%+, -/ e3eSHH MFNRSOSTSC\ 3 July 2003 1 METHODS AND ApParATUE ¥R |

| NTRALUM NAL PLACEMENT OF A Bl FURCATED NAL GRAFT 5 Rel ated
Appl-i cations | The present applicat \“\\ \ i nuation-in-part of
co- pendi ng Woporép! i cati on 09/ 163, s e ept enber 3@cri89dRssarder the

sane title. Background of the Invention*@®¥%ield of the Invention The ,
present invention is directed generally to nethods and apparatus | for i
posi tioni ng 1 N inal graft. Mrre gpecifically the present invention
is related t\ mm;‘mm \“Md apparatus for positioning an intralumnal graft |
into a bifurcating vessel such as an artery. 15 Discussion of Related :
Technol ogy An art‘ery or other vessel that is weakened by disease, injury,
or congenital def METHQBS ANSCARRARWEYSFABANTRALUMINAL R ACEBMENTof bl ood or
other fluid flow ng thr OltﬁhAtB?ﬂéM&@‘fEﬂ‘iﬁTﬁkﬁﬁ LlG@RaNpSCUl ature, this

di stended 20 weakening is called an anéeurysm An aneurysmtypically occurs
inthe arterial vessels of the head, chest) or abdonmen. The di stension may
cause the vesgel to rupture, whichpgaty ?&‘I’i@ati%ﬁsri ous, even life-threatening
consequences. Aneurysns in the abdom nal” aorta are typically distended |
around the circunf er eFe@resent epplication is4 comtiguatiaprin-iag of e0-prading Bridls.  Most '
aneurysms of t he agficaled 00/ 54802MEd SepRmBer381908udaYr (B ARk GAE! eroti c weakeni Hg
of a segnent of the wall. Abdom nal aneurysns may cause backache and severie
pain, and may be visible as a throbbing swelling. If an abdom nal aorta
ruptures, it is seriously life tHuckaéndiofde Invenfibmdi tionally, aneurysms have
been treated py adi cal surgical graft j 3o replacenent. This approach is
risky for thé pantﬁffgci-lgﬁ%m—gf-’&sv Asometi mes not 3 July 2003 WD 00l 76423 |
PCTI US99128397 2 f easiTht prestueintentimitifidirecied genevsilystoimethods i agperastsat es of the'i
patient. Mre re BV L n.ti t of an !
intralum nal or gﬁ%&%%%‘%%ﬁgw%@gﬁab& ﬁe@grgfpﬁ%'?‘lgﬁ%%%ﬁg%ﬂg %n%gnﬁlgg\%}ascul ar i
grafts may be of ralated tomsthodyrad apparatus € perifioging ft trijuminglpraftistatas, wi ref or ns, |
or ot her attachn%ﬁgrcmgqgss@g‘%cﬁgp&qﬁré& 5 or integrated into the graft ‘.
structure. In general, “intralumnal grafts and their respective support
and/or | attad¢hnent neans fall into two mmjor categories, self expanding

and pressure exppidadiof of RMd RXRARG, NG i ntral um nal grafts, are supported:

andl or attached .
An artery or other vessel that is weakened by disease, injury, or

congenital defect, can become distended due to the pressure of blood or other

fluid flowing through the weakened area. In the vasculature, this distended

20  weakening is called an aneurysm. An aneurysm typically occurs in the arterial
vessels of the head, chest, or abdomen. The distension may cause the vessel to

rupture, which can have serious, even life-threatening consequences.

Aneurysms in the abdominal aorta are typically distended around the {
circumference of the aorta and tapered at both ends. Most aneurysms of the |
25  abdominal aorta are caused by atherosclerotic weakening of a segment of the |
wall. Abdominal aneurysms may cause backache and severe pain, and may be |
visible as a throbbing swelling. If an abdominal aorta ruptures, it is seriously
life threatening,.
Traditionally, aneurysms have been treated by radical surgical graft

30  replacement. This approach is risky for the patient and is sometimes not




via resilient or shape-nmenory material such as spring steel ot Y 29%b1 ™™ 1!
o Self expanding material is capable of being formed in a configuration i
fromwhich it may be conpressed to a radially compact dianeter for

pl acement w Wbighlr@23danaged vessel . At the tinme of use, thepdgpydsyssdbeature
of these materials causes themto self expand fromthe radially conpact

di aneter to the expanded operative dianeter. 15 Pressure-expandabl e '
intralum nal grafts are supported and/or attached via plastically |
deformabl e material such as stainless steel that is initially forned in itls
radi ally conpact dianeter. This type of material does not have nenory, and
wi Il remain in thefestle didty othempmexistiog dismaiearates bf the paiemURiotere@ipanded. | i
Typi cal ly, outward LS € t he raft t hr ough
use of a 20 ball OO%%g%krﬁselﬁ%ggeggﬁgﬁe%%gﬁlacameng( oef\'glh gl?rglﬁx%a alpr Flédélu uéeH-t pI astic
def ormati on of theswft @hqsamﬁtlmnml@rmﬁevaamﬂavemﬂt ameteaf varigas typas] posi ti oni ng
and firminplantatj e
successful treat rreirltltQ Elg]ﬁé @gﬁﬁk@é%@%? ?‘gl@t%nedsg Blﬁ({tﬂef:%)t%dkﬁ{ #gﬁlngaﬂ%_%&a&eﬁ%

particul arly di¥fieiinteersted imtodbngsel ¥metiiflsen t he aneur ysm ext ends from an

artery I 25 into one or [@Rh&aldhi QR raftt Lrﬂrthe’?r%cspétlv$ guﬂﬂﬁ‘%d/g{ aft” has beel
suggested for use in a first pain artery a a pair of divergent arteries i

by Wiite et al. in?® eRb’ﬁFﬂ“E&‘tll‘%W%aJOTWWPSlﬁi%PaW Cady Cooh GRS

97/ 18006; WO 97/ 26%&1daﬁ&$em@qﬁﬁdﬁgﬁi93ﬂumﬁﬂl%ra@t§ A Supdordd MaResabkd
i ncorporated herein ir entireties. A trouser graft

erence in
conprises a first t”ﬁ %‘lhgrﬁ OB RFTPeRYTY %‘F?’iﬁﬁé‘&t‘é%s’p““g seeh o Nitingdhts Wo 00/ 26423 -
PCT/ US99/ 2839718 i Srtlfaext)mdnmnatdnelns t.apkhlﬂ (ﬁ'fbexbpﬂmﬁéﬂ.mhﬁoxﬂibﬂatﬁcﬁffﬁ;&enced I
di scl osures, thef r ced | Jirst arter and the two
smal l er tubul ar f“gﬁsug]rgw ‘?%m oam ?IP BRPE caamet?rﬁmr?atc e){’fwo di ver gent|
arteries. Notwt hsWtilnnIﬂ dgnagmaveswbo*ttﬂantmet@awmmgsmw fanimes dftheesgoi ng i
references, i 5 feghikfScad Iy i zed
shortcom ngs that neke , 3{1 é@%ﬁt w@%%%% ?ﬂ%\éoﬁ?ﬁapﬁ%e&%&ﬁg t reat ment
of aneurysns in th@‘Wﬁlﬁ‘éeﬂeﬁﬂt{ﬁ@mW to the treatnent of simlar damage to

ot her vessels. isThe preSﬂ@§suﬂe@¥ﬁﬂ@dhﬂ@ntﬂ[ﬂ¥ﬁa¢Erﬁftssdi'pﬁﬂpﬁd%&ﬁld/dr%f?e\demantS to
t he net hods and ap ar?tus of prior art. 10 of the Invention It

is an object of th&? prasually d‘if‘?ﬂ?é‘ﬂ?WW@&‘CBPW‘H%“&FFIWHFHWHY@“PPR ral uni nal
graft and net hod fmﬁtspid&ﬂﬁ&mﬂﬁactﬂianﬁ&ﬂ'erlﬁJWedﬂhﬂeﬂdl&b&&odﬁb&h@ﬁd&us ki nki ng,
and tw sting of th%dgvr fet gurgln Bd afteré@ﬁ?fi nt t reofd n a vessel. |
15 It is another obfect OFYHh g‘t“@ LRYmRRghS PRE%h inproved |
i ntral um nal gr af t Typirdllyyeutweddlyf directgl meseneisexated e;aamﬂaetghmtthxpﬁgh\usdm control :
over madverte;bt l&ﬂgckntsldq’sQ%Lusmgp&génsmglmresu nYﬁl?s%%ldefonnag?n c%rth obj ect of

the present invention is to t1ouser"
graft and nethod f@?terpﬂlac@meuveﬂramam that precl udes 2o inadvertent

separation of the |egs ofrefiiRsilibiERl ﬁrrﬂ-hxﬁﬁﬁtaﬁ&pot‘?ﬁehﬁ&m T g%] tﬁnd features

of the present invention will becone nore tully apparent e foll ow ng

description and apPEiR &efhe puspessful trgptment of the underyingspedigpl M@“?ﬂf ddisiite of the |

i nvention as set f}ﬁiﬁchlahyl‘ﬂlﬁlcﬁmfda@éompﬁ% J&n%hh@‘é’f@mteh@mfs@{ogﬁh@ﬁergbl ects, ’d
in accordance he invention as enbodjed an ed hereln)

yg/l 5}3 € é}gdescrl
the present i nventl (P0F i Rgre divergentartories, b " frouse grath Jigs besk BReecsifd f9f¥5hods for |
pl aci ng a bifur catied figst ahin aetéry binkn mirtofdiodrgent siRfisggdvhiResalin PN a preferred

enbodi nent, the blltb ﬁg ?.}9 ‘15 2 r J'l t re direct ed
to pl acerrent of a et ?gar%gg ed%gt?g? tll&’tvﬁ Rr" ﬁgl? @6?) §60§O@§ d7%93%
and WO 97/26938; all of which are hereby incorporated herein by reference in
their entireties. A trouser graft comprises a first tubular body that bifurcates




WO 001 76423 PCT/ US99128397 4 aneurysm |l ocated in the abdom nat J46LP83
downstream of the renal arteries. Preferably, placenent of the graft is
.through the right fenoral artery of a patient. An introduces assenbly is
provi ded whivednodrsssonfi gured for placenent 5 over a gui dewigfsedshidror
facilitating the advancenent of various catheter assenblies required in
connection with the practice of the invention. The introduces assenbly
includes a sheath, valve head) and a dilator. The sheath is preferably
cylindrical in shape and is fornmed so as to have an appropriate flexibilit
and an outer dianeter suitable for placenment at the location of an 1 o
aneurysmto be repaiorteesmallactuinddrbeditse fidthpefonintal disobafds he fint@dbignoval of
various catheters | he present inyention w thout ‘
significant |oss O%H%'s%%&éilﬁg%?%rﬁgﬂ?ghﬁ%&%?S"garufret?v&ars?ﬂ‘ié[esﬂfe °Hhi°%&nd of the
val ve head is provP@eendiithin the ordbgrpent avaivnect or which facilitates :
connection of the valv i.lator) which i
i ncludes a tapered, ti péq?}gmgfag@g%ﬂ%gﬁpg&%%géhﬁl{sggOf{tﬁ?%ﬁgﬁ“?ﬁgﬂ%‘g e head and
the sheath so fhatfeat¥es ffisafasemantioned device hevesecognized shortoruingsithe mskeeat h.  The |

dilator tip porti Qhen &sﬂﬁ@&binﬁle@%olﬁlﬁin@ﬁ tRAWMRDf hneld§Rhd 4 afhr ough the i
|

t ortuous pat hway oJ trgl vascu}I ature wi thout causing undue | trauma or a
perforation, yet i'®SHPEY Pt

eleaimentyf imilgrdamage do,q1hes vespels. |Fhe prsapbssel s to |
assume a | ess t or tiowedsonyasvides Adstiiiat ilBfoveiRAS 28 incbdslaR@ appa®RSBE | NVenti on
is a bifurcated aqﬂéinc raft. The preferred bifurcated aortic graft

i ncl udes both self xp% i ng and bal | oonexpandable wireforns along its

| engt h. The bakl oon- expandable wires permt precision in placenment of the ;

aortic graft. The self expanding vguﬁ%sé o(Hgn%wieL hin | the vessel imediatelly

upon depl oynent fromthe main cat Het oy which al | ows inserti oni

of ot her nodul ar comodﬁﬁ?@?bj@p@‘n@ Raespi@ iryengtion preptrévideain imprevednf | at abl e |
bal I oons, and redyggfunkihdl 32l nd hdifodSE! jlac%?\@%xﬁgthwcfiirgf?lisﬁés%?letleggur ease the |
T graft and nodul ar ex

anchoring force between the bifurcated ensron i grafts
used to extend th&knespeatisias efthe graf durivg ensiafterilasemend thexspfih a wesseldi st ended

vessel walls. 15 3 July PRRRMRR FAHARes e TvHERUARAME a2 niigvedl the self
expanding wireforns is.l cahed at _a septumregion of the urcated graft.:
The septum regi on‘%t@b’éﬁ“éﬁ?@ &?F‘Pﬁ’%‘idlfﬁftpéﬂ‘%ﬂ‘e“%%“‘?‘?@ﬁ‘npéf“’édéﬁfqnﬁﬂeﬂv@r al leg |
("ipsilateral" andnatesehtiaighidahmovenhtarithinvetsel. opposi te | ateral sides of

t he patient depending on the.surgi.cal approach). This septumwre 5
prevents and hel ps eli (r%’l\nﬁafre‘)b{ teoqlt(hleﬁffgenfﬁ‘&?"%% t"t‘i’?}‘f‘%&'f“l’ Pra¥fdount er ed vvithi
conventi onal bi f urieiveninaftzouses”. grafhandoiebitioll éom platdnenstdmeakp precludeg Wi r ef or m at
the septum r_e.%_oniﬁaecénuﬁl%épa&'iibmeﬁgga%}m@%&l& as radiopague markers
generally pointing to the 'septum redion, ICh aids in identifying the

l ocation of the septumltesgand gthergbiesicang featuppof theiptesentomehtiometiil expandi ng

wireforms are | t becohRamkelipdpphiaf ABMISe f@ﬁo\ﬁﬁgﬁ&sén‘gﬁox&fnd nd3fif ur cat ed |
graft. These wireforns facilitate opening the legs 1 mediately upon |

depl oyment from t T afi M4y be fratmed by thepractineofitha inveatiangasat fxrtht he i nserti on of |
nodul ar conponent &ereibhfese | eg wirefornms al so contain crinps as radi opaque
mar ker s whi chzgi din igent i f ing t he %nds of .the bifurcated graft legs. All
crinps on the“self exp ﬁﬂfbﬁ‘&fhe CTERPEGOHFTeand fnceqrdancevithihe IRgSnlon er i or si de
of the graft) thussenlidiedandbraadlyeiadcabddmereinf thé preseitinfehticateltes th newpr oscopy.
The main cat heter ' iz t | ace. the, agrtic graft described
above, which is cSﬁéﬁ%g@s)&l@éarlétﬁsdﬁ?(')Aaeg'é’dsqgrré??fﬁigﬁi’ﬁuﬂﬁcgfdaqm%ﬁ8“’8&" ‘fagﬁe mai n

cat het er assenbl y danfaged vasich Ipaptefimed erplgdimbl, the nethodsredappantus ofthd it wil |

|
fit 20 inside the .*egé“EBd’%%aréﬁ"%gmd‘.%g’r%‘g%%%?‘?%Eﬁ%?%f‘g‘?i n catheter i
n

assenbly incl ude Fhe follomng: ari r-con ured Tor connection t
t he val ve head of the sheath assenbly; '. a proximal connector assenbly
including a distal pusher connector; an elongate, tubular pusher body; an
el ongate catheter with a coaxial tube construction; and 25 an infl atable
cat heter ball oon.

(]




|
In addition to the aortic graft, two additional graft portions Jua}'rZeOOaf‘t”dapt ed

to extend into the respective iliac arteries to forma frictional

. engagement with the ipsilateral and contralateral legs of the aortic graft.
These ext en¥0M/76@xfts typically conprise straight cylindPFEEPO2&es, with
an upstreamend having a 3 July 2003 WO 00l 76423 PCTNS99128397 6 common
di aneter. The upstreamends interlock with the respective downstream [
portions of the aortic graft. The present 4 nvention may further include a;
di rectional catheter which permts pI acerrent of the graft extensions. The
directional catheter incl ude; g ctin d%m}{)rl ng tBortl on,.a knob used to
defl ect the spring ancyrysm dopate H‘dheef‘b o &‘fr{?r fregrp P SRR BHETISH with t he
sheath assenbly. = Phdfteabiy, phéeerithf the igh@ids th@ughht fight fdhoraditinesmant | oned
conmponents of the resent i nvention includes the foll ow ng steps. An
incision is made afth & primary guidewire is placed in conventional fashion
in the ipsilateral SI de Antiktakluder dssemblysis ploeidedewdtacipb eonfigiredfogpladetnentr | ght |
fenmoral artery and tend wel | .
upst ream of the?aneﬁér?ggﬁld%%a&?m&d&a le@%eLdvgﬁn%’ﬁ&x&&ng“%é%@ee%xover and |
along the prinmary guprdblwsreauqudtnocoanqsmwnﬂuhempmw@alnmmfentlm Thenal arteries.
Once the sheath of iddackUstciii dg§§§193?lln YaljefkaB $fifla BlafRCThnBhAEed, Lhe
dilator is retracte ong_t ewmre and then conpletely renoved ~ 5
fromwi thin the sh@é?fqﬁabb)s%%wuawaper%rﬁfwmemvt@hﬁvampp@pn%e mai n

catheter assenbly ingxibifi§ahd mﬂou@:v@fam&taesumuerfemacauexﬂ%aecaa&doﬂaﬂt o the
sheat h assenbly, and then connected thereto. The gusher Odyagéfs distally
t

advanced to pudh t RBPURSH(e be rgpaipd. The yalyshead pegpitipeertion ARAFSEAY he end of |
t he introduces sheatrous B'Jﬂetesdtﬁﬁﬁ@m&ﬁheﬂaad dﬂﬂibq:r&slé}ﬁllﬁ!&ftioh eithdud fignificant hen :
retracted slowy to zo r,OXI a desired.d S|t|on|nthe%
abdoni nal aorta. Tﬁé ?frﬁ& égaftglﬂﬁ%ltaﬁteﬁys °r?é%“?§?’?‘§‘}é§§da‘tvg @dBosition j ust
bel ow t he septum r egividad with £thteadrdichieaatvihich fapilidtes cameconpdtiengvé t t o bl ood

fl ow. The bal |l oon-expnan or.ti o aft remains
in a substanti all y(ﬁcz{%atlo &gfgs?g%mrps#hc%qr%@w%ﬁh '"@H&ség‘lpgrc? tistfa? ?%on IS
i nfl ated whi ch125 {durig|us¢ thtoggh lﬂimeal@dm;iﬁmd Erisheathgp Hiat fé«qaamm tippogiont he
bal | oon-expandabl e Fb%&és%gﬁﬁ tmshéa%fggéafatora,gpanﬁnhﬁ ca.ﬁm%%mggawn@aased

orientation, to the secon expand orientation. I'n one embodi ment of thel
present invention, EF‘W&ﬂﬁ?‘ﬂ‘t‘hei‘%"“@v’ilﬁﬁwaw%fbﬂas%‘i%ﬂwtt@“bﬁt‘?l?ﬂ‘E’é“"engagerrent
of the aortic graf maihddta Biforidh] ye€is Wb duffickhapstiffus calisedht blosd veddelsito expanded,
the upstreamend thereof frictionally engages 3 July 2003 WD 00176423
PCT/ US99128397  t h&FHRP I8 R B¥Ls” of unaffected regions of the aorta
just bel ow thez26enal ar Dﬁﬁbmaﬁzomﬁ(fﬂ‘eﬁrofﬂibpregﬁhaﬁﬁenhaﬁls b bifincataichbaic lggaftex panded

in the aforenentio d | | i n nal l'y
stretched to preven ‘%ﬁe&‘fm"p&?‘ﬁ? 1u§es‘t1>(]1jafs"if gg‘“d}%‘%a%gaﬂ%e mai n
catheter is then wetiudablorwisfoows slongid I@gtbaﬂ'm‘halldm-exmnﬂ#blet\M!eesmmmtoducer
sheath and the pri kil HRMLR of ORI h 'ﬂegéxpaﬁmdfgnw@wp%ﬁma of the

graft ext ensi ons, recti ona at heter
the vessel immediately upon deployment from the main catheter assembly,

25  which allows insertion of other modular components, opens a removal path for
the inflatable balloons, and reduces kinking. The self-expanding wires also
increase the anchoring force between the bifurcated graft and modular extension
grafts used to extend the bifurcated graft into communication with non-

distended vessel walls.



isnserted over the primary guidewi re. The spring portion of tﬁé’ugizroeogti onal
catheter is positioned such that it is above the septumregion of the
aortic graft. The spring portion is deflected by pulling proxinmally on the
knob. A suppbeimadizal guidewire is then advanced through t¥ex/g89e/RE9T onal
catheter and out the deflected spring portion such that the suppl enental |
gui dewi re extends down the contralateral |eg and through the I eft conmon
iliac artery. The supplenmental guidewire iss extended until it is in the

| eft fenoral artery, at which ~ 5 tinme the left fenoral artery is |
cross-cl anped and a cut-down or percutaneous incision is perfornmed to
retrieve the suppl enent @ aftheqeiwspandingyriefomeisilocgiad e wsntun regiopef ri eved, a

Sffi ffer gui d_evvi re th§biﬁ%€a&a@&& fI’Héé%Hﬂﬁ réé?&x slel?afritesfaﬁ'iﬂaﬁa’féraﬁégtfﬁﬁrya until i t i's
within the first graft and reaches contral ateral side of the aortic

hes t he

graft. A second i rfPPEtitiealleslsiealrisry and “tontalateraly Federmiveda opregie el stiff 20
gui dewire. A secoryides af thepafient agedliyg oh thdsuvdidaCdppioschp aTie@piimaviteubul ar graf t

| extension is then int gﬂr&g%ﬂrto%gg%ﬁ second, sheat h %fr%ei‘enbl y until the
i ntroducer shedth BRERRAY 1 alg atigfe;typically enepuptered Wifte - i nat es at -
t he bifurcati on podontentidnat bitarcard giafts. §if aiflition, Teselt-maanding ikdfawatthey t he
pusher of the 25 Seqond SaliRSIR! ARSIk A L BERPULLES (DGl ProXi mal |y
to rel ease the tubular ar e ext ensron. & f)afhl BER° BT HEEECONd cat het er
assenbly is then ipviitiag edhsssptamirégidn, which aigsit identifyieg the cationef thgt ensi on graft
is frictionally e | . ] : of the aortic
graft. In one enbo Fﬂékﬂ%?ﬂgh@%ﬂ%é% &??ns\%}ggﬁag&ﬁ?é?#gé%dﬁtg%nsi on graft ijs
slightly over-¥i zddcatad@hthe pnsls of qactolpg ofited hifurcated grgll Yhesywizefonms drgilirge 23 |
PCT/ US99/ 28397 8 AL Yod ihntafat bn gt RS mARNASH bRl contral ateral |
| eg. The bal | oon ie@gtﬁ%n (nggflat ed,egﬁjdp tﬁeggglgcond cat heter assenbly is 1

renmoved in the narfAfEmbirte s Lr the inscrtion of dyercempemsely cThiFe 18 r espect to the

mai n cat het er. Thewigkféras ls®funtairaiuipe hdbdibfaqit) iikerOMMMEA Mudehtifyfagt a third
catheter 5 assenbl a.tubul ar ?_raft .extensi on, and

n ich is. pagkage
whi ch may be ident‘%{%%ﬂ%sf’ TWE"‘?EE@W legs ¢ Al erimprs Qa g sglfexpanding e i nt r oduced
over the primarsy gwirdes e ptaoél dnhlicain@tortsive of the ghaft) thisratlthgde srientadari h
assenbly. This thi rfqhecaé ueterﬂuam%sc%nbly i s advanced until the distal end of,
t he extension graf? 1’y "tdﬁre Biturcat i on point of the aortic graft. In |
| i ke manner to that pr eltieaupin gathdesasseniblyds utilizedstoplace de gprtif grafbxt ensi on ’
posi tioned on the ey AL FhEh s2om i AR C St Tt
upstreamend is in contact W th the Frg%# At Zorag'elg%e.gﬁ%if‘ the aortic graft,
and its downst r ean@peptheter psseralyyt Bhemmajy qatheterpssepmblyis sizedisyh thet @il fit Al 5o as
previ ously desgri bigéde thdRurbdbkdr@maton third catheter assenbly is inflated to
expand the balloon expandabl e extension graft in the ipsjilateral side. In
one 15 enbodi nent of th °§P@B‘§ﬁ’t‘tsf’&6"e‘ﬂﬂ‘ t}et"ff‘r‘ée‘%gilf@ﬁg&éheéb%wg'ias slightly
over -si zed such t hagid lohdedpinfigirtd for confkdascto Getvhlvé hxad sfthd sheatp sssahibing l
downstreamipsilateral. |eqg. Final the.bal lLoon Is deflafted and stretched
and the cni rd cat Horeymalimsgd Srembly ol e ookt et S uec o rent
bot h the i psil at erabulapdshechuly;ah aboaga cathetbd withra cBaxia &bk ednensticomd] be
posi tioned sinylt gﬁm ' ted sequentially. Wile maintaining the
posi tion of tﬂ% tﬁlﬁ cgehcgggféﬂég+ﬁ oon the second catheter balloon is
defl ated and stretched hidditioncto dheeontic erefiitive adsditional grafipottions arqadaptedi r d

. i
catheter balloon ig eReRBRQURTEdpYctiVSiithSdrRfes t5 fobf h GGtnal afjeschRMEd. The
second sheath assenbly and the stiff guidewires are wthdrawn and 25 the |
C

contral ateral i nci'%p Pailateral gugeontilaerpldess of the angtic gipft Ahgiesyenginmiszafiexani nat | on"
may take place to @pkalEbmprise strdidh® cyiindidabtuleds SvithQh ifieny el iadiggla and :
functioning. The ftlg?lstlyi nt?%duceisms}gigath assenbl y ?ﬁl&vﬁthdraﬁ and the i
right fenoral incision is sutured. The result is a functioning trouser
graft bridging an aneurysm 3 July 2003 WO 00/ 76423 PCT/ US99/ 28397 9
Brief Description of the Drawings To nore fully understand the manner in
whi ch the above-recited and




!
ot her advant ages and objects of the invention are obtained, %J%rzgos
particul ar description of the invention will be rendered by reference to a
specific 5 enbodi ment thereof which is illustrated in the appended .
drawi ngs. Waleys42andi ng that these drawi ngs depict only &CHHIP¥EP !
enbodi nent of the invention and are not therefore to be considered to be |
limting of its scope, the invention in its presently understood best m)d?
for making and using the same | will be described and expl ained with ;
addi tional specificity and detail through 1 o the use of the acconpanying
drawings in which: Fiqure 1 ig a front view of ap aortic, graft in '
accordance with tﬁgmg‘ggglé'ﬂ?mi‘ ﬁ.\lré?ﬁs}’??ﬁ‘, e“é‘? ‘Qﬁfl%cfkf”&ﬂ?eswséfe%‘égspecti ve vi ew of

a cylindrical nmandibehstdean prosrgionge hdite gaft.f expanding wires of Figure 1; 15
Figure 1 Bis a partialn,plan view.of an. alternate.configuratign.for a 5
bal | qon- expandabl e wi r erff'hgp rrtﬁseln%r/fméte(‘:"g%nr aé‘{nnfuclgh‘r’\r/v}n lﬁ&tahdéreﬁt%‘)é’ lgﬁ%g}frrf@’écr?t i on; |
Figure 2 is front pemgtypbtenenyofalictgrafiexengomThe directiom chitreeineludds at he .
presentinventiQn; EhaUhErrl bt i - iLonal. vyiew of the .
graft extension from gogeslgla @"g‘ff'ﬁ%%"g?‘lsd"?‘é&g‘% Slex%rpgﬁlg?f aBae/éspecti ve View
of an introduces £9%EpiBlut for cannectien witlethesheath assermitly.on; Figure 4 is a
perspective view of a ngBreffbdRbRid BPREBMearRimdnitneR b&RRMEntd JPRNLI ON; 25
Figure 5 is a front perspective view of a directjonal catheter assenbly of
the present i nvenrFesent nepnign inclydgsdhefoliqwing sEpevARICisiRRIs FeHRad 4t het er
assenbly of Fi gur rithaiy dulliewh€is praamtaRl @bl f86dh if RRiIfxResedbANd in an
expanded confi gurati_on; 3 .Ju 2003 WO Q01 76423 PCT/ US99/ 28397 10 Fi gure
7Ais a partidP pébdsrannle thyqualhg rightifmaraliaptery apdihg ught commandliac hej ng |
inserted into the artédykoito eferdSimt Nipdtigam bf Heidneurydd. IThe mtrpducérasdempl®r spect i ve !
vi ew of the main cat eéce(( vasiﬁgt}))l% connected t.o.the iqltorod ces t;’alsserrbly; 5
Figure 8A is a schefatl e et ng S RABEY BHEEABAURT RIFIOPEBTEH 8% t he hunan
body ("schematic dhckeml axtdries/ iGanet the krmuth ofthaingodudenassembly has tetromrembrly her ei n;
Figure 8B is a seGhj ' ' .
("sectional aneurf})tg{r%gdg_E,H\‘{sid}(gélt s ﬁ%@%ﬁéﬁ’ggg‘%ﬁgéy‘a" %gﬁ%%gf%?ﬂ ?\e%yj{eﬁlger;ggt hr ough; i
o Figure 9A idsa deamevitin the shsath aiserably ondefontrrimangeuidewirat Thsduaies assenbl y |
posi tioned therei NumbkGideRibY insrttd SVeFthe Mifdry ANEMINK M fRto\thenealpVi NG an L
i ntroduces assenbly positioned therethrough; |gure, 9C is a schematic '@
abdomi nal vi ew wi t3feefly; 47d thsa gerwectediikesqte, The Rushes Bedyis disfally 2draneed P he renal

arteries and the Gubloheiorticiaimd malheamétérGhfough to the end of the introducer
sheath. The sheath containing the aortic graft is then retracted slowly to

20  approximately a desired deployment position in the abdominal aorta. The
introducer sheath is then retracted to a position just below the septum region,
freeing the aortic graft and exposing it to blood flow,

The balloon-expandable, upstream portion of the aortic graft remains in
a substantially compressed configuration. The catheter balloon is inflated which

25  facilitates the concurrent radial expansion of the balloon-expandable portions of
the graft from the initial, collapsed orientation, to the second, expanded
orientation. In one embodiment of the present invention, the graft is slightly
over-sized to optimize engagement of the aortic graft with the aortic wall.

