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separated by a gep. A bridging member (54)
connects the first {50) and second mbular sections
(52) across the gap and may include a relatively
tigid strut to prohibit relative axial movement of
the two sections. There may be one, two or more
bridging members to define one, two or more
apertores through which blood can flow from
within the graft through to the vessel side branch.
156 The graft may inclade a flexible, desirably fabric,
body supported by a wireform stent that is either
self- or balloon-expandable. The graft may be
deployed within the abdominal aorta or both
sides of the renal arteries and have two apertares
for blood to flow from the aorta to the renals. The
infra-renal section provides a uniform wuniform
tubular anchoring surface for a trunk portion of
a bifurcated graft used to repair an abdominal
aneurysm extending to the iliac arteries.

0O 00

r 154

WO 01/49211 Al




{74) Agents: CONDI NO, Debra, D. et al.; Edwards Life- scien ﬁs LLC One
Edwar ds Way, |rvine, CA 92614 (US). (81) Designated States % dFP%ﬁg@‘i: AE,
AL, AM AT, AU, AZ, BA, BB, BG BR BY, CA CH CN CR CU d, DE DK
DM EF, ES, Ff. GB, GD, GE, G4, GM HE, HU _ID, AN S L E KE KC
KP, KR Kz_1C 1K 1R 1S WO 08/49211 vA D, R
RO RU SD, SE, SG Si, SK, SL, TJ, TM TR T1', TZ, UA, ,

VN, YU, ZA, Z#% [Desipmuieit Stiltregistall oiropagela() pdinnbee: VASCULAR GRAFTS AND
METHODS FOR BRILSEWED: AL $4= TE B0, 730 [DerasBRANCEH~1 St indebatiodaT darch defdy, 1. 156 '-154 ~

(57) mstracﬁ%ﬁggﬁ{%ﬁp%%a proi{f’rlegry vesse‘{ﬁ (22) ?’dag,%eqdﬂdto
bridge a si desxc iAl¥Ho ,’,t(gﬁ%'@’ ’ %m@ § ahbrevipiises, refis oy [Gtidng  a
support tube.Gth,taw,pn.iummsng‘m% nthe’ g@@ﬁ?gmgggﬁﬁ?ﬁ@ e_"é’??gdé""’(??’"t he «
side branch. The graft includes first and second tubul ar sections'
separated by a gap. A bridging nmenber (54) connects the first (50) and
second tubul ar sections (52) across the gap and may include a relatively
rigid strut to prohibit relative axial novenent of the two sections. There
. may be one, two or nore bridging nenbers to define one, two or nore
~apertures through which blood can flow from wthin the graft through to

t he vessel side branch.
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grafi@drd
particularly, to a vascul ar raft for a primary vessel adapt to bridge a
side branch, 8?}95@?‘3!"?/37’ W@%Fd@!ﬂﬂéobudg%ﬂMQ mary graft
| ocated in thebﬂ&hwﬁ%&ﬂnﬁ&ﬁbﬂﬁm@%&%&?&&%&% ek ar ound

of the Invention
primary vessel on one side of the side branch.

10

Background of the Invention
An aneurysm is a ballooning of the wall of an artery resulting from
weakening due to disease or other condition. Left untreated, the aneurysm may
rupture, resulting in severe loss of blood and potentially death. An aneurysm in
15 the abdominal aorta is the most common form of arterial aneurysm. The
abdominal aorta connects the ascending aoria at the heart to the circulatory
system of the trunk and lower body. The abdomipal aorta extends downward
- from the heart in front of and parallel o the spine, throngh the thorax and
' abdomen, and branches off in a plurality of side vessels. Among other
20 branching vessels, the abdominal aorta supplies the two kidneys via oppositely-
directed renal arferies. Below the renal arteries, the abdominal aorta continues
to about the level of the fourth lumbar vertebrae and divides at a Y-junction into
the left and right iliac arteries, which supply blood to the lower extremities.
. A common location for an aortic aneurysm is in the section of aoria
25 . between the renal and iliac arteries. Without rapid surgical intervention,a
rupture of the abdominal aorta is commonty fatal because of the high volume of
blood flow within the aorta. Conventional surgical intervention involves
penetrating the abdominal wall to the location of the aneurysm to reinforce or
replace the diseased section of the aorta. Typically, a prosthetic tube graft
30 replaces the area of, or proximal and distal Zones abutting, a potential rapture
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An aneurysmis a ballooning of the wall of an artery resultl ng from
weakeni ng due to di sease or other condition. Left untreat ed 8H'ée W@‘hrysm
may rupture, resulting in severe |loss of blood and potentlally deat h. An
aneur ysnWirP1/49811t he abdomi nal aorta is the npst common for peplgssdSis al
aneurysm The abdom nal aorta connects the ascending aorta at the heart to
the circulatory systemof the trunk and,l ower body. The abdom nal aorta
extends downward fromthe heart in front of and parallel to the spine,
through the thorax and abdonmen, and branches off in a pI urality of side

vessel s. Anmong Mlﬁmrofzﬁbdortanﬁhf mtynatelyse@nventiofs] seRFQN R Eglgs supplies the

two ki dneys vi sit %@&hﬁg’ renal _arteries. BeI owt e renal

‘arteries, the a eies and at the ety leapi@ prefyasttedot t he fourth

| unbar vert ebr aecovety m%%&m%&&%&ﬂﬁ@mﬂ@é éfit and right iliac -
common | ocati on

arteries, V\/nicg su bloodtothe | ower extremties.
for an aortic H’é‘ﬁ?"?gﬁg vaselad iglerveptioor t a  bet ween the renal and

iliac, artegies. thﬂ&!&nt?rézﬂ? &w% QL] ture of the
abdomi nal aorta i s common g@‘gu%dé&%&%/% ﬁaﬁlwmi%m bl ood flow
Wlht hi Bdt he alortaﬁmc@@mummﬁwwmﬁemmwmnhwf%@@pet rat: ng

t he abdom na EE]fr ation .o an smto reinforce or replace
t he di seased s\g@ #%%ﬁmﬁﬂ#@% lHS fomfhe graft 30
repl aces the arfaaoﬂartewﬂlw tent i al

ugh itiiliaceibnlinlt il %
rupture WO 01/4 &“]lgne 2004 PCTI US00/ 0 712 portlo of "the aorta.
Unfortunately, P@F}\/@ﬂpmdbbmse@zeﬁableeﬁnn n

subst anti ako m)l’ehhﬁ-lsﬁl‘f &g oi‘ﬂﬂ] r)ml:g?ﬁ{m% Rr@tr ct e%n recovery

peri od. Likew se, cost and ot her constrai fits m gst andi ng
need for endovmmmbﬂmemmmiﬁg%@d devi ces

have been deve% | £ .aneurys t hout, opening up the
abdomi nal wal | d%ﬁr#ea % l%ﬁf"aﬁ% to %%ﬁ?‘ﬁ%ﬁ?@t%@%r-car ried
tubul ar graft upébnbath&dowipteelidqies.om t he fenoral artery through the iliac

~artery and into theﬁf@&%%%n%%%nmbzﬁmmeabdomﬂaorlaand

15 the iliac arteries, a bifurcated graft is typically used. Atrlmkportlonofme
 bifurcated graftis secured to a healthy section of the abdontinal aorta just below
the renal arteries, and branched legs of the grafi are secured within each of the
. iliac arierics, sometimes via a tubular extension graft. This procedure does not
involve cardiopulmonary bypass, and thus blood continues to flow downward
20 through the abdominal aorta. Certain complications arise in anchoring the graft
to the inner wall of the vessel, because of the high blood flow both during the
procedure and afterward. Indeed, the risk of grafis migrating within a vessel is
a problem in many locations, not just in the abdominal aoria. In addition, the
abdominal aorta may be amewrysmic very close to the renal arteries, which
25 tesults in a fairly poor substrate within which to secure a repair graft.- In fact,
surgeons require various minimum lengths of healthy aortic wall below the
renal arteries before an endovascular graft repair is indicated, or clse a
conventional invasive technique must be used. Moreover, the same
cousideration of a minimum healthy portion of the host vessel applies in other



graft normally includes a tubular graft body supported by an exgana bl e
stent, 10 either self-expanding or balloon-expandi ng. The baPIHBR 2 &‘bandi ng
type of stm naturally requires an expansion balloon, while the

sel f - expeomme2taype is sinply deployed fromthe end of a popakadegieat h.-
| mpl acenent issues inpact upon both known techniques. |If the aneurysm

affects the Y junction between the abdom,nal aorta and ' ~ d Ili he ac
arteries, a bifurcated graft is typically used. A trunk portiagon of the
bi furcated graft is secured to a healthy section ofthe abdom nal aorta

j ustbel ow t he arexpdspedidllrwiifregs2 ¢ e POLIOR Of 18 A5rt# Adjhdaf: 8 Blhorase Secur ed

within each of t Jdliac arteries, sonetines via a'tubul ar extenhsion
graft. This pr ¥ign effaeotdrtetiesny o ve car di opul nonary bypass, and 't hus

bl ood continues to fA R¥mBRWeKak:S ek'ﬁﬁ@&?n 4o Ral @aﬁlﬁ Certain
conplications arise in anchori ngql% he gra tm{i‘)g thef%ﬂr%ner t?)f‘ t he
vessel , becausevesfel wals, Hogtinogblyolie fiseabatbs br bivoks extending putwarddione and
afterward. knd ﬁei:l%z 8% L arsat hn ithip a vessel is a
problemin man)eg i o‘cﬂg?i&%ns, no %@@ﬁ%%d%ﬁ&@ﬁt@ﬁ%i tion,

the abdomi nal thoghf, teymbydasapeyiawessel wall indiaasecdmplichonsenal arteri es,

which results a farly.poor substrate wthin which to secure a repair

graft. - In fad%&m%%eﬁg&s%meﬁ%nmmwmwmpfﬁeal t hy

csortie vall belguf bty anded Bentdikitid o AERE Fie oS RSE Uil o #7 L TePai T
chni qué nus

is indicated, or else a conventional invasive te [ e used.
Mor eover, the J8ereor shapsncamaryrbiag or fionpexpansion ofiatheHperhin fisregionn of t he host

bopoci al |y o th 1 eqanahecoiett By tn Wbt Bohe abdehm a0, S8 b1 ancii ng
subcl avian  or { havepredded/a stautrbithe wipet enholf abifgcakd\peafben pr oposed
F L enor i 0 ShhhSad s A RAT itk Ror GRS B Tl iy O P27 DS O
Endovascular Stent-Graft System available from World Medical of Sunrise,
Flotida, includes an undulating wire support frame extending above the graft
15 body intended for supra-renal fixation. Likewise, the ZENITH AAA brand of
Endovascular Graft from Cook, Inc. of Bloomington, Indiana, utilizes an
undulating wire support having barbs for supra-renal fixation of the graft.
However, because these wires extend across the opening of the branching renal
arteries they present a certain impediment to blood flow therethrough.
20  Moreover, any structure placed in the path of blood flow may tend to initiate the
blood clotting cascade, which in turn, may generate free-floating emboli that
would adversety impact the kidneys, or other organ that is perfused fhrough the
affected side branch. Becanse the kidneys are highly susceptible to mjury from
incursion of such embol, it is highly desirable to avoid even the possibility of
25 blood clotting at the mouth of the renal arteries. .
Despite much work in this highly competitive field, there is still a need
for a more secure means of anchoring a bifurcated graft in the sbdominal aorta.
More generally, there is a need for a mote secure means of anchoring a tubular
graftin a primary vessel in the vicinity of a vessel side branch.
30



s graft that enbed thenselves into the vessel wall. AIthougg thesE &ew ces
secure the graft, they may damage the vessel wall and caus gcJHPr% P4t ons.
Al ternatively, portions of the sent may extend beyond the upstream end of
the grawo eme2innd be bent outward into contact with the \ﬁ_q?@g me#
either froma pre- or shape nenory-bias, or from expansion b oon in
this region. 10 In the context of repairing an aneurysmin The abdom nal
aorta, sone nmanufacturers have provided & scent at the upper end of a

bi furcated graft that extends across the renal arteries. -For exanple, the
TALENT brand of Endovascul ar Stenqt - Graft ’ temavailable fromWrld

