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The present invention relates to prosthetic vascular grafis and, more

particularly, to a vascular graft for a primary vessel adapted to bridge a side
branch, especially for providing a support tube for a primary graft located in the
primary vessel on one side of the side branch. |
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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 unireated, 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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Title: VASCULAR GRAFTS AND METHODS FOR BRI DG NG A VESSEL SI DE BRANCH 150
166 172 170, |. 156 '-154 (57) Abstract A vascular graft (20).for a
prinmary vessel (22) adapted to bridge a side branch (24). The graft is
especi al | y usefpoitiénoof thenootei Wfigtunatsly pasivéntioniienfeidal MtdbdniBh Yind' af t in the

primary vessel _gn e side of the.. S|de branch The graft includes first
‘and second tuburfmﬂt%g& %‘H@“’i EREE a’éh‘{:)&‘ﬁy sashgprelgiatesl member (54)

connects the flreaiveﬁﬁﬁho@”ﬁkéﬁﬁ@%dsttaﬂ@%@{co%%&lﬁﬂ@m g# across the gap
re

and maylnclud a relativel r|g|d strut to pro %tive axial
movenent of pngsiapdiog a ﬁ%eﬂdw@?@ﬂm‘fﬂ[mh@ne two or nore bridging .
menbers to §lef| ne ong hro h h bl ood can flow
from within the graft htot gée‘é%é ve ﬁ%m‘k%%a‘braft nay

include a fl ex@ﬁﬁ@anmmaﬂhwtfoaﬁnngupmbaﬂdomﬂm Thestnedy MbHARRE M Scent

that is elther(wgéqy aohe a%#%gcg ex.g&gﬁl)%&gmﬁ‘g]ﬁvﬁedaft ma be d_epl oyed

wi thin the abd
femoralarteryﬂ:roughﬂ:e:hacarteryandmﬁothereglonofﬂaeanemysm. The

graft normally includes a tubular graft body supported by an expandable stent,
10 cither self-expanding or balloon-expanding. The balloon-expanding type of
stent naturally requires an expansion balloon, while the self-expanding type is
simply deployed from the end of a tobular sheath, Implacement issues mpact
upon both known techniques.
H the ancurysm affects the Y-junction between the abdominal aorta and
15 thelinc arteries, a bifuroated graft is typically used. A tnmk portion of the
 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



sides of the renal arteries and have two apertures for bl ogg
the aorta to the renals. The infra-renal section provides dHP?
uni form tubular anchoring surface for a trunk portion of a bifurcated
graft usww aserpair an abdomi nal aneurysm extendi ng to tHerivsbiden
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ext ends downwarnganufactuters have provided a stent at the upper end of a bifurcated graft that
' extends across the renal arteries. For example, the TALENT brand of
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
mcursion of such embol, it is highly desirable to avoid even the possibﬂrty 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
graﬁinaprimaryvmelinthevicinityofavessclsidcbmnch.
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fromthe heart in front of and parallel to the spine, throu%h t he hhorax
and abdonen, and branches off in a plurality of side vesse g Jungg %4ot her
20 branching vessels, the abdom nal aorta supplies the two kidneys via
opposi t ewo @ll/4%2tt ed renal arteries. Below the renal arteri om nal
aorta continues to about the level of -the fourth | unbar vSﬁngéFbgjgﬂa}gd
divides at a Y junction into the left and right iliac arteries, which
supply blood to the |ower extrenities. A éomon |ocation for an aortic
aneurysmis in the section of aorta between the renal and iliac, arteries.
W thout rapid surgical interventi pture of the abdom nal aorta is
comonly fatal because of the high=vor BT o d flowwthin the aorta.
. Conventional surgi calqﬂewmﬁgh&m ' theniakgegt nal wal |
to the location of the aneurysmto reinforce or TeplacCe the diseased
section of the dBaPHmarKblpedyessel and swited torfwidee avessel sifedrrancho Thegrafices t he
area O. or promg%%nd di stal zones abutting, a potential rupture WO
01/ 49211 2 29 June 4 PCTI US00/ 01712 portion of the aorta.

Unfortunatel §, cdnbalmstoctate definggenloutensusfaog atfirstipottion of tlesonid¢raarface

substantial norRidity rates nd at t ry_ least a protract recovery
period. Likewi sgfm&%ﬁedgw“&cﬁ?%%%ﬁ%ﬁmvﬁﬁ%ﬂféﬁ Sf%gngst andi ng
need for endovasgadch| andssecondpoitivn of thel virter earfitt brig kized RjohREEer@nd devi ces
have been devel oped tg treat an aortic aneurysmw thout opening up the

abdoni nal wal | . - &egs¢];og fae otherside of theysideranche The ter-carried
tubul ar graft dedi g r e iliac
LB e O o S Bk

artery and into t t he aneurysm nor mal I'ncl udes a
t ubul ar - graflé bddgodsflgwbetweeh thy blend ¥sgseladd thesidetheartch. 10 ei t her '

et ur ol 1y requi et B Recl ROty oot e e o 0 pe i
si nply depl oyed furthermidyeinelnde ableast one btilging Slembttiraverigatiepayndi ssues i npact
B et o & S SRS B4 Lk 07 Do
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.



he ac arteries, a bifurcated graft is typically used. A trunk portion of
the bifurcated graft is secured to a healthy section ofthe abganmenad4 aorta
justbelow the renal arteries, and branched | egs of the graft are secured
within each of the iliac arteries, sonetines via a tubular extension
graft. This procedure does not involve gardiopul nonary bypass, and thus

bl ood continues to flow downward through the abdom nal aorta. Certain

conplications ariAfedstondREMO fitsh ghd 8o hublilar sthitutdd BedirdBIP Eorisks Pfiexitie
vessel , because, of the higrE bl oqd tltggvmlg%th_durl ng the procedure and

afterward. |57HERYUY 2R suppstent, et etierty SAPTaRicH iathe grag dpdy: Morg
probl em i n rg@efyrablohé flexitie grabodyls bnly Protided Ao b thatirse@stdnd tubulddi ti on,
close to the renal arteries,

the abdom nal aorta e neurysmic . ver
whi ch resul¥@°WS’§1?°§¥F\?“WC%GE’1§F‘SQ?F eamlﬂwhym?ﬁ@ﬂt-to secure a repair
graft. -5l n fact ;i ysuhgBaaspete e ifventioapdites AvaAhRMBhefgid Sorplacheal ihhY

sortie wall below the renal arterjes befaore an endovascular graft repair
i s indicat ed’,“malryvgé‘fo é’eséela’@gsﬁ\%ﬁ?'f"ﬁ%‘é?"ers $ids RRuch: SepfsHge must be used.

Moreover, the sanBubulegficterdefidifmebhtetouhdd] JMHpbGiah bifie ek hirRet RRing bk host
vessel applies in other %9 June 2004 WD 01/49211 PCT/ USOO /01712 3 areas,
especi al |y W f%@@é‘éf’”@l’?‘% ?Hgo‘gvﬁfsf"ot‘iﬁn%ﬁ‘deﬂ]ﬁ@eé‘ﬂ? ?‘ancﬁtﬂ“QJEé???ndtmﬁloﬁP%th%hi ng
subcl avi an  dafer adh@tbcilg sitddas éoRtict aﬂ«li slmppdaane lﬂ&odh@&éﬁl{bh%ﬁﬂmeﬁ?dé%f?@ ﬁiﬂe Er oposed
for anchari rati o vessel .walls, st ..not abl e . use o arbs or

hooks eB@en%gﬁt%S@?tﬁ%%?uﬁfgﬁﬁpw orglignment WiV REYdrdaneiegs fohe vessel
wal | . Al t hoyghnit liegdlodoviweanhsileddvessellaliethgsiad branchhey nmay danmage the vessel
wal | and cause corI‘_EI Lcations. Alternatively, portions of the sent may

extend beyond t he" R PeHplas sigepye comprisey Deqbleggaf bodk andasupporstethdfar d i nt o

contact with the Meﬁe&ﬂheﬂmible,graﬂiﬂobﬁfsoﬁlyﬁﬁbﬂediﬁb@eof@iﬁfﬁéﬁ@%coﬂ@ﬁ&?&mhﬁ@_& or
from expansign of .a.ballgon in this region. 10 In the context of repairing
an aneurysmqﬂﬁrﬂ%éoné’ﬁla%ﬂ’? ﬁqsogb'rbtyé},ms?ﬁtne manuf act urers have provi ded a

scent atist he uppdh sttngt Mbther abietiihe Rt @dorprafides b Ratulargrdnendtedd& PR EndnbR  enal
arteries. For exanple, the TALENT brand oI .. Endovascul ar Stent-Gaft System
avai |l abl e framﬁ)o(? RESEH! g} sufd tabrigles g yesse COMpEIEdes an undul ati ng

