The preferred sross-sections!

arew of the beading 14 Is dimensioned 5o az o have a length Tanging {fom about | millimeter 1o
SOW 4 malhneters and o width ranging frontabout 160 microns to-about 300 microns, More

proferably the crossssectionsl area-of ths beading 14 {5 dimensioned so as 3o havea e oty of

abvout 1 miilitasler and g width of about 300 microns, Preferably, theelo mza.m side of the

Ymrr,

beading 14, fnoross-seotion, forms the inferfice bat tween the radiopague heading 14 snd the

deviee 10, I another preforred embodiment, the beading 14 15 substantially cirenlsy fg crogse
spction, and e dlameter of the beading 14'is preferably about 0.67 millisters,

T 3 SRR ¥

HHB35] The radivpague Beading 1418 pro aferably made of 2 BlocSpatible polvoreth ke

a o “ “

ragterial Suck as, oF exaniple, Carbothane® PO-3573 by Noveon, Ine. {T

:mc-:

Hetmedics. Dvigion)

| 3
VISR

§  (levelsnd, OH with g Battom Salfite salt embedded in the poivirethane ag a radiopague sgent.
The Carbothane paumzbiv fias 7 72 Shore D hardness and the Bartum Sulfae i 3 prosent at 20%:
byowdpht, Generally, acongentration of Barium Sulfate & gredter t?mn 1% is salficient to.
provide radiopacty. Prefer im the conceitration of Barhan Sulfite In the hei ding v 14 TEREEs

.\"-ﬁ' , R s ‘- t‘\. W Ly 7 TR ~u°€: .. o " . 5 ﬂs*' RS "’ T T v
TG aonnut. x:.{?f’“ 3 i apdast 4{} i 10 32 \}\algi% ﬂ“k? 3.3«',11 {;}ﬁ;}{:ﬁ}ﬁ Y i:*ma n u... 4 ih 23 mimp,j,,i{& bead 138

53
ird
¥

s b mads hom other Mocompatilde polyimsrs such as, for skam: ole, Diacros, polvester, PTEE,

N -

o e, pedvearbonates, polysulfons, polvethyviens, polyprovyiens, }f‘f}i‘b urstiane~-ures, sthogans,

st combindtions thereof. T addition, aiher materialy can serve as the radio pagic agents sush
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]S, f( X ?3&&11?:’5310., {8 Zﬁ%}iﬁﬁ}g inngsien, 'g’(ﬂ{,‘i, stivey or.Othey metad 3}{: g(}'%?ﬁii‘:};;s' OF 5aits such 83

it

saleiim ar HA s

yr' 24

HIO The radiopagite *’iﬁa{im o 14 is p*ef&, mb?. forment by exivusion. In ane

o

™

emmbodument, the Carbethane PO-3575 nvaterial and 2006 by Barlus Sulfite ave combined i a

CONPISHE Tesin or PAste frrwhich the Barium Sulfate 1§ proferatily

Rt

aispersed thronghout the

]

gﬁi}.i};’i&’éﬁﬁﬁi’ma stevial. The edmpostie paste i preferably Toaded in a pross device

(.'.l

0 COMPIES

the ratesial mnte arbiilel. The'hillet s then preferably extruded to. formy the rad; HOPRGUS

\
L
\

polvarethans beading 14,

PURH The polyurethane radiopague-beading 14 can be coupled to the devics 1046

=y i‘ %\ . ."-"'5:,.-' ‘.‘: \ “+ . 3 s a . -y ;:-n.
oduse the smp tavitable peaft with rattiopagoe markey Shown WP 1L I apreforred method-of

°

/A

q{

coupling the beading 14'to the outer surface 12 6 the devide 10, the béading 14 & preloaded
onfn e outer surfes 12, More specifically; the be ading 14 i }gi aced undsr tension, preforahly

aveut-3043 grams of foree, aid then te beading iy wonnd throngh ¢ selution of solvent ghout the

-’

sutar xuﬁ ace 12 .of the gralt whick can be temporarily mounted © a.mandrel. Proforably, the

spacing between adincent windings of the Beading 14 is sbouwt | silfimeter o ghowi 2

pastingiers: As previoudly noted, the y elongatid side forming rihe recltangulay crods-sections! sres
of ihe beadingis engaged Ot coupled 1o the outer sueface 12, The solufton of solvent &an

dissolve polyuwethans, and therefore when applied o the beading 14 in the Wapping pracoss, the

’uu)

stlvent can forin o meechanical bond Bettveen the heads ing 14 and the outer surface
¢ subvent s tetrahydrofuran £THF) but other aprotio sobvents can boased. The

solvent i prisferably applied by any suitable tocky] Hque ach as, spraving Or vodting and

$.f"

preferably by pudling the'beading theopgh a solvent batl, Thereafiet, the solventsan be

subsegpently removed by preferably post-curing the assembled device 10 and beading 14.

.
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{041 FRG LA shows g Huoroseapio or Xeray view of the deviee 10 with radiopague

piiywvethane beadiig 1. The radiopacity of the Seading 14 is manifested in the fnaging of th

beatd 14 contrasted with tis ‘éf?:{iﬁ{;i?&glii,‘ié 1 outer sugtace 120f the deviee 10, Conssquéntly asfong
gean ovdinary Observes can determine that the lines provided by the sadiopaqué beading I4ina
Huorogeopic disglay mediam bas » darker or higher contrast image thaw the remainder of the,
deviee 10, then the vasiopacity of the beading 14 would be deemed do be grogtor than a minimum
fewe! neoded for the seading t funetion as a radiopaque markerin & mammalian boady,

5&13*’.&'&31:‘«@&? 2 madhing vision with the *‘hdm 0 recognive diserete ovels of contrast canhe

withized fo provide gn objective tndicator of the effectiveness:of the radiopacity of the radiopague

boading 14
I{i?;.@}:iZ? Thebegding 1418 preferably mounied orcoupled o the device 10 by winding the

LY
X

pelymeric beadtng nader {ensionon the surfacs 12 of the device 16, The beaded prafl nevenbly

pary then be spraved. with.a solvent such as, forexample, (sirahydrofivan foan amous sufficlent

.3

sedvent to dhere T behding fo the surface but not disss hfz ag the veading,  Alterngtively
beaded gralt sssembly 14, 10 ean be dippedd in the salvent.such as eirahvdrdfuran for Sve

secpms 10300 seconds, more preferably In the range of thirty o sixty seconds. The beaded gt

L J

sRgen Eﬂ ¥ 15 yemoved from the solvent and ihe selvent iy preforably evaporated by alr drying.

The bended genitassembly is preferably dded i oven at 70 °C for taelve houts fo ramove the
!

solvent completely. The short dipping tine iy preforably desined to bond the beading to graty

v* : = ‘- % :

surface without distolving the beading Sompletely. Otlier solvents such a3 acetvng, dimethvl

C

acetanude, dimethyl sulfoxide, nvmithvl perroll dinope, dioxane may aso be altematively used,

Solvents that evaponite: &psaﬁi ave most preferred, and solvents with botling point below 70 %¢

ave furthermore preforred, In certain application, it is preferble o provide a beading thatcan he
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pecied dasing surgival toplantation. The sctlwm bonding ne thods deseribed ahove ORI avwide

QQQQ

removatile beading that-can e, eastly peeled away. More specilically, the solvent bonding

inethiod can faeilitate smanial separation of the beading andthe eraft material Gpoly application of

: ]
n %

an dppropriate orce, However, the bead peeling can vectr without substantially duinaging the:
graft furkhee. Again siord spectfivally, the boad pesling. CA PrOGIess SO a8 tor sepavatea porfion.
of the b&;aﬁih y from the 543 aft msterial without disturbing the bond betwesen the gratt material and
the remainder ofthe beading,
{43 Another preferred om bw%m«m* {’si the radiopague beading is shown in FIG. 3
wtwhich the radibpaaue beading 14" includes an suter lumehal layer of ton-radiopaged matiial
16 sarrounding 2 tadivgiie ogre 18, The outer Iver 16" ix preferatdy ePTPE so a8 0 provids an
e ITE beading 14° with desived pesling properiies as is providedn koown beaded products such
8, for example, CENTERPLEX® grafl DYy . Bard Pmiphe?"  Viaseular, Tempe, AZ, ’Sﬁivrmmiﬁ‘ﬁ}gg

ather polymeric siaterials can be used o forin ashell to which the radispague agent san he

doupded 10 o disposed withit., Such-as polymeric misterials nelude, for exariple, Pacron,

