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UNI TED STAVBS04EDIERS PATENT for WOVEN | NTRAVASCULAR DEVICE§tﬁ%gv%ﬁ§§CDS
FOR MAKI NG THE SAME AND APPARATUS FOR DELI VERY OF THE SAME -1 00/ 44308
~ 1 3 1 OCT 2003 PCT/ US00/ 02569 BACKGROUND OF THE | NVENTION z The present
application clains priority to U.S. Provisional Patent Application s Serial

No. 60/118,211 filed February 1, 1999 and U.S. Provisional Patent
Application a Serial No. 60/125,191 filed March 18; 19%””% @mg@m&&e texts
of the above-referenced s disclosures are specifically by

reference herein without disclaimer. s 1. Field of the |nvemsisdn The
present invention relates generally to intravascul ar devices. Mre s
particularly, it concerns self-expandabl e woven i nt ravajw&ﬂ”ﬂmmmm' s for
use as stent, 9 occluders or filters, the nethods of nm wmm; and
t he apparatus and nethods for ~o delivery of the same into aghdxi NY
creature. i ~ 2. Description of Related Art 12 Intravascul ar devices that
serve as stents or filters constructed using a plain ~s weave, such as the
stent disclosed in U S. Patent No. 4,655,771 to Wallsten (hereinafter, -~a
the WALLSTENT), have a propensity to show a hi gh-degree of el ongation
axially with is di anAPPLICAGION FOR UNITED STHFES AR PTERS' PATER) When
the angle of the crossing wires is ib close to the |argest possible. The
cl oser that the angle between the wires is to 180) the i~ nore the
correspondi ng el ongation of the stent is 3[ a given percentage of decrease
in diameter. Any discrepancy between the Phneters of the stent and the
vessel can result in a considerable elongation of the stent. _

Si nul t aneously) the woven type stent has the zo | argest expansile force and
hence the bi ggesWVOVENINTRAVASCALAR RENHCESSAND METHODS FORMAKINGt ween
the crossing wir i t anply i, O u S outer z2
conpr essi on by aféﬁmmgﬁé%{eﬁﬁﬁ?&ﬁ@ H’@g&gﬂfmxﬁ ce may be
zs advant ageous. The di sadvantage 'of a propensity for elongation is that
great care nmust be z4 taken when delivering such a stent in a vessel or
non-vascul ar tubular structure in order to zs properly position it. zs A
further disadvantage of intravascul ar devices formed using a plain weave,
is z~ that they are often incapable of maintaining their shape when bent.
For exanpl e, when .

X
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x force to the vessel wall along the i s tapered portion.

-2 3 9 OCT 2(1103 WD 00/ 44308 PCT/ US00/ 02569 i such a stent is being
delivered through a tortuous passageway W th many turns, upo@ Zgbeijg bent,
t he weavewefooldaspgst ent tightens (e.g., the angle of the crol§(r§l[/@§0vm res s
approaches 180). As a result of this tightening, the dianete 0033695t ent
increases and 4 the length of the stent decreases. Consequently) the

di anpter of the stent ma L6366 Imgnsoi f ENT .vessel or structure
t hrough which it is traveling, #r‘rjpe mgﬂt ﬁe (}glr\: verglagf 6 the stent or
causing the stent to lodge in the vessel. This problem may be due in part

to the use of Thsapeesemtt zppilizhSors widimaspriviray nb d3$. FreakionuthPabntexbphtdrioaoor
shape nenpor, Thi s, prab y also be due to the free) unclosed wres
used*to % tl\f?e @(@@til lThEFf E&é’“?ﬂ’ sha]r989e41’§suc§arﬁ@1ﬂé@né? BatertnApplication
conp} i catg.af NoY 688281031 fi1ad f ti Il of ig the tubul gr
structure where such g%t@%t@ ".’Ig‘rCBP%ftel??g'ﬁ}?ﬁhéeAﬁ"3?6’%%891‘%?"9’(&%%%% t aken
to is~ eldistiosates ardgpekifiva)ly sivviporaed by refétdhca heef ARSI RS YifBr U Shaped
menbers using welding) ~ z glue or the like (Wallsten, 1987) are

ti me-consum ng and expensive. The delivery systens for such devices have

al sof suf fered romlfiﬁ feﬂ?ﬁlﬂ@ﬂaﬁ(?mg to the ~a repositionability of the
devices as they are delivered into position in the living creature. ~s in
stenfing | ong terl S s)_.the contiquously decreasing. di aneter of
therLly 6 arterial es%%%h% f{ri:lggn’%]?t e X Lamsergepgr_aﬂﬁe %eﬁtrﬂH@FS}l%?e"b%e pMwEens.
Voven st eaftieubirly) ittcdmeeHRi et éRpahadié SFoveh |ihtr%5ﬁlaxad§%}ipe}g%ptdsglas egfé%}"i‘sns' e
‘ ItronallTy)™’t he
stent mapceluders or fidiess, dheomgtiods of making thepemedambtiei apparatus and ThetHpdsher e
VWALL STE .\ unifaormdianeter were used to bridge zo central venous
obs{mr uc{“:&g‘ﬁ%.’ﬁgﬁg‘r?ﬁaf“&‘{}@"sf‘b'agicé"r?f‘g?- it was found that the stents which zs
were selected according to, the size of the larger dianeter central vein
exefit ed zz comnsi derdicyipkivg Ve Relste8Art0 the wall. of the smaller caliber
subcl avi an vein (Vesel yg) zs 1997). Sinultaneously) the length of the stents
in the smaller caliber vein was | onger than za expected. zs In the prior
art 12 nost of {BfEavepqulas, dendeesyrhat esetvspas fstants e fBtersl condtamtedt usihgra (phapk 26

oo i n AREE AN P yotR Bkt 1S PERING oo 871 LT RBYSGa thersinatine. b
st ream ofhet WALILSTENTY Have s FopétittythsA6Wi a ﬁfgﬁme%bg 6@&4&@%&2{1 ltaxﬁl]lgts »gﬁh body

through the center of the inferior vena cava 29 refor
devisces diametrrgednetion: Thirisespesiallyf signifigantowhem thecingle oft the brossiagtwiresdt - 3

s ; nge afthe beussiep ates
ai 19r enfoae 1 fReduleést Behalls” KB Blone e e Goe i fhomgen the pigeee dp 030 the.

cenirer Ofnokd theCéotespbrding @Idn@AESH o thd 8fef s @tnz? gi’v%naperr&?)wg%%%ft derdlseqg Wl

be diverted fromthe center to the periphery of “the ‘cava.
af oenendianietas. dayidispsepancy besnesn thexdiemeters ofithelstent afid et velsieh gart Fosaltin

effectivgl ripher f the Iymen so s.the patients wll
pr aggt i caﬁ";}?“%é“%ﬁ‘gr‘gg’&@ga &o/{ggﬁeng?ms ug’é‘é‘a@@ﬁ?“ﬁ%r %Eh‘é?‘éﬂ“ opeisteatihastthen s
(Xian) 1QPdest dasaisile fr89@hd heHed R bi tredtaride! o8 8&99 i ehlgd 10
the cava which can deter their thr on%g%?capt ﬁ'ﬁ‘%"n‘t& (Sel?ﬁt cac @ﬁﬁr{*{%&ﬁ% Yy,
excipt fangle hetwSenthe piossing|wikés isenlose to 180°. In some applications, such as outer

2 compression by a space occupying lesion, the increased radial force may be

2 advantageous. The disadvantage of a propensity for elongation is that great care must be

taken when delivering such a stent in a vessel or non-vascular tubular structure in order to

properly position it.
26 A further disadvantage of intravascular devices formed using a plain weave, is
27 that they are often incapable of maintaining their shape when bent. For example, when
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(C.R Bard, New Jersey, NJ) the aforenentioned designs requ@reperfmey!y

| arge i nva¥0P&4408iel i very system of 10-F or larger. io The paw/fssonessl i ber
of cylindrical stents in the prior art used in the ureter, as well > > as
the peristalsis arrested at the proxinmal end of the stent, has resulted in
severle hypegh asteat éf being dﬁhacnqéltﬁ@ngbmdmwem passhgevaycwills imanyofurnsh epor et er .

i i . | | usi hni h b ~
| ndi Spens ErE B8 LKy E Bt SRR GRMEE e garenERo Pt S RGeSt
pat hal 0gi ggprohches 10! | AN resdfiorhis Rg@hmﬁ‘éﬁt?é@ﬁﬂﬁ% %?kl}&?sgﬁtﬁﬁ%rggsfgg}{é ces

has been shown to be'is equivalent td that” of surgica
G anteur cothedengib of theaiterit elgsreatese/ConsequertBnahe diameter BF e steng iray extddd thas
been t he H})st Wi s%d per manent, expandable ~a intravascul ar occl usion

ely u
devi de f of13MmeL é@%\éﬁsé‘? Yetructare thyughwhick i istraygling, impeging the delivaryoéineous

coi | enboly j : t 0 ver zo traditional
surgi'cal Eﬂreé%%ié 8? é:g@sl?nr#) ﬁ%g é%@ng%dg? Iﬁﬁezgﬁ%ggé%esnﬁaﬁﬁje%}’ gFI AP 19 part o,
trauma zi therusshsft weavecmereialsesuch s stinlevakiee], Sthic exhibit b38Bshapei thehBAUM et
al ., 1993; Selby Jr., 1992; 2z Levey et al., 1991; Ben- Menachem et al.,

1991:F VedXhisipaeRlem may alsq bodye torthe fraerunsiaspd wires usaddo fiervrethestemt.uThel frat one
i i nat i i - enbol | is f he.za.t t of
vascd ar TBE hELcall &dad de AP EoinBcaH RS b pe AT, P bertoteing theowel OF)
25 1879; endbilakatneturdublerd OR%ia fitss B12kd 2 Fudndk 98 dss N e Beeftlaen 199
? 1996). Du e-la

Sagara et al., 1998; zs Punekar et al ring t st fewyears,

t he tir anselimingteghe feesharp eds, subk apeenmettion-with di-sisapad rerribesusi(gARéding t h

coil s has _jbeco A r ntly d technique (Hjazi and . zs Geqgel) 1994,

Hi j aZi an@“&eﬁgﬁ?’fali@gwﬁsmeI%CMS'%‘G&P&@&CWO/BEE&M hough

coi | 13t y pesyRfeptsUFoP NsltY | deQted aHsveS IV &lffdréPStro d58616%8s Ofetitii 'ttoy’tpé hey z

have a nunber of drawbacks that could be significardt 1'n sone apgplicatrons.

| nt riavas crepesitignabilithiof theydeyices hethey atesddiivereddnto pokition int the hividy @batyre.

dependent on proper matching of coil 4 diameter with the dianeter of the

target vessel ncarrow et al ., 1987)).and with the s exception of small

vesséls, a si n@:\%e%tgﬁ g arfegial é%ﬁ’?"ég'i'ﬁeafo&'&‘lﬂuéfyo EFIENg AIRmetshiot $he

(H j@zi adbriaP9BRIm frdfOhk ceMeF RPKE Deriphdrf MehyRRE . Lisn@ Wi

obl ilt erat ed be%guse l-of t hgef requen?cﬂgjeﬁf.oryvp?ugl P%%Fgﬁ%génaﬁgmgt%ﬁg%i S

of tem r envniferesl diametesdvidl ewerha rsubsiantiab exphnsile farceetot thei viesseh awalls aloag nkel

di aneter js | rp%er t'h%]d%he% sc%ar | unen. 9 Furthernore), del ayed

recafal i Z4P§TEN RORIYY GOpao B SIeNh dBY FIBRIR: BATe RloRgatethdn (the \ipperedh 1- 3

montBs af dgiion. Nid & tudy o) rER Iy hOf; .11998;

Tt O vl ook} b oY SHEETPALLSTERT Sit3 inffoh MarherBO0LR (R6a T priode™®:

dr avibac k scentralevénoup iobstauatiodi ihi heatddialysis patiérts, die siag foamiithias tHeestbrits Guiclpf

coil enbolizat il'on. Recsrg}rll%, d tac,hablate[gi ch)gcoi | s and macrocoils with to

cont¥ ol | HeT8ePIAEFd AGEINE 4R thes FigR el (the larges  dameles  eentralnysin exerted

congy, oNer @hgidefably Righdr p el & LoV RI PRL T

posigzthi oni ng of at ﬁ{; gg?rl ﬁ%g# éé‘gﬁ’? mlaéf;%ts?@l}%{ ﬁlg)gg sg%:lé;}lx%n, %@9&\9&8}'@

Gugla el mi 1997).aSimulasduslyVeiddength ofithe, stéfi® i thBsimdilerasatibéduefsWas 10ngertigs;

Uzun et al., 1996; Tonetzki et al., 1996; Dutton et al., 1995). Eiowever)

sindd i s SPEFRE arrangement of the coil alone may not prevent nigration in

sone cases, such as t9 high flow conditions or venous placenent) a coil

anchQ@ring syst Vi ' ak ., ) u n

anchior i ng oyt omBsof ERImASLAARE FAfy WERRNE efiepfior e BBls i Y RC08K

vascal at Une) Bioamingional¥) haveealoenicd) shape bhdraradricharedaitDARHPE 1ddsYinGhe COI |
uch a system nay render the coil non-repositionable. 23

zz mgratiqp, ] rer ]
Sevéfal d¥ ﬁp ef ‘gﬁ £aYp nl Rerqnicad dpsign isrised beause theampigrstraam of therbleod carrivnr e

st ah| e, 2 bR i ' i hi I atic ef.ficienc articularly
for Q% r ané@%lt[}hg?tné{reﬂgﬁloég rlchlw}:‘rgp% &ihtgf g?g ?g&}gg&ggﬁ Zﬁe( %@ﬁeﬁiolf ?!epé&g“é'%t‘%a? cava 993;
Kat @oet alhereféfRQ7ll thedoavieks ale-desibA@Plo Rk d%ﬁé:?@zp?aairfht fhe-centkP 8P
Magal et al., 1989; Gifka et al., 1996). Recently, initial z~ clinical
experiences wth a new sel f-expanding nitinol-nmesh PDA occl uder have been
zs reported (Sharafuddin ei al.) 1996; %/asura et al., 1998). A simlar

sel f - expandi ng, z9 repositionabl e quadrlpl e-di sc device constructed of a
brai ded nitinol nesh and pol yester -5




é 1 OCT 2t~ WD 00l 44308 PCT/ US00/ 02569 f.ibers has been reported to be
superior to standard G anturcocoils in experinmental- _ z occ§yspen 2003

m d-si ze o eod4e@es (Sharaffuddin et al.) 1996). 3 Although s - coil
devi ces may be repositionable, they too exhibit . a dr awbac‘tkg"}.:lmIggd?o.2(5\(99

i nstance) the quadruple-disc device is several centineters long in an s

el ongat edhé amha.orThensikiation ds fduite Wifferent kf@Dsdhe thropdi SRveChdeyCsudpaistilign Of
the catheter tjip,s duri nq% depl oynent. The multiple rigid connections
bet ween t3RBtUred; eFhe canterial dhe cavawill ao lenggr beipatentyind asamesult,itbeblvetiweitlbet he

| yd h ' b ' t hi s drawback. . Al t hough
The Ai'c1 apendd frofifie et APUnE JeHphRST of DY BRVE, nefsforethétigngg cicsigne, 2
pl acementhovesyet, aBSnét dapatile of BREIGRg BRbMbI BffedtRR12AGKS gmﬁgw@?‘lgﬁlﬁﬁg

occluder io and the |esion to be occluded. The type
connéct i dhe patiehievillpractiqally del unpeotected aghiastisibtisequent patibkerals einbelizaion as

inthe q u =di sc _desi.gn common =2 di sagdvantage of both designs is ;
t hat Ut hey Ok B985 4By NS Pt PR Ters Rhd aipe ffled Inthegrya hichamhet o1
must 5 of t gfRtd?hdIAM : i o) : j [ .Qre an_ ocgcl uder
~a m;y be Itoadégdﬁ}rﬁ?gﬁgﬁﬁéﬁggﬁ%@g%&én%d@gpbé\;gf ggc‘{pllﬁ ?‘?D’fj@?%’ .onAHgP‘ﬁeﬁker
rel asi ve (iR.aBardnNegeJérseyo NIp dichafdementioned dedigis reqfre aOofairRMb@GhvakivAg- 1S-
Per cut anerﬂ%rs cat heterf tglfghni gue for permanent closure of isolated

yery syitemof 48

persfste pclaggef.er i osus (PDA) is now a treatnment of choice
anong doctors, obviating ~s open surgery. The configuration of the PDA

¥ varigs consi defablny Bhar det yi-of - ‘to.have a funnel or conical
shaﬁe due to ?L}f’cé?l eﬁr fogﬁoo hgntgsc%llgé%%ﬁéﬁ?t}sgﬁﬂbenpﬁqr %gsef!d“ﬁﬁ? Hfﬁﬁ%rrﬁs}i'Fﬁery
i nsertioms thet peoisgisin airfestet ngSthie Nprokiendl e &f Othe 3EAt Ga8"Sul ilp.%egu%re

observed (Krichenko, 1989). That 1s the reason why not only the size) but

al sd? t he hyperiaskrofghe gEqtigliumpand eyentually eeclysiony of thesirgmi.fi cant role in
sel ecting an appropriate occluding z3 device. Except fromthe small caliber

vhets o aureeraEy g EREELC patuedal | oCnGRn, sSoiides’ Sukeo bokpmt,

wher e sone aut hors®have achil eved suUC

G ant ur cindispensabléCeoddd &1 mididRy ihva3i@ maRERmenP BY @%Qdelﬁﬁgé o{ ?%%ﬁés?&] S
"doubl e Zgggrrbrel | 2" occluder Is the nost often used deviCe rthi
pur pdse CRBHHRRNd)Useopl pesmanenis reakanicad oxcclusions devicdsobas bees shbvnZ@s8e

Copf ! batidBelt o REAGr SeBlRlefuio " IhL Giphf WBLE pfies ot <of ook
del irver y Iy,s (BISOmIngSdg C INY €la¥ - bedd théd thoiCwidOy3 iRy Oé)érﬂé%?&pggg Wafé 02569

In the mpjority of cases) the deploynment of thé traditiona evice is''
2 pék f or HEERVASCHHAT Qcelusion gevige for transnatheterelivery (Giartimeo BanbpEO#s)Regi st ry,
1992). Because 3 of the size of the delivery sheath, such a device is not

20D o 151 VoRuLHESHTEY BB of 0 P it
t head r eatraditibnalfsutdical lppsdedifes i trBatmedlt 8NMREcthr&iterfin xﬂBnﬁQ 8ud to gﬁ%ﬂ{'
r I dat es

| 991). About 80% of unsel ected patients with isolated PD e can
for 2t he RESPSESLHG costgeneies {Sehyvartaer at 01993 Teitelbeuman iad.o 1993;(Salby fin) 19291 ) .

LB e LRAS U R 150 W et B P 1D Bl SF57, 1897, "Rdntiatre | O
px) coils have been used alone or in combination with microvascular embolic agents for the '
24 treatment of vascular fistulas and malformations, tumors, and varices (Wallace er al.,
25 1979; Hendrickx et al., 1995; Furuse et al., 1997; White et al., 1996; Sagara et él., 1998;
26 Punekar et al., 1996). Dun'ng the last few years, the transcéthete_r closure of the Vpatent

27 ductus arteriosus (PDA) with coils has become a frequently used technique (Hijazi and
28 Geggel, 1994; Hijazi and Geggl, 1997).



i medi ately after inplantation to 47% by the day after inplamntQQT @§3and to
17% by a yasposa8oef ter inplantation (Report of the Europeanci@sdodlhiskd
1992). According to sone authors i i the residual flow carries a potenti al
risk of infective endocarditis and should be avoided if i2 possible. Its
abol i shment ca i; I ty : ; i ry.
2o le of the AAnEUgFEERR oyt R LA a0 sRowT e 18 s SO Er Alling egt Y
sui t abl e hgve awumbarlofidrawbaciks thht caujpbssighifiedm.in Pomeapali¢apions.t Intravasselirt o

occlude short PDAs with is relativel i, end- openings. Its two djsc.
Cover bot MabiEy BLMSRF PEshRen VIR e iEay SRRSdr: O LR AEching BN Poa
may hi nde{i'a%?er%i?lﬁhet 1a9:§te?%?!tfxé ?a{}ga Vellsel TRaPELRIG o¥8Y) 198181 adSwithaha! | el
to each o her, ; ereby deterioratfng its self anchoring. Another ~a
di sadvant agepaén tdfiemalibvesidly d singhatoil kaclgaesulni inga cagide iocglusive thembesi gn
depends excl usi velé on the thronbogenicity of the porous Dacron paterial,
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frequent | (Hijazs and; Hggseh HP4par Mosoveh gyl #spuliE ceglienh is pfien (qblitsratedr ity

of patients .wt ri v, |l e; e r.fil I Rl - nor
or opdgat | Bt of i Fidiety o8 P07 RRAGC coll 3ht P colfR SHoh Mt &gl

per f gr med ymirithd 3Rl Betadedeiy vntaitraimea ldiitéois Argep G tBE vidchlar Wirder al
occl usi on. Fonnerly, detachable 2a and non detachabl e bal |l oons were used

for tshis Purthosere, eayed ggcagrlization regsné HP-53% bawe beery repogtedrin| humans

occl usion. ;M gr.ation as | 1. as,,defl ati of, th al | oons. occurred .

el att vel yitiEdabriopyhs alft dpfihaeBisil BuopaBoR il (gl far o159
recuq,rencg.ﬁhlpm%d{_r h o8y lseRilidercal., Aog4)l i cone ureteral occluder was devel oped
and used wth'only Iimted success za because of device nigation (Sanchez)

1988). Thils resulted in repositioning and 29 consequent inconplete ureteral
occl wsi on.! It Fppsearsd tdtbar diavbisekst haes unspiredl amedificationy in thg desixyr apd

B ng T 1008chmidks Of o SRat o RPN FEE RIS TROrICoR A8 e s lsoifher
with Gelf eam&ieagﬁﬁgw%agé BEST Adsigfed! 1t ScRBveTE nSIeESnpHRE cHiflGiRBiaRY 6thkOr

only weeks or nont and was attTtibuted nostly to the induced urothelial
hypeispl as bpil afd g preve@2migratioBoby aldowing raptimah positiohingmfethe Icpil defoseimeleased i n
these studies, The |la f .appropriate sSel chorjng.desylts. i oil.
e usshcy e Mo OGDRLAP of g o081 bR PO ML ST obd S

poi nied 0Ybod. N iPed Af AY0EoRERKN B ol MDBILANLA H%ISDITE! N, sicher
are anong nary that tend fo Inpair.- the effectiveness of previously known
stemy ocCeptisia) srangement dfahs coiDalvae meyt mouprevent prigtationsn sasme aasas, suchsas;
however, ~ o those presented above shou‘ldﬁgﬁ-suyi.’ci ent to dego'nsar ate% t hat
previous NiEBHAPYRODAHIONE £F i HeROYSH PRaRement; 2 1£9YlANFHPTIBE HYSIEM: B PoREy devis

sati gf act g PRy Py r Qv di ] bilize PRt ksl t

repo <{ti og%é?)g %taté'hg,%%bc)iaﬁ@ E %nﬂgp ?ﬁg?ée%ygsﬁngm%@ oF T&EIE | NVENTI O\ The
present i it ithe vasaristorep Signifcantlg btedosing ndreebminatingt ke possibilityr of opil s
provi di ng% sel f exgandabl e, repositionable deyi.ce for use as a stnt, an
occl ader , TEBrasion, SUCk A SYYieTe MaYIpndss t nefeposiionalie n weave, and may have
closed structures at both its ends. In one respect, the invention is a
devige that in ; hSn ! [y | dot achffve ShABR: §EHRI Y
Wi reg3 woven t'ogggtvﬂ'g?dltfg#’éﬁ%r&gﬁtéggi;?eiglg\t'éa%ega?%w{zcg I mpl anfati on into an
anat in callinsitedusiieuplag. wittehighetyhdmustdticr efficiancy partionbirlynids trai$vatisteagboswenor y

wires cross each other to forma plurality of cell a pluralli of

angl 8s, atof largen vessels G3chmiz-Reds €§l-bé§% %‘ﬁ? tfééi' éﬁaﬁgﬁ"’i‘)@a@,‘taloﬂgb%f and,e
cells bei ef 0 N sjdes. 1t as >
oo AT (PRGE 4k B Wb 4R 108, BrRil™ 8 To9bE ool SRS

obt use angligichP expefiefds avitivacievi Relf espdmaihy hitinolnfdshyPDANpIchsize davel beershape
menory wires nmay be made of nitinol. The shape nenmory wires may be nade of

Feet 28 Feedepartere(§haxfuddimteeabnaBR0:nasiy ¢hidlesi 9Py bé wimlaroselierpandingevns
of F%L\/h S %fbgsitioggﬁe%ﬁgaﬁpﬁ? 150 devite SonstiBcted 8F prﬁﬁgd %itﬂ*o‘i“metsﬁ fand polyester

5.




8 3 1 OCT 2003 ranging in size from about 0.006 inches to about 0.C112
inches. The plurality of shape nenory wires may include at |8as8Ch 803ape
menory W nes 00/4436s body may have a tubul ar shape with a subsh’%ntlal Izy

uni form di ameter. The body may have a tapered shape with a GFATEP¥256% 4t
decreases fromone end of the body to the other end of the s body. The body
may have fb@eMnak Mdeyt RPUFE 26 SeS Bt &?d!;é " e e

hour gl ass" shape is ﬂghape th(ftS resgrrrbAI%eés! &]ﬁg‘;’]gf/"%g"‘ b Eﬁ%}él%t’?%&i are
| argér i noqclusiap offmish-tge arerinsi(Sharaffuddia et kbni 96 d- portion I ocat ed

t her ebet ween. Such shapes | ncI ude those resenbling traditional hourgl asses

Lunbbel | d by hand. The bod b
woved by a mchlNEers SBFR . Bontil  Afites e eken TreBSitapablacuthes toay cabibs
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The graft material nmay be nmade Tromwcwen polyester may

be néde fqimgawcﬁasmonmamgamffmmtemeaﬂ; tireegupesselEBtive HosBrsH mue&heeﬂﬁg The

graft materja e from PTFE. The grail material nmay partiall )
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portion of the body n;latively uninpeded by the graft na
devi &e wd%roeﬁr%aqcm&aeqmmta propefomiatahi brith dul size, and shiape betiwebe thideécluder

+ conf d <~ L | f d
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m cal st rogcludécand the REIORLHIDR the sithe & end of
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devug:e 1 L | % % 2 h ? not , eF:? fﬁai.l body suitable fo

i mpl'ant atl er?'r? Bt mysh PERD F“af”géi detﬂi‘ﬁ @te eechsian fitst before; arseccémr a
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greater tharﬁs%ne Theb ﬁcggﬁa@;ﬁ%ﬁg?@sﬁﬁs ar hn%%’éﬁﬁé%éa gﬁ‘(’:%%@ta"?ﬁ% body
i ncliudes o4 bpihrdevicgsist their codttaf mamudactyring.i on i ncl udes a first wo ven portion
and at |east one strut. 30 The shape rrermry Wi res of the first woven
port(l)on Cross pIurallt of cells and a

%Ig at her %‘ for 1
plufality of gﬁﬁﬁ ancouy cpthgler tg “@Peofort P@“&’H@’Pte‘élo £Rf isplatedepersipgntly
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| east one shape nmenory wre are |ocated proximafe one er
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portion separated froma second ven por | on _
21 observed (Krichenko, 1989). That is the reason why not only the s1ze, but also the
22 configuration, of the Jesion plays a significant role in selecting an appropnate occluding
23 device. Except from the small caliber lesions (with a-maximum diameter of 2.5 mm or
24 3.3 mm, respectively), where some-authors have achieved successful closure of the PDA
25 with Gianturco coils (Cambier, 1992; Lloyd, 1993; Sommer, 1994), Rashkind’s “double |
26 umbrella” occluder is the most often used device for this purpose (Rashkind, 1987;

27 Hosking, 1991; Latson, 1991; Wessel, 1988; Report of the European Registry, 1992). It
28 is available in two sizes (with a diameter of 12 mm and 17 mm) which require a 8-F and

29 11-F delivery system, respectively.



The body may al so include, but is not limted to, a second p@rl 06h M at ed
i 0 adj aceMO #4808 first portion. The second portion | ncl udexrssosersend
woven portion. The second portion has n + x shape nenory wires, and x is at
| east one. The first portion may have a generally domed shape. The first
woven porti on Imethe hamrizy gifnedsas,| sheddemidyméapef alred titabigionnll PDRA &lefice Sis™
stntts may be bent slightly so as tg increase_the self anchoring capability
of the bdgyforRed HAMmismenslosin sacescRepar of ke Firopean-Regision AP, diegauseso

2l ud o : . : ion b
] S B ARt R R A L SR TEDY RN, ARl
genes al | withoarbodysWweightof [Ehethee 8ilge Uslig abaoa langer wettbrelld) this proeedurk ighdied t o,

agraft material attached to the body. The graft material conprises may be
nmades f r of¢aREYBINSE Iforidie dreatmans of thegesipns with @rdiametengf Hmmrar ebdvedha®ar,r on.

The graft, gRt ery.al made .f r om.pol yur.et.hane raft.nmaterial may be
made 1 oA BrrAboy F0%: 8F TREEard HRR W iip PLIE o Bhmdity fortine
devi£e MRasilif@ devict Uig tAEtafdremBationdderiteda (Patsch, 7100 B whﬁmfeflgéshkﬁxd
configured to accept a guide wire and a second tube that is configured to
fi-t over deviee,zbe frropartiomoé patbents rwitho rasidual flonthrough thedgsiomfedl fromanédoni cal
structure, the secgnd tube is pl ~qver the first tube, one end of the
boay | o SBmSHBIFY B aaton i %8 Ry i day ARG ImalRRatan idsod bY 8 YercLr ed
to e SefeNEn 4 ey o Igmg,t r . ' l.on is
a dté({;i ce%fthat élﬁglgﬁ%%g?epgﬁttoﬂ%gé%rgqei%‘r}i% d tb?%Z)bﬁoggﬁl?%ltgg%r%?%‘ggéllrsadabI e
fi | ament shewesidnaltftaye tirees & poteotiah risksflihfeetipeaendionarditio dyd shiould b avdided if

i mpl antation.njo an, anatom cal structure. -The se|lf expandjng body has a
firéd end® e'a}t§é@@ﬁg“@?\ﬂ?a“%?ea"&edﬁééy&HH@P@"P?P #ROMheS deyigs 8T wEMY Ot her to
forma s plurality of angles, at |east one which is obtuse. Both ends of at
| ea one bio r iof 1 I ; Al . sel f
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I norgani ¢, cal ci um phasphate. . The biodegradaple filanents nmay .incl ude about
0.0% to é!.sg%aa@see tﬂ'l?y“Wi’F"d]ﬁt i that Ei%?M%@?pa&&vc?fumwﬁsamideee,ndéa| ci um
car honat ' y=. fr{ﬁ% ' | g ' I.de,
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sul gt e. pditiel driddeegthpdedihstod.i | anent s nay be made from a pol ymer having

about 15 to about 30 nole percent glycolide. At |east one of -the

bi odegradabl e_fil anents, may be nade docet axel or_ heparin.

> from pacl it axel )
Bot B ends of &0F Fica@aiosity ofpatienys it PEnasy | lsakags apg/or fistulasc(mainly gye to
royxj mat i : : I ' . el f
B oEha norhitpropilioR il éir hieRS, the W PAGh U \RfYis coffelns BerOmdd 6y 80 1
al s@ i ncpexetandnus transyenil dpprodchdogaheravith esséraloseehsionp eForaierlyydetadhablecur ed

to the self expandin bogﬁ. Bot h ends of the one shape nenory wire may be
| océ#t ed BROACRatetachables fallogns, Were dised fop Mhisi RErP9sRiybut they did not cause

25 satisfactory ureteral occlusion. Migration as well as deflation of the balloons occurred
26 relatively frequently (Gunter, 1984; Papanicolau, 1985) leading to recurrence of the urine
7 leakage. A silicone ureteral occluder was developed and used with only limited success
28 because of device migration (Sanchez, 1988). This resulted in reliositioning and
29 consequent incomplete ureteral occlusion. It appears that the best results have been
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zs In another respect, the invention is a method of creating a body
suitable for inplantation into an anatom cal structure. The body has two
end ends. The nethod includes, but is not limted to, bendSHQUQﬁéthape
menory wires in a plurality of shape nenory wires to create bent portions
in the shape nenory wires. The bent portions are arranged to define one end
of the body. Each shape nenory wire has two ends. 30 The nethod al so

i ncl udes, butactemplished iwiili Gthntdco esitvindgGelfine BeiBolpfativh €Gaylank 1989; Bidg] oCT
2011 menory wires to create the body such that the shape nenory w res cross

each ot her i nl998ri ifattel 1198R). n§vem snthomultiple epihplacementsl togstherr with dFedfpamat

| east one of the angl e el obtuse,. The val ue, of e aobtuse, angle |.s

i ncreased vvhéﬂugshe ot %rﬁsocglgflgﬁI@?yc%onr%ér?@%esse& ae%neil &e? reont{tf)_' BVSFH SﬁglOHLW’ be
bends or | oopmd wWiteatGibanrd fsHB ¥ thé IiscdByrolRligBEefplam (Bihi B2 bhhecsihape
menory wires may be made of Feet, Feed or FeN CoTi. The shape nmenory wres
may be made ohigrsianCyasEegishtly engoantesidGnNheseTstedieshaplee laeknof ppnwiopaate salf- each
have a di anmeter, rangi ng, i.n size fromabout 0.006.inches to about 0.0l 2
ohes. he grdhattigg i aS EefiSr YRR eaally st hstoitie dupees
shape menory wires. The body may have a tubul ar shape with a substantially
uni form di amet er. pProBleRRPoIMTBY olitiethe hRREIE hré RaPRittdbd té be ik ARLsAVe biAt
decreases fromone end of the body to the other end of the body. The body
may have a genthenlateyamong ghanysthathtepd . to Tilmpaisate effietitenessoefeprewipuklynkhowihe
body may be woven b machi pe, s as .a braidi machine. i .s | n another
fespect. the TevometbeRan Aibin ot toEupiiy Preblhoth ey Hiqupuh Gpwever

i npl ant at ,0n ¢, {0 RRenAAPLIRIVE GRbuIR B GlHEEnt (HhEenRRMatdafiar MRvIBRL Sechtidfes

met hod includes, but 1s not limted to, providing a weavihng system that

i ncl udes a t eapptaing matherayt havestottteaplattbgetherojatisfactons .pattivalariyt imoprosidiiny
includes, but_is not |imted to, bending shape nenory wres around the
first tenpl atfexpe;ssexpading reposticaatye sients Pqsbiderssd filtsrs he shape nenory
wires. The bent portions are arranged to define one end of the body. Each
shape nmenory wre has two e”@-MNIK]ﬁﬁUWHE'MENTiBﬂeS’ but is not
limted to, weaving the ends o‘?J the shape nenory wres around the tenpl ate
to create the body such that the shape nenory wires cross each other in
non-interl ocki ng fHEshpesert an¥ention svetcomak ithey pafhiany irdsrenatin lteaptiooas wf t he

angl es being obtuse. The zs val ue of the ohtuse angle is increased when the
body is a¥i alRrQvidtigs sedkexdandable, renositionaliie deiee fr g5e aca plents amragelpder: oy

The first te : lavad fo2R8d TB¥e RS eave MndPinds 1 0 a
ring engagedr%e?ﬁlﬁ{egiagrrpl ate. Hﬁﬁeg\/\:%w ngeagy’s%hem 4 y a gfé@gﬁ%t}%@@??gut i's
not limted tuth s éndsst weaving plate configured to rotate in a first
direction during the weaving. The weaving system may al so include, 30 but
is not limted to, first bobhins arranged, on the first weavi n? .pl.ate, and
one end of In one respect, the mvention 15 a device that includes, but 1s nof limited to, a

plurality of shape memory wires woven together to form a body suitable for

20 implantation into an anatomical structure. The body has first and second ends. The

shape memory wires cross each other to form a plurality of cells and a plurality of

angles, at least one of the angles being obtuse, and at least one of the cells being

defined by only four sides. Both ends of at least one shape memory wire are located

proximate one end of the body. The value of the obtuse angle is increased when the

25 body is axially compressed.

The shape memory wires may be made of nitinol. The shape memory wires
may be made of FePt, FePd or FeNiCoTi. The shape memory wires may be made of

FeNiC, FeMnSi or FeMnSiCrNi. The shape memory wires may each have a diameter



12 3 1 OCT 2003 each shape nenory wire is attached to each first bobbin
prior to the weaving. The weavi ng system nmay al so i nclude, b@t1i0ETn203
limted to, a second weaving plate configured to rotate in a second
direction during the weaving, and the second weaving plate is spaced apart
fromthe first weaving plate. The weaving systemmay also s include, but is
not limted to, second bobbins arranged on the second weaving plate, and

one end of eaahgiffapsizerionrsbowt 0.606 inchid tacibedt 0.012Emchess elrduralitybsfishapd or
to the weaving. The nethod may al so include, but is not limted to,
securing the @ﬁﬁ?ﬁé’ wgﬁsarrgaywnelé@e flolepsied ﬁbﬂpsrla@@orymeemt h@&orénawaa kaye a

ol ude. DUt LSuROkobt Wibed ek uhgofh ARGThE THE YR mAL WL DR

t he shape mend ose PYUCTUTRS arr ed™t

the ot her endhgbe Wit akishietert ﬂhﬁt ARk a66k ffif&ﬁ oak $fd bﬂﬂielml,ay tdte dtBerpl Jfitie t ed
to, heating the body and the tenplate. In another respect, the invention is

a conbi natsi orborlMatThpﬁnoﬂ}am que\gen@raﬂbhowralaswémpng Aanlsa&hamry agdnqr@ltu ally
n anat.om. ca ture.

dabl t
ou ce i nol uquarelag, Shaisd i waHSanbls® » BPeT VRUBE 168 snit eyl Sigel §F
accept a gui dgm\¥ §€erodPébcRoRf Ca%dthﬁlﬁj Q%ﬁ%ﬁdl&ij [Retcl Andrbbet@¥GL Shéh §HaF>§st
tube. The conbination also includes an axially and radially expandab

woven body hauclnde thase escisblingteaditidomd hcarrglawnbr gumbb:bllsubh exdmaile Wiiberbodye
tubes are used f r del i erl h“ge aa}, and r aII expangabl e wopyen
body, one end"®f be feovan magg ebg VPR B PensusBdy 4 Waiding

rel easablfr) Setﬁ!(ajf ggk. to the outside of the first tube and the Zo other end of
the axially and radi ally expandabl e woven body is rel easably secured to the
outside of the second tube. The first tube nay be made from NYLON or
TEFLON. The secondrhaxtwideaya)bdsmmdkrmmiwmmd ok Lot mbleeiatietviched tay

al so include, but is not |imted to, a guide wre configured to be %gced
within the frthgborbubEhe S‘H‘@IB%FF’é?I ra%a%tnérie Epm Yo YeRePalyss thﬁsraf?ayla be in

f 3 F
ange 115 zanpy Siabe okl RGN TRE ghlf Ml 3RS B vl K85 REAGRARAL ETEY
but is not |Igfhﬁt6}1€htérﬁhl rﬁaypbé;hmbwfﬁoﬁﬂPTBEeaHejgr@ﬁKnmmaﬁdySﬁﬁrﬁﬂN b@er ik t O

secure the first tube to the second tube. The conbination may al so include,
but is nots | ibadyed\stused herebnd graft mﬁgah@@ﬁ grtipllyicquerar arbodhis aétﬁ@herdutptthmg is

configured t e cured to tube. . The firs u
provi ded w t?P Qf' Siuggs ato"ﬁé’oﬁtéan o{;?hef ?’Vllrgt orlgmes fJ rming thé tbo%iy W bare or
exposed. As a result of only partially covering a body, blood or other bodily fluids
may flow through the bare portion of the body relatively unimpeded by the graft

material.

20 The device may also include, but is nol limited to, a first tube that is
configured to accept a guide wire and a second tuly: that is configured to fit over the
first tube. Prior to delivering the body into an anatomical structure, the second tube is
placed over the first tube, one end of the body is se::ured to the first tube and the other
end of the body is secured to the second tube.

25 In another respect, the invention is a device that includes, but is not limited to,
a body suitable for implantation into an anatomical structure. The body has a first
end, a second end and is defined by at least n shape memory wires, wherein n is
greater than one. The n shape memory wires are arranged such that the body includes
a first portion. The first portion includes a first woven portion and at least one strut.

30  The shape memory wires of the first woven portion cross each other to form a



~~ec~2 tube holes through which a first securing wire may be threaded. The
pair of first tube holes nmay be positioned proxinmate one egd T t283 first
tube. The second tube may be provided with at | east one pair of second tube
hol es t hrough which a second securing wire may be threaded. The pair of
second tube holes may be positioned proximate s one end of the second tube.
I n anot her respect, the invention is a device for delivering an axially and
radi al | y expgaalityeofseiie anda glurhlityiofigngles acledst dnetod tierangteatbeifigtébtuse, and
structure. The device includes, but is not limted to, a first tube

confi gured t citdeaskpre af theicgls Wping defined by osly foybsidasis Bath endsf apeaspeng of

first tube hales that are positioned proximte ane. | nd af the fi.rst
tube. The. devTale Bl nArE ARG bUARE Braimie Pt s Dol oHisntlfe oL e
configured t quhise a¥Rlis idfeabdd wher! tHO Body RQxBEGRBAIpidRA. has at | east one
pair of second tube holes that are positioned proxi mate one end of the

second tube. The device also includes, but is not limted to, a first
securing wire confThpshepe memoyy WhHesmadebe nade figm pikinolpaihe sbape mempryt wives

hol . The devi I i i i m.ted d .
cecuri ng i r Aol PRF BgRt KeHICTn L ERECPRY o TR HERE mslior SIS dbi e Tade
hol es. \Wen tdrerdNabe Fefifsi WrerkNMIASICHRL. | IRk Mt p&ioA*ha) :iﬁ/cll?déda "Ret Fbben

expandabl e woven body, one end of the axially and radially expandabl e woven
body i s securmedti¢orosephateduian dscaindtviyeh ppgionthytreultiplefirstraéruts. r st securi ng
wire and the other end of the axially and radially expandabl e woven body is

dto th tside of th tube with. t. d cur i ire.
T anot her 1 ospoct 14 PR RPBASDRCNEo e tob BIeCB: Ao gPaRoRperted)

radial ly gxpapgabhieioy Shstiihioh a4ihB Geddtd fottsn hithiRted REMPHoS portion.
structure. The device includes a first tube configured to accept gui de

wire, and a sHwosedotdipertionrfas gut eckhiape fiemooy @nireshandf x isét keadd@ne. THihet fidses

are further configured such that when zs the tubes are used for delivering
the axially AWEHOmEAY| haye e genceily éormzféhﬁpsod}}l}e HF Vvgn drortion mayi Baveya and

di al | i i th
o ol X PaRABALS RN RRE s ShEATNI N SRRKTE LewhcuaNS: fealy e
body is rel edgabhy thesslf-@ithbfing bepability bfithe bbdy hearsanaticilshactutd) BRofifder

respect, the invention is_an occluding systemthat includes, but is 30 not
limted t, Poplien &ayt3lsoinciudepe thiehwpioyemipprion ispaistedofjemhide seepridowaven body

nas f1rst anduhina wiiele tesBAE sl OrRE APCLRTUERL wEhir BOHlsRe A

| ocat ed proxig@mt@ipasmedshapes.t he body. The shape menmory wires cross each

other to forma plurality of angles, at |east one of the angles being

obtuse. The val ue of the obtuse an?I e i s increased when the s body is

axi al | y conpr essedlhedrvicsiapealpe trstudenbytds netelimited toad erafi syfenial pttashed the

occl udi ng syste yalso include, but.is not limted to, an_qccl udi

agent encl 0s etbe Eo{{)?ﬁ rﬁ][eh%a% &ﬁy_erlzﬁ comprises may tbe made gom woven p&yester. ’Pl?e
20  graft material may be made from Dacron. The graft material may be made from

polyurethane. The graft material may be made from PTFE. The graft material may

partially cover the body.

The device may also include, but is not limited to, a first tube that is

configured to accept a guide wire and a second tube that is configured to fit over the

25 first tube. Prior to delivering the body into an anatomical structure, the second tube is
placed over the first tube, one end of the body is secured to the first tube and the other

end of the body is secured to the second tube.

10



The occl udi ng agent may include one or nore threads of polyester. The

occl udi ng agent may also include, but is not limted to, on;grﬂcrim@%

t hreads of DACRON. The i o occluding systemmy al so includ |” aCRet
coupled to the body. The | acket may be nade fromsilicone. The j acket may
be made from pol yuret hane. The occl udi ng system may al so i nclude, but is
not limted to, a first tube configured to accept a guide wire, and a
second tube confi Juraadtheprebpdct,aieinvetéorf is adevice et ifdludes, Bud ighedtilingitddg, t he
body into an anatomical 14a = 31 OCT 2003 WD 00/ 44308 PCT/ US00/ 02569
structure, orfePlaritypf biodegradapls Blameats wovandogetberdatiaimye ss-expanding bedy ube
and the ot her - . e 0 i f e second tube.
3 I'n another T §§%83‘§r, ﬁ.‘ﬁ%&%{%el nfol a?)ln&lﬂé)%gc%ce%\t#g@% ﬁ% © S%Eféﬁq(gééc{s}?g §?§y$ > thot

linmted to, afist &adyhdsalséodhll @nfloThefibduatahble Tilambds afbsaRadtodhedto form a
structure. The body has an axis, a first s end and a second end. The body

i s made frommurglihef renglasy ah least tangt whish & ppiuse. sBoWesndsandl @ kegoone

segnent. The .segnen are separate a.bend in .1he sha nenry Wfre
That 1" I oca BorearRePisab BrC Bl lebllp? PrdmBoncTand PF & SREGHERTNE A s
helical l'y in phefjaliidofGhé S6thicihgh i UdedsOEwherRitle Holl P eixshI iy@niriged end of
the body. The second 9 segnent extends helically inh a second direction

around the axis .toward the other end of ~o the body. The first and second
segment s cross eachheoblodegiadabde dilaments tpaybel wede ifoms .politatydolic sacid e ghlnt

b iti d f h f th i h h d t ,~ t
lehst one | odapdasrdiblcatipmen oy fe MetoliorB Py Lr BFinatds ann Brdrsrafitine
axis thans fiifeREGRHbo RATE Nom?h pBRRRNbARR! 1198 bidher IBRTIBRERG Yo 66 T2Y

be made fromnitinol. "~a The device may also include™™a first tu

configured tonatecéptm a mplyabbydiidee) Thedbiadepeatabl® filmentsutmay denhiadeirfeemta fit
over the first tube. Prior tqQ deliver] ngqj},[]e body into a natomcal iIb
structure, orR®ldRNQsarhonateyHie bigdegradably fitamentseiay, bsi madepfrompan mopganiq ype

and the of nere fath kil bhel RadBRHRER K, ) ThEGAO LA 4RGN Ube.

I n anot her res Invention1s a device't I'nc i s ‘not
limted to) ger&nbbdyveglttafakifroxideptasiual hadtokidé Ccatdiudatdiaeatalcium
structure. The body has a first end and zo a second end. The body is forned
from a shepe Phespliaje, wimagnesinm texdden Maggesivagiwdroxide maghesiwnorvdrboagivent .

The segnents are separate y_&:hend | he wire.that.is lQcated 22

ot oxi mat e ond s GR PRYBRuES s Mol G ki Fugedo e SbBledticebts o
arranged to Z3aheate1thBOBS ndd fhoth St RSy REIRRMS alSsif N 5t fdadbodt 30 8ASIE Pe¥int
contiguous | oops are separated za from another |oop by a tw sted segnent.

The defi niti @lywiidecdvtleagtionsof the biedegfadablp filaménds may bietrhadecfrem graclitaxel, t he
figures hereip for the sake of. clari 6 _At .| east, t.hree conti ququs | pops
may be separ a({]°88ta¥?l@ﬁ$‘m%e$oq1 85‘% 03?( geafztvﬂng:bé%ﬁggdglgarqi ‘?n?ﬂayl §gg‘fat? ur
conti guoug | GRERImaiPHhelidsE 8RS Bihe defflcRpArin] B&ly. | PAIK &hd 6F hwiseirRdp#fing

segnent. At |'east two contiguous | oops may be Separated fromtwo ot her
cont i guous - I®dy may include at least one closed structure.

The device may also include, but is not limited to, at least one shape memory
wire secured to the self-expanding body. Both ends of the one shape memory wire

may be located proximate one end of the self-expanding body.

25 In another respect, the invention is a method of creating a body suitable for
implantation into an anatomical structure. The body has two end ends. The method
includes, but is not limited to, bending the shape memory wires in a plurality of shape
memory wires to create bent portions in the shape memory wires. The bent portions
are arranged to define one end of the body. Each shape memory wire has two ends.

