;) *+, e3eQIKIN. Ol @QTQ 19 S E P 2002 BI FURCATED STENT W TH | MP 5[§ ?IEIP?UUZ
BRANCH APERTURE AND METHOD OF MAKI NG SAME Field of the Invention Th

. present invention relates to stents, and nore particularly to bifurcated
stents and met hods of making blfurcat ed stents for inserti

branching vessel. Background of the Inyention Stents are \“mllmmmmmmm t he
art. They are typically forned of a cylindrical nmetal mesh sLan expand
when pressure is internally applied. Alternatively, they can be f%r med of
wire wapped into a c Ilndrlcal #e or sheets of rraterlal forrred into a

cylindrical shaPB& @W RITRES wi t hi n
force col | apsi ng,

bodily conduits |nclud|ng th
partially occluded, weakened, or abnornally dil ated sections of the bl ood

vessel . glegtds & igehqéeeggg& successfully inplanted in other areas, e.g.,
the urin or € brle duct to reinforce such bodily conduits. U S
Patent No. 4, 994, BZéselNocGiegod Jortlirsdlares cansexpasdabhe, mbié urcati ng scent
having a main cylindrical lattice fornmed frominterconnected flexible wire.
Two addi tHaomzlcudpkil pdr e clad fdxetatiesk seengsi agdsmakheds dpfinealerng t han the main
| attice, are simlarly constructed. The main lattice jincludes flexible
wire |ntéﬁéﬂﬁﬁééﬁﬁnﬁt?%%ﬁrﬁﬂ§1HQﬁﬁﬁQﬁ?ntUléﬁénoF Pﬁ%n%E&ﬁQ|Yﬁﬁﬂ attices. A
second flexible wire interconnects the 19 SEP 2002 -2 main lattice to
the other additional lattice. The flexible wires form backbones that extend
axially %F&#ﬁ:.‘:bﬁdl @ﬂ%ﬁb ofnddig iRl N lattice and al ong each of the

addi ti ona attices. e di sadvantage of this bifurcating stent is the
conpl ex nat ur stefit$ hare nielrlc kmeset iianthe ahe.f | eyl Eren tygsi dadiliyl figrinké
backbones with the | oop structure of each lattice. Summary of the Invention
The preseft ai AYERREBICTbIMAtR ] Mesd whichbt fan exBrN MUY FFeFSEReifrior art

by prOVIdntgr £f§C§§p ie E”ﬂA g%@%atlgggy, tﬁey can be formed of wire

wrapped into a cylindrical shape or sheets of material formed
into a cylindrical shape.

Stents are devices which are usually implanted within bodily
conduits including the vascular system to reinforce collapsing,
partially occluded, weakened, or abnormally dilated sections of
the blood vessel. Stents also pave been successfully implanted
in other areas, e.g., the urinary tract or the bile duct to
reinforce such bodily conduits.

U.S. Patent No. 4,994,071 (MacGregor) discloses an
expandable, bifurcating stent having a main cylindrical lattice
formed from interconnected flexible wire. Two additional
cylindrical lattices, having smaller diameters than the main
lattice, are similarly constructed. The main lattice includes a
flexible wire interconnecting the main lattice to one of the

additional lattices. A second flexible wire interconnects the
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fabricating and deploying bifurcated stents having a stem portion ang gﬁ?zmz
| eg portions. In a first enbodi nent of the invention., a bifurcated ?

. is made by providing three sheets patterned to a desired pattern, wherein
two sheets are substantially the sane size and the third sheet is w der

than either of the first two sheets. Each of the sheets is forned into

tubes by turning up the longitudinal edges and formng a joint by welding.
The | arger sheet fornms a tube that acts as the stem portion of the

bi furcated stent and the other sheets formtubes which act as the |eg

ti f t bj f ted t. 1] LOJ. [ t
Phe. st onTRoPt TSFELe 15 Mreh € CBRF Peat Bt nt e e O el G 1eRB Pl
the i nveggi»é?nbash did ltfht%%te%fhéhanaxiéliprmgmw QRAGLRAY EWehEt RALn

