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WOVEN | NTRAVASCULAR DEVI CES AND METHODS FOR MAKI NG THE SAVE AND APPARATUS
FOR DELI VERY OF THE SAME -1 BACKGROUND OF THE | NVENTI ON The present
application clains priority to U.S. Provisional Patent Application s Serial
No. 60/118,211 filed February 1, 11999 and U.S. Provisional Patent
Application a Serial No. 60/125, 191 filed March 18, 1999. I Xts
of the above-referenced s disclosures are specifically incoﬂ@ﬁmEMEmwﬂﬂ@[
reference herein without disclaimer. 1. Fi'elld of the Inventi nt
invention relates generally.-to intravascul ar devices. Mre 8 pal®i'@ul arly,
it concerns self expandabl e woven intravascul ar devices for use as stents,
9 occluders or filters, . the methods of.-making the sane, and tﬂ

and net hods for 10 delivery of the sane into a |living creatur m””ﬂm} mﬂw”[m
Description of Related Art 12 Intravascul ar” devi-ces that serve as,gfents or
filters constructed using a plain weave, such as the stent disclose&oin

U S. Patent No. 4,655,771 to Wal Il sten (hereinafter, 14 the WALLSTENT), have
a propensity to show a hi gh-degree of elongation axially with 15 di aneter
reduction. This is especially significant, when the angle of the crossing
wires is 16 close t ARFIIOATHONIFORUNITED STETESISETTHERS PATENTO! €
between the wires is to 180, the 17 nore the correspondi ng el ongati on of
the stent is at a given percentage of decrease in 18 dianeter. Any

di screpancy between the dianeters of thesftent and the vessel can result in
a consi derabl e el ongation of the stent. Qﬁntaneously, t he woven type

stent has the 20 | argest expansile force and hence the biggest resistance
to outer conpression when the angle between thé crossing, wires is close to

180. In sone apPiQVENINIRAVASCUEARDEVICES AND METHODY FOR MAKING

occupyi ng | esi ody i radi : he a tageous. The

di sadvant age '019'? g%ér]‘g%&ﬁiiﬁ%ﬁ@gw&aﬁﬁgﬁﬁﬁgﬁ&é@ﬁg%g st be 24

t aken when delivering such a stent in a vessel or non-vascular tubular
structure in order to 25 properly position it. 26 A further disadvantage of "’

i ntravascul ar devices: forned using a plain weave, is 27 that they are often
i ncapabl e of maintaining their shape when bent. For exanple, when




-2 such a stent is being delivered through -a tortuous passageway Wwth
many turns, upon 2 being bent, the weave of the stent 'tightens (e.g., the
angle of the crossing wires 3 approaches 180). As a result of this
tightening; the dianeter of the stent increases and 4 the Iength of the
stent decreases. Consequently, the dianmeter of the stent may exceed the 5

di aneter of the vessel or BAUKGNWQWEM ON fraveling; inpeding
the delivery of the stent or causing the stent to oége in the vessel. This
probl em may be ,gue in part to the use of weave materials such as stainless
steel 2 which exhi®ilfesprlorPRiicatien mbaimsypri@ityHosUS. dbbﬁ@idﬂﬁNPétbﬁtOAlBEli%nt 0
the fgee, SE?‘@!I f o u formt stent. The free sharp ehds can
creatg potentl a é%(g)\r,#pll r clalt ﬁﬁ%sf; ‘%V“ﬁ@%t @%*ﬁlj’ Ust- Previsinnal Patgntt Applicdtionof
10 the tulSeriat Nt 160£123/ 191 eMasHh Nt S ed. rther, steps that
have been taken to 11 el'ivrf\g?%gte thel%%g,g’ sﬂgr%rméﬁggxﬂs QEElPF-&C’VEEW BGedn

wi th U shalicdosvesise spegifioaly indotporgted by refershod hedeliPwithbt didMdilss en. 1987)
are time-consunm ng and expensive. The delivery 13 systens for such devices
have al so suffered ,..f rQblens relating to the 14 repositionability of
t he devi ces as ‘they QP@?MW"&EV@!F‘?‘MO position in the living creature. 15
In stenting long arterial segnents, the, contiguously decreasing di aneter

.of the 16 art epgeal . t e 0 the, periphery may pose
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~ bridge 20 PoUry : I i in henodi al ysis patients, it: was.

f ound thagat he gﬁ?ﬁsgﬁ\%ﬁ?@ﬁﬁﬁg%@ﬂgﬁl ected according to: the size of .the
. larger diameter. central. vein exerted 22 considerably higher. force to
the 1t wall. of 2t he Desttiption of Rebited Wi¢! avi an vein (Vesely, 23 1997).
Si mul t aneously, .the length of .the stents inthe smaller caliber vein was
.l onger than 2@1 exgecggd 25 In the prior art, nost of the filter designs
excelft | for thitEYAspulardavices; that seqveps steats| ot filtess oamstragtedrusingVa pRUE 2

i gal A I4iple,l i.n.the 27 |1 of th
ava The e, h & e UGS IR ot e s an W akstem hesmnater,
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of tlhe igé.eri org%/qena C . .29 Therefore, a devi ce
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thrombus-capturing efficacy. Addition , except for
fil &by anglc between the crossing wires is close 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.
2 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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8 (CR Bard, . New Jersey, NJ). the aforenentioned designs. require a
fairly large invasive delivery systemof 10-F or larger. 10 The uniform
caliber of cylindrical stents in the prior art used in the ureter, as well
11 as the peristalsis arrested at the proximal. end of the stent, has

resul t edsveh aetant ds beingydelivezedi thrasight # ¢ortuous fpabsagewandite veaiyuRinisy upes! usi on
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devi ces has been shown to be 16 equi surgic
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has been the nost w dely used pernanent) expandabl e 18 intravascul ar
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radh 1 o gl tricaBREMICA A R0 GRS iRTRE Y PRRY "Dh PP HRSLE e pRErer « hage
due 7't o theauseroRiveave BatrRly suthCA¥LStHIANGE Qfel, STRVR kbR Inodt shankdRAar |
Teitel baumet al., 1993; Selby Jr., 1992; 52 Le_\/eﬁ%’?ﬁaqoa% S_H?%l’;%gm_ow‘
Ben-8Menadhitsrpioliemgnay also be dus/eithatfregnumrstlosed wireE 990 to fEem thesstennr The 23e COi | S
have bee i owbi nat.ion wi.th m crovascul ar enbolic agents
for egt he glzfﬂﬁ %gg{ihtapnﬁ reg{e ng@m@pmpﬁlgﬁtmnasbyameﬁgmgo PRRETAENS thenwal of and
varjoces: tHeWabblag stn@ture! where Sudh $ @K, ve B glodl -
1997; Wiite et al., u I'\B_gcé; Sagar gnt'(;i?"igelideﬁ ,)fggg?ﬁg%pﬁaéﬁgﬁﬁe%ﬁ% en t‘1996).
Durfing t Rmingts the dieeysharmsendshsuchraaconrection evithclUghaped medfibers ten@PReRMig, duct us
arteriosus: (PDA). withicqils becone a frequently used techni que (Hijazi
and'*28 GEYef”, %9@1&? Wﬁ?ﬁ?ﬂv gﬁgﬂeéﬁgp{neﬁ@gmng, and expenpiyeghThoideliverpe
0CC{3usi OBysead CRS b - de/Qur | t ree of utdljt they 2 have a
nunt:;er o?y dra\/\,backs@éthﬁa(t1 co\ﬁllnc}iﬁ%% ?lggnlsﬁf%ggt ?L:Bnm s%rﬁéfelgﬁp#lété% oWs.ttP‘C

i nt #avasmpositiogabilityifithe gevidestab cheyaird delbasediaepiiin tie Ingndit@htue.
dependent on proper matching 'of coil 4 dianeter with the dianmeter of the
target vessel H_g ow et al . and with the 5 exception of small

I\{ancar-ﬁ ., -1987) 5 ¢

vesBels, a si HgP&" e (O pRFrAl seemeRts: fe cordighensly decseasiniaydametes miube 6
(Hijeazi améhabepeah frohP8f)cen Ne&eripRety RSy Y SURAL slefitsQikE
obliterated 7 because of?ﬂ??feéﬁ%ﬁpﬁ%ﬁ%gﬁﬁ+@§nﬁfe co?’lt\geegtr??‘mg coils
of ten r ewsiformeiamgtarcwilB exdrt lai substartislessgahsileefmcs & tHeevessdl gD atdngi thed
diameter.is larger than the vasecular lunen. 9 Furthernore; delayed -
recnal i?BFIieSqu?ﬂ?rés ‘gadlé‘?%%‘lo halent HREn Temguy moge ielongatadris the tapemedn 1- 3

mongghs &, i i Ywhiieq Eﬁﬁw #d wilBCLkiZak 20 ara et al... 1998;
11 % Hal %‘?tﬁbgt 'Hé}asﬁ!dfrg\é/ﬁ&@g\g iTd e a% Wﬂ%@?@*ﬁ@@&‘?@ CIgpeed; R diridge '
dr aasbackeentral ¥endus sobistrectiomiti hémadiblysis patichiaitdesi Wind fisht e sRARNWHIGR Of
coi | embolization., Receptly, detachabl e microcoils and macrocoils wth 14
cont'r ol | ¥ é,F-IFS’}&‘F-ya%BVQ%e@n theo $izgn@f the- dareere diametero eentepbnysin t exerted

congl one b _ o[ g=* N || Qwi ng.,opti mal
0ot | oy Siepibly REREP (6 ar e L RE G Amallel it hufithaan YAEGyekly,
Gugsi el m9%Y. Simyltdngedsly,\vhe lengeiofahe steAQ34 theRahdller 84libefdais $/ak lorkér 4R16;
Uzun et al ., 2}296; Tonet zki et al., 1996, Dutton et al., 1995). However,
si e 18°M5Ffral--arrangenent: of the coil' .al one may. not prevent migration
in some cases, such as 19 high flow conditions or venous placenent, a coil

nehor | gy ePEe fr 8 Rl Ut R, SRRl e s IR e GG EERCR"

vassul at Incg, Bleomivigtor; AN) hyve @didaicabsitipeaindrirdahétivged Weth RASEPRI lte'%é th ffe_coi
22 mgratign, such a.system nmay render .the coil non-repositionable. 23
Sev&ral’ H’?ﬁpg terfavio Ahe spmicelcdesignds Hendebecpuserthe msinysteram of the bloodecamriasor e

stahl e, ¢ i ik ed. . Si - Vi L i gher henpstatic efficiency particularly
f o?ﬂt r ané’géﬁ?e bt(la(r?l%c ggeﬁlro gjcg ga)g‘]oﬁc {t}&’%ﬁy Theugh t§° (:gl:tﬁrn‘?t{"ge Bgio e‘(éanél cava.1993;
Kat® et Therpfoid A, thé@ndeviRk asd desighiz@% : ionf ' :
Magal et al., 1989; Gifka et al éngSg?Qgﬁgg%r@%l&l%?@g%é@é c(:: nlt%zig(%gl
experiences wth a new sel f-expanding nitinol-nmesh PDA occl uder have been
28 reported (Sharafuddin et al.) 19.96;, Masura et al., .1998). A simlar

sel f - expandi ng, 29 repositionable quadﬁﬂple-disc devi ce constructed of a
brai ded nitinol nesh and pol yester -5 fi bers has been reported to be
superior to , standard G anturco coils in experinentalz . occlusion of

m d-size arteries (Sharaffuddin et al.,.1996). 3 Although, such non-coil
devi ces may be repositionable, they too exhibit a drawbacks. For instance,
t he quadrupl e-di sc device is several centinmeters long in an s el ongated
fashion, making difficult to keep the supersel ective position of the
catheter tip s during deploynent. The nultiple rigid connections between

o o s o o,



s this drawback. Although the nitinol nesh-PDA occluder has denobnstrated,
utility, its proper placenent requires a proper match both in size and
shape ' between the occluder 10 and the lesion to be occluded. The type and
gquality of the connection between the 11 occluder and the delivery cable is
the sane as in the quadrupl e-disc design. A compn 12 di sadvantage of both
desiigns. thescavahalThé Biaticicls @uied@ifferent GORPAbinBI thidnibi ASve bb&S Fbéces's?ulif’-
delivery catheter, nust often be navigated to the site of occlusion rst

" pef dre afeRSeeAuddr centergfithe eavagutiaw, longar detpatent andiat eresaltgithddlootwitllbe
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manuf act uri ng. er cut aneo Yemgptionaderesignsosur e
of issol aheweve, @t abetdpablelof cARhRBIthHnei ¥sfedivedy hPHE DB [SHRoW 2
treat nent of choice anIi)ng doct org, obvi at ieﬁ%‘;%bgglgﬁ)eég?éér%/ﬁh%@wn 50

confsi gur Hiei Batients Wil prpficallyr beesnmrotestedeagairlsy subsequémrperiphefal Ripfsolizatsh t O,
have a fupnel. pr. conic b @h}oe due to ductal snooth muscle constriction at
t he %20 p@?ﬁﬂh]a?&)é ,..ga'plggrr, 3 P8} durthesn mosf offaltesm tandrte brititgd in the ¢avarwhidh earr
aort)i c epgls C : _ i, C - 89)....That is.the reasqn why
not . onl él’n ;: hg%:g@n?%]ﬁ%g g‘l%éégtg ﬁg%% 5?@5‘?’56’3%&8&? fg’f EQ%S‘W%‘%FHW“’E%&% a
signific . Batdy New Jetsey,t NNahée aforépertinnet aesi gQ§ ¢ ol : JaC8uaci X CEPL
fromthe,smal |l cal igﬁ@ﬁlgesi ons (vart h a rrgxi rmr%] d?%drigi{egg f%?lygs'géen%v%srl 4 3.3

mm °r esp@EtieReiysiem O daFger. aut hors have achi eved successful- cl osure of
the PDA 25 with G anturco coils (Canbier, 1992; Lloyd, 1993; Somer, 1994),
Rasfki nd' s " deybl &8, WA N -y P eTe; er is, the nost often used device :for
this purpose ?ﬁggﬁ&%ﬁ(’jeﬁwggb* @yéxyﬁﬁéisl%?eﬁ& _mlt_%ffmf_ﬁ{té’é_, 1ny giguretenas gl

1988; Repothe péridthisisEareseabat Begiprdxidmhl 28920f 1 i @l f el
sizes . (w a dianmeter of 12 .rrmll.)and 17.- mm) whi cﬁl%rﬂéqg?ﬁal\é@gghtg?ﬁ%a%%effg 11-F

W th )
del Rver thgf‘%ﬁf’f the disetheliym apd evaptually ocplusion afghonieter. of cases;. the
.depl oynent .of the traditional PDA device is 2 performed froma fenoral

;Vel,.n access t, of uropean Reqgi stry,.1992), Because 3 of the size
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unbrella, this procedure is. not 5 recomended for:
| estons GANAHIORS; Hie of r Pesmanentymeshanicaly ecqlusios aleyick® Has) beetbshbwn 8086 . of

unsgl ect ed.: i Sie e W B0 T sol at ed PDA. are capdi dates for the Rashki nd
devlsce ués%ﬁ]g tlrtlg&g%(t)ro g\rgr%}ﬁfcla!)ﬁga&m& :i{‘réq’ s %E&?&g%ﬁ?%sﬁ@?ﬂleswt@ﬁl_E%b(%ﬁihki nd
8 devi cdnct, hBloohdpgoh Ohad &ebeNthe Widsh j fl u esi on
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i npant dNFaYRsEHar ecslusion dayice fortmanstathettt deliverp(Giahairémer 4IR4P05). of t he

Eur opean Regi stry, 1992). According to sone authors 11 the residual flow

carfies a pot | Lsk..pf_  infective endocarditis and shoul d be avoided if
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that it is not suitable for 14 occlusion of all pes o Fhaol Y,

it 3s usEPHsEticrpergercienGchwrtne ali, 11993 5Teitlbauiny ef ¥l W 993; Selbyolrg199gs. I ts
t dis h . pul nonayy d. the aortic opening, of the PDA
L\gﬁléer S%Kcigggtf:ﬁfr?% rBteh'g\ﬁmagg?n%a{rel%d;si\%q}&éﬁ 8 ¢ qlhd 997 b p Surthermers,
that, isoilohaed bedn usedaddie d3lif Bbmblatieh i ' Palow -Sa? saaehoring.
Anot her 18 di sadvant age of the urrbrelll awlg?#ﬁ%ﬂ?%%{eﬁag%&%ozﬁcn eé%?;@&ﬂley of

t he# desitERtaen cafdwrsedlar fistulasi ansl matformitiorsh nenbisg and oidrite ((WAIRCH @ gLS

Dacf on ryal .. frequently resulting in_20 partial’ and I'engthy occlusion.
21%? . @?gtﬁg“‘?%ﬁﬁ%r"?flgz iéﬁ%’ g&’fuis%ﬁ{‘g’:'_ 1..__9&7i e 6 4.y 1PRGSagarmeiinlorl 9985t ul as
(menly Flidekircer 22, 1998 DEARAGRUAL TelYeabCitfie HaflGhSler 408, Jiyersion of
.urine is current l_yg?o,ne)rf_Qr%&gﬁ%q&%%erét&lgea#érg%:gﬁﬁgncg?%Ic.’\fzé‘b%'ﬁﬁ%

t oget herdugustartgriesusr (@D Acwith ol hasbeavand ¥ fredatad akdetediniand (P9fazi and

det achatljée bral b@fgﬁwere used for:this purpose, but they-di'd not” cause 25
sat¥ sf acteReG dP 2t 18Rt 68810H97M gration as well as deflation of the

bal | oons occurred 26 relatively frequently (GQunter, 1984; Papanicol au,

1985) leading to recurrence of the urine 27 | eakage. A silicone ureteral
occl udes was devel oped and used with only limted success 28 because of
device migration (Sanchez, 1988). Thigt-resulted in repositioning and 29

consequent inconplete ureteral occlusion. It appears that the best results
have been



_7_ acconplished wth G anturco coils and Gel foam enbol i zati on (Gayl ord)
1989; Bing; 1992 a; Farrel, 1996). Even., with multiple coil placenents;
together with Gel foam plugs, the ureteral occlusion nay sonetinmes be
:achieved for only weeks or nonth's, and was 4 attributed nostly to the

i nduced ur ot he{lihagh Byibefpploaslusiofi Beviges HAQ3hbwn aCledst aidggree iop OtiBryyeisey -
frequently encountered in these studies. The |ack of appropriate sel
anchor i ngae & aembersofidiawlacks thageeild be sighificert 18\semerppligatinnse Intevasadan he

| usi ffect: Prohl L.nted. out. i, th i t i.ntended
B N e
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noteworthy , probl ens may al so exist; . however, those 10 presented above
shoui d bexeaptibh cifesmalt yesdelspasingda eoil harelypresulito irs at seblni eplisivappaambursg i n
11 the arj,, .have been.al.t oget her satisfactory, particularly in proyviding
f1exd bl e (Hijagis ﬁ@]g:}t?ﬁ&ﬁd{f%%b re EP¥eroh dBTE VaPRTSS %pdﬁe‘?f?“aﬂwtﬂ%ﬁ rs..
SUMVARY " @ecallsE ot NHEidg it nebd 1P Gmiltipis &ddils | dRdeible! Qt1sO¥RES PfRaintel | ems
[ nhMﬁrA\ent gié(r:l?.t-s e pri (l\)ﬁrgqaft rf)y 15 pr O\Hﬂdi.ngsa s_el-%--exgangaxﬁ?e, Pep@’s%%ﬁ%gnabl e
device f owithiss ¢he eessal betause thefmunzonstratied, diametar istlafgelrtiean thiei vabcudayiutmenf or med
usi ng a .plain weave; .and may have cl osed st-r'ug; %s at both 17 its ends. 18
In ohe r ddphemmoreydelpyrdorsearighzationaratas,olcd7 P ihave (Reer reprited in higmans ni t ed
to, 19 plural bty df. sh TR RO ' ' her of,ny a y

st ¢Doi o Rl ) spoflhs PRR SRR Hockbdshd, AN SERUGBRRIA (shfeok A BT 19O
first and'shipneé: end9s4;Buhildlengls, 1994pry 21 wires cross each other to forma
plurality-of angles, at |l east one of the. angl es ‘being 22 obtuse. Both ends
of at |east one shape nenory wire are | ocated proxi mate one end of 23 the

body? The val U8t aRe0Bt dSovRacks 1ave pRiFeda geRdiliprtionshin o dipsien avd al |y

24 npr _ . O i, I be.. 0 ' o dhe
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shape nenory wres ma%/ each ,have. a dianeter ranging in 28 si.ze from about
0. 008 i nceenddo psexent pgraon hy: gHewingreptimal Positioping ok theroihbsfereyrelgases . g
1 o e b . r . N®Si.« Lhe; b JRY: ul ar
shagh i (B oSSl dra b oRnaRy PRy too Miks (o 100a RUI TN Guibty
shapg Wi t1996; Uizan®t al, 1996t TIntkeaki eaaks 19963/ Dwtteh endl.,01995)e Howyverosinbe
other end of .the body. The body nay have a 4 generally. hourglass shape. As
useds her eapimal arrgegesical pf/theceHlenssmay RaRrevent mighatianl MhIRMECIES SHEP 85 a

body haviing two ends.:that are larger in tenms of ‘cross:sectianal 4 t han
O, 5 ESH b, B Bt el i Bnlorfle?SRiAE ok 08 BURRaT 0"
tradhti onénb®er &l,a596% AlthetgRe khéhoring rsyﬁﬁmnihlaﬁ-stéﬂiﬂ@z&@‘épﬁl syglomergteen by
hand. The body -may -8 be woven by a machine,. such as a’braiding nachine.

21 within the vasculature, significantly reducing or eliminating the possibility of coil
2 migration, such a system may render the coil non-repositionable.

23 " . Several different non-coil devices have been designed to achieve a more: stable,
24 limited size plug.with-higher hemostatic efficiency particularly for transcatheter closure

-

25 of larger vessels (Schmitz-Rode et al., 1993; Kato et al., 1997; Kénya et al., 1999) and
2 PDAs (Pozza'et al.; 1995; Magal et al., 1989; Grifka et al., 1996).  Recently, initial
27 clinical experiences with a new self-expanding nitinol-mesh PDA occluder have been
28 reported (Sharafuddin et al., 1996; Masura et al.,:1998). -~ A similar self-expanding,

29 repositionable quadruple-disc device constructed of a braided nitinol mesh and polyester

5.



The device may al so include, but is not limted to, a graft materi al
attached to the 10 body. The graft material nmay be made from woven

pol yester. . The.graft material may be 11 nade from Dacron. The graft
material may be made from pol yuret hane. The graft 12 material nmay be nade
from PTFE. The graft material may partially cover the body. As 13 used
her ei n, fibegs afaf teherepatted 8tbe' Bavericr! toY staRRl SCiaftur&Pa¥i1d $p - ch %.to
t he body such 14 t.hatépa porti onglg{]§ . he W?re o?s'(\;\%a?teug&f gérﬁrlr% ?1% e?héeﬁr%%' are
| ef ¢ barechsiangidnislisize aperies (Sbaraffuddin evhal.pl996)parti al |y covering a body,
bl ood or other bodily fluids may flow through the bare 16 portion .of the
body rel ative hpeded by the graft material. 17 "The device nmay al so
inc%(ude_, but J|3f}sihar>1{gh.I“::c'bgriﬁt 889{'1‘:81_,], &ngf,’Fsstm?hb t15RPsIfiQnablenf thelir &qe tﬁxﬁm
accept adrgwbabksWi F6r afdthnde SE ihdhihE. o J: s, eonfigured. fit over the
first tube. Prior. to deliveri (r)%‘gt wggdég,a{ler})tl% gsnmﬁ%rggﬁggﬁegstt_oﬂgtlﬂraé’, t he
secénd teiongates fashiondmekimg difficutti tosteep Ghe rseMﬂv@ESsiﬁén b theltathétdr i
secured- o.thf i-rst tyhe and.-the other end:of the body.is 21 secured to

t het sec‘ﬁﬁ’d’_,g, ?B&&.’,“%-_l emultiple nigid ennectiontebetweenthielayérs and dbe ralativehat

i nchudegondyhd imid *bnddEhh 0. & .23 body ' suyitahle for inmlantdtion into
an anat o(r)r?%:)al Isrt% FUCt ﬁéég%ifﬁ%t\%%&y&ﬁa%cguq%ﬁag# t.é‘?'n%?h"af%&*@._@é&ﬁ TdREreased i s
def Bned this drawbacist Altimaghehemifiiol MeSEPDAVBEIRHE Hhsi BrinSakEl Jitah ;25 one.
The n shage %ﬁrmry Wi res are arranged such that. the%‘%&’%”?ﬁ%ﬁd@‘iﬁg‘ i rst
por i on.ProBeTimMacemans requres  opropat matels bethfinrsize awd/ eirapp detwewn. thadclalled east
ong,str 197 27 wi.res of the fjrst ywoven portion cross each
ot her tt)gn 2 ot-rglfgnqgap ﬁrga |§§£.M%cfd' a#&eeé',pe.aé’td 9?@5&@0‘#%) copnegtionnhetwesn the |

beimng ohiculder arfddthe dlideryodabfd isl tRaShmene if Q?@tﬁﬂéﬁ%gﬁxs\é‘ Je@i&ﬁ;ef‘i\ 15'8‘3"’“ ed -9

1 proxi mate one end of tHe body the value o use an PRYPeased
wheh t helitadugntage akbath designspisebisetheyThek ghideevimecompatibilitps ARY requrade

fr nitj sha ry wres. 4 may, be made from FePt, FePd or

et comicenry HEieR BT FE e el el 6Mhdine of poclusiadic: betawh ah oorluder
FeNnSi Crriiy. belfvadéd irtb tROEAthOBr BRY dbli¢d i S eR1POL Q0,8
separated froma second wovenr porti gn r‘E@ﬁﬁSP‘%‘.{ E)tr eA?%és/rtx%lsat%&ﬁtdés.ag‘?aW body
mays al s@fibaty deyices butheirsostoof mamifaetdring,; - a second_portion:|.ocat.ed- adj acent
8 to the first portion. The second portion includes a second woven portion.

The, second 9 on has.n. + x shape-nenory wres, -and, x is.at:'|east one.
Thg6 first .porl{%?%uﬁlén(r%élﬁplf%%t% wehnyafie for P?"é%ﬂf@& Ci‘ﬁ 15eof isplated persissentlyn

. paf ti opateny dBGUE arteH8ARY o¥ar=Ty ' 1 t ] fi,rst.struts
may be lropgnt- sli-ght 'y S0 a?]jt%) ?ncr eaa:.te}@%ﬁlgﬂggr% ﬂ%ltﬁgﬁg{rglﬂ hg‘i"%g%%b‘?‘?‘_’ﬁ‘g}‘glz of
t hé® bodyPPR™ suigeryn al berconfiguratierc ofithes PDiAe vériessdongidetabiy), AMmjority 6f Pp@lsude a
third 13 -portion; separated fromthe second woven portion by -multiple
s eé%ndvggnﬁiosg@?hae_ el pr §ﬂ’a‘°il4&1"‘RFr pe\ig\Heta mqodh susely aeastsiciemet el v
dored shapgsnanl artdAL irkeMidie A = S fc t_ li.mted to.a graft
mat er | a:paat-t ached ?glt hgid{gdggé?@k 15‘1%§°8}r}‘l‘ tﬁ’rrg%:hgﬁﬁec%gn%o 1gee§3§n§§nﬁ>§ nmade
f r 8m wowbseniRe (dehanko, TA89)yr That i¥ thetenson| wiipyiobeonlyegie §ifQrBubaticOthe The

Lal de from pol hane. 18 The graft -materi al b
or 911, MabfekBhi et TR, Lrom pelypreliane, 18 e aratl L erigl, Moy be
deyi ce W8Yioa! PReétatoiflthe BHallIcRBA 1ekiolh (Efth Pmafinkid: t?sﬁ%?’??ttsﬂggﬂ#ﬁsﬂur o

configured to 21 accept a gui Wre and'a secon
to2it dviemm,iespertivaly), where Smhoauthor?Ravdedchieved Rgcdebsulbdldyure bt ﬁmeaﬂ)ﬁ
e, one

anat om ca tructure, e second tube is placed over the first 23 tu

‘en% of tgﬂh‘ §8‘3 7Q cg’g%tf?%‘ﬁslef’o&%é”?%t1983|b§013mf,t 1994 )t Rashkiadts “tdoublee.
body is. 3 S ln anqther. respect; the . ipvention
s & deg‘i&ﬁéﬂé‘?ﬁz‘?&ﬁféfl}é&@? ER"hddt 3Beq oA A IhPurpSl Hashidng abb;

bi etegr ng, 1991aiatson, 19YEMWea@E! 1988; RepbRioftRe Bak _ P9 y

sui table for i n;ﬁ)l antation_into an anat om?cal sft ructggsg(R%Eg&g'ePP?gxgandi ng
body hads avadlableiin two sizes Awitha diametes ofld. mmhandyl By whizbirequitel B8 cr 0SS
eagh ot HeIF §divkRY SPs@m, respectively.




10 1 plurality of angles, at |east one which is obtuse: The value of the
obtuse angle is 2 increased when the body is axially conpressed, 3 The,

bi odegradabl e fil anents may be nade from pol yglycolic acid. The 4

bi odegradabl e filanents may be made from poly-L-lactic acid. The

bi otlegr adabl eln5the Inmjgnﬂysofimysdse thadiepfayarena qdodhyomdi@@mﬂ ePDATH&vIce is™

bi odegr adapl e fi.l arre be made_from yanhydri de. The bi odegradabl e
filAmentR ‘Bé’%a ’f’?r('ﬁ‘ ?i“‘PC%F;ER?R%Eg’fhEgW&QI@aH ReeishyolR93).aBatrause

filament oer ! ' s oshhate. The

bi odegr aé;fatg?ngl ?ﬁeragﬂgc i%gﬂll ?\%ﬁh ggfeg% sf cg B@b% %g]t %?%%Wﬁ’étrﬂf pﬁpwswel ght
of eal ciwith @biodg weigt of less. Id)mlxrs)kgdélsntgaé\ehuﬂh:gemﬂﬂamhethxscﬁb@ddﬁ% Rhpgphat e,
10 magnesi um oxi de gne3| um@_ydrom de, .magnesi um car bonat e, nagnesi um

phoéphatrécorﬂli‘cgm {% pEeRmARk o the lq;sb?tnas»wmw@memo@fi mmeotdbove Grastaly| e
filamentgy f b 15 to about, 30 nole
per cent gI ycol i d%dIH@ I%tg s%geﬁgedgﬁﬁt{:ﬁ?g Imbi%%&% gléébf”é" ?de‘ﬁ’ﬁt for n‘B?be
made fr dRashRindi devical gt sPoedmentioned afidd e ofw one
bi odegradabl e fil arre"rllstlﬁg)@y be - In(])ce?t ed -pr OX|an§t@EeSB? hlﬁl)r st }t{e%ntg‘g l%’ﬁg{f"aédsel f

15 &xpar@fvisg, HEADIOPERIoN efnpatisnts with rssrlﬁale&mnhmongh bioeljesiomyfellrfedrt 6%t

| 1 1 t l'ud but t

CaFt o TETOARED 8 FRAHGHET 1o 4TG5 iy o &%ﬂ@b@?ﬁt@ﬁ%& to 2% by 4 yoar

selﬁ expFndimplanedn (Refoit br ﬁmﬁurogéaﬁ Regiong PeAg%f‘a%tW sroﬁ} be 19
'Paspect,

| ocat ed Erom mate one end of the self.-ex andl ng; " bo ano
t hati nvehe residuakflawperiesd potertiab aisk n@miedbxydy:némuatchbd md shouldl bapavaidedt if on

into, al. ,struc The has:two,‘end- ends. " The met-hod 22
i ncfudesposggfé' (i{nsa% h%lime Ltlc E’%ﬁcri‘?)ve‘igbvn‘\émﬂ“a‘m?eo @H@ﬁbd“"ﬁﬁqﬁfrs}"m esin a
plurality of shape 23 . nenory wires to create bent portions in the, shape
Menpry. W reOne dheelifith drﬂ@lﬁédk@%?tl%Ra%lﬁf ﬁrﬂ%ﬁ91§ ﬁlagﬁflhﬁgt ﬁﬂﬁbﬁ% of the
body. Each shape nenory. wre:has two ends. The 25 metho $6, i el udes,
but4i s rRSEluBion; @%Glltfdpewé\ﬂ% t Reefenatlly, ¢ xs Iueeds kapecludenshoyt PDASSWZ® to

t th h that.th h h other to f
o3P, A Ll L RS et B P enas o e sorie oo
of jthe opehindoF tROBDA.. Lo é’r&’lbﬁ%ﬁ??xﬁmer Weistde Pé/sxfxéne% %J: ﬁro er
conpressed. -11° The bent portions” may be benofs oops r?

mertbry. WaYeshateiy, paralteldto gachr otheni. ﬂhcnby deTermrah@oﬁs lsellﬁmwhoﬂrrges Amthebe made
of FePt y wires nmay be made of FeN C

Pd or F 3
FeMhSi Oqjsqﬁémgcopﬁ'\lhe ﬂ%brgﬂ%\dé tﬁahg‘%owneﬁﬁ%sc‘ﬂ’éﬁ‘%é’é hthgadesign depandser
ranel NG &xBlugivély dif BEY h
pl ur al |t;’/‘ cl)1§ sEape né%?t/ﬂo&@rpg@%gfé :ﬁ?ﬁﬁgﬂwha}# 1 g}gqr‘ille@ freé%£§
Wi res: Tagtiab eng lemgthyrowelusiont ubul‘ar shape with ‘a substantially uniform
‘dianeter. The .7 body.may have a tapered shape with a.di-ameter that

decr eases fr e _end. of bod to th er end_of the body The body
may' have -a- ggzméqg W-‘%‘é’r?{t%ag"fngshéﬁg ‘nﬁﬁfﬁ‘ﬂe igtylas {m3iply e to The
body maytuR@r pRfRBatdh B G iekrs)S '

anot her respect, g't he invention ?)s@@ﬁofeﬁugpgg% %?fg’ aW]B%O%nﬁgigbé{)Pe for
12 2 npl epﬂ@(famﬂu& wansrengh appraacintogathes withcursteeal o€blasiond yFopmerly vdetazhdisle The.

met hod i n udes not limted, to providing a weaving systemthat
i néf udes“1 egﬁcg tﬁﬁv‘? fﬁmf’? r¥ereq sade o ghis M?%c&%n@cymé neit ﬁwcm so

i nok udessauggém,y Sretetflt occlusi¥nt MIF% 109%%88 as Q@ﬁﬁw@o%@%ﬂaﬂo&% &z 516 und .

the first tenpl’ate projections creat ent portions’i 16

Mermr y wc}aaselyﬁcqud:mbt(qutdr; b984; FapanicolangEIBS) teadipi to Gequtfened Of Bk driie body.
wire has two ends. The nethod al so includes, but is

Each h
ngfﬂ | |S E@@g? oEILE %ﬁwdgewwé ogglugerwas e velepashansused iytithy onllyrlismitedt wncsst he

t enpl at t 19sh h

B! B L S Syl 1088, L PRI S R o

g?tmse cBhasq\éarhtumea\hpIdt@ ufmémp@c@mbﬁ B aﬁpémamdthwwttﬂama%oe' BeeXi al Iy
conpresse _ e
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22 The first tenplate projections may be tabs. The first tenplate
"projections may be 23 pins. The pins nmay be attached to a ring engaged wth
the tenplate. The weaving system 24 may al so include, but is not limted
to, a first weaving plate configured to rotate in a first 25 direction
during the weaving. The.viveaving: system may al so include but is not

limted t j : i LISt weayln | at.e. and_one

end br - cehO APl Sl bl R0 888 ok er SRR G o 0% Bites: o
the weavil®§2 aTHerrolea996)g Bgatvath nlltiphd 661l é’ﬁcéxﬁ&tty%getﬁéﬂwitﬁ J&foa *;Flbé £d to,
a second avi ng Bﬁgte configured to rotate in a second 29 direction®during

t he fweavilhf Uref usieR Gy SeERplimeg bst achievied fopaskydweglarer fonths; bied fwasst

it ed oareaeR Sy K e A BN R Gt Tainbc 199 p el Fidseionne
- end of . eemhfraquapdy nenToiMeNUrA ThesbluarledThd 188CHr %g@%pﬂaééo?égt ?nc‘% R 1P

the weavi ng: The nethod may al so include, but 4 is n Imte BBBuri ng
t he ehapéewétrsrem GO gration whinh aventuhy detefrdmemtehmt:lume effext. 5-i ncl ude; but
is not imted to; f.orm ng cl osed. structures with the ends of the shape

nmeno res: | os str, rra “be ar ied t odefi'ne’ the other end
of t g b\(l)mdy 9‘%5{5?8&‘%%%9“&5 la)e Oﬁ“cﬂ are “Bh’tm?réj%ﬁé? be. pxhelmsgue bt ratheat i ng .
t he pody a@él(irﬁdit@ ﬂtah?ﬁﬁbtaie%d tonuﬁ%tt ftﬁé erffaéwe%ss togeprt%ﬁg ]grg 'S deV' ce

for delivering.an, axially and radially to.expandabl %9 two

ends9 i nt mcelndemaanﬂnfdars st @thet moeew&hgr grblenss lﬂay RlbUSES; ll%u/es}e? EHUse
limted to, st tUbfd( conf}ﬁgured 10 dccept:-a guide wre, and a second

12 tUbe cP(SérFFPﬁﬂ P@ﬁvet $hopfd b ent{a demogstrate that prayiaus t@%lqu@beppeaamg insed

for ; del itNeNBavel andabl od one
. end of t%cg athIEzgzel gﬁaﬁ%“?gfé@éﬁlﬂfer sﬂ@ﬂc{ogdoﬁé é’u!eﬁ& K8 q% E)Fr'e%lfto t he
out si de ekpartding, repisitionblsle ateelts; b&l@ddﬁ@ﬁndemﬂer@f the 15 axially and radial l'y
expandabl e woven body is secured to the outside of the second tube. 16 The
first tube may be:nmade froggmg\l Qr TEFLG\I ‘The second tube naybe nmade
froft NYLON or TEFLON. .The THE INWENTRONbuUt is not |initedto, a
18 guide wire configured to be pl aced within tHe first .tube. The out er

di ageter of thgef 1. fr French.to 7.French.
The outer di aneteeirnre?)%mt ﬁeégtg%oﬁg%tcé%gg%é ﬁ?e&%&ﬁ é‘gﬁ%%% ilD othe  BHo™ Saﬁr é)’rch to
9 FrfenchPqun@naewwlfeexrmyldﬂﬁl&crcpmhmkble bwlce ﬁorruste #la biefli, t®0odPudeR or a

push- but n r ase/¥ gk nechani sm configured to secure the first tube to
the'®2 s b‘BaY fidOTRAS, Usingd pPlain 62ys@nd aeay have dlesedatructures atdmth o an
end -)‘rttr,trggng@vr ng a 23 side.arm- The end fitting is..configured-to.be
secured .to the f|rst tube. The first tube nay 24 be provided with at.

| east one pair of first tube holes through which:a first securing wire 25
may e t hr eaddul onﬂresgmat rthofinventiot .is audevideothes inthydeBEbutPRSAdt BRARE] % 05' nat e
one_end o t}y gthr rst tube, The, second .tube may be’ provi ded with

|l eadt on& ‘1533? of Fhaps TERORY e Pken 1oRetHERI farm arbadysuisable fosanplantagom re:

t t b t d
or o mat 508 Qo iplenl TRE P Y B st o TR S Pemory
i nvent i ofwires qos?.e&acbeothcrrtodﬁirin\‘/sr'piltttgh@noﬁi!(xhg%d, Yat B4kt 'oR€i GF th¥ “angles being

22 obtuse. Both ends of at least one shape memory wire are located proximate one end of
2 the body. -The ‘value of the ‘obtuse angle is: mcrcased when the body is ax:ally
24 compressed. L

25 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,
27 FeMnSx or FeMn81CrN1 The shape memory wires may each have a diameter ranging in
28 size from about 0.006 mches to about 0.012 inches. The plurality of shape memory wires



expandabl e woven body having two ends into an anatom cal structure. The
device 3 includes, but is not limted to; a first.; tube configured to
accept a guide wire. The first 4 tube has. at |east one pair of first tube
hol es, that are positioned proximate one end of the 5 first tube. The

devi te almay inglyide delsasttishaps memory |wrretsed1‘ltccboda machnd 4 wbalaohbpOwigde t o

' |rst tu The. nd tube has at |east one pair of second

fit 6 over, th
t ube? hol SEOTHER lawalf@)ﬂﬁ%mqtena&cﬁwﬁx.w VeddepaTed shepe it schaeientbal The
devi ge algerehd§ ke dne BA of ﬁ’reou 8o bleMth&fedPor, de b Ei\f E@g&lﬁrﬁ%rfﬂ%ﬂ

configured to be threaded t the parr of first

devi ce algsverahy hqd'gkass bhepei sksnm:d hereird, e‘d gbﬁeralay ﬁe@rcgmas’smpeu@@ sﬂ'hﬁeeth
configured :FL"&? goe threaded 't hrough the"pair -of Second tube hol es: V\fﬁ
the ubedessmbles %‘?avmg B Pﬂﬂérth‘ﬁgﬁf? mgwnapmys afh@rosmnc@lonyl axpmabl e

woven bo d. 12 radia expandabpl.e woven body is
secugr1ed '?%{)1 t %’ﬁ'tf%a {l'?f'ebﬁ?&e@la rs§ uB‘éaP&f t’hd{"h% ?SFs’ieserTgJ”é%é{i’rditW@aW re
and 1 he mbbqlasmcbr@hmﬂbensameathpwwdrﬁe%ﬂdglnhay WA r%gy by 14
secured to the outside of the second tube w t'h the secon Secur wre. 15
I'n ahot hd¥e Waysp by & machine, pucbras ia braidingamacbinel udi:ng syst em that. i ncludes, but
is not 16 I|mted to a plurality of shape nmenory wires woven together to
form a body u f 17 occl cal -stiructure.. The body has
fi rrsq and secgfri:1 I55 maé{&l?? 85 33‘3’3%‘%"%3 %]SEO ar%afémﬁ‘@%m \&Prtéﬂ are

| ocag ed poayi urnégramﬁaeﬂ@n Ry séﬂﬁaaefhsm v'vbee ésté}ﬁ"i% réﬁ'tr q?er?il%@fy aCh
other to.forma. pIuraI|t1Y of. angl es, ne of 't eang hel

obt iise. ThedevEsomDasron.hé mbgmﬁematnghbm&y bmmadasfem}nvyjsmyurbhﬁnbodyhd radK| aI I Iy

2 e Toce! FatH o5t i FOL L IR Vi s Ea) e sty povecinechod. As
occhudi ngsaRsttineR ‘gl"ﬁ‘ﬁ ﬁﬁitéﬂa‘l ah “bﬁﬁaﬁ’? @Mverg_hﬁ 1l:r%éy 98 ﬁ{téi:gwa Yo (RY ‘Bp&%‘g@éﬁz 5

i nclude one.or :nore threads. of :.polyester. 0CcC I'ng-agen
al s# i ncthagé popian afghe wiire ornwnmo‘ormhg thc)bedy ae Jefbberet drrexpdsed. Ohs aRASRON.

Th | t L ud ket | ed to- the bod
The§ acREPPTap Ik SHERE 1 b Plask s bodin gL Moy teoveas e,
pol ydr et BaARn of iR 1AG red}iidy 8 ;@H&d*ﬁ&’th%'g??fté@atéﬁ‘a‘f' ude, but-is not |imted

to, a first tube con |gured to accept wre; and a’ second 29 tube
configured to fit.over the first.tube. Prlor to.delivering-the body into an
anatonmi cal - 174he dg_vngq mytalspencluﬁeebem nDDfll'mthé tdnadﬁrst mbsel@a,tnedoriﬂbgdréwto

out |de iirst o tu ot:her - endof,- t e pody:i s -secured to the
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out &% de
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into an anatom cal structure. body has an, axi s, Pi and a-
secend efibe, Thes embdi) thesbedyuis SF:cumd &0 stlrmﬁestrmbmm}d ‘therethbhend o she bbiy 34
segrrents and econd‘}éu%Frrent The segments are separ at ed by a bend in .the
shape 7- ﬁ?ﬁﬁq‘f}m GEMLOPs | ocated *.proxinate ‘one end: of ‘t he ‘body. The
first seﬁment . extends 8 helically in a fi rst d| rectlon around the axis
towgy d t hé" ot Iy|n
a second.di re(u:!?:a F%ﬁﬁﬁgrrgipreﬁ: h?h égﬂgé{rllt!so%ﬁar, t.he t ﬂﬁ@& fﬂ?ﬁhﬂﬁtjeg?@

firsx anboéle&!mﬂblesfeganlastaamSInoaacmlamrﬂneal stmcmrpl mhalbddy ek d ﬁmbn@n@ r
11 The fifst gment Hg% @EOSIUO” farther -from the axi s-than the
secdhd sgﬁcr?@ﬂten 3nd ds defingd byat least 3t shape memony; VaEs.sebsrein n iagrategssbar i oned
farsher bhoMThOS sAilemERRRy Wied f18 ﬁeﬁgé@s&ﬁ%%ﬁgdgﬁféwe%caﬁfsggg ibfae

shape nenory wire may . romnrtino evi ce lgimnhcl ude

a fpe st ﬂ‘hbﬁrstq»nﬂnogundddema ﬁ:sc epverpotiodandiat teasesrk meqmed;ha& eBRry
conflgured to.fit over the first tube. Prior to 'delivering the body |nto an
anatlomi cé’."l“es of the ﬁrst woven portion.Cross ca,ch other to form a plurality of angles, at least one

28 of ,ﬂle-angles.belhg_o_btqge._ -Both,.e,nds--of at least ,onc--.,.shape memory wire are located



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 In another respect, the invention is a device that includes, but
is not limted, to, a body suitable for inplantation into.an anatom cal
structure The body has a first end and 20 a second end. The body is forned
from a,spapémarroneyentof theltiddyh Thedafiel Sithé 6BMBNANAOF | r%ﬁs%ﬁ The
segnents_ are separat ed by a gend in the wire thatgfw : ocat e%@e&%% i mat e
one,? endisoxialiecasmprpssedhe. first. segment -and-secend:segnent:s:-are: arranged
to 23 form| oops ~and .twi st ed segrrents such that at Ieast t wo contlguous
| oops are ‘separat anot her by a twi sted’ segnent.” The -
def Panl tion of ¥h§§§9 Pgﬁ}?h??y dres dpd X B? t’“ngS%‘B‘EI rHW‘%t € F}&Pér‘@ﬁ@@rx wirese
figures heydenmbas froHFeFQaFéPdodr FNC 1Y THe sfh | oops
may be. sepgr at.ed from another: | cop by:a tw sgtiérept)jfJ g’gﬁ]toé§ %ﬁ? ,ﬁ%”'ﬁ% g%g?%four
'~ conts guoﬁgNl%oWn&yobEeMaﬁﬁrahedT Her ﬁmtqrwnbremalyqﬁpluﬂy aafitseived el pttion '
' segnent %daist two--cor uous ggs may: be separated fromtwo other
contlguoﬂ%oaraf rOT?bCSBg %{‘?WIQP MUlEpleefifst UM shape mernory;wire may

be made fromnitinol. The 2 device hay al so include, 'but is not' Timted to

f b
coni | guretl (o T roay o0 o8 IRIGER buCieb it e BRY PR R Beent o

an anat otd thel first porttonr eTheoseeored gomiont ineludes y sb@orﬁ%dﬁé?ﬁpéxﬂohherwse%bﬁ@ of
the first tube-5 and- the ot her: -end-of _the ‘body is-secured to the outside of
t he %secoRPFtPRHEs gk ¥ gh PRARITRITYVEEgseaRd Xiinat lpwenm The ﬁsstqmlimn mey hhed a

i ncludes n_int'q an anat ol |- 'stricture. The
_body hagéhé?&i%d&ﬂéd %t%{pgl mgtdéwgﬁk%&g%@ afﬁ%ﬂnr— m%do%haaeg PMhpe
memory wireentitiple finsstnas friay 9 beRORAMNY a1 t@m%%@é\ﬁxe%eﬁrﬁehon %@ap’%@ﬂ ”t S
»are sepajfated by a bend i:n-the .wire .that is |ocated:proxi € ‘one

of tthe 18 B d3pd yhengeaREital Stqw'etursos"nm ﬁrﬁé@Oamnaneytalsmmcdadetamhrmbtwolvm

| oop- def msnt al so_ext end 'bet ween

Ioog def *’ﬁ“?\g SF%E Q‘%Pg‘ﬁ’?‘ }h-gr}’g%ol(j:de‘gg é’l%ﬁ 8R 2 @a\ﬁlﬁ SEEING, Strss. s—bh%grsF 8hdn at

| easit t whitdoogeen pﬁrtlb@aﬁﬁymy@g@herbh?d@haeb%ﬁ%estm | oops has a corrpressed 13
shape. The definition of a "conpressed" shape is ‘set-forth belowwith

reference to the 14 figures herein for the sake of clarity. 15 The shape
membry wire maye devicaamay alsorineluge. duit 1s Woielimisedrt tasgrafia yhetterial aittacted tdGhe
| ocati ons. The ment s may

tog ther the.l oo finin se
be Eﬁecur e gé‘f’ ré'gh ?tﬁb%locqrgn%seatrﬁnyl S’el Haﬁeqéfé’m | Wﬁ“lﬁﬂhﬁﬁsﬁin s%hqlﬁafbody
may 17al Somat”mlalldﬁy bbtthadea"rdiﬁbacron The graft matenal may | be made from polyurethane

18 The graft matenal may be made from PTFE The graft matenal may parttally cover the

19 body

.20 The device may also include, but is not limited to, a first tube that is configured to
21 accept a gutde w1re and a second tube that is conﬁgured to ﬁt over the ﬁrst tube Prior to
22 dehvermg the body mto an anatomrcal structure the second tube 1s placed over the first

23 tube, one end of the body is secured to the ﬁrst tube and the other end of the body is

2 secured to the second tube |

25 - In another respect, the invention is a device that includes, but is not limited to, a
2 plurality of biodegradable -filaments woven together to form a self-expanding body
27 suitable for implantation into an-anatomical structure. - The self-expanding body has a
28 first end and a second end. The biodegradable filaments cross each other to form a
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18 limted to, at |east one coil placed over at |east a portion of one of
the segnents, and, as a result, the body may be used as an occl uder. The
body may ‘al so include at |east one fiber 20 attached to the coil. The
device may al so include, but is not limted to, a first tube 21 configured
t o accepfluraliguofiengies;eat Rast enesedietdl i wbmiseonThegviiad dfothki dbr@seesndidgsf i rst
tube. 22 Prior to delivering the body into an_anatom cal..structure,. one end
of the Horrpased Whwa thebodydisagialljeompressere of the first tube and the ot her
end of the body is-..secured to;. .the:.outside of 24 the second tube. 25 The

D3 ol abts” QicteBbaBbfR e el 60 ViR B BB BB © HRED N
Advant ageedegtadablehfitameh@d invar Ye RAdds Wede il 1oMetid heidSt eTHe .b%@%d@cﬂeor

pl ace. As

filter to-be easily" r'gse(c)-éi tioned as“it is being delivered 28 in
a résul tfilampets sayhie madeciromey padyorthaesisr. Fag biodegradable filanwintsahgy pomatle oned

29 within the Tiving ctéaturg. " -16 e.advant age of. the present .

i nvénti‘_()tﬁ?.rp_.siat‘ W@Yﬁﬂﬁﬁ‘ﬁé‘f |xa’)[e}]eonblr‘?gfﬂ'ﬁéaﬂ"'g%i‘q ﬁ%@"’*ﬂtst | @feh‘" stafe  froR: . R aper ed
shape ofpdifimisdcaronale! OVFhet Bi8dsgraddblt FilaRents! § i - frGMe sel or
t ubul ar- pst-:}E;u.(lt't u=r'e.-'?.'\1/]vi-t?h'-"-l-"egs ot a%%..al For -'(laip-a%tgi llln)é??ogr({:}lga? hfté%ﬂaélg??%%'ﬁ? st ent
m ght 4 caldierbiphosphiates Pt bindégradable Edarhentsipay includecatoub 01061p 025t pezcérit | mal

reaction. 5°The straight stent of the present, i nvention-exhibits a high
xpins: 1y VeiRbCo IR oxge ey husrabioR Faliumy capenese. sy pbasmhate, >

conpr essj it SxifBYmbR ' Je! nadh) %W N - oses,
or n‘?i brg’t&s)éh;cmst r uclt ur%]sg?eigﬁlgfﬁ ?ﬂﬁéi&}p{,ﬂg?ﬂ%ﬂ?ﬁ%_ﬂi n _ucgg’ Q‘E%Hgﬁ%}s{?g??ﬁg e

st emt s -véotiuni: plambphatetoe pesassinsi dulfater The bivdegrladatia fildmentoniay ©6 sedlegrsthor are
“incapabl e of agigrrj ng .t heir. nom, nal sg}%ﬁe and dianeter. In_sone cases, even

the?10 st BPIYEIE hayingrahoutds dpertout 30 male percentnelyeolids. ¢ At deast ode (of: Ge,
the ot oo RE AP e R PR hadd R BENE gbARR) of RlARRD, BoltElssE, MO

i Nt avasatuéast onebiodegradabit filamentmageet lotated préximarr ihe Firsoemboftheoseifl 3
return to their original, unconstrained shape after being bent, even

mext® mal 16kPanding\Bodih ¢ E@%b‘-&gqllj ;9,%? the, aelbexpanging.body may include 4t leass o5e slosede
prgsent _.#ﬂgﬁp&_;i on.do .not .15 possess.free, sharp.w-.re ends. Thus, nany
potential conplications are elimnated 16 (Prahlow, 1997). Additionally,
the tight .nmesh-of.:the stents-of+the present invention 17 coupled with the
usearof . ni ti ndThevdevize, miyalseiziqresbunis neslimitedts as jeastonemhapaomemoriewird 8

fl uoroscopy. . 19 The. present .invention al'so includes a gtoup of ~

self- ex p*&né%& F@eﬁeg.i-g’a%ﬁ?gmisr@s’davﬁogbquJ qfeihe ofiesheper MSORAMTE| FaRY bs
desgrib aboye. such ) " ; is fornmed 21 that wi thout the
use‘gof ggf%lp?}%(ﬁéﬁﬁkggf)ggﬁﬁn%ﬁﬁ& ggta\{\%g a?cﬁ}égggc;ﬁlons of “the. filters.” The cava
filters of the present invention provide increased filtrating efficiency
notaoonly at tlheanothereres@st,biht iaventiat is hempthod pdfecrgatifg hisodyastdtable for

Addi tional ly, fhe hourglass filter of the Brgzs%nt 24 invention utilizes
nul¥i pl e‘_’ﬁal.%/','(t‘?; on; 191p AR Adplomigq]strutures ; The.pedyhag fo sndsends. i Thgemethod are

hee! o inBuBel byt R iHEs L6 oehBind) B Shipd Blermoly Wik s bkt 0PShaR 21

their potenti: R .
23 . memory wires to create bent portions in the shape memory wires.. The bent portions are

% amanged to define onc end of the body. Each shape memory wire has two ends.  The

2 method élsb 'in_clludesl_,'t'_ﬁ:lt,_ is not '.'l_ir‘x;i_te:c.‘l"t.p, w,éa.ying_ the cnds: of 't.be shape memory wires
26 to lc:rc"a_te the body suchthat thc s.,ll'nap.ej:. memorywucs Cross ._eac;;h éthc; to foﬁﬁ,a plurality
»  of angles, st least one of the angles being obtuse. The value of the, obtuse, angle is
s increased when thebody is axially compressed. ..
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26 flared base. 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 nmakes it 17 possible to
deliver themvi.a any of the possible access sites of the human body
(fenoral; jugular, antecubital veins). 3 The present invention also

i nchiudes a. bi 'Ilhlelbtent ortibgy méy Bt béhdst&@1odpst e sha .
expandi ng, " flexibl e Ilc,terrpora}rly filter WhII)Ch may eeﬂ.‘vevov\égnlwg%gfrrnllldaﬁ)ﬁr?urTﬁ er of 5
supér el ag'PFb“’(S‘PO hgbé SHWWIQD‘I WVQS mpyebeBnada: 0f EePti FeRd oy FeNiCoTier Ther ar y

thé bl oner BEmERy MatEPHEY I8, raBL e, ff@&f’nﬁa refelnsR’ Bhe sheee L?‘ '
t he apres m’tndr?\k&fdslnb)ay da¥Phavd 4 dlalllefe!ﬁar?% e%:j‘msl wl’f?téﬁigggtf @04’ Frﬁlgssto agqut '

circul ation. Advantageously,. the BI

bl odd coQaOﬂna inghstm Bbe mluralutawf\sbapesnambryewmsgnay mmdd@@&ést 6 Ishapy m@ﬂ,ory

Furt her;- the: L@?‘rof t he 10Q:. fb'Lag i‘ I.S. pﬁrtlcularl -benefi ci al

peri operglt'l Ve Oborglgsrpaya ?ﬁft? fubulas shape with psubstaptial Ume;'madmmGMr tFhe . Bl
filter :péRoRaleayvavhi | f 12:.-t:ubul ar ve ensures
firm pomﬁgon?alaong %begéhle 1@2@ cglvéataiahﬁé‘?ﬁ%ér%\ dekggﬁ?ﬁtth%l’ 038\9%@6]% £ Bpdy 13

t he spresttrmhelorclmmndamﬁthesbddyatTltelhdeImiy hdveTa’ gBavraltyiHonZRas shepeit mal |,
7 French del.i veré?14 cat-heter. or sheath: Furgtmherwydue;%?% tshgbe? g({fhg?fty of
t he *meshiMg¥ benwoln by hasd. ™ Thesberds rrtayrbe Wovery by carmachine psuchngs hebramm%:
frop i psiiabigpeontral ateral” iliac vein.. As.with=the . cava 16 filte t he Bl
filter may possess a non-ferromagnetic character neking it MR conpatible.
The Bl filter is'suitable for tenporary filtration.®The Br filter ‘allows,
foru renoval bf ahbsheendspeqpeist inveftibh iSaf Mkthoa ek -aGHFS 3L

removal of the filter. Using an 19 ade uatelyl si zed sﬁéegtwd)yﬁpﬂb% ?Pl

t hr BrbusTPRIARAHRR inte AR ARgspREFalsiredture; fThiebody haotwaleB: ATheanéthod dradwdd,

t oggt her er nt s t sent invention can be
. advgnt agg%vlulélr}lftt ggvféérde%? \Blr?‘ﬁa}ngt e‘r”?%ﬁ &'Jsg elEat @‘FF dEbﬁéemﬁglt?/@?Flé‘PEaﬁ@t
andlsor  atemplateiprajecsonsc OFhé MeptiaE Also tifdlidad) bawid HSt ﬁrrﬁﬂé&st %%H#é t he
possibility of restenosis after delivery and whi ch SO a?lo Pu nts to

be ¥4 usB8MORy %@ﬁtarfhg\drfhﬁ ifysttampiate projestions: ¢ cma&:nbém poftiunsfinl thershags t he
resent o be covered w antlcoa ul ant coqating agents.
D6 By BB bids. Tl Fehe BoRfod St SEaEd 10 Uerihe e prd oY dhechincry Bach Aheprocy

uncover eshemory wire has two ends. The method also includes, but 1s not lrmrted to, weavmg the

18 ends’ of the shape memory wires around the template to create the body such that the
19 shdpe memory wires cross each other to form'a pluralrty of angles, at least one of the
20 angles being obtuse. The value of the obtuse angle is mcreased when the body is axrally
2t compressed.