30  The method also includes, but is not limited to, weaving the ends of the shape
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31 OCT 2003 WO 00/ 44308 PCTI USO0/ 02569 | oops by a tw sted segnent. The
shapenenory~ wire may be nade fromnitinol. The z device may al sg _incl ude)
but is not limted to) a first tube configured to accept 3 @ﬁ&@@wire)
and a second tube configured to fit over the first tube. Prior to
delivering the body a into an anatom cal structure, one end of the body is
secured to the outside of the first tube s and the other end of the body is
secured to theemortyswites wf credie tiectomiydsuthifent tie dhapaneitoey wirs pesss adthether
invention is a device that includes a body suitable for inplantation into
an anat oni calingiongategpeking feshipadtp fona)a phigality of qpgles,; afileasy one of tthp avgles a
and is forned fro S e i t a Py S nt. and .
second seqnentcerptss oRryAREBE bl athe W ofbared Phel B RRb ARl o

| ocat ed proxigsaipeessée® end of the io body.. The segnents are positioned

adj acent to each other in |oop=defining |ocations: The i ~ segnents al so
extend between the | oop-defining |ocations in spaced relation to each ot her
i 2 so as fsorm at |Emskent pertions paay be bendp o5 dqopsn T hsfshapremgmorie adtes Mgy boops
has a conpressed i3 s . T (nitio f. a " essed” . sh s set
forth bel ow wEl FOFCAGALE ¢ o0 paobe iy Qird nE9TRY B5RE0r EURE TR S
clarity. is THNicb@ape MaEDERap¥ EmBBY beirdsaeeyf hemmaté | 0FeNIbe FRRaSENES My
be secured together usin vveFds at the | oop-defining |ocations. The
segnents may BeMuSi€oNied The shapgempmprynivites owlyl eick have ahdiarhefeprapgingninnsjze

| ocations. The bo | so inclu ut'is t tolimted to, at |east
one-cor 1 pl adgem gt T0¢ ueks' @ Shettil o et d R e aety Rt sl Somvaias o
i9 result) t & I T [ ude
atl | east )Oonre}ﬁ ?}ibﬁlg%ﬁdggyge??aéésﬁ%ge ?%mt%ﬁyewgglgl ?H%E%dydlg\% gg‘%ynaa@gﬁag%ﬁ@ﬁc Eﬂde,
but is not | iaWubstdntiadly wniformstiarhetbie The wdypfmayurasd attapesszicshppe withai danster e,
and a second tube confitgured to, fit %er the first tube. zz Prior to

del i vering t HBatslsatrassstiEpm ane ad ahihe dody tq theratheryend 9f thebpdys theebadydyay s
secured 23 t i Lr t t n f dy
i s secured tglatb?g %ﬂ%@%lggogqglgzsg%a{?g ?ggtg‘ﬁ;gﬁpﬁ%&e ‘g(gv h parng’sgl;\l}% l?otrﬁlgg?l I on
al so provi deseavshehnibyed achisd, suoh 3af bradingsaschire, bot h t he 26 proxi nal and
distal ends of the stent, occluder or filter. Advantageously) this delivery

z~ systemallows the stent) occluder or filter to be easily repositioned
~as~~it i % being d8langticedespacti theonpmiion. is apgethod of grepting pebody espitable for

occl uder or f.l y. be .eGl oS ti 9. W Lthin L.viNg
creature. -~ 'lhpi%ﬁat%np%ﬁﬁkgﬁa{ 1§a‘f 1S§%L%ﬁﬂ02%§ t%@? %OWO%Q E)E% nlééélz{/%dqnt age
of the presernhclullésy 88t isotbt ilinitddetol piotitiing b Xadaving syefeh0thadinclidRs 2 tbapRked
stnt. The tapered shape of the stent allows the stent to be fixed in a

t apered 3 vedwwingofirst tamplate preiepidensy eThe methodsalsq ingluges,dyutds pah dimitediter ce
than a straight  stent m = a.exhibit, not ially. resul ti in a

| eas hyper pl Sepgb Mipharethad o dehdind 15 RERFRE btipctish® MR SreflE s

i nvent i onyeexoRiidrs i thy dhape BRRBS Wires.f PhEBen® portioly sreurah@ddI8 defif@Badbad t Yy
of :.w ithstanding outer conpre.ssion.: This may be especially advantageous

in .tunorous otthabatys Eash shipgmaenorgtwirechasitws epilscThedheifod aldp andlades mdic ed

not limited to, weaving the ends of the shape memory wires around the template to

create the body such that the shape memory wires cross each other in non-interlocking
fashion to form a plurality of angles, at least one of the angles being obtuse. The

25 value of the obtuse angle is increased when the body is axially compressed.

The first template projections may be tabs. The first template projections may
be pins. The pins may be attached to a ring engaged with the template. The weaving
system may also include, but is not limited to, a first weaving plate configured to
rotate in a first direction during the weaving. The weaving system may also include,

30 but is not limited to, first bobbins arranged on the first weaving plate, and one end of
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a stenoses} where stents with inadequate expansile forces can be easily
conpressed and/or 9 are incapable of assum ng.,their nom nal .shape and
dianeter. In sonme cases,: even the io stenoses of arteri flﬂ‘ﬁﬁ'o%ﬂ. , origin
can be so calcified (e.g., iliac or renal artery stenosegsS i t extra
radial force is required fromthe stent to hold the patency of the vessel.
iz Furthernore) the woven intravascul ar devices of the present invention
are al so abl eatlo shaperménmonry wive tihettached tageavhl firstubshbirs pried toethe Shaapingaf Tier

bei ng bent, even maximally. i4 . Advantageously,. the stents, occluders and
filters of t HECaYNgssyitem hahalseingydeobutiis nebdiaided {9, s sceopd reaninge PBiRIs .

i i onal 1y, R AR SRR LE T PRT ABEGCR G M e shdHilorkiNiebine -

coupl ed with giite isispadell dpaiti fasth thé fes) wévingeyRfp! The Mlseingt Heneany 4l

moni tor under ~s fluoroscopy. i9 The present invention also includes a:
group of sel fineluga byt iggnotdunitedcion second §oblivs arengefl jonethe segpnd rvgaving plate,
material s as described.above such that. a.coherent el.enent..is,fornme i that
W thout ¢ he. 08 P eBT PR GrreifrmerLe R RRiad R FEmY bibripiig fhe
filters. The GaNfeZZ The Ih&had HaytdI® RicRRBNbut RVRAIRRedPT \sbaRiHgRE SRass f
Itrating efficiency not only at "the center z3 but also at the periphery of
t he cava. Addn¢moryawirgs to the teroplatyl aElse miethod mayf alstengbudes bntt is 2@t ilimitedt topn
utilizes rri:étiﬂole filtration |le etths. he cgvahfilters of .the ,El;esent

i nvention ar doyaingpplasedosteicpures, withthe gnds of the, shaps mempry; Biresa: Thecloped hej r
desi gn ang t hgi t 1 i

pr asent 1 vent TR borrged i AR HAS: ok orRELERL T BEALE ity it

cat heter or dheadd bufddiot limitad ko hesting theipedybarid thx tdmplatey of t he cava
filters ,makes it =17 3 1 OCT 2003 WD 001 44308 PCTIi JSO00/ 02569 i possible

to deliver themvia anél?of t he &gs,si bl e access sites gf t he human bod
(fenoral : jugul ar)nANOHEnBesPsst: the; igkentionds pcombipation; that ipelydesa dgyigg for

i ncludes a bi ¢l ] i | "Bl {14 " i j| .

sel f - expandi n%f“u?’?’?&.z‘%|a;é§ﬁ¥(e@a“n§5?‘g‘?{w g %?%lgém% dg%n%??‘g%v%\(}gﬁ rdgrhntg Rurber
of s super el ambiotnicd] sehiape:. MtREleyicalinodydes, bln e Mkt likdileti@s, d frst tabt yorefigired

tenporary filter that can be deployed fromeither fenoral vein) and it can
filtrate the thlasewpt 4t eideewine; ard 9 speoaditibependigurssyia fituoner it firstfebep| The

fil f th hnvent | ' I K f .
ci roul ati on. UVAN A ASTLg bl ket P ek B SrBhabit Qe Bl ML

bl ood com ng.dnd@NTHOtuBed hliead‘onﬁgima&;sua_c Hiagwiheg tid 1SS ateOi¥eldifbd 8¢1pictiAR the
Further) the use of the Bl ~o tfilter is particularly beneficial in

peri oper at i vexiadlydab sadialbu expradable venyen: bady,-one Bhé afniheraxdally- s padialy t he
Bl filter togethe ith the expansile force.of .. the. tupyl weave ures
i rm pos 1 orrongta wevi Yo S A% pBvcRrERe atte et B sl BB GNTIEE T pe
present i pvenjth@ndSorithéhxihihe afkl raﬁﬁdll‘ﬁ@&gﬁ’iﬁiﬁbl&t\%\?eﬁ%o@yﬁ@ kA&dsHIy YeilFBd b0 7
French delivery ~a catheter or sheath: Further) due to the flexibility of

the mesh of ttheo®sideiof thersgcardgubal i very ~s systerri thereof nmay be advanced
frorri ipsi=to contralateral iliaic vein. As Wth the cava is filters,

heBl filter may passess non-ferro net | ar r jng it.l1VIR
Cortipati bl e Thels i (1P SRt REIRRE N SR AETIQNT he Fesbhd iberhey o
filter all owsf Qhdd RERWVLON &f TERMEORNTIHRRROR e infdyOdIR insRid8) But 39 ot limited
successfully before renoval of the filter. Using’an i9 . adequately sized

sheat h, the doph guidewionmbandfigiredgoebetdaced twidppdlte farst hibe. tThe onterhdiametedofio

al so be renoved _together with the filter, X
25 tﬁe first %ﬁbe may range in shlze from ? I’French to 7 French. The outer diameter of the

second tube may range in size from 5 French to 9 French. The combination may also
include, but is not limited to, a push-button release/lock mechanism configured to
secure the first tube to the second tube. The combination may also include, but is not
limited to, an end fitting having a side arm. The end fitting is configured to be

30 secured to the first tube. The first tube may be provided with at least one pair of first
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The stents of the, present invention can be advantageously covered with
materials zz such as silicone, polyurethane, and/or an anticancer coating
agent that allow the stents to is reduce the possibility bt (dstW®hosi s
after delivery, and which also allow the stents to be 24 used in stenting
mal i gnant stenoses, for exanple.. The filters of the present invention may
is also be covered with anticoagul ant coating agents. 26 Ureter

strictures/ caups Bsled tinduphovhish afirstaycuriyg witemhe e tveided! Mhgpalitdirartabe 2~
and/ or covered stens; in particular, the use of a |long tapered stent may

advant ageous|hplesTay bepasitirned proximpte qe/cnd 96 therfmsy twb@ofbtzmgnd tubgtrady bee

special conditio 0, the different ibe enS|b|I|t .of the
Pt reront - Jubrian SRR Rk nechedh of 6 whhORR BB PARD P bl
The stents ofwfé@ghaR RSBRadedV aRE ipait dTBBcISIAbE Bolés Bshyl Be pPOIolRAPryFnti ar a
applications including biliar tree and tracheo-bronchial systemif the

| esi on does mmoie end o€ theisceord th d.urcated stent. a The stents, occluderS and
filters of the present invention may be used in many di f f er ent

applications. They ro i de the vanta es .of Xibility
repositionability/ Y ARG, TeTRegt g ﬂin‘fc?P ot 4% apciesvﬁ)cie g’ﬁa WVPLHRE 28 %@EFand
DESCRI PTI ON GQhg;}) e%%ﬁi@ﬁvo&nmﬁy fhﬁ%h?‘ﬂvﬁ%nﬂﬁ anb @H%n&t%ﬂ&a‘l’%frhctﬁfe Uk
present specification and are included fo > > further denonstrate certain

aspects of thevizedsendes, bueistriod limifedeo) mﬁeﬂttubmcorﬁ;gutnd theictept a~gnidnddrest ood

by reference to~ one or nore of these s in conbination with the n
descript i on ofh fsupe B2 %G*’éh‘h‘&f‘d?%fe‘?ft mﬁ%gﬂ%ﬁlah@mﬂtw@ pPYmMAtong 5 5

perspecti ° é'dgagtﬁé iRstThEA ! Tﬁ@%%lgé fo lifI1008, &5&3934 o tgﬁftot%@ec RdRiES ent

|nvent|on. 'S a front V|ewo a stent’ en

accordi ng to configoreénddidionemnthe dfrsttthiee. pTis sstbnd miberitas Qﬂleastmeﬁiaﬁ dfGecdndr
perspective view of one wire of a stnt according to one enbodi nent 19 of
the present itHyehelpbhat arepesitioped proximate enejend,pletfie second dube: r Hirydariqe alest

wires in a pl. gﬂp@\%e tels%gf; AR 04 segﬁ'ﬁ ing &BQ%' &rec? ﬁeh&rfagﬁéggg%glhl ng

i nvention. isa erspedtlve |very SYS
to one enbOdltHE Phir OF figst thbehdlees Ths dk\l‘lb’@éll%b Pibludes, But @ nét limited tdiadRcynEW Of

a delivery systemaccording to one enbodi nent of the is present invention.
.19 15 securing wire configured to be threaded through the pair of second tube holes. When
the tubes are used for delivering the axially and radially expandable woven body, one
end of the axially and radially expandable woven body is secured to the outside of the
first tube with the first securing wire and the other end of the axially and radially
expandable woven body is secured to the outside of the second tube with the second

20 securing wire.

In another respect, the invention is a device for delivering an axially and
radially expandable woven body having two ends into an anatomical structure. The
device includes a first tube configured to accept a guide wire, and a second tube
configured to fit over the first tube. The tubes are further configured such that when

25 the tubes are used for delivering the axially and radially expandable woven body, one
end of the axially and radially expandable woven body is releasably secured to the
outside of the first tube and the other end of the axially and radially expandable

woven body is releasably secured to the outside of the second tube.

In another respect, the invention is an occluding system that includes, but is
30  not limited to, a plurality of shape memory wires woven together to form a body
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3 1 OCT 2(!03 WD 00/44308 . PCT/US00/ 0253 FIGS. 5A-E sequentially
illustrative steps in a delivery nmethod according to on~~ z enbodi nent of
the present invention. s FIG6 is a front view of a conicdl18CTelhavi ng
bends or loops in the proximal a (rear) end thereof according to one

enbodi mrent of the present invention. s FIG 7 is a front view of a conical
filter having bends or |loops in the distal (front) end thereof according to
one enbo~di rese@ntfonpcelnding ragsanatontipal estivicome.  Flhe body jhas irftr it secbmdvends. a
dome filter haying ben .or lqops in the distal end a thereof according to
one. enbodt e NG RE Ieasene RVE MY FrCategordes PRpiie e mgrordhe
hour gl ass fi j &H%%Oé% I i.n Lon. i
i FIG10 is lgc; folﬁ%%g?ggwﬁg@)%’naﬁgsur gl as Eﬂf’lﬂ{e{ Eeqfog@?oélg{aﬁgﬁ ?ﬁﬁg}lées’ éﬁg%%i ment

of the ~z prasesftthe augles being pbased Tha vhlue of tliccsbtode) angdniz iveréased wehehlthe 11,

is afront viewof a bi-iliac filter .according to one enbodi nent of the ~a
present invetrdydnappleempisssele iliac veins. is FIG12 is a front view, of
a bi-iliac filter having a retrieval |oop according to one enbodi nent of

the present inventy LNy b b vel . FLG i front view
of a bi-iliac fi ﬁ%ﬂ?%@é?ﬁ%@y%‘%‘?ﬁ@hal?gﬁ%%d% Rin nitirg1 o 6z°|%1r1‘f§;&“}gsS’(Fbuﬁ‘?"?e
accor di ng t omayelse ixdedeydat isqiot liftted t6,SaNdccludingnigdenn entléie@ dvithin tHebddyl ac

veins., i9 FIG14 is ais a pe_rsgéctive view of a tapered stent according
to one enbodlhfeerclyding pgentanayr mskide onpwsmarehreads ¢ff wlyesters Ehepesodyphing i ve

Vo ol 2. S A enst o RO HEPL 8Lt Ssore e e AR

ge&tT hgg Og%%rdgzgﬁzﬂ%sg@%% }&@U%%gaggggg@a &kt ERipRIAGS GRS bbdY €Thd PRket RSy be 3 1
made from silicone. The jacket may be made from polyurethane. The occluding
system may also include, but is not limited to, a first tube configured to accept a guide
wire, and a second tube configured to fit over the first tube. Prior to delivering the

body into an anatomical

14a



FIG 25 is a front view of the proximal portion of a delivergy{ DTt 2003
accor di ng wooo/2430§1e enbodi ment of the present invention. 3 ddrusedfsed 2
front view of a delivery systemfor a tenporary filter according to a one.

enbodi ment of the present invention. s FIGS. 27A and ~B illustrate stages
in the re@RM&{xreOBn@eﬁd bft e bBapmsecu&eawtheaﬁlwmme fiestaatse aitbwdiotitenaf t he
present invention. is,a front view of a conical filter in a fully

stretr,hedof)dwhthynsmcumddoﬂ‘gqum@tlfrtbembn@w@ént of the present invention.
FIG 29 is.a projected cross section of an hourglass-filters taken across

the middle ~o gortion of the filter accordin h
preseht inventi B,anot?ner Tegpest %%WVFQUQJ' \"Srao‘hetw?f’g[gé& lB&“ﬁ%n&fE 'gqg%ﬁ&%d %? &
toget fier b%y St R lh?nﬂtaneﬁvﬂtaan laRatORAGHP Stractare! AiHRGDJd9 Hasen anisodmant of
t he present 1nvention IS a perspective view of the pl acenent
of twp w reed andchsavonglead tThesbody ipimadeciromsz shape anéraony weathaighasea fiost

according to one enbodi nent of the present ~s invention. {6 FLG 31
per spect | WeSTHERANGF a se¢Andegmsttan Egssf’%’ﬁ?mﬁnaﬁ S%P*‘F*’é?‘h%bﬁr%}’ﬁ‘b‘r\}\? the é‘IEQSPG?dl ng

to ong egtﬁgq%%g%xré) ! I1A'seloc£’t5t§" de}§lﬁat@\’c§1@tdn?rbf tFébbd V&ﬁ Tﬁe itst el gﬁgﬁ@@:&&ddﬁe

vi ew bf grada ste a reinforclng according to a

secongl erﬂn@nw?nh aTirst difecpéieaenhd the\vaxiy toomard the ofetend Bﬁﬁheﬂiody.e The cedondi ews
of various configurations of an. occluder according zi to the present
i nvent i on:segment extends ihsligallyrip gtseqond diggction aseund the Axis40Wak thejotbsreand of

accordi ng A= t OCT 2003
00, 3.1, 4 30 R0 1R BFOE BB ikl L PR Db i ot having
clips accordi ng to one:.enmbodi.ment~ z of :the present.invention.

11 The ﬁrst segment may be posmoned farther from the axts than the second segment

12 Cat at ]east one locatxon The ﬁrst segment may be posmoned farther from the axrs than
T the second segment at each locatlon The shape memory W1re may be made from nmnol
14 The device may also include a first tube configured to accept a gulde wire, and a second
15 .tube configured to fit over the first-tube. Prior to delivering the: body into an anatomical
16 structure, one-end of the body is secured to the outside of the first tube and the other.end
17 - of the body is secured to the- outside of the second tube..

18 o In another respect the mventlon __;_s a devxce that mcludes, but 1s not lumted to,
v body suxtable for 1mplantatxon mto an anatormcal structure The body has a first end and
20 a second end The body is formed from a shape memory wxre that has a ﬁrst segment and
21 a second segment The segments are separated by a bend in the wire that is located
22 proxlmate one end of the body The ﬁrst segment and second segments are arranged to
23 form loops and twisted segments such that at least two contiguous loops are separated
24 from another loop by a twisted segment. The definition of “contiguous” is set forth
35 . below with reference to the figures herein for the sake of clarity.

26 At least three conuguous loops may be separated from another loop by a tw1sted
n segment At least four contxguous loops may be separated from another loop by a twisted
28 segment " At least two contiguous loops may be separated from two other contxguous
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3 FIG:36 is a front view of an aneurysm being treated by transcatheter a
enmbol i zati on according to one enbodi nent of the present invention. s FlG 37
I's perspegid yiaqviseWw of a tenplate with |ongitudinal tabs ar o8ADGH 208 wi res
are bent according to one enbodi nent of the present |nvent|'ocﬁr $00425693 A i s
an enl arged perspective view of the longitudinal tab and bent wire s

depi cted K g t he sent.in 9

FI G S:38816‘Sbs 'ér“nga ?éf“;g F’%@?sgté‘gth‘v Vi ewq'g%pé oa& etﬁ’&ﬁ?tg'lont 3’6‘ Z' ed in -
FI G ;~0 Févieahadalbiigduded but fendslikged té,0 fitst ﬁhb@corﬁfg‘ﬁrecﬁfocﬁc t”ﬂ LifyeOne
enmbodi ment of the ii present invention. i2 FIG 39 is a per spec § Vi ew

of a3wir avirgeand afe ube renftgured o fit qubheﬁmt\mbﬁpdeOIatlodeﬂldemg)&terbadfy
bobbi ns accordi ng t.o,one_enbaodi e e.prese ventjon. ~a FIG 40 is
2 Cop vi aife o anahmipal 3Rse iy Bhe B o s 1ok EXCERRB o aBe Stbick op et e
accog di NGnHehOHRe LRI IRERSdys s&&teem&ﬁ.@ahtsidtvcﬁ%é %ona%uf' G 4lisa =
perspective view depicting an upper -weavi.ng 'plate provi d with i~ bobbins
and wires, a partial cross-sectional view of a |ower,weaving plate

prove ded~wi t h In sanlotiebirespectn dheviin esitioanid aadptace itledt incindes aesddyosiddablel fy Of a

tenpl ate ,arpund, whi ch both plates are accordi n to one enbodi ment
of the prE® aqOH\}gt,otanoapatoth HIUGYIL. |- 3"%&3‘*‘% '@%161"0 lipdted g@vtWoosmsis

weaving BhaE ool Hoted shiddmBARRY BArARG /o irsP Bk AR RO o RURL I R |

tenplate) and i1llustrates the t crossin W' res
one enbodhessegmerts tiveseparatedily 4 berehin the wifel th?at i4 2k atedl oir&mé oiéd &ivd 6f tha

+ smal | cal i ber Ioop formed by bending a wre Za accor to one enbodi nent

of tihe phedenT he FRESRATLSHATE POSitionedsad)aesmt toaeh ogier omonpab ningrlocsizis0 The 9

FI G, 43A pl at ov ded, wi t h
bobbi ns' sEEm@nOfE gﬁoégéﬁlﬁ%tﬁ g?\%ee %r ouna’( ga\g?%hd& 3{1 gpacgﬁaelg AL ‘?aﬂ‘é’éhetrhe
firsg CI’s@SdQIfBgn Qf ldabtewvm rdops At least one of the at Ieast two loops has a compressed

13 shape The deﬁnmon of a compressed” shape is set forth be]ow w:th reference to the
14 figures herein for the sake of clartty o ' '

15 - . The shape memory wire may be made from nitinol. ' The segments may be secured
16 together using welds at the loop-defining locations. The segments may be secured
17 together with collars at the loop-defining locations.  The body may-also include, but is not
18 limited to, at least one cox] placed over at least a pomon of one of the segments and, as a

19 result, the body may be used as an occluder The body may a]so mclude at least one fiber

20 attached to the coxl The device may also mclude, but is not lnmted to, a first tube
21 conﬁgured to accept a gutde w1re, and a second tube conﬂgured to ﬁt over the ﬁrst tube.
2 Prior to dehvenng the body into an anatomxcal structure, one end of the body is secured

23 to the outside of the ﬁrst tube and the other end of the body is secured to the outS1de of

24 the second tube.

25 The present invention also. provides a delivery system that may secure both the
26 proxxmal and distal ends of the stent, occluder or filter. Advantageously, this delivery
Pyl | system allows the stent occluder or ﬁlter to be easﬂy reposmoned as 1t is bemg delivered
28 into place As a result the stent occluder or ﬁ]ter may be more precxsely posmoned
29 within the living creature.

-16-



3 according to another enbodi nent of the present invention. 8§ FOCT 20B is a
front viewmboa3tsend forned' by bending a wire accordi ng to roTRUSDOG2IERdI NENt
of the present invention. 6 FIG 44 is a perspective view of upper and | ower
weavi ng plates provided wi th bobbins and arranged around a tenplate such

t hat it he sur.f aQae agdvantage wbahe REpsphtaireentorois thenhnighe tixatipntmethod efghext end

face each ot her accerding t ne aodj nent, of .t he sent, 9.i.nvention. ~o
Fl G 25 | ePeoathede ekt aE doBe R dhondhe Siehl B e it itfdic

with,~ i Kol dsuBiigr Wnichse 3ieh RES ?dmdaraerxgmeafo;c@rmmb%tra}gﬁhsthmtni%hlﬂe
surfaces of the weaving iz plates fromwhich the bobbin rods extend Tace

each 4ot heexhibit,chuscpatentially aesaltonghio di lessritypesplastic imigngd reastion. i nvention. is
FIG 46A is a perspective) partial cross-sectional view of a. tool for
twisting the is Wre ends of _a woven. body accor.di ng o _one.enbodi nent of
the' g ocent | niRAETERT S BF ue BT venor, SR A Figh SKBUUR GRS PHERU s
and qut er , hpwsl ekt Wlnslanding! Watdratshipkdsibh G THIEAmalS b GrZALLS 3
persgect I ‘i‘/e‘%%ew gg&al ’)Eo' y"'v\x%’\?‘eaﬂda oun ra teﬁpélg'gt e'"hgéléﬁrgnaPQbFo%&%@H' nal
and, 7t r anadvantgeousains tianerond istegoges, - ondibeotiro diricames: Ghcludmgpradiueioh-inducedt i on.

20 FIG 47B is an enl arged, perspective view of one of the transverse tabs

and twi st #8ngseshyhege émgs.\w@gn@ée%%?xmm@ Toroes fap defiasily compigased #HEF nent
of the pr ' | : L F G 48 H.S. : SDECE | ' . apl at e
o outd aiencepptcet asdbimin inetr ofhindrafe Al HARACE | KE shE Halth, Breh

accofdi ngstesosensf endriskciepnic erigih lean beasanlcified tiy.) diac or réml ey stéhoksés)a
perspective view of a tenplate having finish holes through which - . zs
fini gh pithet gxiya sadigl fersel indeqtirednjomo thensteaintodipkdethe patendie of thss vpssel.

e b U e AP RABRER i B 2 6

enbogdi Menfensth 16 BRINUTRSSN] uricbN®Rined hape after béiiig bent, even maximally.

14 .. .. Advantageously, the stents, ogcluders and filters of the present-invention do not
15 . possess free, sharp wire ends. - Thus, many potential complications are eliminated

16 (Prahlow, 1997). 5,..A_dditionally,;:the; tight mesh of .the stents of the present invention

17 coupled with the use of nitinol wires, for example, makes them easy to monitor under
w  flioroscopy. o .

19 . The present invention also includes a.group of self-expanding, self-centering cava
20 filters woven from materials as described above such that a coherent:element is formed
21 that without the use of a joint or attachment between the portions of the filters, The cava
2 filters of the present invention provide increased filtrating efficiency not only at the center

25 but also at the periphery of the cava. ~Additionally, the hourglass filter of the present

2 invention utilizes multiple filtration levels. The cava filters of the present invention are
25 able to self-center due to the symmetrical nature of their design and their potentially
2% flared base. | h )

27 " ‘The cava filters of the present invention may utilize a relatively small, 7 French

28 delivery catheter or sheath. Additionally, the superb flexibility of the cava filters makes it

-17-



3 FIG 50Bis a front view of a stent forned froma single_wre according
to a a second enbodi ment of the present invention. s FIG 8dC0¢E 2803 r ont
vi ew of awwdHehkdo9r med froma single wire according to a thjy Yhadi prent
of the present invention. z FIG 50D is a perspective view *6&’%’%@3’@3#["3
depicted in FIG 50B positioned on a s tenplate according to one enbodi nent
of the Presible toWaivet &em -&aﬁh?‘of%-'b&;sfbl@é‘&céé%%‘ﬁﬁﬁh P e ithA bty EROBES
stent filter according to one is enbodiment of the present Invention. i i
FI G 252 ijugalapemtgsubitalweins).ew of *a barbl ess stm fil ter having bent
| ongi tudi nal iz segments according to one enbodi ment .of the present.
invention. FIG, 53 is a. perspective view qf-a bagrblexss stent filter having -
two filtrati ngGr h%\Pé?fgmaH@SP%‘Fméf p dnﬁlt‘fee%ﬁgﬁ‘d]i’_?r?eﬁ[terof Bﬁf’@teﬁrbg@ﬁﬂs ianlP¥rt i on.
=S FLG Sgofife, elfleRPpinding MeRibld i€H ol RV | gnshi p
‘oactP IO, Sl ERplndRE eRIuld Wonabal At A rid) RSV SR s Ao

i
with each ~s other In the aorta ac ng to one 0
i nvest i onsupEdefastib®r sisape memenyelibys/ €Tiveé BIilidr i§ woygeaftérapdiryCANGtREL cah @Bt S
placed in side-by~a side_ relationship with each other in the aorta
accofdi nngPJPYGHé‘}IMBB?Tn%ﬁ%OTQJfVCITh angribeamfiltidie idatblend atzbe Hiag veiss/inferior

perspecti Ve, v ew of e 1 truts placed in side-by-side z~_

el at onsHi B I nShRET TuieC R A oRinb Byt oI /oS 0 KB e o
the presemnods ciroulanibn.oNAdvaatdgksiily, Sthe BE fier” SiftitaNéoRlyofiltdd: AF ﬁ{el;gﬁf d
formed froma single wire around a za tenplate according to one e odi ment
of the precsuing from bethiibac veipy achigying@Imasg300% filtr@in. JDothePAhemS<SONthe BI69

¢« FIGS, 57B.jis.a [ ctive~view of.-an occl.yder forned froma single wire
that® z -ﬁﬁ.léﬁrdﬁgg‘%(‘f@?‘ﬁ&?’gnﬁ é%éﬁp%f??ﬁfﬁﬂwteﬁégﬁﬁtga%%?ﬂsg& at | oop-defining
| ocations according to:3 one ‘enbodi ment of :t he present.invention.- a FIGS.
57Ciis ‘a top Vikwisfer@nUoshabs@2rthé BINMAlef foRBiher SiftotR ,&&(}faﬁsﬂ@%rcéao?.@g" s
pi eces pl aced over portions -of .the wire segments*l-ocated between-collars
accordi ngubganweaegnsuresdinm pesitionealpng:theriliad/cave juriction. A fiBtheb ddvantage dfop

vi ew_ of occluder forned froma.singl e wi.re that has cpil s pjeces placed
overpor ﬁﬁ%ﬁgesﬁﬁt Tﬁ%“t{ﬂ“rlé%?ééﬁﬁghfgﬁ%%&%’g& et éﬁ‘l"eiff)?mﬁl?'j gfﬁ!"’él@%"%s 9

t hr qgbogeditetdridraRBdih s Faith@s B8shd e FlRRiHERY lof BleemBsh GChe Bl ifigr !

enbodi ment of the ~o present i nven?i onl. i I'yg.FI GS. &5@%%%%55‘?8%?% t he
del ier y systeoniberoémaydte advaasad ipémsipein ts conraldteral Hiaaovein - Asnwith heneivaon
acc % di ngﬁﬁecr)s,gﬁg Bf Hﬁgrdrlnrar? gassg;s at hho%- »egr%sﬁ(xaaré}iét}énc\fm%]atclteor rr]nakm g it MRI cbmﬁatible.

17 | The BI filter is sui'table“f‘o-r terhporary ﬁltration. The BI filter allows for removal

18 of the entrapped thrombi safely and successfully before removal of the filter. Using an
19 .adequately sized sheath, the:small thrombus fragménts entrapped within the mesh could
20 :also be removed together with the filter. '

21 | The stcnié of t_helprc:se‘nt in_vgntilon’ can l_;{: »ac‘i,vantagcoﬁsilvy covered with materials
22 such as si_lilc;pné.,»polyu';et}'ga_ne,. arildlbr an _an_tic.::ar‘xcer"__coati‘ng a.ge,.ntythat allow the _steﬁts to
23 reduce the_pos'_sipility igf "res‘tgr_x,oéibs after delivery, and whi_cﬁ also allow the stents to be
24 used in s';entj}’rig“xnali gna:_it. ster_;:qse,s., for example.. 'l.“he,,_ﬁl.tvers_qf‘ the present invention may
25 also be cbvefed with antiédaghlani coating agents.

26 ~ Ureter stricturgs_/compression_/occlusion may be stented with these uncovered
27 and/or covered stents; in particulé.r, the use of a loﬁg tapered stent may advantageously

-18-




i3 -FIG 59 is a front view of a barb (of a filter) that is dedeTr23ng a
vessel walWOO¥4436%ordi ng to one enbodi nent of the present ipgvieuddo@Bs69~S .

FIG 60 is a perspective view of a single wire enbodinent -filter according
to i e another enbodi nent of the present invention. . i~ FIG 61 is a front
vi ewlof upptsh .thacspeciak conditionsngossdaby shes diffeventechlibgr andwdistemsibilisy of athe -

supporter .accordin 0 e enbodi nent of the present invenEion. is
DESCRI PTI ‘b%%’('ﬁ—m fi@%@%%&(?‘ﬁweﬁ%w{éﬁém %’Bs‘f’.“p@”éwsés'z~ Strai ght Stents zz

Wth reference to the illustrative enbodi mrent shown in FIG |A) there is
showg a z3 st ephe fsRintd BF Ghe I REscAN thvdaliby RGN dI %eaﬂseﬁnﬁ't%%‘éaﬁoé—bgﬁﬁ}aﬁ”e'
The stent includes a plurality za of wires 5 ich may be arranged 1n a
plai n weaapplisatiars includingi bitaontred ard itrachidoybranchidlosysenl i -thedysiof Cdoedsndtsed
herein, "elasti B%H Ggef or mabl e" nmeans that the -25 s ~ ocr 200 WO

00/ 44308: TCAWESR B@% 588%def or mati on of such a ;body is.. non=permanent
and ' an original or ~ initial shapée nmay bez substantially recovered, or
regai.ned; upo e C i _ , chani

el ect6r omagnet ."?‘é gtr% nfg’nb ot | éér) B??gz@%sf@q‘ g‘?@g&ngsmﬁgg?ﬁﬁ{é?gﬁmé@h many

" subst antdiffetent a applicatiensed”  Mheys ptdwade r eeovadvannaged 6Pt stserb Udiexibifity, t he
exact, original %gap.e be s.regained. -Rather, .it. neans that: sone degreée of
pl asdi ¢ dEPeTtienabdHY/remoability, and prepisepostionability. recovery need not be
total. Such elastic deformability may be achieved by -utilizing the -

superel astic propertie i r k whi ch are di scussed
s below. U.S. Patent Nomghmgge%ﬁmﬂ@gnﬁ%ﬁ?GSM| ch-is hereby
expressly ~o incorporated by reference, displays the nmanner in which wres
crosis each ot hEne fodlioming drawirgsiformvpan of site s spetifidation land abeimivdedtb G 2
al so illgtstéat S the manner in which the wires 5 of the present

i nt r'avasdyrasr nsate cgrjaip aspacts9fJBe PIRSEItinyengon. Jihginveptian may-be itey 10

is t h raci.ak inal 1% expandabl e . yalQ.inctudes, front - istal
3 Ry ke BY ScfiinBl b ROARRRE b RS idihitlid OFoinaibh Glin el
pl ural i t ydesériptionf dllustrative exbbodiasnts Presented hefetl st ruct'ures ‘'may be smal |

cl osed | oops 6 or :bends 8 (FIG 1B). i6 Both bends 8 and snmall cl osed

| oops 6 may b%{c?_r_ ed by bending a wire 5 at a. selected t~ point |qgcated
bet ien the e 'ﬂrgfs fu REEsPsCt e view 1 of 2 siRg agrRIAIngcloosgembegdisnes) of the | s
most,s appldre@ht AWentide Ssel ected point of the fiend or small closed | oop may
be cfose to the ~9 mdpoint of wire 5, as shown in FIG 1,Cwth respect to
smal | closed |oop 6. FIG 1C zo al so shows both ends of wire ~5 being _

| ocated proxi nélie 1dds 2 fronboitw b q atenhendhddfined zZby bends ackwording todye 10 i s
not shown). Body 1Q is forned by plain weaving wires 5; as-wll zz be '
di sd&ssecf)%%b%g‘?tr??&?%QFth’é@%gan z3 Loops 6 and bends 8 provide
significant advantages, some of which are z4 unexpected) over woven devices

v afs e, eAG IO d pelRR by OF ot Wire R Aot Qbccidink 35 LAL Efiboliiens

shoubd beofghepresangihventipn.i ¢i't |y acknow edgi ng the potential ‘tissue-damagi ng
dangers such free; sharp wire ends pose. The Wal | sten patent suggests

‘et hods by which one can , . zs attenpt to |lessen these dangers) such as
conrfécting t he" i¥ FciS\A ?lae é‘}?&gO{@le@g@ﬁg ﬁgrofwxres in a plain weave according to

21 one embodiment of the present invention. ' S :

22 - ‘FIG. 3 is a perspective view of a delivery system according to one embodiment of

23 the present invention. IR o ,

# 'FIG. 4 is a side view of a delivery system according to one embodiment of the

25 present invention. S ,
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z9 attaching U-shaped nenbers to themthrough heat wel ding, gluing or the
| i ke. These =26 81 OCT 2003 WO 00/ 44308 PCT/ US00/ 02569 StmqlemltTthmret hods
can be ti o §4a3esm Ng and, as a result, expensive. No such c%le/&g ‘need to
be taken in creating elther | oops 6 or bends 8 of the pr ese ?Péor?s??ew ces
as wll be discussed belowin greater detail. a Further) the connections

more prone 1o ot e e a5 MRREad g scif HLOANER Beftby Blofina o & ¥

pr esent mnmdxmemofelsepﬂéwmmﬁﬁbﬁ., wel ding can introduce anonalies such as
cracks (which may result fromthe non-uniformsolidification, uneven
boundari es, L‘)h- voids or a other irregularities resulting fromporosity;
i ncl dsi ons (vvh]g 6 i5c2 frgst ¥ieayof agonics) ﬁgpth;vmg bends or loope in ke proixiimal

l, d | | he ~
or opéhsi (5 G nEeS R N R S f e Cttng RS E i o 1 m

contrast, the gentle ~ i curves and bends resultlng in loops 6 and bends 8
are girtually Fr(eelefamwah@dmadﬁﬁérnasﬁ@%aa%r% é‘u{ tlt‘, 2 Widedl o‘ﬁ )”“Ch :
less likely to fail. is The Wal |l sten patent al'so sugges uing t ree

Wi re6ends€ndah¢fé©frﬁ§60!¥1mt04me}9mhﬂdde@t®fehe present snventionir aI integrity than

can wel di ng) because the resul ti ng bond i.s..between the joined wre. ends is
only_as stron ace t en t ue_and the netal used.

Consequent ly, g’f'ﬁ’z gzh r°8{ &4 e8 gﬁﬁmﬁhﬂngg’ﬁf‘gﬁ PL,}Q0Ps Amthe distal rad

j 0i nfg suftharebﬂ&csfdmg tbttﬁ;e%nmtm@:ﬁ df id héf ~a Sinilarly, the

+ Wal | sten patent discloses firsf utili ZI e ectrl c Tesistance heating to
wel d together the points of -crossing of the free wire'ends in a ring around
the 8tent and EK; t9riéra fromtovieny of tan Houeglassi fiiktereavderding mnchiengmbsdiniest e

wel dgd ri ng {1 wth Light 2i plastic deformation through- controlled

‘heat | ng. PFRIcE 1 “i'nvol vés not onl y the'likely az introduction of the
anonal i es di scussed above that .can-:result . fromwelding,. it alsois involves
an agditional FIG.q085s 8Frdnb QidwPbirPh&k nkeﬁnas i Lol ded
2a i nwardl y whil e being heated. :Thus, r@ hi-s™ pr%‘%égr?‘?lé%&fgel{!n%rﬁ?(g&g%}h?{f

t he'12gl ueesept lmleﬂtwntnmedlmthetInfendrl\{eala)Cmen nore prone.to fail.ure. than
one i nvolving only welding. 26 'In suni 'the gentle curves and bends that may

used to cr oops 6 .and- bends t he present woven devi ces
pr ox)?de devi cggt‘eml?ﬁs &ept ‘é‘ﬁﬁsmb‘hél'flr“’ée Ir. %CCQ jag dx o8¢ embodimentgfythe

uni ngent lp?éb%hii)&v@ﬁﬂ&ﬁ ﬂ{egnanﬁ,qu the wall of the structure |nto whi ch

t hey -27 . 00/ 44308 1 A ~ PCT/ U$00/ 02569
15 FIG 12 is a front view of .a bi-iliac filter having a retrieval loop accordmg to one
16 embodiment of the present invention placed in the iliac veins.
17 o FIG 13 is a front vncw of a bi-iliac filter having a retrieval loop and a stabilizing
18 wire accordmg to one embodunent of the present invention placed in the iliac veins,
19 F1G.14is a is a perspective view of a tapered stent according to one embodiment
20 of the present invention.
21 FIG. 15 is a perspective view of a single wire embodiment filter according to one
2 embodiment of the present invention.
23 FIGS. 16-24 show stages in a hand weaving mmethod according to one
24 embodiment of the present invention.
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~e delivered; the bends 8 or |oops 6-are nuch less likely t@ t8€hailkal ly;
fail thanveoeo/dddesz free wire ends that are connected toget Wr,@?,bmg“?\el di ng
or glue; and the likely time3 consum ng task of creating multiple welded or
glued joints does not exist. Further, while a the closed structures 4

(di soussed bel Blifsi 25 iyracfaomsrvieistodiithe proxymblepargombba delivers systersi aogdriing so-
simlar to thase.suggested by the Wl lsten patent (i.e.) such as by

wel dizng),°Qqﬁn0§°dﬂpglgﬁﬁhm§%t&‘@?‘88% have; at nost, only half as many
potential l|ocations for using such nmethods (and nost likely | ess than half

considering ~feuer2éMs’ £8off GicUeHE L Hel; es‘é?é fQr, | DG resent
"stentSS than are needesd' 8{? n%ki ﬁg ?g%?ﬂ a yﬁsfoggd%&g%{#ggc%@\r}gﬁo
equats ng omeecnafoditentof élscpresanit ilm@ntiont wo Wi res as those are used in the ~o

VWAl r T. STENT). As a result, the potential for nechanical failure of the
i s.reduced accordingly. iz In addition to the

present woven |_~_ device

f or edoi ng benehqg')dﬁl%@ﬁé ‘Billystrajenlages i S provalieofaaViiter afyem a3vessebr t he
nodi f i ed WM ' ' .l sten patent discussed above

t hat 6are {%S@Hgt%go&@gﬁfboﬁgﬁﬁé%%,ﬂer{é'setkﬂgw}@ﬁ{}%% ors 'have found that the
mesh of one of the present is woven stents may be fornmed fromfewer wres

t hanscan the nEH® 28 isa fromrisvabl ¥ conicaldilidiia b%ﬁg’ﬁr&@éﬁ'boﬁ‘ﬂi'éﬂtab&gdﬂg‘?o of

the present wires to two wires_as those are used in the WALL, STENTS.,
Accorddi ngPRg, crabadirassy £ the presept iwveptiomne  of the present” woven stent's ~a of a
given size may be maintained with fewer wres than woul d be~needed to

mai nt,ai n the ig ' . of a WALL. ST ENT of..the sane, gize by
si mpl’y incr easﬁr%%gsﬁQEa%g{c{sg%§c§’§§s°f%P%§Pfg]§§g]WEsrt§g@ ‘Hﬁ“&r@ﬁ gll%djqq G
| A- dios cusgetobef thefilter greoaiing tc@iedhBodiment dfahé dresdhignieni6At or s have found
that the sanme result nmay be achi eved by increasing 22 the dianeter of the.,

present. .wires. wWth or w thout .adjusting..:. the : mesh . tightness.. |,
As al'23 resul tHIG-98A isgdtant visw abivee wikss gewpled tngethier forruse éme hand wravisg ent s

N . . d ' her. bl y-si zed
et suiRhed bR 0 dord R RER e bBAVBGiofcrry mot 21t ransi at es to

a cost savings,. and) as described above, also is neans that patients are

| essisli kel y t FI€x3OBI ieAORripectived oRkins o/ fliiceniedt bE RS wires Adcticadpldd{d per
result) the variety of sizes that ma& be created for the present stents and

the Mari iy for use, 11t gehandyweandng methed acorrding tof orexembodiment tafatheypresent

unl imteq; c}:@?@eby facilitating virtually z9 all potential. applications.
28 " w0 'B0748%08 3 1 OCT 2003 PCT/ US00/ 02569 Further) the .inventors al so
di scovered that virtually no shortening occurs while z bending the present
wovess scents, FIG.3Wdstahpersheetivs eiev &f 4 BRodegiagsl . sy ithsh $ihfording Wik€ase
during bending. , Thus, it is easier to accurately and predictably position
the @& pré&%@mstt@ﬁﬂ%emh%lmew9me=§r§ﬁa&'mwnttqman it is to position other
woven stents that shorten s nore or suffer. |larger increases.in dianeter

when,- bent, sy .t he WA T, For | a_tight]y-wven present
st eﬁt8 , 2.5 cmqﬁg;ﬁg? l&% _ ?ﬁ%§g€§#{9 é’?,? _ﬁ%@%&&z}b}%ﬁfefg %4‘%&6@??96?}%&1%% may
be nmxi medctordingné a bscont enibpdiinémiofthe presdntinveR@sn,t her eof between s two
fingers and bringing those ends together, and no shortening or dianeter

increase 9 occurs during maxi-mal bending. - I'n contrast, for a WALLSTENT
foried from 2416S0@3AdG a front viewstef vaaiRuy configvrationsyof anascluderatcording ound
that, it | d |.cmlong and 9 nmi i in dianmeter; although, when
manizf)ul aftg%ﬁr%eéa&ﬁtslgyngéﬂé’rn' manner) the WALL, STENT iz experienced a.10%
increase in diameter and . sone shortening. Thus, the length-to~s dianeter
ratigs of the KIG. 840isng fHéMNView\TCar - Gechiddr Shaling 8S PRRE( E@do&‘difa’coAﬁné ew as
five wires, and an unlimted maxi mrum nunber of wres” may e used to =5 form
body2310 fegtbodimenypf/the pagsent ipsention. As used herein, "wires" will nean a
strand ib forned of any material, uch as netal, plastic, fiber; etc. In an
exenpl ary enbodi nent of i~ the present invention, 6 to 12 wires are
typically used to formbody 10 in nost ~s applications. i9 The nunber, of
wires, that; maybe used depends.on the application, and specifically zo on
t.he desired expansile force of the stept: The expansile force of the stent
is the radial Zt force necessary to,rédftice the dianeter of the stent.
Factors affecting the expansile force zz of the stent include: the

ti ght ness of the weave (which is determ ned by the nunber of is wires used
and the angle fornmed by the crossed wires - the nore wires or the closer
the za angle is to 180, the tighter the weave), the nunber of wires used to
formthe woven stent) is and the dianeter of the wires used. Wen body 10
is used in the coronary artery, for is exanple) it nay be desirable to use
the smal | est possi ble amount of wire material to prevent thronbosis and

o o S



-29 3 1 OCT 2003 WO 00144308 PCTNS00/ 02569 In FIG |A, mgpfpgi?égio.
is~~in its initial, unconstrained shape, angle a may rangy ut 90
up to, butwweeda4dsog! udi ng, 180. The expansile force of body P@r/b losEpes 3
as angl e a approaches 180. It ,is to be understood that angles Iess than 90
may be a utilized for angle a. In an exenplary enbodi nent; angle a is
preferably obt #6; 35 isa fronbviewsoftanapechider bavingwiyts gocatimgablove 2BdodidéR: | n
certain a 1pI i catiO{}iz ' however) a larger s expansile force may be
desi rabl e$ the PreseALDYEMNNt ' &' may be cl oser to 180) such as in the case of
a turnorous stricture or the like. Inthis regard, in an in vitro
conparative st . t cGiding.t 0.1, r | ntionexhi hited a
hi ghgr expansi Fgmf 3?8;5 Zdng}%"ﬂug‘e{é’ Iogr Sr‘ierartegﬁ'g [ ﬁ%ﬁ{y odf'eg\}//?nﬁt ??gt g’ﬁmcﬁ ¥t er
conpressi embolizationattording-ts baanembodinent of tHéplesétMVentibnt he same di aneter,
as revealed in Table 1, below. In Table 1) the i ~ designation Din the
the circuxliferential displacenent (in nm -~x

| ef t rost col umﬂ‘ egiesents. ; ) . I sp _ [
of , t He stent i Iéu 1§ BErSPEEHve enef &) temprtowith langitidinalctabe araundtwhible
circynfer f ~S,. nt_in estion was reduced.by 2 mm and the
forchaé necgggg?l% t%ehpg P gdéféﬁ]%qee@%éf@%]tgngs VERHAT r ecorded. The
designation "W refers to the WALLSTENT. rs Tabl e 1= Conpari son of

Expansi | e For cP3GOB8A idafleplryed : : Ni £ ' t O
(nmm) Z CenterZ , Bet mEeln? Si deé%yﬁeéﬁ%e\eéev%o?m{/vﬁ@ﬁ‘ygv@%%%X@EQ‘“S‘LEQ

8 depicted in FIG. 37 according to one embodiment of the present invention. -

9 FIG. 38B.is an enlarged perspective view of a longitudinal tab depicted in FIG.
10 37 around which a wire is-bent to form a loop-according to one embodiment of the
1 present invention.

12 FIG.39 is a perspective view of a wire bent around a lon‘git'udiha] tab and
13 wrapped around a pair of bobbins according to one embodiment of the present invention.
14 o FIG. 40 is a top view of inner and outer weaving plates- provided with bobbins
15 according to one embodiment of the present invention.

16 _ FIG. 41 is a perspective view depicting an upper weaving plate provided with
17 bobbins and wires, a partial cross-sectional view of a lower:weaving plate provided with
18 bobbins and wires, and a partial cross-sectional view of a template around which both
19 plates are arranged according to one embodiment of the pré’s'cnt"i‘ri\'/"é_n'tio'n. o
20 FIG. 42A is a top view of upper and lower weaving plates provided with bobbins
21 and wirés and arranged around a template, and illustrates the first crossing of the wires
22 according to one embodiment of the present invention. | -
23 " FIG. 42B is a front view of a small caliber loop formed by bending a wire
2 according to one embodiment of the present invention. = | '
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Si deWwven . Stent2161319 .. .1535184443628312559229165144424280352003
126863615650])0/84@8158108179626012648167 12 100 98 76 74 14 00/025
175141151199084170631841612713310110019773202181461921221112208420165unmeas
. 142129 '24896 i s Wth respect to Table 1, the unit "g" for "grans" i s
used as a nmeaswiE.a8A ik e vieR dilupbarugia 16Wer wedvi %laté@p}oﬁ’llecfQ{tﬁ%obﬁm%he
dyne)vx/mchls equal to the nass in grans 20rru | ed by the
gr avizt at i amhivires rapt amangecharound ericropleteb end dlustratasthet lmt erossing @f rtha&eresvm N
-30 3 1 OCT,.2003 V\qEOOI A4308 ch/ US00/ 02569 have a better idea about 'the
si ze 3~of PGOMing R AnotherembodyRent OF feRIEsEnt jRYENt "O8r ans) is .z specified. s

Wien one uses, e.g., a WAIrLSTENT or other conmercial l y avail abl e stent for

a stgnting) th Bas LUrsdt Wew k! ybénﬁ‘l@x‘l?i%ﬁ‘
| ar ggr t han t hm@g?amat err of the \?essel g‘fb%'lhel %%‘ﬁgﬁ?o@rlkof
the size embodienenestibk prasentdhienitioat e

6 FIG. 44 is a perspective view of upper and lower weaving plates provided with

7 bobbins and arranged around a template such that the surfaces of the weavmg plates from

8 which the bobbin rods extend face each other accordmg to one embodxment of the present

9 invention. | |

T " F IG 45is a perspectxve view of upper and lower weavmg plates prov1ded with

1 bobbins and wires and arranged around a template such that the surfaces of the weavmg

12 plates from which the bobbin rods extend face each other according to one embodiment
13 of the present invention. -

14 -FIG. 46A is a perspective, partial cross-sectional view of a tool for twisting the
15 wire ends of a woven body according to one embodiment of the present invention.

