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KINK-RESISTANT BIFURCATED may have a modular constmction utich is assembled into the
PROSTTIESIS desired shape as it is implanted.

As we shall see, deployment of implants adapted to meet
'I'his is a continuation application under 37 C.F.R. $ I .53(b) these needs is also problematic in that thev must be deployed

ol'U.S. application Ser. No. 081772.372, flied Dec. 23. f996. 5 and secured in three different lumen rvhich are impossible to
now U.S. Pat. No. 6,551,350, issued onApr. 22,2003.w-lttch access frorn a single direction. Further. to facilitate intralu-
is incorporated herein by reference in its entirety. menal delivery through a body's tortuous vasculature, lhe

rECrrNrcAL FrELD ',"T,i1ffi1ji:H5;TXT: 
* being compressed into a 

'cry

rhis invention relares ge,erany ro implanrs for repai.ng " .,,1;;',f];i!',t::::f,fi|}ffi:,}ffit,]"Y,T':lf,".j],|:
ducts and passageways in a body. More specifically this grafts i, either"a"single-pi."" .,.,irdular configurati.n as
invention relates to an implant adapted for delivery to and tescribed below.
repair of a bifurcation site withilr the body' In one aspecl' this 

_ _ The use of tubular pralis ibr treatirg def-ects at biliucation
inventioninolvesamodular,kinli-resistant,bifi.rcatedstent- 15,it"r..frulU"*Lo*n-fo.sometimc,-Bifurcatcdggaftshavc
gra1l dwice' 

been disclosed. for example, in U.S. Pat. No. 3.029.819 to

BACKGROUND AKt Starks. U.S. Pat. No.3.096.560to Liebig, U.S. Pat. No. 3.142.
067 to Liebig. and U.S. Pat. No. 3.805.301 to Liebig. These

Treatmentorisolationofvascularaneurysmsorofvessel ,,, Era-fts.11:qpl"'11y]]l'deofwo,enlabricorothersynthetic
walls which have been thickened by disease has t*ditionail-v "' 1a1Ii;la.nd' llaye thcv havc no snpporting stcnt structurc'

been perlbrmed via surgical bypassing *ith ,ascular grafti. Yp':1111 
involve excising the defected segment and suturing

Shoncornings of this iniasive iioced,rie include the nr-orbid- the fabric.graft in place usi[g common surgical procedures'

ity and mortility associated wirh major surgery, long patient .{_ number of bifurcated gmft ilrplants have been devel-

recovery timcs, and the high ilcidenie of rc-peat intcir)ention rs oped which use, sorne limited means of supporting the one-

needed due to lirnitarions ofthe graft or ofthe procedgre. 
-- piece titurcated_graft strucnlre. Typically such means also

Minimally invasive altemativis involving sGnts or stent- provideawaytoholdthegraftopenandsecurethegrafttothe

grafts are geirerally known and widely used in certain types of lumen wall without the need for sutures so that the graft may

treatments. Intralnmenalstents"fbrexample,arepartiiirlarly be suitable for translulenal delivery via a remote site as

useflil fortreatmcntofvascularorarterialocclusionorsteno"-.,, opposedtothemoreinvasivesurgicalgraftingtechniquesas

sis rypica11y associated with vessels thickened by disease. 
"- described above'

Intralunrenal stents function to mechanically hold these ves- One such implant is disclosed in U.S. Pat. No. 4.562.596to

sels open. In some instances. stents may be used subsequent Kornberg. Komberg discloses a biftircated aortic gfaft con-

to or as an adjunct to a balloon angioplasty procedure. structed for intraluminal delivery through the femoral artery.

Stent-grafts, u,.hich include a graft layer either inside or 35 Tlegraftconsistsofatubulargraftmaterialhavingaplurality
outside of a stent stmcture. are particuiarly useful for the oflongitudinal suppofling struts or stays equipped with hooks

treatnent of aneurysms. Arr aneurysm rnay be characterized orbarbs to fbcilitate attachment within the desired 
'location ot'

as a sac lbrmed by the dilatation of the wall or an artery, vein, the damaged anery. The graft is equipped with a resilient top

or vcssel. Typicaliy the ancurysm is fillcd with fluid or clotted ring for snugging the upper end of the trunk portion against

blood. The stent-graft provides a gra{l layer to reestablish a 4r,1 the aortic wall upondeployment. The graft has a trur:k portion

flow lumen through the aneurysrn-as well as a stent structure and two legs, one ol'whiclr is shorler lhan the olher. The graft

1tl support the gra ft and to resist occlusion or restenosis is delivered in a compresscd state througJr a first branch artery

Treatrnent ofa bifurcation site affictedwith such defects as with the shorter leg folded against the longer. At some point.

an occlusion. stenosis. or aneurysm is a particularly dernand- as the compressed irnplant is advance tluough the fust branch

ing application for either stents or stent-g.rafts. A bifiucation 4s ?rtery: 
the shorter.leg clears the bifurcation point and articu-

site ls generally where a single lumen oiu.t"ry (oflen called lales into the luminal region of a second branoh artery. 'l he

the 1,.;k) splits into two iumen or artcrics (oftcn called entireimplantisthenmovcdinthcreversedirectiontoallow
branches). such as in a "Y" configuration. For example. one the shorter leg to progress down the second branch. The

such biflrrcation site is found witlin the human body at the implant is then expanded to its final slupe against the lumen

location where the abdorninal aortic artery branches into the 56 walls by way of a balloon'

lelt and right (or ipsalateral and contralaleral) iliac zrteries- Instead oflongitudinal struts. other devices have provided

When a defect. such as an aleurysm. is located very close the necessary suppofl and securing means for the graft male-

to the bifurcatiou of a trunk lumen into two branch lumens, rial by employing sections of stent structure aI selected loca-

treatmenr becoutes especially difficult. One reason for this tions along the graft. Typically, stent rings may be placed al

dilliculry is because neither the trunk lumen nor either of the ss the trunk and/orbranch openings of the stent. Such stentrings

branch lumcns provides a sufficient portion ofhealthy. lumen are either self'-expanding or require balloon expansion.

wall on both sides of the defect to u,hich a straight section of U.S. Pat. No. 5.489.295 to Piplani et al.. for example.
single lumen stent or stent-graft canbe secured. Tbe stent or discloses a bifurcated graft having a main body and legs
stent-graft must span the bifurcation sile and yet allow rurdis- formed of a flexible surgically implantable material. Expand-
trrbcd flow througJr each of the branch and trunk hmens. oo able spring attachments are secured to the rnain body adjacent

What is requiredthen is a stent orstent-graftwhich may be to the tnrnk opening and also to oneofthe legs adjacenttothe
secured to each ofthe lumen wall a sufficient distance away branch 1eg opening. Delivered compressed, these expandable
from 1he defect and ye1 is capable of allowing undisturbed spring aflachments urye the 25 t'rpenings ol the grafl open

flow into each ofthe branch and trunk lumcn. Such a configu- upon deployment and serve as anchoring mcans for securing

ratiorl at least after implantation. generally must have the os the graff to the vessel wall. Lumen wall engagement may be

same Y-shape as described for the bifurcation site. Prior to enhancedbytheadditionofbarbsorhooksattheapicesofthe
implantation, the stent or stent-graft may have a Y-shape or spring attaclunents.
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Another device involving a single-piece bifurcated graft
with limited supporting and securing means is disclosed in
U.S. Pat. Nos. 5.360,443 and 5.522.880 both to Barone et al.
Bamne et al. disclose a tubulzr aortic gralt for inlraluminal
delivery. The gralt is secured by the expansion and defbmra-
tion of a thin-walled tubular member. The thin walled tubular
member has a first diameter fordelivery. Upon the application
of an expanding force from a ba11oon. the rnember has a

second expanded and delormed diameter for securing the
ggaft to the lumcn wall.

As with all such one-piece devices, the delivery ofthe graft
irnplant is cornplicated by the fact that each ofthe tnurk and
two legs of the graft must be positioned into their respective
lumen and then secured into place. This requires the branch
lcgs to be comprcsscd togcthcr for delivcry through onc ofthe
lumen andrequires difficult maneuvering ofthe branch legs to
get them unfolded and urt*'isted into place within their
respective branch luuren. This type ofdelivery requires the
grall sections to be highly llexible so that its components may
bc manipulatcd as requircd and requircs a larger profilc. This
denand for hig} flexibility* often results in unsupported graft
sections that may be subject to kinliing. folding. collapse or
the like.

Bi lircated stenl devices generally suflbr l'nrm even grealer
delivery problerrs because they are even less compressible
and less flexible than their unsupported graft counterparts
discussed above. U.S. Pat. No. 4.994.071 to MacGregor, for
exarnple, discloses a single-piece bifurcated stent for inser-
tion into a bifurcating vessel. The stenl includes a trunt por-
tion constructcd from a scries of gencrally parallel loops
interconnected by a sequence ofhalf-hitch comections which
extend along its length. The parallel loops form a cylindrical
lattice wlich deflne a flow passageway. Two smaller cylin-
drical latlices are similarly constructed and attached to the
trunk po(ion 1o fomr the branch flow passagcways. Thc stent
is designed to be delivered in one piece. over tw-o guidew-ires
(one for each branch) from the direction ofthe trunli vessel.

Another bifurcated stert exarnple is found in U.S. Pat. No.
5.342.387 to Summers. Summers discloses aY-shaped bifur-
catcd stent comprising threc coil sections (a niajor coil sec-
tion and two minor coil sections), constructed of stent wire
according to specific coil paflerus andjoined so as to form an
unobstructed support lor the trunk and branched vessels. Tir
deploy the bifr"rcatcd stent. thc stcnt is comprcssed around an
inflarable bifurcated balloon. The compressed balloon/stent
is delivered up one ofthe branchvessels until oneoftheminor
coils is clear of the bifurcation juncture. Then the stent is
backed down. posilioning one ofthe minor coils in each ofthe
branches. The stent is then expanded by the bifurcated "tri-
wing" balloon and then the balloon is temoved.

To alleviate these complicated delivery problems. some
implant devices irave used a uodular approach. An example
of a rnodular stent may be lirund in F R 2.67tt.508 A 1 . Accord-
ing to that disclosure. in order to provide continuity at jwrc-
tions, in particular at vessel bifurcations. at least two helicoi-
dal spring elenents comprised ofselflocking coils are used.
A first element is constructed to have a first coil diarueter
section corresponding to the diameter ofthe aortic artery and
a second coil diameter scction corrcsponding to onc of the
iliac aneries. A second element similarly has two sections,
one ofw'hich corresponds to the diameter ofthe second iiiac
artery, the other equivalent to the diameter ofthe aortic sec-
tion ofthe firsl element so that the corresponding coils ofeach
elcmcnt may bc dclivered scparately and locked togcther in
siru.

Another gpe of modular approach involves using two
separate elongated tubes delivered tlrrough each ofthe branch
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lumen. The tubes. which may consist of a tubular graft ele-
ment supported by unconnected stent segments. establish the
required flow lulen in each ofthe branch arleries. and inthe
trunk lumen. are forced logether in such a manrer as lo
substantially seal around the periphery. Generally. the shape

of the two tubes in the trunk lumen is that of mo back+o-
back. semi-circular "D" shapes. U.S. Pat. No. 5,507.769 to
Marin et al ald EP 0 551 179 Al to Palmaz et al. disclose
implants ol the type which employ lu'o separale tubes. Pa'l-

rnaz frrthcr discloscs thc use of an cxpandable rubular mem-
ber which is secured to the trunk artery prior to delivery ofthe
separate tubes. The purpose ofthis additional member is help
secure the two tubes to the trunk hunen.