3 ? *"}":‘i AT Ay, . 4 3 .," .:'tf.?:' ::\ b8 Y . : o o,
posywsian; poivwretiane; PUED, polyedrbonates, polysulfone, polysthyvlene, polypropyiene,

potvurethane-ures, stioxang, and combinations theveof The radiopague core 18 is preferdbly

;" iy

M

W by waightof Barmum Sulfate saltmaterial, Alternative ¥, the radiopague oore 18 can be
made from sther radiopague agents inctading mmdz i, tongsten, 1, gold, stiveror other metallic

powwders or salts sueli a5 calcinmeor hydroxyapatite {3 m adt,

RUEES Although the ePTFE beading 14° canbe made tz v variety of suitahile techaiouss,
A grefirped fechnique Is déseribed ds follows, A compounding of & polmerie cofpoting i

I'

genetsten by silling PTEE resin with a suitable sioomit of hibricant sach as; forexample, Isopas

30% by weight ofthe PTFE 1o enable the PTFE to. flow through extrusion eqa pmens. Fhe
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combined FIFE resin gnd Tubricant are then placed in a shaker device and shaken so that the
fubrieant ooats and penptiates sach-of the PITE resin particles.. The thor ughly miged
dofnbinution of PTFE resin and lubricant it then facnbated fa a varming cabined overid ehisvhich

iy maiiained ai a femipurature of approximately §5 deprées Fabrepheit (85°F). The thcudation

pering Is beleved toullow fot a funther and more equil dispersion of the fabiicant throughout the

PTPE rosty,
MR H desired, the PERE regin can be further mixed and heated with ofher suitable big-

aolive matersdl a8 pavd oftan optiorad coim ontieh 0g PIess: For exam ole, the PTFE sesin v be

;

compotnded with a spitable hydroxyapatife (HAY material 1o produce 3 Peading matsrial for
woreased boconpatibibity and Moae Bty s order to, forexample, pr onivte endothsiial ¢g
growth for thereduction of intimal hyperplasix

{6046} 1

W F T resm o #s compound can be preformed into a compressed cylin wler by

wm\, ST process Meps, First; the resin'ean be potwed into an inner barr elofa prefornier by

ditvoting if tirough a funnel which is fit 1o the outside of the toner barrel. FIG. 4 iHostrates s
preforrad embodiient ofg divided preform barrel 40 which can be tsed ih preforaing o reshy

.......

eylindrical momber42 anoptional inner hollow oylindricsl member 44 and a conival solid
ovlindrieal member 48 The imerhollow eylindrical mexaber 44 can be conesttr teally contained

within the suter holow eylinddoal member 42, Details oF asinnilay Arocess avy shown and

sescrsted 1 ULS: Patent Mos: 5,827,327,'5,691 943 and 6,190,590, sach of which 1§

wcorposiied 1 8y entizety by refbrence,

3% o P T BEEHD . 0 :
T The PTFE resin can be poured within a fest ares 32 locafed Detweon theouter
"'§-§;r g ;:}&\; Aty *g 3 oY '{ X :’,_i‘} e I:"*{ N I 3 o }‘1‘ § <> ':I" ¥
Bottow ovlindrical member 42 and g a0ld eviindrics! merber 46, The Bretarea’$2 aannbe
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’ N

divited by one.or move nper mombers 44t define s secondary area. 4R forreceint o of g

rPROIR material such ag, for s xmmic,, a 20% by we ighit Rarium Suifats cornpdund © forny
the radiopaqud corg 1§,

$HE kY i ong ol the freferrad embodimients, the outer hollow dvlindrizal member 42

“enrs

AR

"’ufl .

X rading groater than the sadiug of the nner hollow syimarical momber-4d, The diameterof the
componenis which form the preform barvel 40-will vary depending on the size-and type of graft

that is being produced, A ;;31“ erred embodiment ofithe o mi‘f}ﬁ 1 barrel 40-can have g radivs of

'\

appragimEtaly | {5 inches. The secondary area 48 botween the i nuek holliver oyludrical mierivber

%

44 and the contral solid dylindrics! membér 46 can have § radivg of appréximatel- 0,38

v

P the inner holow gylindrical membe 44 can Im,,\*& A wall thickness of approximiately §:07 inches,
i? ti ™ - -{' AT %“":}; g % i s ‘§ .:i‘-,‘ T PORMPITR . RS i ) g i iiu} XY g ,§$ d v i ey a3 o gn o i PR TN
and e Tetareg 3¢ osated tetween the puter hollow eyimndrical member 43 and the nned
wilow eylindrical member 44 can have & rading of approxmnately O.6dnches.

{BER] Alevnatively, s *a;‘szssmqm pasie or resin-can be pmzai% cor fully etbedded Ing

aX

pantion of the inper surface of the PTPE rédin without theuse of fn Tunee divider nienber 44,
15 Thesadiopsque paste dan be formed from » tatahun powdey. For example, the radivpaque paste

can-be formed: fotya sty percent {80%) tamtalun paste combined with an ePTPE paste,

Additionally, other suitable materials can be wilized to Torm the radicpague paste, for sxample,

<

goldar thaman,. Further in the Qiternative, the radiopagque paste can be formed Hrom o Batiun

Sulfife ndxtuie. For exaviple, the radiop ague paste can be nchade an ePTER paste nixed with

<3 twendy ooty perdent (20-40%) Bartuny Sulfaie. To g profeired enmbodiment, the radiopague:

N o o

pagte 15 Hormed Infean elohgated sivip thit can be disposed dlong the lengthof the fnnde sliefie

7

fthe PYTE resin, Allanativel SRR dition o, the radiopague paste.cars formy & ploarality of

racliopaque slements that can be aligned alony the fover surface of the PTFE reshy along it
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tength, The *adiopa{; ue' pastg-can be formed inde any shape orform, For example, the paste can

be formed.al sutures, fhreads and other small pleves saeh as disks Gisposed anywhere within the
PTFE resit, The oo of bi\\i‘\"awh strip of radiopaguie materis] embedded in thelnrer

surface of e PUTE resist can provide the radiopaque core 18 1o the opérator viewing the

S besding 4 under fluoroscopy.

NEIRA The assembly of PTER resin and mdmt‘taqnv paste markers {s preferably
conpressed to-form.a billet. The muterials ave comprossed by placing the assebly fnto the
"'2

refiitin barrel 40 owa sultalile press surh 4% 1s shows, for ’t‘:xamyiﬁ i FIGE 3 of ULS Patent o,

JBIT.327. Thepressused during the compression of the polymerio compound iz driven by »

N,
22 0AN,

suilable power dedve, witich foteey a.top membet Woward & bottom member o compress the

o
0! 13

%' o

asaterial within the divided proform barrel 40, Hollow ¢ 93 Tindrical tubes of varving thickness are
used toropimpress the roaterial within the-divided ;}rgii}r*n barrel 40 by slidably reciproceting
sroind the foner hollow {:’«;m{ﬁﬂ 6l midmber: 44, iht: outer Hollow o viindrical member 42, and the
Serey m}\m cyiindrical frember 46 of mﬁ divided preform barrel 40, Afiebs cofvipfessing the

materialy contiined within the profonm bawel 49, the inner cylindtical momber 44-GF used), the

. .
[
a

owter oyiindrieal memnber 42, and the center solil evlindrical member 485 of the divided wreform

» T

B

barsel 40 are removad 1o, 0btain a compressed oviinder or hillet of materfal, Alemativel ¥, ihe
dividers within the proform hamrel way be removad prior to com ression, without disturhing the

‘I

nterfscy between the different componnds, and then comprossed 1 forina hiller DY extrusion

reA v

L 1A § Lheopniprossed eylinder o billet having an ouler PTFE layer and radiopague

1!.:

core 18 preferably so-sxtended vina suitable device sueh as, for sxample, the exéudershown &

\

PIG. % of UK, Patent No. 5,837,327, Briefly, the compressad oylinder of material ix placed

o'ﬂ

withinan exdrusion barred, Porce s 1ppi1~f:d ora ram, which i turn expels pressureon the

- Igm
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o gy

eompressed cylinderof material, iim pressure canses the compressed oviinsier of material 4o bo

. Wy

astruded through.extrusion die and dssue as ubular extrudate o' beading,

{0RL} The ¢FTFE radiopague boading 14" can be bonded vr coupled to.a graft deviee 10,

e preferced method Tor bondin 2 the sPTFR radiofadue heading 14/ € a pratt deviog T, gPTEFR

222
N

heading 147Crn be Woapped about the gisft device: 19, Thegraft 10 and beading 14 can be
suttered ot @ temperature fo fuse the beading 14 with the. graft surfaces 12, The sintering

S

iomperattres cant range from shout 396 2C to about 380 °C, and mci&n,tb?v Yoy about 355 °U o