16 : FIG. 46B :is a cross-sectional. view of the jaws and outer housing of the tool

17 illustrated in FIG. 46A. .

18 - FIG.47A is-a perspective view of.a body woven around a template having
19 longitudinal and transverse.tabs according to one embodiment of the present invention.

20 FIG. 47B is an enlarged perspective view of one of the transverse tabs and twisted
21 wire ends-depicted in FIG. 47A according to one embodiment of the present invention,

2 _ " FIG.48isa perspective view of a template around which a ring having finish pins
2 has been threadably engaged according to one embodiment of the present invention. |
24 " FIG.49is a perspectlve vxew of a template havmg finish holes through which
25 finish pins may be placed according to one embodiment of the present invention.
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6 the magnification factor caused by the fluoroscopy/radi ography. This
m ni mal "overstenting"” is used to achi eve good contact bet 3ee tm and
t he vesselwoabkzoghe s manufacturer also typically provide %g&@%g@
regarding the relationship between the 9 stent's dianeter an engthnto
facilitate precise positioning thereof. The woven nitinol io design of the
presant invent FPG. 5G4 isiadront Ve bl ¥. stR FbAY i f
the i i WALLSTENT if a conparabl e nunber g?ccsmﬁ?gfgﬁ;ingliggrgeﬁc%@ghrgﬁnﬁﬁngosam
cal i Ber sewhedimen ofithe presentdnventiomat : one .wire .as.used herei'n and shown in
FIG 1C woul d require the use ~3 of two wires in the WALL, STENT, given the
free, uncl osedw.r t.hergof) .. Cormpared to is, the WALLSTENT) -t he cl osed -
structures of F\#é gﬁ%rffs“ %?mt‘ﬂgwp&ggéﬁpt ifrRget i’BH’ 3 $HNeie avirss agrerdiag tafgape
menoryy of_sgcbﬁd%bgcﬁn{eh%fm@yre@&, YSRABRY result in a consi.derable reduction
isin the size of the wres usecs) In the nunber of wires used, as well as
in the angles between i~ the wires. For instance, in small vessel

appl iscati ons ( E1G. 50C & ofrentyvicw béa went fornsed-fomdvantlegeRlechblins® 4 frd

m ni mum am&%‘ of v¥| h?e (metal) to reduce the possibility of thronbosis

andl ér r e¥NBAYEIEYL OIENG PRESHFIVENUPH preferred embodi ments, angle a nay be zo
reduced bel ow 90 degrees wi thout |osing the necessary expansile force for -

sel f ,anchori ngy ) ’ 1SCA pliical i.onerbhesgane. or even
greater expari glléjesdtiggscéepéc}sép?‘gze g’?%%gctﬁlgesv.e d\%\ﬁ’? Ledén F(!Ig's gP&RﬁB\}@H“ﬁPE i#nol
desi gn of tehipdatp aeoeding towrREimbdiraentod teslpiegeritiftveftiofALLSTENT and ot her

# avai l abl e stents. ~ A stent of the present invention nay al so be za chosen

so as to have ?&9' 3mefter approxi mately ten percent |larger than the dianeter
of the zs tubuFHp. olrisceupesnestive iewnele@ bablessdstemofiftes agterdirge té cmeed

fromoa siggles et e clid i NQLE: W re enbodi ment™). 'z~ The single wire
enbg?gi rren%]ﬂ.ilxgd'l ) 'tﬁoggt?%{;’gﬁ Wﬁﬁ@“lc wherein wre ends 7 have not yet za

been twi sted or coupled together to forma closed structure 4) as descri bed
bel ow i n 29 ‘gr BHGe52 ibes perspective vieav of anbarblest etehi ﬂﬁéﬁhWiﬁ% beRRA LR hall S
illustrated in FIG 50A. As -31 3 1 OCT 2(~3 WO 00/44308 PCT/ US00/ 02569

i |1 udt r atSS8MERtsREeerding Ap opeemboediment efithe present inyention. axi s 810, distal end
12 and proximala end 2. First segnent 812 of wire 5 is separated from

secopd segnent Ll i . d. 8.(r ho Gclosed. |l qap. 6. hown
Th PG 50A) ffﬁi’tﬁs@ééﬁé’%{ﬁg@h‘%ﬁ% g’r’;%sr%b’%g R fﬁ?xﬂﬁ’ﬁ"‘&gg?"PgﬂaaF?%@ts"F%n
around axdcsofiiifl to@naethbedithedt ofithd pacsentihverpesrent 814 s .extends helically in
a second direction around axis 810 toward end 2. First segnent $12 _
Crosses secondFﬁ%ma,nt 814 in a nunmber of locatjions 816. As shown in FIG
50A, 15| ocat i onsFEx-64de pifFant visypefl wiogstents placed dn sidedaesideotetationship twittheacht he

| 0o ar : J . i . se.. W th the

exccany | orotasr e @HALECobRR ofid irBbBmd gt M BRR ORI 0l L ! [Ccati on
816--with two other | oops. io Segnents 812 and 814 rnay: be arranged in two
di f frer ent way sFIG.t35 ises perspective @iewh of twe rpardllyséuvared stets Glace@in siRsEN
812 is positioned farther fromaxis 810 than iz segnent 814 at each

| ocafi on skdesrelaponship withmach othepin the gpEARSCHTdNgtePe Embodimentf he-preseritng
furtlEer fihOdRyi S 810 at each location 816. It will be understood to those
of skill"inI's the art, with the benefit of this disclosure, that segnent
812 may be positioned farther is fromaxis 810 than segnment 814 at one or -
mor el ocat i onsFIK3.656 iss al perdpeetive Mighe ofMd StefiThadinBEdtutOd bldcBe ifi CEad-By-kfdeF! CS.
50A and 50B, |oops 818 i~ reside in a series of planes that includes two
grodps ofrelstignship witBranothsnatent e gortatacenrding to no¢ entbodinent of ale prepergsi ng
- thraygh "tipﬁerfdoﬁsn third, fifth, etc. loops 818, and the other of i9 which
i ncl“Udes e planes passing through the second) fourth) sixth, etc. |oops
818. The 20 planes in each , group are roughly parallel to each other. When

body3 10 i's in FIGS. BTAURCHMohi 8t 5h YcludeP SomhedB8mi & sifdfe Yirel HBufd QUPS
intersect the planes in the other group zz at acute -angle falﬁlng W t hin
t he 2¢ angdemplatg acgending tgrosaembodiment Of the prosamt im&ntidwi s 810 23 passes
general ly through the center of each of |oops. 8.18. za As shown in FIG
50C) certain of loops 818 of the single wire enbodi nent of zs body 10 of
the stent may be separated by |ongitudi nal segnents in which segnents 812
zs and 814 are twi sted together. As sh24m) pairs of contiguous |oops 818 -
with the z~ exception of the loop |located after closed loop 6 - are
separated by tw sted segnents 820. za Al though not.shown, it will be
understood to those of skill in the art, with the benefit of -32



3 1 OCT 203 WO 00/ 44308 PCT/ US0O0/ Qz569 i this disclosure, tha £ %
cont i guouswboomsols are desired may be separated by a z tw g¢g sgg&g@n 820
from anot her | oop or any other nunber of contiguous |oops to suit a 3
particul ar application.. For exanple, three contiguous |oops may be

separiat ed fronFIGENSTBés alperspeaivet viewosf amoecloddrormanirbmusingleowns that a

twi sted segnment in the sane s nmanner that the pairs of contiguous |oops are
separiat edsindenriasy plagerhaiquad the wire ssgmeants @t paprdefinmg koationsjaseoming/ o f our
conti,guou . s .Lom anot her | oop or two or nore other
contisguougn%%g%%sdlﬁgma&ﬁlﬁ@?géﬁss@%ﬁéé " As yet another exanple) a s single
w re enbodi nent stent may have only one.tw sted segnent separating two
groups of fiveFIGSL$TTqus o of-an bocladet foantd FRn BRingOAite Shik has coil
disclosed in U.S. Patent ‘No.: 5,830,229 to Konya et > > al. ("the hoop
stents"), RISFePIAcEd ONeIRTHPnRE Qfdhewiks segmpnisdecateshoasyveereoliarsagcerding o one
enbodi nent_of ..t he, t that has twi sted . segnents 820, depicted in FIG
50C flor | §m§§%{h\5ﬁ‘e<?qfttﬁé3§ge§g§é%"eaﬁP{.’-_i pl e contiguous | oops 818. As a result,
the single wire ~a enbodi ment stens with such tw sted segnents are,inore
resistant to fPIGSSSTIYiP4 &5 vied oS an 060G 1B rhEd Frohfth 8fle WRENRAL has coil
Thedirections of such lateral forces are indicated by the is large arrows
in FIsG 5pieces/placedreveniportians afttbe svingysegmdnts lepateddbetween odlldrd and tabset hdsavi ng

i~ nmul tiple contiguous |oops,, such.as the stent depicted in F]G 50C, is
pl acéd i n,{héorvg%gfgg @Fms tso@?ﬁ(él?ed; rS!PEtCSﬂeP’E?F&taC_F%_f%é'Ear& ?‘??e%mb‘éjd{nc&’ of thexed)
t hat mvessﬁés@,rtjrﬁkﬂw.urew Il nore likely i9 remain patent when bent or
flexed than it would were it supported by the -hoop stent. 20 Body 10 of a
stent according to the present invention may be formed by various zi

met hods of pl aFKGSweBAeD) showdiages natie delivany ofjommstentiatha pair wé awintgin THee
follow ng 2 rgcess. 1s an .exenmpl ary.enbodi nent of plain weaving accordi ng
to the pr%@éﬁ{én? H%ﬁi’t"f‘&ﬁ?o@@g QEﬁSWHﬁn%t%? E}]e@r.e%?’f EWYFRRA% 300 having a

di amet er corresponding to the chosen za diameter of body, 10 is provided.
The fop of theFIGEY &f & front Y RPSCbAbLRf ROLiRE) INA 18 DeRGPHRG 4 Vessel wall
circunference. Pins 304 are placed through the hol es such that they extend
z6 b®yondaachuling toene smbpdiseens pf thegressnpinyentiom opposi ng ‘sides. As shown in
FIG 16) wires z~ 5 are bent ?t .about their mdpoint around the pins.. This
bendj ng may r tdin the za formation of hend 8 as shown..or wires 5 nmay
be wapped ar.o qq‘ués %ipﬁ§p?@yfoyl&wsﬂ€?ls',.. ?I%Efpg'%o%mt g’llu‘BVvﬁ?‘?orSWgotﬁe
enmbogi ”Enéndﬂieréﬁdﬁdiixﬁntm&gr e inGémidn. cl osed loop 6 or -33 WD 00/ 44308
3 1 OCT 2003 PCT/1JS00/ 02569 bend 8 (FIG |A) may be less than 90. In a
more typical enbodi ment of body 10; , 2 angle b may be equal to or greater
t han'790) and rilG-H3 s adxomt viewt of upper and:lowes weaging pllatessupposed by s overyinige al

enbodi nen e . be about, 140- 160, . As di scussed above, a bends 8
and goopsﬁlgtcég&o&cggﬁcgﬂ&ﬁ%?oao%efm%? lﬂ?ﬂ?‘)frfgﬁé’écsfﬂte‘ﬂ?’frﬁi?& y nore
"mechanically s sound-than the joints disclosed in the Wall sten patent
creaped by connect IDESCREPTION OFILLUSFRATIVE EMBODIMENTS or gluing. In
one enbodi ment of the present plain weaving process) the ends of two wres
5 s may be coupl ed together and placed around pin 304) instead of bending a
si ngite wile 5 Ments above described. This coupling may be achi eved by using
any suitable neans capable of ~o0 preventing the wires fromreturning to
theiy straight) unbent configuratigg.:.As: 1ini i FIG 30A, such neans
[ ncI{Jde bendi ng and crinping a mtgﬁ'@éﬁ?sﬁg&ound the wires. In i2 another
enbodi ment of the present plain weaving process) as shown in FIG 30B, two
~a Wores 5 mayWitheefebncetahp élustrative émbodiméht shewaif FRGY 1ANthe AR WhEWn &S| N
any suitable neans) such as those just described, in further contrast to

bend#ng owentfpriasestionand dsliverysintoan anteraicahstrecsvrien Jheisteat nchisies ampijurality
cooling) w 0 in.ElG 30 s described i 6 bel ow .the t W res may
be cBupl e‘# @grg%gcﬁﬂgmg\ay&q ﬁﬂ%"\? g’hiat B%f’b VIFEXR <505 AY (1O lefing an elfpgtically

CFi npi Ny @dformablRd bady f 10.t he(s RREAVhEBRCT ¢d18dically. WAL t Ve Ples are
Chovs 11y Giforkibltd B8y | 10,1 Dot RALE heIeRt | Ofsicaltp, BrHAME" Hitdhs WhuePird

i-l lustrative purposes only) and not to__ndicate the appropriate nunber of
wres to 2a use in any given appli catidn- In an exenpl ary enbodi nent ;
tenplate 300 is typically formed of brass or copper; but . may be formed of
any suitable ~ material capable of i2 withstanding the cure tenperature

bel ow. di scussed) such ~as stainless steel. Simlarly, in



Za an exenpl ary enbodi nent) pins 304' are typically fornmed of stainless
steel, but may be 24 fornmed of any simlarly suitable materisl 'Dﬁ m to be
under st oo dedazdshe pins may be zs supported by the tenplate %a% ‘
.sui tabl e neans capabl e of withstanding the cure 26 terrpereﬁ SO0{0Z36 udi ng
preform ng, attachnment by. welding) threading; or the like. n As shown in
FI G 17, i ] , p&ﬁ,ta i@t 4HA; nlns, - the wiL re_2a
seculr ed ta E%S{’?gﬁgsgﬁi a{f!lgd/ [%r %\%ﬁr?t t e%éqtfég{r?] ?ﬁeta ﬁ?‘ﬁ?‘ng’" {n?)@hs‘g{%ééao%}a?g&hal)
strai ght substdngially- Stovergd,1 oOGEgAAES -WdrDAhe 4318se>GT/ AJFOREORRELh PAGY t beon.
This may be, necessar i ven the superel astic nature of wires such as

ni tihol &ghanic ee\%F%‘é’%(‘%ﬁf‘é’Eu%w ehtype ofdorsabwAs jused-hereing Ygubgiantallys ar e

d )i i ' f W .5 t
oot o wi oY ekt iy TectB REHE ol BE SIChOHAR it olich “TidadCafibe
enmbogdi e pdgairedp PRathérs it medrsahatysorfeedbgted ofsliﬂﬁéﬁci FortafiBn 396) ocRufUin bthel S 10

be understood that any suitable w.re capable of wthstandi'ng the annealing
6 t enper AoIdse IGEOVEDY e 0BT b tatals s Stich el asticndefotmeability dnay\ibe eachigved vy es

are secur . snpl |l wei.ghts 360.(shown in FIG 20) are attached to the free '
o of - PhbinB B R proRerits PERablrshage chElorauties eich are deisseke 1
an gxenphaow.enbodi'nent, weights with 9 masses of approximtely 50-100

grans may typically be used with wires having ~o dianeters of between about

0. 005 inches. and about 0.011 inches. However, it is to be ~ i_understood

~ thats wei ghts &f.SdiHatent eNo. #e655%%7 Imuy Wallseeho69875 owhithgisaheichg wkpreslyar e

~# kept iz under .tension.(i.e. straight): during plain.weaving (as described
bel $)) H}‘Fafaﬂfﬁ‘ﬁar%yyfﬁfé'%%ﬁ’ éﬁ&?iayﬁﬁgeééﬁ*ﬁﬁ%"? \)oéhléhtW"(eaé«ﬁ,QﬁSiq@ela QRETOWINE i s As
sho in ' . Ci I i ovided with an

S (Y)v;eni ng%%%%eﬁ‘gﬁﬁé@% '\g?ttﬁ%rgmbpﬂéﬁ!r% ‘?rﬁly‘ﬁ]%@%tg%%“ona"%.’g‘“d‘?’ﬁ‘ﬁ’émer of

t heiz enphwites S dfnhépreser igkaaycubaridedices ilay benangsd wiliziMgt dplaindiéuvet er of
about '4.5 cmnmay be i~ typically utilized in conjunction with a tenplate

of about 1.0 %ré\ Ib;i% t»o?ag_e under st ood, ~s however, that an opening with a
di alet er mor e BOd¥d)i§ bty radwally sad ayially expandablereBedy Wk inclyidesfronteordistele nay
be ytili : - 1 o f ' S are

at t Hohed Tb12 A0 3 SP BRI 2. s sRRIPHRT. 22, o 12 RO BRI of {fsea
exepspl ar ytnendresli Mhese clobed ywpiddlives My Ybdsmaly Ricded 106pE 5 Gilerad SUFIG. tis, fr ee.
ends of the wires prior to inversion of the tenplate such that the wires z3

ar eskept Batigends Sandosmalh glosed laeps Grmaxhe fermieddhy: beadingrd wise Scattahsslectednbent |

nomi_nal z4 A cent ial. weisght 34Q - ‘be attached:to the end. of
the?-'t errpﬁ?alp gi&%ﬁeda‘%t‘gg&eﬁ’grfﬁ‘ﬁgﬁ%m%@ﬁ%f _ Wéeﬁﬂﬁtlg? 0f i_lﬁﬂ?s Er)ay?orbe
typiscal | shost dppligatiorRmtenRidRtedspointof TRVBYRI or drhali Slobed 1B§p' HIAY Be iR kAt the
central weight may be attached to the tenplate's z~ end in”any suitable
maniter) BURRPiRiofWiTgiSngs shawm iFEG. 1€ witk respessitatsmalltciesed loapt 6. FIG 1C 3 1

OCT_2003_\\0_ 00/ 44308 PCTI.| J.S0Q/ 02569 i. Bef or. f1ef | wei ght 340
is Bt acﬁl\é%)sg(gwf ﬁgg’e“f%‘scﬂf VR (PSS Qf’!@? t%ﬁé‘rq’%ﬁ%;‘?’%e%g{ B&S{IM Zalfh\:\‘?l‘e’»lég Q?Fed
thrgugh ppeide of Bady 6 iSHR SHowh). FBSdy P0is fofmed'bf SRIWEIng wires 5, as will

22 be discussed below in greater detail.
23 Loops 6 and bends 8 provide significant advantages, some of Wﬁich are
4 unexpected, over woven devices such as the WALLSTENT that have free wire ends. For

25 instance, the Wallsten patent recognizes that the free wire ends of the WALLSTENT

26 should be protected, implicitly acknowledging the potential tissue-damaging dangers such
27 free, sharp wire ends pose. The Wallsten patent suggests methods by which one can
28 attempt to lessen these dangers, such as connecting the free wire ends to each other by

29 attaching U-shaped members to them through heat welding, gluing or the like. These
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3 enbodi ment) the central weight may typically be attached t@ 1 0ETi W0Prted
tenpl at e avpav/4gsoBhe i nverted tenplate is placed through Opﬁﬁ‘r‘/ﬂgoo?o%%os As
shown in FIG 20) the wires 5 s may be arranged fairly evenly around the
circunference of the circular plate. As shown s in FIG 2, in an exenplary
enbod rrenkugg}%steaqn&hsésemn bé“ﬁ?r[étddﬁﬁl)mﬁng%rfde%s hagkdlg éxée&wés No'4hgR Qe 1- 12
(each :wire having 2 ends) are shown as being arranged in a substantially s
synmet r i cated tadiei tekerainaneatingieitbert laopsh ax ber@ip 8.of Theeprassng WoserBdévicasds 36D
typically rve t es under tension and in bal ance. Next, the

pl ai r mappﬁgcmglbg}ggﬂ&g&aéﬂ #lk n the manner shown in FI G 22) the weave

may be started by crossing one wire > > end over the adjacent wre end.

This crossing FR¥hBE thREBnhdtiBhS F&ﬁltﬁag%@ﬁkt\%%ﬁetﬁadsceuabﬁ‘éochp%wm@lste
fashion. This crossing nmay be carried out as directed by the arrows |§

shows i n phtent &2. likely emore prmq)toemeclmucad)ffaxhrreslmsm(edbomé drtbend$ B dfathebeen

carried out, ~4 the location of (ﬁsed wi.re ends is as shown in
FI G 23. | RIEsenteW@ysn dekjeess @wa@ elding capdtredusg anemakiesonichrastasecksi r e

ends y r n K r

di rea{'?on%@ﬁ%yﬁ%) oF{ 12 pAnf e%a@fébaéhﬁ R BRI ere B 05 o 1 o
di recd i onothen megv.&atﬁtmlremml?mom pozosity; tildlasiosi (Whidiginchide Reaga bRides, 3e50) ;Thus,
is wre end 1 Ov%ﬁbe crossed in a clockw se direction over Wwre end

whi | @ shi eichiptoihe aveldsdapetalthatsseate steess GQW@H@‘I‘QI@I&MS%MMY npseasey th’ehas

t ak I but t
7 ol PonBRpsRE R e VRO Glel bl fiCucROR GRS oMty e R ©
pl ai f weay@rves afd Bed:dstxesulang Thl%o%é 612h8@R6dPS afd ArtBhIY fre¥ORYRY &ichndudede
angle a between the wires - FIG is may be adjusted by changing the

cent tzal welresses andaas arﬂsnbagemmhtlmha;emto&mlmeu ght results in a | ooser
weave (decreased angle' a between the wires) and vice versa. Upon is

Do et e Wiy FRYE i Foaithacgilnar o BE el RS S5,

| NVeRt i ONprovidednevent le@@@{m&uralprlﬁﬂeglh@gtmcfﬁnnWem hisechiise! théel‘isﬁlﬁn%ﬂfo%age
wires 5 in a plain weave to fontn body 10 of a 2s stent or an er device

desc#s bedbetdiesn the jgined wirasensis ds orjy aasinongasthe suséace ﬁmmévtwmthe gBe andp

O 1io08 e el w8003 CRIHAEARY B 2HRR) B bl PorE Bl Bl lReg

may be acluisnsetering HenfteaRumaliésost distusiedi ng machi ne is s displayed in

FIG 7 of 'U. S. -Pateént “No. 5,419,231 to Earle, I'll et al. (1995)) which is a
her eby expressly i ncorporated by reference, as well as in FIG1 of U S.
Pateft No. s 5Smssartyahe Watlsten ateny disdosss firshutilizing elestae m;stmp heatirigto

[ t Af t |
Shovd? i n- PR Bl 5?*{ Rt o8 enisbiig o i Bhe8 ol 50 i B TG E D e My o, °°
sur gepn/ ophafolding the Bree Wit tndy é)ﬁcrﬁﬁﬁé becSﬂiIYth@GWclded ring inwardly with light

21 plastic deformation through controlled heating. This method involves not only the likely
2 introduction of the anonalies discussed above thaf can result from welding, it also
2 involves an additional stress ‘on the joints created as the free wire ends are "folded

24 inwardly while being heated. Thus, this proferred Jomt is similar to the glued Jomt in that

25 “itis hkely even more prone to failure than one involving only welding. -

26 _ ‘ In sum, thc g;ntle_ curves and bends that may be used to create loops 6 and bends
27 8 of the present woven devices provide devices with safer ends: no free wire ends exist
28 that may unintentionally penetrate and damage the wall of the structure into which they
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a twi sted together using nultiple twists so as to formclosed structures 4.
In an exenplary enbodi nent, as few as 2 twists nmay be used, $ y as
about 6. Iwoao/4g0enpl ary ~o enbodinent, it is preferable tolj% Q@ .
twisted wire ends as short as possible. The i i shorter the tw PUYSR r e
ends are kept, the nore resistant to bending the twisted wire ends iz are.
As a I esUbe.defii&edVthe bEfls\W driosR6Pard ifuchaess 1lKe !oymé&ag?ca?ﬁ)?%mﬁ{ah% Ihé-

di spl acéd during is placenent, repositioning, or retrieval; us reduci ng
t he pot enfreawifeoendsahat arg conmestesl togetierrasieg walldingughglonet ashehenlikdly tithd-! be

understood to those of, ordinary skill in the art is with the benefit of
t he preseffiNSHINE fa@apécrfﬁg{g "c‘ﬂ@t\;{ﬁ W"éd%:hﬁ"sgl%‘;l%’éts deehneiexiggdiurber, whilst ead

of by tw gLi Ui i n ahl it h i he.
heating 1 Pecagid Brdhar A SRLIRATE RRAR feuth BlavoBh RBEdRed e
around t hmethotdesimilarito thdsb enggested b9 elid1Wallstehntpatent (] Sudhedsehy FeldpNth@s
stainless steel wire,- welding, etc. Other configurations of tenplate 300

may & so Pesant wWaver devisgsdiaye . mopt, wnhhhalhas menypetential 1dcaticne for using-such

(osdr i bo SRR lahe My TR B MIE oA derBB et ViR apacnern Bineiind Broa,

etc. 5 2Z Pk NEh¢ istagtst et fobie ,%[kt'o'*'";- {23 1 ARy Of

t he v%oven s!toﬁgct:%élj?es 2§&g}sst§?’o§ggl¥%deégefloﬁ)?na§{) nné%? %tflggl gqg?%‘\}?’ e v§’t h

pi ns sar ouesenwequating heneniaf ethe npesemywires zta twd swirds i a3 tlessei arel niged ligsee

structure v el pi ns .800 pay be supplied on a ring, such.zs as ring

# 802 Hepi cﬁ’m %@,a Teﬁ‘%&rfgg ooteptigl g”f"&%"lﬂ%‘ﬁ)‘] failure,ef thy, presant avewen| e)

throygh zheiQuowaRbh&dcchainyinent attachnment. 'Ring 802 may be configured to

t hreadabl y engage z~ tenplate 300 as depicted in FIG. 48. |In other

enbodi ments, ring 802 may be configured za to engage tenplate 300 by virtue

of frictional Inoaddison(todhe fonegoing bemefitsy ldops Gamilitgnded also provide ademits to
shown Fi ni sh pins 800 may al so be -37

| 300 ull l . hown) .
VO DB] 443057 SRR R HEBISHRCIoERS Fiibt RUAlBishpsban discussoagbaes Deuare
AS ~~< hOWN o .. EL a o ol arand et el At - P i ded
W t hﬁf ioni srhekg%alf%ads ggﬁexsl h['ar it.ho' 8| es. glfgg% thftrtlg %#‘%%{s?ﬁf;g)lgﬁs% é‘b‘g&ﬁ%ﬁ\éle ©

pl aced t hwoumplstéritsnmly Hecforméd Row. feRenwie Phameoanathe ends of diédrhpatsblyisizenl ace
of hol es_v\%om ni Rs 304. s la-an enbodinent in which finish pins 800 are
engalfed WY H %\9'5 eVeBRIUAHIERNSH P the PIRSERY Wises Ontwsr witen gs gume arenusediinber
of fini She oins ubitlmed el PRI gty 4
nsed! " Torof WALESTENIGS ALl dhPexdalahd otk BPGle OF o dréinp wbUB B8

to best asfeogiversizemaybematityined witi\fewebwitys thad @oul b nesdydRb fnaiftainythe

portion of 9 tenplate 300 may_be _threaded) as depicted in FIG 49. Threads
neednot HEegxprasileforgetal a WALLSTENT abthesameqrize byesimply incressing the mashe of
fricfionak, ’ i ugl heg, us j t he
easygoand?tll é&sggﬁg’fﬁaﬂ}rﬁ%ﬁg aﬁ%ﬁﬁp;ﬁns 4'f%r.» %%S@Ogg]vo\n%‘?ﬁnf nﬁéﬁd%ﬁﬁ% 800.
Another cSivdlatlggthedihvemote daby found thatethefsafengsuls maQ2ed acHié\edansicidatifgWhi ch
the precise | ength of the woven body ‘may be achieved. The is length o? t he

woveR bodhe iameter ot Hiecpresenbvires | wigh on gvitheyt mdjusting the miishttightress| ddgyat he

~s | engt WS 4 or. taps, 600 and finish pi.ns
500,51 ot VAT EnGUE of el R boP ot Slovet Seismgy B dess Bt R 5 i s
hol es 804jectitif: im wiibeher @bmiparably¥ifdd Wolén Wient,| #RH BRYh WALIHTENT.OMepiRal f -
of the nunber of wires 5 that are used, since ~a both ends of the finish

pi ns2swi | | regection| ininegessaryemetabitranskies teng cost savingsdent, veist destiibeds abdve| elso804

al ong any_portion of its' len so as t.o best accommodate a variety of
wovell zo ngW tbfnzgé{gen 0?‘,%&??;,78\%‘3}’ B fApPeReNS, ?qr%rﬁggsflstag I FCRIenfis. Be
provided s sl iri i i B ring
802,é7t he fgg&&:&#ﬂ%?ﬂrﬁ ?ﬁe%fg?egg%t gga\%%%a‘ei%cﬁ%r;&a‘: egé\;i,\sts o_rts %ﬁ‘etﬁggé\{]/&gs and
precise ahithe tightnessf ofpthe svea@elobeachdb vifh@d ywirtlimiteditisdreby fisciBafing virtually

Addi ti onal ila% 'H;E |F§ pr.eci se l.ength of the woven body nmay advantageously be ‘"
achiBved PPAsnual applications. a5 di stance al ong the | ength of tenplate 300

bet ween pins .304 or tabs 600 and finish holes Zs 804 (:and) therefore,
finish pins 800..) Wth finish pins 800 in place) once the wire ends of
wi res) 5 have been woven 2a around tenplate 300, the wre ends may be
secured around finish pins 800 in any-28itable -38 31CCT 2~3 W
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manner to formclosed structures 4, including by twi sting, b8rd0fT,2003

wr appi ng aWO 004d30Bi ke.' z I n one enbodi nent, the wre ends p@yusm/Bsessed,
t hen bent around finish pins 800 and then secured together using a-‘short
piece of a thin=walled nmetal tubing. Such a joint may a then be reinforced
by sal dering, Wektemghe imventoes hlskdiscAvered tied|virtualiybgy s}m‘neaﬁsgi édcapevhle-
twsts may be utjlized after securing the wire ends around finish pins 800
in fdrm nBensies JRe Aresent WevsTe Stents, 8k dpi the digmetersoef theopressmb \wi)venastets
utili,zed I d St tures, 4. t e 300. during annealing. s
As a res ufntqr%gg?élga iar%g&g ﬁ'e"%%é%ﬁd%égﬁganaggq}%%}ysﬁn PW’S’#D%),' %Pﬁ’é‘oan'bf:e
ereatied Opieeématintd inca WIMUBAS BN URAAS isB)pobiiof iotfer Woveh bteRRt thh@ider !
to) angle b described io above. Advantageously, by using finish pins 800)

t hi s Sangl B0 pselfer: Iatger inpseases i diameted vhenpehte suchi as thenWALLSTENT iFuy t he

f | ' =z | ni h
xpatsi | coRrEFHpRRENobd T Percl B, B o S0, 16 B Sl Remed o Jneo
weave Couh@ogsREEwies maye nikkihAR! bee by siipl9 holdig: 4B WRE ep@sd%géegf gﬁ]@gﬁg#

el ongated within the structure in which it is placed. There
the wse ofwa ifinigets and biinging@igosarendagogethezsand nofshoheningor aliahétdg increase

mai nt enance of .t he angl e, bet yween, t he crossed,, ire _ends that are w apped
or twi st eBCHFLENPE W@’%mahgg'i’fy%%ng‘ Cqnrast %mqﬁéié-\@gﬁ%@%é\f@na%@d)%e

| engjph of i Fri [ t

o ant T bl TV kB0 oA sHeuld B8 ) K % o en
bodyithavi img didmeterd although,umhen ~@aripniatedbin @osinditazbanie?, the WARASTHENTS ar ce

of the other porti o'&%gof, the woven body. zo Anot her nethod of creating body
10 of a sPHRFFCAcEdLR 0T RQgeasenpRiamieier andyiame shorinings Thug,sthealeagth-to- FI GS.
37- 4/4B. ; i . y be zz equi pped

W tﬂﬁl oné@fﬁ%ﬁglaﬁ({g gglgﬁ 6%’%7%)0(‘;%'gtrrwsgedJP %ﬁ‘ég[e%s %%F%g?egggclgﬁts connected by a
z3 transverse cut. The length of the cuts nmay be determ ned based upon the
si zeisof the 24Asdewplasfive phreseamd diamlimitedph®jimam tumier of evifebatay e wedys 10
mmin di te Amx rgave ZS, Ioggi tudi nal tabs with |ongitudinal. cuts about
4 to®5 olané‘,’ Yot 19T anY: BIYAR @PPHLRUSB. 1 A5 NS%Hh hering Wiresm jvilh aneasor sstrandm

| on As ¢ ' : BY,. bg 7~ [ from
t he g,;, ur f afcoghgé B{ gﬁrr)g‘?‘giteg agégﬁ’aﬁﬁ%ﬁﬁg’/ eugggllelg?%ch e aéqe&c E‘L“k’g“% %%]B ﬁ%ﬁi‘%& %?'

t enphat e tBeOpresg® invantioBD/644802 wirds lar©GYpi24lly AseCT6 USRA/ Bedy6 30 HinGeos8 7 and
38A and B also.illustrate that wires 5 may be bent around tabs 600'' z at
sel &t ed 1G840NSpcat ed bet ween the ends of the wires to form bent portions
along wires s S." The bent portions may take the form of bends 8) as shown
in E,G 38A) SBYm : 600. to forml.oons 6,
as s’hown in Flo'gh' SSBP&;A??&JII%HSEK%@ ay%g%ggd?egggﬁbg%% igﬁ%ggxykb%n' ,sé’gglf@ Hh 90.

| n aonor eort thei desiredeentpadsiteefurceodf the dient.0 Theegpansile Forciyf the steidad tHeOralial
greater t’?)ans- 90, and na agﬁ_r gach but. -not include) 180. The bent portions
may e arlPHFRGEIBYSOM g dimetar of dhg steng. Kaciorpaiferting the expanside farcemy

th b ¢ & £ S o . f.ol | ow
mcrTne ans St e ey pties Wt i Wilys (OHic 16 pSitink BB naMipRY of
arr anged wiresinstdaandahe andle iformndddibihescrédded wites - ik gioke Wireb BE thY §18sapaHed

around each bobbin may be determned by i i considering the total |ength of
the i r e Fnglsgisdo 480% Hiertightrnhe-weaves, the ppmber oftydresiused todflogmithe woverestent, t o

arrange t bhj roynd weavi ng Rhates (shown in.Fl G 40), which are ~s
i 528 Se o8 Wit PRE B WHER MY RithFock I sedtimeircseoronary chrery. Tor
embogi Mendxairplelit kyoed BEARbROR Bcetié! irhdifeSCpodsile BMOBAAYE Hide) el AP 96
weaving plates may be utilized. As shown in Fl 41, upper weaving is plate
604 zand |persent werambagjs phd raiusd thenpossibilitp of rastennsid in thedvebied Mtl a belativelpt al
planes. i~ FIG 41 illustrates that the weaving plates nay be equi pped with
mul t#pl e SOYSITRVIAERR ~a 608, the axes of which are substantially

per pendi cul ar to the weaving plates, on which i9 bobbins 602 nmay be
stidably secured. (FIG 41 depicts only 4 bobbins for the sake of .zo
sinplicity.) The weaving plates rnay be provided with holes therein through
whi ch zi tenplate 300 and/or wires 5 q&é pass, as shown in FTG 41. Tenpl ate
300 may be secured to the base of the Wweavi ng machi ne chosen using any

sui tabl e means such as z3 tenplate rod 610, around which tenplate 300 may
pass, as shown in FIG 41. Tenplate 24 300 may be secured to the base of

t he weavi ng machi ne chosen using any suitable neans as such as tenplate rod
610, around which tenplate 300 nay be slidably placed (FIG 35}. is

Tenpl ate rod 610 nay be configured to firmly engage tenplate 300 through
frictional z~ forces (e.g., by tapering tenplate rod 610). Instead of
tenplate rod 610) any appropriate Zs | ock nmechanism nay be used to secure
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WD 00/ 4430% 3 1 O CT 2003 PCT/ US00/ 02569 i As shown in FIGS. 42A and 43A,
the pairs of bobbins 602 may be prepared forz weaving by arBah@Chg2iBhe
bobbi n onywip@pdsagkeavi ng plate 604 and the other bobbin from3 the gair on

| ower weaving plate 606. Wres 5 may then be bent around tafs 6992%8d t he
a ends of the wires. may be attached to bobbins 602 using any suitable

means capabl e 1p Chpal di ' 03 b ol SRSA [T 0 i ng

o ocbse. " An camm: 1R, UhBSLHSY EFiein NENRal BRSrRRaIRH AR Mt R0
bobb n 6@#orh @bowt98f epito, ut siohizichuding, 480?.0The Bk yansHe Ebrct bAoA 20 Mhdrases MBY

wi nd of f bobbjn 602. Sinmultaneously, such a brake may be a configured so as
to cbnti rRsARsleya rapieaches 188Asilbis ito bajundenstaed that angleness itharh Pk may Be

i . i ndi ff of wire 5 -~ hown jn FIG 42A with th

it e enaaniigei fol Gndte R §n BhemBlanthBoimend ohile 18 eterihly Qhtusers-r-eMompis of
h i - 0o Whi ' 1 dpr MRt Lo of. arsal L. cal i iz | 6

(P S5t 07, MR ot btetably AobiteLS(P! TRE betfaif arBlibdifone, BANERE o fhrgsl o s

i |1 ust r atergarisile Fdr€e b )betdesirabid, an@ s, Ginglti d frRy Datcldder &5 180 5 d
first, resulting in is bend 8 at the sitg of _t?;e bente portig% F#é?%ﬁgB)

i s A shoase ofra BMERUSAtricage oritee like Inethisi ragarg) int arsinmisro loomparating enids L h
that the [b,surfaces thereof fromwhi.ch.the bqQbhin rods extend face each
ot het 1 itk ECOTE T SBT BESERtBAP AR SRR HBISH X PaRSileniores B gty be
t he ganme i t of Wit Yo i sgn%e ! bi ns_ L0, the
sarregsrranrllggelgs&ag%???i 8£\éwg§sgﬁle)lﬂ%s°§ﬁromcn§nﬁ’?\é Fl qﬁ@p @gpét% s\?ﬁ%i?c#u’pdofa t he

+ af onenmentWALES TERAV of thepsamtee dianeterg esreenealedsinuTible Zk elowe MOTABEM], REe

of the
“with th Pty = of—the—peat+re—t -6 shevwh—+h——-6 61.
. Thus’ |E_¥sh 2 @#g@dji%nf hjpi tho. mﬂn :\h!l:igynfi.n r,3~7 Qllr"g £9 f eaCh

plates rotate jn opposite directions during the weaving process. The
weall ng fesighatiopd ﬁége ifétmﬁ?é%hw rgpreganfs Ugicirgpméerspid dlisplacements(in eyn) d, a

spe as ._ Zé.c\cles Mmnute i.s acceptable. The weavi ng

pl a? gs né)if/'wz{i% sg%“ %"e&"gcrs ﬁ(\g/)r(‘a‘n %ry&%léﬁjze.’ B%O%'?'ﬂé’&i}?%ﬁs %Pg'ih&&fﬁ%?;{‘-gﬂﬁﬁ R and
rotaj ed ¢enhdnaguesson tvaddl eedied by B! eamBhndathe! arst Al "'@f?é&ﬁ 0
supporting andadrm(ft ating weavi ng yIat es 602 ang 606. (I%é%agg?ozs epflhfg%s on
4 babbi nglisplacement wasitberotecerdeg| The dssignation SME wefersiea therly ALLSTENTIppor t er
650 zs nmay be equi pped with |ower arm 652 and upper arm 654 for supporting

| o and upper z~ I ng Al ates 6 nd 804) respectjively. Waving plate
dr}/\@;ers 660 nay be \4@% ;% N gﬁ%’? %ﬁé}ggﬁé?%‘%’mt'of t he weavi ng

pl at® s - 3 2 oM T 20103 WO
00144308 A PET/@S0(/ 02969 pfatds i h oMler |t oWoperd atW t henWower . dli i vers
may be ¢dnim)yyiCentet ¢ Betavean ef Sidedny | Centerb| Oxeflaphi Side For Stemnpl ¢) t he
driversjmay be configured w |hSidepoper soufce and|privi fled 3 withjgears of

any sui fable fonfigbration 'for cauping the weavi fggfgeates to rotgte. The 4
driversfmay alsqebe[conj3 gurgad {@ Ufi1§3e OBT ST £1 eCLpOmegnet ismto
i =L 1.1 . y b a . . ey

rotate e segE Yy prages g, dr1ve I [E-aviy cohf such
that the vﬁav n:%p! 25— Hray—b- ‘glrc a{-%%—b,c—-hggd—-l;mgg_a? h not
shown, ft Gl 34 haer® ondlt A2 hoke 2 <kil180inliias alt s e benefit
of this|di8clbs@Be. |thableitherS®r pot$0of|tHOBupperd2anyl | o8 arfrs s nay

be providd®d W t181 bfanct®s tp .6hi ch déd vels 128y be 48t hchegg7 Theldrivers
on the panthegp cpul dog hen| beygeclireglyto Or49N0§06 W Th 198 T surfaces
81\41“[1 Pis’sllt 55 ,*ﬁgig _EEngF.IE_ .fglfili_)[_lwllv' at UIﬁé VA IS 61) g o lhengaged

o

-

weavi nglpllst el wif gl be 198gagkd 1821 hi drdiler k. 228 Albr8i dl ng_nachi n¢ suitable
for canfjyiXg | ht6Svephunmegasaropedd2j ust 1@0scli 248 (|. €6 (4 utili zi g t he
weayi ng plates) may be obtalined) for exanple) Trom Varawe rararng is
Machi ne Conpany in Central Falls, RI. B o

18 With respect to Table 1, the unit “g” for “grams” is used as a measure of force.
19 Although the correct unit of force is the “dyne”, which is equal to the mass in grams

20 multiplied by the gravitational constant, the inventors believe that the average reader will
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After the weaving process is conplete, wire ends 7 may be twi35§ %Tt t her
or coupl edva80/44388cr i bed above to formclosed structures 4. ptankueRidsoe
process of wire is twisting faster and easier) the wires may be tw sted
with a special hand tool designed for i9 this purpose. Tool 612 illustrated
in FiG Apdvel olbeausidehaabpit-thei fike obffore RHEP MRS bssodidtedemasd unid (pFan}4s of
tool 612 are configured so that wire ends 7 may be firmy held Zi bétween

j aws 2614. speaified614 may be activated by push button 616 npving agai nst
spring zz 618. After placing wire ends 7 into pre-formed gaps 620 | ocated

e e L e ek <P w 3L SN Br SRR S hdeRliah RV et B,
bet wgen j siawngd e ﬂﬁﬂufa@tufd?ﬂxsﬁﬁl%?éﬁ%ﬁu?énd@%bﬂfse@bt%ﬁtn&@ggnilé‘ emriﬁﬂgmeo
- y

close jaws 614. Quter housing 62 hen be rotated to ereafe nultiple
twi stss 26di@meter 08 thenvrssel, afteprediseudetemminatiomof-theSizedaftharvdsse,Bp elinsindtei st ed

d f body 10 .be d tp t | > -300 ing trai e tabs 624
ends of b0l S RNige SEGH P AP TRLALR 00, WAIBA LIRS RS Labe €20
2003 VIO 04 4A30HnBTH/ I4SO) RERAS good Uorodedr Ve SieREr ik WeseEMRa! e

body 10 may be foaned using eit weavi ng process or the machine
weavisng pmanefsstirdsaiso typically provides elest dataedgardirigothe . relationship detwdenntht or
t he weavi ng prg,cess) tg | at e gaOO) whi ch may- ' be configured to a have any
sui t &bl e ERMFeCIafmgIET 3B E? HotRCHitat RIEFise@asitipning bareqfdi hhs woxsn adtinakear -

t he end r i i I LIk j t.her d,
tompitat o SOUFTS, s dretht SVeith MERIchY GenEBhfbanbftorld huf b offe,,
whi ch may WHLIESTENPIf atcemparablegnmsbeniof wipdsnard @dedto foamahé 4amdalibestd0. | n
one enbodi nent, finish pin 800 n;; be provided s on ring 802. 9 The weave

of bGdy | @nderstandiag that.oge Mirecag used hengin and stiown ip BliGo d 6awpnld rzquirg the-use
| ongj.t udi it-hes Losed
exonpl oy Peciiing YALLETEA Evel T s e UnclosBESites ftech. Buifisido ben

Wi I €45 t Othe EWALASTENN ths clodediertdtiuRes thfathe \stontsT BE tHeVreset® TEVEntioffandi the 5 on
ei ther side of bend 8 or closed |oop 6 ~s nmay then be woven to create body

10 by hel badgr hapgmegmary §f theavisesghetmay be ssedimay reshliina cansdarable redystiont e

be. cossett BERPL Brin ViRR R % ptimck BF BUEE Bled, REWEE RS O P EBTRRbelo ~°
resuj;t i neheh@irgd. ngFer MstmcenhodimaBnvesteDiappRéhtions @, S6BnariniaftleMfayiify may

take place either by hand or using the weaving tenplates describéd above. -~
a Afmser t#dvankageausdoiuse demplivinmum iamoynt of miosl (metal) , to gedisasdthet passibility of may
be ~9 created by w appi t he wire ends .aroupd fi.ni,sh. pin 800.in the manner
descli bed" 5‘3&’)‘?5 ?ﬁ?’ﬁregﬁﬁqsﬁer Wﬁﬂﬁ"dﬂ?%nlppff%m "1@"3 Entﬁ’a?‘%% ?a%?)étb_ﬁd or
couplped t RARddAEI 90 asEEdHRithatit 1% 'metr@cégwefxp%ﬂé’f@%%xtééufean%hgem%ch
may.then be secured to transverse tab 624. It wl| zz be understood that
addi 21i onaFomthessap®4 vasculap agplicationathet aiune GirOeveny gisatetitekparsdd fioocec cambbe 23
the single w.re enbodi nent. Such .additional .pins) or tahs) -may be - :
vor tPear | AVES YElh 5 R Rel TR e BF U ABReTRaRYeaRo SomAsEeY forfhe
mul t4;pl e B OSrENP RAd BtHER bva b . steht o - ,@%n he
weav% begi ns, as depi ct ggﬁi Hggbggt%. a‘&éisznﬁ%lt_tg??@fﬁfzé%&g It Sgn'gl’xﬁ]%lgs pi ns
or tmansvehosen saistorimye bdiamdtén apprbximatehy tenicpazcdna Hngernhanlthe diametef ofthe

pi n(s) 304 or |ongitudjnal ttgcibs) 600 with finish pin 800 or transverse tab

624 Wil PRO TG & FNEhsure that wire 5 remains in position during
anneal i ng. The anneal i ng z9 processes descri bed bel ow may be utilized for

annegl ing the BhagE miy afoBERENMER Hom adthgle wire (“the single wire embodiment™).