sheets. FoOr each sheet, ongl tudi nal” edges of a portion of the sheet

are turnggh ¢pcanghs eQWnRd ebenea€ht Bé heddini Jraalmlaeite iekst heohwo | eg portions
of 19 S E P 2002 -3 the bifurcated stent. The renaining free edges of
each of dheadwentsheets ahést héfujodninl ts- ooy st kbesconppext harnod ahe
stent. In a third enbodinment, the bifurcated stent conprises first and
second tEbRIl It GPFHAINERS Lothelt Fret LR Ioh &S Sa LR Bk PR e R SRS or s
the stem partion.and a _distal en gwgéﬂlféyyﬂ% one of the |leg portions of
the bif ittt ed'Se&TP. SKTBFERER AbeFIUt ¢ 3% 1§ sposed bet ween the proxi mal

end and the distal end of the first portion. The second portion is
i ntroduced into the |ongitudinal bore of the stemportion of the first

porti on fehdrs, advaheednt-8noiem t he branch aperture so that it protrudes

beyond the branch aperture to forma second | eg. Wien the second portion is
expanded, th&her pxesahtehuvelitidr ssHomsd thesei andeathee sdisadvantages|
defining the branch aperture so as to secure the second |leg in the desired
posi ti o 1%he STARToBFECPY BT S NhRHFGALES BERDT 822 MR RSP inaki ng a
bi fur cat stent., c ri.si the .steps of:. a eparing a first sheet

navi g & e tangeShE adelonbi o8 AB%atln 3L oBEEPRLLIL (b del 2R3250p)

prepari ngh P csRcard pheetohgving a first edge, a second edge, a third edge,
and a fourth edge; c) preparing a third sheet having a first edge, a second

edge, a thirdnedgéirandembddimdrr edgehed)y ngehathh nga tihief eecored edgett o t he
third edge of the first sheet to forma tubular first |leg portion having a
pr oxi nalieMRCEnAYaPEPEt ainenthres sherichPagtereed ced Rl d/fje aco PREESERI I d

edge of the second sheet to for t ubul, ar cond | eq, portipn. haying.a
proxirnﬂJ%§¥ *and"a %?%?%ﬁ Tha:°13° angégaﬁxgggﬁes@@%o % € f&etﬁglgﬂird

edge of dihert Bsrdided Shan R r302f 4he first two sheets. Each of the

sheets is formed into tubes by turning up the longitudinal edges
and forming a joint by welding. The larger sheet forms a tube
that acts as the stem portion of the bifurcated stent and the
other sheets form tubes which act as the leg portions of the
bifurcated stent. The two leg portions are then joined to the
stem portion to form the bifurcated stent.

In a second embodiment of the invention, the bifurcated
stent is formed by preparing two stent sheets. For each sheet,
the longitudinal edges of a portion of the sheet are turned up

and secured to each other to form one of the two leg portions of



sheet to forma tubular stem portion having a proximal end and a di st@ SEP 2002
end; and g) attaching the proxinmal end of the first |eg portion and thHe
-proxi mal end of the second |leg portion to the distal end of the stem
portion. It is another object of this invention to provide a nmethod of
making a bifurcated stent, conprising .tyhe steps of a) preparing a first
sheet having a proximal end and a distal end; b) deform ng the distal end
of the first sheet to forma first |leg and deform ng the proxi nal end of
the first sheet to forma first stemhalf; c) preparing a second sheet
having a proXhimlraidandeacd stab eodsigingefadidigesherdieatal cenghef the
second sheet to forma second | eg and deform ng the proximal end of the
second sheet dmedwy mre s@eandoshed tal formnthes)syear porgibheofi the stemt hal f
to the second stemhalf to forma stem It is-yet another object of this

i nvention to prow ddizdnemkhediventrakiiry ki BIFqAT S SFe5teRPMEEHPEF ST HESE he
steps of a)_preparing a_first expandahl e tubul ar nenber_having_a proxi mal
ond and A SO dURHdeE PORDHSaA Nt o e S ErRERPOUBRe Fner e

tubul ar ne I .k OV i.th r . r.e di S b n i

pr oxi mal eer%%'ahnl ht\réggﬁlgs\pg% %ﬁ?ﬁ %ﬁboﬁg%@?aapggfgrgg gg%h?ﬁgtf%s\?ﬁ%
sai d | ongig Ygenaleghpbsr 888s L &€ ARerdina -csitead scand . adapbedntle dwoeiwe and
secure a second expandabl e tubul ar nmenber; b) delivering the first
expandablis dilkplbaednbabeset otlee pfaxicetle@éndessdl thavdngtal ferdtof urten and a
second |unen so that the first expandable nmenber is disposed within the
first |urfdrsEan@orkéonr anEhe afRIANF PAEGHAM L al BEXRALREE h&n&RH | unen; c¢)