Still another t-vpe olmodular stent-grafldevice is disclosed
iu WO 95/21592 (Intcmational Application number PCT/
US95/01466). In that publication. there is disclosed a modu-
lar bifurcated stent or stent-graft comprising two separate
ruodules for delivery in a compressed state and corinected
logether in si1u. A first module has a proximal part adapted 1o

cngage thc trunk artcry, then biflircating into a first distal
portion adapted to extend into one branched artery and a

female receiving opening to be positioned near the other
branched artery. A male proximal portion of a second module
is connected to the ler.nale receiving opening. Acoording to
the disclosure. to ensure the two modules remain comected.
it is preferred that the receiving opening has a frustoconical
section aud the second module has a mating rnale Austoconi-
cal section.

Further related modular stenl-grafl approaches may be
fonnd for cxamplc in EP 068 6 37 9 A2. EP 0 69 6 447 A2, and
U.S. Pat. No.5,562,724toYorwerk et al. While thesemodular
devices tend to offer a flreaswe ofirnproved delivery con-
timring problerns may include a certain amount of leakage
around the openings of the device. leakage at the modular
connectiorl. increased compressed profiles. and unoprimal
flexibility. kin-li-resistance. and axial stiffness.

Further i1 is generally important for any stent or stent-glaft
1o be accurately and qr.rickly deployed so that it may be
properly positioned a1 a desired treatment location. This is
cspccially tmc w'ith bifurcated devices using a modular
approach because. when deployed, the connecting feature
must be properly aligned rotationally over a branch artery.

F rom the lbregoing discussion il is evidenl lhat it would be
dcsirable to havc a self-cxpanding stcnt-gtraft device possess-
ing superiorkintri-resistance and flexibility to allow the device
to follow the natural geometry of the vasculature and, at the
sarne time. allow for sufficient axial stiffness to facilitate
accwale placement. resisl movemenl. and prevent leakage. It
would be hig,hly desirable to have snch a stent or stenl-grali
device that also provides for a reduced compressed profi1e for
delivery through the body's vascularure. It would be highly
desirable for such a stent or stent-graft to have the capability
1o ensure axial and rolational alignment.

DISCLOSURE OF THE IN\,ENT]ON

The present invention is 2a slflsluminal prosthesis that
avoids the problems and disadvautages ofthe prior art. The
invenlion generally involves a construction which can be
adapted for placement at a bifurcation site within a mamma-
lian body. In one embodiment. the prosthesis is a bifurcated
stent or stent-etraft.

In another embodiment an inventive stent-gruft construc-
tion may provide for at lcast two segtncnts ofthc slent-graft to
have different structural properties from each other. The
structural properties rnay include flexibility and axial stiff-
ness. With such a construction, it is possible to optimize the
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5
performance characteristics for ideal delivery and at the same
time eo-hance the device's kinli resistance. its ability to main-
tain its deployed position. and its confonnability (which is
helpful to ellbctuate required sealing againsl the vessel wall).
In a prelbrred embodiment. the axial stil'fness is varied
according to the presence or absence of extended strut fea-
tures or the use of a tape member of varying thickness or
w'idth.

According 1o another ernbodiment of the present invention,
the bifurcated stent-graft may be constructed to have a region
of silgle lumen slent covering a multilumen grafl. This r:on-
struction provides for a reduced delivery profile and simpli-
fied manufacturing. In one aspect ofthe present invention, the
stent construction is configured to cover a larger portion of
periphery ofthe bifurcated graft.

Arother embodiment of the present invention involves a

modular stent-graft. A preferred embodiment includes an
extended region of cylindrical overlap between the modular
components to effectuate improved sealing belween the cilm-
ponents. In a preferred embodiment the modular components
in the area ofthe cylindrical overiap are constructed to have a

diametrical interference fi t. In alternate embodiments, sealing
is enhanced by the addition of an anchoring ring, a flap of
gpaft malerial. or both. Clertain sealing defects may be further
avoided by the use ofa scalloping construction graft material
around the end openings ofthe stent-graft.

Iryet a further embodiment, the prescnt invention involves
a method of forming a bifurcated graft member comprising
the steps ofheat boding a first tube section to a second tube
section such that a common septum is fonned and then
removing the septum to lbrm a smooth bilurcation.

Another embodiment olthe presenl invenlion involves a

prosthesis anchor for securing the prosthcsis to the lumcn
waI1. The anchor may involve a pivotably coupled wire por-
tion extending angularly from the surface ofthe prosthesis. In
one aspect of the inventive anchor, the anchor further has a
second w-ire portion in angular relation 1o the surface of the
prosthesis such that displaccment of thc sc.cond wire toward
the surfaceurges said first wire away from the surface and into
the lumen wall.

The above is a briefdescription ofsome deficiencies in the
prior art and advantages ofthe present invention. Other fea-
tures. advantages, and embodiments of the invention will be
apparent to thosc skilled in thc art from the following descrip-
tion. accompanying drawings, and appended claims.

RRIE,F DESCRIPTION OF THE DR,AWiNGS

FIG. I is a perspective view of a mammalian implant that is
restrained in a collapsed state.

FIG. 2 is an end view of the restrained implant of FIG. 1.

FIG.3 is a perspective view ofthe assembly of FIG. I with
the restraint released and the implant in an expanded state.

FIG. 4A is an end view of the assernbly of FIG. 3.

FIG. 48 is a bottom plan view of the restraining member of
I.IG.4A.

FIG. 5A shclws a restraining rnember retraction mechanisrn
where the mechanism is in an unactuated slate.

FIG. 58 shows the mechanism of FIG. 5A in an actuated
state.

FIG. 5C shows an altemate constructiol of a retraining
member retraction mechanism where the mechanism is in an
unactuated state.

FIG. 5D show-s the mechanism of FIG. 5C in an actuated
state.
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FIG. 6A is a perspective view of another embodiment of

the implant in conjunction with the restraining member of
FIG. 1.

F'l(i. 6il is a perspective viex,of a lurther embodimenl ol
the implant in conjunction with the restraining member of
FIG. 1.

FIG. 7A illustrates the restraining and coupling member of
FIG. 1 and ttre pull direction for removing the coupling mem-
ber lmm the restraining member.

FIG. 78 shows the asscmbly of FIG. 7A withthe coupling
member loosened to illustrate the chain knots.

FIG. 7C diagranunatically represents release ofthe assem-
bly of FIG. 7 Aor 7B as the coupling rnernber is pulled il the
direclit>n shown.

FIGS. 8A. 8B. 8C.8D.8E and 8F diagrammatically show
a procedure for loading an expandable stent-graft into a

restraining member prior to endolumenal delivery.
FIG. 9.A diagramrnatically shows delivering a restrai-ued

implanl to a desired sile in a mammalian body lumen with the
coupling member configured as shown in FIGS. 7A-7C.

FIG. 98 is a sectional vierir of FIG. 9,4 taken along line
9B-9B.

FIG. 9C shows an altemate multiple restraining rnernber
arrangemeDt for that shown in FIG. 9A.

FIG. 10A diag6ammatically sho*,s partial deployment of
the irnplant assembly illustrated in FIG. 9A sho*'ing progres-
sive expansion in a direction away from the distal end ofthe
illustrated guidewire (i.e., toward the illustrated hub).

FIG. 10B is a sectional view of FIG. 10A taken along line
108-10B.

FIG. lf A diagrarnmatically shows full deployment of the
implant assembly illustrated in FIG. 9.A.

FIG. 11B is a sectional view of FIG. 11A taken along
118-11B.

FIGS. 12A, l2B. l2C and 12D diagrammatically sho'*,

deployment of a restrained implant where the coupling mem-
ber configuration provides release from the middle portion of
the implant outward toward the implar:t ends.

FIG. 13 illustrates one coupling member configuration for
deploymcnt as shown in FIGS. l2A-12D.

FIG. l4A is a perspective view ofa bifrucated stent-graft in
accordance with the principles ofthe present invention.

FlG. 148 is a top plan view of the bifurcated stenl-gral1 of
FIG. I4A.

FIG. 14C is a cross-section view taken along section line
14C-l4C depicted in FIG. 14A.

FIG. 14D is a cross-sectional view taken along section line
14D-l4l) depicted in F I(i. 14A showing an alternate embodi-
ment.

FIG. 15 is a front view of the assembled bifurcated stent-
graft of FIG. 14A placed at a bifurcation site within the
vasculature of a body.

FIG. 16 is a perspeclive break-au,ay view showing a close-
up of one construction of stent anchors according to the
present invention.

FIG. 17 is a perspective break-away view showing a close-
up of a preferred construction of the stent anchoru.

FIG. 18 is a cross-sectional view ofthe stenrgraft of FIG.
14B takcn along section linc 18-18.

FIG. 19 is a cross-sectional view ofthe stent-graft ofFIG.
14A taken along section line 19-19.

FIG. 20 is an enlaryed partial cross-sectional view- of an
altemalive contralateral leg conne,ction dqricted in FI(i. l8
having a localized zone ofdecreased diamcler.

FIG. 21 and FIG.22 are enlarged partial cross-sectional
views of rnore altemative constmctions of the receiving
lumen.
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FIG. 23 is a partial perspective vie** of an altemate scal-

loped construction ofthe proximal region ofthe conlralateral
leg component.

FIGS. 24,A and24B are cnrss-seclional views takeu along
section line 24A-24A as shown in FIG. 14A depicting a liee
state and a forced state respectively.

FIGS. 25A and 25B are cross-sectional views tal,ien along
section line 25A-25A as shown in FIG. 23 depicting a free
state and a lorced stale respoctively.

FIG. 26A is a front vicw of graft cornpurents prior to
assembly.

FIGS. 268 and 26C are respectively the front vien'and top
view of the assembled graft of FIG. 264.

FlG. 27A is a lront view of the unassembled components o I
an altemate construction of the graft clcmcnt.

FIG. 278 is a front view of the assembled graft elernent
according to the altemative construction of F IG. 27A.

FIGS. 28A. 28B, 28C, 28D. and 288 diagrammatically
show deploynrenl ofa bilurcated stent-gralt.

FIGS. 29A. 298,29C. and 29D diagrarmatically show
deployment of a bifi:rcated stent-graft using an altemate
delivery system.

DETAII,I]D D]]SCRIPTION

'Ihe following disclosure relating to the present invention
will usc ccrtai.u nomenclaturc as set forth below. Thc tcmr
distal. as hereinafter used, is meant to refer to locations that
are furthest away from the catheter delivery hub. Proxirnal is
meant to refer to locations tlut are closer to the catheter
delivery hub.

Referring to the dmwings in detail wherein like numerals
indicate like elements, the present invention generally
involves bifurcated implants such as stents or stent-grafts for
delivery to a desired site through a body's vascr.tlature. This
may invo'lve delivery syslems thal can be used in conjunction
with such irnplants. As thjs invention is a involves both bilirr-
cated components as well as non-bifurcated components, it is
worthwhile to begin by describing in detail the general pros-
thesis construction and preferred manner ofdeployment that
is applicable to both straight and biflircated steffs or stefi-
grafts in accordance w-ith FIGS. 1-13. Thc bifurcatcd pros-
thesis will be described with relation to FIGS. 14-28.

Although the invention i*'ill be described with reference to
the delivery exarnples illustrated in the drawings, it should be

understood that it can be used in coniunclion ra'ith other
dclivery dcviccs having constructions diffcrcnt than thosc
shou'n.

For illustrative purposes. this invention will be described
with reference to the location in the human body where the
abdorninal aorta biflrrcates into the iefl and right (or ipsa'lat-
eral and contralateral) iliac artcries. It should be understood.
however that the present invention may be used at many other
locations within the body.

Referring to FIGS. 1 through 13. delii,ery systems lbr
delivering implants or deviccs, such as stcnts or stent-grafts,
to a desired sile in mammalian vasculature are shown. Such
delivery systelrs generally include a restraining rnember lhat
is adaptul and configured lor surrounding at least a porlion of
a collapsed or compressed implant and a coupling member(s)
for releasably coupling portions of the restraining member to
one another to maintain the implant in its collapsed or com-
pressed slate.