22  The ﬁrst template pro_]ecnons may be tabs. The ﬁrst template pro_lectxons may be
23 pins. The' pms may be attached 10'a nng engaged With the template The weavmg system
24 may also mclude, ‘bBut is not lumted to, a ﬁrst weavmg plate conﬂgured to rotate m a ﬁrst
25 direction duting the weavmg “The weavmg system may also mclude, but i not lmnted to,
26 first bobbins’ arranged on the first weavmg plate, and i one end of each shape memory wire
27 isattached ‘to each first bobbin’ pnor to the weavmg " The weavmg system may also
28 include, but {s not lirmitéd to, a ‘second weavmg plate configured to rotate m a second
29 direction during the weavmg, and the second weavmg plate is spaced apart from the ﬁrst
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27 and/or covered stents; in particular, the use of . a long tapered stent
may advant ageously -18 1 match. the special conditions posed by the

different caliber and distensiliility of the 2 different segnents of the
ureter as well as the constant peristalsis. 3 The stents of . the, present

i nvent i-oweavimg. pidts.o. Tiee mdmglsyswnsme 1o ivehsdel) | bak - 1§1napﬁi'rme&tt00§1;ﬁ:ond‘
including biliary tree :and tracheo-bronchial systemif the |esion does not

s reéqui rleobbins a(ANgsE B th wsendwaeving Blates andepg ersbofcach shipememasy Vigsfis t he
’ t t {
058 A 8 64 OB A B Ll

repasi ti-RrRPlikited/tb esvounng thetsha samdmeneeireetdoms itdrhS1BRD IThie tnyethodBkirkiso
DESCRI PTI ON OF THE DRAW NGS 10 he foll owi ng drawi ngs form part of the

present- mohides butis ot Aimites e),ufnonmeedosed ‘structures hveith therondst ofathe ghepeai n

t f th Th tl tt t ood
by et or BREETY 5o P FFES SIuctiES doat B RS Th o HrEIenBe (P PR e 15
desgri pt b@d; Ofrhe|d1&§bd%éy"§ls8rmélqd£'96ﬁtsts F?{Oﬁﬁ‘x'ﬁte%dtéh@{e?ﬁdk hl‘b]dﬁy%ndltﬁ Is a

per spectl view of a stent according to one enbodi ment o present
i nvant i olempHt& 1B s .a front. vi.ew of ~a.stent:end- defined by bends -according
to one 17 enbodi ment of the present: invention: ° 18 FIG1Cis a perspectlve

vi ew of “one“wre of a stent accordin Qne _enpadi ment 19 of 't he present

i nvénti on. 2\8&’1:?’{94'? regpect, dhe; NEREOR g‘f 8?1‘@"%@’%3%‘?&3 Ht, aXApl B’e%“ 1d &i‘i % ai n
weaye ac t [ f p on 3is
reae acEludtle oth 808, SAURY ST bndl i GuPLEAERIcal MEAEOTTOOREELE, 3

t heypres emludembe:mts mt hrﬁned:loea msntsbeacomﬂgaredl te\acedpt a gileiwiey, ytndsysécend

accor di ng t'0 Of ment % %5 sent Inpvention. -.19
ube con 1gure to fit over t frrst tu en the tubes are used for dehvenng the

13 ax1ally and radrally expandable woven body, _one end of the axlally and Tadially
14 expandable woven body is secured to the outside of the ﬁrst tube and the other end of the
15 _.-'_ax1ally--and-.-radr.all.y.'.expandable woven -body-ls .:see-ured:to the outside of the second tube.

16 . } The ﬁrst tube may be made from NYLON or TEFLON The second tube may be
17 '\' .made from NYLON or TEFLON The devxce may also mclude, but is not hrmted 19, a.
18 -gurde wrre conﬁgured to be placed wrthm the ﬁrst tube The outer dlameter of the ﬁrst
19 ._tube may range m sxze from 3 French to 7 French The outer drameter of the second tube
20 | may range in size from 5 French to 9 French The devxce may also mclude, but is.not
2t limited to, a push-button release/lock mechanism configured to secure the first tube to the
22 -second tube.-The device may-also include; butis not limited to,ar‘ end fﬁttting"‘having a

23 .side arm. “The end fitting is configured:to. be:secured to the first tube.' Thé first tube may

24 - beprovided:with at least one pair-of first tube -ho-les:'.-.-throu-gh -which- a first "securing- wire
25 ‘may be threaded.. Thé pair of first. tube holes may-be positioned p‘roximate one end of the
26 -first tube.. The second tube may be provided with-at least-one 'pdir"of second tube holes
2 through which a second securing wire:may be threaded. The pair of second tube holes
28 “may be positioned proximate one end of the second tube. - "
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1 FIGS: 5A-E sequentially illustrative steps in delivery nethod according
to one enbodi nent of the present lnvention. FIG 6 :is a front view of a

conical filter having bends or loops "in the proximl 4 (rear) end thereof
according to one enbodi nent of the present invention. S FIG 7 is, a front
view of a conical filter having .bends or loops in the distal (front) -end

t heneof accor, g Rfa & e V. s a
f rodt vi ew of maalg)dtng rf@s'tﬁce?ﬁéﬁgl\y?ﬁgb nbenadstllgcr ogopisn?ﬁ‘&t %Qﬁ)g F Fﬁ %%gg
t hereof : expapdehlagvevenohedse ibvidg rwiot.cmds tre: anr EEeothica et THeGdelcé S a

h filt r according to one enbodjnent of the 10
br odent: THiHke i 1€ BohRRedty § Bra Wb heniiiod aaeﬁpwaea\gge “Tel et

accqr di Ngrbe thas. a@%stedm%yxmrspfubb fh% es ]th?tpaq'@ é ?h&l’ @% fﬁ{ﬁg?n?%]%ﬁ &ff}h

I nferior Vena Cava. 13 FIG 11 ron
accor di nfjrst tubenerl’ lerﬂnyuheralmtnchfdeﬁ hﬁt Inquisiest tol B\sestndanbeesreghrbdtd fie
Iliac veins S front view of a bi-iliac filter having a

r et i evaPVqrdB‘i'o%éﬁfégl’?ll ?lgetsscqaﬁéuhahw?m REir: Ohﬁcpnéﬁm llwlayﬂﬁl:a?gr

d 13 is ront, view of .a bi-ili
iy Boddhed ipRinkfit Bhe ohd Bt sl sdcdnd e LTy LEVielalddniydes, és ot
enbadi nehmited tb meﬁiislt%aaning Wit RbhBpurtd 36 8¢ thr'&a&élﬁtllr&l@cth\égla”xsof fikt (> 14 -
isais a persgectlve view of a tapered stent accord L8 nent

20 df t hkolpy-eTbpdeyipe alspiinsiudesohutis Got limited tg apmemngscgnag Mre:;o:ﬂ] guded t
fltrac or-din (0] entodi nent...o e presen
et o B FARSELE ) BB S0 . S Bparnisnd o+

oney delwenng the axtally and radxally expandable woven body, one end of the axxally and
12 radxally expandable Woven' body is secured to the outS1de of the ﬁrst tube thh the ﬁrst
13 Secunng wire ‘and ‘the other end of the axxally and radlally expandable woven body is
14 "secured to the outsxde 'of the second tube w1th the second secunng wu'e -
15 o In- another respect,.the invention is an-occluding system:that includes, but is not
16 limited to, a plurahty of shape mcmory wu-es woven together to form a body useful for
17 "occludmg an anatormcal structure The body has ﬁrst and second ends Both ends of at
18 ‘Jedst one shape memory W1re are located proxtmate one end of the body The shape
19 'memory wires cross each other to form a plurahty of angles, at least one of the angles
20 being”’ ‘obtuse. The value of the obtuse angle 1s mcreased when the body 1s axtally
21 'compressed ) R T o .. o
22 o+ . The: shape memory wires may -.be,-.xn"ade-.-.ffom nitinol. . The occluding system -may
23 also include, but is.not limited to, an'.occluding: agent’ enciosed within the*body. -The
2 occluding agent may include-one or more threads of:polyester. .The occluding -agent may
25 also include, but is not limited:to, one.or more threads of. DACRON. - The‘-occluding
26 system may also include a jacket coupled to the body. - The jacket-may be made from
27 silicone. .The jacket may be made from polyurethane.:: The occluding system may. also
28 include, but is not limited to, a first tube configured to accept a-guide wire; and a second
29 tube configured to fit over the first tube. Prior to delivering the -body into an anatomical
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enbodi mrent of the present invention. -20 FIG 25 is a front-.view of,the
proxi mal portion of a delivery systemaccording to 2 one enbodi nent of the
present invention. FIG 26 is a front view of a delivery systemfor a
tenporary filter according to 4 one enbodi nent of the present invention. 5
FI GS; 27 Atrueee,ionk esd bithe g gesecirditbehe ansidabf tie farst tubé end fiesther endssel
according to one enbodi nent of the present invention. 7 FIG 28 is a
frone-vi exftles bedydeseqused tojthe eutsiferohthegegopddiheet ched position according to
one enbodi nent of the present invention. FI.G.K 29. i-s a _projected crass
section of an I fy the
filtér accordllﬂg tgleg?téspééttgg@eh%ﬁ%Qaﬁaéé}%ggjﬁmﬁgv@n%ggﬁpﬁﬂgg % 30A

i s a,f r orgodyisamatlé fémpmmﬁfenqmurdneahatmeilheucﬁsw Tisebody lashankispadirsng 12
.met hod accordi ng to<one-enbodi nent:of.t he present“invention:~13 FIG 30B is

? pelsspecﬂnldvaﬂd/l;] swdondfendheﬂm bedyhisnmads frompa \$hapesmemeRy wwpthetiha%aaﬁrsm pi n.
or use d

b st TSBRTEATS BrocRibgtent o Lhepeeank, HesoRaee a8 Hhodnghe s
stent, wi trhexaofyewntqna't@%aaeagjr&ﬁnatésﬁéiamoft Be By SipRdirs@iinedt. ek Rfds

present 1 nvention IS a perspective view of a biodegradable
stent wi tHeliaallgind Hirst divertion aeoun@ the: axis thwegd the: ctherendrod. thetbedyi et seoénd he-

P o ceibEment St BN LS STaaian AP e Bis 1ot SBar pad of ' °"°
j) ronk Vi e %g?nn?&ﬁtsva%se@grp ttgnamaa&ls%tcmaﬁanﬂlaqﬂmtaﬁtwmo@a’aossbod' ment

e presen i'nventl on
1 _' o The ﬁrst segment may be posmoned farther from the axls than the second segment
12 .' Hat at least one locatlon The ”_ll‘Stl segment may be posmoned farther from the axls than
13 - the second segment at each locatnon The shape memory wxre rnay be made from nmnol
14 The device may also include a first tube configured to accept a guxde wire, and a second
15 tube.configured.to fit-over the.first:tube. . Prior toidelivering the-body into.an ‘anatomical
16 - .structure, one:end.of the body is sectired to the outside: of the: first:tube-and-the other.end

17 .-of the-body is:secured to the. outside of the'second tube.: U

s In another respect the mventxon 1s a devxce that 1ncludes, but 1s not lmuted to,

......

9 ibody suxtable for tmplantatton mto an anatormcal structure The body has a ﬁrst end and

20 | a second end The body 1s formed from a shape memory w1re that has a ﬁrst segment and
21 . a second segment The segments are separated by a bend m the w1re that is located
22 l' .proxlmate one end of the body The ﬁrst segment and second segments are arranged to
23 .' form loops and tw1sted segments such that at least two conttguous loops are separated
P from another loop by a twisted segment. The definition of “conttguous is set forth
25 - below with reference.to the figures herein for the sake of clarity. - o . -

26 B | At least three cbntlguous loops may be separated from another loop by a tw1sted
27 s segment At least four contlguous loops may be separated from another loop by a tw1sted
% '.'segment ‘At least two conttguous loops may be separated from two other conttguous

-15-



FIG 35 is.a front; view of an occluder having clips.according to one
enbodi ment of the present invention. , FIG 36 is a front view.of an
aneurysm being treated by transcatheter 4 enbolization according to one
embodi ment of the present invention. 5 FIG 37 is perspective view of a
tenplate with | ongitudinal tabs around which 6 wires are bent according to

per SpectiyRs o anvanee salRay I THEMERE' Rlpory fire Hi4Y B rBile ek B0l Thee
37 accordévitg may alze mctboa:jlbmris noft: hhhedptb,es.entt..msaeehﬁ ed b FecedBR: %di&e an

enl arged perspective view of a.l on%; tudinal ‘tab deg cted in FI
arodnd WHiretrng axgecend Bibsé‘ﬁtlﬁgbfetidp toVeLWE firstctwbeli Rgior &0 delivedinpabé bedy  of

the 11 t r'spe Vi€ a_wre bent
ar otind ghf‘ogn |Italtdd¥{rétgll ét{m%’r egdv&%%%é%‘%alrsdﬁ‘ﬁg Cg 'i\ roubsl’gv%‘?fftlBF ﬁé‘té%%r di ng
to gne &{ﬁdQHd: omet eraf oﬂth@b@dyeﬁses‘&bureﬂ\téﬂ{e'cQﬂmdéLdf Jﬁb@eccﬂﬁ the,- & tOp View of
i nner and out er-weavi ng, pl.at.es prowi-ded.w t:h;bobbins: 15 according.to one

enbodi nment of the present invention 16 FIG 41 is a perspect|ve Vi ew
depiéct i ng -an*Iapgnath anergseal tbbameerpnmlsdediewcehhaﬂntmdﬂtdesrtsbedyd swwtﬂs fofl

partial el sect onal view | at e prow ded 'wth 18
bobBi ns * ga'tlt‘t"é‘s‘“ 0-ar, ApptorT t$ ractuEer otléé,\g%%f F*b“‘mgt“ {5 ray ligniteg toeiso-gnds
aroynd t [l nt_of the
around, A (O8I P leaaBd ARG IREUATER 0 s BRFu AL T gl

pl aves prlpsegeenisiarhsdpatatéchisy atbdndiin ¢ winelthat fsdogRed proximete dnk @RI GFitge and

|IIustr e first crossjn f the wires 22 according to one enbodi nment
of Phe. B ThE sHarRaTt 615 PoSHI PP R CIESENtE CACh otbsTind petdGRninE SraHpTE AP b or

| oo,q) forgzggnel%é aﬁ%@t&é@ b%é%dneth%‘lo ﬁ?ﬁﬁlh daﬁor?sqﬁ) %gpé)djwi%o&égeaﬁgelg gte Zg”t

i nventione 43A 1.s .at-op..vi. ew u pper.

prowi dedsosst fmnhcm Heass two dombswi Aedezsndnaof &ngﬁdeﬁdt(tw&dlo@ps RAE0A %bﬁrpr@s@éh
i Il ustrates " tt}g St.itrQssjny:of- the W res3»:acclr disng-t.0.;:anot.her .:
enb@di P%f ﬁ@e plélggﬁ)? 3 rﬁ%%ﬁe&ﬁ? shape is set forth below wrth reference to the

14 ﬁgures herem for the sake of clanty

1s . . . .. Theshape memory v_vi-re-m'ay-.be' made from nitinol.: :Th'e:se"gmen'ts may be secured
16 “together using welds: :at:the loop-defining Iocations. -: 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 c01l placed over at least a portton of one of the segments and, as a
v 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 devxce may also mclude but 1s not hrmted to a ﬁrst tube
21 .;:conﬁgured to accept a gutde w1re and a second tube conﬁgured to ﬁt over the ﬁrst tube
2 Pnor to del:venng the body mto an anatormcal structure, one end of the body is secured

23 to the outside of the ﬁrst tube and the other end of the body 1s secured to the outstde of

6 the second tube

25 The present invention -also:provides' a delivery: system that ‘may ‘secure both the
6 proxtmal and dlstal ends of the stent occluder or ﬁlter Advantageously, thls delivery
n system allows the stent occluder or filter to be easrly reposmoned as 1t 1s bemg deltvered
2 into place As a result the stent occluder or ﬁ]ter may be more prec:sely posxttoned
%  within the hvmg creature. - ’
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4 FIG 43Bis a front view of a bend fornmed by bending a wire according to
one 5 enbodi nent of the present invention. 6 FIG 44 is a perspective view
of upper and | ower weaving plates provided wth bobbins and arranged around
a tenplate such that the surfaces of the weaving plates from8 which the.
bobbi n -r ods- enErAfVRREES Ofche PrereRt Fieption g the umqeteefmmnmthodfoft the

pr esent t e eg r,.and | o
heav ng BPAERR, i Eb{ier oo f BT HER oA B B0 PR i
t enpj at eveddelor tashlat REudrel viEe Sesd radilCoM@Peh e fhdcdthah eSstlat svnt edigithe
bobbi n rods extend . face each.other according to one enbodinent 13 o% t he
pr esent exhibitt thusipotentiatiyGesuldug insa lasmndwucueumplaleactmn cross-secti onal
vi ew of a.tool ;for:tw-sting the 15 wi're.ends of a woven.body:-according, to
one enbodi man; of thg {ir es? I nventi on,
b ©

ross-sectional
Ul evd of - the. ] &1 STH B BT ERR KB ¢ hiEhpatuly PReera oA 18
FI G 47Agi. ; egt i n | at e
havi ng a'I ?ﬁ‘{ tlltué,ta ngt? o M‘?hséa}]n‘sd\l/ séemeljt a°t§’§’ ﬁ?%g%:bgfdl ﬁlg txra@(’)ﬁdé‘: q:sﬁﬁ)cgag|f§prrent

of the- paéwtﬁgeoms/anttumnrouszcstdﬁbm zb?la‘ibmuarstrmmhms didlyding padistioeindiesdt of

one of the tr ns erse t abs, and, t wi st ed Zé \éylre ends dep |cted in. FIG 47A
accol di n§ePOSeBhE gﬁ%ﬂl‘%ﬁh tp)adegu@e CHPHSER FOTCH, ek "oﬁas‘ yromprgsged agl/ers 5

per spect hayi fl, E ns, 23
e Doon {rEhRYIe0r Bsheith, el catialsHipe Sha B i sBfhe 4t L IR

i Nnvent i ostendses fof @rtedBsdleroiic, pﬁgﬁtpﬁﬂtbe\/@ ealaﬁ!ed)f(e 2., ileitpdradefalnaiéry) Skehbsek)s h
hol es t hrough whi ch_ 25 fInISh pinNs may pl aced according to one

enbadi methat gxtapadipl dorsst isj iquined drom 1@% steng trhald s patengy fafohe vesesh of a

sten fo r g nt - of

o o0k o CER g e SUARHSHSoge Bt Be e SRAMLTSN ol ablicro
singj e mnrét&m&b@l@diﬂloﬁgnhloUﬂcoﬁsﬁﬂﬁat@xap&‘aﬁ&rtsaﬂﬂgbaft évleﬁ idxdadly. i nvention. 5
FIG 50C.is.a:front view.,of a.stent . aormed froma:single w.re:.aceording to
a third 6 eftbodj ment of , the present |nvent|pl FIG 50Dis a perspective

Vi eW of - t-hexs DAYENGEEAUs e the: S TR ROCHISBr ARG Ivers e they PrEsEY impRtianedeBebr di ng
to qpe eis‘egtéts”h’eé Sharh"GirB! GRENE THOY eﬂfah?'botentxal complications - are . eliminated

16 .(Prahlow, 1997). t_...Addmonally,;-._the..--tl-ght .mesh .of :the: stents; of the : present ‘invention

1 coupled with the use of mtmol w1res, for example makes them easy to monitor under
18 ""ﬂuoroscopy TR AR T T o

19 ... ..Thepresentinventionalso 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 portlons of the ﬁlters The cava
22 “filters of the present mventron provrde mcreased ﬁltratmg efﬁclency not only at the center

23 but'also at the penphery of ‘the cava. Addmonally, the hourglass ﬁlter of the present
% invention utilizes multrple ﬁltratlon levels “The' cava ‘filters of the present mventwn are

25~ able’to self-center due to the symmetncal nature of then' des1gn and therr potentlally
2% flared base. ) C |

2 N The cava ﬁlters of the present mventlon may utrhze a relatrvely small 7 French

28 '-"delwery catheter or sheath Addrtronally, the' superb ﬂexxbthty of the cava ﬁlters makes it



9 FIG 51.is a perspective view of a barbless stent filter according to one .

10 enbodi ment of the present invention. 11 FIG 52 is a perspective view of
a barbless stent filter hawi ng bent |ongitudinal 12 segnments according to
one enbodi ment of the present invention. FIG 53 is a perspective view of a
barbl ess stent filter having two filtrating | evels 14 according to one
enbadi ne. Qe l W

T ont's PSSP Rh MANREA B8 ookl Tl yind RO BpEY B
accor di- nglgudmome@l’dmabvmm)t of “theéspresent “i nventioni: FiG. 55 .iis" g
perspective vi ew of .two partlal | y-covered stents pI aced i.n_ side- by18 si de
rel atlonshl p t A each ot her arf ‘thé aorta accor di‘ng “t'o'one “enbodi ent  of

~ the dresent nPTEsRt iBYention, %’W%U(&srfebls%‘é@tfﬂ%( VBEfilter”) ghatt isra. ldx\aw ng
truyt r hanther orta

:tccokrzli P\g@ggoéﬁlg er?gﬁ%lhgreﬁ%)g@fe F’h@t 8&3@‘# wglfthl rﬂ% el e’?%@"ii?légm 7R |s a

front vi eupeélastic arcshhpuchmerony slbsysf THETET fRicPE! Lryp neteﬁtpemy fﬁteﬁﬁ\&‘ggﬂg

accordi ng to one enbodi nent of the cgresent i nvéntion -24 |s a
per spect ReRloyed Epm eithenferaeral veinr anditingd filtrdtentlie Siood e thsl iliac Viigk/if¥etige| udes

col lars G uRdg .t ments at.loop-defining | qcations
accor di ngg‘fb %gﬁ@&gnbﬂ& é}t’:ﬂ o ?felhﬁ g%éé’h‘tenll%@mqaﬁﬁ workeat:g low7levekofy t op
vi ew of @Bnouecdirtsidtichor: KR akth gibuslySk laced
over portlons of the wire seg%eprlfts t‘i(}%at ﬂcggtr&@?ﬁeéﬁl gﬁ@%g‘ég‘bg%ﬁ% cfo one
6 erfbodi n@mn&afromﬁ@ttpm@sanmstmmngmmosu 1B0% AREficR. ‘Fukthey, tHeaive of tBI
occl uder forned fr wire that |jar coil 8 pieces placed over,
por t% onsﬁgtfr?Wmlﬁ@yﬂé&é‘ﬁﬁ%ﬂg’“lWE&P?&“B@PW‘WM@F§a@ﬁd al s6 has 9
t hronbogeni c.fi | anent sy atit ached. t.0 :t he- goit .pi eges.accor ding: 0. 0ne. _
~enbpdi rent  of TheeindbksPESRAPe bNURANBI q
del i very of: one ‘st ent+of: llieiqjygal r -of - s?gﬁ{st @xer%ﬁl‘l?hggg Orﬁﬁlgg@c ﬁﬁélﬁ on
acchr di ntybtutarmvemmsrﬁm posmomalqngehemactcmmjmhcm Aranlfér@dvﬁ&a éota

of a ‘barb A t'hat “i'§ penef'rating a vessel-

wal |
oot o e Bbsshe PRcr fnal b Sl aise o ateiacivel S, 7 Fronch dehivery

14 - catheter or.sheath: Further, due‘to the flexibility-of the méshof the'BIfilter, the delivery

aorta

15 -system thereof: may-be’ advanced frorn 1psi-"to contralatera] lidc vein:: As with ‘the ¢ava

16 ifilters, the:BI filter'may possess 4 non- ferromagnetlc chatacter: makmg it MRI compatrble

LR :_|= . b A A 'h J i ; e

17 o The BI ﬁlter is surtable for temporary ﬁltratron 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: fragments entrapped ‘Within ‘the ‘mesh could
20  :also be removed:together thh the filter. - Hert

21 o The stents of the present mventxon can be advantageously covered wrth matenals
2 '_such as srlrcone polyurethane and/or an ann_eancer coatmg agent that allow the stents to
23 _'reduce the poss1b111ty of restenosrs after delxvery, and whrch also allow the stents to be
24 _used in stentmg mahgnant stenoses for example The ﬁlters of the present mvennon may
2s  also be covered wrth antrcoagulant coatmg agents

.26 . Ureter stmctures/compressxon/occlusxon _may, be stented Wwith these uncovered
27 _and/or covered stents; in partlcular, the use of a. long tapered stent may, advantageously
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15 FIG 60 is . a .perspective view of a single wre enbodi ment filter
accor di ng to 16 anot her enbodi nent of the present invention. 17. FIG 6l is
a front' view of upper and | ower weaving pl ates supported by a weaving 18

pl at e supportcﬁlr according to one enbodi nent of the present invention. 19
DESCRI PTIT@haine) $Registrandnionspeeyd): RizNires different: calier sand - @steasxtyﬂitysnfemes 22

W f d h FI G h
Chodn' o SURAEE sttt of LRGN S SIRPOIEN pRBRsL 10 el ot Tocrur e

The stent includes a plurality 24 of wires 5 which may be arranged in a

pl aisn weave s@hasstérs 1 theeprasent!iAgdniionl dan Rﬁo@ %6@% esot-}féd%oﬂQfas&?ax“SEd
herein, "elastically defornabl e" neans that the - deformation of such
body* i s ﬁﬁﬁtlcﬁéﬁa‘tﬁaﬁ@ ingnbiliary re¢ ghd dtacheo-bronchial- sysltnmnef wtheey 1dsfeR1 de¢sandi al |y
recqvere [ n the rel ease of a force (which may be 3

rrechsanl cpqu%lrglaeb%ﬁ gsx ? or any other type of force). As used herein;
“substantial ly 4 recovered rreans t'hat” f écovery neednot- be such t hat the
exagt, origi na‘hestmpge ob@;ugezg%alfn of\’ﬂ{ehﬁfes dtt VER e of
plastic deformation may occur. @gst 6 vvoer dsmr ecgj\l}zﬁ1 ﬁ%el%&?ﬂ?%;}ﬁ%{ g
totdl . Sdifferantaspplicalisher matit‘helyt yprcm;ie beheac bédeaneapeby oft |shpenbngﬂt=,itemty

super el ast | Ce.v i es sui t abl e -shape: Ly W Ees; “whizch:are di scussed
8 bél ow. T tlgeiﬁﬁwtremva 1‘%’55"“?%“%@@‘?9@5@&}'( 1987): which is hereby
expr essly 10 i ncor por at ed by “ref ererce ~di spl-ays+the: wEnAer i - whirch' wi r es
crogs 1 each ot her usiBRIER DSt OFTHIOHRAWI la therein. FIG 2
also'illustrates the mannernlgn VI\}‘][IPIQ the '5 W res @’ o the prasent

i ntravascul ar ‘devi ces”'maybe arranged Utz ng a pI ai n“weave. 13 Body 10 is
bot B radi al | yTheéolkowiag ﬂ;avengafmmmaa ofBbel preiséntispedifidgtion§ andndre Gficldiet & 14

end, 12, r.proximal end owmn [n. FIG1 , end; 12 has a
o ufal 1§t ERpeffer el Ber iR er finpeSientinueuions  Piscinbfrion ey be bt |

cl oped Lgdpstood b9 rehieie  toBohd b mdB: Bf thbés %%wtng?fiﬁ' Ao * osed
IoopsGrray be formed by bending a wire 5 at a se ecte 17 -point. oczfted

bet ileen deseriptiersofillystrative enbodineBts fiesenkraierainal I cl osed 1'0ops 6). ' For 18
nost applications, the selected p0|nt of the bend or small closed | oop may

beclosetot poi.nt. shown:i-n FL.G 1C wi th,. respect to
pr%(j)'gA?s%FE 1ve View o? 'a stent ac%ordmg to one embodxment of Ft)he )

snall cl osed

15 present invention.

16 =7 FIG.1B'is a front View of a stent cnd dcﬁncd by bends accordmg to one

17 embodiment of the present invention. - ~© " o

18 : "FIG.1C1isa perspectlve view of one wire of a’‘stent accordmg to one embodtmcnt '
s ofthe present’ mventwn BRI e R

20 e FEG.2Ys a side View of the” anangement of wirésin a plam weave accordmg to

21 one embodlment of the present invention.

2 ' ‘FIG. 3is a pcrspectwe View of & delivery systcm accordmg to one embodxmcnt of

23 the present invention. o

2% “. FIG. 4 is"a side’ v1cw of a dchvcry system accordmg to one embodxment of the

25 present invention.
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20 al'so shows both ends , of, wire .5 .being, ., |ocated proximte, end ,2
of body 10. (although the 21 remminder of body 10 is not shown). Body 10 is
formed by plain weaving wires 5)-as will 22 be discussed below “iii- greater
detail. 24 Loops 6 and bends 8 provide significant advantages, sone of

whi ch are unexpected, over woven devices such as the WALLSTENT t hat have

freq wre endFIGBOSAAD sédieh@AGLillustra WALESE s AL D5 Q0N A543 Rt L. he
free wire ends of the WALLSTE ‘s.houlld beﬁst)fr?lo% gg’% nfe%q%?%!lcéfc@ng toloné
ackrfowl edmbadimentoipbe praseattinyémiwne- damagi ng- dangers such 27 free; a sharp
W re ends pose. The Wall sten patent suggests nethods by which one can 28
attenpt to legsgn.'.these dangers, such as connecting the free wire ends to
each ot ter: by%zﬁt deﬁffﬂt% oLd ?%\Wérfgtef@at’%annﬁﬁ@U@Pﬂﬁeatthw«zﬁin@l

gl uing ofrehfiend tHeRof 26K 520 ana: s st ed apthods can.he. ti nme-consum ng
and; as g ?Ilryesul t, oexf)tgozgip g‘.@ oﬂ%éﬂéggﬁﬁgﬁ g%ﬁ%}gg‘c’%{’gnﬁ@t{wgken in creating
either-loops 6 or .bends 8 of the present woven devi-ces:.as w.l | -3:be

di soussed bel §%6. 7 iv afront vewdftaaidnicalt filteFhdvile bends 38 166HNE SHd & fhting
fromthe nethods disclosed in the Wl st e.n.,-5,;l.'li%"?‘.f ent are ..|-...i.,,k,.e|._.,§i?%ll)gf2§ﬁé>One
to rfechaffeereohaqegrding rupnearabodisignt of the prasentdngsition;” e 6 present woven
devi ces. For exanple, welding.can introduce anomalies, . such.as cracks

(whi.ch.” may resdl & -upiforam. . solidificatiqn, upeyen boundari es)
etc.); voids g?eBé ! o% (h}garrﬁ P&?"g%glaa&‘%’%?égkf Z’fmntglt?ﬁj’si"ﬂ'gﬁ‘?ﬁé‘o‘t"oéﬁetd}“al end

i ncleusi otherdoflacoobding € onteeribaiimefXoftAE presBhtGnyentdnet C- . i nto the wel ded
metal , that create stress concentratiops; and dramstically increases the 10
propensity for_the welded connection t'o'fail -at those tocations. In

cont’r ast , the,l*‘lée%tq 2 front ¥igmefsamheurglass filter scdording to-oné empadiinandfhpads 8
ar e, i rt yally  fVefifol ~any..such induced .12 stresses.and, ..as .a:result, are
“much | es’g&%'fl%éé‘%ﬁﬁ%rgf ai | 137The Wall'sten patent al so suggests gluing ;the
free wite -ends,:za :method 't hat:i 14 provides even tess:structural, -integrity
than can, wel FIGQIQ ishefrantagew b€ ah eoutdlasadilRe Becordinab ithQit G T e
ends is onl g/as Jostrong astt h'é"-‘-%tj’r'-“f"afc%“ t“gﬁSi on%gltn\%ggr?%?%g{bla gf%@@gg*‘% t he
met Bl usBUSebySRiQpiafed in theyinferomyenaCava. ed.i.s .nor e prone. to .fai lure than
~a welded 17 joint suffering fromthe anonalies just discussed. 18 Simlarly
t he,,al | st en t..di ferst. mtildzing el.ectric resjstance heating
to vel dtogetgg(tr;e{lhg%Z&h?gf%otraoslélﬁ%% d&%r ~:E%9§ﬂ}9§et?m?q¢e9@h%‘i‘m9ﬁt 8f thérg
around t presenit éventotrplafed inahe flkdiefid. t he free wire ends: ext endi.ng beyond
the welded ring inwardly with light 21 plastic deformation’through - '
controlled he?t' n&._ This method involves not only the |likely introduction
of ¥he anomal f @ 1 1§ Afsent view 6f: bitilkiac filterdraving aretrivad oapeactording id omé so 23

i nvgl ves.an,addid le«onal .Sl ress..an the kol pts,.Created as the free wire ends
ar eRf ol dee'gg%‘ﬁgg*r‘f\t/\‘g?%”%'{‘F‘@%Bg?’r‘mgrﬁsgf"é Fllfﬁ‘ij%?.mi‘hi s:vproferred:joint is
simlar to the glued joint in that 25 it is likely even nore prone to
faiiure than BIG. 13nsal fromoieonlof awiliHadHlterdavitl & ¥éieid1 2088 Md & and
bends t hat miybe used it o ‘credte | gops 6 and %%}ggéﬁgg&%qggﬁﬁdesaggg}gﬁg woven
devidces WHEPFWPEiR{q enssembediment efrthe presentripvéntion placed iptiusiliexiveins 28 1 hat

may unintentionally penetrate and damage the wall of the structure into

whi gh t hey

,-_FIG'- 14 is a is a perspective view of a tapered stent according to one embodiment

20 of the present invention. AUV

21 . FIG 15 1sa perspective view of a single wire embodiment.filter according to one
22 embodiment of the present invention. |

23 N FIGS 16-24 s_hqw__ Stages in a hand weaving method according: to one
24 embodiment of the present invention. -
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1 are delivered; the bends. 8 or |loops 6 are nmuch. less likely to
rnechanically fail than are the free wire ends that are connected. together
;using welding :or glue; and, .the .likely time 3 consum ng task of
creating multiple wel ded or gI ued joints does not exist. Further, while 4
t he ¢l osed. stFEGt%ﬁeﬁsaﬁomaYlsmgfstbd pheximal pm‘ugn@ﬁtaede]xdeltyasylst)smmpohﬁng to-
rei forced us s.simlar. to those suggested . by the Wallsten
pat gznt (| “mf%‘ifgﬁ’gaﬁﬁﬁcmﬁ?‘dﬁ‘jem?ﬂe 6 present woven ‘devi ces have; at nost
only half as many potential |ocations for using such 7 nethods (and nost
likedy less. typ@. Pelid a i B&%ﬁi r 8
maki ng the present steﬁ?@stﬁbg?eéﬁiggge%y#ﬁ f?rra i'ng* co gl?'(%rg y Si z%go
WAL LSTENS; crabashimentefitheipresent inventioa. pr esent -wires to two wires , as those
are used in the 10 WALLSTENT). As a result, the potential for nechanical
failure of th esent woyen: 11 devices,i's reduced accordingly. 12 In
addition to tﬁéeébﬁ‘gcﬁ“\aoﬁbgh@?ﬁes stag%& the Famonalrigt agfi léPPfngOf.m o ivessel
advant agg&ofifeg tot&?cdma %Jfrtﬁ@ Ws&ft ifgiofl! S¢l osed.in the \Vallsten
pat ent di scussed above that are 1 unexpect ed. For exanple, the inventors
have found that the nesh of one of the present 15 woven stents may be
formed from fEHe: 28isracfsonthdew ofin dohizahfiltér infa fully aERAEEPbILSH Z&‘érd‘n to
WALLSTENT (even.equating one of the present wires to two w.res, hose
are hsed°i‘en°“1‘?°d("ﬁ‘g“ [t %ﬁ@ﬁﬂ')“"ﬁ!’é‘@ﬁdl ngl'y, “the -eXpansile force" of one of
the present woven stents 18 of a given size may be maintained with fewer
Wi r t han wo - [ AR, nsile fqrce, a
VALLSTENT of TR st dR iR b of And tp ARG RER et ;
. (i.e, bportingobteifilter aenmgdimgae Eh&mbédmembﬁﬁﬁ?)réb%hpmvemidh greater-
detail). 21, Simlarly, the inventors have und that, the sane result
may be achi ev reasing 22 the dianeter of the présent wires wth
or Without ad ‘t%‘st%éo%@ﬁwtq dWPM%s conpled togetherfor use in a handaweaving of
met ne f ess than what is 24
nee?ed |ﬁe§l§gtaﬁ%rral?grtrggﬁ y 5| ze Hh%(g;r"l'é entvprﬁ’sguch as the WALLSTENT. Thi's
25 reduction i-n necessary.netal translates to-a.cost-:savings, and, .as
, degcri bed abBl@.,30Bissop@spentivasvital thaplaeamentasfawentres bchl dbupld to a
experlence hr omQosi d/or. restenosis: As a 27 further result, the
var et y Bt 197 A8& 1R f?a?‘a'?ngeﬁﬁ"’@r mgthod acserding tpransembadiaent o ithe tpesentar i et y
28 i thivbaghat ness of the weave of each is. virtually unlimted thereby
facilitating virtually 29 all potenti al appl i cations: 28 1 Further, the
.inventors al so: discovered that virtually no shortening occurs mhlle 2
bend ng the: pF&édt isnm perspedtivet siewnof adﬁodd’geadabw QERt #ith Dfeihfdecing SFAN
woven stents,. 3 mcreaso during bendin Thus, it is easier to accurately

and pred?‘i??%’?%lor%@ﬂ’? Sriiment o} the present inveafight s i na" tor t Uous anat ony than

it is to.position. other :wven.stents. .that shorten 5:.mwre or-suffer larger

i ncgeases . i NFHG 65151895 p%‘ﬁ@ctu’%ewew 8PSI’bxod@g?ada%ﬂestml‘&ﬁi%ﬁmﬁ%mg wire

19 according to a second embodiment of the present invention.

20 . FIGS 33A G are front v1ews of vanous conﬁguratxons of an occluder accord.mg
21 'to the present mvennon '

2 FIG 34 is a front wew of an occludcr havmg a Jackct accordmg to one
3 embodxment of the prescnt mventmn L |
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6 exanple, a tightly- woven present stent, 2. 5 cmlong, 10 mmin dianeter,
Sformed . from 10 7 0.006-inch wres may be maximally, bent by.sinply

hol ding. the two. ends thereof between 8 two fingers and bringing those
ends together, and no. shortening .or dianeter increase occurs during

maxi mal bending. In contrast, for a WALLSTENT fornmed froom 24 0.005 10 i nch
wirds to, behf&@ 36 s aairdnyweMef amgashider. batingitips 4dvatding to; oretemboditen® em

I on% and E nm 11e n d| aneter; al though, when nani pul at ed | nasim I ar
er, P Q‘e\RAﬁs NTYD experi enced a 10% increase in. ,* di aneter:, and
sone, shortem ng. Thus,, the, .length-to 13 dianeter rat| os of the

for agoi ng. St eI, 3605 2 forANdick Cof ESRASINE! beind dubited B gf%geoagg@;vw res;

and an unl'imited maxi mum nunber of w res nma 10 for
any 4gi venmaphtativatacoordingsto, aneethblodireént of thel present invistldn, nean. a- strand 16
formed of any material such as netal; pI astic, fiber, etc: In an exenplary

enbodl ment of Ee resent invention to 12 wires ,are typically . used
form., E& 5 r?cﬁSB%“VPSVIQWp‘Pf %éempiﬁe withdongitidina) talfs ‘andures whicht nay

Eip;“ﬁiﬂ %‘?%?ﬁibo? o0 LR PEE BB o e Bt dmafioRe STent is the

radial. 21 force necessary to reduce the dianeter of the stent. Factors
affecting the FiGP3BAI {searf enlaged pebedthie. ﬁé\erbtfthé‘%dgﬁﬁdmﬁlhﬁbtdngmeﬂfa%ﬁr f the
weave (which i's determined by the nunber of 23 wirés used: e angl e
forrfed benipteddn B1Ged7 acdording to onrembodimaitrafshopresriténientiser . t he'w 24
angle.. is to 180 , the; tlghter the weave), the nunber of wires used to

f t h h d t - S Lo
15" 10, 6 SSRs o S B GRIE iy S i o oL
Lo iise tBP mowld emichp@s»wr@h@ baﬁfﬂeebnfore.fa%cs,ﬁa%fr&hg% dil8 S I:mtékl' E}{L‘DOS' S,

and, reduce the pOSSIbI|Ity of restenosis in the, - vessel Ively
i s ¥l ow Breseniliayangen. -29 1 In FIG | A when body 10, is |n its initial,

unconstr ai ned::shape; -ang! e-a may.-rang:2: from about : 90' . up“t'o,:' but not

i ncl,udi ng; 18 e e force . 10 increases 3 as.a > a .
applr oaches 18816} gé] %%gggeﬁhvgeylgfvogﬁ at'WgF %ﬁ?@faé%“qdeésbf‘ﬁ‘&%ﬁh% tﬁgyaflﬁ‘e 4
ut i {s zedw‘ié}fpeaﬁﬂhﬁld& diflofesbbBIR MRt GHidh QH@HE’EH&BB& ni2f bieth@ ly
obt use, i.e._,.., nore 5 I%han 90, .and. m)stg pr ef.er ablly ag fgeéerﬂ ﬁve‘?a'h% ain
appl i cations, _however, a Iarger 6 expansile force naybe deslrable and,
thud¥; angle .a Lﬁy $és a/topaiew.of iBEBr and ctuterswéavinghplates. provided: with bobbins

15 according to one embodiment of the present invention.

16 .. F1G.41 is,a perspective-view depicting an :upper:weaving ‘plate ‘provided with
17 bobbins and wxres, a partial cross-sectional view ‘of; a lower:weaving plate provided with
18 bobbins and wires, -and a pamal cross-sectional view of a template around whxch both
19 ‘plates are arranged accordmg to oneé embodxment of the present mventxon

20 FIG. 42A is a top view of upper and lower weavmg plates provxded with bobbins
21 and wirés arid arranged dround a template, and illustrates the ﬁrst crossmg of the wn'es
22 according to one embodxment of the present invention.

23 © U FIG.42B is a"front view of 'a small cahber loop formed by bendmg a wire
24 according to one embodiment of the present mventlon )

22-



case of a tunorous structure or the like. In this regard, in an in vitro
conparative study, a 8 stent according to the present invention exhibited a
hi gher expansile force and thus a |larger capability of wthstandi ng outer
conpression than both a Z-stent and a 10 WALLSTENT of the sane dianeter, as
revepled in Tablg, dsa Rl @fvidwofd p;te? atd 102 viehy B IARGhIINeA thh Btnlggms

| eft most col um represent the circunferential displacenent of

t he st entandnwvigesestd emanged rar@)mqu)teenplate,Oarxdfrllﬂsmates thelifirstt ersss:rllgabf tHeewires

ci rcunf erence of the 13 s eér rq[gestlon was reduced by 2 nmand the force
necessar PEYS distg toanothgrem Q’Eﬂcgb@ BRESEWRETEARN, recorded. ., The

desi gnatlon . "W tefers, to the WALLSTENT. 15 Tabl e 1- Corrparl son of

SR L RSy °

Si dey‘bverembo‘aﬁmahadf&ﬁéﬁl&sent mventron 1535 b Tl 1444 ~—~
36283125592291 51 S S42 . -l 42 80 ~ '~ '~ "35r 126863
.61 . .:a~ 50 10$ 42
6 FIG 44 is a perspectxve view of upper and lower weaving. plates provided with
7 bobbms and axranged around a template such that the surfaces of the weavmg plates from
8 whrch the bobbm rods extend face each other accordmg to one embodrment of the present
5 invention. | -
0 o FIG 45 is a perspectlve view of upper and lower weavmg plates provrded w1th

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. 46Bis 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
2 wire ends depicted in FIG. 474 according to one embodiment of the present inventjon,

2 " FIG.48isa perspective view of a te'mp'late around which a nng having ﬁnish_ pins
23 has been threadably engaged according to one embodiment of the present invention.
VR FIG 49 is a perspectwe vxew of a template havmg ﬁmsh holes through whrch
25 finish pins may be placed accordxng to one embochment of the present mventlon

23-



158108179 ~62601264816712~ ° IOO ~ 98 - ..]6. 74149 ~5417514 :. . 115 ~ 1.19 -

.o~ - . 90 . .. g4 . R S 40 I .~ 63. . .
. -. . 184 1612713310 1 1001977 3 .. . 20218 146~ 192122~ 111 ~220
~8420 .. 165; unneasur, ~. 142129 '248- 96~ i~ i ., S ey e e
=. 18 Wth respect to Table |, the unit "g" for "grams" is used as a

nmeasure ‘of forEKG. SbA A4 h@h‘tgﬂetvr@‘ &9@5@?&1}‘1&@' La {)gélg%vrlré ae&ﬁ‘?mgxg%n

whi ch is equal to the mass in grans 20rmt|p the gravi i'ona
const ant emipslimentef the preseat ingemtiarhat . t he.: ‘aver age: reader-will -30 —-have a
better |dea about the size of force when "the . assom at ed mass unlt

(grags) is FIG. 50B is a front view of a stent formed from a smgle wire accordmg to a

4 second embodiment of the present invention. -
5 FIG. 50C is a front view of a stent formed from a 'sin'gle wire according-t‘o a third
¢ '~ embodiment of the present invention. ..
7 FIG 50D is a perspectrve vrew of the stent deprcted in FIG SOB posrtroned on a
8 'template accordmg to one embodrment of the present mventron
9 FIG. 51 is a perspectwe v1ew of a barbless stent fllter accordmg to one
10 "-Iembodrment of the present mventron o | '
1 - FIG..52 is a perspective view of a-barbless stent filter having bent Iongitudinal
12 segments according to one embodiment of the present invention. - '
13 - FIG: 5%is-a perspective view. of a:barbless stent filtérhaving two filtrating levels
14 according:to one embodiment of the present invention: - - -
15 o - FIG. 54 is a front view of two stents placed. in side-by-side relatronshlp wrth -each
16 other in the aorta according to one embodiment of the present invention. -
17 ... FIG.'55 is a perspective:view-of two partially-covered stents placed in side-by-
18 side relationship with each other in the aorta according to-one embodiment of the present
19 invention.
20 ~ FIG. 56 is:a-perspective view of a'sterit-having sstruts:placed in"side-by-side
21 relatronshrp wrth another stent m the aorta accordmg to one embodlment of the present
2 mventlon oo T '
23 FIGS. 57A is a front view of an occluder formed from a srng]e wire around a
24 template accordmg to one embodlment of the present mventron

24.