When the graft is fully expanded, the upstream end thereof frictionally engages



3 July 2003
Figure 10A is a schematic abdom nal view wth the balloon of thée main

catheter assembly and aortic graft advanced w thin the introduces sheath to
, the:renal arteries; Figure | OB is a sectional aneurysmc view simlar to;
Fi gure 10A; w%qmﬁ“gyre 10C is a detailed view of the intropcmwesgssat h bei ng
wi t hdrawn, t 0 expose the aortic graft therein; Figure 10D is a sectional
aneurysmc view wth the introduces sheath withdrawn to a position
downstream of the aortic graft; Figure 11Ais a schematic abdominal view '
with the balloon of the 25 main catheter assenbly expanded within a trunk'
portion of the aortic graft; Figure 11 B is a schematic abdom nal view w th
the ball oon of t he thediminglsurfasesel upatfeeiedyegionswéihe eorjadustiectownhe ten#l t he aortic

graft trunk porti O'therﬁkg)éﬁé%thje%ﬁﬁ'hﬁsl?eex?ﬁﬁﬁf%xb&d@@ﬂ%aﬁﬁéme‘ﬁhﬁi@’dwth the
bal | oon of the main catheter asse ated wthin the aortic graft; i

3 July 2003 WD 00! 7&anes thecbpfl mgweﬂets%fonmldmamwheﬂao PIEveaRt spagmineial

aneurysm c view w te g&maﬂeﬂdnaémebame%nl c@metémthef&wmmmﬁiww ar@ssenbl y |
bei ng stretchedtofglaci @te renoval frominsid e aortic graft; Figure
12C is a schematic ‘¥ thejRtEadpaRr hath t‘l"Féi“ﬁ““E’&“ Vg remaifing by v pei ng

wi t hdrawn t herefroglaaeid only the mai n gui dewi re extendi ng through the
aortic graft; Figure 13 bdom pal.. v e directional
catheter | connected to%f)ﬂ?jacglﬂggf’ﬁ [gf?% nsions, e ﬂ%egb‘f”imﬁo%}h‘(ﬁmf/\ﬁs?ﬁ fn the ,
aortic graft; Fi gunmeriedBvérsheprichatygpuidedire/ iThesming bdrraombﬂﬂmhmﬂmadl cat het er

bei ng defl ECt ed t %atﬁlé’tglim s&QI?ed%ucREh %%g%’g&g%rp ftjl'lg%cﬁ(ﬁ ?%&ﬂ Figure

13C is a sectional "aneur advanced i }
to a position abovénwmngewmnladcrfbﬂﬂb@mﬂmgarombmw@uk@éw‘\re positioned !
Wi thin the contral %ﬁp%ieﬂlenéf %ﬁawﬁm ﬁgﬁ#ﬁ&aﬂcﬁﬁh}oﬁgﬁhé&%mw GmeRaag nal vi ew !
with a second cat hete ositioned within the contral at eral

side; ' Figure 14B°P'§h‘?ade§lé‘é‘tdlsﬁmpoﬁﬁém°?§’m the yappigmeiital BuidevdeC¥iaRAsi nt r oducer

sheat h positioned abwh ke c&fBlhidm reemdqmo@ndhetmcomn&mma&m@d t her e&om
Figure 15A is a secti aneurysm c Vi ew t he second

nal on f
catheter assenbly é‘t‘ﬂ?ﬁgﬁmélsgé‘lﬁiéw ?‘é&"tﬂdf’%‘!"‘“g‘}d‘“éwgf’ L?ﬁ Yrot tm%f&\f‘éﬁh‘ﬁ}&i within .

the 20 second nsltrmdumnefslmaiathrtegxs&&s&ﬁﬂbwnnﬂegutmawnaygmanébuSB is a
secti onal aneurysm C.Vlew V}d

|nt vvlthdravvntoa:
posi tion downstr eaMeBIonHRSt ﬂ%%dg ??%“?%?megx ‘Fewbre I}P Figure 1 SC|
is a sectional anegnifewireds seirvedya stiiifetgwiew:w fstexc&mgeﬂmughtlgrleﬁffsm@ﬂ from :

Figure 158 being. eXRAPARR il O AL At Bl e vRBb B8R Ra dhoco0nd

cat het er assenbly; I's a Ional aneurysmc view with a
bal | oon of a thirdaetdg E@ftef\ sependiftsodpces azgeralrly ﬁé@emﬂa@‘@d‘i aeeneifext ensi on
graft advancedyi t Rhigedine 3 July 2003 WO 00l 76423

A second catheter assembly on which is packaged a tubular graft

extension is then introduced through the second sheath assembly until the

introducer sheath extends through the left iliac artery and terminates at the
bifurcation point of the aortic graft. The sheath followed by the pusher of the

25  second catheter assembly are then pulled back proximally to release the tubular
graft extension. The balloon on the second catheter assembly is then inflated :
such that the upstream end of the extension graft is frictionally engaged with the ’
downstream contralateral leg of the aortic graft. In one embodiment of the 1

present invention, the extension graft is slightly over-sized such that it optimally



12 PCT/US99128397 first introduces sheath on the ipsilateral 3JucY 20t08 t he

septumregion of the aortic graft; Figure 16B is a sectional aneurysmc

. vieww th the first introduces sheath withdrawn to a p05|t|on downst r eam d)f
t he now expweet7@mscond 5 extension graft; Figure 16C is aPCHYYYIHECti on
along line 16C 16C of Figure 16B; and Figure 16D is a sectional aneurysm
viewwth a fully deployed aortic graft and first and second graft
extensions. |0 Description of the Preferred Enbodi ments The present

i nvention enabl es placenent of a bifurcated graft at a site of a damaged
vessel, such as an arter mal |y i nvasive tec at her than an
open surgi cal acce%ageﬁt‘]%/ht Af@ﬂ‘(?ﬁ"{fﬁ’gtd%“%"hﬁﬂgagﬁdﬂ glg‘reif[?é’“ﬁf t he
present invention anmedalpreﬂmabdsecd‘nobatmdtmuﬁbly;smﬁovedmbltbdyanhunens the ~ s
description herein_w.l ted to ifurcated graft '
within an aneur ysnﬁewg'a (fscnh f}ﬁg’"ﬁBﬂS#hﬁpeﬁ?:ﬁﬁ"Eb‘\/ﬁ?@ftr‘;eam of the renal |
arteries for purposes oTthdxdirevtionst cathelerss agolrénsived/such thataedibiird dadwter a parti cul ar;
procedure is descrj h f. rough the
right fenoral arte!rly y,%ﬁ%'g{lpﬁ; gwa%a%bﬁﬁf%?@%%mﬁQgrgélgir{n lt)spref erred
for several r easonBicntEelrtO @xa‘wptlcecathpt@r gssemblyndan hpim:t@@@ectqmlttht primdny f ur cat ed
graft of the preseplidyitahi hifighd s ﬁ?&h&?%a@XssﬁnM?sﬁﬂé g Silfaft O,

i nterventional radi Olm)‘gr!eSt or car 0gi st ractical matter,

physi ci ans are accst téla@‘@“ﬁfpaﬁtﬂﬂ@d&&tﬁ@t“éﬂ@ettwmgwﬂasﬁtét?m al artery

entry point, and apifurt@sSpsneeht chrﬁéﬂgrato rﬁtltaf.e:tmaattsmamémus]y dkfibdaer . since
nost 25 phys|C| ans ght handed re erred |nse will be in the

right fenoral &tef 6‘“3 BVﬁ&é'g?,srqntPPﬂEf’“F%?'sth (hid catheter prserphly lﬁr‘?equ(?g\ever it is
not intended to exlchéat 1&t11|i)§tfeam BAEIE i dfkadt HEHA teGpiHlaterdlued of @t abhie glatf t

subcl avi an artery, or. the initiation of. the.prqcedure through the |eft
feroral artery. ThB¥dSgp W&”]W‘r?ﬂd)}“nc Q%fﬁt”t}‘“%&ﬁ@’fa& 6’51‘%’38.

PCT/ US99/ 28397 | 1fresikushyl dewdribéd, ihe ballvbror third crttetet insenibbais riflagd toher ei n and
apply them t o ot heg, oK, bHIRNS parBlielchHiiERad ATRbAME| ARCPLRCT [ nsertion

S|tes As the ternErare used erence e hunman body,
"upstreant per tiai nembagimentofdhe pseseit inyentionahekxtendien draftis slightly peer-sigedwnst r eant 5

pertains to the di LRgihARogifay bl Wif tRSar bupalifRof R pltik# cat heter s,

O

"distal" refers to the tip t het IS inserted |ntoapat|ent and
"proxi mal " j refer¥8t E'nflh’e‘héhﬂhe’? ‘SthFB‘teéat‘W@P"doﬂ’E‘s‘?“d’é“f‘t%@e‘%dy of a
patient. The ori enhémilisHithdraen. graft of the present invention will be

f d with t t t h i t.h t h
| pl anted at ¢ he anear yEitaliEe Epedinentbaiipe e wdaous e Bltahns r cam
w || be used t o reéatietdrcotildde pasitiohanimdiandohdty andpdfart echugttialit. Whikser and I
farther fromthe hg&t’r& %%Igtetﬁeo p%glhory fij the thxﬁfl déa%%t@%ah&ﬁll e ﬁewﬂg Qatﬁel?e(?gg[ogltnt IS |

still carned on the o refer to;
portions of the gr azfdpﬂatfrdméetmt@mtmsmond@éwmmmm iThn third cathdiest er
orientation. Final |l RSiY lg EliStchdd ildSersdvee Of the patient in
which the prinmary Bﬁd"éﬂégqtugg@ eﬁ@:’fd tétr? ca&nﬁe? erv are inserted (the right
femoral artery in the the@mndébﬁB@aF%Hvrnd%sqf@uwwr?s&rearléﬁamw ers to

t he opposite spge. thé'@@tﬂxraléﬁsfwlnEi’sﬁHUteﬂMtNreisQﬁmeH NAh E&%l@ﬁgﬂ%ﬂﬁtmaﬁ&{ ta at a

| ocation between the renal arteries and i mmedi atelg]{)rox t.o the common
iliac arteries. Fi §aykaplacetoeterpingifithe erafis pigoprrectly plaged an ‘6??93 of the
abdonen in the The first introducer sheath assembly is withdrawn and the right femoral incision

is sutured. The result is a functioning trouser graft bridging an aneurysm.



20 location of an aortic aneurysm The abdom nal aorta 100 caJUIggog%en

branching distally into the common iliac arteries, the right comon iIiac’
artery 102 and the left comon iliac artery 104. The right and | eft renal
arteries 108po0d/@823and the , right and |eft kidneys 110, 1RGT/E¥9&2838Ttat ed |
proximal fromthe conmmon iliacs 102, 104. In between the common iliacs and
the renal arteries, an aortic 25 aneurysm 114 can be seen as a bul gi ng
section of the abdom nal aorta 100. Althowgh not depicted in the present
figure, such an aneurysm nmay even extend down one or both iliac arteries,
The right and left common iliac arteries. 10 B04 becone the right and left
fenoral arteries 116, 118 in the&?—ggﬁg-ﬁmms 98. , 3 July 2003
WO 00/ 76423 PCT/ i JS99/ 28380tk fill i uAderdtaiid tlednimes nﬁsl&e}mﬂlb ybolé-rekisediangport ant to

i ntroduce the bifu ti [ of 1 h |nvent|o Wi t hout !
causi ng damage to %tﬁe pcifléges n&b\c‘}ﬁgg Ehglfnv? lngmtoﬁ'% areé’amcq%)ss of bl ood,
wi t hout di sl odgi ngdq§¢rmqqleoftmmwmaﬂwnlhhmtendmddiyfrdmnceItttaspsclﬁc feature of the
present invention t. achi eve these

obj ecti ves. Theso" i %%ogglkeé{etésgoggvgh%%lﬁ&g% &ﬁ?{ Saigsend%/dra\%g Shtion is
preferably confi guUé@fsﬂ@ﬁmg)ﬂ)a@mmemwmM#lelnbmmm of the

i ntroduces assenbl yydniign HdGrd d3BMHERHotetb be DR th B lihithbBtskEpe, Ak ancenent
of various catheter assemblies required in connection Wth the practice of

the invention as dE¥YiPHEds By “I)S!ﬁfst°ﬁ*!P"ébra‘?,dé§°fd%%‘@ﬂﬁ!‘%/“88’§élﬁf?mi’ nthe
practice of the pr Qﬂﬂi‘étdeécﬂldéﬂr&hd Qd('sllain'id AR additasl shRiflelly MANGLMGrddg®. Patent |
Application Seri al 2 [ 713,070, fil ed on Septenber 12, 1996, incorporated
herein by refefencgle Teﬁ’ °6°f6mﬁ$‘§1“§ ”&FI)"W *The primary conponents of

i ntroduces assenbly 130Firgﬁy1batwmsaeweﬂhnhynibgfaaﬁemadme Witigthe presknt Fi gure 3
depicts a sheath a]s§,eenrt5bly 132 . Sheath assenbly 132 is conprised generally
of a sheath 134 an8'&"W&i ve head 136. | Sheath 134 is preferably
cylindrical in shape al Biggretl Adsepeppectivoriew ofa dylisdricamgndrel for fomningber t ed i nto
a patient. Sheath to have an appropriate i 20
flexibility and an&%xg&d%?ane{iogr%%gﬁeﬁf able for placenent at the | ocation o[f
an aneurysm tolbe repai Figere IBliszenartialglan View pfrag altereate confignration faven having a

di aneter suitable pMopeixphidabld S RbtbinPR alordahl@ withAfelp re%&ﬁidv@:ﬂfénand the various
cat heters described below. Tip. portion 138 of sheat 134 is preferably '

curved so as to ninini zE‘g&fﬁﬁ‘%fF%Yl‘ﬁwPE“ﬁ‘%%’i‘Fé‘s‘B?‘“taé‘f?ﬂqéﬁ‘if’y” %i sl odge
pl aque when the 2Zspehashventiéh; advanced upstreaminto a pati ent s

vascul ature. As nentiongd | t.he | i cation o) 38 is
preferably fitted with ‘g}“ﬁ dspaé'dffgm%ﬁf‘lgg?°°?°6‘a] vy %ftth gﬁ‘%a " PiAcement
during use. Theo f eRignaR; artery is a relatively high-pressure Iurren Sheat h:

et ts 55y B00s. VERBER S e b Pl BRI B AP e 199

|

renoval of vari oustheatesataventioniri ng the net hod of the present , invention |
wi thout significant | oSl 45 AREPEAOENERES 4 RAREdleteR hds&hibly of the
present invention;
25 Figure 5 is a front perspective view of a directional catheter assembly
of the present invention;

Figure 6 is a side view of the main catheter assembly of Figure 4 with

the expandable balloon shown exposed and in an expanded configuration;



Figure 3 additionally illustrates a dilator 140 used initial ISyJu&ﬁ??%g t he
insertion of sheath 134 and during any subsequent upstream novenent of s

. sheath 134. Dilator 140 is placed during use through valve head 136 and |
sheath | 134yemiskat tapered dilator tip portion 142 prot rpgdassodsgasn sheat h
tip portion 138. Dilator tip portion 142 is formed of a somewhat resilient
material that is capable of being advanced gently through the tortured

pat hway of the vascul ature wi thout causing,undue trauma or a perforation.
Yet, it is desired that the tipt o portion be sufficiently stiB to cause
the bl ood vessels to assunme a | ess tortuous path. In other words, it is
intended that the tip poFigﬁreﬁAéstarmﬁQMeespectimimsﬁhd 104inicathetd agemiilp
facilitate pl acenenl;en&fms%ﬁﬁl1&9%9&@{@@1;@& 40 is provided with a | unen

t her et hrough capabl e of fitting over a gur Wire. The proximal end of val v;e
head 136 is provided w tﬁgﬁeﬁﬁrseauelalnersnecem@fdhe majecatiiPrer assenthleaded

connector facili tat&gné‘c{emmghgmuc&gggﬁg%r on of the valve head to other
cat heters |dur|ng t he practrce of hod of the invention, as discussed

in greater detai’l bel ow Fig¥ie3dsasehempts cuiayawiey ghihe sbdeminal ragionnfilecer
assenbly will now bieinfie$6dyi (teRemafSatidbhimsltviedt mvinF gmwleﬁaoﬁ{i‘m@&ld 8B) an
incision 120 is nmade and a 20 primary guidewre [28 is placed in
conventional fashi of®f the right fenoral artery 116 and right common iliac
artery 102 so as to ext eFigure\8B is alspsionad 4igw of antab@ondna HériaSAd dobdrysth AS

illustrated in Fi 3 and 9A, trod mbly 130 |
he sheat h assenblyl PRPMEPIEICng) b e RaapeTaoames lioniersind 2 al ong

the primary guildew re 1218gur¢\3Aisheschenianaﬂdmmnala&wéﬁhhg/anmtrcaldc/eanced I
dilator tip portio ightens the parient's vasculature in
AR kg Bl

preparation | for seén in Figure 9B, the introducer assenbl y
is advanced to , i the p‘E}Elﬁ?9W$Grse=ﬂpmarbaqswsmlgMle\?iihsvmg‘antlmdSWeath 134 is

upstream fromthe da%&hibﬁdpokm&leaﬂwﬁfhr& ﬁlft pl acenent. Specifically, the tip
portion 138 is advanced upstream 2003 WD 001 76423 PCTI US99/ 28397 |

16 of one of the two ren%gu"é?cfgrﬁs%mﬂfﬁlb inal wigwwibap rodusershpstioxi mal to
the heart. Undems f|;#d@rh&re\ilaﬁd!iakﬂeiéhﬁlla&&aes@nd’tﬁ@hﬁfbﬁ%vé&ﬁdﬁ&fmﬂ 39 in Sheatlh -
tip portion 138 confir respect .t anat oni ca ‘
| andmark of the renal gBFt%’? géb“sg %"‘FE@“’? @"g“rr ‘éf?‘ﬁwl?fgg’elyél f‘B‘b’é‘P‘F‘y pl aced,
the dilator 140 (Ficgheter djembly ahd aetic graft @itamzbdwighii the infodudewhéath tad t hen
conpletely renoved rHa%&We hin the sheath assenbly 132 and from primary

u

guidewire 128. As i strated in Figure 9C, once the dilator 140 has been
renoved, the |unmen of sHégur$!0B34a sestionabrintwysimic Yiew sipilaceFigue 104; ot her

catheters. Val wg head 13I§gu(rézidll'{§ @dezéal)ed 91 \Q\Q?tﬂ Eltr&dugeﬁh@ﬁ)t F'W?tl‘r arp0d | oss |

fromsheath assenbly 132. B. Aortic e aortic grart 1s designed
for introduction i P EPOe %ﬁ?&&rﬁ"rﬁdbef%tbrta vvlth the use of the main | oadi ng,

catheter, which will be Haseroag sbd'ﬁor‘iﬂi)ﬁrﬁu ﬁﬁl@'viewt%ﬁdh% intfddl&ek shehth ©
preferred structure @P the aortic graft w be described with 15 reference

to Figure 1. As il 1Yl P&Pé‘ﬂa?%lnﬁ?mu%m%%aW%E‘éﬁrtly preferred embodi ment
of the aortic graft is duagirgna ad sgﬁﬁﬂﬁ@dbhc){mﬁél vik®. w@l!ﬁ‘d'baﬂo@loﬁ'ulécat ed graft,

sonetinmes referred to a se ada. for ertion .

2 .

transfenoral Iy fo tHa*® °§°r ?ss%"%g‘f ?P%&“g‘r’ﬂ"ba %‘H’&W BPT e "t°ﬁ‘é’ gi' ion where |

the iliac arteries br andhgdnf Uil i@ @ schémsatia bollomimab¥ieva@ith the balloon of the main '
catheter assembly over-expanded within the aortic graft trunk portion;

Figure 12A is a schematic abdominal view with the balloon of the main

catheter assembly deflated within the aortic graft;
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The aortic graft 10 includes a proximal trunk portion 12 and |§be2|f0urcate

to define two proximal |egs, a contralateral leg 14 and an ipsilateral |le

. 16.-'In this preferred embodi ment, the ipsilateral leg 16 extends |onger |
t han the cowonefeieral leg 14 to facilitate |oading of boRGTVVYEIhto a
smal l er di aneter 25 | oader when self expanding wireforns are attached to
the end of each leg. The length difference between the two | egs corresponds
to the height of the self expanding wireform so that the self expanding
wireforms are not side by side within the |oader. This reduces the overall

bul k of the graft and p Ioadln into a smaller d er. | oader. One
of skill in the art wi I? d?@(‘ﬁazf‘f’"éw BQ%Vé‘P‘cv‘ewg”‘g’lﬂ“V&egﬁtB%b oY 76423
PCTI US991 28397 ~7 khetntmicathhm dss2imiblyl being bipngiedi® fadlititbRmown figinadsideliegs may be
adj ust ed depending_Q E particular application for which the graft is to
be used. This diffé&f n%re inleg lengths also aids in orientation of the

bi furcated graft under fFiguerld€ioyrghenmblieatdominaloyviay witlt thd Main satbadenf | gured from
a flexible tubular ' i ns 20

axt endi ng-ci  outt of SHi S PHOF Bty Wlkdidsl e b} B SRASHARAISIRE T2, B0 1o
The flexibl e tubul throughtheeotie erafts i s fol dable, and the wireforns 20 are
radial |y conpressible a'i*%uﬁ%@ﬂnsdaas%e?nang DS minh M \VEewW @ the hifecG AT dafibie£d tO nove
between an insertion diameter, in which state the graft nay be inserted
intralumnally int 6°WF%°dé6ﬂFah°a‘§ﬁ§f°@bIVa?‘ijé’ﬁltlm@}?ﬁ’ath’éléléfaGWa‘Wﬁer (illustrated

in Figure 1 ) in which ﬂga;eelsmea&faﬂ&twmftmléawmﬂhmrtbbmgdsda@e@orta In
t he expanded state |Ild&ﬁtrated i.n Fi gure the trunk portion 12 is

general 'y cyli nfiri &%pn ?jscﬂ%lg”‘ég“inrqfﬂﬁaﬂ'i“&ﬁ@ft’er 22 correspondi ng general |y
to the dianeter of an awfglhﬁgecws‘calondl@ndui‘ylsﬁlcp'ieﬁif\aﬂftﬁddlﬁaﬁlﬂﬁilcmﬁétér, t he
trunk portion 15 12 ‘)r/e? conf uretg S vgr i et ofd sizes, one of
which is selected ALEH 8°nagp°518°lf ave irén%f‘ PRLAG B SEMBHARBF { 3" of t he
patient into whi chpoditenet wittin the cdncraleral siget anted. It is presently preferred!
to make grafts in whichgl ion di ameter
of 19, 21, 23, 25, 27, ﬁggzlgm%S&%&e‘{é’ggdsﬁ’??'g‘g?mﬁ86%@%‘%@?%5not limting
of the sizes V\mchamblbeosmoﬂﬁ‘!lé@ﬂmcqmd@iﬁdme with 20 the teachings of °

the present invention AgigaanaBgegidcionianeffh lyﬂmwtmse%&{dl.md@a‘erthe graft
of Figure 1, the trunk paortion 12 deflnes a cylindrical, 6 tube through which

fluid may flow At Sheal@psitioned @é‘?"dﬁ’%fegPHé“‘b‘?‘%t‘F‘iat%FWEdéP?égﬁ%t 0 the two

leg portions 14, 16. Thﬂilgﬁtéhlsn(it«fddé&iomilldb@ﬁysﬁiﬁ:MMaledoﬂBfthMcdrﬂQ portions
are in fluid com‘rum ation

unk ortl
Appr oxi mat | ng the. FHUGT ARPTOR A araTREH SRR e Y | on of ¢ he
aortic artery. 2d’heséceglsm&da)1ce“:aleaheomyéepmd:rregiai and have di aneters which, |n
their expanded state) c tQ. a.fi i r const ant
i nterface between the Ig{ggg%ﬁeg ls?%seamnaslta?% mmfein%wﬁ{théegg?tg Z&r%?‘g% grafts K
which will be descrsiilebtdelﬂhéltawntoaPOStlmoyvnmOmm}vmﬂﬂsﬁmggﬂ 28397 18
In this enbodi ment hhe contralateral leg 14 and the ipsilateral leg 16
have expanded di ameters of 13 nm Again, the magnitude of the expanded
dianeter of the |egs 14Fiews I3Gys dsectipaslianeyryamic e Wigh thofimstratepsian arafy |
interface betwagen iHom Figes158ink Bfpadel &0mIiAMAEH fitficballddn\oB WRkedohe di anet er
of the legs is not dependent. 5 on the dianeter of the trunk region. In i
prior art bifurcat é?fh%\ﬁ‘?ﬁm@?’afts) the leg dianeter is one half the i
di ameter of the trunk. Fcyurea)sarmiﬁcuoﬁalzﬁdimpsmtdﬂmmhmladmyamblf| ucat e :
into two | 3mm | egs, |furcte|nt s) a 24nmm
oraft voul d b f ur ospierEnRand soiioritigticotp GRbGich Befe et STBRETS) B
bi furcated grafts are typically woven. 1 o In the present invention, the
| ower portion of the trunk region can be tapered either out or in to insure
a constant dianeter of the legs regardless of i |I the trunk dianmeter. For |
exanple, a 28 mmtrunk would taper down to 26mmin its |lower region prior |
to being bifurcated into two 13mmlegs. Simlarly, a 24mm trunk woul d tape
out to 26mm prior to being bifurcated into two | 3nm 15 | egs. This provides
for a standard |l eg dianeter regardl ess of the trunk di ameter and insures a,
constant interface and interlock between the bifurcated graft and i the
extension grafts regardless of the relative dianeters of the trunk and the




2003 .
downst:ream ends of the extension grafts. An alternative enbogl mgt of thi

invention would be to maintain a 2o straight trunk through the bifurcatio

, regiron and then taper the legs either out or in to naintain a constant
downst ream vioammdses ) i The flexible tubular structure 18 FEWPEILh| y nade
of a tube of woven polyester fabric. Al though polyester is presently
preferred, other materials may | be utilized for the flexible tubular
structure 18. Such materials include but d2e 25 not limted to expanded
pol ytetrafl uoroethyl ene (ePTFE) coat ed poI yester, porous polyurethane,-
silicone) and spun n the art of
bi oconpati bl e graf tf?St inffp uccr SHch t%/on%ed%mlfnerchm %Seﬁﬁ‘fnerﬁn&? %ft AM%bi e for |
application in thegaﬁnstructlon of the flexi bIe tubul ar structure 18. It ijs

preferred that the tubul a his porousJ
3 July 2003 WD 00l 76423 Pg&‘les%gg%?%@@%%‘legggﬁ‘é?@ﬁla egﬁvmljstr%m\tgpsgue i ngrowt h
into the graft mat ghdathiwithdrwoto £ positient doymstishm afithé naw expbsefl sspend,  al t hough for
some applicatiofs ik . desirabl e to make the tubular structure of a

fluid inpervious material. Preferably, the fabric is woven into the tubul ar
configuration, thereby Figre§Criea jrosssestionnlong ling}§¢:16G ofFignrediSBp#ét r usi ons

whi ch could interfere Wrigardlepqsa a‘ebtm%lcaﬁeuwmvhmm X8y deploydduoftitbi to
ric for the tubular structure 18, the

occur. By enployin flexible fa

fabric will readil %%&P@Ig{sbangé?% Muaxtensiosi al contraction of the graft, |
such as is necessary for intralumnal introduction of the graft. 1 o In a:
preferred enbodjnent of the present. i nvention, the fabric tubing of the
graft and the Wreforns thereiiﬁ—%q%%%ém#g@g—m-o Z % ®respect to the first
bal | oon used to expand tThepleshiiownticvepibicd platemend af @ bifurcased ginfeat asitd he f act
that there is a s Ol

bal | oon- expandabl g%%?ﬂgg%ssg!f fur‘:ﬁg artérg%gm‘?rﬁ&%‘ﬁfm%&véﬁgn uesr e to i
re-expand these w rﬂ@h@mmntsvgm@amaseomcfm’ﬂatgéltvmeeltOdfiwdtamwglsa’fthewth| n the

vessel . If the fabjdent #Ridibn A afplEanRta vhridl Hpbd W by 1&h&E ke have a di amet er
which ~s larger than he post-recoil dianeter of the V\nreforms after thelrl

first expansi ody ti‘?éscﬁl’f%lhé‘iﬂ&r\“'éhﬁmiﬁ%tédtapé‘%ﬁ@fapﬁ?fgﬂé‘?d Vidiman o
re-expand or over - @xddyif 16daRd h@h& AHA6iniBa ReHdRWhstreth bBHOENS afidsiedfol hat upon
recoil of the wireforns their |amsters are of the 20 proper size for

opti mum retention BFPPIFROLATEYtY 2R SRR he vessel . This feature enables a
surgeon to optim ze t he Ii additioh, aqaagi:\aﬁrtprmdnmmdacﬂbed;ls&émmobvhrgut having to .
renove it and repl t her C on flrsti
bal | oon- expansi on %%gelﬁen (Wstuf ?cgren%q'lthe ?}emor%“reﬂ'%t éuelﬂrl frﬂpﬁg vessel , |
may be subsequéft | ysmsemﬂyeﬂxqfawdéu S@V@ratip!SDm fer exiraplé,jittis contemplated tabr 25 !
exanpl e, t he Tabr i Gyligs Bhn bR HEBbnRon WAVE: el /PISRgp! 24 M whi | e
t he bal | oon- expandab e w retorms have a dianeter ‘of e graft is
first inflated to ZWessh Rtyentionalygdiclaeishors cardiofogisk cAfiaprachicapmaiety | f ¢ he

physi ci an chooses tpﬁyswnﬁmeacceemeadosmnguam&@mgﬁt%ﬂmertep&ﬂnqal ly retain
the graft in the vessel physician w bring in a | arger balloon which

inflates to 25 nmm Poing %’?1632(96!3‘5‘2’9"%?9@?’ °F"é¥:?ﬂ“fts Rugtherssinga Mogl 1 ef or m |
diameter will he 24hysiviak i rigktdaried fte pwfdded Berfidh wmse fnahd Ughﬂﬁﬁiaﬁd st at e. ’
|
|