Refcrring to FIGS. 1-4. an implant dclivery system is
shown. Delivery system (100). generally includes a restrain-
ing member (102). which as shown may be in the form of a

sheetofmaterial, and a coupling member (104) forreleasably
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coupling portions of the restraining rnernber to one another.
The restraining member portions tlut are coupled may differ
than those illustrated. but preferably are selected to maintaiir
the implant. such as self-expzmding stent-grafi (106), in a

collapsed or compressed state as shown in FIGS. I and 2

where the restraining member (102) is shown in the fonn of a

tube. In the illustrative embodirnent. the coupling member
(f 04) is shown as a filament or tlueadJike element which
prevents the restraining member (102) l-rom rean'anging to a
conliguration where thc stcnt-ggaft (106) could expand to its
expanded state.

The inplant may be collapsed in any suitable manner for
placernent within the restraining member (102). For example,
the implant may be lolded or radially crushed belore place-
ment within the rcstraining rnembcr (102) as will be
described in rnore detail below. As show'n in FIGS. 9-11. a

delivery assembly (108). which includes the restraining
member (102) and the stent-graft (L06). has relatively snrall
cross-sectional dimensions which lacilitate endolumenal
dclivery of the assembly to a site uhcrc the natural lumcn
diameter may be smaller than the expanded diameter of the
stent-graft (106).

Referring to FIGS. 3 and 4A. the assembly (108) is shown
in a deployed s1a1e alier removal ol the coupling member
(104). The restraining menber (102) may be fixedly secured
to the stent-graft (106) so that the rwo components remain
attaclrcd after expansion ai the desired deployment site. The
atlaclunent between the restraining uember and the implant
prel'erably is rnade to prevent significanl movemenl between
the rcslraining membcr and stent-graft after deployrnent
wtich could disrupt endovascular fluid flow-. Referring to
FiGS. 4-A and 48 multiple sutures (110) may be used to
fixedly attach the restraining member (102) to the stent-graft
(106). More specificall-v, the sutures can lbrm loops that pass

through thc restraining mernber and around portions ofthe
stent as shown in FIG. 4A. It is liu:ther noted that although one
arrangement of the sutures (110) is shown in FIG. 4B other
arrangements may be used.

Altliough other configurations o1' the restraining member
(102) can be used, a preferred configuration is a gcncrally
rectangular one having constart width as shown in FIG. 48.
For example, in the case rlhere thereslrainingmember is used

in coniunction w-ith a modrllar bilirrcated stent as will be
describcd bclow, the restraining rncmbcr rnay havc a similar
rectangular conflguration as that shown in FIG. 48. Altema-
tively. it may have two differently sized rectangular portions
arranged to mate with the regions of different diameter (trunk
and leg) or another conl)guration that would maintain the
implant in a collapsed stent when secured. Returning to FIG.
48, the restraining member rnay be described as having side
margins (112) that extend between the ends (114) of the
rnember. Eyelets (116) are disposed along the side margins so

that the coupling member (104) may be laced or tlreaded
therethrough. The eyelets may be in the lbrm ofthrough holes
(118). which may be formed by a uniform-diameter punctur-
ing device or by other means such as laser-drilling. Altema-
tively. the eyelets may be formed by loops (120) *'hicli uray
be attached to the side rnargils (112) or lbrmed by other
means as',r'ould be apparent to onc of ordinary skill in thc an.

It is further desirable to have structural reinforcement at the
side margins (11.2) to nrinimize or eliminate the possibility of
the coupling member (104) from tearing the restraining rnem-
ber (102) when rurder krad. Reinforced side rnaryins may be
fonned by folding a portion of the rcstraining member (102)
over a reinforcement member (122), such as a small diameter
suture, rri,hich may be heat bonded between the two layers of
sheet rnaterial. With this construction. a relatively low profile
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bead of material along the side margins (112) prevents or
minimizes the possibility of tear prcpagation and. thus. acci-
dental uncoupling of the restraining member (102). The srnall
dianreter suture (122) may comprise ePl'F'E. for exarnple.

As the restraining member (102) constrains a collapsed
self-expanding stent-graft. for example. forces resulting from
stored spring energy in the collapsed stent-graft (106) will be
acting on the restraining mernber (102) *{ren it is configured
for delivery. lhus. the restraining member (102) may com-
prisc a matcrial r.,"hich is crcep resistanl and can withstand
required loads without stretching over lime. The restraining
member (102) may comprise, for example. ePTFE. which is
believed to provide suitable creep resislance. flexibility. and
biocornpatibility in a thin sheel fomr which cirn be heat
bondcd. Othcr materials also may bc used including poly-
ethers such as polyethylene terepthalate (DACRON€r or
MYLARA) or polyaramids such as KE!'I-ARI&.

The threadlike coupling member(104) may also comprise
eP'l'1. E. Sulures ofpolyethers such as polyethylene lerqrtha-
late (DACRON@ or MYLAR@) or polyaramids such as

KEVLAR€I or metal u'ire comprising nitinol. stainless steel

or gold may also be used for the coupling member (104). The
coupling mernber (104) niay simply extend to form a remote
pull line as will he discussed below. Allemalively, a metallic
pull line. such as one comprising stainless steel may be
coupled to a nonmetallic coupling member (104) such as one
comprising ePTFE. The coupling may be made by foldiug the
end ofthe rnetallic pull line back upon itselfto form an eyelet
and threading the cr:upling member theretluough and secur-
ing it to thc cyelct with a knot.

It is further noted that the width ofthe restraining member.
when in a flat orientation as shown in FIG. 4.A., preferably is
less tlun the diameter of the implant. Typically therestraining
member ra'idth will be less than about 40 mm (tvpically about
25-40 mm whcn the devicc is sized for thoracic aorta appli-
calions). and typically less than about I 5 mm in other appli-
cations where the lumen is smaller. The sheet of uraterial
preferably has a thickness less than 0.010 inch (0.254 rnm)
and more prel'erably less than 0.005 inch (0.127 nm). In
addition. the lcng;th of the rcstraining member prcfcrably is
less than or equal to that ofthe implant.

Additionally, a retraction assembly may be provided to
retract the restraining member during expansion ol the
implant. so that the lenglh of the restraining member is main-
tained to be about equal to or less than that ofthe implant. The
expandable portion of the implant may undergo rninor
amounts of shortening along the axial direction due to the
expansion thereof in the radial direclion. which may lead to
an overlap o1' the restraining member at the ends of the
implant. but forthe use of someO?e ofretraction assembly in
these situations. The retraction assembly minimizes or elimi-
nates the risk ofthe restraining member extending beyond the
implant and interfering with any channel formtxl by the
implant. or any fluid flow'ing therethrough after expansion.

Referring to FIGS. 5A-5D. retraction assemblies or
rnechanisms are shoq,n. In FIG. 5A. a retraction assembly
(340) is shown including a biocompatible filament (342),
which includes a ponion that is stitched, tied or otherwise
fixed to the rcstraining member (102). as shown at an attach-
ment point (348). adjacent to one end of the restraining mem-
ber. Filament (342) is passed underneath the members form-
ing the first or end helical turn ofthe stent (126) and looped
underorotherwise slidably secured 1o a porlion ofthe strond,
third or anothcr helical tum other than thc fust helical turn
such a an apex or bend portion (344) in a second rum. The
otherendportion of filament (342) is furtirerfixed, by tying or
other means. to a portion of the stent tliat is circumferentially
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spaced from the attacbment point (348) or the apex or bend
portion (344). for example, such as an apex or bend portion
(346) of the saue helical tum. Preferably, the filament (342)
is looped through an apex portion (344) of the second helical
turn and tied to an apex portion (346) which is adjacent to the
apex portion (344) as shown in FIG. 5A.

FIG. 5A shows the stent in the compressed state. Upon
expansion ofthe stent. as mentioned above. the memberc of
the s1enl expand to effect the radi.ri expansion ol lhe ster1. as

shown in FIG. 58. Bccause rhe distance betwccn apex por-
tions (344) and (346) becomes greater upon expansion ofthe
stent. and because the filament (342) is relatively unyieldable
and inelastic, the distance between the attachment point (348)
and the apex po(ion (344) necessarily decreases. 'l'he result is
that the cnd of the restraining mcmbcr (102) is rctracted with
respect to the stent (126), as shown in FIG. 5B. Thus. the
retraction along the longirudinal axis of the restraining mem-
ber is driven by the expanding distance bet$,een adjacent
apexes of 1he stent (126) in this embodiment. Although only
one retraction mechanism is shown at one end ofthe restrain-
ilg mernber. another similarly configured and arranged
retraction mechanism may be used at the other end of the
restraining member.

FIGS. 5C and 5D show another emhodimenl lor a relrac-
tion assembly. The views of this assembly (as arethose shown
in IrlGS. 5A and 58) are taken from a location between the
generally cylindrical graft and stent looking radially out*'ard.
Ll contrast to that shown above where one end portion ofa
filament is secured to the restraining member and another to
a portion of the stent that circunferentially moves during
stenl expansion. the olher end ofthe filament is secured to a

portion of a stent that moves generally parallel to the longi-
tudinal axis ofthe stent (axially) as the stent expands. In this
ernbodiment. atleastoneapexportion (364) ofan end helix of
the stent member (126') (which diffcrs from stent (126) in that
it includes eyelets or loops which rnay be formed as shown in
the drawings) is made shorter than the rnajority of apex por-
tions (366). However, the apex portions rray be othertise
configured such as tirose shown in FIGS. 4A and 4B. A
filament (362) is tied or otherw'isc fixcd at onc end to apex
portion (364), and at the other end, to one end portion ofthe
restraining mernber (102 ). As shown in FIG. 5D. upon radial
expansion ol the stent. inwardly positioned apex portion
(364) retracts to a greatcr cxtent in the longitudinal or axial
direction than the ftrll height apex portions (366) u'hich are
shown in the last or most outwardly positioned tum of the
stert. This relative greater retraction directly translates
through filament (362) such that the end of the restraining
rnember (102) is retracted relative to apex portions (366). As
described above, another similarly constructed retraction
rnechanism rnay be provided at the other end ofthe restrain-
ing member.

Retuming to F-lG. 3. one stent-graft conslruclion that may
be used in conjunctir:n with the delivery systems disclosed
herein is shou,n. Stent-graft (106) generally includes a thin-
walled tube or graft member (124), a stent ruember (126).
w-hich can be a self-expandhg stent. and a ribbon or tape
nrember (128) fbr coupling the stent (126) and grafl (124)
rnembers together. Thc stcnl (126) and graft (124) members
may be heat bonded together, thus sealing in portions ofthe
stenl member (126) that are between the tape member (128)
and the graft member (124). The mechanical properties ofthe
slenl-graft (106) may be cuslomized, lbr example, through
materials selection. by varying thc structual pattern of thc
stent member, varying the thickness of the tape (128) and
graft (124) members. and varyirig the pattem *'ith which the
tape member contacts the stent and graft rrernbers.

5

10

1_s

20

25

3t)

35

40

45

50

55

6o

65



us 7,682,380 82
11

As show-n in FIG. 1A. the tape member (128) rnay cover
only a portion of the stent mernber (126) as it follows the
helical turns of the undulating stent mernber. With this con-
slruclion. regions of the slent member do not interfirce with
the tape member when the stent-graft is in an uncompressed
state, for example. This is believed to advantageously reduce
shear stresses between the stent rnember (126) arid the tape
member (128) *,hen the stent-graft undergoes bending or
cornpressior.r. thereby reducing the risk of tearing the graft
(124) or tape (128) members or causing delamination
between the stent (126) and graft (124) rnembers.

The tape member (128) also preferably has a generally
broad or flat sruface for interfacing u,ith the stent (126) and
gralt (124) members as conrpared 1o fllamenl or thread-like
structures such as suturcs. This incrcascs potential bonding
surface area between the tape member (128) and the graft
rnember (124) to enhance the structural integriry ofthe stent-
grall. The increased bonding surface area also facilitates
minimizing the thickness of the tape nrember (128). It has
bccn found that a tape mcmber in the fonl ofa gcncrally flat
ribbon as shown in the drawings provides desired results.

