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UNI TED STATES LETTERS PATENT for WOVEN Bl FURCATED AND TRI FURCATED ‘STENTS
AND METHODS FOR MAKI NG THE SAME 31 JUL 2003 WD 00l 44309 PCT/ US00/ 02582
1 BACKGROWD 06M438¢1E | NVENTI ON 2 The present application cl a%éqs Q(fooggﬁty to
U S. Provisional Patent Application t 3 Serial No. 60/118,1 Pp04

February 1, 1999 and U.S. Provisional Patent Application 4 Serial .

60/ 125,192 filed March 18) 1999. The entire texts of the above- referenced 5
di scl osures are specifically incorporated by reference herein w thout
disclaimer. 6 1. Field of the Invention 7 The present invention relates to
a self expanding bifurcated stent and apparatus 8 and nethods for inserting
.the same into a bifurcated anatom'cal structure. 9 2. Description of

Rel ated Art 10 Numerous studi es have reported the use of netallic stents
for the treatnment of 11 stenotic |lesions occurring in tubular anatomc
structures (Wallace et_al.) 1986; Palnmaz, 12 1988; MIlroy et al.) 1989;
Ginther et al., 198APRLIGATIQN EPR UNBHOD STAEES LRTTERSIPATENIS st ent s
is less invasive than surgical procedures and the stents provide nore

| um nal space 14 than nost solid tube dewtc Therefore, nmetallic stents
have been wi dely used for 15 treatnent of gfenotl c di seases in humans.
Several different types of stents have been used 16 to treat both straight
and curved | esions (VBOVENBIFURCATESOAND TRIFURCKSEED SBENTSINt ,
cylindrical stents has sone limtations. One major limtation 18 is the
treatnent of |esions occurri at a bifurcation (Nashef et al., 1992). Many
met hods 19 for stenti ngﬁmMﬂT@@Bﬁf%MAgﬂNﬁ HE SAMEs have been

descri bed including side-by-side 20 insertion (Mrita, 1997)) pull-through
technique (Morita) 1987)) creation of a 21 T-configuration (Mrita, 1987),
Y-stenting (Fort, 1996), and V-stent insertion 22 (Schanpaert, 1996).
However, no ideal nethod has been established becau ly 23 straight
stents with a cylindrical configuration are mmmﬂ “ﬁ‘m avai |l abl e.
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24 Additionally, the use of such a stent to treat disease at or ngar
branch of a 25 bifurcation of a bl ood vessel runs the risk of con%fdhﬁs?q%
t he degree of patency of the 26 primary vessel and/or its branches of the
bi f urcat i ovo o0faBe» may occur as a result of -2 31 JU L 2003rM&dRkeA309
PCT/ US00102582 1 several problens such as displacing diseased tissues,

vessel spasm dissecti on with or 2 without inti mal flaps t hronbosi s, and

enbol ism For exanpl e, | f @ﬁ@hfff‘éﬁ“’fﬁ? ascul ar | esion can
be brrlfiged by two strai gh d‘*r ndrircal Stents arrange in a Y4 shape. One
of the stents is |onger form ng one |leg and the comon trunk of the Y,

whi | e 5 anot heThshpresens tapplicatisn adlaimshprdority toh®.3 oFIgmsmmb Ratent PApplitation si de

i -
ot endy ofSet LWghgﬁtli%qﬁéﬁrcL Febmact b Y9§39@i’ ey Browlion sl Apicatie o
h f f
it atl{ To %Q{ NB géflf?l’ 'ee OW O hb]t%O FHE%HE“% tc%UC?I %E%%BVétrgﬂi'CW%c% as a

interfere attfac

re

hi gh I opelisidsired afempcélheﬂr;mad;@oﬁw tgqresaenwﬁeraﬁamﬁm disthimhéie -
vascul ature, stenosis, bile congestion, 10 inflammtion, and eventually

occlusion in the bi i ary tree. In the tracheobronchi al | system nucus
deposi@ion wi | - r eadiield of hefnventioneri ous coughing, infection, and
exclusion 12 of the affected part of the | ung from gas-exchange. 13 14
SUMVARY OF THE tox '

Sui tabI e for |rrT;13 nt a%ltrqglr\r'é‘?]n ngrcgér}rgsl ana mpmﬁ étrb\r{ﬁlg%dﬁggseteﬁa?nf%&u%‘éss
but i 8 notand metHoesl fdrdpsestinig the sampé ima kibifurcited\arratomidabitricturdef i ne a first
| eg, which has a first distal portion; a second plurality of wires that
define a 18 segond , Which_ h econd distal portion; and a common
body that has # di sb&gcrépfép'ﬁgfgaé“g&"oxi mal portion. The common body is
formed fromat |east the first and second 20 pluralities of wires. The
proxiggl por ti Kinifods GudaITHRY d $h& U 08 HhethBict fentd bns
of both Iegs, Eoth len S orb tf}?ﬂ?{%ast onée1 wir?‘r‘ces?rco%a(])gefglf)fﬂtﬁéea""ql%lt of
pl ur alllr t i stenotic E&ohmoartmﬂnpumx:ibxﬂﬁrenn@mc)smhmreb fWallaenet aif, 1986; Palnraan

bod fi d d._pl | b de_ f
oy g FARe Y e {¥Roh uinedof ol d83: BRting et ki F96%3e ElRFSmBBt MLt om
Feet 113Fee§teﬁtrs i RN mddive Eﬂaﬁ‘ s ﬁgt?o'ée&ﬂ‘ei bfd the’ ﬁént@??oﬁ@&%?ﬁ RindhA étp%%@ S

may al so be made from FeN C or 26 FeWhSi Cr Ni he wres In
firstl4andteacwost solidr tabe tdeumesra;ilhmthrdtanetaﬂwdistanm bave? Beanawirdehy used Sor e

from agbout 0.006 jnches to abouf 0.014,inches.. The firs ality of wires
s EinenCar ARG cisenses Sh RS, SeXEAl Gierent PH-S b s et e have
t ubul g 2%&5@9@&ng“th3%9’(&%§:@@%§’ poghers. At |east one of the
| egs of the device may - U L 2003 WD 00144309 PCT/ US00/ 02582 1 be

hand woven. At | east one of the Iegs of the device may be machi ne woven.
The ATdevi ce nr%e usesef straight,chylindriead Stentsehasrsome limitatinesl Ooe majordimitatione

e e BB eSS R GG A TP Sy B2

nmade 1for omfdfiskednting uﬁsé Tesfoh8 WIEH stt@SiQtdnts hBve bedtaéschiBed Sncludin® Bidebyadide
i ncl udes, but |s not limted to, a 6 first plurality of flexible tubular

strad@s winsemiono (Merita, a1997r)stpullagtrott@t thehnigué | (Mpnta,stlaW)? greatiomnof The

ti 1 s piararggtel “Angnes 1987y dleding Frof] S8R &R TV pedresi ™ °

pl ur i t Y(Skfhaﬁﬁﬂirﬁslg%? ohﬁm@veﬁ nahaeat fiiethcd has ibeeh L&%hsmt bécaub®lonly
limted to, a second plurality of flexible tubular strands 10 woven to form

a seddnd s@gghtrs@ntswaﬂn acyliwivical ebinfigutatipn ar¢ comnigreially avdilable. t ubul ar st rands
11 in the second plurality cross each other to forma second plurality of

leg. At | one 112 h h d_pl.ur al i
obtu¥ The ot orpigraly e meiBe ek Bkl ol AR De Sonéa s BianBR Y5, °
that J5as Bif6RARBN OfROBIobENessdRins QHHTﬁék ey mg&xﬁgtﬂg{eael&gtae%ﬂ@tedcywthé he

first and second pluralities of flexible tubular rands. The confron 15
porti2én oprimayy vessekomdinsdis branchfisaefethe bifunchtionli sThis 1pay ocenrsasod result of r st
and second |l egs. 16 The flexible tubular strands in the first and second
pluralities may be nade from 2.




17 nitinol or biodegradable filanments. 18 In another respect, thg1iJueniidon
is a stent that includes) but is not limted to, a 19 first plurality of
wires that define a first leg, which has a first distal portion. The stent
20 al so iwologdgsse but is not limted to, a second pluralitypcehdphhRs,t hat
define a second leg) 21 which has a second distal portion. The stent also
includes, but is not limted to, a third 22 plurality of wires that define
a thirlb | sgverahprablems such: a5 digplacingdisgased itisshes.Tyrsselt spasmadissection; With @fes,

i star? o4 Hig YA e, FRHtie SPY SBeRE AT R o0 B

and t 3 rd fehwaghilht BSiodf cadSbebfi@fed Byewdr s |c%'1i>ﬂfrldapﬁtcﬁfs drffgnge@ranybody
is adjacent to the distal portions of 26 each of the three |egs. 27 The
wi res 4 n &hape. dPne pbthgistents is fonger farping onelpg and dhe eAmInA truniied the Xswhile

luraljty 28 of wi ' | .5 wires. . .of | d
Phe. cotmertpta s SiatEdusghed iR Bones R ool iy Phse i B Hurd?
tubul &g shepeshe Yishape Strahts ﬁlu'abioh'ﬂh%%a’i@dé%'_ﬁigﬁ‘lgef%ﬁmeﬁ‘leé gacﬁ}qa%;édyy thoe

| egs may be hand 2 woven or nachi ne woven. may al so includé a
graft Tmat dadtahattatshe site oft thaattachment ®f dbe Iwastentsibe stentmmastbofithe Idhger gteat t

mat eri al nay be made fromwoven .Dacr.on. The 4 graft materi al y be npde

(T om ol  ARGHRRER VT Froq APl s RIS e1ct 1uch ) ARShGTFHY Bash LiEBAroRYRRY

| ncl udgs, f&“f}hrbﬁbﬂﬁ& ahdl 'Boh&du xg)o&hfsiéd i thd $8kchiafire N@Snkid, ikl cohglstiand @
first end. The tirst leg includes, but is not limted to, a 7 fir wre

t hat Hhs anflammttigggaehtveantuklly satasion sagthenbiliamhiredy alne thee prackxtobdoriohiiah
bend jn 8 the first wire |ocated proxinate (near he first end of the

Pt rstlt g sieterm, mipds dnogien b reaekly Taeilhin tetiais SouEhing, MtFeHonApd Exclsion
aroungh t h ol i i d of the 10 first leg, and the
secon}cjiZ segﬁéﬂﬁtﬁfgf?grﬁsﬂ he %lgggﬁngasfaeé%%g d direction around the first 11
axis away fromthe first end of the first I eg. The segnents crass each
otherl3n a f rst 12 plurality of locations. The stent also includes, but is
not li4rited to) a second | SUMMARBORBTHE INVENTIEONS and a second end.
The second | eg includes, but is not limted to) a second 14 wire that has a
first, segnment gnd a second segnent.) which,are separated . by a bend.in the 15
secorti wire | ol i BRI VEBUPY Bnd SEit SOBANE dPr (HPIGURIAR B¢ The
first)eegurfbmidal SrhQBASHIE kdc‘ﬁﬁifck% l%ht“isan(f)t' fiﬁx‘itg&' It6,C& tfigﬁ 18 d2iey GftWfResSaPNd

axis away fromthe second end o t he second | eq, t he second segnent
ext enlds h@kfimead figstileg, avhichchasc fifist distal portiono arsdcandeplddlityeafowitesstias defiveya f r om

th d f th d | . Th h, ot,h 9 |
secortd ol B55QP AGE: Y hiF B § Srrond Hhseel Grasionoehs PAERRLOMy S 148 & dtal P e
10, 29CcoMgRA a HoRRMAY pbAiidh. IThel @niR6n boayidtorhRaTron? B?le%&dth_@fﬁr@la&r? fkondre

wires. 21 The first segnment of the first wire nay be positioned farther
from2the plurditiesxdf svigs. tTFwrprokimal pootion of hreesammmdn dhdy is adjacent te thet distal

I t | ti t fi I | 23 .of .| ti . The first
ceqmiAl PO £ Pofl TERcAobeth enin & A Grisk Spe Spcfroy e Oh ey PRcRih 55, ¢
than fohe $RERAPreHAHIR (ned) tHeiBsthll éndlofthé BomimoRdedy) Ocation of the first
plurality of 25 |ocations. The first and second wires may be nmade from

nitinol. 26 In another respect, the invention is a nmethod of creating a
devi @ sui t abl &he avirez in thediranangtscopnd plugaliticsanayt bmingde¢ frony niginglk. eTherwies

devi may_ have a first | .a second | e 28 0 . y.~Each | eg
my (e IO fiechng sefind pidhetfies BRY e e R ABRE gRR0 SSRGS T hes
{)r OXI255aI RPIthé OffrsBhda sébiohll aplufiliies ThyMalsB0de | Malid!dRém PeNiCS FeMndii 63 t ed
o, -
26  FeMnSiCrNi. The wires in the first and second pluralities may each have a diameter

27  ranging in size from about 0.006 inches to about 0.014 inches. The first plurality of wires
28  may include at least 6 wires. Both the legs and the common body may have tubular

29  shapes with substantially uniform diameters. At least one of the legs of the device may

-3-



31 JUL 2003 WD 00/ 44309 PCF/ US00/ 02582 1 bending the wires in a f3 gt 203
plurality of wires to create first bent portions in the wires. The 2 first
bent portions are arranged to define the end of the first leg. Each wire in
the first WOpPbM4ebity has two ends. The nethod--al so i ncl udegrnigedodsss Not
limted to bending the wires 4 4 |n a second pl urallty of wires to create

secon ortions in.the w re nd, bent ort| ns are arranged
o ok me e Bt woeh. | s 18k Sk e Teascel” T, e ich v BE i Sfvest TBEC LY
has two erBé%xceFH@ A8 RuR! 5 Qaftﬂﬁiﬁﬂﬂ%ﬁa@hﬁd toSat Rkt thé %ﬁﬁ&bntﬁbd Ve gt he
ends 7 of the wires in the first plurality to create the first Ieg, avi ng

t he erids chatetigd miaydsse mds frdm wevmnﬂ)apmnr aﬂhe%rafo materizlemap dbesmadn drdreg;
andvvewn t he ends.,of ”levmrsmbo {rr ities to create the
conmo IyHet hf“l'f'esgeq/ 5“’% SRayalspbe IBW ‘he 10 cormmon body is
adj acent to the distal portions of both Iegs 11 The first bent portions
may bes bends Orlnlaﬁ‘B%r ré_%ﬁct""’tﬂeeﬁwhﬁ'tu?]mf’s 4 bteft A0 thcAfkIEOWhi i nB} WileliltbS8 MY |
be made from nitinol wres int first and second pluralities nhy 13
each Have fasuplaratity of ﬂemjﬂmgmuhr strandd womrahnfmrﬂa (155 leglm}kmixas a fadsodistad. 014
e wres in t plurality

inches, The 14 s t he, ends th i
may be7 pePPBH%d Iﬂafgﬂ Hi%% lfgswqﬁae fthen rst 1’ ity sRSE gach P@gb@c@mm st

second | ouaft G it AFIGRE bilof e fikles M frTDuAN of addler I Grugeg0"
porti @n, &ahe stdntalso mmiudésoblm isagt liﬁmedao mrsaxmmplupmy odflexible tabzdmsgtﬁindend

The nethod 19 i ncgl udes, but is not limted provid “aﬁ a weavi ng syste
t hat liOnc| (HRYEN t9 {orm & serond Jeg 1@%@%sqcendahsr@1rp9mneﬁ{n lPhaqui@rsstfa.nﬂgt

fﬁ(r:rlp {J es) %%&%&bxﬁlﬂ;ﬁmrﬁlj %é%h (gendjlg ng"ﬁﬁce&(\?\n&nira I&]LHED& anys}t%‘ F’;Sﬁ ngéa}‘ P %/sgz

of wil2es af chenahgldsdn the sstondpiptalite oparglesds obise.t Dhestertttatsd intlutles) Bot is not
portigns in the wires. 23 The first bent portions are arranged to define
t he elﬁ’»d o#mmréi to; pomraegn bpdy: thahihas a gpmaman partiqn: sThe; pomman: Yodyais forpednds.

The q‘r 2P léa ﬁl'édﬁr?t a{? tseéo%d[@hralh'ug% g?glgsﬁ{&le %ﬁ%@raﬁ&a ﬁe‘@onﬁﬁoﬂ h a

secon pIur ity of wires to cre seco ortirons 1nthe The

26 sddond pbetiun gfahd ¢anmonbedyis aljapedt toahel dfstad poﬁhﬁs efwhedirst dnd seﬁﬁﬂﬂdgd. eg.
Each wire in the 27 second plurality has two ends. The nethod al so

incI es, but i I|mt d to, ,wea 28 f.the res t he
1 r st ural ¢ hediesia fubdirsumnas it Hedfistnd seeend REdiiss T e @ade Bgpt os
int se t he second | eg; and weaving the ends of
t he vrl\nqr esm%mli&?%lé_éﬁﬁ%% é)ﬁ otsﬁ pluralities to create the common body and

the stnt. The proxi nal port| on of the commn body is adjacent to the distal
portiléns of botlh ahether mgcqthmetimmIMSIsafstatt thatascludess but is het luinited to,ma t he

first,plurali W res cat oXi t he.. d] end of,.the conmon
body 195 ThEtatrafly oy Re Fiak do 5 st leB. BRhihes & s BB ety The Stk

secomng t em%beih&uaé%abuhﬁ%oi inﬂﬂ:@ fof %Eé’&ﬁl llil'iﬁ?’cili'tye of W%§ that defing 'a%koxﬁf‘ligand a
distal end; and a third enpl ate that a pr oxi mal and a distal end.” The

di st &1 enwdidf hasrveserconé ﬁlsaaldmsm ndhe etept alseanm;esbbutasm dimited tooa third

Phe v e PRt B oied Shileriis vt R, v hish il 3 e e B SR h emr AR e
in ths Seﬁ&ﬂ%ﬂe@'b&ft% nb liftliteWth 88 camPEHbddyhaekrand fcﬁi?ﬂhlafa&tlﬁﬁ%ﬁ%tdlﬁ’ﬁﬁ to
create second bent portions in the wres. “The step of weavi ng the ends of

t he Mr esendy Tbe icommonabadyiie fommed froml atdeastvelwﬁrsg setandeanik thixid plhmalities of i n
? ﬁgh gggur % I t | eﬁ\eaﬂrggﬂlqaltp%%lénh Iolg %c o, on otdg)' 1? rasﬁggntttgethgmn o%ng of d

26  each of the three legs.

27 The wires in each of the pluralities may be made from nitinol. The first plurality

28  of wires may include at least 5 wires. Each of the legs and the common body may have
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The weaving system may also include, but is not limted to, a sec@rdJuL 2003
tenpl ate 15 having a proxinmal end, a distal end, second tenplate
projiections arranged around the second tenplate proxi mate (near) the
proxi mal ¢sodidaggecof , and an openi ng positioned between thg.cg);,{%bmszand
di stal ends of the second tenplate. The opening is configure 0 accept the
distal end of the first tenplate. The step of bending the wires in the
second pl , ; . . ing : .
o ur alt {y flirsheits S bRk G AR SRCRD A1BatohE0t 18 UEIAPEoRE
second bemovpwbt immokine wdvea. Vithe agent iag aldodpclalie wepalt n@teriakbthanissatathdédo
wires in the second plurality may include weaving the ends of _the wires in
the sécondt [seththpicoymenbedy- 1 Hae praft materigh map degaadsniomeypyey Racrgpqt ke
proxi pal | ' | te the second | eg. The step of
weavi %g t rea?{errxllé{s&ﬁg?ﬁgﬂgg\gx}atrdg?o?{n&gg@ﬁﬁ%ﬁ%r alities may include weaving the
~ends of 25 the wires in both pluralities around the portion of the second
tenpl 8t e | ocat &4l afothertdsyeodS the hevenpeniing stdme nledt rinélades; ot 3 ididimitedto) dbody
and the stent. The first tenplate projections may be pins, which may be

ia:

att acRed fiEst i thaphas fyfimseatisiansdise ardy diherliratpie vecludencbutiis Reidimited Ko

of i os T bl B ' {FuhEfeghine ARENcPro biudeBiich Bed Banley St Y,
l'imted tthe fiRt Wifkdlochtes §rloxiiateCinetd Thifirst dnideofeihd SirgHl legNETVY fifs® segmb@t h
pluralities. The closed structures may be arranged to _define the distal end

of th8 7 extgndsihglicallpin pdfirgtodirection apaundgbe figstsers awanframnthedirst enthef thet hod

may SO t 1 | o . t. te i rst
Fopit0: o. NETI4E RN sechnd Rheroaqeh Ba Reicd( el BHeBbn ARtmg b kg

f or mipar t agit aWag feore R firsteadi dfi atfireNiegN ATl seghivhtsUstosk é4th; otherf ir 4 st
denonstrate certain aspects of the present invention. The invention may be

bett d2 6 Phsdity pblogatignsy dihestent alse inchides.dut isonas ligtiteditesesegprdilegdhatihas a
conbi,pat i Bt h. t 7 [l pt N L Lustrative enmbodi.nent.s present.ed
noroig. sepll g P s RE A THE sBong 1ok e Bl S 3R PR SRk BRGHG 1 o
one gabodivifeithathadh firkisepmentestid 4 s8¢ond séiinent Owhickrarel @phratcll 15 4Bend Mthef t he
arrangenment of wires in a plain weave accordi n?tto 11 one enbodi nent of the

presdat | spgerd wing locatedproxmate (near)ithe prcond end of thg speandrlegt EThe Srst sesmentned
fro WO W J : e i t of . € ' o 14
i & 16" BLERS IRGEAN EakS et SO TEnd0lnid A PHERIE stctiBdl.
to o0 15therbamidieg)tandithd feoid sspaivint exeesdy Hedidallylin £-$écond directivnReswniibEtei ve

view of a delivery systemfor a bifurcated stent according 17 to one
embodf mentecerd axis ayak fiom therspeond end of the second leg. The segments cross each other

19 in a second plurality of locations. The stent also includes, but is not limited to, a common

20  body that is formed from at least one end of each of the wires.

21 The first segment of the first wire may be positioned farther from the first axis
22 than the second segment of the first wire at at least one location among the first plurality
23 of locations. The first segment of the first wire may be positioned farther from the first
24  axis than the second segment of the first wire at each location of the first plurality of

25  locations. The first and second wires may be made from nitinol.

26 In another respect, the invention is a method of creating a device suitable for
27  implantation into an anatomical structure. The device may have a first leg, a second leg,
28  and a common body. Each leg may have an end and a distal portion. The common body

29  may have a proximal portion and a distal end. The method includes, but is not limited to,
-5-



18 FIG 4 is a perspective view of a portion of a delivery systemfadobr8ihg
to one 19 enbodi nent of the present invention. 20 FIG 5 is a perspective
view of a stretched bifurcated stent on a delivery system 21 according to
one enbodM@EMY443H9 t he present invention. 22 FIG 6 is a permpeosoow2sss ew of
a delivery system according to one enbodi nent of 23 the present invention.
~g_ 31 J UL 2003 WO 001 44309 PCT/US00/02582 1 FIG 7 is a front view of

a trifur cigéndthgsthe Mired G @ figkt Plurh iy of &vifszho et firsOberit POrtibni i R Wirds) VR | on.
3 FIG 8is afront viewof a trifurcated stent in a delivered position

accordi ngfitsh bantpostienthadiamengedoto dafineghe sadtofithe finstilegy. Eaclrmdire ia the firstf r ont

view of a_.bifurcated stent, accaordi 1 e enbodi.nent of ifhe.6 present
i nventi orplt i Ef%f§'q ends. 5P%mCﬂ%ﬂ € o‘lnggl(%?’f ésa?oetgﬁg’#eéﬁtto’ f’?‘f‘_dén%&ei%?sed
posi t4on RGCREshdSlufLitPoLwResioReetitBton@beatoriiomsiaithe WiréeNTheSecofld BkAtS.
11-19 show stages in a hand weavi ng net hod according to one 10 enbodi nent

of th® prrgdens prgvamanged to Mdefing the 2od ddpthet second leg. f Jraghtwige 4n dhe second

delivered into th j h di 12, i of ih
or cseh VRN bt B o B Ao dn e tif R PRI o e B e Endsg
nto ghe Gt hirdiifhaBRpHiiytS cidhiOfte SADRG Malingthd BRIEPHEires in

i nvention. 15 FIG 22 depicts a partially-covered bifturcated stent
del i v&r edhe seaondipdumalityt toccreate thel €camdi legs ahd rweasingathe ends ofiktheswiresoc botli ng

to one enfjodi.ment of the present inventjqgn. .17 FlI 23 1S perspective

vi ew °§f {Tlﬁlér HEH A CESG ?ﬂe %"’B‘F‘Pﬁr@gb'eﬂ’ ?fwe\ae%oﬁa]enwan%sp@ﬂene?ﬁ)m ment
of t Pr&s&hbn i ' I | i ve view of the tenpl ates
for l(}Sebi furca{meg%gtﬁpﬂl%mﬁﬂgoﬁe@?gﬁ)?@sd%og?%%h according to one

enbodi nent of the present invention. 21 FIGS. 25A-C is a perspective view
of wlkes woverThenfitseentepopicnsasay babendseort loeps. 2Thamtires lie ¢the fHirst and seaamdbody

el At e alibChel BE MER RO RRG! HESWARESH et Sn 103 SUBRELTERY ©f
13 each have a diameter ranging in size from about 0.006 inches to about 0.014 inches. The
14  step of weaving the ends of the wires in the first plurality may be performed by hand or

15 by machine.

16 In another respect, the invention is a method of creating a stent, which may have a
17  first leg, a second leg, and a common body. Each leg may have an end and a distal
18  portion, and the common body may have a proximal portion and a distal end. The method
19  includes, but is not limited to, providing a weaving system that includes, but is not
20  limited to, a first template that has first template projections, a proximal end and a distal
21  end. The method also includes, but is not limited to, bending the wires in a first plurality
22  of wires around the first template projections to create first bent portions in the wires.
23 The first bent portions are arranged to define the end of the first leg. Each wire in the
24 first plurality has two ends. The method also includes, but is not limited to, bending the
25  wires in a second plurality of wires to create second bent portions in the wires. The
26  second bent portions are arranged to define the end of the second leg. Each wire in the
27  second plurality has two ends. The method also includes, but is not limited to, weaving
28  the ends of the wires in the first plurality to create the first leg; weaving the ends of the

29  wires in the second plurality to create the second leg; and weaving the ends of the wires

-6-



31 JUL 2003 WD 00/44309 PCT/US00/02582 1 , FIG 26 is a perspective view of
a bifurcated stent woven on an assenbled 2 bifurcated tenplate according to
one enbodi nent of the present invention. 3 FIG 27A is a pergpesii ygg Vi ew
of tenplates arranged for use in formng a . 4 trifurcated stent according

to one enbodi f the present i nvention, . FIG27RB is a. rspective
vi ew of terrpfrgﬁé% pil?rﬁféttﬁ etg .cfecﬂ?e B’fec opﬁngrbﬁ?ﬁynaéxdg{h% SFP%f’ﬁ?ec%Pég?angﬁlonaﬁd.
W res woven tHeedoR@foRB6dY diaBfcé R 18R @SRIOSHHBIN ofoth NBs RAEERvo bnli¥LAL | ON.
8 FIG 28 is a perspective view of a biodegradable leg with a reinforcing

wire 9 accor dagipreeidhewirahicthending pbiralitief prirss aret lotatedprioxmate 1@ dista end9 | s

a perspective )cﬁseew of bj odegradable leg with a reinforcing wire 11
accordi ng toog OB di ment of the present invention. 12 FIG 30 is a

front view of an gidQE.pRb s§QLhi fhaPRSY INERMe DRLRYnbt BR{EH0Y sddnd template
transcat heter enbolization accordi'ng to one enbodi nent of the present

i nvention. 14hafh@s s8dondstemptatp eodjéctiony,i @praximal ¢rehphdinalistalt énd; andia thiidnal
t abs around whi ¢h W res. are ben ccqrdi.ng.to,.one enbodi nent of the
br esent | nvelftaiite e iieRings fod 60 A Sl st s IS et L o1 R 96 Sefrnd
I ongi tudi nal ¢RN,R0nRERE Wnkigurkd faeeél gﬂa;cl@g Vgitlﬁhﬁhezé]roﬁ%@réﬁ'dngf HR fRe

enbodi nent of the present invention. 2B is enl arged perspective
view of a | ongmplati ridle stepbofthenidigete wire 9n FHeGec@id plucalidofmrirehimay wnalwdel s

O N T T R NN AT
o0 IR 2 AR 0o, e MR ORI G
| oner weavi n@f phatvéres pn dotldphiralitick nhaybinchsle 2¥eazinpothdi ends tod tieneviresring dothe nt
of the pres e?) urictlri]t\lleesr;.trci)u%rcli' the tHi_rd_t%gplategt]é c‘g‘ealtJe tIBe %ggl:r)’non body and the stent.
The weaving system may also include, but is not limited to, a second template
15  having a proximal end, a distal end, second template projections arranged around the
second template proximate (near) the proximal end thereof, and an opening positioned
between the proximal and distal ends of the second template. The opening is
configured to accept the distal end of the first template. The step of bending the wires
in the second plurality of wires may include bending the wires in the second plurality
20  of wires around the second template projections to create second bent portions in the
wires. The step of weaving the ends of the wires in the second plurality may include
weaving the ends of the wires in the second plurality around the portion of the second
template located proximally of the opening therein to create the second leg. The step
of weaving the ends of the wires in both pluralities may include weaving the ends of
25  the wires in both pluralities around the portion of the second template located distally
of the opening therein to create the common body and the stent.
The first template projections may be pins, which may be attached to a ring
engaged with the first template. The method may also include, but is not limited to,
securing the wires in the first plurality of wires to the first template. The method may

30 also include, but is not limited to, forming closed structures with the ends of the wires

in both pluralities. The closed structures may be arranged to define the distal end of the



WO 00/ 44309 PCT/USOO 02582 1 FIG 35 is a cross-sectional front v§ewws 2003
upper and | ower weaving plates 2 arranged on different planes around a
tenpl ate and provided with bobbins and wires 3 according to one enbodi nent
of the pr®geo/44evention. 4 FIG 36A is a top view of upperp@fifisdonitsdz
weavi ng pl ates provided with bobbins 5 and wires and arranged around a
tenplate, and illustrates the first crossing of the wwres 6 according to
one ertbodicommonobodyl€Tlpy mehiod mawalss inefudes/bitl iSnoB Ghited @ Hebdi the st @id a
smal | caliber |oop formed by bending a wire 8 according to one enbodi nent
of the pr&dist iempatei on. 9 FIG 37A is a top view of upper and | ower

weavi ng pl ates provided with bobbins 10 and wires and arranged around a
tenpl ate, and illustrat g } A 11 according to
anot hgr enbodi ment of tﬁ?%@%ﬁ?ﬁmﬁﬁ%’ﬁm% %Wgs@%. s a front view of
a bend forned by bending a wire according to one 13 enbodi nent of the
presedt i nvent iThe.folldwhlglraWhgs Somn jpear of ¢ied present ispecifidationpad afisiclude® to ,
weavi ng plates provided with 15 bobbins and arranged around a tenplate such
that Phe &Heademopstraty geriain aspegtsfdhe presensinventign; dietdmention may bedstter
extend fa i i - . 1?
nvent: onC AP B EERRAES LS G O nRRE o THOLS: BRMINGY 1} WGmBITERST it e

pl at eg pr assceiptonviof ukGatedihbedimests Wrésefited héreii.r anged around a tenpl ate
such that the surfaces of the weaving 20 plates from which the bobbin rods

extend face each other according to one enbodi ment 21 of the present
i nvenBi on. 22 FlG. 1Aqisiagpezspeeibyn vigweal abifirgated stent eenosding tepnesempbodimgnt n

2
si de- gy- sj r i i 23 with each other in the aorta according to one
emod?mnt’y@?p?%sgh%oﬁlggﬁe}% “invention. 24 FIG 41A is a perspective, partial

cross-sectional view of a tool for twisting the 25 wire ends of a woven
st entl0accor di nFIGo1Brie agideodewniftheoarrinpemehesLwires iy & pldiwWeaveldecordig tb U L

2003 WO 00/ 44309 PCT/USOO 02582 1 FIG 41B is a cross-sectional view of the
j aws ldnd eRR @RbeRimenhef e prasentigygntion.
12 FIG. 1C is a front view of a bifurcated stent formed from two wires according to

13 one embodiment of the present invention.

14 FIG. 2 is a front view of a proximal portion of a delivery system according to one

15  embodiment of the present invention.

16 FIG.3is a perspective view of a delivery system for a bifurcated stent according

17  to one embodiment of the present invention.

18 FIG. 4 is a perspective view of a portion of a deliver); system according to one

19  embodiment of the present invention.

20 FIG. 5 is a perspective view of a stretched bifurcated stent on a delivery system

21  according to one embodiment of the present invention.

22 FIG. 6 is a perspective view of a delivery system according to one embodiment of

23  the present invention.