3
H

I d t h tl f t
Umber of i ref or mRgh. BY HRATNE NPT o PR SAMTET (1S RS i 1y o ¢ he
graft 5 and to secueradudelpthegingftion\icativng stches thotft shhehmeian arfksy, iot theist r at ed in
Fi I t

bal | oon- expandabl o isF o bEUHEE shilGh e lnilths kit ot i T

preferred enmbodi nent includes three balloon expandable w refornms 34,36, and
38, which are woven into the fabric but positioned primarily on the |
interior of the fabric in the trunk to region 12 and a single |
bal | oon- expandabl e wi reform 40 positioned on the l

I



exterior of the fabric at the distal end of the trunk region ?Léuw,gp%elf
expanding wireform42 is attached to the outside of the fabric at the

. sept'umregion 28 with a self expanding wireform 44 positioned on the di staII
end of the wontweatmteral |eg 14 and anot her sel f.. expandi nBCIU$%QREOM 46 at |
the distal end of the ipsilateral 15 | eg 16. The bal | oon- expandabl e
wireforms 30 of the present invention are preferably made of an alloy of
carbon, silicon, phosphorus, sul phur, chraggm um nickel, beryllium cobalt,

i ron, manganese and nol ybdenum which is sold under the ELG LOY trade nane

byEIglloy,LP of Elq IIlinois, U S A Qher Zonaterlalsmhlchrrayb’e
utilized in making kiKY Weraé\“’é?ﬁ%etbﬁteﬁql?ﬁlgﬁ'éféﬁﬂaa%aéméFhe’érﬁ‘@i‘)tmftba‘iﬁ umal l oy’ |

sol d under the NI Tiheks, th&dﬁ&né}ﬂﬂﬁtlmﬁtﬁHB{h@ﬁﬁseﬁfoﬁ‘é‘xltes and ot her
bi oconpati bl e, inplant abl e netal s. wires used in manufacturing the

bal | oon- expandabl e wir ef‘én“?‘?ﬁ“@ﬁar&f‘sepﬁ%‘elﬁﬁ‘@@é"rffm‘?cﬁ\tfbth? hwmendedys pr ef erabl y

about 0.012 mches“&t;seﬁm”lpé‘mﬁhsm& gifectidtbioWira th¢ Rdatt whil €' &6 Wnddearh’he
bal | oon- expandapl e t ef t&g&gSO i S Si h a curvilinear

m | .a fi
geometry such as t REEF& SRR Itl}eli@;/%%cnd%uw ﬁ”)?at§17tfrﬁrst rated in
Figure 1, wth alt &distall refags mnlesb&fme&mdnaaﬁainhw«i infbi?a petient Anddpfoxineal’an |
DLl ude S T Ak [lley Sy L RSB IS A |
3 July 2003 21 pr ethegrafidf theipresinhinmention Wil tumftrpncg@iwlﬂsmsmt to Wbcﬂm' s mal |
wireform34 inits 6nm . The
chr iz m&%%ﬁ& 1ﬂ1§larﬁéh&'i%%x{fgs eo sho: aﬂ;? ﬁlﬁs”&eﬁn

bal | oon- expandable wre are prefera con I gure a pI urality
of internediat é® segpfedorastsgmytill bapsed f@@ﬁ%@ep@ﬁmﬁwf@m@é@%rﬂfﬁ%g crests

50 and valleys 52. cﬂ;ébeaﬁarmtesfréﬁ)ﬂﬁﬂ&ﬂ@kﬂemlﬁ&@mv@@rmtwguma radi us
which, in this pre;@[red embodi pent . i s i nches 0. 6nm :

Preferably, the inf&t5E®ASE &eggb%rdlsgala?@%@rlw‘tshwe%lto refer ta pefHiEnsy t h i
respect to each ot bfthe graft @i ®Redirduhcd withithedfordheftidnddegh@aritmation dBallyp provi de

greater wi reform I‘I. reformr and in rease anchori ng
to force. To those' rllagegal)‘?{gsfﬁﬁ %egﬂt}ﬁtpétleggﬂwgﬁﬁgegpgaw HFeer abl y {
positioned at anh amgingathpterere iespet(thetrightfordraloitenyiin the preseat emdbadjementj, about 100
degrees to about 1%,19&9?35\@3“5@@&0&5gépg%l@tg{dg the internmedi ate segnents

are positioned at an an% t% o each other froma range of about
| 20 degrees to about 12Bnepsypmsdigquently form indheabdorainal pertatablopadion pref er r ed

enbodi ment, the crgglgenItt x@:ﬁ@aﬁéﬂké A4 Smmcdidtdly {njaﬁmgﬁh eeBnmsPRRdabl e
wireforms 30 are configured % obt ai ni ng@annea ed ELA LOY wre having a

|
di ameter of pref er S diigit 8 ferprample flstrates Sinmnaipmy o thqAbhemenimdew re l
|

i[s

around a pin hayi nghcaioliobadoftic afdurydm) THe AVAGHARE] dortz3 100 can B ¥8nRIncKiRE | NI Ng a
plurality of adjac

lnt rmedi ate segne 6 20 sition an angl e
with respect to eagﬁ B’H‘i‘g’r Hemmog Aag BHt %?@535“312@ B@F‘E@éﬁ%ﬂéjg‘e t he |
anplitude of the i kffisomedn diacareegltdnTie right and let’thmapmamsrtads 108 sredftir m 34 in
its expanded state | 1lape crests and
val | eys) is about Bgiit gdl g?@:ﬁé#?id"ghztﬂglo a%e%pﬁ&gmglﬁggéﬁt %r é{agsrred
enbodi nent, each bé%é%iekmmablcemonéiacﬁrﬂmlﬁ@rm@ﬂemegmagntiests 50. 25 An
al ternative method I igoefornms 30 is
Fo confi gure Tho Wi aPer o v el d Al br PR i oog)
constructing t he wAltBeugh ret dewictedia dhegirasent figure, ﬁp@aamgfyﬁtamavevqm%% t he

angl e between adj a@ew ore/dt Bt AleBed Phdrightndiich ARMISh ilthe rdries 103D degr ees, |
t her eby nai nt ai ni nq}he nurrber of crests_on the wireformto ej ght |

Al ternatively, the lgjecgmﬁtg;eg 3nd1eﬁ emoral arteries 116, 118 in the region of the

pelvis 98,




WO 001 76423 PCT/ US99/ 28397 22 bal | oon- expandabl e w ref orns are éh(¥%gured
such that they are continuously curvilinear as illustrated by Figure 1B.

. Thi.s continuously curvilinear shape 48 primarily serves to reduce stress an
the wireforgooensthe aortic graft is inits | first, compraswed’ntate.
One of skill in the art will be famliar with other I 5 nethods for

manuf acturi ng bal | oon- expandabl e wireforns w thout departing fromthe

t eachi ngs of the present invention. Becausg the wire has been annealed, it
will readily plastically deformto maintain its configuration. Thus, the

wi reformmy be plastically deforned between the radially coll apsed
position and the radially expanded position of 1o Figure 1. The wireforns
are, therefore, not resLAlenmuﬁQman%mmM stantial extent, requiring themtag
be physically expanded |nto contact w nternal wal| of the aorta via

a force other than thei fitiSHpPOFtARL q‘i“E‘?‘i’(‘:‘%"th‘F?]ﬁ'f%@i“°’f‘ﬁ€F%°’?t§e%‘8§’?ﬁt anmount of
recoi | after ball odivestighanitb@Raiingdifagerd thé gatiem’s vidabletire)witHoutudel scussed in

nore detail bel W 15 allo e abl e w.ref.orns 6, and 38 which
are positioned all?)sﬁ F@ﬂ"é’b Fﬁﬂ?a(gﬁ’&rpf W anglewighy i 0?236# the grad are
preferably secured fbamre hﬁhémbnentamgntwﬁmo wtilizean ‘@dtrobycenwsgemibly] td dvbievd r ef or m |

t hrough the fabric E@ +? The wire is woven through the fabric such thit
the distal tip of t ey of each wireformextends through the graft and
is positioned on the out'lé‘lpdletrm‘ucttrh@emdb”mféhwsgﬁirwmtimléplfgeralﬂihe weaving is
acconpl i shed by i nidh@hubh 1GHUEE bvVaLa gfmdee«krg nﬂﬁﬁ&,@oﬂh@ﬁeomer%s&ﬁbwnt o the |
predeterm ned curvilinear confiquration. Wre so i confiqured, it

may be manual | yiOwoAEtherpafigtused toprsilitaiathe edvsltcmmt afr‘@nm catheteriassepblisgj e

extends around the r@cﬁ:‘irbdﬂc&hk&léﬁﬁx@th%%ﬁhcﬁﬁeo?ﬁ@:ﬁv&ﬁhhﬁscﬁ:&dh’ﬁé‘dl&élo@ 18. The
wre is woven such rimari | ositiq dalon the interior of |

the fabric 25 tube, W'[“Pd“&?’iﬁ?e by pyefil 'E°§'°"o‘¥f iPreserb IEIgis o  he out si de
of the tube. The wide@kibédihcEpenaing.S. Bitaathbﬂxcﬁmmeﬁalwb@/‘ﬂamm filadon When the’

W re extends around, the, e erl abri G free ends
of the wire pr otrufﬁis B%Q% 3% J’S%rp %ﬁ%‘?’ﬂ%’ﬁ regﬁe(g'ge#o ]“c’aaQ% other, |
t hereby enabling a tal | Bhegriwary cﬁﬁpmmtbdndteﬂummsembl)tlﬁ@nfaybeotemzlsi The

| oose ends are prefbg,ra@eycewlgurﬂ%é%]e étl ongy&&?‘%zﬁé% 001 76423 ~I

23 together with a eeve over them Arter crinpi ng

the sl eeve to securassemy G§°@W%&ﬂ%‘ﬂﬁ€lﬁsbﬂq@ 18t andayplve bepd (134 t he

circular confi gur atghedin 954 1§ ﬁefe%ry%g}la{dmu A \Mapl Qlohd @Bse PhriibM L feﬁ%h gxt endi ng
beyond the i ends qf .the sleeve m trimmed to cleanly finish the tail i

segment 62. It is 'beinsertpddntap paijent %h?&fhWﬁ‘sﬁﬁﬁ‘ﬂefiéﬁa‘“’d‘?hﬁvﬁé“%ﬂpw@“@%tend beyond

the edge of thetocriﬂmibn@yﬁideeuaeﬁmtetmaﬂéﬁrﬁlh@nﬁﬁt&smblohmoyoﬂén the wire !
cutting or piercing the |u ure 1, the tail

segnents are positi ﬂ‘&f’“btﬂggffga‘f?ﬂt §1?°§§ 134'*’?95“‘?‘&%1%%{3‘{“5? P88 and ext end
bel ow t he | ongi tudldmietqmmable arpentiit inkeetiontolithe gmﬂ;ISéoeylS ab®thewariohe wi reform
Thus, the nost pro 34. ail
segnment 62 extendi )r?a&?ljﬁmt e da(%%lg ' lp érgr%?g:*n Qﬁl%ﬁsgﬁge\g% gdj acent )
vall eys 52. Al though as mrmnwﬁamgmwatmt@wsv@rméqney w@cﬁlodmﬁa@f?wbmtm in the

art will apprecjsat eptlaal a&mewsﬁwﬁ&a%qnéﬁwvﬁmmé rrxpméﬂaoﬁeaqn garts with
two tails positioned on gpposite sides o e tail segnents 62

of the bal | oon- expafRtarphicatipn, Hp pertien 1§§‘SaB‘?feffbllsg‘ﬁﬁdéT‘@raa{tﬂ‘%P“%rﬂaF‘EfﬂPed to
ext end substanti al Iaysgtlnal;m@gpnh@ﬁ{emtdhﬁn @brl c layer 18, i.e., f
substantially parall el the l.ongitu Xi.s 60 of the Wth the
tail segnents so confi guﬂ@éﬁm‘f‘ﬂé %Vésl?rflmfly H‘eé?“lrelg@&’heﬂ’?%‘gw“lf penetrate
or danmage the wal | fitfed &vithwiteshedd 138 ik flaib-tight fahior. ValvetheaddOapamits W | | be

|
substantially reduced. 20 The proximal wireform34 is positioned with
respect to the upper edge



of the fabric l|ayer such that approximately one-third of the 3\r\7fl1]ye:F(%)0r3m
ext ends beyond the edge of the fabric layer. The wireformis positioned to
. extend above the edge of the fabric |ayer to prevent any portion of the
fabric | ayerwbhgtgsescillating, or "flapping," in response g@&iddgadibow of
bl ood past the edge of the 25 graft. As an additional neasure to prevent
such fabric oscillation in the blood stream the edge of the fabric is |
configured with V-shaped notches corresponding generally to the valleys 52|
of the proximal wireform 34. Thus, the risk of the existence of any | oose
fabric which could potentially be affected by the passing flow of blood is
substantially reducémertion&djtmqpam@&o\mmﬂﬁfe&m&&tﬁﬁiéthb%%ﬂﬂ%&%t 24 In an i
al ternate enbodi nen | - most
bal | oon- expandabl e \t;\?v%fet °§)‘W§"§?g‘% anhg%%%l cm]i{l}'raeeg1 i(; ‘ﬂg(/e a dianeter in
its expanded state whi chFi@resﬂnglhonﬂilyﬂlaﬂg@saﬂﬂm 140vased iftiatihduripgtitei on of t he
fabric tubular stru t illustrated
GrlsbHibn bfithamYAk du{'méa% Q@c?é'q[‘ﬂﬁnt uﬂ_sjfl'gaﬁxl: mh%me{l of :

enbodi ment in 5 which t he pr oxi ma ﬁenl n c portion of the
graft has a di andtef °6‘lh 134 Tailgtor d fiuis plagsdidping us theongh yalvgdeqdsl 3¢ anvfshepthr ed Wi t h

a diameter of 24 rrmncﬁsbtmrabergwnaﬁguﬁMlarrm%e&ﬁaeﬁﬁoh@heﬁt'h'?E}Bﬂu){nlﬁr ger than
the fabric into whi ven fabric wil be maintained in a

constant state of s&%‘ﬂ’f“pﬁe’ﬁé‘ﬁ“dﬁz i fumedofsapmevint tstiliantmatosal teis pApstlter eby |
reduci ng the possi biofbeing aﬁf’anédﬂgcrft@blﬁrblfghfﬂfb'tm pathivaPofAhe AS&lahkal i NG i N '
response to bl ood f rough t he 8 are positioned
adj acent the proxi rrrLavﬁw’\éutt 3‘?’3? dﬁﬁ“ﬁ‘ﬁ °é?%enl§f?38'é?°édﬂff‘es’l‘?dd tHsR ot her such
that the wirefonts deotiombe sufficientyesti€f tokanse tieetddodotdaels toiassumie b gy tomouadi al |y
expanded or contrac ref rred rrbodl ment |
the vall eys of wir e%@g mﬁt??ﬁ'rtcﬁ orI{H?s 1{1tfe1§{ed ﬁ%?tm)tl port%on sé‘%ﬁ vragcg{a &f ‘
wi reform 36. The wi pegsde fegiligip plaggnengef tbPere&ﬂi slblatmrl@nentov:ded withademén wi t h ‘

peaks al ong one | ongcteitriuRbaphti®'6r i oReHadeRBbireyal I €ys aligned along a |
second | ongi t udi nal |cl ne u@ “é’r eby ?ﬁfrét hera%r educi ng the possibility of |

overl ap of adjacent wi remmx‘mﬂ\ﬁm‘?fé’a}:"hbﬁé1$@§P@@d§b‘rﬁﬂlmﬂd¢idppl ng of the

tail segnents 62swi Echm@d%r&ﬂh anﬁsl‘threél&e& SdnfRdctBr fARMitAEd BIBidltRR: coebticn@@HENL S
extend on the outsid e fabric,layer gnd the adjacent wreformis

primarily on the i ng?q‘éfgheﬁ t°t°H‘§r qethgiess Qugi Pr“c&c%elmea“@ﬁf’%e BrengoRr | ap with
an adj acent wiref or as digesedinjgrepersdztail bglowbl em ) I n addi tion, adjacent |
bal | oon- expandabl e wiref not Q0 on her Thi's coupl ed
with the in-phase confi gﬁlﬁ%?tgor?ef%ﬁ‘msteﬁ’ \‘/’\ﬁ g?dr?ﬁerﬂge'ﬁg noRbes | exi bi | | ty | '
of the aortic gr aftdwmhlt!éubsqﬂestnaiedtrlR@rdél&ehéSB,@umcisxonI{t(hzgmadieanﬁrach is of r
primary i mpor { agge b uiifsad ik oMl Pfagagé}ﬂ AU iRl a0 L@ and
iliac arteries. The proxinmal three vmre or s 34 3 e pre?erably
posi tioned as cl ose®® b‘éeﬂdmm@ma@rbwgmrl@z smies toatendwelbipsiosined. I n thi s
enbodi ment, the , the ambudih}1£2003 W O 001 76423 PCTNS9912839~ 25 wi r ef or ns
34) 36, 38 are positioneg ong .t he | ength of the@graft about every 4.0 mm
By minimzing the space é?{ﬂé‘@ diignesand g, thejingeduger assprablyd3034, 35, 38,
tEe force eXﬁI’ t ed a@amﬁSdingttIiBashwﬂl dsserblyl 132 a8y dilatoee40) is%dﬁﬂkbar&%‘dnd Thus, to
the extent t at

he nsurro di n ese .three wr i s, healthy and
not 5 expanded ¢ ?lon eprg?f‘@ﬁﬂfgzﬁr ?Wer)\ﬁnﬂ?eé‘f‘tfﬂdh?r agem “ ancshl | a11
assi st in achievi ngdﬂi%tdrltlp portignbi gemlyemhgnasmemhhehﬂeVapnummlpreﬁnﬁhdﬂf the |
graft in the lumen. o The.fh s s La); orm40 | configured
simlarly to the ot h’er bal ?oonsse%ﬁggg&ﬁﬁég\rﬁ\??e%u&rms ly?éldvame& %38 in that|
all are generally ithe é?lﬁ'&he&rﬂplpﬁmen b38cof thecheathrl 34 is upstrEkma frdinglieadesired
bal | oon- expandabl e wleloffaf PladthehsS SPARAINEHe 1if prfiéh F38 1Y dafanld e 181in a
di fferent manner from t%‘g grther ?écoonngxse{ggargfne Wi refor nsdﬂﬁ{eg'ét ead of
bei ng woven into the fabric structure 18, distal wireform40 is attached tpo
the fabric by tying it to the fabric with polyester thread, O her
bi oconpati bl e threads may al so be enpl oyed for securing the distal wreform
40

I

=l




15 to-the fabric tubular structure 18. In this preferred emo%dF'%@RP? each‘)

crest 50 of distal wireform40 is secured to the fabric. Each internedi ate

. segment 56 of distal wireform40 is also preferably tied to the fabric at a
poi nt appr owomat@bky m dway between the crest 50 and an adpcesrssed | ey 52.

Al 't hough in this preferred enbodinment, wireform40 is tied to the fabric

structure with a thread, 20 one of skill in the art will readily identify)
ot her attachnent nethods. Adhesives) for gxanple, may be successfully
enpl oyed in accordance with the teachings of the present invention. Di staI’L

wireform40 is preferabl% positioned in the transition region 66 to aid i
keeping the graft 6p@nsofthptwaenal prresiesclOf ewl Wiinsetedvnest proximel githethgart. 25
wireform40 is | ocehed napBhRsiiFRIR! Madichallie fiateP Y8olih Snelth 8% bEMbA ¥382d] acent
wireform 38. By positioning the distal wreform40 in the transition region
66) it will gener aPPRfinBEPIPRSE BlpesEnenlivithirespechie hprapipisallandmarkiof fipemak he graft
is properly inplangkggies thin the umen of a patient. Consequently, the _
distal wireform40 will not_ e e the wal |l qf e l.ume d series only to
provide 3 July 2003 Zé)“%ett%@?%ﬁ EqstbFﬁ"@F‘l?F‘%quCBé’F}Eidﬂi‘tﬁ‘i lgot?ﬂ%“r’b?)dft open’ at
t he transition regraactatalonhiwguidewiré shd Het t@fipdidlg reiroadd fidrewithisthal W ref or m!

{

40 be positioned along the 0 i of the fabric.stru r reas the
ot her ball oon-exparslhg Iasese'\l/i\nb]?'e%%n og‘rpélmp iu%wﬁll b‘é%qlté’%ral?eﬁs"? d88f t he
fabric structure. Widnce thediutor dfbharbebd rampved) the umiesiofishesh 13dhpawildbddor i ¢
structure, the rvi i.nfe k t hrough t he
graft. In additi On',%&ifpj[% E%ﬂpﬁ‘(?{hggégmleﬁédyg?{ %ﬁﬁi/&g%grgggéﬁéf%@% the inside as
nmodul ar conponéht s sebsientiahbloestiassdwgmi sheath asgemblyddn of the bifurcated graft. .
In addition to the bal | @on- axpaedabl e wireforns 30 di scussed above, the |
graft 10 of the present _invention also includes a nunber of self expanding
to wireforns 32. The colh? #ticarafbin desienedfeningedugtion it he abdeminatacHy i ref or g
32 is natural IK bi @Ft?dxetuwdmnmowﬁ%ewm&égmaﬁ @illb%@@darciiﬁba i Jﬂ&ﬁ dbthil St lr3 ated
in Figure 1. The s expandi ng wi.ref orng may he . 0 sanme base
material used in tﬁ@o‘@'oﬁ'gsf’ﬁlifd?%ﬁfdé‘i’“cpﬁ%°fﬁ%Wﬁﬁﬁﬁgiﬁgﬁ%‘%ﬁ‘ir@eﬁﬁéf orns 30,
al t hough t he nes hotefaéncamrRigmet.uri ng may differ. Thus, ELALOY wire is
preferred, with a is nu of .ot her terial l.e fqr ch use. As
illustrated in Figure 1?‘??“8“‘%% 1?p‘é&?ﬁgﬁ%ﬁRg%ﬁ¥§’?%§%’ts°%§’§$g‘ﬁ'§|°5§‘§d in the |
graft 10 of the prestingraf ivdesigiand génasally & 1§cBewhabifyrcatedrgyafl, someetimes :

configuration havi pg.l.ePs Mtk ggaq{.iiglgda féfgdrh@%mzz. Furt her,!

}

the internmedi ate sections 74 are not strg_'?(gﬁt,ﬁis%‘%? ave an'"S" shape al ong;
their |ength. 20 TH&s9E[RR aatiganaaysryiniheregion whsreabe iligcartedns dranehcfray by :
obt ai ni ng col dyor kRdbddnfidit¥taWM € having a di aneter of preferably about
0.012 inches 0.3mm and apping it around a cylindrical form 78, such as
that illustrated in Fi gtﬁ‘%g %ga%]aﬂ}i‘ﬂ‘ﬁlefﬂi’rﬁ’ﬁfnﬁl tnk RoraRn 13584 15 oned to form |
t he | oops whi ch debifieatédte define Sk Spratimsinegks,\aadohteayteral Togdh ahdem ipsilateabr m  Two h
secondary pins 82 are_ppsitioned, 2 i ent..each pri mar in.,80 to aid i
defining the | oops?egﬁg‘ g’odﬁ'fs Prégefrfdnan%oﬁg’lené&eﬁl "Scé&ileﬁqt‘s Ko< n%ogger%h iate regi op
74 of the_wiref ar mtheThwralgtara fegriAta facilithte doagiog of bothriess inibvsmallehdiansatari r e :
ci rcunference t hhsiands [ ' inmping
sl eeve while pggsi t?%%%g{ﬁ%&gfﬁg%\gg&?ggpl ngj%%ﬁ?cpgdut;g{e feg(g()ﬁ%véh? ?Fat’l?\‘é w reform
tlius configured ofengthdifferanen betvgerythe yvodegorpeppongs tothecheightratthselt-and form are
placed in an oven Bgah&h WRerdBOM a9l sH\ECHRRfng wifefithk &6 AslRidk By si@bout 3.5 to

about 5.0 hours. By .thus heat treating the self expanding w,reform 32, the,
wirefonn i || deveMindhe s rhissrduess fsiurl oulbottbcaradt pad dermis opdedy (1 s
posi tioned on the fiMé fMmalistdamdiddGoaddr! G ERilTR)hM! il @pprciate; Rdweyerdef or ned, '
such as by radially conpressing the wireformfor | intralum nal insertion
into a patient, and, when released, will resiliently return to i the shape|
it had during the heat treatnent. As an alternative nethod for constructing
the self expanding wireforns 32 of the present invention, a form conprising
a flat surface (not illustrated) 1 o with a simlar pin configuration may
be utilized. After heat treating the



|
wireform the ends of the wireformmay be attached, thereby fsoJrurxznOéBt he

wreforminto its cylindrical configuration, according to any of those
. met-hods 'described above. As the self expanding wireforms resiliency nove
bet ween thel“r mwRepxpanded and contracted positions, tensi@priySospRidhi ed to
t he outer %on of the i resulting wireformloop and a corresponding
conpr essi on results on the inner portion of the wirefonn | oop. Thus, the
pins 80,82 of the form 78 are selected to have a radi us such that the i
resulting tension and conpression on the |oop stay below the yield point aof
the wire. It has been found that for the preferred 20 ~ enbodi nent of t he |
sel f expandi ng W r ahd eigheldide lengtsdfitait@6l giafl 1dgh @by & aljustad @dptnddigafgticer of

about 0.070 inches 1. 8 .satisfac d. pres . eferred. The self
expandi ng wi ref or mg’ agigular, aﬁ‘lfﬁ@%‘ﬁ?ﬁg@%ﬁ@%%ﬁﬁ it e@élgﬁ@ Frence I8 ¢ he

i ntermedi at e regi orisngth4 alvé aitldie ombmaﬁbmbﬁthelaﬁl&alemgraﬁuh(féi‘ﬂmp@y As the

wi refonn noves between i e n ra n e elastic
25 def ormati on which occ’lfjhr%s 4&9& ﬁl%jls gﬁﬁr%hom%h%gblg%%hl%# S%ga%rﬁﬁgad
substanti al |y evenl|whi¢his uu@x@dtbytwlrrefoemstZOreetem@rmgmmurmﬂerenthaywiomeifomr m :
Consequently, the epfik fid i \dbutar Arud F@&@g@@h&&mmmm@&uﬂem&' ng to help

restore the wireformto 1ts origina uration after radi al

conpressi on. Thus, Pieblepedkhe wrr@mﬁﬁmem VQOWQSS@@HMPMG% Bwkely in
the | oops def ning th@ﬁaf@fs%&m@uwd%ﬂ%%e@%@n%@&l difte, in which bikioQR/ 28397 28

and valleys of the wreform but 0, absor bed y t he internmedi ate
segnents. This red BUEMBHE BsgHed it iﬂm“i' P’“’é?(‘z‘%é‘lﬁar?@ fhazeebicaadedoi nt of the
wire at the crest alidnewalilieyatedin Fighee N wiic state thbgrafd mapd Goeaigichin| asti ¢
deformati on and preFent the wireformfromfunctioning as intended. Wth the
sel f expandi ng w r éPOIRR 32 forned accor di ng to one of the nethods

descri bed above, they nHy tleex@hdedctaedihtstatedie Figaterl, the truikidogtion 42 isuct ure 18 of

the graft 10. Attac | ferably .
acconpl i shed by tyl%ﬂg{]ﬁ’ C%nrdtgga’?aé%g agﬁ&\q/’%ﬁe&gﬂ\é/o%%{pg&{ﬂ%eg% %cr “?ltg{hg
illustrated in Fi gulismeter of an averaggrmerte n tlx}smﬁefedmmé@ﬂlmmaheéamhpwgst and
val l ey be tied jsn fiMeyh GRRRERLDe b ARl (U828 UPRNEDS st TBlbfiingdf t he

| oop defining the respéctive crest or valley. The self expanding wreforns

32 are designed to tR#¢Ezapf thepbdominal aguaof thedatirnbintorvehich s gaft isto be j ght | y j
| arger than the di af®plagkd. qtxstpkbaanﬂppkfeh@dmfaké@@ﬁsgﬁ%fchmie&nﬂcﬁohﬁmare to be

positioned. It is present| r, rred a forr be about 2.0 mm
| arger in dianmeter Sﬁ‘iéf? af’ﬁ%p 87’ Pf@nilo?mé*&? dtzg SCiSHECS o
attached. By confi gufcours, ﬁrhﬂot\rmﬁtmfgmfmemdslwhmumyae utﬂizectmmodhwmﬁthr t he
sel f expanding wir e%ogxpanded mai ntai n the fabr| C

structure to which 'n-a state of slight tension, thereby
ensuring that the fabrl cAsxan teadilyrbe sqed @pamrinspertiomef the grift ofdiigure 1, !;lwen) is fully

open. 20 Further, mkﬁaragﬂzl&ﬁhefu%?mag&@ﬁt& }?&rﬁEﬂ'ﬁm&%Eﬁo@ @a&dl ally
inward force against t oon- ex ab I ons |
ext ensi ons engaged FPBMacan?P, thagrpf pifureates inte; PW@EBEW%V@IG il below
with respect to thecyﬂh(ﬁfﬁbl&\ﬁie@&ﬁﬂéd uglMmtpoﬂ&nstd?&ngmfcbm@mﬁlmm ons. Wen |
desi gning the wrefor it nmust so be recogni zed.t ha e 25 wireform
will | ose about®fi v‘é’&g‘h?E‘éﬁtP‘”a‘P“ » EhereRy. gRpFoxigiating the inigrya ?°“ gyBign Phdi al |y
conpressed into |tahsblai@tedjunbmﬂwcmda&nmber and subsequent|y expanded.
Thus, for a wirefor i oned at e of either
the 13 nm di anet er {(}}S\r,lw SClPa (’sarea‘iyh?&cﬂ &ﬁaved‘amet At Ee‘{rgg.’lnglj me’T%mp?he wi reform
wiill initially be oma;er,gmmdmdimd élanictanetmure @toratbmmterm&&twnmﬂﬁf ter the |
w r ef onn 3 July 2 I, uently !
expanded in a body IP%?&n@&e &Fﬁaeo?(%gn LAsﬁngggpgﬁgt?gﬁlbgpg%ﬁ%ﬁ?&%A. 5 mm - |
slightly larger than the 13 mmi fabric lumen provided at the |eg, as |
desired. The nost proximal self expanding wireform42 is positioned at the
5 septumregion 28 of the graft. Wreform42 thus acts to naintain the
septumregion 28 of (he graft open as blood flows through the graft. In
this preferred enbodi nent, the proximal self expanding wireform42 is

| ocated about 6 to 10 mmdistal of the adjacent ball oon-expandabl e w reform
40. |

|

et['l%teg:ﬁlngs of tl% pres%nt dw
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As illustrated in Figure I, at the septumregion 28 of the aort¥c graft, to

the ends of self expanding septumw reform 42 are secured in crinping

sl eeves. 84, 85, These crinping sleeves are of an outer dianeter such that
they provide a second function as radi opaque markers. It BeRR,f ound !
that for tﬁ@??fg‘?zérred enbodi ment of the crinps 84, 85 illustrated in i
Figure |, an outer dianeter of at |least 0.036 inches 0.9mMmis sati sfactor}/
and presently 15 preferred. The configuration of these crinping sleeves
aids in proper orientation of the aortic Yraft and confirmation of the

| ocation of the septumw thin the abdom nal aorta. The wireform 44 on |

contral ateral | eg 1Ahidnthodirer| @ Bnfiflaeil 1&:@134 dnd RN igMlatb@0egl f5 ha$é mlarly
i ncl ude crinping slee d86 Eacr]?of the, s exp an% ng wrefornms 32 is

posi tioned exteri &7P¥ ‘ij apptarg ol Ml%gat‘hg‘ﬁf"égm%‘?er djesrranded digmeter oy
avoiding interfer am:he 1o 14 lbhﬁpdefrdne&\amﬁiiﬂgfbthdﬂ&slgerda&erfaaaﬂl:hweﬁmnt| ng the

f f b dvertent| f d dul r
Somponents. are i nUFBAULBETHYS" ERL R or dRECE Rl B graren
Addi tionally, tShe ot theadidrmaten bf 1hé tngnkaégione X1 prive ad hifurtatedoomer gxbfst he B | eg 14
AN Pstrateral | ekl (P hA OF SRl il of AGbbE! fih Bu1avi 19 Lhe

e 0 ric

wi ref orm position on th |on eg. The graft 10
is further configured qubifmvéfrlamltyo éSWEMS,m@Sm@lmwmmcaWMtes 90,

di sposed on each |t®3131ﬁmjkgks a 06 n%zqf?\%ou?@bl?ug&tegﬁtﬁv%ﬁmnﬂe%@g@ Bifis she sane

base material as the wreforns: W res are osi tioned on each Ieg
14,16 and ext end geiHestign pRhoprbificated gmitseape tygically woven. 3 July 2003 WO

001 76423 30 PG/ U89912813%pwséx@ﬁmdﬁbﬁlzhetlwapsﬁaﬁ&&Mﬂkf@mﬁ&ﬁﬁge 70 on a
respective one of wireforns 44 and 46. As il Iustraétﬁd in Fi ure 1, the [

rei nforcement wir d&PCEE eReE oytiop g o, ihpyse ¢ pRustant fligmeter of e logg reeadiess pf 5 si i | ar |
manner as are Ww r ehommk d&&etet&%té‘n@n@&[ aezadaxattmmheoum raﬁch&vrdmer:‘mmGh

| ongitudinally crass_into. ref orne r gl rcement wire 90
coops the Tege of Frevraisharats by iaRn gy TRk SRRLE T o
| ongi t udi nal w refﬂmﬂﬁmumt@bmmtpr%mndmdrwbbnhgbﬁdcatqdaxqmevocMmmps 91 whi ch

assi ot in the Al 2GeHe Rt o TP RIS A oA Baith n%spb 4 668% dhhler N0 16. C.

