WO 01/49211 PCT/ USOQ 01712 1 VASCULAR GRAFTS AND METHODS FOR BRIDA NG A

VESSEL SIDE BRANCH 5 Field of the Invention The present invention rel ates

to prosthetmM4gagcul ar grafts and, nore particularly, torvesecuaiae graft
for a primary vessel adapted to bridge a side branch, especially for

provi ding a support tube for a primary graft located in the 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

di sease or other condition. Left untreated, the aneurysm may rupture,

resulting in severe | ' neurysmin 15
t he abdom nal aorta .@M%ﬁﬁi@@?@ﬁ%&ﬁ@ﬁfysm The
abdomi nal aorta connects the asceVWESSELSIDEBRANCHe heart to the
circulatory systemof the trunk and | ower body. The abdom nal aorta
extends downward fromthe heart in front of and parallel to the spine,

t hrough the $horax and abdonen, apdiduraRahestiedff in a plurality of side

vessel s. Anpong other, 20 branching vessels, the abdomi nal aorta supplies the
two ki dneys via oppodff Biesent iyension elptesdp piosthsticapseuler safs aid BRE r enal

arteries, the abdawinal, t@@bésaulﬁcg%ﬁfweenmaxgveége%aﬁtaﬁo*beagé &dc the fourth

| unbar vertebrae and divides at a Y -junction into the Ieft and ri ght
iliac arteries, bigckigsragispy {or prayising asupprat Mo a psimary grafi leeptedAn thermon

| ocation for an pﬁg{a;};&Sémgl%ﬂéssme&tﬁe@ldggﬁnaect| on of aorta 25 between the
renal and iliac arteries. Wthout rapid surgical intervention, a rupture
of the abdori?nal aorta is commonly fatal because of the high voI une of

bl ood flow within the aorta. Conggg% ':ngg!fsife%ggngg! i ntervention involves
penetrating the abdom nal wall t t he aneurysmto reinforce
or replace the di seameldeuamnisetbaﬂxfonidg@fﬂnmﬁofa'rymeqaﬂekxyﬁngdiqmmost hetic tube
SL?LL i I?’gl r?ﬁ'p?ﬁ?: afcenlngadue?o (%séase oro rel(‘) c):(dn 10n aﬂ&t 1gnltrse;[1te<§ tl%eoarr]lgfry%) rlfl%;[rl ng. a

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 aorta at the heart to the circulatory
system of the trunk and lower body. The abdominal aorta extends downward
from the heart in front of and parallel to the spine, through 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 arteries. 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 aorta

25 between the renal and iliac arteries. Without rapid surgical intervention, a
rupture of the abdominal aorta is commonly 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 rupture



WO 01/49211 PCT/ USOQ 01712 2 portion of the aorta. Unfortunately,
conventional surgical intervention has resulted in substantial norbidity
rates, andaoati/4otie@ very | east a protracted recovery periodCTaisoesmiae, cost
and other constraints mlitate for a |ongstanding need for endovascul ar
intervention. 5 In recent years, nethods ,and devi ces have been devel oped to
treat an aortic aneurysmw t hout opening up the abdom nal wall. These new
techniques typically involve a catheter-carried tubular graft delivered
upwar d from t he poktammf die agrta. dUnfotthratelyg hornviertidnki sacgicat ineryentiorchasnt o t he
region of the a The . graft..normal L.y, includes a tubular graft body
supported by anr}gé)?l'pi)%%gasﬁ%aens Fl glr]]cfr, ld%%éeist aﬁ’g)rét %éagpf?rygg?ggﬁa?tﬁl@% r

bal | oon- expandi ngcovéilyeetiad. | Idkewisey pasnatidrghet y@siraifits nslitetatforaat ural |y requires
an expansi on ball oon, .whil e the.self-expanding type is sinply depl oyed
fromthe end of lgngs%ﬁlf’%f’eegﬁ%raef’ﬂ(.’vafwﬂﬂr ng ssues inpact upon both
known technigues. |f Iiheerpeds, ygthods Akiclesicésavobeeh di@idpedidashiwen the -
abdom nal aorta and 15 the_jliac arterjes, ,bi"fgéigcated graft is typically

a .
used. A trunk pdiPtiRIeBysn Fuhouh PpRngHPd gpna JdgsedyMiterhgiakesal t hy

section of the apgiediyiadol R0 datheletSdrriteliBar drdteddlifdad utd@frbRthe and branched
|l egs of the graft are secured within each of the iliac arteries, sonetines

via a tubul ar exteae gierythegueh thephiag agpryead inethe seionpdthe appupsy elhe

car di opul nonary HyPasallpReuidsuRQeh oAl siHpeRed 1) dludonovayd 20
through the abdom nal aorta. Certain conplications’arise in anchoring the
graft to tHe i rfifker sphiekpagfling hebafleasexpandiag alhsdalidontexpardingtyisiafod f | ow bot h
during the pro . : ri.gk.of ..mgrating
wi thin a vessel %@Hﬁ%ﬁ%ﬁ%ﬁ%ﬁ@i Irllsy} o?gﬁ’gﬁg,gthﬁgékf sa?cg{lg‘%iles abdomi nal
aorta. In additisimplydbgdoyediivontheeid fartttmlarsheathe Iaplecemestissnesigmgctcl ose t o

t he renal arteriug)%nbMikﬁMé 1@%&%&‘5 ina fairly poor substrate within

whi ch to secure repair gra? .-In fact, surgeons require various

m ni num | engths of héght yeupsmtaifectwe Y -jnastow beiveen the abdongiidl edriaemdbef ore an
endovascul ar or o ahetkes b ndLeakad o 0Bl 88 % wB SR gl nvasi ve

t echni que

bifurcated graft is secured to a healthy section of the abdominal aorta just below
the renal arteries, and branched legs of the graft are secured within each of the
iliac arteries, 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 grafts migrating within a vessel is
a problem in many locations, not just in the abdominal aorta. In addition, the
abdominal aorta may be aneurysmic very close to the renal arteries, which

25 results 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 else a
conventional invasive technique must be used. Moreover, the same

consideration of a minimum healthy portion of the host vessel applies in other



consideration of a mninmm healthy portion of the host vessel applies in
ot her WO 01/49211 PCT/USOCQO 01712 3 areas, especially with regard to the

portion olvghaesqrta adj acent the branching subcl avi an orpcaggbiothi2
arteries. A nunber of techniques have been proposed for anchoring grafts to

vessel walls, nost notably the use of barbs or hooks extending outward from
S graft that enbed thenselves into the vessel wall. Although these devices
secure the graft, they may danmage the vessel wall and cause conplications.

Al ternatively, masatsie@pmlauj;mﬂaeegatdaathe@moﬁmmedoﬂmeaagman&mrmﬁﬁlgeam end of
the graft body aﬂq be bent . utvvard into contact with the vessel wall,
either froma precavd €Lage %‘i‘?ﬁ?y bi as, or from expansion of a balloon in

this region. 10 In tbnemﬁmtemecquuésﬂﬁaeBéeﬁgr@esearf&taﬁlmg@rama) abdom nal
aorta, some nmanufacturers have provided a stent at the upper end of a

bi furcat ed gr af tvegsihyel lse’%f’%ﬁﬂ@bléiélﬁd@%"fitﬁ@’sr"éh%ks grendingeitward fromyanpl e, the

TALENT brandsof g Gpgevasey l&féhls&b&riﬁto WHeakisel RVt QMBYA thablisvifds Buor | d
Medi cal of Sunri se Florid i ncl udes an undul ating wire support frane

ext endi ng above tb%gaﬁ,rth%tmqysdaﬁ@geymp wessol el an@eauw@hp@wm fixation.
Likewi se, the ZEMH080 RidRdofhe sERYBREM fihy ﬁm&h Tbfene | NC-
i upport ha

Bl oom ngt on, | ndi ana, l'1zes an at i ng re s vi ng bar bs for
supra-renal fi xarﬁfbbpdoffandh@b@ﬁatltwardlmmv@tmtbdwa@sselwﬁb@dlemﬁoms ext end

across the openl Q% El Eg % nt a certain
i npedi nent to bl ooo? ]ila% ﬁf gpl?i r gﬁﬁ(ﬁg %r%vbgﬁoongﬁhg egﬁgt ure placed in
the path of 1bl ood fl Mhmyntex-.t nﬂrepmnngmt dnagrgsih frethe hiidonnhai:dmtat s|omg cascade,
which in turn, nay gepera reerfl oatln enbo %H" ﬁgersely
i npact the ki dneyés{lugd ererf %‘fWF P Vlgdgﬂaftﬁ'ét at fhg upper F”Efjs &%E%Fc\éﬁg Fraftiiat ot f ect ed
si de branch. Becateads dches Kiederaystesies Hoi @hhmwsthsmﬂbm lﬁaﬁdbel njury from
i ncursion of su;%l enbol. i hl g\? ven t he
ossibility of dBYaé‘(‘)‘Har(ﬁt%% F‘Jir Qyé?emc %’éﬂm OI{dﬁ\@aq‘ u&?‘ieer i es.

P
Despi te much worfiorida, inbl'u&eshh ghdulate Wl%tshﬁpo)/tﬂ‘rafﬂe%kténdﬁ?ﬁfo@e e esdti | | a need
for a nore secure means ((1:) anchor i r%,g( a bi furcated in the abdom nal
aort a. 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 adversely impact the kidneys, or other organ that is perfused through the

affected side branch. Because the kidneys are highly susceptible to injury from

incursion of such emboli, 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 abdominal aorta.

More generally, there is a need for a more secure means of anchoring a tubular

graft in a primary vessel in the vicinity of a vessel side branch.