2 illustrated in FIG 41A. 3 FIG 42A is a perspective view of a pbrid4lodiles
the comon body of a scent woven 4 around a tenpl ate having transverse tabs
according to one enbodi nent of the present 5 invention. 6 FIG 42B is an
enl arged weyapasdd ve view of one of the transverse tabs angeipssi sy W re
ends depicted in FIG 42A according to one enbodi nent of the present
invention. 8 FIG 43 is a perspective view of a tenplate around which a

ring Raving fi mmisrhsfr@mhﬂéwbﬁeanﬁfﬁ%%@%gny a@éwmg@o BRE OhbbdifhehP 0P iR

enbodi nent of the present invention. 10 Fl 44 1's perspective view of a
t enpl &t e peesemgniémiomh hol es t hrough which 11 finish pins may be pl aced
according to one enbodi nent of the present invention. 12 FIG 45 is a front
vi ew gf upper l,ower .weavi ng ptates sypported by a weavi.ng 13 plate
suppogt er acco J&n& ISR RRt uey imPrcaﬁeat%@tﬂPés‘gﬁf’e‘Fa\%Qﬂ ‘Pgﬁ‘.cc% Ing @ 46
is a ger Sgﬁ&Efn\SGdPﬁH&Wo?h%‘(’)ﬂrE@nﬁng pnation of two tenplates on which a 15
“bifurcated stent may be ven according to one enbodi nent of the present
i nvention. 16 DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 17 As shown in FIG
| A, tBe presentFlGa9dnta frontooenp of adsifuacaed stent Bccovding to oneyertiBodimehudf the
corrrmg mai n body 20 and two | egs 30 that conprise one coherent elenment. 19
The r&di aPTeﬁeré‘%émBIe and flexible tubul ar bodies of the stent may be
created by using 20 the principle of plain weave. The arrangenent of wres
in aplain weayqg, $0 it aUedrt 3 of ngﬁrc%{eﬁ sjcakt Zxﬁ‘sa d@li%reﬁ%oﬁ’iﬁﬁﬁ%h«g}ﬁ' in%({oow ' n
greater detail, the weave 1s started on two separate - straight te ates
f or nm8ki ngnd émbbdigenBOf thegpresentdnvdntioned on a single straight 23 tenpl ate
for the common body 20. The stent 10 nmay be made of nitinol w res and nay
24 utilize nitipal's erelastic properties. In one enmhodi nent) the
nitindl may cohﬂﬁﬁsééggam S3EESCH, 1 DRES HFAVEBGBETRY. APOTOHTE off v
(comygr ci ghbydi ;bmg?,;gegmmﬁ, 26 Menory Applications in Santa C ara)
CA). It is to be understood that stent 10 nay al so -12 31 J UL 20031 2
34S6789 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
11 FIG. 20 depicts two bifurcated stents delivered into the aortic arch according to

12 one embodiment of the present invention.

13 FIG. 21 depicts three bifurcated stents delivered into the aortic arch according to

14  one embodiment of the present invention.

15 FIG. 22 depicts a partially-covered bifurcated stent delivered into the aortic arch

16  and sealing an aneurysmal sac according to one embodiment of the present invention.

17 FIG. 23 is a perspective view of the templates for a bifurcated stent according to

18  one embodiment of the present invention.

19 FIG.24 is a perspective view of the templates for a bifurcated stent in an

20  assembled position according to one embodiment of the present invention.

21 FIGS. 25A-C is a perspective view of wires woven on leg templates that are then
22  attached to a common body template on which the weaving continues according to one

23  embodiment of the present invention.



WO 001 44309 PCT/ EJSO00/ 02582 be formed of any superelastic or pseudgél é{g'ri@oa
materi al . For exanple) shape nenory all oys such as Feet, Feed, FeN CoTi
with thernoelastic martensitic transformation) as well as alloys such as
FeNi C, FeWwm@443end FeWnSi CrNi, the shape nenory effect of péirgbodiekses on
stress-induced martensite) may be used. As shown in FIG 1, ends 15 of |egs
30 have a plurality of closed structures. These cl osed structures may be

ei then small clFE€ed6!ioapperdfective DaEWISOSR. biRntiedanms WwOve @nsarplabsetibded d

| oops 45 may be forned by bending a wire 40 at a sel ected _point |ocated

bet weén thﬁ@éﬁééemplafwcwdmtopm erpbodimgn pf thetnressst inveptiere| ect ed poi nt of
the bend or small closed Loop may be close to the mid-point of wire 40. The
cl oseq structu d Syial€ r I e. C

st ruc? ures for g@ gszfegn%ﬁ)ﬁéssgcﬁfewl ‘élggl ﬁ?ﬁ%ﬁ}la&% %Jg%géadgmrra%e !snuc% agg a
perfogati Qﬂﬁrdﬁfcd&@&?ﬂhécﬁﬁdiﬁ?ﬁ) érie driibdimbatl GITthé bfeséit iiventiofnt ed than are free
W re ends. Moreover, both [oops 45 and bends 50 provide many significant
advant ages) sone of which are unexpected, over woven devices such as the

st ent 5di scl ose§{IGn2TBds Pacwspectine. viaweeh templates anganged efor (usgsin) forming a

i crie. apsalra s g Rk vl ineeelf hEp e Ty b Piponcntion 8 pReteh 1, ce

W re gndsipveftion. nst ance, the Wallsten patent recognizes that the free wire
ends of the WALLSTENT should be protected, inplicitly acknow edgi ng the
potential tissuedanagi ng dangers such free, sharp wire ends pose. The

val | s8en pat enFIGu2Yds @spenspeetings visy ehiachiodegradahle deg ovith at weinforcing, wireese
dangegs, s%chd.astconnect%?idnrﬂ Eh free wre ends to each other by attaching
U shaped FERBUPEIY ohs sadtyons QEemEtetb BVaMIS™ oluing or the I1ke. These
suggested nethods are likely time-consum ng and, as a result) expensive. No
suchigteps neeRIGM2PEs b etiveCiedt bN@ BioHEBaddnIOBeg itiPla R|TRIND wefe t he
present woven bifurcated stents as will be discussed below in greater

det aill . FRAcPriing to heecenherabadiment of dhe presens investioRhe net hods di scl osed in
the Wal I sten patent are likely nore prone to nmechanical failure than are

| oopss 45 or be f cesent Lhu ts.. FO e,
wel d?%g can i n?%ﬁé@eﬂa%g%f Bréc? ségc%xy%\éggrrng% lsgo%%%gﬁﬁﬁé{;’ ?’glsnél {re%q%’((gm t he
non- i f oiranseathétet émbelizatioh acdoRNStosNeEhibddimentadfahe presontdaventiont her
irregularities resulting fromporosity; inclusions (which include slag) -13
31 J_U L 2003 00/ 44309 PCT/ US00/ 02582 | oxides, etc.); etc., into. the
wel d& metal tBYs- 31 dnpespective yievoat ademalate ndtholonsitndingl tabs arqund whiche ases
t he op i I i j e locations. In
cont ?%st)e\ogégt gi)glcitn%cfh'grd@%rtggge %ﬁ@%gﬁgﬁgﬂggﬁ ?élehtgﬁit"ﬁﬁ%ps 45 and bends 50
are virtually free of any 4 such induced stresses and, as a result, are
muchl6é ess | i keFIGs 324 as bn efarfed pevspectivenvipat efhthedbsgitudinajetab sind|benhyitehe
free wire, ends), thod that 6 provjdes evep less structyral integrity
thanl-xnan WF%?%@%£%@’&H& o 8&%?’?*’9!‘5"{9858 the PIESRRLIRVERRON- i ned wire ends
is only as strong as the surface tension between the glue and 8 the netal
usedyg Consequepycy32H ¢ sh Mnlirgéd PRipltive. TRAP d" #N6nditudiAdll tibe dégiedin

wel ded 9 joint suffering fronTt anomal i es Just discussed. 10 Siml arly)
the V&l | FKR Jatremnd whichlaoziesisfhensto forim a kapgacebrling taconeeinbodimeat bftttei ng
to 11 weld together the points of crossing of the free wire ends in a ring
arou trﬂei"‘t"g’rﬁvﬁ?ﬂf"&Z then folding the free wire ends extending beyond the
wel ded ring inwardly with light 13 plastic deformation through controlled
heatpng. This PRLNSS ik WVRINMREH MOV Iof 4 Rird IbER! Yrobfid! RUBASEIAR 2B arldne
anonal i es di scussed above that can result fromwelding) 1t also 15 invol ves
an a2l t i wrappedsaround a pair ofisobbirisraceordingApanhe zmbodeméntexf the peesentdsventionf ol ded
16 inwardly while being heated. Thus, this proferred joint is simlar to .
t he ued j oi i hat 17_it s |likel,yy even nore prone tq.failure than one -
volting bl I3 ek toBdia: of Spger e Iguiet MeaRipe lah peo At vt BabbirR, po.
usedpf o CJc@_@Fdﬁmg'tB%Ecﬂx%oﬁnin-p&lﬂépﬂc%ex§Qn9$nL¥dﬁe present woven bifurcated
stents provide devices wth safer ends: no

unintentionally penetrate and damage the wall of the structure into 21

whi ch they are delivered; bends 45 or .jgops 50 are nuch less likely to
mechanically fail 22 than are the free wire ends that are connected

t oget her using welding or glue; and the 23 likely tinme-consum ng task of
creating multiple welded or glued joints does not exist. 24 Further, while
the cl osed structures 55 (discussed below in greater detail) may be 25

rei nforced using nethods simlar to those suggested by the Wall sten patent
(i.e.) such as 26 by welding)) the present woven bifurcated stents have
fewer potential l|ocations for using 27 such nethods as either bends or

o s e Y Y oy . a ~es 7

ree wire 20 ends exist that may .
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WO 00/ 44309 PCT/ USO0/ 02582 equating one of the present wires to two wires
as those are used in the WALLSTENT). As a result, the potential for

mechani calwofoaisyzepe of t he present woven devices is reducedpﬁfﬁ,%(%zggi y. In
addition to the foregoing benefits, |oops 45 and bends 50 also provide
advant ages over the nodified free wire ends disclosed in the Wal I sten

pat eny di scuss h AL L HNBX t I ' n have
foundithat the?(ilrrg'grilss\(;fS %ng%%s?gﬁ%ﬂgﬂﬁeggﬁo?fé‘grgggﬁ?é\agﬁ‘heﬁbgﬁ]ﬁgégat dbfs%{ieg’nts
may b foam@mtgelrenmdiffaseit planedsarobhad acemplde aned phovddeda withnbebtdie ynd ivies
WALL, STENT (even equating one of the present wires to two wires as those
are uded Rerording {peneregdimentRfdhelpresenf ineREOxpansil e force of one of the
| egs of present woven bifurcated stents of a given size may be nmaintai ned

with fjewer wr t . : | le [ he.force
of & halLsTenT ig- SRR LTS SHERE a0l BRifl pARSIABRIEK BB HBIL! (7
e., by ingicesiengndaghngsl arduid & tethplath, 36d sihadates iw\fitsy ceossingeof tietwiids) .
Simlarly, the inventors have found that the sane result may be achi eved by
i ncr e@si ngFcording foeRe capbagdimentof the:peesent jiveBdomAi t h or wit hout adj usting the
mesh tightness. As a result, the anmbunt of netal needed for the |egs of

Compatabl y- o1 20 ict e oo &Sl Gubricoly B, 7 BefE B B8, "

necesgar yadeidihg td Giedniticdmém of thoplesén yriveiton. and al so neans that patients
are less likely to experience thronbosis and/or restenosis. As a further

result, the vari eti/ of sizes that may be created for |egs of the present
woven? bi f ur cat EiGs3thissa tapaviewof mpppicangd Ipwer weaving;plates provided with\hohbinsof
each{hs vij LM t.e I acili I Vi . al i al
appl 185t 1 i Wt o BrbAepSoutd £ eEplalel G Uhlrddf e Fil Bdstind o RPVIH
shor1Eni ngccofding & anbitee elbodintat bhehepréssntihventivan bi furcated stents, nor do
the dianmeters of the |l egs or the common body of the present woven

bi furcated step increase during_bending. Thus, if{ is easier to accurately
and P?edi ct abﬂ}"f(;oé?rh iHA TRk Vise OF A bend fermag by bendiing a syigs pecording t @ ous
anat t Qabbditne A er woven stents that shorten nore or
suffg:?yl ar gerdl%ﬁgfoggg%gﬁ?%&%ﬁg?@r when bent, such as the WALLSTENT. For
exanple, a tightly-woven | eg of the present bifurcated stem 2.5 cmlong
measid ed from FHG. 3k operspéctive Idew U uipp@3andloder wé3dagRIathiSpividad®ith t he
| eg the.start .of the co n body (see Fl I 1Q mmin .di tesr,
ot 1 rEnRbs RRIGrIgnEs] HTOMR 1ab hieuce hHbGe FHItheEs SEARE WoRing ARSI 15
of the | eghicRWRY Bbbbhfrods bReAl kR eath Biler ocbidifE®! che CRBIMMBRDE thdpreddii NO
shortening or dianeter increase , 4 occurs during maxi mal bending. In

cont FAst ,invention. WALLSTENT fornmed from 24 0.005 5 inch wires to behave
simlarly, the inventors found that it should be 6 cmlong and 9 Mm 6 in
diangger; alt when manipul ated.in a siml|ar manner  the WAL | STENT 7
expet? enced a%h$9n{‘,sr %nggperclqga ivAgRE Of PPB?{&“S?%’C% WSPYIRg, Higes ﬂﬂ]’é#‘d[LW

| engid- t oot EdaVirdstdndoaraged Bounar8MpEe fichthit thesarfices ofihe Melving
respectively. 9 At least 5 wres {the nunber of wres used being designated
by n20 mayplbtes firoat whichitbe babbipiradsiextend fhce wacheethehatcordingite 2o embgd3gensf t he
sten# 10. ‘I;ne num’t)er o& wres that 11 formeach leg 30 may vary. As shown
in Fth 19 the RESERt MYENUPR-ysed to formthe | egs and 12 common body of stent
10 cross each other in a multiple locations at multiple angles. The 13

angl g3 bet weenpl.e40cik QFrdnf Sicd 6LEvAbiurBited QEMD pYaced insitle-bly-side feRitdnEHIpn 90
(see_angle a in 14 FIG |A). However, it will Dbe understood that acute

angl 8% nayith eadltatherie the dontazgcordingdorpe smpodiment phtbapresenkinyenfian. nay
typically be about 150 for applications such as 16 the aorto iliac. In

- | dj h ypiical ] y b 0 17 f
appl Phat i ons. Sti Rk BERprs Rl FroMErecihn B b SioBr B hdine s
anot #er ex¥REBhE of alovRARRML BRI dink BE oREEthSodiRYnt}T thy PresétliNverio! 170 for

applications such as the superior 19 versa cava (e.g., for space occupying
| esions). Angle a should be increased as the desired 20 radial (i.e.,
expansile) force of the |legs and connq_lpody of the bifurcated stent 21

i ncreases. Further, the radial force of 'the | egs and common body of the

bi furcated stent 22 nmay generally be increased by increasing the dianeter
of the wires used. Thus, angle a 23 nmay be held constant while the
dianeters of the wires used are increased and) as a result, 24 the radial
force of the | egs and common body of the bifurcated stent increase. The
weave 25 is contiguous, neaning that the weave of the common body is forned
fromthe weaves of 26 the two legs, and fromthe |evel of the proximl end

~ - Y o B Vs - ~ o - o o o




3 ~ ~m 2003 WD 00/ 44309 PCT/ US00/ 02582 | of common body 20. At the gdi SUrl 2003
or top end 28 (stent crown) of the common body 20, 2 adjacent wire ends 42
may be coupl ed together (as described below) to formclosed 3 structures

55. Becauw® @p@son body 20 is formed fromat |east the W rescyaddondsdsd | €gs
4 30) both ends of at |east one wire fromeach of the legs is |ocated

proxi mate distal end 28 5 of conmmon body 20. Wres 40 may range in di
anetery from ab@G. @10} i Redieseétonab eitw Bf And liDvé A6H SuterdRRBING] T0thentobhe
application. 7 As used herein) the terns "distal" and "proximal" are

rel atidve tkustratedrin FIGTHBAS i nventors do not intend to inpart any
linvtations of any kind through their use. For 9 exanple, as discussed

above with res FIG |A.end 25.0f co body 20.,is 10 described as -
Toroxiimi * whi RACs 68352 BropeivE 1 h &  peRE B ug Fohmien ol af as EREWOPR v
11 conf exfaroudd d Ebn?dlﬁteq{abﬁ{g e AHRVENE SatResRbiting 16 DRe lABBHiRBIYof tﬂéiﬁé’écﬁt

relative proximty to 12 either the viewer of the figure, the operator of

t he ddl i vémventieni ce on which the stent is 13 nounted, or the |ike.
Accordi ngly, because end 25 is closer to the viewer of FIG 1A 14 than is

end 2§, end 25 cri bed as,being.."proximal" nd 28 i s described as
bei ng 815~ di ot FHO- AT an SitaepE Rsmeeral s O opa Hahe FRbuEte bR grsted.

per t aigni Ng,ifeQenlit Gepicted iPIG. 2N h&idkdithy &0t eribSdimehPof e pRAGH ihfepgibASd | n
FIG 5 fromits orientation wth respect to the 17 viewer depicted in FIG

| A, Accordingly, as stated belowwith regard to FIG 5, sheath 18 190 may
be ori8ent ed ov#IGt 43is'pparspentive viewdfaftemplats arennd whicksaneg baving faishipins
described, 19 as "di | " end, 28 wi.th respect to FI | A. 20 .Bi fuyrcated

St ont 910" ha peEP deatEblsneae ECAtine o g bosiment Qfdhe Bissertinvenier. o1 1c

| egs 30 have axes 31, and ends 15 (which may be termed proximal ends). Each.
l'eg i1y 22 showprgs 448 Q%e‘??ﬁs&i‘?ﬂ: {fe@bfa Stmplate Whvifg 4this hoRE {RBESE Which*6 of
wires 40 are 23 separated from second segnents 47 of wres 40 by bends in

t he Jilr esfifiish pinsemayhbpplaceid dondingte ons enibodimdrit off theapresdng invigatittends 50) )

whi ch are | ocated proximate ends 15 of legs 25 30. As shown in FIG 1C,

first,,segnents te elically in first direction arou 2h axes 31

away 1 o endoFIG- B e feontaias” Btpmper pd o vt Seairelinise Redr R By acr i

hel i g3l | yplate stippértérecesidingits 8¢ eMBodnb Of the HFesdht MWaMtid.0m ends 15 of the
| egs. First segnents 46 cross 28 second segnments 47 in a plurality of

| ocations 48. As shown in FIG 1C) |ocations 48 29 define |oops 49, which

t oucH4each ot hEIGs4is apesspeetive Yiewshowing aenmbigadenof vvismplaiesgrewhicha 31

excedd onDBeRed SERPRy B ETL eRRand 1o SRRy B SShbRE  oc on
48-with two other loops. 3 In further reference to FIG 1C) ends 42 of

second segnents 47 BESCRIPTIONOF ILLESTRATIVE EMBODIMENIS he di st al
portions of |legs 30 and proxi mate the proximl portion S of conmon body 20.

These_ends 42 y.be | ef ree (as shown) or., may be, may be 6. coupl.ed

t ogeﬁﬂer (as dgéPPWBd“b@é)\MbJS‘e REEseat Jtusntion, copmrises gssteptsid. L}@{%E}P &22Y Ends
42 7q@f fj ' - 14 20.
Fir ot ogimehide SCAUFRbA i B0y 204 (o feb30 M or HIE Bk CHETAD RBAL
sane 18annFhe rddidllytdxpaidable arid flexibisanbular badiesof theafterithmaybe erated byiusing egs

30 may be arranged around axes 31. In 10 ngs regard, first segnents, 46
cr oseactheqrineipls of plain veaye; (Khearangement piovizes Mg plgin pepygyls ilystrated in

| ocatyi;ons fi . S . [ o h h I S

are ?ﬁ conti bﬁg'u s&g l‘:!‘rll@g&&ég?b% Pgia“égg%ﬁt?% Qeéggfag{ebggg%u%l %%"%%g&‘ﬁ%? to
f or m22l osssparate Strdigittttemplates. fot makingsthedags 3@andds sogtitwddsont @ sinple difaighty be
arranged in different ways with 15 respect to each other about axes 31. As

showddi n template for the cammopadhadyt20. /Ehexstent1 ) prayihe; wade of aitined wires gpd M 3]

t han y,gecopgek. se ts 47 [ ter i A A wn,
oowid D ATAGEPEO S et B RrOhRREs 1 SRk pociend i Rl S K™ o
t hi s 28i schiuerss.5688 NicKel afid abQEE 4% 4BitdfiymCoRPfdrtiallp e afldblé o Shape axes
31 at each 19 location 48. 1lfie sane is true of first segnents 46 with .
resp@ét t Memory Applications in Sansa &iteredChnnt isftodrecyndersioerb tiiat stent 1hmay @lsoC,

| oops 49 reside in a series of 21 plangs.that includes two groups of planes
(not shown) for each leg 30 and for conmon 22 body 20, one of which

i ncludes the planes passing through the first, third, fifth, etc. |oops 23
49, and the other of which includes the planes passing through the second,
fourth) sixth, 24 erc. |oops 49. The planes in each group are roughly
parallel to each other. Additionally, 2S when body 10 is inits
unconstrai ned state, the planes in one of the groups intersect the 26

pl anes in the other group (whether it is a leg or a comon body in

. o, ~ o S b1 e




31 JUL 200g WO 00/ 44309 PCTNS00/02582 1 31 and 21 pass generally thypuwb 2003

the center of each of |oops 49 for either the legs or the 2 conmmon body of

- stnt 10. 3 In an exenplary enbodi nent, | egs 30 of stent 10 nmay be fornmed by
vari ous 4woRbaggs of plain weave including hand weavi ng anq,cg:?‘géb/ﬁﬁ "

weavi ng. The following 5 process is an exenpl ary enbodi nent i

weavi ng according to the present invention. 6 As shown in FIG 11, a

tenpl ate 30Q having a di aneter corre(i&?ndj n% to }h chosen 7 di anet er of

the | dg obe formed; @hany sunsrelastig Rl Pseidogiasiicomaterial., &igpexaaples sApg; BERE Wi t h

8 hol 8s 30z, ArsAER Gsi Fept ChdpU BERICENS Swith tRErmiMastit SmBHERAR tdHseotibRCashOl es

such that they 9 extend beyond the outer surface of the tenplate on

opposBng weles.allays shchwas FeNiT, GeMnSi] @ndi FeddnSiCriNi ethb eshtipea tneatvoy effe¢teofr

“m dpoint a _ognd_the ins, The bend may result [n the 11 formati on of bends

50 as4shoWfichggligsion %%?dﬁﬁﬁﬁ@@i%s&ﬁﬂ@aygf’b‘ﬁ the pins to form 12 smal |l

cl osed | oops 45 (not shown). In one enbodi nent of |leg 30) angle 17 of small

13 clqsed | oop I il

typi cgl enbodi ‘%é%hgwqg?ﬁcgg’%E?géﬁgﬁleﬁbﬁgatﬁgﬁgggﬁq gpglr&ggq eat e?x%f han

90) afd nThesaRivsedstructinet niagtbeithensthallle]ost8 Goopk6i5Adrt tremdg 500 Bosh bemalsH0NS

are shown in FIG 11, it is to be understood that this is 17 done for

i |1 us?r at andestpall Josesdogps 45 maybe frsmed Sy, beanding & Witg 098 3,sslseted peind leastad of

Cerpl &t o BOuEREtebeAB oPlne3fiedPRut il AfblicalloRh (¥ SHBLEA pofi BN or
of any suimhabteséhicdpi mhy BepRst o de REd-poidisifanite 49. t Tie closal §taTRGES hte! €

di scussed bel ow, such as stainless steel. Sinvliarly) in 21 an exenplary
enmbodPnentdvapiageousobecgpse. tionh pxamply. ther plesed stryetyras f)@sr@e% ycending: argdosspe 22

for of ;. S| Sui i gl i e t, the
pi ngq?ray B@e?%? éﬁ%{)@%%ﬁ? sﬁgﬁ ?ﬁéﬁ?{og%}a zic'tog FS;‘}E%%‘?/&? tl}|8tt aebﬁugﬂﬂngga%&s&%gﬁé%%g of

Wi t hgtandihag afelfeeeOmir€erdt. t enper at ure, includi ng preform ng) attachnment by

wel di ng, threading) or the like. 25 As shown in FIG 12, after the wres

have been bent around the pins, the wires are 26 secured to the tenplate to

prevddt t hem fMorsaver. beth lagps 45 andhends SPprawidy many-sigificant Advanfages; some

posi tj,on. hi: S i ; {.Cy: i such
B it ot Uhh 38 pREaPAEERAF Yol BRvsEP sBLlPR! BleTta it fn TR °,0
are 48curNd. Q§5KZFTL0 Wallsden €1987 (heréihafter; the ient WEredh AdH 36 Fefefféd wpaohe2582

| 306 around the outside of wires 40 so as to secure W res 40 against the
out silfle of WALESTENI) which is heggbYeknpsshy 9“%9?58@?%ﬁ?’)‘“’c Y JERCTGNESst XYEICBaI |y
used {for [ ' : tynd ol . SMi fabl e
i re dapaBie e AR, S0P incinfll ik Wil gREnt HEBET0Ra! B8 fr Mt ide

di scu8sedoftithé WALBSTENTUshedld bf pretectede implieitlysacknewledging, the peteatial tvesugrht s
360 hown in FIG 15) are attached top the free engs he wires using any
6 sui(l§ab| @Jm%?gms &4ch iﬁeﬁg shaip WHE F7dSePOsS, Qﬂhf'eg& tef ya@nbaasﬁ?é%t,

wei ghps W i { A Y sed
B L e e N R AR LA DA TP
i nch@$. Hoeireends) to ¢achdther byeat@ching df-shapedl mieatberetogtiem thiroughf ieat sveldingsses

may osen so long.as the wires are kept 10 under tension (i.e. straight)
Gy 28 ol BB bs HES ( Thoss SuBsssarmeoanre HKAY Jiaf Errias Bifas curori

cent pal i : 1 i Zg?Jpg ith a
Ci rcg ar V\%i a{igéveggglgﬁﬁgé}gﬁgg/sﬁ?ggwwb% E;aa(ae"r%Si R%Q%S@r% é}ntgh%g . 14&3:3:{&@%@%?@% t he
opendg nprgseriewench bifurtdied stenteas oill bé discessedplaw én gledter detail. exenpl ary
enbodi nent, an opening with a dianeter of about 4.5 cmmay be 15 typically
utili,zed in copjynction with a tenplate havjng a, dianeter of abo .0 cm
"t 12876 to balhiE: P Goumesse sEe g, Goth the dudhots” Breeised on Do taTSieD: o

cl oseky c i t j : ht hized.

i1 7 20 B SRETRIP ok phdhel (ap L aifis 104 RETROR & SFERE 2] bf b

" D- sRApedpresend syo3énl bifurcated etentso Horexhimiphd, ovgldimpecannintradede anohiatied Sucheaspl at e
400 for the comon body as shown in Flg 23. ,5,0 As shown in FIG,6 14, before
or aPBer $rAGks\(high@ay Fesulldtome thegnaryupiierma sglidiication, yneyen bgundagies, &enyl at e
IS ipygert e : ?Eﬁmﬂig SR . Yy, [ |y
attagﬁed }?cgdst hgo rée@gﬁﬁ%ﬁ fhe pg‘g}n PiE)g(?‘sx o) 1??&3195?0(#%0 t %@eﬂ% at e
such that 23 the wires are kept under 'tlg'nsi on and may be prevented from
returning to their unbent, 24 nom nal state. A central weight 340 may then
be attached to the end of the tenplate. In 25 an exenpl ary enbodi nent, the
central weight may have a nmass of approximately 26 600 grams) and may
typically be hung fromthe pins. However) it is to be understood that 27 a
central weight weights of a different mass may chosen so long as the wres
are kept 28 under tension (i.e. straight) during plain weaving (as




31 J UL 2003 WO 00/ 44309 PCT/ US00/0~582 | template's end in any Sui tap’®?

manner) such as hanging fromholes in the tenplate itself, 2 etc. 3 Before
or after central weight 340 is attached to the end of the tenplate, the 4
inverted wensl4ase i s pl aced t hrough openi ng 325, as shown ipgtidsoonidse | n an
exenplary 5 enbodi nent, the central weight may typically be attached to the
inverted tenplate after 6 the inverted tenplate is placed through opening
325. Rs sioniies, err. f; ko, ittp, thé heldet nestakiBat/cremy shiessabhcengatbrisaint ldyareativally
around the circunference of the circular plate. As showmn 8 in FIG 16, in an
exenp? ar yingiepensi the PIORsNSIh T thecwelded icanractipa to fal gfi thess Ipearions; Irpcemienst,9

cubstant 1 9 eI Echiah bETe BRufng I Hos & ARHEReER0 4 DAL HARE 4, 51

340 ahd 3h indiiced slrysse€ands add resalt @€ Pmichdessilikeby tafakr tension and in

bal ance. Next, the plain weaving may take place. 12 In the manner shown in
FI G 17, the weave may be started by crossing one wire 13 end over the

adj acent wi re Ehel Walisten matestialsg siggepis 2@ the Eee mre ands, dcrigthasd dhat14

countercl ockw se fashion. This.crossi may be rnied as di.rected by
Cho af oo A= i T Rrechbo® Dy’ % ST, BEIGTE s e SEfons 58
"turny) rﬁéﬁw@&ﬁﬂheg&héd QreQintls is bAlY Aestron@adsitisiifack fisioh BeRén\the SluglRfAd | S
as shown in FIG 18. In an exenplary |17 enbodi nent, the resulting | ocation
of th& withe matalsusedy Gensaguenty.cibieljoing cosatddnig roors mioneto Riluredthen ar welded her
in ngf di'“%ftzig?”"’m}'etﬁ” ht .y shi Eti n% he wire end not crossed in the 19
opposi t e JGIM SRHTTHRE 1ot P A1 ACBBEf nent) for exanple, this shifting
may be about 20 15. Thus, wire end 1 nmay be crossed in a clockw se

di repd i on overgimilalyethé Walli pRert isdlodet ifingd utllizgedinic Rbigtdhcelleating to
count ercl ockwi se. Once one turn has taken place) crossing 22 may begin in
t he bhre weldwogathershe ppints plecrogaing pf thedireewireenys iy a sing\anound the Gtent and Thi s

b d il _the. plai i lete, 24
£ ohies dest T, 0FE Bire e, extepfin bt TRY S ea AN tgFong Vi e |
may 5 bgladc Weférthalivn ¢haigh Béhtiolied tRAfing | THR inSdthed MWolvES hewes ly the I

central weight results in a 26 | ooser weave (decreased angle a between the
wi reld ardvtredustionesfsthe aromalies discussadegbaye thab cgn arsuly fropt seldingieit also t he

same;d ashion. -2l L, 2003 00/ 44309 PCT/ USO 1.0 a

cxert ar o Bl s S 00" S E U e S0 eloe Arifoiged, -
the pg esemvardly @il BBinghettedV This, thid ipréfered joist iSBimilan to e )zlka f’bin't inéRd to
arrange wires 3 40 in a plain weave to formlegs 3Q of stent 10. In another
enbolil nedtip likelysrvea mare pranedo filureithag orgdsnaleingwplyweldinge used to arrange
wires in a plain weave to formthe common 5 body of a trifurcated stent

(desgg i bed bel C 1. di | i f | e,
from War dwel | I@r a{ndlﬁlr%gélﬁ}gs ?ﬁ‘ﬁ’lég% %#Wer%%dgg%?gt??%rps%hag’hﬁmer

i n wg ch 58 q¢7l the presemweov@ybibgcAcd sHE0progide Gleticed Mithrsafep Rals: bhaifde Rgire
machine is 8 displayed in FIG 7 of U S. Patent No. 5,419,231 to Earle) I1I
et o80 ( £odssexistphat maysuninteationsily pepetsate |apd;damagg shavall afythe stragtumeciato g
wel l4as i5.; .Par en : . r hi ch
'S 18 ooy st ey betketbes SRS Riooph s def et MR kbl eyl
beerg2\wov eitan areethe dde! wire enddthataie benmerdnbhatiemidiig wvelding ompht and@he f or
the common body as shown in FIGS. 24 and 25A-C. The weaving is 13 then
cont?#huedikely time-consumingriask ofaersating nudtipleivelded o \gluednipinds doestnet existy 14

he Rorairie. 10nl the el OEHnR. ¥, (euraBolbh” L eties PR Hay e '

respprt i YéinfoRedd @fing hRtifdds Rimildy 16l ithdserstigbestekbby it WdIIiten patent/(ile§ Sutkaé he
plurality of wines that are woven to formthe comon bogfllpﬂ I ncl udes the

wi r e26 f r Ghweldinghithe presentyaven bifurcaisd stente have éawver potential lopatians der usieg 13

i ndigated i.n_F . 23-25C . 1 n_an,exenplary .enbodi t .accardin h

or et © Tebt miskice 38 efther bl BF 1075% PRI ol eSCARISLATOR 1GK TP sl s e
In sach ghieRRRpedERL t)ru@@oﬁsi&riﬁg%wep{viﬁs aROgénePAlyt ne@BedforlifRBh@ R 1889 near
end 401 into which the two leg 21 tenplates fay be placed nay be generally .
el | i3% i cof thegpresent Bents than are eaededtfor makingheormparablysized wa;méw evethat a
common body having a consistently cylipgrical shape may 23 al so be used. 24
After the weaving of the commobn body is conplete, the adjacent wire ends 42
25 (FIG | A may be coupled together to formclosed structures 55 in any
sui tabl e fashion 26 capable of w thstanding the heating described bel ow,
and capable of restraining the wires 27 fromreturning to their straight,
unbent configuration as indicated in FIG 26. In one 28 enbodi nent, the
wire ends may be coupled together utilizing at Least two twi sts as shown 29
in FIG 26. In one enbodinent, 6 twists nay be used. Regardl ess of the

~



31 JUL ?11A3 WO 00/ 44309 PCT/ US00/ 02582 1 twists used, it is pr efgfl\%lug gdga
keep the twisted wire ends as short as possible. The shorter 2 th t
wire ends are kept, the nore ~ resistant to bending the twi sted wire ends
are. 3 Asvwb@fee . the twisted wire ends will be less lik

i nadvertently displaced during 4 insertion, positioning, rgﬂg%.é'it@f)@%sﬁg, or
retrieval, thus reducing their potential for causing 5 tissue damage. In

ot her ;embaqd| | . I t [ or
cri mpiing SOHET Sng bEherokenP BiEs TR HuB vl B Bkl OGN ¥ WAEESTENTCY |
with any Asairésab| therpit@itiabForstHeédhapivablatury 65the prezeht Wbven) ddvicesd sidaged et C.
8 Ot her configurations of tenplate 400 may al so be utilized consistently
with the chwgguﬁm-disclosure. For exanple, tenplate 400 nmay be provided
"With pins around which 10 the wire ends may be tw sted in fashioning cl osed
structures 55. (Fipj 1.0S,,. 50 . SU I.e e h L1 Ng

802 dépi cted i nInF @R%g,tgi wga&u’§ u’i’éjglgﬁéem?’az |p(s)nj,15 %gd??]é(’:nldgd%ongsga%f 8?5“&4
exanplse, tadvantgges' GRP RPBdFied FedeWite Rhda tisaRBEEN the RVAst&D pateRyy dibcussed
configured to threadably engage tenplate 400 as depicted in FIG 43. In

ot her 614 ahpwithataresinexpestedsdr axgmple, the imveniarehrvedoentthaicthe aresh of engioh by

i f frictional 15 f fi b
Secur dd 614 Lo PEPRset @ airg i afalf Y 0% raBBeREmie v i€ fhah 2an B
ey algso REesBnsFad esmphrablyl Al Wi JAOFENT (éh% ngBNERF tHe' ptddanit Wiresta304

are engaged with tenplaté 300. As shown in 44, in such an 18
enmbodi9mentwotvwings| ast thostogrermsed frether WAIISTENTh Acenrdinghyo thesexgansils far¢eaef t o

hol e ,302) 19 finish pins 800. d.through finish hol es 804.
R ng W02 hap oL FEdeskObdehitt FRyer oo ped BuRlrincaed SHSRak iRl
an enfjodi g@per iviirddhieh Mol fbeD!n@édé%ggo aﬁxﬁilﬁﬂﬁaﬂﬂdséﬂﬁé Nexp@fifiledt6rcé06f a

through 22 the utilization of ring 802, the nunber of finish pins utilized
may HE eqVALLSTENT mfinther sa@® sizewby edmplyaincsgagingsthe mesh dightriess {i.k.edby.