W re support fransfirgxibelacttgurakigadeo édnRct@hddupport 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



1s body intended for supra-renal fixation. Likew se, the ZEN TH AAA brand
of Endovascul ar Graft from Cook, Inc. of Bloom ngton, |ndiana9Juiei2bd4es an
undul ati ng 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 bl ood flow

t heret hrough. 20 Moreover, any structure placed in the, path of blood flow

may tend to stfitdieabRerihiabbRatancpetire H@ngic&ﬁﬁ&ﬂﬁtwééﬁﬂﬁmrih%ln@m%bd?&ﬂd mﬁner ate
i dneys, or ot her

free-floating enholi hat woul d versely.i npact .the k
organ that i t%gf?cﬁg‘iﬂgﬁlﬂrsgﬁﬁweﬁ%d S“éﬂi’feﬁgst‘zégg E?’H‘E%B%Oﬁﬂew.th%%‘é’ﬁé’%ss‘flhe
Ki dﬂ?yﬁ | arg Megﬁébmh.smeﬁﬁﬂligétﬁmb@thh ﬁ;&swiry tl'fe!’pgfﬂlal_'yi vas‘sel]gis '&fgerb&Hdmiﬁall eht£Hol i iht
|1 S 1 g Yy esir t 0, avol eyen t.he ossi bl 1t orT, (0] clottin at the
o uth o1 et i it B i e b A et PSS PaNE § POGRBORA || ve
field, tler ebifuscatidighdfi. an Add@ithn, 4t Odast@nerdf the HECANE SeddBANBUIE strARGROprefREAbE 4

e | S a nee

bi furcated graft. in the abdam.nal aorta, NMor eneral | t he
for a nore sECHHES ﬁé]tﬁﬁ’gle(ﬁa Qtf?éﬁﬁ?q arﬂp%or'tﬁﬁed‘blaﬁ‘fmgﬁrpé?f ral?& thg ﬂﬁ’f“{’]ﬁﬁﬂﬁ vessel
i n the vici rbddy isafnlyspryredsiah thsintalabstaitke thaQs NP i4PRkAall, R0 odibntebulR04

PCTI US00101712 Summary .of the vention The present ipvention conprises a
vascul ar gr at L 4FsHPe dfﬁ?&ﬁ?ﬁbgﬁﬁﬁ@“grﬂS§d§$Vﬁ§F§mbfﬁﬁdeé§§@Fs%ﬁd sui t ed
to bridge a apasieble st wilodn-apatiabldhe graft conprises 5 a tubular structure

defininqdan outer surface, a first 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 support the bl ood vessel on the other side of the side branch. The
tubul ar structure defines an aperture for alignnent with the side branch
so as to permit 10 bl ood flow between the bl ood vessel and the side branch.
The first and second portions may be separated across a gap and the graft
further may include at | east one bridgi ng nmenber traversing the gap and
connecting the first and second portions sp as to prevent relative axi al
separation of the two portions after inplantation, the aperture being

defi ned



15 between the bridging nenber and the first and second porél Qns.  There are
desirably at |east two bridging nenbers and two apertures, u% 2t al y
four bridging menbers and four apertures. Further, the bridgi ng nmenber nay
be a reyv@loinNsdy rigid strut In another aspect, t he i nventy fﬂ“%ﬂ’w’ des a
vascul ar graft adapted for 20 placenent in a primary bl ood vessel "and
suited to bridge a vessel side branch, conpnsng  a first tabular structure
sized to contact and support the blood Vvessel on one side of the side
branch; a second tubular structure sized to contact and support the bl ood
25 vessel on the ot Aetrthirdfd@Etah nRERNGA advAl ne bridging
menber connecting the fi rstdand iig%gir‘]%@ tublr}ﬁJi strg ctolflrﬂge?ﬁéegggg to define
an aperture in Wm@#@mﬁ@emwmd%mdﬁmﬁmgh bet ween
t he bl ood vessg;éd Em% e side branch. 29 June 2004 5 At |east one of the
first and second tu ar structures desirably conprises a flexible graft
body and a support stent, wherein the strut is directly connected to the
graft body.. More preferghly, . _o e graft body is only provided in
one of the ¥irst or secondetREseH eEtiEs t he ot her tubul ar structure

bei ng defined sol el Flmnﬁes&@mw&vﬁoagﬁtmaﬂwnhﬁﬂaﬁﬁ@ fwn?%tﬂ i nvention
provi des a Vaséﬁn graft adapt ed for pl acenent prima | ood vessel
and suited to %b@g F'&ﬁ@ﬁsﬂ'ﬂémﬁesﬂbwgmmoidmhﬂnfstructure
defining an OU%FM ﬁ&ﬁB s{ﬁﬁi"ﬁg er ace being sized
to contact and s pport ‘Ef ves ﬂt on one 5| a@*ﬁ 'E"ié""i‘r “Br anch, and

a second porti typhafitonije out er surface bei ng si zed to contact and support

t he bl ood ssel ONg t her of t Si nch, the tubular '
structure ef| ni ng afrﬁ'ﬂ'g‘3 M’%ﬁ side branch so as to -
pernit blood flow bEigw&ensh aviemhmaﬂaﬂvb Srafl ifl ScddkRCd\widpher ei n the

tubul ar structyre conprises | exi bl.e graft body and a support stent, and
wherein the flgxi P%&}W@WB‘F%&FE@W,OW of the first or

I
second porti ons, { MPigui418h pBpédIE v d1d it B oF BleShobelbimdiiog o1t - 15

In still yet another aspect, the invention provides a vasc
adapt ed for pl hevdngswo wie-like bridging membargd vessel and suited to br| dge a

vesSel o108 D D P LB g AT © 0" 2
having four bridging members;
Figure 6 is a sectional view of the abdominal aorta in the region of the
: renalarteriesﬂlustaﬁngasﬁﬂﬁtrﬂ:crembodﬁnentofagmftofpresent
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




side branch; a second tubul ar structure sized to contact and sulg%ort t he
bl ood vessel on the other side 20 of the side branch; and 49 e 2004 ne
bri dgi ng nenber connecting the first and second tubul ar structures so as to

define awoperdobiy € in the vascular graft sized for blood t | ugh -
and between the bl ood vessel and the side branch; wherei nggﬁnfgggé{%gne of

the first and second tubular structures-conprises a flexible graft 25 body
and a support stent, and wherein the flex8ble 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

i nvention provi desatign yeras Y&‘ﬁaht W@hﬁ’%@bﬁl rta2atfenent in a

primary bl ood v a%ﬁ] h- ng Sy em i ncl udes
a 30 tubular sg%gort graPlt(:lhl nc?lteaﬁeng a rst tubul ar g{]ruc ure sized to
contact and suprstom?.zhmumwm%mmmmmh%fanﬂbﬁmﬂeaﬂamnch, and a
second tubul ar struct onnggted to the first tubular
structure and si g& %ﬁg%ﬁ?&&%ﬁ%ggbl ood vessel on the other
side of the side brarhbpreléift by el Providés¥ibulaGiraf @Sthih 4 pHRHAGveREl Mary

graft sized to co- axially couple with the first tubular structure. At
| east one bri dglfmwmwm@emgwmm| ar

structures SO aspedsa]. Af a1 théreford & ﬂﬁ@ﬁa{oa%‘rlt 3 & ?ﬁaﬁd"‘“ t ubul ar

29June20X4 6 structures after i nplantation, an ap g defined
bet ween the bri dgmhmmeheamﬂm@eﬁ)ﬂmmamwmmmgaﬁdhﬁgmﬁmtures of

a sufficient SI Wtho side branch. In
one application o?‘[e%nog%gg{set em P&gﬁg ‘il|‘8 ARG Phal aort a,
the vessel 1®i d@eﬁehﬁnﬁdmmlismlvb&emmahpla;mm&mm ,thebul ar
primary graft is of a bjfurcated gra In adltlon at | east
one of the fi rstg“&hg@%'h‘g W“’Wlﬁ‘ 28 %g‘“ﬂ 'é?(e%?ym‘-’ ?8es a
flexible graft ll&?ks&itﬁhv%o‘éﬂdﬁﬁ suitSHIEfdk repR Sl Th SRt €haplekent he f1 exible

graft  body is anly prow ded in the tubul ar structlUre that”is di sposed

infra-renally, tireEngomicludepigiahdominalagticaneursism (AAAJ dewepibed hasvinid y  bei ng

bl | oon- oxpantiail a5k v (MG RS E BT QUDRBEINE RS X s

under st andi &% ofputpuse nbdxplanation) howevar tlegersn Gidet brandh’ walh be osed
interchangeably herein with “renal artery,” and the term “primary vessel” wiil
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, spanming 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
30 comprises a first tubular section 50 and a second tubular section 52 connected