27 ‘The single wire embodiment is illustrated in FIG. 1C, wherein wire ends 7 have not yet

28 been twisted or coupled together to form a closed structure 4, as described below in

2 greater detail. One version of the single wire embodiment is illustrated in FIG. 50A. As
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3 1 OCT 2003 WD 001 44308 PCT/ US00/ 02569 After the plain weave of wires 5 is -
conpleted on the tenplate) if the wires are z made of a mategitapct ragy . can
be progr ary@doisbs €i t her thermal shape menory or s superel gg{.}ugbolaésgguch as
nitinol or other shape nenory rrat erial's described below b

Q' tenplate unit nmay be heated 'so as to program body 10 with either

ther ml Sfiagfated FFRIS VSO, (0449 0UARE S6ehd Nas drf aOBH0, HisrhiTnR AR BFBRirtlr "
superelasticity) its initial shape can be deforned by applyi ng

f or ce. t hendtX. Fifsttsegmertri2aof witre Stie séparated fromdsecdrit sepymeat834 byeitkdrl bend
recover its initial shape. |If body 10 is programed with thermal shape s
mem)?y i& &nqt shopa) oselpsedclanp e s shavay I FAG. S04 iftrsk s&gme@f 842 rextendsat a

firs 7 bod

ot of ot PRI i gl W GOE Sl 45 BTSN, 00 209 B e

t enper at Wxesndd Belically iRBYsetis BREdtioRl dryufEHQY 810 rowar lefid Izmlflfs@ke 122 In
programm ng body 10 with superelasticity,. the body 10/tenplate unit . may

be ~8 heatreses secanduegbROCSI4rin zboumbsr vhH lagtionn81@s Ag ytmw,xahrb )FIGbcﬁIIA 12 to. |
15 m nut

d t f bout 15 t
o7 "l NOARGS (F1b Sefe (8opt AL gonich (i ?eeﬁ%eqtaeru?e&“mfiegw'eglq%&%?
I I I -
vkl | popelbap e Bae aft AApBEEIRY Yela SO IReeh Rl B SBUMIS §

usi ng a Tibepsyeduht1bdp Eldre£X poiat-docatim 816 yfitH tworsthérdseps, i Ng in sl i ghtly
di fferent: superel astic ~s.characteristics than are -achieved with natural

# cooling. In programn ng body 10 with ~s thernmal shape nenory) the body
| 0/ t!enpl ate u qgm %eandegh‘temay be arangedsn v tlifferens ways withoi@spest tbzach

m nut es, iC abaut nut es an _ov.en | 1 owi n uni t

i t'd codl I¥'I}b ‘8 Y’gﬁﬁeﬁ‘%ﬁ@ t§%d§§’8§’§°??f§ﬁ'?§1“2 an|  an
exenpl ar ye I%eﬁnmiwmh loBat{oni 8?16 Gaald MOFIG. $08) ©aiedts U2 ndI ?%ﬁn atP
under st ood) however, that zs accélerated cooling tsing a f ath, ftor

exanpl e, being fugthen froinzexds 8 Hsatleachn tpqanom BiGhlt will D¢ midérrsmodrtb thdse ofrekillihape
menory ch racter, t r.e .achi eved wi th nat oI|n In an
exenpl ar y H‘Boa’ IIIEIIIF%?PE b, thig disclospee, Hhat segment I%F W@Fifm t he
zs GOuD! qfbniakR 8904RarPlogfcPBIk &l Tr'thi8 ockiiBhd £16. body 10has_been
properly annea z~ (eSpecially it twsting was utilized). This

rei nf orcenent. nay be acconplished by any zs suitable means such as point
wel déng, sol ddnithg single edmuermbadiingntgf ther stedte ih FIES. BOA mid 50B sloopsi 818f

cl osed struyctures 4 m%y be sol dere b renovin any ‘oxi de | ayer that, may
havd?  WFHes Hyaseriesplplages thagdncly PERSBloPIANGs (AL oA onerRf ‘I’Blchvant
portjons ; r_ ;.o p

Sol (Igl’l né é#g{l/&ﬁtéa%[ an ?ﬁ%%ﬁ?& %\Iwméﬂgfhﬁéa I’ﬁ@ S%UBIC’%%?MST éIdIaIrII ?- the
cl oged 3 veftichiiricludes tHe plahks pdssingsthroughabs setoad, fowithesixth| Brcalbopy 818 Thy
embodi ment, pojint welding i's a preferred to sol deri n%h because p0| nt

vel df ng .P%m@asme?act!ogr@élpmenxqua ly sanabiel F%Qaclhﬁﬁ’%y egebpdy d0sisi imiits e

t t 10
L1 9% ol BRSO IR G G108 o 80 IR, 0B R, !
t he 251 entat wiilte a e@fa@ﬁﬁ%thﬁﬂfﬁxﬁ?ﬁngééﬁh‘gﬁﬂ?ﬁt@hr'ﬂﬁdﬁ ¢rerosbbl g8y Axxslsdoand S
el astic and capabl e of bei ng programmed w i ther superelasticity or

t herzsral mggnqrﬂimﬁlyougmenmtelrofedashmﬁioopﬁ&sexarrpl e, be NiTi alloys like
nitinol. Such all oys can be io heated and allowed to cool to room

thorhmi Shape ALHEMYA th EIG: 8BCE ce ﬁégéf?} B8 o P tnglerli eLORSB e | 2
desqt i bedhodPess b lsR%e e g%xrto by Réhes taainuﬂ ts in@hiih sBPents 12071 -

These al |l oyS may be heat It ther noel astic martensitic
transf or madi8#4, amntiisied topether, orAs shymen, pdmsr oficontiguoas rfeopsr §18 Ot with el oys
such as FeNiC, FeMhSj, and is FeNh&é:rNipngo not possess | ong-range order
and zllndetcéﬁeﬂ’?&‘?tq{é?erﬁ?@f’d@%t@ aftericlogqdd r.a(fnsepméed IP)h“‘éJStc SEMRaNsH YL

use I I [ S&

St LSAMAGRR O snfolT: o B kR8Tl KPR o, LN RISE O
Nlckel) and 45 t9 to 44 % Titanium nmay be used for V\nres 5 of body 10.
Such nitinol wires are zo conmmercially avail abl e from Shape Menory
Applications in Santa Clara, CA. zi W@&2-using nitinol wire, the
radi opacity of body 10 advant ageously increases z2 over the radiopacity of
stents forned using materials such as stainless steel. The zs radiopacity
depends primarily on the dianeter of the nitinol wires and the tightness of
the za plain weave created by the wires. The radiopacity of body 10 can be
increased further by is using silver solder to reinforce the coupled wire
ends form ng cl osed structures 4 ze The wire sizes that may be used for
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-4.5 3 1 OCT 2003 WO 00/ 44308 PCT/ US00/ 02569 typical ly fo8 1ceconemsy
applicati WQ 0044388 utilize wires fromabout 0.003 to about peridtipdobdaghes i n
dianeter. In an exenplary enbodi nent, nedium stents rangi ng fromabout 4.S
to about 10 mmin dianeter and about 2 to about 10 cmin length) such as
are ysed thiy 8i€lodure) tRAE a8 Thay cordtigWBEL 168! dst &8 deSird L oy BAkPdrite@ e
and the renal artery, may utilize wres s from about 0.806 to about 0. 009

i nches i nwistedreegment BR0 fnomeamntherdegp emanydéthentiumbiea nfjeorttigabenloops boswt about
10 mmin di aneter ﬂa utilize vvirc?s fromabout 0.006 to about 0.012 inches
i n df anetRATICUAR, AP E%ﬁ‘%‘hs Sy example.ofhiee contiguous loqpgqmay rhe separated dygmcal | y
a vegsel | ' t ; : ' Y cava
(Avey, TgeR TR br o 3 hre Stferaniipuckd 1900 B Hwindd Soan® i the (B0, °F
venascavangtinsy@igt the pairstof contgivag éadps @BDscparated byntwdsitadredgmnionts anidlukirgtegol on)
whi ch may, b@éﬁﬁ)ué 15 to about 11 25 ipm 12 Tapered Stents is Wth

r ef efencdntlIG-rR0G. SiraHarky.ifour eontisyPyelInoDs meaxnde sepatatsd fram aneghes loep oown a
14 t aper S ' ' el i el n Leal structure.
Tape?ed Ebiglgy&i%r‘llgfsh#rrgéﬁ%}og %#%g bg's;% lﬁ\}gégéﬁ\é %ac,gbﬁlgr\}\tga‘\'}g%%g@tﬁg S Gs@above
descgi bedingdlotis émbddimentesmndnayeiive oaly baperiedd Bedient QEpdriegitieo BRfapsi ngl e
w re enbodi nent. The types of ‘i~ applications for which a tapered stént nmay
be used iafdivgrontigeousleepsf enoral , fenorol s popliteal arteries) as well as
in the carotid arteries for stenting long | esions. 19 The tapered

configuration | & | {per. 4. a hirst od Msing zo
t he and weaveﬁarr%btnﬁg%q% p{ea\r@ggg {ePLengégé%e}ﬁﬁé%ﬁ%?lﬂ%% %Pe?c%% ‘86@%53 %

t enplh at e 4IRY“the bRosphORALT),PMMShS 36 MicorporaRB’ Retkinaby refbdiice, the ahgdXeRRLary.
enbodi ment) a tenplate wth zz a snooth, contiguously decreasing di aneter

wi t heut smehndiment phithenstent tlaas chas Tivsted sgegments 2820, Hgpictadh im I Gra§0C for

correspond_roughly to the .inner shape qf the.tapered scent. The shape of z4
the 1 aporarplenpossisyes, AuligecrontilBls dronmB18nads 8 FHHL e Slnele Wire
Strugt ur embudimeht sthtd ithSsudh ltwishR sebAeAf: ard tndré raiktdiX S8 RoREY ¢ §ifignt .
It may be preferable to choose a shape for the z~ tapered stent (and, "thus)

for 1she tioops 81&in & latdrak mannes. '"Thedljrectiénscof suchilaterab foregshareindicted thyttheen
t he tapered stent .ang -t vessel or structure.into which it is placed. The
wedghe < aigs sos ARG 860 Aes mal. Ul odlh Gaorohasbmenotibe Sy Abinased
to fihx thgu Ferkﬁodtiga&ﬁ%ééls%hc%r&i the &Eﬁrﬁegicfted‘ e 'sﬁtﬂs &¥d3h'aQssel lop ' S
ta~ z be understood, however) that any suitable neans r 1 nproving the
fi xasi on otiiertstmcture that isnscenetimeesvbent of flexed; that oessebor stncurasvilll mofentikdlpe

roxi mal end. of the _stent; "used in 4 addition to or: instead of the
\%déé of {TERIAIN patent wh%n %ent orrWe))/(ec? &alleslt woxlxlgi were 9t slupll)oned by the h:)og stent.

20 - - - Body 10 of a stent according to the present invention may be formed by various
21 ‘methods of plain weave including hand weaving and machine weaving.. The following
process is an exemplary embodiment of plain weaving according to the present invention.
As shown in FIG. 16, a template 300-having a diameter corresponding to the chosen

2% diameter of body .10 is provided. - The top of the template is equipped with holes 302

25 around its circumference. Pins 304 are placed through the holes such that they extend
26 beyond the outer surface of the template on opposing sides. As shown in FIG. 16, wires
27 S are bent at about their midpoint around the pins. This bending may result in the
28 formation of bend 8 as shown, or wires 5 may be wrapped around the pins to form small
29 loops 6 (not shown). In ohe embodiment of body 10, angle b of small closed loop 6 or
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+ towards the tapered zs distal

s Using such a tenplate and either hand or machi ne weave, the weave may be
6 substantially uniformalong the axial length of the stent. g ult of
t he subst aggipghdagg uni f or m weave) the expansile force of the i&g e
substantially uniformalong the s axial length of the stent ¥ f° t he

expansile force may be substantially uniformas 9 stated, the match between

th h h t t
e i ks IGEAS 80576 B0 9641 1S HERS B ol Bl ol T2
woul d be @ngtxbinkrytteceduyl @ ditgreditattharb 987 and infay! dpprsieh Gt n%tfmctée’ﬂﬁo° In
according to the present invention) a tenpl ate possessing a I's uniform

di anét er aseveasueelippicalrmtodingnt banghb seay boabaus d 404 160°.c Alshdiscusded dbove
weave is et h%?aﬂgrl n?chl ne nmethod. The dianeter of this tenplate may
cor r éspon?Fidy 1PePY a‘?tﬁtcéﬁateéf‘“tan@a!‘%?rr(j@tmﬁ‘éﬁstth@ﬁ lgtely mere meohanicediyer ed

body 100 ed_and cool ed as
above dessf:@l %Qﬁaﬁ/\mé \IMI{Jl % gggn écm tHce ngaz]gg aﬁa?e Ecg?agslgqb)f GRRPCTHEN W e Wire .
rei nBorcedtdasogedmddﬂoﬁghwehmgamgllmﬁ tion. , Tapered body- 100 may then be is.
nounted on a tapered tenplate in a ashion simlar to the one described
above (e.g., using-a copper wi.re)y, and reheated in a manner simltar to the
original heat |hg°“°F@?bﬁdﬁgeﬂtﬁk§t‘E)Pf§§mwlalm vieavingranenss, theends of iwo wires §

Cont RO/ BbY o PARTEN MBS AL L8 R0 &R o bein Sy wise bsa I >
body 100 ghReslbbdchiBed. nTBxs%ﬁﬁlﬁ%'Smgﬁ b@’é@tﬁ@&ld By Lﬂﬁg%ngfsmm h&gﬁ! %ﬂ)@ﬁl o’}t

102. 2a It e understoo
sterip (orpraygntiog itee wirey from hyuinggedhdiestedight, nabam coefipsiationt &s%ﬁ%ﬁnOf

times an i nt ended .t hat .the tent be progranmed with 26 thermnal
shapé rrem go@arseﬂ’sﬁ’&ﬁt‘sdmﬁgld? a’R‘%ﬁ’\‘nﬁ&P tceﬂaaeeeédnatat eliR pravadtthe gvitesndn

of cbout B0t S Saimegt of (F Peat PTG AV RS pRER dp G B, g5

pr ogs anmewdires § matytaachnbb v&’apm:d mmnm pin 3Wsep‘a&1e]?@'ﬁd%éétﬁ3d siP 49/ 008
PCT/ US0O0/ 02569 i edd one or nore o he coupled w e ends
of thper SACISHIHCR G ‘ﬁ%ﬂ?z“ﬁ "Is@?tteds i fthey cpoﬁgsérwtmgdmgmeowhe IaBOlmdcplbe nt

05 5 AR5 LA B 582 Ry B S ™

flaned t delowarthe ewotweidés fiay dei coipled torea2h- dtﬂeﬂ’h:ﬁﬁ ahY Gehitablk HBe % RABF 2k ©
force of the tapered stent of the present s invention was found to be

pr opdr t i SHALngFTiMRinG Ok Rang asfhrtherhelowdesaribedi ts of this study are set
forth below in Table 2 ~The tightness of the weave is strongly associ ated
wththeaang&]enota rLOS Sl G S gt er of
wires used for Cre t|n tv&cﬂgmg a?\i\ezgti/dgﬂm );Hngﬁ:’t géftl\s('\%hé “Hd?fﬁ‘é”g%t&‘ga Ref e

bui h¢ fr alon® fa@illustratiive lputpoml onily, ragd not fo ihhﬁat&h@fagbﬁ@nla&tﬂﬁiﬁ&rtoﬁv&rs(iés' ng
wires are wide (closer to 18OI)g the stent is better able to ~ i wthstand

anylzbut eS¢ AR AR Liysdnapplication: o ancexemplaey embadineantotempiate 300 isotypically
Tapé! =5 bEER Bres orCeB0E Ok sh8Y 48, Pacmiei“of° uFY sicebls Apteral camsplr pf

Using 0. GdiflistandingRhe turditeaberaluceBe1d® MécudSed, such-as stainless steel. Similarly, in

23 an exemplary embodiment, pins 304 are typically formed of stainless steel, but may be
24 formed of any similarly suitable material. It is to ‘be understood that the pins may be
25 supported by the template by any .suitable means capable of withstanding the cure
26 temperature, including preforming, attachment by.welding, threading, or the like. -

27 ' As shown in FIG 17, after the wires have been bent around the pins, the wires are
28 secured to the template to prevent them from returmng to thelr orxgmal straight, unbent
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Ti ght Weave8 Wres, Mderate Weave6 Wres) Loose Weave6 W re3) 00TgBa03
Weave2ll5WMOapaam76123551036208141741198238158921261027317 GdAdsddzs9318612
0145_ 1433120212915316371223146f71 ~s Wth respect to Table 2, the:

i nventors used the unit "g" for "granms" as the i i~ measure of force for

t he rieasopssitibns CTHis anty bb aveessaby givieathe/supetelagiiesiagma vt efreDsich dshtinol and~a

| eft most col um of Table 2 represents e Ci rcumc erential displacenent (in
mm) &t hthejlkeddispyssed, bejawat |At§r§h°Fy(9rm TeWigesS g seovsed; hyfeeurings Wingat

}3?;' / %IS(r)g;J gg@ é'g’ %8 tﬂé ohte}g C;S%fﬁavf/gss %?Séod ﬁg é‘é g &; ‘ﬁﬂﬁésogr }% g/éﬁ%?g'?tgl en(gcg‘g sary

to eff ect whipidte. dmaheﬁeﬁplafy SASodimenE Roperas dpsical By M¥édaror @&@ﬁngfwx}éﬂsoﬁ
tapered stnt of the present invention include superb flexib

5 but it is to be understood that any suitable wire capable of withstanding the annealmg
6 temperature of about 500°C discussed below may be used. After the wires are secured,
7 small weights 360 (shown in FIG. 20) are attached to the free ends of the wires using any
8 suitable means such-as tying, or the like. In an exemplary embodiment, weights with
9 masses of approximately 50-100 grams may typically be used with wires having
10 diameters of between about 0.005 inches and about 0.011 inches. However, it is to be
I understood that welghts of different masses may. be chosen 5o long as the wires are kept
12 under tension (i.. stralght) durmg plam weaving (as descnbed below) and properly

13 balance the central welght (descnbed below)

14 As shown in FIG. 18, a stand 330 with a circular plate 320 is provided with an
15 opening 325. The diameter of the opening may depend on the diameter of the template.
16 In an exemplary embodiment, an opening with ‘a diameter of about- 4.5 cm may be
17 typically utilized in conjunction with a template of about 1.0 cm.' It is to be understood,
18 however, that an opening with a diameter more closely corresponding to the diameter:of
19 the template may be utilized.

®  Asshownin FIG. 19, before or after the weights are attached to the ends of wires

21 §, the template is inverted. In an exemplary embodixAn'ent”,"the weights may be typically
attached to the free.ends of the wires prior to inversion of the template such that the wires

are kept under tension. and may be prevented from returning to their unbent, nominal

2
23

% state. A central weight 340 may then be attached to the end of the template. In an
25 exemplary embodiment, the central weight may. be typically.. hung from the pins.
2

However, it is to be understood that the central weight may be attached to the template’s

77 end in any suitable manner, such as hanging from holes in the template itself, etc.
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a repositionability and renovability, precise positionability agg Bﬁiter
mat ching than a s cylindrical stnt with a uniformdi aneter be?t

tapered u0e9fkidBd the scent which 6 may result in less in FJFR]I i on
and | onger vessel patency. Covered Stents s Various nmat erlg Sm{/@%&
suitably used as grafts (including materials used as covers and those used

as I ners) thalergRYoEner EtiAPhydig I ¥ ARERY YO YR oA @1 e Bnfte! the-a

create stent grafts. One type of Covering material that naybe utilized for
t hi 9 pur poseted serhplatesid epldaed throaghk opeting 328, asssheWnend?IGaBQ ém@mgxempiary
substantially, follow the rmve nt of tt}e Efg s nmesh ﬁ%ge of
graft maeBbPEImEnt G(f@@tr%‘ty@ﬂ baraydypicplly et,ta(g & It%‘r“é‘? after 1 ke.

Depend| ng. o [ e

sonchinar oty Eaibe phited 1ioyRh ﬁétmé?s?%g?%mﬁﬁﬁ i HGE 3@313% SR o

| eave bringhgeast staged Faiblyasieigsarpaictie)civumigencewfate c(ratla' lateo Axetiowge an
aneurysmor fistula fromcirculation, i6 or in another application to
prevent - inFbE. 2hgn ewenemplasy embodiment ogﬂlafprewmevgntxonmel@s hevingh2 endsal rmay .
be attached,to .ei he. o ter er su face of t ~a stent SO as
To SorvenambadoL? Gaeh Vet Hifine: e&@cmﬁm i heitgratnedd i Ausiiine

att ached ne
e Y A L A A MR S

. Et hy con}o kegdpudg wireatunder teasign and ar balameo Plekg the plainneeaving razy t@tetplace.
materials that are not stretchable or elastic may also be utilized to form

= stent 23 grafts. One such mater s PTFE. Such graft terial may be
attathed to odPyhomenaer Shownra Efé-ﬁi 2, iroWeave st b staged gicmjsmse@c W nent

of the w t t t:

mat &t i al 658 in}:er e@? Ceg’tt v?i&? e@prﬁls Qﬁ{s@ﬁggn %?Gt ?\%fdzgsm?ég@a ? EE:l&rkg{lgeen?r graft
(thag i Scohrlitercmww@sf,e fa43Rion! €Thistdredsing inay be catrizglesit isodxrdmdolneﬂﬁt mdws

31 OCT 208 WD 001 44308 PCT/ US00/ 025b9 i Such astemg

be' pr e- | shewn in FIG. 32 Lpfarapearapleteyses ph expssen dor pne ‘me\ @has beez cmeéirmw nay

be fol ded or _ar.ran th L 0 pLe I t1l ce hi heat h
as % pos ebllgcatlgn[gfe%ﬁ Wfag(; ‘%‘f%n‘?‘(ag 1gffs %g\yl nnéﬁaﬁﬁggt r%l'ltéenr Fg e from
a re ati eaibodiinel, the r‘r@gutthe%?beatm &' thélwirzeabls gy B mEhigved mrmm‘ néBdrd N a
manner that is different an the s manner in which a stemgra havi ng a

st r e chalehd ogp:aanothmxerml dxmyonenluel slightlp ghiftmg thexwirp |ced ngj tmssedsm élm graft
havi ng a cover

hrLat ot noppraindchph. I8 peemplare abdaedt i Shiting sits PuCTr ik 1)
the,s heat\ﬁ]ﬁ%ﬁﬂﬁ?ﬁ nli%?tﬁée&fo@getdqg @a@cﬁ\b eQ'ix%éﬁon'TWe?ruh?é e, WIRRY $idtink Swire

exposed ent may be 10 al owe to assume its unconstrarl ned

di anget er ehy 2usboagl Sheountaxioekwitel iOnee pne wenhdas takbe place, crossing may begin in
20 the same fashion, but in the oppos1te direction, as shown in FIG 24 Thxs process may
21 be repeated unttl the plam weave is complete
2 ~.'The tightness of the plain weave (i.e., the angle a between the wires - FIG. 1A)
23 may be adjusted by changing the central weight. An increasé in the central weight results
24 in a looser weave ‘(decreased angle a between -the wires) and vice versa. Upon
25 completion of the plain weave, the adjacent wire ends may be closed as below described.
26 In an exemplary embodiment accordmg to the present mventton, a conventional
27 bratdmg machme may be utxhzed to arrange wires § in a plain weave to form body 10 of a
28 stent or any other device described herein. Such a braiding machine may be obtained, for
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fact, that the coaxial delivery systemenables to achieve. a rfot &CT 2003
conpressewon@nz44308z ti ght ness than that achi evabl e by al | owpagidigosEent to
"recover, may be advantageous to create an adequate contact between both
the stent and the graft as well as between the is stent graft and the
vessel walxampld)€romiWasiwelit Bdirling MachinecDampaty ineCaniraleBally, RIf Reamdnnes
approach to stent graft retrieval. First, the stent is conpletely

r est 2et cHBaWBigBr a tii@n; weane) Mmay e aclHeedaBHng e canventional bsaiging: Maschiag dhgat ed

position |.s,securegelynt r @i ehyl ~ C i Sec t heat h
is advanc %P%’Fegf & gﬁﬁy” uogie[rJ\% ) ?cé{r‘r%?r% 'ast’ii'%ﬁ-lg? Ongégéﬁe%m ety ﬁgggbt‘g‘ﬁgﬁtlﬁe

graff matiRkdRl expresif ifcrpstateaiby Refe®htacinwell 481 ihFIGRIMBEN. S hPahteNo. and
the graft at 'the proximal end of the stent is advantageous for possible zo

reposi ti dn#8iy774reeOshasne (096}, ovtiiehnis herabyies peessly insarporatedhby mafierencedel i very
tubes) and the z~ graft to the proximal end of the stent) therefore) the

proxi mal porti of. the.graft is zz fornmed into.a fun ape facilitating
its fetrieval Rﬁﬁ){}l%&a‘gﬁgﬁ?‘ﬁ PIPSesg; ‘8&9%39?%%"‘8 Sap¥Rn gﬁg;béger?? _tﬁl%reﬂ(ﬁpfa and
Bi | ager a'r#rﬁm?dl et 2(ile &l &B&spf&%%r%%b%béraf@ ofSodyell0, \iifeSehds ¥ RayBE | B Y
of anatom cal structures. Further) zs They may be uséd in conjuncti'on with
eachsot hawisted togedher asingahultiplertists so ab s forinr deded tshractures di. daameskemplangt ur e.
For exanple, as sho in ElIG t.he bil ateral aorto-rega junction z~

: . 54, t I
830, 9conssmBRdigient agdey £ 3IWists Blay becwsar and ay pamsas shoyt fi JRtanrexXgmplagy t ery
836). al o i & . AN j ' . iBL T deftriliac
C2e ke ISPdRer i N pRACASE b Syl O 0t B eni1E 00 18 bl Ll
stenhs pashotteothedwisted wire-ehyls aredept, eheainorewekistanydotbendiag ithe Wisted itk dECT
2003 WD 001 44308 PCT/ US00/ 02569 i other. Alternatively) stent grafts
shoriger el dactesulhdhe twisted vaFroRdsi ase faselikely torkg insdveriengly|displaced dwringi n
t he aort t he aorto-iliac | ' 0 he j s
The Bt ent S EPobiohirer or A RERAE Mhubisb AR IO Keieh ] bof e Wil
abovg on dantagéarAkiionghindt SHPWALiewvilll bt Witlerseoti@i divselof criiinahokKilltie ey &t es
may be used. The stents s may also.be woven and anneal ed as descri bed above
so as to wish the henefis|of thgnsessat disglosurgsthat theowise iendsemay bsscoupledsigeether,

Carder 1 nua oLk, RENGDH OBt by RuRkTEirieant Yepilc of SRR B esInETy °
renah a ades&ribeSbeldWesithel bendiBy and SAmpéng\@wffal @lip bR Qlﬁd?ﬁ'irbﬂﬁtyingﬁlibm
configured with a bend that 9. may approximate or natch .the angle between

t he @ppr dpgétherowite suitable matepiahsughtas stainjessestee] wie: welding: e¥at nmay be partially
or conpletely provided (i.e., covered or lined) with ~ i any of the graft

mat eri al s descki,bed above. .usi any ofaghhe et hads of connection i '
desc?i bed -abov h}?ﬁfoB EYRURRS, ‘E‘g‘t‘:ﬁ "’éatgp?gpi @%ﬂgkﬁ%ﬁl ‘ﬁﬁﬁé ey ﬁ%&?\”t“%oq‘et he
pai r30f  Shre&int disEloshrel Fot 8k Afipletefpiate 300 niaydeRpévidéd ot @hlyl With ir304 ok hat
occupy aorta 832 and portions of the ~a stents proximate the caudad

sur faces t888600 (describedabelow),caso@8lwhich 8Bes Srare bentewmppeddytieds twisted, etc.,
partially covering.th rtio of  t sients..t h w || .occu renal

art i es B¥A anﬁe&%g %‘Eg’oé}')gg ?‘67 I‘?H‘E%@ff &’én 1%sa§1t f“?yoﬂf_ lﬁf‘Fe_w g%%lsgﬁ‘%l’fﬁfi es
may Re grfigtibsed RAlAf GuPhaf aRbibdigiatiasd with gifls #0id'@hicRIRS Wakenaikagibaent
‘suitable for this application illustratedin FIG 19 56, the aorto-renal
st ends maytwisted idfaskibningscl@ed strheturesedy Hinish pinseB00hyayt v sipplied @m amimggduobr i ng
segnents of wires 5 .durin he_weavi ng, process: Struf.s 850 nmay al so be zi
f or n¥d inasmsé fi%mwedwaiﬂ@r 3%1}&?%@“59&54@53%%@"%@1@&68?_F%?gn&le 8 of
wires 5in. j.exihl: ! ‘ L

sol dzzéri ngl%gfo%' \z/\‘/{geﬁ gkﬁg{'g %g??@%&gsqggéﬁe@%&%ﬂeew&{ﬁ gxle? ttho%{acta ﬁ%&%ﬁ%? As
usedyher efefplats 300/as depierdsn FEGTES! $n ofherembadinteats, Ziflg 802 nay becebnfiggrether
in any suitable manner such as tw sting, encasing within a sufficiently zs
flexishl e toiengagotemplase 340 by olinus-ohigictigpaldpregy (ot shown)astmaybe cerigupasitoi on

of the stent forymed 26.fr the struts is,|ess dissruptive t he bl ood fl ow
Cher Bt hr oRiFERd o ABRPIFD 200 pwolldhH samgbiof Shovhy sh ins 800l By also B
stent graft having struts 850 may, like the stent grafts za depicted in
FI G 55, be covered partially with any suitable graft material, such as
those z9 relatively stretchable nateri 2% discl osed above. ~ Accor di ngly,

the portions surrounding -51




~ 1 O CT 203 WD 00/ 44308 PCT/ US00/ 02569 struts 850 nay be covered while

| eaving struts 850 uncovered and.therefore arranged soz that when delivered
as shown i wd-0@43086, struts 850 are advantageously pomhong@%%@%@ t he
vascul ature with regard to henodynam cs. The use of struts

fashion may a be advantageous in conparison to leaving a simlar portion of
Lhe st ent ctigideilaeith irapibey 300lianss s@xfc iunfibiGs BiRs 300, LAGnci 1 F185Q0vgu! d
be less likely to create turbulence in the blood flow. In one e i ’nment of
the stnt @§reli en ¢mbagimens, tanplate BGmayderpaovider withfinsshases 804kifrilar @toles

portlons t he ded.with |ff nt _nupbers of wres.
Tur ni'hg tgfog ang ri’]il?t?émsn%{) )&geael'é t)hr%‘l-:%‘l ﬁPf?é SQRdRHl‘g $0%may also henat
will be phffiged inpldcRdFheRakBo2 aﬂd) AkBe4y and made be made fromn wires. The
portion of the stent occupied by struts 850 i 11 may al so be nade fromn

wires. The larger portion of the stnt that will. occupy the aorta 1z. may use
n+x wires) whedeaxenibodimest inhehioh fibish pirfs 800diré engied withasmpldté 3¢Cthouphd may ‘
be 1s bet en 1 and E gég erably, x is selected froman iInteger between 2.
and rf an stilization of upg BB the nursherpffinish ping utilingd mey boequali tolthe hmmberype

Pocat’ ons Chya Sy B8 oAbt 360 4 b8 Hisdde AR asglporian Bt Gispriacan! o
Devi aes Bas ko bése asdon@nodite andribtyeoftvaPRnebdsispsS i &%&% %ﬁ@gﬁe B?Hlégrtlf‘ on

(as well as the 1s filters and occl uders di scussed be rthe
si ngl% wi femplalsS0 maytbs threaded: 98 damictdd in FEG) 49aThieads neadesbt\betutiliked a4nt S

+ made, of bi odegr adapl 1. f el f di
o1 0alSor bABE 4L Behegy Kire 300 bR 2ire A HEGAnR Frst ¢ on 1o unct i oni ng as

z1 stents, functlon as drug or. nutrient dellvery systems as a result of the
mat efi @l used. AQRa u§1 ctheluSe BR¥nD 802 ANSly !
fromwhich to formt g bi. od%graggb I e steﬁ?@e% qls”?g senfgfl%l}@?ﬂa‘%n I n
one &mbodping304 or ta@s 1600 g tir Gnisibpims 800 tAmotier aﬂvaﬁnsgem’f&ﬁ@m by theaizkiof 'Bmgﬁy be
erials, of mnimal thickness so as zs to mnimze blood fl ow

f d f
blogcr:rleéager gﬂ% m‘il& £pse it Wi e gresisedangth et ahoreyen badnmayee a;chmed h&he

t | t | |
et efd ol TRKIRT UASGH, BR1ARaY 6 SR AL SRE A Bl Gt Be™ ' O
bi odegr adkebgth of eemlslateafm(bebetween pins 304 e tabR 600! s mmagﬁasmoml ke

bl oodstrea oyer a per.i (li s or nonths, so _as ;
embodiment 1n'w 1ch inish pms 00 are placed through ﬁmsh holes 804 the number of

17 finish pins utilized may be equal to one-half of the number of wires 5 that are used, since
18 both ends of the finish pins will be utilized. Template 300 may be provided with finish
19 holes 804 along any portion of its length so as to best accommodate a variety of woven
20 body sizes. For-example, only a portion of template 300 may be provided with finish
21 holes 804, as depicted in FIG. 49.

22 As with nng 802, the use of ﬁmsh holes 804 advantageously allows for the easy
px! and precxse ahgnment of pins 304 or tabs 600 with finish pins 800. Additionally, the
‘prec1se length of the woven body may advantageously be achleved by virtue of the
dxstance along the length of template 300 between pms 304 or tabs 600 and finish holes
26 804 (and therefore, ﬁmsh pins 800 )

77 With finish pins 800 in place, once the wire ends of wire(e) 5 have been woven

28 around template 300, the wire ends may be secured around finish pins 800 in any suitable
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$ ~ OCT 2(103 WO 00144308 PCT/ US00/ 02569 i i not to form eghop¢r e
materi al meagyotredshosen such that the stent does not degradecryusifReéd an
endothelial layer forns in the stented vessel or structure in cases In
which i 3 stenosed aortoiliac arteries with |l engthy affected segnents aie

treajed. plifefBs Rirmddlosdd SRFEEs mclﬁﬁir@f@&%dﬂ% t@%%’gﬁ%@hgﬁgﬂ B{(} cR/ke.-"

surrounding tissue in the vessel as well "as s of a
bi odegr adaiwne esttmdimentrthg Wire éndls meay be/crpbseidnthes dept arsiing) finksh ping 86@iandbove
described, The size of the filanments uysed. may vary according to the s

Soot P cat e SRR e RE ATIOD POt T HANST TP GBS JRGRE | ¢
conparis ; ' | | a ; Lcat <k nvel vi ng
on- bl oden A s A e BE sotertle, B LR o e ATy ApRORAG SRR e

usedsmmay tivsts neayebe etlizad afterpecurigntht ovird endy afownd dinish pis 800eth Férming
conpar abl e applications involving non-bi odegradabl e i Z devices. is The
i ni frum ARRBE StICtUres dneleeuringhwirendf6 (ot shawn) mayr bayutilizetk tsrppre tlased a

5. °) R ond b o e Rl A R Rbi R DD USed. “Wih regart o' stents,

im creating the body using ~s plain weave, the angle of the crossed

filagents (desas abeshlabpyRuasg ditowareBhds@youhdr finish pisIB00; 'thd afgRRQUAR but
is typically 150-160. In one enbodi nent, the angle of the crosSed ~e

fi | ament detvegenbtheagrossgd grirasndsomsy tieesimilancifii ot e dentical 40,0@wgle badeskibedr ce
possible and 19 further ensure that. the nt, .rnay, have enqugh expansile
Por ob 't o P Adirsegapy afing et sty if AB¥eTimbvesn BocroseRdee af ¢ or
pl aip WeayhdhalybeGRiRiafea) %evahuag tROWEARDfZhe .waﬁeﬁ B84y FOni ROhifd. ORRse

structures using any suitable neans such as by heat tTteatnent or- 2i

sealiz ng, lgbdsenimg, to g¢aug) the vaxparnsilg)orcradiabiforge dfathie nprtion of the Iholdg. with theot her
enbodi megt, a?R23 | ong bgid\é%cna be V\ove%and_the body may be cut into
tubufar SRRFFRTH SVEAE U TRASE ERUSINES Uiah POSHOR e~ WPVEHLOARAY HasTemaiR he
segnent e ' j il 5 j4S f b .

Geacri bedioNERLeR Rt 4 Fhlfide M Onlch I Paced BRGSO UIEh (B e

pol wgl yc ginsc80cant] {s'PBALIY of (hel gorteldtingtmain@aante(dfLthPlaAgle, bepotenothe keessedr s,

pol yanhydr,i des, 2s pol yi m nocarbonates, . qQr jnorgani c phosphates. These
pol yrer s varfeewrfﬁé& FerfPEP"a\P&i‘WéB? ”PPWW‘E‘@’@I Pigsy thestightpess of the weave

Cor porat i ; OT Bi ray 0 Pali\ Lo 1. AN,
00/ 2?1308 ag%)ﬁt&%@giggégg}vo&ﬁﬁr?g? §l | rr%ﬂgéﬁglﬁtlé AE; aen%ﬁ‘égshesgg?]%pe%o%ﬁ%\ﬁe?rtc\)/i I'le,
NJ; ifor doaseping, ardhthe feapansile faree of the endf itlekewoiveén bbdohivigg Slosdd sthichlre§ r om

which to make the filanment wll be_the goal of the :
19 4 may be comparable to the expansile force of the other portions of the woven body.

20 Another method of creating Body.lo of a stent according to the present invention
21 is illustrated in FIGS. 37-47B. As shown in FIG. 37, the base of template 300 may be
2 equipped with longitudinal tabs 600 formed by two longitudinal cuts connected by a
23 transverse cut. The length of the cuts may be determined based upon the size-.of the
2% template chosen. For example, a. template that is -about 10 mm in diameter may have

longitudinal tabs with longitudinal -cuts about 4 to. 5 mm long, and the connecting

transverse cuts may be about 2 mm long. As illustrated in FIGS. 37, tabs 600 may be
27 slightly elevated from the surface of template 300 and may be positioned equally around
28 template 300.
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# as described in zi US. Patent No. 5,425,984 to

stnmt placenent. For exanple, in an enbodi ment in which the stent serves
mainly as a 4 drug delivery systen) PLA may be used because ogfb@ r.api d
degr adat i apotobM¥zes | N anot her s enbodi ment in which the stené;. el Q&L nly
to maintain the patency of the vessel (i:e., ' s keeping t h& S JESVP258Yen)
and as a scaffold or franme for the devel opnment of a new endothelial |ayer)
PGA nmay be use ' ' ' i gk th and.stiffness. In other
embodi ments) g Iﬁ%n?}d%?d’n%%}gggac%o%lg 3‘#7%‘%%& A WVITES 3 iy e bﬁ@?“gdﬁ@sr@guce

the 9 stidtfselstedoirthRcaes betveda the BRdsSoftthe vifdB Yo REmASRE poltid ifes"
enbodi nent) any of these filanments may be prcl)vi doed W th g%oupggloggq’lms to

0. 253per cenilhp\penkpeftions may thkss the fosmaof bemdp 8uas showr in FIGCABA] ormayibde)
cal ci um ig dr oxi dg, cal.ci MeG r bqnat calciu hosphat e, _rmagnesi um
| ady AL HFPeSE P 6 E 165 ones h i R B AeEib I8 pnaipheat
sodi 'sl%n garg;%ablstowo@@gﬁ@ymegetﬁawad t Qh&éﬁ‘ypgéa'f%ibb i BERSS, 14)5 0 vivo
strength retention of the bi odegra(?:bﬁré stent”*by ~s aglouet Pgﬁ fyo ’\ﬁ@#ﬁ’y

percent db mmayibe eqaal tdes greateetham90, Snd Ralyepprodoh bt Adt8ndhde, 180Mtrhe Fantet
al. (1995)) which is hereb ressly incorporated by reference. As used

_ e
herefn, "BELMSHaYPe af; Eﬂgﬁd)r/t@tdéﬁm 6nd 12 of body 16, (Wise 2bdd 7 off wites & may then
bi od bR .IL t th | .e., the b Ki | oad of
Che. BodyyDeareasl i creBeltBUT A0 okiok. ForeRRRpB, 1 hlioing michinapremycanatbedu o 1 n

yet anot her enbodinment, a filanent obtained froma pol yner containing zo

abouy 15 to abgikhd¥n i IFEGPSY.Caids Blof Rt @ﬁeimn@aﬁé-&éﬁa@ea%@d?@%ogfom

ennedy “et
whi ob i s bebbisisy602x SFheslengthof the wdrewoand drdupd reaéle beblsia)mayebe betesifiadd 89 f or m

a bi odegradahl e body. The filanents of the bhi odegradabl e devices may
ned! por SeBOgrne Re o ERaf he SRResagia forabpay e et they s cngte

| ocgti on e | | i S | a0t hese.-drugs
mayqiE ncl udgg&%cﬁﬁ ?:gzrlll?:éeer mﬁrﬁu"g’? qgu%fﬁ%ggq%?gﬁﬁg@e% ?W@ﬁh %goi’o@ﬁpcqrﬁl |y
avaiib abl aiscussEdbelow fir greatéirdezaihl - Myer s Squi bb-in Princeton) NJ) or n

docet axel (which is commercially avail abl e as TAXOTERE) from Phone- Poul enc
fibrobl ast/spooth nuscle cell '

Rorer zs in Co]legevill PA) ) X [ f . '
prol'f feration- g’g’é‘ﬁ’t ﬁnrﬁ%ﬁ]i‘k?"%\ﬁﬂ‘mg‘mem Wb Waishebbins 602 are otifized; swo

PCT/,LUS00/, ' j : h TEIR fch is .

COMPOOLBEER S AORRISED Mo 1Sy BERTE RGN e yenns o

mor as dr ugdaten§94 laed lovear weavirigplate1606 map Beypbaitionsd i diffétert Hidki2bhl PRAGS. 2

For exanﬁ%lajéiérggone enbodi ment, the drugs as a solute nay be dissolved in
r

thell s BeiMes tha Yireveaying, Platgsv@ay besaninped avigdommltiple bobhia mds ut i on
may .t hen r i i bernfromwhich the stent. nmay be woven. In
anot her gﬁgbgﬁe%ﬁ??’pg&rﬁo . %’%m& %%{r?ggglrly gg’?ﬁ‘\é\@f‘iﬁ% #f’g% VR0 yﬁ’é ’§BI‘¥H‘&bns
Ry e Uthiobbiae @02 Tty bty siitablpyecarad. SCFIG: 41 adpséts Rly ARbbIAG 15 Alegkagpb! e
pol ymer during an extrusion or nmelt spinning 9 process. In yet another
enbadi neﬁt’??liw-)bi%yﬁﬁﬂablﬁatﬂi ey be rprovided evish rhelasythereém througl rwikich nay
be gpat e‘i’cﬂ%ﬁ{l -ﬂfd“'gr?d/qr wires 5 may pass, as shown in FIG.41. Template 300 may be
2 secured to the base of the weaving machine chosen using any suitable means such as
23 template rod 610, around which template 300 may pass, as shown in FIG. 41. Template
24 300 may be secured to the base of the weaving machine chosen using any suitable means
25 such as template rod 610, around which template 300-may be slidably placed (FIG. 35).
26 Template rod 610 may be configured to firmly engage template 300 through frictional
27 forces (e.g., by tapering template rod 610). Instead of template rod 610, any appropriate

28 lock mechanism may be used to secure the base of the weaving machine to terhplate 300.
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> > The bi odegradable filaments may be rendered radi opaque tog et pagat e
their ~z wmonoot4as08ng under fl uoroscopy and/or their follow %Tktﬁoﬁ/@z 69

radi ographs, fluoroscopy) or i3 conputerized tonography. The net 'O(fs

descri bed above for incorporating the drugs into is the polyner may be used
to mx radi opattiehewn irs FIGSc#2A and d3Aa thenpaimi dftbdbbins502ymay be prepéredfeed
Herein, "degradation tinme" refers to the tinme during which the ~s

bi od&gr a4V, PTaNEiRg AReboRbin oy URREIHKEAViNG Platst@0grandthe other bebhin fromhat

hould b [ o ' [ bght of it e dat,ion tinme
Fo thar THEPAEPIEEE bERAE ARG, Witk B heh b¥ BepCirpiirabERIF R e’
conpk et eleyidelos tidd @dres Thay begtdraed to bobbinx 60D |u€’m§%5/95uﬁ%l¥9ﬁééﬁ§"ch 1 BEA)
sutures | ose about 50% of their strength after z0 weeks) and 100% at 4

weeks, ad@lding vamsp? anderytensien thyeughout sthesweaving process. hasxample af-such a
~applications (i.e., applicatjons in whj 1 stent is placed within a
Vosbl i MBS i s HephakE Than oot batpi 02 foorite ime Bingle ditsgtion enks t o
twend y-f QHen BRI IHS WIRY 556a wq ) NG; Plicha {

typi cal enbodi nment, a pol frrer gg/fﬁorég)%gpgﬁe%r§ ap}t%%%g%}p’t%dﬁgaaokﬁg%%% %lehe to
t hree norbhfgurag soeasisedontimuoasi aaaingim t@BioNTRI Wirr 5 YNviras Ofl BE brske's
applications such as the esophag;ju::s)O colon; biliary tree, ureter, etc., one
shout d cdasistarse todhe Windipg offef wireahi | ity to withstand the chemical stimuli
in the given environnent. z~ During the degradation tinme of a biodegradabl e

eI, T OB A L A R e

rate of the release o rugs which 'ma
001 44308 crd6ihg R Hifk2ma9 of tHenvamenoiratweitich fésalts REthRTLARIOR JTRYsnR] &afRks o | ed

by the rate of degradation of the-2 biodegradable material used. Thus, the
rat 82 of AQR&sEFIG. 42B) aytheayitaof the hent @ortian. 3ncanather tmarfner of heeavatg of

degr adat i, t, . tinme, othe gents .such as fibropnectin a from
hunéh pl é@ﬁr}ga?golmr@'ﬁagl? mf’ \gv&ef‘é%f)gd&'r SHt YR ?C{_%Eﬁcg ISfyrps Be
added s thend Bat ol sHERF theRat é@bﬁgpp@mgg;)i.tabl e neans descri bed above for
incorporating drugs s into the chosen polynmer) and may affect the rate of
bi odegradation. For exanple, fibronectin may accelerate the growth of cells
arodhd the su¥Sotommig t44-4hitlechtwo weaving platesamay be afrangetdesutin¢hat the

ti i d, t t.ent ., .| nbod; | t of bj od dabl
boalt o SAheas el aBh R ohF RShEH oS SR HEEaach, THet o B s AkeBRG vy £ o
may 1pe agadddintent, e kipshiettRlof R PladsCREP BE thd §£ﬁehbxt- differdhtf 2&1}%@? g%{i\%epl ain

weave. Such wires may conprise nitinol or any other conpar rial
above desgorngeddn babbinsch031ih thii saet hanree asvdesesibedigbdyve, dscshowel ifi FHGL 48t i nol |3
havi ng about 55 to 56% Ni ckel and 45 to 44% Titani um ( Shape Menory '

| j cations) «d.s:.. The. wi W : be i.ncoyporated intq th
b ofear adabi » 5oy B 0108 e mERu R, Fayi i PlalaRnecmenis s R RS, HF t he

body, seveabingiplites rotateORCoppdbias diFedtions tdb@ink Shé WG ing! L.C g 1S

t hreaded ‘i n a%&ﬂ%ut rof- eo enings in. t hg boéll;g/ I'S sho{}\lﬁ é}g&‘{gé Ehgw%él%ﬂge In

FI Ga1 31, plitesi mapbe mpeami Yranyssuitablefspeed nimthisiegard; la0speed as tayw asitistodk) i 8

bi odegr adahl e body 500, an esji.gnati on 530 shows reinforcenent wire 510

ot g SRk pe? RN aerRRiAbST ol SRR v (e S s e A DI ARG 510" oy be

threaded in and out of so openings in body 500. As shown .in FIG 31) the

rei pf or cement The RSaving! flatBPihahq edllanBeb4RAsirg Gy suft tRIGL

bi odegr adabl e fil Raking platd Sﬁd"‘%“é‘?‘ Blan 2biRRIsilg . sul g hlene,  PIG! ¢f

shoen i nillus@ates bpe maé¢ant of sepporting\anc ratdGngraeatiag phates 604 hnd 666ly (BIE, 69 t h 23
ot.her _s tw sting) or the

| oops 5SQ, .or an i tabl e _nepans such as tying, .

Ii % Logﬁlé‘c‘ﬁé’tﬁ Qbbins E?éltj‘ﬂﬁ %?Sﬁ&fé%ﬂifd%)' sl Shouy Weaving slatrisupperter 650

i.nt er sectyd . i . : U] .he,wire can nove in
i Sy 0 beHquted Wi Ber bt 83EDRS wrpSc ApfBsd f'phooiE 1N & kot | e
fi | ament sveaving Iptatyr606and§04 Gdpectivel Weavinioslar! d@sier. §56(Ym9% bk kesured 1o hape

menory of reinforcement wire S10, ends 560 and 570 of body 500 nay be
pul Ped the upper and lower arms of the weaving plate supporter and engaged with the weaving
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» secufing!?

Is together) resulting in a tighter weave. As a result) the ﬁx*)ansile force -
of the stent and its resistance to outer conpression nay sigMi bod

I ncrease. W ofhLognodi nent, | oops so 550 nmay al so be used ecuring body

500 to a delivery system -56 WD 00/44308 3 1 OCT 2003 P U@éﬂﬂ"ﬁé 9 In
anot her enbodi mrent shown in FIG 32, in which a reinforcenent wire is- z

t hr eaded S | ording. to.the

I e3050, BRCAHoR: PbpBRET RS THE o b AR BT U,

| ocaked bfathieen Hor exampledthe drivgirsciaby Ye abnfagioed wlitlhea bWlerPstiunde &id pragidadr e,
and a smal| | oop 512 may be created s (simlar to the snmall closed | oops
descPi bedVHbEsass. 0 A@’YS%\RH ¢ ¢pnfigaratigp fog pgsing| tbep»v@ymgspm toerotate.wiThed

200U 2 ANy B bR RRRRS Yl Tgle® o R RT3 0,
500 3s s wWesghg Eﬁt&sﬁﬂ@ﬂé%v@fk@nﬁ@%’e BRo B8 cuhfpshréPsiAtHatafRe Wa@ﬂé 1;9519? my0: Of

any other suitable 9 mean, as above described. Both portions
rei nfor cebﬂemated byhaud Rerhepealihouglynoteshoivo it Wjll be dindérstogd o those ioflekilldh body .