T l.ate 400 be.thr d, al. g 24, of.. i J th t
boet 13 corraeie Sheles LGl enRea e BRa siitus G, Sirlel he SReBRrs, °.
portijgn oha{ergha tieat #0sRYrefAflt ﬁﬁ&%@qgﬂkvéﬂsb}dﬁl?}eﬁﬁﬁgjtﬂierﬁiﬁh&er 83%the préseads

need 26 not be utilized wth a ring that endages tenplate 400 by virtue of
f ri ctliSonaMifesrwitls or Withaut adjustingithe meshotightessy Asna reselt,othe ramopn8©f metak he

i th_which t i se 28 | h of hady, 20 . achi,eyed
Chrodfn' « REEd nt B Bk pitesl p Ehitine e d SRR e ek nIR udfis UG 5
PCT/ Y§00/ Qr&Bér dorhpatabl§QitzedrWb¥enestent, Rech! 8¢ ued WATLDSBERTA! Thisf REbétionAineS

the symetri cal allgnnent of finish 2 pins 800 with the longitudinal |ines
f or md@ by neeessaspimetal teanslates ¢ha coss savings, aod aisotmeaps thas patieris aredessdikely toni n

h h th : f.th be 4 nmj ntai
strudDur arxpaitape Pombs HRlS: EieRosit, Ke TG oy s JPRy NS gl O
enbodiomenbe ickeadd fof 1dgs b the prestnt $Ver bfufatdodlerith ai'gie VatiBiysin thokightn8Est, 6

the nunber of finish pins utilized may be equal to one-half of the nunber
of wi2les phahe aveaver ofisach i virtally conlimiteds dbgrelo facilitatieg Kirtyallyndll petentink
fini Q pi Qé l‘fgab'h é)e utilized. 8 Tenplate 400 may be provided with finish
hol e€“g04 %8P %ﬁy portion of its length so as 9 to best acconmodate a
variety of stnm sizes. For exanple, only a portion of tenplate 400 10 may
be prgdvi ded w Farthemitkdinvehwss 8184 ditoveredithitevdrtually-hé.shédening coturk whileg
802, the use 11 of finish holes 804 advantageously allows the user to

easi 124 anbending itk presemthveven hifaroated stents,cngy do the diagietass ofghe legs or they ¢

14° aPSuna oRD el B BsRreRAE RokpE it et Hh b i SR, ARER AR T

fini 9B pieasidbdto focaititels Uindagrtdic®BIN9bsition fs Esresbms&dvat bifGicutedSstentsi ¢h udi ng
by twi sting, bending, 16 wrapping and the like. In one enbodinent, the wre
ends 2fay Hrtuous ssatemy; tham ibisnto posiieroaWEr AVovienstantpthat shertemmere; o sekfer

t ogetRer wi rt. pi. f i n- d Y. j Oi nt
oy Chon Hbtt:feRaReca”BEiE quiet BtCand afhE WARLSTRNIY- Folitafiplel!d
nunbep of tighdy-Woserleg! off the pre¥et tifurbdted st 228 tArlofg ensabured fiven e éndoofls
around the finish 20 pins in formng closed structures. Securing wires (see
securing wire 306 depicted in FIG 21 129 may be utilized to secure the

cl osed structures to the common body terplate during 22 annealing. 23 As a
result of securing the wire ends around the finish pins, the angle created
24 between the crossed wire ends may be simlar) if not identical to, the
angl e of the other 25 crossed wires in the woven | egs descri bed above.
Advant ageously, by using finish pins, 26 this angle between the crossed
wire ends may be maintained) preventing the weave of the 27 woven stent
froml oosening. Were | oosening to occur, the expansile or radial force of

- ~NSN . a Y M .. S S S



WO 00/ 44309 PCT/fJS00/ 02582 1 the use of finish pins and as a resuBtl ¥l (88
correl ating mai nt enance of the angle between 2 the crossed wire ends that
are wapped or twi sted around the finish pins, the tightness of 3 the weave
al ong the weogidoof the | egs and common body of the stent - flﬂgbo?(ﬂngzto end
4 may be consistent and resistant to | oosening. Further, the expansi

farce of the end of 5 the scent having closed structures (i.e.) the di stal
end ofy t théIe%% the @it BE tHe YERBRAPD &Y. @eSFIB! e1&)< PO i digherHorhbe £
portions of the stent. 7 Another nmethod of formng | egs 30 of stent 10 and
ul tim el 3105@ a06- m@h \mresoMyrbg Baximaliy dept by bringingvent 15 0f ths lég towatrd aheed i n
FI GS. 31- kh\é\g in FIG 31, L@?@ IP)cgof te IateaOOma be

equi pped HOP@ﬁdY |”n§1°°ttseﬂ9§m7‘§b P tﬂgt% fagpet OmE[ﬁaée
connect ed gByurd dhAREAALIRA b@H&m fifcdneast forof wmmTwnP&fr@ﬁm p?o L
based upon 11 the Size of % Tate chosen. For exanple, a tenplate that
i s abdut mhmcsrtodnchmgrmlaﬂy,rrhqmvamersl fonnd thatiinshouldibes 6 i longandi% meh nal

cuts out 4,to 5 | on nd the 13 connecting transverse cuts.nay be
about% mlm%waetes&smithqua ¢ whea rmanipkiatsed imja SfrgHar 7panney FhsyV\uSéLy' [y

el evated u 3 OSidpf. |

symTet'fral cahqy eg?ee(;duﬁdfd[‘}gciﬁf@%se @"’gfaﬂ{eg Ifﬁ'gs?&gel H@Bg hh%rtﬁ? lél?gth-to-

i1 ustgr at didnteddr rudidsast t%fdwnthQWewmﬂam B;ﬁbsesﬁeédwﬂ at sel ected points
| ocat ed between the ends of the wires to formbent portions along wires 18
40. The bent portions may take the fonm of bends 50, as shown in FIG 32A,
or may be 19 f&"t‘??éﬁ\)bf"&ﬁ;ﬁ@l ngmbenef Wizesusedbeing designatesdpsnlimay be usedimn i n

5 P A 0 B 10T P

equalllt o formpeachiey 30 May vaY. Asstownyn EPGL DACthebvires 4l us2d tbmcthde)legé?&d The
bent port| ons nmay be arranged to define the ends of the Ieg’(pi The 23 ends
of tHE WI FW}"OQ}‘]@ES%@ %@owa%o@pém@nmhwk &@f@txgss ﬁgnu e anglespl Bhe t he
foII 2 hi weave net. t 2 of
cach Vi r cees TRV P BENEnE RS Birarere iy OBiSe, i o 18R 905 (g RBE A o
the wyr e Fl’Gnleiir PI5wkveAGEH vAR R OndERXoAE tifhe taR0d Eﬁﬂe@&xa?b&%ﬂﬁk&fr It he
total length of ' the wire needed to formthe leg as well "as the wire length
-25 1531 éxdmplayImiwdiméntathe anRleTiNGD O/piCEy Dbel abee diSO° tfor applmagenst hEhbm;bbl ns

' giBat oiederifac. dn 4ot ek Fabodmetiyhe ADEETBBL ALY I BRRCHED

bobbiyps 7 i be
i 11 g o BEatibhs aefias tiefitary fref 2, for UmRES I YSEntS I oGPt SLHTIERY . G
pl at 48706embydiventy ds drighnmey be typidallgrabout 170° fopapplicationsnesch & the Gupérior

|IIustrates that the_weaving pl ates ng% be equi Bped with multiple baobbin 7

r ods 1708, vmeca&wss oforgpaceipCeynying Jssions)t iAnals a seppldhe increased a5 the desiged/i ng
| at i 0 FI {
by 2 pofdfil (B xRl TorbE or Y, BE; MlaeSihoRCBHAF br ! firyedied-Bbfy ©

pr ovacled mctdasdaolmsthbhelﬂeetaﬂxau Mmughthﬁegdﬂaﬂd)cdmal 6Ttha ibifuesated stemt 40
ass) as shown in FIG 35 Tenplate 300 may be 11 secured to the base of
the avi Mgy garsralhebe insseased By Higreasips dhe si@meécrr@fam witesnusgd. Ehuseaggla®e rod

710, »grou

TemPat o Py 6 160 LRI HE RS of e PP il s el
f ri cRdonathe Tddidldoref fiee logs ard/cdnapen body dfe b@ﬁaﬁc&ﬁﬁst@ﬁtﬁhcmhmt'ﬂmﬂwe&w
tenplate rod 710, any approprl ate 15 Iock mechani sm may be used to secure

the Base iicontiguoypanéaningthatthe weavs ofdhe cammondendyiis famnedhom the weavss of3gA

T ot oM TREES ot SRR AT vl r FRYorFinfil 88125 o U EOmPRE bR ¥ (e om
18 the pabxfux@mdnpmrwm@acaesnﬁn?%ﬁfe%m%@@uxﬁ%f 66 wifes e/ uiddan fofn kacH 1

tabs 700) and the 19 ends of e wres may be attached to bobbins egoz using -
any 28i t awsed t@réaméh@agamoe body 20 ofibe steny 10 Asshownutheedistabpertions 3% obthehout -

t he avi ocess. exa f such LS, a one- br.ake
that 2811 oltes 56 B Bidnda aAREy To e mosimat i 25 (ERA Hepi 1 Py R4 et o
wires 40 may wi nd off bobbin 702. Sinmultaneously, such a brake nay be 23
configured so as to continuously maintgsn tension in wires 40 by virtue of
the brake's 24 resistance to the winding off of wires 40. 25 As shown in
FIG 36A, with the ends of the wires in place, the weaving nmay 26 begi n by
crossing the ends of the sanme wire, which results in the formation of a
smal | 27 caliber loop 45 (FIG 36B) at the site of the bent portion. In
anot her manner of weaving -26
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ends of different wires may be crossed first, resulting in bend 2 50 at the
site of the bent portion (F1G 37B). 3 As shown in FIGS. 38-39, the two
weavi ng pwa eoad@y be arranged such that the 4 surfaces th ,‘%ﬁ% or%%?}which
bobbi n rods extend face each other. In this alternative S é ds , the
di aneters of the plates may be the same or different. Wres 40 may be 6

d
Fla Bo. Of sl BRaf 3, Al e B e RS e R N nf S e LT,

is ut El [ Zﬁf_jacehh@vxf’c eRBV4D Gnayl bl 66up’led abgether @ppiesirited belew) itofomtllidsed t he
weavi ng process. _The weaving 9 plates maybe operated at any suitable speed.
In thds rufgtures 35.sBecagseepmpon 20 is fognadfiremcdt deastibe wirasupakingup legs

‘accep abl [ I I 1. i ng
ol at b e EAE B RS oLfta B S tadf abredbhy ipdteqiiRomaty ablif 3

i 1T usgr at gscomfonBady 20f wsmwmh%ga@adn [dddrAéteNBomEdsiiNg.005 #des 1P 4bsund
706. éFIG 45 13 depicts on bobbi ns for the sake of sinplicity.) As
shownt® we@0ihinchesdependingantthe apigatian.nay be equi pped with | ower arm 752
and upper arm 754 for supporting | ower and upper 15 weaving plates 706 and

704) respecti ve I . avi n ate. el Sy ,,be s cured to t upper
and | ower anm; S%‘Iﬁﬁ“ﬁﬂ'a@?%%f a&éla uﬁ?) g reor’mg d aé‘h@ 6‘&‘6" Idﬁ"?’ ﬁ'e {%ﬁ%w ng
17 pl gt eSm'véthfsd@d nbOiRARY & AnpaciRy Tiiftatiohy OF SnPBind ehroQER itkeiF ﬁ&’e t IFor

operate in any suitable 18 fashion.” For exanple) the drivers may b
confiQur eekampim o cpmsedsahwwcmd)nnbsm\mdi‘am 1m,mnd12ﬁeﬁrcsnnﬁombyd3s GOtlabI e

fi th | at t at
S aoIds" Msserutas, BES Wil eni oK of FoRirin Sadv 38 Aiibed oty g otl'éf St he
21 wgpvi neonRbd! £5in INeuRF CYRESs FRKIROLELS Rrhie &Iwidm&?%xwg hief 6

weavi ng plates may 22 be rotated by hand. Further, although n ,
wi | | 1Be wither tteoviawenof the Sigurs, thekopdraton of the Addivery deviée: on wincl’bdmes‘tcnt inf

t hi i scl , t th bqt h ft d 4 b
or ovFied MRTHEG oniERLkE: diameeiterae 28 B Gordtih st Viene W K (e
25 byganchggn s0iHdRd, BED28 % GREMaChsIRifY “HOIRRAT ald A ﬁﬂ?s 4R hoBaRg Of

the weaving plates 26 1n the sanme fashion that drivers 760 are engaged W th
the bt t dfdigal’y aSisilaly, with vespedtrtg die diseussionabelsivopertainingl 8 F16. 5Thbe) in

such,an enbodi men batr.om 28 surfaces of .each weavjng
o1t B o tra o a6 it Chastbees reyered im B1GSsiom Soprisgaton s Barshesoe the
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machlpﬁes ﬁéﬁ%%’%eﬁ@eﬁ(gﬁel A2' %?mﬁﬁ eggs]srray be ut I Flﬁgﬁsd?g F&%ﬁﬁ Eﬁeea th
weavidig t188 manbeoridoet/ower tItthprmﬂmal enticofdbe stenpt-3thei sasie, endhthatlis describedind

t he rrespandi n es, ma nged around half of the 4 weaving

pl ati’g ofa8o ﬁeﬂ%f g‘ﬂ% ‘Qéﬁ’%ﬁé‘hﬁ@s IilThe templ ate with the other woven |eg
may 5 be positioned and secured beside the first leg's tenplate. The
tenppgt e configig@sted Yent il@niid CAETBE sbrasba fbni Ao Shreg) As fllueifRed $n med may

then be placed over both leg fenplates, or 7 one tenplate |Ieg may

i nse?t ed 1Gtlegss30 hgyenkesBloand hdsdﬁrﬂﬂmbnﬂy bederpiedtproXifmat ends)a Each leg is
configuration is utilized, _The bobRhins, ang cqrrespondi ng r.es, of the
secofdl | é&owaya%b?n% OB P 3R ElF it Ahe HOohSPERGNT 4§ of Rrsie4d i

pl at r4et r ve
Ty Then SEEaisTrorh 3R Spents AT ofpires 40 by Bnon 2F é“’%é’%éﬁf%“ﬁg Fpor
weav2hg dbepse4S,ibat evhivhanayealsd bebérdsrd), \Szﬁlch dre locarzdtproxiniate tndsls of legs be

3 the_present disclosure.

A ea%im? L ‘é’ﬂ%m%ﬁ[@' SERETIE A o e R GRS TECHATRBR on |
R S R e K e e S A S L

from2Vvi evi deeowdidieection mtoun& axdssaaratmy ﬂm@ndpeﬁ iof thedegs. First eeghéerite 46 bfdss
Terrpl ate projections in the formof tabs 17 700 are al so arranged around

emp?it e sgsMdsegrichisdd mIfePIﬁF% phiocatians A8y by shawrein KEG: dfplecatienssd®d and
?‘riﬁn%I © o efibb s UOOEIOR hopeft cadiod B audR AR IR R BEBOR, o0 deird? O

the tabs 20 arranged around the proxi mpj. end of tenplate 450, and the ends
of those wires may be 21 woven around portion 453, the portion of tenplate
450 | ocated proximally of opening 22 425. The wires fromthe two | egs may
be conbi ned and woven around portion 457 to 23 create the comon body and
the stent. As shown in FIG 46, portion 457 is the portion 24 of tenplate
450 | ocated distally of opening 425. 25 A braiding machi ne suitable for
carrying the weaving process just described (i.e., 26 utilizing the weaving
plates) may be obtalned for exanpl e, fron1wardmell Braldlng 27 thhlne
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the wwres may be twisted wwth a special hand tool designed 2 for this
purpose. Tool 712 illustrated in FIG 41A follows the principle of an
autonati c wopemsod . Jaws 714 of tool 712 are configured so pppissdi@sgnds of
the wires may be firmy 4 held between jaws 714. Jaws ?14 may be activated

ends.int o GPEBUGHHERELguS V0UeSEiEE RO ol EcHs] S0k 1% oS EBIoopsctr | ng
71 8 eWanﬁlﬁir{tQ—rlﬂEa‘?itoHrdﬁs——&/ghit B"WQ@ST ained state) and retracts 7 jaws
S y “bet

714, securing the wire en Ir ween jaws 714 due to the pressure of

outer 8 housing 722 acting to close jaws 714. Quter housing 722 may then be
rotat&d to credhdusherueférphcee tonFBGs 165 ehteddiof seenmdlsseghtents 4Tiater sifonh ag)

FI GS. 42A and 42B) the tw sted ends 10 of conmmon body 20 may be secured to

tenpl 4t e bomalesated proximaate thedistahgortions ofilege R0 and praXimaterthe pryimapostion: way

anout oot FARmITEALIN, Presh bl Aoy e T o8 SOhaT 1R BE RS b

al | owsd t gosysled tdgathep (48 deSthitssdbalew but RoodRwd t6 fiadtiordt stnichfesi Eadsces ed
stent may be heated to 500C for 15 mnutes. As a result, the IS wires of

t he stlem ehfirgxsegments 46 oee soxet incFlG.oHe as ferming hemmontbady 20h dpest sfgments ent
16 d with | asti.cij be d d. b | vi f

ey oB9" AR iaybe sangeq bRofans 21 e ihontn (e S0 ring adR Baabedt I G80 v i ng
the fa@rceandBsbohliQeSh&t of e J»%ﬁmﬁg%galdovmaﬁpewm'écﬁaﬂo{iﬁa' s Fhape. As

used herein, "substantially recover” neans that” 19 recovery need not Dbe
such 10hat thifeegexh €irstsegmemadéshagseatle othegai mphiraliRpofidocations 48 Aewith 125 t hat

ot 3 3150 fasalofs 4 rdstine: Iowb ot mRIEh KHED SR OthEl, WD Biab ghefoEs Wetn
th | i Loteo t t
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bi f url@at esinsitemeiS5may be heated to 500C for 120 24 minutes. The initial
shape of a stent progranmmed with thernmal shape nenory may be 25 defor ned

upon .gpplicati gn of forge at a flyst tenperature. The fgrce may be.
rem)\}gd, 26 ang"fth%n f@ﬁf‘g r?ﬁﬁmFgﬁa‘*é a&ﬂ%r%)ﬂ%ﬁ%@ﬁ%ﬂ% BRERY WEYS Mt
St enfj5MayrekshaR 1B%ak diirdr ¥5tut hxBY 3162 ehdwif i:?tlﬁg. Siuc.g,sfigsg ﬁ?g@&’ms 46 are

tenperature, at which tenperature the scent may 2 y recover
i ts ilfitiposisdredefarth@O froml axes 311thhnlkdcofld G3gMENS 0471 48 alieETE/ 1dSadii328R2 1

[ooiHE | Rl 308 b Bhond 5 i ST 15 e il
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attachnent to the renodeling~tenpl ate e achieved in a fashion
si m I18r tlocatien 48 rfer same isiue lof first segmersts 46 avidr regpecatd axiS2ht t ached to the
tenplate) e.g., wapped copper wires. Reheating nmay be done using a 6

simlar time apd tenperature as t injtial ting. The stent crown 28 na
21 s02e 11 ar ettt SRGGRRR of Sieat 18 depreiecin K1 doony B erRimA PG dnd
reheafi nopafid @bt ﬁ%ﬁbﬁ&d%ﬁg&%fﬁl&&@%&@ 8¢ Eachl 1@@ ﬂ%ﬁtfoilkaét on2y

exhi bit superelastic prope Is to be 9 understodd that e scent
i s r@kodebady 20, onerbfEwhirh inclodes tha glanes ipassing throughnthe firsththird; fifth, k@c. doepst be
programed w th therm hape nory, .care should be taken npt tqQ exceed a
11 tdsal ‘ﬂ%a*'mrlﬁge PE%ﬁreO'% WRICBHRFGeS, HeLpIaRgs DasPig thiaw g sepon Zomrth, S Becond
heat hpg t} ) 0, 1 put ' S,
the 2fant HGnoft ;) Thephefiiich Wolh i B3P RAANE cbach oty Pl
exengb ar ywhedbodyrbhis af itsstisstinsttiined ktage, the planeginnonk o thei grgups intersect the
preferable 15 to further reinforce the coupled wire ends 42 of cl osed

st r ué®ur cRlangs ingthe othen sy (Whethereif is@ legrar 2 sommen bedynia question))at pgutgny
i tghl .pai nt_wel dip L der i,ndnol? | di
The. &7k, MEAIpEEN vARaR MeiandE of ey FrefiEE AR e 18 ABRICE, Biienitn Hest " 1

separate during delivery (to be discussed in detail below). Coupled wre

ends 42 may be 19 sol dered by renoving any oxide |layer that nmay have formed . -

over the relevant portions of 20 the wires used, and applying solder to

t hose portions. Soldering nay be enhanck by first 21 wapping coupled wire
ends 42 with thin stainless steel wires. In an exenplary 22 enbodi nent,
point welding is preferred to sol dering, because point welding is easier to
23 performthan soldering, and may be nore suitable with regard to

| ong-teen inplantation 24 of the stent. 25 Bi odegradabl e Version 26 The

bi furcated stent of the present invention (and the trifurcated stent

di scussed 27 below) may be forned with filanents nade of bi odegradable
material so as to forma 28 self expandi ng, bioabsorbabl e, biodegradable

.. g, v ~ N o ..



WO 001 44309 PCT/ US00/ 02582 1 Many factors may be considered in ch8dsi¥y 2003
materials fromwhich to formthe 2 bi odegradabl e bifurcated scent of the
present invention. In one enbodinment, the 3 biodegradable stent of the
present i weogelsusp9 nay be formed from materials of mnimal 4.4 ;qs &&eﬁ SO as
to mnimze blood fl ow bl ockage and facilitate bioabsorbtion. 1T'n another 5
enbodi nent, the nmateri al nay be chosen so as to exhibit sufficient radial
strength I

from \g/!vhl CE‘Q aﬁgqgi eg rédﬁg{tgﬁ{:&ﬁ%x;&t’l;%%g?he Sﬁg;ﬁg hertli-egr dEe)FvE\}nlthl n
t he bI2oodsbmﬁmmtmdgrofatepelo od of weeks or 8 nonths, so as not to form
enboli. However) the materi al nay be chosen such that the 9 stent does not

degrase bef ore_an endot hel i al (ﬁ\ yer forrrs Iéﬁg the stented vessel or |
“strucfure 10 i AP CHsEXEMRIANHTRPP E‘ull%ﬂs 0 Ghdent 1 may e fsmefdovaiowsr i gi n

are tyeat r C . I £ th
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met hods above descrjbed. The size of the filanments used may varg accordi ng
to thé 1548pfewaain BIG. 139 & mplaa i baving a dismeter p@mmpgdmayoa e cheseed i n

bl e
ol Vi gt it ek 8t MeTPAIE sRvitd, “TpEIFE o HCRABRE ™ BalBRl B of
fil amgnt sholeedozasoung 1!s'1ﬁ’é@1%§d?&1den Py 30 m&wcbe tﬁkﬁuéﬂ”'@xeﬂiélé&%ﬁcl?fhaﬂ}{ S
used in conparabl e applications invol ving non-bi odegradabl e stents. 19 The

m ni rfAm nextrd beyondithexorten surfane of ﬂ?ﬁyemplatmdopmsmgsaiee- Alsshowpdn EIGthh 20

bi f ted.st b t 2. fi ts
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enbodi nent, 8 filanments may be used. The m ni mum nunber of | ament s
t hat 1&ay groall choded doapsedl énat sbowo)mdn omgcbynhﬁdxmha cflleg 130 tanglatl%loﬁ smatl
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enmbodp meninkludeeisdgl e of the crossed filaments may be 28 as | arge as
possi ble to achieve the |argest radial force possible and further ensure
t hat the 29 stent may have enough expansile force to remain in EI ace after

bei ng®del i ver eﬁlthqu@ onjy twopinsjge shows indilGn/144 30 toby undessiogdhat this is

fil agent n 0 r to
for mmZI osgﬁgiosﬁuhg{“bge@ rﬁ%s:éﬁﬁtﬂghgndsﬁ?tﬁ g e ther%u riafg %gﬂegs’a f&ggt ment
or sé8li nlgs)e inl anyngjyven wppliratidnt vinsan a@)npjanyrmnb@imfcﬁtpltmplaw 3001(5 typically. 4
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r exanple. One factor to consider_in choosing a material from which
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anot deér Jxampahoﬂe maciudmg préformhingattashmeit ts)ewletmg:rmreddmg, ortwililkeai n t he
patency of the vessel (i.e., 13 keeping the vessel open) and as a scaffold
or frame for the deve a new | 4 endothelial |ayer) PGA nay be used
conségerl ng i t4sshaym %Qf?ha dhe wires H%‘ées eep bept Haynd the sy HieHisgsare

gl ycetid c
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0.25_percent by weight of a basic netal conpound, such as cal ci um oxi de,

cal c?g m 1the life(disqugied bedow). uhs showe iRFEG. 12 wirend( prsseerred by maemming wire

oxi de, magnesi um 20 hydroxi de) magnesi um car bonate, nmagnesi um phosphat e,
sodi um phosphate) potassium 21 sulfatejgr the like) to increase the in vivo
strength retention of the biodegradable stent by 22 about ten to twenty
percent or nore) as described in U S. Patent No. 5,478,355 to Muth et 23
al. (1995), which is hereby expressly incorporated by reference. As used
herein, "in vivo 24 strength retention"” refers to the ability of a

bi odegradabl e body to retain its strength (i.e., 25 the breaking | oad of
the body) after being inplanted or delivered into a living creature. In 26
yet anot her enbodlnent a f Ianent obtalned fronta polyner contalnlng about
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31 ~UL 2003 WD 00/ 44309 PCTI US00/ 02582 1 The filaments of the bi oddgr dtabltes
stent may incorporate one or nore drugs that 2 positively affect healing at
the location where the stent is delivered. In one enbodi nent, 3 these drugs
may i ncl ulvo epM4Ba®ancer drugs such as paclitaxel (which is carfreseioakdyy 4
avail abl e as TAXOL, fromBristol-Mers Squibb in Princeton, NJ) or

docet axel (which is 5 comercially available as TAXOTERE, from

Rhone-1Pou3eé arddmdethe ioutsidd begsres U0 ap d3/tb, sebuifel WirebHA sghinsDieouBISE bE tine! |
prollferatl on- preventing agents, and antithronbogenic 7 drugs_such as

hepar i2n witmemMates Iacmr@ﬁemn&awn&»@dxmeaw QOPPELH Wpiseily A§Q§1’ @rusncmmhwnraéeﬁpm a,
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sol ution. The solution nay then be 12 hardened into a fiber fromwhich the

st ent Smay sinell weights 36 (shownlie FIGn1S)direrettdched 2o therfpdecends of thg wiressusiingparlyi zi ng . -

W th on ol utions be utilized. The dru may 14 al so be di spersed
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integrity. One factor that should be 23 consi dered in choosi ng a polyner in
l'ight of its degradation tinme is that the polynmer w | oose its
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envi ggn i he bi odegradabl e stent, a
new endgeﬁi.qp T%{/dg?h r n&p@l@gacg of the stent. The rate of
the rel ease of the drugs WhICh may be 6 incorporated into the polyners may
be c@atrol | ed Ay shownrintEI(af lﬁdyfcadairlafterahetmgﬁtstamdagdmdatd ﬁlenmdsrofal

used, . Thus, th ate of release of_a dru y s a.cqntro uantity
for fhe r‘atres . the Jrmplate; iinvetted nln u sKEMPIEY cBlbRaimense es welghis s 87 be
fibrenecty r
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desc@B bedtha bmves drekepthondepaersiomandimay delfreverited flom eétamrng po theievnbemtd may

af f ect therate of biodegradatign. For exanple, 12 fibropectin na
accePhr atoraial ﬁ%temﬁcha&m@t A0 may therede a&t?qs’eéa?#& ek the femplte.  In 13
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one @6 no60H grampcandenay typivally be hing feematiel pihst Howeves)iit isato Hehmdesgodahatt he
commpn body | b of  the blfurcated or trifurcated stents for rei, nforcerrent
af t eP7f or drFemiral peeight gveights ohaodifferent mass mayngh%pa.sra 1%&\?& SWires ¢ KePtray
ConPak Se Mdet Wsidht (iR bAY aRERALACY Ravifle Tk SHebalu O BYBuIRRS Ryl "

ne enbodi nent, or e | t1no hg a
566 Bb ck ehalaiee tl-ﬂeﬁsm:meﬂ%gﬁti @lesdﬁmba abhoved. mmeuuﬂrxpéxgmmpbe httached idthewi r e
or wwres may be incorporated into the woven bi odegradabl e structure by 21
threading the wire in and out of openipgs in the |l eg several tines. In one
enbodi ment) 22 the manner in which the wire is threaded in and out of
openings in aleg is showmm in 23 FIG 28. In F 1G 28, designation 520 shows
rei nforcenent wire 510 passing outside 24 bi odegradable | eg 500, and
desi gnation 530 shows reinforcenent wire 510 passing inside 25
bi odegradabl e | eg 500, thus showing how wire 510 nay be threaded in and out
of 26 openings in leg 500. As shown in FIG 2%, the reinforcenment wres)
510 may be Ied 27 between (|. - paraIIeI to) t wo b| odegradable filanments
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31 J UL 2003 WO 00/ 44309 ~ PC T/ US00/ 02582 1 be pl aced around a fid hriity 203
or around the intersection of one or nore filanents. As a 2 result, the
wire can nove in harnony with the weave and will not interfere with the 3
novenent wo obMesedi | anents in tie weave. By activating the Wpﬁoogﬁg@ry of 4
reinforcenent wire 510, ends 560 and 570 of | eg 500 may be pulled together,
resulting in 5 a tighter weave. As a result, the expansile force of the

st enty and, | 2SSt i L Ot ] ] ease.
o AR e GRS AORALE BB e o2
delivery esgystem 8 In anot her enbodi nent shown in FIG 29) in which a

reinforcenent wire is 9 threaded in and out of openings in a biodegradabl e
| eg according to the present invel

ti ,. 10 reinforcenent wre 510 may be
bent At a sel 3¢10F POl qeatral waighbSARdS atiachedips they %4‘ &fam“g/ tamplte. qip ot

the T Mffeedienplis gifted Bi0héh Gl SALRS Rhow T FYE, 1570 5 hEinflar?] | 0
512 nay kenbbdigsithieagnadloveightandy typidily ber attdoBed it thesiavéntatenipl@vafefr nore
fllanents% and 14 reinforcement wire 510 naénbe t hreaded in and out of the

openifhgs thainveged template isplared thronghl opening P2an dsrshpwpdn & ASedtheoviresgd®00

bor t ons Ok prrpascA g sy Stthpd R Rl 3¢ (B AICUETIRE, REspaifh g
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bi odegradabl e fil anments.” As described earlier) by activating the shape
menorSy ofnutberesh hild(eashwvite having amds) eredshosgnasabring aganged inp Sbstantiglipe

|1 t t her, | ti in 2 ' : 1), t
Ccpisi | avpERGicalfabihe Ao cheir Platé Fah TrdSES S0del S dirpPlenen my
si gniif i caRkéep thBViRABRdertdhsRAAng PBARARD INeXtORE D1tk WelPingdhfaReplaged 22 in
securing leg 500 to a delivery system 23 In one enbodi nent,” the size of

reinforcement wire 510 may range from about 24 0.005 inches to about 0.012
inchi&. |t is InsheoymannatshewnuFiGal7,ithe weaxs mgy thesstartedebyerossing eing fwire enent

i 10 ' f i.t h_whi ch 56 . 570 |l ed 26
Cogether chmaer e &fish! ik n ¥t HedifinBomBy o8 mate, BL Ginc = RidtaSit,
undeggst 0Qduﬁt@r’é’lodksdiﬁgfaaﬂoquﬁistd?@d%ir?"ﬁxa | BeScdiAYd loay s idiecead By gl 8fdwas

increasing the size of the wire. - ~ JUL 2003 WO 00/ 44309 |
PCT/ 1350058088 n F1Ga1%nAftensd cempletet set o crassesclemene “Wirn'Ashaseen eagridgeoutor med

t enpl at b d i,bed. Th i nf Y th
e oioor AR ot, BE, FBRER B &g 5, o5 Ao A RIGETRe (4 \Ars BreBéRY oo
her efm. &nfBeafmientOth régulih fochtpsipofdhé Wifethdd intiyasy RERNEES by efdsbidg ok wike

stens according to the present 6 invention, the inventors have used an

opentendend gven anofhes dm ong fisertioa gvhilenslightly shiffiag the wirgrand: notressed de thet

bonce” wooRPo Hirebfor, 2o T S APy RmbtEi e o8 Sal s Mg e Seflolf
of 9gf i | ageNtThuslSKie WAE 1 hay R étoésea iHNCABEkWRE Hclibm ovércwirefend B Wiile Was