Thpe members having w.idths of 0.025. 0.050 and 0.075
inches applied to a stent merDberhaving a peak-to-peali undu-
lation amplitude olaboul 0.075 inch are believed 1o provide
suitable results. However. it has been found that as the tape
member band width increases. the stenl-graft flexibility gen-
erally is diminished.It is believedthat a tape member*idthof
about one-fourth to tluee-fourths the amplitude of the stent
member undulations, measured peak-to-peak. may be pre-
ferred (may be more preferably about one-third to t$'o-thirds
that arnplitude) to optimize flexibility. It also has been found
that by positioning one of the lateral rnargins of the tape
mernber adjacent to the apexes, the tape member u'idth may
be reduced without significantly sacrificing apex securement.
Varyfurg the rvidth ofthe tapc mcmber (e.g.. varying width of
the tape along the length ofthe stent graft) can also result in
the adjustment of other structural properties. Increasing the
width can also potentiaily increase the radial stiflness and the
bursl pressure and decrease the porosity of the device.
Increasing band width can also diminish graft member wrin-
kling betneen coupling member turns. A number of tape
rnembers having different widths can be applied to a stent
member. e.g., a lirsl tape member having a first width and a
second tape mernber having a second width differcnt frorn the
first width can be utilized.

The tape member (or separate pieces thereof) also may
surround the teminal eud portions of the stent-graft to secure
the tenninal portions ofthe grall memberto the slent member.

FIGS. 6Aand 68 illustrate lurtherstent-graft constnrctions
that may be used with the delivery systems described herein.
Referring to FIG. 6A'. stent-graft (200) is the sane as stert-
graft (106) with the exception that stent-graft (200) includes
a filament that couples stent undulations in adiacenl turns.
Filament (202) is lacedorinterwovenbefw-eenundulations ol'
the stent member and acquires a helical conf guration (i.e., it
forms a secondary helix) in being laced as such. Such a

configuration is disclosed in PCT publication No. WO
95126695 (Intemational Application No. PCT,{JS95i04000)
thc cntirery ofwhich is hcrcby incorporated herein by refer-
ence. The stent-graft (300) shown in IIG. 68 is the same as

that shown in FIC. 6A with the exception that the filament
(302) is interwovel befween undulatiols in the same helical
turn of the stent member.

Tlre filaments (202,302) are of the samc construction and
nay be of any appropriate filamentary material which is
blood compatible orbiocompatible and sufficiently flexible to
allow the stent to flex and not defomr the stent upon folding.

t2
Although the linkage may be a single or multiple strand wire
(platinum. platinum./trurgsten. gold. palladium, tantalurn,
stainless stccl. ctc.). much preferrcd is the usc of polymcric
biocompatible filarnents. The flexible link may be tied-off at
either end ol'the stent-grall (200). lbr example, by wrapping
its end portion around the stent and tyitrg it offat the point at
the beginning ofthe last turn as would be apparent to one of
ordinary skill.

-A. percutaneously delivered stent-grafi mr.rst expand from a

reduced diameter necessary' for delivery, to a larger deployed
diameter. The diameters of stent-grafts obviously vary with
the size of the body luruen into which they are placed. For
instance. the steds lypically may range in size from 2.0 nln
in diameter (lbr neurological applications) to 40 mm in diarn-
ctcr (for placcrneDt in ilrc aorta). A range ofabout 2.O mrn to
6.5 mm (perhaps to 10.0 mm) is believed 1o be desirable.
Typically. expansion ratios of2:1 or nore are required. These
ste[ts are capable ofexpansion ratios ofup to 5:l for larger
diameter stents. Typical expansion ratios, for instance, typi-
cally are in the range ofabout 2:1 to about 4: 1. The thickncss
ofthe stent materials obviously varies u,ith the size (or diani-
eter) ofthe stent and the ultimate required yield strength ofthe
folded stent. These va.lues are further dependenl upon the
sclccted rnatcrials of construction. Wirc used in these varia-
Iions are typically ofstronger alloys. e.g., nitinol and stronger
spring stainless sleels. and have diameters of about 0.002
inches to 0.005 inches. For the larger stents. the appropriate
diameter ftrr the stent wire may be somewhal la4ger, e.g..
0.005 to 0.020 inches. For flat stock metallic stents. thick-
nesses of about 0.002 inches to 0.005 inches is usually suffi-
cient. For the larger stents. the appropriate thickness for the
stent fla1 stock may be someu,hal thicker e.g.. 0.005 to 0.020
inches.

Thc following examplc is providcd for purposcs of illtrs-
trating a preferred method of manufacturing a slent-graft as

show'n in FIC. 3. It sliould be noted. hou,ever. that this
exarnple is not intended to be limiting. The stent member wire
is helically wound arcund a mandrel having pins positioned
thereon so that the hclical structurc and undulalions can bc
lbrmed simultaneously. While still on the mandrel, the stent
member is heated to about 460' F. lbr about 20 minutes so that
it retains its shape. Wire sizes and rnaterials may vary w-idely
depending on the application. The lbllowing is an exarnple
constructiorl for a stent-gJaft desigicd to accornmodate a

6mm diameter vessel lumen. The stent member comprises a
nitinol wire (50.8 atomic % Ni) having a diameter of about
0.007 inch. In this example case. the wire is formed to have
sinusoidal undulations. each having an amplirude measured
peak-to-pcak ofabout 0.1 00 inch and the helix is fonned with
a pitch ofabout 10 w'indings per inch. The inner diameter of
the helix (when unconstrained) is about 6.8 ml. (The fila-
ment whel used as shown in FIGS. 6,4 and 68 may have a

diameter of about 0.006 inch.)

In this example. the graft member is porous expanded
pol)'tetrafluorethylene (PTFE). while the tape member is
expanded PTFE coated with FEP The tape rnernber is in the
ftrrm of a flat ribbon (as show'n in the illustrative embodi-
ments) that is positioncd around thc stent and graft membc-r as
shown ir FIG. 3, The side of the lape member or ribbon that
is FEP coated faces the graft member to secure il to the graft
member. The intermediate stent-graft construction is healed
to allow the materials olthe tape and grafl member 1o merge
and seif-bind as u'ill bc describcd in more detail below.

The lEP-coated porous expanded PTFD fihu used to form
the tape member preferably is made by a process which
comprises the steps of:
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(a) contacling a porous PTFE film withanother layerw-hich
is preferably a fihn of FEP or alternatively of another ther-
moplastic polymer;

(b) heating the composilion obtained in step (a) to a tem-
perature above the melting point of the thermoplastic poly-
meri

(c) strelching the heated composition of step (b) wliile
maintaining the temperatue above the melting point of the
thermoplastic polymer; and

(d) cooling the product ofstcp (c).
ln addition to IEP. other thermoplastic polymers including

thermoplastic fluoropolymers may also be used to make this
coated film. The adhesive coating on the porous expanded
P'fFE film may be either continuous (non-porous) or discon-
tinuous (porous) depending primarily on thc amount ald ratc
of stretching. the temperature during stretching, and the
thickness ofthe adhesive prior to stretching.

In constructing this example. the thin wall expanded PTFE
grall was of about 0.1 mm (0.004 in) thickness and had a

dcnsity of about 0.5 g/cc. Thc nricrostructurc of the porous
expanded PTFE contained fibrils ofabout 25 micron length.
A 3 cm length of this graft material u,as placed on a mandrel
the same diarleter as the iruer diameter of the graft. The
nitinol stent menrber having about a 3 cm lenglh was then
carefully fitted over the center of the thin wall graft.

The stent-rnember was then provided with a tape coupling
ruember courprised of the FEP coated film as described
above. The tape rnember was helically wrapped around the
exterior surlace of the stent-member as sho*'n in FIG. 3. The
tape rnember was oriented so that its FEP-coatcd side faccd
inward and contacted the exterior surface of the stent-mem-
ber. This tape surface was exposed to the outw'ard facing
surface of the tliin wa1l gJaft rnernber exposed through the
openings in the stent member. The uniaxially-oriented librils
of the microstructure of the hclically-wrapped ribbon ra'ere

helically-oriented about the exterior stent surface.
The mandrel assembly was placed into an oven set at 315n

C. for a period of 15 rninutes after which the fihn-rn'rapped
mandrel r*'as removed from the oven and allowed to cool.
Following cooling to approxirnatcly ambient tcmpcrarure, the
rnandrel w'as removed from the resultant stent-graft. The
amount of heat applied was adequate to melt the FEP-coating
on the porous expanded PTFF) Iilm and thereby oause the grafl
and couplingmcmbers to adhcreto each othcr. Thus, the graft
member was adhesively bonded to the inner surface of the
helically-wrapped tape member tlrrouglr the opedngs
between the adjacent w'ires of the stent member. The com-
bined thickness o[ the luminal and exterior coverings (grafl
and tape members) and the stent rnember was about 0.4 mm.

AlthougJr the delivery systerns have been described with
reference to the stent-graft examples illustrated in the draw-
ings, it should be understood that it can be used in conjunction
with other devices. s1en1s or slent-gTalts having constructions
difl'erent than those shown. For example, delivery systems
described herein may be used in conjunction with bifurcated
stents or stent-grafts as w-i1l be described in detail below'. In
addition. althougJr a self-expanding stent-graft has been
described" balloon expanding stent-grafts also rnay be used in
conjunction with the delivcry systems dcscribed herein.
These stent-grafts require a balloon 1o expand them into their
expanded state as opposed to the spring energy stored in a

collap sed self-expanding stent.
Referring to FIGS. 7-A-C. one slip knot configuralion that

may be used in conju.nction with the tlread-likc coupling
mernber (104) u,ill be described. The restraining member
(102) is shown without an implant positioned therein for
purposes of simplification. FIG. 7A illustrates the slip knot in

t4
a prerelease or predeployment state. The series ofknots are
generally fl ush with the restraining member (102) surface and
add very little profile to thc constmct rx,hich is preferred
during implant delivery. FIG. 78 shows the assembly ofFIG.
7A wirh the thread-like coupling member (104) loosened to
illustrate how the chain knots (130) may be fonned. FIG. 7C
diagrammatically represents release of the assembly of FIG.
7 A or 78. The illustrated stitch is releasable by pulling one
end of the line that results in releasing of the cylindrical or
rubu1ar restraining member and then deployment of the
device. This particular stitch is called a chain stitch and may
be created with a single needle and a single line. A chain stitch
is a series ofloops or slip krrots that are looped tfuough one
another such that one slip knot prevenls the next slip knot
frorn releasing. When the linc is pulled to rclcase a slip knot.
the following slip knot is then released and that releases the
next slip klot. This process continues during pulling oftire
line until the entire line is pulled out of the restraining mem-
ber.

Referring to FIGS. 7A-C. as the unknotted portior or the
lead (132) ofthetlreadJike couplingmember (104) is pulled.
such as in the direction shown by reference arrow (134). eacir
consecutive chain knot (132) releases the next adjacent one.
In thc prcl'crred cmbodimcnt, the chain knots (130) of thc
coupling member (104) are arranged to progressively release
the collapsed implant in a direction au'ay frorn the distal
portion of the deliver,v catheter as shown in FIG. 10A and as
will be discussed in detail below.