> > bl
7 aont e A, a8 apt Bt of s BficlofiTE hek Atherer bord of dhsckiates ans dwsy sgms -
ther gal  SHap®e REMEN Wxﬁ{ﬁaﬁm@q §'RfLh Whilérs %g)h?@'aﬂéchéﬁo dﬁz&s U {?\Qdy

S00 may be pul I'ed toget resulting in a er weave a resul
expansi | ebramches cofldithen be¢ ssruredaoandngged vt the aojE eurfReOof tHe WOLMESIatedN NBY

significant I.ncrease. | n one enbodi nent, ~s |oops 550 may al so be used in
: Bd{!é S%fﬂs@ og that| drivers 060\ are gRgaged with tbﬁéO@%éarfmof theaveaying of

reinforc £n t hes t.0.012
mcﬂles II{ gawghg‘gﬁ]'gder:st dq‘tﬁﬁg lgﬁd’??%ésﬁ%%%g b?ﬁ’ ﬁ’fe{ 'Eoﬁ?t(t)‘?’?errent
Wi re510 smmmsrufreease/emﬁgbmmoumtﬁeeﬂgageﬁxﬁﬂﬂ&uﬁe and 570 are pul | ed
toget her when the shape nmenory of the wire is activated. It is-to be

understood that using zo nore than one wire nmay have the sanme effect as
i ncridasi ng t heAdiraidingsmaghinssuitablefor parrying thenweaying: processansts describeasngi.ewi r es)

cei ot canbise e BERURE okl B b faiffn, JOCKEPRR BoBt kN Prejie

shape nermaomﬁscdﬁ@aﬁybﬁdeﬂmwhms RZ4 Bench-work

16 After the weaving process is complete, wire ends 7 may be twisted together or
17 coupled as described above to form closed structures 4. To make the process of wire
18 twisting faster and easier, the wires may be twisted with a special hand tool designed for

19 this purpose. Tool 612 illustrated in FIG. 46A follows the principle of an automatic
20 pencil. Jaws 614 of tool 612 are conﬁgured SO that wn'e ends 7 may be firmly held

21 between jaws 614. Jaws 614 may be activated by push button 616 movmg agamst spnng
2 618. After placmg wire ends 7 into pre-formed gaps 620 located between jaws 614 (FIG
23 46B), spring 618 expands (or retumns to its unconstrained state) and retracts Jaws 614,
24 securing wire ends 7 firmly between jaws 614 due to the pressure of outer housing 622

25 actihg to close jaws 614. Outer housing 622 may then be rotated to create multiple twists
26 of wire ends 7. As illustrated in FIGS. 47A and 47B, the twisted ends of body 10 may be
27 secured to template 300 using transverse tabs 624, which may be formed the same way as

2% longitudinal tabs 600.
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zs Wth regard to the biodegradabl e version of the stents adcb08Tn¥% o the
present zsyo ewasdsi on) the inventors have used an open-endegcg.l '09/0¥R¥en
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di anmeter of the tube decreased to to 9.5 nm (13% | unmen-1oss) though the
ot hes char act &hestéave offbotin@0 neaytthen e ntirted tyrigading3witd§ arowmed pinu304 aF

structure could be-el gngated conpletely as well as cog)ressed'tll maxi mal | y.
is 205 Olengiwdingl itab \q00h to dpap esither thsndhd on clpsed depR . enfiodinmexemsplanown i n

FI 33A: : S for knserti

del Tuer y ciioaHen8Crfnd wh 308 il heolAIAa U6 et e e 55 TP B Aot e
i nvent i OidesBibel @bohes ATh tved beghrithitsi ol Wite SrorCitidr &ide! of BeBd ¥ GVEIBked fbRplg OW Of
bl ood through a vessel. Body 700 of the occluder may be forned zo using

pl aith weanay then bhwoyesn tecueatebrdyd Ocksskelicallyl wrapping thessgoénts aranaduemplatant o
whi ch an .occl uder.. accordin .t he sent _invent.i ‘ be pl aced
nciitide. 2P0 &F PERE BicRGioHs Hntite Fish iin BT BE Rbusveas 8, THé meEmBLRERSY 25 1 v
' ongs enbdichRBed Her ehéh Sthes@iMngithY BRcE&Nn afBriafifg WRIon B et IOhERMRY Za
weavi ng a body for use as a stent as above described. The body nay en be

heated amdrezembodimerscdepictesbinl FI&s 59Bo\Ehid seevingauiay fke plaoel githeryby hamd be
renmodel ed (i..e.) mounted on, z6.another tenplate in a manner simlar to the
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a copper support wire))) -and reheated and cooled in a manner ~ za simlar

ngtnbe or i gi Nalfidd ARE MRAVHRs ORBIcIEGin JitCemBBBIRNE dIbRY StRIKnRE 4'5R b Lhe

19 created by_Wrapping the wire ends around finish pin 800 in the manner described above.
20 In another embodiment, the wire ends may be twisted or coupled together as described
21 above to form closed structure 4, which may then be secured to transverse tab 624. It will

be unde‘r_sktood that additional pins 304 or longitudinal tabs 600 may be utilized to create

the single wire erhbodimcnt. ~Such additional pin(s) or tab(s) may be vertically aligned
2 with the other pin or longitudinal tabrsuch that multiple closed loops 6 may be formed at
25 the end of body 10 where the weave begins, as depicted in FIG. 50B. Similarly,
26 additional finish pins or transverse tabs may be utilized in the same fashion. The use of
27 pin(s) 304 or longitudinal tab(s) 600 with finish pin 800 or transverse tab 624 will
28 advantageously ensure that wire 5 remains in position during annealing. The annealing

29 processes described below may be utilized for annealing the single wire embodiment.
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pl aced over the segnents, and 26 the collars may be replaced at the

o, . - e o 1 - — o - o




-62 3 1 OCT 208 WD 00/ 44308 PCT/ US00/ Qz569 i the segnents and attached
to the segnents in any suitable fashion. The coil pieces may 120@19
pre-formegdgldispy pi eces of coil made from any suitable nmetal . or a%':qaoy. 3
Thronbogenic filanents (such as polyester fibers) may al so TCRO0QE584 t o
coil a pieces 714 to further increase the thronbogenicity of the single
Wi ra_embegicanytiop cofthiiggstican,! inay iilidk Srds rbh abon( 18,0030l SRAP 10 dosPer S
716 are attached to coi'l pieces 714" s at various |ocations al ong the coil
pi eces. ifikes iordjametef. Inhan exemplbgueEmbadimehtamediven seyitsanging Sm@out 53

di st ance le)a%tov\/ef the fjlaments, in Srder to ensure that the resulting s

t hr dr nbol§AeBt @"B?"E AemstsraAnd aReRL2 doribrnt AR 5 inclengtiesuchas Beesysed i thed t o
t he ,applj HOR. € i dal i.ndi vidual.. fihers or
bund co. WpCRES; Find oM ATANGRbrokly BNy iy IR AN, M B s o
enbadi nefromaboltdO06 negbdie 0.009 mokey Rctidyietdt! N £5ex¥m Bl Ay UFRERAARE, large
filaments, such as fil anents made of pol.f(estgar, such i 2 that the ’bur§dI es
resénbl eSteTHE abeye aboup 4@ nm ap dianerien may atilizewiebirgmnabout DIOGtmakqut OB as i s

pol yest er {iher : h - r braide ith the hundl es of

fil érrent’écéﬁgﬁ ﬁ%@?hg@’@%‘%ﬁ‘a?ﬁhﬁ\? l%g&;hn#emg Etﬂéeda‘%‘gag&ﬂi?aélyi hVesed same
fasRi on @smeieb&h Sabotb thel OITS 140 @fin irging 0P ve VB SY, for -
Stents, Strgnte_(;‘r_afts ;nd Cccl udgﬁg rigr_lgé\?\'r’ ﬁﬁ%ngélé?eﬁgg %(?hlél %{Q‘Z};)%?@nﬁ

del isver yusyghy dess2thanopbaiyd38 mem impdiametehothe 9@@rivs vend duvdy(“S9C”},i el udi ng
bi odegr adahl e v i

ot

i h f) f . fl ible i9 . tub
¢ ar r' 8nged™ €8 %ﬁeﬁlle{@if%l"’ Sﬂ&ée‘ﬂ%ﬁ@@?ﬁ?’ﬂé@?ﬁo t C{‘()‘Ptc‘\é\rg{fl@f Sg:abgﬁci]s aé'l;b&;sth or

Zo NYLON)5 mfi.ch are commerci‘ally avail able from Cook) I nc. (Bl-oom ngton)
IN)) or other zi simlarly suitable materials. It is to be understood that
material that is less flexible or 22 firmer than TEFLON nmay al so be used.
Furher, it is.to be understood tTaperediStental with zs a thinner wall

t hi ckness than that of TEFLON tubing) such as the material from which the
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be wsed popliteabanterieshas welbas incthe oatotidert2deq fop steatinig onigdesionsel ow} . For
coronary applications, for exanple) the size of s tube 22 may be about 3-F.

For _delivery Qf .a magliu stent int t% re -or carotjd.s arteries) for
exdfpl e, the ‘@Ieztéy P F?ﬂ?@“ﬁ?‘%’;’i’abgeé E‘t"“gd-al ereghways igta{ist methed usipg nay

f i |} i t ent
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and the size s of the stent.”In an exenplary e nt) for e for
del2t ver ybeshosenm pdssessingrah @ppropriate taper. In an exemplary embodiment, a template with

2 a smooth, contiguously decreasing diameter without steps is typically used. The shape of
px] the template may correspond roughly to the inner shape of the tapered stent. The shape of

24 the tapered stent may be chosen based on the shape of the vessel or structure into which it

25 will be placed.

26 In an exemplary embodiment, it may be preferable to choose a shape for the
27 tapered stent (and, thus, for thq template) such that a “wedge-effect” will be achieved

28 between the tapered stent and the vessel or structure into which it is.placed. The wedge-
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ner i . ifform diMR@044RERLE Ib&IeTmaps cREEA U BLORRS ithér the hhst Heave

under stood that -radi opaque nmarkers nmay be placed on tube 22 at~ z
appnepr i aneshod onta mashipe methethnerhekdiemster roft this emplate mrydearrasposbta dhe

enabl e vi gw of .S, tube 22. using fluornsco dur. del ivery of the.stent.
"7 Shouiiaindleh i anE yirkht pofcRta e S| ERRRER v 0B B v leh b it 1
proxs mal tgmpRatecanttheabedl sliccéctled18d bR dektriiedl TR Wird @ndidf H1Bsddystiuefirtsy

| ocat ed between about 0.5 and 6 about 3.0 cmfromdistal end 28 of tube 22,
nmosti7 t ypil@dinay thembe reinforged His mepdaskiior the application: ipored dhady A0 rayshemwbe ube
22 may affect phis distance  The distance, between hple 4 and 26.may be
CypiEal |y o PR pISR M, erio) GG WA es s dSDRY (o ing

di syance a”@dbp??vﬁie?,%ﬁd%h@éfed e aSthahep sirhilg SHE r_drit"gB\aM\_Eﬁinép- Féitfing P! €,
t he di stance ~o between the holes may decrease as the dirangter of Wire 30
decreasestent in tige mannergresnltscin3p contigubuslyloeseningi méshrtowhrd thenepered endibfe 22

the dotted i i 2 indicates that . . 0is | " hin tub
S5y 71 and URegFephoTaf i G0elE a5 cabtiusly drerases byt eyl epd a2l hosatio 1 e,
ti ' . - N 3 ! i
i e 30" (298 180 r@8Ringin e REfing Bipdnille BRSOl st Bardfutlaied T 10

secus i ng distalendd@02ny be connected to a handle 206 as shown in FIG 25. 16
Securing loop 32 holds the small | oops (6 and 106) or bends (8 and 108) of

distal i~ end (12 or. 102) of, hody_ 10 or tapered body 100 .in position
duri?hg deliver®y 1§ b%ﬁ’f‘ 7fstood @@f ﬁ%acFé%‘Er(Pbé‘Byioﬁh“r\’tf?"é“cG &‘?l?seﬂeq"ﬁ%"‘; 1s

Advapt ag ' I lisq ' I pyery-aof the
Stont. - pRoBitied SFRHME BN Al R if Bob [RARUTN P LEATbLPRASHIET WU
Wi res30 phanmd shage mbmong ltare shouldibe hhallen ridt to RAGEESa tdtdlhegling Cignes(Wllith | oops
or zi bends of the stent, and passes back into the |unmen of tube 22 through

di stzal hdndudes, the firstcheatingttime) apdithe seepnd; heating dime, 26°.) efhakous SOuminwes: he

di stal . - ' . d th [
8 oo Wil s b B0l ARE sk o ke Sy R 95 i 1
10 or tapered body 100 other than the small |oop (6 and 106) or bend (8 zs
and 108).
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26 I n nost applications, securing wire 30 ranges in size frorifiltqﬁ-t 006
inches to z7 about 0.011 inches in dianeter. However) the siz securi ng
wi re 30 i nw@ge/4ds0¢en za application depends upon several f,m )3:%
exanple) a larger (in terns of dianeter) -65 8 1 OCT 2Q13 P ds
PCT/ USO0/ 02569 securing wire provides nore resistance to the propensity of

a stretched st ek with bodpl0ae: &t hérerof dResouplEdirk @RS @peredfbotiqu'rhw
when nore than gne securing wire is utilized) the s size of the"wres tan

be | ess t Rareht slightly/lopaer haw thei otherniand beatiawiasd s aTtealiese i regrieval e the of
doscr] beaSenh BYTR ' fOreiBR ol plBHL BviBdy Kbt SRS SRERa bar Sckeld

i nvend i on ngg M@dw,mprmggtmlﬁxaﬂléh anot her enbodi nent) the securi ng WI res
of the present invention nmay be 7 formed of nitinol having about 55 to 56 %

Ni ckel and about 45 to 44 % Titaniuma (comrercially avail able from Shape
Merorsy Appl i cadi caisin Vlmq andxenthgmmmﬂq foromiafhth® tapered estenti of) thé peeseaf t he

pr esent mven%l on are ti nolw()l nc ing wires 30 and_46, to di scussed

el o) MSeRtoT e Feut i thopraprbenaldy B whea nshstearhage%@cqf.tbmtme. n
11 ﬁﬂ:as% t t t

of Tre i ey ot BETow [FA 0 e g of U bl i MRSHREY ASbLEaPE e 20

i s also eqoglpbetivenn the gossingwiresasdvell as with khi: nohiRs of #ired dsetifok ¥RIabiak e
Iocated in aag g}xl rratelg thed?‘arre | ocation fromdistal end 41 is of "tube 40
as ar’e hol"§&V& 4 ThRStonss psedningthe stdyewere duily framy 90 Linclr mitinglswires e I eheneen

S (Rl e bARIRETRLAE 50 %% S50 B SER s B

range fromihb@nd ay bileer Eompresdion!t Amn&e@l@nﬂ ;! agmsa?ertdﬁhénﬁldo? %hﬁ%afd t he
stent, the 'size of the stent, and the nunber of securing wres

used!? o sét,cmaéeth«p@xmwlprﬂmceef@c@tent he stent to tube 20 40 (to be di scussed
bel ow). For coronary appl | cations) for exarrpl e the 'size of tube 40 nay be
abouf, 5-F. In an exe d artery stenting) the

si zehof 22 tube 40 rrgii ﬁgﬁerdﬁ}w ?é FIB°SI' %; I¢ of tube 40 may
rang® from about 70 OE’EP%B'&S ‘i@@ tﬂgc%%blncp‘ﬁg‘e@ﬁ Hes application of

the stmt and the size of the stent. In an z4 exerrpl ary enbodi nent) the

length of tube 40 nRy VI Cqiyl ¥ [0 T 3s:cm shorter
than the | ength of lAnl 2w kt §W‘19§%Jun ers m§ elproxi mal end of
zb tube 22 may extep gy ag She f 1 ub j dst as di stal
end 28 of tube 22,e»<tends VE3VEl lendYeRYCof 8@32(9 a$ shown in
FIG 3. In an exeml h'= @%rdlmann the facto that paviprimrily
influence the length & thelbﬁsl ilver9l system2® (ile., Rubes}22 and 40) is
t he di stance of the st4ent edlTéegijon 1RBom |t he 38 ces$ sit@3(typically -66
6 208 141 74 119
8 238 | 158 92 126
10 273 170 103 136
12 293 186 120 145
14 331 202 | 129 153 -
16 371 223 146 171
15
16 With respect to Table 2, the inventors used the unit “g” for “grams” as the
" measure of force for the reasons discussed above. Similarly, the designation A in the
18 leftmost column of Table 2 represents the circumferential displacement (in mm) of the
19 stent in question. For example, a A of 2 mm indicates that the circumference of the stent
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3 1 OCT 2(~?3 WD 00l 44308 PCT/ US00/ 02569 the fenpral artery).3 A9CWi 2008 t ube
22; tube /MWOMAM408 provided with. a flange or hub near 2 ipcrosepdze®l end
so as to allow for control of the position of tube 40 during delivery of
the 3 stent. a It is to be understood that radi opaque narkers may be pl aced
on tybe 4@ qiestforopiy RAGdeAly J MARLIOUR fofte het@BAIS o kffenthatdibflecetidnt wasor der
to better enable viewng of s tube 40 using fluoroscopy during delivery of
t he gt enttheseregrdedg wire 46 is positioned with the |unen of tube 40) and
fornms small-profile, a tight securing |oop 48 in the manner above

descri bed. Secyt| I d 4 04). . of.

pr oxi'mal end ( dg%gagfg%?th;éﬁ a%gé@fs&i@ 023'%’ rgsp%? é@%h@%ﬁ\f&\@q nggéo ﬁ%‘éﬁll%n
during dejeb¥@iidnabiny AdvRMAEEIRNE | predieepeviiicnaBIIRYBAM detle mutdhin@fthdng
stent. It i ~is to be understood that securing wre 46 may pass through
one of t heylingapalrsignt avith suniformpdiainatepbetveen theptapered (yessel @ng dhastentoslich 00
other than the closed, structures. The closed is structures are secured
usi ng§ themﬁﬁFﬁ‘?Eﬁ "Ei%é%:’ﬂ reapRneAnd Jonger YERSEERAICNRY. hends. is Securing wire
46 and securing wire 30 may be fornmed fromthe same materials as is the
wires neking up the stent. Additioggbdryd SEAGUriNng Wire 46 nay be

approxi mately.-the sane size as securing wire 30, and the sane types of
factors di scussed above should be considered in sizing securing wire 46. is
In FBG 3, al t Netigws orateyiabmeayses snitably lused ap grafito (imchiding tmhaterialsuspd jas | s

each o ube G IREEe HES 20 TR P R A O i OB Mo SLSlents Sontiie
secupi NG &ABSIARYraRS, THRIGHASt Wivbiing MbtehialMabRGY bk 818 or Biis PYrpHsd Y

nore securing wires. As discussed above, the nunber of 2i securing wres
t hat nmay madeifrenh matprialghatrisisteatchableanaligh tocsubstantiallydfollaw thhenavement obthe23

force needed,to el ate or, canstrain the stent prior ta delivery. For
exanfl e, UFE 5P 211 e gt paisriabinelidewpvenapelvester; Bacran, poljegrane
secupi Ng Wd @ FE Brpesdifly bR 1HE dpplicatiohS tHeASraft Mdiefial Meays bR AnPR, Bk
el ongation of the ste% on %he delTvery system By this nméans, 26 the ends
of the stsmewwubpbmus (tofacilitt eadethkljalangrowth)t hightymreusi(td l¢dve Hridged iside

bet ween tubes and the .profile of the el gngated stent ca e reasqnabl
Bt Bao cdbranhea BaIEDD a5 JOnHOreLS 4.6 1Ak SBEE AR SESHVITE b SO0 o0k SRR s

may pe thg; héskeo j wihi 00/ 44308

PCT l\§00/ 0 5%13%?@%%?%%! é I'n gﬁevg{jf:tgp o’zrir %‘ﬁ?’zlggodﬁﬂgrggﬁ-g%?p%hﬂe%del ivery
system according to the present2. invention;, a guidewire nay be utilized
during del i ver ¥h¢ graftcmatesial iay bevattached do eitherithe onter of the inner surfacs dfther e

w Il affect the anmount of space évjthin t ube 22,ﬁ€eg'ai able.%gr tge us arMa.'
t he ¥ecur St 39 PSIOSFTVEias acoveror plingr, IespeetiVely- (FRfgaftJpateriabmay EGFF% ires
havi g t apRhesefit &srgﬁbn&n%e&%m&@s qa.g.e,%diﬁramé&rsubews BE0.%6-6 C1-0 Frolndd T €S
are used. 6 Body 700 nmay be secured tthe "del’i very systens of the present.

i nvent i onwhith ide¢ommergiadly savaitatile frar dethicon);| ghie,3heatn ot Fanysativer appropriaten

whi ch bod;;1 10 and tapered
21 eans.

2 Graft materials that are not stretchable or elastic may also be utilized to form stent

23 grafts. One such material is PTFE. Such graft material may be attached to only one of

2 the stent end’s, thereby allowing free movement of the wire mesh. The attachment
2 between the stent and the graft material may be created at the proximal end of the

26 resulting stent graft (that is, the end of the stent that will be closest to the operator).
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a body 100 may be secured to these delivery systens as above described. In
one 9 enbodi nent in which the ends of body 700 are secured t 1t 2 and
40, one swadoragsopr ofile) tight securing | oop may be used to”g‘%gfg ch
end. i i Wth reference to another illustrative enbodi mnent o /08380 very
systemi2 according to the present invention shown in FIG 4, delivery

system 50 has | j k| I i ;18 Su.24vand 26 in
t he ?ranner abg\?gggesg%rt:égdg{j%ggewgé &a@é\%’?‘dtﬁ?ha@@% ggieifgel%%%%ﬁ%&%&gﬁ? t of
t hi nz wal Ineaeridh emdyhbestdldedr @mayehged ax ittt liyoobiupies ia 1ittid§pade widiieaieth&ah nY be
formed of materials conparable to those fromwhich tubes 22 is and 40 are
formdd. $9&HPlE 52 nay be about 1 crn to about 2.5 cmin Iength) but
typically i~ about 1.5 cm The distal end 54 of sheath 52 is connected or

attached to t Yo | | Ul I 1 heat.i n r any other. suitable
rreang at a Ioct:%tﬁvgﬁn yaplls%g Igypéfgg{a\xggéa%%%tm grigl g?ﬁ%ﬁ%%oﬁ#%""éh%m
di st al endedBabié nfawdiial gith BEPTFBfiay b Pesfoihyd | i in
FIG 4) delivery system 50 may cpngi s?’eof invgfﬁg{apg%stﬁ%ﬂdsﬁgfegﬁ“z% F )
connect ednangeioin Whigh getien graft thawingi s stadtchable piaftt maeridDmal ibealelieeredbFop0 ar e
connected_to ]22 o en%aged £ it h. tube 40 é’% a?%ms]ui t abl e neans, including
the Use SF¥BPIGeYAM #iSRYT &F3IE a¥ingss coyer, made fom delativdy non-strstchgble tgrafabs 60
may pe shARHRDitevedfeht gRhft i i f :

connected or engtgged Wi tthg‘?tfltJgﬂﬁﬁ%ﬁg{t&;ﬁsldgé&gﬁ%#&dﬁﬁ’%}%&ggéﬁ@ tggts'@%@i‘ ned

basetl on mdyeecrstrpited eng thet graftanetdribkemgy theréby beespasad. Then ehegeitahsy 60 Moy
* be is madg of , any sui tabl e mat e‘EFirqa‘:”i)é i ncl udi ng those fromwhich the wires

of the sé ﬂWeMX%Bmﬁaﬁé{maﬂ%}W petes Dy singgths icaprirbdelivenesyistean dThe her
si m,] ar efHaal D I , P 00/ 02569 .The

ol b ng’%’e{sﬂé Plthe icggﬁg}o S?‘&%gt iy r@ﬁ%‘ﬁﬁo&g‘g‘?}% %?iédg%avs%owsh
Howewver, tighthessethem thas ackidealialby dllowinglyhel ieltytoweyowdr, M§He| Rvarthpedns §o t abs

60 secure s proxc'!%réal end 2 of body 10 in the follow ng general nanner.
| nvét se CEBY Hoadgduatg contagt hetyyeen;both the pteneandthengraft asowelbas betweendhels 62

of ipver b hreadede: t k. h_cl.osed structur 4 or
ot hyrw ho?{g”snt ?%@a?@dﬁlﬁg‘é%s&? hr\vealg)'r (;13}% n@?fc{a né @E’gggb’gﬁ?}‘afbsm ;6eq1=\kj}'5% %4‘5?@?"{ hen
moved i napprpschxiaraientligtafc rewievalot iFirsg | heeslemt isUSsMpREIY réﬁfet&%ﬁ'%vep%@sé z

are secured by the inverse tabs. The space created between sheath 52 an
tubds 22 Aekvepktubes apd the steatis complessly €longatedappsitiorhis| ssanwgd hyrthe edoximal i ver y
of e Stent uder.s, ~o _Body .10, .and .t apered body 100
(i nyﬂ udi %%Qbﬁggéggaﬁé[a%gégygf 2‘Iﬂg nésgég {l?e (rilse Oa?i)v?ncgﬁdp%@fgablgrd YSIDg oSOmsy r‘PJté“Xg

del ig/er eghovemento méda?turmrphft midietfal. THE chéatibR WF Bk ABRRMmeR dif'be eehghe
met hods of delivery for the stents and occluders references only body 10 by

vay ¥of | Stebl anghithe “graft i e peoxdel wadyof sheststemt isnadvastageous fior pasdibld0 nay

be nua . e 0, es i ang 40. Thi s, may: be, acco i she

usi % ei H?\e{’?ﬁgﬁe’lgg'r ?ﬂ{:}e Tt%ﬁégssS€°ﬁ§?ﬁﬁelﬁgﬁnsecfuf°gq8e@8 rcf{‘ﬁ"é'odeiiﬂwga S ﬁ“&éﬁ%r ence
to bl G Brafther herpbkioal ‘endr 6f it dtent, thérefote,SMieUbtoREmAIORBHISE of th jgverse
tabs 60 I n the manner descr.ibed above wth _ref('.alﬁr‘ence to Fl G 4% ereilﬂafter
~ s yer frawd jnty a fumnel ghapetfpeilitaiagdisaetrieyakintotheisbedthr st stret ched so as to
reduce its dianeter by an anount zo appropriate to allow delivery to occur.
Thug, the stent capyph&. st maxjmally or .just zi to extent such
tha?3 it may be mse?‘? §c‘1‘i ﬁ‘%i?;éfgﬁggggg*l"dl}o%ﬁﬁpg §§ﬁf’g(R§f'?%We, and may zz
pass through the lunmen of the vessel or non-vascul ar structure 'as the

stemt is bei nGhePrepemistentyady bé deliverédihe vagetd OF axSroftcdl Birtethies, FERR& ©f
non-vascul ar tubul ar structure. za Wen delivering the single wire
enb&di methey maybesed imperjunctian with gach pthenin e varistytofimanness tochestotresdt thdie

constrai of ody to fhe unc to.ai,ned. | ength of the body may
be ?6_5 Si éﬁ%?@%f%f@??@?ﬂ\vﬁ taﬁiséo‘@%’&gﬁ_ﬁ;; > Hieabilateral pertosFRRBlIAEHeT ¢ hat
ut ) bi 2 teegsq,tggg{iﬁiﬁv% O dctta. 8301 9R GNP anbP834 B Fight FéhaP HREY! 48] hIOHE Wit AU 1@

28 the aorto-iliac junction 840, consisting of left iliac artery 842 and right iliac artery 844,

29 may be treated using uses two stents positioned in side-by-side relationship with each
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mechani sns ~ %"V@ ch are easi

3 1 OCT 2003 WD 00/ 44308 PCT/ US00/ 02569 vessel or non-vascul at 10Tue®iir e

i n-whi ch WO W&4d8ni pul at ed and prepared for delivery 2 tharpdfayseglosgs
enbodi ments that utilize nultiple wires. s The stent to be delivered nay be
stretched by increasing the distance between the a distal ends of tubes 22
and %0. TPHhes. ndiernativalys siept geafscshortemisviengthathars ticde shownlin PIG. $4imayabe-

pr oxi mal brecﬁsi oﬁ?}.o er tube 22 V\/ni.be hol di ngvlube, 22 ?tati onary, or hy
movi g or“CUVEFq ¥ thggarts ot thy aorigriliac, jungipRWith somm oY elapdherchefWeeibe 40
stationary, or by noving or sliding the tubes in the aforenentioned

diregtions si MietsaM@Omal May B0 e81iLAEMY BRIWARSR afid Qﬁl’fe‘ﬁleﬁ%r&%ﬁlﬁﬁ%%vq(%nom N

stretched, tubes 22 and ‘40" may be | ocked together 1n a nanner we
the art, asvacietyasf teinplateshelnuere erhbodigient rstraighs caneplates mayusduded! tTHe stents
%?dfunlockabre. If version 2 is

l.y . l.ogkah] e~
used® an Tt RayeH and aggegl%q)ﬁg&;q%nlag@ QY& SRAY thbe tpdativelvtaperedrsucheer se

tabs, 60. 2l ik f ] ' Pt le t
ut cui 1 e IR FAG, Bl K3 LAGH 4 KenRAMATHRE porkiond 8 MESRLEME v oty e
Stnm7to iabsa prayiierlatgec it talibet than tHosportivRd bf {he stehesMhat Wil Bcwh tqge T8l

guidewire may be formed of any material fromwhich the wires ~ ormng the
stent naprteacshekhe staiemayialroke woysnomtemplatge that atsqenfigutavitne besd thad i s

e of TS PR b AR gl he UG R Rbne PR e sl e sy

illustrative enbodinent). a ~s hollow covering such as a sheath may be

pl aced over aSsimsthas aedyrvdpirtiallyiloe ToRplasly povided (. AsovefedP b NfdH) Wit act
between the stent and the vessel or non-vascul ar structure: during’zo

del i'very 2BY of Hbe rafftmatgrialyrdeseribest abovey usingi anyeef they meithddsr ofl conneetign

system i " [0 \VA| ) est abl i .an. 2i access.(arterial or.venous).
Nt o RetrbRf sBRimb ol Sl BRERicR, P IR BupEmegt sl parat s <
i nses t ed illustratet] e FIGUSS, the porRME|of theSsteMERMR Scciipyhopd W32t dNa ddticiR W an za -
i ntroducer sheath wi th-a check-fl ow adapter -and preferably th a side-port
i s atlvanéieats pioximategine Pausiadosurfaces 838 o€ menad drterfes 834 and 83%iarercovbred! By t he
si ze of Wni"ch Laﬁ det‘e’r.n*i@gad 2& bé F. e size ﬁf the delivery systemto be
used® sePlyPaally coyering the pruoRs, of the. RISt Vil opcyRy densl anterigs B34 ek
sternd, SBBE, thet pERIHNRY O cHEIIEMEN Ogrtd { ty ' h
desired | ocati o!rsl of ?ge vesseFﬂgrf%r??)*ﬁ%gggﬁl %’r‘é’feﬁﬁﬁ’?gr&ﬁ?f%é'm%&?g gre

st etit ed, elilinatefo 3 1 OCT 2003 WD 00/ 44308 PCT/ US00/ 02569 sheat h coveri ng
the stent nay be withdrawn, and the tubes may be unl ocked. The stent: . 2

may be positigned and th shortened sp gas tfo_achieyve its unconstrai ned

di afeter in aﬂkg?/%‘ﬁ?‘él?‘gfs@" ﬁﬁﬁﬂé’l’%"."? ISH’%ﬂcgﬁ?’éWﬁ APRhcation ditksrated ImEIG st al -
endpf t 86, HeehbrtdPehalSich s $tfuck L8507 il i { 19" tvhiStin
shorlteni ng the stent. Tﬁerﬁmii‘ngmggi %t?gfnﬁ% t eméyg%%ifteil}%éry (?? %‘ﬁgm}ﬁ st al
end2of t heighbasing, seguioatsAdy, wires Ghduring: the weavingrptocessd Sfrutsh8505inantalsosbes

secured, qrr{g%/ be noved distally oyer tube 22. As a result, the distance
bet feen ef 1 28¥ quitahle maon 3% by eprasuggieighhering sasmprts of avieeset inof ¢ he

st Wi | r , .y n i ne f ormed, di. anet er.
12 ot b AeRER GRED ubll 4 TRdscmiaBE o nitihl, WA RGO Wi ERBbORRCL T
i t s2f i nabegnwnts éfowirgs 5 tgether,sdiar Asnised hefetn, SHEME” MdansS spmentof whes gt May

be held steady and tube 22 nay be noved proximlly within tube 40 in order
i 240 sAGIPRA togsther whany suitableomarner shefbas tipting, eneasingdwitbings sufficiesthyent

22" Ena 4GeHoleER driubii solaceing2 el o Cayh it she e e B Fommed many
maneer s fromhe sliulslie lest @sruptive Hethe diodd fBGCtheRtROEEHStHAR SAMAE bE X¥he L‘Hﬁ?]é ened
r

during delivery thereof.benefit the operator by providing himis o er
wi t B t he Powies &ermedifyom acweaysr Theostent igrafe hawing strats\850hnay, dikeahé steyt grifts

-anatoni cgl .stt < The ability “the devi di scl osed
ner i wraiopd B E1GCEs o Softd parahd yGTRY Sieble P arensh uch stbores

advant agegat ' Q t o ] ' ' at or
B o el RN D iriober sl ATATRY: IndBokehs MURRREE O
t he anatom cal structure such that the.ywven device is anchored as securely
as zi possible, it also allows the coipressed device to occupy the |east
anount of space along zz the length of the anatom cal structure as

possi bl e. When using the present occluders) fox Zs exanple) care should be

taken to limt the space along the length of the structure where



Za occlusion is taking place so as to avoid potential conplications |ike

t he undesired 2s occlusion of side branches) and the preventi®n 00T 2062

f ormat i on wb ooyddzbsat eral vessel s 26 supplying the structures t ed.
by the treated | esion. Further, when using the present filtlé(?lg/?]s%(izggg
exanpl e) the space along the vessel available for filter placenment may 2a
be |i m t ggulR)850NBaPbe Tevsaed Whileheavify SriROB850 udtSRasarfeforelai@hged so--
anat om cal 29 considerations, such as the proximty of renal vel n% I n the

| VC)2 t he tisgtovhen delivered agakown t5f Fo 56, 6tr@vE50 atecadvantageouslyi positibn@da/shiD

001 44308  PCT/ US00/ 02569 Anaot h rn_g%vant.a e gfford d b% Ge Fr_esen_t delivery
syst bm-~1R8 Yschigiure Wi e&ﬁridltPﬁV ynamiGse TAe yse ohstrmt ﬁ%} imthis Eashigarmay bot h

ends, of \ ' ' : a3 r el ' e . S
The ‘abi | Py SRHERos  coRigadedifld KEURE sHlimhlr Boliin F GESICEbRAREBRTY o
accuy at elbyre, s iin IRIGUISS; liyy thiit sease8Sthnauldbe idss 3ikelyCloUsredte tarbalents Gtlthe
structures s are frequently irregularly stenosed; the distensibility or
enl & gea®l99djows the di seased s segnent may be irregular due to the
presence of tough scar tissue or a tunor) for exanple; and | engthy vessels

are paturally r u of.h e af .one of +he r esent n

devi'};es may, t;}éaog‘?rsu oéig@gﬁtsﬁﬁt@a&ﬁ%ﬁrgﬁégumtﬁde"]Jgit'ﬁg5? vmgdgpgg\?ﬁ)t he

woven deifféemSportidtdl dftthe stehendy ®8 pRoaedwith AiffGbAARAnberd6F Qf}@&a’r&gniﬁ@y be

able to position ~o the md-portion of the device (such as a stent

proxd mat &0 suRd antentpidetweswe afayrtiegindat sheaerulofi the-sterttherwillbe placediasketenahd

< maintain that relationshi,p while si aneously withdrawi ng . i.Z tube_22 and
navahe! nareataidRie SOZACE A nruitd ) ThOBGHOR of theSeRIceeuPEA b S840

di seased niay AQObERhde Frofd A Wires DIhk MbEAIHISh bi'e 3Rt | ' <§b$ rto

accur at el.y%pos_i.ti_on._the,to_ vl\g:ven dg{\‘/}lgce and) . co??teygk)g{r%rﬂgf)% Vg@éj%‘:‘?‘rﬁﬁ t he

‘possd bi | may uskha+xt Wigessonhene dclenates thelnuniter nf edditiondd avires uitidiatd) aeld aina be

reinserted, th resent. del jvery systens allow the operator's job is of

ol Foor y Pttt T BT PrefSiablis e RUBHED Tromuamuease babessg depnd Bt andhiore

pat ient . preidbiy08lalyn, aRILIAHIaRARhREShik kAW SStdd: STdRRdRE) hdvadind Ne

pr esent gléliveilyy S sat ens al ,I%\ﬁ;\?faor cot'rlr%?gglg-it%%}%t%egﬁ g\(;i-(;ﬂayshﬁt‘)lgg}smgln t he

resul t i n304ipbsitionedpfortexemple, aplecatians prielimaertha endiand Baplingngbdf sthay8s® a

relatively non-stretchable graft material |ike Zo Pl FE to achieve' a nesh

tightness that) in turn) rnay sgrve to te better contact between 2i

bot ¥ t he woven stent and the g’r&'f"{'g&’a'ffefﬁi%smu as between the stent

graft and the wall z2 of the anatom cal structure. 23 One of the benefits

of ysing the moas et st?iigiﬂt&d%ttkpérg@s@ﬁﬁscﬁ%ag%sb EinbeRic gd!ﬁwﬂﬁ adnd hat
the anatom cal structure being treated can always be overstented. The
di amet er filtersaand2eschadarsodisessedsbelaw),uaxeeptifar thessifigle avise embeditnents off thgse | v
smal | er t,han the wunconstr ai 26 di aneter. of the. stent. delivered therein.
ot - HeCes, iy B SRRl 1R TarhensE nROE o biolaradshie il 88 psbrToRry or y

. . , = :
SYSLENS bigndiy, BRIabRSIBABIES bloBEerBi i @Ienfietlfhhﬁt’ﬁ%,y/, m&&agn 6 gmg%%ggigr g%y 0

mani pul ate the "di stance between the ends o device bein
priar 29steotssfunction &l drager nttrient delivieny syatemsras laganidrofithe npteriat bsede!l i very
systens may remain -72

22 Many factors may be cbnsidgred in choosing- materials from which to form the
2 biodegradable stents of the presénf invention. 'Ih dne émbodiment,' the biodegradable
4 stents of the pre'sént invention méy be formed from materials of‘ minimal thickness so as
25 to minimize blood flow bloc»:kagevand facilitate bioabsorbtion. In another embodiment,
26 the material may Be chosen so as to exhibit éufﬁciént radial strength to allow the bbdy
27 formed to function as a stent. The material from which the biodegradable stents rﬁay be
28 formed may also degrade within tﬁe bloodstream over a period of weeks or months, so as
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WO 00/ 44308 3 1 OCT 2~ PCT/ US00/ 02569 el ongated wi thin the angtyoigTc 3003
struct ur e wotoo/448os ch t hey are delivered and, as a result, . -pt1esvoneésohave a
radial force sufficient to resist outer conpression, which in tumcould 3
conprom se the patency of the structure. Further, insufficient radial force
coul d | eanpttte farmtespholin Ijhamaéﬁmal Wayhbe ehosgh ég@mhaaéhq stent desssnairdegrasigever |

t he pres nt. stents ose that t heir. di

is sit gni f e(’,fgﬁt T“i/e ?Otg?qéa} ﬁ%ﬁﬁgﬁﬂs hhﬁ%y §tgt§e§ gss[e r?rpc> Eté’ﬁ? l%fcaﬁﬁemawgﬁm cal
st rugt ur egtbigdsag a%h@ﬂia@%ﬁé@%lhﬁlé?@t ghﬁf&@édrbégiﬁed@@aw%a@apam@%aeﬁile nts,
for exanple)) such as one hundred twenty percent, for s exanple
Cons@quenchosgn may ber chosent tosbﬂamrspmwe Mthdai‘mumdxagi tissueain the vessek hs gielll as

eI on%]at ed 9 dtn the anatomical structure in which they nay be delivered
(i.e?, th\é"h&‘ﬁ’ i ghtness. of io the stmt nmay be | ess than the tightest
achl evable), yet may retain enough expansile force ~ i to keep the
strugture pat eqpe b%&*b?t@'ﬁi’qdégﬁaﬁﬁblemerﬁ e ffoﬂ?&?% D e} StV it 2
mgrate. ~s The overdistentioh or overste ting of an a atom ca ure
usi ng onemethodhabowe desesibed. Sthendize bhatie filantemis gt mylgary)racmdiwgetoetm
corrpressed nmay ., be: enef|C| for seve i's reasons. For exanple, the

over $t ent ? ‘cﬁ%‘P’bs %’c‘“{“ﬁeﬁ?tfgﬁ?’ew mpaY; evisdHced Wesize i F?@P@FS‘)@ nal

| ocat,i on

when’the (2 %‘fezéeﬁ?&’ﬁ%b*éﬁqh%%ragfeiw BEnR R 02 nbR o R R

t heyipcont B*Déthéhﬁmbmﬁhlems cthle nusmbet ofl filanientsroged rﬁey:bé &lcyedsbé in t:émbﬁl@sbnatbe

rel eased without first being corrpressed Further) 19 as the overstenting
may Be actieeDembersPhgvigess sk ihicompag bisy appligatiens yineeliinge douiesearadpbleo t he
near - maxi Qr maxi mum radi al force of the stent may al so increase the
stent's abil ety to withstand greater outer conpressive forces wthout

el ongati ng and thereby z~ conprom sing the patency of the structure being

stenfzed. Al t hoWpé muvinh afunitey of filamens that brag o) td brae e bddy bf ian t he
art will understand with the benefit of.the present za djsclosure _that the

sarre“pr i neiogegradghln dedce(inpludipgatenty eeeluders am’eﬁlmb may; be apautahd Insone

oy He e lbaiLaa 2 AL A0 9.0 gl Sl RHRD S0 B RO,
del l Mer y phifi weavepthetangle\ohlthSdrobsedt fitainemds |(@evaribed hthﬁzecassdnglbc@ mey t he

ends thereof to he manipulated prior to the release of the 29 WALL, STENT.
Hovve\?er) defes %mqyeﬂgptsg/awﬁly d8Pi1602dIn eneerabodimenh dhe apgle 10f the griosseden

of “sHort SORTRIE P A0 R ot RO REAERE O R GA hod g6 phii b

exangl e, fuithe¥\éhdusd eHat 4 steRY Map hat @ BhoupPhOdxpafisie fUEDES rérhain Mhrplacy th&ar ts
S (such as annul.ar nenbers) |atches; rings) cables for displacing the »

ring®, anbeing clslivared. Thefilament endsyafiergplain weeving iis complates may be\rsupled

i kely be, ti d .expensi ve to..s ,yanuf act ssenble. In
Con e oL o R T SR Spbleshy B S B B ASRGMRER ol
secugi ng yaahﬁ , gluiR@sStyifpVewaRtihg, crififing apRgPar tie HKe Bﬁ&ﬂxdtﬁetoé%ﬁ&bdifﬂéh? -a
Anot her advan age af for ded by t he présent dellvery systens is that the

devise s boagnbpdyeinay deevioyven, @nd the ybody snay ebed:wtung» admlaresqgmem p&losed once
del heat h 9 f t.d
Syatls. OGRS Day 8 Toming giooth EMRsIADt SrEmee] Dodies B ROCEINE e Temee

bei ng . mghQubgdiRy as AbleldeSifledy. the profile of the present i ~ delivery
systens is no Qreater than that of the device being delivered over tube 40

(the tz larger of the delivery tubes). This is advantageous because the
smal ser the prbf ione mnbctdimentelthwefilymysmsed tay beswade lofl polyglgcmilcseambd

segnent of { st ruct WI |l be unp ily ~ sru i zed
durifig theh e’)tl oR?‘M HcdeIaF\Sjer y( irsf—@’wo ‘H&\?F ‘ps' ~s PPIW@Y%@& bl e
.t o oyer st r ng p gﬁ,ﬂ*};‘. ns

and %r eseﬁ@ys@gﬁéﬁmtxﬁ?éghg%h t dﬂﬁ) |a?1é§[ n%@%ﬁeﬁ 0 tgfesgﬁfs a?%aci 2 in

bot hae available from United States Surglcal Corporation, Norwalk, CT; Birmingham Polymers,
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version 1 and version 2) the latter of which is described bel ow. As
descri bed above, these ie tubes may be noved relative to each3qtder 2ggch
that the Sy@@é«4e Ny delivered is i9 conpressed maxinmally o I
maxi mal ly prior to being released. zo If the stent is not iﬁcflﬁgg%‘éé?gred
-l ocation after reaching its preforned dianeter) it zi can advantageously
be restraheherminghdRpasi: tiranethi ”SBH)JQ Sl eNS.0 forPE iR |
Locki ng tube 40 tg tuge 22 0 f sé&ﬁlési red. Aﬁer 'I g%rﬁlé%ﬁﬂg's %Sgglr}??téﬁ,mthe
stent maycobsd@3nraposing iaanaeriairfior vehigh axmmke alirofitankns will lbedhegyallst the

ss may be compl ete when the stent is

repeated as needed. This proce i ) !
posi ti onetent RFaFﬁ@e’&fesF ‘Preed‘ap’@i“at‘? 3R cmhodiment 18 which the steptsesvestmainlasel or

- ' hat. . i | i mal |
26" ekpan ik SEHReY Sftchh. LA Hie§ e Ybhul e i AT bélthadin 16K, s afpife™ 'Y
st r ugt ur entdirhentin wddcisthegidnt gerved thainlYd Bikt4F0fhe DalenSF bf Hdvessel

PCT/ USO0/ 02569 | After performng this process, the distal end of t(ﬁtea"stent
~ mag t hdi§epiag rtbe o456l openend &s s scaffold wosframe rfor The ddivelepmenteofl aofiew he

t ent | d b 11ing s. ' iTe 30 _wires) back into
the T unerprannRim RS PER i B baad odioBry fis et hocnelh b sithhsss: & ofber  he
pr ox¢ mal e@:iBédQﬁeﬁth%l%cﬂﬂfe fRY Be copdigmesskd Qvifm%tl&?nﬁoﬁ'@rﬂ&@ "o> 1} d[ﬂge ‘R S ‘
deliver the stnt info the veSsel or hon-vascular structure, andthe.

del i wery stiffoessof theyregulting fibers thatwmaytheaised.nt o a sheath and out of the body.
If the stent is no |onger positioned in the desired | ocation after

= rel easing the.di stﬁl eng f the st t% the st ent ngy be pulled s proximlly
back into a sHRAPRAESS %‘loé{“ﬁai' |a§}yg9§31? § IYBents gaY,bearavidedrikithy abeyt 05 end
of ste ] ténl 4 ' : 1A Sk 1A oi ng
Sso, S?lt he g? (glnzt5 IZtérﬁd 5%?‘?5%??%@? e‘{riﬁtﬁgi‘g’t%@/ﬁu?ggb%???nﬁpﬁ‘g%g‘élﬁy%ﬁ““?i s to
be under diydwdidehataldite pardbonate) eadniumf phbsphateenmagnysibe oidepsaggiesim i t s

~Z secur%d. osjtion prior to releasing the distal end of the stent. Upon
doi &y so VA emagf'%ématﬁamngteg nagnesivmRhoshkates sadiug Rhesphate; potassigm h (i f
a sheat h 4 ' | ! F A . 8 e , refore;
Cypi oal |3 TaEE fl 1%, UPREIGR e IND STk foRnuBA Ui g bRSEHmICEER &)

| ocad i on abéutitéretcstvaamty pércéntlorkmbrg, bedeseiibédinnBIS. abdterit Mol 31783 55%EMut
version Z,G}EZe .?tre,tcheg stent may be positioned:.in'the desired tocation
of the i € @eSSBP)OVNIRRAS Dersbyiexpressly incarpareted drefereaceneAs meer bereinTiiém)

pri t o unl ' WUDES, ¢ ' 0k ' oyt he stent,, if used,
Taye. pr obPrar IR e 1RREs to he BRIFRE 8 HERE-AGLENE hdfiall i hengin o

pri or to (i) thekbragkihgdoddibeshe bodpr aﬁdiel&diﬁ%?ﬂ N&d o @eliveted Stot 2QFvigg 60

may be noved gr%gi mal I%bso that inverse tabs 60 are exposed (see FI G~ 5A).