{HOSS) PG, 5 shows g erass-sectional view ofanothet embodiment ofa mad PR
1§ eading wiappen abaut o graft device 10, Mo :;s;gﬁ;:c-zhgsaig;g shown 3t Flgure 3 18 2 erosy-

'y '

sectional view of @ radivpague beading in the Sorm of gtape 14" The crossseofional arca of the:

ma:émg Y proferably s rectangndar and is further pr eferably dimensioned such that the fspe-1a”

‘u

,)‘s

about 2 millimeters wide with a thickness ranglng from about 160 sicrons to about 150

Wo b

>

mitrons. ThHe tape can be formed with 4 preforved coniposite rhsibyof bty 0% Yartalum as &

1§ radiopoque agint and 40% PTFE of poly fneris nriterial. Altemmatively, other polyinetie and

rediopaee agentys ciy be used. The fadtalunt:and PTFE composite is preforably extruded ang
expanded three times fo forp the radiopaque tape 14" "Further in the alternative, an wunexpanded

c"ﬁ- -

¢ can be-employed. The unexpanded-tape can provide more radio~opacity as compured fo
exparided 1ape présuimably due & reductivn of denisity of radio-opague material, ThHe tape [4% {8

o

device 10 by wrapping the tape 14” about s geaft dovice

c’d

lﬂ.b

2 proferably bowid or coupled o wgrstt

:f

t8.and sintehing the assembly to fuse the radiopate tape 14 {0 the device 19, The tapd 1% 4s

preférably bound fo the-device 10 by sinteting the dssenddy at 340-380 °C, proférably af 355°C
1 30370 for U310 § muinules, and preforghbly for 142 minutes.

~1G.
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(B339 Althongh the graft device 10 'has been described in relation to speoifio ¢ exaraples

fiofndabove, i =§ ould beemphasized that variations in the configuration or oo iposition of
eFTRE; Yadiopaque bedding, dod othed desiin parameters can be mi!uw with the DTA ot devies 10,
Fovesample, referring ¢ FEGE. 6 and 7, shown e alternative rabodirachiy of ¢ graft, namely

vasculsr bypess grafls 200 and 300, Gralis 200 fmd 300 can prasetdblvinciude abelipally

-

wound mdio pague beating (not shown) bouad o the onter surface, Vasoular bypass gralt 2001

configsied for desived blond flow characteristicy for applications above the knoes; whereas

\a
raff 304 i configured-{or blood How chavdeleristios below the koesl Regordiessof g

stroctural conflgnrations atd applidations of the bypass wrafts 200 and 300, the grafls 200, 300

"Nt

can be preforably formed by extouded ePTFE material along with a radiopague he ading 204, 304

hat 1y, a radiopague beading can be bonded by sintesing or sobvent bonding 1 ot least one of the

>

Huminal and ablswinal surfaces-of the pralte 200 or 300 Additional m&m&i s of various grafls

B
are shows wid degSeibed ju ULS, Patent Nos. 6,203,735; 6,839,735, §700,226, each of which iz
micorporated in iy éntively by feferenes.

LHIRRY, Shows ip Flgurs 8 iy a preferred embodiment ol an implantable prosthesis deviee,

Yt

RS m erably u stent gralt 100 having an ouier surface fayer 102 and an Inner faved (not

<

shows) defining a central.axis toengage, for example, a stennsis. The.stent gralt 10D and fts

(rafor stirkaee 163 r*reigm;i» define asubs ;:a:r.&tisizi‘é“y tubular hember ghiout the contral 8xis Q<A of

{h caa o

the device 160, Praferably, the davi o3 Hit dmm. 5°a Substantia

by efrohiar cros-section

 lolala &

perpendipntar to the cepiral axiy A-A, although othérardes-sectional potmolrics are possible
suchas fore ample, reetangdar or oval. The deviee 100 is proferably configursd for migration

through w blood vessel 1o sngage, for example, a stenosls,
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{3055 The stent geafll 100 proforably has 2 beading 104 to provide structurs] rigicify 1
the stent 100, More proforably, the beading 104 tngludes or s coupled fo 2 radiopagus agent to

form & ridiopagie beading 104 W provide sn aperatod with g viseal lovation or orisntation,

» a .. \

1y implantation of the implant 100 in ¢ blood vessel. The

ndicator during aud followi

?i‘al

12y

radiopaque beading, 104 18 disposed within the gtont grafl 100 so as o sobstantigdly cfrcamgoribe
the ventral axis. The radiopaque beading i preferably disposed between the inner and oujer

tayers of the stent gralt todefine the contours-of the device 100, The sadiopague beading 104

forther profuabd

Ay forms a continasus wiapping about the central sisofthe device 100 so.us

Brma L{}lﬁm HANE {:mmu,. fng OR e outey swrface 102 of the deviee }\}i} SHematiee m . the

?

radiopagee besding 104 can-be foiined by 2 series of segmisntd aligned sbout the vuter surface

¥ :
Af
(¥ 7 A

107, Pugtherin the sliernative, the radiopague beading 104 canbe famed by gopluenlity of

)‘

individual rings-dimensioned and configured o be disposed about the device 108 and spsced

apart along the vessteal axis. Faokt of the phurality-of vings con define s own gedmetrie shape,

for pxample, g iy of bmémg nay besubstdnd aiiiv m.mismi& ¥ or eireular so long asthe nn;,

i3 definos qyufiicient tterstitial space w bedisposed about the de vice 100,
037 The radiopagque beading 104 is preforably helic ai) v wound about the stent graft
100, The helival wiapping of the radiopaque beading 104 can maximize coverage of the susfhee
12 while mih i‘?’{i‘i“ the-overall surlico aren of the :bﬁsaﬁi?;?,‘g 104 therel Y siininyzn 1 the condact
Between the device 100 and ady sheath used to install the device 100, The beading 104

20 preforably definey die Hne'dontatt or dontatt surface of the device 100 when jnsered in, for

sxample, & Uehvery sheath, An exvinplary dedivery sheath indludes FLUENCY® by Bard

Peripheral Vasculae, Tempe, A% The minimized contact between the devite 100 and the

]
ﬁ:‘lﬁ
(r
;,z‘..,

t'

A

Hvery sheath-can minimize the foree reguited to pull the sheath overthe deviee 108 dusdng

ca ' 'v
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implantafion. In addition, the preferred continuous helical wrappin g beading {04:provides

contour s that provide additional visual cues to the wer ditting and after mplantation. Fey

exatmplel oxd witwisied ihplanied devics 10 with prefertad ?’«-zdz opagae hfading 194 ﬁiﬁ}iiﬁzg?f}*

“.

appears.as a series of prraliet lines dloug the cefitral axig of the deddes 100, Conves sety, any

twvisting or bending in the devies 100 would a appear as converging lines in theradiopaque

w

beading 104 Other voverage configurations for radiopague beading 104 canbe emploved such

» \‘

a%: for examyple, foring Sstinet clrovlar radinpague bi’i‘ei‘}‘i ¢ about the outer surfee 102 alopg

’J’

& . - :

axial lengthvaf thedevioe: 100, The dirvolar radiopade beading 104 can be substantially

\\\\\

perpendioniay fo B conleal agigor alternstively b obliqis to the centrsl axis, & another

alternative coverage configuration, the beading 104 can be slongated strips of radiopaque

beading radially spaced about the contral gxis of J;e device. 100.

{05 Referring 1o Fig: 9.5 fuoroscopic or x-tay hmage.of the device 10U of Fg. 8 {s

shown having the fantatint 60% and PTFE 40% beadin g 104 through & 15 millimeters alundnnm
plate, The plate 1 niilled to stmolaethe depsity of biologicnl fssues by interpoiition of the
plate {nod shown) between the fluorascope and thesubjsct graft device. The radivpacity of the
beading 104 i manifested in e imagingof the bead 104 contrasted with the radiclucen wouiey
surfacs 102 ofthe device 100, Con sequently, ay long us an prdina wy abserver can determine thay
the Hoes provided by thradiopeique b{a‘z{fiiﬁg 104 in & flnoroscepic @mpsa\ medius has adarker
ot higher contrast iriage than the remiinder v the device 100, then the radiopacity of the
beading 104 would be-deemed {o be gheater than & mininus Tevel negded for the beading w
funciion as p radippagoe marker in 8 mammalian body, Alernatively, 8 machine vision with the

v

abitity 10 reco RIS disorete levelsof contrast-can be utilized to grovide an obiective indicasarof



CA 02626601 2008-04-18
WO 2007/056762 PCT/US2006/060704

the effectiveness of the radi opacity of the radiopague beading 104, The tantalum beading

deperibid abovepanalse be visible to the naked walded bumar gve.