Referring to FIGS. 8A tluor.rgh 8F, a method for making al
assembly comprising a restraining member with a collapsed
or compressed implant therein is shown for purposes of
example. FlG. 8A shows the restrailring inember (f 02) with
ils side margins releasably coupled to one anolher and its lell
cnd dilated by a tapered mechanical dilator (402). A small
funnel (404) is then inserted into the restraining member
(102) as shown in FIGS. 8B and 8C. The small funnel (404)
and restraining member (102) are then mounted onto a pull-
ing frame (410). and a large funnel (406) is fitted into the
small funncl (404) as sho*-n in FIG. 8D. Traction or pull lincs
(408). which have been sutured to one end ofthe stent-graft.
(106) are pulled through the large funnel (406), small fumrel
(404), and restraining member (102) with a tapered mandrel
(416). As shown in IIG. 8F, the ptrll lines (408) are fastened
to a tie down post (412) localed on a tension screw (414) and
then are pulled by the tension screw (414). The stent-graft
(f06) is then pulled and collapsed sequentially through the
large (406) and sntall (404) Iunnels, and then into the restrain-
ing member (102). Once the stent-lfaft (106) has been radi-
ally collapsed i.trto the restraining member (102). which has
its side margins coupled together. the pull lines (408) can be
removed. The mandrel (416) may be inserted into the
restrained implant to facilitate introduction of another com-
ponenl. In the preferred embodiment, a multilunen catheter
(136) (FIGS. 9-11) is introduced through the center ofthe
compressed stent-graft (106) and is used to deliver the radi-
ally restrained stent-g1aft to the desired endolunena'l site.

It also is noted that the lirnnels tray be chilled to facilitate
compression of the stent whcn the stent is madc of nifinol.
That is, when the stent is made of nitinol, the funr:els may be
chilled belou,'0o C. or below the transition temperature (Mf)
w'here nitinol is in its martensitic state. In addition. the stent-
grafl could be folded first and then reduced in profile by
pulling through the {iune1 and into the restraining member.
Cooling may be accomplished by spray soaking the stenl-
graft with chilled gas such as tetrafluroethane. Micro-DustrM
dry circuit duster manufactured by MicroCare Corporation
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(Conn) provides suitable results. The spray canister prefer-
ably is held upside dorvnto dischargethe fluid as a liquid onto
the stent-graft.

.,\ method of deploying an implant will be describql *ith
reference to FIGS. 9-11. In general. an implanl may be deliv-
ered percutaleously with the delivery systems described
herein. typically through the vasculature. after hal,ing been
asseurbled in the reduced diameter fonn (see e.g. FIG. L). At
the desired delivery site, the implanl may be released lrom the
restraining mcmber thus allowingthe implant to cxpand orbe
expanded against the lumen wall at the delivery site. Although
other devices including stents or stent-grafts may be used.
such as ball:on expandable stents. the following exaurple will
be made with relerence to a sellexpanding slent-graft. which
has the ability to flrlly expand itself into its final prcdeter-
rnined geometry when unconstrained. More particularly. the
following exaniple will be made using a delivery system as

shou'n in FIGS. 1 and 7A-C aud a stent-graft constntction as

shown in I-l(i. 3.
Referring to FIGS. 9,{ and 98. an implanl dcliver,v asscm-

bly including a collapsed slent-graft (106) that is confined
w'ithin a restraining member (f 02) and. which surrounds a

distal portion of the delivery catheter (136). is shown. The
attending physician will select a device having an appropriale
size. Typically, the stent-grafi will be selected to har.e an
expanded dianreter ofup to aboul2wlo grealerlhan the diam-
eter of the lurnen at the desired deplol'ment site.

The delivery catheter preferably is a multihunen catheter.
The proximal portion ofthe catheter (136) is coupled to a hub
(140), which includcs a guidewire port (142) for a guidcwire
(142). and a deploymenl knob (f44). *hich is coupled to the
lead (132) ofthe threadJike coupling rnember (104). Accord-
ingly, u,hen the knob (144) is retracted the restraining mem-
ber (102) is released so that the stent-grali may expand. The
hub (140) also rnay includc a flushing port (146) as is con-
ventional in the art. The stent-graft (106) is held axially in
place prior to deployment by a proximal barrier (148) and
distal barrier (150) *'hich are positioned around delivery
catheter (136) adjacent 10 the proximal and distal portions.
respectively, of the restrained stcnt-graft. The proximal and
distal barriers (148. 150) may be fixedly secured to the mul-
tilumen catheter (136) to restrict any axial movement of the
restrained stenl-graft.'lhe barriers prelerably are positioned
to abul against thc stent-graft or rcstraining mcrnbcr. The lead
(132) of the coupling member (104) is passed through an
aperture (152) in the proximal barrier (148) which is fluidly
coupled to a lumen in the delivery catheter (136) so that the
coupling mernber lead (132) oan be coupled to the deploy-
mentknob (144). FIGS.9,4 and 98 show advancernent ofthe
catheter (136) and the restrained implant tlrough a vessel
(154) toward a desired site. Referring to FIGS. 10.{ and l0B.
once the restrained stent-graft reaches the desired site (156).
the deployment knob (144) is retracled scr that the slent-grali
progressively expands as shown in the drawings as the cou-
pling member (104) is removed frorn the restraining member.
The coupling member preferably is arranged to facilitate
stent-graft expansion in a direction from the distal to proximal
ends ofthe stent-grali (i.e., in a direction liom the catheter tip
to the cathctcr hub). FIGS. 1 1A and 118 show thc stent-graft
(106) and restraining member (102) in theirfinal implantation
position after the coupling member and catheter have been
removed tirerefrorn. In another embodiment. rnultiple
restraining memberc may be used as shown in Fl(i. 9C. When
the multiplc coupling membcrs (104) arc rclcascd sirnulta-
neously implant deployment titne may be redr-rced.

A method for deploying a balloon expandable stent-grall
may be the same as that described above. with the exception

16
that after the coupling member (104) has been retracted from
the eyelets (ll6). the balloon, which may be positionedinside
the stent-grafl prior to delivery'. is inflated to expald the
stenl-grafl (106) and then deflated for rer.noval througtr the
catheter (136).

According to further embodiments, multidirectional cou-
pling member release or multiple coupling rnembers rnay be
used. These confgurations may facilitate more rapid deploy-
ment of the irnplant than *'hen a single unidirectional cou-
pling mernbcr is used. FIGS. 12A-12D diagranlnatically
show multidirectional deployment of a restrained implant
where a coupling member arrangement is provided to release
the implant fn:m its rniddle portion. preferably its axial cen-
ter. oulward loward the implant ends. Although a particular
coupling mcmber conflguration is not shou'n in these dia-
gfamnatic representations. one suitable coupling confi gura -

tion is shoul in FIG. 13 wherethe leads (132) may be passed

tlrough the aperture (152) and coupled to the deployment
knob (144) as shown in FI(i. 9A and described above.

Rcferring to FIG. 12A. the rcstrained stcnt-graft. which is
positioned on the distal end portion ofdelivery catheter (136),
is advanced through a vessel (154) for deployment in an
aneurysm (158). The axial rnidpoirt of the restraining rnem-
ber (102) prelerably is positioned at the center of the aneu-

rysmal sac. As the coupling member arangement unlacing
propagates from middle of the construct toward the proximal
and distal ends ofthe restraining urember (102) and the stent-
graft (106). the stenl-graft (106) progressively expands from
its axial midportion toward its ends as shou'n in FIGS. 12B
and 12C. This may be accornplished by pulling the leads
(132) shown in FIG. 13 sinultaneously when the arrange-
ruent in that figure is used. The stent-graft size.is selected so
that u''hen the restraining member is fully released and the
stent-grafi ftrlly deployed as shown in FIG. 12D. the proximal
and distal ponions ofthe stcnt-graft arc positioncd against the
proximal ald distal necks of the aneurysm. The delivery
catheter may then be retracted.

As is apparent from the drawings. this ernbodimenl advan-
tageously allo.r's fluid florz'' througrh the aneurysmal sac lo
rcmain substantially unobstmcted during thc releasc of the
restraining member. For example. the steflt-graft ends are still
constrained at the deployment time shown in FIG. 12C where
the aneurysm neck regions are showu minimally obstrucled.
I-n addition. this simultaneous. rnultidirectional rclease of thc
restraining member advantageously reduces the time in
which fluid flow in thevessel may disturb the implant position
as it is deployed as compared to a single directional release
mechanism such as thal shown in F'IGS. 9-11.

Referring 1o FIG. 13, a multiple coupli-ng member configu-
ration is shown. The illustrated arrangement includes two
lacing configuration (151) and (153). Except for the place-
rnent ofthe lead (132) ofthread-like coupling member (104).
configuralion (153) is the mirnrr image of configuration
(151). Each ofthe lacing conligurations (151 & 153) is the
sarne as that shown in FIGS. 7A-C w-ith the exceplion that
each con-figuration (151 & 153) further includes two addi-
tional slip knots. generally desigratedu'ith reference numeral
(504), and tr.rck or loop arrangernent (506). The additional slip
knots are not intcrwoven in thc restraining mcmbcr and pro-
r.ide a delay mechanism for release of the coupling member.
as is apparenl from the drawings. when the lead (132) is
pulled in the direction ofthe arrow (134). Thtts. inadvertent
pulling of the lend (132) u,ill not immediately begin 1o release
the coripling mcmber frorn thc rcstraining mcmbcr. The tuck
arangement sirnply involves tucking tle slack from lead
(132) under stitches at various intervals as shown so that the
additional slip klots (504) may be pulled out of the u,ay fcrr
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delivery. In addition. the nrck or loop arrangement (506)
provides an additional delay mechanism forrelease ofthe slip
klots.

Bilurcated Stenl or Stent-Gra1l
Tlie fbllowing describes a modular biftrrcated stent-graft

constructed fortreating a bifurcation site within a mammalian
body. The stent-graft components generally comprise a flex-
ible graft men:ber attached to a '*'ire stent member using a
tape member according 1o the principles discussed at lenglh
abovc. Preferably the stcnt-graft componcrts arc dcsigned for
conpressed delivery and are self-expaading, in the rnanner
described above.

The modular stent-graft ofFIGS. 14A tlrough l4D gener-
ally has two principal components: a main body (700) and a

contralatcral leg (730) each gcnerally having a graft member
attached to a stent member according to the description
above. The main body (700) generzlly has a number of sec-
tions which irar.e distinct overall constructions. A distal trunk
section (708) has a single lumen structure beginning at a dislal
end (702) of the main body (700) and continuing until a

bifurcation point (728). The bifurcation point (728) is the
Iocation within the prosthesis '*,here the single lumen of the
distal trunk section (708) bifurcates into intemal two flow
lumen.

Al intemrediate section (710) begins a1 the bifurcation
point (728) and continues to the receiving hole (704). In the
intermediate section (710), the stent-graft has an intemai graft
structure u,hich is bifurcated into two lumen snrrounded by a

generally tubular, single-lumen stent structure. Finally, a
proximal section (712) is a single lumen structurc for both thc
stent menber and the graft member and iucludes an ipsilat
eral leg (726) whichtenninates atanipsilateral leg hole (706).

The graft lrember of the inlermediate section (710) bifur-
cates the single lumen distal trunk section (708) into the
ipsalatcral leg (726) and am internal femalc rccciving lumen
(703). The receiving lumen (703) terminates at a receiving
hole (704). The receiving hole (704) and receiving lumen
(703) acconunodate delivery and attachment ofthe contralat-
eral leg component (730). Prel'errably. the grali material at the
distal end (734) ofthc contralateral 1eg componcnl (730) is
scalloped as shown more clearly in FIG. 23 discussed below.

The receiving hole (704) is supported by a vvire structue
around a substantial po(ion of i1s periphery so that thereceiv-
ing holc (704) is held opcn aftcr deployment. ln a preferred
embodiment the wire strucnrre that supports the receiving
hole (704) is an independent wire ring (714).

The independent u,ire ring (714) is located in the general
area ol lhe receiving hole (704) in the intermediale seclion
(710). The independent wire ring (714) ensures that the graft
rnaterial at the receiving hole (704) is supported in an open
position to receive the distal end (734) ofthe contralateral 1eg

(730). In absence ofsuch support, the receiving hole (704)
may not reliably open alter delivery of the main body com-
ponent (700) because within the intermediate section (710)
the bifurcated graft member in the area ofthe receiving lumen
(703) does not have fulI stent support on its interior periphery.
This may be better seen in FIG. 18 which shows the absence
of arry internal stent support of flre interior pgafl periphery
(785) in thc area of thc rccciving lumen (703).