In & ex&F3Er-y 18 ¥5baNeHReH embediment. o filameent ipbrained,yfrase apelymerngantaining ot

rengyved. ' cked. Jt is. ) d aad that
TR 200 150 bR 30T RRRAP BN Hmeh splghide Pt B B2Ebed i
to sover U8e Pashr Nah6d25984nta Kennedy eér dth¢2995)/ OwhicHCR Rereb{i xpiadly
occurred,. either.the distal end or proxinmal end of ‘the scent may be

r el ¥asedHOMerated by seference sy hedised trfomm arbipdegredablebedy. exenpl ary
enbodi ment, it may be preferable to 2s release the distal end of the .

stegf Tirst befAYREMLME of ' bioleBabiif Hevizhd mayY incc)fo;p%lr'até R%e or more drugs

24 that positively affect'-healing -at the location where the stent is delivered. In one

25 embodiment, these drugs may include anticancer drugs such as paclitaxel (which is
26 commercially available as TAXOL, from Bristol-Myers Squibb in Princeton, NJ) or
27 docetaxel (which is commercially available as TAXOTERE, from Phone-Poulenc Rorer

28 in Collegeville, PA), fibroblast/smooth muscle cell proliferation-preventing agents, and
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possibility of renoving a nisplaced stent as above described. 3t 0C3 3 pe

under st oosWo eoz44Basnever, that .because of the conpletely coplcrabdesmgaat ure

of the delivery systemof the 7 3 1 OCT 2009 WD 00/ 44308 PCT/ USO0/ 02569
present invention) the need to renove a m splaced stent may be very

| ow, 1 andantitheemebageniczdiupe sgahoas heparenwhodh isheonsheniallyeyaibtable dtona Fgethsr st

W t hout qreat, %@k 3,V\3§a the distal end is to be released first) tube 40
may be et inFdiladelphigfed- 2 tube 22 (see FIGS. 5B and ©) until the distal
end of tube 40 reaches a pre-determined s point |ocated on tube 22, which

15 Dpague mac s ks AT e PRORIRIE ol Rifle Sy il fifblepcans

prooxé mal Fen@xafpld)einsdmniemboldimemy the drogoaked sdloemmayvbe sdissoed i thdren
the distal end of tube 40 s reaches it. Wen the point is reached by the
di sthl eRtpdegragdahle padymemes gusRivent  © FEk ddsdutiasyetTher solwirn mayntienybe

anot her a u oR, .t i fty of be 22 is to
denote t edglgér?ef%éianb Eg)rl ﬁg%gﬁgﬁhene F&gnﬁo olgn%lévro §igﬁ i Sanpglééle 20(99???'& at
thi s; poi gimpléwiking orsoiithtifg Dt pylyneerngal@ibndinsdyabd Mtikied/ OThd URRs4RayrBY be
moved proximally to cover iz inverse tabs 60, and the delivery system and

t he st englsade dispexsachimtaths bipdegradaitie polymerddusing eampszdtisionoon mil spong |

t he proper position has, been agchi ev Gthe di | .end of the ~a stent nmay
thent be PECERSclP PRt ARANSF AR E Bl dh e oefAdbe s i alf seadY Beny o
the ;s steledhyy Becdabddamsiedrdpy, unl ocki ng the tubes, and noving tube 40
distally over tube 22 ~s until inverse tabs 60 rel ease the openings or

cl osed structures through which they were threaded. Tube 40 nmay then be
furtther advandéé Uiodcgaa?qblmrﬂlamemnvmyeb@ andese] gadiopiqudeto ifacilitateh dheied

w thin sheatth D2 as sﬁown i n Fl & §E) ,?t ‘lt hi S'LPOi nt,..the tuﬁes %be

| ockbd | SPUGEREMPdETIHRPSEORY AntioL BT oo upsUsigTradiReraphs, UYOseHPY NPT,
sheaf h 52omphteRied@nibgPipls. The ZRethd®s ddsebed o9 RRGRcIrpdaARE the(dtBSs intd>
5E), delivery system50 nmay be withdrawn into a z~ sheath and renbved from
t he 1body theglymenmay bonsed to nfix radiopaquei salis, sueljasgantalum, sriththeipolymerbe

rel eased first, the sequence of z3 events just described may occur

(including the _abiljty of t. t e restretehed and z4 repositioned),
xcabt that o R dred ety “Berddiltn, sney RERLIS' GRChaR ofie o RA%H, B

pr eqet er BigdegraBsblotdevicehmhbinedind Méemeehdbd ARgHRNOWnd RRtdi it RbulaNEE Of
the stent and zs then go on to being hidden or housed within sheath 52 as

shown i ncensidered-inghogsingfatpelymer inHight oftisrdegradaibrhtime s that thel pedyraer withe

di stal end of. the stent . .be.rel eased in the, z nner abhpv escli bed.
n i s TR iveRarioR P B Beost b  simAElY” BorSRmennas 4R8 hods “Ber°% 4
OCT ,2803 | 0 i 1ég@n t i - it.hi n
Shedth SSTEOI! e Moo URDIuRREd Lo atoh S0% of ie Jubmgh e 0

above desecekdhaud 180%hat 4wetkserpd afe ¢orppletedy absortedant4-¢madnths. t Fert vastular ze
graft materia

St ¢ o eabliations Tiser SpRbAfans R iR (B8 R Gh o Tees LR sntesselan ePPdbry of
t he jpr es§aryrﬂe?§lh§ﬂa§ %fegxgﬁﬁionmﬁﬁs BfIihk JHRt @' twdheyt ot xﬁﬂuls*sziergyf%u&aom

relatively 'non-stretchable material, such as PTFE~ Is ut wever,
23 depending on the application. In a typical embodiment, a polymer having a degradation
24 time of about one to three months may be used. Inchoosing a polymer for non-vascular

25 applications such as the esophagus, colon, biliary tree, ureter, ezc., one should consider

26 the polymer’s ability to withstand the chemical stimuli in the given environment.
21 During the degradation time of a biodegradable stent, a new endbthelial layer may
23 form on the surface of the stent. The rate of the release of the drugs which may be
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al t hough the sane delivery systens may be utilized, the manner in which the -
stent graft s may be delivered is slightly different fromth& 1m80neiddi n
whi ch t hewWigkgshsgs ents may be 9 delivered in terns of the manner in which
the stent graft nay be repositioned, if ~o necessary. i i PrT/ESOEP6e) ¢
after releasing the distal end of the stent graft) whether the graft -~z

mat efi al 3 h t S/midr Ahet Xl dj t hereof ,
t he {st entlhc:r.ﬁrgé{ggéi"i gﬁ?ezg% et cheﬁ%%?et%gt@gﬁ(\?gﬁbe% eegpgﬁé’aﬁﬂgonspgﬁﬁe-s
conpt et elbjodeigoatiphicentatedal tsedn Tiays, blee rate fqeleasd ofsd dgng! My PEO%E Wedontr@e K

mechani sm Thenf) t he int gduc r. sheath may be ~s advanced over the proximal
end bf t 19eaRtity;fop the pate B@ egrfajions Al the samgtimes @theriagenss queh av fibromagtinir e

t he graf ial fro : t in . gratt _materigl . to
e g ot G 1A (el b alc A SRS NGOV e il
graf§ rratt@!thagaoymelﬁglséd‘l@sirfg 21Y008GBle] MeinsIREEribedebova st ﬁ@u@g%% f&lﬁgé Itate
repositionin i f necessary, because the i9 graft materi al y téke n a
funnel shatpethsr chasen polymer) aind amay aiffech ¢hep rass i of ebhiodegiadation heFap esirple, :
graft. zw.Delivery of Stents in Side-By-Side Relationship 2z The delivery
of these f@g%qﬁcgmr{égy B‘éce(iﬁ?%ﬁlb‘f igé%‘%‘g__ qrfes%/%gi “_\7%‘?’@ e Ryrrounding $tept. whish, #8 t hat
nel Lf1er ShrithaSQURIAS HEReRIRAFRadIfolndindeda than does the ather. = -
Initially, the za stents nmay be secured to-either version of the delivery
systens descri bed above using the zs nethods descri bed above. As
illustrated i Anfing enggWlimentiof abividegradatile bedy acdonding he tienpreséfi ifberitioq, scent

+ to tubes 22 and 40, the stent.may also pe secured to either tube (tube 22
as 2 sh&RR OF MPre Shapn MEMORLWires ﬁ@yﬁ?r“l‘fdﬁﬁ t%ﬁ"etl??éiygt’bfﬁnff)#&fnﬂm pfterbié is

POSif i ONggknRPhisihd D14 IviaGs alg t o g [ \ ich consists
of éorta 832) Iséf%]%renal arteru;glﬁgg?lésa@ég'??g Fkérlgﬁ,\%liop%gi)om%c%mpm 31
OCT1203 PET¢riudcbose sescribederly @R6embodihent; 8kDwiitek usdy bé Eorpmddy fromenisineNt

bei ng delivere ez understood to those of skill in the art,.

byt it will ,
wi t B t he "BYREH “‘o#g f‘hgé%chh&‘? Fodrés, tor4idp Tiwgium (Shage MemeweApplivationns nay

h e | SIS _ v <t t ang A o |
st i badTpafiof Gitel Bidybe ibatpbMd info e waVEMSIoeridinle Yoy Il iffhatng, .
maneuver aie Witeyinoind bet debperings fy stecbody Ihverdlitihésigdn ohatenBuditentusied t o

secure tubes 22 and 40 to _each, which are illustrated in FIGS. 25 and 26)
ar e %ot ﬂqnﬂg'f’r“at"ﬂg&hi t?;e Priggsis theoaded i and put of ioperings inhe bodyyis) shominsin hi r d

d t i b ' i j ti ght i

ook deFIG; BEG HIC. ST, el oRHESh 830 Mlong eiortitbdt s S0 ' iedhing 3614 o

and1gosi bicdegradablsebodiyss00, andddesfgnation F30showd reidbrcememalviral $RY }saéﬁg in
(6}

the ~o manner descri bed above élFI G 58A), the release and delivery t he
st et mainsidaddodegsadabje bady 500, wus shavangihey wine SH} may bathreadeddn and eusofont

(FI 58 . inSt end (F j 8C)... and final e portion of
the%st en? %%nexé {ﬁuél%@l%ir?s 8%%%%’&"%&1‘8%@ hf??:egf?&% X’breké séﬂd“ébg’%lw re
203zmay bawveeh€io plrdnave) twe Biddepradable Glhments 540! WS 3,1 hose
of élki Il in fhgl ar?)’w’th)the b,englfv‘l?t of thics g}agcﬁhg;ﬁz}y; tha?ﬁ?ﬂééh?g ease
of the veeumstisAsshownin FiGpal irenfercomentwire 530 mayrimysecurked tpbady 500 withy .
or der su'tedsg t he anatonical -~s strgctur,e_i n, question.. Conbi ned Treat nent
of Rneurm m iagyioﬂlfrﬁ‘l"t THREANS SHER A% HANG WisERE s dhr ke roapsiSePimant i on
~9 b Oonge piRediafRiNd Pfildnitt BE%&%E thé“ﬁgi@fsb&' 6#&&%{ ﬁxbﬁ{:ﬁlaﬁe‘?&% Agy, be -
used for z0 aneurysmtreatnment w thout beling equi pped W a grart

mat e i al reshlt, thei wirerdandnowenin harmdryewithathe dveave antl willy nsteinveifeze watts @ f ol d
for devel opin nf}r&!rédé) helial |ayer on the newy zz forned vessel |unen,

whi Pe t hBOX P{i‘e ehisyIngibe xeavad cBY faFtyatisg the superelastigity, or thermal
t t | {rzat | | . teapt del i i nt
2875 RSB diehialemit ROSIA) i s eD 530 ok R M0 SEHY BRI ©

pl ace) and“an e |1 c agen € 7Zs'in

anegy ysmagethae, resultiigpita tighter ®eavel. AZ 8 résults tHeWRparkile!fSrcd &f taeend M it Nt 'S
in the appropriate %SI tion, an z~ angiographic catheter 95 (5-French to ‘
7- F#%enchesistARCe |t ONHRE iFOmPIresyion onpy signkficamly tingrpasez dneorisotmbodigent, 16apsd not

T, T OEXR Ry U8 YA WA bR LRy 9RES. NS DVEO
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_78_ 31 OCT 2003 WD 00/ 44308 PCT/ US00/ 02569 may be insertgdi 0t 2@vanced
into the Wwon@n4al8 t he stent. I n advanci ng the angi ographi cecr/abéggzgse i nt o
the lunen of the stent) one nay use the sanme gui dewire which may have s
been used in delivering the stent. However, one may advance the

angiogr aphi ¢ hatbhethear embodiment shewnse KiG.a32juindehichea réinfaackanemtwlrg isi-zed
m crocat heter 97 (2-French to 4s French) that is also chemcally conpatible

Wi tE t hethseaded 18 agemut 9hyOPERBES HB adiedsardablet badyuaacordiag dﬁgﬁhsgpramtﬁ
cat et er Qr’e}ﬁog{,‘ r@%P&gﬁ@#gt\%ré 30 r%yeﬁeeﬁﬁer{tﬁaé ((51 %e&écdt‘cd ﬁ&?ﬁfocta&dobe%?eﬂf I;]”tg gs)

The ?t p )il Ccro ter imay _ Foug e weave o0

stent i ngist BpicuMeat ME6®! the atid-pbinttdfehed @8] fitba sMall M€op\SEY tha§fbe reaient
ar-e appr oxi matelgeQ 2.0 to 2.5 mm angiographic catheter 95 maly al so be
advanced(similar totke smallielpsaddibopsdescribed abaye)e isaihownag ERG. 82, small lohpi§18e

inserted into the.aneurysmal.,sac through the.> >.m crocat heter. Enbol,ic
hgoft . oCTHRPLETBBOATOUN AJIRBeROF M5 IeEsFEon RE NS oF AP hiEMente Pde 1 o
the.tiss : i :ha, : i ; CaRt i iR Gkl i

iedunt oieordiRtht YiRa5E Bay, B'liieAled inMind Bt o R peniteStih OOy 500 as |
| eagi Ng desctibed abgvepand pag &e;seaudd no bedy S8Merithddppst 80, @bwny athegauitablg back

through the stent's is weave into the newWy fornmed |unmen which could result
in geri pmeaml a#beYq sesaribed. | Bolh pRBisgh, Slde ok reinfarcement ewirgl $30 meayebeal s

For 0 r o SERAREEHY 1, B05E Bal 5 X Tt AR ol R sRibBifencal 2o, %0, ©

evef sui thabbiedégsidabll filamenp0sas dRacLbd sarlier, bynathatigvthe dupatdiabtieitpadri C
agent) ethylene vinyl al cohol copol yner iEVAL) has been used clinically zo

f orizt r eathenmal sbepememionapf minfercementyin S10:sur§ 560 and5Tbobbodye5may be

Ne 1991 i _The. co-pQql yner ed_wi.th th

i xPur o PUIRBEANE: vy B neiRE. AR relb nd Bl e bR

i VRNt i Ofhd &S roétstahcé €6 Shtet Yompreasion _eﬁa_yodi%xﬁﬁamrytiné@hm | B orePerbv@dimenEVBOL YX
E (ethylene za vinyl alcohol copolyirier) (McroTherapeutics Inc.) San

d enent eloogs 550 matiialsp beasedin seewringbasty SHite o deliverys¥steed for aneurysm
treatnent (Murayanma, Neurosurgery 1998)) zs and may be utilized as an

enbol i ¢ agent,in_ one,emgbod| t.of t lnventiaqn. ez~ lic
agehtt 1 s compl B¢ BRCEERERY IRE ik of BRUPERER w8 el rpgfiCngm B8R
(hygdr oph@bos Jinefs a0 dbatny.012ikchee! I iy s bhdérstbod M rifcredsiflg ttivekizk LoD
powder is added to it to obtain an z9 appropri ate radi opacit and DVSO

( di net hieinfordensnt wise 519 mapincrease thedforrgrivith sdiicheends S60cand 57 arequuiledo03 WO
00/ 44308, PCTNSQ0/ 02569 i \Wen t ol.vner copnt.acts. agueous nedi.a. such as
bl offd. ¢ 9ESUET VBFR CeRBRIe PRy e S aF ForBRUILS 16 Pl et Lk oD 5 g
N Ritu RoeCihah bt Wi mdthavekhelaeartdcO ifkrehdifg theRPle)oTRke wire! h for mati on
of a spongy enbol us and 'wi t hout adhesion to the vascular wall. a Any kind

of material with characteristics.simlar to those of EMBOLYX E may be used
s a® an enbol Ircomgembodiment, reinforeament Wire(®fil0gnay be fknmedaround 3 tesaplate

e e Bl ol R i S s e Bt

23 superelasticity or shape memory as described herein.

2% Bench-work

25 - With regard to the biodegradable version of the stents according to the present
26 invention, the inventors have used an open-ended plain woven nylon body (that is, the
77 filament ends were not coupled together to form closed structures after weaving) for

. 28 initial bench work. The tubular body was woven using 0.007 inch nylon filaments. The

-57-



s microcatheter 97, which may be 3-F in size) may advanced into the | unen
of the covered 9 stent as described above. A trocar, such a8 ©AEGTHMA ng a
0. 018-i ncRydsirMasds- Poi Nt or ~o di anond-shaped tip and nmade of any suitable
material such as stainless steel or nitinol, ~ i may then bE-THIWO2EE into
the lunmen of rnicrocatheter 97. The sharp tip of the trocar may i 2 extend
beyond t RnibePoafiafifis 954 Wl &, aAd tiurtBAtfaifed BiathelFof TREnRE Ut TR mgnds of
i3 mcrocatheter 97 and the trocar may be ocie together using a Luer |ock
nmechani sin aByuncenstiainag statg, the streatfithneedive holes wanepprocirarly 0 mie Thé) nay
be creat edﬁ@\gﬂi &:h ma% the{; be ~s us?d to. puncture the graft nmaterial and
the $tent* ¢ TopproPlethetabe Was irelgtivaly, gped canl afies manimum elongationtheitobe t he
sheaj h-n e td E — [ saf el vy i.~ advanced,into
the. neursioug ke G 18 REOR ARkl Colfbfertine e ol fiord A IRERDES I o7
may be userpitidinally)j the texpansilbeforsedodiile tRURIREea8Ed ¢BAGIHERBY. S éh@rmaﬂgaaﬁm h
abdom nal and thoracic abdom nal aneurysns may be treatéd as above 20

desct i bedongitydigaingongrpssion, mmam@r(qf.téc tublaemesh wasi Bermant doliing both

pesudoaneur r_tunor-induced corrosive henorrhage may al so be ‘
treated ggd%%eg{agégé? %‘S'étapccﬁ’fe'?’Hg“ai]iyi’%"oﬂprf‘ﬁéblﬂeI i very systemthat may be

used to deliver a stent without a graft 23 cover may be sufficiently small) -

suchg t hat i nsey0.0067 MfindIR@ErEWathrédded tHrbGolY ARIR)led BPiht ah&r%fraﬂ'gﬁg:gesg in

foll owi ng a percutaneous insertion. The delivery system wou
wel | ¢ sui thedgmanner desanbest ¢agli¢m gTherwiveiglas a strhight ajtinet switeadndawas RotfornidiEon
« treatment desir:#?: bed above %% .ge .%6 performed using interventional
~ radi'bl og¥ TR ?j@e%’?g{aHHP é” | $1Ch 8haRsgMEROTY O8 SUperelasticityr Jhe ytraigh

enbe| i zaty;@ka ' r Leht ded. 2s
neer yem) AR R O e FRFhe St stmed Affhele 6 e Bof BB 15
desar i be@.5amov & 3% imdreloss)cthbegtk tifer athert dtearpagtsics|dfrthé mesht @8i s chigebe
elimnatgd. -80 00/ 44308.3 1 OCT 20p3- PCT/ USO0/ 02569 i i- 2. Filters -
.. 3 Low'Pfo¥eyea seyglre-icppld Be lomgategy cemplstelynes wella as jqompressedt t he
pr esgnt h{ﬂﬁ.ﬂg]%n may be made of the same a materials as the wires of the
stents. The sa nunber of wires may be used in formng s the cava fi lters
as are used to formthe stems. However, in an exenplary enbodi ment) s |ess
wi res ar &5pr eOercludens used for the cava filters than for the stents. As with
the stents) in an exenplary enbodinment, as fewas 5 wires may be used to

formthe cavayf.ilters for any s gi.ven application except the single wire
emb&di ment ) WP& ’hhrefﬁri"mcz@stg%h]ll'iﬁ“gﬂée ﬂ"i’@&’@e“fﬁéh%‘ﬁvd"f G B3AnGy 3feand eat ed
wWth ar i 13 ] : i [ . J.n an
xerp! ar 3 npe o PASREHRgK ToF rsEtioant BV &) AfbecmU EERRN: AT 20,
filters pecluder accondingitelthe preserednvéeionh&5be Gis8d tb sabsastiallyher leends of
the wires ~z (Elﬁ 7ﬁgd gIG 8 show smal | closed | oops, but bends may al so
be sed) PErentHac Howpicblogd thrqugh grvessel \Badys7Q0pEsthes pecluderamay by dermes! f or m
areglati NG ' | JeSqad) 0, 5.mm, . The size
of '?0' he wﬂﬁg p{ hat R%%%lé@%gg‘gh?gﬁw odrér;]#r?%&; ﬁiéh"c‘fl\?gpgfsj%f‘ﬁ,’g? gt%MéﬁL an

t heaibar bbedisdes merprding tethe(ptsnt imedtitiehay)be plagaBinche) HRIHEE oV paten? 009

i nches agd about, 0.013 inches, but is nost typically about 0.011 inches.

TheZsi z edpctusgreigius,andthe UFAer. pay be used for fornming the barbl ess stent
filter ranges from between ~s about 0.008 inches and about, 0. 015 i nches)

but .. s nost t¥pj : : ' I ith the stents of ,the
present i nven#gﬁkﬁg&%F eoqbtgg’. \]/%lé%ﬁp EYZV%‘ lrn(%)’%1 éis"ﬁ\é\i’%/ﬁl?%é %Yﬁ%" f‘?@eeal?)’a
filters weayinghbodyofoy usdnsis etenBasrabbavel dekeriied! MEhed b6y ABY tEEbE Redled afd G 6)
of the .zi filter, either a | oop or bend may be fornmed by bending the wires

as Hboveallpwed-tosael asaboye dascribed. dhe dedy mayuten besremodeled dé e.amaunteddirst al
d.of t il : e f. 3 b h in FIGS. 7, 8

oo Afortdr aad 18 MRSk il e aniet i SRS BBy ik Foupfe B o

FI Gy 8) fifst temsplstavég ukingraScoppbf siipoft me}?, BRY réfRafedUadesh I%Jﬁ% E%anhgxi zs

formclosed structures as above described. zb Advant ageous e portions
of he wipdlar e ihe agginak heatingeand tcoalingir Ehardgmplater thdy emay chet weaddiny thent o
mul tiple barbs to anchor the filter, when |ocated at the proxinmal ends
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-81 WD 00/ 44308 3 '~ ~~T PCT/USOO Oz569 i of -the cava filtdns0¢e. 28, FIG
7 and FI GwoBjo/44%8 used herein, "barbs" are portions of thepdraR@eosket he
wires that may be used to formthe cava filter. By carefully selecting the
size, s orientation and shape of the barbs) they nay penetrate the vessel
wal | 1i n oemdledeling ey have the dnsitedrshiape of ithe esclutier iim gnesmbobinent.hdy anathera! so

be di sengaged. fromthe vessel wal the s f |ter . is being retrieved but
r i OF & 0 ST oh CABBla B hEArALLY D erpalloh SRS SR4 Ak o bt OSEealist ng
any gamagg.iiQal lehicl 11 L t ' I arb
74 ot cl ggrgél‘ﬁgset, ?ﬁgﬁg&gﬁg -‘}ﬁ‘énez’t‘égéﬁ“%’ \?/lgégse%clukgéltdngfﬁgtdfgﬁgg%? 23%9t hat
i s acut e.terblateousiig aupgpoet Wite iR \anP etidrtsuiteble trheanis nthendistancenbat@edo thedtvidat

barb 74 generally anchors the 9 filters npre securely when angle 75 is
acut & r atendy of the hodn &y be apRropmatelydecrsassdn g result15e sidwonionsf thebedy wal |

ongh ac BB biyRRE 16} 230 BEdenline A ol behlect B by el e, ™ ™
per pendi Gadfra ediek BEdiffeedne sidpeb ialy béldclr@u@d! Théthapas thay4ndiaddd ﬁ}{ﬁ'ﬂtsﬁgP§ rom

nore deepl y penetrating vessel i3 wa 73. Anot her exanple of suita

shaped bdFBG. 334y), ains elongatéd dusifosm shapei FIREAIBERY ¢ampressed wiusiforn sshape
conmmer ci ilable from C R Bard, |Inc. .is . CJ ba - Miiray
113 NSRSy aSomppesslhufifaimn S5epe wit g dhgrtat sl oL I BIae s 64 ey
be f,pr Mecy; Qe HfiRufhtibR AFIGUSIEY ol é}ﬁgnnr@mﬁ%eqﬁéﬁm%a&%@ &%Tudfeﬁri@ ng
the stents. O cCourse, an appropriately shaped s tenplate may be chosen..
Shapes f dnverted intavke bodytof tie oavhided FHG.G3ED, { terfaédoGhapd(FEG533G), eté. 9Aftetl Oe
(FIG 8)) an hourglass, shape (FI G, 6 9), and the shape of the barbl ess stent
filter z@ciryipst 9@81%@*18@5@5% adyy é“’frfﬁ{)]“feﬂ“gcpfﬁge E@%}t Bay alsotbgsccured{a are,
and ay d %0 hE vt : i L Ly ]
certbl ar e RS The bty EAtad hnk Sy hERbS HR5Ed afl CholkARRHY Mne helifye
woven on tempathiuredrand aimeks displostabdveahsobamilizedl owed to cool ) then the body
fornmed may be renodel ed and then reheated on another tenplate. In an

exenpl ary enbqdi ment of the hourglass filter, for exanple, the body forned
by Weaving is c‘lﬁés%é%ﬁhé‘bm PRENEIYI dig,'e Q?Fguqqﬁeﬁ‘rewﬁ}}f’ %J‘Wé’r%'?fe?"é@ eRtd t he
sha of Al Y : ' | rial
Ui ol ¢ FEveRPeae ot Riid) ribbEe Bl ISR Bormp B h SRl b BhE] D
body? may beenclebesbwithin tRsbédy. aAnye xutableampterrab ady ibentsed fort the occludingiagestt s of
the present invenfion) i be z9 pref erag‘le)e to flare:and conpress the

t may be. .
woveh st riiersizceantbghaperf e gerivdingepgenbmay be Yargd ageording to ngsdoolhanes o ~

OCT ,2003 MI 5689 ¥ ‘ rox . Al d

di st'gl ends 81 an %u‘?éf]glggﬁ ’felﬁ?{lgfrep&?%grtgn{ rr?gg bgq%%/? ?ﬁé@.%gﬁdg‘éﬁg‘gﬁ %ﬁ h a
rel agi velthreadsginay \bevoapled a6 the bdbdy as oid @r iboth-bf5thSendsl 6 the body g Gny 9)
prior to heating. The dianeter over this portion pay.be virtually constant.

In &h a oSRisshle mepnesuch@s setmres. (Thesthrrads may aleg boplaced laogely svithin thecbody.

above- desgr ' 0} filter n

pos $bss t eanggxglr r eggg%}et%lt'oﬁné%%%fe%g? rﬁ? %%E’gg&éﬁ%dgﬁlé]%ﬁé ﬁgg '*(I I?é? to
achieve tIHRCHEN fag be bamed o the®olpat omedr SRE ehdsef thedody esigRay siiablef t he
filter in the desired shape and heating and cooling the constrained filter

s agai n. ™eanp sugh ex angriofilamentisytires rglue,t ofi theckikest BAGRON mpyral§cohe

and/ or theg fl l.o.ends .of, the cava filters may be advantageously used
for %nch@ﬁ?ﬁ&%‘%&yé‘@mﬂé&e -%dgt rong i i contact between the filter and the
vessel wall, the filter's intralum nal position can be ~2 further secured.

The jgxpansi | e Thosme efiboliftent 2ofa thd |préent \hivértione e ntetchable! jackét hidg Bnber
and size of the wires which are used for nmaking the structure) may be

chosen saonfigured tacaves at leass aqtortion ofithedwdyaftan orhindes FI&. 3dhe Anly snitable

nggz;s glnls irg'sxs;e lrlmqg ﬁg{u?%eq] ?olf'l t‘xg ?zlic et. S Irl?ac{ngscn%gdir\ﬁé{ig, é lja/ck%tI ImTynoaet renazié1 %f

29 polyurethane. In another embodiment, the jacket may be made of silicone. The jacket
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The cava filters of the present invention wll be further described in nore -
detail i~ below by the way of specific exanples. is a. Conicgh 6¢1 2803 =
FIGS. 6 andobt/d4S0sWth reference to the illustrative enbodi mﬁsoiﬂgsv%m in
FIGS. 6 and 7, there are Zo shown conical filters for inser ?
delivery into vascul ar anatom cal structures. The Zi conical filters

i nclyude I | 4 teiyicRheciV | : -arganged ~Rlialn z2
doscri o Bnae & dicRiessiamotlion? B PR A VAN iobiteRol et SR
shown i ntHitke8ss fhaysbeasubbstitutddotigrefcr0 Tisesjanketimsy bedowupled toagit@r MiediingBbr end
142 and a di sstg?} enc} 44 The 2a djaneter of body 150 is larger at proxi nal
end 3142 PHIER SuF1ags Qfathechody Asingrglueqihsate Qs anys offfer piitpble smeanser dasere f r om

proxi mal : t i I .S 6,forned i n such
Pr ol T efBEarbiche By Ebdliftle BB Tacket 1o BedbRer Sfhck ol (EYORYT (£E pblY Y b0\ °5°
di squssegdasilyomenipblavezvwithin & hello@xasveting ¥ueiTaodi sheath, duringi the PRRRfSARME O

| eave a is relatively round opening with a dianeter of agout 2to5 mMm -83

31 GCT 2deivenpobthessglyders. Done Filter - FIG 8 PCT/ US00/ 02569 z Wth
reference to the illustrative enbodi nrent shown in FIG 8, there is shown a

s done filter r,pnsertion a del i,ve intp a vascul ar anatom cal
structure. Th_(’érr hgoc se§ SHuFiHLes ?T\@F FAEY og)ﬁﬂﬁ B?‘gﬂ bseg %ftHWOF%‘E Wéﬁgwl%e
arr gngedid Phh ib b i n

o b iR Phah ML SRS T on RS § InORAIAReR syre
| 50,9 may (pedypropylenel Pratede dr-0f b4, §d0,pfromi Etlican) dndy} Beaned ao tiokd tHe Eloged 44.

= The di ameter of ha 150 is larger at, proximal end 142 than at distal end
& e} Py Ghrrading.

14410 TheSUNCLWES ody tqgsther by J & Suture, irgpglk theeglosed stnusturessonii st al
end 144, OY

he'ldi st SeondpL Sefigd "B hohe LRRR R REfLRE A md B b

reswl t, blosed Sfrictmeseof else oty togethen(BIG35). t harhoidihg ithe Wdsed BaARFEs Of
its hem spherical shape, .the done filte y occupy less longitudinal iz

lter nma
spabe wi tQgetiernid Que smbediment (e closed stryctures may Beiheld together sealy that thes, 9

~a Wth r Eenl dve. iLhient shown in FLG t here
i's g]om{@%?iogqﬁglj{re glval?ssyfs %"WZ‘?JS?%?%?@? @I o%gléa‘ﬁg "633 ?%\QY ;Paf‘%hfoﬂg%ég%ul ar
anatsoni cRimet ofuthiewceludénelr andibsirghisdiment, ey closisd stelRfurés 6f thenidh of ehe Wi I es
whi ch may be arranged in a plain weave as i~ described above so as to

def ifne ahody may petbe Reld tagsthenbl e body 154. As shown in FIG 9, body 154 has
two conical or done portions 146 bridged by a narrow portion. 148. The i9

di apeter of digi@ :%E%P{i ' S and .42 is.. £ n.t

di a[r]r;gt er of portrgn&%go : ({fﬁgugﬁr}gx%&rr&%gg% 8%@%&‘%3%h€%lggll$s%l§&yﬁﬁ§iael$4 is
pr efser abtorrevvtang quispleementt by simply . reztretdhing chO ek siekh @hd rrepositionph®heral
end 142 En%be, bept outwardly to form barbs. The 22 | unen 'size of narrow
por 1% on HEIpE Hhe delixenyetystem. o Evet aftes theodistal gad |of the aseluderchas been zs

ovil o; 1ot IR BOSACE bl e Mo B apeny iske® ofefip rhBbRES |

t heaf i | t safetyfeatorfociemovalobthewesladéde filtrating capacity of the center of
the filter and the filtrating capacity of the is periphery of the filter

because the bla'ﬁOd' rriay be filtered by the peripheral weave of both z~ the
proRi mal and dnssRglewire eabodimaent mayaisq by ytilized asra stowtuge forcansing vessgl aced

N Lhe 28cdMision.B%uch an occluder should have at least two loops. FIGS. 57A-Dillustrate
24 various single wire embodiment occluders. FIG. S7A illustrates body 700 on template

25 300 after having been formed thereon using, for example, either the hand weave or
26 machine weave method described above. As shown, bodyv‘7.00 of the occluder has 3
27 loops. At this stage of the development of the occluder illustrated in FIG. 57A, body 700
28 is simply a single wire embodiment stent.
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WD 00/ 44308 d. Barbless Stent Filtet~- FIG 51 8 1 OCT 2003 PCTOCT) 208/ 02569
z Wth rewercenagzsto the illustrative enbodi ment shown in Fberafsbendsbere is
shown a 3 barbless stemfilter for insertion and delivery into a vascul ar
anatom cal structure. The a barbless stent filter includes a plurality of

Wi res which nRjtebthedod aferumit Indsabeen wnneatesusing, desexdniysle, thoaunealingas t o
defi ne body 400, which, like all the other bodies in this b _disclosure, is
sui tabl emethnd idepdribed bpem fomimepasting hady, 70 Avithssunsealastic propertiefoRody 0| G

202 3y B Redtagdtrat tertpiale S0, PO TOG8Y et sibdonelt o R 80wy
\C/“egggf €le gA%héreSP fotgludiRARe aﬁ&@ ARY cSIfrY F02 AnAP 68 RlippdiE obér! dififer \Mna hing a

not "o participate in blood filtration. In anothe
enbgdi rreplhcsaf atltHiB Bcitidnsavherd fisst ségifientiiP4aind sedomd-segmentiP6virods Qach theyi ng

d F | | ) ht | f ~ 402
o d- papNaTe TU20mAY The SHEUNPIRGhOhdYeiab such S i3 ta%%egfpalrﬁéneﬂlz e s
maX| mum Ch' ev@igllg 1ﬂlme ﬁl ﬁl’an%ZMeﬂlgﬁ Apﬁﬁ&&oﬂl ngelnYa {418 éﬁf‘ d%)ﬁlgce of

t he anch I on ase crease as t e nesh”tigh

' “Craeaseﬁus 3e e‘lﬂ§|1704 anby0q extbd oetmenlIthe/loopldeﬁhinggotdnmnslihmdeneiy wllasase
402) body 40 may be is configured to retain its position within a vessel

wi t lout 7onamseocsonmmops 710\s Ascollas 702 mayradsoj be plagad aspunddthe ends of the witst i ng

oot s uciormtns Do 20 A e RPBetna) ey ofHEh aFC e B FIBS T8, o°
gre t' y £%ﬂlé??s L) 2 aﬂﬁsﬂl@h{ t Ye q;os%ﬁw'aﬂjhcénletd/ @&t bthep! |A§lllfsed191erem,

res eathl as a result Zo of repositioning or renoving the filter) my be
el i i nat egmehnts that wcéhpjaacm”amqh other may of mayendsdpidheeashsather, bist buchr |~ t he

di anet f base 402 na 26- nt bl
i affot or SSEMEN HEPOUHIT DI EERONPODE e ATHEE P ekt AisRGe APAHITE: | o
;’ﬁgﬁbgf [HRiES %%nerﬁﬁ?noﬁﬁﬁea&nrﬂﬁbwl A TThe lengt) o the BN BTRIgHT emsemefedr%t of

ent z4 filter, the length of base 402 nay not exceed
MM 1zS Asoliro®02 should Ge stffjciently ghort smns aoutooimpede theflokibility of ghe singlet er
i ncl udes struts z6 408, ich are formed of twsted wires 5. Struts 408 are
arr&ﬁngedwsféea'@opﬁn%%‘?ll‘ ted in z~ substantially parallel relationship
with the axis of the portlon or segnment of the vessel in zs which they are

del jvered or gk é‘%ﬁ t sHow, St 498 HEBMNdRRROR! tcPtHoEE R QKillSinAtle! drf, Gwith éhe- 85
31 20p3 V\D 00/24308 PCT/'USOO/ 02569 barbl ess stent filter within the

vessel obenefin-of dlsis disalosste; tvat amy suitablevthéans majebé usedto mureasagmmse?% For
exanple, in_the errbodlrreéjof t he arblesste own in.Fl 52, 3

Sirth s 40w 789 29ECERS bneach GHIE 1B tBE JRed stflmarltacgtwnas G Fibanddeclide,
ot N
ri gq ![ f)n?JI!l egpgﬂeqcﬁé %‘ﬁor S tHe? 1ﬂflul))’ §li@Blel Wirt edfnrﬁélﬂg tatgeclé%‘ffiﬁetal’\ﬁ'bﬁnd a

res capabi ity s of t be I ncreased. In

an exenphhvsegmeinedveldinig thé ségmeenitarogkthes, antd ¢hetlike.| ter) s the | engt h of
m d- portlon 404 may be about 5- 10 nmm

22 - Wlth collars 702 in place, the shapes of loops 710 are altered such that loops 710
23 possess generally compressed shapes. As shown in FIG 57B, the two largest of the three
24 loops 710 have fairly pronounced compressed shapes relanve to the smallest loop 710.

25 The compressed shape may exaggerated (i.e., made more compressed) by decreasing the
26 distance between collars. Laterally pulling the portions' of segments forming a given loop
27 apart rnay be done to elfe; the distance between collars. The eollal‘s should maintain the
28 shapes of the loops and thereby stabilize the occluder within the anatomical structure into

29 which it is delivered. However, the collars may be ‘crimped to further improve their
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Tamng to the third portion of the barbless .stent filter) as shown in FIG
51, the s nesh tightness of done 406 may be | oose. I n one enm@®digemedf
this filterooddugeg op 9 portion of the done may be equi pped @ %51 hook 410 to
facilitate the renoval of the filter. ~o In such an enbodi ISH8E% 410
may be small and nmade of netal or any other suitable i i material, and may

Pt . av. =l i
11 Ut r 2 PRSP RERARThE Undph} BERETRAR, th S sie ed, Bhap 700t B3GR
skild i nté haemplatevhhVings suidblesshapel and) #é-afveealed4bahamtie abmprdasedsapesier on

the proximal ends of the other cava ~a filters di sclosed herein. )
Addi 1 i ond®9pp) 7hareHpaindained. 1 Fugher r¢-eunealing\pody 700 snaydimpraye the expangidssi bl e

on the. 40k B sl fincRorafy Capattitt BE e slels Fird SPodn Secliplr. ) °

anot her enbodi nent) the barbless filter nmay be provided with two filtration

i s levels. As THeowmber dfll6opsDdilized b faint hlsingle Wite eRBBARRMAL 8fcihdg 406

(arranged i9 inversely)) a md-portion 404 having a tight stent nesh
simid ar reasohablyreiglireasedyas FonOxample,0an pbdudarbftined nusng nthEl &agles wiend 52,

and two; internedi ate se nts 412 having short) 2i struts 408 between
dome’s 408@9@‘%%%&4"8%?50%.6qrﬁnﬁrﬁg"%_si on of this enbodi ment, 22 both
the top and bottom portions of the dones nay be equipped with hook 410 to

23 facilitat e fahhsdBy ﬁilg 19$gst3f€thé Eihgﬁrwir@kfn%&l v g:%o‘l'tﬁggsi %g?%r:w.ﬁe& ?&3 or

bottom may be 2a equi pped wth hook 410. a The en ess stent

« filters ldesistdetd pesdxowmer thehayoss-sttGordepithe enatomick] Ructite tb beSecalmdedhia a

positioned so as t ieve a varjety of configurations. For exanple) the
0% et masroner o vl Rcly St Gerbion it tis mee Tepid sameer BSEbles AGOEBREIF 2 1

comy ass STE e rEgRAER o B8k (P o 5 et oty BBt SR R (e
bar I ess ostladér Havirigeorse oreyoteclobps next oneiend - thoaremsrhhiled shateser oo lebpye for
formng the itents and other cava filters. For exanple, the barbless stent

|
fi :jt”er s DR3ENG OthEs ¢BF qrfrﬁheaﬁc"dﬁb‘i.lﬁfoiﬁﬁ wied| llﬁr%?h’ébé@tﬂlglgwbpé therspgmentisthet | It er
e bar b ehfe TRorifacs SRt Ath SRAG10H 0P ANB R hORAme ST thant ™!

heaied ad wtdl devegth 06 thosdgments handéfinecihg, lafger op! n @ndihért érABodifi@ng @ | NQ,

certain portions such as the md-portion and done may be z reconstrai ned or
r entfdel e@CCluder MiLaRReap tprEed, Whetei the loapsidserense; in sizefzom ppeand o theathasd s

and heat iy 9. 8. B I ilters i indi ed
aboty - aft gt hivE Bitdainter: off AR Hbloind ) BE e bp b the
filier dntdyostsh bh siNglermrekanbodimest sdclidef, wialemedosmas thé pehastabarilabl e
material so.iz as to-formself-expanding, self anchoring, bioabsorbable,

bi otfegr adittal ends may be largenr byegmpanson and gassiblpeauabta eash ofhsnimigrms of sige.er s,
function as drug or nutrient delivery systens as a is result of the

mat gri al used. : ' il [ L I esent
~S ?o:wenti on nl%{[/)ltaggi%lr!{g’\% 8%W%mé%gﬁ%t?%2%nt éralé% ezg*sb%ggggé (%gglg?%bed.

i b The f aatioussodchalingr@gentemay bsiadtached torthe beavhsdeng Anfysuitatile maérial fmigbavhi ch
to form -the bi-odegradable stents) the material s:-thensel ves,.-the nethods of
for # ng BeRd o5 the cghudingjegemt Eersaxamplg pieces af & metal goidruch aeane made from r es)

FEPEY gt hdeF i e Bl o3 50 wARChe kBl OE T RpeS S RE Bl Shehl°
filgers &ichiplragad, (he. gnglehvizh embdiraemdbdchaies nydyt be Fe-ifiRal@nas 8&¢aAbed t O

better z~ ~ ensure that the materi al and weave of the filter are chosen
sucks t habavee tife qollars may benemevedy thegoibpiesss may b placadeover theetegments, and e of

degr adat i,on t he chose terial a |1 as the z3 tine at.whigh e
Gogtadat MBnedlart Mudbrenfordaf telopRaelfing poarions . 25 dustEaedl i HIGE 577 o,
z4 S desit ki lafy\f,' gég;ﬁﬂ‘ h cBBYs a ; re
thegﬁai I tg‘?ﬁ%’?gﬁ%gﬁ Zs ]%a%édgﬁvg%éent t é% lB'% e %ﬁtrap?g%i' :I_tr?r%o%| %%Slqﬁgsge

r el sasedalsadie wirtsp su¢teadbitaindess steehor nRindhwires, thheareanaublly werappsdoadument s

di scl osed herein may be made fromboth n wires S) (wires 5 may be nmade from
any of the materials described above, such as nitinol) is and appropriate
bi odegradabl e filanments 540. Although the barbless stent filter is _87_
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3 1 OCT 2~?3 WO 00/ 44308 PCT/ US00/ 02569 i described bel ow i n 8Hi8CT @3rd)
it is by wapookazpganple only, and with the_ benefit of the pcrydioRssiot

di scl osure) one having skill in the art will understand that wires-5 and 3
bi odegradabl e filanents 540 may be connected to each other as hereinafter
deschi bedht QegRehts @n@talt@the@NO B $B2RchtsGh ahP Suitadld fdshidne Fhediotichiesidnbipr ei n.
s Base 402 may be forned fromwires 5 while done 406 may be forned froms
f i | ament sbespré-fomnhéd holiawy piseest afraoi dnddedramaanygnitablermetalcorallodegr adabl e

materi al) such as one described above in greater detail. In this

o dorti on 40 hORB Rt TDERELR B Bor ek TRIS Y APt ABafEC RS

cor rgspongibng Hid aBeRinhERindiastBHR DYorSdgRRicRYYorS el 8bR WERNEmBYEihe?

glue, io heat) by wapping the filanment around the wré) or any conbination

of t Ber eobcclwiererAs illustratod egFHEaE 1y pobyfestenfiberd 066 hresattachedtopbi pigceb @t 402
may) |ike a self-expandin tent, ~z bg left behjnd in the body. f.

Si nglbe- wi #<'2BRHY IACAUORS F1pTE Be col pigses, The lensthdaféhgw@bosw §¥aﬁ@m&s WAY e
enbodi nen UL ' u T Qr bl o LR i
Wit hiqn a ‘}/aé'g’gé %@ﬁg@é‘qx%{é}ég wg&g%ﬁ?nﬁ%ﬁ{s’ ﬁ P{cg:rr égﬁéﬁ%éﬂ&sﬂﬂ? oxlregrr"ggggn t he
sane smanngkorfbogenivityl of ghesingle avietrnbiodimpit cechudedisibestaduited @b thieChpplication.
Moreover, the single wire enbodinent filters are sinply the single wire
embodi nenThe-thsombeganirclilamgntsiaa beindividuabiibrss enben tfipegst t ached to the

body of the single wire i9 enbodinent filters. In this regard, FTG 60

illustrates bodgy i ngl i 1 1,7 i . has
fi rsi% segnent %%%g%éggngggw’e%ﬁeﬁﬁ&%g’es é@?%&%‘%}dﬁ&g oﬁgeirqgelgﬁg%/% wre
thatyi s i ¢bviebed Byobundids oflthidarbolgerip filfamehits sticinys filamehr\thatiztbf \Wolyester, sibh t i pl e
collars 702, which hide nultiple | oop-defining |ocations where the segnents

ar eh;zs pothiet therhsmdiesresemile the cedl pieces.ifad _.adéixiepa_élbmnb%snis fBarsents skehas ng
M e S PEdibeat B 3ap b@%l:%xo 8 o?rﬂ?ggé%u%& bhﬁgn%sr%? ﬂl&aﬁﬁé sith, Bﬁn and

resp&ct t singl'e mre e i ment ers. he “seghen

706 @xt engepekibne awap EromPhe-cdeéred isE%nélﬁS?ﬁhtth@ 85mé fasRfonZs fiters TIG Witk ®! €
| oops 710) which are designated in FIG 60 by the segnents that outline z~

t hems AnonHBG.&Mbdi nent of the present single wire filters is illustrated
in FIG 15. As zs illustrated in both FIGS. 60 and 15) | oops 710 of bodies

700 possess conpressgad,. 8 4308

PCT/ 500/ 02569 i 'Del?xg}ﬁféﬁgg‘éf"g %’ﬁ‘f'h’g ‘%ﬁ'&?’ﬁ%ﬁfl@?’%ﬁ%i on 1 shown in
FIG 3 may be used as the delivery systemfor the cava filters s (including
eachyyof the vewtiprefergfcctol FIG! 33 e @slivepCsystenn @0 tfor body 0,aspsted bodgnooon. 4
Delivery of the Cava Filters's Prior to insertion and delivery, a cava '

fi1tWr i nanchbody7A0 dincludingbiodegradable versings theraof), May doMBigeef A Hlexible

ver slyons AL S8hlged%0oaRRY. A3RRCDTTIABHLN SF T Bl 1P 1 AR T 40

descfi bedN3I®NR, Whichate ésmmeRULE dvaRatle OB €6010Iné.t Blodthiagtn, IV), bk othedy an
anount 9 appr.opriate such that the filter gg be inserted into a vessel

( pr efier absisilaclytsuitable maatendls.adt isctodeecenderstionshthay material vaat ipdess flexibdegn t he

| absip’a o g e Canal 53 i vhg
ol Per cctiftieraian EELON My alspeelused Bt 1 s o dndkiniss Bhy Bheet R gth 02,
SYSt &M i Ng ghifMEFRY AL thicknes tRArCRBCOSIIAION Tubihg), OB a$THeGRAERA tfrodh whik gt hod

for delivering the cava filters of the present ~a invention, a hollov~r
covesi ng WARLSEENT gleliserygsystesaisiformed, braypba vtilizegy eln eneeernbddiment, onsaerur ed

to the deli system t t tact between the filt d |
el | st rebpbesgiiny 6 pinde BE Bt s anlchiie s eommemsgly svRlablscliem

embogi m%‘nsﬁage ﬁilﬁ{ch{ A@&imﬁsﬁgemmsmw.%@ Be g&%{sra}qypwaﬂ.@me%g&%% used
at the access site to prevent is contact tween the filter and the vessel
i nt ozwhi cleliveey fsiydtéras thatyarberelativelyt kaiged or irigid,i $hchnasefar trachefl bhébrondhiadr; in

such an enbodi nent the introduces sheath may or rnay not be Zo used to
cove?® t heS®¥RMR%r beyond the access site of the vessel. 2~ The cava filters
of the present invention may be stretched conpletely on the zz delivery
system reducing their dianeters as nuch as possible) as shown in FIG 28,
for z3 exanple. In one enbodi ment, aftd3-being secured to the delivery
system and stretched to Za sone extent, a filter rnay be delivered into the
ir-nferior vena cava ("IVC'). In such an as enbodinent, the filter may be
inserted into either the right or the left fenoral vein) 26 allowing for a
fenoral approach. In such an enbodinent) the filter may be inserted into 27
the internal jugular vein, allowing for a jugular approach. In such an
enbodi nent, a filter



-$9 9 1 OCT 20p3 WD 00/ 44308 PCT/USOOti 2569 and delivery systemwith a
relatively small profile, such as 7-F, 'for exanple, nmay be-g4igrer0gd into
a peri phema oo/esses (pl . antecubital vein), allowing for a ey, éﬁ@g&ozd&
approach, if 3 the systemis sufficiently flexible. As disc e with
regard to the delivery of the a stents, the construction of the delivery
system enabl eerypifeld? thisuter dumER¥of the dstafl Sl EahvS: Rbe tz!% fayPank from--
delivery of the filter, in an exerrp ary e ment of t

i nvent i 08.5 ® 7.5 French (‘tRb’) Bependihgront the dppiteatior of tHehaéntathg uizéew:meestsmy ambt be
utilized at tinmes. Each of the cava filters may be delivered into place in
t he mann8ie HHERRETI0b SEFURRG Wires merdls@ﬁ@ﬁddbqlgwi H@t mayibeaised b seches tbp@ms

f 1.9 th t

ool beif bR 22 G B8 aiidde Belouf) dICcaRblig Bbicqion, fot Spfiaiedie nt. o

advagt ageutef§ 20 erdygbe Bbsut t30F C R @stive8f i k@D $leRD ifts ! the %r?aql &ﬂ%: Sl eve
a

(( K)

as tight a nesh ~ i in the cylindrical portions thereof (such as se 402 -
of téhe bart@msﬁorsetxemplef, ithet sizd ofmlbczZana;s bblabpuram y'rha&qlmgihyoﬂmbém ey i very.
~of the cavafllt Furtheﬁ inJjinstances in which i3.one of the present
cavad fi | fae§ f¥°§“ ICF\/'é’raé’H“‘i G ¢m depsn ’Eﬁmé)‘(}&en?ﬂ icatippofthg Stant ppg ther sizte ~a

NC val | h e s | S h t he rresh
o o nay B URBAnORPE R SRR, R SUELIL AR YRI5 4P PR

confd gur eudnwfrbhl arontrghterah approally the lewpth o tb@mlﬁgﬁﬁ@ Bl abbiet glﬁbaneld’
until angle a is 170, and) 1f the filter is properly oversized) the

v el adti ci Byother exemplary ®EIbPdimEnt.faT Geratid astesy étean@g, the .lepg&x ofsthednbiagumay t o ~a

caplici ar PG hapcbto ol GREH R 8Pt Vg N Aebfedinedt br bede” GG 0o °
Mai ff ai Nir &% eREAplatyodmbddiment, #R lafiRr i sieht ﬂx'ﬁhﬁtéf'ht}fchohéerrfﬁé’ sﬁﬁt f’seixﬁ e (Zad

by virtue of the radial force between the filter and the vessel
Thew\/eavemapletqheclgn&@@dﬁtatm lters (including those discussed below is
especially z3 suitable to advant ageously al | ow nmechani cal thronbus-suction

t th t k. of t he t hronbi
LV el owi ng. AREk 22ARSCR, (bS 4?4“3*8%%8%%@&@@{%3%38pqs?waﬁg»@t'h”?ﬂenfedes Lﬁ |
In $0 dOhmheanu@gﬁﬁuameéxm, soshszﬁﬁaw ¥t ebnivblt 6F ﬁle'p%s{tﬁfngé’f e H&g

inserted into the filter's lunen and used to suck the thronbi out Thi s

met kod ndglivesy oEthe stemtc dwrbi waemplaryemhodimentrss lslyews in FIG. 258a pudChutdgr 03 WO