30



More generally, there is a need for a nore secure nmeans of anchoring a
tubular graft in a primary vessel in the vicinity of a vessel side branch.
30 WO 01MmQB1/492PCT/ USOQ 01712 4 Summary of the I nventi onp@hEs@reasent

i nvention conprises a vascular graft adapted for placenment in a primry

bl ood vessel and suited to bridge a vessel side branch. The graft
conprises 5 a tubular structure defining “an outer surface, a first portion
of the outer surface being sized to contact and support the blood vessel
on one side of the side branch, _mn%%%g@g%{e%n ion of the outer surface
bei ng sized to contact and suppor ood vessel on the other side of
the side branch. The Thalpisent invsttioncompesesie vasaaler graft adspied foreldconen| i gnment
with the side branch so n | ood vessel
and the side braR@RmARED ??‘f'vset%% aﬁlgl Sg%eggﬁghcg%%t‘{e%)sggmr%g&wgg ?é%grﬂgt ed across
a gap and the gr@ﬁﬁpnsésurther may include at |east one bridging member
traversing the ga connegting t i.rst nd Seco so as to
prevent rel afive? @i?‘i‘ j strugiare éif%ﬁ??%%’ ?)‘fqertsﬁrgactevﬁ) TSHRer Ognogqiaefot% {ee% gu?ﬂg? ant ati on,

the aperture belEﬁag@ieum@ébnﬂaitebﬂtsuﬁ@ﬁtm&mdﬂrvee@lmgommbefthamdethe first and
second portions. There are desirab

| t t br d
apertures, and po# %?‘@I%?CWS@PIUOBPF%@PW& éﬂﬁvél%zi aég%lﬁﬂg%fﬁg&b(jgsén Ho

Further, the b“&h? &gtﬂg%[&@%dg@ilbn%cﬁherﬁlﬁé@fthé/ﬁhé’brﬁlh(ﬁl d‘hstubwlar In anot her
aspect, the invention provides a vascular graft adapted for | acenent

in a primry bl oguhciues eTcPetre £ alighnsp ‘ﬂ’é‘bthasv% SRS Sglaﬁg’pﬁfl’é ch,
conpri sing. f'BlﬁBth\pglat@/%?@ﬁ%B&'{r&séhMe ti@e GaRdnact and support t he

bl ood vessel on one si e side branch; a second tubul ar structure
sized to cont act Thefirsandjsenond perdonsineryche somrajeskastss Eapt g thstgdt  si de of t he
si de branch; and

further may include at least one bridging member traversing the gap and
connecting the first and second portions so as to prevent relative axial
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 potentially 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 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
25 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 between the blood vessel and the side branch.



at | east one bridging nenber connecting the first and second tubular
structures so as to define an aperture in the vascular graft sized for

bl ood to Wowbmnough between the bl ood vessel and the sidgetaaneiviz WO
01/ 49211 PCT/USOO 01712 5 At |east one of the first and second tubul ar
structures desirably conprises a flexible graft body and a support stent,
wherein the strut is directly connected to the graft body. Mre
preferably, the flexible graft body is only provided in one of the first
or second tubul ar st A1Gdastions of thé firsoirdeecont ubuBF sthuctidsdeditably bei ng def i ned

solely by the stent.. In _a further aspect, the inventiqgn praqvides a vascul ar
graft system acfﬁ’ﬁ'i”é‘ﬁ?sf@r%x‘btéﬁ a{‘)‘ﬁa SPPRPT ety ViR thegrudeiresHy adj acent

a vessel side hbametd tolihe gh¥io8yN Mol pietasbis, theeisE sHEPRSY & offyaf t
including a first tubular structure sized to contact and support the bl ood

vessel on one sifVidad i pee ofjthfirstor secqpd wbularrugtuecs dhgefherdhwiasr st ructure

spaced from and GRAMRHLR! dEﬁaeHQ&elEibP%{est&Hbm ar structure and sized to
contact and support the bl ood vesSel on the other side of the side branch.

The system further i Aed fuber aspectthe iavengion pravigesgyvasqular grafisgistey co- axi al |y
coupl e with the aﬁbﬂt@&dfogglg%grﬁﬁt iﬁtaa)?‘%‘faw BoodVesdePARladRBG ?gésgg'si'ag menber may

connect the first "an _tub r structures so as revent 15
rel ative axi al dupwhalhonystom indhaies pbbulabwmippert gift ictudings faftiteularnpl ant at i on,

an aperture b eis ctgr%fslzgc?% clgﬁttamﬁ@ #p?grt H{eibﬂ%hggss%%% sias? (C)i%fnehsefdf irst and

second tubular structures of a su cirent size perm vod fl ow t hough
t he vessel 9g0de brichyanh a s¢cond twbulapgitucinet spaced difont dnd cerysttedrio thdrspr i mar y

vessel is the ahdomi nal ., aorta, .the vessel sid ranch c i ses the renal
arteries, and tﬁgb@gﬁﬁﬁ?c e Ef{%%@&%F%P%fgﬁtsu?@ﬂjheggP?qc‘f?ﬁseg‘gpée B"i%F‘iJr cat ed
graft. In additishieof & sidedfinclnMEheaHstérh €urthibi inclhdc@adutnee prlatypeift ar
structures preferably conprises a.flexi bl raft bod and a sypport stent,
and nore prefer éﬁgtc%/??éa’?%ff“@%wﬁ]? Q‘F?fr%gg’vgf drugirs, %rl?‘}‘\sl‘i%gnggl% t he
tubul ar st ruct ungeridtainay Sordb&RSES anfkdcand P@h FructilR@sdshepretanpul ar
structure disposed supra-renally bei ngq defined sol el y1b¥ the stent. The
anta

stent may bd’sel"Flativexia) senpration of thy e AT UGS sruckses Adighindplantation, an

aperture being defined between the bridging member and the first and second
tubular structures of a sufficient size to permit blood flow though the vessel side
branch. In one application of the system, the primary vessel is the abdominal
aorta, the vessel side branch comprises the renal arteries, and the tubular

20  primary graft is a portion of a bifurcated graft. In addition, at least one of the
first and second tubular structures preferably comprises a flexible graft body
and a support stent, and more preferably the flexible graft body is only provided
in the tubular structure that is disposed infra-renally, the other tubular structure
disposed supra-renally being defined solely by the stent. The stent may be self-

25  expandable or balloon-expandable.

Methods of supporting a tubular primary graft in a primary blood vessel
adjacent a vessel side branch is also provide by the present invention. One
method includes,

providing a tubular support graft including a first tubular section

30 and a second tubular section connected to the first tubular section;



Met hods of supporting a tubular primary graft in a primary bl ood vessel
adj acent a vessel side branch is also provide by the present invention. One

met hod i nelogud@sz1iprovi di ng a tubul ar support graft incl udipeg/@sobioiAat
tubul ar section 30 and a second tubul ar section connected to the first

tubul ar section; WO 01/49211 PCT/USOCQ 01712 6 delivering the tubular
support graft into an inplant position; deploying the tubular support
graft so that the first tubular section contacts and supports the bl ood
vessel on one side of theddiveeng the abalar appbrt fieft secaichplanbpdstionsect i on
contacts and supports the bl OOdg]tg v%ssel on thﬁ 0 hqu i de of the side
branch: providing a tubul SePIyHIELEs (POYPLPPYLErRitsp Batithe Wettabder  del i veri ng

the first end of the sgtibiBéntacly Al buppoitdihd blob& vt BR bhe sidd Ffifle sigcond t ubul ar
section; and radially expanding the first end of the pri rraryb}%reaft agai nst

the 10 inner surfac@maseh adhe geconddululassection sertacisand syppettyibe blead hod

includes thessteps OfgssBI ARG sRe bERL i bldhdrBry graft having a first
end; delivering the first end of the primary graft into an inplant 15

position; and radially exp@fidingg tebpdarprimgty sphayingtafastsndnary graft agai nst
the inner surface of theyfil,085 4ERREIN | J-he Si ranch.
provi ding a tubul ar support graft ?ﬁc%nu&@ﬁl%%gn?%%@%@ﬂ?%éu@goﬁi on and a
second tubul ar sect i graficeennd dutwthr sestiohend i r st t ubul ar section; 20

delivering the tubular su ; n ubul section is
within the primary graft fﬁlﬁ%@% ejg%‘g(?l%%\ﬁlg t#%%lgda(}f{%@e %@gag%gﬁaﬁgg%%sgh’[eubul ar
support grafido so thatinteherface sftthe secdndltehulas etibon cont acts and supports the
bl ood vessel on one side of the side branch and the second tubul ar section
contacts and supports the

Another method includes the steps of:

providing a tubular primary graft having a first end;
delivering the first end of the primary graft into an implant
15 position; and
radially expanding the first end of the primary graft against the
inner surface of the blood vessel on one side of the side branch.
providing a tubular support graft including a first tubular section
and a second tubular section connected to the first tubular section;
20 delivering the tubular support graft so that the second tubular
section is within the primary graft first end; and
radially expanding the tubular support graft so that the first
tubular section contacts and supports the blood vessel on one side of the
side branch and the second tubular section contacts and supports the

25 inner surface of the primary graft first end.

Either method is preferably accomplished by endoluminally delivering
both the tubular support graft and the tubular primary graft.



25 inner surface of the primary graft first end. Either nethod is
preferably acconplished by endolum nally delivering both the tubul ar
support gwafdys@md the tubular primary graft. WO 01/49211 Rt Q1712 7
A further understanding of the nature and advantages of the invention wll
beconme apparent by reference to the renmisning portions of the specification
and drawings. 5 Brief Description of the Drawings Figure 1 is a sectional

vi ew t hrough an abdom nal aorta showing the branching renal and iliac
arteries, and ill ust rafuithg vadestemdigdifiniatugd and agvaatdgedf the ikeenpbes ent

i nvention for su rting a trunk portion of a .bifurcat raff, .shown in
phantom 10 Fi gdﬁg%ﬁcqnﬁeg@pﬁg?ti’ﬁé%f?ﬁew t?/ﬁ‘@\’/l‘?“@ﬂ‘m’%%orﬂ‘?‘ﬁf)? g@gpﬁp}%aﬁl@ 1; Figure
3 is a perspect iané diwengsof an alternative graft in accordance with the
present invention having two planar bridging nmenbers; Figure 4 is a
perspective view of a further graft of the present invention having two

wre-like bridging rrenbergﬁefﬁsgﬂﬂﬁ@flgf@e&a\ﬁn@erspecti ve view of a further
graft of the present invention “having four bridging nenbers; Figure 6 is a
sectional view of th&gsbifiasedtiond view thigughym abdefhinal aefta shewingthmal arteries
illustrating a Ich; : I : - gr : Lpvention
used to support qﬁldghltn% ﬁ]ﬂtﬁf%g rlﬁzgﬁ%%tig?{@g%g tog%éné@éiﬁ tq%n?gﬁ%%{/ﬁﬁ %’ﬂ 20
phant om Fi gur e tife preseat ipeentipe for swpportingwirofk pdrtiornyefaftifurhtefiggdly shoén Fi gure 8
is an el evationg| yigew.of the graft of Figure 6 show ng certain axial

di mensi ons; and Pgure 9 is an axial sectional view of an abdomi nal aorta
in the regi ah of 25Figduee 2 Bagkrspacties view ofthogiaftgf Erntedi n anat oni cal

di mensi ons. Descri pt 'F?grﬁreog istarf)grsgercﬁire? ibw %If a%”;?tgr%latrirx%nérasﬂ in accordance with

the present invention having 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 graft of present
invention used to support the trunk portion of a bifurcated graft, shown in

20  phantom;

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

Figure 9 is an axial sectional view of an abdominal aorta in the region of

25  the renal arteries showing certain anatomical dimensions.