11 mm In an ZO unconstrained state) the size of the weave hol es was
appr2dxi mabifting winerend 2rabowxdpa emitercliotkivisec cOnde orectuirehastaken plage, aressingjood,

and gfter xi mum el ongajian the | readjly. 12 reverfed to.] )
Cincobtot r TAHRFEL HiDe S FaSR ot it {1 GRSty irpelifm, o6 shown an B1Gy 19. This

| ongyat udi i f0%: : kfaCl €ased consi derably. At the
nax?zr?al ?ﬁ&e%)ynlgﬁggf a %@%%@s@?g%&?ﬁyﬁmﬁr of the leg was 13 mm

Hol di ng both ends of the 15 leg, it becanme virtually inconpressible. 16 A
0. 08" ni t i nolTheitightnasssof ther wiseimdsh Gireo bt angle athebweendhe wrires kdeh dA)anage d

mesh,dn 17 the nner descri bed,earl.ier,, The wire,was a str.aj ght nitinol

W 2Sang DhaESis BYGHRERE . Sl PRIEN AR HPaRS ByE Ry BN EREHE N dher o
sha me Iofel i j caused the leg to

el oﬁ%at e%ﬁr ?ﬁ%ﬁﬁgﬁﬁgﬁfﬁ{gﬁﬂyﬁ}gﬁg%@%ﬁéﬁ? hgt@fcg‘gciz'%. decreased to 9.5 mm
(13% | unen-1oss though the other characteristics of the leg did not 21

chardfe. The wdheothenkaglodfithelsemt iscaldodwbeereinttheg asmoel fasbign. et el y as wel | as
conpressed 22 maxi mally. 23 Possible Applications of the Stent
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24 The present invention nmakes it possible to use stent 10 in seve§alJuL 2003
vascul ar and 25 non-vascular territories where bifurcated anatom cal
structures are present. The range of 26 possible vascul ar applications
i ncl udes WioaD0da30-i | i ac bifurcation) the superior versa cauer/usedozés2VO)
junction, and the inferior versa cave (1VC) junction. After recanalizing an
. 28 extended aorto-bi-iliac obstruction (Leriche syndrone)) the stent
woul dl be i deal It an e%nplar?ylsrﬂﬁddzﬂ@ﬂ@oﬁ/ﬁc(}ﬂﬁnémeWdeksﬁﬂldgﬁaﬂac&oxﬂmgmal n
the lunmen of the aorto-iliac bifur treat ment,_ of an abdom nal

n.
aorti€ 2 taﬁé\ﬁ%mnvwmtarﬁpnwlqyéfgw Pédml? jnsgmay, e ukilized tor argangewiges

coveri ng e r n n so be
an i djeal SO u§ Pon O?’Vé;i[pg%p‘g mal,?és 3(?”0? Fac g§4i ronc% lﬂ-ﬁgdbﬁ%r%%tﬁgﬁésn%o% R
bi f ur4at astaiiigginachiye magalsbdeused to mhngeamésl ihiagslyinaveane seform the cdmmon
Klatskin tunors). For stenting mali gnant stenoses, the stent may be

equi pped badyrpfa t@f%rseted stentleagritied Belowht Syeh glblfaéiln&ﬁ@cme 403y, %@btmaﬁ@/ or
the vBnoder ek BtRh Al Brl8lng MERGL o GmBRRY i 3k fit, PR, 1,0 ‘@“%532

st enopi s rhénreRimivhich atﬂmnlwmasn@fbcmihhbvtehesmgafdonaérdlohhﬂaramhﬁgrhhamm
The stent according to the present invention makes it possible to change

the 1® arﬂgﬂd&yﬂde 1106 lbﬁoggtengm r5413,231gto Eerleall] agala (1991 whicheiav e

Sl el i ageifty efitesl BEbipontied B3 teheretos, ooy iDds B G, DR UR.Paued o

to tig prﬁ@gﬂ?ﬂto@&ﬂoﬁ@"@ﬁ?@&laﬁucﬂl@%e%@%ﬂﬁfekﬁ y iRl r%dbg?cﬁﬁﬁeé 13 may be

i ncreased to the point virtually |nconpress l e stent nmay be
created. As 14 discussed in the Exanples herein) the in vitro studies
suggtkt that tQOncesthatweilegs haiveibeon wisyesn: the tewnplates 30maybe asssmbleadgwitiness as

my Dhor tomaise ABF BPbE Fnmin D B ARb B P 25K-G7 Theneatihe g 3

bel oyd . thérs chf@tuédeinnBie bﬁn&tmidnée%bﬁh&wcym bady MEASRleO DItHelehIy ONS
18 caused by space occupying nmalignancies (e.g., SVC syndrone), where" high

out ek 19 differsnessbringthabtheaymbee of wirss rhemgz«mvméwaardgubleﬁeﬂxevé the humberiof body
20 apd the | egs, 30 be .adj ust e 21 acco da |ent to
ecalive gTiresia hf BIAFENeR o Sares et ob oy R ESEEREVE 160 SR BT i BHC SO

whi cfy Mayhd RumBbest! @&e@ﬁpﬂkcbmﬂu O,@or hﬁ@tﬁaa@e woveAo Tbrmh iR Eonifion bddy
anatom cal stntcture, used in the majority of the cases. The angl e

for W 24m¢lad¢sethbrwmfmm sz;h of ahe miunahyebefabmst usel toofartn then légsnaAs) t he
t bi £. t.i ically h bt6.'||th
cr oslE cednighieRing FICS B 1n o' RRPBlsh FotpofimEnarisatithe dih he; BERRP. o
sonephat igventidh, @ﬂiplaw 406 may’ b g&REAR) Vyl{Rrigal, int shapele B sudh’ ANéMbadiment,

application). For better f xation of the stent, the crown 28 of the common

body2(8 2Me Ishgpebef fal shogtdportion of tamplatef 406 aear end @hmmovhrgbdpe 2o leg wel |

as the | aried Q Q arthuI

et endotrisiss iy 02 e, moy 5 bSier R 205408 B 4dFal Fobideer A it Boser 1
The 3t entung@idoCRowéves,! that £ @8fhrhich b6 gyﬁevmgs: &Bn%i‘ﬁ?éxﬂl'y 3indNéd) shapd ng bl e.
Then) 2 using a del ivery systemaccording to the present invention,

may 2l dalsodedtsedit in a 3 stretched state, the stent may be~ i nsert ed |nto
the bifurcated tubular structure to be , 4 stented 5 Delivery Systens and

St enj, Depl 6, Th { | f
Che 4 om wihi RS S Gicbs HTOR BRER I piad B Al i B4 B2 1,
basizs ver(m@.nmpﬁxay [ cdablw%getﬁaﬁb%&naa@sea stieiré LSS APty QRtbIeashivRe and

the aorto-iliac ty E A. Tracheo-Bronchial Application I0 a. First
Enbofi megapable of wit standmg the heating described below, and capable of restraining the wires

27  from returning to their straight, unbent configuration as indicated in FIG. 26. In one
28  embodiment, the wire ends may be coupled together utilizing at least two twists as shown

29 in FIG.26. In one embodiment, 6 twists may be used. Regardless of the number of
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11 FIG 3 is a diagramof an exenplary embodi ment of the front parg{ofUla 23
delivery 12 system 100 according to the present invention) which conprises
two small caliber tubes 13 or legs 110 (which may be constructed of Tefl on)
PVC, Nyl o¥Q0&/4438hy ot her suitable 14 material) which fit wethusoomizsdzer a
funnel - shaped sheath (or a Y-shaped) piece 120 (which 15 may be constructed
of a simlar material to 110). A single lunmen tube 140 also fits within 16
this iUnn@ist@’hsécﬂ‘i’—‘tiﬁmﬁbldﬂénééc?ihétk\%té’d WHRRAdPAEHSt b PossTHIBETAG Shory Dbe
made of a 17 thin-walled, flexible) metal m crotubing. I'n one enbodi nent)

t ube 240 thaywistedrmire efdsiag@e kept thgl mororasistant 40 bendingathiealisied wine egHs pee.
Menory Applicati.o .The distal e 115 1 ach smal |, cal iber tube may
be. ey poBt AP bR s BHERe s Bhety do BRamevgenxinitEl dhPi

W resyl 3 i I8 Leeqt itk i ; seen 21
About 0. OSBRI Ui B ABHER, g ke Bp isir Pcitlal °5 RESNES

| i ke)5t hitjdsue damage® Innothercdmbatiméhts) thaewirdends seay Heaohpled tddethed by behdingd of

the stcnt legs 30. Oher materials 23 fromwhich securing wires 130 may be
for me@ i rN ATHBPIRKR @eﬁiﬁépmqu@ t&a? “ﬁgeeﬂtﬁ;e%wﬂng; the ing R4S tepesher with apy
enbodi e i L : - W res described in A 25 and
B. hg? ein tﬁ%@?ﬁ%&ﬁ?tsﬁgﬁ\#ﬁe’% g%?‘cﬁ&%’o%\p?gg\géégut 55-56% N ckel and
about 4526 44% Titanium (conmerci al ly avail abl e from Shape Menory

Appl igat i ons) . Other @onfiguratibndofreniplata 400 mhy tlse teanilized gondistaslyowith ke
present invention are nitinol fi ncl udi ng - 38 31 JUL 2003 WO 00/.44309
PCT/ U500/ messapdisclgsyres Hosexamales tranplptsetl0 may be pravidedsvighpins apundwhiety|

securi ng W . . 2 j 0 QL from
i Al iR IR P S Rtine 3F b i bRl IRl o0iRTEe L
be ufjli Zggplickhesea Hidg, ch SRCHAg I882Wdépisted 3R FIGE4NUN AiyoRuitdbfe FadAmm, 4 140
t hrough the proxi mal hole and go back through the distal hole, formng a

smal 125 pndiding, fargxampie ghoesh semaxable oh pemanenioitiechment. Sting802may s 3.

The pjtinal .secyrjng 6 w.res 130 are thr ed i.nt.o the sipglg | unen,tube
140 Dt eroprEeRtold RutedriEiengres il 3 4Pt 15, 1G] By dF5pnts

1. 5- 4 0- GRHoANEeREAEnP802 RfayHetdoRfibuedas rehgﬁge%ﬁmﬁﬁlte]m By Vitiae O fe&tionaped
with a small piece of soft tip to tacilitate maneuvers wthin the traeheo9
br onthi alfopgs (hishawe) or may dacerfigured to bo sqeures tademiplaieet00 4siwould a islamn

| oopld norigiomns Fiistiping faf niy plsp Secheabedoth fermifa ARp b poBR bAGRT {he-
proxiymal hal ins t3U40 BN eRgdde@ SRR Stbipldta!300( S WEhsiwrA in FTG 4, Oh §ieR! 4n

cl osed | oop or another opening in {nge weave), and back into the |unen of 13
t ubel8L10 enibodimént; teenplatet400 may be pialvided witht finikle holasl 804 sigitar tth &ibles 1302

exe ar qQdi nent del j ve stem 100 .15 ac di;ng taat he esent
Tl Conmarmeh g 88l sty alabed Frogeh ainih PSS a0H na Be s ek Blse5e
eachyd eg ukiiQecﬁfnle@e&ﬁldlé’ﬁMﬁMﬁiimM.” this enbodi ment) the distal ends of
| egs 110 17 shoul d be equipped with a series of pairs of holes arranged

substantially evenly around 18 the circunference of the legs. 19 It is to
be utlder st ood Ihlantembodimenssie mbiciy fynishbing 800 are afgagksl witk templgte 8 throggh 20
two steerable. qui dew res, W t.h goad tarque control, preferab de of

i i T she wdighien of singypud, e EiRer of Gih R5 vfzed ey e e o PBBTFOEE e,

M A) y o I . f nexd . . .

gui ejvar eog%rlrg%lﬂé)det equsl%gsgg Wl?‘%ha(gégssi)f'lt%)/ﬁ 3£tr€ggPop qgéﬂg{e?&fe{a&%ﬂ@é’m 1y Pg%xon

pl at2ahumof titsrigsdtie 80 asito best acommoslaict & baretyof eomalon tody sizes. Fer 2Xampplaced i n
the | unens of the tubes 110 din the sjngle |unen, t 40, In .a further
25 efodiotbht Portionsef template @5%%&%& mwe%"bﬁiﬁné - Theads geethnel
may 2 : f i 1 g gui de

w7 & ADoEBEREA R b VRK uhL A Yok iR Uyl BfrcubRl i 01 ot ons
wll not interfere with the firm28 position of the securing wires and vice
versgy. -39  HAn dddanBefapidiDbyl thtOsse REMAEHB02 B2th8 2ase With ovtdelt theqreaisd r ee
covered space around tube 140 i medi ately behind the 2 conflation of tubes
110)28 sienath of gammon1besiyof0 may hegachieved; thequghithe, adiastment of the: Posilign of cover
tube 140 as well as the proxinmal ends of the small caliber tubes 110. If
the 4 connection between the snall cal_'gggr tubes and tube 140 is created by
a funnel shaped 5 piece 120, 120 and 1 may be fabricated fromthe sane

pi ece (as shown in FIG 3). If a 6 Y-shape piece is used, segnment |60 may
be attached to the common trunk of the Y-shape 7 piece 120. In such an
enbodi nent, 120 and |60 may be fabricated fromthe sane piece. 8 The
created space nay be used to hide inverse tabs attached to the proximal
part of the 9 delivery system 100. 10 Coaxially) a larger tube 170 (which
may be Teflon or any other material described 11 above and two French-sizes

) N I A AN -



27 CRI CKETT device from Mcrovena in Wite Bear Lake, MN) may be us&d ¢@. 2003
secure tube 28 140 to tube 170 when necessary. Wen switch 91 of

push-button | ock/rel ease switch . -40 31 JuU. 2003 WO 00/ 44309

PC F/ USOOVO28/44809 nechanism 90 is in an open or unl ocked pB8ETUSONP258he t wo

t ubi ngs are unl ocked and as a 2 result tube 170 noves freely on tube |40.
This free novenent allows for the stmt to take 3 on its unconstrai ned shape
and silze Vingr802wiRucthe® theodsepfIing B2t abso flacitikatesche appmetridat hlighment lofi fingsin 90

is in_a closeg or Locked positiqn) the t ubi ngs are .| ocked, the two
tubes 55 c&HHo orrﬁ'\‘/‘g ‘?‘Eﬁﬁ?&}’é‘"{aﬁ@?ﬁ% IIOWFI%, tthﬁr’RP‘ Kt Yhirh the Witsesegmentsai ned
in a gonp I T, oN¢ j or
fl angg folfﬁ%sgc‘%éf?t%bl&ﬁgﬁ{hﬁg t@é 3%%5’8 hén!}gﬁtth%t?tﬁgwﬁﬁo%f ?géglx\//!raePe,g?glgs%m tch .
mechadi smnfinthined ahd anBstAstirhlbbanefits skenfning froanthansymmetry neyde realizeda )

side-arm 93 may be attached to tube 9 140 using a Luer | ock nechanism The

attachnment between tuybe. |40 and _eng fi ttisrqgl 92 1Q may, be facilitated by
provi @ ng t ube It ap e@bogimeny ip vgich ’&’ﬁbé’"{ 0 a5 plpced throyeh ifmish,oles 804, nay

be equi pp . : . s
st eer§bl eﬁ'%zalM é‘{i#atgrmﬁP%}s’%%q?gﬁ%%%ﬁ{?gggﬁ %?gﬁé@fg @%ﬁtﬁ]bfggéf#ﬂgs {cg‘t\%ﬁaerre for
the sgcurusgl W ForfiP coiimiodsbddy 200 sindt WAt BfdsOBE tikee finishNGin¥i will bé utilized.
illustrated) it is to be understood that nore than one 14 nmay be used in
thi s 8xenpemplatedibmaybaprovidedewish finighthelrs §94 alangeny peptioneofliselgngth som3s
secure th ui dewi res, and the nitinol segurin ires in position during the
ot ent Sdel [R/BRHY ACEimiGHaR varh Pt sl st “Fotlebtholk o 4.PorPRB et bl A8’ 1oy
be hghd t gagHaGrowldd with TidhHdtes 04, B 8épict& in KRT. 44, t A% Wil 26802, the use.

si mul t aneouS novenent during stent deploynment. End fitting 18 92 may be
equi gjped of fihisks bples 804 ddvantapesusiy aHowsthsluserah zasibl anslyfarteisely Btlsieyria givenr e( s)
19 maé be pl aced in on Iug&n) and the securing wires) may be placed in
anot Rér |  TopeopER bdydPd t o the securing wires described herein, which
may be used to secure 21 the present stents to the delivery systens
descigbed herewfh iHe fiMisH pﬁ%_iHﬁﬂfd&?bﬁ&dthE Wit ORB A4hOfwirds! Hdveitdeh Woveht)
havi ng the benefit of this disclosure, that the securing wires nay be 23
cont A4l | earobyd theemmmoen bpdyntemplate nthetveitecends maybhe scloaredearaundhtheVfinighspinse

it d withi 4 (the hol [ ] i t.h i jral d
D R8T el dh uitalle) A, fr SO w8, B SPRAATE Y. bYouhe SRAEng
i T @361 N Qiing ARPHROKIRS . 1 Bné nfbotent! e iRl ENANnag Gedickiea uith béit

stent being delivered may be rel eased by p ing the proxinal ends of 27
secul7ng avoumd a fidishe pinaamd preni seicureddogetherr with aosharhpiece lof thimewallgse metal 1

31 JUL 2003, WO 00/ 44309 PCT/ US00/ 02582. 1 At .the fi of |
She 01 | VOPinks SeEh AIQOETALPaRD TS OE DY ST Yeldhe BeifEike. AdtndiEr )
1 951410 pimbdior d8ditivRaItwirSnaybe AB1iF&Yafte sahiABIRSwire enlds afbuing tike ARBRACI

so that the junction of the legs 110 can be caught by the canna of the
track@a. pinsiol formingtdiesed strictureg. Speuring Wios (see seturingowire 1306 depicted ip A& nal

portjon of..the co n 5 bod e released. To do so, the. outer.

Pht nebal |12 bR RS tadgcie thy PR SRR obs sommig, RS Pl difing
W t haookgnddthoray be noved distally to unhook the 7 stent. Tube 170 with
hooks 180 may then be noved further distally so that hooks 180 8 w il be

covered by segment 160 attached to the Y-piece. The wires 130 of each |eg
may 23 be pul | eds Barekulbpf seduring thhovige hrds, arauntl thegfinish pihs,tthe asglencreated| be

I d.. 1O Th t ent b I d. .start, h I i,th th
"o 285" et eed e gissRad Wk £ Ry B TR 15 ) e Gl Lo E BB s e o
Dodyy9f - di6sBd s i U wiPeh 2B Adschibed B56vRT Advaflidzbs By |AOSSiAE HRARDins,

because the rel eased comon body can secure itself 13 abdve the canna) and
t her2®y shisringledmiweopn the crossiewirk endswmny be ofairdaipedypreenting the waavelef thegher
than_optimal within the trac . matter whigch order. of rel ease is. used,
£ o7 15 WM FOTHODSSHAE. TSERRBTHAE O e SRRl e bR Ok ey ece
160) 44 he : ' j :

Sece2hy oo B the fert XALE R 1GhenS $R2Uc Yot URCHCRE cARiny R pS o of e
prox29ral spont ttd eemaih eldngadd|witkdnthd Strastefeamwidels itistplaced. t Tieerefiors thmubok
mechani sm I nstead) the proxi mal end abgt he stent 20 nmay be secured to tube
170 with a tight nitinol |oop as above described, simlar to that 21 used
for securing the distal ends of the stent |legs to tubes 110. To achieve an
even 22 arrangenent of the stent's twisted wires around the tube, multiple
tapered nitinol wres 23 130 (having tapered segnent a) nmay be threaded
through nultiple pairs of holes arranged 24 substantially evenly around the
circunference of the tube, as showmn in FIG 4. In this and 25 all exenplary
enbodi nents utilizing securing wires, the ends of the securing wres may 26
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: 1 JUuL 2003
31 J UL 2003 WO 00/ 44309 PCT/USO0/ 02582 1 In general, the strength of the

smal |l profile nitinol | oops depends primarily on the 2 size of the wire
used. But the size and shape of the holes, as well as the relationship of 3
the corr 4POHHBHY holes (that is, whether they are arrangeetpeasmiiessz to t he
| ongi tudi nal 4 axis of the tubing or run obliquely) may have an inpact on
the strength of the securing 5 | oops. 6 The tracheo-bronchial type versions
of the dehi [ .

b1 ur bt e SFE 8] PARNITRCRRCS DRCUPPOHE Sfklalngnnbaries oF hOing petfeen,

bi f urzat atie srased pliecade that ﬁﬂeaniappqdjgw“amedtpmundmlte fiRisB.pir) tHetigHthess of

Application 10 As, shown in FIG 6, the deliver stem 200 of this
al t er hat heMs3YE Aone thalpngth of éhﬁplﬁe%e@wrgw Qpéhe the isteat 2|from ged toend whi ch

©may T | ef Gk

pr ef e?abﬁ%k%gg%gngg%npﬁmﬁw tre%)u]?t’ se}lﬁ“&ges rrréaeg G%QEX'%ICQPQT? §h$? e’nt

| engtfis. thestenhhating clostibstAibtures (1.4 coheldistalemdrofehestehn) nidiebd evigpdrablehe 220
(in 14 sone application t he connection may be at about the m d-point of

t ube on)thephmﬂyf%eeﬁfbapthquempm?&theAten he point of connection, a notch
may be cut on the |onger tube 220 16 facing toward the shorter tube 210.

oot 215, o, ARG b BE SRR k20 b P RS A0 o5REH0E

and th the two arrangenen

el I'i pgicab tré Pfa%emaﬁwrmn s HBustiated 1ATFIGS: J1e42B/EAY shyywhGARTEY 30Eth8ibakdi zed.
19 The flexible connection between the two tubes may use, in an exenplary

20 erfbodiafgemplate 39¢ may e equippedhwith longitadimal sbs J08formediby hoa Iongituding! Wi r e

made, of 21 nitin commerci al | va rom Shape pl i cations)
or oMY pelishisnnaSed bY SFREELR sul o FHEInER i Pl MARG dRFFR e BeRed SR8 £ o
thropgh tN0siRe be theRemplatdRse marteﬁaﬁﬁxesh@éxﬁﬁatetmms Zﬂ&nql()%ﬁ) ihYidrhéter
proximal tip. The wire 230 may forma |ow profile, tight loop 235 (like
t he 12opsnajebavd Hengitdinak yabisewith elongituglineg | @s albdutnﬁymbé umdong; st thee 25
t he oxi mal end of the contral ater

e PO cnsTDg tAnsieresaf Tbovaitoa rip e o illsitaedin EICS, AL dabeTqE n

the jqunmempf vk NGighlly rél@Jate%7frBH1b kHO surficet B téthpI8te 0300 Qﬁdaﬁttai Blitio ‘M re
230 may be “conti guously led through a 28 hole in the |onger tube 220 to the

| uneld of symmeltricadlyrarounidderdplate 3MBe wi re 230 may be led -43 g 1 JUL 2003 WO
00/ 44309 PCT/~S00/02582 1 alnmpst to the distal end of this tubing. Another

sui Bhle | ocatlE- 31 R SERanT B AT Rale 2 wireh v 5% by o 00 e
conngct i anse@é&atﬁsantshscate%ew&%&he bﬁustémﬁe weatcdfoﬁrpmri@ ftidnS aid?:%Rv@gsS 'S 4

8
shown about m d bet ween notch 215 and di stal end ? but 1t "wl
undelrSStoéﬂ Thetbent pmonmmpymwbstﬁmnb@bwdatsedasamw md«‘mezm oemhy&iez 6 A

8 o R o U5, ETTCLIE P

Applzoc at b&ﬂfs)S(Pér l%oﬁs; hetna %tté’égltﬁamermad ﬁloﬂﬁ?ﬁfc‘ap&ﬁbéﬁiﬁiéﬁ) of th@9ed &r t he

distal end 222 of t Ionger tube 9 220. This Foop may be used to secure
t he 2donmthe frestpt Etem(ssangh:t b oray\be)equdl toloe greatdrahan 907, sndrmmppmachu Ibat ﬁdlo in

th bed. W't hi h I

o R ket e e G e et 8 o
ter k f4RS Wix'e?ﬁﬁ IRV wiiREd RS crRhRGRE e ‘é"ﬂbfﬁ , fOR¥x &?fﬂé‘ ﬁm@%ﬁ&ﬁrm

srral -protile, tight 1 |'oop 275 near the proxi mal” end of "t he I 'onger gtube

220.24Thi mabhmpwmychtethoded for 14 securing the ipsilateral or right |eg of
the stent. 15 To facilitate the positioning of the contralateral leg 30, a

filament 250, which be metric 1.5-2.0) and made of ,
f or %éxanpl e, HsFhowngn F&a S? )éh‘bf’réfiis ‘éeOffPC’((‘) %Fﬁ@ B3 %‘1 aoped AR3IR
Et higgon) ofpodbinI02, ”FHé lbﬁ‘g\t(ﬁbf]%*%ﬁ% \R/Suﬁd‘é‘roﬁﬁ@éédﬁ%obﬁﬂ{’mg? bl-%eie&ﬂmed
‘contr aI ateral Teg of

ape stent. This nonofilanmen he cona/ect ed
fir2ly tcornkilering the tmxal lerigtipof the ovirofeeded ¢o 23tn thedeg ae&wllem; thh avire length
contralateral leg of the stent. 20 In operation, both fenoral arteries may
be punctured and adequatel y-sized 21 introducer sheaths inserted in each.
Fromthe left fenoral approach, a first nitinol snare 22 e.g., an Anplatz
Gooseneck snare (commercially avail abl,g from M crovena), may be 23 inserted
and mani pul ated into the right iliac gstery. Fromthe right fenoral
approach) a 24 second nitinol snare simlar to the f rst (e.g., Amlatz
Gooseneck from M crovena) may 25 be inserted by which the f rst nitinol
snare may be pulled through the right fenoral 26 sheath. While the stem 10
remains still outside the body, nonofilanent 250 and wire 27 230, both of
which are attached to the contralateral leg of the stent 10, nmay then be
pul l ed 28 through the left fermral sheath by the first nitinol snare.




31 JUL 2003 WD 001 44309 PCT/ US00/ 02582 | The delivery system 200 nmed’ tfn 203
be inserted through the right fenoral sheath 2 and positioned in the

abdom nalwgg’r}f‘% ?o that the contralateral leg 30 of the scent 10 can 3 be
above the" 2869 i ac bifurcation. Pulling back nonofil aneCT/E8H0@RSEE 230
together 4 with the whole delivery system the contralateral |leg 30 of the
stent 10 may be positioned 5 in the left iliac artery. 6 As the first step
of defl oyneaded toviarrengedithe bahbiok asmmdribe wdazingmlates (shiowmain K&y 34), whichare
stent2 maﬁ. be g‘ghlled .out sod#ihalt the contralateral leg will be rel eased
first? PuPISFHCORC8VIRS A SFI ament 250, tube 210 may be removed t hrough
the left fenoral artery sheath. 9 The ipsilateral leg 30 of the stent IO
may bg rel easedshhowhtin M1EV3ATintdHe dribddimbht B wiieh bbBbink 708 Grd@lizedt G Of
delivery, the common body 20 of the stent may be released after Il pulling
ni tindl weoaxidCarcmged veavihg platesahay beprilizdth Assmwn inBIGgRES% upptrewesting/ er y
system 12 200 y%gf so be with ra% and renoved through the right fenoral .
sheat B. | plates7TQ4andblower weauingnlayia 70fnay he pesiieredyn diglersat Bogzontaleplaness and

commB_PORIGo4s %ﬁn?é&tatejsoxhgg?fhé"&Ja%fnéﬁk(l#%%% écﬁx?ég}eﬁf%ﬁﬂﬁ%ﬂiplésbo{bﬂggn

exenpl'ary enbodi nent of rvery s ccor e presen

I nvenyi onjods 08, theCaxes Grwhigh ré @EbsTENINE pérpehdiculhOtantseTiehving Hlatks doOPS
instead of only |7 one for each leg and the commobn body of the stent (i.e.,

240, 830 whithbpbbins 782 maybeslidalyy semwed-ndilG. 38Hdepioty enly dehpbbinstfor tedake t h

t d t d t i bi lity,of wded rent  of
sobur Png 0 FEEISRE - Phd SG4ERe el B9 08 plevfardlui s SR aBpLED 3, °
i n angexegpipidty 300mediorBitesOd0 GRlyl NAKY as ¥SdveNin 83 GBS O Phrilate0300" ?na?lbcb

present invention, a single securing wire such as 240, 230 or 270 may be
t hr eddled seauiedIozthel basy ohthehweanihg mudching chgsen rusingf arobuitablkomesng suchoasm

mul tiple small profile | oo far, .23 securjng nore t one, cl os styucture
of algi v efFmP, ‘Eir8§ ﬁf"w%%“’@fé%ﬂ'?h Itﬁmgﬁ"é‘h ié’[(} ?lf‘yef?ﬁogi Bt ,plaPng @iﬁe v be
tapered f r i i i hat
any. Combi ATPES RTRORAT B RADEhRN BLERY Ceaks IR, 0 HORERRROOS o
nor e 14 ec ufioraey (g &y t4pehing hemplateedt 299 doljteadagf tearphaté eod 710 anigcippropriate

back-and-forth 27 through multiple pairs of holes, while one securi Wre
may b tHP%‘éH’éB“%“Fﬁ’%H&M%BHF‘?A @85%6% ‘E%E’?Sed?f ‘H%Wé%‘,""éf‘&"h‘-"&f? ‘enﬁatj’@r[}a-zow
WO 00/ 44309 PCT/ US00/ 02582 1 The aorto-iliac type of delivery, which nmay
use §§0 accessz§iidvm inFIGEE36S 8d BIA, thd bAELHEDSbYRAs P03 Hfa‘f}%eeereﬁérédr?oﬂ n
the biliary systemor in henodialysis grafts. 3 The present invenhtion thus
per mifs awmeavihgby agmggarechabbithen epper wediifigipiatt Q4 and theambdrdrobbal from

strugiure, This invention cqnprjses.a coherent e]epent that c mai ptai n

al | ,% 5 t*he BT PY wwm&iﬁmﬂf@%&ﬁ%@ na&%{*@h%e E@B&mﬂﬁga‘?sgﬂl%én%ﬁ@sent
invengio rm : e i og=] : JEp i/H nate
al | g%ss{k'%’[dg opr 0 ?’er%r%s g;sészg%{lag%degy\?\n&’? 1%7 2%2%% ﬁ%ﬁ%’%gjs&gg? ng ggﬁaépat e
sten2@. Imidingtwdres dOnmdeeetision thughputsthtiweavihg proctsss eAmpraraplei sfirsuch aeach

other to formthe best possible seal gnd prevent 9 tupor _i nvasi on (provided
a covkr edneshanigm;ig aegé-mayweéﬁgmjlow&fipm 1024gyrotpte in aggingle disectippnly,

conf hgur ag,| agd < W ﬁﬁﬁlﬁ S agghe ti f the
t ubu gr %&b}g?ﬁaﬁgﬁﬁﬁsewgﬁ%eﬁ%ﬂut g?f\ea est. 15@%%’??9% %%haggp@%nhrr‘gglb% used
for 2he woafigured sofasao conwhwoushonkhirgaihatehsion i wisesc40 dy Viltae VAltHe brakdE and
the G anturco Z-stent) show | ower than expected 14 expansile force when

t hey24ir e Tesistanpgde the winding off gewirgg 88 ding to the inventors' in vitro 15
measurenents, the expansile force of two WALLSTEhI TS and two Z-stent)

respggtively, 16 it daghde:. i I . t has d at
t he %ée:nt er of ‘agf %FE’ST&E"- }Sdl gieelﬁ}é% %g%%%&?@l\ﬁ'eaﬁggglég &ragh{h? ‘rggs p’gﬁaslel y
(Tabp@s Zegmdby ¢rossife tife! Gidds B semBOwire, Whichhesuliscmetie foMansn eNa shaned
the nost expansile force, even at the |level of the bifurcation 19 (Table
3). ?h a@ﬂigmlmmﬁ (HiGa S6By -as theesitgraf the daptrportion b angthergnmnpes of veaving
behavi or of the free ends of the partially conpressed stent poses an
addi ti onal concern 21 considering the danmage free ends may do. 22 Except
for isolated tracheal and/or bronchial |esions, self expanding netal stents
23 have not been used to maintain the-Rgnen of the bifurcations. Apart from
stent-grafts, 24 which are widely used for treatnment of abdom nal aortic
aneurysns, only the Dynam c 25 tracheo-bronchial stnt has been nmade as a

bi furcated stent (Freitag, 1994). 26 In selecting the proper size of the

bi furcated stnt) one should take into account 27 the different dianmeters of
the vessel at both the proxinmal and the distal ends of the stent.