Mai n Cat het er e maln ca ed to pl ace
the aortic graft d@é@sﬁrbwoaﬁmmterfma@ﬁmt@lom@e ﬁamdlgmm@d onto the
distal end of the qBintiad %&Qﬁﬁ%ga?&e"s?mé/reﬁ%e‘%dﬂete%f%%ﬁﬁ HaGd N nore |
detail below. A main cathefter assenb useful in the practice of the f
present invention 4°§“EF§’§‘EFP‘E@§‘“FF|’“@E‘°B§W&? ng U S. Patent Application Serial

Eo 08/t7)13 0f70 filed Om&ﬁgﬂmmbacﬂme%?gﬁlsui'v’éntﬁh%hﬁ%&to}/rndlﬁtﬁiﬁﬁporﬁt ed
ereln yre erenc r el oV at.l on at
assembly 132 i% ut téﬁm?@“ lgfhf(’ﬁ’{}'ﬁ'f“ém?f?@AEB’édrtg j RPST flﬁés‘?r@ﬂrt‘m %of the

mai n cat heter asseurﬂudtyamtdmas:mshntctohmsmnnmmathheter assenbly is sized j suc[h
that it will fit insid t nponents .
of the main catheter agg%?gflbﬂ%&gﬁy&%%‘%%%pb heery mg&%fp %%,V%'g to i
Figures 4 and 6. méyes;tatmemmmmweros Prt:ﬂqeﬂymf@m{oﬂilenmmlﬂma)corrpr| ses a

rigid |oader 200 WlillzddSorifbxi® i bkl BeonMiRkiah intfuat bGp! 1 N9 Of |
t he cat heter assenbl }/ to the 1 ntroduces assenbly during use of the
25 not limited to expanded polytetrafluoroethylene (PTFE), coated polyester,

porous polyurethane, silicone, and spun or woven polymeric fibers. One of
skill in the art of biocompatible grafis will readily identify other materials
suitable for application in the construction of the flexible tubular structure 18. It

is preferred that the tubular structure be made of a material which is porous,



present endovascul ar delivery system as will be described i §Wre90%et ai |
with reference to Figures 9B and 9C. The | oader conprises an el ongate tube
. 202:25 i'ncluding a lunen, a proximal end, and a distal end which is defined

by a reduce i er distal section. An internally threa tor nut
204 is | atggghggg o the distal portion of the el ongate tgggpg%ggﬁgatheter
assenbly is cooperatively engaged and secured to the head of the introduces
sheath assenbly by initially inserting the distal section of the 3 July |
2003 WD 00l 76423 PCTI US99/ 28397 | 3| |oadéef into the valve head of the ‘
sheat h assenbly subsequent to the renoval of i the dilator from

therew thin. Figur enefoby blldwisi fstileSfardvif fitd tho fraR inateh8 aRBbrTowAlifRItRR assenbl y
into the val ve head of %he égeabgﬁassenb{i%., Mpr e E)arthLilI arly, the distal

section of the | oadtimabiyer;althengh for soupe applicstions i maybe desieble9makether 144 of 5
the val ve head 136 nwutahstiubiire@®nN6id ifperviclis Maekislg t hr eadabl y engaged to the .
externally threaded proxi nal, .partion.of the threaded nnector 144. Figure
7B illustrates the conn?&‘{{%?b%ﬁle f%ﬁlsc%‘f’(ﬁ'éﬁoetge?@“qirﬁ%“%\%ﬁag@’ ﬁ’&fg 136 of the
sheat h assenbl ys 132limifitng| scantexn otherdnteroslipespoioeiwhirhrceweintirfay wibibldodn of t he
valve head are 1 0 g3l 8L ARl OERR0 of B BUBLELIAL o ALRR: hRlE e | 0ader

W ll seat correctly within e Interfacing por e val ve head

Wit hout flexing or tfitehudn strushire Kethe fibric Wil readdn fld te geqommnodate odisli t i oni ng and
registry of the | oaggf.c@nds Eh@gmﬁ%u&?ash%gesgﬂ R intAubhRa GRS 6F the _
Furthernore, the ability of the |oader to be positively engaged, that is,

| ocked by threadablgéaﬂengagerrent of the nut to the valve head ~ 5 of the

introducer assaqpbly, al SRaprRfetrbd dnfoBitmeri Y tHEPrIrRinRéntipe, ARThbric dirglory and
positioning of the |oader relative to the introducer assenbly. The catheter

assenbly of the pr &%t mdherarefams terenem bepveriiped with erssti e i nnect or !
assenbly 206 (Fi gumelooft ussddo éxpand kicbaléd¥edxpankiableOnirdsring.r DRSS &gifcy thatncl udes a
pusher connector 182, which is preferably a Y-connector. . 20 The proxi nal
connect or assenbl yq%%:s]aarp%}h °uﬁwgfeﬁﬂg@aé’cfuﬂsdﬂﬁ§rbago(‘)’ﬁ')?"pﬂ?fblr‘iavi ng a | umen
ext endi ng | ongi t udiwiekdrms sflve exphisionpiginay beatesitable td reiermpené thyseiwirefdrms ©

communi cation w.th I I.Qr al : j de arm 214,
whi ch conmuni c\gg es %‘?T‘l&%}f&fg&fﬁﬁ%%@éﬂ H&%@&ttqu&%&%%‘%@&@% nfrﬁeéct ed to the
tubul ar body and eerafingd thedgugfonms Rave ndipmeterarhich/s langerihandhe @3tgewH t he end of!

z5 the tubul ar si desfeEr sfifle Wi 3ndt Meiti il exphndiddCthD AHlysiBiah cdn'ubd AL | ON | unen.
The proxi mal connector additionally con;gl ses a Y-connpector 208 and a !

contrast connect or 55°Ppd; lagsx balloon torgrexpand.r oxerexpapd the baltyor-gxpandable . onpri ses an

el ongate, tubul ar putishs feRhatkipén reddiboreshiRiorROMYir diddettrnak ughte a di st al
end 186, a proxi mal 3.J |ly 2003 WO .00h6423 . .PCT(hU899 28397 32 end 188,
and a | unen ext28ndipﬁ‘§’°f%ﬁg?toﬁﬂ?‘ﬁ’ﬂﬁt?“?’h A EHVGHER ¥ Lyt er di anet er of
the distal section sl i glihisfeature ambles 4 duggeooto optixeize therfit ofcd @rafiofithinee pusher -
body. The proxi nal 88 j.s .operatiyel : t rconnect or
182, which al ong W‘F%glt‘%'glgugd‘gﬁgggﬁgsddféﬁvﬁx ? {é&gé%ge _'ﬁlto'lﬂzé'ﬂ?rb-gﬁteg’%}gﬁi c graft ;
to leave it 5 in plvhich uppn fustpallepa-capansion may it bufficiently engegd widhthe walhesr e det ai |

bel ow wi th respect tﬁ@veﬁﬁ?nﬁ%ﬁé KibleqibnlIPEAREkpRdeld DOpRGS @R IBN¥ANtFPN. The |
mai n catheter assenbly of the present invention further_conprises an

el ongat e cat het®dr VF#hPle thedabricybing b the grriamay higveiadipmeies of 24 mmyrwhile thg  n

Figure 6, the el ongalcntRpntisble wikdiims Rive @ URmeRAITRA HE SThe Braftlidm@at e out er
tube 190 and an

inflated to 23 mm and the wireforms will recoil to 22 mm. If the physician
chooses to further expand the wireforms and more optimally retain the graft in

the vessel, the physician will bring in a larger balloon which inflates to 25 mm.
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1 o elongate inner tube 192. The outer catheter defines a di sta,y end, a

proxi mal end, and holl ow | umen extendi ng | ongitudinally therethrough. The
inner tube is smaller in dianeter than the outer tube and extends through
the lumen thereof. The inner tube defines a distal end, a proxinmal end, and
hol  ow | unen extendi ng | ongitudinally therethrough. The inner tube is :
slidably extensible distally and ~ 5 retragtable proximally relative to t he
outer tube. The nmin catheter assenbly further conprises an el ongate) i
inflatable |I catheter balloon 194, illustrated in its inflated ’
configuration in Fi guddtetrecolthihs finafwimfoabldamostt wilthe 24 ey ekl thogrefk pdhisk ih he

bal | oon- expandabl e rei, ng?lrceme t wwres of the aortic graft. Wen fully
inflated, the bal | oon™flY AEFIELYMEt er assenbly has 20 a general Iy uniform
cylindrical configuration,,IhaRaliiR98rckddal HAESeehoimRd O ST ATIN} (S
attached to a tubul ar sl eeE\l/Ce p?)rti on ?r966 o#’Ht Eeeeia%ner t&%@qlglwnaﬁldha

proxi mal end whi ch i snatbeachetefomst2iareaquioededttobenidoductinal tigidity, totiteegraft ,
extension of the inner tube distally . .relatjve to the , outer tube facilitates
The Tongtt udi nal st r eihibrigeiet B Battiulhinh oo AnabskTaEh dime © detbdes a
spacer clip 198 whi ch oall (9WsideSrRaitr Qo 1ipls HSvifKRSda Rlexpaagoiened af ter
deflation thereof to Tgaci litate VYABtadrl]drawa}IIp Sof tlhe bal | o(())n ez)a(h %gt heter from
t he expanded aortic grwifdforniFlie andsedfrexpardmgivareforing B2l This poefereat eacboiliment f i r st
retracted position relative to, the oute ube.. Th | | i.s.inflated only
when the inner tube ién("ﬁurqesi theee b Wﬁ@’f@ﬂéaéiq‘gf;ﬁfoarﬂsgﬁga anggg’mvh?@?)\’:‘o% o
001 76423 PCT/ US991283%o fhe ZadriSURIRSHERY t;ﬁifaaxmyloﬁ%edﬁ‘éﬂi&toeﬁoe f4bRB @b r@kn 1S |
preferably stretched | ongitudinally bé@ he di stal advancenment of the inner
tube of thdOcatheter megicitl2vad asinglpbaltpgn-expandable wireboraah0 positioned paithei cul arlg,
the inner tube is nov o f ' b LS t i than its. second
ext ended position. Thggtﬁ%(\)/ré)lr’frglhmtﬂbih%g“gé al%tﬁleé’nlgr?ﬁ@?h%%&?#g%ﬁ ielt‘-)elxéa(nrﬁglgt ed
position to its extencdédfopnd? isiatichtdtoshy @itsidd of the fibribad the@ptunsediacld witiat ed
by tightly grasping the ballogn and contrast connecjors of_ the Eroxi mal
connect or assenbly, afdelsepautngwirsiompyisaesitignadion thegtittal sad ofdhngoakslgpral
distally toward the balda9h GRMILEIUkpanFin Gorefolt 4OMURY dideh RR betnd ]
attached to the ball oor%j cg?lnéei@tor&an patnthi nﬁer tu%te ids1 érii gcll d’f‘?g‘g@t“g& ed tio
the | 1 o gentrast comggetor via the sheath) novement of the contrast :
connector toward the balloon connector results in a slideable advancenent |
of the inner tube di st al IThehilloah-axpahdableuricaforma Be of the presentiovdntion athe :

attachnment of the spacel cli 0.t eXPos rtion gf the sheath prevents
t he contrast connect Ofp?qqugw @8&5%"5 a&rﬁe\lloé'fqa?rg‘g‘aﬁﬁﬁont &ﬁ&ﬁ“ﬁf@l 2 f?lgglﬁﬁm’
connector. Wiile the spgechergliung cbbalt] ifon, ndngandze aiahalybdéaunpaBich is@sld updep t he
sheath, the balloon canngt be longitudinally stretched in that the inner

tube is prevented fr pﬁl?erﬁlxﬁlﬁngtfaéﬁWmesbﬁmg’éQY; L e?@@&@e@i“ﬁéﬁspﬁ-ﬁpt@% its l
second, extgnded posi trﬁdp?égiglﬁtq}hg@tnﬁa?%eﬁﬁﬁ‘{eﬁﬁn fbtify ﬁ@wﬂ@fomqnélﬁ&@nﬁéﬁ . :

sheat h, the balloon an onnectors are no [onger malntained in
spaced rel ati on to eacindditdnémm sloysbldunden the NITINQIstrade name tamlescseel,lmad pushed

20 distally toward the palloon connector, therehy facilitating,the djstal
2dvancenent of i he i e bIEENPICIE RURAblA A Gl VG PouHA TR WA
stretching of the deflialicg-eRpnt MR wircFbis dOBIHS fu@fbﬂi iBRAEH aré {%ﬁfe%ﬁffabout

ipsilateral leg is trapped between the | distal section of e pusher body,
and the bal | oon cat hetOH2 éichgst 0.3mti in diamesitdri t at es 25 reorientation of the |

ft during depl t, if ired. in Gaft ! The s aet hod |
Ph ot Tt o T e oy P BB bl B ERLI el " |
dilator fromw thin thgnfhweatwithasesmitedr pgébhdiry 0ol & thethned dittsldal like whwa! | Y,

with reference to Figure 10A, the main catheter assenbly )
geometry illustrated in Figure 1, with alternating crests 50 and valleys 52 which

i

define an amplitude 54. The amplitude 54 of a wireform is thus defined as the

longitudinal distance between a crest 50 and an adjacent valley 52, In this
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i 3 July 2003 WO 00/ 76423 PCTNS99128397 34 180 is inserted over the primary
guidewire 128 and into the sheath assenbly 132. The distal connector nut
204.is connected to the threaded sl eeve portion of the valve head 136. Wth
reference to Figures 10A and 10B, the main catheter is then 5 advanced ov?r
the guidewire 128 and within the sheath 134 such that the distal nost {
portion extends fromthe sheath tip portion 138, and above the renal [
arteries 106, 108. To acconplish this, th2lpusher body 184 (Figure 4) is
di stally advanced through the lunen of the introducer sheath 134 until suih

time as the coll apsed aft 1 rotrudes.fromthe distal .end af .the sheat
158 Mot o abec pRESES ottoqBhQl b RO & Mokt RuiERend S Soca of
bal l oon 194 and the i gAfhdeda3falRed Aprokfivhtddy O1EUAReS Nt he sheath 134. The

precise positioning of the main catheter in this manner is facilitated byi
observi ng under fl uor oscopyhe bedlopretxpaidable porsiormsoigraifrefarably sonfigyted mithkeer |

associated with the balleon distal. end 194a.and,the radj opaque narker 139!
n sheath tip port o HE o ShRyeBtenat 3o R RBFEIRERBRENE
brought together, w tRrekto80 eRIUIBRSD OTheREisRIGO hnd R8s ST QteolnRa iR i |
respect to the renal arteries. | The position of the sheath 134 across the

aneurysm 114 permits Whishginilds prefarredanpbodioent; isabeyt 0.0heinehes 0.¢808 het er wit h

bal | oon 194 and graft 10 ther int. ey i i ikion. In
ot her words, the surroundi ?gefegﬁdg}étt%l%ﬁ@%{gé%mggﬁlﬁgﬂé@%ﬁ@iaﬁ@i@bhet er ,

and the otherw se expagpedtoxach dthier efgrbarerlthansbap o0l dgpies in dberfis providé ood f1 ow
resi stance. Moreover) the sheath 134 protects_| the, géda,ft assenply from |
contacting the vessel gifaler wireformyrigidish reduesd avisefosm recqil gad inpregspd anchoring ¢ he |
initial pog tioning o ' ki he |
graft will ﬁ)lbe finall yff?r%;?gtﬂ{bgﬁéng%ghg?‘gésrﬁt%? fs% eﬁtgh%an %@@fg]e?ag}m&lﬁﬁetdonl y
have 25 to be di spl acethndoginsiitheapact toteachi dtter fromalranige ofbioatr1 00 dégrashta s i n t he

direction of blood flow hus i S eratjon is bstantially,easjer to
ot foct uare and | o al sABLE dsesh M HARERG. hE it RERBts, e ataRhA 5.
Once the graft 10, stiahhng\m'Mﬁmsﬁe&%s&bﬁ@mrﬁ&ﬂard@embﬁtimm@%rwﬁidbe@tmfrom
its final location the sheath is renoved. Figures 10C and 10D illustrate I
3 July 2003 WD 00/ 76432 §ogieesJS99/ 28397 35 this operation. To acconplish |
this, the sher body 184 I 4) 4 i th 134 |
IS W thdr aﬁ fromt hg mai n(l@a e leef%tt%ég&gh%{eﬁ%ggm?%@ﬁ%a?\%ﬁé‘{ggég%{lr om t he
graft 10. Desirably, aslleyeshoflthe tallgan-expardible whrefomiysatate chdfigured byioblaihirgwn so

Chat he 1 portion Bavils g ol ean ot tona S L ate
aneurysm 114 as shown, g $4& ﬁﬂdﬁvrﬁéﬁﬁé REOwitSFoWid d pifhdvidg aBaniedr BE mo%qcl‘ﬁches

aneurysm As the introduces sheath assenblf_/ i's 'withdrawn, the se
expandi ng wirefornms 42).3mm,, tigrebg d¢fiting o plurality of adjacend, intermedintepegmentsehdopand

wi thin the,aneurysm sack.. ile the | | oon-expandable wire

mai nt ai n azozubst ant i appi;fl%n\é\%tragggéawgﬁﬁqspeéﬂgpﬂﬁnooﬁﬁjer %E?rﬁg‘;oui?%(gt%&??
positioning of the gr@EgreébQTmythbanplﬁﬁﬂéiof&(é-int&ihﬁﬂiaie&egrﬂeﬁﬁﬁﬁ@fth@broﬁdﬁﬁlSheath
134 fromover the graft 10, as seen in Figure 10C, nay |eave the distal end

of the graft (and di stwatefasmd4dn ityrxpandedhstatedg), exphudingdbgradips wiieh dedines the
arteries 106, 108. (I ' ¢ \/ gl . by i
15 friction, pull t he%%@ﬁqg%%at“%es? g(rag%rt]8'18%1%6?1"1)8&;;‘%%ﬁb&\i}ﬁ?ﬁg}@%ﬁfﬁ%&&gh the,
surgeon is instructed embodimentf eachbdlloen-exphintable winofosh #0 has eight drestd 6, pusher -,
body 184. In this respect) the injitial sitioning of the distal end of th
entire assehbly upstream o#\ntaﬁématé'ﬁameﬂwﬁ3@@@%@%‘%@&1%@@!(9@@?%vi de sorreT
margi n for downstream : i lof § rker at |
o oo distal on ﬂgﬁg{?% is 98 cnfifuré e Wele Rk in'atrub BifuoRRL IR Shetd R HY |
constructing the wireforms 30 according to this alternative method, the angle

|
|

between adjacent intermediate portions is about 120 to 125 degrees, thereby

maintaining the number of crests on the wireform to eight. Alternatively, the



20 remai ns upstream of or adjacent to the renal arteries 106?’Jf’r.'t¥82,00t3he mai n
catheter is then withdrawn further downstreamto reposition the ball oon
. distal end just downstreamof the renal arteries. This final position is :
seen in Fi gwoso1@B. The inflation balloon 194 can be seenP¢HUBEARIPhe i nsi de
of the aortic graft 10. The final displacenent of the expanded graft 10
downstreamis with the blood flow 25 and thus does not require nuch force.
As seen in Figure 10D, the graft 10 is sized such that the distal end (asi
carried on the catheter) thereof protrudes beyond the upstream boundary of
the aortic aneurysmand into unaffected regiqn of the abdom nal aorta 100.
Locating the dist aF;u@?fBexBT“d’Flﬂ'éwj? o aff(?°]‘€§‘f°%l5@?‘6 EOHRSIERIONY r o) t he
r enal 3 July ZOO&MMsﬂﬁﬁQﬂedWFAM 733 éntinudBlyl cupilinedrisiipe 406, 108
ensures the maxi rrumlen th of c ?r gtween thehegent‘gall exptgnded gr afit
10 and t he unaf f ecPEF BHEHS KATIIS Fssc?nwﬁlvf"e WheR SHAPLE PRSP TS | eg 14 l
and i psal ateral | egrsﬂﬁomp‘res‘sddeta@r@i\dofﬁﬂllaxmendwﬂlme(ﬁamxhavanhemeysm 114 and, §
as will be detajle ue their
respective Iumaegns gltthﬁ?dsg%{sytm@&%ﬂ@guna b aﬁ%%}e?@%ﬁ@?%@oﬁh {}f"lilé;c arteries
102, 104. As seen frﬁmﬂieg@ﬂe&gwﬁhelame#nt_leBntlQme baI | oon 194 is then inflated
via the balloon connect glemsti vilihPlckPRhRIEE S Wil stk Blsihint diforh® | 00N
causes radi al expansjon of the trunk portion 1 % 't 10 fromits
initial, collapsedmainfiyitsenfighrationg Thys; the sdgsfosm may baplesdierlly defermedt i on. Due to
the configuration Btwiel heladidlg RIapRA Rodiitinl add inBtdaRlipekpaida@pdsahaf expansi on
of the trunk port| n 12 &Benlts secong expan del? orientation is uniform In
this respect, ‘ﬁb‘&ﬁs Wirlorog are FfP@d"’EB’S IERE t Ay SubatAntishFeenht ¢ he trunk
portion 12 by the bqﬁ;hmnexﬁtcﬂaeemmhn)t @cpﬁdaecsﬁt@pmhdtedhtm itétRal valref nder :
t hereof. This uni fﬂlf RP at| expansi gc‘%g o t.he trunk portion
12 facilitates the f‘%]ﬁtv L ﬁ‘ia“(S‘P"ﬂ%’é”%?gﬁB%% b 8L Er eof to the
| um nal surface of athdust efoecbiafidPbafoen-etpaysjontdfi éhe lndrefoons) whish wiilfieat ed f or 30
seconds to a pressyl spheres. Figure 11A, for ' exanple,
illustrates |nflate f:)sgﬁnggo(r%gqeéﬂilb\%}otwﬁl n the expanded aortic graft 10 (in |
outline). Furtker) as iThahslleantexprnilablempireforoieB4i3p. and3§which are nosit@nedpal | oon i

194 may be slightl Mo&%pﬁn&ﬁ%oﬁoﬁ%ﬁ@%ﬁﬁ@ 0P kAR aRpFRMSLLPREN BT !
outwardly fromthe 20 ball oone force aortic dgraft 10 into opti mal |

engagenent with thibe &b gralt material bégfﬁ%igéhq ‘ylrﬁ?wwoméh%%'ﬂ&é?wabf t he
wireforms to recoi thd\ﬁwaﬁdb%ne{w@meyfabﬁctswh ﬂ&maaistampof%e@udyheeagn aft is
fully expanded, the, opposed e s ht‘Fereigf f.rictional l[ﬂ}\% qaa{aﬂ]tgg.l um nal
surfaces of unaff el &“8% fgrall g igposigppeg,on fii puisile pl the Rariq, o o
radial 'y expaneed stuctuted 8afThe wenping isooathpBthed yliniially dvafipaink ewelorigstedief | at ed -
and renoved from S i 2A, the |
bal l oon 194 is def lre{‘l'eogwarggmttﬂg&‘é{%%%@gié%vf@é%b@m%n Wi hlg%g?ﬁl air to |
equal i ze negative pmégued & mayhemanialy Waveh Guongh g fﬂbycmtuaﬁt Bantiktheray not
return to its initiglexhs E}Mxﬂtﬂ'x’e%%'cﬁ&ﬁrﬁrbrﬁgo%@faﬁﬁb s‘irh&hr@'lﬁ yref the _
bal l oon material. Rather, the dianmeter of the main dy portion of the 3
July 2003 | VD 001 YBaB3omemsuehsba itigarymeritypogisipred eloge @amt%hofwabrenm n

substantial ly bhe gaewviBeniRaA J,egﬂexh@éﬂvﬁmxmedftukﬂewuaslaé bfahedbe, OF MAY

ot herwi se continue to p Ot“FJFge i.n a manngfﬁ% atbcou‘ﬁ_g nEI icate subsequent
retracti on and renoval 0% YIFRIOTRF VOYERIntQ P fbe jue ‘d\a’g WM e def | at ed!|
bal | oon 194 fromi aadtdearbmtﬂhe)enﬁﬁtpaﬁphag obthe Gabribtubd) therfee eride of thé #ife t he E
radi ai | y expanded gr on from

wi thin) the bal 0 offoftde °H‘g| %%B?ﬁh“f"é?‘f’a&"%ﬁ ??"‘b‘%’%‘r‘p‘?“"byteﬁabp‘\}ﬁ*t‘ﬁ‘ér aval of |
the mai n cat heter fagment\R tdhendefided by thaffiee ergis.sBeerloasaerfds gra pefeidBl3. helds

previ ously expl ai ned, such stretching of the deflated balloon is

acconpl i shed by distally advancing the inner tube 192 of the main catheter
relative to the outer i 10 tube 190 thereof. Such novenent of the inner
tube is facilitated by tightly grasping the ball oon and contrast connector
of the proximal connector assenbly with the spacer clip renoved, and
subsequent |y pushing the contrast connector distally toward the ball oon
connector, which pushes the distal end of

113

!