Description of the Preferred Embodiments

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  is shown intersecting the primary vessel 22 at approximately the same axial



Figure 1 illustrates a graft 20 of the present invention deployed within a
primary vessel, in this case the abdom nal aorta 22. A pair of side
branches wd 01/821i s shown intersecting the primary vessel PRT/@B800/01712
approximately the same axial WO 01/49211 PCT/USOQ 01712 8 | ocation across
the vessel. In the context of an abdom nal aorta 22, two inportant side
branches are the renal arteries 24, as sHown. The abdoninal aorta 22
conti nues dowmward fromthe renal arteries 24 and bifurcates at a Y-
junction 26 intq the, L& % %gsﬂ?en\gsgei 9Rine Ck]l@?&O?Eﬁ%dbﬂ]ﬁl&?&)ﬂﬁéZT% present

i nvention provi des a ular graft within a primary vessel for supportlng
anot her tubularngaﬁmnsﬂcbmndpsmnﬂwymMEQSEmslhapﬂmwnnﬂhwﬂﬂgmamhlde vesse
It should therefore nder st ood t t

description invdl %Zg w@?sqsﬁ’nf’vﬁe domrerllla alfl%%‘?stiazi g?%%%garttgﬁgg anot her
graft in the l'%Qh@lﬂnQﬁ1ﬁtdilﬁlell¢ft‘m1|dr@h1tlﬁdidmnest2lﬁe sane principles apply

whi chever primary 10 vessel or side v i s inyol.yed. exanpl e, as
illustrated Pn FlguréﬁfpﬁFWE“W&WEPPr 6%58&wﬂﬁbgaﬁ§@%nﬁ%91% VIC?EIty of a
side branch 30 'ﬂarMi*)@oﬂtlhgaﬁoﬂ@e"rhﬁ)hlaﬁgraﬁ&theﬁ&ﬁﬁ@&@s&él&ﬁpmm@ﬁdatﬂdens
suitable for repair wth the grafts

th t | ude th
abdoni nal aorti cvessebult shomid thexale recﬁ?é%“ﬁ rﬁ%@ethgtragﬁ E’Q’“ﬁ%"g‘g%ﬁlcqo :ag(r:t :Jce ©

aneurysm (TAA) ,  aRdign dR6IES gHEﬂ!1n'tﬂe|aﬁﬁorﬁ1ﬁélua)>rtaaﬂebifp)66ﬂﬁhg Emhelﬁralﬂtuﬁ pose of
expl anati on, however, the term "sjide branch” will %%V i.nt er changeabl y

herein with "rentp T%F@é?f?he'fe%éﬂqq‘?@ theespip %w%%yplyé@% SIRAMALY he used

i nt erchangeafl y or SRR . lélyﬁmgﬁﬁgg Fipufd Otee 1, the
graft 20 heﬁtgs aﬁgg% a trggr<13 H%V?B:é%?oée’%ﬁnﬁ 2 urca?e%"1 r]gf te 36, shown
in phantom The Qnﬂaﬁcaﬂébegwéﬁlm@BWHW®Pﬁ%$¢WU@@méBﬁﬁ¢P§@§aﬁﬁ@sg$unk
portion 34 that gdiv i 0. One or
both of the | egsﬁ%ggegtgﬁveacton&g&%%ﬂéﬂeﬁ% %ﬂ%%?%@g Caé’t@ Pgﬂhgglr%ﬁﬁng seal wthin
the iliac arteriimse@Bn m;:ﬂudb(tiﬁdbdwmmxltaeﬂslamysnﬂ(l*ﬁa‘y) dgecrippdlidreiact for this

pur pose. The end_.result is that &m 4 onal
tubul ar extensi glﬂga % m@)? ehas ro Agd%é%@%ﬁgmg%?c{ ?zf%g%?m Eé abdom nal

aorta 22 to &5 bpﬁrbosafoftekmanahmahommeeltheeterrrnz8idebmdﬁ m@bansaaineurysm C region
46. Once the

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
20  comprises the trunk 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
25 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
aneurysm 46 collapses inward around the graft, which remains in place.
With reference to Figures 1 and 2, the graft 20 of the present invention

30  comprises a first tubular section 50 and a second tubular section 52 connected



bi furcated graft 36 is in place, blood flows therethrough and bl ood
pressure is reduced between the aneurysm 46 and the exterior of the graft.
U ti mat el wo d1fxe211aneurysm 46 col | apses i nward around the giaitsoomiriigh
remains in place. Wth reference to Figures 1 and 2, the graft 20 of the
present invention 30 conprises a first tubular section 50 and a second
tubul ar section 52 connected WO 01/49211 PCT/USOQ' 01712 9 via at |east one
bridgi ng nenber 54. The first tubular section 50 is spaced from the second
t ubul ar sect i on Viat&zstams badgiapmedbdr, 54] Thefs) tuludirisestioniso ks spied oindgi ng
menber 54, defings an erture. 56 _for blood flow .If the fjrst. and second
tubul ar secti onggqssﬁ O@EW%SECEIPPS%@‘%S,S AR b Heopipdipnngtihfantudens, i s

generally 5 axi &hén)gedbﬁral@ﬁﬁﬂdlemé;b&ﬁferﬁﬂfbﬂﬂ?bdﬂf#ﬁ.flfﬂﬂfﬂé’talfclidsea&ldi3 in})elnded
for inplantation in a curviljnear vessel, the first and second tubul ar
sections 50, 52 WEATHEUANS hetiarespdneg b hprdemgarenBer o4 sigansipich case the
bri dgi ng menber &ﬁll%is#xos@&sﬂlt&ﬁaﬁvgl?ﬂ?ﬂ@gkal’tZ@'i§ﬁ€é‘ﬁ@éﬁ 18t RifarkdliBn 8AME Curve.
Still further, the graft 20 may be nulti-curvate, for exanple S-shaped, in
whi ch case the fRFalineaigsssh stiapd sacand trbplayseqtionn20, §p mag be alimedr i dgi ng
menber 54 will @l bLowutigheibxds RlvehiGlaVEifie briidol thiisiet | igure 1, the
aperture 56 is al ingneg W th at least one %flﬁgtl" e és{?ée%flgln%%eﬂs:e 24. In a
preferred appl i cansralfy, disposedplonitthepme suye ebtilt fyrtbarptho gtaft20 nisybar cat ed graf t
36 in proximty il L..ard aries.: . fl apertures
56, each ali gnedmlefl?ﬁltvg%’efog%j %%%ﬁgﬁégﬁ?@?}%&&%}ﬁ%{ |ssle€°§l§tt&§)\>§% the first
15 tubul ar gect isestioB950, $2 sntbnidgihg mendwendhwill fnllow the neulfiplacuressal porti on of

t he abdom nal aorta . Lle. t { r.sectign 52 is secured in
contact wth an inf %é-ll}%gﬁg gglor ?‘F%ﬁﬁﬁ%@%g% Suar11 se%%l aartgeagti(’?ee | ar ge
enough so that nie sigeobranches 2 It herefmafl bpRidatioasthe gmfti20 it dxed tol sapgbrifd ow pat h

SLBE? | ;egil all (‘a’if“?ﬁe&zgﬁaﬁ%ﬁ%qBWgul BRop Q%tﬁﬂragtn&lszzg’r%@%ﬁf‘?ﬁ 4 S Wth
specific refer e:’aip&tdré)s 56, %h@li%xedbdilﬁ 08¢ éffthe ﬁﬁalﬁtﬁéﬁhrsjb B{Btﬁis@oﬁta?}thﬁﬁrgt gggft

i T
body 60 interna g su .ogégggégérgd[.stent 62 e tubul ar graft body may

be formed of® ond“Byar i) Gpntagt it @ punse-FalRosieRaf fice f abric such

as abdominal aorta 22, while the second tubular section 52 is secured in contact

with an infra-renal portion. The apertures 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 so that renal 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 tubular 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. In a particular preferred embodiment, the graft body 60 is
one piece, with the apertures 56 formed by diametrically-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 tubular sections 50, 52 of the graft

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



pol yester (e.g., polyterepthalate). Alternatively, the graft body 60 may be
an 25 extruded PTFE tube. In a particular preferred enbodi nent, the graft
body 60 iwo @me2mni ece, with the apertures 56 formed by PCT/US00/01712

di anetrical |l y-opposed, generally oval-shaped wi ndows 64 cut in the body
and extending circunferentially around fhe body into proximty wth one
another. Two bridge segnents 66 of the graft body 60 extend between the
first and second tubul ar sections 50, 52 of the graft 30 and separate the
wi ndows 64. Pr efoircahfeyentisllyeartumid digeprafeboigoD s sl axctie rthtiMOdOhé Gttt