28 ldeally, the best possible natching between the dianeters of the3edlel2003
and the stent -46 31 JUL 2003 WD 001 44309 PCT/ USO0I 02582 1 woul d result

- in a wedge-effect. This wedge effect nay be utilized to fix the stent

W thin 2W0e0443esel ) preventing distal migration and possiBeysasiesssnd
intimal hypeiplasia induced 3 by a pressure that is higher than ideal. In a
conparative experinental study, it turned out 4 that of the Pal maz stents,

or ot of apl W EE E FIGRRFTA W R ot bRkt MR o/ GobseBIRSE RS B Renc 6

m d- t2r m @i thesitePoflBE be&fl poROAYFIGUBYB)l 996) . At this tine, the advantage of
using a 7 flexible vs. arigid stent, or whether a ball oon-assisted

depl o:glment is nore advant ageous 8*over a self expanding delivery mechani sm
with 3egard toApskemanin REGS.H8-39. sheuokd weaving olates: nay be dyigages sushahatshe not

been establi shed. ra.-nitinol bi at.e tent, .a possible. 10 {|ared
or oxi syt ég’?sf[mgﬂt%tbf’ﬁ?’f’ 78R EhsPb e F°H oy o s Aabi 7
it is511 discRnenty theldamétersiop theOphied nit§ s the sEhaE O idptiférent. "ANrek WOLHAS be

provi de one with guidance in |3 selecting an appropriately sized st'ent. The
st ent6 mayarlegeder bobkhins Hi2dn thessabwedyaniner as describedodbetve] 3s showngntRIG. 39at e.

When the stent is allowed to assune its unconstrai ned size 15 and shape, it
may significantly shortened. As the stent is first shortened,. smal | 16
oot ehse I | SRt ST GG BrorpmEniaBEa  GAbng Plate frmingEmenisd Phliasth i

di angy§ er .y hgi &% ¢btatel; ki ioh{ @ EhRhV; I oy e,
homenséer, Yﬁ?ls&grgfati onse#i?lp&@g 1%2@2&%) prgﬁg nce%hﬁﬁgﬁeﬁ%pgﬁgﬁgﬁﬁ@

decr énse plated sraythe operatedeatidny sunable spesid. shnathiseregami; megpsed 29 low aslilaoeller . As
aresult) if a sten

Gopt Wed cHes Porannle isaebePlabls’ The pevgt Pliscomay Blabe EyeBbySsRton body may

remain 21 significantly elongated. This characteristic) though, may be

advapyt ageous  ifhetvidvirgSiates Phy appbR&d ¥eb fthied Bsihl 3l BhitablOffeandARE Y th

ot her stents (e.g., Z-ggent) %%@g shown t hat tﬁeEZBywal | of a tubrutfar

st r ukX ur éllfstrates eing rhdans af yuppogtég adcrojating wesviing platayr Hduaid 706. adIQGuisck] y
its unconstrained size within

24 djl ated and t tent is aple_to assu
hour’s todaa‘fj‘é'.O"z%g?‘?P"ﬂ ’i‘*}ﬁﬁé‘ﬁ? gf §mP?1F‘é¥-HEe‘6%FW‘hi‘§‘FaV§E&|H‘9EC PRereE? i n

the fxamplg feed Q%H%r?x@'f'mﬁ &dﬂ%\é 753%br 8 i 10W ! g&and
t he 1(l:i)c()rrrmné?’bod acngetj i#cdl arre?er a 7ﬁﬁengt hre%r?r%‘\%] weeg%édé’? er stnt
pl adéirentweafigg Phate7Msank 704n vespedtivelynely eaving phate deieersi 760t hay be setunszhto of

aneurysns. The 29, successful treatpent. of an aorti¢c aneurysm "eit her
G i Rhe vabey and Tes izms of (He e ESIate sipBo) insherEnies SO otaving

PCT/ 4] Sogia@c’sfiﬁ 2rder4s BF&)}Q(}C% thdin CPRPBRVES &6 sisliriptirdd tofclﬁﬁpaté RPafy &bt 1 On.

Ther ef or i nconpl ete ixing 2 a stnt-graft may result in persistent flow

wi t Hi8n t fiashiome UFor sxample, thehdriversgpay e abnfigwed with3a pbwer sairte dnd pooidedk s,
can .Qccur .@ecause of in\%ﬁgpl ebe fi.xa&i on at t&%‘gr 0Xi ma% and distal.. 4 ends.
EnddPeak¥1Bopars ehy BuRRIcSPEEUALRT foTaNstES 5 WPaVAMA Plalgs.for tate i s 5
EXpgp e Ea rgliiﬂéjy kb 'Eh“c%:ﬁ@%b@@@%ﬁliw?ﬂa Q@ﬁh%@e&%&gjﬂ_lﬂﬁﬁn %%fai’esfﬂﬁ

rupture , . 6 1998)."7 Abdom nal Aortic Aneurysm-Ireatnent 8 Short
i nf r2dr ensleavieg phatds< Theainversayay rcalsmbe comfégured kualf that theoxé¢avaig plagelmayk. | n

9 these cases, ,depl oyi the proxinmal, fixatiqp,stnt, typjicall -stent
of | &7 enBoTSEAPuRaTd Bt Ao AGaRe e AT g crdprstort 5 thostd sfilnar cnal
aor by Caghelf Gith Rk b¥ndtt OF 813 difcIBAR AR eithbr bEBSth JFiiRe B?ﬁ&tﬂﬁ b aris t he

anchoring stent 1s placed across the renal arteries, w e 12 covered
por t24on bmyiberpmuided withebriandheatemdlich drieérs ey be astaclmdc eThe deversron theat any
13 proxipal dislo nf of the stent-graft (due to _endol um nal mgration
and@er t ramaheéwﬁﬁg%ﬁ’%fecp taﬁéavw%‘ Wfﬂyé‘ffﬁ%awémmf OWERiRE BRISF t he
renak ar ' : ﬁ\ﬁ% gt R (el PHE f Qe LS0in3€e
tre?tk3 ed Wh%%grgg}r;aesggo%c} a fgsciggerh?@eg I {ljr‘}&ég{@gbgtﬂ girﬁ-grlg?%mﬁgveégwgri ng
mat @7i al plates Wscshbentihi FIGind5. s Thes, dhabtle ah 7embadigient, bdtle thedtep tnd bottdraw t he
novenents of the weave. The possible covering 18 materials include woven
Dack8n, ssfrcenelsaphyenving piats vowld he gBgagediwith dfiverand 19 somewhat el astic
1' TFE, pol yester (commercially available fromTetko Inc, in Briarcliff 20

Manor, NY), and any other suitable maEgri als that are bioconpatible and may
follow the et




21 novenent of the weave of the stent. Wwen Dacron may be coupl ed 8d tHe 203
stent using 22 pol ypropyl ene nonofil anent sutures. In one enbodinent, it

may be coupled to the stent 23 using 5-0, 6-0, or 7-0 sutures (Ethicon).

Ul trat hi W‘S A¥4Bhewhat el astic PT' FE may be 24 coupl ed to PREUSOYAISSI 0 t he
same manner as the woven Dacron. Nont hronbogeni ¢ 25 pol yuret hane may be
coupled to the stent using glue or heat. In other enbodiments) 26 Teflon or
silicbn conpouRse theyegschaygbperewenred, ioae of dhet weayinggmachines ised iy weavsons

b 27 bed UL.2003 WO 0Q/ 44309 ~, P S00/ 0 1 Usi
200y o 2 R e Sty b tized o Foiipced e e CoRURo OB 46 SBPE TR AR - vy
2 be gr eaﬂeﬂ the bdbbins A0 CBRls g@xtdlhgewirsyﬁﬁspwteahlaﬁ ot sfaiuna(iﬁmastm

conmon body ‘310 3 and two | egs 3 he common body 310 (or
supr a4 enaveavinglatasfof ohe of thert‘ﬂeg’:’(madnmd I Ttbaemphmmmth theothbkewbvereleg aiayt he

2t erd g, bermstitinelan aepustsbixoi Y st 188 31 BP ek /TR PBlaNe BBV LBE e ¢
the 65 abdQmmMan bd Agg thhet%HSnt if o i ude@, hiz %&%@@t@é@ éxf?:ﬁb g(té%@%tey&
portion of the ste

renal arteries. hough 7 'an appropri at epi cted
in FI'G. Tomeaymphte lrgan®dbe inkertedciatean ngeding of rlmtcoa’fmambédy tehipdats aﬁ@cbfa
clarity. According to this enbodinent, the |unmen of .the j uxt ar enal
portin F9nfigurating ig ytilizeds 1 The bgbbims rang tqtrqsmgd@&)wrteﬁ@f r‘B‘ha‘I’CO&M%S may 313

Shoulgl 10yl o AB0 Bufs U i Fllfh BE LS AlkeE GRS s SRR

agai n, the eria shown € Sake of " si

thenloanotlag& Kdvbﬁfseﬁhcs'wﬁesgrﬂi'ﬁé wenvet ﬁﬁlygﬂhbn tvebangﬂhaéd oAl the2cémibh Wodgt ed
stent-graft) positioned into the distal abdom nal aorta. The two 13
stentl gr aq:msla%%mqsatméhe weaving Plases ceppositedissctiother, creating a
conpletely sealed 14 endograft. To achieve a good cont act/ connection

otratint tube SelufCheR B il ebSebiehed sl AP LIGARRSBpsiskRwith,
pref By abltye preaemddisdidsufbie Awstoivn & Fii@law; wmmﬁMisSsmmpmwtmpmhude

(1) the shortness of the 18 proxinmal aortic neck of the aneurysmw || not
be ald i niPrejngiianadn dhe fosmsaf] tabs TMbarsangedrargundyths fempltecprogimatn disprosimalr

reep 5r Ofcnakﬁ Eo r’ﬁI dgxstﬁj(&)d (gfltg Eg g&b‘ﬂ l'pﬁz az[scbcgggoﬁndgérggr%g 3’gw be{;%u&c and

I zatl o or occlusion Ferenal can I 'm na
(3) R’D”D'lleﬁsens'éheﬂxmb i mnstomexﬂﬁlaw 4soratrempms:pmdmbﬁmn ek !fymb of abbi eved
because the stent-graft w II 22 be anchored in the I ntact suprarenal

por ti7on dP0tanealserarkengearpypd mapliam%%pr@mmgteethmmmm end therenf) aWhen t hat

velk | oereitaes 308558 46 B¢ Pitpisi B EhE0 a8 By o i ok IR REdh
shoujgd bang hahh&tdearibedr o vé. emtretrew:xes fahay emée &sgrmsa,ese béGesHdNEe Bbst O

the inventors' studies, a mninumof 4 wires be used to formthe

smald0er @rrenged)arpgnd thesprazinalfend iof template 4$ﬂea therends of) thosg Wiresf mandest nt |

wherg all the w d,for cent, structyr

For ld e lbund pilifn 483 e Sforfion bt 430 165 Bisiatly of,oppripe

pl aced mMps. GRRMr&dfrbMURE aWwBNedd dhayBe cdribinbd @hd WIVER .ar&GbSFénibR 45 Qo head)
-49 31 JUL 2003 WO 00/ 44309 / US00/ 02582 | into the aorta. The weaving
may Be streatectiic campion body andghe ateut.t As sbowmdn KIGu 46, pertiongtijais sheepatiands.

As t he cas he bifurcated stent he tenplates for the | egs may then
3 b j o pEtemp ‘ftﬁ4lsh Eﬁﬁitﬂu 9‘3‘/ ORqMnE n trunk as shown in FIG 27A and
the plain 4 weaving may be continued as above descri bed and shown in FIG
27B.p5The asse@i)ﬂéxcﬁn@%cﬁﬁt@@uﬁﬂﬂ@?@ﬁ @Qrﬁﬁ teORESAN Gg'?‘%rdé@&?bktb&‘é?,c%&"@)e and
reshaped and reheated as 6 descri bed above as nee he trifurcated

st erd6 maytxlmngehc weraeingi platek)e mfay| beowbtagnedh rfoe example, doim W andwellsBsiiding

depi ted using the sanme materials descri bed above
to 9'2(:7| nc %‘?WP@yt‘ﬁB:@“g%g’%‘?thg{ both | egs and both the Lower and upper °
portions of a 10 common trunk may be secured to tubes in the manner above
desggi bed. Tharg} qné mvlnglpﬁtea tbecosﬂpléec Yhedndsl BEthe vifdsOmhy RMBVigted
artery access nmay be established by pllacing an 12 introducer Sheath init.
Two 28t eetogbiher guéapladrassiesaribed hbnvcb@ forpeclosad ftrugtures. cFamakt theSprapgss ofich
(froman axillary, brachial) or caroti-ggartery) into the aorta. Using a
foreign 14 body retrieval device (preferably a snare), both of them may be
pull ed through the right 15 fenoral artery access. Each of the guidew res
may be pulled through the lumen of the 16 stent legs still outside the
body. The stent nmay then be inserted and advanced into the 17 abdom nal
aorta over a third guidewire placed into the |unen of the delivery system
18 Fromthe cranial arterial access, a guidewire may be placed into each
renal artery The 19 stent S proper orlentatlon may be faC|I|tated by

T ) o ~ N Y M .. o




31 JUL 2003 WO 00/ 44309 PCT/ US00/ 02582 1 aneurysm nust have a di adrbt<dL 2003
40 mmn and a length > 15 nm (Senba, 1998). Shorter 2 proxinmal necks cannot
be safely treated with a stnt-graft because of the potential 3 occlusion of
the | eft WABYH4I0? an artery. The positioning of the proxi nabpcpostossyg st ent
of 4 the stent-graft across the left subclavian artery offers a possible

alterpative to elipnate, 5 thig problem Deploynent of another stent into
the | brt WEBEVSUPE ASIEr paq §asicr fheHirchmaY betvisted Hifh 4 eabband oq) slesmngd | 1 y.

Bot h ol wt)i v . 3 ' !ﬁg‘g ' '

art er?al uiIc())%:c gg?%%w8?g%”s: o%ﬁsﬁ?ﬁg%fﬁcgﬁgﬂa‘&nga%?g %]Z I uﬁ)il:éa@gag]l %ﬁ%ﬁ%?cgr af t

500 agcorphnoid. Taws M4 pf esodM12%re ovdiurahsdhui the erds BB kHecwir€ainaPbe firgly 51 0

for the left subclaviap artery_and a |arger trunk 10 520 for the aortic

- | unerf mayheddbetaveen gawy - e awsrii4 may et acgwaﬁd by fpusk butten Y16 meving: against

| umeng of th ur ' n i nt ains_t at e of the

subcl i ARgE7 IRy A g HE R aRGY g pBToBhEY B 20 RENEE RvRen 8% ¢ ha

may he UsAd (FIGCAIBY, Pring0718akpanas (drivetubss ﬁ)ti@d”'ﬁﬁcd?xfstrﬁhé‘d‘ﬁtaﬁz%a Setplss are

not shown in FIGS. 9 and 10. Stent-graft 500 depicted in 14 FIGS. 9 and 10

w || ‘be (jaweidd.ceduting thevwira enids Sirmmiyebetween j8vs07 14 due xa thel mressaresefcauter | eg,
nk ,520, f le which r des in aqrt |2 as | Iustrgtedin

15 tr exa |

Fr ) ARESREBAAGANE S Bloas vy TH GuisbRoRune 321 miaycihen be iRgied g cesate
portigns bt Kk : i 1S q4f . W res
for m'grjlg ﬁlﬁpﬁégl%ﬁgf %&@33%295%8%%%%&%%%% gt@é azldlg de |tv%e§g%m£

st enlQ gr af tcobfbon BEdySE@ maygba kecub@Dtareynphae 400 sithgusamgenst &bs 72dawhichs
descri bed above, and nmay be 20 delivered using the Aorto-Illiac Application
del i Yer y maydedprmenhthe samgavayasdepgitugmab tabsd0t ai ni ng t he | unen pat ency of
the |l arger branches of the aorta adjacent to the 22 aneurysmw th the sane
ste graft u t @yl e i f e H kze o] .sol ve
thenfnzost freqz\ge‘r%tt’ g’r?dbggic?{gass%ﬁgﬁafngé cﬁucg{rélein?tlngl%e{}s?s%%qog g‘% slvitg)h@ﬁm?’
endoigr af preferablly @buAAA tanth M\ and SheNoalldwedNoCEodRa6 Q6HY tehipeafurds I heOr

nore of the present bifurcated stents nmay be used for reconstruction of the
27 aldrti emhpdiment.fthe hifuigpted stent miay bethsated tnSQATE food 6 anianigs.ohe agesultothe | ar ge

| h ' left. id | ef bcl avi
artery) i*ﬁf‘égﬁf‘éé*f%%lﬁ Bl AP SRR, prehicsS Ths Unfh sBees b 305

PCT/1¢S00 &d deith gogddeladtidiB) ﬂiaﬂibé adTermisd by GpblAR aVfobd@Okref) KM Si ng
the blood flowin the side 2 branches, The under|ying pathol ogi cal

condi’t i ofhapsweaMery of thesstent manthenrhe agtivigtadrhy remaying the foree, and therstent may| ve

t he yuse Nt - .. 0. Qr t lude t. f I I 4 the
cir clﬁl at iglgbﬁ nf/ﬁ@){ Iéeé:g ?%Esalhﬁlea\?vsﬁgﬁé n&s I shLé ?%’a?ﬁ%%gm@wig%vgfgﬁeénﬁq%e
enmba®i merdcovery meéd fot BOsuchirthahthelenaat drighmdl RRie 6 réghimed ARariek, Nt & Mieantr cat ed
stent-graft (although the 6 cover material is not shown) according to the
preddnt that &ome degreerof plagigdefomnation may, esaur-nlp ether wordsotscavesy neag qat be

arteni es : =\ 8 o) - Ot eri ong
 t et ot S ol GBS The ABR el n SRR Ryl s ety
contaznat by héating iticaboat 50090 forabaiiesd ot 0tfinules Gpically dBot &R0 Ghintifes, ih0
aortic arch 313, the left subclavian artery 314, the carotid artery 316 and
t he 23i ghtn PYeryyHB| Qngi embediment, the bifurgated zéntam bre heated to\RO0BC 1igr d20ed
stenys: Lk jr Vgl i ate t Lye si ng
del %er yﬁ]g@] st%gé m'%e() Hilgxe%h%@e § t i%n&{"—‘{t gr&g ¢ rlluet%h‘gn& éﬁén%ﬂr% épp%e@gllrn%%'e@gg t%% ve.
Aftas bi defomédcapat fplichidrsofle foree bedl firftidmpaatuesl The forcBnfay!te rérhoved,ond of
the two) nmay be delivered using the sane delivery systemand in the sane
way 2615 and ﬁ@pstememavnrema@ deformede HThe shppememary oft thet septampay dhereibever ed

Gepel ochetfia By rBffing e ch REH REopa gt RS ol v RuGls B R Pl G

21 dgpi ClubstahtifIB retdver e iilapdtpps.s) A B, and C delivered in the sane
manner 19 as the two bifurcated stents depicted in FIG 20, and with the

sanme type of overlap. In 20 sone situations, a conbination of a bifurcated
stent-graft and a stent-graft that is forned 21 using the weavi ng net hods
di scl osed herein, but that is straight, may al so be used. Thus, 22 the
doctor is free to utilize any conbi nat¥%n of stents to achieve his or her
pur pose. 23 The extent to which the current bifurcated stents are covered
may be varied 24 according to the treatnment nethod needed. As shown in FIG
22, the portion of trunk 25 520 (which occupies the portion of aortic arch
313 downstream of |eft subclavian artery 26 314, and which is designed to
seal aneurysnmal sac 318) is covered, while | eg 510, which 27 occupies |eft
subcl avian artery 314, and the portion 511 of stent 500 , which is
positioned 28 upstream of |eft subclavian artery 314 are uncovered. -52
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31 JUL 2003 WO 001 44309 PCT/ U500/ 02582 1 This enbodi ment may be 31 JUL 2003
advant ageous when the thoracic aortic aneurysmaffects 2 the segnent of the
aorta imedi ately surrounding the orifice of |left subclavian artery 314) 3
or in ot P48 when the cephal ad neck of the aneurysm PETAISP8/0258drt. |n
this situation, S 4 the use of a straight stent-graft (that is, a

non-bi furcated stent-graft) is controversial 5 because the shortness of the
cephal ad neck T6 mdke therEinalyshape,/of thaatehyineludimgthe sscatibe of sligitlyi thpéred legst

safely and eqyat el y achi evi fixation of the straight stpt-graft w thout
S eorr onind e SR et BE fha AelCpewEaiibg Agapenbady; i she leeshn snf giay be
enbodi ne i i efinat i I

Cnoovbr edreriadeledon a2 Etpla @R st ¥tcd > e o ek e modBY Bmplate |
art erq 3lrhaytbel sehicved dn\acfashiop cirmilamtoothe tmanmrer 52 OvHith showids aié eciginalyy

seal aneurysmal sac 318, thereby preventin‘g,endol ak fromleft 11
subclavi aAttaghedsta, theilemplate,) e.g. VIAPREAAPPRET Witesr Rebeating may be dongpysing a

e et _ g
o uska. et e dnip SRR 5} Rk SIS TR OISR 28 BB & e
del i VBT edfod bbthe fiietion Of Yhesstertet®, 360 remodaliiny artedhednge . Afiet oBoliAg dade: to

Bilateral Renal Artery Replacenment Using Two Bifurcated Stents 15
Posi t§ ong0osi &rmiRyatgredcthe Gtems wiresynaynexhilit spperefagtic [properties edlt sisetn $e10

(sterg-grafts ot shown, I al s 7 be used). are used side-by-side.in

for t & 31 pindeistoddhat it el e ot i S isirhoifac s i iendge bt e
stenfp  1QdifRbeYrbgthfmbediwith Wirmal Sdpe nROROryNedre SHONYR)beNBNerPRot 1B X cBld b0 t WO
19 delivery systens 200 and delivered as déscribed above. They may be

r el eblsed taQl beavingitbne Oulitly inchides thedirst keating timeaindtbe seoond hpating tames éve.)
expense of. the sence of the 21 ot ..In one enbodi nent, each trunk
oot o it BOomBRtess ok o REhE) mipded Bs TR ma P proptERmed bt 23
The pse QherdiP shipeMGh&Y, bi furcated stents as just described is warranted
if the 24 abdom nal aorfic aneurysm has a short proximal neck (that is, one

that extends only 25 slightly upstreamof the renal arteries) that nakes it
virtidal |y i npdsshiskemplaryiembedimentof2gentd0i afterdeating andeooling .l istprefereblal d

bl ock renal, circul ation. De di ng o e l.en of th 7 _aneurysmal neck
onai e ¢ e fyahes Feinfares Bis R e opdh A4 2 ST itk 5 BrCtiy BBy cgs
28 ofg t Neudpe fdupral Ssbirg @Wist SOV thedh %ﬂéﬁ‘é@r)ﬁﬁn Weldidle ddi8éring,
circul ati onéwou?% notlﬁ%e SSgEBS’ gqyJUL 2003 V\E) 00/ 44309 tPCT/ U‘%OI 0258112g 1
conpifom peekstrg weldingi onthe hikerinroaderi te hsttertemsugechat the codplehwirerendk witlowtt ed
upstreamof the 2 r | arteries may, .be |eft uncoxered. 3 Conbiped

77 o lemn ceAr A uipg S Evee) orte FRey o 18T RIS REPIEH s SPAS HSGHERBE o1
Enbolgl Zakhiered Hy reRidRin EH9UxidRITa é}fthithﬁayqi@%%hnéd‘Wé?tthé)fble\lahﬁ?&'tifdﬁk @it ed
(and in some lesions 6 evéen the trifurcated) stnt may be used Tor aneurysm
t r e0nenthewirepusedbandepplyjog ppider 1 theseportiapsaiSoldesing may be anhandeidsby first

enbqgi nent) t.he "naked" .sten y rve as.g scaffold for . 8 devel oping an
enddiinel PIPPRIS souglve Hiren sy JRow i dhie e, Merl Wikt ¢ 18 8 4R o
sac 7By BmbRdirhdii Ssbihi EdHg BYirafered (& ¥olied: ,q%&%eﬂoiﬁrmmng%l&em 18
Generally, the stent may be delivered into place, and an enbdlic agent nmay
be 128 i nperfopul thant solddningsand may de mpora seitable wath s=gardae lohgytanmi impta@atién,

whi &? depgcﬁts the 12 abdom nal aorta 650, the |left renal artery 652, the
ri gttt reRAMeMYEry 654, the left iliac 13 artery 656, and the right iliac
artery 658. 14 The stent nay be delivered into place as above described. As
shows in FIG 30, 15 once the spR@bgradabll VePfloRPPr Opriate position, an

angi ographi c catheter 600 (5-French to 716 French) that is chemcally

conpatible with the enbolic agent (not pol yurethane when the 17 enbolic
age?b cont ai nTheorcated, stot ofnthe rmresgntinyentinm (anddthe frifireated stemtedisonssede
stent,. 18 | n.advapci.ng the,. i ogr.aphi t.heter .into the,l umen of the
Stn2? ontelsy THHEEE B iR JRERAT GOt eragAe, et 50 B dg Horma =

del bger i garbRgandinyl bicaBYYstle, Ko giRMbIR AR fifat Athy! ifad¥EirOQI faRGicniAgalet er
wi t hout the use of a guidewire. An adequately sized 21 m crocatheter 61D
( 2- BPench stept, furition @b drughertnuttent delivery syserapapardashit of thetrhatetid usedol i ¢ 22
agent may then be advanced through theygngi ographic catheter, on an
appropriately-sized 23 guidewire (0.0l4-inches to 0.025-inches). The tip of
the m crocatheter may then be | ed 24 through the weave of the stent into

t he aneurysmal sac 620. If the openings in the weave 25 of the stent are
approximately 2.0 to 2.5 mm 600 may al so be advanced into the 26
aneurysmal sac. An enbolic agent 630 may then be inserted into the
aneurysmal sac 27 through the m crocatheter. Enbolic agent 630 rnay be
chosen so as to be: non-toxic, non28 irritantlreactive to the tissues;

o L T o r .




-54 31 JUL 2003 WO 00/ 44309 PCT/ USO0/ 02582 1 adequately radiopaéﬂe:’UL2003
capable of filling the space contiguously w thout |eaving 2 unoccupied
spaces; and non-fragmented) thereby not getting back through the stent's 3
weave i nW0 039wl y forned | umen which could result in peGTSN0ARSE2
enbol i zation. 4 Al though several fluid enbolic materials (al cohol,

pol y-vinyl al cohol, 5 cyanoacrylates, Ethibloc etc.,) are available for
transtat het er Mamygdhctorsahag berpnsidered i cBodsirmiagriatnfooewhithi tdefatmahe even

sui tahl e for thi rpose.. Recently, a nonadhesjve, 7 liquid enpbolic agent,
et hyl gne bicd 3&%%&‘£H’é‘f‘)’f°@é?&oﬁﬁ¢ﬁ'er°f(‘}évm Senh B VEIOR- |siBd OBF | sRodipgntg the

treat genty,: i Taki o] Nelrosurg
1901 3. o eF AL Rentbfthe chesl Dl dnay B0 Yomietfrom Slaliie dr BAE
- radi opaqughicknessrsayas k6 nsifinvige Bldot TRoweblookdge and dadilifacy bioAbsopbtime h anbthent i on.

11 Very recently, a new enbolic agent (simlar to EVAL), EMBOLYX E
( et hyP eneembodiment, the matesial srayobe, aRaspn sp1 asr eTerdikip sufficient radial stgepgth to

Cr oat fen 1150 e ol Pl hopcy 55 2858 1AL FlhAFORRARRIN SlogBEbiE™
enbol 7¢  agei tmdybeofoemed g aldddegfide tWithii HRSEIBbdStRYENGVeR . petipd DiGve@RPEF | C

agent is conposed of a random m xture of two subunits, ethylene 16
( hydr $phompaths.sedasviaiyp feime embpli( Hjeweyshithe @aterial anay be eHosearsugh that plasnder

is adged to 17 it to ohtain an appropriate radi opgcit nd O (di - met hyl
sl o derent Sbesshor' gk Bl By BRRREG] Bl R 2R Bt e Yot bBiore
aquepy's nBdases iHUWHICAS B tterod&s SOANGTYscIfOtRNSHYIA aréRiedied. ditlef Harkraivay
fromthe mxture causing in situ precipitation and 20 solidification of the
pol yikr) chosdn may beichosendd ba coppatihle evithosursovadingiisshoun thedvessélas vadl 40 t he
vascyl ar % Any kind of material with characteristics simlar to those
of 22¢ EvBA! OEQWHy be used as an enbolic agent for the present invention.
23 Bot h abdom nal and thoraci c abdom nal aneurysns nay be treated as above

24 depcribed. The bidieated RbddgReableOdént(Rag be foriRENGY pldih abeavel &ing the
pseudoaneur and/ or 25 tunor-induced corrosive henorrhage may also be

sm
t r ealdd a@etéw/@)qyesdmrﬁ@d-. Pl vize ofithe fdamenie used imay yaryyancerdinghin theay be

d | j. if , i f , be .
aur 1151 eqppicBhay o8 St ERoRdRont and fishlen Phe Be At 6 55 8 wbbisere) mmy
t akep@l aqe thedizOBf WiteSuRRAria %ﬁg@cgra@& i&’ﬁi@ﬁt’idr@ﬁnv&ibﬁlgdﬁid-lfx@ﬂb’grﬁd@ﬂ@ﬁbﬂb@.u| d

-55 31 JUL 2003 WO 00l 44309 | US00102582 1 al so be well-suited to
negol? at ilngther eobgdiments, theurnnpbes of (fdamenia used maybe inereasedsintcompassmy obed

o1 it A e of P g bl otk bl s SR A My RSB e oy

arteries from4 which the excluded aneurysmal sac is frequently refilled.

As a1 esul t ofTheshingmbinenimberestt filaniendethar magchbeabsdejo tieatel thakegs ofrtiche
patent |unpbar arteries may be elimnated. 6 The follow ng exanples are

i ncl%fded bifyregieduitent maayebe pbut 5 oln oue enbedingahtle Glamentsmayeessedonthe; ¢
showd be,. I f i I . i s 8
i oo et BLAbEC o MialdR IR mY b bacdho it 16Rbr dTrb AR HUES |
t he 2nverdaesbed bedow)mayiberaboot 5.nEn pheeinbodingnt,t 1 Glamems maybe aved. tThes can
be considered to constitute 10 illustrative nodes far its practice,
HowedAer ) TMRiRipaEM Jgrumber |of filaments thay may R wsed; 1o Fregis: ther common 1bgdyeafthe

di s su recl L hat ; . i ifienl2
ol o D BRRY ot SRRl IRAY pHIABIR1eBE foil BB e I B fO.2
Wit hgsut  Iisoskegiabddiment 8 arhdits fialy ibe used) dinseetingahe ktet using plairpweaved theXAVPLE
11 S Materials and Methods 16 Bel ow) the inventors present the results of

an 136 vi engle of theycrensed flampntso(desarided abeve a5 angle ahmay vasyr assdaserbad absve,

b1 T ot S8 G cBRtRAs0CteRs, 37 bus ebbdtinehl e flesd BE PR DB wd e ¢ e
G arggur cgs Brgesastpobsibiel thiaghiéve/thetifigbst 3adlall foeceMskibiel B furthier eflind tHabthet he

inventors also present the 20 inventors' prellnlnaéy results with the
t r adfeobsignicmiay havgp ghought ¢xpansile foree teetomainnin placezafterhbeing glelivered. The

bt
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JUL 2003
22 As discussed above, the self-expandabl e bifurcated stent accordi nag1to
the present 23 invention has a Y-shape (Y-stent) conprising a common main
body and two | egs that are 24 made as one coherent elenent. 25 The stents
used for whoies/4sdoady were nmade by hand weave. A wooden stanpeighom:
circular plate was used for weaving the stents. One of the ends of t
t ubul ar copper ' 27 tenplate was equi pped with nmultiple holes around its
ci reunf er nt &, BREPPaid Q@aﬂfxﬁ 1§§ompﬁie Thdy @Q&r?% (¥3eddBRPform closed
PCT/ EJSOO 02582 1 eéach W re was Ranged on mefal pins placed through these
hol es 2andstaeturesusing anpsuRatile méans such b bydest teppent or sealing, gloingytying,
wei ght was .attached.to each free._end of the 3 nitinol wires. The tenplate
with Bhe %’f%@ﬂ"ﬁ?geéa%ofmﬂfﬂ aced through the wide 4 central hole of
the circular plate of the stand in an up-side-down position. In this 5
arrangenent, t e og8%fbodiient, SHe! Aldtnettd 'i'lséd"‘i"n%}p'bﬁsmﬁ@éj%ff PolyglyESlic ac1d
attachnent faced 6 down. A céntral weight (appro g) waS hanged o
this énd OPGAT, t eppllydi-tactiand dchd 7(1‘E-PL|AC)D Wi padgortiidektetshe Ip@l)'aghysdndae.l ghts
were | ed over the flat surface of t rcul ar, 8 Ia}e. 9 The wire erfds

ver e 8venPYYERIRAGRERANALES o M5 IRTETHE ¢ teshce These; malygiery e copmpreially  The

100 gram nd in
T2 barlancArHRlE TroB Onicd SEAEE SaeichF CBborkl, Norall €% iR Ehdrt POlyafrS
(e.g. B t hincl, Bitmingham] Al snd Ethived, Semmdriitie) NJhtfoperample. clOmekfacwe to

di rection, the | eft wire end was crossed 13 simlarly

corre8po n%ﬁ“ﬁlj‘e’f ingthoosing 3 mﬁ¥°§lahﬂ\?€' whichtginake the fﬂﬁi‘?‘?t ‘Y‘ﬁ’eb“cmecﬂoél phthe14

fini 9ped sdiualichRbl.! 86 Sladble, PP eB3aibliRlid smg{hsmg stedf el Bt a5 2
Crossings were done 15 coun WI se ness o he weav fl . e
the angl edmgideresty systern PEA)nnatyabe %d&mb@:@yambmmdgxme el amdther

wei ght An 1ncrease in the central weight resulted in a 17 | poser weave

(decr gas e%rn%mgmentu@t%le-h thegen) §eEvgs @ﬁﬂl)ﬂ/ﬁoc’@a‘&‘éqig dhe patenqy; f the yessgl Gien

1228551 o NG O SHEPLL SO P o Sl 15, fo

roomi30 tefdpthelaluager, PGA fagibe used es:xsidaﬂtgassahiga wnenghaadlsufmesspdntom 21
For this in vitro study2 Y-stents according to the present invention were
made 152 uembpgliments, glysolidg: imay; bprmpmm@ycasmabemh@rnmoyomsa tQ dedusssthesant a
d ar ommon body and the |l egs was 8.5
nmm aﬁg %‘f%&orfég%gégxﬁ\%ﬁ?%@g%g; %grgadccterl stics of the Y-stent were
conpared to a four-body G anturco-R~sch biliary 25 Z-stent (Cook Inc.