19 S E P_2002 -5.expanding the first expandabl nber_in amunt .
SUTTi oi orfCPESTEaLIFE PRE 195 o SreTu B e SenBor LR HEST 1501 | Thane df
preparin n 44y ar r cpa a

i ot el o e Ry e T oo L aar” Booa T Rer Srny bagn < Sy For RS M Re
branch apekt Bkench)apettwes ity fidiemn seeeadnaxpagdabigerh uhe asedmiber into

t he branch aperture so that the distal end of the second expandabl e tubul ar
menber i poditsposéd ekpimded heleepordkimaderndndft bike psexdmdlpand o t he
second expandabl e t ubul ar nenber i s di sposed wthin the |ongitudinal bore

of the fiSSRIPSNENE TR oY 13re ARKLNIANI tHE BXPAANI ARCTHE L RVMP SPHARAHEFe

t ubul ar nber _in suf fi.ci_an ure the second expandabl e
t ubul ar ge%ﬁbgﬁcemn?ﬁ?%ét %r"’tsheecc%éllgﬁgehoggaﬁmgt hin said branch aperture. It

is still another;gbicdpbRicd RS thikeRhi-0Ac L 6n PEOVH S, PadTRE hedt Hela &K ng a
bi furcated stent conprising the steps of: a) preparing a sheet having a
pr oxi mal mekdngaa dvsfatcared] sxehnongcbudrhainaxtilse streps ofior @inbeeeatiay
axis, the-sheet provided with: a first side having a proximal portion

havi ng a2pfoXfFhefhesid Ydne @i SLaFtefdIanP S FAIedHst iPor PRET AGIR.

pr oxi mal aegd apéjurathdies al. %r)ld | ggcgnd sééjceo hcﬂvsihn tahprvg_>1g1i mal _.end_and a
distal ef® TheFecondSi'de dPEPBEET Bet veer The Broximar"gnd 5t The sheet

and the gdigdala end-Ha @ageshgekhiedtmcjg siifte hayughaeBgaxi gpl end and a
distal end, the third side disposed between the distal end of the second
si de 19r Sk 2302 -thiakd shket dhstohg endf iofstt keigeheat second edge, a
third edge, and a fourth edge; d) attaching the second edge to
the third edge of the first sheet to form a tubular first leg
portion having a proximal end and a distal end; e) attaching the
second edge to the third edge of the second sheet to form a

tubular second leg portion having a proximal end and a distal

end; f) attaching the second edge to the third edge of the third



“a fourth side disposed between the proximal end of the proxinal porti1qj15€'§ 2002
the first side and the proximal end of the second side; a fifth side

. di sposed between the distal end of the distal portion of the first side and
the distal end of the third side, the fifth side having a length that is
shorter than the length of the fourth_gide; and a sixth side disposed

bet ween the second side and the third side; b) attaching the second side to
the proximal portion of the first side and attaching the third side to the
di stal portion of the first side to forma first expandabl e tubul ar nenber
havi ng a kbagttudi firedm bortaidfaimnistgmaPrPoRgPR Ul iERg axirrodimalf end Rngi de
defining a proxinmal stent aperture communicatjn mﬁthc%ge | ongi t udi_nal

bore, thediftdh 29%e &K i ﬁét&C&Fgﬁth'%t%ﬁ?beag]rﬁﬂ% mfitcESiTng i t h

t he-1 ongi tudi nal bo and th i Xt Ld n e, proxi .end.of the third
si de and Pﬂ’étb?%xal‘rfél%hgn&rgfl?'ﬁz ﬁflgt% %%?tg%én&oq’ﬂt epgﬁjr%{%%si“get &f i ni ng

a si de brangch ppgid Wee tGRMEWBRCALLRYoMI th the |ongitudinal bore and sized
and adapted to receive and secure a second expandabl e tubul ar nenber; c)

del i vering therd ifsstanexpendabl ect ubtil eliisreibasnttiona thi brbedtedavessedd
having a first lumen and a second lumen so that the first expandabl e
t ubul ar nefroeking di Hidssdanedhsnenthe dompidinmgethendgtepe bfaath aperture