PCT/ USOO' 01712 10,cir unfe enti,ally arou raft bod a small arc
inrelation to t%d%f’gcggﬁfgowlﬁ 68156ggtﬂ%élof’%g??ﬁﬁPW?é%éhg‘@er of the

bl ood fl ow aper teuibaginkt, tHebridfeseg@Biro6h dmen tircubligreRiallf tefBBORRES 66 each
circunferenti al laé ext ends between  about 1-90 around the %naft body 60, and

more pref er abl y ABYEH -k froHpd ths gdfbody 60, srdmorpmeclerpbly qaghcatrmdsabpttur es 56 are

sized to enabl e mjgegnment with side branches of varying sizes. O course,
the particular size is defined by the axial dinension and the

circunferential arc dfeplead ﬂP‘NGﬁ?xXBWé§6 atghized tofaplelp alengient Wigh sidver al | graf t
di ameter and | engiRhesfhalyReBBC OF c@mgé ﬁIeépaM&ﬁfar dize 19 géﬁng&‘ g?thfeg{(laﬁ mal |l 10

arteries and small side bfanches w | a reduced di ane and reduced
wi ndow si ze. Addilmengwwapqthe|cfrcqueregipaéfntc of thejwindowséd, whiclbddpdeds ootlhiey one si de

branch then only, gY‘Aﬂ'lg r for use
in the abdom naI %ﬁ ta %M\étt ggdl ¥ g%&g%a@&ﬁ{@%{%@eg@ﬁ?@ﬁh%ﬁf aft 20
has a di angéer auﬁnetsemd/mail a@iuamh@ \alilidha@ioa netigced didmatet arigeduced bet ween
about 22 and 15 Th n axial .l ength of

bet ween about 6@9%66 Edd?tp(’%gl%gxte c%g?u(lfgﬁgfeg oebrﬂ ,ggP’i?l °3?%%md the graft
body 60 between badmhthengﬁlyamelwir&@w1stl]medehazipmj’etrealerﬁbodaﬂertt,mL&aiﬂ y have a

di aneter of bet abou 8- nd t 64 are desirably
oversi zed to en\gﬁ‘?%d%’gﬁ}%qﬂggégoﬁg%a}eﬁ?%ﬂa%“te% 4 l?fﬁa to accommodat e
of fset or ot her\ﬂleﬁmteﬂofhétbvgﬂﬂﬂ»oﬂﬂ9pﬁﬂ8($mﬁf aﬂi@l@h@:hoﬂﬁbﬁvé‘eh%ﬁéut@?aﬂpt ual l'y

conprises a f ' S4t6 n%%e%e I%rogeld%n ow. r84rl‘la\t/eha(;"l afx1aE fé%gth of between about 6 and
20 mm, and extend circumferentially around the graft body 60 between about
90° and 189 °. The renal arteries 24 typically have a diameter of between about
8-10 mm, and thus the windows 64 are desirably oversized to ensure open blood
flow through the renals, and to accommodate offset or otherwise misaligned
20  pairs of renals.
The stent 62 actually comprises a first stent portion within the first
tubular section 50, and a second stent portion within the second tubular section
52. The first and second stent portions may be substantially similar in
construction, or may be configured differently, as desired. Those of skill in the
25 art will understand that a variety of different types of stents may be used to
internally support a tubular graft body.
In a preferred embodiment, the stent 62 comprises a ﬁlurality of
separate, spaced-apart wireforms 70, each formed in an undulating, or
sinusoidal pattern. Each of the wireforms 70 includes alternating peaks and

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



tubul ar section 50, and a second stent portion within the second tubul ar
section 52. The first and second stent portions nmay be substantially
simlar iwo®@@stiruction, or may be configured differentl ywceragsodesised.
Those of skill in the 25 art will understand that a variety of different
types of stents may be used to internally support a tubular graft body. In
a preferred enbodi nent, the stent 62 conprises a plurality of separate,
spaced-apart wirefornms 70, each formed in an undul ating, or sinusoidal
pattern. Each ofMédeepesificaliyasdeer i Hifiat 2dRsGe ak tifedwidlpgpRedksvsand 30

vall eys, with either the peaks or valleys being woven through the graft
body. WO 01/ 4921’1“?%@75[?@6%?‘6 ?i?‘bulirlseﬁﬂﬂnéos%’é pbfriaglglly@gacggroglégﬁ in Figure
2, there are thrgefersa thy seBACRABuIIONEIoRT’2. Withe HRMeBks 6 valltys &¥8hdsk I St
tubul ar section 50, and four axially-spaced rows of wreforns in the

0
second tubul ar Je¥s plomduigtingayiefermsarreveyenkyoush siig 7P &ymedin thogial  rows of
undul ating ws r efiRaB0. A ShidRYER: Y QRGO 70 bR pdchQl HBs lhi%artiﬂfaﬁél t 5 body

60. In this manner, the wireforms 70 are prevented frommgrating axially
wi thin the graf tWiéuthe gafibiogh 6@ wilyeaspect to oppanothentahd fhus puodide h drlypr ovi de a
fairly uniformjnger; : i 4l t dy. As
nment i oned, each ng\A re O%ﬁ%oheﬁ%%%%%gﬁbﬁ@gﬁ& Xﬁrﬁé’%ﬁggﬂ%{%ﬁhe

confi guration shwvafornyis citler radap bileexphndabladd the caldizoration shomwnydran

bal | oon- expanded, i . { i 2. (conprising the array of
wirefornms 70) c%ﬁ%drb%sgésagﬁﬁ%&%ﬁlg?? oeg;s?%%g)%aeé ?n%g ' l%teﬁericﬁsﬁetrge S\‘/%‘ﬁl of a
t ubul ar bl oot veRgedmpringahearay bf wirefoswsi0) tdmpredet tiegmnft bodybi2egriast, certain
mat eri al s and/ or_ sl eeve-l i k%&igﬁ)ﬁ%t res enhance the seal

re avail.able t
between the ext dFS SPToFelofa Ve&??b%t R&n @ﬁ%’sdéfal ﬁ)ﬁfﬁ?’?ﬁ"’gﬁh may be
conbi ned with thopowsesitain iveribls oid/or bzew-lidcltradtireyarohvailablems 74 is vi si bl ﬁ
on the exterior of th raft body 62.. T crimps 74 join free _ends of eac
wireform 70, whi® a“@%ﬁ‘ﬁg?aggetgﬁeé‘ ‘?e’ﬁ?ﬂ"éopfxﬁf g@hggéﬁ%ﬁ‘?]é’esﬁ feliwmdo t he
undul ating patt efidy, beadshibined ®ith AR peledirdentopape required. Though the crinps

74 are not sharp, they provide an irregular surface structure on the
exterior of fhe graf t*Beralityed crmpss/4Heyipbleonficextener of the graft ody 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
strut 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
first and second tubular sections 50, 52 of the graft 20. In a preferred

25 embodiment, the reinforcing strut 80 is a biocompatible 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 end of the reinforcing strut. If the ends of the

30  reinforcing strut 80 are secured to the stent 62, crimps are preferably used



20 position within the vessel. The bridgi ng nenber 54 seen in Figure 1 and
2 conprises a reinforcing strut 80 and the aforenentioned bridge segnents
66 of thavgoai®2zibody 60. The reinforcing strut 80 is a reCawsaaiyi2ri gi d

el ongat e nmenber extendi ng between the first and second tubul ar sections
50, 52 of the graft 20. In a preferred 25 enbodi nent, the reinforcing strut
80 is a bioconpatible netal (e.g., stainl®ss- 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.8 [ h ,

sutures are typibce eie§3uﬁ(gaé’§£et% gﬁgseﬁa%%l%g%@ﬁfogﬁ%%@tgér)g%ﬁtf(ﬁgp Egttrjl%'hg eature
(not shown) pr cshbetedhorindacing ends & are Hesiraldy frfcated forthe entside of therbridge ends  of

the 30 reinforcing str 0 secured £ o t.he. L{fTps are
preferably used W&ﬁ?%?%u%@fﬁe ﬁi"ﬁfﬁraailglsgéﬁ%@g%? ﬁﬁ'%alggsed ends of
the closest wirefor nerhanddgihgmenbeart 64 eirvego shdhot oneAs theinghand sebdrel r ei nf or ci ng
struts 80 are desjrably, |located to t outside of .the brigdge. .segnents 66,
al t hough t he3r evEBPEwF sefions é@ﬁgf)f@lﬁg’fagel@dﬁ‘ ﬁ%’ﬁ%{?‘éﬁegﬁw{,\éﬁ“ﬁ 5 bi‘/ bri dgi ng
menbers 54 ser Vemhigaftad§aciaf Bet@ten thetubhlhsdectivhe vitie andle samettiteul ar secti ons

50, 52 of the graft 20 with respect_to the oth@r, ?%% desirably nmaintain
the spaci ng bet vietessnt yesy Higlpin the wapedstrgeiure thagh pyight geelydg or QUERWISS; e pr esent

very little in tﬁ%rfé@wiai thSbIbBE A BetlvB@t théh@hiry 96ké10d an@ihe afff@san Se
interfere with the blood fl ow between the prinmary vessel 22 and the

affected side bsidatranch24. Thebiidginggneraperreifiysthayk tepgile stigngfata ensi | e
strength 10 40 widihanen] § Yol REFRR fohafardiBifie fiRAShd Ro@R@uake t he
first and ser’(l:)on\(lj\le)V ubu g@g%og}zz?#%ns a50,};:{%2. ] ﬁﬁagn e>e<errpl ar.ycconf iugurati on,
t he upstream secsections30, B I52n exsmplasscanfgeraiidnothe updreys fpriion 8405 Pect i on by
virtue of their connecti | | 'S,gmg% Rctidavigdgdi tion, the
bridgi ng rrenberss%vfsg%@ncﬁ%t&e‘#"%@%ﬁy&%@g’? Int e{rggnsgltnhalt_ t hey have
col utm strengt h sridgiigamenters 5. (Jn eddsiiin, tha bridging mbmbers S4wey boreltisdy 52 from

m grating toward _.egch_ ot her .after. inplantation. L.dal menbers 54
have a radial di H‘%‘ﬁé‘?@ﬁs?ﬁ%ﬁhaﬁt Ya aﬁf?g%l m?%‘i“g& SPﬁggg%%kggﬁtt e rest of the
graft 20; that i mbukheytide 50002 fhomeeitingaelvaad bach bfievafer 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  is to 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 opening up the remaining portion. In general, as



out fromthe side wall of the graft. The circunferential w dth of each
bridging nenber 54 depends on the intended use for the graft 20. That is,
if the grefdo1202180 is to be used in the abdom nal aorta 23dmudsiddge the
renal arteries 24 as showmn in the drawi ngs, then there are two bridging
menbers 54 dianmetrically spaced apart ofyrelatively narrow circunferenti al
width. In this way, the bridging rrenbers 54 each axially extend al ong the
wal | of the abdomi nal aorta 22 at 90 orientations fromthe openings to the
renal arteries 2éng am@hhﬂ@k@ tb Snm&@hﬁﬁmﬁv(ﬁ)fm %@isﬁ&fdnwdmglﬁe Sdstindhl IOW f
bet ween t he abdo nal ta 2 ena eries. 24 ternatively, i
there is only orfé ?P‘éllfs f‘ T’Pgt?e S ‘i‘d‘ob‘?ﬂcl}‘% BlogdHowy i g ng menber

of relatively greateqheemsmﬁlaﬁ@m«“igalles v\faﬁttilstfoME’elaﬁzep}P}@I%nng@at is, the
bri dgi ng nmenber ht exhend 180 or npre around the graft, wth the

correspondi ng vv| oY dht At opstiukied P fRgiekimRle, Eree i & em‘%t’f‘(elge‘il‘l@r al, as WO
01/49211 PCT} US@dgﬂag I2mbéid sh%@ bé%mﬁ%ﬁaléo%nﬁaéthﬁ@fataﬁc & e'v@ri‘éut&r&qhw ndow( s)