The independent wire ring (714) may be comprised of the
same materials as the other stent-graft sections discussed
above and is preferrably self-expanding. In a preferred
ernbodirnenl. the independent wire ring conrprises a single
ttrrn of an undulating wire stenl material srurounded by at
least one layer oftape which is heat bonded to the receiving
hole (704). Altematively. the independent wire ring (714)
could be formed as the last tum ofthe rnain body (700).

18
.{ radiopaque marker may be used to make the receiving

hole (704) visible during implantation. Such a marker may
include a radiopaque wire adjacent 1o the independent w.ire
t',ng(7'/4). Such markers make it easier to see the location of
the receiving hole (704) aller deployment ol'the main body
(700) within the mamrnalian body.

This constnrction ofthc intcrmediate stert section (710) as

seen in cross-section in FIG. l4C is characterized by a single-
lumen stent member and bifurcated graft member and offers
both a smaller compressed profile as well as simplified manu-
facturing over constmctions which have discrcet stented 1eg

features. The compressed profile is detennined largely by the
plrysical amount of stent and graft material present in a given
section. This colstmction eliminates the stent lluterial that
would normally supporl the inside periphery olthe bifurcated
graft scctionresulling in lcss stent materiai to compress inthat
region. As the main body component (700) is compressed for
delivery as discussed above. the cornpressed proflle is signifi-
cantly smaller than would be a structure that had a section of
bilurcaled stent over the section ofbilurcated graft.

F)ven though billrcated flow is supported. tranulacturing
is simplified because there is no bilirrcaled stent section.
Winding a bifurcated stent section in one piece. for example.
is a more complex process. Likewise. rvinding separate cylin-
drical stent structures and comecting them to forui a bifur-
cated stenl structure is complicated and ultimately may be
lcss rcliable. The intcrmcdiatc section (710) allows the entire
stent member that covers the rnain body component (700) to
be made from a single undulating w-ire arranged in multiple
helical turns. The result is a bifurcated stent-graft device
which is simple to manuf'acrure. easily compressible and
which expands rcliably upon depioyment.

An altcrnate constnrction ofthe intermediatc stent section
(710), is shown in FIG. 14D. The intemrediate sterf section
(710) has a shape characterized by the indented regions (727).
The cross-sectional shape could generally be described as a
'ligure-ti'. excepl thal the area between the bifurcated graft
mc-mber remains unsllpported at its ce[tcrmost region. This
construction is still a single lumen stent construction and
therefore rnaintains much of the benefits of reduced profile
and simplified manulacturability while providing the bifur-
cated prraft member with increased support aronnd a greater
ponion of its perimeter. Furlher. indented portions (.727)have
less of a tendency to spring outward upon application of
extemal forces.

.A,s rnentioned above. the main body component (700) and
the contralateral leg component (730) are adapted for delir.ery
in a compressed state to a bil-urcation site within a body. For
this purpose the main body cornponent (700) is preferably
equipped with a restraining member (722) constructed as
described abor.e. Likewise, the contralateral leg component
(730) has an attached restraidng mernber (732) These
restraining members are typically surured to the graft material
at intcrvals doq,'n thcir lcngth.

IIG. 15 shows an assernbled bifurcated stent-graft (740)
after deployment at a biftircation site within a bifurcatedbody
vessel alllicted wilh an aneurysm (758). Although not
intended to be so lirnitcd to any particular location, the invcn-
tive prosthesis is shown al the location where the abdominal
aortic artery (752) biflrrcates into the left iliac artery (756) and
the right iliac arterv (754). So tlrat the various features ofthe
inventive implant are more clearly sho*n. the restraining
mcmbcr is not shown in FIG. 15.

The assembled bifurcated stent-graft (740) is cornprised of
the main body component (700) and the contralateral 1eg

component (730). The distal end (734) ofthe contralateral leg
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componert (730) has been inserted into the receiving leg hole
(704) and the female receiving lumen (703) of the main body
cornponent (700).

Frlr besl results in deJrloying any stent or stent-grafl tlf
these types it is essential that they luve the appropriate struc-
tural properties such as axial stiffness, flexibility and kink-
resistance. With complicated structures. such as those
required lor treating a bifurcated sire. it is increasingly diffi-
cult to oblain the desired structural properlies because opti-
mizing onc may negativcly cffcct the other.

For instance. optimizing the globa1 axial stiffness ofa stent
or stenlgraft will necessarily make the device significantly
less flexib.le and consequently irrpair its resistalce to kinking
and lessen i1s ability to conlbrm to the natural bends ofcurves
the body's vasculalu.re. Convcrsely a dcvicc that has high
flexibilit-v with 1itt1e axial stiffness is difficult to properly
deploy and does not aid in anchoring the device in the desired
location.

With these conslraints in mind, it has been discovered that
having a biftircatcd stent-graft w'hich has scgmcnts con-
structed with varying structural properties offers improved
deployability'. is less susceptible to khking. and favorably
tends to maintain its desired position after deployment while
allowing sufficienl flexibility 1o accommodate movement bv
the body. The exact structural properties desired may depend
on the location where the prosthesis is to be deployed.

For thesereasons. .it is preferable that the bifurcated stent or
sterlt-graft be constructed with at least tw-o segments having
structLrral properties dill-erent from one another. For example.
in FIG. 14A. a length of the distal scction (708) and the
intermediate section (710) may be constructed with a higher
axial stiffness for improved deployrnent and positional sta-
bility while the proxinal section (712) may be constructed to
have higher flexibility to accornmodate the geometry of the
iliac arrery.

It may be further desirable to have a number of seglnents
that have different structuml properties. Accordingly. the
rnain body component (700) and the contralateral leg com-
ponenl (730) of tire assembled stent-pgali (740) have seg-

mcnts constructed with structual properties diffcrent from
adjacent segments. In one preferred embodirnent showt in
FIG. 15, the main body component (700) has four different
segnenls constructed with dilTerent structural properties. The
distal scgmcnt (742) is constructed to have higJicr axial stiff-
ness than the more flexible proximall-v adjacent seg$ent
(744). The proximal section (748) is constructed to have a
higher flexibility than that of its distally adjacelt segulent
(746). Likewise the contralaleral leg component (730) has an

axially stifl'er distal seguent (750) and a nore flexible proxr-
mal segment (749).

There are a number of*ays to alterthe structural properties
of stent or stent-graft components. One way of selectively
altering the structural properties ofa stenl-grall segment is to
use a lape member lbr that segment that has diIl'erent physical
dimensions. Such a tape ntentber is discussed above with
referenceto the tapemember (128) ofFIG.3. Forexamplethe
tape rnember width. thickness or spacing may be increased,
from the prelbrred dimensions discussed above. in a segment
whcrc it is desirable to havc increased or decrcascd stiffness.
For example. the use ofwider tape *'ound with closer spacing
will increase the stiffless in that area.

Another u,ay of selectively altering the structural proper-
ties ofa stent or stent-gralt segtnent is shown in FIGS. 14A
and 15. Extcnded struts (718) and (719) may bc used to
increase the axial stiffiress ofa stent-graft segment. Extended
struts are formed by extending an apex on one tum of the
undulating wire uotil it contacts an apex on an adjacent tum.

20
This contact ber*'een an extended strut and the apex of an
adjacent stent turn provides an added amount of axial stiff-
ness. In a preferred embodirnent, a layer oftape Qrot shown)
is applied around the device in a helical pallern thal covers
each ofthe apexes ofthe extended struts. This additional layer
of taping keeps the strul pairs together.

Referrirrg to FIG. 14-{. a first helical s1en1 trrn (720) and a

second helical stent tum (721) have a generally undulating
shapehaving apexes. An extended strul (718) olthe stenl tum
(720) is formed having its apex near or in contact with the
apex ofthe stent turn (721) directly below. The extended strut

Pf9) is similarly fonned by extending an apex of the stent
turn (721) directly down to contact the apex in the turn below.
'l'his pattem in continued. each time spar:ing the exlended
strut over onc undulation. This results in a hclical pattem of
extended struts down the length of the device. Of course. tire
extended struts nlay be arranged in pattems other than the
helical confi guration described.

,A nurnber of these patlems rnay be employed in arry one
scg,rncnt or thc cxtendcd strut pattem may be used in other
segnrents to increase axial sliffness. Preferably tlie distally
adjacent segneil (746) ori the main body component (700)
and the axially stiffdistal segment (750) on the contralateral
leg cornponenl are construcled with exlended stmts as shown
in FIG. 15.

.Another important aspect of the present invention is
achieving a secure position against the walls of the vessel
lumen so that the deployed position is maintained and so flrat
there is no leakage of luminal flow. Refbring riow to FIG. 15,
thc distal end (702) is sizcd to properly fit thc inside diameter
of the target artery. in this case the abdominal aortic artery.
Typically the prosthesis is designed to have an unconstrained
diameter slightly larger thal the inside ofthe target vessel.

The ipsilateral and contralateral legs of the assembled
bifrucated stcnt-graft (740) are typically thc samc size at their
distal ends (around I 3 mm for example) regardless ofthe size
ofthe distal erd (702) and undergo tapered sections (724) and
(738) that taper to a diarneter which correspolds approxi-
mately to the internal diameter of the iliac arteries. These
tapcred sections (724) and (738) are prefcrablc to abrupt
changes in diameter as they tend to produce superior flow
dynamics.

Afler deploymerll. the assembled bilirrcated slent-graft
(740) must establish sufficicnt contact with thc hcalthy vessel
lumen an each side of the aneurysrn (758) so that the device
does not migrate or dislodge when subjected to the relatively
high fluid pressures and flow rates encountered in such a

rnajorartery, especially u'hen the body again becomes mobile
after recovery. Flrther. sulhcient contact rnust be made so

that there is no leakage at the distal end (702), the ipsilateral
leg hole (706) or the proximal end (736) ofthe contralateral
l"g.

.{nchonng or slaying leatures that allow the slenl or stent-
graft exterior to anchor itselfto the vessel lunien wall may be
provided to lrc1p the device seal to the vessel wall and main-
tain its deployed position. For example. anchors (716) as seen

in FIGS. 14A and L5 are provided on the main body compo-
nent (700) and could also be provided on the contralateral leg
componcnt (730). Preferably the top stent portion (711') is
directed angularly outward. This flared stenl portion works to
force the anchors (716) inlo the vessel wall as the top stent
portion (717) expands under force into radial interference
with the vessel u,all upon deployment.

A prcfcrred constmction for an anchor (716) is shown in
IIG. 17. This construction involves extending two wires from
the r.rpper stent turn (762) under an apex ofan adjacent lower
steut turn (764). The two ends ofstent wires (760 and 761) are
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then bent out and a.*ay from the graft material (768).
Extended struts (771) are fonried adjacent to each anchor in
the rnarurer described above except the extended struts extend
under the adjacent low-er stent tum (764) down to a third slent
turn (765). This extended strut afiangement provides support
for lhe anchors (716) and provides for low stresses in the
wires (760 and 761) under the application ofbending forces
encountered as the prosthesis expands into the vessel wall.
'lhe exlended struts (771) minimize lhe localized defrirma-
tion of the stent-graft structure in the arca of the anchors by
providing broader support.

Another construction of the anchors (716') are show'n in
FIG. f6. ,4n anchor (716') is formed in the same nlarner
except the ends ofthe anchor remain connected in a 'tJ -shape'
configuration as shown. Al anchor (716') may bc fomred at
any location on the stent-graft. Most preferably, the anchors
are formed in an evenly spaced pattem aroturd the top stert
portion (717) (FIG. 14-A.).

ll should be apparent thal the anchors as described above
arc not limited irl use to the stcnt-graft combination shown in
the figures but indeed could be used in any non-bifurcated or
stent only construction that require sirnilar functionality.