2 specified. 3 Wien one uses, e.g., ,a, WALLSTENT or other, commercially
avail able stent for 4 stenting, the manufacturer usually reconmmends to use
a stent one , nmlarger than , the 5 dianeter of the vessel, after precise
determ nation of the size of the vessel, to elimnate the magnification
fact or | caus@lﬁﬁc §7Beisfd pmpm:uapyﬁm@fagrmh;dcr forfried fpdrAiagihgle wire that
"overstentin used to .achi eve good contact between the stnt, and the

vessél walf! ugw?@srﬂwmwethcat% SeEpATtRRY lpoprdstinmedoeaiany agharding to
regagdin e stent's diameter arid length to

faci i ta?oeﬁe%%:ais@édt%?{}ﬂ?%élgﬁ{mﬁlg%ée%f The woven nitinol 10 design of. the
present invention has signifi cantly great er-.expansil e force. than that of
the 11 WALLSTENGS.f57C isoarpar dbweof mndw.tde@ffomécﬁﬁoﬁhwmgﬁdwﬁc kit Mak kejjsane
cal i ber stent 12 (understanding that one Wwre as used herein‘and 'shown in
FI G 51C wpigsed Ptaé@étpt'f‘é mﬁ@né%ﬂmwuéﬁegwts\jm@d befweenirel w2 @FEIE, to,ongi ven

. the . s thereof). Conpared to 14 the WALLSTENT: the

cl oséd, s{rﬁﬁ dgrﬁ?@o? r\é%englné/ﬁ? orbf .the present-invention .and the 15
better shape menory of the wires, that maybe used may result in a
considerabl e rm;s:tsmlslﬁtdpnwet@eofsamz@ccqﬁdcth‘snﬁted HOmUS Sitlgle! Wird Meat HATR

wires used, as well as in the angles between 17 th evmré lE |nstance |n
smal 18 ves@meSdet DQEIOOéO@the soreosegments togetgll Getween chlamdmdﬂaB;gelmss to
use the m t o' ‘teduce ;the possibiljty of

t hr ofbos Kh%%%?m@%%% SWECMEJP tth% F?’r‘é (Paeces Acearding, tp Qe STRAGimERL of thgngl e
a may be g,@sgneﬁugﬁmnbel ow 90 degrees without | osi ng t he necessary expansi |l e
force for'.sel f- anchering...21. For. t he s@ame wvascul ar” appli cation, 'the same or
even greater expansile force can, be 22 achieved with a Ioosely woven
nitimol desig S.1984- Dr&i@&hstagttsvmnmcdwlwmyp@frm stenttdfen par WAkleRTENTthand

ot her avail abl elsten S. %‘Q B re | nvention pay al so be 24
chos®n so?RTFRR! JuRFEen aggon gé? OH‘bﬁﬁn Wlﬁ%ﬁ“ éﬁesﬁét‘é‘é?ﬁt‘qnarger than the
di aneter of the 25 tubular structure'to be stent ed. 26 Body 10 may al so be

forngd from a BIGIB%E s F@nf Vi oBiaNsHrB (Bf Eaefﬂ?é??ﬂ?ﬂtq??en&traugg alb&ssel dahe

wre enbodinent is illustrated in FIG 1C wherein w ends have not yet
28 béen twcgtdmt@pneempp@mmbgfemn@resmt inyemtiencl osed” Structure .4, as
described below in 29 greater.detail. .One. version of the single wre..

oribot Tt 5 P St e « g i bSARERL Bl g o

Fi rsfs Segiﬁbﬂ-tcr&i;so(gfnemdsﬁhépfegeﬁqwn’ﬁbﬁd from second segnent 814 by either
bend 38 (hot shown) “or closed l'oop 67 As shiown ‘i n°FI G “50A/ first segrent

812 extends 4helically in a first directions. around axis 810 toward end 2,
and Becond sedfnt6l 8§4f159@§<YléWd2f up@ptmlpyvernveavmgcpdms slipperted byia aveaving axi s

810 i t .6 t 814 nb
of 1 Boat | OAE nreh bl RlBER R aMedtn BB STEE ARREROMOer i ne | oops o1,

whi ch touch -, ~each other such. that the: | oops are 's ‘contiglious. Loops 818
are fycont i guous" bOESCRIPON ORILLUSTRATIVE EMBODIVEENTR. | ast | oops;
each | oop shares a point--location 816--with twy othér |oops. 10 Segments
812 and 814 nay be arranged |n two different ways with respect to each 11
ot he®t. Asl 'shovgfenﬁ FIL.G. 50A, . segnent. 812 is positioned farther fromaxis
810 than 12 segment 814 at eachflocatl on 816; while in FIG 50B, segnents
812 and 814 al ternate’ 13 ‘being fur i Xt s 810 each | ocation -816. It
wi | Iﬁbe understood to those of ski ?P‘S[ghgf?ﬁtﬁe art, wth the benefit of
this disclosure, that segment 812 nmay be positi ohed farther 15 from axis
.810 khan segmeWithGéference cnthedlusimtive leadatimes sBdtn id FIGD 1ANMesd RHhBWH 4 ©
enbodi nent of ‘the sténts in. FIGS, 50A. and .50B, ‘| oops 818 17 reside in a
seri®s of stpntdpriasartion anddaliyemsintaen apasemicab strydtuiee The(stant instusienp, pltmht}of

oord 5260t S0 IR 90 AR T BB e, ool ad il e

secogd, f@éfbﬁﬁbbl&'%ﬁ?IGtCAsltﬁ@ﬂsh&Eﬁr, H)8stically deformable”: means that - the

25



20 planes in each group are roughly parallel to ,each other. Wen body 10
is inits-.21 unconstrained state, the planes in one of the groups intersect
the planes. in the other grou’p 22 at acute angles falling within the..
range .of slightly greater. than O to about 45. Axis 810 23 passes
generally through he center of.each of |oops 818. 24 ‘As shown in FIG 50C,
certai n géfolaatisn t f 0_of ,the
stent may be separ%gt&é%Hc gymoﬁapl%b? aﬁesnggtr%gd{ nglq inl; or%ﬁxtﬂ?@%? §1bf 26
and 2814 sirbstantially tredoveverbt hetregatseds hopon,: tmnremm oﬁcmtfmelmxcﬂ GREP be318. -
W|th t he _exc thf‘l of the Iogep | ocated after .closed loop 6 - are separated
by twi st B§C '%aéﬁ FAint/ectEIDRENSHC AT Y RReTyPe of i avie): |As wqd| hepeinyfsabstantily t o
t hoge of » th th this clo ure

3 redbldred” rhéhnk Qﬁaﬁat}écov% Bedd§ t g?%glaﬁ &Q@t ng %x@f)tar(’d'{ ‘?b age

t hat as many contiguous |oops as are,

twi st ed sggimed: l&ﬂ&rfrtOﬁ&&@Qﬁidﬂ%bde%@réérof%a’st@td%%mﬁﬁéﬂ)ﬁfa QeoGON GHGUS

| oops to. sunt ‘a s parti-cul-ar -appl.ication.- For -exanpl.-e ?' ... cont'l guous
| ooffs ' niprdspdeceysay aced mot de WtalnoSheh eﬂmp deformabilidy mayobe ‘whiveed by

conti guo a.tw sted se men t he “same:'s -manner:t hat the pairs
of donti gﬁléz‘gé ?lgéoﬁlgggell%sngé:};%%%gdo b%""t@b(hes‘BéEF RRERBh MY vhich aretdisqussed n
FIl Gg S0Qpel&vii I arly, four contiguous | oops maybe separated from anot her
| oop or two or mare other ‘contiguous l'oops by a tw'sted segfent. As yet
anot her exanpl. e% a-s single w.re: enbodiment. stent may have only one tw sted
segr?ent “separ &P rigatent ltjood;fﬁSdmf nwe%ﬁﬂbng(d@%) I@maﬁ is1Berel cgq,trés.gpyt .to

;the "hogp :ste «'ﬂd dl l.osed n.:U. S - Patent 5, 830; 229.to..Konya. et "11 al .
("tRe hoM5OHOKtE TERES; E@H&Bﬁb%ﬂ%&r@ar waévqh Wires eTase eaeke othenaisizigng| e

12 grhpek iR h t
\émeer?Ct edﬂl n FFG 508?3093#5 %Geiéﬂ%e‘t“ ?Id&?iaé%o‘é‘%@&ﬁ% %tﬁ% rr%ﬁ%rﬁf‘u"aﬂgﬁ the. | oops
S phhihlweatbich twi sted

81812 As winee§wif the predeat mtraghsz:ul!urrdevﬁés ﬁﬁ?bélaﬁﬁﬂged lﬁﬂl@ﬂ?
segnents are nore resistant to. forces conpre53|ng 15 'oops 818 in a

Iateral rranneagd HS CtIO sof -such.- lateral forces are indicated by the
16 Parge arrow8% ﬁh?t rag@ yand aﬁ@“& expangdable. iBodyHd in¢ludesefrontrar distal

mbqdi 17, t t h
cront denredyathlop el 2; MY FTCRdA, IS H T nas SR R E e o
thats i s storairesreTheentlosed dthexaes nia?ade smaseiossu loeh§ ¥ r WeRdyB! (FIGPER)! | kel y

an it would were it supported by th

remain gﬁ %r%\éwEn bent or flexed 't
hool§ st eRPt B d\}‘dls@%ﬂ‘ CIQS@H@ﬁPS éd’@@fbﬂ faymed anlmgaemre Srat entelestedmay

, be,,for ) av. nd_weavi ng
and o nint oekBh KRkt TR T e SRR ICOTRVE iiontashs BlroBeh nent
of ! ai nmosapipligativne ptheiselzctea ﬁohﬂ d?&l@&ﬁéﬁd b bhedt L1BERd 185 x%%y%@%%“sc't@tl@ G 16,
a tenpl ate 300 haV| ng a dianeter corresponding to the chosen 24 dianeter.

d

of 19podymiqgpeipt-of piss Pdauishortrein BIG ol Ciwith respedtao emiall chwred papd6 WFIG. Q1 es .

30 25 i er.en Pi.ns 04 are pl h the hol es
such :{lgé‘gﬁmbéﬁ g éﬁggf 5%’8’"{5&9@?“’5%‘?’%@8‘5@9"%@%{ l?‘éqt')bioatlag thguel fisosi ng
Si dﬁS A@n&hmm f B 19 int round
the pins. This tc))enc()jclﬁ}ng ?ng;/ot‘rélég\ﬁim E?ﬁd)flh(gggg %Pﬁ)ﬂ %fe}i@emégggadsg %

or i r esbediggyssesbbelpwpn gataraletail. t he “pi ns 't o form smal | 29~ oops 6 (not
shown). In one enbodi nent of body 10, angle b of small closed Ioop or -33

23 Loops 6 and bends 8 provide significant advantages, some of Wthh are
24 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 acknowlédging the potential nssue-da'maging dangers such
27 free; sharp wire ends pose. The Wallsten patént suggests ‘methods by which ‘one ‘can
28 attempt to lessen these dangers, such as:connecting theé: free wire ends to each other by

29 attaching U-shaped ‘members to themthrough heat welding, gluing or the like. These
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bend .8 .(FIG 1A) may be less than 90. In a nore typical enbodi nent of
body 10; 2 ,angle b. may be equal to or greater than 90, and nmay: approach,
but not include; 180. In 3 an even nore typical enbodinent, :angle. b may
be about 140-160: As discussed above, 4 bends 8 and | oops -6 are created in
a . mannersugpestedradesisodsfvanebel tidselcyrisuniing nmahank édulty ekpaived Nbach Reeps:
jornts di sclosed -in the Wal|sten patent created by connecting two mrre
ends 2t ogefrewé to Ptakeg AN RESRENE 6 thsr 1eaps oy bends § abthermesshiwaverndevides apmalent

plain we two:wires. 5.8 may be coupl ed together
and Iacg%é %u&nfgﬁﬁ&%g%%eﬁg?@gd of bendi ng a single wire 5 as above

descrrbed Thi s -coupl.ing.--may be. achieved by usiing:any suit.abl e neans

capahl e of 10 Erﬁﬁh(@mhdlgor{rﬁ@moﬂ#' fe@.ﬂuﬁ%q Forh @hé! mbtAttst @isé1B&Id" in fhrerWa%

unbent c0nf|gurat10n 'As shown:in’ 11 Fl G "30A, "such means include 3| ng.
and ¢ri nppatentearedikely mortppmutndncmnmalr Ealurd thab2arerloofeeé oeriiends Beoft thef t he

present plain weavin FIG '30B, two wires 5, nmay each
B bee™ By YRS bR 555 cxBRaRnRelyna s Durmdoeh ADSPALFsh g radise. 14
neans, suGh t r one
Teans,  SUEIAFmal 198 15 Ly RSRIARGH, st LA i EPRRGABIAL BDERI A one
5 shewn i othéll @xegBhiBties rateltingi foe pbﬁoshgi mojusidnsdwhivh includs smyoblﬂes;caﬂ@b ed

to each ot her u in swtable means such as, 17 tw sting,. cfinpi
tyind as fr {'H%rt % F@\?\d 1thal Seeate;Hreas eoncaptations and Weamatically increds er n .

FI G 16, %ﬂoPeﬂsﬁgnfgr% %ﬂfnﬁ Bﬂé’cufohalh fafliap th@se]ig ﬂl%'ﬂg‘ Igrcolgl.ra%sﬁrga&r%fe &5

purposes not to Indicate the appropri ate Jinber

use iy in auryes @d/\mndap@urmgtmaaopsloambmrmher\ameﬂnoﬁweﬂhny §RANhagRJ300
is typically 21 farnmed . of -brass, or co per but . may be formed .of any

sui t &bl e ﬁ@&sw.aari asyepily agy mpch leslikely ta .the cure tenperature bel ow
di scussed, . ,;such as. stai.nl ess steel-.. .Siml arI y in 23 an exerrpl ary.

enbo irrent pi 1 o be 24
for rrgd of. any'?@?m lﬁ y sur 'tscaag% Xu% aﬁlfg ﬁ‘tea# FJ' %§et %ﬁ%ﬁ%ﬁt t hat
t he @i ns pmyxdbe eX8n slus,spsnr&oeutabyntegﬂtg mmaat welditig, Geyasei tlhabrleﬁlltmg MBHas
capabl e of withstanding . -the cure 26 tenperature including preformnng,

att aEhnen‘Petﬂﬁe dPREC “‘t“f‘?r“é‘gﬂls@ly &Y SUQRg asithesurtape pansios) eqnﬁhFBGelaﬂd _
after th e t 2 re
201 e hEE GRHE CORRIERY, BeIHI APl ore oS PRy PR o8,
unbent - 3jbint saffpxdsg fmmheaﬁdsmshemustldecafse&ssary gl ven the superelastic
nat ure of “wi res such‘as nitinol and 2 the l'ike" (dl scussed ‘bel’'ow), As :
. Shown .in. gimui W res 5 are secured hy. securrng w re 3..306. around
the Butside of atly, theWallsten patenlediprlasenifliretiizingpleairic fosistansa hepting tof

for Secur Te weracGHE PoRERF efiing BP 288 HEC ineCRR T 1 i bt M uinlo dRFC.

Wi r ecapathler fofdmg tﬂﬁﬁwdvlfegeﬂdsecx@d’iﬂﬁﬁﬁ begbnidempardied eingfinwva vﬁﬁpﬁ ht
di scussed bel ow may be used. After the wires are-secure snal &ts 360

(shotin | nPlests dejeymﬁrqa tafqusb icentrollsd heating o Thisapetod invaleesnat evlyihen ebhy s

sui tgbl e c g exenpl e i ment,,
o ot v RUReHEBr e ot e Phed 80l i G RN HRIEYBpE Y i

Wi t haawi 1 efmviobwel i wd:doﬂemegtﬁass oaf thbejromerbradwtas AhOGeed RefCendEredRAMed -
0.011 inches. However, is to be 11 understood that weights of different

nmass¥s mainWE ldr‘m&enbesrag h@ﬁ@ a’Blltsrrélwrpﬁesreeremkemnmar wribie glued jeinbin (hat e.
t ht bed, bel:o l'y 13-
bal afive. 1 ite” KA SR rret N BlelpR BE Shs sl velBRe” TR & 15, o

stand. 330 wi th:. -a circular plate 320 is-provided W th-an 15.opening-. 325.
The g aneter ofn kg, @8 hﬂacmus SRPS-s Mat sy 1 &RRUS erdl bem! 16
In an exenpl ary ‘embodi ;an-‘openi ng . V\nnkhr? a@%raarrectrere ;(;Jfasglbg‘ﬁ? t%hgs

may tre typBiofahe preamtlwcz\ed demccpp;qyrdrtd@mcsvwﬂrhsafertarqsl atcefreoviretends exish cm

I't t der.st ood, 18 h t hat th g di anet
cl osdty  clF BRI KBS e At e AaTgge 15 VAL of P‘\g'twé“ﬁ?;m?:ﬁgteqhﬁrhsgg -
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20 As shown in FIG 19, before or after the weights are attached to the ends -
of wires 21 5, the tenplate is inverted. In an exenplary enbodi nent, the
wei ghts may be typically 22 attached to.. the free. ends of the. wires prior
to inversion of .the tenplate .such that the wires 23 are kept under
tension. and .may be prevented fromreturning to their unbent, nom nal 24
state, A% aélwélre t

t enpl ate. fn an ﬂ%ﬁg?ggyﬁ%gdﬁh@n@#{e R l&%ﬁ&ﬁfgﬁ éﬁ:hﬁﬁﬁ]ﬂf?ﬂl tﬂzm methg
typi eal | yfrehuwge fendsnthatearp icomnec2d tbigathereusing twelding @r tgeuwuiﬂr thquil)t kade-t he

central eattachlﬁtote? Iates 27 end in any suitable
nmanneér, rﬁ‘é‘gﬁéﬁlfg‘? (Feating Muiinle & ‘F?thqi'é pedioints does; ratiexist o Farthergwhile 1
Befope Orthéfcticﬁﬁdcs‘?ﬁtcﬁﬁ‘és dgslaﬁ se(?%%iod/ lengértegt(éf]ﬁ&%a@hmgge%eﬁtgn%ﬁ%ed 48ing o

tenpl at e; Inverte els p

“in. Fl G ‘r@@hods similar toemempm ystetl Byrired Wi patest cent sih %ﬂ@&ldi&y the
typically be attached to.the inverted tenplate after 4 the. i'nverted

t enpf at e ATeSepl WeKen daviess ave, @b@ﬁﬁtn gniydBif sagmaopatential lﬁaﬁensz €or ush'fg stiches 5
o o S L AT PR AT s oL e S
i nvept i Ofmal@aytteSsredday kdfts kranond feedsH Lfapﬁr ﬁg. étco%aézfo"'fg lgs 5 m’refl?‘%g?‘ s hi on

ends). are shown as being arranged .in a su ant’
ar ound cmvcmlaguapnglt@e 3P0the Tpresenenghes t84vangirds Qist y}wssah:leyuﬁar vie the keep

the w re n and i.n bal-ange.  Next. e pl.ai n.weaving may take

pl ad®. 10 Wﬂn Fasrﬁfﬂbm the, pesertial for Wq?bamﬁvfgﬂm%&csmramédvmn
crossing &Q&eﬂs%d&e@d%@&r@mgl? the adj acent wire “end. ‘Thi's crossing:; my be
made in either_a clockw se 12 countercl ockwi se fashion, This cr OSSI ng

may be carried out as directed by the arrows 13 shéown’in FIG '22. After a

conpket e set dh additionds tl'(eoﬁoragnmg lteneﬁth) ldops 6 aadrbenda8 alsochrovide. a&'@adﬂfges
Iocatlon is.as showmn in FIG 23. ;an
exerpl ar yP ‘hé‘x %‘?ﬁﬁf’%ﬁ?e Wffﬁénwse‘i‘mlf’?‘%ﬁ‘gn|t%&{ﬁlléwncﬁatqnh disgpssed ahene thatyarbe
achigved S ctlon mhlle
sli glﬁt |y L@Ef?%{ér?gsl:ﬁgex\% é%%?nﬁ%t@%%@égéuﬁﬁtagﬁ( gg&“?é’?@r r%r(?f‘f%n

an axenplweovenatntdinag b fom'ﬂmdsfrdxhlfé\t/emu'enmahe:aﬁhﬁwmdsﬁ of al¢Usapardly-Wizeg end
1 may be a cl ockw se -directi.on -over w:re end 2;. whiie.shifting

i r a¥ena WALTSTENE Sief siinnedurat s6e brarers Yoie 1o Wizss ssifione precsed in

Crossi ng REQS u te dlrectlon)
as ?Eown t|H§mllzl G ’ﬁE h;&gc(%rpoggﬁgﬁen%@%giﬂﬁfg r&e%fe%% ofht E‘ﬁt%oé) e{x Lwoﬁ?%? ﬁm\ﬁeave
i's cenpl affegigd sTﬂ:aemhy ghhmmanaf withdewtewiteshan evduld be ‘neéded tamediftam fhet ween

the wires - FIG |A) 0\?\2 usted by changing the central weight.: An
i ncridase. Siaﬂlct%Barl?Qﬁtf?‘&F xﬁ AL I; of the spme Bizedssimphe incseasingdbe mbd

angl a t ) d, vi V. | e

angle’ 2 SEBRAETe . HhoaHhie ol S VA Bisc Gl BRGKPTR, el o). "

In an, e>83rmihﬂy,ythe dnventbryhate. &mdnﬂatn&e sametrslt. ﬁfa@&%licﬂxé%ﬁrﬁy PBreasing
conventi o 27 braj ding machl ne may be. utiTized to arrange Wres 5in a

pl aﬂh weéB% diametes; of. lgcRresent Bires with or avithoyt. aém,%tms ftke ‘mpshitightnesscraved
h - 36 f
erehn. | Sl SR B8 B HeD TR R RELE AR o Bls 20 b TR Bt 0

V\/m cnh a pleaded mauahmwoﬂnpmamlytmdwusemm camheai RO AINHTENE, MRR#di ne -
is 3 . displayed ih -.FIG "7 of 'US. . Patent No. 5,419;231 to Earle 1]

et &. ( fQ@&}lOn\Anl'@ﬁeﬁS%!}’dnﬁélr tgmslaésqgtoeg o8t sangSpemtb.tasddd:spnbeﬁ abcamcalsoas

[ i Pat ; 5,.485, Gshqr 1996 whi ch
\r,:ﬁr e%?se;rg?%ésqr g ?th‘g pgfaﬁﬁsgﬁ%?)y tgfezcrpgﬂgréce él‘? 851§ g e % égeslss
i's cenpl efugthera8suil) W varietydfGizek fhat ?daytﬂéecrézﬁé’d f&ﬁh@&&ééﬂ@kexﬁ?%@th@v%eﬁns  ed

cl osest to the surgeon/operator) of body 10, wre
t ogeher inghetjightnessi ofl the tweiee of eachas Vunuallyomrmmjteds abersby lfsdxuraﬁﬁg 4irtdallyan

exenpl ary as few :.-as. 2 tw sts..may be. used, and. as nany as
' abdut 6. ﬂfﬂrzﬁerﬁﬁreégggﬁﬁf‘%ﬁsy 10 ‘enbodi nent , itis preferabl eto keep the
tw sted wire.ends.as short as possible:: The NI SR RO S S

o

-28-



11 shorter the twisted wire ends are kept, the nore resistant to bendi ng
the twsted wire ends 12 are As a result, the twwsted wire ends are | ess
likely to be inadvertently displaced during 13 placenent, 'repositioning,
or retrieval, thus reducing the ,potential for causing tissue 14 danage.

Al t hbugh not sFusvier, the invdntors ealsondisceteceddthtovirtnaliy nofshofehingratesii whilen t he
art 15 wi.th.the benefit of thergresené c%i?tsc,l osure that the wire ends may be
cotipl ePPBS: NErPTeseRt (WRYER eSS IRF dQuithe Aiemetsrsiof dhe prgseativoxsh estensans
capabl e hdah b& it he ti . J bel.ow. .s as .bendj ng and

cri rrgi ngiqgc%ﬁé%ealé&@{g?g&gjrl%hﬂ ? E’eh\r/]\ngr%é?ld ﬁ/?%éﬁpﬁglgrﬁ%f@r?glﬁ%ﬁePOWI?% the
sui tabl e predeat stahtssnafortacsussinaioflyethan $1i660 pyditien othet Wboléh stehs :thz@sPSf‘ten
configurations of .tenplate :300 may al so Be .utilized consistently wth
the 20 priBQ&mr st lageriacreasesdp diarmetpn when bens! such @abe WALLSTENT. oFoded

not only Ji i £ ' 09 (descrihed bel aw) ), around, which wires
5 arg ' bee:‘r%{'ta@ l%ag%gg%v iggé) ;}‘e_ste W@%@HQS&%%@?@FM '8}8?‘%3%6{9%@ yﬁg‘l B@dy of
the st ent0,0@6-inchavikedhesbomarimaligibehDBy MR hAHNEGhARRS R tHLre6 B8 ken
herein), ‘but _rmay al so be provided with pins around which the wre ends may
be 28 twitéelingdss Rad Miraginggthese seds . togethan tandeno. 4horfénitigs br dianset&OMcraie be

SurPhbr e PRuf S aAaR Bee, th IBafit 57 R ALES BN, Sied bom o4 005manent
at t aghnenheh Wireg t@@&avegmlgryntﬂcg_mﬁﬁ%& %J,;artﬁg_tqggmﬁé%ggﬁ%& ﬁvésiagx% %63028

as depicted in FIG 48 “In ofher enbodi nents, ting
to ehgagdnt éiapletare ahoughy when usemspulated cini ensitnikormaet,ngie MAMSTENTRY be
configured to 29 be,.secured t.ds%‘_;e |ate ;30.0 as. would a clanp . (not

shoth) . FERRPESICET #18%0Hcraase ip Liampgter 4nd. someoshpsigainew. Thus.ciig) lengthsoo i n

the 1$ame dIRAGEF ratids of fheForeaOihy sRRLSDAEM 3 L ildl, 2 such an

enbodi nent, tenplate '-300'-n§y- %g “provi dec?%dﬁ]%rf'ﬁ:l%gw%l es 804 simlar to
hol es 3 302, and finish pins 800 maybe placed through finish hole's 804.

Ri nd¢ " 802 ' mayAtfesvamféverwires,land e unfimited cexshiuinaiuatbeB 0P wires! npiyte 138d 105 | n
an odirent, | ich finish pi,ns .800 are aged with tenpl ate 300
thrgggh tfﬁ‘g“ &@pi%ﬁroﬁ&%@ﬁ _.ﬁﬁplscaa,%nﬁs,zu%fﬁﬁ”%é%nof-wm will eps ysiranded
may pe. qampied 6fanlyifatBdADAIChOk nYdtaleplastid, ABkr, @FE T . e y be
t hreaded al ong anf/_l'_. portion of i'.jt,'S"I':_gngt“h' sor’s"-_ as t%g%xgxggﬁ?g%@éﬁ%% g’ttg?a
varitety dhe \paesent invsotignspztes 12 wites arxdygitaly asddy t@ foantbedy. 80 inermdsat e
300 may be fhreadéd, as ‘depicted in FI'G" 49. . Threads néed not be utilized
wit i* 10 &PP 1‘f‘l"’tj’of'ﬁat engages tenplate 300. by virtue of frictional forces.
Advant ageously, the use:of ring 802 allows for the easy and precise

al i gnnent of  ToheRiunthed Bft wites APl Y u‘éé&lﬁbp%%cgﬂﬁhtt?'ﬁgﬁhc%%gn ar{%i?@rﬁuy;he

advant age afforded by the use of. ring 137802:s ease W

predd se lodrige Wesired axpansileciordsonfytheratent e The éx pansite foFesoflthel stanglidithielratig
woven bo may - be achieyved ‘hy .adj usting and fjxing the distance, along the
15 Pengt ﬁxﬁﬁ '%8?1‘&%?%’%%’66 “b%?-‘\?@&m,&f R‘ge Ao diactorpliecting the axpensilnferge pi ns
8005 | N af thé sRADREIUMRNIKS! i e 0 S 800 4 ALE < ugh
Finian hol oo ot Tt b niepag KsE 8r hd bR LR 1P oBkfhindd B6 e biRETbr
onezhal f voifest bsedandither angle fonmed Hy thhatosseewireed ths imveewi@s Ot €8sk @k - t he
finish pins wl|{ %{fﬁe Utjli-zed. :Tenplate 300 may be provided with finish 19
hol é . sCRel s iRy 80hyths siehies theoweave) the Bumber of aviees used tsformabe wowenisteat, a

variety RV e dy sizes, . Fogiexamal es-only.a portion: of tenplate
300 “ray %@d;@%\%ﬁﬁﬁgf#ﬂ” RS nserto, BRIy 30 8 diske i Bl poropiny artesy, D5 As

Wi t he 1i ngx@ple, tihtnay e Odsifabldi ohudkoiRSsrdiitstesd3 NI 48R ot he
easy 23 and preci seyal i gnnment of |, pins 304so€_dt abs GOOﬁE\M}S% r‘?ﬁ#"‘: ﬁl:gzeﬁ{agitﬁs '
800.27, AIFYaNGHpmposis ard rezincy thecpaseibilisy of restenosién tevessdiacith a mﬂ}(tivelr

advapt ageously. . Bbe - achi eved by; virtue of the 25 distance along the [ength
of ?grrpl SS?%Q.F?{B‘H?‘?%& ween pins-304, or tabs 600 and fi.ni sh holes 26 . 804
(and, therefore; finish pins 80.0. ). .
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Wth finish pins 800 in place; once.the wire ends of wire(s) 5 have been
woven 28 around tenplate 300, the wire ends nmay be secured around finish
pins 800 in any suitable -38 nmanner. to formclosed structures 4,
including by tw sting; bending; wapping and the like.- z In ..one

enbodi nent, the: wire ends may be crossed, then bent around finish pins

8' 00 and 3.t henFIECLA SGhdrOoBRey IR is 5 it8 thiBal SOk s PAiSEE sRineBaddld RiR)! met al
tubing. Such:a joint may a 'tgg‘r?rlts)?irtg?lﬁ%r%&hgﬁélggﬁégﬁeﬁ%&%\gIn)({ﬁnxjaséj%r t he
li kex A $roim abue 90Unp &0, bt neddtiidong; il 86°. t Thes¢xpaneile iberceibf bbaye ) afck&ises
securing the wre end,%ﬁarﬁﬁpd finish pins 800 in.formng, s closed

str et ur @8 2agle.a approachey 1§0T-¢ 1t oty begindemiond \thatagngles lass Ithare 80t lagelmur e

cl osed st oyt enpl atg 300, during annealing. ... a As:a result of
securing ngﬁgéatgo? gngg% %‘s I rg?’gg%%t’ﬁ ieé’hb%‘y’ﬁsasmﬁ?e fiHa Pé%@‘iaélyﬂbé%eﬁe_-b@m%e n

t he 5C|'05$m %oclq @'i'ﬂ’&st ﬁ Shd: ], are; Olf NQL. i.cal-to. anal e .
descri bed 10 abO\I}e. Ad\l?;%ffaggiﬁqu;?lsgy uI_sni %%taw%?éh %il%é’_%%‘g?‘%f’h?garéﬁ@ e
bet ween- ekpansilofoseimay be désirabled and,This, REglEa MhRbERIbsePICYRPL LY 4hf weave
of the woven body from|oosening. Were 12 |.ogsening to occur, the expansile
or rladi aFasedf adupprous strissire iopthedike: Ha thisaggan.tin anhiz %o compatative wedy,a coul d

decrease S tpoertion of -t he waven body to remgin. 14 el ongated
wtrhn cREEReRng B I Biehdel Infendoncr SRR S Bisher srainak ognind diase of
finigsh 1%arpérnsam®Qitanef agitistareid toued: thBinRREILR! @b 41Oy 0t 2n e:of the
angl e bet wgéern ?lﬁ% t:?ossedll 1é V\ﬂg@ oéﬁéésk?ﬁlgf&g?g ,\?ﬁﬁ%r{;;_goedg?o? _?\rfg\n&g?e%f“{ar%und_
t helf i ni SRALLSRENT ofcthei gimendigmetelr, ‘4dieevealad cn T0akdé oy deldve |18MDdbIE Qf thdre
woven body .- from.en 9 end - may. be consi-stent..and resistant .to:.18.

| oodeni ng,gs%‘??&% Wé“égepiiﬁﬂqsbcqlmée%‘sq“ﬁ%‘hé qacemferpatialslisplacomdnt limwim)y

cl oged st uat S Q.4 ey he ¢ T - to..the expansile fotce .of .the

ot her popf'lth%ﬁ%g ng? cftﬁgtx%ifyeor{ggg gm’)géa%nggﬁwdﬁcﬁtﬁo%ag%effr&%hﬂ‘cﬁ(?@helo of
a stent aeaoini gstidro waserddes by RNuant bl the" ForbdShdcataR it effdcEShat
37-47B: As. shown., in. FIG . 37,, the base of tenplate 300 may .be 52
equi‘pped difPleReme §ias thenracordedh sTisodesignatiom HWhyrefarsto the W ALLSTENT.cut s.

connected by a 23 transverse cut. The length; of the, cuts may be

det gr mi ned: based . upQRid N€ S Ex k8 od heaplate.chosen.: Forexanple,. a.
tenplate that is abgﬁ?ﬁ C%h%pgl%ng nzr’n%f’ééf’igc : rg\% °g§2§%‘ﬁ_ﬁﬁ'tud_i nal tabs with

| ONGi t UgHAe—eti-s——ab ot A et nsverse
cuts . npy be ab_oz’lt. D. mr?,{-,ong .ZAs- | I.ﬁgt_ rateW in{FINS. [37Wavabs. §0D. may be
27 slightimm)e| Eorierell Betyieen hp Sislgrtiyal Centert pOpedap | 38fde. And Stesptbe Jposi ti oned
equal l ylaroungd 28 tgnpl ate 3P0Side39 1 FI A\ and .B.al.§o.:
illustrate that wirges 5 may pe bent} around el ected p¢i nts:
Ioca’;]ed beg ween jghe| engs offthg WTepsTo TOTgEy g \émé'ra\es 2
5. The beny ppriakong > L ARKE T ForT ot Y ' , or
may be P fiu P .lc_ugbyv.._l p:izs arf-o ﬁdgfab_,c PO = 1 owh in FIG
38B. Anjp-eOb b3k Bhads¥h o 14%0c[ 6 Sy he B ho._1262 mre
- typical pns_md mé3t- bf v .10 Mol 50 | . . 158 ]
10 81 79 62 60 . 167
14 .| 115§ 119 . .| :90. . 84 .| 17 L1840
16 127 133 101 100} -202
.20 | :165 |.unmeasur.{- 142 |~ 129 ‘|
17
18 ~ ‘With respect to Table I, 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 grafné
20 multiplied by the gravitational constant, the inventors believe that the average reader will
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b may be equal to or greater than 90, and may 'approach but .not include,
180. The bent portions nmay be arranged to define end 12 of body 10. 'Wre
ends 7 of wires 5 may 'then s be weaved to create body 10 using, for

exanpl e, the foll ow ng machi ne weave nethod. As shown in FIG 39, ends 7 of
each wi r caSe rmettee ided abme dhersiutndf fordeli whenl thkOasb@dibbcﬂl&nas@%n (@ﬁmsj ength
of , the wire wound around each bobbin® nay be determ ned by

cons? derlsﬁsclﬁ% total ['ength: of the wite needed .to form body 10 as wel |
as the wire length 12 needed to arrange the bobbi ns around weaving pl ates

Shoup 11 F1 S Ahen BHE SlkeREe ToWALEUSERE RELA LARAERINET atthBl s T %5
15 cpaxi ahdnﬁngaﬁreaﬁ@ﬂﬂamv Iul§'@l]¥?,'I ﬁb@ﬁlmdﬁﬁy tORséltal dtérk Qhe Hitn %Qc’%thhﬁ the G

4.1, uppéel weaving 16.plate 604 and, |ower weaving plate 606 nay b
posm onefhamﬁefdi)ﬁ rVERel, dter pEisel deptranination1af the Gizesf the vessek 40 ehnmm t he

ed, ) ds 18,608, .th
P ML e R T e e L Ry
19 bgbbi ”%v@:@t%nﬁﬁg oeséd ﬂo%meye §6§d’&@xﬁa¢t(lﬂv@cn4ﬂe ﬂ@ﬂ'a%ﬁ%h@%s}éel“wﬁlpb?hé‘s for
t he sake of. 20 si rrpI|C|ty]% he weavi ng. plates ..may' be provided with hol es

t hergin tmamlﬁg:lﬁumiabh typica OaICEs&Ot(actadatacrcgaxdmgsth rcialyorpﬁqs bewm@es hwwn i n
FIG 41. t e 2 ecured.;: "to.the base he :weaving

machf ne. cslu- n‘lal ﬂg?tﬁb W&@‘i PaéF’i“‘?FEé?’i%“%B?ﬁ"é%“"?%a}i é‘i?gi a’h@ WGMCTB!BG‘“Ohr ound
whi G t enRkh &f tRO Bred&iH. 1H@e?§10n4ﬁrs] SW dn'ﬂg':ér ter éxpaﬂ-s‘?mo% Cthaft. tﬁ’aqcﬁfw be

secured to the base of the weavi osen‘usi ng any suitabl e neans
25 such. a‘é’Aﬂ.éﬁﬂ'Ia{'Elfra)doxﬁmablanmmhérwﬁmhstmhmtﬁ f3af thmyarhe calibegl atdny
pl aced (FI 5 Iate rod, 610 may be confiqured to firnly engage
tenptate. @%Frﬁtﬁ‘%%%ﬁ‘ W’Sﬁél“s%d?h?r@r"c@éi shewg in Fﬂ& ﬂgp‘é?’ﬁﬂﬁg'cﬁléﬁpqhatuée r od
610),, | nsiead tif ﬁlyﬂi LAPIok ol L may
be dased tsé)quec\ﬂ%cg 1t%%iase 0 I@ﬁ ‘\X/e@’%"ngg"oﬁé‘gﬁb \?" mcp k}n@%g@ea%
shown. i rtheMESLLEZENGhdhedBlased kteuquaies of thé stentshofthe Giidsenaineatiph apartkel fOF
upper. weavi ng. pl ate: 604 and the

z weavi ng by an bobbi p on

ot hé# bo%ﬁ‘ Bﬁf@m%%g IERS. thehiBay-he Hisdgay restit isp eonsjgisrable tedugijon hen
b t d; t
pobts ns apgieidee SRe RRtds nalol il E nnfbR(15e lred BSedhd il o B EN AL BEIEE  ©

tenason tthe ouiggsoutFdrhimstanesyi ind spiliceassel Applkobtions &egf, Sd\t@hax@r aRepRAt SN i s a
one-way brake that all ows bobbin 602 to rotate in-a single direction.only,
suchst hatadtVﬁéa&aOPé e uﬁﬁwwnﬁawm apwypt Af gare (metpbnip traqh@@utbp yRosgibidity &f br ake

may be c C s|y. tamtesro W re. by
virt tgje 01& ﬂ{ dﬂ<e S rr@s;tgrlgqs agg%ﬁﬁqu%ﬁ %r%a{%ﬁ'ﬁdoeﬁb gi‘mﬁﬁ If’emgle a iRy ig
shows in Eﬂﬁed%}bw%ﬂégréd”sewm'idueldsmhsthbme@é 8§ expitRile FGoY foselmmchasig). by
11 crossjing.the.wre. ends. of the .sane, wi.re,. whi.ch. results, in.the.formation

of &1 sl Forcthe s3me iaéc‘lﬂébﬁ%h‘{aﬂp@ thep pyme tort mnsgxtc@tcbf:xpansﬂe fioeast canobe on.
o't P37 e tepfEBE S of JOSEYLRReh Sylibar B L 8F el eeier Vb Foltrafeehefer |

Arent M T 85 may 0SS€

of tahe beWAlEISS’ItHN)TI afif her 43§)able1§ieﬁt§ B 'oE‘tle senﬂ‘in%tlohhﬁa)t )ﬂ@o ‘b%aV' ng
pl ates nmay be arranged such that.the 16 surfaces thereof from whjch

boblsn r oghosen wxasdadarea diameserapprximately tentpnr@ﬁnalargamhm the diabetei cfathm the
di angeters t.he ) be the' sane' or different. Wres 5 may be 18
arrazﬁged t&h%g&ch@c%ﬁqtﬁ%e same manner. as..descri bed above, -as s%ovvn in
FIG 45. Despite which of the af orement i oned weavi ng plate arrangerrents IS
utiljgzed) the E&dyfwmapmsxal&tﬁﬁnwtf@n?alsihgwm&'@‘&e% (grewlfmén%tmn@ "yhe

~weavi ng process. The weaving 21 plates nmay be operated at any suita
speed. | nThsingle ajee me@dlmpam 1HBsttam¢wl asFIGt dC1 @herinc ik esidp &rhave mot geu S

'D

acceptable.. The weavi ng pl.ates Iso driven b hand, 23 The .weavi ng
ol ats noBeR BEBFY 8k cafeled é?%&ﬂ&i érF$°S§G| %ta)sm e aideseiesd below in
29 greater detail. One version of the smgle wire embodxment is illustrated in FIG 50A. As
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24 illustrates one neans of supporting and rotating weaving plates 604 and
.606. (FIG 61 25 depicts on 4 bobbins for the sake of sinplicity:) As
-shown; weaving pl ate supporter 650 26 may be equi pped with | ower arm 652
and upper arm 654 for supporting | ower and upper 27 weavi ng plates 606 and
604, respectively. \Waving plate drivers 660 nmay be' secured to 28 the
upper ansleuRkl iAFTE. S0AL BBaYEG YK Bs: RERIfs SHARRIALY: (ARA FBY3SRH pYibifhat e

d them The dr >P e

weaving -41 -1 plates in order to operate ivers na

confi gur end 2o Firse segreent 812§ vare § ibseparatasiomnecdral seguan8 Bl by Bicheflben@r S -

may be cgnfigured with a pqwer source and, provided wth gears of any

sui t4bl e-gc{&&??isba‘fla} pb_ﬁlqssg RIS ndrs o iablGigSPAadss ement 8§12 exEnds 4
drivers voAlSa bes copfLgured t'osutil ez’ agnel i syl or el éct.romagnetismto
rotate t ﬁgﬂgﬂﬂ\nglv?ﬁg&g?%%%}é% %ﬁég%l %%‘bse_rh;(?_rtr@gge‘engls g]’oarb%s%c(%fll S@&F‘%H‘ Eh‘ih

t hats t he exeaud heicalinties seBondsdiReribRtaeded £5 SRNGwFUEhde! FiRl b ﬁi‘?t
shown; .it .will: be understood-to. those of skill i.n z.the art,” wth the:
benefit erosses second segrmentr 814 imhat nwnbéreof catbmtsh81f. tAveshowrein FHEG. 1504er
arms S nmg e prQvi ded with- brapnchés.to which dri.vers may be attached. The
dri ver S"E%agﬂgf@%r gﬁd&f‘eéo%u%g&t H§H¢}bé.°$bl§?% otheropuchniiag etbe wiopps tare t op
surfaces  Qitidi6ic bngr ol ates 00 nh e sanesf ashioon .t hat. dri.vers,660 are
cnocped TS B ERE: Soutilall, R BAT AR Al Ir fl Bl IR el
61. drhus Jodps, sach lognshardsadpaistiocationi816hevithawoatitbrigdgsom 12 surfaces of
each weavi ng- pl at erwoul d:-be: engaged wi:t-h: dri.vers. 13 A braiding machi ne
suitable for carrying the weaving process just described (i.e., 14 .

uti i zi ng the Sﬁé&\?ﬂtﬁ%lal and 834 masberarranged initwp diffsrens weayp with respent tdéeadine! |-

ot odbss  olRroy G IRAL. 00 B! 125 Bovilinod ook gt 25 DLaE
desgf | begegthentB140at dabh Toceidh V165 Whilel i FIG. %S 0B Qe fRESRts dﬂ'l@ ;aﬂ'c]lc’@ﬁsﬁte%atg re
with a

18 twisting faster and easier; the wires may be tWw sted . Specl a
hand3 t oobemgdhghesdran axisB10Ht ¢aghulogatien 81k dk wilt Pe ithterstood tethase of $kA1 id 6A

foll ows t,he principle of.an.automatic 2 encil. Jaws 614 of, tool. 612 are
conft gur gl'be ' Wﬂgttgﬁm%%efétn%st i ﬁ’é Oplres BPEF%%t aﬁglm@é fPOBitioRss fasther Jaws
614 yray b@m a6 BYSHRH BYmRHEEI4 he Ry Bfie TRUGAE gl NSt -spring 22 618.
After placing wire ends 7 'into pre-fornmed gaps 620 | ocated between jaws
614 (FIG 23 46B), spring 6Z8 expands (or returns to i'ts unconstrained
state) and retlnabe singlenwire leyboglimericof thegsterts &n FEGS. S0Af and$6B blebpe8D8 | aws
614 due .to the'%ﬁess’?'r' of .outer’ (Ei-dusi g& 622 f2§ acting to ¢lose jaws 614.
out & holEi9g e IeR O PIARGS Hat ingludes FWOETRRSRIPIARAS (PT ShoMm s9ne ofVRiFh v 1 e

endgs 7. . ifSudds! i a , ppel hat f cbody
10 rsrt;ay be 27 sélélﬁ?{gg&e -%ss'lt'- "tﬁl}o%g‘ té%ghﬁ's?ﬁrg’tﬁrﬁghgt\?e@gg ?ég’sﬁg’ztﬁgga}?% 3 may
be fior meavhi¢teirchudes theaplanss 28singniyoughitiabecond HoudROsixthderd. loops §18.nThg t o
the single wire ‘enpodi iment’ "bod%/"'lo%xgﬁy"be‘ g&gmsd using either the2 hand
weadf ng PIIELLE €aGR. STREP AfE HCHEN e BYRIE . . Sechs Sthepqor Whon ey H0aisein its

desgyi be : [ i f O ' . 0,
wh ah nay"RuRRaNEd stlt, EBRNS, inlhe ind BOGBEING SR MOFIERSS ip SRS Bol L ¢
pi n2804 at adweianglesifallidg withintfie raveseroftslighfly grdiet figme roabouush Afis gagavi ng
is to begin: Near'its ‘other end, terplate 300 nmay be 6 provided with finish
pi n 2800 - BAsser aenepalystarqueth thogenteppictachaf lases 8b%r opri.at ely. aligned with pin
304 or longitudinal tab 600. In one enbodi ment, finish pin 800 may be

proyjded s on f| 02: e «ppave, of dy_ . By then.. be.started hy ;
b.ené% ng wire 5( gag}g)ﬁ’ﬁ]dﬁf F ggh 5@@4 cgqmﬁooqﬁ(?ﬁ%ﬁ %ﬁ%?ﬁﬁ%l&ﬁﬁeﬁﬁe FB"%PEF?F{‘E her
bends 8 ombody d9est thoeRenb e pRratdioby ' RCWhic | may
be utili 'zgdyt' 0 set(i'ur'e"nbrer-lri1 rbv‘\.'/?siE g 5 t0'P$g%1p%ﬁgt8@a!30 (fsn tﬁﬂé@@%ﬁ%gﬁgﬁg\ge ;
The 26 wo @angritlé: ereotwisted rtoggheron A shaswn,spais .of comtigholis doops 838¢- ivihpthe 13
may then be woven to create body £0 Qy helically wapping the segnents
o ERARICE O eoRPor st o closeR PGS r GHePaTRAcbY HFISA spEmergoB20
trangver B 48fshoWif, it GABE LRdR¥od to those of skill in the art, with the benefit of
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15 be crossed over each other during the process in alternating fashion to
result in the single 16 wire enbodi nent depicted in FIG 50B. This weavi ng
may take place either by hand or . using the weaving. tenplates described
above. 18 After the weaving is conplete, ,in one enbodi ment, cl osed

st ruct ur ¢his 4is@ysure, MRatlds i@t @At BYousr mg‘s’- Iag:'a}éﬂsesix\wrrﬁaf"&éSs_'eaéﬁteadb{; ighi sh
pin 800 in the manner .described above. 20 In another enbodiment,. the wre
ends? maywisted segmene8Rbirommnothed laopastany othies ndmber dfledti gioualioams tocuitar m

cl osed strHct re 4,.. whi cht}ga,y theg%bﬁ secured to transverse tab 624. It

wi | 13 22 - BETUGRHEAE GPHGRIAM & (05 SHRMPSH TS FDtgRoRSloops TaY: hisliSARRratedh om0
maybe ut ghbked 186 6 | Bt 100k 6o RS HWRRE: Aot iaanal

pi n(s) or tagfﬁjs@; naﬁgr \%;ei)rr% itaglgI?I ggg iog§1é§0p254 Wi %»Eﬁ{&ﬁesegl:zkﬁgtr ﬁﬂﬁir? %)a?&a

1 ongi t udimesinet that theqiairs eétontiguoiploeps Aressegahed by 1¢istalysepmehtaragdtiuaiatedd t he

d of body, 10 L begi depicted in FIG .50B. Simlarly, ,
26 e ¢ FoNA0- S Syl Toie sondutla, Geot i Sesgpireog s zbethen leamobare
f j on. 7o Il Ui t I finish

2oh 00 SORrBBbnd el Mg 9 o ANGleh ARl 1A (i Gl Lo

pin 800 or transverse t 24 W ‘advant.ageousl’y. ensur

remed ns singhowite ambodimémgtent ney Havg onliheneuiaed iotneROsapaftivg 6o Eeesd | bed
bel ow may: be. util.ized for annealing the single wre enbodinent. -4.3 1
Aftet th8fpvaicAantiguopsloaps. - wires: 5 is .conpleted on the. tenplate, if the
wires are made of -a n#terial that can ;be programed w th €ither thernal

Gy s UoahPHEE BLFRnORG Rt iRaclih LS raflns RS el 0T Ko b,

progr am laddy“th® dophstentt’y)ewhichefsmicosvaamed Shef@TbY refefensslPaieCkigld Ghity/ -
if body 10 is programred with superelasticity; its initial shape, can be
def 6% med eBPOLHBERt ofgthe stenlc that Hhas dwdstedysegmente 30 adepiotedt ine FIG: &IC fondy 10

b Lal l i t:S inidi . 1f .body 1Q..i med with

(ot thar S eRiinbit, | doskEQY Bfutibi® LoNehBls 1303PE18.) | AROE Vet GieP HABIE IR (',

of as f or embatirAeritistents Rith @UFIE bvdisted SegrhBfts 204, MRrdRYishat f&f&?&’&%an@ﬁi@isﬁ@y 10
e

may remain deformed until heated 10 to a second tenperature. :At 't
second, ~1eaRscdid inrdlates) apanrgr.ndiie slinsstienst ofurly latesa s te indicated by e

o Porpi ke BRI RIGRICS sttt i ietkibdle SaBGER R oh e sER R
; miout eS}ndlMgieCc_%'nli uo’&l@%sps,l&chcash%.mxnlaegﬁted:iaw(;.léoey@%ld@ea% hXRLeRbE ¥

(for about 15 minutes in‘an , oven: After allowing the unit to cool to room
t enpier at other stiuctage Bapissoomtimashentonfexed, prao pessel ersstructurea wik ol like)y

enbodi nent, -16 nmatural ..cooling | § typically used. "It is to. ‘be understood,
howeVer , TYA&D BRY Iwé’F%PE’Ef‘”{ggFéﬁﬁ”i‘?w @Fr%”%“fsl‘lﬂﬁ%"eﬂé’b’ fhe hoRP ¥sBinpl e, may
be utilized resulting in-slightly differént superel asti.c characteristics

thagy ar e..achi ea&s) 10 bfha SRht'bcordif®td M prefenP RGRASHTHRAY HRFEYMAS by er mal
shapoe rrer'rb'r'z';"t'(ﬁdg, body'a"l Olterrglrat% uni tpmay be ' heat eg to ab%%%’nggggﬁ?or 20
no

aboat 60meshedofhplaint weavet ippludingl handpweavirg2andrinachins weaviag.  Gihenfollaiting
allogwing the unit 21 to cool' .to ro tenperature, . .wres 5 possess {hernal
Shagh maRbesrss 1 g empling Bibgcistent AL BRVING SHCGIRE Bs PREORSAYSISal |y
use It A gdeigt npRRWSHE havi didRiefat cROlNGdSi Ng a
e batAhs,s'sﬁdc}?Pgﬁgﬂngl 8, ﬁg%%‘qfi SChavhpH o t|e%g'%?h€éﬁhgﬂ‘1gl§’ Yls"iean9 ¢
t hersral shapetenrefibody.10as podvidedst The tofh afi tiser empidie ¢y equippddrwitht holed 302

cooling. 25 Ipn, an exenplary. . e iment of body 10, .it 1s preferable to
f ur tther raé?‘md;’rt% &g e‘Z‘-’@‘:E'oé)ﬁl‘gg&?Wer plaggydiresighthe holes sueh that they extends ¢ er
body, 10 rb@?opc? e 6\.\9&%8&5&]:&' oﬂﬂ@?&hﬁ%e-dn-opposing sides.” As shown in"FIG. 16, wires

27 5 are bent at about their midpoint around the pins. This bending may result in the

23 formation of bend 8 as shon, o'f'.wi'r'es 5 may bé'wf_émi'ed' around the pin$ to form small

29 1oops 6 (not shown). In one 'cx'r'xbodirr'_lént of body 'iO,'_anglc'b of small closed ldop 6 or
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(especially if twisting was .utilized). - This reinforcenent rmy be
acconplished by .any is suitable neans such as point welding, soldering
pressure .wel di ng, or the like. The wire a9 ends of closed structures 4 nay
be sol der ed by :removing any oxide layer .that may. have formed over the
rel evant port| ons of the wres used; and appl ying sol der to those
portions.pend SOIGIEIAN e C t he vm re
ends of the cl (?s)led 3 )stﬂl?ﬁ(r?bqusth%ﬂvtﬂaheﬂh?ﬁnédteat?mc\gggl%gwg?e%qu@%g

exenpl ar yangledndiaydategugad ot gwwated kg 908, fndomaleappRdch, cbu% %fjﬁx"cld?lg léﬁacqyse
point welding is easier to performthan sol dering, and may s be nore

sui t &bl e AR &VRN MRFALYPI¢a) embﬁguneet,mng}em anaydeei aboud140-160%5 t ABtdisclied wboes Of

body, 10 any.materi al npati bl e with the tissue in
oht o ¢ nOR LR IR oEf et i Rpier thel ke ksamm Aikelyaponsmechanidaly
rigigd andogn€himtihe Bk & r )

super el asti ¢ ty or her rral@aagggglgol& bW'aﬂ&exP pg%l;t‘? 1~ageé¥\1:%llcgnmngft8p ¥itsnl e,
be N Ti a:hﬂs)yzgelhekélrmughwejdmgiiugruu@gloys can be .10 heat-ed. and allowed to.
cool to roomterrperature resultlng in the aIons havi ng either 11

super el asti.c r the{nga ‘Teihory properties, “dependi ng- ofi-t'he heating
tine’ as above H(9§EF QQ‘m@.‘H Fhedtersptaﬁhtvempgtpeomedm endsuctfetweewired§ Pd,

o hoo G2, be RBRE 45l Bl E BB 17 St inbit 5 O ridh L Bnglovine s
shape menboye déctibed. . Thik prl thay bélEcHTONd By ns‘?(;\llr\é"% sﬁ{%@]é@:ﬁ,@%ﬁhgfg%ﬁ do

not , possess |ong-range . er and under go her no
t r ad&f or PEEVEHHNE Higawiresfrem rmymag ¢ thefirsstraight, unbwcon@gmhﬂuyn ASGHBWH3Nn Ti -

| 1 1.0 h d. . | |
bt nendC: AR Rt e dna RS oo 58 climing somstallip mimmadabe Mreso 4 %
Ti t ani un)anmhsr meu&ﬂﬁnf of the %@&n@ pPin Q&E&M%ﬁ oceddChs @HW% nﬁ;@ PR k%o 20

commercial ly avail abl e from Shape Menory cations in ré CA.