I" the ‘bal l oon in the direction indicated by the arrow 216 in3F§a%3128. A
i t s vacuum may be pul led through stopcock 218 to conpletely deflate the
. bal-l'oon 194. The main catheter with the now defl ated and stretched bal | oon
194 is thenwoigbgdizawn slowy and carefully fromthe aortlltCT@ﬂ$9/283%md into!
the introduces sheath as illustrated in Figure 12C. Once the main cathet er‘
assenbly 20 has been proximally retracted into the introduces sheath 134, |
it is withdrawn fromw thin the patient's,pody as indicated by arrow 217.
The aortic graft 10 | remains in place within the abdom nal aorta with the
i ntroduces sheath 134 still in position just downstreamthereof, and the
primary guidewire 1oEgthencvithacrimging slesve G pesilighed over thamn AfRer prémping el t hat t he
bl ood fl ow down th@lealad@g&ﬁ}ame@ﬁds%éécﬂ&h&%tﬂ&wyfcbﬂyﬁte%mmrel y through
the graft 10; that is, through the trunk 12 and | egs 14 and 16. '
Attachnent of the EXHHEREHeRL erwgie&)émmzémrawfmmreaaﬁwnsae>t°m1 def|ow, as |
\I/D\A'ClT :\1 888/ ggggr? i bed keds@¥the sleéve3na§] ut h‘mﬁr@@&: mg%ﬁﬁﬂ@&ﬁ%@m X yER S| ondGr ?f tis
pre ri erein wnst ream end o
the aortic graf &%‘14’%1“8 ‘Ef’?%%lef’fv‘%?e?é‘ﬁﬁﬁ ’ﬂ%é}b" Hﬁﬂg *SEPBRIM8ti ng t he
i psilateral |eg 16 srecmrm ¢lintinatothé p@kl'ﬁlh’@roﬂlhcmgcﬂtﬁng ofF plercirgdhe lneraskallgr af t
portions are adapted toASII s&aqed? bntrtg]t A ectlar\e/eolltlone ter| es and to
forma frictional engagenen HHEh Jui COft Fal'at er al | egs of
the aortic graft. TPhisideoithe fabrixilgyer lgﬁrmﬂbﬂextdwplpwahellyngamhmlp@ﬁxosbf&cght or
Laper ed oyl ndr ! Calubifis bl i Al E0 ML G0 MAYMIG Bupp IRy O} amet er
whi | e the dianeter 3ownstream ends ‘can v |ng on the anatorry
of the pati ent .10 Th&igured ingludep eaﬁﬁwst&mtendnmkthmshl ({O igetiondglowdhe ve

downstream porti onsev@nfofw]@cea%ﬁéy@sﬁrmb hiRhs édnﬁgﬂﬂmmepr@}t@ae&%f of the
upstream ends of the _extensign graft andg downst r eam ends of the

bi furcated aortic §fFHfth egtw@rﬁgvfsﬁlﬁﬁwaﬁtbﬁ‘@fef%é%ﬁew berferaed o RER be

achi eved regardl eSSvnmftwéﬁﬂsﬁb@hbﬁﬂbﬁoﬂi@ﬁh@f&sofmm arreter of the downstream
end of the graft extensigns, 1can ) f o dﬁd in v @I aneters so as
to suit the diameter of THE FT&"‘&ESS pidhapa ?ﬂ“c?"%’? SAO¥Fi ons are
bei ng i npl ant eds Tlpefedvhn@afiguieddo mﬂeﬁbsmujaﬂatpgamtﬂleﬂabﬁg/lapersb,dxer, st epdown
portion or a step- e .0 e aS XN along a |
angt h of ¢ he- gr ar £rbsaRday Bl ol Ghaih? Bogho crApe” iBNAL AR 2, 00
embodi ment of a gr a¢ame2ts S‘et_;mﬁzmdothe !Jmhilt@edehexmw will penetgateprt damrgeensi on
conprises an UpStr%@aﬂ%‘?&lu%nJv?tgwhféhg@&%%t@@dﬁ&@%h'b@&bl&rﬂwall nd a | umen
running the length thereof. In a preferred enbodiment the gratt extension
170 is configured f§¥¢fda flexi ble tubular 175 structure Whl ch is reinf orceg
|
n
l

by wireforns 186 eXtendlmgpﬁklhﬁm&&ﬁ@uhﬁkﬁi}ioﬁﬂWﬁéesﬁelaﬁtomlh%eilédg%t ructure.
e exi bl e tubul a ure 0 a ef or are

Fagi al 1y compr east BFS B I St el @rrormaEy Tracer Br sl Pims

radi ally conpressi i

configured to nove bwhivhe edgarof the fabtit lagen. meaﬁmfcﬁmxspdmuuﬁudcmem&namwéhe graft’

may be inserted th ‘é%‘e ﬂ{eq'gggir ?agfr%ggreveg{an?r'parlglgéf%hewIlg'lcl ('}'te dfrg ne of the

bi furcated | egs of he aor expan dF anet er
oscillating, or “ﬂappmg, in response to the ﬂow of blood past the edge of the

25  graft. Asan additional measure to prevent such fabric oscillation in the blood
stream, the edge of the fabric is configured with V-shaped notches
corresponding generally to the valleys 52 of the proximal wireform 34. Thus,
the risk of the existence of any loose fabric which could potentially be affected

by the passing flow of blood is substantially reduced.



3 July 2003 WD 00/ 76423 PCT/ US99/ 28397 39 (illustrated in Figdr¥2893in
which state the graft may be secured within the aortic graft, i In the |
. expanded state illustrated in Figure 2, the extension graft 170 is i

general | y cwbiondgstxal and nay be configured to be a vari eRGI/GE99/243%%s, one|
of 5 which is selected according to the size of the iliac artery of the ’
patient into which the extension graft is to be inplanted. The flexible
tubul ar structure 175 is preferably nade of a tube of woven pol yester
fabric. Although polyester is presently preferred, other materials nay be
utilized for the flexible tubular structure 175. Such materials include but
are not linited to expaltadligrpatgerehodigrenyndihs prerspt Bration thpproximat-ggste d

pol yester, porous Bmowé;@arkmaewusroﬂ ﬁg&&}ab nSdRHA tORaveRYiaRetRGh HET | C
fibers. O1e of skill i rafts wll| readily |

% oconPatl blog %
identify other nat &P °§s"§‘ﬁ thﬁ Psél‘@l‘:]?’ fhepprtiphef tefAier uct i on of |
the flexible tubul albulsﬁsltrtiﬁﬁrﬂirﬁo Wihth it istweh\&dpn&l%eﬂ the dlluksteddd ehibedifbiliud ar i

structure benaeo rrat eri 0 | o nghssde
Thorown i nto the GFSE e piorner spebilh Stns SRR brdeend R M Sy or

al t hough for sorre azqnm thaprommal wireforen/34becod Bgiredatithe diamerenkif24trine. Byibul ar
structure of a flu A r I c is woven .
into the tubular C(E)(ﬁ"rﬁ "J ]%/‘Pg%org%&%gﬂtgllf%lﬂh%{'ﬁ’gf%g‘éépoewﬁl&p“t her internal
protrusi ons which wemndhcfabm‘f/@rbenmntahwd)in@@dnmtﬁ&t@WSbghtte@mm ypotat i ons for,
thronmbi to occur | P M | akd P b tructure)
the fabric wll re%aﬁ%mo q?gﬁg%comgkeg?%%%@a{lﬂﬁgtﬁt @gca;ﬂ?g%ﬁ% t he ;
graft, such as!9s peseilaing in egense t blegd flomthrughibegflicti on of the graft. In

one preferred embodi mentyiRforhé'ss, %ﬁ@ﬁ&ftmhé?l‘éﬁ}ﬁ&énptﬂe p&mamlmﬁ@a ol 25 the
fabric tubing of the graft is over-sized wt he w re-fornms

pe 0
therew t hin. Upon EJ'&FH"‘BW%‘RB%%?“Bﬁthﬁufs“‘f}’rféatﬂ‘él"f‘ﬁgﬂﬂ%mhﬂﬁﬁﬁé"W‘r ef or s,
there is a small| asabbthedh e:flﬁﬁ@dahzallﬁ&baxﬂ&rdi contladted Shte. \Whir€ @ exdnple] he fabric

bost - Pecoi | | di armet B T amp g e ShoFmon 80 el Sprgeidt, Lo the"
over - expanded Wt hﬁmcrestsoﬂwnfeﬁorﬁmsmmmmm B6,38 erralso bligneditih plase’ht si ze

such hat DO 1 CCGit bl TS iy by SHE0TRs g b, P 0Pt =122
a surgeon to opti nfeeendipngitpdinal line, thexgbyafurthepjedpging the nossibility ofipverienaf having to
renove a too-smal | zgsRhtwiRReims. GWVHAE fede maybl &nﬁ%@&ﬁﬁﬁm% of thehat sebxﬁent@ graft

whi ch upon first ball pon-expansion may not sufficiently engage with wall of
vessel , may be subf® Hlﬁléﬁ’chiﬂcﬁ?\tﬂé’%refé%baﬁ"?d‘é‘&“B)}a‘léeg’é“éffﬁatel!ﬁa‘?“l ‘Séﬂ“é | arger
size to optim ze t bR fibiit laB'&Qﬁ&ihBad_]&cBnt&Gﬁfbhdﬁrjﬁ@ahﬂyfohﬂﬁ1rﬂ;fdeseﬂﬂé fapripr ef er r ed

mbodi ment of th ti bl f 176 |
ore pr ovided to T ulRFohal et et itk ] WO PO PR PR A 1t o' Secur 6
i

the graft within tpeblmdy | umen. Each of the bal | oon- expandabl e wireforns |
is simlarly configured h | osed

si nusoi dal -1i ke wave ge(I)n\r,rx;e%ljt}m{?l ?Fél’fs{tbail%%%&?ag&%mﬁ%o@%iﬁpW&t% %&ng(ﬁ%agr nati ng
crests 150 and val FOefylsallldﬂ@rV\Thlétmulde‘fMﬁetham-mﬂﬁplcwtﬁmretl@&iﬂwwirefoaml itude |54
of a wreform t ween a ‘
crest 150 and 35?1 agHglg‘g%% h{/*g@fﬁgﬁw&“kc e‘?lgg%l%}émghgaaa&%“;ﬁggﬁé expandabl e
wireforms are conf iwblﬂ*MfB%WtWQ%HVh%?f@“mwsm@iﬁflﬂ}ﬁa@ﬂffﬂvmll near, such|
as the configurati estaGhd flid€artiesef ormillustrated by Figure IB. As not ed ‘
above, this continuously, curvilinear, shap reduces stress on the

wi ref orms when the graf ‘71§°’f‘??alit£'§° Yirgfarms géégﬁgéé"s‘%ﬁerg@&l’@“w% n }
al ternative nethodclosrto 6Rhsthenis bossifletwithol aldriapying® TP dabbdmwitigf orns is to.
configure the wireforns in a true sinusoidal pattern. One of skill in the :
art will be famliar with other nethods for manufacturing ball oonexpandabl e
wireforns without departing fromthe teachings of the present invention. 25
The bal | oon-expandable wireforns 176 are preferably configured with a
plurality of internediate segnents 156 which are connected by correspondin
crests 1 SO and valleys 152. The crests 150 and valleys 152 are fornmed wt
a radius which, in this preferred enbodi ment, is about 0.025 inches 0.6nmm
3 July 2003
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41 Preferably, the internedi ate segnents are positioned at a%J%JMZ]p@with .
respect to each other of greater than about 90 degrees in order to providi
greater-wireformrigidity, reduced wireformrecoil, and increased anchoring
force. To tWeesereands the i nternedi ate segnents are nore ROTUSHUIIPY =.
positioned at an angle with respect to each other froma range of about 100
degrees to about |35 degrees. Most preferably, the internedi ate segnents
are positioned at an angle with respect teseach other froma range of about
120 degrees to about 125 degrees. The bal'l oon- expandable wireforns 176 of
the present invention are to g)ref erably made of an all oy of carbaon,

silicon, phosphor u& R0, %ﬁFB‘?ﬁtlﬁﬁidaﬂﬂn&ﬂ\?I]e“g‘B@W‘F gt about 40 i ron,

Ewlan_gianesel_agd rr:c)l é:ﬂd@%ilhlhmglhg ihe s;ﬁ@dsﬂitwb&d@ﬁplbhﬁlaﬁhﬁ lv@foﬁﬁs@dﬁssnanebby ;
gloy, L.P. o I Inojs,. U S nmat er.1 al s I may be |
utilized in maki ng3?ﬁ€ fo5e F@FHFW‘“P#&"O@B °&‘ﬁ?‘if‘%é‘l’“°"ﬁ i"gﬂ’ic%m@}ﬁsa&e menory

al oy sold under th&ekﬂeﬂfltﬁﬂhelumdeurmmﬁng tBésaihrdemfonﬁs is healthy andmelt ot her
bi oconpati bl e, |npl ant al lduetm?h tals. Tl S W Prms 333366\d3é 11”Hnslfe,fs{3"0t uring the

bal | oon- expanda | e ST erorns ofa"?uﬁ'smpr eEERT ™ Prveent Ton ar pr Efer ably about
0. 012 inches 0. 3rrma¢hmvchgarfmtmnal inBefeeuwith thdwoximalenhefshdgrafhingherendned, it wil |

readily plastically def t : I othe

wi reform may be pl asti cgﬁ%gt%ebgﬂog 6%5 gdalb{‘):a"&/febg’&“?ﬁ cBid {ngﬁh I apsed :

position and the r &tiothet Yalloonpexnandeblpwisiforing 34,36, apd é&méhaQall arhgenmamef orms are,

therefore, not resijdfiin Qs diMorsubstantial extent, requiring themto be ’;

physi cal |y expanded into contact with the internal wall of the iliac artery
and downstream!?egs of ffhédléfé‘rb@ﬂ‘tfmﬁf‘%%ﬁablﬁ“afeg’ﬁ"éQtséFt’i‘?h?d tf’b‘}ecf@mFat her than

expandi ng by virtugmgtud fhe dmeﬁmrr@asmérlf@mﬁe otl?e?béﬂé@n baphidanle warkeandabl e
wi refornms which ar o‘g?é*oned al on aft n ar&d preferably

secured to the fabri¢? ‘l“gWﬁY"@r“?“& ﬁ'éaq\)ﬁ“F 5t hr ough t he
fabric material . TlaeachrtetHeS‘abvieaw@dxgﬁthdi magabnéhﬂ\ﬁcﬁﬁsthﬂhﬁammthdaat t he di stal
tip of the valley of eac refor end oug S !
posi tioned on the §1°f°s“|“?§ebl8 TR, ‘gslp & °ER ?ngtﬁ’rs qﬁe w’re?onﬂb 3 July,
2003 WO 001 76428 mebﬁdmmimmratﬁcdmismsdﬁmmblybodnndnt,a#dhycrestcﬁﬁfofgur| ng an
el ongat ed pi ece of t. n dideD £38E# gurati on.
Wth the wire so cgléw‘gﬁ‘lffgh&mp&&gﬁg%%%a %h%ﬁ\égﬁtt agh the fabric
structure until thélsmwwf@m@nﬁagsoar#em!dytlﬂ@énfqbﬂeatéuw%w&xw of the

fabric structure. Fh&vd&'b@ﬁvehﬁthé"&é’s%bﬁxﬁﬁﬁ‘aeﬁ&@ﬂtvhlkylsﬁ &nmgmm;xéy posi tioned
along the interior of the fabric tu smal | f wire

exposed to the out §f°&€°6fm‘?°r‘?€“°{'hﬁ’€°gff‘h'é° W‘?de‘PSPrﬁq“%s%f}‘é%‘g ef‘ e fabric |
t ube such t hat awhend dfekiWiin fe axwmrré&hlﬁrdemmdothé?amhmxﬂ exemedst pmesiyesof t he 3
fabric tube, thefree en tr,ud r,om t Fea ag Positions‘.

adj acent to each ot?‘f@’t‘am q%&?%BV“&%%?&“P’ ﬁ@pféyetdd? fccord%)“ce &t he 0 be
defined by the fre¢heprmentinvbmgioh.oose ends are prefer ably heI d together with

a crinping sleeve 178 p eeve to
secure the ends to each%(?) %ﬁ%ﬂ%%hé eEa%WgoéL{; %@%‘P%c{ﬁ &I&i
configuration of t heaidinkeémingthe E{rﬁlonmrfmltbhpreﬂemtmbmlm @Rﬂléﬂdl ng beyond

the ends of thessl Wﬁnﬂ%sb&a&& amqnawy f:drﬁa'iskmwfmermhnm%dﬁ&m segment.
15 As illustrated in Figure 2, the crinping sleeves extend outwardly al ongj

t he exter nal surfa@é‘e@F‘“@ﬁeBléR‘iS@ﬁ%‘Pbﬁe@F‘alf"(‘“&m}43?‘19‘“?'5‘6?‘&P‘P'5?3'§b%ed apart .
Preferably, t]be ]Elrhimflll@@le&ilﬁ‘%&t&&lhﬁ&héﬂﬂéﬁtﬁﬁﬁd@aﬁ&%?m giamsoflthe
extension graft face i irection us frac y engagi ng
with the wall of tﬁé"pﬁrg’r‘ﬁp “%Q‘é{ HE‘V“‘W? LPRHRTy bgnsf‘ﬁ’e’ht@r‘g' ?’ﬁ@ ext ensi on
into place. |n factwirefoledewilbnoti@ghgeaawatlraf ipilunipnaheewesortyto pasddeal | y hook
on the interior surface of the primary bifurcated graft, thus ensuring no

| ongi tudi nal novenment or separation of the extension graft fromthe primry
aortic graft. The crinping sleeves on the downstream portion 174 face |
upstream and may fractionally engage, but not penetrate, the wall of the }
vessel lumen within which the device is placed. The 25 crinping sl eeves act

as radi opaque markers, particularly for aiding in the placenent and '
positioning of the graft extensions.
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The mest proxinmal wrefonm 168 and the nost distal wireform 166 ‘are

!
positioned with respect to the upper and | ower edge of the fabric |ayer \
. sueh that approximtely one-third of the wi reform extends beyond the-
respective edge of ., 3 July 2003 WO 00/ 76423 PCT/ US99/ 28397 43 the ‘
fabric layer. In particular, the proximal-nost wireformis positioned to '
extend above the edge of the fabric |layer to prevent any portion of the
fabric layer fromoscillating, or "flappiif" in response to the flow of

bl ood past the edge of the graft. As an additional neasure to prevent such

fabric oscillation in,5 the.bl.ood stream t roximpl and distal..edges of
the fabric are confi g%ﬂf#‘%‘ara\%‘%‘ﬂfgxﬂ’%%‘&‘ﬁm?&%ﬁ%%n8@??@%‘6@%?%&“&3@“&5@ tﬁ
the valleys 152 of thgpRfpatldmht tR@stali veife®drmM0rRipasitidned AIHE the biGIdE betke Of t he
exi stence of any |oose fabric which could potentially be affected by the |
passing flow of bl oodfabtic $upiytearteraas thy oméﬂwgm-expa@daghq varsfoams are peimarily ;
enbodi nent of the pre 1 nyentd ons. .t OX}: - bal | opn- expangdabl e
wireformis prefer gbl13(%(?:(]’(;)dn1¥1 %%euér}tethe @Brl%gﬁgﬁge' 3\.’@% \gﬁgf?)rnmlﬁlt) g e>e<8 tﬁ@%afj@% ate
which is slsghtly | arfgeric dtfuatiret thatwieform deespot intepdreafitht Bieodf fifr theupiufae| ar

structure into which it is weaved. By confjguring the wireformto be
slightly larger than & Inaglition, it pangiopps insdvetently suagecdfron the insidp as modlar | bg
| 5 maintained in ac ' L OR: ansion of th
wi reform thereby redét}@lﬁ)tﬁgwtt%%é %grg%‘%‘?@H@%“F&E@h?gg‘#%gqmu ng or |
oscillating in response tdnhlditieh b ltlewalldunhepdndabiewefafnis. 30Akduss¢edabatd, the t he
proxi mal ball oon-expan%ﬁLe W refonnms on tlhe raft e tegtsi@n work in '
concert with the di st&#ft Sbeftheprpseptquysptionglsodpclydesa pmben el ssh-expanding grart to

hold the gypaft ext e”S%Raﬁrrﬁs@zgtﬁ&d%nﬁﬁﬂﬁ%ﬁ?ﬁg&g'Bf Y %ﬂ%}?ﬁcﬁn%@vi&&&gﬁ%@ ide

expanded slightly beyond the dianeter o istal selft expandable

wirefonns. This will netwally bidsed taiwandsiin exphrided xiplensialbhsshatiillustratedrin Rigirekert a
radially inward pressyre ai nst t he. balJ,0on-.expandabl e rtions.of the
graft extensions, chﬂ’SB‘f}?‘g’Fﬂéaﬁﬁ% Wﬁefpﬂ"és #rlp%?'tl?ed'ﬁagf: O?ﬁfgﬁegbc?éelﬂﬁfﬂ’ei(g%dt hemf
and 25 providing a tighhedonsifiRtion dfheballos-pttible Mdebre sy, afffouptepr esent
invention) the wireforns are positioned a&l%eacent one anot her and are spaced

apart from each ot hermehehofmanufacigingmagd Frel D% BRGHLO ¥ vdrerie prefored. twithiaic h
other in ei{her a radj I ate. Thus) for exanple,
t he vall eyg5t of one w irle ﬂéy?nie%%“ﬁgeg%@é%&%@gﬁsg&z‘%s WO 001 76423

PCT/ US99/ 28397 44 pr oxi mal Axifludtdated @r Bigtrs 1 gthe telfeexpadingadieforani?2 smplefed im
Preferably, the wirefporns are also aligned "in phase," . with aks, al ong |
one 1ongi €l nal 1 1 ndbeien 40P ResepLPnedlen e b g ifearobfgtaton 7
l'ongi tudinal line, thaim yoopywaﬁaeﬁm%tm ahi1PalRPS . Phdther MhOfntepH&Hidt@P Of |

adj acent wirefornms. (Wiile there may be sone 5 overlapping of the tail |
segments with an adj #ediens ¥ e nehstrpighicbu iave anh8" shape alengdheinlengtext end on t he
outside of ,the fabric |ay ] adi ' i ; baridy on
t he insi dez(%f the fabric F@f%@?%ﬁﬁ%ﬁ?hﬁ%@éﬁ%ﬂg%?éogx\s/ﬁeﬂrckegé)grv%b@h{i nOiactidj acent
wi ref orm does not posgorkedBICHLOM wird laviagdidianeter oyt faabintabdua 0.0 thineirx pandabl e
w refornms are not connected o to one another. This coupled wth the ,
i n- phase confi gurati oft3@m @ wwpplewmgn%&xlwﬂa‘@kfomé%smhqSttlgﬁtquarﬁénaortiIc
graft w thout permttg: I ' (WAL T aTa RNV a) | | !
i nportance in the of tFé %g&tlﬁgﬁgb{ggﬂﬁﬂyt@?b?ﬁgla %@moﬁ?lgkgp{gﬁgg%@ﬁhgc \
arteries. An inportantestséffitand eallefs T2hef teavieefsino T wyrsedondarp ping Barp pesitioned !
|

invention is t 5 the spacing,distance between adjacent wireforns. |t 6 has
been i Scodr ed i n acUET ARh PR 80 106 Qe e e optiind Exrdiebmiasb i
invention that optimgghhqn iHeeniSkRAlaRGesbs AR RRIMEEN the wireforms

i nproves the bal ance between kink resistance and flexibility in the graft

ext ensi ons. Too nuch spaceThgrwirefarmss thumpasitignedaboutdhe entirel circurhferesqeand the I
detracts fromflexibilit These ,are | rtapnt 20 features, . n the often

tortuous path of the éomi%%qg%ﬂd@?a&h%&g@d’ﬂ JAYMPYIESIOEYY \ﬁhllﬁ(ppgﬁor{eggx graft :
extensions are to be glde@shping configuration. With the wireform thus configured on the form i



Figure 2A) for exanple, illustrates in cross-section balpgggjg§gandable
wrefornms 176. Preferably the length "L" or separation distance between
adjacent wireforns is measured fromthe cl osest point on each nei.ghboring
25 wire. For exanple) in Figure 2A, L is the distance between crest 150 and
valley i 152. Further, the graft extensions have a dianeter "D' which
varies according to the differently sized extensions. In one enbodi nent the
l ength L between adjacent wireforms is ppeferably less than 2D. In a :
preferred 3 July 2003 WO 00l 76423 PCTI US99128397 45 enbodi nent the | ength

L between adj acen ireforns w]l be less than D. In anqther preferred
enbodi ment t he |efﬁ$3mae B\@M@%a@f%}eﬁﬁ Rlced b AAoERINasE th abell SUihdesrase

greater than zero,,..I: f pr.e r g, i e
Pho di ameter of ¢ RE Grde B 3ok s Ehimht 20 BROAL Ty Bhe cal MG BRRER. ©f
di stance between ejaadimptwiréfomh G2nthetwindfotrasvib davelbpamiethoryhwrespainbte

during use is 2.4 to 2.5 mm ,Further), as discussed ahove, the interface
bet ween the upst r BRrahaBe iR gvhich it igmopitien oBrike dermgyr Hhys, ShegWingEoraomayt beam

leg of sthe aorti Cegbal id%fo‘?ﬁﬁﬁ?s’uﬁﬂ'ah’b?}@@%Qggﬁgs%@e%?&oﬁﬂ%rdomﬁ ream

| egs and the upstream extensi ons have nsion at their i
interface, regar dhtrslamifal tifsertitingimst @patizht, ahé, wosn @leakaly svill hesilantlyrgtsn tnd |

the diameters of the ili, teries. bel ow the aneurysm F. Directional |
Cat het er- The pr _estéﬁtsm}pﬁ\}gﬁﬁq_a‘éﬂmfgﬁ?h@?_t‘ieﬁ%‘ﬁ?g_es a directional catheter. _Tge
structure of this cathgfeh alt@matPs hidfiodadok )éoﬁtﬁleﬁﬂggmdpf-é&@aﬁ&iélg@a?&onﬂ@h h

e

was 15 previously incorporated by reference herejnabove. Specifrically, t
directional cat helZpf i ptesendtinvengionde dpme campeisingt o flah suréasat (nat Hivstrated) eg

of the bifurcated aft.tq allow plLacenent of .a coptral ateral extensi
orait Pnto the bi YiPchubla? it YoRARSEIFR Y 38 SRR AhF BroClbRORLIEe
cat heter 220 may Wirefohmethe@nd® olf\thé aliesfont emhp tei gitdohed, thEhebydioraiig ahal |
catheter includes a deflecting spring portion 222, (illustrated )
|
I
|

substantial |y def Wiretoss) intocis sybndricak copfigyrationg agqogeing it ank of thesejuethpds,
Connector nut 2263ds 'Péd)é(q?@@d such that the directional catheter can be
operatively connect ela W th the sheath assenbly. G Extension Gaft

Depl oynent 2s The pr ocAdthessetfesxpanding wirefornisaesiliemrysnove bativeen thielrl now be

described. Wth reference to Figures 13A and.13B) the sheath 134 stiffened
by & P ator (not CSRRBRRY e Confpite e Bions sty empline B Bessh pprtpips e
distal tip 138 i srek@ifiag QfireToih Yodp BidEh XoRbsgoh@ingedtniitessil ABullBon Teinner |
| ocation of the distal tip 138 is again facilitated by fluoro-visualization

of the marker 139%attion of thgwirefans loop Thusy theqpias B 83MEke fanpdf argssrected o 7|

| oh 0 _ |
il ator s tnen pedERflus sERIR B postitngtb oot ool B A% BodP el "
directional cat hebetow2Ryiellvpointast the sdrel It haobesn fohad that fethe prefétfedand :
within the sheath 134 to project. a short distance fromthe distgl tip 138
(Fi gur® 138) | 5 WoReodmerat dheiel xramng MR 2 S B g 1 &bt 50
i nserted over theyfanhd { 6O rO8taM issiocrrhed St fepred. ,
exanpl e, through%%ﬁ{éétfgflag%&w?gm%ﬁgrter'y E1§i%uand Jtrﬁe rlﬁllgiﬁt gﬁ)ﬁﬁrgn iliac
artery 102 in the pres®he selfisgpariding miref@msi 32 ase ndvantagepeslylicoafiguredsuch |
catheter 220 oper&)ta'{ ¥hee| Hhtctme %(t"et ?e%ién% ‘}IP Sf the wireforms are in an "S" shape. As the

wirefonn moves between its expanded and contracted positions, the elastic a

25 deformation which occurs to accommodate such movement is spread
substantially evenly throughout the entire length of the wireform.
Consequently, the entire length of the wireform acts as a spring to help restore

the wireform to its original configuration after radial compression. Thus, the

elastic deformation is not concentrated solely in the lodps' defining the crests




sheat h" assenbly 132. The spring portion 222 of the directiona Jtaedk er 22
is o positioned such that it is above the septal region 28 of the aortic
. graf't 10. Proper positioning of the spring portion to the contralateral |
side is adj wiedefy rotating or advancing forwards or backpgidsdsi® whole !
directional catheter 220 while under fluoro-visualization. The spring
portion 222 is deflected by pulling knob 224 in the direction of the arrow
in Figure 13A. Figure 13B illustrates the ,15 deflected spring portion 222 .
positioned within the contralateral |leg 14. A supplenmental guidewire 228 is
t hen advanced through the directional catheter 220 and out the deflected ’
spring portion 222 W@V@%Y@fdlemnnmgtls@mabadnrhﬁcﬁjyahelhte@eﬁﬂtea@n&ﬁrOugh thei
| eft comon iliac amiqk ui.dewire.228 is extended |
until it isin the | ftdﬁ?ées?r}ger aﬁmlwm@@%@w@ ik }A@ﬁ“’t‘“’ﬁe‘h“t‘ﬁ@ | eft |
fenoral artery is &P %"‘éek‘ﬁl“ﬁﬂﬁéﬂwﬁ’mlelctbu'toulﬂl@aﬂeplastpdabmmmmdammm sion is
perforned to retri Qh(ﬁmi%n&%bﬂ%ﬁ‘d?i@ﬂﬁg”&s],gwdggw re. If the guidew re has not
been gui ded fuI y al ong ‘Fl“t fenpral artery a snare or simlar device can be
i ntroduced thr ough the Vel the ssifsxpanding wiseforms 32 dorapd acherdiggtoctmmipf the and dr aw

it back to the punaietiods Mcﬂbéwabsv@meﬁmaﬁefaaﬁchéd%&)ruieetmﬂcmb%ﬁ:s?&% g I N |
Fi gure 13C, oncet% gpr gng{ggmgtlégwhre 228 is In placetﬂrou h the ’
left common iliac aFPePy" 104 ATRMERT Pishis o ﬁé‘?ani‘:‘a%WE?fé’F“SQ%GFHf%fefaHWanced |
di st ?I 'y through fj he:ompﬁshed:h;ttgdg the adedts mnamﬁiwymno%em%ak?llﬁsﬁ'?éa\éﬁ the i
renal arteries 10 T, rtion 222 r ins deflected to !
present a curvili n(la:ag]lgaﬁ1 SI%IQ resegtli I’%%I rﬁ)gtﬁafmcgcréﬁfﬂ‘g‘%ﬁﬁr'ﬁfqeﬂé‘ f¥8abl es
advancement of 1% he Sepa@*ﬂ@ﬁﬁ?ﬂt@@l@@ld\m 10ZeKEE She. lodp@Efididg RO fed 3D clestt 47 |
directional cathetgfvafigd W thout risk of the distal end of the spring
portion 222 snagging on_the openings to the renal arteries 106, 108. The |
directional catheter 22611?@Fﬁﬂ‘mdlmwtrmmsQésnetdﬁmed\tmhheamh:atnalubul ar graft |
extension 170 is atipasde diainbtet iBc fere guidew re
228a is then excha pgd wi.th the gﬂﬁ;ﬂfgﬁ@e@r{gﬁﬁ%{mﬁ dﬂevm Péh fglrt'ﬁn(’f
conventional metho gfag”@?feé}??éiafeﬁ?bﬁﬂ?ﬁuﬁ?é It@fwesF!}tb’@tefmedéla‘,ﬂth and within

the contral at etfal Wigforbedboit2® rﬁ\ﬁldrgeﬁmgﬁaﬁeter tha¥$ thb Et’ob&%&&ﬁﬁ Sﬂfaﬁrﬁ tglhgi” eSf 14A
e help of a

and 14B, a second ern enb ntro uced

dil at or 240 over tlﬁ’ﬂitcﬁﬁgsfagm ﬁ‘?f}%&ﬁ P@?% °WH° Wéwﬁlhﬂ‘ﬁ]é?r ehtiue digrmesery
descri bed for the ﬂlPﬁﬂjf-exvntdmmbmmsﬁlﬁnlMlyleiﬁhnd&tlﬁxaﬁataﬁxtﬁBﬂal%cor 240 is
renoved | eaving a ROSLLL on.. h.itg distal  tip 272 !
adj acent the graftﬁégﬁﬁg%@pggﬁg}ﬁagg a| ansmwo#r}’ggitifﬂﬂ‘ahg’ REPIE74 on t he|
distal tip 272 al i Gpidhefabrie Sﬁmrs@pﬁluﬁgtheghﬁmlwmhdfulIVwmadl opaque narkers
84, 85 (Figurezl). Flﬂﬁleﬁﬁl@Blsh&eﬁleﬂiﬁﬁbﬁ%foﬂnéﬁgﬁg%q%ﬁ* ﬂ%%ﬁr gssenbly, on

which is 15 packaged t he tubul ar graft extension en i nt roduced i
through the sheat h*82nst s balloggrexppadablsngyriony of the mafiantentions engaped ar t o t hat

descri bed above) ptheieish, hmmtbububmedﬂﬁﬁér&d&ﬁii&[b%d»%rls%gct?dtﬁé ally within the
sheat h 270. Again cedure or advancing a graft upstreamwth °

, R
respect to the aneclljl%c)l/'ssfﬂnfi a‘fﬁﬂ’le?té’fﬁﬁﬁ’?é&’“WSPﬁf n the sheath 270 i s necessary
to avoid difficulties a%andeagﬂﬁgmﬁrhet&m dlnﬁxpdaﬁﬁlb@&c@gﬂxzbdﬂ@t%ﬂ arly shaped |

obj ect agai nst,.th i S esp i al nificant given that the|
trunk portion 12 ﬁ‘glgéf g‘r'lﬂé(%c%br? ded *PRES dﬁt’%’f{f{! wtgﬁh‘i‘ﬁ'é‘“&ﬁﬂ'éﬁ nal aorta |

100, and thus the "@ﬁ’l!’feﬁ%dM@MtatdOtﬁwdudaddmgheﬂdn&s@bﬁlpmtmakpaﬂ&ﬂla continues |
through the graft tRgorkdvireddm Lal pont 286 of | the
§Sor-awire \Jﬂkﬁlkﬁﬁé%ﬁﬁémo&dqgt;& I ﬁggc(ltﬁ

inflation balloon extends fromt 270. 25 Once
the tubul ar graft Bl A@idismeteyepnirajatpry] leg bﬂc@lpSﬂma@@dértuewmfomd\uma sheath .