E



wi || become apparent by reference to the remaining portions of the ,
specification and drawings. 5 Brief Description of the DrawfRd¥n&eelfte 1 is
a sectional view through an abdom nal aorta showi ng the branching renal

and il i awoagie@faes, and illustrating one enbodi ment of a QS@f,hSw}m-,#fe
present invention for supporting a tank portion of a bifurcated graft,

shown in phantom 10 Figure 2 is a persgective view of the graft of Figure
1; Figure 3 is a perspective view of an alternative graft in accordance
with the present invention having two planar bridging nenbers; Figure 4 is

a_perspective Wﬁﬁﬂl&ktﬁefbﬁﬂﬁﬂgheﬂb&ﬁ.OEhetﬂiﬁtnﬂﬁﬂa‘?t%Qéﬁoh%%‘éﬂaQé& ving two
wre-lice bridging nmenbers; 15 Figure 5 is a perspective view of a further

graft of the p nd tglpdanseefion SR aetosta gap fhathiniconimetionsvitheths bridgingre 6 is a
sectional view AL %hi:ﬁgé | Gi renal -arteries
Il lustrating a%‘?ﬁg?’_urtﬂﬁ%‘raﬁe odi ?rgﬁdtrmc#ﬁgbg'r?%@@c@&é&;sen & I nvention
used to suppor tinhulas seetionk 5§ SR tareano-linfear thon thertr kg membier 54 fgeoealln 20
phantom Figure_dJu4l S:a rspective view o he grafif.of Fiqure.6; Figure $
is an el evali owm e F#@?%&h@%@%ﬁ@l’é&qﬁi%a axi al

di mensi ons; andufvilgieaevelsdl, thefirstnid abcona Gibulii séctivhs50, 58 ny teldgsEdnal aorta
in the region o the renal arteries show certain anat om cal dinensions.

Description of %_W%@PM?‘Gﬁn_ g member 84 wilkekabe graft 20 of
2bdom nal - aor t Sohge RRs s th kel e, M Rither P B0 2, oot ing
the primry vegsgti-cpovatg fonpxamplé Srehaped, in hbichaase tix ficsk and sev@AbWIH211 8 29
June 2004 1o PCTLUSI0NDSS b oAb B TSI oo H530B5b cutblls L N CONE Xt 0
As illustrated in Figure 1, the aperture 56 is aligned with at least one of
the side branches 24. In a preferred application, the graft 20 is used to support a
bifurcated graft 36 in proximity with the renal arteries 24, and thus defines two
apertures 56, each aligned with one of the renal 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
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i nportant side branches are the renal arteries 24, as shown, The 2&8 m nal
aorta 22 continues downward fromthe renal arteries 24 and BPPUR% at a
, Y- junction 26 into the left and right iliac arteries 28. 5 The present

i nvent i owcpemseties a tubular graft within a prinmary vessel rting
anot her tubular graft in the primary vessel in proximty toC&RfSD@Hﬁqgessel

It should therefore be understood that a{& hough t he draw ngs and _
description involve a graft in the abdom™nal aorta for supporting another
. graft .in the region of the renal arteries, the samne prlnC| pI es apply

whi chever, pri n&ﬁm“ﬁﬁgmgﬁgy ?ﬂﬂm as
illustrated in F_igure , the graft 20 could be usegalr?nttﬁe Vi ty of a
si de branch 30 Wi ?%Gm%ﬁéomeaaeoﬁb@upeéﬁnwapmmanm@ns

suitable for I edHokinidd! e on include the
abdomi nal aorti c aneurysm ) escri beéhﬁ'ﬁ'ci’I %ﬂyteﬁ%Fé& betwesdy t i ¢

aneurysm (FAA)a Mmmmagmﬁbedj&amdﬂbﬂe)prﬁéﬁbmeﬂ&ﬂkaﬂ&upurpose of
expl anation, hawewer, the term"side branch" will be used interchangeably
herein with™ rena ‘artery," and the term primary vessel” will be used

i nterchangeabl y wi t ThedisbdTionedpertiates 56 are fied ol enabik aliGHndnPwith Gigee 1. the
graft 20 hel ps anccgor%fg t runk portlon 34 of a bifurcated graft 36, shown
in phantom The™H OF gourspp the partipulavsizairdefined byttheadialunk

portion 34 thatdnﬂbﬂgﬁﬁﬂﬁﬁtﬁécﬁgméﬂ{ﬂ Q:!&’d RAida 40. ~One or
both of the I|egs 40”?3{ extend a su |C|en% |stancé {BSL? Ot \within
the iliac arterdvesll ddcnyxtlﬁmmshnse,émﬁedﬁ Héadufanr this
purpose. The engh.t t urcated graft 36 (a d opt i onal

t ubul ar eE?ensm %9) ex engémf FK?'Z 8&I‘F‘ﬁ§?"‘g he abdoni nal
aorta 22 to 25 vbndldwsi‘ze,thddmbnaay ifithe @fafFis nﬁde&'ﬁﬂﬂidggoﬂ}(ﬁ%idaysm C region
46. Once the i furcate raft is in place, blood flows there through
and bl ood pres?’ﬁ“@f‘&mqngg EHH%EYWF& Afaeierredembodiment; focusedner i or of
the graft. UItlﬁ@ﬂﬁbmmﬂE&m%%hﬁgé%éﬁmﬂ%&ﬁ&sﬁﬁ fafﬁfb Qund the graft,
whi ch remains,in pl ace Wth reference to Figures an the graft 20

of the present %iamesFofSrtwesmabayht? aud3 rams andstlengib of betwemchbar225@dand a

second { ubyd ar’ sggsh) %eﬁgp&am&%\%gm%%%%%ﬂgﬁ of Dot 33t 6 amd

PCTI USOO' 01712
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 throngh the renals, and to accommodate offset or ofherwise misaligned

20  pairs of renals,

The stent 62 actually comprises a first stent portion within the first
tnbular section 50, and a second stent portion within the second tubular section
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  art'will understand that a variety ofdiﬁ'erenttypesofstentsmaybeusedtd
internally support a tubular graft body.

In 2 preferred embodiment, the stent 62 comprises a phurality of
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.

E




via at | east one bridging nenber 54. The first tubular secth g %@ spaced
from the second tabular section 52 across a gap than in co ]8 Heg 12 wth
the bridging mnenber 54, defines an aperture 56 for blood flow If the

first awooesepd tubul ar sections 50, 52 are co-linear, tmfﬁm(ﬁﬁzdgl ng
menber 54 is generally 5 axially disposed. Alternatlvely, It the graft 20

is intended for inplantation in a curvilinear vessel, the that and second
tubul ar sections 50, 52 may be aligned "along a curvi | i near axi s, in which
case the bridging menber 54 will also be generally disposed along the sanme

curve. Still fwidbgpecifichify, 8§ ah inPBigirey, Mbre diHhlde o%IBY ‘é% Sectlonam)' e

S-shaped, in which case the first and second tubul ar s 50, 52 and
bri dgi ng nenbemﬁafmsﬁpnf@PﬁMﬁle@mh@@ @n@ﬁnwemﬂmwmmabﬁd in Figure

1, the apertur t anches 24.
In a pref erredegt%gf I catl on t%mbﬁﬂr%&éjgﬁsﬂ%se upp ef’s %Pt ur cat ed
graft 36 in prmWsnﬁtm@hhﬂgWinﬂ‘onav&ﬂhrwgh%?ﬁfﬁdm&dlﬂﬂhdgﬁﬁneS t wo
apertures 56, ed wit f t r enal I es. In thls cont ext
the first % Eﬁ%ﬁ?&érfng@i "gbe ﬂgﬁeﬁ’f?’ﬂﬁiéﬁ‘ abF a- r enal
portion of thewﬁﬁﬂqﬁtgﬁhb@dﬂ@ﬂﬂ%hﬁoﬂdﬁo&@@&iﬂ%ﬁ%&ﬁéa ion 52 is

secured in cont ag & wth an infra-renal portion, The apertures 56 are sized

| arge enough s %mﬂgWﬁ“@W fo the figriblereraftbadys Asaaentinnadheachl ood 1 ow
path of the regalefahlis raﬁﬂaﬂ?; %&t‘]ﬁg‘%g@f! that are
slightly axially offset ro anot g@éc%rfﬁ ccorr#rvgh%'fs%d Wth