21 -Vhen - ysrasd may ieaeh bevwrapped heoumtopmmm separatel P any sééhréd! Msing A9 QURABLe
i ncreases ove e radio acl t ents fornmed using materials such as

22
stai'hl es gcépﬁeﬁu‘:ﬁ o ghofﬁ J?Sé Ti8QNtEAst ke PENding one rwire) md@m of
the i ti 30K, Wfted anmdd t. 86 d by the
W rop Thet S BRling O “a*’*‘%ﬁ%gﬁ%ﬁé’?ﬁi%e%é@ah I FYG: 5008 3 8exsbeg
si | ver soeloey, the two iwicsscmay he- oooylpdad ench otirdsinoany: r§g1tﬂ$l@$ﬁ€hn§tshél?fa§” es 4
26 The Wi, re.sizes that ef c%’sfor the stents of the present |nvent| on
vary' 27 GEBLR& Hﬂ'ﬁgf’h@"éﬁﬁ prehgribslow deschbet ent: 1'n an ‘exenpl ary -

enbodi nent, small stents 28 ranging fromabout 2 to .about 4 nmmin dianeter
and j@bout 1 tmleha ofl »\R{;‘MME PiCad or
appl i cation, g%l |y§te lr es “ ér}\g,nni?‘a oﬁfcal%dgy !o k ?rgtoﬁdggaéq gnches

in d aneldene fqrn laﬁtraexepwlpaso} oalybadd monto, indicewdi ther‘appmphﬁterrﬁﬁﬁtbdit@f Wwiggbout
ter and about 2 to about 10 cmin |ength,

4. b
suc% as gfee%bgﬁ% YN ?Pé’ ‘&atfqni 25 exmplanycermbedipisnt.i templatar 300 is; typicallyi d
artery, H6hddler bFOYU: Qobe Sbur Ty ! fordi€a U ERy kgl ,Hgog,gal lcgpagg o

about 0.009 inches in, n an exenp

stem s amﬂutaawguhelmmmperahummelew disousseid, kucteasbtabiteskseal.28aH 1y, GR6 tO
. about 0.012 mc{;&‘s ggll anet e plications for the |arge stents include
t heaor t 8" EGHP & ‘m?gbéamss -afeetypically fommend:of praimdesststeelObutrmaybge)

they nf efbedVet &5 s‘iﬁ‘ﬁ'ﬁrlf' shﬁ%lé;ma‘t‘éﬁeﬁ‘h. 1t 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 prefonn-ing,:attachrnent;by.-Welding,i threading;-or the like. - -

27 o As shown in FIG 17 after the w1res have been bent around the pms the w1res are
28 secured to the template to prevent them from retummg to thexr ongmal ‘straight, unbent
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usual ly less than about 28 mmin dianeter; the "superior vena cava ("SVC'),
the 10 esophageal (20-25 mmin dianmeter), .and the' colon, which nay be
about I5 to about 11 25 mm Tapered Stents 13 Wth reference to the
illustrative enbodi ment shown in FIG 14, there is shown a 14 tapered stent
f or i nserjdsiionaMiisteby bengcessanytgivamthanapasiasit naureustt wires suthpe hitthobasty 100
15 may be fo,rrrz% USif’Fgl%Q pI@iﬁn .vveave,bf, ' the nmet hagds above descri bed.

Pot eht i althe dikeAHeHssRiNRedODr -Aapaver i EdG. 160wires Pate seqtsed by gequring veire
enbodi nenf, e | ians:.fo | ch red.st ent. .may be used
i ncl gde t 0(36 %P?%& ¥I&W§)¥t§} C%?]BJQ%%?% g %o{cﬂ 'F?c\gg% ! rret%egr i%gglpgta@%v\%"ﬁ%ld%g it the
caroti d. t@fnpRitd. b arf eXensl@pienibodiraerd, tEPep i typlAlIYied FHCEROFP WireBOGL | ON
may be achi eved different ways. In a first method using 20 the hand weave
net héd orbuwrit/isoP. henandessiendnhahenyhsiaitable sdrei ¢apablebelvwithstandingitbe: enmealinge

Cempfat o Grewanaeut SuBBRORE e BERY mallRebds Hhctisbs ofesiarebwbret cps

is typica WS : _ rXo%e S ] t he
e s ol Yeigfhs 380 HOVAAR FIG. B0Fyb SHBRGo TRV GEPEAGS ARG ARV ANIK ah? "D
chosen basuitdblermédne ssttapetyifig,tonahe Uiksseln & esémplaty embbdintenyhweighistwap Wi | |

be placed. , 26 _In an exenplary enbodinent, it, ,may be preferable to

choode a BAUpE of ofPProXdmAlehE P8 09: gramy anay typigally thsr usedhavith eviptsabaying such

- that,a " - ef M =\ 8 the t red sten nd the
voasBl or AERELEE oot 2ouPl 085 thcHeS o hdGl B3R ihles MGNER ) il}o BEY my

be uged .umiefstoodithet wéights of diffepet imasseondy Veehorin ¢d Iong QA tHE 4Rk afd B¥pt i on.

It is to2 be understood, hewever;-. that -any.suitable means for inproving the

fi xaki on &ider fensignetite. strpighth dydag glainr weaving t(as desasihed brjow),aardhgroprdy

proxj. mal epd of the stent., ARY.Re ised«i n a addition'to or instead of the

vvedg{é- ef ftzdg%‘cggheélﬁﬁgl‘gﬁ@ﬁ (gps%éggﬁ%qg%gazndel t her .hand or -machi ne weave,'

t he weave nay be substantially uniformalong the axial |length of the stent:

As auresult ofAs bisoverursFEG! 183lal syandn3300 withveaiteulat bl%teeswlilﬁhﬂo@icfear\ﬂ(ﬁa aff the

stent may be substantially uniformalong the s axial |ength of the stent.

Al t hsugh’ enseing,328n Siecdiamgeterofithy openiag eaudeneadiop thaidiznetensf tedemplata. he

mat ch bet ' s of th red stent and the vessel 'into which
he o B eketpihZERRE M hSodriF b, 3 Bhinel ofs Mo P b, By o
| essgr t hgpiculyhilized id tosiuhdtivhtveith B\tepite 8f ghdut L@ Bin. It isto be. understood,

18 “however, that an opening-with a diameter more cclosely corresponding to-the diameter:of

19 :-Lhe:t(?mplate maybe utilized. - oo 0

»  Asshownin FIG. 19, before or after the weights arc attached to the ends of wires
2 §, the template is inverted. In an excmplafy embodxmcnt,the wexghts may be typlcally

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 returningto-their unbent, nominal
2  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.
26 However, it is to be understood that the central weight may be attached to the template’s

zend in any suitable manner, such as hanging from holes in the templaté itself, etc.
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12 I n anot her enbodi nent accor di ng to the present i nvention, a tenplate
possessing-a 13 uniformdi ameter. as. described above may 'be chosen for
use with either the hand weave 14 nethod or a nmachi ne nethod. The di aneter
of this tenplate may correspond to the -15 dianeter of the | argest portion
of the stent. Tapered body 100 -may be woven around thi's tenplate and heated
.and cool ed. apefho\R. 4Rs TehBdweldhe 390! 8 fefedolo a{eOé@diotsmeU&hgﬂ@é éh% 104
may then be reinforced as needed Tor the application. , Tapere ody 100
may 2t henmlvertchtemm]atbesi plced thrapgh epeningiP2itas shown an FIGs20.0ln & exdmyplatyo t he
one descri be 19 a per wre and reheated in_a
mander s$HPP fnep{) tﬁ%é"rﬁ%}ld’f’ﬁ&m Wé)ﬁttm&'ﬁ lyFes atfapbed i@tl‘ggngerg,qttemplatte]ager

21 te SHEvRd BaBIAOR bR Bl A sV EH T2 308 s %

end 5102 .playbaperaagded Faifdpdyenll § Arcarithe lcnoum&raxcdocfrtﬁaaﬂraw?mans&d showay ce of
the tapered stent towards the lE‘)gﬁ\eered 23 distal end 102 4 Is to be

under st.odfkGnaAl.in amexaroplary @nbediment ofthe peasent nviingionob wirehbavding .2 erde5

del ed f d ' dth h
brodr armBShRER 156 (e aiVis 2o S naih SRS e aPhasclf e Rentely

excqed ashihaticAPAishit droilfd & £ 320C! and

t he seco%ﬁhegcl ng tll e, 5 I%Jbl% 3{ 6(’)14%161\%&%% j4 Eecagg‘del@%p“ae out 60
m nuwt es, tctkuopsheewiresrayddmemmgammdﬂlamehNeimeth&qilamhmemg&nmtﬁke pde. s As
W th body 10, one or .nore of the. coupled: wire ends: of. tapered-body 100

may. be left, slightl nger the, others gnd bent inward so as to
al | Bw for ret F’} maﬁﬂtﬁews lsh{ﬁ zasm?gweaé'efnéﬂy:ti"’gﬁtaﬁ%yy FEOSFING\PRE Witkevi ce.

: Fyrtheg,q sbasmé Sddnt wlfese.gao‘l ﬁ{ls %mslxg Jngag, % maeqﬁe 14;1@{ Ef&&@%@&?ve

St ent fixation. an 1 n vi .expansi orce

t apered ecbmrcrmfckwm faslisrntTHis lcmimtgl may besafiednsuti & difecRdopOttel avews t 0
t he weave tight neé The results of this study areée’ set forth bel owin Table
2. Phe t sipmEsEIGr23.nAligs acompletsisebafyFipss £rcons: UMy has basa. CATIRPE,

bet yeen Eﬁée]o%ﬁﬁﬁe'cﬂgthewcfo?E ngreW%khs E}E sMthn Sy (ggLﬁber Tn %n W%(éx?n?l(#fo 011

for creating weave enta udedSi WM e ety Wer € bui

i ncly ni t emdbdimeneghe tdsulting 1dchtivndifake Wi \WaemhY1Be aElfiEwdd c%srsﬁsg cHeQyivd de
(closer to. 180), he stent is better able to 11 withstan out er

conpr essFih ovexranother dnaedirectien avhileelightlpshifting ther wite pndmatecrmndn ithe
th | e, f f. th ble 2 d Sel f
Expind nGPPEHEEr S I FEEerop aph fmbadifisar s ayFfte g to HARTISARER., >°

Wrgs ti.wire end'l may be crossed in a clockwise direction-over wire end 2, while shxftxng wire

19 end 2 about 15° counterclockwise. Once one turn has taken place, crossing may begin in
20 the same fashlon but in the opp051te dlrectlon, as shown in FIG 24 Thls process may
21 ‘:'be repeated untﬂ the plam weave 1s complete o o

22 -~ -i:The tightness of the-rplainr weave (i.e.; the angle a between the ‘wires - FIG. 1A)
23 ' may be adjusted by changing thé central weight.” An increasé in the central weight results
24 "in a looser weave :(decreased ‘angle -a ‘between ‘the ‘wirés) and vice®6versa. Upon
25 completion of the plain weave, the adjacent -wire-ends"may be'closéd as below described.
26 | In an exemplary embodlment accordmg to the present mventlon a conventlonal
21 braldmg machme rnay be utxhzed to arrange wires 5in a plain weave to form body 10of a
28 stent or any other device described herein. Such a braiding machine may be obtained, for
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(m) T~ 10 . Wres; ight ~. Wave'8 Wres) Mderate . Wave ,6' Wres,

.. dose.Wave , ,., ,~ 6 Wres) .Tight . . Wave ,2115~91..2692
.41761235510362081 4174~ 1198 .238.LSg ~92. - .126 ~

.10273170103136. 122931861201451 4331202_ 12915316371223146171 is . Wth
respect epamiplel &ofy Wardweh BraitiorgsMaskide tGrenpaniytin '@htriloFal sgRAMT he agarinbe 17
measure of farce fﬁ?énthe reasons di scussed above. ,Simlarly, the

desi nat For¥HCh 7 PR Meavermrbde ABiRNGA BYnerapPenventiangl dsiding maghine is
¢l repnt etldyal i PREAPRIRNS. bLin iR, R14 1B 11d BLED ! J) SUERLSPRERTs

exanpl e) nmm i n | cat es Ré “¢ircunt €
4 hereby expressly incorporated by reference, as well as in FIG.1 of U.S. Patent No.

5 5,485,774 to Osborne (1996), which is hereby expressly incorporated by ref_eren'ce.

6 = - -After.the plain weave process is complete, as shown in FIG. 1A, at the rear or
7 - proximal end 2 (the end closest to the surgeon/operator) of body 10, wire ends 7 may be
8 . twisted together using multiple twists so as to form closed stnictures 4. -In an eite,mplary
s . embodiment, as few .as 2 twists may be used, and as many as about 6. In an exemplary
10 embodiment, it is preferable to keep the twisted wire ends as shoit las possible. The

n shorter the twisted wire ends are kept the more resistant to bendlng the twisted wire ends
12 are. As a result the thsted wire ends are less hkely to be madvertently dlsplaced dunng
B placement reposmomng, or retneval thus reducrng the potentral for causing tlssue

14 Idamage Although not shown it wrll be understood to those of ordmary skill in the art

15 with the benefit of the present dlsclosure that the wire ends may be coupled together,
16 ‘instead of by twrstmg, usmg any surtable means capable of thhstandmg the heatmg
17 described below, such as bendmg and cnmpmg a metal clxp around the wrres tymg them
1B together wrth su1table matenal such as stamless steel wrre, weldmg, etc

19 ... Other configurations: of template 300 may-also be utilized consistently'with the

20 ‘present disclosure. . For example, template 300 -may.be provided not only with.pins 304 or
21 tabs 600 (described below), around which wires 5 are bent; wrapped, tied, twisted, ezc.,
2 prior to weavmg the body of the stent (or the bodres of any of the woven structures
23 disclosed herem) but may also be provrded wrth pms around whlch the wrre ends may be
24 twisted in fashlomng closed structures 4 'Finish’ pms 800 may be supplred ona rmg, such
25 -as nng 802 deprcted in FIG 48 in any sultable fashron mcludmg, for example, through
26 removable or permanent attachment ng 802 may be conﬁgured to threadably engage
27 template 300 as depicted in FIG. 48. In other embodrments nng 802 may be conﬁgured
28 to engage template 300 by virtue .of frictional forces (not shown) or may be configured to

29 be secured to template 300 as.would a clamp (not shown).. Finish pins 800 may also be
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I n-question was reduced by 2 nm arid the force necessary to effect that
di spl acenent was z then recorded. s Advantages of the tapered stent of the
present invention include superb flexibility) a repositionability and
removabi lity, precise positionability, and better matching than a s
cylindrical stent with a uniformdianeter between the tapered vessel and

t he st ent engaiged withnmesnpt£6 BDO in fhe 5% nAhhdFBls 0 saﬁl el
pat ency: Ichomgered Ster?ts Various nateri al myﬂlﬁﬁgbguﬁ drﬁg}ggi%sxgr%ft
(i ncludi n@lche@mémb&ﬁsn@rtr,e@méateb%my e grovideslewitls Edish ol dsi8Osimilhab heks be

attached S ven stents create stent grafts. One
type%of c% 'rainﬁéﬂhﬁ‘[g tnl?é’ SRigesd ’Equlgﬁzfgﬂﬁ‘f é‘Pleﬁ 804 HingR92empy; alse beade
f r omgmat eﬁﬂllﬁed.tiﬁl?racé gfﬁélggggfgﬁjﬁ 8¢4/9h to substantially. follow the
novenent of the 12 stent's nmesh.” T |s type of graft ‘materi‘al. incl udes woven
pol yester, Dacron, polyurethane. 13- and. the:like. . Dependi.rtg: . on. 't he ..

appl scati on, t ean enybedimentsinevhich ﬁmalypnfS(&OOamtmgaged hﬂhl&nﬁﬁ@!ﬂlﬁhr hous

(tofaC|I|ta endot hel i i ngr owt h), hly porous (to |eave bridg S|de
15 bfancht€ "‘[5‘2‘11 d?“gwglh ﬁbﬁ@iﬂgb%é’f@ ?tléln%mllmﬁemaytbaneualyemheomun‘tbestuI a

from,circ n a c n,tp prevent. tu i ngr owt h
into .t he&s‘?gﬁfg ha@ eﬁsa%ﬁ?xﬂ&%tﬁgfog rr§$¥ be ﬁﬁ?‘@ﬁ’ gfort%%l;y@grtgﬂ Fr‘elénﬂgtb 5@i t her
the euterasm ldeEaccbﬂﬂ@didasdJﬁ vag@y @f wdien fb%d?%ﬁz@s Ry ei‘éngchegfylzgp@gmﬁhgover

or a liner, resgectlvel . The graft materi al may be att
st ent9 usi 1§EPkIN 390 maydetthreadeds es;dt(pectgd in BHGy48. oPlteatieneedt be asilizedwith- 0.

-0 Prole Q. which a vai |l abl e from Ethicon), glue, heat,
, any,pgbhﬁl’“ enggﬁﬁsr{gam(laggg&;ﬁy H’éﬂ%éﬁ fyetionalfarcesst eri al s t hat” are not
stretchable or elastic may also be utilized to formstent 23 grafts.
suchnmat eri al AdvAATdgeousiicile 456t riRB 8O aBb ' n Of
24 the stent _end's, d_g'ltéhetﬁgby all ovmnﬁ% free \F,mg\?ae%rrtgg e@%j_ T .C&Qaﬁ%gﬁg o?h
at t aldhmerRine 804 ex tabe 609 withsfirgstt pias 800. hdngthef bdvemtzyei afordslb P eheaise At fifigal -
sul'ting stent -graft (that is, the end“of the

th d ft.

st gnl rf )I‘(lla.% B%ec“('gw ht‘ﬁe PHE'SS e%tb&f)thc wayen badysmay be ashisved. gtraet may
b | KHeOw SVE Pl

bg 19 (E)Fdegegértqgrf r angg\(vjb SO. ty ﬂgl’l%%é%%‘%gu gcgdgﬂ Eﬁé QPF rlé@g ({l\ﬁtf“l'?er“f‘ ((fa‘{gletggheat h

as 3s5possength, ofatdmlatvewmg)eaveehemm B0 or habys lSQOaarﬁf Finish"pir 860. AR from
a relativel qutons stret c%]abl e material such as PTFE rrrgi/ be perforned 1n a
marifler tFRAROGITERYiR peieh, mtshzi’ﬁlstm are Riased ithrough Exmsa erﬁ04gtlm‘muﬂﬂmrloﬁg a
stretcha Hg,,’tde!;] For J with a, stent

gr afel % ha\t/r:i tﬁgg ﬁggl}er gﬁ‘ B?r n%l ?Cg?gtlelh%/lgﬁf ﬁt%dwn%belr %Se that areused, sincer j al |

aft er t hebash ends afrthé finish pins il b8 etiliaed. ds‘sﬁplabeego(val@%el proYiRatain fifisai | )
t he sheathté].Q E@% be retracted and, the graft material may thereby Dbe.

expdéed org amy Powipn 8 itsdength sacag to bestsasgammadsgtenai waﬂmy rofi ivrovein

coartal deYvRy" ) SRahBI allLBeb o %lrai%g‘sglﬂﬁeé%efa‘” peé Sd by

21 holes 804, as depicted in FIG: 49, ..

2z '. As w1th rmg 802 the use of ﬁmsh holes 804 advantageously allows for the easy
23 and precxse ahgnment of pms 304 or tabs 600 w1th finish pms 800, Addttlonally, the
2 :premse length of the woven body may advantageously be ach:eved by vxrtue of the

25 _dtstance along the length of template 300 between pms 304 or tabs 600 and finish holes
% '804 (and therefore ﬁmsh pms 800 D

2 ... With finish pins 800 in place, onée the wire ends 6f w':ire'('ls') 5 have been woven

28 around template 300, the wire erids may be secured around fisish pins 800 in any siitable
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12 tightness than that achievable .by :allowng. the stent to recover,
maybe advant ageous to 13 create an adequate contact between both the stent
and the ;graft. as well as between the 14 stent graft and the vessel wall.
The. different .delivery mechanism:requires a different 15 approach to .
stent gr ahhndrabToaY dloseditfudturestd)enctb@ng by kWisBAFRbR] oY wrapgp®s over
the 16 delivery tubes and the ste?lt' S %o?,rpl lest eg)ed el oﬁégg?ﬁ%{éﬁ?}gggﬁcs
secur ed - byonet ¢rbpdimentrahe wite leodkmag dbeandssed, tBerc bedt, arbired fihishtping 800atviinced
. preferekbly usiag sg}r;e .. rotating 18 m)v_er_reni to recapture the graft
mat e i al METHECHPE 1R8eHKT B¥ing RSN PichREALNIErY dlladanpiabiibinge Sychr JoiRdmane
graft at, X foP®Y ‘ﬁn& inbh - ent 8. agdyan S|
repo4si ti oh%?ﬁogl.of The stent’ é&%rn kﬁr?g*ﬁ%noé tﬁgq@éébuégsgﬁ?@%t ugﬁbgg%grddgketﬁnégry
tubes, atwistsheap beoutilfzed taftet bezufingxhéralirecantisoirothe fﬁrﬁﬂlﬂf)i,ns tg0or &f firhing he
proximal portion of the graft is 22 forned into a funnel shape facilitating
its &etrflosed sirugtares e Spauaing, wirg 306d@oByh@Vrle mBY diet ulizedetpesacuren clased a and
Bi |l actergl Renal, Art The present stents may be delivered in a variety
of gnat 0 ccglllrcgt‘}rtﬁE?rﬁé]é%%ﬁg&wﬂg??m?g"%hey' maybe ‘used in conjunction wth
each other in a variety of manners to.best treat. the 26 diseased structure.
For gexanpl e, ARSa $saWofi securtlgGhe ddire ‘ehée aliuhatfaligl pBRI$0; tkhah lbqﬁfe{téd)n 217
830, consisting of aorta 832, left renal artery 835 and right %ena artery
836,9 al ohgween [the @ressed aret ends| may bewsimilanrif 840 idemical &4, angleob Hesctibed | ac
artery 842 and,right ili.ac artery 844, 2 .be treated using uses two
Sty pfaE ofduipecordd g buiebith bins SBhhic anel Rktsen e Crosed es
Al t g nat kNl nfay Bt itintGingd, ipteviliBhs e Wehve QPR ' i 54
may lbe 2 del i %r ed V\?t hi npl?%e ao te? or the a%?v%gérpﬁggﬁ?ﬁﬁ??%ﬁ@wﬂeﬁe sone
ovend ap ldoserdhgttacmeur, 3hdlerpamisdatos radial foray diethetpdriice &f thy: Hoey vwide thend
anneal ed, as descri bed &Bo e on a a variety of tenplates. In one enbodi nent,
e

str& ght JOSHSFaNERVEEH GGEER%e. aavsing; that Pogtion of fhe oweren,body tantemaimeal ed
as SCr} ; 4 At a 0xEr: -y, FI G
5a. " n s COREUE M b r i LFCh il N hitocdn PPlefétord, bRl o bia il )

t hemor t pine®P0lamdl aragesult of thalcohrelating ameihtenseirthe angle Hetwden the endssed hat
wil | occg}%}ége .--llgen'.a:I,;S "aré-e_ri es. /The.stent:s may.:al-so be. woven. -on

tentf at e! s 2ha e WIRRpET QF tYistad arownchhetfinish ping, Hispugunesstad the Weaveh t he
angl.e. bgf R EhaR Pt OPEGALE 4L € argery and. the aor 10 St en hat
oy be pactF o G ABEROIE D, Rt ind ity AR RSP TD
any1of t fosgriagamiethe expnsilofeta oftrthd endlbd e wWovergbedwhafing blose®staadsredf
connectiqon.12 .descr.i bed above.naxmbebused.hn,;his_application., In the,
enbddli meflimayrbe epmpasable torthe expansile foreq of the othes gortipnsiofthesBovamodyor t i ons of
the stents-.that occupy aorta 832 “and -portions of .the 14 stents proXimte

t he caudad surgf I Y : . 15
ont 3 par i al | oot st il aidy ) ity et a8l 16, drpeRt Blso b
art eri esigiflasteated WO FIGS, 3T-HEB poassHovin inyFIG. 37\d8e dake bf emplite 300Nahy be
arteries may be greatly reduced or 17 elimnated. 18 In another .possible
embddi meRGuiRRed Adthelongitudingl tabs, 09 farmesh byl tweslongitadinah cpis@onnectsd, byt he

aortp-re Nt - dn e.siruts 850 that . e formed by tw sting
20 5 gnbapveiteu T g, 96 Skl b o s ity e ppd 18 Sigdlof Eegso
may 2al so tdagplate ¢hserEd Fof eRdyple Ua. teiRpate AN & alfdift N (Bfn® ¥n ARGt thay have

nei ghbori ng- segnments of wires 5 in 22 flexible tubes, such as thdose nade

of @t ti ndengitedingl tahs| withi langibidingdl elith@beed ghteo5i man deng.egmd thes cofneditings 5
toget her,_etc. As used.herein, "struts" ns s f wires that 24 are
jorabd « SRBTRE S BRY RARPULR e RdRNE, ASEISTRRAdh GhGRy e oS GUNRY BFi n
suf 3 ci eqfibnt1PAelak FrBhAnP %S Vs kBl . ' i ch

t hat the p%r-t)iz'on of trh}enetstent' fe or ms%m%w ??g%\?ﬁ%dyﬁﬂwlﬁﬁ%gggﬂgﬁﬁ@gu ve
of the bteaoplafel300. t her et hr ough 't han woul d.be.the sane 27 portion forned
from a weave. The stent graft having struts 850 may, |like the stent grafts
28 depicted in FIG 55, be covered partially with any suitable graft
,material, such as those 29 relatively stretchable materials discl osed
above. Accordingly, the portions surrounding




-51= 1 struts 850 nay be covered while leaving struts 850 uncovered and
therefore arranged so-2 that when delivered as shown in FIG 56, struts 850
are advant ageously positioned within the vasculature with regard to
henmodynam cs. The use of struts 850 in this fashion may a be advantageous
in conparison to |leaving a simlar portion of the stent utilized sinply s ,

bare, as in Fl r 50 |.d be €SS kely to create
turbul ence-in Iﬁ?‘§5"‘7‘1 %Kfaﬁgndsh #go 8@5“%%@%%|Wt Pﬁb %PI “dg‘faﬁﬁ 50“

i |1 ust r ataegelentedpGintHbchey bérdresh the éndd 2P therwtd tfo%ﬂﬂtbe &Fheﬁgsal&f,

.stent may. be provided with different nunbers of wres. rni ng 8'SUch a.

stent, tHe Teabentpgytionsgnay ket the: forml ofbente8 sasesttowrhiat FIG!38Aeorphaecsd m

the renalg éﬂ) artery and %Eyg® e f[ﬁ&’ r},ﬁ_wl res. The portion of the stent

occubi ed 'B ?t‘?’ﬁpg Baunq t o Ioym |nons 6 @ shewniin &IG. PEB. | Anglerb pﬁrt i on
ft [ lm :

denct o5 e e Tor TS0 Lt ap ek e ot dniedughid beglil &

and &n . bPmey be atphal to ®r greaetipat¥0Y, add MEY aPprioBSEBR MR RICRRN 1 802 fhebent and
nor e 14 preferably x equals n. The tenplate on which this type o stent S

forned mBPTHDS N3] brsarranged o define erchdiof b@dy alireendat? bfowa'es Stisaythexi mat e
th d t.s 850. Bi bl 17 Both th
stral ght SArrL Ele B 24 e 87 pramilpele o nibe machive piesvomiethads | he

filters: and occl uders di scussed bel ow) ; except for ‘the single wire

enbogi ment s ofad figsen #OFIGVAS Qsnds YT @&hf RIrgBImal tlJé darf %ﬁggg}f‘gﬂbpé

bi odegradabl e material so as to formself= 20 ex

bi odegr adabbiss §08ntIdetlpngth nﬁyhe imireawtclirid anouhd eéalnbdbb@mhn@ WRSdeAdrnEh&Nb
function as. rd%ag u]tlrle c&’&)l very stems as. aresult of the material
used’ 22 SRATigerTEABe fyal lrpgin ot it fieded 1P form Bedy 10, 2sravel ras sheswite dengtiwhi ch

to fiorm me@dea%obmegrtﬁgg:ggﬁnét%ﬁﬁﬁd %am%f ﬁ?ﬁ%‘a‘gﬁ%‘%@ﬁf%kﬁgm |‘3]=’l‘g'?r$?sggbe

enbodi ment,, the bi odegr stents
formed fdieussad belowl in goéateridetail t hi ckness 'so- as 25 to.minimi ze bl ood flow
bl ockage and faC| litate bioabsorbtion. In another enmbodinent) 26 the

mat eri al nsg,hosenfpls}ﬂ;cgﬁ to exhibit sufficient radial stréngth to allow
t he "ody 27 f gWngn ol @Re gmBediment imwhichtbebbias 602 arm whlized, twe

bi odegr adghlifi \f&ﬂ?\tgﬁd W\glﬂg P@e eﬂ-fsa%@ JF‘M?@SM sgg\g{%%i EE&A Eﬂg{%pérowF%vrxm

bl oodstream.over a perio we

embod i . Phate 604 end MWermyeabmgqlﬂemﬁsuﬁy be ipekitioned fi Qﬂferé?f?%%nﬂ&&taﬁ?%ééde 2
bef ore ﬁﬁegg hel i al xer forns in the stented vessel or str ure in

casés in U%rtassﬁdee dhaoyaaying platesrmay bequipped ivdtigmiujtiplé bebbiectods
SegEENt s godl e t&@@&?%&“&‘mflﬁbﬂaﬁé&x jp&ggﬁ mags e ‘&vaﬁﬁgpg&beﬁ& ati bl e

vmth surrounding-trssue.in t Ves dy of
a biodegibablaibs 602 eyt be slitaplybsechasdTe@rIGy 41! @pictyBAKL4 Bobhids FHethERhRO

above described. The size of the filaments used may vary accor gl ng to t he
20 simplicity.) The weaving. plates may be provided with-holes therem through which
21 template 300 and/or wires 5 may’ pass, as shown in FIG.41." Template 300 may be
22 secured. to the base -of the weaving machine-chosen’ usmg any -suitable means such as
23 ‘template rod 610, around which tcmplatc-300 may pass, as shown in FIG. 41. Template
24 300 .may be secured to the'base 6f the weaving machine chosen using any suitable means
25 such as template rod 610, around which template 300 may be slidably placed (FIG. 35).
2 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 ‘appropriaté

28 lock mechanism may be used to secure the base of the weaving machine to teﬁi;ilatéBOO".'
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s application. In some enbodi nents, the filaments may be reduced in size in
conparison to the size of -wires used in conparable applications involving
non- bi odegr adabl e devi ces. 10 In other enbodi nments, the nunber of
.filanments used may be increased in conparison to the nunber of wres used
i n aonpar abl, e Agpiovaaini BEGS.i 4240hnd ABA nthie-paire b€ Hobisiabbe2 iriay deviregged i The

m ni num nunber .of fil ament fhﬂ%gat may be used to create the bod% of a 14

bi odegr alt£RYIBE PIATEARBIERAC Ut @PRes Wegnie ke €04 and the) atherdobhiyfrem about

5. I.,n on . ' : il . : ' [ rchat Q ents,.
T o eat oS R ik e L e B TR be e oba IR b0l e P
(descri befdsabore wirednalyheaditadhad Ebobbass 602 dﬁﬁ% lah{ @it AROMHRanPEdpabR of
typi cal Ig 1S0-160. , In one enbodi nent, the angle of the crosse(y 18

bo

fi | @ment Bolding wéread prdegaensiomibseighont the weding/process. | An geanpleanfi such faor ce
possi bl e_and 19 f.urther ensure th t he ste may have enqugh expansile
forcde t On}ﬁgﬁmlﬂnilﬁaﬁng@@y%r %‘J’?r'th%ﬁt?é? S&Ebz’é‘} Etiﬁe-ttoe%gaterwea ?‘Pé&%ﬁ'ﬁ?“%@ﬂ)” af ter

pl ain weavingal | . I 2%: - to.f Qr

Bt et ur S el S AR & P P B oBHR, 6%, S ShARRE DR, Bl SRS A5 e

seals ng, cotfigured sbyasngp; cdntinabusly maindatpiteigiont Mpwirg,5 oy vifge bf kies bkdkegnot her
enbodi nent, a 23 | ong. body nmay . be woven, and the body nay be cut into
tubl ar SSHHNGE L0 the Windipgoft et wireSures may: be formed at' both ends of the
segnent ed bodi es by coupling the filanent 25 ends together as above

described. 26 4N nbad T, fi. L ament.s used.may be made. of.
pol %I ycolic éb?;sl ﬂ%@l?@%%@’yw tﬁ Pg%pi’}cc. é{;{ﬁ&@dﬁ .p‘lja%gLEhlsL%ea)w,ngprF}{/(?Fglﬁ&gst ers,
pol yianhydrossiag the &ieangs of theGameaviad, &ehiclP FesuNOMIMB ifernitfion PRIl chiBSE

polymers are commercially 29:-avai.l abl’e from Uni-téd. States Surgical -
Cor or at 1a99) 6NdWlm| 42B)cat thei sitd 9 Hhenteot posian, IGZnother imenner BF rwdavigigam

AL; and I - villle, NJ. for..exanpl.e.. One, factor, oz consider in
chobsi ngﬁiughﬁépépwp Omem{rg-ﬁng%oﬁgl‘ggr?xﬂgwxﬁsl e RE <ragsed ft"'EE TEHLIREGI  of
thes stpetd sy-h@@,@rgasbmﬁq;enp?&ﬁgh@m@.mm,er_rb.odi ment. i n. whi.ch: the stent
serves nmainly as a a drug delivery system PLA may be used because of its
rapi d degradation tinme. _In another s enbodirent® it ‘whi ch the stent serves
mai My to mai Hsaihevimia FH&S ddydSthe tveo weswing platesemay be Reranged guchh that ges el

open) an r. frame for the developnent of a,new endothelial
PRyl pRules R8O BUR Bhich 1B Bah R rURNE IR e offer It s AeBaee,
other s embediniEnn! the ,cmdrm&lsrdmhér?mté&.qnapbe'twé%ﬁezsxddme}éﬂt.- Wikey 5 FRRAsEr s to
reduce the stiffness of the resulfting fibers that may be used. 10 TI'n
anotther armrrgtdroarhobbins 692 in thessanfe hanmentas desyibedatpveyasshdwniid FIGH4Sit 0. 05
11 to 0.25 percent by weight of a basic netal conpound, such as calcium

oxi de, cal city 12. hydr oxide,’” ¢al ci um car bonat e, cal ci um phosphat.é,

maghesi um Qxi:gjeﬁsl)ﬁ%lé{g‘_éeg\ ?f?rﬁ%fi??%@ -7-;8»5%”5 ! W%Vd%g]agﬁﬁg}gs@qgg ég“ﬁii@?ﬁjeél?%m
phosphat eeasiagi plated hoaRNat éppobid afrséuons Idhring! thatwieaQingt fi6cdst K Thel Wedvitgd €ase
the in vi-.\fg.,.stgr[.ie}ng,t ho,r et-eﬁ?i?on -of - the: bi*'cl)—g%g’r'ad.aglf-gﬂg-sé}gcrrts by 'i°5 '%dbvgkfg ten
to ewent Plarsrway bemperaedeat any sidteblei speed.i An thisregasd, enspedid as fow 38,13%651Q o

Muth 16 et-,al-.’ (1995).. whi ch.i's.hereby ‘expressly.i'ncoiporated hy '

Vot & onoByeilhyper RS atiplabic. ST Eteg BRI A dhenBuend o ¢ pe
ability of a biodegradabl e body to retain its strength 18 (i.e., the

br eaki ng. |-oad T wéringoslitks afal@hpRitedtandotde ©hPinyi@kthil §£NFEGag] 1 Vi ng
19 creature. In yet g%(}?he? gsr{%olﬁedr?%dda%¥ﬁual%gﬁ) nﬁ&?%iﬁ?%mi?ggggf ymer
contai ni mlduspetes mmgtmedistod supperting@ndwbratipgiveaninggljten 604lend 606. (FIG. 61

spi nning operation,. as descrihed in 21 U S  Patent No. 5,425,984 to

onfbcy GeBiEts on £ Bou8ias foraft stieiof SopBeiy byt Gonmy vesving ety bimceisr 650

ref erence,., . far Bi ode / T ' 1t s _of

t heg{)i odg%]ar) agaebﬁp e\e/\‘? %%&wﬁ%ya%ﬂ‘sggr%gr eg%ﬁ%%(g??%?ugﬁgwﬁgg?‘&% %{%ﬁper
posizt i velweasingasates 666land 604, reipectieely OOMEAviNlg Phes Grivdrs 660 8Nl beSseB@ked ¥oT ed.

I n one 25 enbodi nent, these drugs may include anticancer drugs such as
pacPt t ax&he BRRer @Rdilewonarmsefcine waavingRlale sUpPertersant/oneegeds wishntisy weaving Myer s
Squi bb in Princeton, NJ) or 27 docetaxel (which is conmercially available
as TAXOTERE, from Phone-Poul enc Rorer in Collegeville, PA))

fi brobl ast/snmooth nuscle cell proliferation-preventing agents, and -54



1 antithronbogeni ¢ drugs such as heparin which is commercially avail abl e
fromWeth- 2 Ayers in Phil adel phia, PA. 3 One or nore drugs nmay be
incorporated into a polynmer using any suitable neans. 4 For exanple, in one
enbodi ment, the drugs as a solute nay be dissolved in the 5 bi odegradabl e
pol yner as a solvent to form.a solutlon The sol ution nay ,then , be 6

har dened ﬂlﬁEerﬁoxfdbpﬁ)r orgefé?érlﬂgﬂ‘l CPhd-88 k Pﬁgur@?\{c? Bheralt 1%naogns§1rtﬁg§ be

enbodi ment, 7 sinple mxing or so ub| |2| sol utl

uti | 2 zed.fastien. dFoyexample, 8heldsioedsenai. b@wf@rdmnhtmmr%aﬂfeaﬁﬂbﬂarﬁvﬁféhym3r
during an extrus:{gn or nelt Sﬁénm ng | rocess yet anot her , enbodi nent,

the 3 . bi‘blsgF4s |3@.‘/fﬁut}é1‘|’1§ CORHEUTRHOR %Maé!alag tb@éwamgmiamao rragateberneat ed

h,d der ed.
R e Gheneladl fo W ATTREDeBY of kP aRE TRt SRR,
usi ng r adveyimpplates THOBSERRYay K aldSbe BEHTLIURId ARH tﬁmﬁa mabiéé IpTélss hods

-described above for incorporating the drugs into 14 the poly used
to nbx rditepesuey Band: Furday mltb@nghamt ahowm; iwvilhbe badgrstopdheo thass oAskﬂl insed

her ei n, radation ti ef to t whi ch the 16 .

bi odégr adg%g géé’i‘%‘%"ﬂ“rgfﬂ% %“r?rég t:h'E':’a‘PrG{? fﬂegfhettgppem@d jopeerarmshat
shoukd bengppsi ik it ntinme
is that the polpgﬁggéaw hogfgl%gggoeeﬁ}?@ ?rec ani ga‘?glg{rtl%cqe%crll trgleb&g{(;)e?g%%t the (S
conpb et elbranchepctrdd tlnmtbm selnarety moiyar efgaged 9nthxtherm;esurfmé£opmcmé des( PGA)
sutures l.ose about 50% of their' strength after 20 weeks, and 100% at 4

weekd, arl B PMSashion dha) dginers 698 re engaged Withithe boqt@n speaens| afithe weaving

applyi cat igggs (A% 'O t ced hin a
vessel r#? %od; °W%§'?%|t'§fréérs %pﬂgﬂé}g}g&f]a aol%%ﬁgﬁt Poﬁ?eﬁle%pa‘ﬂﬁnk’ %‘?fB to
twenty- fcsurfamrdﬂeac}nwya\bﬁg pl&&dwoxﬂa bdep dRgthodrivdie application.” I'n a

typi cal enbodi nent; a pol yrrer havi ng-a-.degradat.ion .24 tine. of:about one to

t hree nont hs g@iﬁ g used. ch005| ng a pol ymer for non-vascul ar 25
applf cati ons wgmachineovitablg Jor earying thawmmg prioeess justedeseribest @.e), one

shoyld c em.c i mul i’
in 'ﬁ he g?{?/izl'r% ngll%?‘g%gr}gnré) Bl%é}?&é'l ﬁg Atbhawe égr aﬁg{}ﬁé}ﬁ’ ?ro%%g?:% ny g’é"ééﬁ“&dabl e
stent, a MashimnGomparny il CdntnabFallsaR128 form on the surface of the stent. The
rate of ,.-the release. of the drugs which nay be -55 incorporated into
t he pol yrrers % be controlled by the rate of degradation of thez
bi odégr adabl e ?re P aYeaymngdprogess 43 complatetwire ende anayw beftwistett t@ethpy cuct as
a cqgptrol, r ane ti rre

qh ﬁp eEé’nﬁe‘a abtobg tc? %ﬁn % osg&“ g{ &gﬁgqgcgﬁ\%?l& g"e] Broa amlrg f r om

agents suc ronectin a

Si g, Stthdmgufsgteﬂ\@)d axBiyr, e wﬂdsehas/ Beq“med Rathyd¥eciab Band Hsdl '81351 d for
sui tabl e ! means described above for incor Qoratlng drugs s into the chosen

pol yrer ) thidcPurpgsear Tealt 642ndlustarted dn HiGo fallovisothe Iﬁmclldgarﬁme)mtomam

ot e iimefet RS EuTGeVoR 61 4 Bl ired o i, Wish P, gk e PmHns e
steni. | betn@ngaRegl4EMwOE14mby Beastatabbep mc{sﬁngg%gggiégﬂ?gggﬁmb%ﬁ, ent

invention, io one or nore shape’ menpry wres. may for

r ei r# or c&8niAfterplacing wire ends 7 into prefoumsied gaps 620rovsted betwdun faws 614 (TG,
corrprl se i nolni % a/ 8t Rgr conyar able ~ .z (aterial above described. In.
one 2nbo ntPng 4ags & h‘éd‘“FP'Eﬁﬁ’ia}ﬂ"Fll TeF) pad metcty jamofldss to
56%,Ni ck 9 ( Wi re
or A es%h%‘éﬂ%e‘*?ﬁ%%?ﬁ‘éﬁgﬁe‘%w ieEh 0 BE MEERS W B bE 8% poftpd 22

t hr eadi ngctisg thelosd jaws |m4aMt@muahgﬁﬂEMMen Be tdreted o dheateemaltiple twighs. | n
one enbodi mant%@t ge manner i n whi he wire is threaded in and out of
oper# ngs 9friire od}s ‘1]|“§tr‘§%WmG\S 147 Arand 478, the twistediends gff bodie 19 grayttieon

520 houBeR ARl BLERTE Ao g cRiRec R 681 S G5 R A0SR B 0
bi odegradaﬁ)glmdeb‘é%o t hus shovm ng how wire 510 may be threaded.in and

out of zo openings in body 500. . As shovvn in FI G 31 the rei nforcenent
wires) 510 may be . led .. . C Lo _
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zi between (i.e., parallel to) tw biodegradable filaments 540 and may
follow their helical zz course.. As shown in FIG 31, reinforcemnent

wire: 510 may be secured to body 500 with zs | oops 550; or any ot her
sui t abl e means such~as tying; twisting; or the |ike. Loops 550 may 2a be

pl aged, ar ountumidg loARBRIng® wité edddinkét] BYKI REML) B8 feéne%“@sn?g efiR&rShe

fllarrents As a zs result, the wire can nové 1 n har he weave and
wi | 12 nothdndt: wpa\eng: prpaels phéhezmanlmemmvmg‘ ptagessf bb&naﬁtvmm atdhdesueived. . . By

572l ARl o IS ST
d
.5 3.k, STV Bt 5 a0 SRR 0 LTl D00l

enbadi mesid) theeopat- %lcﬁﬁme mﬂvmgﬁﬁtcbéegiﬂ eCNdaﬂ IS esthtridng, b@@rmé@botxaa  be
delivery system_ - I.n _anot her enbodi nent shown in FI in which a

rei ff or cbfl?é’rﬂedelﬂbf’mﬁh pin 8A9 entreesverse dptl 62buwhish Topebs: ngpg'opmataly aligned
bi od d t.h t t, f t
i 210 RR F A IREFRR BB, o Bof FEB S Sinste SR kin Bl ey B Biaiied

typigcal | yn ghg8pput - the: md-point of the wire, and a small [oop 512 may be
created s (SI mlar to the small cl osed Ioops descrl bed above). As shown in'
FIG 32, small l-oop 512 hay ,’be entw ned. around- .filament or the

i ntersection &he yigaverof h@d}elﬁ‘ mla}amlmmlsq stametl byebnrlidmgmrﬁ amiund fid B0deyr be

e Sl B RS AR R I ST 5, e "2
aboye deagpidffin, SRLMRAL 99 g}ﬁe%@m BELD QLBRIAL Wil SrPhthte S8 oA

symmetrica ed al on§ bot es 0 oW ™t

si nuous/ ﬂmbnbe?d atgwey. %edﬁuo]stgmms lof @dreoS adadither iti¢ affbaids oflskedqpoped
earlier, by activati ngothe superel asticity or. 12 thermal . shape nenory of

rei Bf or c’é‘ﬁ’iémc“vaﬁr“ép‘ﬁﬂ cEawPodE 40 by delioailyorrapping tB@EPgmtS aeundtesaplated
t oog! her sod frsofpblithbdbiiBnd doUAkeholR BEB00 S Pards TSN Lot ¢ Ohrrﬁ%gagggéd{*fep{ag;gfl ,

the s ent ITS resistance er conpr

| ncrseas ebe d:mssmewe:rmdldtmwunﬁétHc@a&SSEDalmMat&igSf@s}ﬂSn uSRAultin YRCHAERY body
500 to a delivery syste 16 _1n one enbodi ment, the size of reinforcenent

Wi ré 510WHAFIbodgeent Idsmcs:ﬁdeIG 508. Thicweaving maysake placeoaitheriyiand art i s
to he u t i.ze. of .18 reinforcenent .wire 510 may
mcpeasg‘gsﬁé{hgg%ggg tffﬁlB% Eécgiﬁgégg%\% and 570 are pul | ed 19 together when

t he shape nenory: -of ‘the wire:is-aetivated. It i-s to be-understood-that

usi ng 20 nor eAflbﬁtheOweavmng completq iR onb ersmment| eldse@StruétafaSinag Yehe
size of the wire. 21'l1n one enbodinment, rei nf or Cenment w re(s) 510 may be

fored aftedAd by WiapRing the wire sadsasoued Gaish min880 imthe matner desarthedtabavee( s)

el e e RGN, 1 % BRSS! BRI obEaBER B RSB

stepts agtvedd fgmi odddasticrReed) widéh inay eEn B sectired tb RYVeRk 2B 824, USHH an
open- ended pl ain woven nylon body (that is; the 27 filanment ends were not

coul ed b@g@dﬁi@poc{ that adeitionad pins rQrdpugxaghmltt@bs GWamayn @? Utldlzero craatd al
.?ﬁg%[] 5\9'0{hc smgr]g \Juuebeumgodx xclity gva ?\ %’t?or}ia pm?g) t?ngs) may e clsr(tjlgalfl n'en S
24 with the other pm or longltudmal tab such that mulnple closed loops 6 may be formed at
25 the end of body 10 where the ‘weave - begms, as depicted in FIG. 50B. - Similarly,
2 additional finish pins or transverse tabs may be utilized in the same fashion. The use of
27 pin(s) "304 or'longitudirial tab(s) 600 ‘with finish pin 800 or transverse tab 624 ‘will
28 advantageously ensure that wire 5 remains in ‘position dun"ng anneaiing. ‘The annealing