Ry Shewst in FIG. 94 §s acooss-sectional view of ofe smbcdiment of the device 100

wit stent 101 eacapsuiated by nner and outer ePTFE matgeial and thé radiopague beading 104
S The radiopeque beading 10471 nm eratty rectangular In erogs-section forprovide the maximum

contael surfaee for soupling o the device 10, Altematively, the beading 104 can be any othes

Ia'h

goometry in erosseaection suchias, for exan nple, elreular, aval or polygosal, Thepreferrst eross-

W, o

duviensioned sa a8 o hive wleng L of ranging from shoat 1

~ St

seetional area of the bending 104 is.
asiilimeter (G abovt 2 millimetersand a width W ranging ot showt 100 wilcrons fo dbouyt 500

10 micrds. Morepreferably, the dross-seotionad areg of the beading 104'is dimensionad so-as

‘\
}

. ) - v . , o - ,: ’ . ot 8 - o . et S .. . ‘. o
frave a length £ ol about Laillimeter and a widih I of about 500 micvens: Preforably, the

‘r

clongated side of the beading 104 forms the inferfhce between the radiopagque brading 104 snd

" 0

the exievior sirface 10208 the devies 100, v another preferved embodinent, the beading 104 i

by 08

>

substantfally clrdular n Crossesection, and the diameter of the beading 14 I preferably about §:67

‘a.

190 millimeterss The radiopague beading 104 can be formed by vatiety of technigues Tucluding
extrysion, injfection molding, solvend casting and thelike.
{HESH “The «ﬁﬁtﬁi’s‘lﬁii.;:{;;m que beading 104 can alte be made of a Boo ompatibia poivarsthang
wienal such as, for example, C arbothae PC-3575 by Noveon Ine, vr othey polyimene shell with
g Bartuny Sulfafe embedded inthe polytrethane ot golvmerit shell as a radopagque dgent. The

20 Carbothans material proferably Hasa 72 Shore D Kardd oss and the Bariunt Sylfite is prosent at

(m}

2096 B

i's.)

yoweght, Generally, a concentration of Bavlum Sulfate oreater fhem 1096 x suificient to

provide radiopasity. Asg shown in B gHre > 12,8 polywrethane beading withrabowt 30% Bagium

»

0..'0.*

fote added kontilived In @ spieal configuration about » stenteoraft. Profershly, fhe

» h
AR

”
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concoiration of Bacun Sulfate inthe bes tcinm 104 ranges Trom about 2084 4o about 4084 1o
provide the amo;,aca*v

WB6il Referning backto FIQ. BA, the radiopague beading 104 can be fade frohy other

30T NS IAPIE R g 1A " TWLLOMEE RIS Y ey S LKL o FIRE I FAPTOO ' rdronye "N k3 3
stocompatible polymers such as, Hrexample, Dacron, polyester, PTER, oPTH By polvearbonatos,

& polvantions, polvethulene, polyp: opyieng, polynrethang-urea, sifoxane, and comblnaiions
theveoll In addition, other niaterials can servirays the radiopague a agents suelt fetor example,

THE S T polyieric radidpagué beading 104 is preferably foraied By exitn SO E

ginbodiment, the Carbothage PC-3573 material and abowt 20% by Baviumn Sulfate are cotnbined

I 2 composite rosinor pasie in which the Barium Snifste is preforably subst immi evenly

1 ]
N "{.ﬁ.ﬂ.’&
o \’ :': 2

dispersed throgghout the polysrethane material, The composite paste is praferaby Foaded Tna
presy devios © compress the material imea billet. The hillet iy then preferabily extruded 1o form

the madiopague polydrethine boading 104,

s ‘
HHH3] Thepelyurethane beading 108 fs preférably sobvent bohded to theeBTEE s surfacs.
13 Althopgh wany methods of bonding such as siriter ing, beat meling can be used, & prefored

tonding method dnvy vives the useof sobfvent forithe beading material, Fovexample, Carbothane

FOL3573 &8 soluble in fofrabvdrofuran {Nﬁ% THF is relatively fow boitin g sabvent {ho dlink

;O

§'

point \f{}"{‘* angd dissolves the [y wthatie sio w‘h I a preferred method, o frst & ayerof
ePTRE envapisulation matorial (106 micron thiok, 10-40 micron el distaned) is mounted on
20 the steel mandrel and astont is movated on'the ePTPE encapsulation } Myer. Thorddiv-opayug
pobpurethans beading containing 2846 Rarium Sulfate s preferably soivally wonnd on the stent,

Alternatively, other winding condt guratons van he used. Preferablyv, a second encapsilation

membrane ¥ mourded on e beaded stent. The entire assemblyis dipped i a long mes BRI
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eylinger préferably sontaining 200 milliliters THF so a5 to. exposeall swriace of the stentorsst

"3

gesenably todhe THE. The gssemblyean basy BEO0 sed w0, THF for 30 seconds to-5 mimites, moge

‘g}l’:‘.’:}'ﬁ.i“&ﬁﬂ}’ 007 avioute Theexposwes thme is conteolled so.as 1o pernit bondingof pobvirethans

Deacing o the ePTFE encapsulation }W"’Ib withoist substantiadly dissolving x ihé beading materiall
After the dippin g, the hedded ag thivcan betak kenontand air. dried ford > mines and'then

s

"N s‘-s !{ ot 2 {\ "“t' ; . T y <
Griss i oven oy 70 "G dor 1 hduvs, B ihe oPTFE encapsulafion matesial is sintered, fo

L N SRR T S 3 b T TR SRUSUNE: T IPTR WY, I, TR R N ) :
additional sinforing stepsis needed, 83 ihe polyurethane begding holds the encapsnlation buers

L

{3643 Ancther preforred cmbodiment of the radiopagne beading 104 I shoviy i FIG

RS radiopaquebiading 104 having an outer iwmiml lgyer of non-radiopaque material 116

surronndibg aradioghie-Sore TI8L The'puler aver 16" is preferably ¢PTFY soas o PrOVIGE an

ePTFE beading 14 with desired yesim properiies in known beaded pmﬁuc xgch as.

a a
0° .

CENTERVLEX® fromm Bard Peripheral Vascular, Tempe, AZ. Aliemativaly, ofher polymusis

materialy can beused o form ashell o whichithe radivpaque agent can he cotpled to o

L 4

dispesed within, Such phlvmerte matenals 3 fielode, for example, Dacron, polyester,

.

e pUlvearbonaies, polysuitone, palyvethyleng, pody ¥irnpvlene, poivirethane-

‘\'\'\
Yo

mivm siiane, ¥1 ¥

A g

wrta, silovane, and pombinationg thereof. The sadiopague core 118" s pweferahly 30% by weigih

o
-

18 can bemade from ather

’fcnl

of Barhom Sulfale sall material, Allornplive by, the radinpague core

radiapague-agents Sneluding tontalum, tangsten, poid, silver or other metallic powders o Salis

e

such ab faleium of HA salt The sPTER b adinig 104 can be mads by a varety of suitible

a
a
v . . ..

Techntiues, such g, [0 siample, by sktrniing of éPTFE and 8 suitable radiopague material, 8

deseribed earhier to form a tubsldregiradanie or beading.
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13065 Altgrnatively, a radiopague paste or resin can be partiadly o fally embedded in g

z..i“"i'LQﬁ of the fnner surfve of the PYLEE

o o @
$ %,

resin withtuit the use of an ey divider member 144,

Ve radiopay & ¢ats be formed from & tantalun pawder. For exaniple, the sndiopague paste:

o o‘*_.-__

can be Formoed §r a1 A sty pvednt (§0%%) fantahumrpaste combined with an ePTRE pasie,

:

b

Additionally, wthersuitable materials cun be wtilized to form the radiopagoe paste; for exanpde,

u'§ -
<V

NI AT v gt e "
goidor titanium,  Purther iy the aliernative, the radiopague paste can be fwemed fom » Barlum

Sulfate mixhireg, Forvxample, the radiopague gaste-can be include ay o TFE nasis inived with

Uli

about-fwenty fo about forty perestit{ (F0-40%6 ) Ratiuni 8 z§~ais;., I 2 preterred smbodiment, die

ragiopague paste 18 forned bito an elongaled strip that can be dis posed aleng the fonath ofthe

Yoo
el n

" ‘ oot FHage TRTPCEFYLD 1 ; N
P inher surfaceof the PTFE redin. Alemative hvorin addition to, tha, radiopacue paste cav form a
plurality of sagiopague clements thatcan be al higned along the rsatface of the PTEE resin
atong s length. The radia praque pasteogy be formred dnto an y shape of Torm. For axampls, the

pastecan be formed as suttwes; Hirenils and diltey smail preces sueh av disks disposed anvwhere

vithin the PTVE resin. A gicfernbly com Honoys of elongated stiipof radiopsque mzterial

&

L

) e

cabedded wihe nner surfiee o the PTPE resin can provide the radiopague cove I tothe
Gperator viewing the hea ding 104" under fuor OBCORY.