- specific ref ermblqﬁpmmnomwh@mmmm iI8 eithen casajthit sfent gr af t

body 60 in{gern en 2. The tubul t body 60 may
be forned %)ofe oﬁ% %@gﬁ’f%%f%é?@ @&%ﬁ&‘g{y ric such -
as pol yester ﬂmmnmmﬂlojhﬁbﬁhtbbbd#&beltd\fdﬂdﬁhdmlﬁmb&ﬂreﬁaft body 60

may be an 25 extruded t ube. rticular preferred enbodi nent; the
graft body 60 Mﬁécﬁ&?@“@ﬁ%ﬁﬁm{@@? Fii“a ar%ﬁ%ﬂebl

di ametrical | y- giiinsethe s@EBEwe He cttiidro? 1%.% R the body
and extending circunferentially around the body |nto pro ty with one

another. Two bPaYbe combmedwith §& perscatiiwvegtion.t body 60 extend between the
w ndows 64 Pr of er a1y SEREASI R vishte 1wk Btediciine R i 3R0008 Vo
01/ 49211 PCT/ U@@Mﬂ'ﬁjmﬁnﬁw 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

E



4 circtun&Tentially around the graft body 60 a small we in relatign to the
adj acent w ndows 64 so as to maxim ze the size of the bl ooagf'P'Eﬁ/\?%%rtures
56. In one enbodinment, the bridge segnents 66 each circunferentially

ext ends wagbhy®ep about 1-90 around the graft body 60, and PEL/E ‘r,oqf,ﬁrably
each extends about 5 5-10. The bl ood flow apertures 56 are sized t0 enable
alignnment with side branches of varying sizes. O course, the particul ar
size is defined by the axial dinension and the circunferential arc of the
wi ndows 64, which depends on the overall graft diameter and tength. For

i nstance, a graft-that is designed for snall 10 arteries and small side

branches wi || Hgpiweea fedeposedends ofitbe closeshwireformeand the rivfircinggrut. As
ol ol ARty Lo A 0B B el e

only one window I's" tequi nd. ™ a pre
abdom nal aor t eglents 66 ralihoyzhithereremsatonfigtrations cadteraphtedpsafedl. 20 has a

di aneter of between .gbqut, 19 and 30 nd | engt.h O et,ween .about 22
and 15 46 nm The oé&?&@&%%ﬁf%& %ﬁg&?%ﬂ%fl e\ veen about
6 and 20 ny) afbnl@xseORshs 50, RTINS Siafk DO Witk réspectislitic lbthed '2afl desingly 60 bet ween

about 90 and 189 The_ renal arteries 24 typically have a dianmeter of
bet ween about maityinihe spacmebetvech the tihbwlarsotions, vhile atbsisamp fitreover si zed to

ensure open bl Oé}&eni %ﬂﬂﬂ' R s&uf'c'ﬂﬁla t i mg of fset or
ot herwi se m sal gned47 pa?’?glqg‘{‘a&:bgna S. %ﬂae scé&%hg%cogct uall'y conprises a
first stent porinieoieresvitithe blood flomtetween il primary vesseld? 286 thesaflecedsecond

stent portion w.thin cond .t ubul ar cli 2..The fjrst and second
stent portions rb%%“%%b??‘ﬁﬁ??%?%?%%?’gmsﬁﬁvggﬁﬂ?ﬂ%?ﬁﬁﬁ? or may be
confi gured 1di f fwitieskindymigfsoryl fsrtesaiiat mEyaad to bepaldtd the ifitst bhid so2bndinbiiat |
understand that a_varje of different pesoa’otbpstents may be used to

internal |y supptftions 30y}, 18 gremn : SPEERRSeEIB Fredt . t he

scent 62 Conpri gRfsto Mchéthd Sowitrear SAM0R bE vird 3¢ A ir2BAdctvh With@e™ 70,
each fornmed in an undul ati ngg or _sinusoidal pattern. Each of the wrefonns

70 includes al ttsidging membmsaks Inaddition.the bridging membere 54 may bemddatpishks or
val l'eys bei ng oug§, #05QH0that B8y 353 onldB Nrength srmitidafio palEntiRe 01/ 49211

PCTI US00 /0171
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

P



11 More specifically, as seen in Figure 2, there are three i ally-spaced
rows of wireforms 70 in the first tubular section 50, and ?é’(‘]“”eé/oo‘to
our, axi ally-spaced rows of w reeforrns in the second tubul ar section 52.

Ei ther tweoi@dkg or valleys ofthese rows of undul ating wWg@EigsRisa Wwoven
through slits 72 fornmed in the graft 5 body 60. In this manner, tﬁe

wirefornms 70 are prevented fromm’gratinl axially wthin the graft body 60
with respect to one another, and thus provide a fairly wuniforminner
support structure for the flexible graft body. As nentioned, each wreform _

ol ther v adi ablgesSablic GKAAR Al PnhNA(s BAELGIRY iorafly | S
capabl e of pl ast chlasdefornatiorJ \(\/ng% ‘8?11 oS%i-ﬁex ande hﬂ?‘lﬁrﬁ%%t er %:hase, t he
stent 10 62 (c@ﬁb?ﬂﬂghmehndaggmﬂmbﬂ@mmnﬁoﬁmﬂewo@ﬂwses the graft
body 62 agai nst th‘i‘l:“l@h'l I t I ) ng vessgl .10 forma fluid
seal therebetween. reove}rgéﬁogfe? al r%aru}g gﬁéﬁ% an&%ﬁéwg -fike
structures ar e nepengtieksefid thattace coasthetedofffucexample, WhtseAerhditvelyther i or of the
graft 20 and the,vessel .wall, and .,y e conbj with the present

Tvent ton S5 REGPGRRERE R b rstibs P POoGRERbIE Rty qripucrSoBFs Bat of ¢ he
graft body 62. providetessile Biéngtidio pRivent e SoviizEsanPfubBRE&ctb §2 R6M 70, whi ch

conprise one or nore wre segments bent into the undulating pattern, and

into the annul ZMZEHBSWithrespent upsigen soetion 80.c 1 the Hluptgated example, shar p, t hey
provi de an i”%’t{}ﬁfmaﬁ s 1 . ' 0 aft 20,
and thus help secdre t %&S‘?‘g %é#%&ﬂé;%m%l’%&%wlﬁg%’@g%ﬂme

bri dgi ng menbetutddarsention 52, wiigrespect to divecte il exierjes 24.oTn thiscehtekbomd iy shirt 80
el nf o ci ndp ot TR OGS RHER SEGRT P, 57 iRy Ve brigpen 45 e BrebesBendi ng
between the f igraft 20indhessrirang aserl O Aind Secother May PRrfol antithér'fencipaf t 20. I n a

preferred enbodi pent, the rei nforciegg strut 80°is a bioconipatible netal

(e.g., stainl eS8chassupplsmenting g dgpaged gection of e agerysa diat appfrergralt mavr ¢ he
graft body 60 %W%Mﬁeﬁ&%ﬁ.”é?c&ﬁséﬂ@wéﬂ,%ﬂfﬁﬁ strut 80 are
y

-secured to the graft body 60 as s ,  sutures are typica used to sew
an eyel et, hoolkedionsi 8¢ canbsrongtauctaddo hawstidendinal wnghoging vudiecksdn each end of

Secur el 1 01 ho ek ek B R b A iited Gl SlBd Inbned U
01/ 49211 12 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