BI oorﬂ7ngton Imlanaﬂxibrambbdinﬁifﬂ\ﬂ'n)(&ﬂhnm filnmentd miap dp giro e ded &ithi ahouEa@IS body
of tﬁg (ig% was constr ?d of .0.012-inch stai nbess t.eel vmre .t h 27
6- bertfls ReTSrRt l?;?ha’ P Metal; compoupd, 9 of
24 2&98urwcﬁ@éld&reﬂan§ﬁ %&fa& S celund! bmspmtée%nsg.e &ﬂ'ﬁn
unconstrained outer 29 di aneter of 9. 1 JUL 2003 WO OOI 44309
PCT/ 2800/ eindddel rhagnesidint carbonate, magiwsjuns phosphate; sbdiuint phoﬁphatteepotasswne

T o e e B S inbrpiae S o S Tt Ftedfon o 9 5t sl ' °°*

of v
22  about ten to twenty percent or more, as described in U.S. Patent No. 5,478,355 to Muth et

23 al. (1995), which is hereby expressly incorporated by reference. As used herein, “in vivo
24  strength retention” refers to the ability of a biodegradable body to retain its strength (i.e.,
25  the breaking load of the body) after being implanted or delivered into a living creature. In
26  yetanother embodiment, a filament obtained from a polymer containing about 15 to about
27 30 mole percent glycolide in a melt spinning operation, as described in U.S. Patent No.
28 5,425,984 to Kennedy et al. (1995), which is hereby expressly incorporated by reference,
29  may be used to form a biodegradable body.
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3t ghtness on expansile force. Stents were constructed fromsix, eigpty, 2003
and ten 0.011-inch , 4 super-elastic nitinol wres and the tightness of the
- weave was varied in two stents made of 5 six wires. 6 The expansile force
of the stewdeoade measured using the nethod described by 7 Fati60%2 8lfal | one
et al.) 1988). Measurenents made by this nethod are based on the tact 8
that the final radius to which the stent expands wthin a tubular structure
(e.g.,1a blood FheviamRhts STIREBitiePRAIEBIE sRIERRY ifcprateSbhetdr hbR dagd thaf t he
structure on the stent. At 10 equilibrium thé pressure exerted by the wall
on t he st gssitivslyadfect/bdaling at thet loaatiqurwhkre ¢he $ontlig delinered. nin ane enfhwdimadnit, The
response of the stent to ternal pressure can be. negsured by 12 usi a
on- el het tbeseofig} TRy lehis: Suane (g Stfat RECLEEET: (Vash 3, campranis
conpri gl “%vailmaasemxbfls AR Biris 1 N ford SuiB Phih&dtor? )W deedise] \(Whibh it @
capacity of 50Q g was fabricated to neasure stent expansile force. One end
of the5 15 commmeartially availableers FAXOTERE; ffam Biloneroulenc Biorariin EollegavilleaPAjched

to the sprin auge, .16 formng a circular col]ar with an, adj.ystaple .
i amet®r . FEREDIEUSISOU sl Gl PSR TePTEYOnSing 4Bentiy AR EtiOmBeEesis: | ng
gauge au%u LEwr r ek e S , t :
decrea’js:i ng t Segpgrgi ipsn%?éﬁﬁe%sh%@nﬁgf %ﬁﬂeﬁalﬁfg&aﬂa evglﬁjme \3’#@:&0&%&35 F\}.n The
change8 i n PhladelphiaPAvas expressed as the circunferential displacenent

measured in mmdirectly on the 20 paper strip. The force (neasured in

grans)_ needed to cause 10 mm ¢ircunferential 21 displ acenent, t he stent
was uskd to coffisd ‘?W&%&MVE’@ mma'ﬁa 49 APUYTBER “%%%?‘@h?““ﬂg{e%“&nit

"gramgy h i MBS of,. f,0 2 rrect
anit 9 fﬁgﬁﬂlpﬁgﬂuﬁﬁgﬁbo\%@ﬁqs gq { I’sfoa% 2‘%@"5@“?%9‘8?%%%& ﬁ%plied
by thH 24 bipdegtratialile polymearoas taasélyerdthe fornventsalwidne! Eheesdlinidn iy thewrbzge

r .idea 25 about the size of fqrce when the

d il .a bet, . .
éggogfi’a\tmea‘qdégéde inie tae%‘égraﬂ:ﬁ?’ which, the Retmay berwpVemhe 12 anolier cxhediment,

WAL L NT o3 : togyﬁfg et wee f, : t 7 and
t he ?Iafcumélgr?? ?g% %Ti sp altlgzelﬁgnt OP o?ﬂgrs?tg%l&ts nﬁaﬁgyrr%ggﬁyzeeﬁ' a?&fﬂé@%nﬁy part
28 of 14 he alsbehet dispansediiatd the bipdsgradabinpslymer dunagancsxtmsonng mek cpimhingnd

t hen second -5 31 JUL 2003, WO 00] 44309 PCT/ USQ0/ 02582 1 identical

St ent Ciias PBIERSo pe AHRE SHREDAEe the RiOMBEACHHE THRERS GhaL e airgalscbeen
repeaiged. fermedinga 0aRA8yitH ﬁjgtgyl ate two stents being placed side-by-side
to treat a | esion occurring g a bifurcation. Taking into account the

fact that the nultiple-body G anturco-Rosch 4 biliary stents are the
weakelt at theTpeibiodegnadable Hiaments ewayrte reridesad b3diopdque ® fanilithie! theirnt

sut ur measur enment re made at, the.n.d-portion of .the secgnd body of 6
© heselts; oREEonRE Syder oFoRippy ABSF At tolioRCih Fihe adlobardS, firosory. &
m d- pgr t i @BmPhtetined tznﬁgf\%ay. e Ynetislis AesdritRd Rbb v forlihcdpporbiing!theidrugdiintof
| egs and conmon body). asurenents 8 were obtained 10 tines on each stem

and t3% r dhepalyneranay beused de tix gadiepagye salts, suchrasaantalum, pyith the pelymene
stents, the lumnal dianeter at the md-portion of 10 the stent was

measuy,ed whi l e Jhol din he & i b »ne a NGLNG Atk d 804 e 11
m ddl%el. A tran??owrrégt ggltr?“r?’at ?%%ophgﬁca%ﬁsat@ﬁgsg% tdh'{ém%o‘?}rxr!ﬁ: a&lZ

" DO 221 ] biddegrhddblé Itenbangintdihd Stst Aechanidad dihtegtifyTet Ohe ofactobahat eiiduld &eor e

bending and D1 is the lumnal 14 dianmeter after bending. This test was
per f ABred cpusideredoin chposing B polyanerdndighhef ite degradation time is that the polymer will

24  loose its mechanical integrity before it is completely absorbed into the body. For

25  example, pure polyglycolide (PGA) sutures lose about 50% of their strength after 2
26  weeks, and 100% at 4 weeks, and are completely absorbed in 4-6 months. For vascular
27  applications (i.e., applications in which the stent is placed within a vessel in a body),
28  polymers having degradation times of about one to twenty-four months may be used,

29  depending on the application. In a typical embodiment, a polymer having a degradation
-33-



15 were averaged. 16 For statistical analysis, repeated ANOVA ne@ﬂodm'zma
(flexibility) as well as~ Student's 17 t-test and Mann-Witney U-test
(expansile force) were used. 18 Animal Studies 19 Fourteen of the Y-shape
stents ofwoloe/4psoesent invention and the correspondi ng 20 detirkBbdossest ens
were tested in the tracheobronchial systems of 9 pigs. First, the 21
inventors fabricated and used bifurcated stents, the common body of which
had d sl itighé by aBoht @nkitp thre@moathsasaysbe isedn Inichbosing apolgmer fanial-vascalaet er
(18 mmvs. their 15 mma-p 23 dianmeter).. The hei ght of the comon body was
10-i 2 mmaPRlications syeleas she Giaphagusneolppiliany tgey wrctergerc., Pne shpUldornsidel had

a di t 0 L (Pdhe j ] %¥&?* cted from

t wo ?ﬁg ?@??éW%Fﬁgkﬁggyﬁkgggaéleceqﬁgﬁghrﬁﬁ%”fﬁﬁﬁgggﬁﬁgﬁ e %ﬁ'sheath was
pul | ed over the proxi mal hal ves of these 27 tubings to hold themtogether.
Af ted gai ni ng Dorimg ehepdegradation time bf theebiddegradable syl #mew &ftlothelial lajek 2003

WO 00/ 44309 PCT/ USQ0/ 02582 1 the inventors covered the 7-F tubings in a
| onger sabmefanm erethe swgface akths stept.c The gats of thereleass: afthe drags whishimoay bys

Stonty) . ol SREARE SRV et Yol bl SHE 55, of Bebdaflony ok Bt g

and wer e odgtjaBRmaeial Msedl OTRE, tHee raté 10f Wb fe TCL 8rugl mhPact Bdandntrol he
di stance between the 5 correspondi ng hol es of each pair was about 4-5 mm

Two & hequpntityfopthenrste-ef dagradatipn.o A the game fime, othes agents shelyasafiprongetimt el vy

14-1 f h i stal .hol . 009-idch 7 {i it

w rod eI utrad Pidsde foFihocidfy feiedi o SEracS SEPRSEMPLpey Briatl
f our10s ec és ithe pbllykrien @bed\usaiz M5 SitabRCAGars defétiedtdbove BoEinciporitmgtdrugdie 7- F
tubings. 9 These wires were placed into the lunmen through the proxinma

hol dd podntoi theechasem polymer) @nd Hmayliaffeal thenttefof thiedegradabiongsFooaxamplet he

| egs, ,Of e bif.urcated stent, was | led.over the 11 7-F.Teflon tuybing and

t e Pour FHremeht oo, Aselirae o Bl 5 Cf Bt Simdunding sight. Witk { on
meshzat ik Hhpiceklefdiél theAeioiptidnreadtits aRiimBthd'@gif, from the m d-portion of
the 13 stemwires were used to secure the stetit to the delivery system 14

The distal ends of the securing nitinol wires were then threaded through
the i stal 1 dniooeembedimentiofobiedegrpdable stens aggording e freopiesent tinvgntioni t i nol

e wi PnEBE MRS sHapE rhefork Wifed R WL R > (Ecliesthe 26 Br H Erb podfl® 71
ot hd6 | eof the bifiercated i thifafcafdt stete fbrireinidreedent afer Yorming ¢iv lep or kdmhiors ane

way. The stent crown was secured to the delivery systemusing the sane

t ecHdi qubody dising: plgisk Weaves Suple Wiresomay j Gosprise Atindl proany ater \Gomparahls e
usedq 2 bj r eat > i Ooxi mal
baedal? PR RPN AAEISHR e Xalapl, GUREL 5 P RIGRD U5 RN
cred9ed havingaabdut53 tto56% Nivkel and siSctof 41% Thtadiupi! (Shape MedhdrgoLpplivations)2
securing nitinol wires were placed in the |umen of each 7-F Tefl on tubing.
23 e pAdgi YWire &nWiressmay desivgorppratedchintonte wpyes bigdegradablg csirughire by

sepayjat e i . i F i tRi N h 7-F
Cubile: CHrEhafk fib BRETn ahdSle of G thifle MENEIER Binelt Tfrdnbichibopifiaf |
four22t o kied shaaner iaf which theg8recis thivaded @mtand Auf6f Opddinksi inCa ley is shwn in
guidewre with a floppy tip (Mcrovena Corp.) was placed in the lunmen 27 of

eac#3t ub#§- 2§ eIngkl »rdesignation 82} shews Feintorgement Wwitg SAO Rassing Quiside ng

Wi t Byt hey. f . [ ' . ' S o . ~ ~W
20q o B EagRBIE $0 ord SR8 30 Pl B e iehE T ST nesilig insdee s
or 255 nuictegriahbie 1eg B0 dhust sHoWisg howGdfe S10/GhH5 B RMreatied ihandi batt ofst age
of the delivery, the inventors canullated the nmain 3 bronchi with the

ni t 280l gpeningsin leg 500ncAs shewn iin IFlGp @8 theoteinfercementguirgés)isl 8 gmay be ded

wrdd Unbeiveendnd” pRRIPLE) o bietmatEb ifneas B b ey Pl bt e,
thi 98P0 Bhurst NAsSHBWN 0 PN zgfiﬁei@rof&hﬁaﬁ Q1P HaY IR GeB@EH th hte%sw Wit ur i ng

nitinol wres in each 7-F tubings. I'mediately 7 after that, e scent's
| eg29er éoaps|SS@sacny ptivar stithblenmeansfsuch as tyimg twisting, orithe hiké. LoopssS5@may each
side. The delivery systemwas then renoved fromthe tracheobronchi al

system -34-




9 RESULTS 10 Part 1: In vitro St udy 11 Expansile Force 12 The cumnul aBilvdul 2003
data fromthe neasurenents of the scents' expansile force is 13 summari zed
- below in Tables 1, 2 and 3 below. In each table, the designation d in the

14 | ef t nrosto copd4sgyn of each table represents the circunfereptradsoon2ss:
di spl acenent (in mm) of the 15 stnt in question. For exanple, a 6 o? 2 mm
I ndi cates that the circunference of the stent 16 in question was reduced by

2 mm 1andpé hact® aesindec BRERNY of Grodhd ai6d intdiedction SPbAé dimidre WHEmAnts !t hea
recorded. 18 Table 1- Z-Stent, 6 Bends, Caliber: 12 nm D (nmBody
Cent eRBet veseh. Bedwire Sianangxe in harmony with the weave and will not interfere’ with the

Si de216131943628316514442863615610817962121009876141°15( 199016 310118l 46
L0921 23001 ERVEREN. %’?_‘J’“"sﬁ%ﬁ‘lﬁfl% %3‘%%0@8%%4458 ﬁ%%%%%/%%?%%i 2 -
VAL. LETENFeiffoRQfient!Wir@!l 0) enlls 1560 aRd 570 bR 300 \RTe@M6gdtRd Sedeltig in

Si de21535184255922642803585010842106012648127414954148417063161001 977318111

2208430120 2igh®e v@axe.Tasl aresuly- the @apansie forse ofthei stent andriss resiBtapce ¢ putsr
caliber: trunk - 8 nm. branch : Smm ~ :

( iy TP unk SRRSO IS SigBifican nsferse, 1 eoneeemprdiment Joons i3 maY also s useq 7
The f@rcei,{ggg@,?;gﬁgsbougg e ngﬁ%q to cause a 10 nmcircunferential 8

di spl acenent of a Single our-%o y Z-stent was 81 g, and 62 g was required
for two 9 four-body Z-stents placed side-by-side (p<0.0001 ). For the
WALLSS8ENT, 60 In ancthéembddiment shoerdedFl1G.29% e twhich ya (@nfor@mieht . wibds

R R SN TR T I T O
o o0 AR S10 S8 S, A MRE gy
6- bedil Z- att abott thelmid-pdint afathe dvite, and @. M2l loop 1512 trRaynbe seatedaeimildrrte the a
V\ALL%I | Eé\gﬂﬁ%%eg floozpést egc?riibneldegbsové)éz As shown in FIG. 29, small loop 512 may be
13 entwined around a filament or the intersection of one or more filaments, and
14  reinforcement wire 510 may be threaded in and out of the openings in leg 500 as
15  described above, and may be secured to leg 500 with loops 550, or any other suitable
16 mean, as above described. Both portions 514 of reinforcement wire 510 may be
17  symmetrically led along both sides of leg 500 following the sinuous/helical course of the
18  biodegradable filaments. As described earlier, by activating the shape memory of
19  reinforcement wire 510, ends 560 and 570 of leg 500 may be pulled together, resulting in
20  a tighter weave. As a result, the expansile force of the stent and its resistance to outer
21 compression may significantly increase. In one embodiment, loops S50 may also be used

22 insecuring leg 500 to a delivery system.

23 In one embodiment, the size of reinforcement wire 510 may range from about
24  0.005 inches to about 0.012 inches. It is to be understood that increasing the size of
25  reinforcement wire 510 may increase the force with which ends 560 and 570 are pulled
26  together when the shape memory of the wire is activated. It is to be understood that using

27  more than one wire may have the same effect as increasing the size of the wire.
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31 JU WD 00l 44309 PCTI US00/ 02582 1 steel alloy wires (0.006-inch).3ThdL 2003
bi furcated stent exhibited significantly greater 2 expansile force than the
Z-stent or WALLSTENT (p<0.000l). The expansile forces 3 rreasured at t he
conmon boayo ewd4sbet he bi furcation of the Y-shape stent were

I dentical (p<0.0092). 5 Stent Flexibility 6 The four-body G ant urco Egbsc
biliary Z-stent started to lose its lunmen in the 7 md-portion of the stnt
at an mngl e of IAGne BAtbIdifiE, epiforeaRdt GHER)S10! Mapbe QQnﬂélparo&md/%%mmﬁa
WALI STENT was bent, the |uminal diameter increased from9 nmto an 9
averagd disanehave described m¥her seinforcemers wires)0may) than debenograthmedo witkhi s
means fhe 10 transfornation ratio was 33 3% 27.?%to0 44.4% .

Howevet , ngerg][aqh tys(ﬁgﬁ g aﬁnéetmqrp‘é'xsgig Ob%fjﬁ’c?g“t "Re | umi nal dianmeter

i ncreased. Wen the conmmon body of the Y-stent 12 of the present invention
was bept 180 in the mddle, the | umpajcidiveset er decreased 13 from8 mmto

an average of ?.3 mm(range: 7.5 - 7.0 nm. The transformation ratio for 14

the Y-stent was 8.75% (6.25 - 12.50% . The stent did not shorten during
bendi ny. The 15Vithaggasd |t ithe bfodpg@da«blgh@pseorwérthemtsm@rdmg to gheyprasenthe

e ottt e R rs Ty iz P copdnended Bibin Goyeh pyfom, SR, e

system 19 fflﬂh&dﬂ@d& etk trfw colipled QBBétHEE t] EotnP LIGRRH dtricRREL adter tv&a\ﬁﬁgmorof
stent |egs during 20 de mant (2 cases), and inability to rel ease stent

| egs (81 camitipl beﬂiclwoske % egivpsavexenABing=3. 802 enchhaylom Gitawsents Fesinurnbert of
di t t he t h h 22 Th f th
were: oo B il ko P i, BCRERPBRY diineRt oF ghe L6i e 1 cnih. o3 an
di scr gpangichRirimed staleg il s¥i% &ftht BRavd ﬁsies%@ P%ﬁﬁﬁ&ﬁ??%ﬂ”%b%&p?ﬂsﬁcem

Persi stent 24 cough occurred in 3 pigs because the stert |egs were [onger
t han lhe derce-ofttbenleg ovashrelaﬁreanom ramijlafted maxiohust alonlganmhlthqall@:ecminly 26

Th | foll d ft tent 27
ol ncekont Tveed i its “nenirai i, cimelntl o FOPAIRIBIES ¢ deBofrBl AnGYy el one
rel atpd t qongfulingllyrge %ﬂéﬂ@ fokG e6QbBbe THigSReaNidMRIdRrdbH. CTAY B MmdRimaent

well. -63 31 JUL 2003 00/ 44309 | 2 DI SCUSSI ON PCT/ US00/ 02582 3 Due to

the cMar aéqrmrtuémak@mﬁressm, thel diwineter of ke legsvami3 aimt Hiolgingswth endsefhthieon

‘?’ﬁgr%re §$a%§jev1?t Ollymco pressxlbﬁ'. and depl oyed using its superelasticity.
16 A 0.006” nitinol wire was threaded through the holes of the unconstrained mesh in

17 the manner described earlier. The wire was a straight nitinol wire and was not formed on
18  a template and programmed with either thermal shape memory or superelasticity. The
19  straight wire caused the leg to elongate and the unconstrained diameter of the leg
20  decreased to 9.5 mm (13% lumen-loss though the other characteristics of the leg did not
21  change. The woven tubular leg could be elongated completely as well as compressed

22  maximally.
23 Possible Applications of the Stent

24 The present invention makes it possible to use stent 10 in several vascular and
25  non-vascular territories where bifurcated anatomical structures are present. The range of
26  possible vascular applications includes the aorto-iliac bifurcation, the superior vena cava
27  (SVC) junction, and the inferior vena cava (IVC) junction. After recanalizing an

28  extended aorto-bi-iliac obstruction (Leriche syndrome), the stent would be ideal to
-36-



5 inserti ng the stent at the lesion, the stnt should readily recover 4 1ygm 203
its constrained state . _ 6 and a ball oon catheter should not required. The

* uni que contiguous weave of the design 7 nakes it possible to achieve

Vi rtuallngggmsg;e coverage of a lesion occurring at a 8 b?j’%i}lég@#ﬁ&
e

wi t hout gap tormation. Therefore, it mght be possible to

stent 9 according to the present invention to treat this type of |esion,
wher eps NAintain FRAMIeRSftRe 3BRGIRAC bifGrRRi 6 e Fop idachlift Bf & Sh&Mhinal adiié t1 Pl €
stents. 11 In the present 1n vitro study, the Y-stent of the present

i nven? i omngerysms theastend mify tpreeaered uskgastend kintlarf ebastib aovering raatetiaturming

WALL., STENT. This study, showed that t 13 Z-stents or two WAl | STENTS
posi i3 ondtimisp BeLeiy Bkt THS RIABH ML P itk {CeRoR0Uonnof CEaiment oF BPEhegt ent

of eagh tafeﬁchéﬂiﬁzsﬁﬁaidans. TR Giratakd it Rk aR8IR el imvagbﬁfa;t BhGed’ 15
VWALL, ST~NTS positioned side-by-side is questionable. 16 There dre many

fact o s t(eat, Kliatskinanmers)hEoritentiny mali grtane stenbsea, the steht nmaylbe equippeidrwitiea 17

si npl e weave pattern such_as the Y-stent aa)j thﬁ WAL. LSTENT. The size and
the 18 nupsdfl ves (¢ 1Rinodyurethans o stkigap) PR/ oFddh an Jndicancet eoatingo ABREL ween

he w . : . . .
the phye rosfiBt dpBieation3HAPSe REARSY R ARERS Sf68 dta Aehodths Moess BehG 1°
sim l@r |diltingthedienows téndsizab nanaiSthe toipheoéfioth thef drafk and the bafnpeeifi | e

force may be produced by altering the size and/or the nunber of the wires

and 22 the tightness of the weave. 23 Increasing the numher of wires or the
ti ghthess of tHE HerhCcording (o the Pressat dnxention mpkessit iossiBle; pgchange shee. |t

is I n i Iy j I\S

pr od e Tigits phiVakn WL EwhE} DEF ciedlind b iRl yelvElin g SRl o0z, 56
t han1BO (reultirg imra coh@BNed eXjamside fater Stleetimntheaanples bewveeh hiee svossiig wirte
greater the 27 expansile force of the stnt. These characteristics, along

wi t h1% he sexthat|thahare Slessdo e pragticad nagximum ab [ 8Q. the exnaasile fosessef; the stent

0o ai500 e sl i, ot b Sl remprbsbEChent ity B greetio 3 ' o

Strip4 ur Qliscussdd lin de ERAGPleS AUt thy irf biFo Rullies SUggdsO tHAR tHeOfn®Y sifRhitiBANT
tunors. 3 Stent dianeter and wire-angle are also closely rel ated. B¥
»Stn

i ncrEasi itgnt withangimilan mesh tightneshas thier WALLKEENT {SehppidgreMinnegpolis,
i ol o DpsRRACSCCCE Thabulad) iy RRER SRR o Fedfidrioedd Bl doRbrolsfoh (e | 01!
ut i | 1%z ed Tables Rrand Bchiel®m). OThia feutare ey beetitilizdd inwoate vessel siehosés/obanrtionspl y

by re-adj usting)(/the wire-angle and then re-heating the nitinol nesh. As a 8
resuld, ©CAedeBY SPaceaQreHPYIng: cralisnngies &¢.8-| eNGt RYnURmelhyBereohishheUET t i nol
stenfg ca : pEaL dified after conpleting the primary weavi ng
and 9eat ir&ﬁgl%f)e?sgggg@es. %hy%s%ﬂe}' 10 case of the WAL.LSTENT, the physi cal
properties are inparted to the stent during the 11 weavi ng process, and

t hey2@Cannot b&heharpie detvedenr thelthaim badgi 20 andt theelegs 30 inmy be grdfustesk to
expapsile force) the woven nitinol straight-stent 13 and Y-stent

dem)ﬂst réf%‘ﬁmﬁﬁaﬁﬁe FH%R?%“F B tapatofie s W@&glﬁfeé‘crﬁ?“‘%{ﬁ%ﬂﬁh‘?&t@% thentngle o pe
14 | oyeayd B OUR Eortiih | VR s [ piveyr Nal
di adrr%‘taer aﬁv i:?%ﬁeprr':g\gnza,’ﬁf #’%b&t&hﬁ?ﬁﬁéﬁ%ﬁtﬁ% ?:ol Iéag)sgi,% V\:%Iﬁgﬁ srraglbggicu%l év:ﬂ h

t he 23 st anatomidal Eiractdfd, LmS HeVudedainl the shejority exfcthedcases. f eTintahglet for 180

bendipng at their 17 m d-pQrtion. The inper _diapgeter of the LLSTENT

i ncr%‘{;sedr,“lﬂe}?grw igl f‘ﬂgﬁ’a‘i%“ mayheahant 4§ﬁ%l 78%@@&‘%‘???“%% ﬂb’%\ﬁé‘i‘%s t he
i nn di ThalM be f ) o5 j i ally
uncringe Pyl ph SR ab s Bhilahy, thEchalf sdcrthd] ind AR Rk 20 k'
ascr2éed also Hehchangeabfrdmsi rowridtoesonsdwhdn el lipticah shagel, ffoheceésany (e. 2 1tricheoel osed
structures of the Y-stent are al so an advantageous feature for stent 22

-del i %kr y bronshigbapplisatien)s for betterdixation of theisteyt, therrapwy 28ipf the eommap bady ot

aboujg t hgjr 0= PO i | .as. | ' | ti ] her
roart® 1 o 20y be BEET The R B ¥ Sleny B olmdlT bk 20 s yPoed e Mol Wm0
the 20 entalsb®eharickaucorling @ the padichilar éguirnidits 6f the dhatbimyng a del i very
system made of two coaxially placed novabl e tubes, the stent can be 26
repositioned even after 100% expansionzfior to conplete release. In

addition, since the 27 stent has no sharp wire ends, potential tissue
| aceration and perforation can be avoi ded. -65 31 J UL 2003




WO 001 44309 PCT/ US00/ 02582 1 These prelimnary in vitro and ani nal giuﬂhesmm
have shown that the Y-stent woven 2 with continuous nitinol wires h

excel l ent self expandabl e characteristics. This new 3 scent design nay be
useful fowo b®4430a eat ment of both vascul ar and non-vascul arpdfaseiiRss: 4
occurring at bifurcations of tubular anatom c structures. 5 The good
flexibility and high expansile force of the design may pronote stenting 6
tortugus | esi onmcAsemiShhy ity BE SHERE ol MlfbeShd biGdfePas MBEN b pOGIbIE Ohen,
scarring or malignancy. The stnt of the present i1nvention has been

devel @ed using dddlivecyasyseranccording to dwt mrdséht imgntos, velrich may holdthedtent imew
approach for solvin roblenms in this area. J. of the t hods and/ or
appar at us SHPE’BF%sséadg'aﬁtf 8eal may %F‘@Fﬁe‘i aﬂmb&e%’é%fcateé éH‘EfHeé& SRR r%ﬁout
undue gxpetdpigt ation in light of the present disclosure. Wile the 11
conpositions and nethods of this invention have been described in terns of
preferred 12 enbodinents, it will be apparent to those of skill in the art
t hat \far i delivesy Spsteins aphStentdDéloymenhe net hods and/ or apparatus and in
the steps or in the sequence of steps of the nethod 14 described herein

W t ho departi fromthe concept) spirif and sco f the ipvention. 15
Vor 6 Speci F1 calTHE PrFSeRImenti dapachies Crliyery aysieingos s e whieh Ty Viry
subst i ut rot t i Eieivarsidis of theGeliR fensy 41! ar
resul t7ts V\%gf%ﬁt? tg&%ge@?a Igfstﬂgﬁﬁ%bgggﬁ%alr Stszbstsiot utes angﬁsﬂ eni 4
modi f igcat ithegachepdremthidlaypdundahes kortd-dikcitypd.he art are deened to be 18
within the spirit, scope and concept of the invention as defined by the
appended cJ ai -66 31 JUL 2003 WD 00/44309 | REFERENCES PCT/ US00/ 02582
2 The%f ol Pwi 2&"@6?&?'@*’8@8‘,‘”*@1’?“@‘% ent that they provide exenplary
procedural or 3 other details supplenentary to those set forth herein, are
specifg calgly | mgptFhBbaméRr€i N 4 by reference. 5 Bakal, "D agnosis and
Managenment of Perigraft Leaks," 23rd Annual Scientific Meeting 6 of SCVIR,
San Francisco, CA., pp 38-39) Feb. 28-March 5) 1998. 7 Fallone, Wallace,
G antldrco, "El d9G.3d istmdiagrany okan exeraplanhembedimea phthgi frontrparta0f] 2 delgvery
stents, " lnvest. . Radiol.., .k 23:.370-376) 1988. 9 Fort) ."Cqoraonary, Y. Sienting:
A teoditni qSebtRB 00 RPRRling 14 e preser radiah wiigh Sembrises B Wiiah calibed hfjet ™
12(7)13678vp9cgs 1P Bwhich may be constructed of Teflon, PVC, Nylon, or any other suitable

14  material) which fit within either a funnel-shaped sheath (or a Y-shaped) piece 120 (which

15  may be constructed of a similar material to 110). A single lumen tube 140 also fits within
16  this funnel or the common trunk of the Y-shape piece 120. Tube 140 may be made of a
17  thin-walled, flexible, metal microtubing. In one embodiment, tube 140 may be made of
18  nitinol (commercially available from Shape Memory Applications). The distal end 115 of
19  each small caliber tube may be equipped with two holes positioned close to the tip. Two
20  securing wires 130, which in an exemplary embodiment may be nitinol wires between
21 about 0.009”-0.013" (as used herein, 0.009” means 0.009 inches, and the like) thick, one
22  in each leg 110, may be used to hold the distal end of the stent legs 30. Other materials
23  from which securing wires 130 may be formed include any superelastic or pseudoelastic
24 materials. In one embodiment, securing wires 130 (and all other wires described in A.
25  and B. herein) may be nitinol wires which comprise about 55-56% Nickel and about 45-
26  44% Titanium (commercially available from Shape Memory Applications). In an

27  embodiment in which the securing wires of the present invention are nitinol (including
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17  should be equipped with a series of pairs of holes arranged substantially evenly around

18  the circumference of the legs.

19 It is to be understood that in an exemplary embodiment of delivery system 100,
20 two steerable guidewires with good torque conmtrol, preferably made of nitinol
21 (commercially available from Microvena Co. in White Bear Lake, MN), may be utilized
22  instead of flexible pieces of soft tip. The guidewires may be equipped with a soft
23  radiopaque tip (made from platinum, tungsten, or any other suitable material) and may be
24  placed in the lumens of the tubes 110 and in the single lumen tube 140. In a further
25  embodiment, these tubes may be equipped with two channels; one channel may be
26  created for the securing wires and the other. for the guide wires. As a result, the
27  movement of the guidewires during manipulations will not interfere with the firm

28  position of the securing wires and vice versa.
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16 V&l |l ace, Charnsangavej, Ogawa et al., "Tracheobronchial tree: BExpanidibbg;
netallic 1? stents used in experinental and clinical applications,”
Radi ol ogy, 158:309-312, 18 1986. 19 Wallsten, "Prosthesis conprising an

expansi bl evoroasmbractil e tubul ar body," U S. Patent 20 No. pérfifsde/da5s:
| ssued April 7, 1987. 21 -68 31 JUL 2~3 CLAIMS 1. A device suitable for
i npl antation into an anatom cal structure, conprising: a first plurality of

wires defining Fofdrefé sofite freb@oléredtsph@d aftindn@ibe 140 shn@ditely tehindr theon;
a second plurality of wires defining a second |eg, the second leg having a
second2di seanflagiontof dwbes 414, a sbontsesmars dp0ef\a fagger cilibenthin-walled gheatlp mayi nal

portion, the commp ody ing formed fromag |east the. first S nd
SR E LT £ L o S L R R R TSR e S
adj acept t&nnB&isH Gdtvkerd el irfd1P cAlibeP Altds 238 Sub@ 14039 (cheabddSy Rifuiile] lsRARd One
wire fromone of the pluralities being [ocated proximate thHe distal end of

t he cofmonpibead}20, 220 Tha 16@ miay de dibriviateidfrdm thehsamé piect éaswhows in FIGh3). f ifast

and second_pluraljties 15 conprise nitinol. 3, The device of claiml,
wher ei tﬁ‘é- PRBICFt IS sed. e pBent 46 maychsaitashed 1 ﬁ}lei"é’@’EW’?]%‘é‘l Pet-shange

or FeNy CoTi: T k | | 13| ,]%g ' | 4r [ | ISt
and sgzl:ono15 lf) ezu?za i Itni sggh gg%?lgggﬁeﬁg’l&?g%ée | Egpg Igé%ﬁc# &ﬁﬁn tlgeggm%{)@ééf ul
2ev~ 58 THEhelerented spiceahay be bsed/doetiigé mviehe taby e8adhedttbehd proximalnphrsetmed
pluralities each have a dianeter ranging in size fromabout 0.006 inches to

about 9. 01delivaphystem 100.
10 Coaxially, a larger tube 170 (which may be Teflon or any other material described
11 above and two French-sizes larger than tube 140) may be positioned over tube 140. Near
12 its distal end 175, tube 170 may be equipped with some metal hooks 180 facing
13 proximally (FIG. 3). These inverse metal hooks 180 may be used for securing the

14  proximal end of the common body 20 of stent 10.