270 is withdrawn (iasialseRmiedihed maaerz{&e\%e?e¥§fdbﬂutﬁ'59%r? %ﬁlhekﬂreﬁnﬁos' tion

within the left common iliac artery 104. After displacing the second
i ntroducer sheath 270, the pusher body is retracted slightly to release th
proxi mal end of the graft extension 170. Figure 15B illustrates the

conpressed bal | oon 3 July 2003 WO 00l 76423 PCTNS99/ 28397 48 | expandabl e

tubul ar graft extension 170 in proper position for expansion and |

|
I




| | | o 3 July 2003 |
rnplantation. As illustrated in Figure 1 SC, the balloon on“the second

catheter assenbly is then inflated forcing the upstream portion of the }
graft extension 170 5 into contact with the inner surface of the: ;
contralateral |eg 14, and downstream portion of the graft extension into
contact with the inner surface of the left common iliac artery 104. As with
the inflation balloon 194 for the trunk portion 12 the inflation balloon
for the tubular graft extension 170 is29irst deflated and then stretched to
remove it fromw thin graft w thout snagging. o After the tubular graft

extension | 70 on I rec |onal‘
catheter 220 in tIﬁQ%F I r{s%th{aﬁk% tro% gécstsa%d és‘lﬁl Jﬁtﬁgeq%ﬁ&f %ﬁgﬁﬁﬁa&%ﬁﬂmﬁ {t ]
however, the spriwill expaid O EdRetes ofiboat oNs entd—tstighfllahgithaahe {3 @tn ‘
(Figure 15C) to enable the catheter 220 to be retracted within the sheath

134. 15 As seen ifabm kymiea previgledatithg leg, asdepisekr assenbly on which is

b7 mary gui dewire | 20 IRAACRIBTERCT REtEopm Aty WERLiEN A2 PRAOHAE e

primary guidewire |28 7an roug |
di stal send 296 of sephign repfido8 efltﬂaagrmammfo@mem&us hetgld maidtaianhé bptghiast al |

tip 138. Again, a radiopague marker on the dis nd of the_ ball

catheter is used FBI%&@%? graft opsn.ag Slaod Howg t&'FPutgﬁéh"rr&ﬁaﬂan tilﬁig’réﬁ%“ieﬁe l
distal tip 138, & 6

graft septum region gtléiﬁ%% rsftﬁ%l)réflrfoghces % eat h 1?'4%1?@{3@5%@ tpar gerl
t han the second st(éainhdizmoﬁmeadﬁieentﬂaalleorsemdddhhwmafm:mg@ of the baI | oon
wrapped. For exampie.  ARIHAGH DYigHe okiche sundoR PaRiie safie st sa
may bqgl9 French, yhddag sl &Qﬁhdiﬂ%eaﬁﬁiﬂ vafefbie 9egRNeoiRAMMNcriABingY be

16 French. As a result there I's so accept abl e cl earance between assag
s

of the third cat hgeeves aSgséﬁbTbesarcdlmmbgHprV@rmtofem eufst diamerey suchdhaton a

(1 ST T2 Ol 58 IR g ot R e <

00l 76423 PCT/ U899ﬂ&8@ﬁreﬁéireal énidifént@Tahe timpd 84, S5 itlup@dtedin Piguenl,tdne
contral ateral side, and as illustrated in Fi aure 16B, first the sheath 134

and then the pusheftendigetesof a'slﬁ@ﬁXnQ)O%rlé"l?/ﬁst Jrmnisetisipetary gnd presentlyase ,
the tuylul ar graft i t t H&AY i e the
i psil gt eral |eg 18&&%&&?6'?%0#?% gra t %tthésg Sqrénﬂg%vxﬂst re:dr?e&iserlllz ?rgﬁ%dt hi n|
the right common bfieraticr oftthy adR. grmendaomfanmtlonajf Itasolocation off the septumo |
force the upstreamend of .t raft e enS| i nto_ cont th the !
i nner surface of ™ ?bé{g’g}“gql qortg. ﬁ aﬂ‘é°9 ate{aﬂge%mct |
forces the dOW”StWﬂifﬁﬂﬂi&ilptsﬂz&eﬁ[ﬁﬁtIGGMEﬁy%lﬂ&nm&h%sW%ﬁ witht o

the inner surface of the right common iliac artery 102 he fi nal ex anded
position of the tubul aFagh af theeselfeprpanding Mirefpuns 32 is pesitipned exteripply gurel
16C il jjustrates aggr N r th
t he flil’ st tubul ar ﬂ%‘r cg‘i’tﬁie#é?%n f%gegi(e?éﬁda‘i@mg Uhérr&%m%&lﬂ%lroé@mﬁ?w As |
was described w tImﬂmsngraftp ahd qpreveenfiag hbmmﬁoﬂhmrfrmn]ﬂ&g dmadivariertly n

ends 15 which are sec si,de the e nsion wall 175 w 178.
The crinps 178 ass%ar% th%tm%ﬂ‘f %W&‘&ﬂn‘?‘%‘ﬂ%"%ﬁl arf?’@“&%“‘ifﬁ r% © angl

and provide addi t hgRg] Jffufet'b@faréa@ed %ﬂ&epldmm?n&henm@a%ﬁmw er”FfaT@

artery 104. Advantageously, the crinps 178 are nof sharp and do not
penetrate the vesselensiahs to mtlwlaltetralslogd4pmdops1btetraldpaﬂ6s(exnlmecbhdpwb fie

of CheX ubul ar g SHIGERLheRE 8 Wil rsiioadR cpahe R PoBoM oRdit {or y

104. Subsequent|y)¥atrftgegnfl ation balloon is def | ated and then stretched
before renoving it al oglglvmth the third catheter assenbly fromw thin the

graft extension 170’ el rgl‘@ﬂaelérriﬁooﬁunbm eonfigheedp vadte nlaterallje nextending he
upstream portions _of ~either of t Laft xtens n 7 /70" .may
slightly over-si ze%r“'f %‘?&Hﬁ”&‘&s ﬁésl’]o?? Ppo%ghqﬁ é g‘%ﬂeﬁ? ?(ﬁgre
downst ream porti 0@Sef@;fabryhﬁadee@fnﬁssdxﬂ@b&emattéri@h@flﬁlm@éfom rﬂhetvﬁfe@bola@es 14,
16. In particular, the over-expansi on of the ball oon-expandabl e w reforns

sl i ght3y beyond t pesitiver-omeachrleg fd, 16 and-extend generally fropue yalleydZ on WO
00/ 76423 PCT/ US99128397 50

D




expandabl e wireforns causes the distal self expandable w ref Sry 03 he
contralateral or ipsilateral legs to exert a radially inward force agai nst
. the 'bal | oon- expandabl e portions of the graft extension. This resistance
serves to iywggheNs the frictional engagenent between thepgpgsdopbsber al
downstreamleg i 5 and the graft extension. Furthernore, the respective

w refornms and associated crinps tend to hook together to nore securely
couple the graft extensions |70, 170" to the respective contral ateral or
ipsilateral legs 14, 16. In an alternate enbodi ment, colloquially known as
the "kissing" i t echni que) both the ipsilateral and contral ateral ball oon
cat heters coul d r ewistfam 42110 ajcorrgspondiog chest 7610n 3 Rydeetive ahd cifmmfonhsmh | eg

ext ensi ons 170, 17 I | | oon for

t he i psal ateral gldé?t gﬁgpgn}téf%ﬁgﬁrg%h?’]ﬂntop m\/\ﬂ“flgs aewsedc0 taﬁcat het er
bal | oon remai ns w ?ahﬂﬁsmh@fedémwsemdﬂrwmer#Segewxqf@msﬁbmakm@arelthat the her wor ds,
while the third cawnseb@aoepadt dag,mdan@ﬁ;}ess@%&@%ms%@@?%a&ﬂgter bal | oon

remains in place in the contral ateral ensi on and is preferabl y|
i ~ 5 deflated Yo %ﬂ?ﬁ?f@‘ﬂtenﬁo*}"es@&ﬁ@s Ehgdegs sf thovirefermeframnfolilingror becligd by a

vacuum The | third cat mmsemobeigimmWﬁe@uﬁ@e%%swvﬂé‘é\bmﬁﬂo peglhd €t ched
and renoved, foll owed %Z q‘B’Ll atio . iﬂpretchl ng renoval of the second
¥ g |

cat heter bal | oon. agsjggin Pt ‘efé‘I‘frﬁ"EiW”cﬁmﬁsl’féth’ﬁd?gé 1 omon
sequential contral atdelsal -i psal ateral extension inplantation technique is up
to the preference of thﬁ su %th tZoAAn 11ﬁmgl ogr aphi ¢ exam nation may take -
place to determne if the S8 3éct|y pl aced and functi oni ng. The
second sheat h H¥ssefis ryauamﬂleteh@smhl)flsutymedite\pialceme aortic graft Bederibedatang t he '
contral ateral incigj;aisQ t r The. fi i ntroducer
sheath assenbly is thelrsl‘ ﬁﬁh%&a%ﬁa&eg ?ﬁttﬁéd%%f'*dfoé%rmﬁnﬁa{}fgﬁe%l on is
sutured. The resul‘Essqnﬁ’haasf‘ﬂ%bﬂ%bﬁbmmeﬂbypm‘f\nlmm@gxemgasmb% aneurysm
as illustrated in Edeﬁlu'fn@he%@tweﬂ?%e%&@Jn%'vﬁﬂm{@ﬁes@ﬁbeﬁ?1{Jo Rlaphsusi ng a !
et

general anaesthetic) an | dur al “anaest In suitabl e cases, using

only a | ocal anaes?”rﬁ"é‘ff‘Ephcqif?éSﬁ‘i“’é%@rﬂ”’“%@rﬂ‘?‘tﬂ?ﬁ?ﬂ‘?‘“ﬂleriﬁ%h ed in other
specific fornsia tfreubusly iftRdfated Rerein b E’Bfér&n‘ée ﬁd@élﬁdbeve(lﬂ)e 556 Ap l'i(ﬁ!l n
characteristics. The deigrbbgﬁggggq ge ]s E‘%é 2003 76423 !
PCTI US99/ 28397 51 are t 0 y8% a1 %?PF”P%%’@ §P6?H‘S$P!§§°n?°m ustrative
and not restricti vef.théiiwn extiepeassémtiy s snaheth imain chtfietertalieinblly Gy sized | Ndi cat ed b|y

the appended cl ai ﬁBﬂ%mtﬂ?%ap&eEnrt‘r%dlfcé’rrsﬁe%%'1'39 description. All changes |
whi ch come within e neani ng of equi'val ency of the clainms are tp

be enbraced withi n t hei Thesx!:lope <=0®p0ne$s Gﬁ;hym@@@@xe&z assembly 180 may be
20 observed by reference to Figures 4 and 6. The catheter assembly of the present

.-

invention comprises a rigid loader 200 which is used to facilitate the operative
coupling of the catheter assembly to the introducer assembly during use of the
present endovascular delivery system, as will be described in more detail with
reference to Figures 9B and 9C. The loader comprises an elongate tube 202
25 including a lumen, a proximal end, and a distal end which is defined bya

reduced diameter distal section. An internally threaded connector nut 204 is
attached to the distal portion of the elongate tube.

The catheter assembly is cooperatively engaged and secured to the head i

of the introducer sheath assembly by initially inserting the distal section of the




CLAIMS: 1. An intralum nal prosthesis conprising; a trouser SrJg*ytzorqgvi ng 4
trunk and two | egs diverging in a dowmnstreamdirection fromthe trunk at a
. septumregion, the graft being formed of a graft body having an i external
surface andyghrgiser nal surface; at |east one bal | oon- expaTadmsed/ 3w r ef orm’
connected to the graft body at the trunk; at |east one self expanding

w reformconnected to the graft body at the septumregion; at |east one
sel f expandi ng wi reform connected to the ggraft body in each of the two
legs. 2. The prosthesis of Gaim1l, wherein there are at |east two

bal | oon- expandabl e wireforns connected to the graft body at the trunk, on
of the bal | oon exgaigiBodhe valvahead pbtheshessh pssembli sybsqanens i thsaempyehef t o t he

graft body. 3. ThenpdiRet Residerdithinl RighebA illtsihibSihsekddn bBME Rdinathétkrul ar
ext ensi on connect ed to a downstream end of each of the two | egs. 4. The

prost hesis of O ai3ifeqP y\/W@rﬁ}?l"ﬁl"PPFédPUB%‘fhé?th é&%%.lﬁwgp@ae#rwn f ude
bal | oonexpandabl e Matﬂeécaﬁmmdad&rmowm&m% the thrdagedtomsior BArend of the

I h t f dj h | ts |
adial 1y mward T QPEENSIetHaO B s RER DML ERoP oY BN Pho agsoc alod

t ubul ar ext ensi on. ex&mal@mthreadierdq:lrdxhha*nad)mqnmfsltehlasadsd ccﬁiﬂtwmi'll-ﬁ‘i Rigure7R r ouser n%
graft hawngatru S erqging.li wn ction fro
the trunk at a Sepph(strgtes the connec?q?lnut%'()x F({ng Cct to {11&? valveangadS #3r6 o?H\]ecsjl? ?t%bo dy havi ng
an external surf acassembly m i nter naI surface and a self expand| ng wireform
connected to the graft ﬁﬁq(yad&tan& Eb?re%%rq rlnf_ Ee% rtxon ol?’thg Uzll\ye h%Qcpﬁe 53 6. The
prosthesis of claimb, ereint expan wireformis connected to
the external sWrf aueferably favmedyfaigid maseripl suth at'!he lqafﬁ‘@' witl seat praxsetly withie | ai m 5,

wherein the self expaRethdih awoﬂfo@ﬁ,gm@e%e@d mﬁm&aﬁggr maxlﬁeﬂ théredfached f
thereto. 8. The prosthesis of claim?7, wherein the rad |opaque mar ker poi ntis

to the | ocation atTHH@SEEsHIPH Posiprips e aseisty aEthe I9ader ensidheyyalyghend | 9. The |
prost hesis of clai lmaﬁqew\/e@ﬁeth& Flfthehifidré, iRaBRBICHE 10ddEad be posidively he sept um

I o T R G T
radi opaque mnarker qf@henntmdu@r tsaemntily alaé facifitatet artdeaigaipd proper egistgnamther e the two
| egs diverge. 11. pPaqﬁg‘ﬂﬁémq§Ad§1{9‘t‘“‘%'tgh‘mﬂé'9‘3mmgeﬁ" there are two crinps

each having radio erel oth ef the markers
point to the | ocation aFhe catheter assembly of the present invention further includes a

proximal connector assembly 206 (Figures 4 and 6). The proximal connector
assembly includes a pusher connector 182, which is preferably a Y-connector.
20  The proximal connector assembly 206 further includes a tubular body 210
having a lumen extending longitudinally therethrough that is ultimately in fluid
communication with the interior of the balloon 194. A tubular side arm 214,
which communicates with the lumen of the tubular body, is connected to the
tubular body and extends angularly therefrom. A stopcock 218 on the end of !
25  the tubular side arm 214 permits valving of the balloon inflation lumen. The
proximal connector additionally comprises a Y-connector 208 and a contrast
connector 212,
The main catheter assembly 180 further comprises an elongate, tubular

pusher body 184. The pusher body 184 includes a distal end 186, a proximal



the septumregi on where the two | egs diverge. 12. The prost hgleu:l:,y 2oqmcl aim;
5, further including a self expanding wireform provided in each of the |egs
. of ‘the trouser graft. 13. The prosthesis of claim112, further including a

| ateral reiwioowgenent wire | coupled to at |east-one of theT/U8g281¢t ween
the self expanding wireformin the i one leg and the self expandi ng
wireformat the septumregion. 14. The prosthesis of claim 13, wherein the
| ateral reinforcenment wire is attached tosthe exterior of the graft body. !
15. The prosthesis of claim 13, wherein the self expanding wireforns in thI[e

| egs and at the septumregion region each have alternating peaks and
val | eys around t heiepd ]rsés‘ﬁg@tl‘i‘% cgtepdingiengitedivally, theggepugh dhe pieridigmetent er al

rei nforcement W r e ogb @bsectioh sl'i%!'l't]y Excgethﬂlbt&’ofa@%éindgﬂoflﬂﬁﬁ)\fi%@{boa{.\ém | elyf on
ptum regi on_and a peak on e se

the sel f expandi ngr#yi ref,or{n ﬁt t he see
expandi ng wi ref 0" r i"f ArOXiA@! (A 434 i gperativaly conpected tg the pyshericanngqtorcBZ i 5.
wher ei n one of t he wh&falohg withihg piishéribady, WhiEexpél fiRload@lhortik frafthb Rayipst hesi s of

claimb5, further including. | yral i, f Dball oon-ex dabl.e wi reforns

o ovided i1t he t r ARt Sorih e Geped SR GHIRRER i afpet
conprising: a graf to theprgfelredmethodoof theprekenaindentiowo | egs di verging in a
downstream direction fr h r.eql.on,. t.he ft body

bei ng defined by an antglrmle%‘Fﬁscls‘té%é}gﬁsg&ggBitggérgﬁtrlsgin?g ﬂértehﬁﬁ?og‘{pggfsby a pl ane
ext endi ng gener al | yn tlhngategathetprevithragaixial e conetructione g illugmated in Kigptes al i ty of
radi opaque markers t}l}re%‘ﬁkﬂ@%aﬂgllMbe%&h&&%orﬁﬁ?sﬁ{hﬁ gﬂ’?%ﬂ dutdr bk §6 Eelg ah N€

posterior side to facilrtate orientation o ouser graft during
i npl antation. 19. Ttieasateianes ybe 432, fThe pyter cpthgtendafines ylistalend aprrxingl endye |

radi opaque narker s apohdlbw mlﬁbnteiatendi@qatfgir@dinawﬂ{ekﬁu&mfm Radyupshere the two
| egs diverge. 20. The troyser graft of claim19, further including a |

wi ref or m connect ed STallef Higtiggneter fhap thg gutgrtubeigad extands opghiymen thereots §i opaque

gar ker pgi nting tO”I‘gEIBmérQﬂ&deMS Qﬂifstﬁlfbﬁd,grpﬁfxtmalﬁaﬁ}/aﬁdﬁhelﬂcﬁv Iﬁlﬁ@l‘; émginglgs -

i verge being provide n.the wr m. 21. The, trouser. graft of. claim 20,

wherein the wiref o}?ﬁgﬂ%douﬁpﬁg\eﬁé\{lﬁwelﬁag‘ﬁ"55?%@?%%5‘%% ?xzeé'«s:\’blgfhs‘tah%mﬁir aft body.

, 22. The troudéer getaétableproximailymelbye tothepetertutene of the legs is |onger than

the other leg. 23. The t i . i jng a self:
1B cobe dncli T BleFlorizcn W) AL

expanding wireformi provi or Ior o DOﬁ{u proxi mat e |
to the free ends Opatbgmba]éqontlweluugtgge_d in its inflated configuration in Figure 6. This

inflatable balloon serves to expand the balloon-expandable reinforcement wires

of the aortic graft. When fully inflated, the balloon of the catheter assembly has

20  a generally uniform, cylindrical configuration.

The balloon includes a distal end which is attached to a tubular sleeve
portion 196 of the inner tube 192, and a proximal end which is attached to the |
outer tube 190. In turn, the extension of the inner tube distally relative to the !
outer tube facilitates the longitudinal stretching of the balloon. The catheter |

25 also includes a spacer clip 198 which allows the balloon to be extended or |
lengthened after deflation thereof to facilitate withdrawal of the balloon and
catheter from the expanded aortic graft. The inner tube is initially oriented in a
first retracted position relative to the outer tube. The balloon is inflated only

when the inner tube is in its retracted orientation,
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3 July 2003 55 24. An intralum nal prosthesis conprising: a ?r"Ul.YsQé)iO?’graft :
having a trunk which is circular in cross-section and has an external
. surface+rand an internal surface, the trunk conprising a first trunk
di aneter at an Pstream end conformable to the dianeter of the vessel to |
which it wi MO0 t ached and a second trunk di aneter at SCUBRRE¥PTam end |
which is different fromthe first trunk dianeter; tw trunk | egs divergin
in a downstreamdirection fromthe trunk at a septumregi on, each | eg ﬂ
having a trunk |l eg diameter; at |east one3®xpandable wireformj oined to ‘
and extendi ng around the external surface of the trunk adjacent to the

t i on; d t ble t
downstream end of one. of Hope R R BE bABRL ABeterPRMEER | F 1%y ng a
t ubul ar ext ensi on Uithnelﬂyhydhﬂammaecmntmﬁéleummbdoesg\edatmt er to provide
2 jconsi stent | nt et (i bRtk hle wdtor, T ity Bl REQSHAGA] © of claim

24 wherein the first tru I anet er reate the second trunk
di ameter and the tfrelnktsﬁ&péqtrsctmometnwtﬂheecwmwe@dmam@ndahmmmm ends. 26

The intral um naj pmﬁéaﬁémeﬁfom%?euqetagm\gmg{@neemﬁeé}sorsﬁsntorsaa&ﬂe amet er Is
| ess than the second trunk_ _diamnet the trunk tapers between the

upst ream and downsP3legis &sifiated by tightlyerasping the ballogn pnd cppeastraanestosof ¢ aj m 24
wherein the tubul ame@mmbdaﬂecehradwﬁw ah&suwaﬁehﬁﬁf;us&hgmewﬁ@rm t hroughout
its length. i 28. The mtrabum n% %ﬂHSt hesi s of_, Clﬁ)@m 24 where%}n t he

tubul ar ext ensi on FEReckordispally towgy thepalloancannestar, Siice (e pupr he ISHEW S ¢ r eam end
whi ch is confor rrabhtmcheﬂtds thebalromnéonh@g)r ﬁhdalmhmt\ﬂ)e)xsprgtﬂw atkechad moml st ent ;

i nterface ther th b ext i_amet er downst r eam
end v oh 1 o cint obBR spRTE R b e B B S Bl O e
attached. 3 Jul ythztbﬂB)oa@ox@@‘«tormultsnnaslidaaﬁmwanpmtﬁelmlmecmhq)r| sing: a |
trouser graft havi B&ta fHA & hé eam -
direction fromthe tr%m& at ﬁg@@iﬁ%ﬁﬂAﬁggﬁigg'ﬂm&h gmo (@2@@@? Epstream
fromthe trunk at Hesspsedmortionp eshmtbhrevegtS|thxcanwcemwg@tﬁr@abﬁmgr om an

aortic bifurcati onmoldaguistail9 wakd 186 BllibortShietof. CW'fx"fﬁcihé:’sfpac@r @ipddihipody havi ng
an external surface and an_ internal surface and nprising one or nore

bal | oon- expandabl e RiFatEs Besition Gpardie sheathy the hallopp %g%‘rbe&“&*‘ldmﬁ]l}f posi ti oned

primarily on the i stefhedbin ﬂ&uméaﬁ&tﬂj‘e id preveptedifrbm RRding fbm ith Grst, Fetrddtedat 1t S |

upstream end and at tsatlon(%l its secogd ather?dce)d positlo%.ngnce the spacer clip is detached from |

the sheath, the balloon and contrast connectors are no longer maintained in
spaced relation to each other so that the contrast connector can be pushed
20 distally toward the balloon connector, thereby facilitating the distal
advancement of the inner tube to its extended position and the resultant
stretching of the deflated balloon.
The downstream end of the graft ipsilateral leg is trapped between the
distal section of the pusher body and the balloon catheter shaft. This facilitates
25  reorientation of the graft during deployment, if desired.
D.  Main Graft Deployment
The method for using the main catheter assembly following the
withdrawal of the dilator from within the sheath assembly will now be

described. Initially, with reference to Figure 10A, the main catheter assembly



i at l'east one bal | oon-expandabl e wi reform connected pri mari I3y‘u1!yo2q0r?e
external i surface of the graft body at the distal end of the trunk
upstream fromthe septumregion. 30. An intralum nal prosthesis conprising:
oa t_rouse\g,o%/?%;s having a trunk and two | egs diverging pdyassosieuagst ream ||
direction fromthe trunk at a septumregion which is | ocatable upstream
froman aortic bifurcation, the trouser graft being formed of a graft body
havi ng an external surface | and an intergﬁl surface and conprising one or|
nmore expandable wireforns at its upstreamend and attachable to an aorta; |
at | east one ball oon-expandabl e wi reform connected primarily to the
external surface ofi8diBésgtedbier BR@Mmad ghibevifdi1as ald im0 the Glicathhagseinblynk upst r eam

f h L On I ' . d
end of ot T east. ond brmeARel GaBtRt kiR P SRR EPoisrofe Blact one

of the tubul ar ext érwnleehdad 13ver-si zed with respect to the :
bal | OOI’].- expanda.bl e W ref\,@ hqgfe}egcettg.'l@l li%s llog%ﬁé l(fﬁqﬁle%aintc%etkﬂpﬁkr?r ext ensi onsé.
31. An intralumnal prosthesis COfT'pFI sing: a trouser graft having a trunk |
and two | egs di¥er givaneed pvea thd guideired 3drerdi withint thoshedth bihsndhehat thedistalt a sept um
region which is |lo I : ' ) [ t he trouser
graft being forned&;%%t_%ghglr]g’?ﬁhggﬂghﬁgﬁgﬂgﬁﬁéﬁgi%glaws‘_ﬁ?%égeal_ 3 July 2003
57 and an i nter nal ageies Hbe10$n do eesapplish thigy the Aesherbodibl8d (Bigwa Abia Bl r ef or ns

at its upstream endganidd bt iR RinfnbPmhaMuskirdheathNds tiitil biRASine A5ie
bal | oon- expandabl e wi ref orm connected pri maril xternal surface of,

[ y to th
the graft body at €PlersA gtaf 10 ariudss f’P‘Héhetdf'SH‘hﬂ’dl?ﬁg‘FF@é‘ﬁ\lﬁ'o‘}@’?he sept um
regi on; wher ei mo t hepedifiddIB} Slsecdfin Fibte 10B) ¢ distal édda@ 94aroad bARON PY4cdnd theS ,
over-sized wth respect .to e at | eas n | L pon- expandabl e wi reform |
32. An intral uni naI"BB‘rchiftﬁ‘éég??m%B?‘Fp‘feqms 71%‘.%%&??‘1‘ ﬁ%@rfmﬁrpﬁ?‘ﬁmﬂ%ﬁf#ge a trunk
and two |egs di vergiah@aihateanmsmxherémfmﬁthue@b,)tdmvihgp)tdbtjtﬂmrdﬂ@;ﬂﬂmat a septum
region which 15 | OGahRRhG KRS aCAHal AIRA AR Wi e blidol i &g L e
trouser graft being tor of a graft body having an external surface
194a and the radiopaque marker 139 in sheath tip portion 138. The two

15 radiopaque markers 139, 194a are brought together, with the combination being
relatively located with respect to the renal arteries.

The position of the sheath 134 across the aneurysm 114 permits the
shielded introduction of the main catheter with balloon 194 and graft 10 thereon
into the proper implantation position. In other words, the surrounding sheath

20 134 shields the advancing catheter and the otherwise expanded and irregularly
shaped graft 10 from blood flow resistance. Moreover, the sheath 134 protects

the graft assembly from contacting the vessel walls to prevent potential snags.