&




PCT1QS00101712 bet ween j uxtaposed ends of the closest wiref gégﬁ an& he
reinforcing strut As shown, the reinforcing struts 80 are HP&B Q/t£

| ocated to the outside of the bridge segnments 66, although the reverse
confi gurwo ezl contenpl ated as well. The bridgi ng marrber§g§f[15§@{' 510 -
anchor one of the first and second 5 tubular sections 50, 0 e graft
20 with respect to the other, and desi rap{y mai ntai n the spaci ng between
the tubul ar sections, while at the sane tinme present very little in the
way of structure that m ght occlude or otherwise interfere with the bl ood

fl ow bet ween tm@mm%_m@w@gﬁmf@%ﬁﬂmgﬁmh% e24. The

bridgi ng menbers 54 nust. have tensile strength to 10 wthstand mgratory

forces that ma 1q Withstnd migeatqry; forpgs that may denddo sepdrate dha fiest ands ect i ons 50,
52. In an exenecdnd ek ' ah@;emiﬂ .2A 1) Lon 50.0r 52 serves to
nd siufiofth D234, rtue o§ tﬁ%ﬁ%&%\%@%%the

anchor the downstream section b_y’ Vi

bri dgl ng {rﬁnber@t%hdemramwmmdglmgﬂﬁ&a??p%we r el at ![ v;alhy
rigid in thg sgpse colum stre ufficient to preven e
15 tubul ar Zect ogs E@,G%W%WQH%%M%M&mr

i npl ant ation. mElhevely tigd] thgbridgihe membérs D8Ry de bREE of LBlicTRAZ AN that is
approxi matel y tEYe ane _as the_rest of the graft 20; that 1s, they do not
proj ect radial IR} |eﬁ€'%°5§"%“5?£"ﬁawme side wall of the graft. The
circunferential w dmiglﬂﬂﬂﬁﬁﬁ‘at&ritﬂﬂﬂeﬁﬂﬁvé?ﬁ@ EE%Q .t he intended
use for the graft  20. That is, if the graft %O%ﬂ]? ogglg%%d in the
abdoni nnal aor 2V 2g adistiytulng seotinn 11 2sephrated froni esecoul tabulaheution 114 t he

drawi ngs, ghen il :QH ' er 4 di.gnetricglly spaced

apart of relativel ygﬁﬁj;frigvti\'/ﬂgl rcuaggew%ﬂ i qgaﬁni’H?W?%Pﬁg’Pﬁ 118he bridgi ng’
nmenbers 54 eactgakn, tielgrafekilesothpaisargprifibodyel 20 a6l 4 iferakideat 1B, @Rrta 22 at
90 orientatio wépe o&en%%@wl .arteries 24, and there is
no chance of 25:262%Y 140 Y beS brie; andaihe illustrated t a 22 and
renal arteries eddbodimdat is sepatdmtricyoss it ghp €1 CintoStw) ind$y 5 anch then

.there need only be pn%ﬁﬂgqufi dgi ng nenber of relatively greater
circunferentia f segond tgbiplar seqtions 1125 114.hn thisicagi theyfacimgber i ght

ip. the Tome: ni Re oo CetRe ubllas Boloby ofthd B by ERUAERGRR b Pile sl °P"
PCTf USOQ/ 01712P pfnoiehes 12% and thusthegap b1Gisiveenentabwelli THOMER)I22 N
registration %W?pm&@m@mmmmfmm&eﬁm
- 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 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 ctimps 124 to free ends
of the lowest wireform in the first tubular section 112 and sewn o 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

&



or branches, then the bridging nmenber(s) will not occlude bl (3d flLow The
enbodi ment of Figures 1 and 2 shows relatively rigid bridgi ﬁé URfe s 54
that are constructed of, for exanple, wires. Alternatively, the 5 bridging
menber s W gxpgeiae strips of bioconipatible fabric or evenp A PAL!
provide tensile strength to prevent the downstream tubul ar section from
mgrating with respect to the upstreamsection 50. In the Illustrated
exanple, the upstream section 50 anchorsifhe graft 20, and in particular

t he downstream tubular section 52, with respect to the renal arteries 24.

In this context, one or 10 the other of the_ tubular sections 50,52 may be
desi gned to bet t membasiadp. Agwn, the gift 130 comprissea grafthedy 140 adiasterp 142nd t he

other may per f of #,3Bahiehy IANE kbl ¥l bocdBRIAEERLE T ed
section of the a?itlég‘?@hso_ %{aq%an_ot lgr graft may &Eig secured a Jaép%nt t he

si de branch 24. @faiwxcomprises aphveality of spasefi-aparbaringlar wineforing vgthshe fisP can be
constructed to haye,identi anchori Qrtin '
characteristics ﬁ‘?’“{aﬁ%"%‘?’éﬁfi%’“ﬁs&%@WE@‘?%°%%@§&%@W‘% t he
vessel that extepaft oy 14@aTheoxtbrokd wikfornhadd ofn éither e weveniboagh shits mure 3
notes ‘an alternative aft. 90 qQf the, present ipventi hav| a fast
tubul'ar section 5‘2@ t ,aFa?ﬁ'H‘ %BIF%E‘?%@&&%?}“@H%%E?BES a gap
96 and connect edgaffeWead e gap by two bridgi ng nenbers 98. 20 Again, the
graft 90 conprises a graft body 100 and an internal stent 102. The graft

body 100 may be a t ubdhefour biidgingmembess 38 ap distributed genamaliytaguidistapdlyr at ed

enbodi nent is se ﬁgéﬂﬁ | &E'EJH%L [ B?F |« in the
respective fi rst&%ﬁaglgcon u h{‘gt;ﬂg C ﬁgﬂgﬁ‘g‘?& . eca%se é&'ﬁ%?i ng _
edge;6of tPelbotromgg&mﬁmmf?ue?dtggm%{wmmdmmefm?q?sar% the -
gap i s tubul ar. : S again conprises a rality o
spaced- apart ann%#ﬁ%@ﬁwﬁﬁmﬁﬁ%%&mg’rﬁ%@m% the first
tubul ar section QGgmReld MddSctly via Sitbidng MY 0 1e) graft B8 1400 Thotideddifrd Menbers

98 are elongated_ planar bars or strips.of. relatively rigid material, such

‘as stai ul ess- st cbAdgpg memberdf may be drrirble fon whig brapchmg, t he
2004 VD 01/ 49211 "POTT OO B ePfp g tle b depla AR AR el M bors 7
nmenbers 98 nifst hesdnatbe as lamgeas therpréviens 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 wheﬁﬂle 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
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strength to wwthstand mgratory forces that nay tend to sepaéﬁt %&e f ast
and second tubul ar sections 92, 94 after inplantation, & sanme
time mast not occlude ofF otherwise interfere with the blood flow between
t he pri nwigyeteyassel and the affected side branch or branc ,US&@&ﬁe{ore;
I nstead of being relatively rigid, the bridging nenbers 98 may Strips
of fabric, such as polyester, or suture? for that matter. Figure 4
i-llustrates an alternative graft 110 of he present invention . having a
first tubular section 112 separated fronta second tubular section 114 10

across a gap 1l6werstent 261 Ekaek Agh ﬁx@iﬂaﬁﬁ. nmbers 118.
Again, the graft 110 conprises a grat bod 1 and an rnternal stm 122.
Tlhle ?raztdbodgrwb%geﬁ#ﬁ‘}gbdbeamﬁm g,mmdﬁcﬁb@bg c, an;j |nttlt31eI
illustrated enbodi i n wo t ubul ar
portions in the regigigg)%l?@tné |rsbt@;sgn secoﬁ‘an }?53'6%"5"&‘&??‘{3‘%“21‘2‘%14. In
ths (izzige t he flenm ﬂyswnBléﬂgkﬁimﬂeml bgr\mtehsit MIoa‘bn?aF]ﬂ;ewggﬁstgetﬁrafth
ody arg u Vir a _plurali not ches an us the
gap 116 is gne\r}ggnﬁg {’efﬁégi ﬁ‘%’%ﬁmﬁé‘?ﬁ otheyam yrality of
spaced- apart arvomheted diostf rhsiEpperdtidt 160 sing .-iéﬁmp'i%?%@ hre*6midefy 112

havi ng two w reﬁonEs fg the second tubul ar section 114 having three. '20
The bri dgi ng owsesientdfd Pt%emmengmémqﬂym@t@mwrsmepar ate

fromthe stent dggaftbodeiénNad «h é?’?‘ff??hﬁgﬁfﬁﬁh 38 5?5 r.ef orms.
t he bridgi ng rrenb%?g 118 are se}élétr te"fromthe stun ?é’kz‘ﬁ %\n%n

connect ed dlrmﬁﬁmmmlﬁmrﬁwm&mmwﬁwr are

el ary bodtporor's A p s B era Yoy B P senmritnordomn o

connected via cri rrpf:g’tﬁeﬂﬁsltovtsrthe dSani]adehﬂﬂinﬂx\gﬁﬁl VeSeP18D (el the first

t ubul ar sectlorhbqéé and Wﬁ'@j; raft bo@w?fg t&qﬁﬁtubul ar -

section 114. Fi Ee55¢ 130 of

the present i r82¥.g.0the fedl drterids)! %§Ersiﬁ&ﬁbﬁi5§ﬁﬁ§hﬁﬁ poyated froma
connecte