comuni cates with the second |unen; d) expanding the first expandabl e
tubul ar PEFARATING &nT1rs sheep bYOINT ARAENPSGT e8AeARdt 8 S2EtRE ¥R first

expandablg tuhul gt JIPWRET ol 0 LNe {4 1S IS o) SRLERAEENG, g SECONG,

expandabl@ tubular aving a proximl "én ehd Hhd havi ng

longi tudingl hef @eltbenehyr eneprdadidiel id i3 chide rsegendnexpansahl g, taibul ar
menber into the branch aperture of the first tubular nenber so that the

di stal entimdt tsrems@adfig exppneisdnting wHeatondesheeti Badisgos epravtinn t he
second lunen and the proximl end of the second expandabl e tubul ar nmenber

i s di sposnf dinchianddgsaloapdt udl resfpariagofthehdistast endbef atheresarand and

g) expandi ng the second expan le tu r menber in an anount sufficient

to secur el §é’c%ﬁﬁmeiaﬁﬁg%‘gzlbﬁ%tﬁﬂcgﬂe%@ﬁﬁ‘ép%fpﬁiHr?’ﬁ%m%]ec ?ﬁu'ﬁg‘r‘? and

Wi thin trEEé@h%ﬂ%ﬂe@QeEEufgfm a second stem half; and e) joining the first
stem half to the second stem half to form a stem. )

It is yet another object of this invention to provide a

method of making a bifurcated stent comprising the steps of a)
preparing a first expandable tubular member having a proximal end
and a distal end and a longitudinal bore therethrough, the first
tubular member provided with a branch aperture disposed between
said proximal end and the distal end, the branch aperture
communicating with said longitudinal bore and the aperture sized
and adapted to receive and secure a second expandable tubular
member; b) delivering the first expandable tubular member to a
bifurcated vessel having a first lumen and a second lumen so that
the first expandable member is disposed within the first lumen

and the branch aperture communicates with the second lumen; c)



It is yet another object of this invention to provide a bifurcated stestSEP 2001
conprising: a) a first tubular nenber having a proxinmal end and a distal
.end and a | ongitudi nal bore therethrough defining a | ongitudinal axis, the
first tubular nmenber conprised of a sheet having a proxinmal end, a distal
end, a longitudinal axis and a circunfgrential axis) the sheet provided
with: a first side having a proximl portion having a proximal end and a
distal end and a distal portion having a proximl end and a distal end; a
second side having a proximal end and a distal end, the second side
di sposed bet vegihddigPredel Faksendxphndllgl shegiber 1ih ArFE aMo2®@2 _8_ and the
distal end of the sheet; a third side having a proxinmal end and a distal
end, thestbfidisidaedisaparedchet fbest téepatidale emechbelr time thecbdndssi de and
the distal end of the sheet; a fourth side disposed between the proxim
end of themgroxd mBpreperingnacfechrd ferxmandibie sndulre pesberalaehdsod t he
second side; a fifth side dlsgoseqﬁgegﬁf n the di stal End gf t he di stal
porti on RFOXimalk igng; ag8fde ghatthes Yd "G IEHALH3S BR%Cthe fifth
si de havi.n l.engt h that i hor t than hhe of,t t ide;
and a si%%’egtlh gugl époggdwbé 1?/\1&%?1 ﬁee secc?trllrldggie%g%acgd E‘:%egtgﬁ;‘?%hs%?}geb) -
nmeans f ofe AR eRoAdahhee SEGONTh Sifkanted iR ¥l BRRnBAr kpohr Ofe 148 dHdSt

side and the third side to the distal portion of the first side so that the
fourth sihde ddetidesnd of oxhersdesimmhtexppadable cobuliarcaeémper wig h t he

| ongi tudi nal bore) the fifth side defines a distal stent aperture

comuni cHispesedi vhthie Fomgieirihdumss @ndaslet REcsineh epdeehrid ® he

i mal__end of the third si d th i el _end of the distal ti
of 1 he. fiFeRoPRaaarPe uH” Blerkdt A5t aPaeSantEHIEA i with the