{B868] 8 -f¢fmg o FIGEU 1L 114, and 118, the stent graft 166 ean genefally inclnde »
tubnlar member 112 having an interfor surfice 114 sid s exierior surface 102 which e
cortamed hetween first and secohd e 18 120 The tubular membet 1 IR Prefombly sz:cii,zii,;rﬁ; a
20 halloon of pressue ¢ expandable tibulat shaped support ame oramember 22 whic is loaded aver
¥ st bocompaiible fexible fubular mentber 28 that 15 hold ona.mandre o (not shown), A
second biocompatible Rexible tulnidar member 26 s then preferably foaded over e fins

bincompatible-tubular member/support member combination 22, 34, Thetubular shaped support
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memoer 8 prefovably includes 8 sicut simifar to that deseribed in U8, Pai. Mos, $:738,.665¢
§,053,941; 6,053,943, 5,707,386; 5,716,393,.5,860,999; and §,572,647 eashiof which is

ieQrporated Inats enlitety by referencs. Thestent wilized for the monther 2 24 van be balloon

S

Pt

ek pandabrestent, seli-expanding stent or memory-shiped plastio sient. The tebular i enibers 4,

¢ o

2 dbar proterably Tused fogether R ehidapsulate the sapport member 22,

T The tubular mombers 24, 380F stexd-graph 100 are prefecably formed by

I

s,xmdn‘z a billet.of expanded ;:se.siy otrafiuo cwtm iene (e PIFE).  Aliematively, the firgtand

oqt “

sacond bincompatible Sexibie tubulnr members ’34‘ 26 mhay also be made of unexpanided

L
v

’JJ

"‘-’.’3

polytetraflucmashylene s {ePT TFE). Forther, the ;ﬂz essure expaddabie wbular shaped support

SIEAL
“aamr

mmieniber-32 may Be rhade of sy material having the strength and elastigity to permut radial
Spansion and resistradiad eoltapse sach as stiver; titanium, slainfess steel, gold, snd any suitable

plasticmateril capable of mainiaining its shape and m&%@rirﬁ properiies st varlous sitering
h t . ) } X . W \&:.?

L S ace, T ; Ty » - " -
femperatures for FTFR or oPIVE, The tubilas members 2 24, 35 san furthes atfernatively b

fermed fron other Bovi-metallic mintérialy stich as;. Sor SXRmPIe, Dacrdd, polyssier, polvirethane,
3 pob m‘izﬁiz&:-fi’:é%’f;:{m‘a,, stloxate, dnd Corbivations thereof. The materiill can include additional

addi m ex-suchi-as, for example, biosactive-agents meiuding hvdroxyrpatite (HAY 0 srodues g

miaterid having incressed | piocompatibility and bloactivity. To form the tubular members 24,236,

e nomrctailic materiad 13 preforably formudated Inlo 2 resgvor paste which by then cotapressed.

within g-eylinder to form billet of the metrial; for example, 2 ¢PTEE billet. The hilletds then

:w+ ot

A profesably extrnded and cired 1o forny the tubular member, More prefembly, horesin
sermulatioh; comptedsion and extrusion téchaiqués o formithe tibalar members 24 28 are

substantially shinilal fo e technigues for-forming the radic epsque beading described above,
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thiithg shown io FIG B i o prossacetional view of the stent graft 100 of FIG, 11

priorte fu St e graft ortubular menibers 24, 2610 thé exvansion member 22 to orm the
evice 108 The first Bloco: mipatible flexible fubular mémber 24 fitms the tmermost faver oy
fnnkinal surfzee of the ster gradt 100, and further defines the humen 28 of the steny graft 100,
thereby providing-a smooth, inert brocompatible blood flow surface. The habular suppont
membey 22, preforably astent, stent frame or similarly construeted straciu @; forms the middle

!

layer locpied ot the conlerot

)

fie sient f‘e"mi‘i 108, The sccondd biotom; petible fexibie tbular

momider 26 forny the anternmost ayvir of ablumisl strface of the stend gralt 100, To gitieeg

oy

thesient g*'&z Bevics With fﬁﬁk\;\di‘{i‘ﬁ' berding, the tad; anaguie head 0g isconpled or bonded 1o

-r-.rN

§

J

wstent grafl device 100 4t any suitable Iocation. One location can be fhe enter surBioe of the

o 4N,
+,-¢-

mhermember 24, Anctherlecation can be ow the outer surface ofibe stent 32 seshows in F G{x.

I A i s A Tn 'S
1A, Yel another Iocatton can be on the outorsurface ol the mutes member 26, 1 cavh of theei

ealions, the beading 104 is & spirally wrapped about a lob situdingl dxis thatextends through the

device 100, Prefotabl 'y, the Beading 104 swrapped and bonded 10 the owter surfice of the

Jeviee 140, av showy ia FIG 11,

%
£
$
. -
o
2

sre s preforably applisd o the grafibead ingfstent/ grattassen i y vder o
fuse the frstand second bivvompatible HBexdble tobular menthers 24, 26 1o ong another through
the openings contained within the tubular suptiort member 22 and &zi‘}wﬁ‘m the spades of e

beading 104, Where the tubulsy stpport. mt‘:?n‘) ot 22 iy a stend Fame, the firg St ¢ second oPTHFR

subular members 23, 26 are fuged 1o one anoiliér dirough the openiney between. the struis of fhe

e

R i,a.msi i‘}%‘i“s oo the &pdms o X“e"i,.ki*i‘i?’ Qfﬁ}& be c}dzi} r 1604
YN ‘Lhe preferred techn iquies for fusing the radivpague heading betivebn the fubdiar

3 AR :‘3}.«-‘} "3. ‘\«. SN ALNBR L ey § .
members 24, 26 taay vary depending upon the configuration sndfor materials Sarrin o the

g ~.
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rasiopaque beading, Por a:wmms:.. where the miliopague beoads g s the pelvuretiiane Fadi naue

.

g 104 described above; the bediding 104 is proferably dippet! into an aprotits solvent (a..,

-

.

(8

X

o,
-0

b -

oy

e d
v,

THF yand subsequently prslcaded ont the duter suifice of the uiner tubndar membor 3247

<

altermatively puiside the stent didmber 22, More SpeciBically, the beading 104 is piaced yoder

vt

ienisiony, preferably about 300 grams of forgeas the ‘t&eadnw 104 is wound ando the device 108,

L I

it ngnd F

Alternatively, the entire wraftbeadin gisient; <*fa§‘€ assembly can be sprayed by’ coating aﬁ olvent

CLB,
-f:f
%'f.:
w.m’
<
£
et J
o'd'

that can ¢ s pirly e athane fo-form wmeckanical bond betweearn the bead; g 104 and the e

And outer Iayers of the agembly & form the stent grafl deviog with fadiopdae beading in FIG,

o Whessthe beading s fooated hetweén He stent frame 23 and the ooter mem ber 24, aprofic

soivent oan be sprayed onto the outer surfsee of racmber 26-such that 1] o sobvent miarates

3 &%
ht R e

woreh §

“Q

& porons.surfaces of member 26 to bond mwember 26 t the brading 104, Additonslly,

\ n :

-:i > .:w LN P : R YO el e € “
fhe entive ass *miﬂv can be dipped o the aprotic solient.  Prefirably, the solvent is

tetrahvdrofian (THE), bit otherapr atie solvents cag b s ed. The oth oF solventy or sobvant

>

mdures fhal oan Do gsed nckide acstope, dioxane, dimethy! acetantide, direthy! sulfoxide, n-

-

mellivi pyrrolidinone and the like. Solvents or solvent nifciures with bot ing points fess than (00,
:mmr, preferably less than 70°C is most preforred, The sobvent can be ramoved by ;wrss;ﬁ; abiy
postouring the assembled devies 100 and be admg 14,

14473} In one embodiment, » 100 mferon thick & millimeter dismeter, eraft with 608
tanialnm 1**1&: 2 millimeter wide and 30-90 ritforon thick) whs extraded. & tartaiun Blimentcan

be prodinosd by sty eutting the Rlastent from the prafl body using @ mzorHlade. The

Diopment 3y pratbueably used to produce radio-opraye markd nuson g grall or stent grafY sarfice.