29 processes described below may be utilized for annealing the single wire embodiment.
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renodel i ng may have the desired .shape of . the occludes in one enbodi nent. -
I n anot her 2 enbodi nent, a tubular tenplate, preferably with a smaller
caliber than that of the original tenplate, may be used.. In this

enbodi ment) after securing one end of the body to the 4 tenplate using
support .w.re or any other suitable nmeans,' the di stance between the two 5
ends; of the bader Mg/ plalpe wa ul.t) the -

m d- portion of the bgdy 6 %w gpg‘}éﬁst?o%s gﬁ?&%@eﬁf@sm é tb%ﬁ”dfeﬁgm%n t he
di stancemsde \ieh miterielwthatreds -lof programatkyl, - waths eithes Sthefmall i EeREmdRARES May

be cr eat i nclude a ,round shape 8 (FI G 33A), an el’ongated
fusitorm gﬁ?&%%ﬁf &Y 68%385 TIYIH'IO& cﬂ?ﬂta%rs%PF J§?m6fyrﬁn§¥¢al}§l§ qesprtbec3Belpw, dody

conpy essegid b n t al (Fl G a flat 10
di sc confi élﬁg%ﬁ 8{1 (ﬁt%p&?g%tpd %Bsé]s b o%qvﬁllg da ”BFhoﬁtﬂPFél t%‘gﬁéalo?ha%e
occludes mesotyl. or rsupereletiding o It bed QOy Pnmes ! F r pedo
shape (FIG 33G), etc. Af?‘er 12 a%hl e]\ffétrgtgt he dﬁs\?{ggguéé;%lggwg? )iﬁ ]ﬂb&ag

t he ot hefhappgan etdﬁf@rmétbymlmgefmmsbmtoedAfter fefhdviabof therfosdeebody 80

body/te t hen be. ted cool ed agai n. The heating 14
terrp/er amtjr gtssg%sg%mtap?‘regcod?rs’& By eﬁ y ’ﬁtPF‘ngQ@G’edmﬂTd!eﬂnelrsbage the

t hr ogrbogeehfery, VitdfinftiAP A ©wgdes t he .occl udes_to 16
prevent the flow of fl USI tﬁfo?ﬁ)(gggcﬁ?ngdng %’?PA k)LIE%{h t RE & dPTGEoft Apfirst

occludi ntpmpgeature ndine orce rmlydxexénmmtu and bedybrbishay Ataini Weftiled JiRi] ?%Eé g may
be used fox the ?ccl udi ng agent. 18 The si-ze. and:shape:of .t he.occ C‘I ng

agefit malP HESoQRd fermperawsT aAnghe tFCRBedemPWatme WYelr%mdy m‘ebﬂtantmﬂig TeCOVeDr €
t hr gads gg,mlgg,?eer may by: used as anoccl udi'ng:agent .’ The-20 threads nay
be coupled to thé body at one or both of the ends, of the body using any 21
sui tabl e meéans such as sutures:” The .threads may al'so be' pl'aced 1-oosely

within the bohtyprog@ntmmgrhlidyem &nﬂh%pﬁmisnc%moapqw Wuhﬁ rH g @s an
occl udi nﬂ e hg%@ may. be coupl ed X ) ne or
botH : if’éé%lotp 3bout BRCH- fﬂfl 3Rguk 8,10 Sl mimites, 2¥pl¢ﬁéla/rﬂ)0§udﬁ to lésmmutes and

. mopofil l.i ke. e al so be 25
pI aged I%(r)éggfmévﬁﬁaﬁ' {% ngtdfg nﬁ"%'ngﬁtén éﬁb%vﬁpneﬁACgﬁ\lﬁﬁ’égWé%hw Gab &t i on,
a stsret ci‘mbi mmpamh&b wiys § QSE £ QifferditRbrb e of
t he body an occl udesr Igl GS 3 C. r%%d%u??gg%/ernfg{ wlné?g?%lgamwds‘bg&med
for % he T%E‘l?le‘fm ng l%ﬁ'@“‘éﬂi&@éﬁdrelﬁts ta beeundersteod, heyvelver, Iﬁmﬂeccmlcrﬁ&d cooling

| .n f | )
R, AT oL B0 b R0 R B b e G Rl B e suberlssth T b
undar st oﬂmmt’e@tsnmmaﬁt’dré abhRved Wlﬁk ﬂ@t%?alr@%hlﬂg i tngro'gl'a‘t’tgrﬁﬂ}gt B&dye {18 g 1he

jacket mmy. be coupled to. either the inner or urface o e body
usi Hg g thermal shepe gremory, ‘heHeadys L10/tetplatenanit snay be dreated tendtaik SOOLC fby

| f the hady, the body b
ooty nibehl8 LHhifes {Bicath RhoRt {3 6huftnin SnevemAbecHimRe for ol 1 ho

i nsgarti o’ @Bﬂtdjﬁiotry&!rﬂ Atutd] Qvisscs tFlkﬁ-P-%i ug,e ends

of the bod sed as th%é? gcc l}der #g?gcgs-{ Qﬁatep@ {5 g& uj;I}Ela ghvpg'ﬁ’(tabl e

n-eaﬁs | gm gﬁbggﬁumi mooliag nsnypnchﬁyrmed S ult us @o (bmohzydhrrﬁtadd ehéwever) atne
used.to ho).d-the closed 10 structures

of % *he bo Z]e?% Et hi“%%éﬁ%hf ERS eXample Y %tht’-‘ﬁ’efestélltmged siightliet ur es
or 41 Otdiﬁféreﬁﬁméﬁualgﬁﬁﬁe Iﬁgﬁog)cé},agmé {P%ﬂémﬂ%ﬁiﬁlne(ﬂ I ps 710 may be

used, to hold the closed structures o
holdlng the closed structures 13 togéether, in onhe erbodi ment, the Closed

str¥dctures. maip azﬂeemmnilarvagmddanemmmd)alo tinés preférablezo dlirthdterettbice kY
system (deSferl bed i gﬁ?@t&g el ow) easi |y pass through the 15 [unmen of

t he®occl PHRIED. YVHE £ 8%]4’5“ taiter chaslye 40 hasulsenr properly tampededis of
theyl6 begpeciamy 1f‘€\£ns¥]ﬁ% Rdsd tlfﬂﬁ} he{‘ is pciﬁfcgg?rggrﬁ Or% E)arc?fgx@%ﬂgt}ﬁ;lagy any

occl uder, ‘the-i'nterventionalist

m spl ace?mnblcmgcaas nqtﬂhyasrp}:ﬁmrWél@ltng)gotd&ﬁingv\pfe@smmldiﬂg SraRe 3! (T‘He%ré he 19
'bod%/ usin tFe d%élvery system Even after the distal ‘end of the occl uder
has®beerf Elosstsetmuctyme 4;3%& bersplderad by r¢movingmny oxidet layéretitat may have'
delivery systemoffering another 2lafety feature for renoval of the

occl uder.
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22 The single wire enbodi nent may also be utilized as a structure for
causi ng vessel 23 occlusion. Such an occluder should have at |east two

| oops: FIGS. 57AD illustrate 24 various single w re enbodi mrent occl uders.
FIG 57A illustrates body 700" on tenplate 25 300 after having been forned

t hereon gsif
met hod descr ?ngﬂggggﬂa@ﬁgﬁﬁhgﬁ@s gg%wopg?ﬁgymgcﬁ%ﬁdcjer Ei %@Kﬁoops.
At this Sbhigﬁng)fmetyhbe Cemnead nteyn firstf wtdppingc celideupled Iwisé reatie dfi the Fdised57A,

body 700 28 is SI g a single wre enbodi nent, stent. -60 After the
body¥ t enpiregteresfvithzin %@éﬁsswréémfd 4 A greTRplaryestabasiiaent, Reing e kng iy 2

nmet hod d f r.el

o opor t 1 BrerdreAi sBRRMHRe, Hakaust BBAN Wefling BAiEDR MolnSHBR SEOBSA Bnd may | e
be sfret @B‘ﬂfbrcb&lhxmﬂd wiﬂ!grdghﬁl tousngtetidmpldngdtmfiof ltengestudi nal 1y apart; and
collars-702 may be sljpped over either end and s placed at the |ocations

where first segment 704 and second segment 706 cross each other. Collars
702 ¢ray be snahe Vﬁr@c@fsbqsw Hemay) bes genstragted rad] 4“)’p1|’ﬂé@€l§1 gompatihle ivith theube z
(com*rer Ci

al’l | f S S
(oo o ghipin PR AR Sk O e R Rt R i P8 bR B
| ocag i ongjaiicided cgyabw bt ®efgOréPrntfed Htht Sitep's ttgéxfepaaﬁcﬁyl% therfifdl lsRipe’ 02

may al so be placed around the ends of the wre form ng body 700. At the

| oops def mmmcgyl ‘bbatriateniz)s mttu dor evaenplie, et d¥iThallays| lilarratlﬁGIZ)StmbgﬂBystsan?w and

706 may i ‘zr‘?’ill ongotl cent to each other. .As used ere\.l ie gnent s
that® ar e e%taﬁ* oWeq te GO Bt FRAM JRRPGAIAR,eSHIBRE B dhe g 't‘)‘f‘ﬂ%re“

such, 13 ¢ VA r that

he T ot SRRARIE O ferRAP b Athdr] pEopeR e P nirgion, e TRt g e 1112

| engt h ofdeschibedu r@h&egﬂﬂr&nttbatcmuyelbedusbgl itdludo [ReBr, FePd? ast ReNICOEI. These

sufficiently short as no the flexibility of the sjngle 16
wird ehbéh?%‘eﬁ’tayo% ge}rcat ttﬂ&}bfg’h@t%mmﬁ“c |rt‘a"$ﬁnlstt%béraﬁ?f8’é‘i‘3§’t°éocf“fio

t hosg of %:18d“>ﬁé}e 0, h t any
sui ?gbl eﬂ?réfe%ﬁg%’ oaﬁgeﬁgatécfh‘égé ecure’ segrren%lg guc‘llgés;r%N%G@E ng’z:enljtihat 0
eachs ot héﬁeMnSx(txﬂth | dwo prat e fpossesg lmrgatangmsordﬁuclandeamdengmclmﬂt&ﬁometﬁxpl ng

the segnments together with any suitable wire,. crjnp i'ece of netal

ar othd 23rapH| en@g@ﬁeﬁt% t Wemenyn@lsct G lsse@rretﬂdén@r&@ét ﬁ@ine d ajlpys andcarono?
Wth col | he shapes .of | oops 710 are altered such that
Ioops 7“5)@%3]18@% Rﬂgggﬁg}l?ﬁ 'y conpressed shapes.: As shown in FI'G 57B, the
two | ar gest of the three 24 | oops 710 have fairly pronounced conpressed
shapes rel ati \Imaxt exérhﬂagt’mxhﬂcﬁlﬁhcﬂtoﬁmnallﬁosséﬁuiﬁubmoSﬁne%e% Nibled) carbd’s
exaggerated (i.e., made nore conpressed) by decreasing the 26 distance '
bet iken é‘él‘“a?‘s T“E&’t“é’% »aRY Bsubsedn e wirep ot 1of ohrdyol0.s e gHeh triting)r Wiray ase gi ven

| oop apar The col |l ars
sho d maIibn‘E cg&%@“&ﬁ%@agﬁ l?fﬁmghg% tl ﬁ% §}£e}b&eﬂl%'\‘q ize the '
occluder within the anatom cal structure |nto 29 V\hlch it is dellvered
Howaver, the" ¥hérusingaytited wiré, the cratiiophcityt be bot 00 udvdntagetuslp increases | i ty
to maintain the shapes of the lLoops. In this sane regard) body 700 nay be -

sec# edt VA tRenFAdiPRACKR\Af nEjenss sfenpﬁctwl%m%ﬁ spch Asneainass stealnathe he
COmpL ess %deﬁfa‘aacﬂggegéndé Ph&%ﬂ@p@%e%%n t B f’h'eftﬁgnot EV::'H]S{d the t &@EJ ﬁ@:‘rh' ng

body™ 700 ansile atorce and resu -anc I'ng
capeylm | i tplaiffwebiecreated by thd wires MDR¢ tadtspaciey 6f HE®Y 10 can be mcreased further by

25 using silver solder to reinforce the coupled wire ends forming closed structures 4.

2 The wire sizes that may be used for the stents of the pfesent invention vary
2 deperiding on the application”of the stent. In ‘an exemplary embodiment, small stents
28 ranging from about 2'to about 4 mm in diameter and ‘about 1'to about 2.5 cm in length,
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S The nunber of loops utilized to forma single wire enbodi nent occl uder
.may be reasonably increased. For exanple, an occluder formed using the
single wire enbodi rent nmay have 3, 4, 5, .6 or nore | oops. s The shape of
the | oops of the single wire enbodi mrent occluders may be varied as desired
to best cover the cross-section of the anatom cal structure to be occl uded
in a 10 wypicaidy fothedronadyl applicetion, Cug @tifss Wi OfRoNaddie oML 1of 4RL omRere!
possi bl e. Accordingly, a 11 single wre enbodi nrent occl uder may haVe | oops
t hat posBehes indianastehginsanzexe mplapyterabodiment 2medicinu stentshanging fromeatdt 4081 €

| oops near, - t are s | er,than one or, nore | oops 13 near the

ot hgr eﬁg '2-18? &ﬁ](]:&g%ﬁ?glﬁwgcrﬂg @bgﬂt%gor&o'qt lgﬁgl_ oengthy 8kGian apsf used én thegnent s -
that 14 jtes bféyafdmaB-goddteal hitery. sdBlil Sfadn nar .single wire
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pi eces 714 are placed over the segnents between collars 702. The coil
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add! t i oRarhessn PRBGSHAS an pPPeREAtedaperudh ansxdBplaoy ymbodiment,actemplareyithe
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t hgy eof )Mnr@)ﬁl#g(?si st of two flexible 19 tubes arranged, ‘coaxially. These
t ubes may be*, ‘med of .material such as TEFLON -or.- 20 NYLON, which are
comercially available from Cook) Inc. (Bl-oom ngton, IN), or other

26 In an exemplary embodiment, it may be preferable to choose a shape for the
27 taperéd stent (and, thus, for the template) such that a “wedge-effect” will be achieved
28 be_tween the tapered stent and the.vessel or structure into which it is.placed. The wedge-
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21 simlarly suitable materials. It is to be understood that material that
is, less flexible or 22 firmer than TEFLON nay al so be used. Further) it is
to be understood that material with 23 a thinner wall thickness than that
of TEFLON_ tubing) such as the material fromwhich the 24 WALLSTENT delivery
systlem i 8ffecsmayche yeag 1 BX 1k $tentn Popition sad Sreyvsnl itbiom distabmigraden. bbb itat ubes
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for s usetienvededli vrestrichyre Qmh ANAkrifg he BroRimNICENd RSSO, oY Bk usdicHy as

for tracheal or bronchial 28 stenting. -63 1 The size of the outer

di arfet er additiemto ef instapd obthamedgedeffoets t ube 22 may range from2 2.5 to 7.5
French ("F") depending on the application of the stent, the size of the
stent, and 3 U}qe nunber tof B curé ng vviées _g}to bﬁ- di scussed bel ow) that may
be Used to secUl® the 8t€RP2 CUBE Bad P mashise sWeavEe e WY maydhe

cor gnar y saipintiaBy ufismm faanth?iélﬁ?ia?lcn?hieoisih%esté?lfti 'isté’;égul?gf E@’su%?taﬂ@zﬂw 3-F.
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the application of the stent
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caratid steheisyplatenmaygesulthin thengiskel deirighexpgosbd 16 anfayce L1dssee tiaowbuldle: cm
The size of st ent, y also have affect the length of tube 22, Thus, 12

- Lh
in &n exéﬁﬁipﬁ?‘ﬁb%%%g €l t he l'arger t'he stent diameter; .the [onger the
stent is in its 13 conpletely elongated state: .14 Tube 22 as well as tube
40 i scussed 6 r.QN i - [.l1S
pr o%jmal end érgﬁrgdgﬁ\%ro al Idgﬁve'ﬁgggé:%n rtg:ﬂtl%?l%ts %Aé?’gggf‘%c?#é’é‘p ﬁ?euﬁcgs%aszinmi ng
16 13 del uniforyn dianteber astdestribedmabmve ananips elioses Toogiewith ealkerthOMind Welbes.  25)
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wi || be understood by those .of skill in.the.art, Wwth the.benefit of this
26 # sc| §€BY B thisypaniesdesill infa eqsiguaes!yngoseringmsshdeward the tapemechend of | ange
t hat, may she sedwas: .t o -fagi:Li nnection bet - pL ut.ton

I oc&ll rel é}%ssééﬁmgﬁgﬁﬁskﬁéggl%ﬁéﬁg%gélgiéﬁ 8‘2 selgntawﬁ‘{)ﬁ\e\r%&gcﬁ‘%iﬁ&? Qféa%fﬁiﬂ pped
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her ei n. It is to be understood that -radi opague nmarkers may be placed on

b ' | | ' K, [ N in ord
bt fhr _enabl o 01t b R bR O3 Tt et (b ABL BT SRy Seiee, g s e

stesf.  remodeled a number of times and it is not intended that the stent be programmed with

2 thermal shape memory, ¢are should be taken not to'ckceed_ a total heating time (which
27 ‘includes the first heatihg'iime and the second heating time, etc.) of about 60 minutes,
2 °  because at about 60 minutes, the stent may be programmed with thermal shape memory.
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a As shown in FIG 3, the distal,. smaller. caliber tube 22 is equi pped
with proximal s .hole 24 and distal hole 26.. Distal hole 26 nay be
typically | ocated between about 0.5 and 6 about 3.0 cmfromdistal, end 28
of tube 22, nost typically about 1 cm The |location of 7 the radi opague
mar kers on tube 22 may affect this distance. The di stance between holes s

24 and 26 may e Vithibody I19 atecartmdretod the coUplddvirseRds bfVRp&RY. 'bﬁd?liﬁﬁtm%to >
mm This g (ilfs ﬁquF {gﬁé ‘ﬁ af f ect ed bé the size of the securing wre
For éxampP8 Cit feysoRRerethan thseqtiers ang hentiomasd sugs thealivader meaidvat oflkiget er

of wiyre 3Q 3 aced within the |unen of
ube b5 SeHGae T4l oR8r WARAL M LE: DRB, BB AEE b BAThs bl
Wi t hisn t ulmy22)flaredwd 1@0%@1&%9&% holes 24 13 and 26 so as to forma
smal | -profile, tight. securing |oop 32 between the two holes. Distal 14 end

34 of securing.wire 30 term nates at or near distal end 28 of tube 22.
Proximal end ofl B3 Zevitrei stadwi the @@ansile frece mfinthetmpertd sterhasrdtie Pehe

h | oop .32 .hol.ds th 1 6 and 106 '
bonad (5 EngRwaSRSlld O BrORGAR1S Ui wh) Tanas o8 sesis ot aberttioudy
100 imn DOStetslcOfbrdwdl(B\g 16 Tabl 2l YTHARHKES ¥ &8 DEVDS: HRRSIY AR0cibig Wit tia ur

detail bel ow’) Advantageously, securing | oop al'so
del i Wery, argle petavesn. é‘mCrOSBMIgSWIIq:HasmcH amnﬁethe\mﬂmbeﬁbf M}es ﬁée%%r cx‘é’aﬁﬁ%‘ hetnd

34 of 20 securi pas es out through proximal 4, pass
t hr odgh t?{ A ?ﬁ %85% 1‘i5émﬂ’§ %?retb\@?&%nno Olalnaclpaastm voizess - Ihthe t he

| unepy of ﬁ&eb&&g atln riqr to distal
end 28, ?hg*us secﬁrf%@%&gggﬁllaef Ctl?Fgri tg“"t%?fg igbetter able 3 t o
be under swuhdammMy smeucmrngresmrr eAﬁanrems iRARS diake & ngs
in the plain 24 weave of body or taperled bodg{l ﬁmn(aLVJlgtwg‘?@rm

| oop*?(6 aW&“"f@FB“}wG?‘P%HanrseQfstharstyng:oea) 26 In nost appl i cations, securing
wire 30, ranges i'h size from about. 0. 006 inches to:27-about 0.011 inches in

di angter. However, thlea %56T91§ sbqﬁgédgl ’gn oas%q%ven 28 application

depepnds upon sever al krns of di anet er)
-656’9 1 securing w.reée, g‘%&“&’ a%ls ucf g amgier Yy léi‘tfensﬂy of a

stretched stent to contract than does a srral ler wire. Addl tionally, when
nore than one securf-ngy . W r-gqol's [Ug \Witekt Wares. o L%WI treywicres can be
- - 9, ,.I_ %

|l ess than if only ng V\nresaof t he

on quizh: g WMy, rg used he
present invention i 'yE EZ W&gbf :éﬁ?ﬁtp th%%ﬁy%pe erials
Afin ong dil ment2¥et Finp wheake of the present

descri bed s above;
i nvention are rmde S—tH CAYR | 1 n anot hPI‘ Prrh()d n‘ent th‘ securi ng W res

of the present:inv t 2on |mall%e |f or¥ed df nid6 nolil havi9dg abput 55 to 56 %
Ni ckel and about 49 td¢ 44 %76 t ani U@8s. (com"ﬂﬂ cial]ly gomilapl e from Shape

Menory Appl i cationg). 6'njamegrbodi mant Tfn- WhCh THe SgfgIm] wires of the
present i nvention. gregniiTngdg (| NCIGET g Wi, TGS 3 .(;ll_.lltlp 46— 0 di scussed
bel ow), thé nitinol Sﬁyurilhwi TS y—ire—h +pat-ess—dpscri bed herein
or 11 purchased f'rcmn' ..gmrrc.-. - I *M suld6 el okt c properties
of the njtinol nmay fe 2 ||1‘4'g Lzdd 1$Q ThHe l’)]ngl na | h‘ﬁ}er b al i_ber t ube 40
i s.al so equipped wilthldr ¢xi3Bdl _and202st dl 12290l ef 421%d 48 typi cal Iy

| ocated in approxiratHy|ti87lsafe Rggatijon f4em dj staj7end 1 15 of tube 40
as age holes 24 and 26 fromdrstal end Zg or tupe 22 —tme—tt Stance between
16 holes 42 and 44 is also conparable to the distance between the holes in
tube 22. The-size of the outer dianeter of the proxinal: tube 40. may range
fr orh5 about 4. 5W@hmespectisoFabld) 2F tite frevediong used ttie uaPtg Cari " togeyhat ent
the 'size of th ten{,ﬂ_ nd the 19:-nunber of securing wireés that nay be
used’to 518%21:7?@ ‘ﬁﬁlmﬁﬁﬁs giscussed gbeva: Similaty the desippationbA inli theussed

bel f be 40 21
be q‘é“i,outﬁ”é’?‘“mﬂ Mg °§?Ek%) s 0 RPNl ettt GmGp ot g,

t he 18i ze stent #Aquestien.4Bo 1&RhoAbf 7 yy e 40
may range fron?about 70 23 to abo&ﬁfﬁgggﬁf guggéhrf %}ﬁcghgﬁgbﬁeeggme%crgtl on'
of the stent and the si ze of the stent. In an 24 exenpl ary enbodi nent, the
| ength of tube 40 may typically be about 10 cmto about 20 25 cm shorter
than the length of tube 22. It is to be understood that the proxinmal end of
26 tube 22 may extend beyond the proxi"f‘r&l end of tube 40, just as distal
end 28 of tube 22 27 extends beyond distal end 41 of tube 40 ,as shown , in
FIG 3. In an exenplary 28 enbodi nent, the factor that may prinmarily

i nfluence the length of the delivery system?29 (i.e., tubes 22 and 40) is
~the distance of the stented region fromthe access site (typically




- 66 the fenoral artery). As with tube 22, tube 40 may be provided with. a
flange or hub near -. 2 its proximal end so as to allow for control of the
position of tube 40 during delivery of the 3 stent. a It is to be
under stood t hat radi opaque markers may be placed on tube 40 at s

appr opr i dhequbaRatvanedideddyTBRmE hnk HWBrck ReddiSardid efé&itgﬂﬁe&sﬁl?c t Gas-
enabl e view ng of tube 40 using fluoroscopy durfng delivery of the stent.
Secuti ng Wen ecaBlefls positioned with the l'unen of tube 40, and forns
smal | -profile, s tight securing |oop 48 in the manner above descri bed.

Securing | oop gsed structures (4 and 104). o roxinmal end (2 and
112)50f body 1'g§\éngigt%§8§b182apﬁﬁewtirﬁ(5’?iﬂ?FHSeﬁb&"ﬁ‘% H\Si‘? ugert Nexibilitand
advapt ageepsdiombaNE 3hE RARVEIME H&lideV8htidab . khi

under stoodp.t hat secﬁri' ng w r'el4ger£yl|§a S tl raoﬂgﬁ %ﬁ?g%%%teljt #edt%’ﬁlté%iﬂﬁagjsaof
the 52 plalindugslsenbivitbadynifbbmatiamatee betsvebothe thferedtvasse] bhathd fientchisgd
structures. The1 closed . is structures are secured using the. manner

descfi bedPAHBERI fHlesy iREmahEactionanddanger. vesselpatencyng wire 46 and securing
wire 30 may be formed fromthe sane materials as 15 the wires making up the
stent. Additionally, securing wr approxi mately the 16 sane size
as securing w:-re-30, and the sane??é’%géy%tfp%actors di scussed above shoul d
be 17 considered in sizing securing wire 46. 18 In FIG 3, although only
one. 8securi ng Yaaqusi matehialvmayrbee sitably tusdak as igraftss (inoludéngl fnaterdias Sise@Gst hat
nore than_one sgcﬁgri Elg‘aioop nﬁi be utgl ized on each tube to secure the 20
prox? mal” ENESAE 415 agslinersi dhatimagy be gigached itheinagpenb sy ersignisesoshp ey ed
Wi t hot he 2daté 8Bt SARYUT ORY t¥e'of coPéri b : | | €85 A8 4

di scussed above, the nunbe 8?082&?5 craryt?hgﬂ\?mg?@gytﬁgg#ﬁ%ggf%\de{hbss%"gp?ws
depend ormada/feomimdterial thas js srechable ehbegtatorubsitamfal R Followahe MRA@RRNE 6f the

el ongate or constrai,n the stept prior, to delivery. For exanple, the nore 24
r esi'ét antS & RES nﬁl histypg, oggraﬁd"éﬁ%ﬂ,‘"‘EIH@SM‘P‘@USE&EWF%gDﬂFW@s Polryrethangs ed

ol Pyory 9 e INa; Depcidtng OF 13 SROfaLBY, B EANARCHAL oily, F sEhEM, 3R jea
evenky arsomewhatporousies failiate hﬁddthélﬁﬁliimobﬂﬁyﬁgnlyﬁ%ré&&@tﬁ 1€ive Hd&l?ed)Ei‘aEi le

of the elongated stent can be reasognably decreased. An additional 28 factor
a7 £ &1 1 nPTERESHBHER) ObROTBEIOHT (foe-nf® S1ide, AT enauRE o fighula Frgm gisowlaton,

(desgri beg in 8dothe B¥kion ! ard [ , t livery system
accgfdi ng to tﬁg r%?ggﬁlto nzt@P%\?%rﬁ;ilﬁ%E} ﬂ{g)( %‘ﬁﬁ@g‘%ﬂﬂg%ﬁ&g‘fﬁg 1Bﬁeﬂ§:'zed .during
delivery ‘(descri bed bel ow). “As. a result, the.use.of a guidewire wll affect
t he 1amount  of Bisagraft whatérial maytte @Pacheditd eitiies thebuteher tiseimmfer duithe 6EGE!r i Ng
wire_ or vvitr?s. Itt is also to be Ender st ood fh'at securing w res_having :
tapdf ed S 'R ARG OBET OB UNF I9FREGUEI ohitengTall raaterial may e aachede
useds S Boehe st&f ub® t j , Kf she ent :
ot o T Ukt G5 PRlopl ey S BT3-C 6.0 " RORLGRRL

whi ¢h bodyhitl) isrcdmimepeinkiyl abaithplel GdnBthieon)s g, eltkat,0of hageotter iaygllbgriﬁﬁéSt erns
as above described. In one enbodinent in which the ends of body 700 are
sectht ed tB*Fbes 22 and 40, 'one snal |

22 Graft materials that .are not stretchable or elastic may aléo be utilized to form stent
23 grafts, One such material is: PTFE." Such graft matérial'may-be"attached to only one of
% the stent end’s, thereby allowing free movement of the wire: mesh. The attachment
25 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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10 profile, tight securing |loop may be used to secure each end. 11 Wth
reference to .another illustrative enbodi nent of the delivery 'system 12
-according to the present - invention. shown in FIG 4, delivery system 50 has
tube 22 13 equi pped with proxi mal and distal holes 24 and 26 in the nmanner
above described. As 14 shown, delivery system 50 nmay consist of thin-walled
sheath 52 arr | Lih- he 22. Sheath 52 nmay be forned of
mat eFri al's co&g?gglsg?l? g}aﬂJg}é{%% ﬁjgcﬁ]ﬂo\?\iﬂédéw%? ﬁ‘bé%PTQE“itBlya%%FdzﬁéeﬁheTﬁ*érgﬁﬁe‘a:
Sheat h 5anamajal henyeeofdlded drmarfapgededitha? ittoceibibdad BRG ' ad’
about 1.5 cm The distal end 55 of sheath glbzl ig gg%ﬂ%@%i%%ﬁ@%?@%ﬁﬁto

t ube® 22 Wssﬂﬁegl uing, nelting, heating or any other suitable nmeans at a

| ocation typically between about 19 8 cmto. about 20 cmfromdistal end 28
of tube 22, bui.. typical |y about 15 cm 20 As shown in FI.G 4, delivery
systgélm 50 matybé3 ) ggrl%i% adﬁe?%\gﬁfgzapagsa @afg]mfﬁ?ﬂ‘ﬁr wady feosm re selatived non-
engaged wirétbhdvhemdiesiaPducAnd rAfFH he bd 58 & arecconnected to 22
or engaged with tube 40 by any sui'?ag%gﬁ!ﬁ%ﬁlﬁeal %’%Fﬁcéi@lﬁaélﬁﬁlg%@éﬁ@f‘ tge nmet al
ring fri oanoer in3vkich mexerargrafodiavingen dfbtchablendrat nkeRsl B8y BBMehers®! gef ed,
wel ded, or ir]t egr ﬁ' I)é/ for m%d 24 Inverse tabs GO are connected or engaged
wit bt ub& 3PPt WiEh| HEeht 8FRTE haYinges covss madeiBory ralaectlbasedtremhatie graft

- | f ' e bs 60 . be 26 made of
oy ou ¢ S Dok SRR AR B pch Bl B s T bR RoSroreedetl, o Shetiont

may e 2thaysdaetranet fnd tHeegraftnnitugilngag tHidyess )%M% LAY h&ar
materials, -68 1 The follow ng . desc}‘raingti on a% 1 es ?g%g{eh@%né%wlﬁeaand

tapdt ed BUAREdIORSEIMRE I8 uncorstrainedcdiamstembyl aising|the coaiaiddeliveryhsyseny Dhe

exanpl e. V. 50 e roxiymal end, 2 of body 10 in the

f ol Flgwi nédcg'eﬁ’é‘fg’?é ?rg%ﬁgr égﬁ‘?\%r'sggteﬁhﬁga 65 4P APIeYEed O EIMPresssd mesten of
body: 10. tiphitaassithin enadactievaie bp\losengd afeSstdA 18" at " [ough
cl osed structures 4 or other hgl es Ioécat es(; netarrg%i‘le&?'gpgipéngﬁg%g%eéu%% body
10.-BTubeC%8iciad adeghatasopiact hetwepn doththie stemteandi the graftias wedlDaeBetslebniChialr s 4

th | | he..| tabs. The. “created bet
Sheith so R G SRR Kol Tl Rl B8L i vasdnisib santcns diteenty
desor i beappraihi toe {SE f , 10 .
esor i beapprédehi teestgnogrdfheetSeedlt S Firsl, Rt s@xﬁ‘.ﬁ%?@ﬁg@pkﬁ%{cﬁ c}l%vgrg gl¥e11

and tapered bod% 100 (i ncl uding bi odegradabl e ve ereo

bodif 700d¢tgnbibeepRd iccstent’s eompletdlyelangated positivmsis setred bly| thavpRskimal
desgriptj ethads aof delivery. for the stents .and occluders.

r ef g’rencieoggorﬁ%@hjaélg y 19° avﬁse'osfl"eié 18 Ahpanced (prefsrably wsingispmgerafating st ent
in fshe fmionerAéntd@ebeapird iy st FRRHRH | Yhe Bfdf; ! 40, This
may be acconpl i shed %? usi r% ei t-her. _secur.ﬁnééfggg? #ﬁ%éeﬁ?ﬁé%ﬁ@?“ﬁghe
des¥ri bedeRibeide thy aft et ethenpeoximalFe®l of (Heesennds t aivatitageatisofor 1pdssibl by
secyring » 17yand knverse t.abs, 60. i n-t.he yranner ‘descri bed above with
rof o encxgbg %8?—'%@‘ il‘ he kfg?%isn%rlof‘g?all%‘%"Veﬁ“g'i’rﬁ to-the opter|deliveryubesy endithm, a
stent i sgraftrtdtths (prexiaiae éndCofthe! fedte thtreiord, Sthéli; il ok Pynte 20
appropriate to alr{ ow delivery to occur. ‘Idﬁlj?hgtlﬂ.gﬁé.?% &%9%3“%%?”5{ _(ﬁ1ed
nmax#nal | §proed inte @ funnehshaprtfacititatiog lits rétaievaltintoetite bhedtisert ed i nto a vessel
or non-vascul ar structure, and may pass through the |lunen of the vessel or
nonzvascul ar st tpr @.asqthe,stent j s bein Jositioned prior to being
del Pvered into ?%’%Sg&Stﬁ'l’teﬁ%ﬁg'qﬁ'é)cfﬂl‘g?mf gﬁ‘i%&&‘%’ﬁ RerafiArterys \hen
delivering the single wire enbodi nent discussed above, it should be noted
that the 25 riid grednt bleatsGARSbé aélnesed RNOLR -

unconstrai ned | ength of t;heﬁb;ody. may be 26 s#%gfgﬁ%tgnt ygglrlééa (sa'rFPrrt\h?rhi S
enb¥di nethey mexdeivsed lecenjvariionewits eattaothet i & yerietyl dfimameRs/toesEteat the

Ther ef i ngl i di t n ' t I th withi
thgfsiesgr_?matspce stidctifte & FOF ré)ecar%p e(,),aé rsrllfc?wn rxrx?hGr es\gu '{hreebi?atgr;legortec{-rcnglhj%nctig\xnl o

27 830, consisting of aorta 832, left renal artery 834 and right renal artery 836, along with

28 the aorto-iliac junction 840, consisting of left iliac artéry 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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1 vessel or non-vascul ar structure in which to be mani pul ated and prepared
for delivery' 2 than may ot her enbodinents that utilize nultiple wires. 3
The stent to be delivered may be stretched by increasing the distance
between the 4 distal ends of tubes 22 and 40. This, maybe acconplished by
novilng oPther| Gltﬁglaﬁlub]é/ fenbgrafis éhpﬂtwmrﬂahgtdlthecthoemshmem in F36. 32 mdyi bee

i ool AR R BB o bule TBAOR Pisirge otsabyhssstrstgen.or

sliding the tubes in the aforenentioned directions simultaneously. Once the

stent has 8 bFRe sRRRIBRITH) B¢ MtiFidahe)BE wdveP8sq 2dhealtd a%%%&@%bbﬁ&?d

together in a manner well known i'n the art; such as - with the use

ti ght eni ﬁqagetwememplam% Hnmnqmbqtbnﬂaahlss’mh&&nMatehnmyd:cemdl yTHeostdsad! e

and unI ockabljs | f versi,on 21C§ $ %ﬂ outer sheath_ 70 as 11 shown in

FI G® 5A ity 258 Bgtar e gng apasaledasdeseribed,aboyg so 8519 be meiatively @perad. sugh as

enbadi ne e I t 13 the lunen
adi mefose i F1G. 84. ix?ﬁlﬂ:@ éac&ﬂ}%?@loéh%[}gtﬁw%ﬁseofp @GR Q‘ﬁf’”@ﬂof‘ﬁ’l’ét

of tube 22 for use in ing t S proper To nner

wel 17 14 kortaumay rbetlhxgeam calibbetiguitHess paationy ofbthe fs@ntthadlvilRio¥cdPRitRE tadal f rom
whi ch the ereg, 15 formng, the. . stent may be made. The gui dewi ré may be

bet vieen -ARETifS: G-h§slenty Wéﬁé?Od??dVQ‘@"a%bWRja‘QBEhat revafighredavithhe bend than one
b f | | | abl
£ o e Bink ab SO Bl Y o B tnd Apflbbiifle veraf SIS R0 g doc oy | o0 ©

such as a sheath may be placed over, a stent .secured to tubes 22 and 40 so

19 &s to prevSrmmmlatamtylibepmemy bheoﬁ'ipmay@wvlﬁé‘@(z\/@sts@erw ofBRedjanigy| ar
structure durlge 20 delivery of the stent. 21 The first step of inserting

ei t Her daNY PEE &5aft dnstemals Qqﬁ@mdybw pgngsanabof ghe ‘metixdsaof: egmegtiort er i al

o ony » Bhertld Bon il o LS8 Vs DRt e SrBBARIRL B ST on e

gui gewi r dlanated in FIGOSS|ahe pohRmk bf the ferts e okcdpyauradmet Hid p%?ﬁ‘orﬂrcﬁftﬁ'é abl y
with a side-port .i-s . advanced. 25 The guidewire i'S then renoved. This

i nt Moduc 8ents peatimate e cgpgad M%’r 838 iof rens! erteticse8BLDY36 hee aiveredofBy he

del jyver ' \FVes ss..for the interven I n
ver‘si onyiﬁwa}%ﬁ mn&hce&g?géﬁ% ROTPPS Of ?%et% ‘é‘aqﬁ w%le?qc\ygygerﬁsa{tgmszgifpgd
pOSid i 0NB36,i the 2Foskibilitsiest Eﬁ@’olézﬂ@_v’ﬁdn@Qh@frehﬂeaﬂﬁj&%eﬁxaﬂrbd“%%aﬂ?sféﬁh@crd bpbul ar
structure to be stented, the -70 sheat h covering the stent “may be

wi t Hdr anelimingied; he: t ubes maybe unl ocked. The stent . may be positioned and
then. shortened so‘as to achieve its unconstrained dianeter in a s variety

o pler 4 omed Ty AR Be PRI s BPRRRT S Mo S B8 okl el i Pony °°

whi ke mMBS6! dienadio-idifal Sstent PR indludeOktritB €830 36 Al mRPdbOfs é‘d t ube
40, to which the proxinal endyof the stent is s secgre ohﬁ bg Fr\gl%té%é

di seal | y heigbhoringtsegments gfswires ésdnmqg theewdaingupozseket \Seuts 85{bma\ymlmﬂis of
the sten ened and ianeter of the stent w |l _-approach,
and*may gﬂé’géﬂ%?/ R?PhEWF’éF &EPWW%@QW&SCW"‘&&&W&S Sin
enbedi MeRexiblebey, SGERT @BSk Rfadk e Skt 8‘8194

| ocation prior to shortening. tﬁe stentl c%?dl Et&ﬁ%nh&fi%xgoﬁigd
st eady amgmqmtseofzzxrms tégethenyverd p‘rsa:sledﬁﬂefqm vﬂstrblsh mdanbeegiflerits opwites thkd to
shorten the s n anot h@% enbodi nent, ‘t‘he m ddl e of the stent may be

posft i OB &t JPW"@ éogeftg:r i1 ABY syitabla maRnersugh ag 6“”§H6$vt°§ﬁi‘sh@ﬁ Within 2 Ei!f§§1°2§!y and
10 B DRl RO RinE WL BB Thath S ARRGor TR SRR "

in which the stent nay e posi t1 oned 14" ah y Sh

del povery frtohethecshutsaaéésstdmhptxwef eHeCbloby flomothierbititGuh thahbwetldher théishe t he
versatili t%{lonecessary tordeliver stents within a variety of anatom cal 16

st r @t ur @stionFormed fram;q Vegve: oThovipntegraft hauingoimts $ivmendiks the steptgrafter ei n

th th t t |
\z,imdvgsnt agggéjlgégor sév ?a"e Eg%’gg%%a.!%@y rrlhlgﬁr}y f@t@gegé?q S}ngg?ﬂai’tsuf’lhés thser at or
in achi evélaiyveRdseniciadle nﬁf&ﬁa@é&s@ﬁ%&@%ﬁo&é"eA‘é@é&%&g‘ljﬁ%E%o?t'f%s surrounding
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20 the wall of the anatom cal structure such that the woven device is
anchored as securely as 21 possible, it also allows .the conpressed device
to occupy the | east anbunt of space along 22 the |Iength of the anatom cal
structure as possible. Wen using the .present occluders, for 23 exanpl e,
care should be taken to limt the space along the length of the structure
wherie 2450661859 hSc b Q) ; . ol 0 ' j.cations

|l i ke the undesire ZSC%%$ usihg%%(;,d?”?l)ﬁgﬁ%?g%gﬁéeus‘gmgn@%{} h%x%%orrg-\%gﬁ{lé%ﬁsodf t he
f or reat i othadwhendelivezedihs sheweeinsF 1656, yiruty 850 aredd tithatorsly potitidhé EHitach by

t he treaged | esi on. thrther, ghen using the 27 present filters, for

exanpl e, TEnPSEHANE With 1588 do Pemedynamiss.| Aht use of struts 830 inpthicfaskion may 28

be Ijmt Sen; f ot ' 1 i.c. disease .and/or other .

anat oni c_glgl agg?ﬁtcg)%g%gf g?ﬁgﬁggons@?ﬁggég gﬁsg%gf%o% OW?&?C F%H%Pt(‘)\%i%rﬁéww t he
I'VCs t hebateoat in FiBGe SSe et sahtsBEO BouldVbe 1688 Gikelyth creste ARBLIGEe ﬁg}fﬁ@t age
af forded, by the present delivery systemrelating fo the ability 2 of an
operﬁatorb{%’drﬂﬂw-pul_ate ei ther or both ends of the woven body being
delivered prior to releasing those ends is the ability afforded the

operator to p@sit] t he present. woven 4 .devices, a rately in irreqularly
di séased anat grri‘ioh%%ﬂlsbto:aﬂggﬁr st.he,ﬁ?ﬁ%ﬁt(ﬁﬁgéﬂ“sﬁaﬁﬁic’c%%gé' 86 dyaxing, ié&li%‘ﬁgpy

i rr egul aaifferéritpasd of the sehShey b Bidvi . : ideld & @fed N6, diseased
segnent nayrbe(yi&rregtfl ar zlue tgy‘t h?wp"lrlaeésﬁe\g{ct%%gt&%gﬁgﬁmgtsaér(f‘?{r%{itr]gu g
tunor, fbrsushamying; thameavemgylbypgines sl endanfehasentrtabd willlieasacd. in Becamgp bot h
ends of one of .the %egreaeg} woven dei(i ces., ma}g; be sinultaneously

mani%pul af SR Rads R THaPR rom B dYizesor henRortign ok theesiericocaupiad BiistruiscB50

r ef r enc ma Al bet Radeh SRR wited CTRR B8 YorBY ofifie S E kP AP SIL L0 M 1O, the
e por € hon ot he ey e {acn do ragatonf ot e iaf e uBP eyl pote o

't hetdi semsydse p+savinesnwher!f x tirotesthe alunberof mddifi el wWiRa utilietdlah@ MY e Whi | e
si mul tangousf 1WI t &draénegg 12 t ybe. 22. an.d'.-:adva-nci ng tube 40 so as to

acclir at eP§FYS6R i1 1an8 % neredsrably: nibsiedted framsamingeger dewvegn@rand muandrmore by

i ncyeasi pgpfdl lohyhisYy Ofrhi e aperat of: £ oaccurat el.y. ppsiti.on. t.he 14 woven
devi4ce ag%f ér?:gy??sq ggﬁﬁngpi@?@%cﬁn‘gﬁ% h?lgg@glc& ﬁ?%%{ffp E@Fd% %sé’h“%evi ce
wi |15 15 3@epositianelefor esmmplehetdoemibng praximateans eddEndbepfditg SLdthi(€830.Sy st ens
al l ow the operator's-job 16 of delivery less .potentially:disruptive to the
di seased segnent of the patient, é? Addj tional |y, another advantage flow ng
frolh the fact that the pr esent -Big ¢8r8dgble Devices ors 'al | ow for conpressi on of
. woven devices lies in the resulting ability of the operator delivering a
stept graft hwine tq aPeRe f rial. li 0 PTFE
to achieve a nesh tc ?sé{\a%\lgsdgutet hgtt , iné%%?%?d??rgé%g%%@te&tv %m%:or%ega?ew%ieg {"gfe
conttact flemnernd ozgludensidisdnssadohedomw; texneptafori tehengle afite erabedin®htsast thesd as

bet ween ' the sten raft, an he wall 22 of the anatom cal structure. 23
Oweyggf t R igssnimay E’% 9?}?“‘-‘@5%@ ﬁi%ﬂ%% made, pf bicdegradahile material $n esteformeselfver y

SYs#ens éxpaddin gafg_abizﬂb@dlé,t DidHERhdaHIE H&h{éftﬁaﬁbﬁ{gpghr{: @&ﬂﬁ&f‘ t&-?ﬁhcgi'omsas be

overstented. T _dianet er of am 25 anatom ca urée that i
" ovalr st estertd; funetionl dsgirog pr sutsichtedelivenysystems s aqesily of the thakBiatlusedet er of the
stent delivered therein. . In contrast, overstenting is not necessarily 27

achj evabl e usi delivery systens that do, not possess the present’
del fvery syst M}gy f%mff‘a’.ﬁ‘&gihei tapsi regald; ﬁlﬂ?&‘f‘é Tp#ferigs Jrom cehigle toubenm the ends
of ihe dgodegalbidteflR! bt/ BHeChreRink Qhvation® B S c@éﬁﬁe%t, t%teetg_]lggegtxgl&tblg re

rel eased using such delivery systens-nmay renmain

24 stents of the present invention may be formed from materials of minimal thickness_sb_ as
25 to minimize blood fl.dw".Blldc':"ka!ge"and facilifate biégbso'rbtion. In“a.n.othér cmbo&ime__nt,
26 the material may be chosen 50 as to exhibit Sufﬁciént .'radiéllét'rengt'h to allow the bbdy
27 formed to function as a stent. The_ material from which the biodegx-'ad.able stents may be
28 formed may also degi'ade within the bloodsfream over a peﬁod of weeks or months, so as
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el ongated within the anatom cal structure into which they are delivered
and, as a result,z may not have a radial :force sufficient to resist outer
conpression, which in turn could s conprom se the patency of the structure.

Further, insufficient_radial force could |lead to a stent mgration. Wth
t he presant ta&my empoky dihenatgdalemay betohasenpiush dhgt the stang dopp nok degrady| e,

may be chqsen su i i Mo, d |,anLf 1 e : ne
nuncl oSSR et e =G Forts W st VR, o ARl PCBREL 1} 301G,
bei ng t hedgkdd booiliad hasmesewRBNdaRhe SfeeRt Ssegheftsexanidédd. Sthehmageriane
hundred and twenty percent, for a exanple. Consequently; the present stents
may be d@lhbse@rmdyggCh@S¢nq01b@_C@mp@hblewldl ourmundingotissie i the vesselrast \vell @al
structure in which they may be delivered (i.e., the mesh tightness of 10
the 5tent™HhPloBE | ess than the tightest achievable), yet may retain enough
expansile force 11 to keep the structure patent, w thstand outer .

conpg essi ve foryLpodNef hebidbdrk@ibe kkni fay B #oned By PMnOWLAVE BdiRPIthen.

or. overstenting of "an anatoni cal structure using ene of the is present
stents t hatthods st destribedd. y Toe stzenpll e cfilpmentspused seay vagy besobdingftochel for

several is easons, For exanple, the_overstenting hel ps ensure that, the
Stont wi |APPliGHHRP i SRet SOGCREEE OF AT KoY G TACFSR R SR SamEipon

m grate. i: i r.ech: ' o1 1Z; -

bod B *ar'S e Y SO RESURE 1 cinB RIS uBflicalions HUBTAS Ror ioREGalflic UAKEL.
18 st r uctinrethermmbosiinents| tite nhmber 6f fiheenarsed ehayasethcraasdtbin cdmpatsohaong

conpressed. Further, as the overstenting y he achi eved usi a

subgt ant i thE | ureRer el iwies| ‘}SEéOWpIc@g’Qé@LET éPniﬁfcaﬁﬁnst-H%qu‘é‘&g-'ﬁﬁ'kg’%ﬁlﬁ'%fjamxi mum
radi al fgde%'ceg’f. the stent may al so.increase the stent's ability to, :
wi t hSt and great er outer conpressive forces. W thout. elongating and thereb
22 conprom sing the patency of, the structure being. stented. Al though
overist enti ng . The nAfindms cuntbed of fdaments thatemay ,besksel| toi createctharbody of a
understand w th e . benefit of the present 24 djisclosure that the_sane

pri nei pl PiggRard f%e\ww GReiAme St ,t%cwﬂersmeﬁﬁerﬂ iR 2t tz{a]__afe;anaders
di G} 05 S bl By, 29 AidrfiéheSAPhE ol CWaReE- iR LiEn@! infEdting el LEBY usifg
achieved 1n the sane-manner. The Wal | sten patent discloses a delivery
systiem f oplainheeans) th&BENE af hbe crabdedviiiatdents Kdescliisadoatooe [as tanglern)tthay vaysas

t hereof to be ipulated prigQr to the rel ease of the 29 WALLSTENT.
Honetor . SaPabamoy et £y pisally a5 DSt o e diment, dhayangic hA/aPpeen
-73 pat ' R r ; ' , bHOTH t ( by
tho 1r bochimbaft kP bR s BERelad bRl 8 acpRt WE AR PR, LS POKRIER, o

i nvohves furthembrsureothat e stent map hiavs enoghuexpansileafuned &0 remaihanspladeasftdres;
rings; cables for displacing the rings) and a casing) ‘a that version %Sdoes
riot2out i | peies sglivaretht pl}ks@ampvmc&s, agcrt PlaL WEMYDEIlh GOmRIFtE PR gvﬁfé’up&?

manuf act uy, ' L8, : o Sl ' Vi ' -
e ol RERTA srbtufe Ul SuliE i SHRE BBy o RiaBOlt ok

partg ar esea#ag) guelf @iiﬁgabﬁ/mihg\rmhhpimgadgmgt ag cthealikenr Geandiliert érmbadimenyta
delivery systens is. that the device s being delivered. is clearly visible
durifg deldngebgdy map bsaveven, andathg Bodyempy deycuiHBR FHEA BRERENS mbdesed r om

around thgy LSS AL bIFhInE] ¥t HF bEEPof RESLEMG ed BEaikL BY Bliplidd fhe! MAGAEHLN

25 ends together as above described.