Medi cal of Sunrise, Florida, incEade 3 ot ing Wre support frarre

. extendi ng above the gme Moﬂw,@m@q,mm@w@ I

Li kewi se, the ZEN TH brand_of Endovascul ar G aft &?oﬁr)n Inc

Bl ooni ngt on, | ndn &#Emagy blped vessel and spitad fodiridge awessel sidadranch. ﬂh@gﬁg bar bs for
supr a-renal flx%hﬁpi?&f the graft However, because these w res extend
across the opening“of the branching renal arteries they present a certain

i npedi nent t® blmwmhgmghwmm@ﬁmﬁwmm&mﬁ&:epl aced in

by en’ - hom g A oA B bt B S o e ey <ol y

[ npact the ki dndtachpimdalsbesndoogion of Glonics sufioe bimg skl ioaict s af f ect ed
si de branch. Because Ehe ki dneys are highly susceptible to injury from

i ncursi on of su plood wessal om;the pthergideiof i sedebganeho The t he

possi bility of ﬁﬁﬂ:c}é&iﬂ Q!gmﬁim J@lw thd'8dd 628l B &%H Despite
much work in this high conpetiti “H%ereﬁ‘lii st H%ag%n% for a
nor e secureIﬂreaﬂllowfﬂtmbwpm@ehlmdﬁmsdm&egndﬁhmnch.the abdom nal aorta. -
More general ly, e secure neans anchoring a

tubul ar graft 'ﬁﬂiﬂg‘raflwqe/} é&W%W@&W? Ogap 5%'1"&5| de branch.
30 WO 01/ 49211 AuiRerihuycindl@diat leastiGhb bEdGiDéhbeSvivening thé gigwndl nvention The
prersent i nvention cec%rli&%amxascu&ar raft ad te%%irgh%rvcplﬁcerrent

portions so as to
separation of the two portions after implantation, the aperture being defined
15  between the bridging member and the first and second portions. There are
desirably at least two bridging members and two apertures, and potentialty four
bridging members and four apertures. Further, the bridging member may be a
relatively rigid strut.
In another aspect, the invention provides a vascular graft adapted for
20  placement in a primary blood vessel and suited to bridge a vessel side branch,
comprising: ,
a fixst tubular strcture sized to contact and support the blood
vessel on one side of the side branch;
2 second tnbular structure sized to contact and support the blood
25 vessel on the other side of the side branch; and .
at Jeast one bridging member commecting the first and second
tubular structures 5o as to define an aperture in the vascular graft sized
for blood to flow through between the blood vessel and the side branch.



in a primary bl ood vessel and suited to bridge a vessel side branch. The
graft conprises 5 a tubular structure defining an outer surfagmneaods rst
portion of the outer surface being sized to contact and support the bl ood
vessel on one side of the side branch, and a second portion of the outer
surface being sized to contact and suppért the bl ood vessel on the other
side of the side branch. The tubular structure defines an aperture for

al i gnment wi th t herledsthedf @B Gl 5@l sadontl bRRF Skl dBfiaBIY cbhpwedetivgan the
t he si de bran first and second portions n%% be

bl ood vessel ch. Th

separ at ed ac%r%ggwﬁ afd 3, SURRQYT Rl "(;LFEFPI the PR fspirectiyerpnneqtefl tffde gt bads tMGRe
bri dgi ng mergseerably akeN&itlgerah Bogapodf proviaeninest bNbe tikeorfskdosd natl: second
portions so as to prevent relative axi%%EFaggaratlon of the two portions

af ter inpl arnt'4FHEh Pegther Gbwiet fravsdrng Y P¥th5ételeen the bri dgi ng
menber aldd the filhgét adoersgon the ROetion pfovidbh £ VB aMr @raftd@plet & iplacédbent RSt T WO

bri dgi ng nenbers .and t ertures, and potentially four bridging nenbers
and four apéWPﬁP@@*g#ﬁ%@ﬁ%ﬂ?“?%%mﬁg?ﬂ&?ﬁ’m%ﬁﬁﬂ@@“ﬂﬂ?“ﬂ@'a relatively rigid
strut In another astpmhuucmheleﬁ'xﬂhgeiﬁbl togt@fbuﬁﬁdé,?/dfdﬁgoﬁoxyaﬁﬁddd u&f%@fagéﬁemg@em Edl
for 20 placenent in a prinar ood vessel _and suited to brjdge a_vesse

si de branchfoEﬁﬁﬁﬁ§ﬁﬂmm§t%gﬁg%l?ﬁﬁﬁFQFe%‘?ﬁHFﬁW%mé? éﬁd?ﬁxﬁﬁkpg@ﬁogﬁﬂ
support the dnteﬁﬁdface\beﬁgﬁkcdwwﬂﬁ&aﬁcﬂd@p@ﬂ‘théth&)ld%%a obmmlaﬁsiclﬁom@@iﬁgl tUEuI ar
structur,e si.zed to contact and. support the ood 25 vessel on the other

si de of | helgyg%ﬂﬁﬁiﬂgﬁ?mﬂW8 Q?mwﬁﬁéwmﬁngsggaﬁrﬁﬂ PRESHREE N ng t he
first and segemtitbloddflowlbativest thellbddreselsad BSsilébralRhi ne an aperture in the

vascul ar graft sized. for, blood to f | ow |hrough between the bl ood vessel
and the side branti® ‘B@“‘ﬂ%ﬁé@@ﬁ?ﬂ’g‘p‘l&% ? ﬁ‘ﬁ%@e SHEPGY 2pdfsupRertsientstid second

tubul ar struct ur eghetbisthd fedible g HOMY 1 68ty Brobidekih bheof 1@t br QRN péHichs dhe UPPOT t
or of er abl y. VRSP PRBHFBE ST r AP E onl y provi ded 11 one of the first or
second ttébul ar  Instill yet another aspect, the invention provides a vascular graft adapted for placement in
a primary blood vessel and suited to bridge a vessel side branch, comprising;
a first tubular structure sized to contact and support the blood vessel on one side of the
side branch;
a second tubular structure sized to contact and support the blood vessel on the other side
20  ofthe side branch; and
at least one bridging member connecting the first and second tubular structures so as to
define an aperture in the vascular graft sized for blood to flow through and between the blood
vessel and the side branch;
wherein at least one of the first and second tubular structures comprises a flexible graft
25  body and a support stent, and
wherein the flexible graft body is only provided in one of the first or second tubular
structures, the other tubular structure being defined solely by the stent
In a further aspect, the invention provides a vascular graft system adapted for
placement in a primary blood vessel and adjacent a vessel side branch. The system includes a
30 tubular support graft including a first tubular structure sized to contact and support the blood
vessel on one side of the side branch, and a second tubular structure spaced from and
connected to the first tubular structure and sized to contact and support the blood vessel on the
other side of the side branch. The system further includes a tubular primary graft sized to co-
axially couple with the first tubular structure. At least one bridging member may connect the

35  first and second tubular structures so as to prevent relative axial separation of the two tubular



structures, the other tubular structure being defined solely by the stent.
5 In yet another aspect, the invention provides a vascul ar gra$uradapt ed
for placenment in a primary blood vessel and suited to bridge a vessel side
branch, conprising: a tubular structure defining an outer surface, a first
portion of the outer surface being sizedé6 to contact and support the bl ood
vessel on one side of the side branch, and a second portion of the outer
surface bei ngrusiuze dfidromgianita] andPeknsePRGY defihdiFbebl 20 the\bESAE maMbdrAed @E her

o) gnent i G A ECORBOGR A e BB S AP B Paek ststne
]E): ooqb?/essel sfidiﬂdaﬂch.ehﬁinéﬁpﬂ]ﬁtﬁmlaf theSRtedi, fhetphighatyulRtHePik ﬂ&ﬁb&tﬁﬁhﬁl _Q%riﬁ?ﬂ@ri fses a
exil egrat Q an a sup rt stent, a rein the flexiple raft
body is onl y"eﬁsregﬁ}g%% °gﬁ°we§‘$e foel aﬂﬁvegtang?heé@%anﬁawﬂmilp?lﬂeno her
portion lei nigfutkatddned. I0hditonpy dafions bEhé firstldnd kérosd fublilasbictaRopleRabRs pect ,

the invention provides.a vascyl ar, graft adapted for plac nt.Jjn a primary
bl ood vessel “ARYEdi eé’a%tgﬁa%ztfolﬁgl@‘éd”gs“?%‘g%%ffm’é'?‘g’ém’ﬁrpé‘ﬁ%ﬁﬁy g’gﬁﬁ’f‘f’%igﬁ& a first
t ubul ar st r ugidy iseonbi preddddan (e hibat staRthrstRROditpotddaniad-RpsllyV s s@kr tabulane si de

of the side branch; a.second bul ar _structure sized to contact and
support the DUEYE lggﬁgﬁqﬁﬁ“?ﬂbHﬁFﬁ ﬁ@?dédy%ét S“Pﬁé“@?@@”ﬁﬁiﬁéﬂ? and at

| east one bréxggidagle oEbllesn-epmiabiei ng the first and second tubul ar
structun&; so as to define an aperture in the vascular graft sized for

bl ood to flow through and between the bl ood vessel and the side branch;
wherein at | east one of the first and second tubular structures conprises a
flexible graft 25 body and a support stent, and wherein the flexible graft
body is only provided in one of the first or second tubular structures,
the other tubular structure being defined solely by the stent In a further
aspect, the invention provides a vascular graft system adapted for

pl acenent in a primary bl ood vessel and adjacent a vessel side branch. The
systemincludes a 30 tubular support graft including a first tubular
structure sized to contact and support the blood vessel on one side of the
side branch, and a second tubul ar structure spaced from and connected to
the first tubular structure and sized to contact and support the bl ood
vessel on the other side of the side branch. The system further includes a
tubular primary graft sized to co- axially couple with the first tubul ar
structure. At |east one bridging nenber may connect the 35 first and second
tubul ar structures so as to prevent relative axial separation of the two

t ubul ar



29June20X4 6 structures after inplantation, an aperture berng def | ned

bet ween the bridging nenber and the first and second t ubul 47 V&G 6%4ires of
a sufficient size to permt blood flow though the vessel side branch. In
one apphweadiigerirof the system the, primary vessel is trmafq?ﬁﬁ$Q? aorta
the vessel side branch conprises the renal arteries, and the

primary graft is a portion of a 5 bifurczted graft. In addition, at Ieast
one of the first and second tubul ar struCtures preferably conprises a
flexible graft body and a support stent, and nore preferably the flexible
graft body is onl ym&%@m&&:ﬁg&ﬂ@ﬂéﬁ&%&%ﬁg&&%ﬁ&ﬁ%Sposed
infra-renally, the other tubular Structure disposed supra-re |y being
defined sol el y“@}bme@pmtbymﬁmc@mwmm@mmofmmmhm or
baIIoon-expandg@i&ﬁmiﬁ$29 June 2004 WO 01/492117PCTI US00101712 7 A further
under standing o ature and advantages of the invention wll become
apparent by reference to the remaining portions of the specification and

dr awi ngs. % Brief Descriy ) awings Figure 1 is a sectional view
t hrough an “abdomi nal aor 2HeSR ‘ n“’i’-‘---'-~|ng renal and iliac arteries,
and illustrating onR@@ahpﬁh@aﬂbnghnaw 5& Hm%ﬂﬁ gntion for
supporting a tank portion of a bifurcated graft, shomn I'n antom 10
Figure 2 is a E@?" Fmﬂéﬂ@ apieties, andiflugtrating CmﬁquWMMmﬁéf@mnﬂoB is a

vanti on havi o euaramich £ sopEniet oA BRGS0l Ve

view of a furtmhﬂgtoai;t of the present invention having two wire-lice

bri dgi ng ers; re5|s.a er R f a further graft of
the present inventi W gwwdgﬁf&?ﬁ% Fl gure 6 is a
sectional view of tHFigusi®ie a‘peﬁbeméirﬁwofahme:ﬁ&ﬁbgfhﬂ%aéd&%an% arteries

illustrating a,still further enbodi nent of a graft of present
_ the present inven onhavmg two planar bridging members;