r.:-.c v

10 filument can be sintersd oy unsintered, An un-sintered Glament is preferred booauss i can

e fised with the graft body or stent praft body by sintering process. In another embodiment, »
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fiament with 0% tantaluntand 0% PTFR s spin ally seound on an unsintered expanded Umi

A\v

surfaes. The Hlamentand graft are préfet cably sintered o produce tantabhum ‘ma;‘:‘Iitfin?g;:m:i. the grafl
surface thist fyvisible i k-ray frraging, The filafent My alko E)&'a.?s;gi}:;;ﬁ by wiound on & stent gralt
spriace. In e preféived endbodiment, the' flament reay be eiclossd betweer twi sfent grafl,
envapudation JEvers,

{873 In ancther prefermd bonding twehmique, preferably for neewhese the radiopague

v

LR ORN

beading 14 hagsn outeroF]

\'w}
N
Fai

shell;and radiopague core-as desoribed ghove, thy

Lrane : £38% o m ~"2-.~’ e ’;.3 -y Tyr o ~ o ¥ :
sraith DG/ stent wiafl assemnbly is heated at simterd g empetatures fo forns  phivsicad bongd

oetwen the leyers. The sintoring toaperstures can range frons abont 100 °C 6 gbopt 300 °0,

avd preferably from aboast 100 °C 10.ahow 200 °C,
RHLERT The sesulting prosthesis v an unexpanded stent and radiopagae beading.

encapsfated withisy oFTFE lavers, or specilicaly, an unexpanded stent having # radiopague

-,t

beading and eFIFE vers On s Havinal and abluming] surfaces 1 whick the stent, t a{.in‘;fm* us

ceading and ePTEE lavers avs inseparable, Aligrmatively, the prosthesis can fholude

hydeoxyapatite on both its loming! snd abhaminsl surfaces. Burther, the ePTEY layers mar also

oo fuged o joined Wgsther arpund the ends of the une cpanded stend-thereby entively savasing the

N ST XY S 2 W18 B O % 3 43 > S » "'.»;.5 . N : - - » Ty _ % s b , e tam o
MEntWitaE e P in hoth the radial and leagitudina] divections. Theresuliing stent graft 100

P 02 42 AN T 52 3 3 oy "-\:lIL “ ‘ # RO A e s Py . a3 - Y . : S - o T
ana radiopagque beatiag can be loaded onto a sultsble-defivery device sueh as, for example, 1S

Dortivert Nin 4 PG 1T vadeteids Te ° . - . e
Fatnt Na. 47 36, which s ticarpordied in s Fatiteaay by reference. Thy stent graft HOO miay

e

advantageousty be used dn o variety of tmedical applications incloding ivta vasouiar reatment of

N,

stenoses, ancarysms of fistulas; roninteining openigs in the wrinary, biliary, iracheobronehial,

a

A

senphiageal, ronal feadty, vena cava Hlters; repa g abdoming] aoricane ury NSy o repairing or
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shnating damaged ot diseased organs such-as, Tor example, Transjueniar Infrahe PALIG

E}

‘arfosystomic Shust { Ty S,

GIFES: Ridor NG hack to Fig. ¥, # iy shiewwn i s ilusivdation a sim wlation of the density

P
r a4 -
85

4 HissuesDy tnterposition of the plate (ot shown) bédween the fluorescope and the

5 sultiect grall devide, The radicpacily of the beading 104 {s manifosted in the white-ar contrast

imagmae! e boad 14" tn comparison e the dark radiopague "spoons” 103 a8 the ends of e
gevice 100 and the lighter stent frame K of the device 100. . Another example of & stons having
is shoven aod deseribied 10108 Paient A pptrcation Poblitatitn No, 2004-0815228,

“» A

invhrposated fo fts'entitety by feference. Aslong as an drdinary pheetver ¢ag determing

w
J\

S IR
5
Y
o
s 20
Y
s r
)nnt >

'{.ua:t
7-)‘0‘
'2"4.-; -

ihat the tiges provided by the radiopague beading 104 In & fluorascopic dsplay medium has &

contrasting tmage relative 1o, e example, the stent Hame 101 orthe spoony 103, 1hen the.

-
o

radippacity of the beading 104 would be desmed to be sufficient 1o forction a8 snadi PRI

q‘

matker i a mammaking body. Alternatively, amachine vision with s ab ity fo reeounizg

JM-‘ u'

disorete lavels of contrast san be willived to provide an 9bmmc indicator of the effectiveness of
i 5 the radiopacity of the radiopagqie beading 104,
(87 I yel another embodiment, g radiopague be atting i the form of 8 tapevan be
wrappad about & stent graft device 100, The:cross-sectional area of such heading preforably is
reptangnlarand is Rrther proferably dimensioned such that S fa pe is gbout 2 millimesers wide
o thivkness vanging Fow abiput 100 microns to-about 150 microns, The fape e be fornwed

b

o t?ff‘

;:.".‘3' .
v,

with 2 preferred composite restn-ofabont $0% fantalum as & fadiopagus sgent and 40% FTE
polymene hnerial. Aldmativély, other polvimetiv and rimopa\;ue aganiscan bansed, The
tantatum and PITE composite is proferably exiruded and ex panded thrye Himes to form the

raciopague tape. The fape is preferably bonded or coupled to 2 stent-graft device 100 by
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wrapping the fepe aboul a gradt.deviee 190 and sintering thesassembly 16 fuse the radivpague taps

[BU76] o yetanather entbodinent; @ hybnid stend-grafl is srovided i wiieh the
radiopagne material 1§ co-extruded as part o1 the foner or uter mentbers 34 6r 28, Distinet fom
5§ the prior einboduenty of the stént-geall IS the fosture of the inter and-cute? thembers 24 and 38
enpapsaiating Jess than a major portion of the stent 22, That 18, the stent grafl of this
cmbociment has e appearance of about balf of the stent belng ene apmi&t{?é by members 24 and

\

28, with about hait of the stond being expased or bare, Theuss of the ¢ adiopague g 2ading o iape.

’

1 suth Bybeid stent-grafl allows for o gebérally precise plactmént of the Tybrid siont grad)

0

gdekeios i ;prm‘{msw Kuowi gy Transjugula Intrghepatic Portosystentic Shunt (TIPS due o the

Arark
<« 4‘

ability of the clinicianfo view the extent of the covered portion of the stent via the 1 sdiopague
2

beading under fuoroscopic examination.

677 Thedegion ,“3‘ {the'radopague beading sllows applicant to achievéadvantages that
wiere proviously urevailabile: For exam e, the bending sllows for Jowsr foasdinirand deplovima,
LS forees begsuse the contact surface s &7 m‘imm}u& ling vather than 8 cvlinder, Secowd, fhe

- ‘d

. . . !’ ""‘E - :,.. .:}{:g&‘_; .. . : , ‘;. ra ° ’, .. .,. ’ ] ‘ ; - v , .
s a.isjii'ié. 1{3‘“8 13 BlREE QI JIC ﬁi*gﬁlﬁ fi’ 3 hz‘,’ﬂ e deffd 1»{{12-, £R83 %iﬁ;";{g\i £., 318t Siﬁiﬁ‘{f{? 1w

.r‘b'c 2% th..;« 3 ; "c-(\ & #? oyt EagE g N - \ 3 o ‘ $ . A
hange e insde damster of the graft or stent-grafl as the prosthesis {orafl op stent-sraf) i

curved about 2 small radius of corvature such as for example, 20anillimeters. Third o he spival

beading provides for an in-sity fndication (via Suorosconie inagtogyof whether the graft or
2 stoot-geaft bas collapsed duk fo'onternal prossue after implaniation.
REEQ W vt et At o 8
HGT78] § maﬁx ofner types of Bioactive agents can also be combined with the radopaque

pad i

L -

materialy deseribed hevelw for the grafl and the stent grafl. The bicactive apens nelode {hut are

LY

et idted 10) pharmaceutic agents such as, for example, anti sproliforstive/antimitotic sgents:

2,
Ly
I’;.J
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ineluding natural products sngh ag vines alksloids (e, vmblastine, vineristing,, A5G vinorelthines,

% *3 e D ° NP ¢ N et rNa AN AV € NVE.-SPRE TR G T ¥ o (MY &, L, v x S e e
actitasal, ;33.33g}mf};;}.h%&imumm‘s..: (.e: etoposide, tenipd Sk‘iﬁi}, attiblotics {(dactisemvein

bleomycins, plicemoin (mithratyeiny snd mitonyeln, engymes {L-aspasaginase which

systenncally netibolized L-usparagine and deprives cells which donot have the CRPRCILY 10

synthestze their vwhn asparaging); antiplatelet agents such ay G 3 g1, inbibitors and

o

vitrgneeiin receptor antagonists; anti-proliforative/antimitotie alkylating agents such as nitrogen

mustards {mechlotethaming, cyclophosphaiaide and snalog g5, aveiphitlan, chictambutil),

wihyhnelomines Crexaméethylmelamise and thintepa), alkyl setfonates

i'a

RN, pirksolreay {© iz‘mﬁaitm {BONUY and analogs, streplozogind, frazencs - dacarhazining