in registration w the side branch  or branches, then the bridging
menber (s) will r%‘?“@fctélllsﬂiéétf@g@delPEV@WtheﬂQ@n@f?’B@dﬂb\ﬂéﬁﬁﬁeC@ﬁnﬁ?@Qmes 1 and 2

shows relativel yypl, wl?cﬁkég c@ﬂ) %{n?s géoﬁfﬁ)atln e?llu%@%&iéﬁ gd of, for
exanpl e, wires. ter atlve t e 5 bri ers estrlps of
bi oconpat i bl e f dhe instream eogion glﬂnghfesthﬁlgmﬁ%pm@wnﬁmmshd @Wmsueangt h to
prevent the do ] I h, respect to
t he upstream sec .“2*%%@96‘?’”?%’ ‘?E]eé%%%ﬁg %a{igr%gbésﬂ %%gﬁggtevﬁ\fpé “%am secti on
50 anchors tihe ghatbtilermtheamwﬂarlaequamstﬁocﬁﬂmaybeh&s@mﬂtebet%amohbuhell ar section
52, with respect_t al _arterhes.24. .1n this.cont e or 10 the
other of the tutﬁﬁfgré@gl%etfi“:"asrygﬁryg%aﬁ%éleﬁheﬁm@f%eﬁf(’&nta%&ﬁ%tf?% “Ynchor the
graft 20 in the speh axsnyplandntiny a A@naged eectieotthd@terysythfrandtbdrgrafnaisher
function, such as suppl erren section of .t rtery so t hat
anot her graft ney SoHE @eﬁgieiﬁaé@?nﬁgh(gﬁ?f‘ﬁ% }’BWSW#P‘%%“% cour se,
however, both t wbetoas 50 se«@aﬂmnaﬁwteazomeldaﬁmﬁpmhdrﬁ@taﬁ@lvés@elhave i denti cal
anchori ng and vessel .15 supportlﬁ% characteristics if the graft 20 is used

to repair aldansyerRpringfharcigrstios ghegralt) is psedito wppipn damaged lepghpf and
downst ream of t hge ws€h® At SBHBs upstream and downstream of the side branch.

Figure 3 illustrates an alternative graft 90 of the present invention

having a first tubular 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 separated 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 tubular.

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
wireform 104.

The bridging members 98 are elongated planar bars 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



Figure 3 illustrates an alternative graft 90 of the present invention
having a first tubular section 92 separated froma second tubul ar section
94 acroswo1@@p196 and connected across the gap by two bracdaidegomapber s
98. 20 Again, the graft 90 conprises a graft body 100 and an internal stent
102. The graft body 100 may be a tubul ag, bi oconpatible fabric, and in the
illustrated enbodinent is separated across the gap 96 into two tubular
portions in the respective first and second tubul ar sections 92, 94.
Because t he f acisagionsl§ 940 gaintihe bridgitgumibers 98antst loavs makt Habetewilaf t body 100

are circular, th 96. .i ubul ar.. 25 The stent 102 agai h conprises a
plurality of spgﬁg%%ganthQH%W%?tOWfPr(S?sotP%ﬁay t%ﬁgtt%ﬁl?@artegﬁe @‘ﬁtcﬁ‘}gg be not ed
that the first tsuémuarbumleetcﬁm 995943e|rﬂeyinkpa@btaaioﬁ,imbatth&\bdnw‘ftﬁﬁdm%s@f; Tlhe
bridgi ng nenbers 98 are el pngate anar rs or strips of relatively

ri gig rrgt erial, I’?h‘&‘l‘?ﬁlgg%? PTG Jer, %‘é(}th@F%E’OgﬁPWé’SW@%@FWﬁ‘Wconnect ed 30
directly to §he wignind i2rREted 8idé Bandl @ bianbiRdyYTHRGoreNindthid ofbéisg and second
t ubul ar WO 01/49211 PCT/USOQ 01712 14 sections 92, 94. Again, the bridging
menbers 98 nust HaGehHEe thekrideigrrgmbers 98 maybg stiips of fibricasichegl ni grat ory
forces that may doBRslet 6 SERE B Batll@ed | FSt and second tubul ar sections 92,
94 after inplantation, while at the same tinme nust not occlude or

ot herwi se interfere Wigur 4 Hastiates or alfarentivp graftd éhof theprosentiventién vessel and

the affected si d B@E&m . i . hei ng

relatively rigi gﬁv@%g@%&gf@gﬁgg me grsnggagJ%ogﬁ %seecg ri %Lgﬂos?ét%ogg'ﬁfc such as

pol yester, 09 surwsesgdpdi6ehdeonnededeacrosiihggapsbydwb bridgibg mbmberahl&l t er nati ve

graft 110 of the e j nt | hawi,n first.tubylar ctjon 112

separated from & % {enégl%%t( atfiu@:(}l%gélblg%(sz g%#bfg%?zolaﬁd% }née satfite ta%%sl and

connected acr os]:gtraﬂ\bbc;jdgaﬁg gmybmuﬂml_ad@bmﬁaﬁbi?&b{ﬁc,]aﬁ&in qle_ggliuﬁtra;cddpte g(r) gf t 1%%0
nal, ste :

may, be & tubll arTBOGEEREACTRRE ARy bS ER146 TS e hiiastieas B cnbod men

i's separated acnespsctivhdirgay sbddndititinler bavtiodsu0) @A, EOhisicayRIhd fﬁc_:ihgbe )

.F :zlpﬁ;t Ive f1|5 r Stedgerédof%% Og %b%ﬂpgglggns%?ﬁ}elgga?tsboﬁ%%20 a]irg' fll-l’lﬁ‘/Vlerl;]b}E vilrtﬁe (():faase the

plurality of notches 123, and thus the gap 116 is uneven as well. The stent 122
again comprises 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 connected
directly to the stent using a crimp 124, for example, or are connected 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



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
wel | . Thav@evem1122 again conprises a plurality of spaceBenpaswoiarenul ar
wireforms, with the first tabular section 112 having two wireforns and the
second tubul ar section 114 having three. 20 The bridgi ng menbers 118 each
conprises lengths of wire either separat@ fromthe stent 122 or defined by
extensions of one or the wireforns. If the bridging nmenbers 118 are
separate fromthe t2d22, . i t ent
using a crinp lzﬂe%bglg 13%‘a§%?‘%’ﬁﬁ%$r Q%?f@%ﬁﬁg%? %Tda @nﬂ??@:ﬁ{/ﬁ%ﬂ?g‘%ti t chi ng
126 to the graft ThedsfthdBy 140is desiratde apibalay bieedmmiible fibrias Thbstent A4t r at ed,

the bridging nenber.s 118.are .conne /] i . . ds of the
| owest wi ref or m PR REFTSFEE Pl ﬁgﬁlogrrsﬁageeaé p%g%%%ﬁ%eﬁ%gg’\(}vﬁﬁ{tgg{ {e1 graft
body 120 in the sea:bmeectiti U32xravigatsingle wifedormAidd dispossd bh thesktenorad the st il |

further exenplary graft 0_of the presen i nvention havj ng.a.fi.rst

t ubul ar sectidn ﬁﬁ%&%@t%?{wg}ﬂ H@%’&%ﬁf&l?aﬂﬁﬁl?eébegﬁvegled&olg%hnﬂ{%lﬂ across a
gap 136 and connekd skt BEdyOSIO ab Beciip abivef @uiay (b8 hedaraddigiretg Wi nsd 6211

PCT/ USOQ' 01712 15 mepbers 138. Again, the graft 130 conprises a graft body
140 and a stent suipretheead graft body 140 is desirably a tubul ar

bi oconpati bl e fabri c. ThE&uS b8d¥inglfienbeRrEs ArLasimhitsBeneraldy) stfuadistdnyly Of
spaced-apart annular wirefornms, with the first _tubular section 132 having

a single wiref or rrormd the ciseaseenesofithreral 1 3 4ndcackcoppeses a gatey SHBAY 140. The

exter nal Wi r g} or 63 FluIBERE WRNERS. L Bl 1ShivkeerieRt subibagr af ¢ body
140 as described above, or nmay be secured thereto with the use of suture
Y
thread. The four mhayitggonrpcied divestly tothe stantd 4% peing ¢ erimp dorgeriaple ar gre
equidistantly ar e [I oy 139 ahrgggh conpri ses
a narrow strip ofcgﬁ%gtebé rn:é{::dyiﬂ%&g%lg&gﬁrggtrlll%%%gg%ngﬁmgtrﬁt 148. Again, the
rei nforcenent st rlwidging48nhess 188 mep hedesiralde fhir stalitityyvhen smpller brageling 42 using a
crinp, for exanple r_are onne Jdndi.r i ifehi to the
graft body 140. % se@ Fod 18¥01¥ec(§1 50 I&la?ﬁigq&aﬁ(ﬂgvls d&%eh%et%'eéh b bﬁ&éﬂ&qerﬁé@s

15  need not be as 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 structure 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 movement 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 annular wireform 166 having
25  alternating peaks 168 and valleys 170 and contoured curvilinear segments 172
extending therebetween. The curvilinear segments 172 are shaped so as to nest
together when the 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



bridgi ng nmenbers 138 may be desirable for stability when smaller branching
vessel s are involved so that the wi ndows defined between the bridging
menbers 1yow@d2mnot be as | arge as the previous enbodi mentger/ddogdia26 and 7
illustrate a still further enbodi ment of a graft 150 of the present
invention that defines a tubular structugg having a first portion 152 and a
second portion 154 separated fromthe first portion across a gap 156. Two
bridgi ng nenbers 158 extend generally axially between and couple the first
and 20 second pdowércteat I@Ancldded a phurdliesferially-Beiced wdhhtihy @ireforenent before

during and after inplantation,.In this enbodi nent, the first portion 152
of the tubul ar V%(EVF’HB??H%%G 8’%}39&&34@@{;@@@% escdbednt 160, whi | e the
second portion 154 i The Bgddinetetiberal Bte@t cokfpdisé RAGRI WM cHHAREPAAOT 2
tubul ar graft body 164. The ugger stent 160 conprises. an annular wreform