Figure 4 is a perspective view of a further graft of the present invention
having two wire-like bridging members; _
15 Figure 5 is a perspective view of a further graft of the present invention
having four bridging members;
Figure 6 is a sectional view of the abdominal aorta in the region of the
- renal arteries illustrating a still further embodiment of a grafi of present
invention used to support the trumk portion of a bifurcated graft, shown in
20 phautom;
Figure 7 is a perspective view of the graft of Figure 6;
Figure 8 is an elevational view of the graft of Figure 6 showing certain
axial dimensions; and
Flgure91sanamalsecuonalwewofanabdomalaortamﬂ:areglonof
. 25 therenal arteries showing certain anatomical dimensions.

Description of the Preferred Bmbodiments
Figure 1 illustrates a graft 20 of the present invention deployed within a
_primary vessel, in this case the abdominal aorta 22. A pair of side branches 24
30 isshown intersecting the primary vessel 22 at approximately the same axial

F




I nvention used to support the trunk portion of a bifurcat ed?graft shown in

20 phantom Figure 7 is a perspective view of the graft of

dH?%2%94 Fi gure

$is an elevationa | view of the graft of Figure 6 showi ng certain axial
di mensi opwgy odd1Fi gure 9 i s an axial sectional view of an Mﬂﬁ"@% orta
|

in the region of the renal arteries show ng certain anatomca

si ons.

Description of the Preferred Enbodinments Figure 1 illustrates a graft 20 of

t he present
abdom nal

i nvention deployed within a primary vessel, in this case the
aorta 22. A pair of side branches 24 30 is shown intersecting

the primary vessel 22 at approximately the sane axial . WD 01/49211 8 29

June 2004

an abdom nal aornglﬁ- o sit Mﬁfan' nallaftSiddnan r Pﬁi ;%Pﬁl arteries
24, as shown. The a%ﬁ?(t)m na é]gégrgl:ea 2 contlér%a'gé oﬁ%&h?ﬁé romihe renal
arteries 24 and abitd 22 centmuesatovawand frpm thetremnh adérids 24 and hifudcatks atarkd ri ght
Iliac arteries 28. .5 e e t joyention proyides a tubular graft within
a primry veSseﬁn@B?zgﬂﬁ‘gﬁlPﬁ&ﬂbﬁﬂ%‘fﬂ‘é?W%ﬁ% graft in the primary
vessel in proximty tihe predémt envedtisiSprbyiddsta tabida! gdaft RahRf OprimA§ vegger st ood

that although the drawings and _description involve a graft_In the

PCT Hegation acrossihe yessedclaitheepniest ofan abdeminebansta 22) twa he cont ext of

abdoni nal aor t a IPTGPPRFERS fRathes tulmlsr geaft 1p heprimagy vessel In Brgrimityie aside r enal
arteries, the s3ERePRtSHould BerefPPboeniBistoBEHEE ' vk | or side
vessel is involved. For exanple, as Il us't?%taelgfoih%il@}égure ?a%?he graft 20
coul d be used i resdniption mvolve p godft in the abdominalaointaor supporfieg ahdtber graftiar i es 28.
Representati ve 1§ sul |le for repair. Wwth.,ihe.grafts. of the
present invent %ﬂgﬁ%ﬁgg‘gﬂ%ﬁéﬁn@ei’ﬁwt&%&@ FYRRB™Bescr i bed

herein, a thor aessel aaide vessehigtmvobieil. For¥imple)ut ilustardin Figufi 1, ille ac (AUl )
aneurysm, For

wi |

be used

15

20

30

P BN b o SPthS kit o a 3 Banarts 30 Ihoths St artoriea 55> AN
Representative conditions suitable for repair with the grafts of the present
invention include the abdominal aortic aneurysm (AAA) described herein, a
thoracic aortic anenrysm (TAA), and an aortic uni-iliac (AUI) aneurysm. For
purpose of explanation, however, the term “side branch™ will be used
interchangeably herein with “renal artery,” and the term “primary vessel” will
be used interchangeably with “abdominal aorta.”
" As illustrated in Figure 1, the graft 20 helps anchor a trunk portion 34 of
a bifurcated graft 36, shown in phantom. The bifurcated graft 36 typically

comprises the tronk portion 34 that diverges at a septum 38 into a pair of legs . .

40. One or both of the legs 40 may extend a sufficient distance to form a seal
within the iliac arteries 28, or tubular extensions 42 may be provided for this
purpose. _The end result is that the bifurcated graft 36 (and optional tubular
extensions 42) extends from a healthy portion 44 of the abdominal aorta 22 to
both of the iliac arteries 28, spanning an aneurysmic region 46. Once the
bifurcated graft 36 is in place, blood flows therethrough and blood pressure is
reduced between the aneurysm 46 and the exterior of the graft. Ultimately, the
ancurysm 46 collapses inward around the graft, which remains in place.

With reference to Figures 1 and 2, the graft 20 of the present invention
comprises a first tubular section 50 and a second tubular section 52 connected

»



i nterchangeably herein with “renal artery," and the term  prj matr%1 vessel "
will be used interchangeably with "abdom nal aorta." As il FRdEPa2ee in
Figure 1, the graft 20 hel ps anchor a trunk portion 34 of a bifurcated

graft 36wosgimemai 1 phantom The bifurcated graft 36 typi capdbeb/GomPr i ses
the trunk portion 34 that diverges at a septum 38 into a pair of |egs

One or both of the legs 40 may extend a gufficient distance to forma seal
within the iliac arteries 28, or tubul ar”extensions 42 may be provided for
this purpose. The end result is that the bifurcated graft 36 (and optional

tubul ar  ext ensjiHfleadoneBHISME temibeFBA THRH bR sbitRA 504 Phodd o 0doOM nal
an

aorta 22 to 25 both of the rllac arteries 28, Tanning an aneurysmc region
46. Once the sepeud tabulersgetion 38 apmpss hgap thatein confyaetion) voithsthe btidging hr ough

e
and bl ood pres%éf' $4. da qggﬁﬁg\g ¥ HNAS A0 hhhg exterior of
the graft. Utimte y,’_tﬁg&%gn urysmgg)éug%fl?jaagég mwarﬁg‘?arou‘?\:d the graft,
whi ch _ remai ndnbularsections SO52 hrercoflincen then the Hridgingaseniben 64l igentdalty graf t 20
of the presgnt _axention coupy i “a first-tu r.section .50 and a
second tubuT ar a%déj’jé[{'lﬁgﬁ"saeg’ ggﬁ_'ﬁ"é‘u “@d%ﬁﬁéﬂ%ﬂgﬁz@f?ﬁ%ﬂ%@a
PCTI USOQ/ 01712 cutvalirithr vesed, thefiet dadisel@ind Gubibi Betiobs50, 51 enalyibe alighedu! ar
section 50 is spaced from the, second tabular section 52 across a gap than

in conjunction ? cupdlmsar a4, ywhigk fase theduidgingrmereber 54 wilbake be e 56 f or

bl ood flow. |f JeRgally diSfost HoAhOEEnd | SRk : g co-linear,
then the bri dgiqrrltaﬁrrenber 54 1's generally §5hnaX| a‘f‘ﬁiylé |sng§éa. ©

Al ternatively, chevalyy B exap@le S-shaped,iu sdichease the fiesh and second inbwdar
curvilinear,ve t - r gecti.ons 50, 52 may be
aligned aﬁ%ng%‘%’ﬁ?%@ﬁ?é@%‘%@%ﬁ&\%ﬁ%@bﬁ °ﬁé“}%l?ﬁ'&v#g nmember 54
Wi | :ctalzgo be bgenerfﬁs!inusﬁated' ﬁsﬁ?mllpﬂgap&r&us_ Smmgﬁedam_ ‘ﬂﬁi\:ﬁﬁsthémrdfhe{h t he
gra may i - : or, e .e S-shaped, .i.n which case the
first and seco%%ﬁf?‘éﬁi‘%ﬁéfﬁfﬂg@%ﬂ@%ﬁe E‘F‘%@Qi%‘&eﬂﬁrﬂ@l’oﬁé will
fol 'ow the nul thifatcated\$raES6 infpoxbiity tith b rehd) aftériidDA, nd thideichRE e € 56 i's

_aligned with at |east one_of ~ the side branches 24. In a preferred
application, t FBSHEEYI6, sephialignedavith oneof fisaenal arteries. In this context, the first

15  tubular section 50 is secured in contact with a supra-renal portion of the
abdominal aorta 22, while the second tubular section 52 is secured in contact
with an infra-renal portion. The apertares 56 are sized large enough so that no
portion of the graft 20 resides in the blood flow path of the renal arteries 24, and
also 50 that zenal arteries that are slightly axially offset from one another can be

20 accommodated. |

With specific reference to Figure 2, the graft 20 comprises a tubular
graft body 60 internally supported by a stent 62. The tmbular graft body 60 may
be formed of one or more pieces, typically of a biocompatible fabric such as
polyester (e.g., polyterepthalate). Alternatively, the graft body 60 may be an

25 extruded PTFE tube. Ina particular preforred embodiment, the graft body 60 is
one piece, with the apertures 56 formed by diameirically-opposed, generally
oval-shaped windows 64 cut in the body and extending circumferentially around
the body into proximity with one another. Two bridge segments 66 of the graft
body 60 extend between the first and second inbular sections 50, 52 of the graft