-second tubular 30 sectiqgn 134 across a gap 1 across t he gap
by four (4) br|W§Mé’%bw0\mmmgﬁ@embmamﬁﬁﬂeﬂﬁemenbers

graft body 5123%?‘%“3@2. a8 BIBGAID ool d b0 o e v@oof e ot 122°

other side of the side branches. The gap 156 is positioned to pennrtblood 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
186ismured“&ﬂ1h1themﬁfonnandmbularsecondporﬁon 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 graﬂwithanotiwrpetmitsgfaﬁ
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
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again conprises a plurality of spaced-apart annular wrefo W t he
“first tubular section 132 having a single wireform 144 di s%@%em%w’t he

exterior of the 5 graft body 140. The external wireform 144 can either be
woven t Ry@ufpagiits in the graft body 140 as described alheveusegforfBY be-
secured thereto with the use of suture thread. The four bridging nenbers
138 are distributed generally equidi sta(%vl y around the circunference of
the graft 130 and each conprises a narr strip of 1o fabric 146 and a
reinforcenent start 148. Again, the reinforcenment struts 148 may be

connect ed dir eghb ¥rah&h tHG¢ tﬁ@%"*‘g%"ﬂw di gip?cé E!pgq gr are
connected indirectly via s!t?s?tc Ing 1 toth@grat@gﬁ%. e use of
four bridgi ngmmmbmmmwmwmmagumamﬁmwmml | er
‘branching ves .2, J | v h . M. Ndo ef i ned betyeen the

bri dgi,ng mmeﬁ%%&%@wg?@%“%‘ﬁ%?%%ﬁﬂmﬁsﬁ%ﬂfﬁw nts.
Figure 6 and 7bfahthes: Fai example] itle Etafit1150 scetrth Bitinrss 6tand 7 iepasitded 250 of the
present inventjon. that defi .a tubular strycture having a first portion
152 and a ssecg’ﬁﬁmﬁ%tpﬁﬁ“’ﬁ §i§éb‘é ernplageties J82mand the sgeond norficRcr oss a gap
156. Two bri dgs4i beRWoBE senafe8 extend general ly axially between and couple
the first and 20 second portions 152,154 to prevent their relative novenent

before during and detaileddepigtionef the velative exialdimdisienstfor thhgrafli r st

Aae
portion 152 of ' ' . by _a scent 160,
while the seco%%@%lcﬁ#ggggﬁgﬁ%&%%%?gg%%%é%% Pt er nal | y -
supporting a t Higmtea® agpd&f In iklitiont6 the rétabarntyries 1 82 tendpedings foanlpy | ses an
annul ar wi reform 166 having 25 altemat*qg.peaks 1 and valleys 170 and
cont our ed Ctur vﬁfﬂeﬂgﬁ?&?@%ﬁ%@%% et g%‘\)@e‘ﬂﬁgﬂﬁ"eg
curvilinear semmmyﬁgwﬁmmm&wﬁd&%m@en the graft
150 is in aragially.constricted state, so-as to enable snaller conpaction
of the graft. gﬁ“‘ﬁ%ﬁ@b@&r@@ﬁé&%‘%%@%@%nect ed

into the a””“'@ﬁeéﬁﬁﬂ&@éﬁn%‘iv@ Wﬂ‘ﬁ:ﬁ dr'1Y2 ah Sl 16 | over
-scent 162 includes a gural i t?/ of axi al y-space?zungﬁfeat ng Wi 'ref onms

woven t hrough ramalsdB2fsgitemy Al by distency fromithempstreate side pHthe highiest olfr i dgi ng
150, 162 ortcer TASAHIR23 tedBihaRonp bl g Gk of IR TRl s enef iy
bri dgi ng nenbeasl thé distanes tetwenaheddwmstizdn sdSofths loiest ofile rehille b e € )
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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connected directly to the upper scent 160 using a crinp 1762 ﬂ Z@f
connected directly to the |lower scent 162 using a crinp or ? ‘1y vi a
stitching 178 to the graft body 164. In an exenplary enbodi rrent as ,
i1l ustravedir/sphie bridging nenbers 158 are connected via Gy fo0 free
ends of the wreform166 in 10 the first portion 152 and sewn to the graft
body 164 in the second portion 154. Figyre 6 shows the graft 150 in pl ace
within a primary vessel 180 (e.g., the abdom nal aorta) and hridging two
oppositel y-directed vessel side branches 182 (e.g., the venal arteries).

The first port eeentdrapiis 10 G8ATRE he giP863RS aiteal ISIHRPRS edg,arl mary vessel
180 on one side, of ths si de branches 182, while the 15 seco portlon 154

is located to ApPHESER ﬁwwmhlwﬂ@owot her "si de of

the side brancigsushii sl ﬁiﬂf% msgh}m? ggﬁ f|l oy between
the primry vesselgh180 and S|de ranc % as I ndica gflow
arrows 184. Theengls; dge @M@r&eﬁ&mhﬁznﬁmwmmmm 156
agai nst the wa %ggﬂaﬁ] Y 90 _ori ent ations
20 fromthe Si ghybr nc @nﬁi %ewég%ﬁ%efw?@ maft£ of a

bi f ur cat ed graam;almmﬂdbpaamsmﬂwmmbm 860668 8coh® ?orlléé- In this
way, the graft ?% 'ﬁﬁe[ securlfl 1\§“h n I he wrlformand t ubul a econd

portion 154, asqpdar sepatravapldauesaily 180 from
i ts own cont achbe siididatddh ThyRE oflle!secdi 5;“;&%5 ection to
the first portion 152 wath%ﬁll%?ld |°r?§° rrggﬁéjrlsﬁ igrtsy"éé'%lgrnof
supporting one™§anqre profosabiy,shayt 1038 mpri.t OF epunde; if theqsaft 20isiwsgiteer y cl ose to
the vessel ygsi d q&&% thPg; ffecti vvhen the primry
vessel is di ste ?}3 even very c osie%t?%%aheﬂwg &ﬁg[ﬂé'\fﬁ‘ ndi al ’
di mensi ons of pertion 454 canhedomkt thanl28 aimupdo the airtntyRcdplediRuEahact ed t o

mat ch t he part%arf%%%}r%%ﬁﬁl ons surroundi ng the affected 29 June
-2004 WO 01/ 492 é’f il de branch. That is, the gratis,

i ncl uding two tubul To essfithopSp side/RREARMI YT SrafO theSRigebilBiELEt Ween and
bri dgi ng rrenbers cqnnegtl ng t.he sectlons are sizéd so~ as to permt bl ood

f1 ow t hrough tf ghﬁaﬁlﬁdpﬁmcw&atisﬂ:mches For
?T?gfi gortilsgngl |s above t a!rﬂena %ﬁ%g;?@tg‘%gﬁ%n E)??lt ohhe |
154 i s bel ow t;@(rrgﬁgﬂgce 'Ihednnensxonsnotedmﬁgmchanﬂmsbeobtamed. 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,ﬂ:estentslmcune,orporﬁons thereof, could
bemdiopaque,ormmkerscanbeattachedtoﬂ:estentorgmﬁbody 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. 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
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A nore detail ed depiction of the relative axial dinensions r.th aft
150 and region of the abdomnal artery 180 near the renals §§E ?go@éen In:
Figures 8 and 9. 1n addition to the renal arteries 182, the openlngs for
the 1o sp@@imeyigmezzanteric artery 190 and the cilia art g 46 shown
in Figure 9. These arteries typically project in the posterlor 3|rect|on
in contrast to the laterally-directed renals 182, and are |ocated close to
but upstream of the renals. The di stanc® from the | owest of t-he arteries
190 or 192 and the highest of the renals 182 is given as A the distance
fromthe upstrean15|de of the hlghest of 15 the renals 182 to the

downst r eam si decapfbeiliustratedadth eecto theemibodiment i Kigwre s Hirst, thand t he

di st ance betwe mtﬂﬁﬁ, s to the
end of the percel vedgﬁggw%ﬁgor@on o;) J?ﬁﬁom nthg%??g 0 I's given as
C. In additi onpmhelﬁﬂmméﬁqmnﬁsﬁepmlomomdeeﬁam is given as
D. The axial n f th raft ar e ven | ur,e,8 as; L for
the overall fo%"ﬂ%&'[ %ﬁéﬁ@%& “& a%ndg?tlon 152, L2
for the gapsl56¢ontits ahasiﬂfor:sﬂie@mepmsemenme@m&ﬁdeofmeadpbﬁhﬂir ed

enbodi nent L2 > D, and if the renal arteries 182 > B. In

of f set
addition, L1 i sipplepteionafihetnbnlarerat méﬁfﬂaﬁ’h&?ﬁkyww e first

portion 152 doeexpaﬁ iabREveric o Sh ﬁ%{nmﬁnae&:ﬁéeme&ﬂﬂlﬁ& Finally,
the length o o e second _portfagiril 154 is desirably l'ess than the length C