26 | In oné 'emb'odifright, the ﬁldﬁlcnts used may be made of polyglycolic acid
2 (“PGA™,  poly-L-lactic  acid . (“L-PLA"), | _pol_yorthoestgrs, . polyanhydrides,
28 polyiminocarbonates, or inorganic phosphates. -Tlhe'se polymers are commercially
29 available from United States Surgical Corporation, Ndrwalk, CT; Birmingham Polymers,
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10 of the ends of the device being, mani.pul ated. Additionally, the profile
of ,the present 11 delivery systens is no greater than that of the device
bei ng delivered over tube 40 (the 12 | arger of the delivery tubes). This is
advant ageous because the snaller the profile of the 13 delivery -system
the less likely the diseased segnent of the structure will be unnecessarily
14 di sruphedBanihgtamTasl Zedd dhidad. SRemeSillel: A NEL ivery (of the
woven device. is %t , 1S pos;?ﬂtf)llwggf gtaovers{]rgh??j’gﬁ)é‘?%% z% s@?%éﬁ}?lééo

uti |19 zi ngonsider jn €beoningie maseria) fiohn shidthewsmaladthepfilarnt well ®BtSe EH11A#aRe t he

| ongj t udi &a{j 1rrnvefgfﬁn_tp of tubes, 40 and 22 in both version 1 and version 2,

t he 1 at t SIF"OPARHIE: iTOT GERBPIep YA EMERAIMEat i yehich ke sterpvasrvesimainlyl®& & ubes
my pe nmy QbkAtd \ 5 1 ol 1 stent being delijvered
e 0 commEe L N en PTAEEy BLR bl of i3l oo in " MnlsBatise 20
| f tshe sesodimennit whithtthe stbesierees hamdy iomanitiiarhe SAGREY 8f 'tﬁesxap%lejéf(%.mi‘d
dianeter, it can advantageously be restretched and repositione y ‘novi ng

t ubeé 40, kﬁ?%@ﬁ ﬁm VgSsehaPey angcRs Agsaaffold 90 frame doe ko develspmetesof @dhevAf t er

| ockj ng. i »d he. stent "be 23 repositioned and. the process
ab0\l§7|e de?@?ﬁtgﬁﬁpﬁg‘q@ “?gﬂ’oa a eelﬁsegas‘%ﬂﬂgm ’tsl'ﬁl ﬁF"é’,@gkénq stifineggy In péher
conp et eemfodinenss, Lpdlidé SmpP et EPEnédveiNGitHes ﬁ)&.ﬁ%' \n, and the
stent fits in 25 theﬁf\?_essel---%r non.-_v-asculcar- %Fﬂbéﬁg?qlg{)r,uc lesjﬁg foRte \XB?/ t hat
t he 9t enstiffeespebtheyesvltingfabdry tta6may pamset 'and/ or the ,tissue of the vessel
or non-vascul ar tubul ar structure-is stretched 27 slightly. -74 - After

perform ng thi e ‘wthe distal end of the stent may then be rel eased2
f ro!% its secu?gﬁ'%ﬁgéé}i et%i%ﬂo0 m eléa%ix Sﬁa'ﬁFs%ﬁ!ff%qmﬁ Faysheprovidgd with aboutd).@%sed

by pul |i ag0259Redtht BY weigig o0 bic WetflSo "@ﬁﬁ i 3 f be 22. If
the stent is g?i |1 i_% trllge a pr opé? pct)fi toi n, Iﬁtdhg&%r %Q?ﬁgﬁ@ﬁéﬁ& E%h“i‘émétent
may!%e rByéaxide icalcitie carhenatenwelcisn phosphate, delagrestiurh hexidk £ thagriekiant he
vessel o - |ar structure, and the delivery systemmay be s

wi thar Y SERRS, TREENe3I1ER, S2iDAnalh magResim ogsRiisiG, sadkurm imBosahate, Posassism onger

POSiat i onsalfatdior the lkeSioriackehQURE i Vive 2RTOA Dt LSt Alant Gl by N
SCent, the Stont ney be Bulta o pr o car I EaRR Bl ak R e o
pr o¥i mal ABouinian tagwentyepednt or witire,hest describvedxin TS . crater® NG 1478 355 &t Nuth
secured and/ pLedi stial,l y nmoving the sheath. After  doi hgso, the stent and 10
del {ver yeg‘g's@gﬂgnﬁxy“gé}lsrmvegxﬂr?%m IGErROERIGd by rreference. + s uped bergim $iood

t haty t heyib b redtdionl iR B0 LLIRY 0P Ll L framits, 12 secured
posi ti onl-". pri 0@{ to -.lr el éasfsntg ttﬁﬁgblzilws/? a?bfeo%goi glr?eﬁo(sa?ethirgm%}pl%ﬁ%‘igﬁb so,
howsver , (i3 thhdreaking foad ofothei bauy) aafiet Iteirgs nplanesk of Welveted hgdt § lvidg 2
sheath is iLth?,ed) as desCri-bedl?@bOVe 14 is no |onger present. Therefore,

typlcal | 2P’ Bt 8% HhHathes rnbadiment, acfilamest opfained amm a1p0lymer gerfrining

| ocat i onawdut 15 BLatidund oyl ' ' i.ntat ped 4 Such release,.16 In
version 2, the stret _c_herfét}lé é}ﬁ%‘&%gyf“g’?eg@é%%ﬁﬁg‘“?’{ré ﬁ%‘ﬁg}g‘s# g%PCPﬁ‘é%H on of
thezl7 vEsSePatent Non-§,425,084rtol Menhedy s alic(1995)] owhieh SiseheRfy dXiBsslypr i Or
to unl ocking the tubes, 18 a gheath used to cover -thestent, If used,” my
be Br oxi Wﬁf"l% ri\’ﬁdt‘?‘ycﬁ”ge_\ﬁﬁf‘cgomé% ¢ ysedtgdern ahiodegradable bodyd stent. Al so prior
to unl ocking the tubes, outer sheath 70 covering inverse tabs 20 60 may be
nmovgd pr oxi merhe/fi EH\Y . are p - (see FIG 5A), In an
21 exenpl ary enbog#nﬁég%?f %Pﬁeﬁggt %@%ﬁ%ggﬁgéfomeﬁlgyﬂgggﬁﬁﬁgpa\% e %58
rensved. thith@osiively taffeet healing fzerthbdlotationc kddre Ithe i dertOisb@eliReRT StIgOgnd hat -
.the tubes %Fépbe unl ocked prior 23 to, wthdraw ng either a sheath used:
t o Tover “PRAIDERt: these drugs apay ingludsyanticagersadmes osuchnase paditetel (whidh is
ocC4r r edgarip theneist.al r ox nal \and of t.he stent ma

34 corﬁh&ﬁ&gally.iﬁxl%lé £ ’533&)]9 frg b )ﬁrﬂfo&lﬁg%g &ﬂwggnm qﬁ,’ﬁﬁ or

rel eased from25”its secured posrtion as T exer

enbodi medacetaxe! (vyctbis. contratrelally! & aflgble @s m@qﬂmﬁfr%sﬂ%nemlﬁhfc R&g; st ent
first be,cagaﬁ thﬁ secur ed Broxi mal end may offer the 27 possibility o¥

r enBvi ngifaCoespYidecBAMt iibroblast/smenth raesster telk groliferationspreventiag agenis) sadod)
28 however, that because of the conpletely controlled nature of the
delivery systemof the -75 . present invention, the need to renove a

m spl aced stent, may be very low,. and, therefore;
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2 the proximal end of the stent may be released first. wthout great risk.
s Wien the distal end is to be released first, tube 40 maybe noved distally
over a , tube 22 (see FIGS. 5B and C) until the distal end of tube 40
reaches a pre-determned s point |ocated on tube 22, which in an exenpl ary
enmbodi meantithrompogenic despstsadh taarhepgrinswhigh isisemoferciallyadvajebitpu romaMketh-- The
point is Iocatﬁg%%glP ng,t.ube 22 such that the proximal end of the stent

wi | P notABES ihh . Bfvinverse tabs 60 when the distal end of tube 40 8
-reaches it. Wen the point is reached by the distal end of tube 40, the
"tubes are | oc ) I ol 3 ;mqgr I Y sed on
the%proximal ?ﬁgfo% 9%?&?131 %@%fdhggﬂggﬁg? gﬂ?h@%f anme dé@igndt?& SIu Lal?Eer&g‘ltng'nt IS
'no lsongeFor bxarhplej dreadne perabddimengt thehidsugsoant, sodutt emaf Ibes liésdblved Qnneye be
nmoved. distally- and/or tube 40, may be noved proxinmlly to cover 12 inverse
tabs 60, bigAeEra¢AblG @PIYIREF 2SSy SPRIFNAMA at9HtoRay 1he spiutintr gy thar dea

heat h ag -y emvad, f : | ' b :
chieved SEmRd R B R {ilEn 20€%sent nab 18, OB 1P ARbEE ARG
nmanner afiaipte BegiagidradlubNizig withepglymer ralutiondmal YeheilitedstERY dAmY

rel eased by unlocking the tubes, and noving tube 40 distally over tube 22
16 unt i | alsebe rdispersgB snteahe diedegeadable pplyAieh gyring an sxgusign arr mekt $piaginghr ough

whi ch they were,thre . . By then b urd.her .advanced distally

Ont 1 1 notoets oo, JhelOiis ohtafutg Be bEReRall R wACKERE SRettPbitn 1
FI Gyo 5D. fofinell sy RQolled wiftedrupg9es may -be | ocked 19 together to maintain the
position of the'inverse tabs within sheath 52. After both ends of 20 the
stent have been rel eased. (see FI G ~5E), ‘delivery system 50 nmay be wi thdrawn
inte a 21 shedhe bipdegradebleefilaments tmey blerdyrendered] nadiepaguento fadikitateh gheir

proxi mal _end of th ent -i's’'to. rel'eased first, the sequence of 23
vert o | BoP e s hBitagbBy B 8F hdlt FORTR gp L rlibErBRy BRSBRRPY Bhe 10
be gest reérﬁbfaeﬁgdacto%gfagﬁgsmé aleeithds EXEEHRId dbbod forhcagpcthithg tRMug intd ube
40 may extend. distally beyond -the 25 predeternined point such that inverse
. talbrs 60thgrpoharertngy b usrd bamix rdiepaquesaks, sueh asriantagm, hdth Yo polymes. bei ng

' hi dden or housed ‘within sheath 52 as shown in d. of FIG S. After 27 the

proxj mal end Rhas e| ea he di shal d.of .t he stent. - | eased
' the 28" manfis: R netfhocdiBagich, Uil re BB by e BlnITNRRR, 35 20

t 0ged her biodegradatl@idavich emaiffains RoSimbtipdhicd “ihfegrifynVv @rkefdcedysthat tshowdskeat h
52. Delivery system 50 may then be withdrawn-z fromthe body as above

desdr i beeonsgergtbingdiopsiag ¢ petymerdn dighs of dts seamadatipnatime i that therpalymer wilkf t
material that. is stretchable a, escri Ve be _achieved with the
 cand® dol 14538y Febbdrltel Ao RBReEE 5§ REERT P ois Bk e R 1 "°
present epakgle, pﬁifce?élgglgéﬂlﬁ!& @PGARshtured ¢dseadboli30% of Qhé_iﬁfs&@ﬂgtfﬂﬂ[@r 2
relatively non-stretchable material, such as PTFE, is utilized, however,

al t hough wenks, aadd 00% atviewgeksy sndate emplstelyiabsorbeddn 4-hanardhsnieFort vasghlach t he

ft.s.my,be deli d is,skightly. dif o the . i
wht ch ¢ aPRHSRLERY (e RIS g uith, B cithe pleBRE it Acvessil e BRo ch
the ;st en}poﬁ/hibfd hBWYg RRghaRes tihReest, abdut henBCORERLIbur Horlthd neXabPLgsd, ' | f

after releasing the distal end of the stent graft,” whether the graft _12
mat ef i al dependintg ercthechpplicationhdns typicad tembedimentxd pelymer havigg al degratiatioer eof |

th tent. 13 etch t he del.i y tub t he st '
compt of oMLY ADH! 00 [LTeE B e Pagebe e an BROSRS RGODRIF dPbRPAPCHE

nechani i , ) ; 0Mek 14 - i mal
end Br + REPIESns b, 4sWhe Q6UiAREyS 1O, Wy Hecy Brfich SESheOURRId Bniep T ¢

t he 2gr af tthenpdlemerlb ability tolveittstandithe themical sdrhale in thg given egvabhment eri al "t o,
the stent at 17 the proxinmal end thereof nmay , nake it easier to re-sheath

. the graft material using the 18 process just described, ‘and. thus
(aci¥ 1 Lat e, r cOBTIE ORARTAAIORTUDE S8 AjoszehdAbles anteh 10 SRR AURT TRV oy
t ak ' [ ) t Rl ' [ 20
stont "gr aprt TR O Y sbl) Ihel BILRE RIoUE R o R B8
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22 The delivery of these stents may be acconplished relatively

si mul t aneousl y) such 23 that neither stent occupies nore space wthin the
aorta than does the other. , Initially, the 24 stents nay be secured to.

ei ther version of the delivery systens descri bed above using the 25 net hods
descri bed above. As illustrated in FIG 58A-D, in addition to securing the
ends, 26 Glcobptattienio b HERRRr? 3 BL SR RV Rls0. ke, secured to
ei t her tubei.%t?ube 22O as ?7 shévﬁ?@?g?@Qé‘lﬁgﬁe?&ﬁgérﬂwgfar%grtagﬁthmbﬁttﬁ%

st erst t hhtodegtddable materitli usedd Tieay, thdeatbiof atlesisal of 28 dAGT iy RS o dHAELI ON
830, which consists of aorta 832, left renal artery 834 and right renal .77
artery 89BantEy &Qr thegaterpl dagradatipny At tha|spme fisnss odher agentnguctehs Gibrandetibout i t
wll, be z ; Kidhad R L art i th benefit of this
di scl osur 8&}9? g‘t%?]%@aﬁ%ﬁgﬁg%%%?ﬂl%}ésﬁgﬁrﬁgWﬁyStbifoPﬁt &g@aﬂlaé{ adéed ver ed
rel ati vely tiwi pollytren@seds {uginghardyngitaBRn@4h sodesc SR CAHRE o ﬁag ’
guidewire 203 may be utili zged yto enhance the,cs nanguve?xgﬁ?Pﬁo)?jo é’kﬁé@

del isver yingg sthenghosemh@ofymar) sg¢ mantafieay thre rals ed Wiodeszadatient uPes cigm?leémd 40
to each, -which.are jllustrated in FIGS. 25 and 26, ‘are 'not.illustrated in
FI GS. 58&%’\%8?’@{1?@' ALRETYP ‘E"r ﬁfﬂvftgi?(%??f)léﬂ’ii)‘é"dtWFr%“é’_é&@lﬂécﬁtm{ whish, imy be
achigevedturdsh &Bl@ra‘@éih@%s‘&ﬂ Mdrl Ractidnd it g | oops descri bed above.
After stre,tch% the stent on t*%aﬁéqn?\%?@?ggésétg%and posi tioning the
distal end of the stent in right renal artery 836 in the 10 nmanner

desori bed aboVe ofFle@bodmnt af ebiodtgradabledddylatdovding t6fthd prssdtcinbedifoy, t ake
pl ace 11 bé/ first E‘ﬁ‘el easing the E}roﬂ?mﬂ end of the stent (FIG 58B), 't hen
t he'%i st 81" ShIPYEFEEPCIDEBER) Wirgs, fpay B Addgd to, thehndyifon reinforgement after asr

j ungt i onf@RRd(Hifz BRR wedbesud? v dewine 203 may then be
wi t hdrawn from t.ﬁgeﬁpat i .eent- ] tuW|Irgbég{lﬁgﬁggcoglgfntgg%ig}'ﬁ 2 C&P}/@Rﬁﬁ? in
t het2ar t , Majgriah abhwe Weseeibed. Ioforehémbatlimehnshie eviret hady b €orm@deeadm Afiinbhe

.various, 15 secured portiqns. .Qf the stents may take place in any order
sui Peq "t bR SERATEr RO Mou a3 & F4¥h ctiGatoms (Shaoh Msmey Fpplaasiond. of

Anepyr ysehOQnsd &t witts Bfay PeSRtorbbAREIER L8 AN HFEaNssat heter Enbol i zat i on
| n one enbodi nent .ofs tﬁg%ﬁgé%lﬁ{) : _.,|,_nvle,§ f%enwg\{r%eb’é%gi%%%wg?dénwnﬁﬁﬁa + used
for1520 atheuwirsnint arehouteof opértilgsuin tei bodye gevepdatingd. t I and cMbodiRbRY! ingd - | n
"this enbodi nent stent may serve as a scaffold for

: 81 tPle ".nake&)" ) ) : -
dev¥l opi PGMAH WnWBichehe Ayirg 15y Wreadad dmandeqyt \of mpenipgsrin theebedy is shosvm innhi | e

t he,,aneu ) y: D e 8 i tion b transcat het er

enbol i zaFiy%ﬂ.gi'Zzﬂ gel'r?eir%ﬂbledf@éﬁhﬁe%s? %‘fr’nSBHnlé’gf r%@%&%q’?}’ér%%c %ip'cpaﬁf"ﬁgé’,“tsé‘ﬁﬁj an

enbol i ¢ bigeegradsbletbpdpeSUDS and sdesigndtibm (5301t SHRws UelnIoRenBsk MHRUSYE 'ﬁ%]siﬁgﬂc as
e

shown in, F] G own in FIG 36, once the stent is , in't

.36. 26 sh
app¥opri H’Ls.@eﬁlﬁ%&tg? %ﬂ‘??ésd??di PO hhsshaying howavire §1) mag be shreadeddn and ofit 6F ench)

thai, is jCal [ | i t h enbpl i ¢ _agent not de from
po?{?ur et ﬂgne %\h_sqgnﬂc%aﬁ%?rﬂbéo |°§v%ﬂgneﬁ{ét§+rt2t§? ﬁ?n%ﬁg °ng7‘§-r_°(s()' Bebededr t ed
andziadvabeteden iit.e, pirakell to)raro dfodebRadableTilambhts 340 3RQ1 ML Fifovr B PLLRRANI C 2

\ g ;
catheter into the lunmen of the stent, one may use the sane gupg:l(lavm re which
may2?hav eC@rifaefs §hewn im FEGH 31.aeinforcemens wirm 510 Humycheesecuredao ibady 500 avide t he

i i it h h f, i.dew A d | i zed
2100 S S8GL T Y el Sind eV, Eondtiely, o zed
Wit t hebephiebd arcimay filent ReAriBdaHY ARG tg)r%%f 8‘;‘%@%}&‘?‘%‘? gﬁ}gﬁ(ﬁgga%' C

catheter, on an appropriate size guidewmre c*hes).
The2st i p wulththenie contheveein ieymdryewithethe ededvirandgwill het wRe¥ere Obith Hige S
sac. .If the openings in the weave of the stent

stent into the aneurysnal _ _ >
ar e®appr BRVHREY QFg’.eOg%eQFSSmrﬁli‘F WeRYCogBY s ¥atingt the tsupergBistieity ar sherel

advgncedgH . | i e 6 y _then b
RSBt e ey T3t Bne e 300 WhRISRE 4 3G nedy 8B miy B
agent 96togethehaeniitirgein Stighter weave: AHaFedudi tife expaRstR fofdel SrARE é{eﬁ%ﬁd ¢ to

the tissues; easily handled; suitable for continuous injection;
adefuat eT?‘sfa&G? IQ QYteE compaemsion way significantly inereasepalneons ambgdimenit,ylopps

et P ng Bacpel Mea e tanE it B oSS AR edlBy SRR culy formed | umen whi ch

could result in peripheral enbolization.
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16 Al though, several fluid enbolic materials (alcohol, poly-vinyl alcohol,
17 cyanoacrylates, Ethibloc. etc.,) are available for transcatheter vessel
occl usion, none of 18 themis considered ideal or even .suitable for this
purpose. . Recently, a nonadhesive) 19 |liquid enbolic agent, ethylene vinyl
al cohol copoliynafotteE\éMbodithest dheem is@IGC132niie abliyh 20rehnefordentat neire iof:
cerebral AVMs in Japan (Taki; A TNR 1990; Terada, J Neurosurg 1991.). 21
The2 co deregeask imesd @ dofAPPEIRgS: § m ﬁaquégr@@a%@dy r?@wﬁdmaut@ tha PISpiue and
serv r i nv Ver
ferent bk BB e b e, 0 g B, BPE peleaivie-BRp e L o
vi nyl ﬁabqg%xe%owm tr(cMnfd-ﬁc'ﬁh@bﬁnﬁwr@sdnhrwsmaxﬁm G e Ry e &rdhielior ni a)
was 25 devel oped whi ch was desi gned for aneurysmtreat ment: rayansg,
Neus osur(gietijar 10 88)smali&lesed loups dbsacnhed labae). &s showe an)IGc3hg;ma‘ll llonp 512
enbodi nment Ef t he, %ﬁgent inyention. The 27 enborlhic agent :afs osed of a
r antlom &t B§ enpyin QRguh Fament gy the ABICSRSHATL PHBRG 65 maye H&“\PP |30g| cohol

(oo oP I il 00 S0k ARE R P Shy 50 St 9, B P SO 20
or gani ¢ desdritridt above,nd i be sevaired toy bity, SE00With dbspsaBHO¢ of anydther sufidble as
bl ood, the solvent should rapidly 2 .diffuse -away fromthe m xture causing

in situmpeacigsi ekaveodesaribeds ol Bethf pertiony$14f of meinfpreemest yirise, SH) whay be

.formatign of .a us, an dheS| nito scul ar waII
S R BRI Hor b Shaed i B o RPN B sioniBeic RS MRlatey
may;, be Ltﬁ@dnéde@?ad&ﬂeeﬂi'l‘aﬁieh@ ageHescritid éaﬂ@eer?%ﬁVadn@V@n@td@@relﬁﬁx@xt rhOd
just descrihed- may be utilized when the.stent”is.covered as wel n such ,
an,1z errbddemaitsha;mngcmgrya;fhﬁmf@mmemtewxrgsw whils f6tand FH) of lﬁ)dthQQ my bznd s

m crocath e, 3-Fin size, nto

R R R D Py Y R R
0.G18-i ngla 1Ps,efb§lslahé@td16utef cérﬁpx‘ékﬁ&?'ﬁ%y%“g}ﬂﬁéhrﬂfﬁné}@%emﬂeon@éma&ﬁnﬁdﬁtt abl e
materi al such as stainless steel or nitinol hen be inserted into,
t has | unmdnops 550 mapalad beussd ig 3ecuring bady 50016 pdoﬁvqrheyscmar may 12 extend
beyond the tip of mcrocatheter 97 by about 2 to 4 mm The proxi mal ends of

13 mcrocat heter 97 t he trocar | ocked et her n uer
Fock mechani b o, ereodiment 06 S5 onBrRtrmst 58 MRk hnad HRRY afobbrc.
art) mayp 665, ifdheftSdbottn 612 R¥ed.NENIPR BO uHERstob® thidNRErdASRNS MRe QRS bf
material and the stent nmesh. Thereafter, using fluoroscopy 16 and/or CT in

guidi ng reldoxchmentwire 830 enaynintreaséh thesfoecet with e’éxi¢}ecnd8|&60rm3d 50 aref piled1 7

advanced in t he e smal sa The trocat r eno and

i P 0.t ERBPT RO ABAPeTBeIOS P b Vs b e At fisah B Frecraigan thsafie
de%“ beﬁl RAthhh Bhe wird mvemr@éff&ws lhmmﬁg&e%mwm@mﬁneurysm may
be treate as above 20 described. In some other~|ocations (e.,g., external
iliac artery), pesudoaneurysm and/or 21 tunor-induced corrosive henorrhage
mayzial so be theameeednlazixmbWwd@smmavlreﬂsa Slfemay be faymedtagowund B\t@mplastystem
that may be. used .to.de ent ‘Wit hou raft 23 cover
suf®i ci eftt I‘Xbogﬁaﬁscng‘ﬁt h)fﬁﬁa{e“isftﬂ’éc&mei“bnwg?{s) h@g}ét tgp g?\t gro[gﬁgngégs &Y lt}'fnay
takg 24 g dirlth 8 SheRfIre Y AHed h&tegr tion. The delivery system woul d
al s% be \Ae&f&asull t%d 5[5&%0 neglj—gt%gﬁ%ng through t ortuous, vascul ar anat ony.
The treat nent descri bed above may be 26 performed using interventional
r adiol ogy techni ques, thereby eli nmBeachmgrkhe need for 27 surgery. The
enbol i zati-on -may occlude-the |unbar arteries fromwhich the excluded 28
aneurysmal sag,is fre refli of us treat ment

h
des®ri bed abo fth ﬁ@af‘ﬂgoegﬁd%f)g%ﬁ?aéﬁ’bg?nv?’ﬁ@“p%f{ &ﬁt“%%%%@ @Pgettf’l tglg RfﬁV‘"Be
el i gi nat ﬁﬂzenfigxg the Invéntdré hiwS 8s¢@ ah Bpéh-ended plain woven nylon body (that is, the

27 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
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LowProfile Wwven Cava Filters The. wires of the cava filters of the-
present invention may be nade of the same nmaterials as the wires of the
stents. The sane nunber of wires may be used in formng the cava filters as
are used to formthe stents. However, in an exenplary enbodi nent, |ess
wires are .preferably used for the cava filters than for the stents. As

W th then§,'rng@ft(§ﬁul | few as be used
to formthe cava fr??r?gg?&sg% %é“‘gm&ﬁs”éﬁﬁ%ﬁﬁ PrEdiamster &gb%\ﬂug?ﬁv@ng?(ﬁﬁpé'm re
enbodi meht an whtatstreined isaes theikize @fahpiveave HitesCH¥d ab ﬂo&ﬁﬁﬁef&ay C’I‘ ted
with a rel at| %%noroi V\gave al | owi ng the bl ood 10 o fllow’free n an
exerpl ar §*RAM ®! the ttubes was &glatively Boedaand aftes miismaim elodgation: ﬂne t4Be cava

filters See FI te t he bent ends of

the Wi r egé? thre\ﬁ:{;@a;kcg tgluéc% ﬁgd iagter %8@6“153’(3&2’3 @i’ﬁ fioshifs tyiagnds so be

useds) or ldnigirudiaalp), ehe 3panrfs fofcet rr g.forma
"rel ati ve:gyurounyd openllpng W t hcea@}lam(:?:émfégrk&ofcm% ‘f?b]g gﬂ%ﬁgnﬂt’ x’ﬁ% si ze

of tthe wiangBudinalicompyessiony heddiameter of thegubiher masta wks 1lehﬁxer§1cﬂ>alh§fbo&han

t he bar b!argc%soﬁﬁe tng filter d| scusseg¥bel ow) ranges from bet ween out

0.0.709 iR Aotientd 6‘1 ¢ VITMREY Inqempressibiest typi cal |y about 0.011
inches. The size 17 of the wires that may be .used for form ng the barbl ess

tent filt Q0SS nfitidNvh d _abo
Lo Thier Aes SRTuieueenealigiben T R AR B oy

sternts ofhetrh@nplr desembed; qavlgart The, wmh@aﬁmgtraghehmaﬂwﬁﬁéehner»@&%d?%x?% 20 of
the cava f||tetrs |ds referaqu)/ obtuse. Sinilarly, at the proxinm
(e. Y., FFEMpten HBEBmed Wi cibpt shaPe AP BORY or SUPQIelns,tlcmyy Bhe mmgbtd by

bendi ng {18 cMiged C c d stryctures are

made at the di gt g?@g%%}é??x%g&fﬁdﬁ gggng%ﬁg}hg]ﬁal %%%i‘%?é %&cﬁ@s%iﬂe as

shomn i n9.81138. (13% BmmnelogsA th@l'lght the dihé‘rt@iarz(&exibtlcs o Ghe Rlesh! ufi)ran(b peend 24
t he- cavafllters, the wre enajl oupled

F
t oggt herJ”P% “293"’? &Pﬁi’&‘l é%f\é%}u"set Ferddupe slangatedooempistaly i dsewell 285 compressed
Advgnt aggaislayly, the portions of the wires form ng the closed structures may
be bent outvvardly into nmultiple barbs to anchor the filter, when |ocated at
the proximal ends -81 of the cava filters (e.g.) FIG 7 and FI G 8). As
used herbPn, Obeludbers are portions of the2 ends of the wires that may be
used to formthe cava filter. By -carefully selecting-the. size, s

orientation a@dh Eee arbs, they may penetrate the vessel wall in
order to bett e shawn in s84,band

& ‘ ef°§r9réwsr1°tt ilfystratgye e@bpn@m h HEGSadAeGsdd
di sgngagsx] théré &dlshBn YESRBLrs ‘Pﬁll d)nséiﬁoﬂ Qﬁ% %FI{ ertgl ’%’o%’gioﬁ%l F’]te ¢ ;‘,:gfeu\{-gd %ts. .ng

prior to the filter being W thdrawn stc

anyl8dansepsluder amrmaethevxpfckem Snveéntiofighay B uséd: lﬂ@kﬁ@étﬁﬂxaﬂl cﬁ- éar?p‘i&e arb
74 of closed strgcturgﬂaﬁes penetrati ng vessel wal l at an angl’e 75 that

i s Beout PR A HAW Of thrughyayepsl. o Badye700 pk the owhaim'anay be¥ernfedund
t hag, bar@l;ﬁpl&ﬁ%a%b%t%%& %gb%gdeglt msqgore ‘bfcur e@/r?s?v\,lhng\wsygl e 75 is

acute rather than use vvaI |

73 and eocchdt amgotding tmetherwesreﬁt imaeﬂmo?ﬂma?afeqﬂzé’edmwuae aBBABS, vhidsOpZedl MM
wire end 7 may be oriented at-an angle that is roB R y

| on :
per%endl%ﬁf"éra“ﬂ“l“& anddhapmstes: of barb 74 such that barb 74 is pr event ed
fromnore deeply penetrating vessel 13 vvaI | 73. Another exanple of suitably

h d barbs ey, CO\/ERYf

io%?rgr Ci Zﬁff avaleﬁgﬁﬁoaﬁf éfr)nldgqﬁgrbé gt vani'é1 0353? ‘éﬂbaﬁl@m@ n{g’%‘? oy

Hi %) NowesO( 86ayXB7 83e aslf sitheascbove idebdriied. Ofhd by rE tbé 4%{1 may
be forne rf{ijlgweéjtgl ain weave using the 17 net hods descri ove orm ng

thésst e €erirag @boymdesspbesr The dbdy srmmadnbaremupélasz éramduﬁtedfmsen
es lters i.n e.a cone 6.and FIG 7)) 19 a done

a% tﬂepﬁmﬁjﬂg é“&aﬁaﬁre F@I&Ef @fm%r 1 N g 1dythe body waseopplegtethe st ent
fllzber Zﬂ'S(E atblelg., Udifg @ WRY))2 e stents are,
and may be thI@(l)weglegto 21gc?b?pgﬂsh£p?g&stent)sérgcfleémiggl t %ﬁ%?"l‘m aaper
exéhpl arSymifh iy theeer ginals heatinghand eoolige r €Phe2 2emplatet that frray IHct 8¢ed IRYhDE
woven on a cylindrical tenplate, heated and allowed to cool, then 23 the
body fornmed may be renodel ed and then reheated on anot her terrpl ate. In an
24 exenpl ary enbodi ment of the hourgl.ggs filter, for exanple, the body
formed by weaving 25 nay be heated and cool ed, and then nmay be renvodel ed
into the shape of an hourglass by 26 narrowing the central portion using a
.material suitable for reheating such as copper/brass



wire; then the hourglass shaped body nay be reheated. 28 In an exenplary
enbodi nent of the cava filters of the present invention, it may be 29 ,
preferable to flare and conpress the woven structure near the proximl end
of a conical or -82 done shape filter "or near both the proxinmal and

di stial emasodefingmdychavgltixsdediieltsbape 6hHthei onglRlenic ghe ambodialenpolrt amsthev-t h a

relatively, tight weay see, portions 140 in FIG 6, FIG 7 and 3 FIG_ 9
Ori ot ochbedifagt SRRBTe GREIADS. pEe/BrDLIUn AL CAHIRPT HBn M dRs GrEBRk ant

In an 4 a eggq% ' : | i f | I h

abO\alae- dESCI’iI Eé’olmré%t hoc g&émtﬂﬁét&ﬁbﬁ’gﬂgﬁﬁ’ g@%ﬂlw?éréaggg folﬂﬁ ?E? °?§llé‘?g°rrzé§?°n§%e
possess  tdngplateqisirgdsuppott ivire or esy otier dLiablg nagank e ditdthmvg Bebwedn theetivd O
‘achi eve the desired shagg1 of the portion, securi ng thgégi ven portion of the
fil tser i Andsid thie BodYamas bragnprepiiptely decrsasean di cotsilhghe mid-perionrofithrebody | t er

Cho %1 oy ST RERGERRRICTROS). Wotenelnd iy SERRRE bEMREN G s B

anchor i ngedyBy sefibd 6fvdifrerent sHapes thiy e treedd. bﬁﬁé/\ﬁfhPe:i ARy indlddRa ﬁﬂﬂd'flgﬁgpé’ essel

wall, the filter's intralum nal position can be further secured.
expansi | Fio338)ofant ¢lengateda fusiforror shaphi GIGIS3BNde qrampressed rfusifiernd 3haparber
and si ze t W res whi are used for, making the struc e y he
chosen s éﬂgﬁt ﬁ?)t ) °8W§ffts¥‘%?b‘5‘|§°r§? ?l??r?ﬁ wigh laadPYe%Fﬂéﬁﬁglec_’@f &ﬁheg?ﬁgfr%ga‘
por t4j ons uIableshhBe BArbs; ih Lk Ly s elei
Poset bi | (7Y, Spguatoh FIGSYAT aosraRe AR WhicTMe Srbiiflh chaXr ERLRAENS: |
be fwrt hérveded into teecbddy ofitireeocdhidar (FIIGER 38W) fytotpedowhypeoFIGPB3GY,ietc. eXftp| es.
18 a. Conical, Fil taar-_'- FI-GS. .6 gand-?. Wth reference to the illustrative
enb&di neAESdRS ¢ desired ehape 6f thepody, theeathersng of she; hedimay alse be sequredtas f or
insertio 1 YRLYad g e lar, D cal 1St ' . The coni cal
1 tor o PRAPRRERS Tt Boo MeMoldto s HoyTHEA BEHERed 3hA VERLA BRaim. The Shafifl' 00 e
as 22 desemipepatdrealand dnee daslosed staivie meayelve efilivedi cal | y def or mabl e body 150.
As shown in FIGS. 6 23 and 7, body 150 has a wi de and/or flared proxi nal
end 142 and a.di,stal end 144, The, 24 di aneter of body 150 is |arger at
o 0% ral end” KRsniiaass T tETabogenigiy of 1S CNEeg:Usfe E18 2bHEY oF thesosurse o
decrease eNd] ; - ' . be 26
Fortod | Rranmeriet] SEnulr rbhBobetic kaldaichiind Him B B Bccl e Mc B g
m gt f1 beenddesedAvithis chestsarty. adow nitablematerial imayde uwee figrl the peatudiagiagemt , it
S prefel;r bl e toé-eave_.- 28 relatively. round .opening w:th a dianmeter of
abot 2 tge §1Z¢n3nd gppe og_t DORE uingt gent mayche S’aECW?P_rFl’é‘Se‘PeTFFGQ- t prR
i1 ystrat,j ol t e 1S4 Shoun e (o] i r for
| nsdrt | ogmadERp (X marR el botyedir G spa 37 A RoBudnfd e, The', 1
fileer itlokadiemap bplooupled ty tied budy as ondiiot botiayf ke andsaofithd bodyausimgianty weave
as descri bed 5 above ﬁ.o--as to. define an el asti calty deformable body 152. As
showh i n SEifagle meariosh ps sutgras; [beiBerpda Try 2R bhalRecchlapsely watin die bady: ed
B B oxi 5 ohig? sB00aibl ALK, dikads 1y ShUELTS &) ofMlng ere® £RLOS!

2 DACRON may be coupled to the body. at one or both ends of the body using any suitable

24 means such as monofilament sutures, glue, or. the like. The DACRON may. also be

25 placed loosely within the body.

26 | In one embodiment of the present invention, a stretchable jacket may be
2 configured to cover at least a portion of th'e'b.ody of an occluder (FIG. 34). Any suitable
2% material may be used for the jacket. In one embodiment, the jacket may be made of

29 polyurethane. In another embodiment, the jacket 'inaill",b"e ‘made of silicone. The jacket
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8 of body 150 decreases from proximal end 142 to distal end 144. The degree -
of the 9 decrease in the dianeter fromthe proximal to the distal end is
not as steep as in the 10 conical version, however. As a result, body 152
more resenbl es a hem sphere than a 11 cone. Because of its hem spheri cal
shape, the done filter may occupy |ess longitudinal 12 space within the
cava thamaptaoe d-tHibiefeSs of -abbRUOOb AR, Fluk tihwin ! Gaelsidl¥d that Ghe §hGELLC the
illustrati 8e embodi ment’ shown “in FIG 9,1 'twﬁgrdeé &degﬁ%gm%thgﬁl%%g %E%EEI ass
fileer fibicknnssemay b sabstitatettitharefpri fihe jackea syl tercoaprtiadienhér Gklitfdiuse. The
16 hourglass filter .includes a plyraljty of wires which may be arranged in
a pPain %%@“ggcelf’f&g%cbqqyeﬂmﬁgcéjlée’sheaés OF AnYedtheie shitable ameansal My one

def gr mabl ey AAAELL I cAS1S DM i doRetH, SR / 434 has two conical, or
dome pOFtrIﬁOI’IS IRéqﬁ'r?(ﬁlgggggwﬁdcggréogv@c%3%%%3@%%3&%%0@&%%&and*‘re

di stal agudily pnaniputetedewidisin 14 HoldoWl cbéerings sichr s shddd dhise HHeaiRL e

portion 20 148. In an exenpl ary enbodi r%nt, di st al endﬁﬁgém IS p@gpcegrngbl y
not s equigliyery of the opalpder: 21 The cl osed structures of proxinmal end 142 may
be bent outwardly to formbarbs. The 22 |unmen size of narrow portion 148

be sel ect : 19 - ¢l.ose the.],.unen of the filter: 23" letely.,
o hour gl acs 11 Eo8PS sSSP ot PEEnds Fe Tty e 3 e pesfides e b4 Sold: n” an
24 exenpy émelerdgmg maat suifaBlec maavs.be 1l mtemdﬁhgr{t,erae?@ﬁqggéﬁg %"H" o ating

capacity. 25 between the filtrating-capacity of e cen { er and
t heofi | t (palyprepyensadirelpne 5-Q,h@028-Q drompHEthiconj madyebd ubddeto heldameeclbisd bl ood
may be filtered t'he, peri pheral, weave of both 27 the proxi mal and di st al
porip7 onespiires pfine, B e RATbR ouieaftug 4hs syinis thepugbabe Kloseh Strugruredcor 84

1 d, Bar&hesgeash idst Gh a 1\ ' 16800, fihe il ust ive
enblcl)di nent. shom)e?é\en@? : qéfﬁb ﬁﬁg%bﬁ%@%@&&éﬁéﬁ%?ﬁglng%);sbcsvsgﬁtto%oﬂf for

i nsier t i oclosedd stadtinesrof thet body tegethdra(FI@I 3SR BahoRirgU tHelU ERsed RErudtubar bl ess
stent fil teE_l includes a plurality of wires which-.may be arranged in a

pl afn welQBENEn 48 qresTRbasaments thy, glosed stsuqteres anaynke heldytogesber sughi that thei ke,
all,the [ ' ' ' OS UKL, 11151 S | e .for i npl ant at,i on
"t an ‘Sear oF7RE Vvl soiled RellrRRlR Bt sl Y SshOpesiabraEine o
base 402umenchfithe occinterd (kh, anatitr datbaditiént, theRassed 483cHIRY JIeheBAE: 86t
strai ght és?éent éa} Ci%fci:i bed above) with a given 9 dianeter. As a, result,
basié 2020qfYymawRQtbesldiogetber.c he filter within a vessel and may not 10

participate in-blood.filtration. ;lLn another enbodinent. of this filter,
basg 402 may W &1 i gl di.aneter .For exanple jts
ey beDST g EpTRRCSE Shor'af of AR, B4, WAVERKratisch SR ol thc
mesia ti gdrrees any ohishlasamed bynsiynply apgredip theewird B MRHTYepORItRMAY fhe
tight nes-s%é(i . €., 1%80) . AcCordi'nglé/g,‘ -the radial force of the anchoring 14
por®i on Rasisksing she delivery systems e Eyen afier the Wigtalgendhef ¢he neslederchas been

Addj,ti o ) | v S8 8GLEND, . I t er. of "base 4Q2. body, 400 may
bed‘?6 CQ%H%G& I(%c' F%rxﬁg?aél% ?@Sﬁg%%@?tga%ﬁ%fikcﬁfﬁﬁ %’il\y g@’ss&?t%m-?ﬁﬁﬁg -?'?féhffse. of
bardrs. Amfety feturk for sehmvaliofiths keaMidezar ef ul | y sel ecting the size, “
orientation, and shape of "t he“barbs. that coul d 18 ‘ot herw se be used such
that those ba,i_gs ma}y be el[ngv ted: fromthe caval wall so, as to 19 greatly
reddce the posRt BPECWIreFmaY hipay idsokesutilizedaas | struetrrgfor eausing vessgl (as a

Cxcenipl arSy HSErSacH of Betiafh P K0 at sl 1o Toopey MG FATLAEEte ' bace
4024mmay ‘erioug Gindle wite ethbatimespscetaiis FPGOEPAANLGrALCHRVEIR0 b dthpraty - i ve

percent of the gopul ation, which has an inferior vena 23°cava of less than
28 ¥m i Y after Baving beam foraerh thersorepbingi femexamiple heitlizarthé dmad sveave 8z

filter, the. of .base 40. not exceed 10-15 nm .25 As shown in FIG
1. S - BEE Nl FooihEH BesgPed abaVe, iy Savim oy adl o B et s s,
whigh argop®r AechiPftapdbisthe de i : I e be
oriented |o?1 27 Slljbs?éant iall ?/wpl)g@g?rﬁglf%&%Féact?‘il%egg#%ﬁ%atlﬁQ?ﬁé%‘ﬁﬂ%@ .’@ne
por®i on i8simplyrEesnglevitcrembodinet stamt.28 whi ch they are delivered or

rel eased. Struts 408 may serve to further stabilize the -85
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s barbless stent filter wwthin the vessel or non-vascul ar structure into
which the filter isz delivered. For exanple, in the enbodi nent of the

barbl ess stent filter shown in FIG 52, s struts 408 nay be slightly bent
or bowed outward so as to increase the frictional forces 4 between the

delj vered fi lafer tebbdynemypas aehit \has beerfannaaled siging, fdriexameld, tenadrealimgy--
capability s of the "filter may be increased. In an exenplary enbo%@gent of
t he2 bar imegius! deseribed ahaverfor impantiagadyt00nwib sperelsstict DePPREIFS HRORH 5-10

mm Turning to the,third rti i . own in
FIG 51may T§W§%}’PF’g‘r‘?Fﬁ’Z¥§ 3@@%&&@}@%{&%@@%@%& P%b@p\rggéﬁ%&%mnt

of #hi S ehiid triekeoftiBReitudnadlyPapard; QRd WollkRe7 G Ry B sifpeaaivepRatemerd ahdok 410
to tacilitate the renoval "of the filter. 10 In such an enbodi nent, hook 410

mays be piakd abihe lomdenowherst fiist egmeny 704 ard sesand aegreent 706grass eagh otherd nay
be firmy .and ernangng%ﬁ fttache% towres 5 Si 'Larly, al t hough ﬁOt 12

i |1 est r &cdigrs APZ rmpndepunelf iniecss ofhmeialesuch 28 AL PIRkE® Sfe? SHUB M REry
skill in_the artiwd.lb : QLA ; ' ' PLPNbiHed on
*he” pr onr el el ihE SHapENELrh 5] A s GES I ChhRe g pLPUsiFe

Addj t i ongls! degniche T0dcisd 106 dxiamicbdtwbérethe lomy-defning dotadons higdemby tbllgessi bl e
repositioning or retrieval of such filters in the same way as nmay be used

on vhe D92sambrefumdpeps 7¥0.| 4cpllagfiiPemay algo e piaged grougd dhg ends pfiths wire 17 |

th nbodi ment .+ he  bar bl i b ' i th fi t]
20% b CRRY SLapet S PRl TR AR b b o o
(arg ang%@gﬂagwkmw ad Y6 Rafi vk positibmt 4@4cdn@ongach btheht A4 @8éd Mesdn,

simlar t e nmesh of base 402 in 20 the enbodinents in FIGS. 51 and 52,
ancdizt wo; segments thati @re dadjecpnt’ te eachpothay may erhmay Jnop toushrezel oflirg, buk $isBn
donmes 406 and mi d-portiqgn 404. In.one . .versi of i I bot h
bt on seamensEroROne on clos pietitS i 8 Retluch that BEBRARIE Moardtthe o) |
23 f,aci lgtat Vo8t tf I in®! Thé\len@ihnétt the &live seginehgrcovBRdibgp or
bot?onld%%aﬁggggﬁgguippgg:g%?ﬁbﬁ%ok 410. 25 %he end of p%p.barblesswgtent
filfsers dotlast 702 shoold basefficomitlyshortdsspascnesdoiimpedethe flexibility of tig sipgle
positioned so,as to q@ﬁ&g%e a variety of configurations. For exanple, the
27 ¥nd n¥ire pRbeEiment Hf cth that the shape of donmes 406 is closer to a
triangle than the 28 ,shape depicted in FIGS. 51-53, or the end may be
conpressed. - 8fhoughhforsihane, o wilhde Raidelsesod ot dBke bf kkiflria wajarhevittoteed
usi ng the nethods descri bedz above for form ng the stents and ot her_ cava
filtser s. berefit ok thipdisclosbre, Hrat lahy suitahle meeans mayr bes usagy tobsecurs\sSBMEAtsaTP4

iately shaped t te. Th he filter . tenp ' Jheat ed
andicool a 406 BHREN o EnAGer AF (Bf SRR-UEYRE JAGsTF | AY TRt o Eer may
b , . . el _ | .
AFt gor \rll\g;/%\ga@%&ga%ﬁé%# t(gé E?aﬁcﬁémand@(':ool Fir%gé}%(eértal Plél%orti ?rfltéﬂ"stuchbgnsd . the

, M g por theaegmeuts, wilding ny sdpmenectogetheniané thedike. r enndel ed, and t he
renodel ed portion of the filter may then be secured a and heated and cool ed

"7 e or oo Tith GRG0 e, B e 8F 5694 70 AR By BlcnaBlobf B ey

be formed w.ih fil SreRBiEsHabedi QG 1. thédwo t G5the ehrb®r M
sel £ exp ?lgé\{:egr%cgggﬁ?’-@%g 10T | ngljl%%gl)ogg?g{‘%g I.-e.l,t; m%é%mo;%f%gf ilters that
may o4 13 iidbpadt0ttiave faidlyfpronduneed wgmmpsessed skeape} rélatiee to theasmallesylaop Tk ri ent
delivery systens as a ‘14 result of the material used. ‘| n,qne, enbodi nent,
t he 2bi odJGe £aBIrassed shape sayiexageerpieddbhr mage iwerﬂqnmwacpotwedeﬁrmr@gfﬁm th

Cond der dirtye Bhs3p 83N ERe L ARSENIAY ol Sk iefis iahing i éh loop
bi 0degr agakt thayttRdche tb AReMealidtale Betesmetolass. The coltdrbsiiouldtndintairi thg t he

18 bi odegradable stents and reinforcing the stents with-wires, apply to the
filters abapesiof the lnopsanddtherebystabilive thepcdpdes %@Hgita%?nﬁwwbﬁtmﬂgfﬁgmt he

fl ow condi tions, of the vessel intp th 0_hi gde ( eef il 1 e aced
(e.d, hiYHh by ‘i‘%‘ﬁ(&ﬁﬁ"f‘t oFiOWgeth the t"ﬂ@a‘%e‘ﬁ%’ %gv%{’s‘g‘?‘g{%g’tﬂé’? ?é‘i"&é‘{?sﬁ‘feier t hat
the material and weave of the filter are chosen such that the filter may
anchor 22 properly within .the vessel; the rate of degradation of the
chosen material as well as the 23 tine™al which the degradation will begin
so that if the filter is used as a tenporary filter 23 (as described

bel ow), the entrapped thronmbi may be attended to before the filter degrades’
25 to an extent that .the entrapped thronbi could be rel eased back into the
bl oodstream 26 Any of the cava, filter enbodi nents disclosed herein may be
made .fromboth 27 wires 5, (wires 5 nay be nade fromany of the materials
descri bed above, such as nitinol) 28 and appropri ate bi odegradabl e
filaments 540. Al though the barbless stent filter is _87_



1 described belowin this regard) .it is by way of exanple only, and with
the benefit of the z present disclosure, one having skill in the art :wll
understand that wires 5 and bi odegradable ,filanents 540 nay be connected
.to, each other as hereinafter described for a the other enbodi nents of the
cava filters disclosed herein. s Base 402 may be fornmed fromwires 5, while
domg 406 ap@iyy REMbMAIR! '--.zmﬁ.,@t 504 i orr from an
appropri a??%i odegradgl’t’)e}c ilﬁﬁﬁéstsgﬁhgl , S-ug?ﬁggS%ﬁﬁé;hggrgg?%}gﬁ)daggg@gis%%%-- er
detai | . Inatemplatmbodhgmmitablechbpaasd td-amealet weahatt the chmprassmbifpealbs My
be created ig 1 d-portion 40%1. The connection between each nitinol wire 9
and ¥ he &8¥F slg]o?{airﬁﬁqulmeéjrre prthaty rsannealing Hpdy I00 gnainiynpraie sl expemails such

as g ue, £dQe BsBtesulti [KaloR round the w.re, or_any

conbi nation of ther eg:‘%ﬁ%ﬁ @‘%‘%&B%Qggr! fat 8?’5“5 %IFC'E‘BW&H“Z’GW Preludeiken

pl ace, base 402 may, like a 1 self-expanding stent, 12 be left behind in
the sbody. f. Shagluebsr oé l@psadiligedito forhi £kinglkdwits e%B&lnﬁH?oé&ﬁ#&%%f t he
single wire en?ocli ment may_al so be utilized as.a 15 structure for |P?eri ng .
t hr dnbi ;Wﬁats‘i’ﬁafl’? ¥ pesagd. Tﬁ@r Sixagipée, wan eoeakidsdi formed f idingr the neinglee viige
forned, | mnper ,as .t he singl e wire enbodi ment occluders are
forgd. %#b &%@gﬁyﬁﬂggsﬁ‘%ﬁgr@wi odi ment. filters are sinply the
single wire enbodi nent 18 occluders wi thout any thronbogenic agents -
attached to tMhelkhahe 6ff the Mopsiof Thesinbleawitd e BRHA] i S vakilq LD S
regard, FIG 60 illustrates I%ody '70)3g of 1. acsﬁﬁgﬂgﬂfm%éudg% ljg%gégivﬁaég? tas

Y filter. Yesiregd@ybeshsoverrthe csesgréeetion7 oft thengha@micaldstaegnens béOsccheRdrat £d by

21 bend .in. t by o hat . is.in the formof closed loop 6. . The 'body is
pr o@i dedg‘vﬁhﬁ“h’ tB% %Y.Lﬁ 1?‘?%’( gausg gEglusion e mpgt E?P“ﬁmén?ﬁﬂoﬁﬁlg‘lee Acsepdinglyi ai ng

| ocat i onsinpleawige EMBoaREHR BES ' 0o LAC P 8ach gt her .

(Adj acent nﬁgs t%e_ sgme nmeani ﬁgér\?r\nnt h%?p‘))tgkgﬂﬁgpﬁéﬁfﬁﬂg%fig&\mﬂ ! as an
enbidi meatcluderhavivgoneiar rers loppsmeaespeend timt ahesmilleg kitanvdriecoranbRdioaBat 25

occ| uder Th n 704. and 706 extend between the | oop-defining
| ocdt i onge%ct)h%gthggg‘ﬁo% ﬁPn?‘iﬁH‘{gf'plAé Ysgo hereymdhe tgtaldeangth of thessepmentsithah FI G

60 fy t h@efirRRBb$hithat: K ' - X - erhodi e . the nresent
single wire fil tgrs i g fr??lllljésrt ?gapgagofﬂﬁ?gomgﬁé{g% %@%‘Fﬁ{‘ééeﬁsﬁgﬂbt h

FI GB. 60thgriatal ngthoohtheaegmentsisbati definéQBe pargardssp.c prbcrashmishipeRat, thSS_ .

Del isverygﬁsc\@teem of the Cava Fi;‘ters Version 1 shown in FIG 3 may be used'
as Phe d T {12\ PRPERh PRFTednEhers fhe foops decrease ip size dronn gneerthtasthetather.