30  and separate the windows 64. Preferably, the bridge segments 66 extend

>




bifurcated graft 36 in proximty with the renal arteries 24 and é&#"ﬁ _
defines two apertures 56, each aligned with one of the renaf J4r¢ s. In
this context, the first 15 tubular section 50 is secured in contact with a

supr a- r eway olp@Ril on of the abdom nal aorta 22, while the s Hﬂ?@' ar
section 52 is secured in contact wth an infra-renal port?gﬁ. gﬁﬁ

apertures 56 are sized | arge enough so t{'bat no portion of the graft 20
resides in the blood flow path of the rehal arteries 24, and .also so that
. renal ‘arteries that are slightly axially offset fromone another can be 20

acconmodat ed. WW%W@g%ﬂ&mw&%@%ﬁe@ conprises a

tabular graft body 6Q internally supporte a scen ul ar
graft body 60 rpdowe64 & pde merimipethe sizhefithe bloed Bow apyniiress4. \in ofie A

bi oconpati bl e faldifn §8| X&a! e..q . Dol yterepthal ate

Al ternatively, the gr%?’tctﬂ%g‘gdfe may ﬁ“é#\%%?%&ﬁﬁ%&%’%ﬁ%‘e In a
particul ar pr efabputdd9 @ rvatidiiengraft birdy @ afd mbegyefoRiblyeactDd@ends 866 Wi th the
apertures 5§ fqg d. by di anetrically-opposed, generally oval-shaped

wi ndows 64 Tut “Tn the body and extending circunferentially around the body

into proximty wth Thedled 5@5&9&&1&%&&8%%%:. i graft body
1 ONs géﬂhg@e

60 extend between bhe I rst and second tabul ar sectl of the graft

30 and separ at eSPIABRE Baes. Bf eeuyentbe particelar $izd iy defineddrydhe &ifl6 ext end
29 June 2004 \QisSiZdnl (RECHCHRRALART oWl Lial by,agound the
graft body 60 a snmall we in relation %‘%“@8%&%‘#{%@1‘?8&&@%& oas to
maxi nm ze the sioveraBigrafhdiametenandiitnpth. dfor instanes apfaft fhot io desigreaitadinant , t he
bri dge segpgnt ke erent i.al | y ext endsg. bet wee abqut 1-90
ar ound thqura %s?ﬁ}ﬁgﬂﬂ,ihglﬁgg%ﬁ%es&@@z%@%m% ut 5 5-10.
The bl ood f I ow veipdow tize.s ABditioualty i B8 Graifiis Bitaiabe tolridss BB londisiad Si de
br anches of va&#ngﬂ seilnﬁ)g% O .course, Lheaﬁgirticul ar size is defined by the
axi al  di mensi e e - iTpquEpd-dna preferpd embotiment, B psedni ch
depends on t he theubdbatidal 8616422 19TbAAES 8S redNneRABA) the'gdn 20RIs3"CE, @ graft
_that is designed for spall
diameter of between about 19 and 30 mm, and a length of between about 22 and
15 46 mm, The opposed windows 64 have an axial length of between about 6 and
20 mm, and extend circemferentially around the graﬁbodyGObetweenabﬁut
90° and 189 °. The renal arteries 24 typically have a diameter of between about
_8-10mm,andﬁmsﬂlewtndowsMaredmirablyoversizedtoensnreopenblood
flow through the renals, and to accommodate offset or ofherwise mlsahgned
20  pairs of renals,
The stent 62 actually comprises a first stent portion within the first
mbn]arsecﬁon50,andasecondstentporﬁonwiﬂ1inthesecondmbularsecﬁon
52. The first and second stent portions may be substantially similarin
construction, or may be configured differently, as desired. Those of skill in the
25 artwiIlImderstandthatavmietyofdiﬁ'erenttypesofstemsmaybeusedtd
intema]lysupportambu]argraﬂbody.
Inaprefenedembodiment,ﬂ:e‘stent&compﬁs&sa];lmaﬁtyof
sepatate, spaced-apart wireforms 70, each formed in an undulating, or
simusoidal patiem. Bach of the wireforms 70 includes alternating peaks and

30  valleys, with either the peaks or valleys being woven through the graft body.

>

<z



10 arteries and small side branches will have a reduced di apgter 2@8 ‘
reduced wi ndow size, Additionally, if the graft is intended duist #d§e onl y
one side branch then only one windowis requind. In a preferred

enbodi mwd prasprruse in the abdom nal aorta 22 to bridge tm;ﬁ@mh.,d@rter -es
24, the graft 20 has a dianeter of between about 19 and 30 nm and a

| ength of between about 22 and 15 46 mm.,The opposed w ndows 64 have an
axi al length of between about 6 and 20 mm and extend circunferentially
around the graft body 60 between about 90 and 189 The renal arteries 24

Lypical Ly haveMors bpoiiofty, a cbf g 2Dtk sl il 3L iR e ¢ ndove

64 are desirably oversi;ed to ensure open blood f he renal s,
and to accomopdaeforas{7q & the firsy tubulapseciom$; and frve axislly-gpacedsrows of enal s. The

scent 62 act ua%mﬁgg&&&%ﬁwg&w%%&%%g%\%%g}ﬂeg% jrst tubul ar

section 50, and a second stent portion wthin n F°section
52. The first zows ofowmdwlting wintfomms aré wosennthyouple slits U forntd &l thy g:aftni | ar i n

constructiqQn, @r .confi ed.differently, as,desired. Thqase of skill
T the 25 g Wb e I8 RS et ity 1 oatevaited BB mISRBESOTY ot ot s
may be used t owithiti the palibedy Gt tespedt WbHetnohER hid BEfHrovidD a Bafly f €1 1 ed
enbodi nent, the scenf 62 conprises a plurality of separate, spaced-apart

wi refoi ns 70, P} BReRSEPRORt simctpredor the flagiblegraft bodyy Asimpmtionsds eashn. Each of |
the wi refonns mmﬂiﬁf'k'%?&hﬁﬂ%@@]fbﬁﬁn' wtﬁéﬁgﬁ .t h either the
peaks or vall eys bei nlg woven through the graft og‘#ﬂd%&?@gﬁ 2004 WO
- 01/ 49211 PCTI Usa@eblemf plasticidefonmation wheri Halloan-expnandesl. de either nagej theistent?, t her e
are three i ald ¥ o) .\ e ns 70 in.the first tubular section
50, and f gﬁr , gg.*é?'ﬁ% ﬁsgéiéee%g’&g“%m%\ﬁ)ewmeméo@&?&ﬁ@n%bul ar '
section 52. Ei tHedmmeriwallpgakubube blead veya tofdrhasiid salthebetwash! at i ng
wreforns re en through slits 72 forneqg.in the graft_5 body 60. In this
manner, the w%vﬁﬁc?@%%wﬂﬂéﬂ‘ﬁ?&fq?%WWMFtw wi thin the
graft body 60 ghliddcé @S B&EbetivlerRE cARRIrREIhe RRT20 RIEHOY 1%n,aaxga”'y.
uni'form i nner sup%grt structure for the flexible graft body. ment i oned,
each ~ may be combined with the present invention.
: 15 " A plurality of crimps 74 is visible on the exterior of the graft body 62. .

The crimps 74 join free ends of each wireform 70, which comprise one or more

wire segments bent into the undulating pattern, and into the annular shape

required. Though the crimps 74 are not sharp, they provide an irregular surface

structure on the exterior of the graft 20, and thus help secure the graft in

20  position within the vessel.

The bridging member 54 seen in Figure 1 and 2 comprises a reinforcing
sirut 80 and the aforementioned bridge segments 66 of the graft body 60. The
reinforcing strut 80 is a relatively rigid elongate member extending between the

. firstand second tubular sections 50, 52 of the graft 20. In a preferred
25 embodiment, the reinforcing strut 80 is a bioconipatible metal (e.g., stainless-
 steel) strip or rod secured at each end to either the graft body 60 or the stent 62.
If the ends of the reinforcing strut 80 are secured to the graft body 60 as shown,
sutures are typically used to sew an eyelet, hook or other such feature (not
shown) provided on each erd of the reinforcing strut. Ifthe ends of the-
30 reinforcing strut 80 are secured to the stent 62, crimps are preferably used

»



wireformis either radially self-expandable to the confi gurgtl on shown, or
is capable of plastic deformation when bal | oon- expanded 9 dvpe,€00% ase,
the stent 10 62 (conprising the array ofwirefornrs 70) conpresses the

graft begyoffereapai nst the irmer wall of a tubular bl OOchteﬁﬁ% form a
fluid seal therebetween. Moreover, certain materials and/or eev«gf -fike

structures are available to enhance the seal between the exterior of the
graft 20 and the vessel wall, and nmay b#& conbined with the present

invention. 15 A plurality of crinps 74 is visible on the exterior of the
graft body 62. The crinps 74 join free ends of each wireform 70, which
conpri se one orbeﬁﬁ@m%ﬂmcmmm ﬁmfamgftp‘&tﬁérn and

into the annul rauFfﬁﬁiH Em%b rp, they
provi de an |rr2%1uﬁh‘r I ce ructure ot&f e ex erlor OF%Fegrggt 20,
and t hus hel p sagmaﬂsﬁﬁalﬂgm@tﬁmmv&@egnﬁgﬁmhmmcbﬁemplatﬁmamﬂel The

bri dgi ng nmenber 54 en i.n Figure |_and rise ej nf.orci shirt 80
and the aforementio 5‘%?@5%% 20 d’?&f ﬁrﬁ%ﬂﬂ‘/‘ r‘1The

r ei nf or ci ngsst rifbul@settons 50,83206f R0 9t ré&pengeie om&desﬁagﬂm ng
between the first and second t ubul ar sections 50, 52 of the graft 20. In a

preferred enbodFﬁ‘Bﬁ!n ?W&WW@W%%@GWPB@M bl e net al
(e.g., stainle ch@isgi t her the
graft body 60 %%ﬁ%ﬁgﬁiﬁﬁ%ends %%e rein OI‘CI ng strut 80 are
secured to the lgm&tewu&eblbodﬂowﬁw&wnenﬂmmmveﬁdm}qnddﬂmw to sew

The- T i nf or ci ng? r‘?fﬁ%%f‘ﬁ&%&%@““%%&%ﬁé?%f“’ SR 50 e

secured to jphe ﬁmmﬂdeﬁ FarSesatift npyeérdi6 biparaisthe i2d addi feordbuldd
01/49211 12 PCT1QS001017 2 bet ween j ux aposed ends of the closest
wireforms and t$7ERONE Ny (J,IP GH"F@%"-V TIRSIAR, the Hestreamseehan 0Praer ut s 80

are desirably |%Waﬂcﬁoﬂtﬁ@d&#ﬁs&bﬂﬁs&?ﬂoﬁﬁ?vﬁh&%ﬁﬁww%ﬂﬁ%ﬂ&ﬁwﬁﬁm@' t hough

the reverse con uration is contenplated . as well. The bridgi ng menbers 54

_serve to anchor ghembrss §4.r Inadditign dbebridgingomembers 54 magdeirelalsveb0, 52 of
the gr aft 20 W 84508056k it B niVe Mo fumd in St Shfdih¥to prevent the

15  tubular sections 50, 52 from migrating toward each other after implantation.
The bridging members 54 have a radial dimension that is approximately

the same as the rest of the graft 20; that is, they do not project radially into or
out from the side wall of the graft. The circumferential width of each bridging
member 54 depends on the intended use for the graft 20. That is, if the graft 20

20  1sto be used in the abdominal aorta 22 to bridge the renal arteries 24 as shown
in the drawings, then there are two bridging members 54 diametrically spaced
apart of relatively narrow circumferential width, In this way, the bridging
members 54 each axially extend along the wall of the abdominal aorta 22 at 90°
orientations from the openings to the renal arteries 24, and there is no chance of