.Of the heal t hlpcatiom; oxpositioning e balleverixpandableversiondd theigmaft d inflatingrae at er

LG | e S SABHBE B pr il ] SRR BB AR Lo

about 19 anp 30amymﬁmmmmohewmmamm mm The

;ﬁgahirhgrgeﬁsﬁeégﬁéﬁ cgl l!ﬁ havg ;a di a %ﬁr of, lbet ween about izlgsnm

to-center up to@glgm}mm&% 8iag basamen@xp@hmgength L2 of between
about 6 and 20 nmm and |s desi rabl over si,zed t_o ensure open bl god flow
through the renals af\@ EIPHP‘F%P Wﬁ%%@g%ed pairs

of renals. The ‘?ngaﬂ Pﬁ'ﬁ“éf &c?ﬁi L1 £l out 6
nm but may 5 vng pen‘(;itll ng oh ne e ength Co tﬂgﬁ%{eal tdkfﬁortion

of the abdotsi n ambuhogiaﬁ 150 65 ssHoot lsliben- gxpandedoutgandrintosontactiith thére pr oper
seal of the secgpn%agogrr:t’é?&. 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.



154 with the aorta, which is smaller than an endovascul ar rspair @@Eld
currently be indicated. The length L3 of the second porti oA~ ?82¢2
preferably at least 6 mm nore preferably about 10-20 nun. O course, if
t he grafyyodfdippaused to 10 repair a |onger section of ves j mary
graft; the length L3 of the second portion 154 can be Ioﬁ@épﬁgﬁgﬂgg% mm
up to the currently accepted nmaxi rum |ength of straight tube vascul ar
graft To ensure the proper sizel/configufation of graft, the surgeon first
determ nes the anatom cal |andscape through the use of angi oscopy; that

is, by 15 injectingyiletHorédin g;,@mﬁ Méfﬂ#ﬁ | Z¢ t hrough the
affected vessels with an X-ray 5§§icq. %ﬁé I ﬁ%ﬁgﬁg noted in Figure 9 can
thus be obt ai n€mbodimentsgfthe maventipn, verionstaltsinativesgnadifieations apd ef er abl y

avai |l abl e, and n t, e graft .to match the anatony in
conformance with t g"‘%ﬁ’%@@"% é"r“?@dﬁs’dﬁ‘."%@%“ﬁw‘“ - ¥ pl ant at i on,
the surgeon camcdificatienspmayierpradtiesd within thystops bfhé jpepdedifaiible or afts of
the preset jnvention with the use of radi opaque markers on the graft. For
exanpl e, thHe stent structure, or portions thereof, could be radiopaque, or
mar kers can be attached to the scent or graft body. In Figure 7, for
instance, the wireform 160 and the upper wreformin the stent, 162 are
desirably radi opaque so as to enable the surgeon to nonitor the approxinate
axi al borders of the gap 156. Furthernore, the bridging nenbers 158 or
crinps 176 may be radi opaque to enable rotational orientation wth respect
to the respective side branch or branches. f A nethod of supporting a
tubular primary graft in a primary bl ood 30 vessel adjacent a vessel side
branch, in accordance with the present invention WD 01/49211 19 29 June
2004  PCTI US00/ 01712 can be illustrated with reference to the enbodi nent
of Figure 6. First, the .tubular graft 150 is inplanted in the primary
vessel .-180 such that the first portion 160 contacts and supports the
primary vessel on one side of a side branch 182, in this case the two

. renal arteries, and the second portion 154

€1



5 contacts and supports the primary vessel on the other sid f t i de
branch. Inplantation of the tubular graft 150 can be accon%?ﬁEW%g&gg

rel easing a sel f- expandabl e version of the graft fromw thin a catheter
sheath in the proper |ocation, or positijoning a balloon-expandabl e version
of the graft and inflating a balloon within the interior of the graft A
primary graft 186 is then delivered into a radially constricted state to a
position oveﬂﬁxﬁw§g the end of the second portion 154 and radially
expanded into contact therewith. Again, the primary graft 186 may be

ei ther sel f-expandi ng or ball oon-expanding. An alternative nethod conprises
i nplanting the tubular graft 150 after the inplantation of the primary
graft 186. That i & Vaspdaswaladaniut for slacementdp prigery klgod yesselandguted to150 | s

sel f or ball Bﬂﬁg‘eaes%%@s%i‘gggbﬁh%h‘{‘@&g%ﬁsﬂ{g@’ contact with the prinary graft 186.

| ndeed, the prithary grart 186 nmaybe inplanted for a significant period of
time bef ofe the neddbulapistridiwe defupnog tn ogferf sunfate, @arfirsifpottion of-thd mbied sarfagyr af t

150 i s recogni.zed. nment i oned abqv one tubul ar .portion qof the graft may
per for m an 28B8OS PRt aEd pipRor i Hiagditesiehon e SRR e B er
portion that s&mByd ?(Erti%i@%fth@%ﬁtef‘ﬁﬂ'ﬁac& B&ng ?iﬁsa RNAL! e HHYAERE 8ldod tveGsr For

i nstance, the gra ortion upstream of the side branch may anchor the

downst r eam per tho athexside lof ithe side hrancl the dviydar, steofpd defining awrpesut Somi t h
the primary vessel.s S tp.enapl e | acepent . of anot her. graft in.that
Tocati on iR REn BR AR SFRRR ke BeBRTERhA By BRRFE ot v e of
sel f- or1bal irchiedxpandabl 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 f q@%la [ of.:f hat . ring
one portion %’f th‘eﬂ%ra t%(%aég%e&u(g%@. x E@Je&ﬁéhezg% a@@a%%%%q%ﬂsc%

PCT! US001017 icparaid adhisk @ gapend durdgoimindirg at lestphebidgiasaieinbtr ©avening he
preferred. ,enbodinments of the_invention, various a i )

i temat i ves, . MEoHPrAdAOMEsne é!a?dﬁrSEM SesPach PRrtRRs Sh @ (R VeV ek ¢ Wi |

be obvi oy t habrafi6l bR @bNRktonT AL inGAltRd8, HRMpbRP befnkidefdbdhtd t he
scope of the appended clains. S
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.



4 29 June 2004 21 CLAIMS 1. A vascul ar graft adapted for pgﬁgeneaboén
primary bl ood vessel and suited to bridge a vessel side br Hne
conprising: 5 a tubular structure defining an outer surface, a first
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 support the bl ood vessel on the other

side of the gide Bpanglyiaf ﬁwa%’ﬂ‘%e&aﬁwﬁﬁbﬂﬁggg&@?ﬁﬁgg%&gg#&ﬁ of

alignment with the side branch so as to permt e bl ood
vessel and gorfithedy sidlesuppanistent. 2. The vascul ar graft of claim 1, wherein
the first and second portions are separated across a gap and further
including at | east one bridging nmenber traversing the gap and connecti ng

the first and. seconeviQliki §af oF0lads 8 WhBRUBS HetiBleakifY Bod ik BhyiRonaRAT at i on
of the two portions after Tnplantation, the aperture being de?}ned bet ween

t he bri dgd ngimaneisé thediet or econd pertions, thesdonertipo being defined solFlydyvlastait.ar
graft of claim?2, including at | east two bridging nenbers and two
apertures. 20 4. The vascular graft of claim2, including four bridging

nmenbers and four TRPehdcule grafSof diith 8aeBetkiarlthgfatibleQdraft badysZprowel gi n t he
bridgi ng menber includes a 25 relatively rigid strut. 6. The vascul ar

graft of cl abpthshe fipsbaad secondepartions) and be sivet inteanallypypposie it deast angiobitee  gr af t
body and a s -Wherein the strut is directly connected to the
stent. 30 7.H$ﬁ%&b§§%§1a?m%$aft of claimb5, wherein the tubular structure
conpriset0a flexible graft body and a support stent, wherein the strut is

directly connectegq,to the graftf bod 9 June 2004 22 8. The vascul af graft
of claim 1, ere&heY%EQ@U% 8£d?9} { EmygﬁﬂFW§E@HQHYF@¥PB?@ﬁY@P%?{ body
and a suppor quﬁirﬁmr-se&ndgggio}ﬁ%%ﬁlﬁé stéft &klerly ShiHorts the WG R EREadd €Xi bl e

graft body is only provi
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.