Ver i onsindastidr Be g carding 16 Rl ES Siavention.. 4 Delivery of
the Cava Filters ?%??%%Pg&?%ég’rdtﬁlggw\gﬁgﬁéglll&&gsp%}a)l' gc %gzm’%?aiaf PLPeardhg e

f orm of midposionist singm)wttsemb'odimma)c(:nrdebimdnghad@g)s&c ¢ praxital Bed eof ) ,
or bodyéioo ma%-be gga uaI--Ibg secur.ed to tubes 22-and 40 of versi.on 1 as
abolle deist] & TPk E’é%"é bpicomparisen and pessibly equabtogsehiothsr in ome of sige above
so as to reduce the dianeter of its largest portion by an anount 9

appfopri at e SHCHrdbMRLink ' - itd tsEithid QAR ¢ ferably
wth the use of an 10 a%gﬁaé;ﬂghgﬁgmg?ﬁgﬁ%ggg% sp %és%r&re g’&éﬁﬁﬁﬁlet *gtr’lr@ﬁgm t he
vesdel awariqus@celudingragentsimeaynbe attached itd ittenemtlyzlet. 0 Any Quitetl® shateridl 184 yEBe | Nt O

the, vessgl.. FLG 28 shows: a-filter secured to.a-12 delivery.systemin a
| con%l et eﬁsfédg?{, ._ %é&dgkgaﬁggt}t.' Il%origx.ampise, pieces of a metal coil, such as_gne %/nade from
3

stainless steel, may be pulled over the wire segments prior to slipping collars over them.
2 In this regard, the single wire embodiment '6cc'lu&l:ér'rr'1.ay. be re-annealed as described
25 above, the collars may '_be‘-r'emovéd, the coil pieces méy be placéd over "the. scgm:sﬁts, and
26 the col]ars may be repllgc'éd at the ioép-deﬁnihg locations. As illustrated in FIG. 57C,
7 coi_'l pieces 714 are placed over the segmenfs between cslllél_rs- 70'2'.. The coil pieces may

28 alsq be wires, such as stainless steel or nitinol wires, that are méﬁddlly'wrappcd around
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13 I n one enbodi nent of the nmethod for delivering the cava filters of the
present 14 invention; a hollow covering such as a guiding sheath may lie

pl aced over the filter is secured to the delivery systemto prevent contact
between the filter and the vessel wall as the filter is inserted and

posiit i onet fegmetied andeatyachddntoahestg@nemsrinoatiynauitablefasition:t Tha Coil pigoesl ugsr-
sheath with a_check-fl o ada Fr may be used at the access site to prevent
18 cont ab¢ PHefomEA nOHewmlfrqegP %mhm%fre@%wsuat%hl%m Ghali®e filter may be
inserted during insertion. of the filter; in such an enbodi nent the

i ntrpoducer sh t he
accegs site o?ﬁ{r ﬁmga%egg%p effg?ﬁgggg\g/gq&?ﬁtgre{rigcrg?mkeél%regéeﬁ%&{eﬁ\t}gn@gn may
be sir et pheeds CAdptetfeftyeroincidase 2Re dlerlom\begma;ssbémherﬁﬁlglel wﬁetdwtbddlﬂieaﬂet ers
as nmuch as possible, as shown in' ' F for 23 exanp In

embodi meRecluders e Astibnsigtesdn fl6u 57, pﬁéeSéréﬂb\sz@r’&lﬁsa,rg@@%ﬁmao sql} Bieaessi4 o 24

f,i |
o Stion. 3hvaidts s Abhe A S pEES" T Totkeh AE e Rles B ABRN Birbay 1 g1 aht
or the | qhfy, fa@rEﬁéﬁ'thé/Gisﬂmc@@e&"écﬁ%é".ﬁlirﬁént@ ihesraeto eRRITO A thd Re

enbodi nent,” the filter nay be inserted into-the internal jugular vel ﬁg
al | owi ngtmmmt@gpmgmy af thepprebawire embodimdnt accleddrdosi bestsuitedatof the epplicaign.  and

del i very emw-th tive of il C 7-F, for exanple,
may be’ zﬁﬁééﬁ‘)ﬁ@?%w&?ﬂ ﬁgﬂnﬁﬁgé@ ‘.VQPﬂr%rtbﬁFs °f3‘ff‘aﬁeﬁ f?gf Svein), allow ng
for a peripheral approach, if 3 the systemis sufficiently flexible. As

di sgyissed abovig anbinr. érﬁS@dxerhpsé%?ﬁetﬂﬁbﬂ tHE EMigRf wird 8mBodin®it Sccléd¥ may be

construction of the delivery system enabl es one to use a guidewre |n the'
| umen s cbverneddbydrndlos ofithrombegeni filamentsi $uchras filaments axadapf aolyesah sdchrent

f th t] t ' ader st h t hat
qui i ¢ Shaape RTAIELHaEHRbeJusroai pefo nd o HErel MRBORTA Fireste Hha e

del i;yer edolydk@r BibR&S mdY BN RILRINES of 885ddbRfih AROKEndled'bt BIARGR SudrO hfabe
delivery ‘of the stents-using version 1 (see, Delivery of the Stents

t he 1advanhagedendasay fromdhabovesedrsegmensgatht samer fagtisn @b ditbatsl‘nlﬁtluusteated

i ncl udi ng Eﬂg égﬂadvant age of being able to conpress the 'filter being
del i¥¥er ed® &t ieve.as tight a nesh.11 in the cylindrical portions

t hereof (such as base 402 of the barbless stent filter) as 12 possi bl e,

apply equally to theDQﬁJel')’SjrsYenﬁffoPB‘?erﬁ@‘S?erft'dthEEndb&lﬂ%h in instances in

Wmch 13 one of the present” cava filtels is delivered in the NG for

exanpl e, the elasticity.of the 14 NC wall all ows the operator to, achieve
an aven ti ght eWith mefes¢nceiadiGag, msdehacnygiyﬁtam 30 fox mde'al(bdawtcdebOd)héOO

ﬁQSeE‘L' "SR BT [l ibidaidsble famphd bty Hnd0hE o Haxdie 0,
1PT OP&Lbas Haygs@kém% THé‘se%Béé hﬁ%tb).‘ foeﬁe& BE e IshcHTRY TEEL R ioR

ang e a at very, close. or equal to 1 The ability of the present
del imer y BYRONywhiclaatei mnuhlaﬂymalt@ﬂe fmmsCmslpém dBlooraidgtant BNje onsthenen

the filter |.s.created W thout: barbs so as to intain,its Sit wi t hin
20 te, \ﬁé’é‘é‘éTylsH‘tt%p? aenaly [y tB}edéquV&qo@dtgg f%@%ﬂﬁ%dﬂéﬁ? 18197f or ce
bet ween t f

PeivEeY (Mt ihPTERION ) 6o bESeR, Maer, 23 *é?‘éedéﬁgﬁéﬁﬁz‘%**';ﬁ?t?éﬁﬁs@m‘
advant agenthétner afallahickoesh dranchit dfﬂTEFﬁﬂN tuhmg isach asothe ematerdal five evhicteghped 24
clots without the risk of di'slodging the. t hr obi. and aIIovvl g themto

t (rjav’él t ?“{Mé-%a?@‘;sqebmw SYFEmpiS| ﬁran%qsyn%r b btiligedontn onenerabe Fﬁg onarprh |
(e © Yol S sy B2 kihe Ut i g ol TR IR bordlfir 288 Bt RS

in cenbi nsmapenmmohy W’plpﬁﬁdlanSIannoBlees may be particularly well-suited for use in

27 dehvery systems that are relatxvely la:ge or ngld such as for tracheal or bronch1al

28 stentmg
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a. Non-permanent cava-filter applications 2 All of the woven cava filters,
~particularly the conical, done, and barbless stent s filters, may be used
in tenporary applications. A basic need exists to renove entrapped a
thronbi safely and successfully before renoval of a tenporary filter. The
.enboli s entrapped by any 'kind of tenporary filter can be deaIt wthin a
variety of wayge sis¢lenthd | f rmRn iLlter,
or allow ng snall throngu%r%ﬁb&gp#ggbﬁdmg ?ﬁgﬂpcgrtbés} w%tﬁfn{m n%e irﬁglt ure

of the ch¥o 7iSFrench OF" )tdeeexpﬂmg enthd appemamnoseermer@ thevige dbhR dihtphRy ent
escape o the ent ed c| ot urjing thronbolysis. As a result, there 9 is

pr oBabl BUH@&HO{%C DR WITEH 5P 196 discipsed belayp) aat may howeed tcempmeahc/stbnﬂ ter.

Thi t h filte del d
from fﬁhéﬂ%ﬁ’éﬁ?ﬁ%ﬁuﬁhb&twﬂ Splanaty SpRTRER e b %et'héase,% fpﬁ“ lters
i nckude thbe 22t map deaabpun B, r For ideUastyeof b Irheliuh2s@8Sines She Ldhal ©

filters. may be attached to a:catheter or. sheath)  a. tube or a gw re 14
t haf rray“i?ﬂ@f 0T exampie: the sizesaitubod2 shaybé ebant, 5-FsiTig langthtbﬂmubétza m@,p

“whi ¢ch f f [ f
G0 it HBh Gukd bR 190\ henhinicin, B spphuioy oahasteot 11 thecsneba
have a psFtiaBisteat. 19 aﬁ%xéﬁﬁﬂ%}?gmb%ﬁ'& ttfb?leg&mg) )l %}(lggj?‘?ﬁh refrievable

.filters. may be delivered via. a jugular proac a%értery

under st ctent fromeyemtraldweral appesachi itd Bngtey el 8biNE nth! ey %cﬁﬁ' 90 ém2 HO
- fenpral or antecubital &Wr oach 20 I n-one enbodi nent, a tenporary filter

may®be ANQHIEE GXEHYP HRhem Ble 65 ‘F?éo%ti 8How Santing, they lengtht eftthe nidsiag inmyt he
manper  desiohPeh 8ROHe AU §ond H { ﬁ gt\t/awg'? %ﬁpct}}ﬁgge[n%t)h gtrﬁ tup% %?raa%é‘gj;rp? lh ge

filter may be secured may conprise a
a 23 t ube asuxiemplary ehibodineheshe il ger Meoitent BRinB@rdthk Wk éLt@nldfssihQFéh the
an

orar filter 24 typically does not require an outer tu I"ar ger
Frel Smplgtely elongaisstage. posi t i oning .. t he tenporary filter, the distal end
of - the terrporary 26 filter may be rel eased using. the above descri bed

e |1 Rk ompay o Wkl iAol 2050 i RLCRY WRR Ballhnt "2

filter may be withdrawn as s n

B i1b | usthubtreat it epradimaehd Bo MBMto 1R Eor3EBHIRI otfeth@ fivh ()
cat heter, or sheath bei ng , advanced over a filter rbéach thzlg{%‘e @&@4 of

thesfil tdspvemaf the E)‘éh’etha@eemw embcrdxmnt a&émhmenﬁh@ezs fa mnhvte.ft&ml wal |
73, t t h hel d stat

oo 1 dorelehst IERUTRS SR o € Rietr FrIQEEdoties Tom SMstiteeh Bosiane
benels_orSobanifie Cdrpy Meatsedinfl VA GIECRICKETT! dGAS Rbm(Mitrbldradh wihd B 05 o

t he nonaqfil'ament may. be p05|t|oned In an easily accessi I"oca such
as '&xt ediake, MN)may tltlbmd)for’&cmlrmgdnhcdbtoanbe ﬂémh&iwmessarwbﬁs?hnﬂéter t he

8 AP A SR A b sy
di &engagﬂedhambm 4Ad/bf QIp hne%r%'sci’@}s 3 fu érorfaéhﬁta;tﬂgt &81\)% g}’gasstq the

filter. 11 After rel easl di st al en of t ' t he
super el ddthough mpt shpwie 1tt»wﬂlomagund¢modsd b éhase wfrskilp invtheart) with the benefitcof
of 13: sone -uroki.nase or.-tissue .

T aEn R alseRRpisS it e i drifings Shat cna b prided ol SRSl 4bsL2 ey oo

Fl 26 i X r - has
becy 35 WEPIEIBIIAE UR EHARBH teflydthishd ddife Sodanly SEa R ] stficly bhOah, e
222 in mddhowm,mtthlllﬁe pnderitond banthoss of &ﬂulh@lh ehe Aft, ath a{% bérﬂ:‘ﬁ@‘{ﬂhhm' ch

O

ur oki nasg TPA may just 17-described.- FIG 26 al so " depi cts introducer
shé&t h &Hse F’Fef*t@?%g’-ndmlﬂém 49&91315@6 mwﬂqdamtt\a hub obﬂ]mgt:dbatanay\bd: hsedhe

t t t el t
PR ont NG YoREA ol AEL] b Sl R DR e BB e 46 o

| oek/ r elBasitiag 204 ahgme e @g@asmvua phrdtdd [Emed? if' dol %‘ﬁ&h &&%&gaét%ea”d 22

is not depicted.in FIG I nt roducer cat heter dto
end9 f i t (OF FgoreCsicerahie ghislawires 293@.%)26)‘. wtiltzed A tdanumenoafmubetZZOﬁhd iFte 26

edhr ndBhRE R ARG PRk efliBBERETiveD otehe SoucomncsTabedthesmogar .

aIthough not 24 shown, it wll be understood to those of skill in the art,
with the benefit of this di scl osure, -8%-that securing wires 46 nay be
controll ed by creating openings in tube 40 near the 26 proximal end of tube
40 and threading the proxi mal ends of securing wires 46 through 27 those
holes. In this way, the proximal end of the filter or other device may be
rel eased by 28 pulling the proximal ends of securing wires 46. Ti ghtening
screw 205 may be provided 29 on the end of the side armof end fitting 204,
as shown in FIG 26, for fixing the relative 30 positions of securing wres



-92 r t understood to those of skill in the art,. with the benefit of
this disclosure, that a tightening z screw may be provided on the end of
end fitting 204 for fixing or securing the relative position. of. any
guidewires that are utilized as well.. a In this enbodi ment of the

i nvention, . t RekeonBy uRGerftood aRst faliciRRLy rhakbs/ haPbeaplased B Wbst2d aend of
the tenporary filter. For exanple, the barbless stent filter, by nature,

wild s mpgropretedesappesding nianper kowiHwdgedtt i geder yabpéergenablgbeieying pe
suppl i ed as_.sho in FIG .27A to. the other filters.: The proximal end of the
out®r t&%iml UOLQSGPRYAYTINgG 1v§rysqg?thea{§pag surgical sutures. Wen the
filter is to be renoved, ‘the tenporary filter may be withdrawn into a

cat het er/ sheag Qh&ég%‘m@. uhe dfstdl, gnslidrharideviuee ZWe@ﬁ?;Ygdt\bﬁ!ﬁ PYkifdaPM t O

the body. 11 An-additional manner in utilizing the barbless stéent filter as
a t enpomaley24fantitdistal hdlee26. sDistdl hate 2fbmay bettypically leeattdbetivegn amowt.2and ube i n
t he body. In one enbodi nent,_ hook 13 410 may. be used as a too| foqr renoving
a tenporeheys 34Q smdrom gistaliindAheliube #2e MOshiyPically Abpglh bLEn T)Qfdlp%ﬂ%‘ such

h nl al : AN
oy bo dibtiheqRaBERh G822 ) BRI iR, 0 difpRE et B M
16 §i zedygthlnewahy BEupiaayhibber 3 te el bt amwst fpicangbodiEtsHanad Eid of

the filter may be 17 held stationary and an appropriately-sized sheath
( appr oxidisnet ynay- R affestedshy, e sizer ofetne securingnwirh S0d dfanexpinply shedistangy be

advanced over the shaft .of the foreign body.snare to capture the filter. 20
For‘°thedqf‘3¥°t°ﬂg§)52rbq1%8 gy g%;rr?asfﬁ%[}ﬁi@?@Fteéﬂg%ﬁ@&%ﬁg‘:@aﬁﬁspped with barbs/tabs.
At the 21 proximal end of the retrievable filter, a nonofilament loop is

thrigaded t hr @ualtidd Qi8S mag2oe bRoed witgRhé AUimbEe e hbe 22 atiRd dbiedniinbe bent
wires such that the small closed | oops 23 becone interconnected by the

nonof i | andicdtes theipseCurng) wire @0, is focatetyithintubs 2@)iland mpypass Heowsh helasRd| anent
loop will result ip drawing t smal | cl.osed | s together .thus xeducin
25 Bhe. g pbeers 1 forha Srahprobfe. SR seBRRaroR RABeOYREY Fie WORRER € L er
maY4D€ SGA3 BFlsdArihl Rk BORARINARS b B Hea? U ANE 28 e 20| PréRintal $nd!dte
tenporary-filter 1n"the sane way. 27 Delivery may al so be carried out in

t hessanesevaing wire 30hmay bapbanegteditb adianelet20628 shbenfin FI6: 25my be del i vered
froma right jugular approach. It is to be understood that if the -93

16 . Securing loop 32 holds the small loops (6 and 106) or bends (8 and 108) of distal
17 end (12 or 102) of bédy 10 or ,tapg_red body 100 .in position ‘during delivery (delivery
18 ‘being described in more detail below.) Advantageously, securing loop 32 also prevents
19 premature delivery of the __.,_steﬁt. . Thus, prior to .delivery of the stent, distal end 34 of
20 securing wire 30 passes out -th_rohgh proximal hole 24, pass’és through the small loops or
21 _bends of the stent, and passes back into the lumen of tube 22 through distal hole 26,
22 terminating prior to distal end 28, thus securing the distal end of the stent to tube 22. It is
23 - tobe understood that securing wire 30. may pass through one of the openings in the plain
2 weave .of body-10.or tapered body 100 other than the small loop (6 and 106) or bend (8
25 and 108).

26 " Inmost appliCatibns, securing' wire 30 ranges in size from ébout_0.00é inches to
27 ‘about 0.011 inches in diameter. However, thé;: size of securing wire 30 in any given
s application deperids upon several factors. For example, a larger (in terms of diameter)
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1 delivery systemis small enough, an antecubital approach may be

accept abl e, especially2 for a short tine filtration: It is to be understood

that delivery froma fenoral approach 3 may require the filter to be
positioned inversely. After delivery "of the .retrievable filter a froma
jugul ar approach, for exanple, the delivery systemnay be renoved and only
the 3 nongicutingrevire proopdesayiomaedisthiiceniot the prb hsw%?‘d'-sﬁ{eféh d_st-gnfatovoed’l;?(%ga |

' . In

pr oxi_nmal %nd of the |oop may be attached to e skin as above dest

t hi s *f or ni12R 8§ &SMalighire. Pidditinalinywhen morsdthas oac bezaring &viye it ulitigdd, 4ROt h
the fl are i tighter..mesh and the barbs/tabs s may serve to
anchor t hgz%)gft?ic\g(/lg% éea%]??el ltL’ %EE’W ¥ ﬁpﬁ' UHSTEIRE VTR WaieUteds d hefseeuringbwired ess

stent fildofethe presmt 49%nwey Af NE i Re Jrunctd base. of .t he
other filters, which may or O.ma;1 not thg dg(r)‘gs?h%ﬁf@f%h@{éﬁgga@rde@%@d | f
it i$ necd®¥aryIn ene smbedimenietheesepuring 'ywifdsrmferhel?rehm OnvnBiBh RO §RdeONe.
t he qonof‘iihﬁ&enltm laﬁ)‘%ﬁgﬁ% b%. severed and renpved fromthe small 12 cl osed
| oops of the fifte Rodijent, K6 securIBg dyirest of the aresenti igventionSmandse t o
renove a foghéd ofaikigol Khiigk shorl selalystal ght ener, may bhe advanced
over therr oxi nal Hén(d) of lt%eabrar%l?\?)?itf’aﬁr?\;tr?? I\IT%%%I. a’%]gﬁ%&tﬁl Fﬁlﬁgd‘@c@ﬁa@h@at h
15 may t Heemmer¢inHpayaithblafroineSaipe demmsi Apslgtiotidie - r ough
the int rogucer, .an 16 adgﬂuatie sing she.lgltﬂhp@my_ lgegaél\%/gél?ggg{]%{%pen gp‘éc?’al
end Of t HBSfPPYTNE VaresePE it grasht mventorfare anitemd! (inoynding heirshgatdhdmay, be
advagced ¢ LALRL. AS esult .. the barps/tabs, . if utilized, wll be
retract ed&%{:?(gjsrﬁd Pﬁeel&gg’vgile n\/l\/{'?ﬁ qlfﬁeéwgt Yires irrpa[yglpe ga?‘éﬁﬁ%lasc%ﬁcmddmﬁa\md

wi t hout amnchasey frojpis yndnafdchRerass elat \Wad Jhe tine period. for | eaving a
temporary filter in a pati ent will vaéry #u?g?rﬁ%sggérégé@? o?erat}slg,mtm[ {nay%e

genétal | Wilig8mporary filters may be left in place for no nore than about

two to 22 three weeks. Leaving themin place for a |longer period of tine-

may ;sesult in £ or ARt f negintiml | ayer. on the tenporary

filter, Vmi ch %Pﬁ‘%@@#’f@alﬁsﬁw 20 35, altg ?%’éﬁll@és%ﬂh'ﬁ@@@m antl distali ne

dur itng " whiotels 42harb44 itypiedls l6Bated i & i ¢ i L 5 bein

enbedded into the neojil%t_i %’al I?ayer,ﬁ{rﬁ)éllnﬁulgl?g?geﬁi%é{;@ggoéﬁd\ﬁ# ﬁ‘g%gﬂre 26

bi ol'dgi c&F yPeAQ py ararholes 24land 26 from distalomtda28 of tubfei 1. ODhlstaEO BhtivehbACt OF

[ FGEz 1] w 7 ri.n,.-Taxol ,.etc.) .or the netal of the filter may be

f ender ed }ee? f %—aBB%ﬁéla SOSoMmPRTaRls toghe AistARes Refween dhehalesdnitahti 22 i on at t he

site of the filter placenent (Fischell) 1996). -94 The mai n advant age of

.therretri evalithe sizd éftheioutedr Aatmdtdr d I ' r or ar

per manen% filtration i sen.ece:ssarif ,tf_Eger: gﬂfk\s{ﬁ%g{%e" rﬁéy %8%%\%"‘[%’% é%ﬁor ary

s it er FARRDOEHIABY depradingremthecapplicBinrhof thesitems therstzesefi thalatedt fd the

i ntral um, . .S both froma jugul ar or a fenoral approach or

posslgiabl Shgﬁ’baﬁ?‘é%[iﬁﬁgﬁ‘y@“ 3‘25‘8 r“baA’c‘?‘?;“s?ﬂé°,]F?é‘g‘F?' Speimy erdef thestent tictube

added i ondd (mdveadisadsed ibeldwatFdr eYorAke asifiabi¥nd fe..they pogsess

equal filtering capacity iv&r? t he ,ce°rf?£fa§?}1§£ag§“§hfé?%’§%’?%§3§‘?s O?Hggeaaﬁava,

t hey' pr omadéesagwt t5rﬁ-0|1b@t\)ps¢mplanhéxyxbadime_m,eﬂofcamifd&rdeﬁgsteﬂﬁhg, the Sizﬁ of -

sel %ﬁ ancn%reldbgm ?Pg ﬁ&ll _eftsoas%%ok%élggie:l util |fzed in conjunction .with the

bar b1 ess stent 1 Py 8POUG 410 bohirEe epethef tuba A& may tangeifepm kbolyt 70admi eval

- devece W sBoulil 9O en Beindfel o o) i qps. . L1 Hawever, it is to be
under st ood tr?at, in somagébogggéngéglggﬂgﬁékﬁ% %git ar?ééh%ﬂz%f?g&ees&"tt'oi‘? AR ends

of . 2¢ he fIemplery erhbediment, abeengihnofetnbe d0 hay gfp?&iliyi'ﬁcaébbﬁglﬁ Eﬁif fofBRURbo Of

.device. The cava filters of the

the filter wth 13 a foreign _body_retrieval _

pr eZent ?W%Wﬁﬁlaﬂr%ﬁﬂ%gtgr%"t&%aﬁt dyés tf be wpderstegditbatithetpraiimahendlog
ext gndedypr\er ' L | eve s,M.th an.inprqoved thronbus is
capt uring c\azga'g?’tefl’@%P& {E E%édéil atbg p*‘ é]ﬁq{ngfgpé ?ﬁ glr%rwé% és B;stagp end 28ff ube A2 o
traditi oexttndsobeyald fdistaleendiefdr 8268 -4 2§ r' f sgcon

enbol us éﬁllge er,’ 199-2’) . ~The succeedi.ng 18 tﬁ?’%tﬁ W I%ng)i%l %%eggfng?% get
int® .th ?@s@caf, the daeton shasampyhprmarihy ifench sire tength pRgRi aiveRr Qe t he
filter (Krai , The f]l owvelqcity, and . therefore) the 20 B
hyd%godyn r‘f’na ¢ orzc%‘?‘g"féo% ‘rﬁgﬁ%%@a%? Bﬁété‘ﬁé‘iéﬁﬂlen Stomthgfacesse site (typically
Because conical filters 21 predominantly capture "thronbi in .the apex of
the cone, the site of increased velocity is




22 located at the periphery of the filter. As long as the dianmeter of the
thronmbi is smaller 23 than or equal to that of the stenotic opening, the

| ocally increased velocity and 24 hydrodynam c force will push the thronbi
through the filter periphery. 25 Using the cava filters of the present

i nvent i che ferheral prtestibi Asivlith tbe a2rtnh¢-30waydmmrpeidecﬂ)withrveﬂdigstoalhuérmtaof- t he

‘coni cal .and do filter d t he dane of .t he rb s, 27, stent filter;
"'t he. dBNEoRERY bl b AR R epafol I fsilap ot A TS T Uit e
nar?ow RQ&Ati on 28 of the proximal end of the filter. Any subsequent enboli
will be diverted to the periphery -95 of the cava where, the filter has
approximately the sane filtration capacity as-in the center-2 of the
filter. 3 Theltfis|tbrizt boderstapdahatyradfopaqia Maskerc amrybbe @ddcedrmnetibbyd( @aoki ng
at it fromthe t?p or a below The wires/nmesh arrangenent in the projected
cro§s- s RRPIRRTIAN 1GCAORS In e maangrgioutt insthg fark iRePrAgFAoRElEs enpbifoYig Wiag Phat e
about t N ) . 1 VCGby L i.Lter. For s exanple, FIG 29
deplklct smgb%gg}ﬁgléggﬁoasgé%}é@g{%%rlllgé c{)fﬁlgf é(.)t%ﬁtt he present hourglass filters
taken across the mddle portion-of the :filter. . In the case of the

hourigl ass fi | Seouring ndred@ischositionedwitirahe lumehi dftretsect, lagd farhe spralixprofile, hal f
of the filter, simlar to the case using the done or conical filter. The
bl o&d ‘whilglt sepwring loep i Bigi mammey akpwh gescabed.nSeewnng logal48 helds clnsedo

filtered_ the.. j I h_of’ i mal and, the: . distah," dome".
(L1 4" 2R POl URDSEA|of BEklg cREH B3 8 FIARAPAh G Upal Ao
vi rigual | yosigordddrigy d¥livery, aid kdvdntakeb@ily privests prerddturbelingrylof the§tehtd K he
center and at the periphery of the vessel: Additionally, with respect to 13
each of isHe e undsrstood thet peenoing aviee 4 amdynpasatkrosgimmee of theaopeaingsraértheof t he
bases of the 14 filterg,serves (o self-center them and prevent them from
bei'hg FiPlﬁg‘d‘ng’&Pé bp?yﬁgrorajg%alrﬁi;l%od}g({oe%t&rctﬁg} h&?cﬂ?ﬁ?g %Hrlc?'eltragicf‘?s?gr) are
sengi ti v@niceurkire dkdiifedading tHelrhiither WcHBeSAAL fyahY 1dps 8f b&fakss their
filtration capability. 17 The flexibility of the. nesh of the cava
filters,. as. is: the case with all the woven-18intravascul.ar devi ces of
t haspresent i BeQINNE oYire dhkredsdcuripg sdrepiemay bedarmeddram theckamevraatprialg agyst em
t hrough tortuous \essels. . This:f.eatuyre together wth the small :sjze of the
el Fvar ySoMEFIRARFE AR SR e ReciBhnthy stk e Al ity oF 2oii el e
POSgi bl esRLLB9S a8 bdclring witd180,08dthe 3dmE WyHeB ¥F faclérs WidcisRl labbWeshould be
i ntravascul ar. devi ces-0f .the present.invention, the plain weave of 22 the
cavia fi | ¢ansglesdd iowizingsectting piredifct i on of one coherent el enent, which does
not possess 23 any 'kind of -joints. 24 The cava-filters according to the
present inventi RY_.Rossess. (depending on the 25 material used to form
Phebu 1 st holbETG- 5 HERUER oPbh E5 SEUEREHAPR SOV RT Sne EhY. £ds 38 85el | as
stegts f ghdReobd Baf P8 thaneCRERM '-mog-mgg bd DBliFRVéh Edch!tBbeS tPfechtethRr esent
invention are also suitable for intravascul ar. 28 .thronbolysis. After
pl amemenpraximalngndkdistdl ends of ther stemg. diore egcuring 1depseinay e rachisved awithl theos 1
t hr ombosi s/:occl usi on ‘f requent I'¥n'-'0ccurs gCr.oChtit',' .. 19".‘%3 5 Inhacu't cases, a
s discussed dbove, t

pos&i bl gSAME SECUnng wire, or by sing more securing wires. € number o
2 securing wires that may be "used'm:ay depend on__léeVera'J factors, such as the amount of
23 force needed to élbngate or constrain the stent prior to déiivbry. For example, the more
% resistant the stent is to' elongétidﬁ, thé more "secil-r.ing wires niay be used in order to
25 facilitate the siretéhing or 'clong'ation of the sterﬁ on the délii)ery system. By this rhcans,
2 the ends of the stent can be suspended evenly around the tubes and the friction between
27 tubes and the profile of the clongafed' sieht can bc "reésonably dccr'eased.' An additional
28 factor affecting the number of securing wires may be the use of a guidewire (described
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2 therapeutic option is to recanalize the |IVC by pharnmaco- nechani cal
thronbol ysis. Doing 3 so in the presence of the currently available filters
poses a high risk of devel oping 4 pul nonary enboli, because |arge fragnents
of the NC thronbus can break off and be 5 carried away in an uncontrolled
way after urokinase/ TPA treatment. One of the 6 acceptable options in that

si t uat i orbelew). oliplhaczemphirfembbiinient: othRey delifity thsepDRSBRfS hd fesén@Vvoi d
pul nonary, enbol i sm due to thronbol gSI s. Unl |{§yo her desi glnés ﬁtebcas\zlrga

filtérs SN¥Etiong? gidewire maliheayidized duves delbweryédeserbes belowe). phs sirdsuld, the of a

saf e, and S. W t t_the . eed for.the placenment of two
filters. %S%E%ﬁ&§5}$ﬁw#% ar_nL(lur{Frog SWCFe“él P%iépvm}q%leeﬁorg&w fng to
the preseht séduviaptwieNonmitedelt iRago & bé dekdos@ Mt ! [ oS of
the stents.,.The same nunber of w res.may beouse %%ﬁ%@ﬁa@aﬁta\gﬁfef
filtér asdlétﬁ]eﬁflﬁé@@)'tbﬁ sed nomwesh@mmanylslommngrwnemaramed(errpl ary 14

enbodi ment | ess wires are preferably used for the Bl filter than for the

b d d h h ly 4.
Pl i1 1o, PR DA B REE o SRR Sieres of the e%s&g;nggﬂﬁalegd
withya r Qieﬁ%fyedyl(tehp CtEB$ FRG. QV‘H'Qlfe ﬁ}ebnjngx?r?ier 1(r-t,[\}%}é1cgI %\ﬂ?'l ?enl Qﬁg’gzi from

size. of the wires .that nay be used orm ng

18 bet weeodyablfutmdy. G8seceden dnde aduiveryO sftdms NG aBoved dbsciibed DS
typicall'y about' 0.009 .19 inches.. .20 The 30 filter- accordi ngc tg th%n present

i nveht i orfMRAAIBeNtis high the mjismfévodmﬂ@ arg seawed td tuberr2namisd(, anef oiati-ng
the stent sha npl ate 22--may be chosen:
In \?veawpza ’g{)%gm%é‘gﬁ’"ﬁqp?é&%w% %fe qyes ‘g't/\ﬁ‘del n FIGS 11-13,. the angle

23 .a between the crossing wires is preferably obtuse. .1t is to be
under st ood t haWithngdfereficaTay Rﬂotﬁérs@lluslﬁﬁnb@sénﬁ&ﬂﬂmeﬁf cﬁ’q‘t'ﬁd deli® r?r 164
may have a plurality of closed structures which 25 be sma?

| oopd 166CE9ding. toothenpresesy inventionshowssin EIG, il;iell\rm'}(systbm 80 tae tﬁﬁe gzent S

and filt f _t.h cl,o0s rctu es nay be simlar to the

ang| ;es f %;qﬁrf?l{l]%ﬁ %%aq ﬁnfltf“o tstglr}é@ %iﬁj taﬂé (1B TRANNSH ahevendeseribash d AsThe
Wi ne endiowh, déi Radso - b er

abO\}e desc?| bed. eSOJys @6%%?)1?? %{fhgﬁBl P 9‘{1 t§ g?atﬁ gg%fﬁgcdbgo% ag )ﬁg'ntﬁ

t hels st erttﬂ@ﬁ piod eSh%ﬂXJIS?Tm}Mée £¢r|rr®deif rhatenalo comparabke ts:tthagesfr@mevm& hibegne,

enbogll nmen t he pﬁé BEZOf the Bl filter be constructed with a 4

| ar ger dlagﬁépeafe f%@ﬁd hich ‘?—?tﬁﬁ?"%lc%ma%@“zgédcmdm lmgﬂ'tibllbt)'plcaﬂm S
may 1pe aGBb@v f g d bove
oy 1P ado@es i i adel ehy s lor/BNan'6] (O fRclaCRlacl [PLIKRS

usefiul f @luing, mclang drea(mgtogmy dtheresujtablEhneans arallb&itioaalpiosly l@ét@éeﬂfﬁwothe
formed b rem)%) 9(? | ter 33@2 smaller caliber tenplate. In 8 such a
casé’ 8 GBIy byt 2 ?*Ptdéﬁttlﬁgd tubg; 32, byemostoypicallyiabout §sm.of t he

| egs. In 9 anot her enbodi nent, the weave of the fi I tering |level may be

tighier than tAosmwalintHIe, 4easiv BB R, LORBlor LR et Pl at e

sized for the legs, and theh re

mi d2por t iconnestedither fenpaged it thardistall\éﬁdyofvtabe am qmerwtabb %ne:@e&uteméa &2
OSSI bl e.
P or engaged with tube 40 by any smtable means 1nc1udmg the use of a metal rmg fnctlon

23 fitted around tube 40, to Wthh tabs 60 may be soldered welded or mtegrally formed

24 Inverse tabs 60 are connected or engaged thh tube 40 at a 1ocat10n that may be
25 determined based on the complete]y stretched length of the stent Inverse tabs 60 may be
26 made of any sultable matenal mcludmg those from which the wires of the stent may be

27 made and further mcludmg stamless steel and other snmlar matenals
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13 The Bl filter of the present .invention nmay be stretched conpletely on
the delivery system reducing its dianmeter as nmuch as possible. It may be
delivered in that stretched 15 state into the inferior vena cava ("NC'). It
is to be understood that it may also be 16 delivered into the IVCin a
state that i sTheofollowipd elestriptionr epplieedto. Bath boly el mmy tapertd boderidd from

Ve se HEMORLTEEINGE IRIBRIO0Y D BORG Ny RS ample 1 Bewefhm oD Sritrce
traditi n@*\/\iﬁnﬁfex@d Eto?rb%dY th‘?n 13 f;d”opl g% &l&ﬁ%&;}ﬁé NGy gset 4% BP%?d@Elac ¢d o 163

|nvent| ubst ant 'y take | throu
~of the weahe thd lunkausf bods 10. detmhlodmd@f62b@fdnywélr6@tdb@ceu eﬂ thén t'iheeaddd”
junction of the iliac veins, as shown in FIG 11. 22 The Bl filter: is

_ sui sabl ethmghtcb}:vpd)lsmgﬁumsHtha@thernholpﬁlqcmeé noah Ui pronimalognd X ef ;hodselﬁt 23
|nvent| shpwn the ¢ rmthe dist d of
hocr | ¢ Byt R ihehomoyea i pleRimE ERieRPn RS ple i B B Ml vl 1
are Con%esedrel%yethameifse kB Mihe 4BadeRBatdd Betde I BiaH b@qn@m\é gyﬁéw\m in
IGS 12 and 13: "FIGS. |12 and .13 illustrate 26 B|-f||ter 160 el 1vered
Wit i n IusfedtolhouaexrwersntaUSISOaladbelowdghubcd|ac vein 158, 'beneath the
inferior- vena cava |59. Using a contral ateral approach, the filter may be

inserted from28 eit r f e ei n may be positioned
intd the contral ater ”F’yafb'Itg%tg ”“Zé’?»&’?t(‘t{f’ﬁﬂ ﬁ?%’f’g‘%f'sthe filter, the
nonofi | ament | oop nmay be | ed outside the body and -98 secured to the
ski i When thgssy 16 af@ taltpefédhsadm@oi (&erudtdgebfbuégrsdable tvemahshﬁe&bhhq[a]@m byz
pulling it back by the onof i I"anment | oop -t hrough an advanced shea
anotiher pwiys7i8l magrtisodiliveretl inf a tshmgan mapmnsri o’ﬁh@qctlm foliowing dscriptibd efi bl e,
a superel asti.c re or otubln 174 de from nitinal m | ar
supBr el aB¢y 89’%8%:6@11 rhé?ﬁ)ﬁ’s? fefntery QI OGFECES: Beéﬁfcn??ﬁo‘?fé)' t?%dg' %Z’Yt'ﬁ’%l&’&h t he
- lungn Ofe)cahﬁplé?" filter. The distal end of the nitinol wire/mcrotubing is

attached or coupl ed to one twisted wire-end 170 of the filter by any

sui tabl e nmeans, including sol.dering, point welding, wapping of fibers, s
andust he | i ke. Pridréo deliveryyal stentdn tfe folma ofibody A0 cnaytbemaguattyysebareditd attdeed t 0
t he skin wi.t h t he- nonof.j| a | oop).. V\henthe Bl.-filter is being
o o o440 ST b aERA T Rl Bics Srin Nopesn e Phpics

f| | g I 9y | I

or Bl bl TORBesuRBR PR Sfles (G Mo Rabdtlr 0Bl Ui BB 22,
al sp be gRitavesk iabs 60¢n tresaoner dizserited ehoab oith referencenVFIG 4 Oreréxﬁxfwi:r ary
filter.. 13 As dl scussed-above; - gi ven the ‘design of t'he BlI-fi'lter, one may
cat Ret erl‘ﬁé‘“‘?‘h% 14 lumen of the filter and, using an adequate size
cat heter, thrombus-suction may be easily 15 pefforned before filter
renpval . 16 I hdd sol ' t| il G 3
rraggbe used Dg]sellqéﬁ{ éé?!;f&gs;ﬂﬁgglé{}g%r%%r téheﬁBcl’ile7d t§{e§ (| n %iﬂ?‘hg“‘g
bi oftegr aatqhd);mateeuosﬂlow)dehaemo dca:tg t’Ithus hhe pteetsmly be streucheabmaxilﬁally or just

21 to an extent such that it may be mserted mto a vcssel or non- vascular structure and may
22 pass through the lumen of the vessel or non- vascular structure as the stent is being
23 posmoned pnor to bemg dehvered mto the vessel or non-vascular tubular structure.
24 When dehvenng the smgle wire embodtment drscussed above, it should be noted that the

25 ratio of the constrained length of the body to the unconstrameti lengt_h 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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Delivery of the Bl Filter 20 A preferably preformed guiding catheter or a
gui di ng sheath (Bal kin sheath-type) 21 (FIG 3) may be used for insertion
of the delivery systemfor the enbodi nents di scussed 22 above. The BI
filter may be secured to and stretched out on the surface of the delivery
23 systemin a manner described above, and may be delivered fromthe '
| psiil at evadsePdr henBiagdyl 1if~ el - ' the
contralateral iliac vellérltIJ ét%sfcm&g 1H|\i}g]5§§§g> ,E gg}%{dnlil gkpgl%floﬂgf ﬁ%l“éf"é'fl very -
~of the sthantsay ether emhediments that wilize neuldpleiwiessy 26 syst em enabl es one to
use a guidewire in the [unmen of tube 22 for deljvery of the filter, 27

which is pref ab e.in.an enbo nt of the present |nvent|on It
is tsg be %ef eftéoﬁ’eéig rrg BUEHE Eggb’én?@asmg the digancg beoweendthe st ood

howeyer, dishﬁ“en@s GthBé‘sV'ZQean ”gtef ?f\&jag dAccét% l%hega%yp {q%%f)nrgﬁ%}faﬂﬁgbbe 40

I npl ace.” The. Bl I'ter. may -be i Nt

descy i beih alpmoemaﬂ tdlirecmyabder tube RRewhilkcholdRigytuBé 22hQatidn ' sion
1. Al the ‘advant ages descri'bed abovée w th - rgggar toarep S|%'tr:ts lﬂ%(lpgt%
etc:5 appiding deRealfyn atélstahéilrdemr\/e/mlcdfoldlhg tebe aOImamnaﬂynoﬁbyex@mg dY

nmb f [ t hod 'f he Bl filt t he_di st al d of
e TRl Pl “?%ee} P8 PP Seed SteonS gumbbarrobelie @acertptant fies
accay di nBednOapph rﬁ)dtelsesifetdhédeﬂibbs) 2R 401 Y bk hg%&%st%gah%ﬂ @S%gtan%\errls\%f and

successf ul throﬁ%o |l ysis, ke the cava flllfntgers ove t he
met Hods hwratipdmmSSLuhsael\mledae asedofcti ghteriifg BeredisnorCiiith MRt BR $eechtsms

execut ed hout u eriprent a nin light of the present disclosure.
i o ne e, 1 et dScible s Brlotkatie f é%fé’r%tn 2 A5 aKed, o optemosliseb0 as
desgr i beghdwh hqtr@ A mdfﬂ&%ﬁ&&w&‘v ?Eﬂ}gns it will be apparent to

those of skill . in the a variatl, , _y be applied to apparatus and
in the steps or in the sequence of steps of the nethods described herein

Wi t kout deparln ay iRugrativh embodieeait, it9p iprdferaBROtoSERPE goide e pla¥egMolpn More
.specific apparent that . certain agents .which are %o

chelfi cal &V IQ/WB ﬁﬁﬁ%"o?gg?%'éﬂ"l i guidipg dhe #aryt thdtsspioper faghtioh fnoa maneeragelt s

desgri be Y | sults wo achieved: All
suc% si mﬂ?cgﬁ{ gdu stit u?‘eﬁsehéln%aﬁgd%y csda'ﬂogﬁsd SESHMH?‘W@ g‘?st‘eh’E}P( the wires n
.the art fammgimemm:httma)bbe wiatlbi ThefpRidenvifel hay 6 ®REWEHCabRANG OPA ifthed Bfd

I nventio f by: t he appended cl ai ns.
16 ghout 0. 635 inches ¥n dlametgrp In one embodtment the gu1dew1re may be made of

17 nitinol (commercxally avallable from chrovena) In another 111ustrat1ve embodxment 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..

! ~ The first step of msertmg etther dehvery system mto the body is to estabhsh an
2 access (arterial or venous). After punctunng the vessel usmg an adequate needle,.
2 guxdew1re is mserted into the body The needle is removed and over the guldewxre an
2 introducer sheath with a check- flow adapter and preferably with a sxde-port is advanced
25 The guidewire i is then removed. This introducer sheath the size of whxch is detemrnned
26 by the size of the dehvery system to be used, serves as an access for the mterventlon
27 - Inversion 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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I nferior vena caval lters: Analysis of five currently avail able

devisces, 4ndsliRse@ntly Gbrms;hc_& daring délivery thereof benefit the operator by providing him
15 or her with the versatility necessary to deliver stents within a variety of anatomical
16 structures.
17 . The abllxty to compress the woven devices disclosed herein with the present
18 dellvcry systems prior to releasing them is advantageous for several reasons. Not only
19 does it a§§1st the operator in achieving adequate contact between the woven device and
20 - the wall of the anatomical structure such that the woven device is anchored as securely as
21 possible, it also allows the compressed 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
2 occlision is taking place so as to avoid potentiél complicétions like the undesired
25 occlusion of side brariches, and the prevention of the formation of collateral véssels
26 supplying the structures not affeétcd'-by the "treat‘éd lesion. Further, when using the
27 present filters, for example, the space along the vessel available for filter plaéement may
28 be limited by the presence of the thrombotic disease and/or other anatomical
29 consideratibns, such as the proximity of renal veins in the IVC, the short, free segment of

30 the SVC, etc.
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cl osure artbffrega@retm mwxbarhs stamased;i- treudistensibijitg airl enlirgbabilis). oﬂ‘ﬂhec‘@is@hé%'d

79 1279- 1280 I 5 go Benson, Musewe, Dyck, Freedom
" Tr&ins c SEHTBE S, m(ﬁle\,' eué’fr?ﬂ" Yt dye 0 the preserget pf t@-ﬁheﬁfiardmsums)raattemoo,sfm
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filg esEhtewbdvef yobendi sk} t
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Senba, M4REN devige @s grpointaf refereneriprinnig rvlag&;utmromcatmmey bé ableantyakitioat i on

d 8:27-33, 1997. 22
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entbl i zAtheoh? ?lhd advﬁrtgmg 1ubw4arsoas|ta|acamaeuy podfiod VheRsteft ﬂéﬁi 0t disd@RB. 26

SK\?\A”% 2_ %r&mt r}%&xasgnegsﬂxc asblmy of the operator Ctgla%gurba?esly %osgﬁ)%l tlﬁger !
14 woven device and, correspondmg]y, reducing the possibility that the woven device will
15 need to be resheathed and reinserted, the presént delivery éystem's allow the operator’s job
16 of delivery less potentially disruptive to the diseased segment of the patient.

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- relatxvely non-stretchable graft material like
20 PTEFE to achieve a mesh tightness that, in turn, may serve to create better contact between
21 both the woven stent and the graft material as well as between the stent graft and the wall
22 of the anatornical structure. - '

23 ' One of the beneﬁts of using the present stents thh the present dehvery systems is
2 that the anatormcal structure bcmg treatcd can always be overstented. The diameter of an
25 anatomical structure that is “overstented" is slxghtly smaller than the unconstramed
26 diameter of the stent dehvered therem In contrast, overstentmg is not necessanly
27 achlevable usmg dehvery systems that do not possess the present delivery systems’
28 capabxhty to manipulate the distance betwccn 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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arterio 2- 27
Tos8, 17" Rhinic Sforlonl ol et s may hOUANrod it dhe medlliEiescd |
detiachabthe seat maf be léssehahht tighteseathievhbla)) it m?se@nﬁenda@ﬁleufar&ﬂe%mel ood
vessel s,"” AIJNR 15:821-827, 1994. .19 Masura, Wl sh, Thanopoul ous

Basé, Go9skire: theatiBickire Hiajeab Withgtandh outer qomapsessiver foroes raod&eauehkelyltar ge
Si zgd - PRt duct us ‘arteri osus u3| ng the new Anplatz duct 21 occluder:

i madi at'e nd short termresults,” J. Am Coll. Cardiol., 31:878-882, 22
1998. 23 M I war d, " Tenporary, and, Retrievable inferior vena cava filters:
Curment st at u'Ehé os]ex‘tiﬁtcnﬂdn Or 39erstifhting I arronvbaR¥@iBture/LSiHE ohe - &f fhe2,
Aki ba, . Duckwi | Gobin, Vinters, Geff, "Nonadhesive 26 |iquid enbolic
agett f opresest %‘S'i“élthaéﬂ% ubstaniakly ar cempigtelinepmpressedmay baibsaefjciaiAor several
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present woven ‘bodies are compressed pnor to being released they contact the anatormcal

18 structure more securely than if they are released without ﬁrst being compressed Further
19 as the overstenting may be achxeved using a substannally or maxunally comprcssed 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 __s_tructurc.,being_ stented.. .Although overstenting is

23 described above, those o_f skill in the art will understand with the benefit of the present

24 disclosure. that the same principle appli,es__withequﬁll 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. S and 6 of the Wallsten
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12 larger of the delivery tubes). This is advantageous because the smaller the profile of the
13 delivery system, the less likely the diseased segment of the structure will be unnecessarily

14 disrupted or traumatized during the positioning:and delivery of the woven device.

15 | It 1s possxble to overstent anatormcal structures utrhzmg the present | dehvery

16 systems and present stents through the longrtudmal movement of tubes 40 and 22 in both

17 version 1 and vcrsron 2, the latter of whrch is descnbed below. As described above, these

18 tubes may be moved relatrve to each other such that the stent being delivered is

19 compressed maxlmally or nearly maxrmally pnor to being released.

2 - If the stent is not'in the desired {ocation after reaching its preformed diameter, it
21 can advantageously be réstretched and repositioned by ‘moving tube 40, proxrmally and

2 locking tube 40 to tube 22 if so"desired. After lockmg has occurred the stent may be

23 repositioned and the process ‘above described may be repeated as needed. This process .
24 may be complete when the stent is positioned in the des1red location, and the stent fits in
25 the vessel or non-vascular tubular structure in a way that the stent is nearly maxrmally
26 expanded and/or the ,tissuc_ of the .v:es_sel or non-vascular tubular structure is stretched

27 slightly.
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It is to be understood that the proximal end of the stent may be released from its

secured. position prior to releasing the distal end of the stent. -Upon doing so, however,

- the abiltty, to withdraw the stent back into a sheath (if a sheath is used) as described above

1is no longer present.-- Therefore, typically, the proximal end may be released first when

the desired location of: the stent will likely be maintained after such release. - - -

In versron 2 the stretched stent may be posmoned in the desu'ed locatlon of the
vessel or non-vascular tubular structure to be stented Then, pnor to unlockmg the tubes,

a sheath used to covcr the stent 1f used may be proxlmally thhdrawn so as to expose the

stretched stent Also pnor to unlockmg the tubes outer sheath 70 covenng mverse tabs

60 may be moved proxlmally so that inverse tabs 60 are exposed (see FIG 5A) In an

exemplary embodiment, the outer sheath 70 may be withdrawn but not removed. The

-tubes may then be unlocked. It is to be understood that the tubes may be unlocked prior

to withdrawing either a sheath used:to cover the stretched.stent, or outer sheath 70, Once

this has occurred, either the distal end or proximal end-of the stent may be released from

its secured position as follows. In an exemplary embodiment, it may be. preferable to

release the distal end of the stent first because the secured proximal end may offer the
possibility of removing a misplaced stent as above described. It is to be. understood,

however, that because of the completely controlled nature of the delivery system of the
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CLAIMS: 1. An occluding system conprising: a plurali ty of shape nenory

W res woven together to forma body useful for occluding an anat om cal
structure, the body having first and second s ends, both ends of at |east
one shape nenory wire being |ocated proxi mate one end of the body, the
shape mernory wires crossing each other to forma plurality of cells and a
plurhl i ttpr@)‘mealﬁgﬁé@n the need 4o ranevecs nmSpdncadgteasn@lbegv@?ﬂoweancﬁ'ﬂlﬁbré#oré-east
one pf th %H 1hel defined only four sides; 10 wherein the val ue of
t he at |'e§ §r r@ao f‘&géh S & g2 eﬁétr%tas%p%erestmh y conpressing the
body. 2. A device conprising: a body suitable for inpl ant agl onalnntg 22cond

atpm cal st Y S I,IS
gﬂd pvvherel n mgédt;n%ydlg%ﬁ%ﬁgg?r% isen%[sﬁ%&%e%n’o@&vﬁor %’a&a% Wﬁvﬁéjtd}srtag g\é"d’nent

and @ sedehrd22 éweIGS. (Mearsk Giremtis tHeeding] s af M&M@Yeaeh@seagaré Hetteprﬁ negape
menory wire located F)rom mat e -one end of. the body, firs segrren

ext e5r1d| n@OHLIIP@Ld gn tybe2Z Mhslt i areetqropiaaroghommwt amayls lbe(doaotfédttgg)(;%gher
ally inas
SlmrjeégI i E)Eﬁea%ggﬁ Lﬂ ovvar é’n f?)é t%aﬁt‘]m%fmgﬁé&ee@yt hat the proxigealand

second segdeftie st?dfn@S\&ll'h@t B@Gﬁhdbk@&frohﬂ @ez@é HR160WhH theQiéthi QSor AR 4
first andgsecond segnents.al ternating. Sel ng art her&I FOm. ?% enéi? B’t’ bach

| ocat i onreaBessit. AVhsy theepoinsripiréashed)by shebdistal snd balbhtse 4®rthé rﬂﬁbe@%@%&d&d' nt o
having-a fi7st end and a-second

an anat o] str,yct ur the body

wherei n F‘}‘%ﬁ'l% 9d§l§‘rﬁf)‘?ﬁ%’é"§‘°§‘ Rapker maxdisp bei ysed Wa\lhgg(rj%llﬁxal{ st;aft\smof?gb?gg:?gda
o o ey oS Gk e MR IR 1P R RO RTBLEA B Bl SOt vl

bei mg ar ishentfe @0 18Ty be moved. distally and/or tube 40. may be moved proximally to cover

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 openings or closed structures through whrch they were

17 'threaded ‘Tube 40 may then be further advanced dtstally untll mverse tabs 60 are hidden
18 or housed within sheath 52 as shown in FIG. SD At this pomt the tubes may be locked
19 together to maintain the posmon of the inverse tabs thhm sheath 52 After both ends of

20 the stent have been released (see FIG SE) dehvery system 50 may be wrthdrawn mto a

21 sheath and removed from the body.
22 . Inversion 2, if the proximal end of the stent is to be reléased fitst, the sequence of
23 events just described may occur. (including the ‘ability of the stent to bé festretched and

24 repositioned), except that the:distal end of tube 40 may extend dist'ally'-beyond the
25 predetermined point such that'inverse 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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to formloops and tw sted segnents such that at |east two contiguous | oops
are separated fromanother |loop by a twi sted segnent. 4. A device
conprising: s a body suitable for inplantation into an anatom cal

structure, the body having two ends and conprising a shape nenory wre

hawvi ng poémom of El‘@gmrse mbsi “athsesjmatﬂl 5% dhdinery syseens 80 meyttserbes withdmpar -at ed
by a be I n H{og W re proxi mate one end of the body, the segnents
bei’ng s T e yé&é‘ﬁo"(‘}t é?n H | oop-defining | ocations, the segments al so

- .extendi ng between the | oop-defining |ocations in spaced relation to 10 each
. other so as fpeleflely@Rihe {aeeenk %H§%raﬁ§ tHaf Bz ft%at&m tﬁ‘at is ﬁ?&#hab#’ | oops
“having a conpressed Shape. ce conpri si a plurality o ape

" menpry aé rdescribed eabove geayhbe athue‘fanir with thedymsuddimbi}esy‘smmslﬁ)d impthendaade on

. into an anatoni cal structure t he body havi nE first and second ends, the

shabe nEWMORG af taes el il fhe peesent h@%k 0 Stedfsm AVheTLA gTRft yEeidlngreds  at
| h
apt o, 1B A18hA%, RRhAGORME SnaBAE) BRUP o IPET e Ayl 800 ho QR 2P

val ue ofaumsgha:helsmstdenmycs@tme nedyobe utiliedPehel MakiRaHe hith @ is@nt ¥raft
conpr essi ngbthe ‘body. G The device of claim5, wherein the shape nenory

Wi rées il es@lwr:fqdﬂmshgw differang fmrf@en@mcemwh@ thgmked ﬁe?th@ll%'l'm;)e
FeN
oo e e ERE JToRE; G R B e et o bt Rl R B3 o

Thgy devingges@drycl ai m 5, wherein the shape menory wires each have a dianeter

rangi ng i'n size from about "0. 006 i nches to about:0.012 inches. 108 10.