In short, the initial positioning of the sheath upstream of the location at which
the graft will be finally implanted ensures that the expanded graft will only have
25  to be displaced downstream into its final location, which is in the direction of
blood flow and thus this operation is substantially easier to effectuate and is also
less prone to inflict damage on the vessel walls. |
Once the graft 10, still within the sheath 134, is positioned upstream {
!

from its final location the sheath is removed. Figures 10C and 10D illustrate



and an internal surface and conprising one or nore expandabHQM#W%¥§rns at
its upstreamend attachable to an aorta; and at | east one self expanding
wi Feform connected primarily to the external surface of the graft body at

t he septum jon_and having a radi opaque marker | attach oo ,
wherein the%&ﬂ@ﬁgﬁique mar ker points to the |ocation at tﬁgwgggéﬁﬁfregion'
where the two | egs diverge. 33. An intralum nal prosthesis conprising: a
trouser graft having a trunk and two | egs diverging in a downstream
direction fromthe trunk at a septumregi 8h which is |ocatable upstream
froman aortic bifurcation, the trouser graft being fornmed of a graft body

havi ng an external g3dintaG6. %Qccﬁﬂnpiidﬂttﬁ&%'puﬁ:!é{ﬁoﬁf?sﬂﬁ%u{éqmﬁxélai ng one or
nore expandable wirefornms at its upstreamend attachable to an aorta; and

S . )
at least one self &RtipsaRiafhige sheptBldt iswithdrautireny the matpeatheter tp PsHienext er nal
surface of the grafist dosiredrh floMeheRE LWNDeSiBbR s iNFiaB YOI, tealé@Paque |
mar ker attached th?$eto; ereiF he sel f eépandiqglmﬁrg%or g} t he septum
regi on includes at [$45%fthg o arlr%‘,e tip RRFtighh'F & JHst pvEnsfrea ‘B%l{?ﬁ "lrker is |
provi ded on thes cr bffie contraatdrdl lyg 200 Fpshidterdtieg ) In thi ek bfdnralarged 0St hesi s '-
conprising: a trouser gr havi n trunk .gnd.t |l egs diverging in a
downstream directi & eufy?%ﬂ{ ﬁég?v%ﬁ’ﬁ%BPorﬁonslesgtwngtﬁ@&w&ﬁlMﬁﬁ TRTE"  ocat abl e
upstream from an ads thedntividicer shedth gsssmbizhie withdvarwe the gelbéxpardeigrvgrefoonsred of a
graft body having g5 ,6%4 96 gﬁgurgwiflaﬁgmﬁggmﬁgxfaﬁ'&\gﬁlﬁﬂhe bl Sac2Nd ;
conprising one or nore expandable wireforns at 1ts upstreamend attachabl e
to an aorta; at | e#bil beballogn-¢xpandablewirefornsidp afaistain a:sygaﬁ@éalb@ommewach ly to
t he external smgfagﬁm@&a@ﬁp graft body at the septumregi on and having a
radi opaque marker attached thereto; and at |east one self_ expanding
wi ref orm connected to t Reing}sigpof pesiipning olthe#rafh 10 mpeberrenyirede fdiat it wherei n one
OL tgef:cegs of Fher&rﬁo@ﬂ%@tgeﬂfe&ﬁﬁﬂﬁo&@%%gﬁahdﬂ,a&@&nmm@fm iatfgmayld Wnereig
the difference in |en .between the ] e ro raft corresponds
to the height of t é"‘%&'e ‘F‘§§§\é\f‘bfnﬁlé° e éan‘g‘ifiamﬁ %3’8\5&%3?‘@5 ?ﬁgg?fﬁh‘gékleed to the
graft body in eachrenhl artbrtes 1l 06) 108 G somb instAsives, Finfothl withe sHeath 1 BSWwiliels S _
conprising:. a ouser. gr havi ng a trun dt . s.diverqing in a
downst r eam di rté%ti gnﬁm?%gl?nﬁ {hﬁ e "rcﬁtﬁ?éeré’f’é ﬁmééﬁ]ﬂn v\vrl\@gl* g’%u%q!’% ur%g%n?ocat abl e |
upstream from an agwtrictedite meinsimithepathetetositiorowithethe pshdr bodydi8pginfs mred of a
graft body having aunexingididh gﬁgﬁ%ﬁi&ﬁ?&@gﬂs@%&g Shlitﬁe! édfite aSSdmbIG HpstRRH ‘

conprising one or nore expandabl rns a ts upstream end attachabl e
to an aorta; at | e8Ethe rspal agerics isdntendedito pepvide semesnarein & deRSEEPhr i marily to

t he external movement of the catheter). If the contrast marker at the balloon distal end 194a

I

20  remains upstream of or adjacent to the renal arteries 106, 108, the main catheter
is then withdrawn further downstream to reposition the balloon distal end just
downstream of the renal arteries. This final position is seen in Figure 10D. The ;
inflation balloon 194 can be seen in outline inside of the aortic graft 10. The ‘
final displacement of the expanded graft 10 downstream is with the blood flow

25  and thus does not require much force.

As seen in Figure 10D, the graft 10 is sized such that the distal end (as

|
carried on the catheter) thereof protrudes beyond the upstream boundary of the :
aortic aneurysm and into unaffected region of the abdominal aorta 100. |

Locating the distal end of the graft 10 just below (downstream from) the renal



surface of the graft body at the septumregion; at |east one3sjﬂ'|yf208§pandi ng
w reform connected to the graft body in each of the two |l egs; and a | ateral
. reinforcenment wire coupled to at | east one of the two | egs between the sel!f
expandi ng wvoe/muts i n the one | eg and the self expandi ng RETEIBREPUt the |
septumregion; wherein the self expanding wireforns in the | egs and at thq
septumregi on each have alternating peaks and valleys around their
respective circunferences, and 3 July 2803 59 wherein the |ateral ?
reinforcenent wire extends between a valley on the self expanding wreform
at the septumregion and a peak on the self expanding wireformand in the |
one leg. 36. An inf’F"&FWn@E eSS the garimupdength of podact betweep thegyengiplly +  havi ng
a trunk and two \IAquaﬁmewglﬁﬂimgldiﬂfb @aﬂ’&WﬂSEd’o&?ﬂ] dbeticOadll The cfdhﬂél?t&rbﬁ trunk athj
a septum region ch is .|l ocat upstre ro n.aortic urcation, the
trouser graft bei nbg%?’f‘t‘éﬁ“@“emﬁgé?%?{)tg"o%ﬂ?{afé{ﬂ‘ﬂ]ﬁ’%atheaéB?'l“’é?"?\ 14’%face and |
an i nternal surfacss willde daailed belowi@xtemtondtherddras: wWBednaosaibtexheit ref orns at its
upstream end attac 0 an aorta. and.i _at .|ea ne.sel f. expagndi ng

W ref orm connect e g et pitniE s Bt fatBRt e MF i B R ody o

t he septum regi on; wher &8 seet indFigurdstl i & bnded Bathe ballooh Ed#d¢ then ioflatainda the nor e of
the sel f expandi ngy\ i i r j er of the
portion of the gr a?ét%{))rg{?&ﬁ é.;%mvﬁie%ﬂa?wé&s@s‘g&ﬂ?&%ﬁgg@ggl?w%r‘fgégga[s%?mI y of

t ubul ar pr ost hesesexpersippiof the frunk pertion 2 of thegreft 1 from bsinitiek palapsed | udi ng a

graft body and at b&aftiodRFis36dohd, SRANE bRhtatioh SHRY B the hiighiatitf oflpiebul ar !
pr osthesis term natin ownst ream en In an_open nmout n; and a second i

g at a do end in h
tubul ar prost hi¥ksi sbaliaen whendyivAnilateds the adial sxpansion of thetwk peren 12 to its ,
bal | oon-expgndi Ng Yécoraf fkbﬁﬂd_cd &gﬁnﬁﬁ?ﬁﬂﬁlﬁhibﬂﬁluﬂn&ﬁs ﬁﬁ;{ce&tdnes,%p_snstoarmégalti ng at a
upstream end positiona Wi t hi e _open nouyt the first tuybular
prost hesis, the seﬁpeﬂﬁ‘})‘f’ﬁmi’%‘ise‘gﬁ“g%ﬁfﬁ‘%%B%?ﬂgzg’%‘&n’aﬁ‘fﬂ“éfﬁeﬂ? ®cont act
with the first tubthbgrappliedsd he®nsindedthersp) Ahitahife@msipplicattonerietpandiar t her to

outwardly stress t I.f expandi ng wi.reform.i.n the fjr t ubul ar _
prost hesis and pr opﬁcgggélfr'\e tf“ﬁ’g/g?rgoncgzrrﬁéérﬂé & t\E}ecraq‘%h g?ngaegeénﬁmto%&eheﬁgpso? ?dgam end of
the second tubifl ar engs therehis ths lungigal sifacefsiermoity Redferablipthednllgndst heses,
conpri sing: a firShaldbil 36 seRilstodGassind JFGboitd RbhodbnbbE HigROAX, Raving an |
upstreamend and termnating at a downstream end I'n an open nouth and _
conprising at le asexapple, 1llu@at3mn§)atgmgoon 194 within the expanded aortic graft 10 (in

outline). Further, as illustrated in more detail in Figure 11B, balloon 194 may

be slightly over-sized (represented by the arrows pointing outwardly from the

20  balloon) to force aortic graft 10 into optimal engagement with the aortic wall,
especially given the tendency of the wireforms to recoil inwardly slightly after
expansion. When the graft is fully expanded, the opposed ends thereof
frictionally engage the luminal surfaces of unaffected regions of the aorta.

After the graft has been radially expanded in the aforementioned

25  manner the balloon is deflated and removed from within the sheath 134. As
illustrated in Figure 12A, the balloon 194 is deflated and the stopcock 218 is left
open to room air to equalize negative pressure. When the balloon 194 is
deflated it may not return to its initial, uninflated orientation due to rigidity of

the balloon material. Rather, the diameter of the main body portion of the



60 ball oon- expandable wireform | ocated at the upstream end amtiVey 2P@hst one
sel f expanding wireformlocated at the downstreamend; and , a second |
. tubular prosthesis including a graft body having an upstreamend and a
downst r eam avolomsadconpri sing at | east one bal | oon- expandaoirassiassfor m at |
the upstream end and at | east one ball oon-expandable w reform at the
downstream end, the upstreamend of the second tubul ar prosthesis
positionable within the open nouth of thegskirst tubular prosthesis, the
second tubul ar prosthesis being expandable into contact with the first
tubul ar prosthesis and expandable sufficiently farther to outwardly stress
t he sel f expandi ng dﬁﬁlﬁt@fbéﬁ%myFqii@mfsi“bmltiallmhflsane prvdse the ballbomisdulyr oduce an

i nward conpr essi ve iffted r @idy bilGwiD 4R b Hfudfin § AEreARARG4 ubul ar
prosthesis. 39. An assenbly of tubul ar prostheses, conprising: a first

ar p : !
tubul ar prost hesi s “PRRICAA SHhsedseny respqtiop andyreragyal of thejdelivery cothetese| f expandi ng |
wireform the first tubdbgrevai &bt Salldah 194 il Meivatendy SaMRsheaM end in
an open nout h; ?ndirﬁel_geconglb%‘ubﬁ{xﬁrg%r o%&gﬁs/i s. i ncludi n(? a graft body and
at | east one bal | oSHEXPRNHABE BIRY P Khduring te yrhdramel gfe t body and
having a crinp posiiliconé&dmevithiay theballoen it bagigimhily saewbed ptifigo gecond t ubul ar
prost hesi s term natj upstream.end .posjtiopnabl e w thin_the open
mouth of the first R"{ltﬂ%ﬁ?&e{r‘) %pl? I(‘)lglfl ﬁaetg‘? L Fopydthing %ﬂﬁ‘{] S8 ‘iﬁ‘ﬂ'\ﬂlﬁ:‘ﬁ?‘mﬁ?%s‘?hesi s
bei ng expandabl e i Rreyioghnexplpinediisuch stédiehirigiof g deflated baitoop isasdobpHshed By1d '
expandabl e suffi ci @ﬂ{aily a(fvgz{cgn’;%e ihifer ﬁb‘é mroﬂhgm%&%ﬁaertreqsiv% (t:"ol t{le Sty andi ng |

ula produce an rmwar &

wireformin the first tub prost hesi's and 0 6orrpressive[
force on the updtr &R Ytherent Buch moseremtiofitheindentubgis Guilitiby tighttyer ei n t he
crinp positioned Ograbgify tﬂ&ﬁaﬂb&%n@éon&rﬁﬁ%&ftﬁs &t Q%h r@c}rﬁl@&m&? ond tubul ar

e ’'se

prosthesis is positi onaibl e to interlock wt expandi ng wi reform on
the first tubul ar PBFERRIRYLD the spager clipremayed cand pybspgrently pushing Slesontmstor i si ng: a
trouser graft havi bgmectdridisally fRardiNgball@@Tothedt&! ShibDpushts the AR S FAM

di rection fromthethte%ulpk at a.seg{nu@éegkon, t he trouser {%aft bei ng fornmed
of a graft body ha¥tR¥ SRl dertion indigated bythe prpved] 6iin Figytn 4ZB.shr f ace, wher ei n
the trouser gr&ft vaueemaynbopulledthbuglystapottR 268 oRymplaelgatMitd tBd balibsle and a
posterior side sepggated by a plane extending generally through the trunk :
and two legs; and a plurality of radi opaque markers provided on only one of
the anterior side or th&hqimain eatlietsr with the novoddflated hrdtsirttehed baltoh 294ion of t he
trouser graft duri ihgn willirH st criully rbth HdS6ic ainfgYEPr1 Sing: a graft

body having a trunk and two | egs di verlgl ng rnad ﬁn&is reamdirection from

the trunk at a sepllipducergheath as fllwgiratad i Figwre d3C. Honek fhg main cetbeterasseimblyur f ace and

an internal sugd ackasaggh piinily dtfabibeiloMe iALdREE BlediR i 345 I e witARwg POSterior
si de separated by %rﬁl ane extendi general |y through the trunk and two @
R 2h by

. 0 . |
legs; a plurality Yupn thepatiept Buindieety AR ebhride ptic grftMri 1y to the
external surface ofemginaintpldoedithin e dbddmiralionth it the intlodsbeRaE B4¥aN ker s
provi ded on the w d n._one Qqf e _anteri,r .si or .the posterior
side of the graft %%hﬁ{'%us?géz%sg RO 1“8%?‘5??’8?{3’5?18?‘%{3 lggf}ﬁ?’é}nggraft

during i npl ant at i otherethropghy At shewld bematesll thatrihe hloopfloe ddvasthsabdamipsliagémg:  a

trouser graft favi (Y mdwlitfolonfidel VTl ' 0 ream
direction fromthe tru‘r‘{koat a sep %ﬁ%ﬂ?gﬂ!’ﬂﬁ%&?%ﬁ@%ﬁh%@a t%ﬁ%‘?ng f or med
of a graft two legs 14 and 16. Attachment of the extensions inside the legs must adapt to 5

this flow, as will be described below.



!
I

body having an external surface and an internal surface, mhe@e‘{url?' %Or%
trouser graft is defined by an anterior side and a posterior side separat e[d
- by ‘a pl ane extending generally through the trunk and two | egs; at |east one
wi reform cowoeatéezd primarily to the interior surface of tHEE/UFPHIBI7TDody at |
the trunk and having a first radi opague nmarker attached thereto; at |east [
one wireformconnected primarily to the exterior surface of the graft body
at the septumregion and having at | east ® second radi opague marker
attached thereto; and at |east one wireformconnected to the graft body in
each of the two legs a having at | east a third radi opaque nmarker attached
to a wireformat one ofEtwXtgen GRS at | east a fourth radi opaque marker
attached to a wireform adprtieisgtdeiibedhereinsbolve)helde@ssiream éhdlﬁllhy adfd3 62

wherein all of the r kers are, vi ded f the ’
anterior side or tq’f%@?d '§P§3fageid vg{h&geq feﬁ'(?F??feg?r@tmé%Teéﬁsf ﬁtﬁa@ t he '
trouser graft durlﬁnrgnthrrptbmlmtal log 14. Mo&mtlomlmmnlmbredeMSl S
conprising: a trou ina
downst r eam di rect|%%%?%O%%ﬁgb%gtwgf?@a&mgp ?(P@Irﬁl ?lgﬁc &gﬁengé% Er l(‘)’}t}ger graft
being fornmed of a tmmﬁliate!?édlyddqmlmalmsmhmonalgrtélurface and an i nter nal
surface, wherein the tr ‘ and a
posterior side separate gg% aénaeﬂse tendl ﬁ%n%rt{gi?ht%f]{aﬁgr%%hﬁﬁgfﬁhe t runk
and two |egs; at |@%@twmf’@Wﬁﬁe@ﬁemdrhammmrwdpﬁme%ﬁvhrlyth?élamer fnterior |
surface of the grah dmmeaa,tenas%nwryﬁdﬁeﬁng ohﬂié'aﬂaﬁorﬁy fitkeTatidnddiegpaque nar ket

attached thereto; at |east one w reform cqgnnected rlmarllétothe exterior
surface of thewgra‘fptgtr%fﬁ‘(f?dsdf“e’tl?‘fé“?EHF[E‘?‘T’P‘?"E&"(?W"%’?H“H%R?P‘ﬁ(jf CARAMG of crinps
attached thereto, QﬁEfB}Oﬁxxﬁghﬁediimdﬁi%fha\(ps&@nftﬁ\dsamﬁndwdfﬁ&dmer eon, and
wherein both of t kers paint..to the |location e, septumregi on
wher o the two | eqooAPERD aneseise b 36 B A PRSP PRERRER od {0 t ho
graft body in eachineflodkkan iewohibwved egaldsshofithe pgiests adaeagt Tae dilbrnetet of adi opaque
mar ker attached t oy, r ne. t st a fourth '
radi opaque narker a? %ﬁﬁegge%g}ﬂ\ﬁ "cmngmlfscfrne& %%’?%o e two | egs;
wherein all ofl1st hedlmrwalqmumld@mtcmféheph@\aﬁwmmwhldmryﬂ pmeonsf t he
anterior |', side g benrlgqmpﬁﬁwwh%haigﬁﬁ dhafheikAGh bé riNiGeaBy SREAkdON OF the

trouser graft during iInmplantation Intral um nal prosthesis
conprising: a trOL@é’i“P@‘i“ﬁl‘?”rﬁ&@r“ﬁ@“@!?@ﬁl@'%FR?OFWBCTPF ngalggadi verging in
a downstream | di rle,q:gtm&nha‘ ohhﬁ trunk at a septum regl on, wherein the
trouser graft is attac l.e at ﬁ: trea end é{’g‘{ ort : wherein the
trouser graft is of a sp&uPgRA¥Ho °'§r?6F megt gja trunk leg is of
a specified | engt hexeasidrhE0 1sme1ntedttmcgmmtenmfn cbhmstes‘metfealglpalftﬁmt o the ;
aorta the | septu e and the rst run I bl e upstream !
fromthe aortic bnff%'ragdé)%% eamm@mf] ‘gnegé"“!\ﬂ/ﬁ'grﬂ%ll% hqE&‘%or?unk conprises a
first trunk di aneter atInlamsefmébm@dmeetmemhﬁmbﬂ'@lsmnﬁmedjﬁrmt er of the
aorta where it wl ts
flexi¥fe t@ﬁaﬁa???f%ﬁ?&? which RGSRrckd Wu&btﬁﬁg?@&teﬂ&mﬁ

downstream end which 1's romthe first tru I anet er” and
circumferentially around the tubular structure. The flexible tubular structure is

25  foldable and the wireforms are radially compressible and expandable. Thus, the

extension graft is configured to move between an insertion diameter, in which

state the graft may be inserted through a femoral and iliac artery and into one of
the bifurcated legs of the aortic graft, and a larger, expanded diameter



wherei'n each trunk Il eg has a trunk |l eg dianeter; and a tubul a?rJuéx( %On?’si on

over | appi ngly connectable to a dowmmstreamend of the first i trunk |eg, at
. least a’'portion of the tubular extension having a tubul ar extension

di ameter coMaiofie@d e to the first trunk | eg diameter to pPEVPEA/2E397
consistent interface therewth. 45. The intralumnal prosthesis of claim
44, wherein the first trunk dianmeter is i greater than the second trunk
di aneter and the trunk steps down between3®ts upstream and downstream ends.
46. The intralum nal prosthesis of claim44, wherein the first trunk
di aneter is greater.thap.t second, trunk diapeter and the . trunk.tapers at'
| east al ong a port i('(glﬁsut#d P{}ﬁgqr% d‘fHh‘ﬂbﬁt%@ﬁgﬁa@aﬂb%ief‘g?i‘{ﬁ"g%ﬁ‘%?m‘st ream |
ends. 47. The intratafimi nal prosthesis of claim44, wherein the first trunk
dianeter is |ess than the,second.tr.u di anet.er the.tru t.eps up
between its upstream angntdhg\e/\’/f?g? re%%tt?ﬁeg*(r‘\ls sa.te%?%fglfm%ﬁge Tntvat %r?‘rqf‘(ln@lls prost hesiis
of clai m 44, wher eiganetdllg cylindgdal 4andmmly bel¢anfipiretto bga Vazisty of kizes, anhef second t runk
di ameter and the t il ;¢ RREESacBlrdihER e e OFfle RiaPRlely PFhePhtidu firo| €NGL N
between its upstream arlldéﬁom?trelq elﬁle.?.e l}ge ‘?‘ﬁe epntrée&u?ﬁnnglfo prost hesis
of claim 44, wher eivhichiiee exighpignagrafidytodnénplentadi aneter is substantially |
uni form throughout its h&agbhle wbularditlctird P33s Gédferably mhioraive 3 Weenal |

prosthesis of claim44, wherein the tubular extension has a i_first tubul a;r
ext ensi on di anet er Pawesifs fabps tithongh aelyestinis oresandy pisferes AtkenreatariBlseM¥ ¢ runk | eg

di aneter t 3_ provi dee atilged for Gk EB{ible ﬁbﬂg:fs\j\ﬁﬁ@uﬁ B SvéH Hat@an if’ehﬁl@qjﬁﬂﬁet g_bul ar |
extensi on dianeter at.a downstream en [ IS or ma to the dianeter
of a vessel to '%hi @Rt ll"fmaﬂ WXP%‘Qe‘ﬁ{‘T‘lyé@H%‘lﬂ°°§‘l'l.en°r(ﬁ§?%t‘ﬁo?;\tF“BPﬂ?WétF” prost hesi s
of claimb50, wher eipbrobdylyiutetifahie, billtunk,and epiinenwbeen pollymedid filersi Ongéfeat er t han
t he second tubul ar t ensi di anet.er and the tubul ar extension steps down
bet ween the upst regﬁﬁﬁgﬁt e%’g&ﬁﬁcf“@%ﬁt@]ﬁéﬁr&g‘?w ]i?adlll 'edlé?tﬁi'?tg T ARAT pr ost hesi s
of clai mb50, wher eiswitabledorfapplstion irothé exmstaxctiend itelexiblambuler stiustugl @&t er t han |

the second tubul ar .Iﬁéﬁﬁigéﬁgedatﬂat‘ﬁiﬁ%@k‘?%m@tﬂg bmﬁﬂém%a%a%mﬂmg&st apers at |

| east along a portion of ITts len etween the upstream and dowhstream |
ends. 53. The ilht r Aty Algwing tissietiegsevah into the grnfmaterial apdéordormatiqnetpn r st '
tubul ar extensi on GhRRlhf:, dforsf 7 sértPpplidifons RARY Ue ddiatlAb nfkd ®OS| ON

di aneter and the tubul| ar” extension, steps up hetween the upstream and
downst r eam ends. 5Aubulppgruptyreofp fipid imperviqug m1kEali s of clai m 50, wherein the
first tubular extensi on pedféiBey, @le fibbic is&fover iifNhd tiuls eauBigeraticADmerdby ext ensi on
di ameter and the tupul ar extension.tapers at |east alon ortion of its
ength between ¢ he HRSRImEdTE Ro R REER et o beh oSl PR R blopl 1l
prost hesi s of @bai Moy forhdacations foi thrdmbh totaceimk BY emgsioyingen fdxibbeufataric fom i
cross-section and geTHy] i jr iy trunk | eg

di aneters is equal tﬂ%gu‘t&gae se%gehge?a gﬁ%ﬁ"ﬁf“@ﬁ%’é?@‘ﬁ? accrogﬁggﬁl}aéx ?03 65 56. The :
i ntral um nal prost Iserftagtionfof the aiafia Beh asigmerasiary fohiatraluminsidntroduptien effthéret er i s
26 mm and the trunkdpeg diameter of each trunk leg is 13 mMm

|
|

|

(& 9

In one preferred embodiment of the present invention, the diameter of
25  the fabric tubing of the graft is over-sized with respect to the wire-forms
therewithin. Upon balloon-expansion of the balloon-expandable wireforms,
there is a small amount of recoil that occurs in the wireforms. The fabric tubing
of the graft therefore can have a diameter which is larger than the post-recoil

diameter of the wireforms. In turn, the wireforms can be over-expanded with a
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57. The intralum nal prosthesis of claim44, wherein the trouser graft i

further i conprises one or nore expandable wreforns at its upstream end

, attachable to an aorta. 58. An intralum nal prosthesis conprising: a-
trouser graft having a trunk and two trunk | egs diverging in a downstream
direction fromthe trunk at a septumregion, wherein the trouser graft is’
formed of a graft body having an external surface and an internal surface
and conprises one or nore expandable wirefpprnms at its upstream end
attachable to an aorta; wherein the trouser graft is of a specified Iength

so that upon attachnen rouser t to th aofta the septum regian
is |ocatable upst rsé‘a‘llﬁig?@ &‘H& e §izf S‘%ﬁﬁ@?‘&’&??% 4 1%{‘9°t?ré‘§§1? a first |
trunk leg is of a t t he trouser
graft to the aortaﬁl&ﬁ(ghl% ?sﬁ?gﬂﬁ?ﬂ%ﬂm?@fgf }qug@g{a ‘é@t“e@% evfglilrtr}l11 rhgmthe i

aortic bifurcati orvessah@hlelferatmrmmablemdurgwalstoa)mmmettﬂeat‘rt ofa gmﬁ ~vathatd on and

conprises a first tru meter at its upst d conformable to the
G anet or ot the adietl VEURERE R SRors G OR Ge et HHGC SULGRAEr unk

di aneter ats its dopppi Sadn FReh W&h‘ﬁlﬂ;t ballodh E{p‘ﬁﬁs‘?d?ltmefyr xﬁf@utﬁj{t‘-’r'enftly 'éﬁéaéé runk

di ameter and wherein €ach trunk 1 eg has a trunk I amet er;

t ubul ar extensi on \Uﬂewalbsﬁwﬁssgﬂ maschﬁrmbﬁcqmﬂ}eoveo-emadd%m’wtdrsmnd balbowbf t he

first trunk |eg, hle t ubul ar  ext ﬁﬁlSéﬁ@ having a first tubular extension |

dianeter at an upstPedmEAGORINEHS WEHRor bl e to the trunk |eg diamet er|

to provide a consi stentnhitbRlah@Ethtapeds@ilytpiefard eAbSREaN df the! Rivbdionaxt ensi on

di aneter at a downstream end which is confornable to the dianeter of a '

vessel to which i tnugbenof ballogniexnandable wirefoxms 174 arpgomidedrtofntnish sucturals, A

WA 0 0 A A Al B Bl R A Ay i R fhdS- AS A 20
. Ay. Al. A@ . A@B. Af .vAll86nAsxpandyble wAdAs. ifsimBar® Anfigired Wi a cdGlibdar * A(NQ Uab} W
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nickel, beryllium, cobalt, iron, manganese and molybdenum which is sold under
the ELGILOY trade name by Elgiloy, L.P. of Elgin, Illinois, U.S.A. Other

materials which may be utilized in making the wireforms include a nickel -

10(3@0% & () -1 #L-"10% (& ()-- IL-"10%)& ()--1 10%& ()- ab SYR903. \
|

titanium shape memory alloy sold under the NITINOL trade name, stainless
15 steel, and other biocompatible, implantable metals. The wires used in
manufacturing the balloon-expandable wireforms of the present invention are E|
preferably about 0.012 inches 0.3mm in diameter. )
Because the wire has been annealed, it will readily plastically deform to |
maintain its configuration. Thus, the wireform may be plastically deformed |
20 between the radially collapsed position and the radially expanded position of

Figure 2. The wireforms are, therefore, not resilient to any substantial extent,

requiring them to be physically expanded into contact with the internal wall of the

iliac artery and downstream legs of the aortic graft via an external force

rather than expanding by virtue of their own resilience.

25 The balloon-expandable wireforms which are positioned along the graft
extension are preferably secured to the fabric graft material by weaving the
wireform through the fabric material. The wire is weaved through the fabric }
such that the distal tip of the valley of each wireform extends through the graft

and is positioned on the outside of the fabric structure. The weaving is
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segments of wire exposed to the outside of the tube. I
The wireform is woven into the fabric tube such that when the wire }
extends around the entire periphery of the fabric tube, the free ends of the wire :
protrude from the tube at positions adjacent to each other, thereby enabling a tail
10 segment 177 to be defined by the free ends. The loose ends are preferably held
together with a crimping sleeve 178 positioned over them. After crimping the
sleeve to secure the ends to each other and thereby complete the circular

configuration of the wireform, any portion of the wires extending beyond the

ends of the sleeve may be trimmed to cleanly finish the tail segment.

15 As illustrated in Figure 2, the crimping sleeves extend outwardly along
the external surface of the extension graft and are radially spaced apart.
Preferably, the crimping sleeves on the upstream portion 172 of the extension
graft face in a downstream direction, thus frictionally engaging with the wall of
the aortic graft body which helps to hold the extension into place. In fact, these

20 upstream crimping sleeves can actually hook on the interior surface of the

primary bifurcated graft, thus ensuring no longitudinal movement or separation

of the extension graft from the primary aortic graft. The crimping sleeves on the

downstream portion 174 face upstream and may frictionally engage, but not

penetrate, the wall of the vessel lumen within which the device is placed. The
25 crimping sleeves act as radiopaque markers, particularly for aiding in the

placement and positioning of the graft extensions.

The most proximal wireform 168 and the most distal wireform 166 are
positioned with respect to the upper and lower edge of the fabric layer such that

approximately one-third of the wireform extends beyond the respective edge of
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extend above the edge of the fabric layer to prevent any portion of the fabric !
layer from oscillating, or “flapping,” in response to the flow of blood past the
edge of the graft. As an additional measure to prevent such fabric oscillation in

5  the blood stream, the proximal and distal edges of the fabric are configured with

V-shaped notches corresponding generally to the valleys 152 of the proximal ‘
and distal wireforms. Thus, the risk of the existence of any loose fabric which \
could potentially be affected by the passing flow of blood is substantially
reduced.