(0 1CY antt-proliferdlive/aniimitolic antimetabolites-such as folic acid an ogs (methotresatel

pyrimdine analogs (HBuorowet], foxuriding; and cytarabine), purineanalogs and related

inhibitors (mercaptopuring, tioguanine, pentostatin and 2-chlorodeaxvadinosing Jelidribine!):

<

L

platingn: conrdination complexes {claplatin, carboplating, procarbazine >, hydrokyures, mitotabe,

-

ﬁé.‘ a
‘ O

A s

w

arinoglutethimide; hommones {ie, Sstragen); snfi-coaglants {hepanin, syathetic heparin salis

...... b - * o ‘-ﬂ
T :

and pihet inhibitors.of theiombiny; Shrinelytic agents {such as tissueplasminopen activator,
streploiinase aod urokinasg), aspirin, dipwridemele, ticlogidine, clopidogrel, aboivimab:

e

Lmigratony; sotiseoretory | { R d\ia.n}., anti-intanimatorys. such as aifrenpeoriical steroids

,vm

an
{eortisol, cortisone, fvdrocortisone, prediisone, redhisoions, G- thidprednisolons,

v

triamcinvlone, belamethasons, and desamethasones) . on-sterordal agenty {salteyliv acld

Gila

aeelic ety (adomgthacin, sulindae, and elodalae), hetsroary! acetic acids {tolmetin, diclofenac;

YTy LN TN *g.‘:\ TN . < »
and Ketorolac), avv vipropiomic aeids {ihuprofen and derivatives), anthranitic acids gmv?ez SN0

1
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acitly md meclofenanse acid), onolicacids {piroxicam, tenoxicamn, phe wyibwtazons; and

oxyphenthaisazone), nabumetone; gold conpounds (atranofin, aurothio ghusosie, gold sedivm

g

thiomalated: paunis uppressives: {eyelosporine, tacrolimus (FX-506), sirolirus (rapamiveins,

Jb

azathioprine; siycophenclate mofetil); angiogenic agenty: vaseilar endothetial growtl factor

"" \ N " Y h) S PRy N Y S8 o 33 A aad? o
(VEGE ) TibnoblastUgrowth fadior (FGE); anglotensin i eceptor-biockersy nitric oxide donors: anti-

sewse-oligionueleoiides and combinations thereof) sell eycle inkithitors, mTOR: inhibitars, and

growth faclnr recenior signal transduction Kinase inbibitors; retenaids: ¢ ':Eii}ff.}}i{. inhihitors:

HMG cosmeyme redugtase lihibitors (statins); and profeise inhibitors,

€

74 Although the stont grafk devive 100 has beer deseribed T relation to speciiic

exainpios noted ghove, I should be emphasi ﬁd that variations-in the configuration ar

composition of ePTPE, radio JABITES beading, stoni famework, and other da‘::'a»z{*n PArRniors Sun.

N

be wtilized with the graft device 100, Purthermore, the 1 diopague beadin 1@ provides milditional

visual cuewrio this eperator byyond prafi i catton,

r.au'

sy Asused herei, the s iguiar o oF e, e dnd “he™ helide the phargl

reivrenty unless specifically defined a8 ondy one. While the present invention Rag heen disclosed
with refbrende to cortaly preforred embodiments, numerous modifications, alterations, . and

pianges 1o the desoribed smbodiments are fﬁ}'\u ble without departing from the sphiere and scope

of the present fnvetion, gy delined inthe appended clatmy. Moreover, where methods,

ATEIVITE o A% N3N e ey Yy o 1 e N SN AP .s. YA > Fat>
processes and steps deséribed above indicate tHat Covtamy svents odourring in dertaii order, those
Sxiited dn the art swould recognize that the ordering of $teps may bé modified and thet such

+ -

modifientions are within the vardations of the desedbed embodiments: Accordinely, it

RSN JE S A R el o .3
ittended it the present inverdion nol be Hrdted fothe desesibed embodiments, bot that 1l

"\’:\ X, i.*":' A - S JER “« < S . % (R
the full seope defined by the language of the-following cldims, and enuivalents thereof,
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e Cfaines

yrd

' 4

Pay

pf”
£,
v

o~

$en!

s

€%

P

oad v

3 ORI TG
eromprising:

a fayer of synthetic nonamietallic material havinga firgt sticfaceand o go geomnd

sarfiice paced apatt fom the ‘i}:rkat surdade;

N %
layer and

a radiopague agent coupled fo the beading to. form aradiopague beading:
2. This' graft device acoording to claim {, wherein the layer of §yithietic nommetallic

"

sctertal forns an clongated sibstantidlly twbidar momber, the Sedond swfacs forming e outey

J

® N

suriacs ot ine tabndar membey, and further whergin the madiopague beading is spirally wranped

"o w - “‘I

about the gulerntacs.

: The geaft devics according to any one theabove:claims, wherein the radiepagne beading

defings a substantially feciane igdar erags-sectional ares,

*

i

8. TP o e ofdrers i : s - . - ,
%, {he grafl devies acgording o claim 3, whereti the substantially fectangular arosgs

sty ranging fromrabout 1 miftimeter o aboul 2 millimetors and sowidih

e
Ty
&
4
ol &
ok
5
ool
$
5
£
25
A%
5% 3
227
T
yovee
€%
Taruryt
P
Ep,

ranging fom about 186 nricrons to about 3 microns,

3 Lie graftdevice according o olainn 4, whersin 8'side z)i the radiopugquie bedding defining

a

SIS % N s y eveodyedie .‘_:‘..-'_; yed e s". o
taeength ol the crdss-seotional Giea 'ty coupled to at-least one of the Sirst surface ind the'sechng

{‘;: X ‘{;*c A S \‘ﬂ‘ oS E\t@ CraeM
REEEFET Q{ [JEE 03 PRRY L

v
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5 R T SRR - S Y, S _g i " ‘. N u . P T N T
Q, P30 graft deviceaveording 1o LY (R e above clalms, whereln the radiopague bading

is tensioned and chamically-bonded 1o 1he laver,

a
L

4 Lhi gt device according 1o Wy one the ghove claims, wheteln the radibpbaque beading

8. Ve grafl device geeneding any-one the ghove olaims, whereln the radiopsgue beading
nchudes a rsdlopaque material embedded na p shyurethane material.

¥, The gralt device ecordilng any ong the sbove cdlaims, whereln e tadidpagie beading

méludes s radiopague cote-disposed within & polyvtetrafivorocthylens shell

0, Thegrall device acgording fo any one the ghove claims, wherein the radion arfuey maierial

\

inchudis 2006 by welght of Bariom Salste.

\-v-

Lo The gralt deviceagcording to any tne the shove clgims, whersin the AYNNSie non--

‘{

e ciord g o -..‘\ .\ Soa s s % " ~ 3
wetalie shaterial comprises o muaterial selected from a group consisting sasentially of Dacron,

: 33 ﬂt ) i‘ﬁ"f"""??j’? ) N "; " Y AN N : . % S ASRRY . U 7
polvester, PTVE, oFTFE, polvurethane, polywrethanesurer, sthoxane, and comBinations thoreal

F\

)

12 The g}*ﬁﬁﬁ: foviee secording fo any one the above ol dins, wherehy the radio pagie bz Ril‘”l i

iy fuomed frony s paste having about 20% tantalum powde

15, The geall deviee afeording o any one the-above claims, wherein the. radlio EG e heading

i forned from & pasie having ghowt 20% to about 40% Rartum Sulfate.

’

zi ;":'sf N IR T ST \;j-'w-. W5 AN VIR T 4HA S 38 oni DY n2Tg 3 Aty
B The gralt devive according to sny one the above clalms, whersin the radio pRgud behding

v

s adape comprised-of about 46 % tantadfam powder aiid gbout 6% PTERE,
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5. Thegrafl deviee according teiany one the above-claims, whorein the vadio paque-agent is.

v Ay v, 1.3 ‘k ' s
¢ feast partially embedded in the beadiag,

» X eren £3 IN PN AR Ry PNt B AN 2 4N S o\ attrm TP L . e rdn " Bl ? ST LY 3 Lo 3 Yy’
16, Thegral device secosding to.asy one the dhiove clains, whersin the bead; g conipeises &

,r

coptirnitus sifip disposed Helicallyabout the devics.