ALLTof t REKBSER BRTEaRR 200 JUB.BR POIPSMTENE doHet diom dUrBIclRP%AT bl ess
stg S f Stikftifid CB?/ W‘ﬁtck@@ﬂ MA EFW@WB&%E@?&W%@%%hCWHﬁgﬁc%x' sts
ped a a

to renmove entrap hronbi safely and success ore renova
t enpor ar ;Laka, INIIND ma}?lte mﬂizedl forsseemtimgapibedilbto tuby 22 wﬁemhedesmpr asyfukthet er

can be d t wi,th varl of such as 6 thraonbol ysis | acenent
of # per HaninEein FIG 5. 57 end Fiineap G o Sidkrastiomay be aliiard b s lardoniungs.
The, oV epeshdrih U&rﬁ/d}f ugﬁl@mﬁ ?cr%\!vé tF Supthet NG m&aﬁg:&m,&h bt e SGEHTS 5
favorable to prevent es e entrapped cfot ren ¥§hr ol ySI's.

a resul t Althbegtend shewp,nobmlﬂ)by underswwed bycthpseasfeskdld ar kie arf, Mmmﬂmm 6lhe
woven tenporary fil This woul d ~o otherw se be i 033|ble if the

t enfor ar i dis¢lopur stf\%féhq heb enflangsthat may be provided eaéhr— enmf tubg zéwbbw y
app % J cat g&gﬁo ?Sclmé tﬁéx&nutk&neﬂéwké}?&%&’ﬂuﬂ\%tib4t £EQha0Y, 8id 1&? LRSS ©

er i
25 not shown, 1t will be understood by those of skill in the art, with the benefit of this

26 disclosure, that the end of tube 40 may be prowded with a hub or flange that may be used
7 to facilitate the connection between push button lock/release mech;anism- 200 and tube 40.
28 End fitting 204 may be eqmpped with separated lumens in a double channel system One
29 or more steerable guldewxres 203 may be utilized in the lumen of tube 22 and in the

30 lumen of end fitting 204 for facilitating delivery of the devices described herein.
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~3 Tenporary filters may be attached to a catheter or shea8h) 06T t208%e or a
gui dew r av® 00/44Be8t nay project fromthe insertion site (e.hoTUSHoASs68 hub
with a cap which is sutured to is the skin for fixation), so as to allow
for easy renmoval of the filter. Retrievable filters are ib permanent
filyers that IP?%’ %o dePRRAIIA tHaP TREop &IV AfrkeBO iyt e plRBP UnatubeaRZl at he
‘retrievable .Tilters may be delivered via a jugular is approach. It is to
be under sippupeipteniovaions jin aivasntehdsewhiintthe grininyordérsto bgtterienable viewving of a
fenmoral or antecuhital aBp o,acg. e IP one enbodi nent, a tenporary filter
may 3be clubateesing IHIMSEAP ﬂr‘@@% FHYRIY 8 gﬁ\ﬁie'gi filter to two tubes in the
manner descri bed above. The outer tube to which the proxinmal 2i end of the
filter may be i ki nCNPri se
" tbe sueh da® PR TE % MPLYAE shunel HAR! itk 2216 Shippfl viih sFxin E

t engor ar yolé 24 bed didal holp26aDistabiasls 26 mhayr teopypicellpiocatet detwachabbat @f8mand han 7
French. is After properly positioning the tenporary filter, the distal end
of .tshe t gheubd.Arom frony ths&aipmh% 0o du 48R tyRirslly atiout A5y e The degatiga of

11 Cer il AORAAER ARCkaRS 98 Wiects fndy Rk Eintalled, "EnG3RRCe B 815 2%,
00/ 44308204 265813 B Gfcallyratiant 32448 mnsl Yat irhdsd sfpiclly dbebe3 €d 5. chhigay,

. for ‘exanpl e, be any suitably-sized-z catheter or_ sheath) being advanced
overs a f distance may he affeatedhy e ide of thensecaring aviret Ikt For example,ahe distansel wal |

73 are djsengage rom vessel | .73, ,as .tub i s advanced and a the
filtoer iéetwsmgega{ﬂ? Bﬁéﬁ?’eﬁﬁﬂ\gﬁ%‘? fl’lampfm&es(g%meﬁmy' be t hreaded
through one or s nore of the bends or closed |oops defining the proxinal
end, of the flé%ﬁﬁng Rt 36MHsy 8L pladeh owithinOfhe! lRERATofMbe 22 ARS idottedafhei N an
easily accessible Tocation ('such as exterior of the patient). The operator
caniz henimibues dmt sedoeing vire/30 istloeatedwithuf tube2xmadimaypass throughbolge 24r i bed

bel ow wi th respect .to nonofil ament .1 oop 172 depicted in FIG, 12 il.e 9
hol & ng @n@@ﬁﬂ%&ﬂ? forres smakl-px °¢‘é£*'<§-i%‘&#@§é8°%3# g‘“ﬁ"ﬁ%&ﬂ%@?ﬁ%l an&‘fll 73
rior to 1 . . i .dictal erd§ Sbiaa; it al
gnitl Yof t ﬁ@ﬁ @8&%&@% %egxfnln%al?%h% Iog hg%rrdéftgjs%@cjﬁglﬁﬁégg% hlral(r)bgégﬁﬁm\;e\c)nr{ai:o;}f t he

Secy i Ngsedufieg Wire 30 hesy bBessoantdiedwdeithndie/ 20 asshednfindFIGaREct i on of is sone
uroki nase or tissue plasm nogen activator (TPA) to |yse entrapped thromnbi

withinis the nesh. FIG_ 26 depicts the sjituatiqon in ch di.st al, end,
of e filterSerasngiap I%holds ﬁ&égﬁﬁl IRQP%Eﬁ)%‘f? Nﬁﬁré‘mgg{s ﬂﬂeﬂﬁ%é’g distalimy be
provi ded i upe - { 1 ) is . S J nd 26)
Phr Sugh 5 G1F G 10 of S 40 b ibeld WouyPa 00 (8 osBA ki hetijfh fuchdel 22
i nt gpduceging desrtiBedin Mmatd1@étail bafow. WAdvantaeobsly, deciifizg tbops32 also posventsct i on

with the present delivery systemto facilitate the jinsertign of tgg
del awer y peymatuserdelivesy @ﬁitf;g stenbe I hps, BRer todelivary of Hbe stent.cHistal eng S ofhat

push button.l ock7rel ease z chani [ : cting
D D O RS L R EU PRI oS 2, B, fian e ShaRBOREY 19
be 3f t achgghstdt 1RO Gtehi, tahtiPhsséddbacR SntHeNuinien6GubdBX2 Hirbiipte distal oty 26,
connection. FIG 26 also illustrates that nultiple securing wires 46 may be
z3 uiil i zehidfating pricutoidisalidnd 38; thus securingthe distal @nd jof therstend to tihe 220 Itin t hi s
regard) although not za shown%v.itowi |1 _be gnde&stoog ﬁo t hose.of. skill in
thezart, Q¢ wnderioqddhalseruring Wire S0Jnay. pass thepueh one of the.openimes 4n fag plait g gy
be gontr r i j [ shear 6XbFBénE® of
tubé940 g‘%"&?ﬂ%°§3i@?’t‘ﬁ€“§?§§%§?o 'g%h s%@gcuri nlgbeng?ggdgg 3[(hr outéjh(srj
thosge holagg108)n this way, the proximal end of the filter or other device
may be released by is pulling the proxinmal ends of securing wires 46.
Ti ght eni ng. screw 205 nay . be provided z9 on the end-of taEe 5'8 arm of end

[ @“‘,& &)é‘?

fitwbng 204, Hsmopoipplicdtignscrecnpng Mire $0 £30gss im&ize drom | B of

' _sgczzuzgl ng a%&te&OﬁOing:ﬂe%t ihsgﬁmaér. Aﬁg{vgb&??llné ¥x)zeaAft QQUI%'g Qﬂf“e. §@QMyi élv% Il be
T 28 application depends upon several factors. For example, a larger (in terms of diameter)
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3 1 OCT 2ar3 WD 00/ 44308, PCTNS00/ 02569 - understood to those of skill in
the art, with the benefit of this disclosure, that a tighteni nd %0§Fr280 may
be provi dego 06)4d39¢ end of end fitting 204 for fixing or secyring the
relative s position of any guidewires that are utilized as aérlpjgogoz,sppthi S
enbodi mrent of the invention) there may be no need to apply barbs/tabs at s
the di st adecering ofiré providuannsre mysiftindetto. thEPropdh@itPbe a sirbeh&ifid tex%sc@h%@é
filter, by nature) will s not be equipped with barbs. However) such barbs
or tabs né@n deessa sprafleiwire. dditionplly, yign mom than ohesesttimg wirelis atilized] ke

pr oxi mal d oyter .ty ‘pbe secured tpo the s skip using surgical
sut ures. %%%P{hﬁte‘bl?ﬁ (E%élfbci léssgﬁa"glﬁ%}] PGV HWITE WSSt lés,ea ﬂ{p’Fts@“ruWWlﬁ@ 9

Wi t hdr awnofi the Qrasehd iingibh ThBbd mra G e

wi t hdr amméfro(rin)r~o t he body. i" ~ Anagggia??ﬁgﬁ@ﬁga@ﬁe@&ﬂ%% ﬁé‘.sn‘%sﬁ%edb

bar blsess &hoyat In bneembodinentnther secyrifg Iwises ofzthexpratent ibantion ee BRidei 6ol ve

| eavi ng an._.outer tube in the body. In one enpodi gent, hook ~s 410 may be -
used ®as amf’B‘g]I' F[Branpgﬁ\ﬁ"?@%gn?@nﬁﬁr SROPnng | Wiges ofathe presensdnuventioat may ibee) a .

~a f [ ) .G k ,

i p Sy LroREREG) hIAR Sul 35 (00 3 MRS B A5l 4% e i

the fsi | t efcoinntescially appilabds freincShape Merh@sda pplicative)] ﬁﬁllalg BRBbainient i @méa'
an

fromthe body. The snared end of the filter may be he stationary an
appr 8pr i ahe|sgeuning wisese af ’hy Ppaseuixinvantdoy are mitennl Nisdluding wirggeB0 ~amdt #6n t he

del i my . be _ad d . th ft of the foreign bod
o i 8 oh MRS neTB e SRR RN el P, el et s debeopchesbineand

be equi ppafchdséd floal B shdnabfturét subh ehat ith@&lﬁiél‘é%ic%?gp&ﬁeswﬁhé ﬁft{nioﬂé% :b% ops

filter, a nonofilanment |oop is threaded through the small zz clos
{or BendMtiligedated fromthe bent wires such that the small closed | oops 23
becone interconnected by the nonofil anent |oop (see, e.g.) FIG 12); thus)

1] t heng4 £1l.arnent..| i 11 result.in.drawng the small
Cl'0s20°1 oops. i PRE e JEFERE it Sbel0 s P rbinutea il menkimahend,listate
proxigmal 1. 437 hed ﬂ@&ﬁbi@é’lﬁ}bio@aﬁéd b gr%praﬁunéigﬁﬁé iRd lécﬁﬁ&{‘ ﬁﬁeﬁpaiggaﬁﬁg?}l' very

systemused for delivery of the tenporary ter 1n the sa | very
may 1al so didulbzad@ iaedre holes 24tand 26finem whistal émd 28) of tebe223r The dizahce®Biweess t he

filter be . deljvered froma right jugular approach. It is to be
undelf st o qWIeHA and 4 s Blsaggmpatable e YiRncabe Giskn Ao IescH U 02569 |
delivery systemis small enough, ari- antecubital approach may be ~
accept abl e, espqcéizé by iR Hh | bk LNR-40! dhad : s ood
that delivery fr orln a fermorugeir épp%‘%é%ﬂmgfp?rgﬁyﬁl?ieg%?ﬂg r%x#eﬁapk%){}e&& #%)q’g‘e‘%t
posisi ondtito ahout 4O depénding o thevapplicationt bfthecttentethelsize 6f theatent, dndotkea
jugul ar a rh%aﬁg% far exarrpLe, tg%[deli_ver system may be renoved and only
t he 1§ modGTOCLALATCUIDE BViFRs 4] dndyce; usA i serurs, the proximah end of theistent &g tube
proxpmal 49 didegsd W] ; : %d'"rﬁp e crhbed.
In this forﬁnig 9% he rséteraflfeé&cg%@?rﬁ%{ﬁa}ﬁgeﬁgcgiﬂné, r}ﬁré 1&%@%&% Of%ge 4b

21 may be about 5-F. In an exemplary embodiment, for carotid artery stenting, the size of

O

2 ‘tube 40 may be about 7 to about 8-F. The length of tube 40 may range from about 70 cm
23 to about 110 cm depending on the application of the stent and the size of the stent. In an
24 exemplary embodiment, the length of tube 40 may typically be about 10 cm to about 20
25 cm shorter than the length of tube 22. It is to be understood that the' proximal end of
26 tube 22 may extend beyond the proximal end of tube 40, just as distal end 28 of tube 22
by) extends beyond distal end 41 of tube 40 as shown in FIG.3. In an exemplary
28 embodiment, the factor that may prirriarily influence the length of :the delivery system

29 (i.e, tubes 22 and 40) is the distance of the stented region from the access site (typically
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used as a tenporary filter. Both the flared base with the tightgeT Pagh and
t he bar bswodosd4sosney serve to anchor the retrievable filtepcwishidrskde
cava. In the case of the barbless stent 9 filter, base 402 may serve the
function of the flared base of the other filters, which may or ~a may not
be provighedemnordd ahetylhs Asrwitlatube 22ftubt 40anaecbepoaidgd withco flamgetortivd eattpor ary
filter > > into a permanent one) the nonpofilanent | oop may be severed and
remeved s praximal edfsp (as tasaligw Ergonselaf the Pesition; of| thls 4@@1‘%@ qeliyeryqfdhs t he
bodi. IS tI ft a decision is nade to renove a retrievable filter) a short

met al st?gf’ghtener may ~a be advanced over the proxinmal end of the

nonofil ament | oop. A short introduces sheath ~s may then be inserted in the
accgss vein oyefs fohbe nderswol eher radidpaque mdrkezs imdy beyifed onuite 48laguat e
si ze sheath may be advanced to the distal end of the filter. Stretching the
i ~ wonof apprrapmnate lesaong ine2 srpsachknawn bethgdrhincerdevipebetien enable viewing\of o
result) the js barbs/tabs) .if u iJizedf) will be retracted fromthe caval

val 6, antPoefl ysingfijorascppy Aring deliyeneP e 8ERt ayed wit hout causing injury to
the vessel wall. xo The tine period for |leaving.a tenporary filter in a
pati;ent w || wa&utingwire §659dsRichkd Wathathe Rithen FRTISS 40, avid fér¥RAM profild, t er s
may be left in place for no nore than about two to 22 three weeks. Leaving
them i n pgbiceechong odpodflyén theemianukr gbove desarbpd.r eauting toophd8 helds closedi on of
a neointimal |ayer he. t enpor.ar ilter j C uld i e its.renoval .
24 7o | neriues A andAORNT eroxbrahent e iong AR ShbodictBend repeed thay Ba'iFer s i
t he, body_wd:i: . i J ety ; r i | f.ers
b RO a el 81VR, AREAREhede Bty DI RE PO, dUTof thilfeht. Tk

cyt gst at {sc®, bd lhderdrbads thag senntriing fweice d6 rh&yCpast througlin one ofi elmaopemingseofothe et c.

) or the metal of the filter macg be rendtsred ~-particle-emtting is
pr otduci nplain weaxe ¢fihody 1@ oritapssedibody i pther than theclosed sapctyresc dibgplosed

o B oy SRS by seok e uing o b BRRSo0 B3GR Rk PRI U0 o0 T o

tenmporary to permanent filtration is necessary) there is no need to renove
t heyst enpor ar y Ssciringtwite 46 dndequaiyig aviree30rmag bt famneed oo the/ans materialsas
suitable for intralum nal a throrbolysis both froma j li)gul ar or a: fenoral
appboachthsr wisesrking up the sieat udddipnallyy serusag vires46r My 8 1aPPIRFABRIEL thet o
provi des [ e QR Sad t r Si: r ' t hey
g%ﬁgrqlz %P@Lcu?ﬂ 96 ?dd”mé Q?l&xgt i to? f?ct&g dé%c)ﬁfs%g Bbld SHGHY Be

pos¥ess tering capacity in er an ‘peri phery of the

a cgva, 5&@{@;&@@%@@5@5 waregy. ysi s) they are self-centering and sel f
anchoring, and 9 unless hook 410 is utilized in conjunction.with the

barbl ess stent filter, it is unnecessary ~o to use a foreign-body retrieval

devisce whi ch & JHE. 3naithopeh astyyORG seauring logp iiHpRown.op cifigRetkbe) itilf tp bet o pe
der st ood ' di_ment s. iz th
onab of *BfiaériRbg el R BROCERRN lock Thay bb Afl2dEdn PO tecfe e | TP

of ghe f ptdxemalbriddisil @nd e tignstbmdyMozé sécivial 106ps may beackieeed svith fhel t er s
of the present invention provide the advantage of inproved is filtratjon.

Theziext eAAIBE SeWVIDE AiEe, OF by nsing mare seqygingviess. Asriliscugsedipbave.ithgpember of

issedaide or > : iy
t e Spus SPRrBRAER (R RRP B8 st Seyl el 0 elnel Elrond PR SE B BB, o,
a sgcond ferl Qested (td RM2hte oFTIRstraid Mife SteACHASH o WeliferyNForlekample| thenbrede

able to -get. into the apex of the cone and has a hi gher chance of 19

passi ng résissangithe Istent iis teelqnigatompbe mog2yecuring: Wiregvmey bediseq in order to
therefore, .the 20 hydr.odynapmi c force.are increased at the stenptic site of
ez 1 | 1 Gicilie 08 sOehRg b longpt it 6F0R' Sk BB ARSI sl BT IR gfieslist 1 Che
apey, of : , A i v, i } I

per %pher&ﬁ%?&?% t?% F‘tg rétfé_arn%eo{ughégﬁfgg%?ﬁgly |g£rr§|tﬁe‘§ td(x)l?esfaﬁxg tﬁf_‘g&nﬁnﬁ%&gﬁl&l | er
23 whan oubesqmadlthe profiladf tfe ¢lbmgaedestont canopercasogablyndecreasal. | fxniadditinskd

vel ocity and Zf?gctf'lﬁdrodyna ic force will push the thr(%nbi .thr.ou%u th ilter
per Bpher yactoraligcting the, gumber-of fecyring Wirespay Py thetie i, BHAsWiTe (§e50beet o
will be primarily ib captured by the distal end of the conical and dome
filters and by the donme of the barbl esg stent filter; in the case of the
hourglass filter, the first filtration Tevel is the narrow portion za of
the proximal end of the filter. Any subsequent enboli will be diverted to
t he periphery -95 3 1 OCT 2003 W 00144308 PCT/ US0O0/ 02569 t of the cava
where the filter has apprXirriately the same filtration capacity as in the
center. '




z of the filter. 3 The filtration capacity of a filter can be estinmated by
| ooking at it fromthe top or 4 bel ow. The wires/ mesh arrang@redT 23t he
proj ect ed woaees43secti on of the filtered segnment s of the 'VF‘C’ﬂ/iU‘é&ﬁoés ood
estimate about the "coverage " of the NC by the filter. For 6 exanp é? FI G
29 depicts a projected cross section of one of the present hourgl ass
filters tEdiew). ath af exkmplary deibedipmint iofthedeliVeary sybie acdofdihf@o GRS Préabnt he
hourglass filter) the blood a is primarily filtered by the proximl half of
the #iltdnyension g guidewiremeaychesnilized dyring delivene (deseribesbbglow). As hresult, thee

bl ood which i.s goin roxigal L.y al ongsi.de_ the. cav |l wll_be to

i1 tar oo SR ptiaerar et e Sabias abueothiaiths 2 avaline fodioe fineh  as
a regul t,thasedufing wird HEwias eIt of alkh o B@bhhﬁ&%o&ttﬁdltseéﬁﬁﬂgefv}r_e% R&Vifig tabered
virtually no difference in filtration capacity of tz the filter %n tﬁe

cent er andistal entdsangyerei yshé ng mutter hew mmysecuringivireoaeliusgd. with respect to is
each of the filters, the imedi ate opening and symmetric arrangenent of the

bases of the t i rs serves to self center themand prevent themfrom
bein§ tilted. %B&Bé%‘?l“!aé’rb%é%q“&%tq gw(‘ééb’é@i systgms 1of thy Pessenteinyentiqnathe are

sensitive ] ] -1 g, : Wh.C e Lyely. | ir
filt Ir7at i o%élfgg%g{?{sféwg% &?tlgd%}r‘lglﬁjgk fmei {}'}7{& ogﬁbt‘%r lrrr]e"svh&(})]fag c{cﬁgfoz%\&fg?%efetder S)
as i § thebys00virhdy del sdchedwry eiese Sdéliviefy\sqstemk ads @BYVE les@ibeline IRT &Nt
invention, makes it possible to advance the delivery t9 system:through
t ort @ous erakediment imhvkich dba ends afdepsiynZ10 avetsacurnd te vabds 22 and 40, oreesmialli very
% Z0 sxst em ep%bheﬁt Qne. t Olpdel i vg}r thcfﬁ)e fil ter'ﬁ v‘%a every possi bl e access
site®of tRE M od§ T STEUE LR FIRY XE WiFT 1P SPPISHRER PATr avascul ar devi ces of the
present invention) the plain weave of 2z the cava f Iters allows for the
prodyction of Wil GEBRNEAtotRGRE illiiative dO@Bodittent OSS QRS a’e%vé% skkteh of
joints. za The cava filters according to the present invention y  possess
(dependi magcordinghto the presentiinventivadshowrf or KIGad, deliveryt systeanf9 has tube 22

Ceref r orfAoREHRR e B chnd Gl oler 2 Land 36 f, B afies abpER HAPRECAS on

are al so Wha : b3 12 s | KSheS. I nt,:f any
i nd o FE P ROVt SOHAS Al OF i RTIeR shEph g biiiped CBERMP il
00/ 44308 tH6d 22ISSheAtt? SB thay Helfonmdibsf maedalsicompardble tputhoke fromewhich tids@2het |
1993). In acute cases) a possible=z therapeutic option is to recanalize the
| VC By pwmfﬁwc franedniShaathS3maanbe ghowt 1 qmp ey agbant 205 £ inrength.du pically t he

current!lyayail e Ayl : S @A Hl I ' | g 4

b RGeS e bistel cRESAer o S85 Lofteciay 8 AT BRI
carriged aglaing| eRinglheating lof khydthepyuitiblecmeatisodtialosstionP¥picalpbévlen abbet Of
the b acceptable options in that situation is to place another filter above
t he ¥ hr onheBda abeyt28cr fom distali end2f ofgibe 2. mast typikadlyiabowtlSoemol ysi s.

Unl i ke other designs, the cava filters s according to the present invention

ffer th TN . | ' i.fdout th
neadtor the. prashil £G4, 4B Sy b GRS Bphlte A pIART IR0 vkt 11
wires of ddnaeditd fo briengageiowithliteodisial B oPfibeatll, InV¥RB tAKR60ERY cBindbistEtPf
the iz same materials as the wires of the stents. ‘The same nunber of wres
may e usdengagedswithtuberd§ tyranymuitabletimeangsinghwingsthe use of grmetaheing fristion
Ho i I ~ [ t .l M pref e N f
e i 1 Sof s ol S A e WA Syl S0ty roiBRoLgn

onl Yy 4 Wi Q8rs@RAKAE0 | dde Flofiectdd of BngdgdtP MAHVEIRS 407 & 3CfocatforS }ﬂ%agg?e Bl
filter may be created with a relatively | oose nesh allow ng.the blood to i~
f | ovesf r eedefermiihes tmisedomw thet dompletekysstietchied hengtib of theesteritoInversentiaby 60 ineayHe
filter ranges from =s between about 0.008_.i nches and apout_0.011 inches,

but %5 moBAS 9 rtyaﬂurtybl_amw& weBding thos from ichnthepyires of e sieat Maxibyy t o
the pr eseibad, BHERIdHRP i RMiREstdiRleBP et thAbeh ARl BarekiafioSCr i Ded et hods
for formng the stents. ~Ttourse, an appropriately shapéd tenplate zz may
be chosen. In weaving body 160 of the Bl filter) as shown in FIGS. 11-13)
the angle z3 a between the crossing wires. is preferably obtuse. It is to
be understood that angle a nay za also be | ess than or equal to 90. End 164
may have a plurality of closed structures which zs nmay be small cl osed

| oops 166 (FIGS. 12 and 13) or bends 188-(FI G 11)) like the above z6 stents
and filters. The angles of those closed structures may be simlar to the
angles for z7 the closed structures of the stents as above described. The
wWre ends at 162 of body 160 zs may be coupl ed together in the nanner above
described. 97 _




WO 00/ 44308 3 1 OCT 2003 PCT/ US00/ 02569 i Body 160 of the BS 1f 0CT €003

may. al so WO o0xas8d as the stents are) and may be al | owed~ Zdraudpeises t he
scents are. 3 In one enbodinent, the md-portion of the Bl filter may be
constructed with a . a larger diameter than that of the ends which are used
for fixation. Thei folloming elesariptionedppliesstoa betr ibetdy 1 andyspered nbodynd00.--
renodel i ng nmet hods above descr.i bed. F exanpl e, one nay s weave a straight
st 2wi t HIQWeYaT ireferenge isimpdes eply tp |b9¢&356w wavaelamplgre fverserals 60 sagpreer

lip ] ' lib
Conpl at o PORTETEEE of Bo8F 10 W USFRBIAE Bl phirhEr 1R GEF 03 PR Goser
t han, t hosgtigh thd Rmeadst: bddp 19. aPrRixhasl eide @D ceiRlersé BidsVgdaNe thén tiRgeafibdt eri ng

| evel may be tighter than those of the legs ~o by weaving the Bl filter is
.on ast enphrmugh slosedistresturehd dreqtbyr boles lacatedrrsanthel progimaieenidi 2 o€ body 10.by

bal | ooni t .md-portion of the filter outward., Many var,i atigons in shape
ore £nus tope 40 S ierimoves Ryacprgrarn dizsetipe SHLSIRaL ARRtukS 4Bt obenhyleve
stretche %Y ek [ ' ' ' as
mich! as. o SRBieRs e AP RGT Y bl chestiPbetieer Sita EPahd pCaa ik 0.
I nf egi or wsedw wavainyeérsEtabs 60tas belomoddseribettler st ood that it may al so be i6
delivered into the NCin a state that is not conpletely stretched. The

filter may be i7 inserted frogmeither fe al vein .and placed into both
ilia® veins forning a® ‘HW@@'ik@"@ §wgggrsﬁse@4§gcwﬁs t he confl uence of

these veins. Unlike traditional NC filters) the i9 filtration according to

the ,present i ty | l{%ﬁﬁ,a ' ﬁg&ﬁ phal ad
surflgce 163 o tﬂei()'\;\éhad\’/"teabgg[eﬁa 0 tiqdhghér]iﬁgﬁlggﬁ '? ?A _oP itﬂg%ﬁi\%Bﬁ'ﬁgﬁté at
thezi | Wodyi700 mby bbealeliverad ined sisnilarsmaireon Thusfke fdllowiag Tdescrigitioni ot er i s
suitable for ter’?)ggary filtration. In this enbodi nent of the present z3

i nvent i ormeiheAsref; delivety for)the iitends, gpd gcliders wiraences anly thedyild by waydolof t he
fil ter, \é;{g’gljns]eza the nultiple small closed | oops 166 | ocated proximally are
connect ed by*a’ nonofilanent zs |oop 172 as descri bed above and shown in
FIGS. 12 and 13: FIGS. 12 and 13 illustrate zb Bi-filter 160 delivered

within Left i IPriogto/delivedsd seatlin thelfornh bf Bodyw 10 ma¥ 58, mavinatigiskourédtortubes
inferior vena cava_ 159. Usi-ng a contral ateral approach, the filter may be
i nsaft ed 22r&vh 90 dihimmay thengecamplished By @singseithep secusing lagps he the srannemed

ondf i 1 aeeRipef aEhENAn dekdrfifes IS TIG. 3 RmahEL Aoy P ofby Mphi 16t |°
001 44308 JRETAVRRBAABZ6( M the nRmer a6kchiBed BBovdivith réfbfinct 6 TIG. 8 (Rérefnaftbiner

need for the fi I"t er, it~~my be withdrawn byz pulling it back by the
monof i | arfwersion@dp t hrough an advanced sheath.

19 In either version, a stent is first stretched so as to reduce its diameéter by an amount
20 appropriate to allow delivery to occur. Thus, the stent may be stretched maximally or just
21 to an extent such that it rhay bc inserted into a vessel of noﬁ-véscu_lar structhre, and may
22 pass through the lumen: of the vessel or nén;vascdlér structure 'as the étent_l is being
23 positioned bn'or to being delivered into the vessel or non-vascular tubular structure.

24 When delivering the single wire enibodiment discussed above, it should be noted that tH¢
25 ratio of the constrained lehgth of the body to the unconstrained length of the body may be
26 significantly greater in this embodiment than in the embodiments that utilize multiple

27 wires. Therefore, the single wire embodiment may require a greater length within the
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3 In another possible enbodinent of this invention shown in FIG 3 a
flexible, a superelastic wire or microtubing 174 made from 8iit 0Gbl

simlar swpeoeisssi cl shape s nemory material described abovgsriReds 60
through the lumen of the Bl filter. The distal s end of the n|t|no
wire/mcrotubing is attached or coupled to one twisted wire-end |70 of the
filter bw, uhdrab d t , I ng
of fibers, e'a:‘\’gélao?{d theJ&lu Igémﬁtgkﬂﬁo%?rﬂ?mzﬁé qll?'c%:n'i[{lﬂﬂete%%'rng/pr%%q u ic}%W y be
att ached then triay athénengbqdimmentg that wtilighmultiploMvidesnent | oop). Wien t he Bl
filter is being withdrawn, the to wire/m'crotubl ng may be hel d steadily,

whi | e the nonafj | |~ he Bl fil I
e partial 'y STt SERblp potveree oy BF nstindt by increseineythe tene brcveen ths | -

may al so Y h [ lL.hg t

orod any ] AR tybls 2hgnd d01TON 80 BE BETARRE e o SR Mnd lBectt o)
one say dathporimakedirémionaovenmete 22 while Holdihg tutnzl stéﬁbx%yaé} BORRVRgeoS! 28
cat heter) thronbus-suetion may be easily |s perforned: before filter .

reno¥al . sliingetlubeet? imspgdistal direction whileholding nibe vl stamnaty,sdrdyynnmmn@@ 3

oS e ad e i BB YRE Xrot Rkl gt b, bﬁ%%“mt?%hgs of
th | F f f
Sheath (Bars f“nﬁ?r%’ﬁ‘é‘t‘“’?ts?%%?*‘ﬁ (OO P 40 4o} WOIERED Rt in 2 b B

del i very knpsineim therart, isucke abadthn’émtlse abf sxghmmg strewed oy pushThﬁtoBI médﬂahi%insmay

# be secured. t

d d f f the del t
o reliner S a7 6% b rbabis A oakebieel T isren 2 isrherlean ouler Shennbsas
femopal /oy i ¥, fsgaggaew@d GRAOk: AL | RAghnt 0 the contralateral iliac

vein. As zs |scusse ve W|t regard del.ivery of the stents, the
construction of the delivery zb system enables one to use a guidewire |n

the umen of tinben Alistrativelembodimengfit ishpreferdtil€to ube whividewife placidomhadl
an exenp present 1nvention. It 1s to be -99 1 OCT

e i nent_ of the
20pF WO dg?i-mxa g@heﬁi'sﬁw’@?%sundm&w@érssqnéwlth@mperlocasxnaun a marindewietle nay

not be ut p S ace. .T Bl filter may be
del i l\g‘;er e(Jé r{o%?ﬂpt?xgcazt Tﬁ% %é{dr%aaﬁrﬁelgg ‘e)és]glr)ﬁ%eddgga%v@agﬁnta ?rgmr gb’é’k’otﬁf ol ‘f%e

del iwver y fofmingahs sent mayﬂ:eﬁgadter'la‘h@ Buidewitt Imdy'ie: BlvRBH a8 odpAGhiRedhnabove
s wthre ardtorep05|t|onablllt etc., apply equally to the delivery of .

the 18l fjabpay 0.0B5 inghes incdigmetary wsl embadinnt  the gmd¢wm ynayebmmdémf t he
Bl '7I ter mx’i&?c&hﬁ'}c?élaﬁ?gvmab ehﬁoél Nﬂér'c)%&{a).”‘ﬂ art?gthrere 11&%? tive eml?odxment a

18 hollow covering such as a sheath may be placed over a stent secured to tubes 22 and 40 so
19 as to prevent contact between the stent and the vessel or non-vascular structure during

20 delivery of the stent.

21  The first stép of insei‘ting eithér dclivery systerh into the body 1s to establish‘an
2 access (arterial or venous), Aftcr puncturing the vessel using an adcquate needle, a

23 guidewire is inserted into the body The needle is removed, and over the guidewire an
24 introducer sheath with a check-flow adapter and prcferably with a sxde-poxt is advanced.
25 The guidewire is then removed. This introducer sheath, the size of which is determined
26 by the size of the delivery system to be used, serves as an accéss for the ihtérven_tion. |

27 In version 1, when the stent, still stretched on delivery system 20, is positioned in
28 the desired location of the vessel or non-vascular tubular structure to be stented, the
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phys#ol ograsiianyofrtae sissal adypfiske Hemis i.ttrbreuweao pdich the prepdmak ertke

s Advant ageously, the Bl filter according to the present inv@ntoh 208y
offer thewmessasod ity of a safe and successful thronbolysi ssctnideBides cava
filters above di scussed. ~o All of the nethods and apparatus disclesed and
claimed herein can be made and ~ i executed w t hout undue experinentation
in |ight sheathlevenirg thet stetitsudyosuwighdtakin, end e e ddsinbekedipibe stens. of

e e et By i oL il Sl
variati O'\ﬁ;{rg@yof tnAAfeRP R af xtsglg?aﬁ’g% eSCI‘I%gdt leNdis Qe eRd %ﬁ stehf ey

sequénce of steps of the net erein wt epar |ng from

the goncepisitionpd tn its find! keajon priortth ahomening thenstents Tiien enlsluamafntamihg Yhe i t

wi'll be apparent that certain agents whjch are both chemi cal Ig and

Hersant er ei n
Substi ¢ ureCE iy BF b it E3ver sid B AsPreRbuRY Bitiangh b eEf s flo 5

deenmed t Qg ofiieétbnt WRI BPbHdriched SRP theadlSmeR 6F Ee s’i&t %lltaﬁbgrdael’{%ﬁ'rﬁ& as
defined by the appended cl ainms. -100 310CT 2~

PCT/ €S00/1ea3% its REFEIRERGES, preﬂormefi liargten glnr vmlmrwémdxmm,t the peoatimat enchat
they provi de exe roce her details suppl enenta t hose
set” Port IPHEe érsn%ri%aﬁ@eprr b el dogRlBR 2rit hSiogteRing he Fi hLomeB, | o
Ben- yenaclhigimg gci,wera stdRiyHAd tu@qﬂaa”gbenrma K-&aﬁﬁnﬁmﬁi m@domﬂaepe' vic
6 fractures cau di agn srs and ener gent nagenent

157: 11008-mth;)eriL9Blsten$ B1 mg:thdflrcnibsduﬁerg,ahs I!mdgile\m’dbe sm;ntlanaydx pnsnihaettm D,

Clayman RV. ."Percufanequs 9 ureteral occlusion with use of G anturco coils
and ‘@el atitshfinal Jgajion prer; toy shorgping. e Hibee 22 a0 45 meyed toyegs ee%r)
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Radi%| ogyPossible; itgasoralfpws) thg gompressed device to occupy the least amount of space along

22 the length of the anatomical structure as possible. When using the present occluders, for
23 example, care should be taken to limit the space along the length of the structure where
4 occlusion is taking place so as to avoid potential complicétions like the undesired
25 occlusion of side branches, and the prevention of the formation of collateral vessels

26 supplying the structures not affected by the treated lesion. Further, when using the

27 present filters, for example, the space along the vessel available for filter placement may
28 be limited by the presence of the thrombotic disease and/or other anatomical
29 considerations, such as the proximity of renal veins in the IVC, the short, free segment of

30 the SVC, etc.
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17 Additionally, another advantage flowing from the fact that the present delivery
18 systems allow for compression of woven devices lies in the resulting ability of the

19 operator delivering a stent graft having a relatively non-stretchable graft material like

20 PTEE to achieve 'a mesh tightness that, in turn, may serve to create better contact between
21 both the woven stent and the graft matérial as well as between the stent graft and the wall
22 of the anatomical structure. '

23 One of the beneﬁts of using thg present stents with the present delivery systems is
2 that the anatomical structure being treated can always be overstented. The diameter of an
25 anatomical structure that is “overstented” is sli ghtly smaller than the unconstrained
26 diameter of the stent delivered therein. In contrast, overstenting is not necessarily
n achievable using delivery systems thét do not possess the present delivery systems’
28 capability to ma;inip_ulate the distance between the ends of the device being delivered prior
29 to stent release. Stents that are released using such delivery systems may remain
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16 original location and will not likely migrate. The inventors have discovered that when the
17 present woven bodies are compressed pnor to being released, they contact the anatorrucal
18 structure more securely than if they are released without first being compressed. Further,
19 as the overstenting may be achieved using a substantxally or maximally compressed stent,
20 the near-maximum or maximum radial force of the stent ‘may also increase the stent’s
21 ability to withstand greater outer compressive forces without elongating and thereby
2 compromising the patency of the structure being stented.. Although overstenting is

2 described above, those of skill in the art will understand with the benefit of the present

24 disclosure that the same principle applies with 'equél force to the woven filters and
25 occluders disclosed herein, and the single wire embodiments of each, and may be
26 achieved in the same manner.

27 The Wallsten patent discloses a delivery system for the WALLSTENT that allows
28 the distance between the ends thereof to be manipulated prior to the release of the

.29 WALLSTENT. However, this delivery system (depicted in FIGS. 5 and 6 of the Wallsten
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Schwart z, Teltel.baum Kant z, Pentecost, "Effectiveness of transcatheter
enbol i zation ilhis possible to overstent anatomical structures utilizing the present delivery

16 systems and present stents through the longitudiné] movement of tubes 40 and 22 in both
17 version 1 and versxon 2, the latter of which is described below. As described above, these

18 tubes may be movcd relatlve to each other such that the stent being delivered is

19 compressed maxlmally or nearly maxxmal_ly prior to being released.
20 If the stent is not in the desired location after reaching its preformed dihmcter, it
2 can advantageously be restretched and repositioned by moving tube 40, proximally and

2 locking tube 40 to tube 22 if so desired. After locking has occurred, the stent may be

23 repositioned and the process above described may be repcated as needed. This process

2 may. be complete when the stent is positioned in the desired location, and the stent fits in
25 the vessel or non-vascular tubular structure in a way that the stent is nearly maximally
26 expanded and/or the tissue of the vessel or non-vascular tubular structure is stretched

27 slightly.
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20034 WO @9hadager pEFaso Tezefoe, typically, the proximal end may be released first when

15 the desired location of the stent will likely be maintained after-such release.

16 ' In vers:on 2, the stretched stent may be posxttoned in the desxred location of the
17 vessel or non-vascular tubular structure to be stented Then, pnor to unlockmg the tubes,
18 a sheath used to cover the stent, 1f used may be proxlmally W1thdrawn so asto expose the
19 stretched stent Also pnor to unlockmg the tubes, outer sheath 70 covenng inverse tabs

0 60 may be moved proxxmally so that inverse tabs 60 are exposed (see FIG 5A) In an
21 exemplary embodiment, the outer sheath 70 may be withdrawn but not removed. The

22 . tubes may then be unlocked. It is to be understood that the tubes may be unlocked prior

23 to withdrawing either a sheath used: to cover the stretched stent, or outer sheath 70. Once
24 this has occurred, either the distal end or proximal end of the stent may be released from
25 its secured position as follows. In an exemplary embodiment, it may be preferable to
26 release the distal end of the.stent first because the secured proximal end may offer the
2 possibility of removing a misplaced stent as above described. It.is to be understood,
28 however, that because of the completely controlled nature of the delivery system of the
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12 inverse tabs 60, and the delivery system and the stent may be withdrawn into a sheath and

13 -removed from the body. If the proper position has been achieved, the distal end of the
14 stent may then be released in the manner above described. - Next, the proximal end of the
15 stent may be released by unlocking the tubes, and moving tube 40 distally over tube 22
16 until inverse tabs 60 release the openmgs or closed structures through which they were
Y] threaded. Tube 40 may then be further advanced dxstally untﬂ mversc tabs 60 are hidden
18 or housed within sheath 52 as shown in FIG. 5D. At this pomt the tubes may be locked
19 together to maintain the posmon of the inverse tabs within sheath $2. After both ends of

20 the stent have been released (see FIG. SE) delivery system 50 may be thhdrawn into a

21 sheath and removed from the body.
22 In version 2, if the proximal end of the stent is to be released first, the sequence of
3 events just described may occur (including the ability of the stent to be restretched and

2% repositioned), except that the distal end of tube 40 may extend distally-beyond the
25 predetermined point such that invarse tabs 60 unhook the proximal end of the stent and
26 then go on to being hidden or housed within sheath 52 as shown in d. of FIG. 5. After
27 the proximal end has been released, the distal end of the stent may be released in the

28 manner above described. At this point, the tubes may be locked together to maintain the
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~ s 3. The device of claim1, wherein the shape nenory wire8 1c08brde Feet,
Feed or F&MXI0&F308 4. The device of claim1, wherein the shapeyusgieisge M I es
conprise FeNNC, FeMnSi or FeMhSIiCrNi. 20 5. The device of claim1, wherein
t he shape nenory wires each have a dianeter ranging in size from about

0. 006 i npbsigon of thednvere b2 withithsiathtS2. Thelivdey byseen9 50 edagithenlbe withdraivi-t he
plurality of shape nenmory wires includes zs at |east 6 shape nmenory wres.
7. The dEpmckedpdypsAPRVE desgiiiedi n t he body has a tubul ar shape with a
substanttally uniformdianeter. 30 8. The device of elaiml, wherein the

‘body, has a ta : ] | e . . O nd, of the
bty 1o the onfie SCLTEIRE il drésch oL P RRRAG L YR CRG Bl
cl-aism 1, agvdesceibed tabevi sty bescideain@ital thy show rdﬂli&éx_? $RRRR-anklin thessadRVi ce
of claim1, wherein the body is hand woven. s 11. The device of claim1,

whersei n ineangsoes, thes delineny of the wessent1 Snakede sieats. c Viwn 2|gmafmaterialrthiteis

i si ft_paterial art d to the bady. dq 13. Th i ce of
CO 3L RRa Sl (BN Aon A EEREE e B9 o, 7 sl S engt
device oftkduzh rfhé@am&"@l@ﬁ?ér? syfiem8 iyl be i1l Ahe GRAMNeE FEWhIAATHE Sent graft

8 may be delivered is slight]y different from the manner in which the naked stents may be
9 delivered in terms of the manner in which the stent ‘gra_ft' may be repositioned, if
10 necessary. | | | | |

1 For example, if after releasing the distal end of the stent graft, whether the graft
12 material is attached to the stent at the proximal or distal end thereof, the stent may be
13 restretched over the delivery tubes and the stent’s completely elongated position may be
14 secured using the proximal lock mechanism. Then, the introducer sheath may be
15 advanced over the proximal end of the stent graft, possibly as it is rotated , in order to

16 recapture the graft material and the stent itself. Attaching the graft material to the stent at

1 the proximal end thereof rriay make it easier to re-sheath the graft material using the
18 process just described, and thus may facilitate repositioning, if necessary, because the *
19 graft material may take on a funnel shape prior to the release of the proximal end of the
20 stent graft. |

21 Delivery of Stents in Side-By-Side Relationship

b) The delivery of these stents may be accomplished relatively simultaneously, such
23 that neither stent occupies more space within the aorta than does the other. - Initially, the
2 stents may be secured to either version of the delivery systems described above using the

25 methods described above. As illustrated in FIG. 58A-D, in addition to securing the ends
26 of the stent to tubes 22 and 40, the stent may also be secured to either tube (tube 22 as
27 shown, for example) near the portion of the stent that will be positioned near the bilateral

28 aorto-renal junction 830, which consists of aorta 832, left renal artery 834 and right renal
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15. The device of claim12, wherein the graft naterial conprises _

pol yurethane. ~s 1 G_The device of claim12, wherein the grgftgemtzgni al
conpri ses WORlt/4438. The device of claim12, wherein the grafl’k:’l‘ﬁ?stnﬁ/f)is%
partially covers the body. ao 18. The device of claim1, furtCher .
conprising: a first tube configured to accept a guide wire; and a second

t ube 1conf argeryegB6. 0 FIGS.058A-Dk Heustrates onlyube sfedt bEh?gDQ!eMb&ed,OBuP 'i@'\-ﬂy 1§eh
wherein the second tube is placed over the first tube, zs one end of the
body 2i s serdargeod 1o these pf skitl in throagnwithithe berrfit ofthisadisdlomirboniyt, ias sepedir ed

to the se : . deyice conmprising: a body suitable for =

i npl gnt at %%Hr}'gi {rﬁggag?ﬁgﬂ%%erﬁegegf?‘?%ﬂcg&lﬂ’ﬁéﬁdgﬁe#é’VB’é’o%}(mi‘IﬁWerﬂj‘Sb’dnathP|f?~°§‘ﬂ°f§end,

a seqond @neribedl thedwig dRE T aRANDY g@idewiBSH0S ﬁ'%g.pﬁe "aified ngr %ﬁh?‘rw?ﬁélf nhn

is greater than one, the n shape nenory w res being arranged suct “the

body sconpmanesyerability of theodefiveny systhm. f (Ths ffittiegstthetrmaYBe usedltosedure taBEE22 SI Ng
east ,one_strut, the shape nenory wres of the

. : . d N | H > ‘e
i ot woutit BORE FRfts GG FregllusEncs th T o reh 36 et o FiGHnd a
ity ” -~ bel ng obtuse, at l.east o
bt U e ooy TR e sadlof i G® 18)s I8 PHBES BortiGn et b seiaucd psine eoner

one shapelosepmfije, vight securitgy loopatddchiticdxabves AFRrefft®ing Re RBIY o ““F}?é ein
t he val ﬁe- of pﬁfe atghlfeastﬂi‘lgn.emgbt use angle may be i r]creaséeg %y axi eﬂ [y
conpfessi %WF%SYQGQWHQ posgt;onlngq@edbstalc@dmf the afent R0righttrenal| mdryl§36 e e
TEMDRY Wi GSnet AeRTbRS abble mb 58A), the release and delivery of the stent may take place
1 by first releasing the proximal end of the stent (FIG. 58B), then the distal end (FIG.

12 58C), and finally the portion of the stent near junction 830 (FIG. 58D). Tubes 22 and 40

13 and guidewire 203 may then be withdrawn from the patient. It will be understood to
14 those of skill in the art, with the benefit of this disclosure, that the release of the various
15 secured portions of the stents may take place in any order suited to the anatomical
16 structure in question.

17 Combined Treatment of Aneurysms Consisting ofStent Placement

18 ‘and Transcatheter Embolization

19 In one embodiment' of the present invention, the straight stent may be used for
20 aneurysm treatment without being equipped with a graft material. In this embodiment,
21 the “naked” stent may serve as a scaffold for developing an endothelial layer on the newly
2 formed vessel lumen, while the: aneurysmal sac may be excluded from circulation by
23 transcatheter embolization.

24 “Generally, the stent may be delivered into place, and an embolic agent 96 may be
25 inserted into the surrounding aneurysmal sac as shown in FIG. 36.

2 As shown in FIG.36, once the stent is in the appropriate position, an

27 angiographic catheter 95 (5-French to 7-French) that is chemically compatible with the

P embolic agent (and not made from polyurethane when the embolic agent contains DMSO)
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22. The device of claim20, wherein the shape menory wires 8dnPeT S8reet
Feed or Fewdadks08 i s 23. The device of claim 20, wherein theraipassnory
wires conprise FeNi C, FeWhSi or FeMhSi CrNi. 24. The device of claim 20,
wherein the body further conprises a second portion adj acent the first
porti on, mdyeesiasertad jndradvanved atp thesiumgn af sk stant. iv\admanping therangiogehphiv-t he
e rrermr W res, wherejn x i | east one.

second portion_ havi sha t
25, he GRVFEE IT0 thF JREDEl tinent: one, FaY 145F She SR 8y e&arf?pwﬁgcgs%y hayest
"‘Dve{‘sporbkéxggse%%@adegxew g fHRIEy ts%w%%r""‘\%ﬁ@?né%péédaﬂ&f ﬁh‘é égrréﬂh?c E&Er

stru of claim erern the

geney al | ywithoe thes isepef a Zdidewire. dﬂavadmmo‘el)chxaednrﬁﬁmcmefeem (tztI&exﬁdHﬁiu\Dven
portion has a generally donmed shape and the nultiple first struts are bent
sl i ght | y Fsenchyt qtaé i5 #leQ é‘%@é@CQ]WeC%aﬂb]&ﬁ’é% thengmbelisazgent may dhen broadyariged n an

t t 30,109 3 1 OCT_20 8. .The dgev
ahor & ' dhveah 6% EieartBivty hrheie Sn A PAREEA%: e @ BYIR BN BR G at e
from t he g3250REhAYY aheRSY bf B8 Rikrotuthbiep In@aysméarut FcBrtHFo%gh apd »\%% %f fihé he
first and third woven portions have general ly doned shapes. s

~ device ofstent mitortiR0anchysmabsacc dite ogﬁm@gsanghamavmofanhcatenaateaappankxmateime

body. 30., The_device of cl ere| raft rrate i al conprises
woveh poibl & T gnglogteni Cabeter 15 GraStflse be 23 Siged i the acaREl SR er i
conpgi sesy Pagidfic agent 96 may then be inserted into the aneurysmal sac through the

1 microcatheter.  Embolic agent 96 may be chosen so as to be: non-toxic, non-

12 irritant/reactive to the tissues; easily handled; suitable for contmuous injection;
13 adequately radiopaque; capable of filling the spacé contiguously without leaving
14 unoccupied spaces; and non-fragmehted, thefeby not getting back through the stent's
15 weave into the newly formed lumen which could result in peripheral embolization. |

16 Although, several fluid embolic materials - (alcohol, poly-vinyl alcohol,
17 cyanoacrylates, Ethibloc ezc.,) are available for transcatheter vessel occlusion, none of
18 them is considered ideal or even suitable for this purpose. Recently, a nonadhesive,

19 liquid embolic agent, ethylene vinyl alcohol copolymer (EVAL) has been used clinically
20 for treatment of cerebral AVMs in Japan (Taki, ATNR 1990; Terada J Neurosurg 1991).