Sealing at the vessel wall may also be enhanced by the
ahernate construction shown in t'lc. 17 by way of a sealing
mechanism. A sealing rnechanism can be used w-ith any type
of irnplant. including any of the implants discussed above.
For purposes ofillustration. the sealing rueclunisru is show-u
with reference to the bifurcated implanl of FIG. 14 and com-
prises seal member (772) as seen indetail in FIGS. 16 and 17.
Thc scaling mechanism dcscribed below canbe used with any
ofthe implants discussed above.

One preferred construction for seal rlember (772) in the
variations shown in FIGS. 16 and 17 may be similar to the
pref-erred construction for the tape member used in construct-
ing the stent-grall mbular mcmbcr, as is provided in rcferencc
to FIG. I and FIG. 3 above.

In general. a thin walIed ePTFE tape is used for seal mem-
ber (772) similarly as that for tape member (128), shown
variously in tlre previous figures. The tape used for seal mem-
bcr (172) is adhcrcd to the outcr surface of the stent-graft,
including over tape member (128), described prwiously for
bonding the stent and graft mernbers. Seal urember (772) has

an innersurfaceconstructedofa similarmaterial loreitherthe
outcr surface ofthe tape member (128) or the ourer surface of
the graft-member (124). depending upon which surface the
seal mernber is desirably adhered.

First cuffend (767) is bonded to the stent-graft outer sur-
face and second culfend (769) is not. in order kr lorm the
unadhered flange to fturction as a one-way valve against peri-
stent-graft flow. Seal member (772) l:nay be seleclively
adhered along its length in this manner by providing a vari-
able irurer surface to the seal member such that, upon heating,
only the surface in the region offirst cuffend (767) bonds to
the outer surlace ofthe stent-graft. For example. the inner
surface of seal member (112) may have an FEP liner in the
region of fust cuffend (767) but not in the region of second
cuffend (769). In this case, upon contacting an outer surface
ofthe stent-grali that has a uniform FEP outer surlace, only
first cuffend (767) may bc heat securcd thereon.

Altematively, seal member (772) may have a uniform imer
surface. such as constructed of FEP. and a variable outer
surface, such as w'ith a selective portion of FEP. may be
pruvided either on the lape member (128) or on the grafl
mcrnber (124) in thc region wherc the hcat bonding of seal

member (712) ts desired. Still further, seal member (772) may
have a uniform surface and may be positioned over tape
rnember (128) and graft member (124) so that variabilit-v
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betu'een the outer surfaces oftape rnember (128) and graft
member (124) causes a selective bonding with the fust cuff
end (767) over ore ofthose surfaces.

Further to lhe constmction of seal memher (772). the par-
ticular wall thickness of the tape which may be used fbr this
component should desirably be as thin as possible to func-
tionally provide the flange-one-way-valve function for that
nrenrber. This is because. since seal rnember (772) is over the
outer surface of the other stent and graft components ol the
stent-graft. seal membcr (772) is bclieved to bc thc profile-
limiting feanrre of the overall assembly. Therefore. in a par-
ticular design" seal member (772) nay desirably be a thirurer
wall thaa forthetape rnemberused to construct the sterit-graft
described in relerence to F'IGS. I and 3.

Further rcfcrring to thc parlicular constructions iurd rclatcd
methods just described for adhering seal member (772) to the
outer surface ofthe underlying stent-graft. it should be appar-
ent to one of ordinary skill inthe art that the desired construc-
tion and heat securing lechnique ftrr seal member (772) is
prcmiscd upon thc theory that, whcre one polymer meets a

like polyrner (such as FEP rneeting FEP). heating under
proper conditions will allow for a selected heat bond. The
present invention. how'ever. should not be construed as lim-
ited to these particularly described conditior.rs. bu1 instead
should be considered to morebroadly encompass any suitable
means for securing a seal member to the outer surface of a

g.iven tubular member. as would be apparent to one of ordi-
nary skill. and as is provided previously with reference to
FIGS. 16 and 17.

Further thcrc is a ph.rrality of circumferential stmt spaccs

betvn een the struts ofttre slent member. It is believed that these
spaces may provide a path for leakage flow around the outer
surface of the graft member and along the outside of the
stenl-graft. Second cufl end (769). however captures such
leakage flow beneath its flange. which can not propagate
along the outer surface olthe stent-graIl because first cuffend
(767) is secured to the outer surface ofthat stent-graft. ID
other words. flow over the stent-grafl and into an aneurysm is
occluded.

Furthermore, when apcr stmt (716) is anchorcd into the
wa1l of abdominal aortic artery as shown in FIC. 15, it has
been observed that the portion of main body component (700)
at and adjacent to the apex strul (716) may be lirrced away
from the artery 1&a11. This action causes a separalion befween
the outer surface of main body (700) and the anery wall.
which separation is believedto create a leakage flow path. The
flauge ofseal member (772) captues that flow-and occludes
il lrom propagating into the aneurysrn (758).

In addition to maintaining a good contact with the vessel
lumen walls, the components of the stent-gtraft must make
sumcient contact with each other such that the separate mod-
ules stay attached ald do not leak at their engagement inter-
face. The inventive stent-grafl shown in FIG. f8 illustrales
several important features designed to effectuale a leak-fiee
and positionally stable seal at the interface between the
receiving lurnen (703 ) of tlie main body component (700) and
contralateral leg component (730).

FIG. 18 shows a partial cross-section of the assernbled
stcnl-graft. The contralateral leg component (730) has been
inserted inlo the receiving lumen (703) of the main body
componellt (700). This cross-sectional view shows clearly
that the main body component (700) includes a main body
grali mernber (780) and a main body stent member (7t12). The
contralateral lcg componcnt (730) includes a contralateral
graft member (784) and a contralateral stent rnember (786).

^4t the interface between the contralateral leg cornponent
(730) and the receivilg lumen (703). the assembly provides
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for an extending sealing region (790). Preferably the
extended sealing region (790) consists ofa generally cylin-
drical interfering friction fit between the outside diameter of
the conlialateral leg componenl (730) and the inside diameter
ofthe receiving lumen (703). That is, the natural or resting
outside diameter ofthe selfexpanding contralateral leg com-
ponent (730) would be larger than the natural inside diarneter
ofthe receiving lumer (703). Thus the forces created by the
inlerlerence acl to seal the two components and also serve to
resist rnovement of the two cotnponents.

The type ofgenerally cylindrical extended sealing region
just described has many advantages. First. it allows for the
stent and graft structues in ilre extended sealing region (790)
to be construcled of relatively simple generally cylindrical
elcmcnts that arc casily manufactured. Bccause thc cxtcndcd
sealing region (790) extends over a large length it necessarily
has a large surface area to effectuate sealing between the
conlponents. This larger sealing area typically provides that
multiple turns of the stent structures will be engaged in an
intcrfering and thus sealing rclationship.

In one preferred embodiment. the extended sealing region
has a length in excess of one-half of the diameter of the
receiving iumen (703), more preferably the length is greater
that the diameter of the rsceiving lumen (703). and most
preferably the length is more than 2 tilnes the diameter of the
receiving lunen (703).

Because the manufacturing tolerances of the simplified
shapes are easily controlled and because the engagement of
the extended sealing region (790) is quite large. a higlly
reliablc joint is formcd bctw'ccn the modular components.
Even so it may be desirable to create one or more localized
zones ofincreased interference to increase the sealing capa-
bility and positional stability.

Localized zones ofinterlbrence may be created ina nurnber
of w'ays. In a prefcrred ernbodiment. an annular ring of
decreased diameter is formed within the receiving lumen.
Such a localized decreased diameter causes a greater i[ter-
ference with the outside diarneter of the contralateral leg
conpoDent i-n a localized area while the remainder of the
engagcment with the receiving lumen is subjcct to thc gcneral
interference friction fit described above.

One way of creating a localized decreased diameter is
illuslrated in FI(i. 20 whiclr shows a partial cross-seclion of
the cxtcnded sealing region (790). A zonc of reduced diam-
eter (799) is created by placing an anchoring ring (798)
between the graft member (780) and the stent member (782)
of the receivirg lumen (703). The anchoring ring may be
made lrom any polymeric or wire rnaterial, preferably a mate-
rial that will not inhibit the receiving ltrrnen liom sell'-expand-
ing to an open position. Most preferably the material is a

suture material. typically ePTFE.
Altemately'. localized zones of decreased diameter may be

created as shown in FIGS.21 and22by lblding a portion of
the prralt member (780) back up into the receiving lumen
(703). In FIG. 21, the zone of reduced diameter (806) is
fonned by creating a folded flap (808) ofthe graft material
(780) around ananchoring ring (802). The flap is heat bonded
in place roughly at a location (804) as shown. In FIG. 22. the
zonc ofreduccd diarnetcr (809) is fomrcd offlap (808) and
heat bonded roughly at a location (807) in a similar rnanner
but w'ithout any anchoring ring. The localized interference
using these methods tends to cover a .larger area and the flap
(808) provides a more flexible member to seal against the
ontside diamctcr ofthe contralaterai lcg component (730).

One further aspect of ensuring a good seal between the
stent-graft components involves the use ofa scalloped stent-
graft construction at the distal end of 1he contralateral leg
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component (810). To create this scalloped construction. the
graft material between the apexes of the stent rnember is
removed on the last tum of the stent. For example scallop
(tll2) rray be formed by renroving (rr cutting and folding
under) the graft material liom between a fkst apex (814) and
an adjacent apex (816).

The advantage ofusing a scalloped arrangement are illus-
trated in FIGS. 24A through 25B. FIG. 24A shows a cross-
seclion of the fi,rlly expanded contralateral leg component
(730) having an unscalloped construction. A first apcx (822)
and an adjacent apex (824) have continuous graft material
(784) in the area between them. When the apex (822) and the
adjacent apex (824) are forced together in the directions ofthe
arrows (820). the grali malerial (784) forms a buckle or
wrinklc (818) which is a potential leak path or is a potential
site for thrombogenic material to build up as seeu in FIG.
24B. The scalloped constmction show-n ir FIGS. 25A and
25B. on the other hand. have no graft material between the
first apex (t114) and the adiacenl apex (t116) and therefore
whcn forced together do not form a graft material wrinklc.

The wrinkle (818). mentioned above may also be formed
wten the stent-graft is not allowed to expand to its complete
diameter. For instance it is quite conxnon that the receiving
lumen orvessel wall intemal diameteris smallerthanthe fully
expanded stent-graft outer diameter. This being the case, it
should be clear that the scalloped construction may alter-
nately be used at any of tire temrinal openilgs of the mail
body component or the contralateral leg componenl. Prefer-
rably, the distal end (702) of the main body component (700)
also has this scalloped constructior as show'n in FIGS. 14A
and l4B.

In the previous discussion we have referred generally to a

stent-graft that includes a graft nernber. While the construc-
tion ofsuch straight stent grafts are discussed at length above.
thc construction of a bifurcated graft mcmber is illustrated in
IiGS. 26. 27A and 27B. A bifurcated graft member suitable
for construction ofthe main body component (700) discussed
above is generally fonned of two graft rnembers: the ipsilat-
eral tapered graft (840) and the contralateral tapered gral1
(842). The separate contralatcral leg graft componcnt (844) is
a straight or tapered section and may be fomed according to
the principles discussed.

The ipsilaleral tapered grafl (840) has three sections which
arc separated by tapers. A top section (846). a middle section
(848), and a bottom section (850). The body component graft
(854) is formed by heat bonding the top section (8a6) of
ipsilateral tapered graft (840) to the top section (847) of
r:ontralateral tapered grafl (842).'l'his heat bonding forms a

corrunon septum (856) which in a pretbrred embodirnent is
subsequently cut away to produce a smooth bifurcation. Cut-
ting aw'ay the septurn material prevents fluid flow disturbance
or blockage that could result from deviation of the septum.
Such deviation is caused by the fluid pressure and is aggra-
vated if the stent-grali is radially compressed in a manner
which causes the septum to become loose or no longer taut.