166 having 25 alff®t hasey pLdRe ondsnedhy sxémpiagsorl ongordhewireiatms A d

curvilinear segnRfbfdgingdnentberLIdiaRtcpAE BEAMERs 1H0E1 QUL ik near segnment s
172 are shaped so as to nest together when the graft 150 is in a radially

constricted stat@nesteddietly tohgppeer sisntdiop asing o priyap 1 70 Andare eormegedhf t . The
W reform 166 i ngj; ks t nnul ar
shape by one orq%%?%?%qmg&fggg%%&ﬁ%%%? Xg%?{%&%gz/ﬁ L%{C&%&gll%oa 16 | owner
stent 162 i ncl udesgraft ppdir B dyanggxempien] dnjbodinentas ilustiated tthetyidgingef or s

woven through tqﬁetﬁ{e?glt%g eﬁlére?:ﬁegvgafscrﬂ{pg\ﬁ@% e\éegfsso(f"iﬂe%%fo ror%{li dgi ng

menbers 158 each conpri se w're elther separa he stents
160, 162 or 1def ithefirstyoridon 63 2ndsewngb thergeafidrody 64 inithedeormimortioh 154t he

bri dgi ng nenbers 158 af e . stant s 160, 162, ey are
connected directly tg?ét;lgeeﬁs%%gvrgrﬁ{eggef{nwiégﬁﬁes‘%n: %pc??%ef%,SBZ%é’ are
connect ed di r echd abdbmirtahariapadrbridgieg twddiositelyrdjreated véssgl side bianchesect |y vi a
stitching 178 t he graft, bod 4..1n an | a enbod| nent as

i |lustrated, thgggk?'%g@ﬁﬁenalr%%%gp's Sté’f’gmggﬁigﬁ?c {TX\'H %On%phrﬁr’ﬁs 176 to free
ends of the w r elippom th6primary ¥6ss¢1N180 b b side@T tlieGile braaclard 8B evmlette t he graft

body 164 i, {he Secand D0LLI 00, 1810 bl o WS, el b g0 1 Pl ace

other side of the side branches. The gap 156 is positioned to permit blood flow

2

between the primary vessel 180 and side branches 182, as indicated by the flow
arrows 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 186 (e.g., the trunk of a bifurcated
graft) is seen positioned within the second portion 154. In this way, the graft
186 is secured within the uniform and tubular second portion 154, which in turn
is anchored within the primary vessel 180 from its own contact 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 graft with another permits graft
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 grafts disclosed herein may be

30  selected to match the particular anatomical dimensions surrounding the affected



t he abdom nal aorta) and bridging two oppositely-directed vessel side
branches 182 (e.g., the renal arteries). The first portion 152 is | ocated
t o cont actvoandiozqupport the primary vessel 180 on one si de@iudoheiAarde
branches 182, while the 15 second portion 154 is |located to contact and
support the prinmary vessel on the other side of the side branches. The gap
156 is positioned to permt blood flow 6etmeen the primary vessel 180 and
si de branches 182, as indicated by the flow arrows 184. The bri dgi ng
menbers 158 ext aiid beatichl mtagmegﬁﬁﬁ hehgig tho tutabakdtbnstwith avabbrn@é t he
primary vessel 180 a oxu%g% gz 90 orlentatlons 20, from the side
branches 182. AfSEMR a@ﬁgw pdeipg mempgs gqnenting fhe seqlions, preizediso graft) s
seen positioned awid pHrmitbiRd FSHINSuhé 4fR3ted 3rle blalc HHaSnyBYacehidfaegr aft 186
is secured within the uniformand tubul ar second portion 154, which in turn
i s anchored wterCPWe FoF examplp. (e geed) 154 seyn i Higyies @ anslihis pesiianed s t h t he
vessel  walls anglp ﬁfbtrpToHE)anSZ IstaBowAn Rt hRGids 983 Af thd §e§$nd3§8¥t¥dnon 152 via
the bridging 25 nenbers . This system of supporting one t with

anot her pernlts1ém§hdmbﬁﬁrﬁﬁbnlng very close to the vessel side branches
182, and is especi all f t ended even
very close to ltohe si de %rdfgﬁﬁ%]d&é&c%g ax aaﬁ%@g}%ﬁgﬁﬁfo{ egll\?gtrl ous
grafts discl osedﬁ@n@tegloumiﬂb@b@mns@laﬂ@‘m&o taar tha revhistiR2ispeartincul ar

anatom cal dine I f 1/49211 PCT/ USOQ 01712
17 side branch. ﬁ%&%%%%%%& tg&glr%cfgﬁgﬁgwhgf)énﬁ %Orgléectl ons with an
aperture onogamumhema&amm&ammmmﬁlﬁhmdgmngmnnﬂhpngzmﬁmmﬁﬂnnm@;&mm sections,
are sized so a to mt .bl.ood .fl ow, t hr h..t he affec de branch and
any adj acent si %%ﬁ%‘%@?a@cﬂoje& ?%?Sgeflﬁ]édIEF‘é?ri’ maeH %ngé’r’?h‘? n Figures 6
and 7 is positi dﬁl&dllﬁdlréctédhaﬁalsim éﬂdraﬁdloam’dtcﬂd@élto]]ﬁﬂups&ezﬁbﬁﬂtﬁe teasisr enal
arteries 182 an sec rtion, 154 is e renals nnre

det ai | ed depictﬁgﬁ Gfance, mP@fﬁ?W@%OQ&?%ﬁﬂ@% g%géi st of 150 and
regi on of the ahdom ralis givéds\, ﬁ&%mﬁ&h%&%@@éaﬁlé&?@m@}ﬁg@ﬁofn Fi gures

8 and 9. In addltlon to the renal arteries 18 openings for the
the renals 182 to the downstream side of the lowest of the renals 1s 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: LL for the overall for

20 the tubular structure, Ly for the first portion 152, L for the gap 156, and L for
the second portion 154.

In a preferred embodiment, L, > D, and if the renal arteries 182 are
offset, L, > B. In addition, L; 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 L3 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-



10 superior nezzanteric artery 190 and the ciliac artery 192 are shown in
Figure 9. These arteries typically project in the posterior direction, in
contrast Wwe ¢1we211l aterally-directed renals 182, and are | ggat@@dooiqse to
but upstream of the renals. The distance fromthe |owest of the arteries
190 or 192 and the highest of the renalg;182 is given as A the distance
fromthe upstream side of the highest of 15 the renals 182 to the
downstream side of the |owest of the renals is given as B, and the

di stance bet weertoictigerdpwn $ creaTinsithtegapfi 56 hes ahaviablength Lt bfbetvaRal s to the

end of the percejve th rtion of the abdom nal rta 180 is given as
C. In addition, %%ﬁ?{hﬂ‘%rﬁg‘gp dgstrablyovergiged gﬁﬁqurea‘?ﬂeﬁsﬁ’ 9%2‘82 is given as
D. The axi al dlmagi 128 fen@ls ahd® aBdorfniodie OffedtOr SthM@memiisdiicaldRIrdoas: L for

the overall for 20 th tub@l ar_ s ructure L1 for the first portion 152, L2

for the gap 156,23 libg length Lifprd %@@Eﬂ%ﬁoﬁolétzﬂscﬂ?ﬂl@b’abpht%ﬂ“ﬁr@ftmed

enbodi ment, £2 Xk de@&ﬂhﬂgf ontﬂé€d r'ﬁﬁ@éngﬁ{ ¢ ﬁfﬁgﬁeakﬁg &¥i6n ofthd Afbmida? > B. In
addi ti on, L1is preferab lé t han or equal ?o A, so that the first

portion 152 doe<oHdidGbendde a@?&Sﬁ%mrbm epable the properessal phthe gecondportign nal |y, 25
the length L3 of1shRgmsRepnd, vplﬂéﬁfsgtﬂalﬂcllsfhah%Q%bis%ﬁér%g%aﬁouﬁ&%gre length C

of the healthy portion of the abdom nal aorta greater than
C. In a specifi deardiesttidndhe 1eng‘fbﬂ~39§@eSwonmmmlmbfeabbtaalelﬂ(é to bridge

ana 30 - ana 0y A prd PRt 1030 lE Dedofisl HihElaR a0 RAGUERD SOPU 10
arteries 182030 repayiadahgey sdotioreofvesteloave pamaryfgrafe thedengttalbooftthéseddddnm  and may
be offset center 171 18 t o5 cent to 10 cm Thus
the gap 156 has é)}r?gg%%aﬁg%ﬁ%%g h%;%};%lé%\éthe Cuggeny acgen edcfn%%m% and is
desirably over sﬂmgﬂubfcstrenghumlampxmtargiaﬁod row thr ough the renals and to

accommodat e of fset or, ot herwi se nm sa renal The | ength L1
for the first portio Ofgﬁlrerfg 8’@3?”584 9% {W#ﬂ?ﬁﬁl%@ Bt vary depending

on need. The | engtémieothe tfafonkiea n@hscamhiougﬂthehsetdfan@bsd@m fatis, yorta 180
Should be AL oot o ERahL LIS, PEPEL, Sech oL he Secand porl1 o
currently an X-ray device. The dimensions noted in Figure 9 can thus be obtained. A
range of different sized grafts are preferably available, and the surgeon then
selects the graft to match the anatomy in conformance with the above preferred
guidelines.
20 During implantation, the surgeon can ensure proper placement and
orientation of the grafts of the present invention with the use of radiopaque
markers on the graft. For example, the stent structure, or portions thereof, could
be radiopaque, or markers can be attached to the stent or graft body. In Figure
7, for instance, the wireform 160 and the upper wireform in the stent,162 are
25  desirably radiopaque so 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. /
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



be indicated. The length L3 of the second portion 154 is preferably at
least 6 nmm nore preferably about 10-20 mMmm O course, if the graft 20 is
used to Woosprir a | onger section of vessel as a pri marypgr/abeooivize | ength
L3 of the second portion 154 can be longer than 20 mm up to the currently
accepted maxi num |ength of straight tube vascular graft. To ensure the
proper size/configuration of graft, the é%rgeon first determnes the

anat om cal |andscape through the use of angioscopy; that is, by 15
injecting a contrast. i J I 4] f : fected
vessels with an C%l?’%i}u%%?dc@%ﬁg&gaﬁeﬁésﬁ%ﬁg@g& 1?‘#9?21 ;Ftk}?éﬁg can thus be
obt ai ned. A r angenlafgraft f30es amtlandddze thegrinfatysvessekl 89rsustethatidhe fitsly ai | abl e, and
the surgeon then selects the graft _ Fhagonf or mance
with the above p‘?oé?oéirﬁ"éyn%%? o1 é’%@%@&%%ﬁ%ﬁ%ﬁ{%ﬁ%ﬁ@t he surgeon
can ensure properafhd@2ir tis asckthe twd remnd] atiéries, andl thelsecogd aéitien 34 t he present

invention with the use of radippague marker,s an t.ne . exanpl e,
the stent st PuctW@FtsﬁPgﬂ’@P?ﬁgs&ﬁ‘gplﬂﬂw ueel o8 fy Iogﬂ ) H? %%%%%%eqlﬁgl%ﬁlbr mar ker s
can be attached fglddifios bEME wdtlaggraf: i shembe abroniplighed &y rlgasihge sélfist ance, the
wi reform 160 and the upper wireformjn the stent, 162 ar 25 desirably

radi opaque so aseWSHC@HQHP’@mPﬁ’éﬁ@@? WEE’HBHF'B‘E}P”?‘WéﬁE‘ﬁB?%fQP%te axi al
borders of the gRRababor positiédis IBMIBen-Edpanddbiedtsivg offtilpeifisand Hflacing &1 i nps