15 After securing both the legs 30 and the common body 20 of stent 10 using the low
16  profile nitinol loops and the inverse hooks 180 (which may be threaded through the
17 closed structures or other openings near the stent’s end), the stent may be maximally
18  stretched over the tubes, as shown in FIG. 5. An outer thin-walled sheath 190 may be
19  pulled over the proximal end of the stent. As a result, the proximal end of the stent 10
20  may be fixed to the delivery system 100, and simultaneously the hooks will be covered.
21 Separate lock mechanisms attached to the proximal ends of the parts of the delivery
22 system 100 will ensure that the stent 10 remains in the extended state during delivery.
23  Separate lock mechanisms may also be used to secure the nitinol wires 130 and prevent

24  the premature release of the stent 10.

25 As shown in FIG. 2, a push-button lock/release switch mechanism 90 (such as a
26  FloSwitch®HP device from Meditech/Boston Scientific Corp., Watertown, MA or a
27  CRICKETT device from Microvena in White Bear Lake, MN) may be used to secure tube
28 140 to tube 170 when necessary. When switch 91 of push-button lock/release switch
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6. The device of claim1, wherein the first plurality of wires i ndludés 203
least 6 5 wires. 7. The device of claiml, wherein both the | egs and the

. conmmon body have tubul ar shapes with substantially uniformdianmeters. 10 8.
The devi cgoYosaided M 1, further conprising a graft materi al o at

| east theﬁlcomrgér?abody 9. The device of claim8, wherein tﬁgH@Plﬁg%teri al
conpri ses woven Dacron. 15 10. The device of claim8, wherein the graft

mat er ijal  GREPANiHR 90 ROIny A %éréﬂa&%mdcked '[)Bﬁu@ﬂvﬂhé Q\Nﬁftulﬁhgd meamlma%a ak e
graft material conprises FE. 12. The device of claim1, further

conpr 2si nesulzube k79imavep lfncclalointtybe)MGNi Tbs ftd:efmqvcngnaalidws forithegstenthe takiei r d

|l eg having a third dis portion; rein the
como g?/ 1t é‘“?‘?ﬂsFFé‘é?e‘% aﬂ&ﬂ'ﬂeé‘ﬂ‘d Ishzﬁst ﬁ‘é S‘f’}t?@ ? t of BESHE"%‘?TH]Q%FISBSSI SW'(QPI ties

of wy es J c

G stal" porFrRi 30 B Poieud kel S8R I 48 150k ER b RubeD

wher ei5Sn t banniot nesveireladiae o @hch bthep! andathet stes masyTbe i maintiinedinl a cbﬁmpl&alg
device of claim 12, wherein the first plurality of wires includes at |east

5 wirfs. tetahsd stpte. (Buhec L7¢,may) bg provided withed hubaemflange: far fagiidatingdthene
commoR bo fermdianeters. 16.
The dZw Cgﬁ’ag ﬁl\éﬁ%‘?ﬁ#ﬁ%’?’[’?ﬁ'{r@ﬁﬁd%&Q?‘?{SR%&HMI%” t}r{réfteerl al attached to at
| east 15 the common body. 17. The device of claim 16, wherein the graft
nat er Bal conpr AsehowwUERIGES; aaRnd fting D2 wdthvd side-afm ®B3ahay b6 attadhed & tubehe

graft material conprises pol yurethane. 20
9 140 using a Luer lock mechanism. The attachment between tube 140 and end fitting 92

10  may be facilitated by providing tube 140 with a hub or flange (not shown). End fitting 92
11 may be equipped with two tightening screw mechanisms 94, one for the two steerable
12 guidewires 95 (only one of which is shown), and the other for the securing nitinol wires
13 130 (although one securing wire is illustrated, it is to be understood that more than one
14  may be used in this exemplary embodiment). These tightening screws may be used to
15  secure the guidewires and the nitinol securing wires in position during the stent delivery.
16  The proximal ends of the securing nitinol wires 130 may be held together with a “handle”
17  piece 97, facilitating their simultaneous movement during stent deployment. End fitting
18 92 may be equipped with separated lumens in a double channel system. The guidewire(s)

19  may be placed in one lumen, and the securing wire(s) may be placed in another lumen.

20 With regard to the securing wires described herein, which may be used to secure
21  the present stents to the delivery systems described herein, it will be understood to those
22 of skill in the art, having the benefit of this disclosure, that the securing wires may be
23 controlled by creating openings in whatever tube the securing wires are positioned within
24  (the holes generally being made near the proximal end of the relevant tube) and threading
25  the proximal ends of the securing wires through those holes. In this way, the relevant
26  portion of the stent being delivered may be released by pulling the proximal ends of

27  securing wires, which are positioned exterior of the relevant tube.
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19. A stnt conprising: a first leg having a first axis and a firs81edid, 2003
wherein the first leg conprises a first wire having a first segnent and a
second segnent, the segnents 71 s ~ am QV03 bei ng separated by a bend in

the first wob®sdsocat ed proximate the first end of the fi rStPJf"F/ﬂsoot/diﬁszfi rst
segnent extending helically in a first direction around the first axis away

fromthe first end of the first |eg, the second segnent extending helically

in a gecond di rQchk GRstaspést dePRoyhieh th@ddlivery S)¥eem 100 MayR ihdehell 1GBagPT
the first leg, the first and secdnd segnents ‘crossing eaCh other in a first

pl ur al2i t y adfacheal atbenBothlege d 30 of tgddiernsystens 060 mhyabe advanckdangbe oraih end,
wherei.n the second | eg conprises. a. secqQnd w.re havi a first segment and a

cond 'scBraehl o fiat dhs JOTREn BE g 1668 110 heB borsAgih B e (ARt S5 Badies 10 -
| ocatgd 1 OXi . n P f i RGNt of
t he sgcongowl?gltggpgﬁﬁgﬁﬁgﬁ icj(%ttﬂ}gﬂﬁgn pgaﬁ?l?’gltm |?Jéf§?&|] %Rgornoﬁf;\tgkt e second

axi s @way bbdyp20 nhey eerddided:NTo o ol thesaeantin-eglled szatdet90thag 6¢ MEthdravfin t he
second wire extending helically in a second direction around the second

axi s fway!qd expasehooked§fd Tube B10 with hoeknhABO meay, be moved distallynte urhogk dnd
SEgmenl S gtfegt;gfugee‘i‘?&q'vim h8ol&s" FUPAS fdCTe RlVEE rluthé AGERY So Hat'hBbks Ys¢"

| ocati'ons;
8  will be covered by segment 160 attached to the Y-piece. The wires 130 of each leg may

9  be pulled back one after the other, and legs 30 of the stent will be released.

10 The stent may be released by starting the deployment with the release of the legs.
11 The method of deployment which releases the common body of the stent first may be
12 preferred to a first-legs-release, because the released common body can secure itself
13 above the carina, and thereby significantly decrease the chance of deploying the stent
14 higher than optimal within the trachea. No matter which order of release is used, after
15  hiding the proximal hook mechanism in the thin-walled sheath piece 160, the delivery

16  system can be easily withdrawn and removed.
17 b Second Embodiment

18 In an alternate embodiment shown in FIG. 4, the broximal portion of the delivery
19  system does not use the inverse hook mechanism. Instead, the proximal end of the stent
20  may be secured to tube 170 with a tight nitinol loop as above described, similar to that
21  used for securing the distal ends of the stent legs to tubes 110. To achieve an even
22  arrangement of the stent’s twisted wires around the tube, multiple tapered nitinol wires
23 130 (having tapered segment a) may be threaded through multiple pairs of holes arranged
24  substantially evenly around the circumference of the tube, as shown in FIG. 4. In this and
25  all exemplary embodiments utilizing securing wires, the ends of the securing wires may
26  be tapered, making it possible to avoid a crowded arrangement of the coupled wire ends
27  ontube 170.
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a common body formed fromat |east one end of each of the wires. 201 JPhe2003
stnt of claim 19, wherein the first segnent of the first wire is positioned
- 20 farther fromthe first axis than the second segnent of the first wire at

at | east Qifools@sdti on anong the first plurality of locatio '
2WB 21. The stnt of claim 19, wherein the first segnent of Q’t&ﬁfe{?@fyroégz

el

Wre

Is positioned farther fromthe first axis than the second segnent of the
first 1w re at Rogdnetabahé soengii of the shialsprofilemidinbl loopd dépendd prixaarily?ch thehe
stent of claim 19, wherein the first and second wires conprise nitinol. 23.
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avi ng an e ortion,

' | . f I d ; dy,
A A Wi gl e B-5FE A LRI SRR
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wires in a first plurality of wires to create first bent portions in the
wires? thlops-rst bent portions being arranged to define the end of the

first

| eg, each strand in the first plurality having two ends; bending
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an IVC bifurcated stent placement from a jugular approach.
B. Aorto-Iliac Application

As shown in FIG. 6, the delivery system 200 of this alternate embodiment may
comprise two straight tubes 210 and 220 (which may be Teflon or any other material
described above, and may be preferably D-shaped, although round shapes may be used) of
different lengths. The shorter tube 210 is flexibly connected to the longer tube 220 (in
some applications, the connection may be at about the mid-point of tube 220), thereby
creating a joint. At the point of connection, a notch may be cut on the longer tube 220
facing toward the shorter tube 210. Notch 215 may facilitate movement of the shorter
tube 210 at the joint, and with the two tubes in a side-to-side arrangement forming a

slightly elliptical cross-section, the size of the delivery system may be minimized.

The flexible connection between the two tubes may use, in an exemplary
embodiment, a wire 230, as shown in FIG. 5, such as a 0.0117-0.015” wire made of
nitinol (commercially available from Shape Memory Applications) or any pseudoelastic
or superelastic material. The wire 230 may be fed through two holes positioned on the
shorter tube 210 close to its proximal tip. The wire 230 may form a low profile, tight
loop 235 (like the loops described above) between the holes and may be used to secure
the proximal end of the contralateral or left leg 30 of the Y-shape stent in the manner
described above. The wire 230 may then be placed within the lumen of the shorter
tubing. At the site of the attachment, the wire 230 may be contiguously led through a
hole in the longer tube 220 to the lumen of the longer tube 220. The wire 230 may be led
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i weaving the ends of the wires in the first plurality to create the f;”s‘{m' a0
| eg; weaving the ends of the wires in the second plurality to create the
second | eg; and 20 weaving the ends of the wires in both pluralities to
create thwowmonmime body and the device; wherein the proxi mpcpaisobpisgef the
common body is adjacent to the distal portions of both | egs and the two
ends of at. | east one of thgtw'res in th JUL 2~3 first plurality of

S 73 3 !
wi r es! ar ealmpshicihe gistaliend cethinwbmes 1 Apotasrdoy Preftis. Eghitdenp Hidpay be formed
met h of [ Lein, t @ I {HaO e 3D he
met hggl of fr%@itﬁrg %@fe %ﬁ? giaﬂy tsﬂgal&}ar%{cm@@r}tﬂ%r %chofr@ggr; glb o%éptg. ng?&?h{eg
met hodl of stedngithendBe colescebm bétheemitieesvo tubeke I thisteganddlove pavfile Pdop 283 isi es
conprise nitinol. 10 27. The nethod of claim 23, wherein the wires in the

fi r st4 andshaswbabpus midayay baweemantchaadd andydisteberd 222 At iigwilh be junderstang)
bout . 0. 0Q6, j.nches_to_ab 0, 014 inches., 28..,3h thod of claim 23,
3hglrje? n tﬁ%@t @b@g%?ﬁsm‘a‘a?ﬁ@i’ﬁg%c%e% ‘{}%Sléﬂ&/i(fszgl elnﬁ 712%'eef irrrest0150pl ﬁrgi imty I's by

hand. 29. The method of claim23, wherein the weaving the ends of the wires
in the first plausahilipyofile, ByhtnRehting logP 228. (like théde d&EABYd GbéM) may be

7  created using wire 240 (which may be made of nitinol (Shape Memory Applications) or

8 other suitable materials described above) close to the distal end 222 of the longer tube

9  220. This loop may be used to secure the common body 20 (stent crown) of the Y-shape
10 stent 10 to tube 220 in the manner above described. Within the same lumen, another wire
11 270 (which may be made of nitinol (Shape Memory Applications or other suitable
12 materials described above) may be placed, which may form another small-profile, tight
13 loop 275 near the proximal end of the longer tube 220. This loop may be used for
14  securing the ipsilateral or right leg of the stent.

15 To facilitate the positioning of the contralateral leg 30, a monofilament 250 which
16 may be a 3.0-4.0 (metric 1.5-2.0) and made of, for example, 2-0, 3-0, or 4-0 Prolene
17 (commercially available from Ethicon) or nylon, may be attached to the proximal end of
18 the contralateral leg of the Y-shape stent. This monofilament may be connected firmly to

19 the proximal portion of wire 230 that secures the contralateral leg of the stent.

20 In operation, both femoral arteries may be punctured and adequately-sized
21 introducer sheaths inserted in each. From the left femoral approach, a first nitinol snare
22  e.g.,an Amplatz Gooseneck snare (commercially available from Microvena), may be
23 inserted and manipulated into the right iliac artery. From the right femoral approach, a
24 second nitinol snare similar to the first (e.g., Amplatz Gooseneck from Microvena) may
25  be inserted by which the first nitinol snare may be pulled through the right femoral
26  sheath. While the stent 10 remains still outside the body, monofilament 250 and wire
27 230, both of which are attached to the contralateral leg of the stent 10, may then be pulled
28  through the left femoral sheath by the first nitinol snare.
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afirst plurality of flexible tubular strands woven to forma first?|d 2003
having a first distal portion, the flexible tubular strands in the first
plurality crossing 74 3 9 J11L ~ each other to forma first plurality of

angl es, aiyd @aasgoone of the angles therein being obtuse; aPE’f'ﬁﬁﬂﬁoﬁk’z’r ality
of erX| bl e tubular strands woven to forma second | eg having a seco

distal portion, the erX|bIe tubul ar strands in the second pIurallty
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t he angl es thereln bel tuse; a conmon aving-a
a comdn pmdtpositipn¢din the mbdmnbxati goriee san that mermdtrﬁlamnal deg B@af thet d\emfllOréﬁn and
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seconds |l e [

each gAf tﬁ'znhp ura %?%g@gfsﬁ{eengft%% &ﬁ}%ﬁ “fegt% pé’?éﬁe %)IEI ng cig{ g%qlpé%egn mat e
t he di$talmﬂmdcwihatchme?pmmn body. 31. The stnt of claim 30, wherein the
flexible tubular strands in the first and second 15 pluralities conprise
nitinol. 32. The stent of claim 30, wherein the flexible tubular strands in

at |edst the fiAsstheirst siep of deplppmense Wiedddg Whirkbsesures (thereontealateral leg of

7  the stent, may be pulled out so that the contralateral leg will be released first. Pulling on
8  the monofilament 250, tube 210 may be removed through the left femoral artery sheath.
9  The ipsilateral leg 30 of the stent 10 may be released by withdrawing the third wire 270.
10 In the next step of delivery, the common body 20 of the stent may be released after
11 pulling nitinol wire 240 out. In the final step, the longer tubing of the delivery system
12 200 may also be withdrawn and removed through the right femoral sheath. It is to be
13 understood that the order of release of the legs and common body of stent 10 may differ

14  from that just described.

15 In an exemplary embodiment of delivery system 200 according to the present
16  invention, multiple securing wires may be used to form small profile loops instead of only
17  one for each leg and the common body of the stent (i.e., 240, 230 and 270). In such an
18  embodiment, the wires may be formed with tapered ends so as to reduce the possibility of
19  a crowded arrangement of securing wires and closed structures. It is also to be
20  understood that in an exemplary embodiment of delivery system 200 according to the
21  present invention, a single securing wire such as 240, 230 or 270 may be threaded back-
22 and-forth through multiple pairs of holes so as to form multiple small profile loops for
23 securing more than one closed structure of a given portion of the stent. In such an
24  embodiment, the wire may be tapered for the same reason earlier given. It is to be
25  understood that any combination of the two embodiments above may be utilized. Thus, 2
26  or more securing wires (which may be tapered) may each be threaded back-and-forth
27  through multiple pairs of holes, while one securing wire may be threaded through only

28  one pair of holes, erc.

45.



.A FI.AF. AY3. A3H. A. A3E. A" & A 3Y. A; 2. A]Y. AY. A3[ YE. A AF. A(Y. A3. A 2. A3A JUL 2003
[.A2. A Y. A 2. Al 3. A AE. A. AOY. A. ACl . A; . A9[ Y. AY. A

.AY2. AH . A Y. AFH2. AlE. AF[ .A.A E. A E. A3E. A . A AF2. Al 3l . AY. An2. A2. An3. A; . A

H . A ALY. Wo dba4d09 . PCT/US00/02582

E. AHF2. A(. Anl Y. ABUF. AM ANF2. AYHF. A. A3Cl . A". AL E. AhY2. A{2. AE. A

2. Ah2. Ay{ 9E. Ahs2' TX>@ENR\ p{ vpke  ZU] caV] ca] caV] ca] caV] ca] caV] ca] cal] ca] cal] c
a] cal] ca] ca] caTbabbroalize typeadfode]ivedy: RhjahRabl asd jvea ebaeat i fnay Ueased fgrw~

=\ u| 6]\
8} xsr%dA»qlwfmféM&f@ﬁp@ﬁ}f»&&}%ﬁlkﬂéﬁt&m ¥dp bsudigf vl Fafta) ca ca] cav] ca
] ca] cal] ca] ca] ca] ca] ca] caV]ca]ca]caV]ca o "$)&/((BE)QI))***, b.012

39g3k3 34! 89pFHE f. i '
Se5cSyer 54 Sl el ebinny shoal s b el i) oo
>>1>r 27 (@ohtdiniBYGHMerCTRISG bRNidOR ¢ cEﬂ‘EEEEFEEuhﬂmnﬂ a;]bthtf thad/fdncmbalnedh @ll] ca) ¢

ol call calcel aulcaleal caleslegueal call eald salabopl salaal falsabenlsgeal o2 -

il ca i RAREAFS Tt MY L St R I RP A flnS i) 2

Ul ca] Ta] cisddciated awith Y-shaped stentings using separate stents. Separate stents need to be
P[ Q@RBRKRRRSS' T=U] V. VhVWWNNNNWNE XXXYZZZZ[ E\ p\ \\\ zupkf a[ V] ] caU] ca] ca] ca] ca] ca

] ca] c&] caesisiongd daclose ARPPLLQTC 9 wpccarera]q: e hest npeshle spandaprexsital] ca
Jcalc lcgfﬁ&,] \,\]a\m legfsv?j?smasml i€ uddy RPR=RGRZ 18044tk ] vk cp! cal

ca]ca]ca
Ga] Ga 1t ealic sdghtad (3ec] &1 thé wibtidar
é}o\f\gibg]c cﬁ%hgug?ﬁlfﬁi}??kﬂllﬁggss!ssssm It g??ﬂjfﬁimecnﬁtg] Xk g?ﬁc] ]cta] (t:ﬂaU] cal ca]

ca] chl ca]sturiasg eanaingthe Meakgsta) ca] caV] ca] caU] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca

Ul ca] cal] ca] ca

U, 17 U

ol AL £h] ca0l it O afe Sty it H 62 GRAGTLE R LRbeR o RetaNoR T
# / UKad XMb}ay\nhb]MAﬂzl[Sfl]EU]T:eahdalu]acm]imu]cancsadd]):ahowU]mc&laﬂxca]pcatU]lca] ca
a)] calU] ca] cay] ca] cal] ca] cal] ca] ca] ca] cal ca].c"a] ca] gﬂ!’ﬁ]‘& CKVyt ni d_ZTkf a

[ U] c it cajexBinsye fargp dhen Ahgycas éﬁﬁl}%’é]%ﬂ%&'ﬁéaﬁ?&?’@d‘]‘% ‘éﬁU}%’éU]"c‘fﬂ’ €a] ca]

F?mem%%?@k&\awgc%ﬁﬁkﬁﬂ s ca a ca Sa %é cZa RS 8%]%6?] call c

a] ca]ﬁ: a] paditiahed \sidejyesitlé mate Me’rathaﬂ]thaid:nkam]rah]at ahe zeper of a same-size

?J]>§aﬁaa%| I S a\wW ?a\ \\kf af qj;@%ﬁ%ﬁ%ﬂwﬁﬁca%%a% qé]ets&gn%%go%]d&%%ﬂoca] ca
48 I ff}]é]]af Gk

](F:)a] %:%WU] gﬁ% g&%g}}q [‘Ji){(l:lgtlfca':@]al ca a %!iﬂ%ca caﬁ%@gg‘%@%ﬁ&k Gbfiat ca

"b48tYx| (Bate { $pk enZhlypandikita| kide-byside aatdhgahem UbL aivoa O ARLBEENTS), cthel] ca] ¢
alU cal ca a,ca a ca cal cal c cal ca a] ca] cal] ca 2~26VZt y+05
R B R LA R e e S e R A e e

\ 6 >KW | fa\
] ca I\j\ﬂ g?tﬂlﬁf&% ?%glﬁLﬁ féﬂr@?caﬁcaqacﬂa]:gllfﬂacﬂafﬂa](:;]icﬂa]:ga] c:aU] ca] chU] \(lz\g] cg]
caU] cal] cal] ca] cal] ca] cal] ca] cal] ca] calU] ca] ca z~UY '

{ VB] k32][ VI ga\ Wexzkepf] ﬂocas]otaiqsd:aaqtmal] amjli}rt:J]bt]mahi]ibh ioay] mg];lc)qudmgaaupbapmaw cal
ca c ca

o4 128 pic DV P DSREr S SR ae eﬁﬁ &&%ﬁ?&h bap%a@maa] o £ 2] cau
{ESL%@ZU]U@% ﬁwﬁ]ﬁa L]&ﬁ] f) Lﬁr]% ca] ca ca] ca%]y{?g?gj %i g] cay
ca] cay cax]acmq-bmhclahl]m]tmwm]mmid]asa]hxﬁhﬂmed stanf] Freita®? 94).

}+/ <?U] f] +/ ~xsnmhb] W ga\ Wkf a[ U] U] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ¢

O {vike. 20 ga LIV i )RR A o Ry R 68 R Ry R At A ool ¢ -

a] cadf calixdifferdrit Aldntetdrs %ﬂl‘f‘c@]eﬁ&ﬂa?%tﬁ@ﬂ: 2GRN 87d BRCHistal ends of the stent.

.1 $-1%-~xsmheM Xl ga\ Wkf a] U] cU] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] calU] ca] caU

] ca] 28] dddatlyltleabesh possibla Uhateliing |betsy el theadlianieters |of atbf oassel|aod le stent

Fl zupj e_ZTkf a[ U] ca] caU] ca] caU] ca] ca] caV] ca] caV] ca] caU] ca] caU] ca] ca] cal] ca] c
aJ cal cal calUl ca]ca]ca]caV]calcal]cal]cal c4gcaljca | & ) #9#bt/2% -

| wql ga\ Vkf a[ U] ] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] caU] caU] ca]ca]ca]caV]calcalcaUcalca - 9 T "$/W&())))* *f**-(.22;
3333333334444 vagkf " [ Wkf a] UU] ca] cal] ca] cal] ca] cal] cal] ca] cal] ca] ca] ca] caV] ca
] ca] ca] ca] caV] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

4444455556%6, 6M66677777788QBUB8888888| wyl f a[ Vkf " [ Ukf a[ UU] cal] ca] cal] ca] cal
ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca] cal] ca] ca] caU] ca] caU] ca] caU
] ca] caU] ca] ca88 91999999999 k D& *;



Y))H) T)Q) Hy ~) +*-*xxxxxxx ____| w22' 5s56{vpke [Vje_Z]]ca]ca]cal] cg],cg\)ﬂ Q@3

] ca] caj i:aU] ca] ca] ca] ca] ca] caj ca] c’\a] ca] cMa] ca] ca] ca] ca] cal] caU] cal] ca] ca] ca
ca] cMa] ca

66' 63676 9%$9: <>>?BCCC~D7EEGHHH) H=HFH{ H/ | kI | fa\ ajc

cal] cay] c%}ggg/]zﬁg]pca] cal] ca] ca] ca] ca] ca]_?:aU] cg]{ cal ca] \c\g] ca\/]v%afl%ls}’d/&?%:ia] cg\ljj]

ca] ca] cal] ca] ca] ca

KI JLNN' N, W ' aV] ca
] ca\/] caj caPﬂ \y}i ﬁ%g%%c{gf{g\/?ca] caV]ca ca@i g?c@éﬁé ]‘ hfjt ]amc"g clg] c/]a] C
a] calURca] the]vessel greantifl\BEEH igvhbbiRahd/ possibly reducmg 1nt1ma] hyperplasxa induced

V( V6V XXXXYYZ$ZZZ~ sni c’\XSj e] caV] ca] caV] %}E‘H]jl’ra] calcaV]calc

RVWVVWWWYWAL
aV] caPcal E&wa&aw&(hw E‘&]‘?:ref 1t igpRa B &) OMREY] SARCHIER dtca] ca

Z7ZbZ7%n d

cal cé] E:gﬁég]%af%a ca | caf cai cai cai ca; ca?cﬂi2 ﬂf&ﬁl T%L&fdca %ﬂ:;ﬂ:
aV] capcaVippahidd ao chef ;iré&?@:gg idn kttehdithers i tegArding>hddihtimd fdrinlah(}m( skl hofts toa] cal
cal cal ca] ca ca] cal cam calaca] ca] ca a] ca] ca] ca] calca] ca]calca]lcalca]c$

a]an] 6a] cEitkT®afolgwr +Qt dlaig #P?’rthﬁ radvantager Sy Rx sni d
] cg] g]a] ga %g}lgg'%ggi’g% cgﬁ‘ggﬁlﬁﬁuuu @%%3%&%@ d’%’? yyr %gx?ss%%&%ﬁc%ﬁﬂgﬁ

i d_Zcgc] ]mlrcaaieﬁa&:@ai'&ia R}iva) andohadiem] with cepad] t@a]u@a&mﬁnlgqa]s dirlieilofa] cal
ca] ca] ca] calca ca] cajcaljcalcalca TX K-10%4 & ()-z10% & ()-3y310% & ()-3

mL0% & ()intimgbhyperplasia has not been established. As for a nitinol bifurcated stent, a possible
Lot Ot A R O O BRTAS)
$10%1J & (pecksk ()-~ dYNCL0% 10 10
10@ 10%& () - %& () FAFYA0%& ()- ZF' 3%40%& ()- Y&3Y0%& ()- =\aBYNCLO% YI

940%& () -t 1098& (
cyaocy&Z() = 1omle( )follrwom gepersd tlgsariptipn upay |fethenpsevide@ne )with guidance in

gi égg 10 I]_g%g/{%& &»}pﬁoﬁ%g%gx é(?z%? %geﬂn?%gﬂ(e) stXﬁt %1/%0%@ n@ened into the body in a

Y8.0%d4 () -Onatet Qﬂﬁ?cléﬂgate@&’dtgfy&vﬁéﬂ tha (sldav/ds él)oWe@b&hﬁls‘lﬁﬂd itOuednbtraitdd$fEs () -
10 10 10L9410%& ()-3y5 10%& FOA0%&' ( A
" dEBZ1004Nd3shangs it (n)ay$%g%gl n@i@h@g@ neg. As thc stent is first shortened, a small

s10v5g (s et s B RSB o BB i~

%409
17  approaches its completely unconstrained state, however, this relationship is less

18  pronounced, and a proportionate decrease in length may result in a much smaller increase
19  in diameter. As a result, if a stent leg or common body with a diameter of 12 mm is
20  deployed in a vessel with a diameter of 10 mm, that leg or common body may remain
21 significantly elongated. This characteristic, though, may be advantageous if the tissue of
22 the vessel is flexible. Data gained with other stents (e.g., Z-stent) have shown that the
23 wall of a tubular structure (vessel, biliary tree, erc.) is readily, gradually, and quickly

24  dilated and the stent is able to assume its unconstrained size within hours to days.

25 In the inventors’ tracheobronchial study, described in the Example below, the
26  inventors observed that both the stent legs and the common body changed in diameter and

27  length even two weeks after stent placement.

28 The present invention may also be used in the treatment of aneurysms. The

29 successful treatment of an aortic aneurysm “either abdominal (AAA) or thoracic (TAA)]
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2 a stent-graft may result in persistent flow within the aneurysm sac. These perigraft leaks,
also called endoleaks, can occur because of incomplete fixation at the proximal and distal
ends. Endoleaks complicate between 8-44% of endovascular AAA repairs. There is

3
4
5  experimental and clinical evidence that endoleaks can cause aneurysm rupture (Bakal,
6

1998).
7  Abdominal Aortic Aneurysm Treatment

8 Short infrarenal necks (< 2 cm) may increase the risk of a proximal endoleak. In
9 these cases, deploying the proximal fixation stent, typically a Z-stent, of an endovascular
10 graft in the juxtarenal rather than in the infrarenal aorta can potentially prevent a proximal
11 leak. The bare portion of the anchoring stent is placed across the renal arteries, with the
12 covered portion beginning at the infrarenal lJevel. Serious concern remains that any
13 proximal dislodgment of the stent-graft (due to endoluminal migration and/or to

14  shrinkage of the aneurysm) may threaten with occlusion of the renal artery(ies).

15 AAAs with non-short infrarenal necks may also be treated by placement of a
16  covered bifurcated stent-graft. The covering material should be thin and stretchable
17  enough to be able to follow the movements of the weave. The possible covering
18  materials include woven Dacron, non-thrombogenic polyurethane, ultrathin and
19  somewhat elastic PTFE, polyester (commercially available from Tetko Inc. in Briarcliff
20 Manor, NY), and any other suitable materials that are biocompatible and may follov'v the
21  movement of the weave of the stent. Woven Dacron may be coupled to the stent using
22 polypropylene monofilament sutures. In one embodiment, it may be coupled to the stent
23 using 5-0, 6-0, or 7-0 sutures (Ethicon). Ultrathin and somewhat elastic PTFE may be
24  coupled to the stent in the same manner as the woven Dacron. Nonthrombogenic
25  polyurethane may be coupled to the stent using glue or heat. In other embodiments,
26  Teflon or silicon compounds may be coupled to the stent using any suitable means above

27 described.
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Yat0sde 1) o1 oMY SERTBeolaif to the present inveptign, 2 coveredtpifypoated steptmaye o

dEnbC21 1@e created. In this embodiment of the invention, the stent 300 has a common body 310

3 and two legs 320 (FIG. 7). The common body 310 (or suprarenal trunk) of the stent 300
will be placed into the lumen of the abdominal aorta, whereas the legs 320 are placed into
the main renal arteries. The third leg 305 (or infrarenal trunk) will also be placed in the
abdominal aorta, but it will be located below (or caudad) of the renal arteries. Although
an appropriate portion of the stent 300 depicted in FIG. 7 may be covered, this covering

is not shown for the sake of clarity. According to this embodiment, the lumen of the

O 00 2 N M

juxtarenal portion 331 of the aorta 312 together with those of the renal arteries 313 should
10 be maintained first with the trifurcated stent-graft (FIG. 8, again, the graft material is not
11 shown for the sake of simplicity), then another covered stent-graft (a straight tube graft or
12 a bifurcated stent-graft) may be positioned into the distal abdominal aorta. The two
13 stent-grafts should then be anastomized to each other, creating a completely sealed
14  endograft. To achieve a good contact/connection between the two stent/stent-grafts with
15  an appropriate seal, the straight tube stent or the common body of the bifurcated stent

16  may be preferably flared.

17 The potential advantages of this embodiment include: (1) the shortness of the
18  proximal aortic neck of the aneurysm will not be a limiting factor in selecting patients
19  suitable for endovascular repair of stent-grafts; (2) the potential hazard from distal
20 embolization and/or occlusion of the renal arteries can be eliminated; and (3) complete
21 exclusion of the aneurysmal sac can potentially be achieved because the stent-graft will

22 be anchored in the intact suprarenal portion of the aorta.

23 The weaving for this embodiment is similar to that which is used to create a
24  bifurcated stent according to the present invention. To produce the trifurcated version,
25  the weaving process should be started on three templates as above described. According
26 to the inventors’ studies, a minimum of 4 wires may be used to form the smaller (renal)
27  legs 320 of the stent. The common trunk 310 of the stent, where all the wires are used for
28  weaving the stent structure, may be formed with the largest diameter. This portion of the

29 stent will be placed more cephalad (suprarenally, or, in other words, closer to the head)
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1 into the aorta. The weaving may be started on the two legs and the common trunk in

separate stands. As in the case of the bifurcated stent, the templates for the legs may then

be joined with the template of the common trunk as shown in FIG. 27A, and the plain

2
3
4  weaving may be continued as above described and shown in FIG. 27B. The assembly
5  may then be heated and cooled as described above, and reshaped and reheated as
6

described above as needed.