ponart gqg%épgagﬁgnﬁoﬂ 256 and Adap! ednbechAERLY EmdRbe SECHE & Second
expanding the second expandable tubular member in an amount
sufficient to secure the second expandable tubular member within
the second lumen and within said branch aperture.
It is still another object of this invention to érovide a
method of making a bifurcated stent comprising the steps of:
a) preparing a sheet having a proximal end, a distal end,
a longitudinal axis, and a circumferential axis, the .sheet
provided with:
a first side having a proximal portion having a
proximal end and a distal end and a distal portion having a
proximal end and a distal end;
a second side having a proximal end and a distal end,
the second side disposed between the proximal end of the sheet
and the distal end of the sheet;

a third side having a proximal end and a distal end,

the third side disposed between the distal end of the second side



c) a second tubul ar nmenber having a proximal end and a distal end anqg Sﬂ’ﬂmz
havi ng | ongi tudi nal bore therethrough, the second tubul ar nmenber di spose
.within the branch aperture so that the 19 SEP 2002 -9 proxinmal end of the
second tubul ar nmenber is disposed within the |ongitudinal bore of the first
tubular nmenber. It is a further objectgQef this invention to provide a

nmet hod of making a bifurcated stent conprising the steps of: a) cutting a
proxi mal nenber froma first expandabl e tube having a first cross-sectional
di aneter, the proxi mal nenber having a proxinmal end and a distal end and a

| ongi t udizpal Rar gishel edhd wWhEnd)shHelelt.i ng a di stal nenber froma second
expandabl e tube having a second cross-sectional dianmeter smaller than the

first dianmeter of &hfodrtistsidébelisplsed bealearnbie prawtimpla gmdoxifmaheend
and a distal end and a |ongitudinal bore therethrough; c) attaching a
portion ofoxhmadiBentier . of dfhe Harstogiifal anénbee E%P%%Wﬁ%tQWﬂ1°éftgﬁe
proxi mal end Qf fhe distal nenber so that the | ongitudinal bore of the
proxinalsﬁﬁﬂﬁgrs+ Sin fluid comunication with the |ongitudinal bore of the

distal member to formafidisd @1BAAAAR Fe LUDUl AlndRIhAla NRYGNG s, pL OXI 1l

end and a distal e ongi rnal bore therethrough, the unattached

portion gfsthe ghstadn d cofe tthespr exhdvindedhera arhit Raquaat taghedi portion
of the proximl end of the distal nenber defining a side branch aperture
conmuni caideag whd MEitfvh Isddgi hedingl abbemgt tHeer fisr sthotrwlewl ahaneoher and
si zed and adapted to receive and secure a second expandabl e tubul ar nenber;
c) del i veenggh tafe Fhe fouakpasddbr eaRdbul ar menber to a bifurcated vessel

havi first | . , nd_| that_ the first dab
{bul ar rerber 15 Rig0Re 1 RRt A RPPHES (R Steeh T3esesosatoo TR SR i and

t he brangg&fgmgg&gp communi cates with the second | unen; d) expanding the
first expandabl e tubular nmenber in an anmpbunt sufficient to secure the first

expandabl e t ubul aatRFEPehg the second side to the proximal portion of
the first side and attaching the third side to the distal portion
of the first side to form a first expandable tubular member
having a longitudinal bore defining a longitudinal axis, the
fourth side defining a proximal stent aperture communicating with
the longitudinal bore, the fifth side defining a distal stent
aperture communicating with the-longitudinal bore, and the sixth
side and the proximal end of the third side and the proximal end
of the distal portion of the first side defining a side branch
aperture communicating with the longitudinal bore and sized and
adapted to receive and secure a second expandable tubular member;

c) delivering the first expandable tubular member to a

bifurcated vessel having a first lumen and a second lumen so that
the first expandable tubular member is disposed within the first

lumen and the branch aperture communicates with the second lumen;

d) expanding the first expandable tubular member in an



in the first lumen; e) preparing a second expandabl e tubul ar nenber Tgﬁfﬁ%mz
a proximal end and a distal end and having | ongitudinal bore thereth 5 ;
.f) delivering the second expandabl e tubul ar nmenber into the branch aperture
of the first tubular nenber so that the distal end of the second expandabl e
tubul ar nenber is disposed within the_second |unen and the proxinmal end of

t he second expandabl e tubul ar nmenber is disposed wthin the |ongitudinal
bore of the first tubular nmenber; and g) - expandi ng the second expandabl e
tubul ar nenber in an anount sufficient to secure the second tubul ar

menber _wiidihe thersecond tanpdoand oMd it sthexbaanshlapeibul£r mdrbdS Yet
a further object of this invention to provide a bifurcated stent