25 occluding blood flow between the abdominal aorta 22 and renal arteries 24.
Alternatively, if there is only one side branch then there need only be one
bridging member of relatively greater circumferential width than as shown.
‘That is, the bridging member might extend 180° or more around the graft, with
the corresponding window 6pening up the remaining portion. In general, as



mai ntai n the spaci ng between the tubul ar sections, while at %g g{rﬁa time
present very little in the way of structure that m ght occl %herw se
interfere with the blood flow between the primary vessel 22 and the

af f ect edyo1dezr anch 24. The bridgi ng menbers 54 nust ha 812
strength to 10 withstand mgratory forces that nmay tend to separate the
first and second tubular sections 50, . I'n an.exenpl ary configuration,
t he upstream section 50 or 52 serves to anchor the downstream section by
virtue of their connection with the bridging menbers 54. In addition, the

bri dgi ng menbengngha iR Ys ke t6 bkt rb%ﬁeﬁn ﬁéfng% ey have
colum strength sg%flment to é)reﬁnt ?‘?}W )_L ul ar sectlons &52 from
m grating towarcdbeadhesdhemethe b mgMWbG@mﬂmwcﬁmlbodﬂgwng menbers 54

have a radi al di nen Egﬁﬁ [ he rest of the
graft 20; that is, they do no )i“ggggi‘%{“l"“ Nt o g’%lfborh omthe side
wal | of the grmmbmmmmlmfwmlmmmmm menber 54
depends on ;he t.ended USt for gé‘t G is, if the graft 20 20
is to be uskd iPR GfE evemspTss that | es 24 as

'shown in the Wdﬁ&ﬂebﬁ@%ﬁﬁf&eﬁ@eddﬁsﬂédﬂ%ﬁﬂr&ﬁ&%iﬁ%
dianetrically spaced art of relatively narrow circunferential width. In

this way, the PREREPSYI m%wsﬂ:@m%ra@ns@apaﬁoy ﬂl‘ﬂ@ﬂ)@?@ﬂmﬂm wal | of

t he abdom nal ﬁrﬁ'r% t |%i%] BE ggﬁ é% Ehe renal
arteries 24, an ere Is no c airll‘%grﬂ%f occ I ng bl oo W Dhet ween t he
abdom nal aorté}lmrawﬁonéaahﬂaemcﬁmmmdesﬂaammwpnmmMe is only
one side b nc eed onl on br.i dgi.n nb relatively
greater ci r@un?%r&ﬁ;f}l SP’% i%ggwﬁed‘*ﬁ?&gt?w %B’F'S'Ggl ng nember -
m ght extend 1&&@0@@:&@%@@ ﬁﬂlﬂﬁelothwﬂdypeﬁbﬁnﬁﬁﬁﬂi&mﬁ\ﬂ/%ng w ndow
opening up the r mal n| % ortiqn eg general as 29 June 2004 01/ 49211
PCTf USOQY 01712 5% gfﬁ’&%édﬂgﬂg eeston ot E&euaﬁWSPﬂ@twm

registration kualaeauﬁﬂ *a@&t'ﬂie%i&'%mﬂ&hzbr@? , W&, b ‘gﬁg' ng mBrfber(s)

wi Il not occlude blood Tl ow. The enbodi nent "Hi gures shows
relatively ri g|mm%ﬁawmmmmw@mam¢w for exanple,

\1/3\1 (r)ggni QLE? I e%%{g or ~even sut ur%ﬂ?@%% ira a%msge&ieggﬂl()f
the vessel that extends apstream and downstream of the side branch.
Figure 3 illustrates an alternative graft 90 of the present invention
having a first fubular section 92 separated from a second tubular section 94
across a gap 96 and connected across the gap by two bridging members 98.

20  Again, the graft 90 comprises a graft body 100 and an internal stent 102. The
graft body 100 may be a tubular biocompatible fabric, and in the illustrated
embodiment is separaied across the gap 96 into two tubular portions in the
respective first and second tubular sections 92, 94. Because the facing edges of
the two tubular portions of the graft body 100 are circular, the gap 96 is tabular. |

25 The stent 102 again comprises a plurality of spaced-apart annular wireforms,
although it should be noted that the first tubular section 92 only has a single
‘wizreform 104, -

The bridging members 98 are elongaied plﬁmr bazs or strips of
relatively rigid material, such as stainless-steel or a suitable polymer connected

30  directly to the stent 102 or to the graft body 100 in the first and second tubular

&



provide tensile strength to prevent the downstream tubul ar ?gctron 52 from
mgrating with respect to the upstream section 50. In the I|FPd4P% 2P
exanpl e, the upstream section 50 anchors the graft 20, and in particul ar

t he downwto esmseirt ubul ar section 52, with respect to the rep ggﬁggf 4Es 24.
In this context, one or 10 the other of the tubular sections may be
designed to better anchor the graft 20 h the primary artery 22, and the
ot her may perform anot her function, such as supplenenting a danaged
section of the artery so that another graft may be secured adjacent the
si de branch 24.se@ions OBy Adainyictiidgiag it 0sahust B P favalensfid Can be
constructed to have, identi cal anchorrng and vessel 15 supporting

char act eri st i c<SIFReth Wﬁ&ﬁ@% ﬂwﬁnweﬂaﬂﬂoaqaamn@edmnemgth of the

vessel that extgamd thRiirsSdidhs 92’9‘1%?@15&1@ nch. Figure 3
notes an alternative raft 90 of "t he preésent mventro%gmﬂﬁgtnﬁ fast

tubul ar secti ooy aara interfereswitiothe blood @oerbetaehitigpridary acr 0ss a gap
96 and conngct ggsa %@g t ers 98. 20 Again, the
graft 90 conpri ses a gra %%Ph%cgoﬂﬁg%%%ﬁ?&ﬁmswquhe graft
body 100 may beelauteljougﬂ;ﬂlebnogmbahesﬁﬁ%b Bffabfic, lshiéh 45| | ustrat ed

enbodi nent is se arated Cross the ap 96 into tvvo tubul’ar portions in the

respective fi r &P fﬁ'ﬁrg’é ections 92,94. Because the facing
edges of the two tutﬁww%&:t fﬂrfemh{?r‘e tio grwe% C'VCU' ar, the
gap 96 is tubular. . .The stent 102 agaln coprrg?%( es a |ty of

spaced- apart ammaﬁwmmonéllmmrﬁomwﬁhhﬂmﬂoﬂhﬁ the first
tubul ar seggio eform 104.. .The brid |ng menber s
98 are el ongate Qcﬁ@ﬁ@%ﬁll@%ﬁ%@gr eE@Jrlr he aPé’P’&Y"P flﬁmgf‘ﬁ’ﬁ’ d8rial, such -
as staiul ess-s the grafs L0 coinipeisescd gealbodyol206d 8l intedRal S 32, KO t he

2004 W0 01/ 492 PERer 120imey o st blocombpbiesbbii6.and ks Rlustated br | dging

nmermber s 98 nus embadimentis kepatital dcedts ie ﬁ(fﬁﬂﬁwatﬁﬁh]%‘ afgni gratory
_forces that may tend to se arate t he t and second “tubul ar sectrons 92,
94 after inpla f s And secend il 'éal'ss&?ﬁsmﬁilh%lﬂrﬁ-slnﬂnscaseﬂmfacmg

15 edges of the two tubular portions of the graft body 120 are uneven by virtue of a
plurality of notches 123, and thus the gap 116 is uneven as well. The stent 122
again cornprises a plurality of spaced-apart annular wireforms, with the first

- tubular section 112 having two wireforms and the second tubular section 114
having three,

20 The bridging members 118 each comprises lengths of wire either
separate from the stent 122 or defined by extensions of one or the wireforms, If
the bridging members 118 are separate from the stent 122, they are comnected
directly to the stent using a ctimp 124, for example, or are cormected indirectly
via stitching 126 to the graft body 120. In an exemplary embodiment as

25 illustrated, the bridging members 118 are connected via crimps 124 to free ends
of the lowest wireform in the first tubular section 112 and sewn to the graft
body 120 in the second tubular section 114,

Figure 5 illustrates a still further exemplary graft 130 of the present
invention having a first tubular section 132 separated from a second tubular

30  section 134 across a gap 136 and connected across the gap by four (4) bridging

3



not occlude or otherwise interfere with the blood flow betwggrj g%l mary
5 vessel and the affected side branch or branches. Therefo PR £
being relatively rigid, the bridging nenbers 98 nay be strips of fabrlc

such as wediesier, or sutures for that matter. Figure 4 ipépg 6@1% ?2
alternative graft 110 of the present invention having a first t ar

section 112 separated froma second tubul ar section 114 10 across a gap

116 and connected across the gap by two basdgi ng nenbers 118. Again, the

graft 110 conprises a graft body 120 and an internal stmt 122. The graft

body 120 may be a tubul ar bi ocorrpatlble fabric, and in the i 1lustrated
Agaig, theygraf

enbodi nent i s sePEHREE éé Wﬁ%gﬁﬂd’oﬁﬁ wdasmt ldhs in the

ed38c
respective first ta%l% ’iﬁoc}s%l% t he
facing .15 edgesm‘?&aﬁe t%:o t ubul ar portlons 0 at%l;e]légr a? T%Hoﬁ %% are
uneven by Vi rtueagﬁn@qmmseapmlmof@mm@mﬂaaWMMﬂ@gﬁm 116 is
uneven as wel | R GO d- apart
annular w reforﬂﬁg"mﬁﬂn%ﬂm%s SI[";“'tiu fgﬁﬁ&%@%%@é@hﬁa@ﬁ%ﬁ?ﬁe
wi refonns and tgﬁmﬁymdﬂtm&anﬂmfmlmmmb\gwbmmugﬁa@me :
bridging nmenbers 118 each c rrprls ths of_ wre either ratefrom
the stent 122 orﬁl?ﬂ’?fhé‘lﬁy M"%ﬁ seF%S Y’Bﬁ%& t he
bridgi ng nenberss‘;%msepar ate fromthe stunt 122, they are connect ed
directly to the stent using a crinp 124, for exanple, or are, connect ed

indirectly via stitcHhefputbddgieg mersbers 138 arp disiributed gen

enbodi nent as i tsgi t :4:8 ﬁgg ﬁggpe VI a
crinps 124 to erenle) e{ltg]% GE&C?%f\'/\tgg 1% o‘?érn&hl n FiTs gt}rg F
section 112 =and m146aﬁd19regtfeﬁcbmeﬁ<sﬂytlﬂ80Angmn1ﬂ1emd‘omnﬂeﬁﬂshuhd483ection
114. Flgure5|IIus rates il ar. aft 130 of the
present inventi B WMW%&{ I@Xéﬁ&rfr%ﬁghg T8 om a

second tubul ar 3%ﬁeaﬁﬂmaﬂmmglmamwmm@éa@@%@ss the gap
by four (4) bri dgéing 29 June 2004 WO 01/49211 PCTI US00101712 15 nenbers

_ 138, Again, the §Fdgng msmbers B mayde desirable donsiyplity whensroaller brmaching 412 The
graft body 140 i o488 bfcdNolved sb' it BRWIRARAITRAL BiFednthY Infdgink Werbddt 142