5 in one of the first or second portions, the other portion gﬁing ggiined
solely by the stent. 10. The vascular graft of claim8, wherei'i"¢R

flexible graft body is provided in both the first and second portions, and
the stent internally supports at |least agne of the first and second
portions. 10 11. The vascul ar graft of claim 10, wherein the stent
internally supports only one of the first or second portions and the

stent externgkly t [ 0, tion

10" vascul 28 o ANERRiay ot 6F U 5, bitiein i 3bsf Pl o B BOLEGLAGER s
suited to bmbdgae situcness&imgiseea exdble Igramapraha la@ﬁppo@t didnk, Sthekdil tHeadtrut
structure siz Sac{j &conta and support the bl ood vessel on one side of the
si de branch; Sfeebneanecied fodhe €efuct ure sized to contact and support the

bl ood vessel on the 20 other side of the side branch; and at |east one
bri-dgi ng nenber connecting the first and second tubul ar structures so as

t o defi nebanlaper tuvascular grﬁtead@m&baplammt insd prérdarfydiloddl veest]l el dulitedvtd hr ough
bet ween the b{iﬁﬁod ve sg t he side branch. 25 13. The vascul ar graft of
claim 12, in@it&hh ﬁf eReph, GIBHSREi ng menbers and two apertures.

The vascul ar graf ﬁﬂ&'s@héﬁr@%eﬁﬂuﬁ%hﬁ'%t@ﬂsﬁﬁﬁé alirk mﬁ%ﬂ& SERADES: sgaﬁqcef Our

apertures. 30 15. The vascul ar t of claim12 erein the bri
menber i ncl ubieisg étze@télcaltitﬁ@/t@n@/StmpgttcﬂleshltmﬁtvesmomqulfeSl@OiﬁtheZS%del‘tﬁancﬁhmdwascuI ar

graft of cla rehn ane of irst, and d, tubul ar
structures c&%%&éges aofﬁ% %T§H§ S PPIE SidsH ﬁﬂmﬁwgﬁﬁaﬁmeéﬁsﬁﬁPd tln t he
strut i$0di bedhd yﬂletoaﬂeotfeﬁb bide tbh’@lcﬁtmettublﬁaﬂ stroftuve defitlind aflTagbkuradapt ed
for placenent,_in a primary. bl ood vessel and suited to bridge a vessel side

branch, conpfiiEmsgt wih thesidedranch se a3 tomsrmais bioad Agwaistwngn e tondrvesss] and f i r st
portion of the R% ﬁurface bei ng sized to contact and support the bl ood
vessel on one si the side branch, and a second portion of the outer
surface being si zmﬂertam the ritilaud4r muﬂttmpqﬁoprtset lefldxitie grafeB&dB) 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



10 on the other side of the side branch, the tubul ar structgé% de%@&ing an
aperture for alignnment with the side branch so as to pen-nft “B"® | ow
bet ween the bl ood vessel and the side branch; wherein the tubul ar
structure conprises a flexible graft bo@4 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 cl aiyieds, @mﬁ&ﬁiag%%ngﬁog% Eﬁ*@ﬂy oo N SRa BF tﬂesﬁxrg & apdem nal

~aorta, the vessel side branc e'renal arteries, t he tubul ar
structure i stdbula@ftrypbures, the otifer tbblaf sinchrebeing ddffined ddely By dmstnt.ar gr af t
adapted for placenent in a primary bl ood vessel and suited to bridge a
vessel side branch, conprising: a first tubular structure sized to contact

and support bhe blaopdeyasseh splerRA8aptbdfr phReRbnttilG i BIRRGRsseParRECONd
tubul ar structure sized to contact and support the bl ood vessel on the

ot her side ofdia¢rat sveseel Bidahench, spmpasing:east one bri dgi ng menmber connecti ng
the first and sec ubul ar, st ruct.ur.es as .to.define an aperture in the
vascul ar graft si %@g{mﬁ%rsu%?oé—toga om?l (({)1{1/\5 ?tﬁrsr%u%ﬁmgn%mc@ﬁe o) e'%“{aﬁtemﬁ ood
vessel and t kepsitdie: Bloahedisel Whohekide af thegaiRtbrai, Ak 4 foeodd thsilardcmacond
tubul ar structures corrgri ses a flexible graft body and a support stent,

and 29 June Seged bamgad eemgctedhe the fsst Wb@%ﬁ‘ﬂ“%&éim@tﬁw@%ﬂf@w}%ﬁt in one
of the firStgﬁrblcfo%%%loﬁtﬁ@Uﬁq@fsi&éJ%éﬂiee&an&lh Pt her tubul ar structure
solely by t i

.bei ng define e stent. vascular graft system adapted for
pl acement0in a pr &embular ptimery grafsedd tard-axiallpdpupdenith the\fies subulas sthechlreanch,
conprising: a fubular support graft including a first tubular structure
sized to con t and support the blood vessel on one side of the side

branch, and a secgngatubid latflelUs rmtsw&%ngr@mﬁmmﬁp@%ﬁ%ﬁg%@&the

first tubular structure and sized To contact and support the vessel
on the ot her styiciesofo ashie prévget tsfatine xiabsegarbGorm of b uiva tulpddrstmgturgs after si zed

to co-axiall ouple with the. first tubular structuyre; .an t l.east pne
Lo et o | YRR o b E et ™Jatined Peleck e SRl B it R8bnd
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.



structures so as to prevent relative axial separation of t§%~&E§ﬁthU|ar
structures after inplantation, an aperture being defined t e strut

and the first and second 15 tubul ar structures of a sufficient size to
permt blood flow through the vessel sizfe branch. 21. The system of claim
20, wherein at |least one of the first and second tubular structures
conprises a flexible graft body and a support stent, wherein the strut is
20 direct Iy gonnegledsta BN tnofch ot Ry D48 WP B fircf bl Mophl el n at
| east one o the Irst an second tu ar structures conprises a flexible
graft body atdctares oppmises s flexible grifidrody and heuppbrtuteni. s directly connected to
the graft body. 25 23. A vascular graft system adapted for placenment in a
primary bl ood vessel and adjacent a vessel side branch, conprising: a
tubul ar suppar t mfsgzsterﬂ%teﬁtnmm %vﬁéréxﬁ%etﬂiﬁh%?'?/es%éirlé‘ﬁ{e%@orﬁhﬁ%r&,%ﬁOnt act
and support the bl oodod vessel on one sid he side branch, and a second
t ubul ar 5t r vessekside lsancmpawdsefsrtbemeamrtmnmﬁtthd sten intematly seppotts theloas
structure and,si 0 CO t he, .bl. ood essel on the other
St de of ¢ ho o St ol SRR dimoy Rt el ea t o cor axi al Iy
couple with the first tubular structure. 29 June 2004 25 24. The system of
claim 23, wherein at |east one of the first and second tubul ar structures

conpri ses a2ﬁlexﬂ@ﬁé%ﬁﬂaﬂfCb8695awﬂﬁdnémbﬁ@ﬁ@eQﬁéhbmhﬁspﬂWhéoﬁé%t

cl aim 24, t i nad . vesseI
si de brancﬁqﬁé%ngsggt@%ig%g ﬁﬁg@fép#%g&?%ﬁ%@ﬁﬁ%b%%%ﬁ@% éyna Igésupports
t he one1pof tlhm@rfstrﬁétﬁrealm@oﬁd@md-rénab}dbﬂﬁg Séﬁmd‘soieles)ytﬂmwnts di sposed _
infra-renally. 26. The systemof claim 25, wherein the flexible graft body
is only provide in the one of the first and second tubular structures that
i s disposedqynfr %@%r}] E]Qe%tp Bfein th sthitQbidAF Bllid.ég ure di sposed

supr a- renallg beﬁ%%g ﬁgﬁ o) i em. g% ste%t © ﬁ% system of cl aim
24, wherein the stent is self- expandable 28. The systentof cl aim 24,

wherein the 2§t enL1"hc: Sys gnll of i eﬁ(tp %v'i]lgraeln fie stent is balloon—expandable