The trifurcated stent may be delivered in the following manner. The delivery

~J

8  system depicted in FIG. 6 may be modified using the same materials described above to

9  include a third tube such that both legs and both the lower and upper portions of a
10 common trunk may be secured to tubes in the manner above described. The stent may
11 then be so secured. Then, a right femoral artery access may be established by placing an
12 introducer sheath in it. Two steerable guidewires may then be inserted from a cranial
13 approach (from an axillary, brachial, or carotid artery) into the aorta. Using a foreign
14 body retrieval device (preferably a snare), both of them may be pulled through the right
15  femoral artery access. Each of the guidewires may be pulled through the lumen of the
16  stent legs still outside the body. The stent may then be inserted and advanced into the
17  abdominal aorta over a third guidewire placed into the lumen of the delivery system.
18  From the cranial arterial access, a guidewire may be placed into each renal artery. The
19  stent’s proper orientation may be facilitated by placing markers on the dedicated portion
20  of the stent. The guidewires should preferably be marked as right and left on their
21 segments which are outside the body so that one can avoid twisting the stent. Once both
22  renal wires are in place, the securing nitinol wires used to hold the stent legs to the
23  common body as well as to the delivery system may be released one by one. In the final
24  stage of the procedure, the securing wires holding the common body of the stent may

25  also be released.
26  Thoracic Aorta Aneurysm Treatment

27 The thoracic aortic aneurysm (TAA) can be treated by less invasive endovascular
28  strategies for patients considered at high risk for conventional surgery. Using the

29  stent-grafts currently available for this purpose, the aortic neck proximal and distal to the
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2  proximal necks cannot be safely treated with a stent-graft because of the potential
occlusion of the left subclavian artery. The positioning of the proximal anchoring stent of

the stent-graft across the left subclavian artery offers a possible alternative to eliminate

3
4
5  this problem. Deployment of another stent into the left subclavian artery to maintain its
6 lumen is another possibility. Both solutions, however, carry some risk of distal
7

embolization and arterial occlusion.

oo

As shown in FIGS. 9 and 10, a bifurcated stent-graft 500 according to the present

9  invention having a smaller caliber leg 510 for the left subclavian artery and a larger trunk
10 520 for the aortic lumen may solve the problem. This stent-graft effectively seals the
11 lumen of the aneurysm and simultaneously maintains the patency of the subclavian artery.
12 For the sake of simplicity, the graft materials that may be used to cover all or part of the
13 stents of stent-grafts 500 are not shown in FIGS. 9 and 10. Stent-graft 500 depicted in
14 FIGS. 9 and 10 will be understood to have a first leg, leg 510 for example, a second leg,
15  trunk 520 for example which resides in aorta 312 as illustrated in FIG. 10, and a common
16  body having a portion 511 that is proximate portions of both leg 510 and trunk 520, and
17 which is formed from the wires forming both leg 510 and trunk 520. FIG. 10 depicts a
18  delivered stent-graft 500.

19 Stcn.t graft 500 may be formed using plain weave as described above, and may be
20  delivered using the Aorto-Iliac Application delivery system above. The concept of
21  maintaining the lumen patency of the larger branches of the aorta adjacent to the
22 aneurysm with the same stent-graft used to treat the aneurysm itself may be utilized to
23 solve the most frequent and serious problems currently associated with endografting of

24  AAA and TAA.
25 Aortic Arch Reconstruction

26 One or more of the present bifurcated stents may be used for reconstruction of the
27  aortic arch. If the disease affects both the aorta and one or more large vessels (such as the

28  brachiocephalic, left carotid or left subclavian artery) the treatment utilized should be
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3 the treatment involve the use of a stent-graft in order to exclude the aneurysmal sac from
4  the circulation by creating a new lumen. This treatment is depicted in one embodiment in
5 FIG. 10, which shows treatment of the TAA with a bifurcated stent-graft (although the
6

cover material is not shown) according to the present invention.

<

In other cases involving the stenosis of large arteries (e.g., the subclavian, and the
common carotid arteries) along with that of the aorta, the aortic lumen can be
9  reconstructed using combinations of uncovered bifurcated stents. FIGS. 20-22 depict the
10 aortic arch 313, the left subclavian artery 314, the carotid artery 316 and the right
11 subclavian artery 317. FIG. 20 also depicts two bifurcated stents: the first of which,
12 bifurcated stent A, may be delivered using delivery system 200 depicted in FIG. 6 in the
13 manner described above. After bifurcated stent A is delivered, bifurcated stent B (the
14 second of the two) may be delivered using the same delivery system and in the same way.
15  As depicted in FIG. 20, the two bifurcated stents may be delivered such that A overlaps
16 B somewhat. The weave of bifurcated stent B is not depicted in FIG. 20 for the sake of

17  simplicity of illustration.

18 FIG. 21 depicts three bifurcated stents, A, B, and C, delivered in the same manner
19  as the two bifurcated stents depicted in FIG. 20, and with the same type of overlap. In
20  some situations, a combination of a bifurcated stent-graft and a stent-graft that is formed
21  using the weaving methods disclosed herein, but that is straight, may also be used. Thus,

22 the doctor is free to utilize any combination of stents to achieve his or her purpose.

23 The extent to which the current bifurcated stents are covered may be varied
24  according to the treatment method needed. As shown in FIG. 22, the portion of trunk
25 520 (which occupies the portion of aortic arch 313 downstream of left subclavian artery
26 314, and which is designed to seal aneurysmal sac 318) is covered, while leg 510, which
27  occupies left subclavian artery 314, and the portion 511 of stent 500 , which is positioned

28  upstream of left subclavian artery 314 are uncovered.

-52-



1& 1109& ()-3- 109& ()- !3l 109%& ()-t 1. JuL 2003
t109& ()-& 109& ()-L109& ()-dttuu:{}}}"?47 10@®10%& ()-!9-"109& ()3- gf W
- 109 ()-  109& () -mi 109K ()-1Z"109%& ()- }}}}}f~UniN7
L0@1F4( W0eBokdzods( 10% & () - FA4(10%& () - Y1 10% & () -' 10% & (herARooiishs @
10Y! 10%& () - &10%& ()- 10( 10( 10(910% & ()- . (109& ()-!
3‘%10‘%% (& ()-Ms@SE7 1 10 . i
is embodiment may be advantageous when the thoracic aortic aneurysm affects

2 the segment of the aorta immediately surrounding the orifice of left subclavian artery 314,
or in other words, when the cephalad neck of the aneurysm is very short. In this situation,
the use of a straight stent-graft (that is, a non-bifurcated stent-graft) is controversial
because the shortness of the cephalad neck of the aneurysm virtually eliminates the
possibility of safely and adequately achieving fixation of the straight stent-graft without
compromising blood flow in left subclavian artery 314. Using the embodiment of the

present invention depicted in FIG. 22, however, uncovered leg 510 is designed to

O 00 N9 N U AW

maintain the patency of left subclavian artery 314 while the covered portion of trunk 520
10  should effectively seal aneurysmal sac 318, thereby preventing endoleak from left
11 subclavian artery 314. If left subclavian artery 314 suffers from aneurysmal dilation, a
12 completely covered bifurcated stent-graft should be used. Either embodiment — partially

13 or completely covered — may be delivered using delivery system 200 as described above.

14  Aorta and Bilateral Renal Artery Replacement Using Two Bifurcated Stents
15  Positioned Side-By-Side

16 As shown in FIG. 40, two bifurcated stents 10 (stent-grafts, not shown, may also
17  be used) are used side-by-side in aorta 312, and renal arteries 313. In this embodiment,
18  the bifurcated stents 10 (or bifurcated stent-grafts 500, not shown) may be secured to two
19  delivery systems 200 and delivered as described above. They may be released
20  simultaneously so as not to allow either to expand at the expense of the absence of the
21  other. In one embodiment, each trunk occupies about 50% of the intraluminal space

22 available in the aorta.

23 The use of two uncovered bifurcated stents as just described is warranted if the
24  abdominal aortic aneurysm has a short proximal neck (that is, one that extends only
25  slightly upstream of the renal arteries) that makes it virtually impossible to use stents
26  having a graft material that would block renal circulation. Depending on the length of the
27  aneurysmal neck and/or the possibility of endoleak from the renal arteries, the renal legs

28  of the bifurcated stent may be covered or uncovered. If the renal circulation would not be
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1 compromised by covering the renal legs, the portion of the trunk located upstream of the

2  renal arteries may be left uncovered.

3 Combined Treatment of Aneurysins Consisting of Stent Placement and
4  Transcatheter Embolization
5 In one embodiment of the present invention, the bifurcated (and in some lesions
6  even the trifurcated) stent may be used for aneurysm treatment without being equipped
7  with a graft material. In this embodiment, the “naked” stent may serve as a scaffold for
8  developing an endothelial layer on the newly formed vessel lumen, while the aneurysmal
9  sac may be excluded from circulation by transcatheter embolization.

10 Generally, the stent may be delivered into place, and an embolic agent may be

11 inserted into the surrounding aneurysmal sac as shown in FIG. 30, which depicts the
12 abdominal aorta 650, the left renal artery 652, the right renal artery 654, the left iliac
13 artery 656, and the right iliac artery 658.

14 The stent may be delivered into place as above described. As shown in FIG. 30,
15  once the stent is in the appropriate position, an angiographic catheter 600 (5-French to 7-
16  French) that is chemically compatible with the embolic agent (not polyurethane when the
17  embolic agent contains DMSQ) may be inserted and advanced into the lumen of the stent.
18  In advancing the angiographic catheter into the lumen of the stent, one may use the same
19  guidewire which may have been used in delivering the stent. However, one may advance
20 the angiographic catheter without the use of a guidewire. An adequately sized
21 microcatheter 610 (2-French to 4-French) that is chemically compatible with the embolic
22  agent may then be advanced through the angiographic catheter, on an appropriately-sized
23 guidewire (0.014-inches to 0.025-inches). The tip of the microcatheter may then be led
24  through the weave of the stent into the aneurysmal sac 620. If the openings in the weave
25  of the stent are approximately 2.0 to 2.5 mm, 600 may also be advanced into the
26  aneurysmal sac. An embolic agent 630 may tﬁen be inserted into the aneurysmal sac
27  through the microcatheter. Embolic agent 630 may be chosen so as to be: non-toxic, non-

28  imitant/reactive to the tissues; easily handled; suitable for continuous injection;
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1 adequately radiopaque; capable of filling the space contiguously without leaving

2 unoccupied spaces; and non-fragmented, thereby not getting back through the stent’s

3 weave into the newly formed lumen which could result in peripheral embolization.

Although several fluid embolic materials (alcohol, poly-vinyl alcohol,
cyanoacrylates, Ethibloc erc.,) are available for transcatheter vessel occlusion, none of
them is considered ideal or even suitable for this purpose. Recently, a nonadhesive,
liquid embolic agent, ethylene vinyl alcohol copolymer (EVAL), has been used clinically
for treatment of cerebral AVMs in Japan (Taki, AJNR 1990; Terada, J Neurosurg 1991).

O 00 9 O W b

The co-polymer was used with metrizamide to make the mixture radiopaque and may

10  serve as the embolic agent for the present invention.

11 Very recently, a new embolic agent (similar to EVAL), EMBOLYX E (ethylene
12 vinyl alcohol copolymer) (MicroTherapeutics Inc., San Clemente, California) was
13 developed, which was designed for aneurysm treatment (Murayama, Neurosurgery 1998),
14  and may be utilized as an embolic agent in one embodiment of the present invention.
15  The embolic agent is composed of a random mixture of two subunits, ethylene
16  (hydrophobic) and vinyl alcohol (hydrophilic). Micronized tantalum powder is added to
17 1t to obtain an appropriate radiopacity, and DMSO (di-methyl sulfoxide) is used as an
18  organic solvent. When the polymer contacts aqueous media, such as blood, the solvent
19  should rapidly diffuse away from the mixture causing in situ precipitation and
20  solidification of the polymer, with formation of a spongy embolus and without adhesion
21  to the vascular wall. Any kind of material with characteristics similar to those of

22 EMBOLYX E may be used as an embolic agent for the present invention.

23 Both abdominal and thoracic abdominal aneurysms may be treated as above
24  described. In some other locations (e.g., external iliac artery), pseudoaneurysm and/or

25  tumor-induced corrosive hemorrhage may also be treated as above described.

26 The size of the delivery system that may be used to deliver a bifurcated stent
27  without a graft cover may be sufficiently small, such that insertion of the stent into the

28  vessel may take place following a percutaneous insertion. The delivery system would
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also be well-suited to negotiating through tortuous vascular anatomy. The treatment

2 described above may be performed using interventional radiology techniques, thereby

eliminating the need for surgery. The embolization may occlude the lumbar arteries from

which the excluded aneurysmal sac is frequently refilled. As a result of using the

wn A W

treatment described above, the leak from the patent lumbar arteries may be eliminated.

The following examples are included to demonstrate illustrative embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques

disclosed in the examples which follow represent techniques discovered by the inventors

O 00 3 O

to function in the practice of the invention, and thus can be considered to constitute
10 illustrative modes for its practice. However, those of skill in the art should, in light of the
11 present disclosure, appreciate that many changes can be made in the specific
12  embodiments which are disclosed and still obtain a like or similar result without

13 departing from the spirit and scope of the invention.
14 EXAMPLE1

15 Materials and Methods

16 Below, the inventors present the results of an in vitro study designed to establish
17 the characteristics (i.e. expansile or radial force and flexibility) of the inventors’ new
18  bifurcated stent design and compare these characteristics to those of the Gianturco-Rtsch
19  biliary Z-stent and the WALLSTENT. In addition, the inventors also present the
20  inventors’ preliminary results with the tracheobronchial application of the new stent in

21  the pig.

22 As discussed above, the self-expandable bifurcated stent according to the present
23 invention has a Y-shape (Y-stent) comprising a common main body and two legs that are

24 made as one coherent element.

25 The stents used for this study were made by hand weave. A wooden stand with a
26  circular plate was used for weaving the stents. One of the ends of the tubular copper

27  template was equipped with multiple holes around its circumference. The midportion of
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each wire was hanged on metal pins placed through these holes and secured to the
template with some copper wire. A 100 gram weight was attached to each free end of the
nitinol wires. The template with the attached wires was then placed through the wide

central hole of the circular plate of the stand in an up-side-down position. In this

1

2

3

4

5  arrangement, the end of the template with the holes made for wire attachment faced
6  down. A central weight (approx. 600 g) was hanged on this end of the template, and the
7  nitinol wires with the 100 gram weights were led over the flat surface of the circular
8

plate.

9 The wire ends were evenly arranged around the circumference of the circular
10  plate. The 100 gram weights and the central weight kept the wires under tension and in
11 balance. The weave started with two wire ends. One of the wire ends (e.g., the left one)
12 was crossed over the right one. In clockwise direction, the left wire end was crossed
13 similarly over the corresponding right one. This move was continued until the circle was
14 finished. The direction of the move was then reversed, and the wire crossings were done
15 counterclockwise. The tightness of the weave (i.e. the angle between the wires) was
16  adjusted by changing the central weight. An increase in the central weight resulted in a

17 looser weave (decreased angle between the wires) and vice versa.

18 After the plain weave of nitinol wires was completed on the metallic template, the
19  stent/template unit was heated to 500° C for 12-15 min. After cooling to room

20  temperature, the stent wires possessed superelastic properties.

21 For this in vitro study, Y-stents according to the present invention were made
22  using 12 0.005-inch nitinol wires (Shape Memory Applications, Santa Clara, CA). The
23 outer diameter of the common body and the legs was 8.5 mm and 5.5 mm, respectively.
24  The characteristics of the Y-stent were compared to a four-body Gianturco-Rdsch biliary
25 Z-stent® (Cook Inc., Bloomington, IN) and a WALLSTENT (Schneider, Minneapolis,
26  MN). Each body of the Z-stent was constructed of 0.012-inch stainless steel wire with
27  6-bends at each end and a 12 mm outer diameter. The WALLSTENT was made of 24
28  surgical grade stainless steel alloy wires (0.006-inch) and had an unconstrained outer

29 diameter of 9.5 mm.
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3 tightness on expansile force. Stents were constructed from six, eight, and ten 0.011-inch

4  super-elastic nitinol wires and the tightness of the weave was varied in two stents made of
5 six wires.

6 The expansile force of the stents was measured using the method described by
7 Fallone (Fallone et al., 1988). Measurements made by this method are based on the fact
8  that the final radius to which the stent expands within a tubular structure (e.g., 2 blood
9 vessel) depends on the pressure exerted by the wall of the structure on the stent. At

10 equilibrium, the pressure exerted by the wall on the stent is equivalent to that produced by
11 the stent on the wall. The response of the stent to external pressure can be measured by

12 using a non-elastic collar-type device placed around the stent.

13 An apparatus comprising a non-elastic paper strip and a tubular spring gauge with
14 a capacity of 500 g was fabricated to measure stent expansile force. One end of the
15 non-elastic paper strip was fixed and the other end was attached to the spring gauge,
16 forming a circular collar with an adjustable diameter. The stent was placed within the
17  collar. Pulling on the spring gauge caused uniform pressure to be exerted upon the stent,
18 thus decreasing the radius of the stent from the original value of R, to R. The change in
19  radius was expressed as the circumferential displacement measured in mm directly on the
20  paper strip. The force (measured in grams) needed to cause a 10 mm circumferential

21 displacement of the stent was used to compare the expansile force of each stent design.

22 The unit “grams” has been used herein as a measure of force. Although the
23  correct unit of force is the “dyne”, which is equal to the mass in grams multiplied by the
24 gravitational constant, the inventors believe that the average reader will have a better idea

25  about the size of force when the associated mass unit (grams) is specified.

26 For the Z-stent and WALLSTENT, the relationship between the force exerted by
27 the collar and the circumferential displacement of the stent was measured at the mid-part

28  of the stent. Initially, measurements were made on a single stent and then a second
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3 at a bifurcation. Taking into account the fact that the multiple-body Gianturco-Résch
biliary stents are the weakest at the point where the bodies are joined by nylon
monofilament suture, measurements were made at the mid-portion of the second body of

4

5

6  these stents. The Y-stent of the present invention was measured at the mid-portion of the
7  common body and at the bifurcation (junction of legs and common body). Measurements
8

were obtained 10 times on each stent and the results were averaged.

9 To establish the flexibility of the stents, the Juminal diameter at the mid-portion of
10 the stent was measured while holding the stent at both ends and bending it 180° in the

11 middle. A transformation ratio was then calculated using the formula:
12 “D0-D1)/DO “1]

13 where DO is the luminal diameter of the stent before bending and D1 is the luminal
14  diameter after bending. This test was performed 10 times on each stent and the results

15  were averaged.

16 For statistical analysis, repeated ANOVA method (flexibility) as well as-Student’s

17 t-test and Mann-Whitney U-test (expansile force) were used.

18  Animal Studies

19 Fourteen of the Y-shape stents of the present invention and the corresponding
20  delivery systems were tested in the tracheobronchial systems of 9 pigs. First, the
21 inventors fabricated and used bifurcated stents, the common body of which had a slightly
22 elliptical cross-section with a larger frontal diameter (18 mm vs. their 15 mm a-p
23 diameter). The height of the common body was 10-12 mm in these stents, while the legs

24  were 2.8 - 3.1 cm-long and had a diameter of 9 mm.

25 A bifurcated delivery system was constructed from two 7-F Teflon tubings. A
26  piece of a 14-F thin-walled Teflon sheath was pulled over the proximal halves of these

27  tubings to hold them together. After gaining some experiences with the delivery system,
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2 15-17 cm of the tubings (which length corresponded with the totally stretched length of
the stents). Four pairs of holes were made close to the end of each 7-F tubing and were
arranged evenly around the circumferences of the tubings. The distance between the
corresponding holes of each pair was about 4-5 mm. Two other pairs of holes were also
made on the same tubing approximately 14-16 crn away from the distal holes. 0.009-inch
superelastic nitinol wires were used to secure the stent’s ends to the delivery system.

First, four securing nitinol wires were placed through the lumen of one of the 7-F tubings.

O 0 9 & hh A W

These wires were placed into the lumen through the proximal holes positioned close to
10  the distal end of these tubings. One of the legs of the bifurcated stent was pulled over the
11 7-F Teflon tubing and the four prepared superelastic nitinol wires were led through the
12 stent mesh at its distal end. Actually, the angles made from the mid-portion of the

13 stent-wires were used to secure the stent to the delivery system.

14 The distal ends of the securing nitinol wires were then threaded through the distal
15  holes of each hole-pair, forming a low-profile tight nitinol wire loop between the two
16  corresponding holes of each hole-pair. The tight wire loops held the end of the stent leg
17 firmly to the tubing. The other leg of the stent was attached to the delivery system in the
18  same way. The stent crown was secured to the delivery system using the same technique:
19  altogether 4 other 0.009-inch securing nitinol wires were used (2 per tubing) to create a
20  steady connection between the proximal part of the stent and the delivery system. The
21 proximal hole-pairs created on the 7-F tubings were used for this purpose. Altogether 6

22 securing nitinol wires were placed in the lumen of each 7-F Teflon tubing.

23 The proximal ends of the securing nitinol wires were marked and separated from
24 each other, forming two bunches of wires within each 7-F tubing: two of them were used
25 for securing the stent crown, the other four to hold one of the legs of the stent. A
26  0.018-inch nitinol guidewire with a floppy tip (Microvena Corp.) was placed in the lumen
27  of each tubing. The guidewires were able to move freely without interfering with the

28  movement of the securing wires and vice versa.
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4  achieved, the legs of the delivery system were advanced over the guide wires until the
bifurcation of the stent was caught by the carina. At this point, the stent crown was

5

6 released by pulling back the two securing nitinol wires in each 7-F tubings. Immediately
7  after that, the stent’s legs were released by withdrawal of the 4 securing nitinol wires on
8

each side. The delivery system was then removed from the tracheobronchial system.
9 RESULTS
10 Part 1: In vitro Study

11 Expansile Force

12 The cumulative data from the measurements of the stents’ expansile force is
13 summarized below in Tables 1, 2 and 3 below. In each table, the designation A in the
14 leftmost column of each table represents the circumferential displacement (in mm) of the
15  stent in question. For example, a A of 2 mm indicates that the circumference of the stent
16  in question was reduced by 2 mm, and the force necessary to effect that displacement was

17 then recorded.

18 Table 1 — Z-Stent, 6 Bends, Caliber: 12 mm
A (mm) | Body Center | Between Bodies | Side By Side
2 16 13 19
4 36 28 31
6 51 44 42
8 63 61 56
10 81 79 62
12 100 98 76
14 115 119 90
16 127 133 101
18 146 192 122
20 165 142
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A (mm) Center Overlap | Side by Side
2 15 35 18
4 25 59 22
6 42 80 35
8 50 108 42
10 60 126 48
12 74 149 54
14 84 170 63
16 100 197 73
18 111 220 84
20 129 248 96
3
4 Table 3 Y-Stent, 0.005” nitinol wire, 12 wires,
5 caliber: trunk - 8 mm, branch - Smm
A (mm) Trunk Junction
2 44 51
4 91 109
6 126 143
8 158 155
10 167 164
12 175 191
14 184
16 202
6
7 The force (measured in grams) needed to cause a 10 mm circumferential

8  displacement of a single four-body Z-stent was 81 g, and 62 g was required for two
9  four-body Z-stents placed side-by-side (p<0.0001). For the WALLSTENT, 60 gand 48 g
10  were needed, respectively (p<0.0001). The values for the common body and the
11 bifurcation of the Y-stent were 167 g and 164 g, respectively. These results indicate that
12 the expansile force of a nitinol Y-stent constructed according to the present invention
13 from 12 0.005-inch nitinol wires is greater than the force exerted by a 6-bend Z-stent

14 fabricated from 0.012-inch stainless steel wire or a WALLSTENT made of 24 stainless
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3  measured at the common body and the bifurcation of the Y-shape stent were almost

4  identical (p<0.0092).

Stent Flexibility

The four-body Gianturco-R&sch biliary Z-stent started to lose its lumen in the
mid-portion of the stent at an angle of 40°. The lumen collapsed completely at 90-100°.
When the WALLSTENT was bent, the luminal diameter increased from 9 mm to an

\©O 00 J O\ W

average diameter of 12.0 mm (range: 11.5 - 13.0 mm) at a bend of 180°. This means the
10 transformation ratio was 33.3% (range: 27.7% to 44.4%). However, the stent shortened
11  at the same time the luminal diameter increased. When the common body of the Y-stent
12 of the present invention was bent 180° in the middle, the luminal diameter decreased
13 from 8 mm to an average of 7.3 mm (range: 7.5 - 7.0 mm). The transformation ratio for
14  the Y-stent was 8.75% (6.25 - 12.50%). The stent did not shorten during bending. The
15  flexibility of the Y-shape stent was superior to both the Z-stent and the WALLSTENT
16  (p<0.0001).

17 Part 2: Animal Evaluation

18 The stent placement was technically successful in 9 of 14 cases. Delivery system
19  failure resulted in premature deployment (2 cases), twisting of stent legs during
20  deployment (2 cases), and inability to release stent legs (1 case). Five stents migrated
21 because the unconstrained stent diameter was smaller than the tracheobronchial system.
22  Three of them were removed one week after stent delivery because of significant
23  discrepancy between the size of the stent and the tracheobronchial system. Persistent
24  cough occurred in 3 pigs because the stent legs were longer than the main-stem bronchi

25  which resulted in distal bronchi placement.

26 Three animals were followed up for 8 wk, one animal for 4 wk after stent
27  placement. All these stents remained patent, there were no pulmonary lesions related to

28  the presence of the stents. These animals tolerated the stent well.
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Due to the characteristics of nitinol wire, the Y-stent of the present invention can
be stretched into low profile and deployed using its superelasticity. Therefore, after
inserting the stent at the lesion, the stent should readily recover from its constrained state
and a balloon catheter should not required. The unique contiguous weave of the design
makes it possible to achieve virtually complete coverage of a lesion occurring at a

bifurcation without gap formation. Therefore, it might be possible to use a single stent

O 00 3 O hh ”h W

according to the present invention to treat this type of lesion, whereas now it requires

10  special techniques and the placement of multiple stents.

11 In the present in vitro study, the Y-stent of the present invention demonstrated
12 greater expansile force than the Z-stent or WALLSTENT. This study showed that two
13 Z-stents or two WALLSTENTS positioned side-by-side exhibit lower radial force than a
14 single stent of each type (p<0.0001). Therefore, the rationale for using Z-stents or
15  WALLSTENTS positioned side-by-side is questionable.

16 There are many factors that influence the characteristics of a stent made by using a
17 simple weave pattern such as the Y-stent and the WALLSTENT. The size and the
18 number of the wires used to form the mesh, the angle created between the wires, and the
19  shape memory properties of the wire will determine the physical properties of the tubular
20  prosthesis. Therefore, stents of similar luminal diameter that possess completely different
21  expansile force may be produced by altering the size and/or the number of the wires and

22 the tightness of the weave.

23 Increasing the number of wires or the tightness of the weave can further increase
24 the stent’s radial force. It is well known that the angle between the wires of a stent,
25  which is produced by plain weave (e.g., WALLSTENT), should preferably be greater
26  than 90° (Wallsten, 1987). The greater the angle between the wires, the greater the
27  expansile force of the stent. These characteristics, along with the excellent shape memory

28 of nitinol wire make it possible to produce a Y-stent with a high radial force. A Y-stent
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tissue formation or malignant tumors.

Stent diameter and wire-angle are also closely related. By increasing the angle
between the wires, the inner diameter of the Y-stent increases, and inversely, by
decreasing the wire-angle, the stent’s inner diameter decreases and the stent elongates.
This characteristic may be utilized for production of a wide variety of woven nitinol
stents simply by re-adjusting the wire-angle and then re-heating the nitinol mesh. As a

result, the weave, radial force, diameter, length, and shape of the nitinol stent can be

O 00 3 O v AW

secondarily modified after completing the primary weaving and heating processes. In the
10  case of the WALLSTENT, the physical properties are imparted to the stent during the

11 weaving process, and they cannot be changed later.

12 In addition to exhibiting a greater expansile force, the woven nitinol straight-stent
13 and Y-stent demonstrated good flexibility. These features may allow these stents to be
14  deployed in a tortuous curved structure while maintaining their luminal diameter and

15  preventing the lumen from collapse, which may occur with the Z-stent.

16 The WALLSTENT and Y-stent reacted differently to 180° bending at their
17 mid-portion. The inner diameter of the WALLSTENT increased, the wire mesh
18  tightened, and the stent shortened, whereas the inner diameter, wire mesh, and length of
19  the Y-stent remained virtually unchanged. The different behavior of the two stents can be

20  in part ascribed to the closed structures of the woven nitinol stent.

21 The closed structures of the Y-stent are also an advantageous feature for stent
22  delivery. These closed structures, created by bending the stent wires at about their
23 mid-portions, as well as by using multiple twists or other means to couple the free ends of
24  the stent-wires, allow for both ends of the stent to be secured to the delivery catheter.
25  Using a delivery system made of two coaxially placed movable tubes, the stent can be
26  repositioned even after 100% expansion prior to complete release. In addition, since the

27  stent has no sharp wire ends, potential tissue laceration and perforation can be avoided.
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13 109 stent design may be useful for the~treatment of both vascular and non-vascular lesions

4  occurring at bifurcations of tubular anatomic structures.

5 The good flexibility and high expansile force of the design may promote stenting
6  tortuous lesions as well as bridging rigid strictures resulting from scarring or malignancy.
7  The stent of the present invention has been developed for bifurcated and trifurcated
8  regions and may provide a new approach for solving problems in this area.

9 All of the methods and/or apparatus disclosed and claimed herein can be made

10  and executed without undue experimentation in light of the present disclosure. While the
11 compositions and methods of this invention have been described in terms of preferred
12  embodiments, it will be apparent to those of skill in the art that variations may be applied
13 to the methods and/or apparatus and in the steps or in the sequence of steps of the method
14  described herein without departing from the concept, spirit and scope of the invention.
15  More specifically, it will be apparent that certain elements may be substituted for the
16  elements described herein while the same or similar results would be achieved. All such
17  similar substitutes and modifications apparent to those skilled in the art are deemed to be

18  within the spirit, scope and concept of the invention as defined by the appended claims.
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1. A device suitable for implantation into an anatomical structure, comprising:
a first plurality of wires defining a first leg, the first leg having a first distal
5 portion;

a second plurality of wires defining a second leg, the second leg having a second
distal portion; and

a common body having a distal end and a proximal portion, the common body
being formed from at least the first and second pluralities of wires, the

10 proximal portion of the common body being adjacent to the distal

portions of both legs, and both ends of at least one wire from one of the

pluralities being located proximate the distal end of the common body.

2. The device of claim 1, wherein the wires in the first and second pluralities

15  comprise nitinol.

3. The device of claim 1, wherein the wires in the first and second pluralities

comprise FePt, FePd or FeNiCoTi.

20 4. The device of claim 1, wherein the wires in the first and second pluralities

comprise FeNiC, FeMnSi or FeMnSiCrNi.
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5. The device of claim 1, wherein the wires in the first and second pluralities each

have a diameter ranging in size from about 0.006 inches to about 0.014 inches.

6. The device of claim 1, wherein the first plurality of wires includes at least 6
5  wires.
7. The device of claim 1, wherein both the legs and the common body have tubular

shapes with substantially uniform diameters.

10 8. The device of claim 1, further comprising a graft material attached to at least the
common body.
9. The device of claim 8, wherein the graft material comprises woven Dacron.

15 10.  The device of claim 8, wherein the graft material comprises polyurethane.

11. The device of claim 8, wherein the graft material comprises PTFE.

12.  The device of claim 1, further comprising;:

20 a third plurality of wires defining a third leg, the third leg having a third distal

portion; and
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14.  The device of claim 12, wherein the first plurality of wires includes at least 5
wires.

10
15.  The device of claim 12, wherein each of the legs and the common body have

tubular shapes with substantially uniform diameters.

16.  The device of claim 12, further comprising a graft material attached to at least

15  the common body.
17.  The device of claim 16, wherein the graft material comprises woven Dacron.

18. The device of claim 16, wherein the graft material comprises polyurethane.
20
19. A stent comprising:
a first leg having a first axis and a first end, wherein the first leg comprises a

first wire having a first segment and a second segment, the segments
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& 10%N L1 & () - crossing each other in a ﬁrst plurality of locations;

a second leg having a second axis and a second end, wherein the second leg
comprises a second wire having a first segment and a second segment,
the segments being separated by a bend in the second wire located

10 proximate the second end of the second leg, the first segment of the
second wire extending helically in a first direction around the second
axis away from the second end of the second leg, the second segment of
the second wire extending helically in a second direction around the
second axis away from the second end of the second leg, the first and

15 second segments of the second wire crossing each other in a second
plurality of locations; and

a common body formed from at least one end of each of the wires.
20.  The stent of claim 19, wherein the first segment of the first wire is positioned

20  farther from the first axis than the second segment of the first wire at at least one

location among the first plurality of locations.
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23. A method of creating a device suitable for implantation into an anatomical
structure, the device having a first leg, a second leg, and a common body, each leg
having an end and a distal portion, the common body having a proximal portion and a
10  distal end, the method comprising:
bending the wires in a first plurality of wires to create first bent portions in the
wires, the first bent portions being arranged to define the end of the first
leg, each strand in the first plurality having two ends;
bending the wires in a second plurality of wires to create second bent portions in
15 the wires, the second bent portions being arranged to define the end of
the second leg, each strand in the second plurality having two ends;
weaving the ends of the wires in the first plurality to create the first leg;
weaving the ends of the wires in the second plurality to create the second leg;
and
20 weaving the ends of the wires in both pluralities to create the common body and
the device;
wherein the proximal portion of the common body is adjacent to the distal

portions of both legs and the two ends of at least one of the wires in the
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26.  The method of claim 23, wherein the wires in the first and second pluralities
comprise nitinol.

10
27.  The method of claim 23, wherein the wires in the first and second pluralities

each have a diameter ranging in size from about 0.006 inches to about 0.014 inches.

28.  The method of claim 23, wherein the weaving the ends of the wires in the first

15  plurality is by hand.

29.  The method of claim 23, wherein the weaving the ends of the wires in the first

plurality is by machine.
20 30. A stent, comprising:

a first plurality of flexible tubular strands woven to form a first leg having a first

distal portion, the flexible tubular strands in the first plurality crossing
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each other to form a first plurality of angles, at least one of the angles
therein being obtuse;
a second plurality of flexible tubular strands woven to form a second leg having
a second distal portion, the flexible tubular strands in the second plurality
5 crossing each other to form a second plurality of angles, at least one of
the angles therein being obtuse; and
a common body having a distal end and a common portion, the common body
being formed from at least the first and second pluralities of flexible
tubular strands, the common portion of the common body being adjacent
10 to the distal portions of the first and second legs, and both ends of at least
one flexible tubular strand from each of the pluralities of flexible tubular

strands being located proximate the distal end of the common body.

31. The stent of claim 30, wherein the flexible tubular strands in the first and second

15  pluralities comprise nitinol.

32. The stent of claim 30, wherein the flexible tubular strands in at least the first

plurality comprise biodegradable filaments.
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