15  need notbeas large as the previous embodiments.
Figure 6 and 7 illustrate a still further embodiment of a graft 150 of the
present invention that defines a tubular stracture having a first portion 152 and a
second portion 154 separated from the first portion across a gap 156. Two
bridging members 158 extend generally axially between and couple the first and
20  second portions 152, 154 to prevent their relative niovement before during and
after implantation, In this embodiment, the first portion 152 of the tubular
structure is defined solely by a stent 160, while the second portion 154 is
defined by a stent 162 internally supporting a tubular graft body 164.
‘The upper stent 160 comprises an anmular wireform 166 having
25  altemnating peaks 168 and valleys 170 and contoured cuwrvilinear segments 172
extending therebetween. The curvilinear segments 172 are shaped so as to nest
together whertﬂle graft 150 is in a radially constricted state, so-as to enable
smaller compaction of the graft The wireform 166 includes one or more
segments connected into the annular shape by one or more crimps 174. The



ag'ai n conprises a plurality of spaced-apart annular w reforgn;, Wlﬁg]‘l t he
first tubular section 132 having a single wireform 144 disa e 6904 he
exterior of the 5 graft body 140. The external wireform 144 can either be

woven t howeugtigesisi ts in the graft body 140 as described a %Y be -
secured thereto with the use of suture thread. The four B?‘F@gls%orrenbers

138 are distributed generally equidi stanrléy around the circunference of
t-he graft 130 and each conprises a narrow strip of 1o fabric .146 and a
reinforcenent start 148. Again, the reinforcenment struts 148 may be

connect ed di r edbwyr diént 1 6 mstada ﬂﬁhfd IFa%s ' é]%&g- )@%’J'{E’ or are
connected indirectly via stitch?é]lg 149 to tiﬁgﬁgra?t 0 g . The use of
four bridgi ng ¥ deughdhe eraibody 16 a5 previously descsbedi | i ty when smal | er
branchi ng vessels s t 1. ndo fined between the

bri dgi ng menbers 15%3&8%%% Eeﬁglﬁg%&%@#ﬁ%‘ﬁi‘?ﬁ?%ﬂ%ﬁm s.
Figure 6 and 7ﬁdmﬂ1§tsmmdd fﬁ,kﬁflcbrﬂaﬁdgﬂléwem‘e’aﬁdhs rlﬁ‘bheﬁiih@ﬂ%ﬁ‘ﬂnfslﬁo of the
present invgnti . hat defj ne tubul ar  structure having a first portion
152 and a geco‘ﬁéﬁ"%@%‘&ﬁ‘nﬁ?ﬁ?é@ﬁswﬁemmﬁwx%l%%wm across a gap
156. Two bridmﬁmﬁ%@p&m&tge@ﬁﬁﬁiwm,'ﬂd%%ﬁ%@d coupl e

the first and 2& s%cor}gqlport ions 152,154 to prevent their relative novenent
before during Yorthe o fientd 62 neng a crimp py indiseatiy viastitehing 178 t6i r st

portion 152 of thd\eraftbBay 64, ﬁhﬁuﬁ%‘g’;‘ﬁ;{ieﬁl‘“ﬂﬂ‘?ﬂﬁ? -ﬁgtg a, scent 160,
while the second%gir‘tion 154 is | he y a stasen {fé’ﬁ%hﬁ?%lly
suppf)rti ng aftlmbﬁm OWI 64 criffipe f Hﬁ:lpfneesndsmfe ﬂiﬁ@nd 'ﬁbﬂjp” 1661% and
annul ar wi or, t t e and v eys an

cont our ed gﬁr vitﬁgl %gpalg o sﬂae/ﬂgfrr%nég %%ﬁﬁéﬁg’f’ﬁb f@ﬁ@e@@%ﬁﬁ@ﬁ"‘%
curvilinear segnent Fignf@6 sicwsthagafl 150imfadeqvit@sd pri 11807 @t he graft
150 is in a ra%awmct gqif-fgtﬁ%t%, so-as tg grr?gb e _small er%"corrpaction
of the graft. TH¥ 9 oppesitely-dimrted vessefpidetbranshemect ed

nto the annul d82¢6apio Rhaliferies), hE Bk biriBi 1371 tocklafl 1Y boufit 43P 11 16 | ovier
-scent 162 includes a pluyrality of axially-spaced undulating wrefonns

woven t hrough tSHePogtthe primary vesssh180-0n ane side ofithe pidd brmrchdsd 82, Wikite the i dgi ng
menbers 1585 eagheon@PBiiond 54 S04 10 CoiliR akd %&%stsel on the
other side of the side branches. The gap 156 is positioned to permit blood flow
between the primary vessel 180 and side branches 182, as indicated by the flow
awwows 184. The bridging members 158 extend axially across the gap 156
against the wall of the primary vessel 180 at approximately 90° orientations
20 from the side branches 182. Another graft 136 (e.g., the trunk of a bifurcated
grafl) is seen positioned within the second portion 154. In this way, the graft
186is secured within the vmiform and tubular second portion 154, which in turn
is amchored within the primary vessel 180 from its own confact with the vessel
wall, and by virtue of its connection to the first portion 152 via the bridging
25  members 158. This System of supporting one graﬂwithanoﬁerpefn:itsgi'aﬁ
positioning very close to the vessel side branches 182, and is especially
effective when the primary vessel is distended even very close to the side
branches,
The axial dimensions of the various grafis disclosed herein may be
30 sclected to match the particular anatomical dimensions smrounding the affected

4



fromthe stens 160, 162 or defined by extensions of one or t gJ WI56,‘($ onmns.
If 5 the bridging nenbers 158 are separate fromthe stens 1 %> ‘hey are
connected directly to the upper scent 160 using a crinp 176, and are

connect ggp offagagft |y to the | ower scent 162 using a crinp Qepidhofodflh! ¥ Via
stitching 178 to the graft body 164. In an exenplary enbog ment as

illustrated, the bridging nenbers 158 Jée connected via crinps 176 to free
ends of the wreform166 in 10 the fir portion 152 and sewn to the graft
body 164 in the second portion 154. Figure 6 shows the graft 150 in place

within a prim I %‘QE” ’I"E@“ﬁa‘% 3RdLRki-dgi ng two
opposi tel y-di rgg%g%ﬁég ’l;h(]aa? sid ranches qgh?ﬁj g., the vena' arteries).
The first portmmebwmdbﬂdmmmﬂhﬂmﬂmmmwry vessel
-180 on one sid f the si lan 2. whjl.e’the 15 second rtion 154
is |ocated to gso%tpgf "Lbl%gg %%@&%%&WE@& ‘Fﬁ m@‘fﬁer si de of
the side branchm::heihsommﬁﬁhegmmsommmgmsmmmsﬁémeaww bet ween
the pri mary ve&a# and ﬁ%ﬂ ggﬁhes 182, as..indicated by the flow
arrows 1847 ThE®h %Q & %WM%WIW%W@B@%p 156

agai nst the wal$4 Rbelodethdrdni®Br y vessel 180 at approximately 90 orientatiens

20 fromthe side branches 182. Another graft 186 g the trunk of a
bi furcated graft) |§%@éﬁ%@@h@u0ﬁm¢tﬂaﬁvﬁb¥a@mﬂ@0®dﬂﬂmmﬁ54 In this

way, the graft Wil EIEH 1(; Em]@ ubul.ar second
portion 154, %?%%@k@?ggﬁﬁgﬁgdoanc ore ri§v| %‘nh;et e pri n%??/env%ssel 180 from
Its own cont acFigmesi8 and 8. eakiition tovthicirenahmteriey 182, theuspenings for tonnection to

the first portion 152 Vi t.he br nber s hi s system of
support i ngﬁone %ﬂ%‘gﬁ@r‘ﬁfy% oFm FRrREs Y- cl ose to -

the vessel si dﬁ@eaﬁeﬁmyﬁ&&y &thﬁ&@ﬁmoﬂﬁir&:hoﬁiﬁn%ﬁ&déﬁd&ﬂ@n the primary

vessel is distende ven ver ose to t he SI de br anches. The axi al
di mensi ons of ﬁf%"ﬂh&?ﬁ?&é@?&f & hukgpyiresen ofthe emalst ed t o

mat ch the par tirRdiligfancl m e es@bm@ @ﬁsﬁé ted 29 June
-2004 WO 01/49211 PCT/ USOQO /01712 17 si e }%ﬁlﬁﬁ%ﬂa%ﬂl ff%egatls

i ncl udi ng two mbhllélwagﬂsﬁwmﬁamémmmdgaﬁﬁbwmen and
bri dgi ng ngTeq GOMN'RGEY, B doRstitH SR thelbwest bF BY 15315 is given as B,
and the distance between the downstream side of the lowest of the renals to the
end of the perceived healthy portion of the abdominal aorta 180 is given as C.
In addition, the diameter of one of the renal arteries 182 is given as D. The
axial dimensions of the graft 150 are given in Figure 8 as: L for the overall for
20 the tobular structure, Ly for the first portion 152, L for the gap 156, and L3 for
the second portion 154,
In a preferred embodiment, L2 > D, and if the renal arteries 182 are
-offset, Lz > B. In addition, 14 is preferably smaller than or equal to A, so that
the first portion 152 does not occlude either of the arteries 190 or 192. Finally,
25 . the length L; of the second portion 154 is desirably less than the length C.of the
healthy portion of the abdominal aorta 180, but may be greater than C.
In a specific embodiment, for use in the abdominal aorta 180 to bridge
the renal arteries 182, the graft 150 has a diameter of between about 19 and 30
mm, and a length L. of between about 22 and 46 mm. The renal arteries 182
30  typically have a diameter of between about 5-10 mm, and may be offset center-

&
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as to permt blood flow through the affected side branch anggjﬂ%eggétgcent
side branches. For exanple, the graft 150 seen in Figures :
positioned so 5 that the first portion 152 is above the renal arteries 182

and t he weaamaskiportion 154 is below the renals. A nore g@?{, ﬁﬁm ction
of the relative axial dinensions for the graft 150 and region
abdom nal artery 180 near the renals 1 is seen in Figures 8 and 9. In

addition to the renal arteries 182, the openings for the 1o superior
nmezzanteric artery 190 and the cilia artery 192 are shown in Figure 9.

These arteri estd-yeﬂtﬁaﬁ;lwlméxﬁ,j ﬁﬁsﬁégéﬁﬁsmkﬁﬁhﬂrle%ﬁlﬁ%f o ntcont[ast to
close u upst ream

the laterally- g Z ggprenals 182, and are | ocate
of the renals. %@4%@? eswzed to ensureopan bleod Bew190 or 192 and

the hi ghest of heRahs ﬁﬁzﬁeﬁ’ﬁsefh &#g eli ﬂgrg‘ rom
upstream si de of e hi ghest of 15 t renal s Q?%{Mf’ eam si de

of the | owest ﬁﬂﬂbhghﬁl@E&IIsfoﬁhgﬁv@pomnEZEdadrabmwuﬁﬁﬁﬂgbuﬁiﬁween t he

downstreamg t.he he .en f e . perceived
heal t hy portloﬁugfdek‘%ﬁd&%r%ﬁgdﬁa lﬁ%@@g@% %df@ “'?‘Elm&g’@lition, t he
di ameter of oneonttfIMOﬂdbahtlaastSim&soéxﬁ&elﬂ&ﬂbﬁ@eﬁﬁf@es&ﬂﬁdﬁ&ﬁb vy
di nensi ons of t‘gfc aggia,oﬁre Iven jn Flgure8as L for t overal |l for
20 the tubul ar L.,[ ‘F’b‘rsg’t“ﬁﬁﬁf mﬂ%@dmﬂ}e gap 156,
and L3 for thbe idiatd. m%@&ﬂ%ﬁm&&&a%ﬂﬁ%&%ﬁ%ﬂﬁ% D, and

I a

If the renal arteries 182 are offset
preferably sm%@Q%HWfW%MFIMOMSGfW tfmgmﬁzﬁmpmdﬂoon 152 does

not occl udg ei sk aqé FTEP&E%H 3 or % Ibé he | e gth | o of

t he second por{é?’onalSll esira Jﬁga S'S gﬁﬂtﬁg fé‘ e heal t hy”

portion of thep@bdmmmlndmmﬂ:aﬂzomn,wﬂlbeuﬂéﬂ@

specific enbod ar e.in dom nal aorta 180 to bri dge the

-renal arteri es f{'@g]ﬁ%é “ﬁ@f" a di aneter of between about 19 and 30

mm and a |ength L Tb ehatotRepophoit/coanaiat oﬁ‘i)f ﬂa%mg%@hxsg”e“ es 182 30
may

typi cally have di.a er of between about - e offset
center 29 Junﬁqm ?ﬂﬂ@ﬂ@mhmgfmommthatm,by :

‘15 injecting a contrast mecha and visualizing flow through the affected vessels with
an X-ray device. The dimensions noted in Figure 9 can thus be obtained. A
range of different sized grafis are preferably available, and the surgeon then

- selects the graft to maich the anatomy in conformance with the above preferred
guidelines.