10 In an alternate embodiment of the present invention, the proximal-most
balloon-expandable wireform is preferably configured to have a diameter in its
expanded state which is slightly larger than that of the portion of the fabric

tubular structure into which it is weaved. By configuring the wireform to be

slightly larger than the fabric into which it is woven, the fabric will be
15  maintained in a constant state of slight tension upon expansion of the wireform,
thereby reducing the possibility of the fabric folding or oscillating in response to
blood flow through the graft.
Additionally, the proximal balloon-expandable wireforms on the graft |
extension work in concert with the distal self-expandable wireforms on the

20  aortic graft to hold the graft extensions in place. The balloon-expandable wires

can be expanded slightly beyond the diameter of the distal self-expandable
wireforms. This will cause the distal self-expandable wireforms to exert a
radially inward pressure against the balloon-expandable portions of the graft

extensions, thereby enhancing the frictional interface between them and

|
|
25  providing a tighter seal. ‘
In a preferred embodiment of the present invention, the wireforms are |

positioned adjacent one another and are spaced apart from each other such that |

the wireforms do not interfere with each other in either a radially expanded or I

contracted state. Thus, for example, the valleys of one wireform are located
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proximal of the crests of the next adjacent w1refonn Preferably, the wireforms

are also aligned “in phase,” with peaks along one longitudinal line and adjacent
valleys aligned along a second longitudinal line, thereby further reducing the
possibility of overlap of adjacent wireforms. (While there may be some

5  overlapping of the tail segments with an adjacent wireform, because the tail
segments extend on the outside of the fabric layer and the adjacent wireform is

primarily on the inside of the fabric layer, a small degree of overlap with an

adjacent wireform does not pose a problem.)
In addition, adjacent balloon-expandable wireforms are not connected
10 to one another. This coupled with the in-phase configuration of the wireforms
maximizes flexibility of the aortic graft without permitting deleterious kinking,
which 1is of primary importance in the often tortuous paths of the abdominal

aorta and iliac arteries.

An important feature of the extension grafts of the present invention is
15 the spacing distance between adjacent wireforms. It has been discovered in
accordance with the investigations of the present invention that optimizing the
spacing distance between the wireforms improves the balance between kink
resistance and flexibility in the graft extensions. Too much space promotes

kinking, while too little space detracts from flexibility. These are important

20  features in the often tortuous path of the iliac arteries and abdominal aorta in
which the graft extensions are to be placed.

Figure 2A, for example, illustrates in cross-section balloon-expandable
wireforms 176. Preferably the length “L” or separation distance between ;
adjacent wireforms is measured from the closest point on each neighboring )

25 wire. For example, in Figure 2A, L is the distance between crest 150 and valley E
152,

Further, the graft extensions have a diameter “D” which varies

according to the differently sized extensions. In one embodiment the length L

between adjacent wireforms is preferably less than 2D. In a preferred
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embodiment the length L between adjacent wireforms will be less than D. In
another preferred embodiment the length between adjacent wireforms will be
less than D and greater than zero. Therefore, the preferred separation distance
depends on the diameter of the graft.
5 In a 14 mm graft a preferred separation distance between adjacent
wireforms that has been found to be acceptable during use is 2.4 to 2.5 mm.
Further, as discussed above, the interface between the upstream portion
of the extension graft and the downstream leg of the aortic graft is preferably
standardized such that the downstream legs and the upstream extensions have
10 the same dimension at their interface, regardless of the diameter of the aorta
above the aneurysm and the diameters of the iliac arteries below the aneurysm.
F.  Directional Catheter
The present invention further includes a directional catheter. The
structure of this catheter is substantially disclosed in WO 97/26936, which was
15 previously incorporated by reference hereinabove. Specifically, the directional
catheter facilitates guidewire access to the contralateral leg of the bifurcated
graft to allow placement of a contralateral extension graft into the bifurcated
graft,
The primary components of directional catheter 220 may be observed
20 by reference to Figure 5. The directional catheter includes a deflecting spring
portion 222, (illustrated substantially deflected). Knob 224 is used to deflect the
spring portion. Connector nut 226 is provided such that the directional catheter
can be operatively connected with the sheath assembly.
G.  Extension Graft Deployment
25 The procedure for attaching the extension tubes will now be described.
With reference to Figures 13A and 13B, the sheath 134 stiffened by a dilator
(not shown) is advanced over the guidewire 128 until the distal tip 138 is
located approximately at the septum region 28. The location of the distal tip

138 is again facilitated by fluoro-visualization of the marker 139 with respect to

D*
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the radiopaque crimping sleeves 84, 85 (Figure 1) on the graft 10. The dilator is
then proximally withdrawn from within the sheath 134, and the directional
catheter 220 advanced distally over the guidewire 128 and within the sheath 134
to project a short distance from the distal tip 138 (Figure 13B).

More particularly, the directional catheter 220 is first inserted over the
primary guidewire through the ipsilateral side, for example, through the right
femoral artery 116 and the right common iliac artery 102 in the present case.
Figure 13A illustrates the directional catheter 220 operatively connected to the
sheath assembly 132. The spring portion 222 of the directional catheter 220 is
positioned such that it is above the septal region 28 of the aortic graft 10.
Proper positioning of the spring portion to the contralateral side is adjusted by
rotating or advancing forwards or backwards the whole directional catheter 220
while under fluoro-visualization. The spring portion 222 is deflected by pulling
knob 224 in the direction of the arrow in Figure 13A. Figure 13B illustrates the
deflected spring portion 222 positioned within the contralateral leg 14.

A supplemental guidewire 228 is then advanced through the directional
catheter 220 and out the deflected spring portion 222 to extend down the
contralateral leg 14 and through the left common iliac artery 104. The
supplemental guidewire 228 is extended until it is in the left femoral artery 118,
at which time the left femoral artery is cross-clamped and a cut-down or
percutaneous incision is performed to retrieve the supplemental guidewire. If
the guidewire has not been guided fully along the femoral artery a snare or
similar device can be introduced through the left femoral artery to grab the
guidewire and draw it back to the puncture or incision site for retrieval.

As seen in Figure 13C, once the supplemental guidewire 228 is in place
through the left common iliac artery 104 the directional catheter 220 is
advanced distally through the bifurcated graft 10 and into a position above the
renal arteries 106, 108. The spring portion 222 remains deflected to present a

curvilinear upstream profile. This curved profile enables advancement of the
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snagging on the openings to the renal arteries 106, 108. The directional catheter
220 remains in this position while the tubular graft extension 170 is attached to
the contralateral leg 14, A stiffer guidewire 228a is then exchanged with the
supplemental guidewire 228 by conventional methods to extend through the left
iliac artery 104 and within the contralateral leg 14 of the aortic graft.

As illustrated in Figures 14A and 14B, a second introducer assembly
230 is introduced with the help of a dilator 240 over the stiff guidewire 228a in
the manner previously described for the first introducer assembly 130. The
dilator 240 is removed leaving a second sheath 270 in position with its distal tip
272 adjacent the graft septum region 28. Again, a radiopaque marker 274 on the
distal tip 272 aligns with the septum region 28 and its radiopaque markers 84,
85 (Figure 1).

As seen in Figure 15A, a second catheter assembly, on which is
packaged the tubular graft extension 170 is then introduced through the sheath
270. A pusher body, (not shown but similar to that described above) pushes the
tubular graft extension 170 distally within the sheath 270. Again, this procedure
for advancing a graft upstream with respect to the aneurysm 114 while housed
within the sheath 270 is necessary to avoid difficulties associated with
displacing an irregularly shaped object against the blood flow. It is especially
significant given that the trunk portion 12 has been expanded into contact with
the abdominal aorta 100, and thus the entire blood flow through the abdominal
aorta continues through the graft legs 14, 16. Ultimately, a distal portion 286 of
the inflation balloon extends from the distal tip 272 of sheath 270.

Once the tubular graft extension 170 is in place, the second introducer
sheath 270 is withdrawn (as seen by the arrow 276 in Figure 15B) to a position
within the left common iliac artery 104. After displacing the second introducer
sheath 270, the pusher body is retracted slightly to release the proximal end of
the graft extension 170. Figure 15B illustrates the compressed balloon-
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expandable tubular graft extension 170 in proper position for expansion and
implantation.
As illustrated in Figure 15C, the balloon on the second catheter
assembly is then inflated forcing the upstream portion of the graft extension 170
5 into contact with the inner surface of the contralateral leg 14, and downstream
portion of the graft extension into contact with the inner surface of the left
common iliac artery 104. As with the inflation balloon 194 for the trunk portion
12 the inflation balloon for the tubular graft extension 170 is first deflated and
then stretched to remove it from within graft without snagging.

10 After the tubular graft extension 170 on the contralateral side has been
expanded, the directional catheter 220 in the first introducer sheath 134 is
withdrawn. First, however, the spring portion 222 is straightened to its home
position (Figure 15C) to enable the catheter 220 to be retracted within the sheath
134.

15 As seen in Figure 16A, a third catheter assembly on which is packaged
another tubular graft extension 170’ is then advanced over the primary
guidewire 128 and through the lumen of the sheath 134 until a distal end 296 of
the inflation balloon projects slightly from the distal tip 138. Again, a
radiopaque marker on the distal end of the balloon catheter is used to place it in

20 registry with the marker 139 on the distal tip 138, which was previously
registered with the marker at the graft septum region 28.

The first introducer sheath 134 is slightly larger than the second sheath
270 because it is sized for passage of the balloon 194 of the first catheter i
assembly on which the trunk portion 12 is wrapped. For example, the inner

25  diameter of the introducer sheath 134 may be 19 French, while the inner
diameter of the second sheath 270 may be 16 French. As a result, there is some
acceptable clearance between passage of the third catheter assembly and tubular
graft extension 170’ thereon and the inner lumen of the introducer sheath 134,

In this manner the introducer sheath 134 need not be removed and replaced with
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Figure 16B, first the sheath 134 and then the pusher body (not shown) are
withdrawn proximally to release the tubular graft extension 170’ such that its
5  upstream end is inside the ipsilateral leg 16 of the aortic graft 10 and its
downstream end is within the right common iliac artery 102. The catheter
balloon is inflated to force the upstream end of the graft extension 170' into
contact with the inner surface of the ipsalateral leg 16. At the same time, the
balloon forces the downstream end of the graft extension 170" into contact with

10 the inner surface of the right common iliac artery 102. The final expanded
position of the tubular graft extension 170’ is seen in Figure 16D.

Figure 16C illustrates a cross-section of the left common iliac artery 104
with the first tubular graft extension 170 expanded into contact therewith, As
was described with respect to Figure 2A, the wireforms 176 terminate in ends

15 which are secured outside the extension wall 175 with crimps 178. The crimps
178 as shown project outward from the wall 175 at a slight angle and provide
additional friction to locate the extension 170 within the artery 104.

Advantageously, the crimps 178 are not sharp and do not penetrate the vessel
wall, as with some prior art grafts. Instead, the irregular surface formed by the

20  multiple crimps 178 prevents migration of the tubular graft extension 170
without damage to the wall of the artery 104. !

Subsequently, the inflation balloon is deflated and then stretched before l
removing it along with the third catheter assembly from within the graft |
extension 170"

25 In one embodiment of the present invention, the upstream portions of
either of the graft extensions 170, 170' may be slightly over-sized to maximize
the frictional engagement with the downstream portions of the respective
contralateral or ipsilateral legs 14, 16. In particular, the over-expansion of the

balloon-expandable wireforms slightly beyond the diameter of the distal self-
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expandable wireforms causes the distal self-expandable wireforms of the
contralateral or ipsilateral legs to exert a radially inward force against the
balloon-expandable portions of the graft extension, This resistance serves to
improve the frictional engagement between the contralateral downstream leg
5 and the graft extension. Furthermore, the respective wireforms and associated
crimps tend to hook together to more securely couple the graft extensions 170,
170" to the respective contralateral or ipsilateral legs 14, 16.
In an alternate embodiment, colloquially known as the “kissing”
technique, both the ipsilateral and contralateral balloon catheters could remain
10 in place during implantation of both leg extensions 170, 170°. In this technique,
the third catheter balloon for the ipsalateral leg extension 170 is inflated while
the second catheter balloon remains within the contralateral leg extension 170.
In other words, while the third catheter balloon inflates, the second catheter
balloon remains in place in the contralateral leg extension 170, and is preferably
15 deflated to ambient pressure but is not stretched or reduced by a vacuum. The
third catheter balloon is subsequently deflated, stretched and removed, followed
by deflation, stretching and removal of the second catheter balloon. The use of
the kissing technique or the more common sequential contralateral-ipsalateral
extension implantation technique is up to the preference of the surgeon.
20 An angiographic examination may take place to determine if the grafts
are correctly placed and functioning. The second sheath assembly and the stiff

guidewires are withdrawn and the contralateral incision or puncture is sutured.

The first introducer sheath assembly is then withdrawn and the right femoral
incision is sutured. The result is a functioning trouser graft bridging an
25  aneurysm as illustrated in Figure 16D.
The operation may be carried out using a general anaesthetic, an
epidural anaesthetic, or in suitable cases, using only a local anaesthetic.
The present invention may be embodied in other specific forms without

departing from its spirit or essential characteristics. The described embodiments
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CLAIMS:

1. An intraluminal prosthesis comprising;

a trouser graft having a trunk and two legs diverging in a downstream direction
from the trunk at a septum region, the graft being formed of a graft body having an
external surface and an internal surface;

at least one balloon-expandable wireform connected to the graft body at the
trunk;

at least one self-expanding wireform connected to the graft body at the septum
region; '

at least one self-expanding wireform connected to the graft body in each of the

two legs.

2. The prosthesis of Claim 1, wherein there are at least two balloon-expandable
wireforms connected to the graft body at the trunk, one of the balloon expandable

wireforms being positioned external to the graft body.

3. The prosthesis of Claim 1, further including a tubular extension connected to a

downstream end of each of the two legs.

4.  The prosthesis of Claim 3, wherein the tubular extensions each include balloon-
expandable wireforms and are connected to the downstream end of the legs in such a
manner that the self-expanding wireform in each leg exerts a radially inward force on

the balloon-expandable wireform in the associated tubular extension.

5. An intraluminal prosthesis, comprising:

a trouser graft having a trunk and two legs diverging in a downstream direction
from the trunk at a septum region, the graft being formed of a graft body having an
external surface and an internal surface; and

a self-expanding wireform connected to the graft body at the septum

region.
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6. The prosthesis of claim 5, wherein the self-expanding wireform is connected

to the external surface of the graft b;)dy.

7. The prosthesis of claim 5, wherein the self-expanding wireform has a

radiopaque marker attached thereto.

8. The prosthesis of claim 7, wherein the radiopaque marker points to the

location at the septum region where the two legs diverge.

9. The prosthesis of claim 5, wherein the self-expanding wireform at the septum

region includes at least one crimp, wherein the radiopaque marker is provided on the

crimp.

10.  The prosthesis of claim 9, wherein the radiopaque marker points to the location

at the septum region where the two legs diverge.

11.  The prosthesis of claim 10, wherein there are two crimps each having
radiopaque markers thereon, and wherein both ef the markers point to the location at

the septum region where the two legs diverge.

12.  The prosthesis of claim 5, further including a self-expanding wireform

provided in each of the legs of the trouser graft.

13.  The prosthesis of claim 12, further including a lateral reinforcement wire

coupled to at least one of the legs between the self-expanding wireform in the

one leg and the self-expanding wireform at the septum region.

14.  The prosthesis of claim 13, wherein the lateral reinforcement wire is attached

to the exterior of the graft body.

|
15.  The prosthesis of claim 13, wherein the self-expanding wireforms in the legs
and at the septum region region each have alternating peaks and valleys around their

respective circumferences, and wherein the lateral reinforcement wire extends
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16.  The prosthesis of claim 5, wherein one of the legs is longer than the other leg.

17.  The prosthesis of claim 5, further including a plurality of balloon-expandable

wireforms provided in the trunk of the trouser graft.

18. A trouser graft, comprising:

a graft body having a trunk and two legs diverging in a downstream direction
from the trunk at a septum region, the graft body being defined by an anterior side and
a posterior side separated by a plane extending generally through the trunk and two
legs; and

a plurality of radiopaque markers provided only on one of the anterior side or

the posterior side to facilitate orientation of the trouser graft during implantation.

19.  The trouser graft of claim 18, wherein one of the radiopaque markers points to

the location on the graft body where the two legs diverge.

20.  The trouser graft of claim 19, further including a wireform connected to the
graft body at the septum region, the radiopaque marker pointing to the location on the

graft body where the two legs diverge being provided on the wireform.

21.  The trouser graft of claim 20, wherein the wireform is provided on an external

surface of the graft body. !

22.  The trouser graft of claim 18, wherein one of the legs is longer than the other

leg.

23.  The trouser graft of claim 22, further including a self-expanding wireform

provided on the exterior of the graft body proximate to the free ends of each of the

legs.



I, 110% /& ()- ! f#10%& ()-!Mf#10% /& ()-*,zX7~\= 1!

D(! 109%+& ()-! @$10% "' & ()-! @$10%+& ()-!#SI 10% ? 2& ()- ! #S! 308by 2003
. & (Y- t10% & ()-,sz[PE: 1! 10/ 10/

10/y2,10% & ()-!1,10% /& ()-,109%& ()-'@'10% /' /& ()-! (! 109%& ()- {Z9PE:
11 98 1109BK8& ()- 3 '10%& ()- 3 !10%8B8& ()- 10%& ()-!

& 10%&' ()--! #10%b& ()-!rA{YS8PE. 1! 13 T10%KFK& ()- !3 110%b& ()- ! (Y3
| 109B0Bb& ()- 3 llo%:&'() (3 11098B& ()- !!3 | 10%b& ()- A {zY:PE 1!
- 109 ()- 1#110% & ()-s !1Ki! 10%heb& () -s! | Kl 10%beb& ()-s N#! 10908 () -

D#! 10%@& () -

24t ROAnaann(r)al pRstesis gomhprising:0% & ()- 10bb 10bb

a trouser graft having a trunk which is circular in cross-section and has an
external surface and an internal surface, the trunk comprising a first trunk diameter at
an upstream end conformable to the diameter of the vessel to which it will be attached
and a second trunk diameter at a downstream end which is different from the first
trunk diameter;

two trunk legs diverging in a downstream direction from the trunk at a septum
region, each leg having a trunk leg diameter;

at least one expandable wireform joined to and extending around the external
surface of the trunk adjacent to the septum region; and

a tubular extension overlappingly connectable to a downstream end of one of
the two trunk legs, the tubular extension having a tubular extension diameter

conformable to the trunk leg diameter to provide a consistent interface therewith.

25.  The intraluminal prosthesis of claim 24 wherein the first trunk diameter is
greater than the second trunk diameter and the trunk tapers between the upstream and

downstream ends.
26.  The intraluminal prosthesis of claim 24 wherein the first trunk diameter is less
than the second trunk diameter and the trunk tapers between the upstream and

downstream ends.

27.  The intraluminal prosthesis of claim 24 wherein the tubular extension diameter

' is substantially uniform throughout its length.

28.  The intraluminal prosthesis of claim 24 wherein the tubular extension has a
first tubular extension diameter at an upstream end which is conformable to the trunk
leg diameter to provide a consistent interface therewith and a second tubular extension
diameter at a downstream end which is conformable to the diameter of the vessel to

which it will be attached.
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its upstream end and attachable to an aorta; and |

at least one balloon-expandable wireform connected primarily to the external |

surface of the graft body at the distal end of the trunk upstream from the septum |

region.

30.  Anintraluminal prosthesis comprising:

a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region which is locatable upstream from an aortic
bifurcation, the trouser graft being formed of a graft body having an external surface
and an internal surface and comprising one or more expandable wireforms at its
upstream end and attachable to an aorta,

at least one balloon-expandable wireform connected primarily to the external

surface of the graft body at the distal end of the trunk upstream from the septum
region; and

a tubular extension connected to a downstream end of at least one of the two
legs;

wherein the diameter of at least one of the tubular extension is over-sized with
respect to the balloon-expandable wireforms in the at least one of the tubular

extensions.

31.  Anintraluminal prosthesis comprising:
a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region which is locatable upstream from an aortic

bifurcation, the trouser graft being formed of a graft body having an external surface
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to the at least one balloon-expandable wireform.

32.  Anintraluminal prosthesis comprising:

a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region which is locatable upstream from an aortic
bifurcation, the trouser graft being formed of a graft body having an external surface
and an internal surface and comprising one or more expandable wireforms at its
upstream end attachable to an aorta; and

at least one self-expanding wireform connected primarily to the external
surface of the graft body at the septum region and having a radiopaque marker
attached thereto;

wherein the radiopaque marker points to the location at the septum region where

the two legs diverge.

33.  Anintraluminal prosthesis comprising:

a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region which is locatable upstream from an aortic
bifurcation, the trouser graft being formed of a graft body having an external surface
and an internal surface and comprising one or more expandable wireforms at its
upstream end attachable to an aorta; and

at least one self-expanding wireform connected primarily to the external
surface of the graft body at the septum region and having a radiopaque marker
attached thereto;

wherein the self-expanding wireform at the septum region includes at least one

crimp, and wherein the radiopaque marker is provided on the crimp.
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direction from the trunk at a septum region which is locatable upstream from an aortic
bifurcation, the trouser graft being formed of a graft body having an external surface
and an internal surface and comprising one or more expandable wireforms at its
upstream end attachable to an aorta;
at least one self-expanding wireform connected primarily to the external
surface of the graft body at the septum region and having a radiopaque marker
attached thereto; and
at least one self-expanding wireform connected to the graft body in each of the
two legs;
wherein one of the legs of the trouser graft is longer than the other leg and
wherein the difference in length between the legs of the trouser graft corresponds to
the height of the at least one self-expanding wireform connected to the graft body in

each of the two legs.

35.  An intraluminal prosthesis comprising:

a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region which is locatable upstream from an aortic
bifurcation, the trouser graft being formed of a graft body having an external surface
and an internal surface and comprising one or more expandable wireforms at its
upstream end attachable to an aorta;

at least one self-expanding wireform connected primarily to the external
surface of the graft body at the septum region;

at least one self-expanding wireform connected to the graft body in each of the
two legs; and

a lateral reinforcement wire coupled to at least one of the two legs between the
self-expanding wireform in the one leg and the self-expanding wireform at the septum
region;

wherein the self-expanding wireforms in the legs and at the septum region

each have alternating peaks and valleys around their respective circumferences, and

4
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36.  An intraluminal prosthesis comprising:

a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region which is locatable upstream from an aortic
bifurcation, the trouser graft being formed of a graft body having an external surface
and an internal surface and comprising one or more expandable wireforms at its

upstream end attachable to an aorta; and

at least one self-expanding wireform connected primarily to the external
surface of the graft body at the septum region;
wherein the initial expanded diameter of one or more of the self-expanding

wireforms is slightly larger than the diameter of the portion of the graft body to which

it is attached.

37.  Anassembly of tubular prostheses, comprising:

a first tubular prosthesis including a graft body and at least one self-expanding

wireform, the first tubular prosthesis terminating at a downstream end in an open
mouth; and

a second tubular prosthesis including a graft body and at least one balloon-expanding
wireform, the second tubular prosthesis terminating at an upstream end positionable
within the open mouth of the first tubular prosthesis, the second tubular prosthesis
being expandable into contact with the first tubular prosthesis and expandable
sufficiently farther to outwardly stress the self-expanding wireform in the first tubular
prosthesis and produce an inward compressive force on the upstream end of the

second tubular prosthesis.

38.  An assembly of tubular prostheses, comprising:

a first tubular prosthesis including a graft body having an upstream end and

terminating at a downstream end in an open mouth and comprising at least one
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39.  An assembly of tubular prostheses, comprising: )

a first tubular prosthesis including a graft body and at least one self-expanding
wireform, the first tubular prosthesis terminating at a downstream end in an open
mouth; and

a second tubular prosthesis including a graft body and at least one balloon-
expandable wireform woven through the graft body and having a crimp positioned
external to the graft body, the second tubular prosthesis terminating at an upstream
end positionable within the open mouth of the first tubular prosthesis, the second ;
tubular prosthesis being expandable into contact with the first tubular prosthesis and :
expandable sufficiently farther to outwardly stress the self-expanding wireform in the ‘
first tubular prosthesis and produce an inward compressive force on the upstream end !
of the second tubular prosthesis; |

wherein the crimp positioned on the outside of the graft body of the second

tubular prosthesis is positionable to interlock with the self-expanding wireform on the

first tubular prosthesis.

E

40.  Anintraluminal prosthesis comprising: ‘
a trouser graft having a trunk and two legs diverging in a downstream direction

from the trunk at a septum region, the trouser graft being formed of a graft body

having an external surface and an internal surface, wherein the trouser graft is defined )
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a plurality of separately spaced wireforms connected primarily to the external |
surface of graft body; and l
a plurality of radiopaque markers provided on the wireforms only on one of
the anterior side or the posterior side of the graft body to facilitate orientation of the

trouser graft during implantation.

42.  Anintraluminal prosthesis comprising:

a trouser graft having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region, the trouser graft being formed of a graft
body having an external surface and an internal surface, wherein the trouser graft is
defined by an anterior side and a posterior side separated by a plane extending
generally through the trunk and two legs; |

at least one wireform connected primarily to the interior surface of the graft
body at the trunk and having a first radiopaque marker attached thereto;

at least one wireform connected primarily to the exterior surface of the graft
body at the septum region and having at least a second radiopaque marker attached

thereto; and

at least one wireform connected to the graft body in each of the two legs and

having at least a third radiopaque marker attached to a wireform at one of two legs

and at least a fourth radiopaque marker attached to a wireform at the other of the two

legs;
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10s$F10%&' ()- 10 a trouser gra having a trunk and two legs diverging in a downstream
direction from the trunk at a septum region, the trouser graft being formed of a graft ’

body having an external surface and an internal surface, wherein the trouser graft is
defined by an anterior side and a posterior side separated by a plane extending
generally through the trunk and two legs;

at least one wireform connected primarily to the interior surface of the graft
body at the trunk and having a first radiopaque market attached thereto;

at least one wireform connected primarily to the exterior surface of the graft
body at the septum region and having a pair of crimps attached thereto, each of the
crimps having radiopaque markers thereon, and wherein both of the markers point to
the location at the septum region where the two legs diverge; and

at least one wireform connected to the graft body in each of the two legs and
having at least a third radiopaque marker attached to a wireform at one of two legs
and at least a fourth radiopaque marker attached to a wireform at the other of the two
legs;

wherein all of the radiopaque markers are provided on only one of the anterior

|
|
side or the posterior side to facilitate orientation of the trouser graft during ’

implantation.

44.  An intraluminal prosthesis comprising:

a trouser graft having a trunk and two trunk legs diverging in a downstream
direction from the trunk at a septum region, wherein the trouser graft is attachable at
its upstream end to an aorta;

wherein the trouser graft is of a specified length and at least a first trunk leg is
of a specified length so that upon attachment of the trouser graft to the aorta the
septum region and the first trunk leg are locatable upstream from the aortic |
bifurcation; !

|
!
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a tubular extension overlappingly connectable to a downstream end of the first
trunk leg, at least a portion of the tubular extension having a tubular extension
diameter conformable to the first trunk leg diameter to provide a consistent interface

therewith.

45.  The intraluminal prosthesis of claim 44, wherein the first trunk diameter is
greater than the second trunk diameter and the trunk steps down between its upstream

and downstream ends.

46. The intraluminal prosthesis of claim 44, wherein the first trunk diameter is
greater than the second trunk diameter and the trunk tapers at least along a portion of

its length between its upstream and downstream ends.

47. The intraluminal prosthesis of claim 44, wherein the first trunk diameter is less

than the second trunk diameter and the trunk steps up between its upstream and

downstream ends.

48.  The intraluminal prosthesis of claim 44, wherein the first trunk diameter is less
than the second trunk diameter and the trunk tapers at least along a portion of its

length between its upstream and downstream ends.

49.  The intraluminal prosthesis of claim 44, wherein the tubular extension

diameter is substantially uniform throughout its length.
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" HS% () 52. The intraluminal prosthesis of claim 50, wherein the first tubular extension
diameter is greater than the second tubular extension diameter and the tubular
extension tapers at least along a portion of its length between the upstream and

downstream ends.

53, The intraluminal prosthesis of claim 50, wherein the first tubular extension
diameter is less than the second tubular extension diameter and the tubular extension

steps up between the upstream and downstream ends.

54.  The intraluminal prosthesis of claim 50, wherein the first tubular extension
diameter is less than the second tubular extension diameter and the tubular extension

tapers at least along a portion of its length between the upstream and downstream

ends.

55.  The intraluminal prosthesis of claim 44, wherein the two trunk legs are
circular in cross-section and the combined diameters of their respective trunk leg

diameters is equal to the second trunk diameter.
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56. The intraluminal prosthesis of claim 55, wherein the second trunk diameter is

26 mm and the trunk leg diameter of each trunk leg is 13 mm.

57. The intraluminal prosthesis of claim 44, wherein the trouser graft further

comprises one or more expandable wireforms at its upstream end attachable to an

aorta.

58.  Anintraluminal prosthesis comprising:

a trouser graft having a trunk and two trunk legs diverging in a downstream
direction from the trunk at a septum region, wherein the trouser graft is formed of a
graft body having an external surface and an internal surface and comprises one or
more expandable wireforms at its upstream end attachable to an aorta;

wherein the trouser graft is of a specified length so that upon attachment of the
trouser graft to the aorta the septum region is locatable upstream from an aortic
bifurcation and at least a first trunk leg is of a specified length so that upon attachment
of the trouser graft to the aorta the first trunk leg is locatable upstream from the aortic
bifurcation;

wherein the trunk has a circular cross-section and comprises a first trunk
diameter at its upstream end conformable to the diameter of the aorta to which it will
be attached and a second trunk diameter at its downstream end which is different from
the first trunk diameter and wherein each trunk leg has a trunk leg diameter; and

a tubular extension overlappingly connectable to a downstream end of the first
trunk leg, the tubular extension having a first tubular extension diameter at an
upstream end which is conformable to the trunk leg diameter to provide a consistent
interface therewith and a second tubular extension diameter at a downstream end

which is conformable to the diameter of a vessel to which it will be attached.