176 may be radi o&?que to enable rotational qQrientat] gn ':ﬁ' tg .res‘gect to the
respective side laﬁwtbmﬂmlaﬁewgﬁh%%ﬁ%mwgﬁbf& At eIV ar
primary graff, i .naﬁadﬁg]l& EBsHicRlaQRe tggpyﬁﬁl@veﬂégifﬁlg%ena oY @8 S&on&i de branch,
in accordance with the present invention WO 01/49211 PCT/ USOQ 01712 19 can

be illustrated wpertion bfeand mdially sxpandediplosantgfteraritriApe 8 PURAYst , ¢ he

tubular graft 150,45k Y BOkHH: Lk ddmdRipldTBilooRepAling S0 such that 't he

first portion 1 G contatts and supports the pri mar%/qvessel on one side of

a side branch 182, iAnelkinmtivamethoteommwisesigmianting the fubeler erafi 4> HEersecond

Fﬁ;t ;?Selgfaﬁcﬁoﬁ{[e%%ﬁﬁn&@%o%ﬁpeqo?irn{a%é@ﬁ‘1%.'fm{i¥,tﬂg§a§§xldﬁ3ﬂioﬁlh%49§‘ﬁl@r si de of
15 . tubular graft 150 is self- or balloon- expanded outward into 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 portion 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- or balloon-expandable 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.



| mpl antation of the tubular graft 150 can be acconplished by rel easing a
sel f- expandabl e version of the graft fromwthin a catheter sheath in the
proper | aeadi@m,1 or positioning a ball oon-expandabl e ver icamwboifie graft
and inflating a balloon within the interior of the graft. A primary graft
186 is then delivered in 10 a radially cgqnstricted state to a position
overl apping the end of the second portion 154 and radially expanded into
contact therewith. Again, the primary graft 186 nay be either

sel f - expandi ng or baWlidkrthefopgnip s coAmpletd destriptibn vithepthadd conpri ses

i npl anting the tubular graft .150.after the i.nplant.ati.on of. the primary
graft 186. That ?mPﬁgg§2@8H3w5%¥kﬁﬁwui§E a%ﬁ@°‘§%“?ﬁ%ﬁ¥hr graft 150 is
segf-dor ﬁalIoonqm&maa@?ﬁﬁbegkdawm§bm&pﬁ?ﬂn&agh?mkﬂﬁnkhﬁnbﬂ%ﬂary graft 386%
| ndeed, the prinmar raft 1 may. be .inplante r a significant period o
time before the‘?%%%c oS R \é?ﬁdt ifh e seops ehthe ppepded ClaiiBil ar graft 150
is recogni zeg. As nentioned above, one tubular portion of the graft my
performan 20 anchoring function to nmaintain the position of the other
portion that may or may not have the sane anchoring characteristics. For

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

| ocation. The present invention has been 25 described so far in terns of
sel f- or ball oon-expandabl e 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 anchoring
one portion of the graft can be used. WO 01/49211 PCT/USOQ' 01712 20 Wile
the foregoing is a conplete description of the preferred enbodinents of
the invention, various alternatives, nodifications, and equivalents may be
used. Moreover, it will be obvious that certain other nodifications my be
practiced wthin the scope of the appended cl ai ns.




5 WO 01/49211 PCT/USOCO 01712 21 WHAT IS CLAIMED IS: 1. A vascul ar graft
adapted for placenent in a primary bl ood vessel and suited to bridge a
vessel sivd@ @r@mah, conprising: a tubular structure defi nipgg/@dsooutier
surface, a first portion of the 5 outer surface being sized to contact and
support the bl ood vessel on one side of,fhe side branch, and a second
portion of the outer surface being sized to contact and support the bl ood
vessel on the other side of the side branch, the tubular structure
defining an aperWwhiA IOCLAIMED#SHt with the side branch so as to permt
bl ood fl ow between tge blgpd Vﬁsse% nd the 10 si.de branch. 2. The
vascul ar graft of clai m 12 AFfEPLERiterpiad foplacsmgntdna prgary VeHeEl are
separ at ed acr 0ssnds@fp t@hitigh dvkdelrside Dedndieico@pding: €ast one bridgi ng nenber
traversing the gap and connecting the first and second_portions so as to
prevent relative axial seﬁ)ﬁ%‘a\]ﬁ Fcyre deffaing g o sieRsse Gt rortionpditient at i on,
the 15 apertyre bei ngu@pfi-neshdastneen dobfictini dgpbd HEeMRaNeRlbnidae first and
second portions. 3. The vascular graft of claim2, including at |east two
bridgi ng nenbers andide gbtha pide bigneisanda seqund porisr of the oyersurfagsfbeinigai m 2,
i ncluding four bridgispey FRERELInd &PpatPhe bRYA vARE bh WHeSther Side gﬂﬁeﬁ cul ar

b glgg nmenber §

graft of claim2 wherein the brid Includes a relatively rigid

strut. 6. The vascul &rangy, dfettulpflarsiradture Selinhganaiperture for plignmeat wigh thact ur e
i f1exibl I trut i
Girectly. 25 connect Sot PR AikinR yRUARGK bedlelle oHBEFELT abd S o' 1S

directly 25 connected to t e vasc imb5,
wherein theléubul ar sidebeneh.e conprises a flexible graft body and a

support stent, wher ei2.n t h%hes\tlarsc'i‘{ltlarig%aflfj cl)fr CEI%‘B ll,ywherein 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 separation of the two portions after implantation, the

15  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.

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

20  and four apertures.

5. The vascular graft of claim 2 wherein the bridging member
includes a 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

25  connected to the stent.

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.

8. The vascular graft of claim 1, wherein the tubular structure

30  comprises a flexible graft body and a support stent.



connected to the graft body. 8. The vascular graft of claim1, wherein the
tubul ar structure 30 conprises a flexible graft body and a support stent.
WO 01/ 492Wwb RG@I2WSOO 01712 22 9. The vascul ar graft of clpgmyooyherein
the flexible graft body is only provided in one of the first or second
portions, the other portion being defin solely by the stent. 10. The
vascul ar graft of claim8, wherein the flexible graft body is 5 provided
in both the first and second portions, and the stent internally supports
at | east one of the Bir st Thnvhsafa @t qiolain 8 vhereld the TlbgibM gsaftlody isgr af t  of

claim 10, wherein the .stent interpally s Qrts_on one qof the first or
second porti ons,ong'rpéo‘flaeéielgf’ﬁwgt@?ﬁl'éﬁ'%é?qog}éjg‘gﬂ?ﬂﬁoq‘? gth‘gr@rtfﬂnﬁ’émgof the first
and second port idefified sdRlyl: thdstsascul ar graft adapted for placenent in a
primary bl ood vessel . _and_suited to bridge a vessel side branch,

conprising: a first t@bul Ze wssuremtiotslamd whreiyihe fexibly grafihodpar t t he

bl ood vessel omréi®dsh B6th e frit@nd bdendPoRitnl and e SR iHelid W bidbord r uct ure
sized to contact and support the blood 15 vessel on the other side of the

si de branch; andtlestraacithofist sdisergpdiperiientber connecting the first and
second tubular strugjur e’i’hé@as@cﬁartgpafﬂﬁfﬂaﬂr‘?l(ﬂrxlvh@n%ﬁ{&é‘ftglg'cifﬁ%xggslgrevasCU' ar

graft sized for blood to flow through between the b | and the
si de branch. 13upppie oplioeepithe Gistdriseevhd pordipns, a@l the siert extbmalliat | east two

bridging 20 m@?ﬂg?ts%%ﬂ&eﬁgfﬁpﬁfs{él{g% con&ﬂortigtt&.e vascul ar graft of claim12,

i ncluding four bridging nenbers an our apertures. 15. The vascul ar graft
of claim 12 10herei n flBe bAivdsfubaggradrtiapted forpddcenies ima pehaty ibledwesselgi d st r ut .

25 16. The vascyl 36, briddh a bALNad Brant] 85GHRAL | €3St one of the first

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

15 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 between the blood vessel and the side branch.

13.  The vascular graft of claim 12, including at least two bridging

20  members and two apertures.

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

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

25 16.  The vascular graft of claim 15, 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 stent.