21 The co-polymer was used with metrizamide to ‘make the mixture radiopaque and may
2 serve as the embolic agent for the present invention. |

23 Very recently, a new embolic agent (similar to EVAL), EMBOLYX E (ethylene
2 vinyl alcohol copolymer) (MicroTherapeutics Inc., San Clemente, California) was
25 developed which was designed for aneurysm treatment (Murayama, Neurosurgery 1998),
26 and may be utilized as an embolic agent in one embodiment of the present invention. The
27 embolic agent .is composed ofa fandc_)m rrﬁxture of two subunits, ethylene (hydrophobic)
2 and vinyl alcohol (hydrophilic). Micronized tantalum powder is added to it to obtain an
29 appropriate raaiopacity, and DMSO (di-methyl sulfoxide) is used as an organic sol\}ent.
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32. The device of claim?29, wherein the graft material conprises

pol yur et hane. 33. The device of claim29, wherein the graft mitlePFfhl 2003
conpri seswi bduq3bgs 34. The device of claim?29, wherein the ft rraterl al
partially covers the body. 35. The device of claim?20, furt s ng:
a first tube configured to accept a guide wire; and zo a second tube
confjgur ¢ poRMRE i ere| n
t he sec oﬁgh%ﬁbﬁe |bs ac%gég%e{q%%%? pferdéao@uc%% bgﬁae/d (tﬁedQ{))I]y %ﬁglmﬁds JAR!

secut ed tdiffaseeaway sftom ube mamtiire lrausingein sind pedcigiitacion ey S(ﬂldsmﬁbﬁdoft thet he

second tub s 3{...A device conpri si lurality .of biodegradable

1T afvent PO Vi GeMEIon f & ey ccun s Rhmiinons adbeon @ Vet vl

i mpl ant atA@muhat&rﬁﬂ A% e avi ng
first and sSecond endg %W‘Bﬁ% %g’?%‘ ab#m?b{otbﬁ%fgc L{Fmgg]ﬁ q{ﬁn $her
to form asphumbloﬂlt:)agﬂftfmr!tbbpﬁesex&ttm{'a&ﬁdn one of the angl es being obtuse, and
both ends of at |east on bi odegradabl e filanment being | ocated proxi mate one

end of the sel exp%g bod 110 3 1 OCT 203 wherein the value of the.
at |®ast one gthg mﬁcbeas:baedoyhmnwstgntcsmpmeeawenhdnsaf

e et it AR RS O LA

conpg i Si meicrocatheter 97, whlch may be 3-F in size, may advanced into the lumen of the covered

9 stent as descnbed above A trocar, such as one havmg a 0.018-inch pencil-point or
10 dtamond-shaped tlp and made of any suttable material such as stainless steel or nitinol,
1 may then be inserted into the Iumen of rmcrocatheter 97. The sharp tip of the trocar may

12 extend beyond the tip of mlcrocatheter 97 by about 2 to 4 mm. The proximal ends of

13 microcatheter 97 and the trocar may be locked together using a Luer lock mechanism. By
14 doing so, a sheath-needle unit (well known in the art) may be created, which may then be
15 used to puncture the graft material and the stent mesh. Thereafter, using fluoroscopy
16 and/or CT in guiding the sheath-needle unit, the sheath-needle unit may be safely
17 advanced into the aneurysmal sac. The trocar may then be removed, and microcatheter
18 97 may be used for injecting the embolic agent as described earlier.

19 Both abdominal and thoracic abdominal aneurysms may be treated os abo\te
20 described. In some other locations (e.g., external >iliac artery), pesudoaneurysm and/or
21 tumor-induced corrosive hemorrhage may also be treated as above described.

2 The size of the delivery system that may be used to deliver a stent without a graft
3 cover may be sufﬁciently small, such that insertion of the stent into the vessel may take
24 place following a percutaneou‘e insertion. 'The delivery system would aleo be Well-suited
25 to negotiating through tortuous‘vascular.anatomy. The treatment described above tnay be

performed using interventional radiology techniques, thereby eliminating the need for

27 surgery. The embolization may occlude the lumbar arteries from which the excluded
28 aneurysmal sac is frequently refilled. As a result of using the treatment described above,
29 the endoleak from the patent lumbar arteries may be eliminated.
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bendi ng the shape nmenory wires in a plurality of shape nenorgyq\gcreggs o
create bewo pa4430%0ns in the shape nenory wires, the bent paidtgdesobbng
arranged to define one end of the body, each shape menory w re having two
ends; and ~ o weaving the ends of the shape nmenory wires to créate the body
sucht hat2t he Eflt¢p® nmenory wires cross each other 'in nen-interlocking--
fashion to forma plurality of angles, at |east one of the angles being

obt use; wherein the val ue of ;t he,ats,| gast e use angle may be increased
by aXially conpressing the bé&?f”’@’%gé‘”ﬁ%?‘]’ﬁ%m"dsof claim 38, wherein the

bent portions are bends. 40. The nethod of claim 38, wherein the bent
portizons are | PRPWireg ©f 4He caViefilters FdhObreabmti ifverion'AY Bk MddB ®f TheBfndrenory
wires conprise nitinol. 42. The nethod of claim 38, wherein the shape
menory wi materislsrasithe wires of thestentsoThesmeamimber of adres Thay beetsaddn &rmingi m
38, wherein the.shape nmenor Lres,conprisg FeNi C, FeMhSi .or FeVhSi CrNi .
a4, e ribgisau GRORRS HF JaEd ity e nHo e in o7 Srormalaly crpbqtimenty

di angt er 1@@{@{;@9&-&&&&8%&@%&%8%\0& ks Eﬂﬁ%ﬁth%%%éi\g‘?%s VitD e séhedlge- 30

: | h
45. The nethod of claim erein the plurality of shape nenory wres

i ncl udes at eXespiary @mbodimenteasliey asi s wires thag be wBed tadoTm20OGav4 Filtefshfar amy hod
of claim 38, wherein the body, has a tubular shape with a substantially
uni f 8r m o¥¥HRd 1_cagorhe;c_ce%®e ﬁﬂgiﬁ)ﬂerF“’g’PQWﬁ%SYJﬂméWi‘FFﬁ YHEOMOWIehas a

tapered shape with a dianeter that decreases:-fromone end of the body to

the gther end phe tva MASY mdlhe FBRed Wik rdHiivel PioBhe brea W Ichlifl tkbIBGAY Nas

a general ly hourglass shape..
10 to flow freely. In an exemplary embodiment, it is preferable that the distal end of the

1 cava filters is not complétely closed. See FIGS. 6-8. Instead, the bent ends of the wires

12 (FIG. 7 a_md FIG 8 show small closed loops, but bcnds may also be used) or the coupled

13 ends of the wires (FIG. 6) are 'an‘ang.ed to form a ‘relativc_ly round opening with a
14 diameter of about 2 to 5 mm. The size of the wires that may be used for forming the cava
15 filters other than the barbless stent filter (discussed below) ranges from between about

16 0.009 inches and about 0.013 inches, but is most typically about 0.011 inches. The size
17 of the wires that may be used for forming the barbless stent filter ranges from between

18 about 0.008 inches and about 0.015 inches, but is most typically about 0.011 inches.

19 As with the stents of the preseht vivnventiori, the_ angle between the crossing wires
20 of the cava filters is preferably 6btus_e. S‘imilarly, at thé_proximal en_d (e.g., FIG 6) of the
21 filter, either a loop or bend may be fbrméd by vben’ding the wircs‘as above described.
22 When such closed structures are made at the distal end of the filters, the angle formed
23 may be acﬁte as shown in FIGS. 7, 8 and 9A. At the distal (e.8. FIG. 6) or proiimal end
24 (e.g., FIG. 7 and FIG. 8) of the cava filters, the wire ends may be coupled together to

25 form closed structures as above described.
26 Advantageously, the portions of the wires forming the closed structures may be
27 bent outwardly into multiple barbs to anchor the filter, thn_loc_ated at the proximal ends
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io 49. The method of «claim38, wherein the weaving is by hand. 50. The

nmet hod of claim 38, wherein the weaving is by machine. 51. ,T d of
cl ai m 38, Weybs/hasg conpri sing: ~s providing a weavi ng syste%%%gg&gfn -
tenpl ate having first tenplate projections; bending the sha ql.?“‘?vi res
around the first tenplate projections to create the bent portions in the

shape Tegpei. dive Bier? @ L2FIGITP AP QBT AL Lt Rerdin, WPl dhe (Hafidid o the-

tenpl ate projections conprise tabs. 53. The metho claim erern the
first tenpdsaefehemajesthatamey tearsed its forpi the cawfiltekh Byneiréfolly aklecting thebsze,

wh [ i tt I d with the t | ate. 55.
The et nOBCHRNER 2k Faipe HriBs BRibs: ey IAkAoRE rds dheoNesel WAl incerdpr lobeics
firsgt | f1 Qur LN4; LiSte direction,durd ng,the
weak . B oRE i e Q6 68 oy b A1 Kl Gnpbdedl el € e S B,
conpy i sefiltet fseipofeigved dut prigewd 11 filleEbéing SithdRavd Beththat the ;%}@ibﬁﬂ? o?f

each shape nenory wire being attached to each first bobbin prior to the
weaws ng. causing ary/ damRge to-the ygsselrwall ie mimimabf Ac{lhistra8, in FIG.65%) Harte 7dedvi ng

Stadnd. oF IPSE VR RoPRERIERIT I WS Bo el a5 T 11 ke beAlpughacod
apargd frappeh® fiay Ye ¥KaN, M8e MRhfors have found that barb 74 generally anchors the
9 filters more securely when angle 75 is acute rather than when it is obtuse. Beginning at
10 side 77 of vessel wall 73 and extending to the end of barb 74, barb 74 may be about 1 to 2
n mm long. As shown, wire end 7 may be oriented at an angle thét is rdhghly perpendicular
12 to the angle of barb 74 such that barb 74 is prevented from more deeply peneuating véssel
13 wall 73. Another example of sﬁitably shaped barbs may also be fou'ndA on the
14 RECOVERY filter, which is éommcrcially available fror_n CR. Bard, Inc.
s (wwwcrbardcom; Murray Hill, NJ, 800 367-2273). |

16 The cava filters of the present invention may be formed by plain weave using the
17 methods described above for forming the stents. Of course, an appropriately shaped
18 template may be chosen.. Shapes for the cava filters include a cone (FIG. 6 and FIG. 7),
19 a dome (FIG. 8), an hourglass shape (FIG. 9), and the shape of the barbless stent filter
20 (FIG. 51). The cava filters may also be h_cated as the stents are, and may be allowed to

21 cool as the stents are. Additionally, in an exemplary embddimént, as with the tapered
2 stent, the filters may be woven on a cylindrical template, heated and allowed to cool, then
23 the body formed may be remodeled and then reheated on another' template. In an

2% exemplary embodiment of the hourglass filter, for éxampie, the b_ody fbrmed by Weavihg
25 may be heated and cooled, and then may be remodeled into the sﬁape of an hourglass by
26 narrowing the central portion using a material suitable for reheétirig such as copper/brass

b1l wire; then the hourglass shaped body may be reheated.

2 In an exemplary embodiment of the cava filters of the present invention, it may be

29 preferable to flare and compress the woven structure near the proximal end of a conical or
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s 58. The nethod of claim 57, wherein the weaving system furtfergegopmsi ses
second bobWwd 0e/44308 anged on the second weavi ng plate, one emt-g&@%g@shape
menory wire being attached to each second bobbin prior to-the weaving. io
59. The nethod of claim51, further conprising securing the shape nenory

wires to ddige §l€ﬁi§B|ﬁaﬁeﬁorﬁ&rbﬂ’th&h@’ﬁidiﬂﬁalcafnd@ﬁs’@alr&xﬁé-of Anhédrglase BNy, fSrnilflg-
formng closed structures with t ends of the shape nenory wires, the

cl osed st & adindrigsl nmmgwah rﬂetﬁ]@é‘delb’ @gbltewcafve (mepom@mol%n Iélﬁj 6FIEHE ahddy .
61. The o m 51 e co heat.i n bod an the
Cenpiat o, TG 5)aion b RrilingorThe diismeies 3 Tt born frebd trioady £0 fmsg

1]
axi al | y :fs\d: %%H%d%ﬁﬁﬂﬁﬁ?oﬁx%ﬁ%w%eﬁ%‘ﬁ qhé Mo RN o

anat oni ¢ ture I ce conPprising irst tube con |gure

accept a hpatidg andrceplingid fites ehanmay nbtepasses ithel desiredopdrtion Otabebndd‘aﬁnﬁg ro$t
tube; and an aX|aIIy nd radi.al | y expandabl e woven body having two ends; zs
wher i n t EIOGEHRR, the BLET,1Q aehievo e gented sbaps of kg PRI tsReUNingHEhe given used

the o ol FoRaRe" LR %*f%ﬁ%&é%&ﬁéﬁﬁﬁéﬁﬁé oL e Fopoualed A% . e

out sigde ofg ahhe f| rst tube and the other end of the axially and radially
expandable woven body is releasably secured to the outside of 30 the second

tube. 113
9 In an exemplary embodiment, this constant-diameter portion and/or the flared

10 ends of the cava filters may be advantageously used for anchoring. By achieving strong
11 contact between the filter and the vessel wall, the filter’s intraluminal position can be

12 further secured. The expansile force of the cava filter (which depends partly on the

13 number and size of the wires which are used for making the structure) may be chosen so
14 as to ensure such strong contact. The use of the flared portions as well as the suitable
15 barbs may virtually eliminate the possibility of migration.

16 The cava filters of the present invention will be further described in more detail

17 below by the way of specific cxamples.

18 a. Conical Filter - FIGS. 6 and 7

19 With reference to the illustrative embodiments shown in FIGS. 6 and 7, there are
20 shown conical filters for insertion and delivery into vascular anatomical structures. The
21 conical filters include a plurahty of w1res which may be arranged in a plam weave as

22 described above so as to define an elasucally deformable body 150. As shown in FIGS. 6
23 and 7, body 150 has a wide and/or flared proximal end 142 and a distal end 144, The
2 diameter of body 150 is larger at proximal end 142 than at ‘distal end 144. The diameter
25 of body 150 decrcases from proximal end 142 to distal end 144 Distal end 144 may be

26 formed in such a way that almost no openmg is left through whtch fluid might flow. As
27 discussed above, however, in an exemplary embodiment, it is preferable to leave a
28 relatively round opening with a diameter of about 2 to 5 mm.

-83-



3 1 OCT 2f!103 63. The conbination of claim62, further conprising a guide
wire configured to be placed within the first tube. 64. The &ohiBChailfdbn of
claim 62, conprising a push-button rel ease/l ock s i sm _
confi gur eyﬁ&gg@ure the first tube to the second tube. 65@%Q@%‘79natlon
of claim62, further conprising an end fitting having a side arm the end
fittjng being .onf_ilg(% it 98 ured to the first .t_ub,e. | O 66: A devi ce
for deliveri népan axi aﬁﬁ} angqra Ially expandabl e woven body having two
ends into an anatomical structure, conprising: a first tube configured to
accept a gui déVithrefereanbe td thesitlustonivermubodiment $teasi irDREG8)i therefis shéwh at ube
hol es positioped Proxi mate one end of - the first tube; 'a second tube

confi gur 8amedfiker; fopymsertiqneand delivenyato aasadaonatemisal pangturg. aThe domeeast

ir, . . I ' ' end of th d
Cubel s fiter FRERNS o BRUPOLEILRP MIHERES S BB Tnd e idh sbrscibefonst
one pair abdve 4d &ltoldefifie BY bRSticalyHefornRIE BoSELRY. | RY shbWE irf PIG! 9,‘45\/@2 159 be

t hreaded through the at |east one pair Zo of® second tube holes; rern )
whens t he likebedy 35& maydhhve arwide nd/or flated proxibmdl 2nd I 42radd matistallénd Jddpahdabl e

body, f..t.h i al 1y .an dial expandab) e, woven body is
secut ed AmAE ooty S0 arkt & prdtiman sad he2ndh el rabencs Udr Theydiameterand
th th fant | ¥ bah | Y. d
secufeq o5 PPRY T50 ARt BRAMANERL M2t SYATINR LA, IRHE ROl e,
67. A dedeareaseoin theldiameten froan thex proxiimab sl theadisell lendeix pivo daatedpvgaviantheody

~w having two ends into an anatomical structure, conprising: 30 a first tube

confid gur Eemicy) Yersiap: howeyer.ddsin resuly hedy HRcmare ressmbiesr# hepnisphereghan & over

the firstofdPBecatdé of its-hemispherical shape, the dome filter may occupy less longitudinal
12 space within the cava than other filters. ‘
13 e Hourglass Filter - FIG. 9
14 With reference to the illustrative embodiment shown in FIG. 9, there is shown an
15 hourglass filter for insertion and delivery into a vascular anatomical structure. The
16 hourglass filter includes a plurality of wires which may be arranged in a plain weave as

17 described above so as to define an elastically deformable body 154. As shown in FIG. 9,
18 body 154 has two conical or dome portions 146 bridged by a narrow portion 148. The
19 diameter of distal and proximal ends 144 and 142 is larger than the diameter of portion
20 148. In an exemplary embodiment, distal énd 144 is preferably nd_t'equipped with barbs.
21 The closed étructuresv of proximal end 142 ﬁay be bent outwardly to fonﬁ barbs The
2 lumen size of narrow pdfﬁon '14:8 may be selected so as not to close the l.uniet_lvof the filter |
23 completely. The hourglass ﬁlterléhbwn in FIG.9 haé multiple filtrating levels; in an
24 exemplary embodiment there may‘ be almost no difference in the ﬁltfating capacity
25 between the filtrating capacity of the center of the filter and the filtrating capacity of the
26 periphery of the filter because the blood may be filtered by the péripheral weave of both

27 the proximal and distal portions 146. FIG. 10 shows an hourglass filter placed in the
28 IVC. ' | |
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3 1 OCT 2(103 wherein the tubes are further configured such 8 haCTwei8d t he
tubes arewenl4Bayr delivering the axially and radially expaneagigoyiyen
body, one end of the axially and radially expandabl e woven body is"

rel easably secured to the outside of the first tube and the other end of
the axially add s Batbiess Stent FaloetobFEGYSen body is rel easably secured to
the outside of the second tube. 68. The device of claim®67, further
conprising a %] de wire conflgl:;ured to be placed within the first tube. io

69. The devi c&V i rfersnes torthe illysiraye e@hﬁqhmhgwavrpmmlﬁls there isisbawn/al ock

nmechani s eco The
Govibe ol sill Bite! RortBRAHifh LikF abhletd, it BEvds Pyt B R GRf it e, m -
s the endarbldst srgt ikérigciudsd b glirdty0f wis ALK Bfh tve driafigdd IS4 pladPReavhlS
:AH. A9L. AhY. ALS. A .AL[.A{. A A .A S A .A'A A A& A3l Ry o UpAABAU@_A{
AU AU . As dpscnibed Abgvmo a&UOAddﬂneAt{Qda(n-wo Adicthsiikenal] .the ofber bodies in this
s Pl S B i e W s b A5 S 0

hF. A9 A{F. A . A
AL QAY §76., 5T Hodab0 pibiHon 0k basé 2, @’a @%]50@4 A‘Agdﬁ@"%oﬁ AEQ; e AQ.
AAR AUR AU?. AAR AUSR. A 9R A &R A?. A e

X\ b~w') 1S57Ba3RU0P wodyy e \thade] es o] stedfigha ] steit oab|desdribeli cabbee) eatt] £ ajweal cal ca

T D% 4#CKN FY
| Vi oby kg e Sk SRR ke s ohire Ve ibuvs capelandompnat ca ca

ke PR FRGRAEAER I HAR BAERbeg o i %Qﬁi@?@?ﬁa” Feay ca

1 cayf ca] amuf wallca‘a’hm@m@\ﬂmﬂma] BarVi:xamip @\ﬂscﬁlhfeil\ﬂxﬁﬂb@%] ?Qiﬁe?éd%bxﬁ( (((n)
wil))))rx)* $3+383S37: =#=. =9%® AA&B~yt 0j e [ V] ca] ca] ca ca ca] cal] ca] cal ca

] calxa] ch?ﬁ?af%\?‘]’ daidcRqrtiany 404 élapcmcela]t@mqsa]qfabqse Q?aﬂ}ao'aiimmk)@daa]l'ca\/] ca
&B Et EEQ. HIKLNNNNQ), QSEINVVYi L A1 ™ 1 onoy
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25 As shown in FIG. 51 rmd-poruon 404 of the barbless stent filter includes struts
26 408, which are formed of twisted wires 5. Struts 408 are arranged s0 as to be oriented in
77 substantxally parallel relatxonshlp with the axis of the portion or segment of the vessel in
.28 which they are delivered or released. Struts 408 may serve to further stabilize the
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3 time at which the degradatxon will begin so that if the filter is used as a temporary filter

2 (as described below), the entrapped thrombi may be attended to before the filter degrades

25 to an extent that the entrapped thrombi could be released back into the bloodstream.
26 Any of the cava ﬁlter embodiments dlsclosed herein may be made from both
27 wires 5, (wires 5 may be made from any of the materials described above, such as nitinol)

28 and appropriate blodegradablc filaments 540. Although the barbless stent filter is
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%0%E ()-& .f&I0%{& ()-Y!{f&L0%& ()-Y!Ys! 10%\& ()- 10 10 10:
109%& () - Brteriplssmagibe ceatedoipy mid-portion 404. The connection between each nitinol wire

9 and the corresponding filament may be made by using any suitable means such as glue,
10 heat, by wrapping the filament around the wire, or any combination of thereof. After
1 biodegradation of dome 406 has taken place, base 402 may, like a self-expanding stent,

12 be left behind in the body.

13 f. Single-wire embodiment filter

14 As with the occluders, the single wire embodiment rriay "also- be utilized as a
15 structure for filtering thrombi within a vessel. The sihgle wire embodiment filters méiy be
16 formed in the same manner as the single wire embodiment occluders are formed.
1 Moreover, the single wire embodiment filters are simply the single wire embodiment
18 occluders without any thrombogenic agents attached to the body of the single wire

19 embodiment filters. In this regard, FIG. 60 illustrates body 700 of .a single wire
20 embodiment filter. The body has first segment 704 and second segment 706 separated by

21 a bend in the wire that is in the form of closed loop 6. The body is provided with
22 multiple collars 702, which hide multiple loop-defining locations where the segments are
px) positioned adjacent to each other. (Adjacent has the same meaning with respect to the
24 single.wire embodiment filters as it has with respect to the single wire embodimenf
25 occluders.) The segments 704 and.706 extend between the loop-defining locations so as

26 to form multiple loops 710, which are designated in FIG. 60 by the segments that outline
27 them. Another embodiment of the present single wire filters is illustrated in FIG. 15. As

28 illustrated in both FIGS. 60 and 15, loops 710 of bodies 700 possess compressed shapes.
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Delivery of the Cava Filters

@H:

Prior to insertion and delivery, a cava filter in the form of a body 150, 152, 154, °

400 (or biodegradable versions thereof), or body 700 may be manually secured to tubes
22 and 40 of version 1 as above described. The cava filter may then be stretched as

described above so as to reduce the diameter of its largest portion by an amount

‘appropriate such that the filter may be inserted into a vessel (preferably with the use of an

access sheath), and may pass through the lumen of the vessel as the filter is being
positioned prior to being delivered into the vessel. FIG. 28 shows a filter secured to a

delivery system in a completely stretched state.

In one embodiment of the method for delivering the cava filters of the present
invention, a hollow covering ‘such as a guiding sheath may be placed over the filter
secured to the delivery system to prevent contact between the filter and the vessel wall as
the filter is inserted and positioned for delivery. In another embodiment, a short,
introducer sheath with a check-flo adapter may be used at the access site to prevent
contact between the filter and the vessel into which the filter may be inserted during
insertion. of the filter; in such an embodiment the introducer sheath may or may not be

used to cover the filter beyond the access site of the vessel.

The cava filters of the present invention may be stretched completely on the
delivery system, reducing their diameters as much as possible, as shown in FIG. 28, for
example. In one embodiment, after being secured to the delivery system and stretched to
some extent, a filter may be delivered into the inferior vena cava (“IVC”). In such an
embédiment, the filter may be inserted into either the right or the left femoral vein,
a]lbwing for a femoral approach. In such an embodiment, the filter may be inserted into

the interal jugular vein, allowing for a jugular approach. In such an embodiment, a filter
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3 the system is sufficiently flexible. As discussed above with regard to the delivery of the
4 stents, the construction of the delivery system enables one to use a guidewire in the lumen
5 of tube 22 for delivery of the filter, in an cxémplaxy embodiment of the present invention.
6 - Itisto be understood however, that a guidewire may not be utilized at times.
7 Each of the cava filters may be delivered into place in the manner described above
8 with regard to the delivery of the stents using version 1 (see, Delivery of the Sténts). All
9 the advantages described above with regard to repositionébility, etc., including the
10 advantage of being able to compress the filter being delivered and achieve as tightva mesh
1" in the cylindrical portions thereof (such as base 402 of the barbless stent filter) as
12 possible, apply equally to the dé]i\/ery of the cava filters. Further, in instances in which
13 one of the present cava filters is delivered in the IVC, for example, the élasticity of the
14 IVC wall allows the operator to achieve an even tighter mesh than the m_esh originally
15 created after the annealing process. That is, a filter configured with an angle a of 155°
16 may be compressed during delivery until angle a is 170°, and, if the filter is properly
17 - oversized, the elasticity of the [IVC wall may maintain angle a at very close or equal to
18 170°. The ability of the present delivery system to achieve this scenario is especially
19 advantageous when the filter is created without barbs so as to maintain its position within
20 the vessel into which it may .be delivered by virtue of the radial force between the filter
21 and the vessel wall.
2 ~The weave of the present filters (including those discussed below) is especially
23 suitable to advantageously allow mechanical thrombus-suction to remove the entrapped
24 clots without the risk of dislodging the thrombi and allowing them to travel to the
25 systemic and pulmonary circulation. In so doing, an adequatcly' sized catheter with a
26 large lumen may be inserted into the filter’s lumen and used to suck the thrombi out.
27 This method may be used in combination with thrombolysis.
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4 thrombi safely and successfully before rempval of a temporary filter. The emboli
5 entrapped by any kind of témpora.ry filter can be dealt with in a variety of ways, such as
6 thrombolysis, placement of a permanent filter, or allowing small thrombi to embolize to
7 the lungs. The woven structure of the cava filters of the present invention seems
8 favorable io prevent escape of the entrapped clots during thrombolysis. As a result, there
9 is probably no need to place another filter above th'e woven temporary}ﬁlte'r. This would
10 otherwise be impossible if the temporary filter is delivered from a jugular approach. The
i} temporary applications of the cava filters include both temporary and retrievable filter
12 designs.

13 Temporary filters may be attached to a catheter or sheath, a tube or a guidewire
14 that may project from the insertion site (e.g., using a hub with a cap which is sutured to
15 the skin for ﬁxlation),' so as to allow for easy removal of the filter. Retrievable filters are
16 pérmanent filters that have a potential to be removed. |

17 Both the temporary and the retrievable filters may be delivered via a jugular
18 approach. It is to be understood, however, that these filters may also be delivered via a
19 femoral or antecubital approach.
20 In one embodiment, a temporary filter may be created by manually securing acava
21 filter to two tubes in the manner described above. The outer tube to which the prdximal
22 end of the filter may be secured may comprise a catheter or sheath, or it >may COrnpri‘se a

px) tube such as tube 40 described _aboVe‘.' 'B'eing a low proﬁlé' design, the temporary filter

2« typically does not require an outer tube larger than 7 French.
25 After properly positioning the temporary filter, the distal end of the temporary
26 filter may be released using the above described method. If the temporary filter is no

27 longer in the proper position, the filter may be withdrawn as shown in FIGS. 27A and B.
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6 the monofilament may be posmoned in an easily accessible locatlon (such as extenor of

7 the patient). The operator can then advance tube 71 over the ends of the monoﬁlament

8 (as described below with respect to monofilament loop 172 depicted in FIG. 12) while

9 holding the monofilament steady to disengage ba‘rbs.74 from vessel wall 73 prior to the

10 withdrawal of the filter.

Bl After releasing the distal end of the filter, the holes in the superelastic tubing
12 through which the securing wire or wires were threaded may be used for injection of
13~ some urokinase or tissue plasminogen activator (TPA) to lyse entrapped thrombi within
14 the mesh. FIG. 26 depicts the situation in which the distal end ,_ of' the fllter has been
15 released. As shown in FIG. 26, openings 27 may be provided in tube 22, in addition to

16 proximal and distal holes 24 and 26, through which urokinase or TPA may as just
17 described. FIG. 26 also depicts introducer sheath or catheter 99, which may be utilized
18 in conjunction with the present delivery systemto facilitate the insertion of the delivery
19 system, including tubes 22 and 40, into the patient. (Note that push button lock/release

20 mechanism 200 shown in FIG. 25 as connecting tube 40 and 22 is not depicted in FIG.
21 26.) Introducer catheter 99 may be attached to end ﬁttmg 204 as shown in FIG 26, with
22 -a Luer connection. FIG. 26 also 1llustrates that mulnple securmg wn'es 46 may be

23 utilized for securing the proximal end of the ﬁlter to tube 40. In this regard, although not

24 shown, it will be understood to those of skill in the art, with the benefit of this disclosure,
25 that securing .wires 46 may be controlled by creating openings in tube 40 near the
26 proximal end of tube 40 and threading the proximal ends of securing wires 46 through
27 those holes. In this way, the proximal end of the filter or other device may be released by
28 pulling the proximal ends of securing wires 46. Tightening screw 205 may be provided
29 on the end of the side arm of end fitting 204, as shown in FIG. 26, for fixing the relative
30 positions of securing wires 30 (not shown). Additionally, although not shown, it will be
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4 In this embodiment of the invention, there rhay' be no need to apply barbs/tabs at
5 the distal end of the temporary filter. For cxample,'the barbless stent filter, by nature, will
6 not be equipped with barbs. However, such barbs or tabs may be supplied as shown in

7 FIG. 27A to the other filters. The proximal end of the outer tube may be secured to the

8 skin using surgical sutures. When the filter is to be removed, the temporary filter may be
9 withdraWn' into a catheter/sheath (such as tube 71) and the device may be withdrawn from
10 the body.

1 An additional manner in utilizing the barbless stent filter as a temporary filter

12 exists that does not involve leaving an outer tube in the body. In one embodiment, hook
13 410 may be used as a tool for removing a temporary filter. At the appropriate time, a
14 foreign body snare, such as the Amplatz Goose Neck snare (Microvena Corp., White Bear

15 Lake, MN) may be used to 'grasp hook 410 and retract the filter into an appropriately
16 sized thin-walled sheath for removal from the body. The snared end of the filter may be
17 held stationary and an appropriately-sized sheath (approximately 2-French sizes 'larger

18 than the delivery syétcm) may be advanced over the shaft of the fdreign body snare to

19 capture the filter.

20 For the retrievable filter, the distal end may‘ be equipped with barbs/tabs. At the
21 proxirnal end of the retrievable filter, a monofilament loop is threaded through the small
22 closed loops (or bends) created from the bent wires such that the small closed loops
23 become interconnected by the monéﬁlamént loop (see, e.g., FIG, 12); thus, pulling on the

monofilament loop will result in drawing the small closed loops together thus reducing

25 the diameter of the stent at the proximal end. The retrievable filter may be secured to the
26 same delivery system used for delivery of the temporary filter in the same way.

27 Delivery may also be carried out in the same way. In an exemplary embodiment,
28 the filter may be delivered from a right jugular approach. It is to be understood that if the
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4 from a jugular approach, for example, the delivery system may be removed and only the
5 monofilament loop may be left within the vasculature. The very prox1mal end of the loop
6 may be attached to the skin as above described. In this form, the retnevable filter may be

7 used as a temporary filter. Both the flared base with the tighter mesh and the barbs/tabs

8 may serve to anchor the retrievable filter within the cava. In the case of the barbless stent
9 filter, baée 402 may serve the function of the flared base of the other filters, which may or
10 may not be provided with barbs or tabs. If it is necessary' to convert the temporax'y filter
1 into a permanent one, the monofilament loop may be severed and removed from the small
12 closed loops of the filter as well as from the body. .

13 If a decision is made to remove a retrievable filter, a short metal straightener may
14 be advanced over the proxxmal end of the monofilament loop A short mtroducer sheath
15 may then be inserted in the access vein over the stralghtener Through the introducer, an

16 adequate s1ze sheath may be advanced to the distal end of the filter. Stretchmg the

17  monofilament loop, the sheath may be advanced over the filter. As a result, the
18 barbs/tabs, if utilized, wﬂl be retracted from the caval wall and the ﬁlter s removal can
19 be achieved without causing injury to the vessel wall.

20 The time period for leavmg a temporary ﬁlter ina patxent w1ll vary from case to
21 case, but, generally, temporary filters may be left in place for no more than about two to
2 three weeks. Leavmg them in place for a longer penod of time may result in the
23 formation of a neointimal layer on the temporary filter, Wthh would impede its removal.

To increase the penod of time during whxch these ﬁlters may be left in the body without
25 being embedded mto the neointimal layer, the filters may be coated with some
26 biologically active materials (é.g., cytostatlcs, uﬁbrobla_st groyvth factor tFGF-l] with
27 heparin, Taxol, etc.) or the metal of the filter may be rendered B—paxticle-emitting

28 producing a low-rate radiation at the site of the filter placement (Fischell, 1996).
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$10%g& ()f‘lt%?_@ﬁd[ ﬂé@o;}oz permanent one. Both versions are suitable for intraluminal

thrombolysis both from a jugular or a femoral approach or possibly an antecubital

approach.

The retrievable filter provides additional advantages in that they are easily
retrievable, they possess equal filtering capacity in the center and at the periphery of the

cava, they provide safe thrombolysis, they are self-centering and self-anchoring, and

unless hook 410 is utilized in conjunction with the barbless stent filter, it is unnecessary

to use a foreign-body retrieval device which might involve lengthy manipulations.
However, it is to be understood that, in some embodiments, small tabs may be coupled to
the ends of the filters of the present invention for facilitating the removal of the filter with

a foreign body retrieval device.

The cava filters of the present invention provide the advantage of improved
ﬁ]tration.‘ The extended coverage of the filtering level comes with an improved thrombus
capturing capacity of the cava filters. The presence of a thrombus in a traditional conical
filter decreases the capture rate for a second embolus (Jaeger, 1998). The succeeding
thrombus will not be able to-get into the apex of the cone and has a higher chance of
passing through the filter (Kraimps, 1992). The flow velocity, and therefore, the
hydrodynamic force are increased at the stenotic site of the filter. Because conical filters
predominantly capture thrombi in the apex of the cone, the site of increased velocity is
located at the periphery of the filter. - As long as the diameter of the thrombi is smaller
than or equal to that of the stenotic opening, the locally increased velocity and

hydrodynamic force will push the thrombi through the filter periphery.

Using the cava filters of the present invention, the thrombi will be primarily
captured by the distal end of the conical and dome filters and by the dome of the barbless
stent filter; in the case of the hourglass filter, the first filtration level is the narrow portion

of the proximal end of the filter. Any subsequent emboli will be diverted to the periphery
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of the filter.

The filtration capacity of a filter can be estimated by looking at it from the iop or
below. The wires/mesh arrangement in the projected cross-section of the filtered segment
of the IVC gives a good estimate about the “coverage “ of the IVC by the filter. For
example, FIG. 29 depicts' a projected crbss section of one of the present hourglass filters
taken across the middle portion of the filter. In the case of the hourglass filter, the blood
is primarily filtered by the proximal half of the filter, similar to the case using the dome
or conical filter. The blood which is going proximally alongside the caval wall will be
filtered the peripheral mesh of both the proximal and the distal “dome”. As a result, as in
the case of the barbless stent filter, there is virtually no difference in filtration capacity of
the filter in the center and at the periphery of the vessel. - Additionally, with respect to
each of the filters, the immediate opening and symmetric arrangement of the bases of the
filters serves to self-center them and prevent them from being tilted. Some filter designs
(especially the Greenfield-filter) are sensmve to 1ntra]ummal tilting, whxch negatively

affects their filtration capability.

The flexibility of the mesh of the cava filters, as is the case with all the woven
intravascular devices of the present invention, makes it possible to advance the delivery
system through tortuous vessels. This feature together with the small size of the 'delivery
system enables one to deliver these filters via every possible access site of the body.
Further, as with all the intravascular devices of the present invention, the plain weave of
the cava filters allows for the production of one coherent element, which does not possess

any kind of joints..

The cava filters according to the present invention may possess (depending on the
material used to form the wires thereof) a non-ferromagnetic character making them, as

well as stents formed therefrom, MRI compatible.

The cava filters of the 'present invention are also suitable for intravascular

thrombb]ysis. After placement of any kind of filtering device, the development of caval
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! S%‘O%& (s) Cin pre(sgnce of the currently available filters poses a high risk of developing

4 pulmonary emboli, because large fragments of the IVC thrombus can break off and be
5 carried away in an uncontrolled way after urokinase/TPA treatfnent. One of the
6 acceptable options in that situation is to place another -_ﬁlter above the thrombosed filter to
7 avoid pulmonary embolism due to thrombolysis. Unlike other designs, the cava filters
8 according to the present mventlon may offer the poss1b111ty of a safe and successful
9 thrombolysis without the need for the pIaccment of two ﬁlters |

10 A o Bi-lliac Tube Filter

1 The wires of the BI filter according to the present invention may be made of the

12 same materials as the wires of the stents. The same number of wires may be used in
13 forming the BI filter as are used to form the stents. However, in an exemplary
14 embodiment, less wires are preferably used for the BI filter than for the stents. It is to be
15 -understood that although only 4 wires appear in FIGS. 11-13, 2 ‘more wires are not
16 shown.  The BI filter may be created with a relatively loose mesh allowing the blood to
17 flow freely. The size of the wires that may be used for forming the BI filter ranges from

18 between -about 0.008 inches and about 0.011 inches, but is most typically about 0.009

19 inches.
20 ~ The BI filter according to the present invention ﬁxay be formed using the above
21 described methods for forming the stents. Of course, an appropriately shaped template

22 may be chosen. - In weaving body 160 of the Bl filter, as shown in FIGS. 11-13, the angle
23 .a between the crossing wires is preferably obtuse.- It is to be understood that angle a may
24 also be less than or equal to 90°. End 164 may have a plurality of closed structures which
25 may be small closed loops 166 (FIGS. 12 and 13) or bends 168 (FIG. 11), like the above

26 stents and filters. The angles of those closed structures may be similar to the angles for
27 the closed structures of the stents as above described. The wire ends at 162 of body 160
28 may be coupled together in the manner above described.
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2 to cool as the stents are.

3 In one embodiment, the mid-portibn of the BI filter may be constructed with a
4 larger diameter than that of the ends wh1ch are used for fixation. This may be achieved in
5 a variety of ways usmg the remodc]mg methods above descnbed For example one may
6 weave a straight stent with a cahber useful for filtration (larger Iumen) Then, smaller
7 caliber ends may be formed by remodelmg the filter on a smaller caliber template. In
8 such a case, the weave of the ﬁ]tenng level will be ]ooser than those of the legs. In
9 another embodiment, the weave of the filtering level may be n ghter than those of the legs
10 by weaving the BI filter is on a template sized for the legs, and then remodeling the filter
1 by ballooning the mid-portion of the filter outward. Many variations in shape are thus
12 possible. B |

13 “The BI filter of the present invention may be stretched completely on the delivery
14 system, reducing its diameter as much as possible. It may be delivered in that stretched
15 state into the infeﬁor vena cava (“IVC”). It is to be understood that it may also be
16 delivered into the IVC in a state that is not completely stretched. The filter may be
17 inserted from either femoral vein :and placed into both iliac veins forming an inverse
18 U-shape bridging over the confluence of these veins. Unlike traditional IVC filters, the
19 filtration according to the present invention will substantially take place thrdugh the

20 ccpha]ad surface 163 of the weave at about the mid- pomon of body 160 located at the

21 Junctlon of thc 111ac veins, as shown in FIG 11.

2 : The BI filter is suitable for temporary filtration. In this embodiment of the present
23 invention shown in FIG. 12, the coupled wire ends form the distal end of the filter, while
24 the multiple small closed loops 166 located proximally are connected by a monofilament

25 loop 172 as described above and shown in FIGS. 12 and 13. FIGS. 12 and 13 illustrate
26 Bi-filter 160 delivered within left iliac vein 157 and right iliac vein 158, beneath the
27 inferior- vena cava 159. Using a contralateral approach, the filter may be inserted from
28 either femoral vein and its front end may be positioned into the contralateral iliac vein.

29 After delivery of the filter, the monofilament loop may be led outside the body and
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3 _ In another possible embodiment of this invention shown in FIG. 13, a flexible,
4 superelastic wire or microtubing 174 made from nitinol (or similar superelastic/shape
5 memory material described above) is led through the lumen of the BI filter. The distal
6 end of the nitinol wire/microtubing is attached or coupled to one twisted wire-end 170 of
7 the filter by any suitable means, including soldering, point welding, wrapping of fibers,
8 and the like. The proximal end of the wire/microtubing may be attached to the skin
9 (along with the monoﬁlamént loop). When the BI filter is being withdrawn, the
10 wire/micrdtubing'may be held steadily, while the monofilament loop is pulled. As a
1t result, the BI filter will be partially stretched facilitating the filter’s removal. The BI filter
12 may also be removed in the fashion described above for removing the temporary filter,
13 As discussed above, given the design of the Bl-filter, one may catheterize the
14 Iumen of the filter and, using an adequate size catheter, thrombus-suction may be easily
15 performed before filter removal.
16 _ _ Delivery System of the BI Filter
17 Vcrsion 1 shown in FIG. 3 may be used és vvthe delivery system for the BI filter
18 (including a bibdcgradéble version) according to the present invention.
19 Delivery of the Bl Filter
20 A preferably preformed guiding catheter or a guiding sheath (Balkin sheath-type)
21 (FIG. 3) may be used for insertion of the delivery system for the embodiments discussed

22 above. The BI filter may be secured to and stretched out on the surface of the delivery

23 system in a manner described above, and may be delivered from the ipsilateral
24 femoral/iliac vein through the caval junction into the contralateral iliac vein. As
25 discussed above with regard to the delivery of the stents, the construction of the delivery
26 system enables one to use a guidewire in the lumen of tube 22 for delivery of the filter,
27 which is preferable in an exemplary embodiment of the present invention. It is to be
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15 3. The device of claim 1, wherein the shape memory wires comprise FePt, FePd

or FeNiCoTi.

4. The device of claim 1, wherein the shape memory wires comprise FeNiC,
FeMnSi or FeMnSiCrNi.

20
5. The device of claim 1, wherein the shape memory wires each have a diameter

ranging in size from about 0.006 inches to about 0.012 inches.

6. The device of claim 1, wherein the plurality of shape memory wires includes

25 at least 6 shape memory wires.

7. The device of claim 1, wherein the body has a tubular shape with a

substantially uniform diameter.

30 8. The device of claim 1, wherein the body has a tapered shape with a diameter

that decreases from one end of the body to the other end of the body.
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19.  The device of claim 18, wherein the second tube is placed over the first tube,
25 one end of the body is secured to the first tube and the other end of the body is

secured to the second tube.

20. A device comprising:
a body suitable for implantation into an anatomical structure, the body having
30 a first end, a second end and being defined by at least n shape memory
wires, wherein n is greater than one, the n shape memory wires being
arranged such that the body comprises a first portion, the first portion
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10 21.  The device of claim 20, wherein the shape memory wires comprise nitinol.
22. The device of claim 20, wherein the shape memory wires comprise FePt, FePd
or FeNiCoTi.

15 23.  The device of claim 20, wherein the shape memory wires comprise FeNiC,
FeMnSi or FeMnSiCrNi.

24.  The device of claim 20, wherein the body further comprises a second portion
adjacent the first portion, the second portion comprising a second woven portion, and

20 the second portion having n + x shape memory wires, wherein x is at least one.

25.  The device of claim 20, wherein the first portion comprises a first woven

portion separated from a second woven portion by multiple first struts.

25 26. The device of claim 25, wherein the first portion has a generally domed shape.
27.  The device of claim 25, wherein the first woven portion has a generally domed
shape and the multiple first struts are bent slightly so as to increase the self-anchoring

capability of the body in an anatomical structure.

30
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33. The device of claim 29, wherein the graft material comprises PTFE.

34.  The device of claim 29, wherein the graft material partially covers the body.

35.  The device of claim 20, further comprising:
a first tube configured to accept a guide wire; and

20 a second tube configured to fit over the first tube.

36. The device of claim 35, wherein the second tube is placed over the first tube,
one end of the body is secured to the first tube and the other end of the body is
secured to the second tube.

25
37. A device comprising:

a plurality of biodegradable filaments woven together to form a self-expanding
body suitable for implantation into an anatomical structure, the self-
expanding body having first and second ends, the biodegradable

30 filaments crossing each other to form a plurality of angles, at least one
of the angles being obtuse, and both ends of at least on biodegradable
filament being located proximate one end of the self-expanding body;
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compressing the self-expanding body.

38. A method of creating a body suitable for implantation into an anatomical
s structure, the body having two ends, the method comprising:
bending the shape memory wires in a plurality of shape memory wires to
create bent portions in the shape memory wires, the bent portions being
arranged to define one end of the body, each shape memory wire
having two ends; and
10 weaving the ends of the shape memory wires to create the body such that the
shape memory wires cross each other in non-interlocking fashion to
form a plurality of angles, at least one of the angles being obtuse;
wherein the value of the at least one obtuse angle may be increased by axially

compressing the body.

39. The method of claim 38, wherein the bent portions are bends.

40.  The method of claim 38, wherein the bent portions are loops.

20 41.  The method of claim 38, wherein the shape memory wires comprise nitinol.

42.  The method of claim 38, wherein the shape memory wires comprise FePt,

FePd or FeNiCoTi.

25 43.  The method of claim 38, wherein the shape memory wires comprise FeNiC,

FeMnSi or FeMnSiCrNi.

44,  The method of claim 38, wherein the shape memory wires each have a
diameter ranging in size from about 0.006 inches to about 0.012 inches.

30
45.  The method of claim 38, wherein the plurality of shape memory wires includes
at least 6 shape memory wires.
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46. The method of claim 38, wherein the body has a tubular shape with a

substantially uniform diameter.

47. The method of claim 38, wherein the body has a tapered shape with a diameter
that decreases from one end of the body to the other end of the body.

48.  The method of claim 38, wherein the body has a generally hourglass shape.
49.  The method of claim 38, wherein the weaving is by hand.
50. The method of claim 38, wherein the weaving is by machine.
51.  The method of claim 38, further comprising:
providing a weaving system comprising:
a template having first template projections;
bending the shape memory wires around the first template projections to create
the bent portions in the shape memory wires.
52. The method of claim 51, wherein the first template projections comprise tabs.

53. The method of claim 51, wherein the first template projections comprise pins.

54.  The method of claim 53, wherein the pins are attached to a ring engaged with

the template.

55.  The method of claim 51, wherein the weaving system further comprises a first

weaving plate configured to rotate in a first direction during the weaving.

56.  The method of claim 55, wherein the weaving system further comprises first
bobbins arranged on the first weaving plate, one end of each shape memory wire

being attached to each first bobbin prior to the weaving.
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57.  The method of claim 55, wherein the weaving system further comprises a
second weaving plate configured to rotate in a second direction during the weaving,

the second weaving plate being spaced apart from the first weaving plate.

58.  The method of claim 57, wherein the weaving system further comprises
second bobbins arranged on the second weaving plate, one end of each shape memory

wire being attached to each second bobbin prior to the weaving.

59.  The method of claim 51, further comprising securing the shape memory wires

to the template.

60. The method of claim 51, further comprising forming closed structures with the
ends of the shape memory wires, the closed structures being arranged to define the

other end of the body.

61.  The method of claim 51, further comprising heating the body and the template.

62. A combination comprising:

a device for delivering an axially and radially expandable woven body having
two ends into an anatomical structure, the device comprising;:
a first tube configured to accept a guide wire; and
a second tube configured to fit over the first tube; and

an axially and radially expandable woven body having two ends;

wherein the tubes are further configured such that when the tubes are used for
delivering the axially and radially expandable woven body, one end of
the axially and radially expandable woven body is releasably secured
to the outside of the first tube and the other end of the axially and
radially expandable woven body is releasably secured to the outside of

the second tube.
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63. The combination of claim 62, further comprising a guide wire configured to be

placed within the first tube.

64.  The combination of claim 62, further comprising a push-button release/lock

mechanism configured to secure the first tube to the second tube.

65.  The combination of claim 62, further comprising an end fitting having a side

arm, the end fitting being configured to be secured to the first tube.

66. A device for delivering an axially and radially expandable woven body having
two ends into an anatomical structure, comprising;:

a first tube configured to accept a guide wire, the first tube having at least one
pair of first tube holes positioned proximate one end of the first tube;

a second tube configured to fit over the first tube, the second tube having at
least one pair of second tube holes positioned proximate one end of the
second tube;

a first securing wire configured to be threaded through the at least one pair of
first tube holes; and

a second securing wire configured to be threaded through the at least one pair
of second tube holes;

wherein when the tubes are used for delivering the axially and radially
expandable woven body, one end of the axially and radially
expandable woven body is secured to the outside of the first tube with
the first securing wire and the other end of the axially and radially
expandable woven body is secured to the outside of the second tube

with the second securing wire.

67. A device for delivering an axially and radially expandable woven body having
two ends into an anatomical structure, comprising:
a first tube configured to accept a guide wire; and

a second tube configured to fit over the first tube;
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wherein the tubes are further configured such that when the tubes are used for
delivering the axially and radially expandable woven body, one end of
the axially and radially expandable woven body is releasably secured
to the outside of the first tube and the other end of the axially and
radially expandable woven body is releasably secured to the outside of

the second tube.

68.  The device of claim 67, further comprising a guide wire configured to be

placed within the first tube.

69. The device of claim 67, further comprising a push-button release/lock

mechanism configured to secure the first tube to the second tube.

70.  The device of claim 67, further comprising an end fitting having a side arm,

the end fitting being configured to be secured to the first tube.
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