317 Awmethod of forming e gralt device somprising:

dsposing a.r whopague. agont 3o 8 polvmorte sheli;

compressing the radiopsque agent and shell to forin o bidler;

R $v - - ._:2 b svae e B ~‘s et v ) . s
exirading the Milel So ws o fonn g ediopsque bes i} e and
e maak s ; SERT ST RPN IR S AU SN {'- e . § e A R * : . ;
wrapping the beadng abbud » graft material so asto delfine a geaft device.

.E \ ‘3 bs \ H : ~\‘. "--‘ A AL . g 4 N ) AT 3¢ 1 b
18 Themethod oficlaim 17, whersin the wrapping fneludes preloading the beading about the

v 8

1% The nvethad acoording to'any. one of clafmsg 17-18, furthér com prisimg applying a solvent

toad least ase of thi beading afd the graft materiak

o

. Amethod of observing & position of a graft {n-a body, the method comprises

] Yool

3 disposing » gratl having aradio pague beading in & body:
cwo«, ag-the body Woan alectromdgnetic eng TEy; ang
"‘:Q TR S TR PLs & Sy i oy S e B e i ol e 0 R AL PR & % M D4
Sursscomenily HbSeVING &t least ¥ portion Of the bedtding fo delenming the

he giaft 1y the body:

21, Amethodelvenfying ovieniation of erait frva manmnalion body subseguent 3o

s

MY el swrhoaea iy fiy 4F .. by the et
A i pianm son-of such grail v the manumalian, b{\dv without an in cision inder the bady, the method

"\ .‘: oL VS
OIRDTIRMR.
N oo
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~

directing eleviromagnetic enetgies at thedmplanted g ity anid

&

TOroIg an tnage-on a display medium that shows the portion a8 a helidaliv

N AR $ 4 &Y g Ay SN : ‘e N
wivinit beadin 18 abowt *iu., grifi, the bead ng Having greater contrast than ancther porion of the
iropiinted grafl.

s
{
J

i

22, A uplantable prosthesiy device comprising:

:Ao

"2

a stent {Teme having & fivst inner mwr arisl - second putey § tayer d ofisving o pengyal

2>,
Aty
%
Y Ny
Y
&
.‘
ape
‘.
Aoty
St
Loy
'~
fie

& beuding coupled to ut least ong e layers,

ety Wk Y

23, Theimplantable prosthesis ofelaim 22, wheveln the buading conprises a contintion:

{/:.
A%
Wand. -
oz,

%

*

v

R ryit s o S s ' ,-. e Y ’ SR L . e o
45, The snplansiable prosthests of oladine 22, wheieln the beading comprises s phutality of

-l.

e\, AV _,-r‘.\s UL TR S W -, .
istinet segwionts disposed aboyt the prostiissis.

2% The mplastable prosthesis according 10 anyone of ¢loims 32-24, wherein the beadine is

R

a
o

generally cirounsderentially disposed nbout the central ais,

o ‘,:ﬂ\ > : ras v . .
28, The intplantableprosthesis accards ng 10.any ofie of clatims 22-21 . wherein figst and

RN

seeond Inyers ave wade of asyothetic non-inetallic material,

material of atleast oneof the layers com prises a material selected from.a group consisting

assentially of Dacron, palyester, PYFE, oPTFE, polvurethane. polytrethans-ures, sloxans, and

fﬂl
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Ay mer

2% Toeetapiastable prosthesis acedrding to any pae of Slalms 22-38, farther comprising a

CA 02626601 2008-04-18
WO 2007/056762 PCT/US2006/060704

25, Theimplaniable prosthesis accordi N 10 any one of claims 2337, swherein the beading i

wnﬁ.@; nrpcto be '530&3*10{1

" )

radiopaue apdntSougied tr e beating fo formia radiopague bedding.

L The implaniable prosthesis acconiing to claim 29, whereln the implastable prosthesis has

LT

<o

tirst inner ayer of synihetic non-metallic material and a second outer-a aver of noremctaiiic

araterial spiced from the St layer the radiopague headin g -heing ¢ digposed between the first and

E = \--\\:': :{u b nyon g Nt e N T YN ST A s %31 4 y & e AN AN S ¥
31, the inplantabie prosthests sccording fo olaim 29, whernin the mmpaqm hoading

‘r"..’

X2 The noplaniabie prosthesis gocording to claim 31, w hersth the substint éi*s rectanguiay
Srosgvsectional dees has i le agth vang i trand ghout | m&iizn et 16 about 2 millimetor anda

width ranging from abont 100 microns to abont 300 micions,

Fage

R

-y - AP, & L 3
33, Phe implantable prosthesis according to arv-one of olafims 31432, wherein g side ofthe

beading defining the length of the crosssectional area is coupled {0 at Jeast ong of the lavers.

2y A

et S0 NPT PR $\~ . AP ;'55“"-: e I
3. Theimplastable prosthesis sceording fo any oneof dlaims 2933, whersin ths radi CRAGTS

’o.,«' "
.f::.?
B
M
i’)#
’ .{
,ML
(Md
r;,

st 1o the stent, tonsioned and chentically bon ded 1o at feast one of the lavers,

¥
s

Fxar

beading is slntered-to at least one of the favers.
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36, Thehuplentable prosthesis aceordin g to-any une of claims 29-33, wherels the tadiopayue

bmdmgi slucdos g sadispatuee saterial embed deidin a polyurethate material,

37, The implinsabie prosthesis accerding o ey one of claims 2936, wherdin the radiopagque.

beading noindss @ radinpague core disposed within a polyvtetraftucroethviens shell.

38, lhe im;::éimtsaﬁﬁ} Propinesis see s g o any one. of claims 29-37, wherein the r&::ma';s,n,

<
3

hetidng inchedes 20% by wed a}hl of Bariom. Sulfate.

38, The implantable prostheis acoording t any one of claims 2937, whorels the radiopague

\

formed frony a paste having about 20% fastalun powder.

. The inpianteble prosthesis aceording o any one of claims 20-38, whersin the radi *01..- N

beading & formed from a pakte-having about 2098 o about 4096 Barhum Soife

-

4373 “’{ . A £2 . '°"e;".’~t' t'.r: ch c N T W ' 2 ‘c, ..‘ ‘,-:'\u PP . % N ) - . . 3 ‘
4. The inplarable prosthesis according 1o any one-of clajms 26-40, whesein the m dinpagne

bepding i 8 tape of 40 % tantshay powder angd 60% PTRE,

2
a
Vo -

42, Asusthod of iDTiing an W}pm‘&m?@ prosihesis devids: compiisiag:
disposing a-tadi apagueagent in a polymerie shgll;
commpressing the radiopadue agent and shell to form a hilfets
extruding the kilet soeas fo form 2 rddiopaqus beading: and
wrapping the beading aboot & grafl meaterial so as to define an implantable

Aot

progthesiy device.

3 Y v ol vy s o X g <. ,
$3. Thomethed ofelaim 42, wherein the wrapping inclndes preloading the heading sbout the

ungliiiable prosthesis,

w3
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44, The method of any aug of elaims 42-43, Ruther comprising applying a solvent 10 at least

£

ane of the b ,&.mm and wmﬁ‘

45, Amethod of observing & position of'a grall corprises:

g '
isposing agrall on.abodyy

3 whserving the portion of the baading onthe bosdy swetace.
86, Adnethod of verifying orientation of a fraplantable prosthests in a marnalian hody
subseguént to Implantation of such iwplantable ;}mam 51% iy the mammatian body withont an
wcision into the body, the mgthod comprising
directing eleetrornagnetic ons rgies et the implanted implantable prosthesis;
i tlovking some of clentromagnetic ensrgies through. a poriion of the implantable
nrosthesis: agid
fornine an hnage on  display mediom that shows the :;ff:fi's‘.is:m as & helioally
wound beaging ﬁu it the implantable prosthests, ﬂse brading having ereater contrast than an
oFTFE material.
(5 47, Amethod of observinga position of a nplastable prosthesis in s body, the method

SAd 1'31“33?1 L TN

axposing the body to an electmagnetic energy; and
feoroscopically observing at least & postion of the beading 10 determine the

o

30 position of the implantable prosthests i the body.

oy s

48, A method of forming & beading or & vascnlar gralt comprisd ng:

combining & radiopiqle agentand a polymedics fesindn forin 8 conipasiie;

41
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0"0

oxtiuding the composite so avto form a radiopaguebeading,

A9, Thieracthod of claint 48 further coinprisihg foning the cdniposite inlo & billet

(LY P T

0. Thewmethod according to any one of olainmy 485-4%, Tarther Compirising xpanding the
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