17.  The vascular graft of claim 15, wherein at least one of the first
and second tubular structures comprises a flexible graft body and a support

30  stent, wherein the strut is directly connected to the graft body.



and second tubul ar structures conprises a flexible graft body and a support
stent, wherein the strut is directly connected to the stent. 17. The

vascul ar giafiiqopifiy cl ai m 15, wherein at | east one of the fip&iusoanerisecond
tubul ar structures conprises a flexible graft body and a support 30 stent,
wherein the strut is directly connected tp the graft body. WO 01/49211
PCT/USOQ' 01712 23 18. The vascular graft of claiml, wherein at |east one
of the first and second tubular structures conprises a flexible graft body
and a support stent. 189. Thevasags gtalirorglhah 1, vHerdih ai16astléhe ot KRt Bnd e

flexible graft body i onl rovided in one of the first or second tubul ar
structures, the S§ioRd F“S[H?B ?ﬂ‘éﬁ’% cOmpYItet & FEXIBE B hedy pptsueBeThiisityy t he

stent. 20. The vascuhar gmﬁas@ﬂarglraaﬂ'd%&ﬁm1%@1&h&h@xiﬁl€%ﬁ%€ywaft body
is provided in both the first and second tubul ar structures, and the stent

internal ly suppdbtovted ipgas offhgflirgtorserend fupular dpygiucsdhnetherdehulasr

structures. 21. cfhQuid@shp ddfined st b9kneGledt. M 20, wherein the stent
internally 10 supports only one of "the first or second tubul ar structures,

and the stent exter A8 | yThuynsedargrafind cloinn &8, vdereimie flpyible srafibodeisond
tubul ar structur ?&vid%%nb?h %ﬁ’s’c'aﬁ‘&s&&ﬁ&b\ﬁ%{%&&%ﬁr@%%&fﬁgstfeﬂrint@ngl ment in a
si de Branch, conpri

primary bl ood vessel and adj acent a vesse Ing:. a

t ubul ar support sypreits af lnast onti of ¢hedirftiand seconddubidar sgustures.ure si zed to 15
contact and support eb i,de. o he .si pbranch, and a
second tubul ar struc?‘th}re Jg%é;‘gdg%ﬁa?%gaﬁog%g%g%g@% eénd&?%teﬁﬁ%e%%}yst t ubul ar
structure and sisgpprts onlyont atthe fintorseqpd tubukhsruotuesthnddisssdnt on t he ot her

side of the side_branch: and.a tubular. primar raft sized to co-axially

couple with the ef‘g‘g?py Suppo ?J%ﬁf)%‘ Tq gl}egg@&pg?ecé@mﬁ‘lﬂg Sit?étt‘r@f‘n of claim 22,

further including at2peasA vasmlabpiatigysign adaptet &r peemat id Ngriddig first and

second tubul ar ructures .so. as . to event relatjyve axial separation of
e Jertef e 3 i

the two tubul ar JEF6 eatay & brpnchpcompyising:
a tubular support graft including a first tubular structure sized to

15 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; and

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

20 tubular structure.

23.  The system of claim 22, further including at least one bridging
member connecting the first and second tubular structures so as to prevent
relative axial separation of the two tubular structures after implantation, an
aperture being defined between the bridging member and the first and second

25 tubular structures of a sufficient size to permit blood flow though the vessel side

branch.

24.  The system of claim 23, wherein the primary vessel is the
abdominal aorta, the vessel side branch comprises the renal arteries, and the

tubular primary graft is a portion of a bifurcated graft.



aperture being defined between the bridging nenber and the first and second
25 tubul ar structures of a sufficient size to permt blood flow though the
vessel sivd@olwwarich. 24. The system of claim 23, wherein tpeg/®oooeiy vessel
is the abdom nal aorta, the vessel side branch conprises the renal
arteries, and the tubular primary graft,is a portion of a bifurcated
graft. WD 01/49211 PCT/USOQ 01712 24 25. The system of claim 23, including
at | east two bridging nenbers and two apertures. 26. The system of claiim
23, including four brRbdgi e systwinef slamn?, ifohudingayp Badt tw€bridgngdiembeiie syst em
of claim 23 V\,hereidn t he bridging nenber includes a relatively rigid strut.
28. The system GRYAMRAYSS wherein at | east one of the first and second
tubul ar structures caepri SeSsysteinl ofsiatth 23, dichidingFoehbriapils mesbpRARd St ent,
wherein the strut is directly connected to the stent. 10 29. The system of
claim 27, wherei AP ME8St one of the first and second tubul ar structures
conprises a §l exi bl eagr af thdgdigmatdiain 33RAQEH 18l R ALIng MABEShAudRG Strut is
directly connected to the graft body. 30. The systemof claim 22, wherein
at |east one of ™eREvely ¥igif sSiEHd second tubul ar structures conprises a
fllexible graft body agd atsyBRRMloreffNY7, whitrinitleadtdfe SYHL AR 8lq €l @i m 30,
wherein the primary vessel i$s the abdomnal aorta, the vessel side branch
conpri ses the reagindfhular sleusturesrsgmpriges a dlexible gratt bodp and gsuppprpgents t he one of
the first and s : (9 di sposed infra-renally.
32. The systemof c aﬁ?ﬁ%ﬁﬁgﬁgﬁﬁ?ﬂ%ﬁ%ﬁ%%ﬁeﬁe graft body is only 20
provi ded in10he one @P. t héhd jystem o plding 2% ovhereindb idastong of thefistad t hat i s
di sposed infra-g . r.St ture di spos upra-renally
bei ng defi ned S %ﬁb&tﬁl%{at%tﬁgmg%sgﬁ{nph&gglﬂ%ﬂbl% g{a%:boldg/ and’a Suppo &en%,

wherein the strut is directly connected to the graft body.

30.  The system of claim 22, wherein at least one of the first and
second tubular structures comprises a flexible graft body and a support stent.

15 31.  The system of claim 30, wherein the primary vessel is the -
abdominal aorta, the vessel side branch comprises the renal arteries, and the
stent internally supports the one of the first and second tubular structures that is
disposed infra-renally.

32.  The system of claim 31, wherein the flexible graft body is only

20  provided in the one of the first and second tubular structures that is disposed
infra-renally, the other tubular structure disposed supra-renally being defined
solely by the stent.

33.  The system of claim 31, wherein the stent is self-expandable.
34.  The system of claim 31, wherein the stent is balloon-expandable.

25 35. A method of supporting a tubular primary graft in a primary
blood vessel adjacent a vessel side branch, comprising:

providing a tubular support graft including a first tubular section
and a second tubular section connected to the first tubular section;

delivering the tubular support graft into an implant position;



33. The systemof claim 31, wherein the stent is self-expandable. 34. The
system of claim 31, wherein the stent is balloon-expandable. 25 35. A

met hod of weupm@esiii ng a tubular primary graft in a primry pdaendovassel

adj acent a vessel side branch, conprising: providing a tubular support
graft including a first tubular section ,and a second tubul ar section
connected to the first tubular section; delivering the tubular support
graft into an inplant position; W 01/49211 PCT/ USQQ 01712 25 depl oyi ng

t he tubul ar support gr aftd@ﬂbyhﬁgahembﬂaﬁdupﬁhtgrubwtaﬁtthéiﬁeﬂtmﬂarcont acts and
supports the bl ood ve ne Si he Sld br an nd, t he second

t ubul ar section cont é?f‘%gnﬁ?ﬁac L?ﬁ?)ﬁ‘}ppgﬁﬁth%&ﬂ?@ﬁ?ﬁse Q%Q%Begl‘d%cﬂf\a’(eﬁ@eot her side
of OIt heds: de br anchh by]fa&clparmhﬁseafmdaﬁmﬂd@@éoﬁbn &fﬂtdm][a}id gfpﬁf)]ﬁs th@?ﬁlb&g a first
en elivering the first end of t primary graft within the support
graft second tubul ar Vesekopdhs other gide gﬂl%lflﬂ%/bré%&andl ng the first end of the
primary graf§ against the mg,iaﬁ@ratﬁwlg‘r@ﬁﬁa fgrgm\,ﬁ%caq:ﬁgeﬁ&lbul ar section. 10
36. The nethod of claim Sg further including endolum nally delivering
both the tubul ar support @?’é(fﬂtmgéh?iﬁ’tsh@dtoﬁBlﬁlpaﬂlaﬁ'rgf%fﬁwyhlgﬂ@fsﬂppo%7 The

met hod of claim 36, wWhersidhdhltalPidcHB:¥nyessel is the abdom nal aorta, and
the vessel side branch conprises the renal arteries, the method including
endol uni nal Iy delivering taﬁgllrmn@ngélgﬁm@md@rt@mmnw graft hgaisbtheor r ect
position and depl oyi ort graft self-expands into
contact with the abdg}rgln?\ ﬁé%éfttﬁ&%%%ﬂmgggﬁéyﬁgd of claim 36, wherein the
primary vesdel is théaé. abﬂb&mcthd)dd@ﬂanaﬁS,afndhdrhmludegaecﬂolmnniell}branch
conprises the r i th endol um nal |y
delivering the td&?ﬁn%?%gﬁﬁ%ot}l?&lé}%gﬁge gﬁat%janﬁlgﬁ a%géar%ﬁg a%?ftq]a wi th a ball oon
di sposed within the 8abul ﬁhemetbqnbasﬁclajnaﬁ,twhemﬂthebﬂinh@%sﬂdp&tadi ng the

tubul ar support a%gk‘;ir}cnlnall aro];['te? andth te%gs:[selvs\'}d% tllranctll(la compnses tﬂe renal arteries, the

method including endoluminally delivering the tubular support graft into the
15 correct position and deploying so that the tubular support graft self-expands into
contact with the abdominal aorta.

38.  The method of claim 36, wherein the primary vessel is the
abdominal aorta, and the vessel side branch comprises the renal arteries, the
method including endoluminally delivering the tubular support graft into

20  abdominal aorta with a balloon disposed within the tubular support graft, and
balloon-expanding the tubular support graft into contact with the abdominal
aorta.

39. A method of supporting a tubular primary graft in a primary
25  blood vessel adjacent a vessel side branch, comprising:
providing a tﬁbular primary graft having a first end;
delivering the first end of the primary graft into an implant
position; and
radially expanding the first end of the primary graft against the

30 inner surface of the blood vessel on one side of the side branch.



aorta. 39. A nethod of supporting a tubular primary graft in a primary 25
bl ood vessel adjacent a vessel side branch, conprising: providing a tubul ar
primary gwafdy/aMi ng a first end; delivering the first emngrafsoboenpri mary
graft into an inplant position; and radially expanding the first end of
the primary graft against the 30 inner gurface of the blood vessel on one
side of the side branch. WD 01/49211 PCT/USOQ 01712 26 providing a tubular
support graft including a first tubular section and a second tubular
section connected to the piovigingtauttniasupen igtadrincludied 4 fiet tiubartsb@iohubul ar
support graft so that the second tubular section is within the primary
graft first end; and? ??fﬁ?’éﬂctl’?}‘q@fﬁ Bfﬂ’d‘e‘ftﬁ{atotﬂﬂfb%ﬁtaf\‘wg@%ﬁ%%; graft so that
the first tubul ar secti ogeliweriigaé BbAMuppRPGIR So thitehdeend ivpEsel on one

side of the side branch and.the second tubul ar section contacts and
supports the inner SHFPRBviyn e primary graftfghendiand; st end. 40. The net hod

of claim 39, sfurther inclpdiangegadahaint adblay suppt gﬁhisé/ﬁfa{ #gaketh the
tubul ar support graft and the tubul ar_ primar raft.

tubular section contacts and supports the blood vessel on one side of the

side branch and the second tubular section contacts and supports the

inner surface of the primary graft first end.

40.  The method of claim 39, further including endoluminally

10 delivering both the tubular support graft and the tubular primary graft.