conpri si ngi tke &itbtslumedyl ar menber having a proximal end and a dista
end and a | ongitudinal bore therethrough, the first tubular nenber
conprised of &)proRrepdrimgbersegand elpangdpbdenbebylanengipesd i vimenber
having a first cross-sectionahﬁﬂ;aneter, %ﬁEEOXi end. an di stal end

| ¢
and a | oRFPEGERAaL BRI thAF MR oSG 3RAd ReKangi LP39 did i®ng a second

crosssec%hgngkhggg ter smaller than the first diameter, a proximl end and
a distal "end and a’l ongi tudi nal bore therethrough; 19 SEP 2002 -11 b)

nmeans ;:or atgachi @&l svdoidd hedlsekbaadesbahagpe Of udit PinxibeR! igegber to
a portion of the proximal end of the distal nmenber so that the | ongitudinal

bore of the praxchredpemidyer dfs tihe fhwisd cobuliatr cedmimar wid hthialte thengi t udi nal
bore of the distal nenber to formthe first tubular menber, the unattached
portion étstad emdtef tdrd ssiconde epparfphle nbwpelan menker dfadigereddporti on

of ke, PLOKLIE! o0 S ADS sl ol Tepber Selbnl "8 o dp branhopertur ¢
) TR, LS8 VRsBal S5l Sl 28N SRS bt et
bore of the first tubular member; and
g) expanding the second expandable tubular member in an
amount sufficient to secure the second expandable tubular member
within the second lumen and within the branch apertu;e.
It is‘yet another object of this invention to provide a
bifurcated stent comprising: )
a) a first tubular member having a proximal end and a
distal end and a longitudinal bore therethrough defining a
longitudinal axis, the first tubular member comprised of a sheet
having a proximal end, a distal end, a longitudinal axis, and a
circumferential axis, the sheet provided with:
a first side having a proximal portion having a
proximal end and a distal end and a distal portion having a
proximal end and a distal end;

a second side having a proximal end and a distal end,

the second side disposed between the proximal end of the sheet



di stal end and having | ongitudinal bore therethrough, the second tul)‘ud0§FP 0
menber di sposed and secured within the branch aperture so that the pr n‘&q
-end of the second tubular nmenber is disposed within the |ongitudinal bore
of the first tubular nenber. brief Description of the Drawings FIG 1 shows
a bifurcated stent manufactured in accgydance with the present invention;
FIG 2 shows sheets used to formthe |legs and step of the stent shown in
FIG |; FIG 3 shows the sheets shown in FIG 2 after they have been rolled
into a tubul ar shape; FI % 4 15 a perspective view of the tubes shown in
FIG 3 prifgr the diskabIsn Ii?fGt%'? isg‘eé?ﬁ'end view of the tubes shown in FIGS.
3 and 4 19 SEP2002.-12 after. they e e g%[ f a stnt;
FIG 6 is a top viaevvtzl'(‘):i‘rﬁ1 hseldfssheaﬁ’b?lpédgaggggréér{‘%g és][’l}fi(;vvn In ?Il(itt %E}; gllélg]G 7
shows shegls.ysed &0ad UMM YecoBBAdLABNE: 2R did WcalRd selcenl side
manuf actured 1 n accordance wth the invention; FIG 7B shows sheets used to
f or m anokhar tpabedétEnterd o kinkushated stent nanufactured in accordance
with the invention; FIG 8 shows the sheets of FIG 7 with denarcation
points; FIG, 9 showuntdh stidet digpofed bgrugerertheh@roxivmelbead o6l tkee into
a tubul ar shape; FIG 9B shows the sheets of FIG 7B after tgegfhave been
rol | ed i RFEXaMaLIRAEI Qe the E178D SHIRRTh&NUBESXIMaE| 8799°f yERe pri or

to assenblg'ngléidel_OB shows the tubes of FIG 9B just prior to assenbly;
FIG 11 PE°8"2iTSiew of the tubes shown in FIGS. 9 and 10 after assenbl y;