20 During implantation, the surgeon can ensure proper placement and
orientation of the grafis of the present invention with the use of radiopaque
markers on the graft. For example, the stent structure, or portions thereof, could
bemdiopaque,ormmkerscanbeattachedtoﬂ:estentorgmﬁbody In Figure
7, for instance, the wireform 160 and the upper wireform in the stent,162 are

25 desnablyxa&opaqueso as to enable the surgeon to monitor the approximate
axial borders of the gap 156. Furthermore, the bridging members 158 or crimps
176 may be radiopaque to enable rotational orientation with respect to the
respective side branch or branches. f

A method of supporting a tubular primary graft in a primary blood

30 vessel adjacent a vessel side branch, in accordance with the present invention

e




to-center up to 10 cm Thus the gap 156 has an axial length bﬁ of &%ween
about 6 and 20 mm and is desirably oversized to ensure opef®BI&08#t ow
through the renals and to acconmpdate offset or otherw se msaligned pairs

of rengkgo1ddrgy! ength L1 for the first portion 152 is de ﬁ(ﬁ ut 6-
mm but may 5 vary depending on need. The | ength C of thei(\fea oﬁlfl}?ﬁgrtion

of the abdom nal aorta 180 should be at least 5 mmto enable the proper
seal of the second portion 154 with thel@morta, which is snall.er than an
endovascul ar repair would currently be indicated. The length L3 of the

second portion 154 is preferably at least 6 _nmm nore preferably about ’
10-20 nun. O cwabsdl w@mﬁl@é@%ﬂ!@m}@éﬂn@éoﬁﬁmﬁaiﬁﬂ%%nger section

of vessel as a ' . L Fmgé', : tion 154 can
be | onger than .%hl% ugg‘?{é‘ fgﬁ%ﬂﬁ‘@ﬁ% y c&sﬁ%g@%gg%e%ngth of

strai ght tube vpstion B0 gntits alid swuppers the primanyrvspset on eiemideadiafsidgur at i on of
graft, the surggon.fiJg.st ,determ.nes the, anatom,.cal | gndsca t hrough t he
use of angi osc ,hi[ a?‘@‘é?a%ﬁw%ffﬂﬁf%‘m&ﬁangh’%ﬁwg?ﬁ%ﬁs‘% and

vi sual i zi ng sf | opntdetsiad Suppets Gefprininefivessed 68 e odick lidaof the sidy baast.ce. The

di mrensions noted in Figure 9 can thus_be obtained.. A range of_ different
sized grafts armﬁ-‘mﬂéﬁﬂ?‘tﬂ%ﬂ%ﬁ&o% f?@“@gf@é(yﬁr?lﬁs%gas%wécts t he
graft to match SRR -RBod 6F thO LR HER kil bhthétheshekin WemB pripsf 1 ed

gui del i nes. 20 ring I nplantation, the surgeon can ensure proper placenent

and ori ent at i onlog#tionher ppsiibning ofballepm-grpaslebleivessionof tie gaafl andinflatinge of

. radi opaque nmar S ' nﬁliﬁa E,EEQ&%QE ]wg_{ Hr , or
portions thereo ,oggﬁﬁ%ﬁk\ﬁ%&?%flg%égge, (;%r markers can gleeﬁgg ached to the
scent or grmft badullylcondtiged sate I a position psertapping thdmdwif ftefsecomd 160 and the -
upper wreformin t tent 162 are. desirahly r.adiopague so as to enable

the surgeon to WHP?E%MW@W@@”&%#%&%@#}?@WB&
Furt her nor e, thgmhrlisd ' RRh&REIE cdR8diag of bllops-cdpdadingy be radi opaque to
enabl e rotational ori en% ation wi:th resp,gct, to the :Hg% ective side branch

. or branches. 'f A nefnatemprivesptind comprisesimplaning the ggfdpP afier o prinary
bl ood 30 vessel 3aq}3f6RkoRoMBE Hithary g P62 Mhheis, th REGRI pREGE1Y dend NE

present invention _
15 tubular graft 150 is self- or balloon- expanded outward info contact with the

primary graft 186. Indeed, the primary graft 186 may be implanted for a
significant period of time before the need for the supporting function of the
tubular graft 150 is recognized. '
As mentioned above, one tubular portion of the graft- may perform an
20  anchoring function to maintain the position of the other poriion that may or may
not have the same anchoring characteristics. For instance, the graft portion
upstream of the side branch may anchor the downstream portion, which in turn
reinforces, supplements or seals with the primary vessel so as to enable
placement of another graft in that location. The present invention has been
25  described so far in terms of self- orballoon—expaudable-stents- for anchoring, but
 those of skill in the art will recognize that there are other ways to anchor. For
instance, staples, bent or corkscrew, are becoming more sophisticated and
-effective, and may be used for anchoring. For that matter, any means for
anchoring one portion of the graft can be used.

»



WO 01/49211 19 29 June 2004 PCTI US00/ 01712 can be iIIustrgéed mﬁbg _
reference to the enbodi ment of Figure 6. First, the .tubul & J§PafP9450 is
inplanted in the primary vessel.-180 such that the first portion 160
cont act sy@pdusyaprorts the primary vessel on one side of a.ﬁégiﬁm@hggfh 182,
in this case the two renal arteries, and the second portion ht act s
and supports the primary vessel on the ofher side of the side branch.

Impl antation of the tubular graft 150 caff be acconplished by rel easing a
sel f- expandabl e version of the graft fromw thin a catheter sheath in the
proper |ocation, ORVIEBRhd foRdp ; ngﬁ@ ison of the graft
and inflating a _balloon %‘o%é%oﬂ:@tlﬁg in 1gﬁr&i or ?&?ﬁ@lg a?‘{:&g primary graft
186 is then deembedimentsof the iavention, aatigusalinmativesmotlificaions,tmd a posi ti on

overl apping th [t 154 and.radial | y expanded into
contact therew gﬁ ?%F%%?ﬁ%%g??%%”%%ﬁe@%“mgﬁ%%r

sel f - expandi ng modificatiomsoneyceyaneticad within thd scepeief thy sppeRddacthimoNpr i S€s

i npl anting g he tubular graft 150 after the Inplantation of the primry
graft 186. "That is, the second portion 154 of the 15 tubular graft 150 is
self or balloon- expanded outward into contact with the primary graft 186.
| ndeed, the primary graft 186 maybe inplanted for a significant period of
time before the need for the supporting function of the - tubular graft
150 is recogni zed. As nentioned above, one tubular portion of the graft may
performan 20 anchoring finction to maintain the position of the other
portion that may or may not have the sane anchoring characteristics. For

i nstance, the graft portion upstream of the side branch may anchor the
downstream portion, which in turn reinforces, supplenents or seals with
the primary vessel so as to enable placenent of another graft in that

| ocati on. The present invention has been 25 described so far in terns of
sel f- or ball oon-expandable stents for anchoring, but those of skill in
the art will recognize that there are other ways to anchor. For instance,
.stapl es, bent or corkscrew, are becom ng nore sophisticated and effective,
and may be used for anchoring. For that matter, any neans for

€1



anchoring one portion of the graft can be used. 29 June 208§JV[)2§649211
PCT! US00101712 20 Wile the foregoing is a conplete descri ftith the
preferred. .enbodinents of the invention, various a

itematives, |nod|ftcat|ons and eqU|vabents may be used. Moreover, it WII
be obvious that certain other modifications may be practiced within the
scope of the appended clainms. S 4 29 June 2004 21 CLAIMS 1. A vascul ar
graft adapteg: @Iacenent in primary bl ood vessel and suited to bridge a
vessel side anc conprising: 5 a tubular structure defining an outer
surface, a first portlon of the outer surface being sized to contact and
support the blood vessel on_one sjde of the side branch, and a second

portion of the out'eraseilasgad aﬁ@t‘?ﬁbf% Plasemens in pRMAEL bIapd vessplpdtsuitebton| ood
vessel on tBgaalNgks bﬂ@b&%d%@ﬁn .branch, the tubular structure

defining an aperture |ane th the side branch so as to permt
bl ood fl o bet ween tutudar bingabate defisng amoater sidfacda f&istqtmrthmauf(ﬂlne oler shitface

vascul ar graft. of. claim]1l, erein.t first_ and se ortions are
separ at ed acPdEgs e‘igtﬁﬁogﬁ‘a a%?‘{pﬂ%meﬁ’g‘?qﬂd’eﬁfﬁl%orfe g?‘%‘iﬁl?r@@?‘ Y9fenber
traversing Eél:@n&ﬁ&néﬂgfﬁx@'&m%?&drfbﬂe baﬁ% bizEBlo ARASLEANFHROME bRIBE vaQeRS O

prevent relative axial 15 separation of the two portiohs after
i mpl ant at i onon tihge Oélpe sitlei o thye bide) berath.nibd t‘mlam@mwturdﬁéefbnmglgn rgenatfer and

a1 cast two BRI HEE e REt o folf PARERPR 08 b il BF grart

of claime, t}m@ide(ﬂmjghfour bri dgi ng nmenbers and four

2. The vascular graft of claim 1, wherein the first and second portions are
separated across a gap and further including at least one bridging member traversing
the gap and connecting the first and second portions so as to prevent relative axial

15 separation of the two portions after implantation, the aperture being defined between
the bridging member and the first and second portions.

3. The vascular graft of claim 2, including at least two bridging members and two
apertures.

20
4, The vascular graft of claim 2, including four bridging members and four

apertures.

5. The vascular graft of claim 2, wherein the bridging member includes a
25  relatively rigid strut.

6. The vascular graft of claim 5, wherein the tubular structure comprises a flexible

graft body and a support stent, wherein the strut is directly connected to the stent.