Iu another ernbodiment. a graft section may be constructed
in the manner illustrated in FIGS .27 -\and27B. According to
this embodiment, the body component graft (867) is con-
stmcted fron two pieccs. A tubular graft section (860) is bent
into a 'U-shape'. A top hole (864) is formed by notching the
top ofthe 'U-shape'Upper graft section (862) is placed over
the top hole (864) of tubular graft section (860). The two
pieces are bonded together al the bonding interlace (866).
Preferably, the two graft pieces arc hcat bondcd whilc sup-
ported by inlerior mandrels (not show'n) to obtain the desired
shape and smooth interior. However. upper graft section (862)
may be attached to the tubular graft sectron (860) at the bond
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interface (866) in any manner that provides a sufficiently leak
free seal. For example the components may be sutured
together or adhesive bonded.

In use. the modular bifurcated stent-graft is typically deliv-
ered percutaneously through the vasculature of the body.
Prelbrably the prosthesis is delivered by way ofa restraining
rnembcr as described in detail abovc. FIGS. 28A thouglr 28E
diagrammatically illustrate deployment of a bifurcated stent-
graft with a restraining mernber (902) using a percutaneously
catheter assembly. Referring to FI(i. 28A. a multilunen cath-
cter assembly (928) has been insertcd to a selected sitc *'ithin
a body lumen. The main body component (700) of a bifur-
cated stent-graft is held in a compressed state about a

guidew.ire (926) and a guidewire lumen (929) by a restraining
member (902) and a coupling member (906). 'l'he collapsed
rnain body componcnt (700) is hcld axially in placc prior to
deployment by a distal barrier (930) and a proximal barrier
(932). The disul (930) and proximal (932) barriers are typi-
cally affixed to the guidewire lumen (929). The coupling
member (906) extends through the eyelets (920) of the
rcstraining mcmbcr (902) forming chain knots and into the
multilumen catheter (928).

FIG. 28A sho*'s advancement of the multilumen catheter
(928) with the distally located main body component (700)
and the restraining member (902) into irnplantation position,
typically at the bifurcation of a major vessel. During deploy-
ment it is critical that the surgeon aligp the main body com-
ponent (700) so that the ipsilateral leg (726) will extend down
one branch ofthe bifurcated vessel. and so the receiving hole
(704) and the receiving lumen (703) will be lined up with the
other branch of the bifurcated vessel so as to receive the
contralateral leg conponent (730).

One wav of facilirating this alignmcnt is to providc radio-
paque markers so that the surgeon may readily determine the
rotational position ofthe main body component (700) prior to
deployment or release from the restrainiug member (902). In
a preferred er.nbodiment, a krng marker (934) is looated on the
contralateral sidc ofthe comprcssed assembly and a shorter
marker (936) is placed onthe ipsilateral side. Preferably these
markers are placed on the stent prior to compression bul may
alternatively be part of the restraining member. Having one
marker of a diflbrent length allows flre surgeon to identily the
orientation ofboth the ipsilateral leg and the receiving lumen
relative to the bifurcated vessel.

Once the assembly is properly aligned and positioned for
implantation, the coupling rnember (906) is pulled and the
restraining member (902) begins to release the implant. typi-
cally at the distal end fust. In the preferred embodiment. the
restraining mcmbcr (902) is located down the side as shown
because it is less likely to interfere with deployment of the
receiving lumen (703).

FIG. 28B shows the rnain body component (700) radially
expanding as the coupling member (906) is retracted tluough
the eyelets (920) of the restraining member (902) and into the
catheter assembly (928). ln the preferred embodiment, the
restraining member (902) has been lixedly attached to the
main body componenl (700) wilh a number of sulures along
thc leng;th of the rnain body componcnt to prevent any relative
longitudinal movement betu,een the implanted prosthesis and
il1s 1gs{raining member (902). The restraijing member may
optionally employ a retracting or pull-down mechanisrn as

described at length above.

FIG. 28C shows thc rnain body component (700) and the
restraining member (902) in final implantation position at the
vessel bifurcation after the guidewire (926) and the catheter
assembly (928) have been retracted.
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FIG. 28D shou's the contralateral leg cornponent (730)
being delivered to the contralateral receiving hole using a
restraining member (942). The procedure for positioning and
releasing the contralateral leg component (730) is the same as

s that described above lbr implantation ol'a generally cylindri-
cal stent-graft except that certain radiopaque markers may be
employed to ensure its proper posilion relative to the bifur-
cation point (728) ofrnain body component (700).

Radiopaque markers may be located. for example. to indi-
1r) cate the position of thc receiving bolc (704), the distal end

(734) ofthe contralateral leg component (730), and the bifur-
cation point (728) of the main body component (700). These
markers serve to indicate the position ofthe contralateral leg
component as i1 enters the receiving hole (704) and its ulti-

1s matc position rclativc to the rccciving huncn (703) which
begins at bifurcation point (728';.In a preferred embodiment
illustrated in FIG. 19. the radiopaque w'ires (794) may be heat
bonded or imbedded into the graff material (780) around the
periphery of the receiving lumen. Such radiopaclue wires

:o could be used in othcr places such as the contralatcral leg
component lumen, the ipsilateral leg lumen or the lumen at
the distal end ofthe main body conponent (700).

FIG. 28E shows the assembled bifurcated stent-graft in its
final implantation stale wilh the contralaleral leg componenl

:s expanded into and engaged *.ith the receir,'ing lumen of the
main body component (700).

FIGS. 29A tlrough 29D diagranunatically show the same
stent or stent-graft componerts being deployed except that
the restraining member (902) is released liom the center out

:o tow-ards as the corlpling member (906) is retracted. This uray
provide more accurate placement relative to the bifurcation
point ofthe vessel instead ofrelative to the distal end as with
end release.

While this invention has been described w'ith reference to
15 illustrative embodimcnts. this description is not intendcd to

be construed in a limiting sense. \'arious modifications and
combinations ofthe illustrative enbodiments. as well as other
embodiments of the invention will be apparent to persons
skilled in the art upon rel-erence to the description. It is there-

+o forc intcnded that thc appended claims cncompass any such
rnodifi cations or embodiments.

The invention clairned is:

I. Al irnplantable endoluminal prosthesis adapted for
,. placemenl within a brily. comprising:'- a stent member having an outer surface when said stent

member is in an expanded configuration:
a graft member;
a first tape member having a first width and a second tape

50 member having a second width different from said first
widlh;

said first tape mernber covering only a portion ofsaid outer
surface of said stent member:

said second tape member covering only a portion of said

55 outer surface of said stent menberl
at least one of said first tape member and said second tape

member being bonded to said gratt member and secur-
ing the stent rncmber and graft member together.

2. The endoluminal prosthesis of clairn 1. fluther compris-
oo ing at least a first segnrent and a second segment which have

a diffbrent axial srilliress.
3. The endoluminal prosthesis of claim l. in u,hich at least

one of said first tape rnember and said second tape mernber
has a varying thickness along a tape member length.

65 4. The endoluminal prosthesis of claim f. in which said
stenl member has a first stent segment and a second stent
sepment *1ich have a differelt structural prcperty.
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5. The endoluminal prosthesis of claim 4, in which said 16. The endoluminal prosthesis of clairn 10, in which said
graft member has a first graft portion and a second graft prosthesishasamainbodycomponentandacontralateralleg
portion with a different structural property. conlponent.

6. The endoluminal prosthesis of claim f . in which said 17. The endoluminal prosthesis of claim 16, in which the
prosthesis has a first segment and a second segment which s main body component has a higher axial stiffness than the
have a different flexibilitv. contralateral leg component.

7. The endoluminal prosthesis of claim f . in which said 18. The endoluminal prosthesis of claim 16, in which the
prosthesis has a rnain body comporert and a contralateral leg contralateral leg component has a greater flexibility than the
component. main body component.

8. The endoluminal prosthcsis of claim T. in u'hich the lu 19. The endolu,ri'al prosthesis ofclaim 10, in which said
main body component has a higher axial stiffness than the firsl tape member an<t said second tape mernber are each
contralateral leg component. bondcd to said pnaft mcmbcr.

9. The endolurninal prosthesis of clairn 7, in '*tich the 20. An implintable e.doluminal prosthesis adapted for
contralaterul leg component has a greater flexibility than the pu."*"rrt 

"riit 
in a body, comprising:

mainbodycomponcnt 
L^^:^ ^^.^--;^:-^. 

l5 
astentrnemberlravingalirststentnernbersegnrentwitha

I 0. .A.n endolurninal prosthes is. conrprisiLrg:
a stent member having an ouler surface w'hen said stent ::ft?ffiJJloascc()nostentmernocrsegnrenrna'rng

menber is in an expanded configurationl
a grati member having a generally tubular shape when said ' 

g'-'-fl-,"T!y-having a first grali nrember portion and a
- ..-- . second grafl rneurber portion:cnoolumlnal prostncs,s ts ln salo cxpanoco conngura- lo

tion; - said first tape meuber luving a first width and covering

saidstentrnemberandsaidgJ.aftmembergenerallycoaxial only a portion tlf said outer surlace of said fircl stent

to one another when said stent is iI said extended con- member segmcnt. said fusr tapc mcmber beilg bonded

figurati.n; to said first graft memberportion and securing the first

a first tape member having a first width and a second tape ts stent member segrnent and said fust graft member por-

rnember having a second width different from said first tron logetneri

widthl said second tape member having a second width and cov-

said fust tape member helically configured about an axial ering only a portion ofsaid outer surl'ace ofsaid second

lengthofsaidgraftmemberwhensaidgraftmemberisin stent member segment. said second tape member being

saiJexpandedlonfiguration. and said-fust tape member :o bonded to said sccond graft mcmbcr portion and sccur-

covering a portion of said outer surface of said stent ing the second stent member segfnent and said second

,ll"orbei 
^rd 

securing said stent member and said graft graft member portion together;

mernber together; said second width different from said first width.

said second tape menber covering a portion of said outer 21. An implantable endoluminal prosthesis adapted lbr
surface of said stenl member. :s placement within a body. comprising:

11. The endoluminal prosthesis of claim 10. further com- a slenl member having an expandable and expanded con-
prisingafustsegmenthavhgsaidfirsttapememberandafust flguratiou said stent membcr having an outer surface
axial stiffness and a second seBrnent having said second tape when in said expanded configuration;
member and a secord axial slifthess which is difl'ererit tiom a graft membel
said first axial stiffness' 40 said stent member comprising a first stent segment and a

12. The endolurninal prosthesis ofclaim 10. in which at second stent seg,lentt
least one of said first tape n1en1ber and said second tape a first tape member having a first w-idth and covering a
menrber has a varying thickless' portion ofan outer surface ofsaid lirst stent segmenl ;nd

13. The endoluminal prosthcsis of claim 10. in'rvhich said l"",,.iog the first stcnt segmenr and the g6aft menbcr
stent member has a flrst stent portion with a structural prop- 4s i"g"ih;
eny different from a second slent portion.

14. The endoluminal prosrhesis of claim 13. ill which said ' t:-"li,t^Tt^:'^tt:ber having a second width and covering

grafl member has a firsigralr porrion wirh a slrucrural prJf ;:fft' 
of an outer surface of said second stent seg-

erty different liom a second grati ponion. l:-"'
i5. The endoluminal prosthesis of claim 10. ftlrther corn- so said outer surface of said stent member comprising a por-

prising a fint segment having said first rapememberand a first tion tiee of cover by said fim1 tape member;

nexiUility and a second segnenl having said second tape said second w-idth different from said first width.

member and a second flexibilily which is differenl lrom said
firstflexibility. * * * * +