FIG 11B is a side WigWrolkilkBediubssed Nu¥ivddh RiHeSa13Baandnd0Bs af her
assenbly; FIG 12 is an end view of the assenbl ed apparatus shown in FIG
11; FlI G di2Bel et iend ofi eweofithe asdenhidedmppdsatidseaionfi the RIGrd 1B;
side, the fifth side having a length that is shorter than the
length of the fourth side; and
a sixth side disposed between the second side and the
third side;
b) - means for attaching the second side to the proximal
portion of ‘the first side and the third side to the distal
portion of the first side so that the fourth side defines a
proximal stent aperture communicating with the longitudinal bore,
the fifth side defines a distal stent aperture communicating with
the longitudinal bore, and the sixth side and the proximal end of
the third side and the proximal end of the distal portion of the
first side define a side branch aperture communicating with the
longitudinal bore and sized and adapted to receive and secure a
second tubular member; and
c) a second tubular member having a proximal end and a

distal end and having longitudinal bore therethrough, the second

tubular member disposed within the branch aperture so that the



FIG 12C shows an alternative enbodi ment of a pattern that may be used 9iSEP 2002
pl ace of the patterns shown in FIGS. 7 and 7B; FIG 13 shows a stem and
-first leg portion and a second |eg portion used to form anot her enbodi nent
of a bifurcated stent 19 SEP 2002 -13 manufactured in accordance with
this invention; FIG 14 shows guide wi.rges disposed in the trunk |unen. and
branch lunmen to be treated; FIG 15 shows the stemand first |eg portion
shown in FIG 13 disposed on catheters and guide wires prior to
introduction into the lumen to be treated; FIG 16 shows the stemand first
| eg portion showmn in FIG 13 after ft has been delivered to the bifurcation
to be trBEPEIMEhET i HE SESOBIpARERLAT METReY ASHHEPAE Y¥4EBAR Féa
portion shown in, FI.G, 16 aft i t..has en, expanded; FIG 18 shows
expansi o?l"%?%‘h‘g”b%]ar%%eaﬁér ?E}Fe%lﬁfb g‘i S LHOVESTRE unexpanded second | eg
portion di spoged; d iy tAE RLNGRi8RETLEr eni £l vedlt IOWS Theveuranshermed the
second | eg portion shown

of making a bifurcated stent comprising the steps of:

a) cutting a proximal member from a first expandable tube
having a first cross-sectional diameter, the proximal member
having a proximal end and a distal end and a longitudinal bore
therethrough;

b) cutting a distal member from a second expandable tube
having a second cross-sectional diameter smaller than the first
diameter of the first tube, the distal member having a proximal
end and a distal end and a longitudinal bore therethrough;

c) attaching a portion of the distal end cf the proximal
member to_g-portion of the proximal end of the distal member so
that the longitudinal bore of the proximal member is in fluid
communication with the longitudinal bore of the dist;l member to
form a first expandable tubular member having a proximal end and
a distal end and a longitudinal bore therethrough, the unattached
portion of the distal end of the proximal member and the
unattached portion of the proximal end of the distal member
defining a side branch aperture communicating with the
longitudinal bore of the first tubular member and sized and
adapted to receive and secure a second expandable tubular member;

c) delivering the first expandable tubular member to a

bifurcated vessel having a first lumen and a second lumen so that

the first expandable tubular member is disposed within the first



"in FIG 19; and FIG 21 shows the assenbl ed bifurcated stent di sposggré'@ 2000
the bifurcated lunen to be treated; FIG 22 shows a sheet used to f
.first expandabl e tubul ar nenber; FIG 23 shows the sheet of FIG 22 after
it has been fornmed into a first expandabl e tubular nenber; FIG 24 shows
the first expandable tubular nmenber of {F1G 23 with catheters inserted into
the | ongitudinal bore and the side branch aperture; FIG 25 shows the first
expandabl e tubul ar nenber of FIG 24 19 SEP 2002 -14 after expansion with
an unexpanded second tubul ar nenber being introduced into the side branch
apert ur e;lume@. a6 shewsramsh fapesttugepandabheécauds | vl themfrersesiond Gumga ;
after expansion with an unexpanded second tubul ar nenber di sposed in the
si de branch agértug¥panding the first expandable tubular member in an

amount sufficient to secure the first expandable tubular member

in the £first lumen;

e) preparing a second expandable tubular member having a
proximal end and a distal end and having longitudinal bore
therethrough;

£) delivering the second expandable tubular member into
the branch aperture of the first tubular member so that the
distal end of the second expandable tubular member is disposed
within the second lumen and the proximal end of the second
expandable tubular member is disposed within the longitudinal
bore of the first tubular member; and

g) -~ expanding the second expandable tubular member in an

amount sufficient to secure the second tubular member_within the

second lumen and within the branch aperture.