30 7 The vascular graft of claim 5, wherein the tubular structure comprises a flexible

graft body and a support stent, wherein the strut is directly connected to the graft body.



apertures. 5. The vascular graft of claim2, wherein the brigdgin er
includes a 25 relatively rigid strut. 6. The vascul ar graf?gan%?QﬁgPS
wherein the tubular structure conprises a flexible graft body and a
support scent, wherein the strut is dire@tly connected to the stent. 30 7.
The vascul ar graft of claim5, wherein the tubular structure conprises a
flexible graft body and a support stent, wherein the strut is directly
connected togt he - - cl ai m
1 Wherein e tubl s aRrat SPaiTe iy ft dhuddpdiRSiphs i, 2
support st engrafihodfhed ¥ suppalt atentgr aft of claim 8, wherein the flexible graft
body is only provided 5 in one of the first or second portions, the other
portion being defined solely by the stent. 10. The vascular graft of claim
8, wherein tbe flakéhhQuar ghft JFeRYn i8S whERM HEdekible 28t Bodyi8 ohly ibviddd

second portions, and the stent internally supports at |east one of the
first andd sedbms op8etfirgivs second partiond, thewdwe pdréion being defored solaliyrpy it stadher ei n
the stent internally supports only one of the first or second portions,

and the stent externally supports the other of the first and second

portions. 1510.2. &hyaseulafiragy &f dlaidd8phBdeihahe PeaBRMEBM bbdy & RHVIAE ¥ bl ood
vessel and suited to bridge a vessel_ side branch, conprising: a first

tubul ar st rubethtle Srst ey segondopariens, anbiths sispbinternally suprRas ay egstcanef tate si de
of the side ﬁf@?ﬁﬂi tubul ar structure sized to contact and support
t he bl ood vesé% oﬁm?ﬁg%ﬁ%%gother side of the side branch; and at |east one
bri dgi ngldrenber connecting the first and second tubul ar structures so as

to define an_aperture in the_vascul raft sized for_blood to flow through
between  t helbl oodhtdascdar sifof fem [y hsreinbe sepigntemally ppors erly 87 o af ¢ of

laim 12, | ¢ i gal . 14.
clarm | NEeURNG s@éonlh%ﬁ{ong ViRid Fhd Elet @teﬁ%{}?%%p:pioﬁg the ShG ARG NS %‘ﬁif our

The vascul ar graft of claim 12, including f dgi ng nenbers an
second portions.

15 12 A vascular graft adapted for placement in a primary blood vessel and suited to
bridge a vessel side branch, comprising:
a first tubular structure sized to contact and support the blood vessel on one side
of the side branch;
a second tubular structure sized to contact and support the blood vessel on the
20 other side of the side branch: and
at least one bridging member connecting the first and second tubular structures
so as to define an aperture in the vascular graft sized for blood to flow through between

the blood vessel and the side branch,

25 13.  The vascular graft of claim 12, including at least two bridging members and
two apertures.

14, The vascular graft of claim 12, including four bridging members and four
apertures.

30
15.  The vascular graft of claim 12 wherein the bridging member includes a
relatively rigid strut.



apertures. 30 15. The vascular.-graft of claim 12 wherein th? bridgi@g
menber rncludes a relatively rigid strut. 29 June 2004 23 8. JuReg084scul ar
graft of claim15, wherein at |east one of the first and second tubul ar
structures conprises a flexible graft bady and a support stent, wherein the
strut is directly connected to the stent. 5 IT A vascul ar graft adapted
for placenent in a primary bl ood vessel and suited to bridge a vessel side

branch, conprisi ngy I e finj n_outer surface, a first
portion of tﬁg‘ ougg?%g%ﬁﬁ&gcgggﬁ ?e?lﬁ@ gll‘%’zvevggrfﬂ(l)1 Aég%atsgg?e gﬁglesﬁfﬁtpﬁdfsmd bl ood
vessel on onabsiadetrafurthensirides Hlewiblb grafirsbde and @ Gopsbrindt, i vieréd tHehguput er
surface bei ngﬁcﬁli?zt&? to conptact and support the blood vessel 10 on the other
side of the ¥ conpected todhg 0kl ar structure defining an aperture for
alignment with the side branch so as to pen-nit blood flow between the

bl ood vessel and the side branch; wherein the tubular structure conprises
a flexibl®e giaft Bodwcdargrat sdppdribr platearnt incnprirharyheideresset el fitek tdol e

graft body is_.onl rovi.ded iin one.of the first or second portions, the
ot her por;ioﬁn%§V%§gﬁ£PFﬁ§ﬁ“§bP@P@”%@?the stent. 18. The systemof claim
17, wherein the pginiBildt sPh@QE (¥RSALAN bitet 8D AN R theoutb &S Sel

si de branch conprises the renal arteries, and the tubular structure is a
20 portion obeiag birgdipcantaet agd arport g blgodesselibmenayidef of taoagst wandhosnd a

pl acenment in ' god. vessel .and suited to ridge ssel sjde

br anch, conp????%g&EéXbegfueﬁﬁﬁ%ﬁ?b?Pgﬁ%ﬁt é@#@ﬁﬁﬁ%%?@%ﬁ@ﬁgﬁmaﬁﬁﬁg ppor t
the bl ooth vesseahe otheoside Hifdige sidb bednch e Siblearhdtaidale defiSRE an kil 8
structure sized to contact_ and support the bl ood vessel on the other side

of the side BHEHREHt Wi thefidebsanch so astomemaigblegd Aevihsrveen teddeddigssehand i r st
and second_tpggkgqnﬁlﬁuctures so as to define an aperture in the vascul ar
graft sized fo l'ood to flow through and

wherein the tubular structure comprises a flexible graft body and a support

stent, and
15 wherein the flexible graft body is only provided in one of the first or second
portions, the other portion being defined solely by the stent.

18.  The system of claim 17, wherein the primary blood vessel is the abdominal
aorta, the vessel side branch comprises the renal arteries, and the tubular structure is a
20  portion of a bifurcated graft.

19. A vascular graft adapted for placement in a primary blood vessel and suited to
bridge a vessel side branch, comprising:
a first tubular structure sized to contact and support the blood vessel on one side
25  ofthe side branch;
a second tubular structure sized to contact and support the blood vessel on the
other side of the side branch; and
at least one bridging member connecting the first and second tubular structures
so as to define an aperture in the vascular graft sized for blood to flow through and
30  between the blood vessel and the side branch;
wherein at least one of the first and second tubular structures comprises a

flexible graft body and a support stent, and



30 between the bl ood vessel and the side branch; wherein at é%ast &&ﬁ of
the first and second tubular structures conprises a flexibP84Paft%body
and a support stent, and 29 June 2004 24 wherein the flexible graft body is
only provided in one of the first or se@dnd tubular structures, the other
tubul ar structure being defined solely by the stent. 20. A vascular graft
system adapted for placenent in a primary bl ood vessel and 5 adjacent a

vessel side branchyneomeifide %gﬂtwaﬁyksa&hlg%mea il'Af of RO Goghd | T St

~tubular structure sized to contact and s ort the vessel on one
side of the sgibdkrBrwhoes, themtheatubeleosidictunbbding definedisdlely by theptened from and
connected to the first tubular structure and sized to contact and support
t he bl ood vessel on the other side of the side branch; and 10 a tubul ar

primary grafbgsi Z@xdvzts@qlﬁro%trﬁﬁ isdtdeX aBAHE] Bor WdchmEdi8n bl grtary BIIGH dfessSl Adct ur e;
and at |east one relatively rigid strut connecting the first and second
tubul ar %t r adieeanba vessrl side besngh, eomprising| ati ve axi al separation of the two

tubul ar structure fter i | apt.at.i on ture bein ef i ned, bet ween
the strut and thegftulat?% Sgwqggggﬁﬁcqﬁngﬁ tfftgﬁﬁg?rr%%”f Fee%lg%fmaco %‘Fﬁ‘ ent
si ze to per msippbht @gsblbbdVestd ba Was sidbef e s&RIbr&icHeandhy Rb6HE. tuBillar shigufey St em
of claim20, wherein at | east one of the first and second tubul ar

structures c8sPd §e8 apd porageted © the Bt tubyanstaipyreand ized fa contashand suprdtei n t he
strut is 20ﬂ'fé'bﬁcﬁ)?lt‘)eysefﬁ{‘tﬁgS@E%iﬁé)ofﬂgeesﬁetlﬁ&’id:h- %ﬁl The system of cl ai m 20,
the t

.wWherein at | east one o Irst and secon ubul ar structures conprises
a flexibl@ graft badylaapdmarygpbsizdd tetcenkiallwbarpds with the fisdt tubiular struddireect | y
connect ed tomyﬁe graft body. 25 23. A vascular graft system adapted for
pl acenent in primary bl ood vessel and adjacent a vessel side branch,

conprising: a tuby férasts&ﬂbo%liti\ﬂfyaﬁgildi Mtuajnﬂ&tﬁ%fﬁé Strstt E&Qijlsécronéttﬁbﬁﬁ&gge

sized to contact and support the ood vessel oOn one side of the si

branch, and strustgen asubuireventrefative axiel scparatigmobtheftwortvtarat stoctnes et t o t he
first tubul a{mﬁg.r{ta C&n‘ﬂ%ﬁ a%eral g'b%len% &e%ng&) %tegv%ten %’rfed shs'uL%peglgrthe first and second
15 tubular structures of a sufficient size to permit blood flow through the vessel side

branch.

21 The system of claim 20, wherein at least one of the first and second tubular
structures comprises a flexible graft body and a support stent, wherein the strut is

20  directly connected to the stent.

22.  The system of claim 20, wherein at least one of the first and second tubular
structures comprises a flexible graft body and a support stent, wherein the strut is
directly connected to the graft body.
25
23. A vascular graft system adapted for placement in a primary blood vessel and
adjacent a vessel side branch, comprising:
a tubular support graft including a first tubular structure sized to contact and
suppott the blood vessel on one side of the side branch, and a second tubular structure
30  spaced from and connected to the first tubular structure and sized to contact and support
the bloed vessel on the other side of the side branch; and ‘

a tubular primary graft sized to co-axially couple with the first tubular structure.



t he bl ood vessel on the other side of the side branch; and r
primary graft sized to co-axially couple with the first tuﬁgyhﬁggkﬁﬁcture
29 June 2004 25 24. The systemof claim23, wherein at | east one of the
first and second tubular structures cdfprises a flexible graft body and a
support stent. 25. The system of claim 24, wherein the primary vessel is

t he abdom nal aorta, the 5 vessel side branch conprises the rena

arteries, ang th (" [ t j d
second tubupgr s?ﬁ%c?ﬁ%@gﬁ?%&% :éxﬂ§spose§§ﬂ ?éggg%a Faﬁbg%gh#ﬁg)gﬁsten1of
cl ai m 25, wseneimes tdepriseex flbtible gradifiodpenkya supporilstenior ovi de in the one of
the first and second tubular structures that is disposed infra-renally, the
other 10 tubular structure disposed supra-renally being defined solely by

the stent. 33 Trgesysha®rehinkbalhcidn NRERIP vERE i$tHRMbdbriinal aorta, the

sel f - expandabi e. he systen1of claim24, wherein the stent is
bal | oon- &x pa/nmbsu@ branch comprises the renal arteries, and the stent internally supports the one

of the first and second tubular structures that is disposed infra-renally.
26.  The system of claim 25, wherein the flexible graft body is only provide in the
‘ one of the first and second tubular structures that is disposed infra-renally, the other
10 tubular structure disposed supra-renally being defined solely by the stent.

27.  The system of claim 24, wherein the stent is self-expandable.

28.  The system of claim 24, wherein the stent is balloon-expandable.