The device of claimb5, wherein the p Iuralltgl of shape nmenory w res includes
at 1 east 6 stf@p@xh@[?h yf gftergeleasing 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 matenal and the stent 1tself Attaching the graft matcnal to the stent at
17 the proxlmal end thcreof may makc 1t easxer to re-sheath. the graft matenal using thc
18 process just described, and thus may facilitate repositioning, if necessary, because the
19 graft material may take on a funnel shape pnor to the release of the proxxmal end of the
20 stent graft, ' ' ' -

21 o Delivery of Stents in Side-By-Side Relﬁtionship

2 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
2 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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. The device of claimb5, wherein the body has a tubular shape with a
:uégt a-rlt-t ?al ly uniformdianmeter. 12. The device of claim5, wherein the Eogy
has a tapered shape with a dianmeter that decreases fromone end of thﬁ ody
to the other end of the body. 10 13. The device of claim5, wherein the
body has a generally hourgl ass shape. 14. The device of claim5, wherein

the body aitersh8d6 BIGS. 58AeD liflustihe ahyiche. eémcbé}hgl Qeliveisd, St §:; xf%%y 's

machi ne wo The devjce of claim5, further Conprising a gra

mat et i al uaﬁtrateeiao thpse ot skibldip. the art, Tith thewbenefiét tiaidisclBurepiieste b stabed
8. The d ce of claim16,

Sher 51 O 7LD AR s TR o Bshns
f I ri yipae vice , o

e m 16 oy o] %el??}‘éeé'f?f U e g

cl ai’m 16mam@y=eéamhttymg‘ the éeltvermsystarml (Treerfittiapd that:ﬁh\é?fb% used t@@é’dﬁre %@oes-ﬁae
deV|ce o]

f im r|S|n 30 a first: t.ube configured to accept
a o ae a0 &8 Heden Yeicl e TEBRRIeH N AGERS und 36, aneonon MmstuiintkBGS, 105
7 58A-D for the sake of s1mphc1ty) This third secured pomon may be achleved usmg the
8 low- -profile, ttght secunng loops descnbed above After stretchmg the stent on the
9 'dehvery system ‘and posmomng the drstal end of the stent m nght renal artery 836 m the
10 manner described above (FIG. 58A) the release and dehvery of the stent may take place
1 by first releasing the proximal end of the stent (FIG. 58B), then the distal end (FIG

12 S8C), 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 diselosure, 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,

1 Combmed Treatment of Aneurysms Cons:stmg of Stent Placement

18 : ‘and Transcatheter Embolzzatwn

19 In one embodrment of the present mvennon, the strmght 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

n formed vessel lumen, while the: aneurysmal sac may be’ excliided from circulation by

2 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

28 embolic agent (and not made from polyurethane when the embolic agent contains DMSO)
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23. The device of claim 22, 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. s 24. A device conprising: a
body suitable for inplantation into an anatom cal structure, the body

havi ng andy besinsemet] argl asivenped inta thealuthepeif e stehi. nedadygncing ltlvamgwgrsptape

menory W r.es Wnere reater_than one res bein

ar r énée(faglﬁt,aﬁ ipipathe ]HI@C’P)B&Q% Trsr PRg ey Yyse the SBB‘F&“&&”‘EI%%W}@ dB¥¢i on 18
- conpri siyagn @sdd {SdelWEMRE G drt OHARYef lonk 8RS a@RICS tHdlingidS8pIHiB RRGetBEMON Y
W res of txhe first woveh portion crossing edch other togf n?a plurality of

anghkes, withdueals¢ venef afguidesvirenghe adéxpiately sized seicranathebayt 3V @Hrsenoh tat4 | east
one shape nepory wre being |ocated prggl mat e onpe end of the body; 15

whefei n kraech) shdtds also chemigglly aaattatlélrew theemhad ‘Fégﬁ"PéymB’et Fhé’Pé‘é%Tlfcéy
axi al | o T 0 shape
ety TUEh B8 et Cipere on 0 iBEGRCHE idite WRTETIGRLR PhoP
shape megOZ3Linehéds THMP bf theFmRirocaliRRd May el soTdd th¥3u the wemiecsr gk claim
24, wherein the shape nenory wires conprise FeN C,: FeNhS| or FeMnSiCrNi . 25
28. sThe dent umte tb«t angugysmap sac. \lﬁ@p@pnmnaexrbtbawefauctoﬁ&e sorare spprosinsaselynd
ortion the first. porti o t he 'second, port ri sing,a second
Poven pode RS tnmh Higekaphisl ekt s i a8 fevaRGed o S RicuPl ek 3ad

whepei n xpi esrn@dhd %@é&t 96 &may3 et be Tigerfla i 'u‘ft% ﬂ‘fe eheirRmdt SW‘Qhﬁl \%ot e first

portion conprises a. first woven portion separated froma second Woven
porfii on injcroaakteterl e ‘Embelic sagerut 96 may be chosen so as to be non-toxxc non-

b

12 irritant/reactive to the tlSSLlCS, easﬂy handled, suxtable for contmuous 1n_]ectxon,
13 adequately’ radlopaque, capable of ﬁllmg the space contlguously w1thout leavmg
14 'unoccupxed spaces; and non-fragmented thereby not gettmg back through the stent s
15 weave into the newly formed lumen which could result in penpheral embolxzatron

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 (Takl AJNR 1990; Terada J Neurosurg 1991)

21 The co-polymer was used with metrizamide to ma.ke the mixture radlopaque and may
p7) serve as the embolic agent for the present mventxon |

23 - Very recently, a new embolic agent (similar to EVAL), EMBOLYX E (ethylene
24 vinyl alcohol copolymer) (chroTherapeutxcs Inc " ‘San Clemente Cahforma) was
25 developed which was designed for aneurysm treatment (Murayama Neurosurgery 1998),
26 and may be uttlxzed as an embolic agent in one embodiment of the present mventmn The
7 embolic agent is composed of a random mixture of two subunits, ethylene (hydrophobtc)
28 and vinyl alcohol (hydrophthc) Micronized tantalum powder is added to it to obtam an
29 appropriate radxopacxty, and DMSO (dr-methyl sulfox1de) is used as an organtc solve_nt.
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ice’ i in i i has a generally -
110 30. The device of claim29, wherein the first portion :
domed shape. 31. The device of claim29, wherein the first woven portion
has a generally doned shape and the multiple first struts are bent slightly
so as to increase the self anchoring s capability of the body in an _
anatom cal structure. 32. The device of claim29, wherein the first portlon
furtther Borprths gmlpmémidrilactO¥giedRehbaR, SERREEbRAA pfa”aotll?&n Cf%%ﬁﬂdtap
portion g nul tiple second struts, and wherein the first an
por £i ons hfé.‘é"e Ayeetram Vledmuresmerg ln(JsxtBBpreaipaattt&w o sofidgicaiion 4, the

he body. 34. The device of
o o m s e SHP B br TRBSEET emBbl R ang Sulionb diesint o abe eascuﬁsm The
devisce oAnyg Ika'ld‘mﬁﬁl,ate\ﬁlaﬁﬁv&hrbhfaﬂ@t&fsﬁbs siTR&"th %osﬁ%ﬁ%ﬁ_%%wgm éﬁ%

device of claim 33, wherein the graft materiral conprises
37V5The a8cAP ebalic agent for 8%, proseat miventibe. -graft material. conprises PTFE. 38
The device of claim33, wherein the graft material partial I y covers t he

- Vi - rther conprisin '
body. 39. Theng Yo dojfustcclleascrqbeZdA'mayLbe utxhzed wanen the stgent is covered as well. In

7 such an embodlment anglographrc catheter 95 whxch may be 5-F in size, and

8 rrucrocatheter 97, Wthh ‘may be 3.F in srze may advanced into the lumen of the covered
9 stent as descnbed above A trocar such as one havmg a 0. 018-1nch pencil-point. or
10 dxamond-shaped t1p and made of any surtable material such as stamless steel or nitinol,
1 may then be mserted mto the lumen of mxcrocatheter 97. The sharp tip of the trocar may
12 extend beyond the tip of nncrocatheter 97 by about 2 to 4 mm. The _proximal ends of
13 rmcrocatheter 97 and the trocar may be locked together usmg a Luer lock mechanism. By
14 doing 50, 2 sheath-needle umt (well known in the art) may be created, whxch 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 abdommal and thoracxc abdommal aneurysms may be treated as above
20 described. In some other locations (e g extemal 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
23 cover may be sufﬁcrently small such that msertmn of the stent into the vessel ‘may take
% place following a percutaneous 1nsertlon The dehvery system would also be well suited
25 to negotxatmg through tortuous vascular anatomy. The treatment descnbed above may be
26 performed using interventional radtology techniques, thereby eliminating the need for
27 surgery. The embolization may occlude the lumbar arteries from whrch 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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25 a first tube configured to accept a guide wire; and a second tube
configured to fit over the first tube. 40. The device of claim39, wherein
the second tube is placed over the first tube, one end of the body is
secured oth f| rst tube and the other end of the body is 30 secured to
the 'secofrd t uBH' 81, A device conprising: 111 a plurality of
bi odegradabl e fil anents woven toget her to forma self expﬁndl nlgf body §
sui t,abl e for inplantation i ture, the se expandi ng
: bod§/2 having first and secong})eng %%@e%?yg’%l e filaments crossing
each other to forma plurality of angl es, at least one s of the angles
bei ng obt use; Thble\rimismftthe cawd Gittersfoft the pa¢sehesientiore mapthesmadendl thersashebe
“increased by, h zvco ressing the self exgandl ng body, 42. A nethod of
credt i ng™ateE3 sz f tMEss Ot the SteRSt aeatamsnnym quatrimarﬁamsrrbearedllo forRingt ur e,

the bOdyth@ac‘é\'QQil l’goaseal}?%s%d 06 o RIS G QP rH bW 1§t gdéogﬁ? ﬁ?ﬂ% ﬁxéne, "he

wi 1 és in"a plurali ape menory wres ocre t he
shape nelees wires artesprefbl‘nbl)b@sw foptheicans filtedsBan for the stents. -As with the stents, in

7 an exemplary embodiment, as few as 5 wires may be used'to form the cava filters for any
8 given application except the single wire embodiment,: which utilizes only one wire.

9 | The cava ﬁlters may be created with a relatrvely loose weave allowing the blood
10 to flow freely In an exemplary embodrment it is preferable that. the distal end of the
11 cava ﬁlters is not completely closed. See FIGS. 6-8 Instead the bent ends of the w1res

o (FIG. 7 and FIG. 8 show small closed loops but bends may also be used) or the coupled

13 ends of the ‘wires (FIG 6) are arranged to fonn a relatrvely 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 present mventron, the angle between the crossxng wires
20 of the cava ﬁlters is preferably obtuse Snmlarly, at .the proxrmal end (e g FIG 6) of the
21 ﬁlter either a loop or bend may be formed by bendmg the wires as above descnbed
22 When such closed structures are made at the distal end of the ﬁlters the angle formed
23 may be acute as shown in FIGS 7 8 and 9A. At the dlstal (e.8., FIG. 6) or proxrmal end
2% (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 descnbed
26 Advantageously, the portrons of the wires forxmng the closed structures may be
27 bent outwardly into multlple barbs to anchor the ﬁlter, when located at the proxtmal ends
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arranged to define one end of the body, each shape nenmory wire haV|ng.tmo
ends; and 15 weaving the ends of the shape menmory wires to create the body
such that the shape nmenory wires cross each other to forma plurality of
angl es, at |east one of the angles being obtuse; wherein the value of the
at | east one obtuse angle may be increased by axially conpressing the body.

20 43. Tfehereavuofiltart (a2 FIGIZ, andFIGE BN AbaséuenéreﬁpF‘Eh@@sa@ﬁ%@‘aﬁgﬁf tHed. The
nmet hod of cl | m 42, Snt\g/nerel n the bent portions are | oops met hod

of tlai rﬁ“@?o theeyiss "n'@a‘éh%ld@dn@rf@mthm qaxs fitenpBy saefullyi sed)dclt:mgt&he ?:ihgd o
e e

PN Cor e el b sHUBELELE denfs, TP R B biel ik Srvel Sl koo bottoros

conpr i senkkdfi t6e fifeMatiing usd; ohBle My aldblie drsé‘t% néJd‘ﬁoHPtthla%s%l &ht‘hﬂn«éz

wherein the shape nenory wires each have a ter ran n' size
about 0 fotes is being setrigveshuitprior 0a the ﬁttﬁnasmgmmdrmn rmrhnﬂt crte poRIBNI R 261

V\/ne (ra;/n\&tahe latltjyr' %larlnta e ?o th%hv% &1 rhearﬁorrsh‘émnﬁﬁs,ak Tﬁtltslgrg?esd 1?1 I(:‘iItGI ggsbarg 7?1h§fpe
7 closed structure 4 is penetrating vessel wall 73 at an angle 75 that is acute.  Although
8 angle 75 may be obtuse, the inventors 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 extendmg to the end of barb 74, barb 74 may be about 1 to 2
1 mm long 'As shown, wire end 7 may be oriented at an angle that is roughly perpendtcular
12 to the angle of barb 74 such that barb 74 is prevented from more deeply penetratmg vcsscl
13 wall 73.  Another example of surtably shaped barbs may also be found on the
14 RECOVERY filter, which is " commercrally avaxlable from C R Bard Inc
s (www, crbard com, Murray Hm NJ 800 367 2273) |

16 . .Thecava ﬁlters of the present invention miay 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. D,
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 heated as the stents are, and may be allowed to

21 cool as the stents are. Addmonally, in an exemplary embodtment as. with the tapered
22 stent, the filters may be woven on 2 cyhndnca] template, heated and allowed to cool, then
23 the body formed may be remodeled and then. reheated on another template In an
2% exemplary embodrment of the hourglass ﬁlter for example the body formed by weavmg
25 may be heated and cooled and then may be remodeled mto the shape of an hourglass by
26 nanowmg the central portion usmg a material surtable for reheatmg such as copper/brass
27 wire; then the hourglass shaped body may be reheated.

28 In an exemplary embodrment of the cava f lters of the present mventron it may be
2  preferable to flare and compress the woven structure near the proximal end of a conical or
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50. The nethod of claim42, wherein the body has a tubul ar shape with a
substantially uniformdianeter. 10 51. The nethod of claim42, wherein the
body has a tapered shape with a diameter that decreases fromone end of the
body to the other end of the body. 52. The nmethod of claim42, wherein the
body hasdém@sige dlley ohﬁwr bbrhsthe proajreal ahd didal ehtieofren houkghdss iltar, for@ing:
‘wherein the weavi ng by hand. 54. The nethod of claim42. wherein the
weavi ng # sylbtdnﬁalonﬂm@n arplatiuell sighboyeasedsta prgtiansobl indhG. 4o FAGr g rand

I npl ant a into.a nat « ur th n th
o ton obHG e 8 Be it R BhmAd PG G} BbSionclu Y a0l 2745 | e
First tegpingd &y%o@%éﬁ%rsﬂ&ﬂ&lﬁﬁ $0AREhIRIRIh¥abEe-8dseHBEH rlReholdidfst
tenpl ate projeCtions to create bent”portions in the shape nenory wires, the
bents por heating alndlqmgllﬁg adfiltexrthatdmey ndepossessothe desitedoportios, esdysiraning Qs’hape
menory wre havin ends th f.th
o o ¢ ranadiee Ak G &7 a2t e BENTAChERE R afe Rt oM Rt oS Bicber.
CLOSe aplughWind BuPOIE At shdpé %ﬁaahg%nd%ohﬁgs 8BfuAincd udng! es
ei ng ob use; 30 wherein the val ue: o e-at "l east on tuse angl e-may be

[ ncrgeasedgdixy axially corrpre55| ng the body 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 nortions'"as' well as the suitable
15 _barbs may virtually eliminate the possibility of migration, -

6 " The cava filters of the present mventxon w1ll be further descnbed in more detaxl
17 ' below by the way of spec1ﬁc examples |

18 + - a, . Conical Filter - FIGS. 6 and 7

19 Wxth reference to the :llustratxve embodlments shown in FIGS. 6 and 7 there are
20 shown conxcal ﬁlters for xnsemon and. delxvery mto vascular anatormcal structures. The
21 conical ﬁlters mclude a plurahty of wxres whxch rnay be arranged in a plam weave as

22 descnbed above 50 as to deﬁne an elastlcally deformable body 150 As shown in FIGS. 6
23 and 7, body 150 has a w1de and/or flared proxxmal end 142 and a distal end 144. The
2% diameter of body 150 is larger at prox1mal end 142 than at dlstal end 144. The dxameter
25 of body 150 decreases from proxxmal end 142 to distal end 144 Distal end 144 may be

26 formed in such a way that almost no opening is left through whxch fluid might flow. As
2 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.
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. The nmethod of claim5 5, wherein the first tenplate projections
ggnprise tabs. 57. The nethod of claimb55, wherein the first tenplate
proj ectioons conprise pins. s 58. The method of claim57, wherein the pins
are attached to a ring engaged with the tenplate. 59. The met hod of claim
55, wherein the weaving systemfurther conprises a first weaving plate
confii gur ed t obr ot aDemdFiftef L F3G, g1 rection during. the weaving. 10 60. The
nmet hod of claim 59, wherein the weaving system further conprises first
bobbi ns arranged on the first weaving plate, one end of each shape nenory
wiré being at ﬂé&h@éermeetadhe fliusgatxbobmbndpmmrshmnhmueaythaga isléhovk 2 The

stem furtheér conprises a second
V\n:;\r}?ﬁgoé l?“?l)ﬁ G uﬁt'ﬁan aBd ’é(F’éY t“ﬁO% §€-‘€Blﬁa apptoaues] druguire.nJ hehdome

t | art fromthe first weaving
B‘Fit‘“e”g6%“*’?-32’@%21?85@%@??3%?%%% PRAFEGEAA AT ebtions tferioed

eaboze seeemdefbmmmatmaam deformablettoay 18207 WM AETR. B! Boa P8, €N
g?nggtlcﬁ S re bej ng)aattached toyeach second:. bobbi.n p?l),or o the
weavi ng. @dyﬁﬁﬁb HaveH wideaang/@flared praxémakantpl4Bamin dismliend 844, ehe hape

Th t hod of cl'ai m 55, further
mengr £
corrngr ysl’%éﬁ?t&% %f h&?}' ?osed%??r a%@ﬁ?‘ggalvﬁ’ﬁh{@n@a’éﬁﬂglséﬁl epfld4dh The dnmme? e
Wi ras, tdfebadyodsl dedreares dfons ph&liftthl EnHaIdEth WRideldd ¢4 " onQt &% ete ﬁ g
body. 30 65. The nmethod of claim55, further conprising heat
and %t he 4esrape i they digmeter from the: proxxmal to the distal end is not as steep as in the
:' 10 conical version, however.  As a result, body 152 more resembles a hemisphere than a

1 cone. Because of its hemispherical shape, the dome filter-may occupy less-longitudinal

12 space within the cava than other filters.

13 ' | Hourglass Fil_ter_f- FIG.!) |

14 With reference to the illustrative embodiment shown‘in FIG. 9, there is shown an
15 hourglass filter for insertion and dehvery into a vascular anatormcal structure. The
16 hourglass filter includes a plurahty of wires whlch may be arranged in a plam 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 proxlmal cnds 144 and 142 is larger than the dlameter of portion
20 148 Inan exemplary embod:ment dxstal end 144 is preferably not equtpped thh barbs.
21 The closed structures of proxlmal end 142 may be bent outwardly to form barbs The
2 lumen size of narrow pornon 148 may be selected so as not to c]ose the lumen of the filter |
23 completely The hourglass ﬁlter shown in FIG 9 has multlple ﬁltratmg levels; in an

24 exemplary embodxment there may be almost no dlfference in the ﬁltratmg capacxty
25 between the ﬁltratmg capac1ty of the center of the ﬁlter and the ﬁltratmg capacxty of the
26 penphery of the filter because the blood may be ﬁltered by the peripheral weave of both

27 the proximal and distal pomons 146. FIG. 10 shows an hourglass filter placed in the
x  IVC. - | | . | | |
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66. A device for delivering an axially and radially expandabl e woven body
having two ends into an anatom cal structure, conprising: a first tube
configured to accept a guide wire; and a second tube configured to fit over
the first tube; s wherein when the tubes are used for delivering the

axi bl |y and rdadi al Barbless StentHiibexvo FdG. Sbdy, one end of the axially and

radi al ly expandable woven body Is secured to the outside of the first tube

dth th th d || hod
A he ot eyl Rleatl B BB aiaens S e SR, Hoare 0 Som e 66,
fur§her Jaasmsi SdRgildr 9ot Hi8ertoh ‘%n&%il'v&ﬁ L& Ma&ﬁlaP'aﬁ&SHuam %HJB&P{ herfid st

tube. 68. The device of ¢claim®6 er conprrsing a

r el ease/badiéss stenmitthninchdes anfirglityest wivessehicheandyhiee ir’ratn%P.dﬁxUb 14iQ “Iebﬁe second
tube. 69. The d%w ce of claim66, further conprising an end fitting having
a stde &% MesEiRedeabve iser 3 B%ﬁrtrgbe%f‘%uwbeht bkbé‘“s@éuﬁb@ bedieshin fhis st

Lubg. - 20udfheu, IS EEIEOR CRINALIDD 17D B Ghlogy P yhplkel | Xsoupadar! @

b
woven bO y avil ng tWwo en 0 an an om ca

first t@EIG. Gmnﬁdcg'wmdniyoccﬁﬁﬁemba%eQO!ZdrﬂJd%érﬁonubff dnd'ddinel 4082 havi ng at
| east one pair of first tube holes positioned proxi mate one end of the

first tube; a second tube configured to fit over the first tube, the second
" tub® havi ng BaspH02cmay benmageiias airaghtostnt (Asedgsotitessl pbmcblvultied givexxi mat e

one, end cfnamete R§ E Pesgltt ll)Jabsg 402 ‘may serve to anchor the ﬁlter w1thm a vessel and may not
10 pamcrpate in b]ood ﬁltratlon In another embodiment of thxs ﬁlter, base 402 may also be
1 .made w1th a changmg dxameter For example its lumen may be slightly tapered from

12 'base 402 to mxd-pomon 404 The mesh txghtness of base 402 may approach the

13 maxlmum achlevab]e tlghtness (e, 180°) Accordmgly, the radxal force of the anchoring
14 poruon (base 402) w1ll mcrease as the mesh txghtness mcreases

15 Additionally, by carefully selecting the diameter of base 402, body 400 ‘may be
16 conﬁgured to retain its position within a vessel without the use of barbs. As a result, the
17 task of carefully selectmg the size, onentatxon, and shape of the barbs that could
18 otherwise be used such that those. barbs may be elevated frorn the caval wan SO as to
19 greatly reduce the possrbrhty of damagmg the vessel waJl during resheathmg (as a result
20 of reposmonmg or removmg the ﬁlter) may be ehmmated In an exemplary embodrment
21 of the barbless stent ﬁlter the drameter of base 402 may be 26-30 mm, which represents
22 operable dlameters in mnety-ﬁve percent of the population, which has an inferior vena
23 cava of less than 28 mm in diameter. In an exemplary embodlment of the barbless stent

2 filter, the length of base 402 may not exceed 10-15 mm.

25 As shown in FIG 51 rrud-portlon 404 of the barbless stent filter includes struts

26 408, which are formed of twrsted w1res 5 Struts 408 are arranged so as to be onented in
27 substantxally parallel re]atlonshrp thh 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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a.first securing wire configured to be thfeaded through the at least one
pair of first tube holes; and a second securing wire configured to be
threaded through the at |east one pair so of second tube holes; wherein
when the tubes are used for delivering the axially and radially expandabl e
woven body, one end of the axially and radially 115 expandabl e woven body
i s secur .bdritiesst dtent diltesi wiehinfthé vessel 108 thohWageutirt rubitge E)r?tBS\R/hi%ﬁCtHE'fggarvl’sr €
and t he otper end of the axially and radially expandable woven bo i'S
sectred @8livered.obipsexpanple. inthe e@b@chmenuefethwbmlasmeteaeﬁmdsmurmmn;vsz e. s

I lit f, shape nenory w res woven
{ ogét her “FatrAdioay B RGP b 3P wsd Rt éﬁaér@mﬂcap Toetigral fomes  he
body: havbegvéen'thé dANEr&EERAIGAERES veRONAIENES 2 Hfcufit thleesa nghor Snape, ienry
Ae“Bou F ea g i

W re bei ng | ocat ed 10 proximate one end of Ywires

ok thehfibiethmay bo ificyeased. bt an aXefnyl eﬂBGdlxﬁﬁ:nt af tHe%’a"if&vleﬁ’éﬂ@teﬁtc filt
;hglesng tma -val uepoat?ythe at | east. one obtuse an &lee may

t wher-ej
be i ncre&?&g %@OEE‘%QTH‘V’% Baxbagbewis-Homn. is 72. A device conprising: a

body suitable for inplantation into an ‘anatom cal structure, the body

havi,ng Turning to the third portion of the barbless stent filter, as-shown in FIG. 51, the
8 mesh tightness of dome 406 may be loose. In one embodiment of this filter, the top
9 portion of the dome may be equipped with hook 410 to facxlltate the removal of the filter.
10 In'such an embodlment hook 410 rnay be small and made of metal or any other suitable
1 material, and may be ﬁrmly and permanently attached to w1res 5. Sm‘ularly, although not
12 illustrated, with the beneﬁt of the | present dlsclosure one of ordmary skill in the art will
13 understand that hook 410 may also be provnded on the proxlmal ends of the other cava
14 filters disclosed herein. Addmonally, the hooks on these filters may be used durmg the
15 possible repositioning or retrieval of such filters i in the same way as may be used on the
16 barbless stent filter, described _below In greater detail.
17 In another embodxment the ‘barbless filter may be prowded w1th two ﬁltratlon
18 levels. As shown in FIG. 53, such a filter is composed of two domes 406 (arranged
19 mversely), a rmd-port:on 404 havmg a tlght stent miesh similar to the mesh of base 402 in

20 . the embodiments in FIGS 51 and 52 and two, mtermedtate segments 412 havmg short
21 struts 408 between domes 406 and mxd-portxon 404 In one versxon of thxs embodlment
22 both the top and bottom pomons of the domes may be equxpped with hook 410 to
23 facilitate the removal of the ﬁlter Alternatively, e1ther the top or bottom may be

2% equipped with hook 410.

25 The end of the barbless stent filters located proxxmate hook 410 depicted in FIGS.

26 51-53 may be posmoned S0 as to achteve a vanety of conﬁguratxons For example, the
2 end may be stretched such that the shape of domes 406 is closer to a tnangle than the

28 shape deplcted in FIGS. 51-53 or the end may be compressed
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an axis, a first end and a second end, wherein the body conprises a shape
menory wire having a first segnent and a second segnent, the 20 segnents

bei ng separated by a bend in the shape nmenory wire | ocated proxi nate one
end of the body, the first segnment extending helically in a first direction.
arouind t he axthe shepeefithethartdessstentfilersmayte fooded usihg theemethdds degmueibed -

" ext endi ng._hel.i I i.n.a second.direction around the axis toward the other
end” of t%’é’v%tﬁﬁrﬂgﬁg tﬁﬁé Spis ADf Oty °§‘éac%ﬁ7fs‘2 0% & fst Erbééké?ﬁﬁdteé’é@ﬂtebt her

in a pl bd WoQé | ; ' | ANR i for

o ant sney b Yoben bRGA pBiopriant shibdip R T B Mier SnBRMPIBE HAPHE 'O |
a seconcheated, anghesadédh as laboveodsscriberpr iAdtesnativelyatiee barbressmatent filtee havbeg a

" first ssﬁment and eciré('rjm)jegnenﬁl, %fpe geﬁmeg%s bei ng separated by a bend

in fhe WP¥N Peaf c8L [Pl at 3Rd hetted and aliewer i coaln Altgmativelys prisnto and

secgnd SEOAEN S dPELEIh AT ed 1 ornm | o i gted segnents

sucg t hat g§§|az’a§.t€ b(?\g\}ga c%..gttg ?19%8{]1%0% o%%fs? éasr -éﬁgsé’g@ﬁg"t’@ férn\gmﬁéﬁ& HE?”F%op by

a tw st edcosgamed or fémodsleli; uhd ¢hecrempdelad Pportich 6 thedhites whdyhbS be Qecured

i npl antation-int.o_an.anatom cal structure, the body having tw ends and

conpri si H¢ hgaisf 2pe coelad pgainy re having a first segment and a second segnent,

t he segment's being Separated by a bend in the wire | ocated proxi mate one

end,of the body, t l.ng positioned adjacent to each other in

I oof)-defi ni n3£| 'oca#ﬁ’gggt !§ Eieesqlgﬁjssegrrent s al so extendi ng between the

| oop-defining |ocations:in spaced relation to each other so as form at

| east two | oobs jnditatédabdvepalt offthé fidtesst of thaspresene inveppsn Naiiuting tiOBPr essed

shape. ' ' o ' .
1‘1) filter discussed below) may be formed with filaments made of biodegradable material so

12 as to form self-expanding, self-anchoring, bioabsorbable, biodegradable filters that may,
13 in addition to functioning as filters, function as drug or nutrient delivery systems as a
14 result of the material used. In one embodiment, the biodegradable filters of the present
15 invention may be ﬁrbviaéd with reinforcement wilres as'_ above described. |

16 “The factors that may be considered in choosing the materials from which to form
17 the biodegradable stents, the materials themselves, the methods of f§Mng the
18 biodegradable stents and reinforcing the stents with wires, apply to the filters as well. In
19 addition, one may also consider the following: the flow conditions of the vessel into the

20 biodegradable filters are placed (e.g., high flow conditions within the vena cava), to better
21 - ensure that the material and weave of the filter are chosen such that the filter may anchor
22 properly within the vessel; the rate of degradation of the chosen material as well as the
23 time at which the degradation will begin so that if thé filter is used as a temporary filter

(as dcscﬁbed below), the entrapped thrombi may be attended to before the filter déérades

25 to an extent that the entrapped thrombi could be released back into the bloodstream.
26 Any of thé léa_\'/.a' ,ﬁllte-lj embodiments dis,c.lqscfd hqréin ~may be made from both
27 wires 5, (\_ivirés S_fnéy be made from a_riy of the matpri§15_des0_xibqfl above, such as nitinol)

2 and appropriate bi'odeérédab-lé' filaments 540. Although the Ba_rbless stent filter is
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21 and the vessel wall. . : :

22 - “The weave of the present. filters: (including those. discussed below) is. especially
b suitable to advantageously allow mechanical thrombus-suction to remove the entrapped
2 clots without the risk of dislodging the. thrombi and allowing them to travel to-the
25 systemic and pulmonary circulation. In so doing, an adequately' 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 thrornb1 safely and successfully before removal of a temporary filter. The emboli
5 entrapped by any kind of temporary filter can be dealt with in a variety of ways, such as
6 .thrombelysis','p]aeemerrt of a perrnanerxt filter, or allowing small thrombi to embolize to
7 the luhgs. The woven structure of the cava filters of the 'p'reSent invention seems
8 favorable to preveht escape of the entrafaped clots c'lurfng thrombolysis. As aresult, there
9 is probably no néed to place another filter above the woven temporary filter. This would
10 otherwise be impossible if the temporary filter is delivered from a jugular appr'oach.' The
1 temporary applications of the cava filters include both temporary and _retr_ievable filter
12 designs.
B Temporary filters may be attached to a catheter or sheath, a tube or a guidewire
14 that may project'fror'n the insertion site (e g., using a hub with a cap which is sutured to
15 the skin for ﬁxatlon) s0 as to allow for easy removal of the filter. Retrievable filters are
16 'permanent filters that have a potent1a1 to be removed. |
17 . Both-.the temporary .and the retrievable ___ﬁlters. may be delivered via a jugular
18 approach. It isto be understood, however, that these filters may also be delivered via a
19 femoral or antecubital approach. ,
20 " In ene embodiment a temporary filter may be created‘ by“ma'n'ualily securing a cava
21 filter to two tubes in the manner descnbed above. The outer tube to which the proxlmal
22 end of the filter may be secured may compnse a catheter or sheath, or it may compnse a

px) ibe such as tube 40 descnbed above. Bemg a low proﬁle desxgn, the temporary ﬁlter

% typ1cally does not requxre 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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2 catheter or sheath) bemg advanced over a filter such that barbs 74 of the filter that
3 penetrate vessel wall 73 are dlsengagcd from vessel wall 73 as tube 71 is advanced and
4 the filter is held statlonary A monofilament (not shown) may be threaded through one or
5 more of the bends or closed loops deﬁmng the proxrmal end of the ﬁlter Both ends of
6 the monofrlament may be posmoned in an easxly accessrble locatlon (such as extenor of
7 the patrent) The operator can then advance tube 7 1 over the ends of the monofrlament
8 (as descnbed below with respect to monoﬁlament loop 172 deptcted in FIG 12) whlle
9 holdmg the monoﬁlament steady to drsengage barbs 74 from vessel wall 73 pnor to the
10 withdrawal of the ﬁlter
11 " 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 sltuatron in Wthh the distal end of the ﬁlter has been
15 released. As shown in FIG. 26, openmgs 27 may be provxded in tube 22, in addrtron 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 system to 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 toend ﬁttmg 204 as shown in FIG. 26, with
22 a Luer connectlon FIG 26 also 1llustrates that multrple securmg wires 46 may be

23 uttlrzed for securing the proxrmal 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 th1s drsclosure,
25 that securing wires 46 may be controlled by creating openmgs in tube 40 near the
26 proximal end of tube 40 and threadmg the proximal ends of securing wires 46 through
b3] those holes. In this way, the proxirnal end of the filter or other device may be released by
28 pulling the proximal ends of seciiring 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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10 understood to those of skill in the art, with the benefit of this disclosure, that a tightening-
| 2 . screw may be provided.on the end of end fitting 204 for fixing or securing the relative
3 position of any guidewires that are utilized as well..
4 - ~In thls embodxment of the mventlon there may be no need to apply barbs/tabs at
[} the distal end of the temporary filter. For example the barbless stent ﬁlter, by nature, wrll
6 not be equrpped wrth barbs. However such barbs or tabs may be supplied as shown in

7 FIG 27A ‘o the other filters. The proxrmal 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 w:thdrawn into a catheter/sheath (such as tube 71) and the dewce may be wrthdrawn from
t0 . 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 foretgn body snare, such as the Amplatz Goose Neck snare (Mlcrovena Corp., White Bear

15 Lake, MN) may be used to grasp hook 410 and retract the filter into an appropnately
16 sized thin-walled sheath for removal from the body. The snared end of the filter may be
17 held stationary and an appropnately-sxzed sheath (approxrmately 2-French sizes larger

18 than the delivery systern) may be advanced over the shaft of the forergn body snare to

19 capture the filter.

0 B For the retnevable ﬁlter, the drstal end may be equipped with barbs/tabs. At the
21 proxrmal end of the retnevable 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 mterconnected by the monoﬁlament loop (see, e.g. FIG. 12); thus, pulhng on the

monoﬁlament loop wrll result in drawmg the small closed loops together thus reducmg

25 the dxameter of the stent at the proxlmal end. The retnevable ﬁlter may be secured to the
26 same dehvery system used for dehvery 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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& ()10 K3nip f@ﬁﬁ&r hppro%ﬁy‘%&o/ Egkahlp'l thgéhé‘l'xge/x@'(s?stgm may be removed and only the

5 monoﬁlament loop may be left thhm the vasculature The very proxnmal 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 txghter 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, base 402 may serve the functlon of the ﬂared base of the other ﬁlters, which may or
10 may not be provxded with barbs or tabs. If it is necessary to convert the temporary 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.. '

3 Ifa dec1s1on is made to remove a retnevable ﬁlter a short metal straxghtener may
14 be advanced over the proxxmal end of the monoﬁlament loop A short mtroducer sheath
15 may then be inserted i in the access vein over the stralghtener Through the mtroducer, an
16 adequate srze sheath may be advanced to the dlstal end of the ﬁlter Stretchlng the
17 '. monoﬁlament loop, the sheath ‘may be advanced over the ﬁlter As a result the
18 barbs/tabs, if utilized, wxll be retracted from the caval wall and the ﬁlter s removal can
19 be achieved without causing mjury to the vessel wall | |
20 _ The time penod for leavxng a temporaxy ﬁlter in a patrent wxll vary from case to
21 case, but generally, temporary ﬁlters may be left in place for no more than about two to
22 three weeks Leavmg them in place for a longer penod of trme may result in the
23 formatxon of a neomtrmal layer on the temporary ﬁlter wlnch would 1mpede 1ts removal

24 'To increase the penod of tlme durmg whxch these ﬁlters may be left in the body thhout
25 bemg embedded mto the ne01nt1mal layer, the filters may be coated w1th some
26 blologxcally actxve matenals (e 8 cytostatrcs, ﬁbroblast growth factor [FGF-I] wrth
27 heparin, Taxol etc.) or the metal of the ﬁlter may be rendered ﬁ-partxcle-ermttmg

28 producing a low-rate radiation at the site of the filter placement (Fischell, 1996).
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6 - The fetrievable filter provides additional advantages in that they are easily
7 -retrievable, they possess equal filtering capacity in the center and at the periphery of the
g .cava, they provide safe thrombolysis, they are: self-centering and self-anchoring, and
9 unless hook 410 is utilized in conjunction with the barbless stent filter, it is unnecessary
10 to use a foreign-body retrieval device which might involve lengthy manipulations.

1 However, it is to be understood that, in some embodiments, small tabs may be coupled to

12 the ends of the filters of the present invention for facilitating the removal of the filter with
13 a forei gn body retrieval device.

14 .' Thc cava ﬂlters of the prcsent mventlon provxde thc advantage of 1mproved
15 ﬁltrauon The extended covcrage of the ﬁltermg level comes with an improved thrombus
16 capturing capacity of the cava filters. The presence of a thrombus in a traditional conical
17 filter decreases-the capture rate for a second embolus (Jaeger, 1998). The succeeding
18 thrombus will not be able ‘to-get into the apex of the cone and has a higher chance of
19 passing through the . filter (Kraimps, 1992). : The flow velocity, and therefore, the
20 hydrodynamic force are increased at-the stenotic site of the filter. Because conical filters
2l predominantly capture thrombi in the apex of the cone, the site of increased velocity is

2 located at the periphery of the filter. - As long as the diameter of the thrombi is smalier
23 than or equal to that of the stenotic opening, the locally increased ‘velocity and

2 hydrodynamic force will push the thrombi through the filter periphery.

25 .Using the cava filters. of the present invention, the thrombi will be primarily
26 captured by the distal end of the conical and dome filters and by the dome of the barbless
b1 stent filter; in the case of the hourglass ﬁlter, the first filtration level is the narrow portion

28 of the proxxmal end of the filter. Any subscquent emboh wxll be dxverted to the pcnphcry
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The ﬁltratlon capac1ty of a fllter can be esnmated by lookmg at it from the top or

below "The w1res/mesh arrangement in the prOJeCth 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 cross section of one of the present hourglass filters
taken across the middle portion of the filter. In t_hc-casc 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 nlted Somc filter designs

(especially the Greenfield- filter) are sensmve to mtralummal tlltmg, whnch negatlvely

affects thc1r filtration capabxhty

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 Idclivery
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 a'cc'ordin'g to the prcscnt 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 su1tablc for mtravascular

thrombolys1s After placement of any kind of ﬁltenng devxce, the development of caval
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10- l; 10- éjan%gd %9%0%3 ua(r% gr)foo?t:r/ollgd@ way after urokmase/'I‘PA treatment. 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 thtomholysis Unlike other designs, the cava filters
8 accordmg to the present 1nvent10n may offer the posmbtltty of a safe and successful
9 | thromboly31s w1thout the need for the placement of two ﬁlters ' |
10 L SR Bi-lliac Tube Filter
1 | The wires of the BI filter according to. the p.resent 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
1 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 o The BI ﬁltermaccording to the'present“inyention' mey be -t”ormed using the above
21 described methods for forming the stents. of oourse, an eppropriately shaped template

22 may be chosen, - In weaving body 160 of the BI 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 (FI.GS.‘ 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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7 7 to cool as the stents are. -
3 In one embodtment the mid- portlon of the BI ﬁlter may be constructed w1th a
4 ]arger diameter than that of the ends whrch are used for ﬁxatron This may be achxeved in
5 a variety of ways usmg the remodelmg methods above descnbed For example one may
6 weave a stra1ght stent wrth a cahber useful for ﬁltratron (larger lumen) Then, smaller
7 cahber ends may be formed by rernodelmg the filter on a smaller caliber template In
8 such a case, the weave of the ﬁltermg level will be looser than those of the legs In
9 another embodiment, the weave of the filtering level may be tlghter than those of the legs
10 by weaving the BI filter i 1s on a template sized for the legs, and then remodeling the filter
I by ballooning the mid-portion of the ﬁlter outward Many variations in shape are thus
12 possrble
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 infen’or 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. Thé filter may be

17 .inserted from éither femoral'veinl.-an’d" 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 through the

20 cephalad surface 163 of the weave at about the mrd-portxon of body 160 located at the

21 Junctlon of the 111ac vems, as shown in FIG 11

22 - . The BI filteris suitable for. temporary filtration. Inthis embodiment of the present
2 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 monoﬁlament loop) When the BI filter is being withdrawn, the
10 wrre/mrc.rotubmg may be held steadily, wh'i'le the monofilament loop is pulled. As a

1 result, the BI filter will be partially stretched facilitating the filter's removal. The Bl filter

12 may also- be removed in the fashion described above for removing the temporary filter,

13 , As discussed above grven the desrgn of the BI-ﬁlter one may catheterize the
14 [umen of the filter and, using an adequate sxze catheter, thrombus- suction may be easrly
15 performed before filter rernoval

16 : . -+ Delivery System of the BI Filter: -

17 " Versron 1 shown m FIG 3 may be used as the dehvery system for the BI filter
18 (mcludmg a bxodegradable versxon) accordm g to the present mventlon

19 Delivery of the BI 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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2. A device comprising:

a body suitable for implantation into an anatomical structure, the body having

15 an axis, a first end and a second end, wherein the body comprises a
shape memory wire having a first segment and a second segment, the

segments being separated by a bend in the shape memory wire located

proximate one end of the body, the first segment extending helically in

a first direction around the axis toward the other end of the body, the

20 second segment extending helically in a second direction around the
axis toward the other end of the body, the first and second segments

crossing each other in a plurality of locations, and the first and second

segments alternating being farther from the axis at each location.

25 3. A device comprising:
a body suitable for implantation into an anatomical structure, the body having
a first end and a second end, wherein the body comprises a shape
memory wire having a first segment and a second segment, the
segments being separated by a bend in the wire located proximate one

30 end of the body, the first segment and second segments being arranged
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15 implantation into an anatomlcal structure, the body having first and
second ends, the shape memory wires crossing each other to form a
plurality of angles, at least one of the angles being obtuse, and both
ends of at least one shape memory wire being located proximate one
end of the body;

20 wherein the value of the at least one obtuse angle may be increased by axially

compressing the body.

6. The device of claim 5, wherein the shape memory wires comprise nitinol.

5 7. The device of claim 5, wherein the shape memory wires comprise FePt, FePd
or FeNiCoTi.
8. The device of claim 5, wherein the shape memory wires cdmprise FeNiC,
FeMnSi or FeMnSiCrNi.

30
9. The device of claim 5, wherein the shape memory wires each have a diameter

ranging in size from about 0.006 inches to about 0.012 inches.
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14.  The device of claim 5, wherein the body is hand woven.

15 15, The device of claim 5, wherein the body is machine woven.
16.  The device of claim 5, further comprising a graft material attached to the body.
17. The device of claim 16, wherein the graft material comprises woven polyester.
20
18. The device of claim 16, wherein the graft material comprises Dacron.
19.  The device of claim 16, wherein the graft material comprises polyurethane.
25 20.  The device of claim 16, wherein the graft material comprises PTFE.
21.  The device of claim 16, wherein the graft material partially covers the body.
22.  The device of claim 5, further comprising;:

30 a first tube configured to accept a guide wire; and

a second tube configured to fit over the first tube.
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15 wherein the value of the at least one obtuse angle may be increased by axially

compressing the body.
25.  The device of claim 24, wherein the shape memory wires comprise nitinol.

20 26.  The device of claim 24, wherein the shape memory wires comprise FePt, FePd
or FeNiCoTi.

27.  The device of claim 24, wherein the shape memory wires comprise FeNiC,
FeMnSi or FeMnSiCrNi.

25
28.  The device of claim 24, wherein the body further comprises a second portion
adjacent the first portion, the second portion comprising a second woven portion, and

the second portion having n + x shape memory wires, wherein x is at least one.

30 29.  The device of claim 24, wherein the first portion comprises a first woven

portion separated from a second woven portion by multiple first struts.
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Do
vice of claim 29, e1n t?l fc st portlon further comprises a third
woven portion separated from the second woven portion by multiple second struts,

and wherein the first and third woven portions have generally domed shapes.

33. The device of claim 24, further comprising a graft material attached to the

body.

34.  The device of claim 33, wherein the graft material comprises woven polyester.
15

35. The device of claim 33, wherein the graft material comprises Dacron.

36.  The device of claim 33, wherein the graft material comprises polyurethane.
20 37.  The device of claim 33, wherein the graft material comprises PTFE.
38. The device of claim 33, wherein the graft material partially covers the body.
39.  The device of claim 24, further comprising:
25 a first tube configured to accept a guide wire; and
a second tube configured to fit over the first tube.
40. The device of claim 39, 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

30  secured to the second tube.

41. A device comprising:
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expanding body having first and second ends, the biodegradable
filaments crossing each other 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 self-expanding body.

42, A method of creating a body suitable for implantation into an anatomical
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
weaving the ends of the shape memory wires to create the body such that the
shape memory wires cross each other 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.

43. The method of claim 42, wherein the bent portions are bends.

44, The method of claim 42, wherein the bent portions are loops.

45.  The method of claim 42, wherein the shape memory wires comprise nitinol.

46.  The method of claim 42, wherein the shape memory wires comprise FePt,

FePd or FeNiCoTi.

47. The method of claim 42, wherein the shape memory wires comprise FeNiC,

FeMnSi or FeMnSiCrNi.
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48, The method of claim 42, wherein the shape memory wires each have a

diameter ranging in size from about 0.006 inches to about 0.012 inches.

49. The method of claim 42, wherein the plurality of shape memory wires includes

at least 6 shape memory wires.

50.  The method of claim 42, wherein the body has a tubular shape with a

substantially uniform diameter.

51.  The method of claim 42, 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.

52.  The method of claim 42, wherein the body has a generally hourglass shape.

53. The method of claim 42, wherein the weaving is by hand.

54. The method of claim 42, wherein the weaving is by machine.

55. A method of creating a body suitable for implantation into an anatomical
structure, the body having two ends, the method comprising:
providing a weaving system comprising:
a template having first template projections;
bending shape memory wires around the first template projections 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
weaving the ends of the shape memory wires around the template to create the
body such that the shape memory wires cross each other 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.
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56. The method of claim 55, wherein the first template projections comprise tabs.

57.  The method of claim 55, wherein the first template projections comprise pins.

58.  The method of claim 57, wherein the pins are attached to a ring engaged with

the template.

59. The method of claim 55, wherein the weaving system further comprises a first

weaving plate configured to rotate in a first direction during the weaving.

60.  The method of claim 59, 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.

61. The method of claim 59, 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.
62.  The method of claim 61, 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.

63.  The method of claim 55, further comprising securing the shape memory wires

to the template.
64.  The method of claim 55, 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.

65.  The method of claim 55, further comprising heating the body and the template.
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06. 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;
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 and
the other end of the axially and radially expandable woven body is

secured to the outside of the second tube.

67.  The device of claim 66, further comprising a guide wire configured to be

placed within the first tube.

68. The device of claim 66, further comprising a push-button release/lock

mechanism configured to secure the first tube to the second tube.

69. The device of claim 66, further comprising an end fitting having a side arm,

the end fitting being configured to be secured to the first tube.

70. 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
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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.

71. An occluding system comprising:

a plurality of shape memory wires woven together to form a body useful for
occluding an anatomical structure, the body having first and second
ends, both ends of at least one shape memory wire being located
proximate one end of the body, the shape memory wires crossing each
other 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.

72. A device comprising:
a body suitable for implantation into an anatomical structure, the body having
an axis, a first end and a second end, wherein the body comprises. a
shape memory wire having a first segment and a second segment, the
segments being separated by a bend in the shape memory wire located
proximate one end of the body, the first segment extending helically in
a first direction around the axis toward the other end of the body, the
second segment extending helically in a second direction around the
axis toward the other end of the body, and the first and second

segments crossing each other in a plurality of locations.

73. A device comprising;:
a body suitable for implantation into an anatomical structure, the body having
a first end and a second end, wherein the body comprises a shape
memory wire having a first segment and a second segment, the
segments being separated by a bend in the wire located proximate one

end of the body, the first segment and second segments being arranged
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to form loops and twisted segments such that at least two contiguous

loops are separated from another loop by a twisted segment.

74. A device comprising:

5 a body suitable for implantation into an anatomical structure, the body having
two ends and comprising a shape memory wire having a first segment
and a second segment, the segments being separated by a bend in the
wire located proximate one end of the body, the segments being
positioned adjacent to each other in loop-defining locations, the

10 segments also extending between the loop-defining locations in spaced
relation to each other so as form at least two loops, at least one of the at

least two loops having a compressed shape.
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