It is yet a further object of this invention to provide a
bifurcated stent comprising:

a) a first tubular member having a proximal end and a
distal end and a longitudinal bore therethrough, the first
tubular member comprised of a proximal member and a distal
member, the proximal member having a first cross-sectional
diameter, a proximal end and a distal end and a longitudinal bore
therethrough, and the distal member having a second cross-
sectional diameter smaller than the first diameter, a proximal

end and a distal end and a longitudinal bore therethrough;



FIG 27 shows the second tubular nember of FIG 26 after it has beentg SEP 2001
expanded; FIG 28 shows a side view of a proxinmal nenber and a distal
menber used to make an alternative enbodi mrent of the invention; FIG 29
shows the proximal and distal nenbers of FIG 28 after they have been
connected to forma first expandabl e tjyhul ar nmenber; FIG 30 is an end view
of FIG 29; FT_G 30A is an end view of FIG 29 show ng an alternative
enbodi ment in which a portion of the proximal nmenber and a portion of the
di stal menber have been deformed prior to being attached; -and FIG 31

shows the first expandabl e tubul ar nenber_of FlI 9 wi.th secon
expandabl e t uBll ar‘“er?é"r'?béPrdP§56§§ﬂn%§ LRURRICS sq%dé%’&r g’réﬁangf}ﬁu?g.the
bi 1 ur cat PER TN RerEP; SoBoacT Pl ort | Ly £y A Ed sRe PE o A0TAL crem
20. FI G 2nshovss & Halel $heSNEEL I 22a WM Chod S ¥ed HeO phr@kibi r fémbeg i10.in
fluid communication with the longitudinal bore of the distal
member to form the first tubular member, the unattached portion
of the distal end of the proximal member and the unattached
portion of the proximal end of the distal member defining a side
branch aperture communicating with the longitudinal bore of the
first tubular member and sized and adapted to receive and secure
a second expandable tubular member; and
c) a second tubular membetr having a proximal end and a
distal end and having longitudinal bore therethrough, the second
tubular member disposed and secured within the branch aperture so

that the ﬁrdkimal end of the second tubular member is disposed

within the longitudinal bore of the first tubular member.

Brief Description of the Drawings )

FIG. 1 shows a bifurcated stent manufactured in accordance
with the present invention;

FIG. 2 shows sheets used to form the legs and stem of the
stent shown in FIG. 1;

FIG. 3 shows the sheets shown in FIG. 2 after they have been
rolled into a tubular shape;

FIG. 4 is a perspective view of the tubes shown in FIG. 3
prior to assembly;

FIG. 5 is an end view of the tubes shown in FIGS. 3 and 4



19 S E P 2002 -15 a second sheet 30 which is used to formsecond | eg 15,
and a third sheet 35 which is used to formstem 20 The first sheet 2518rbdP 2002
-second sheet 30 are substantially flat and are sized to a predeterm ned
| ength and wi dth. For many applications, the first sheet 25 and second
sheet 30 will have substantially the sape di mensions so as to produce |egs
10 and 15 that are substantially the sane size) however, the legs 10 and
15, and the sheets 25 and 30 used to produce them may be of varying sizes
as specific applications dictate. The stents of this invention may be sized
so that werrasseybhedet Be¥yn aissddida fddnaors zeschawever, in a preferred
enbodi nent the stents are expandabl e and sized and adapted to assune their
final di nensi @1S.uponsexpevsiview e tdtee@ssembdes Ppandcds spgwibeln
patterned or etched with perforations formng a variety of patterns as
speci fi c Fd@pl Peations dictate to achieve the expandabl e features required
as previously _discussed. The third sheet 35 is siged SO tgat when it is

rolled into aFfﬁbe7if§°Y%t ?ﬁﬂs 5§béPF8na885 BE AERRCIH e SGmibdat e
t he CFOS%-i?.sggggQ@'s ﬁ@fmudeg;éﬁf Q& inogctgyggnéggwi&% figmg&i'o g 15.

First shee as a rst e a secon ge 27, a edge 28, and
a fourth edger28. Heconplishamler30ulag aof Fbsh £68€had enbsBiGRIt @dge 32, a
third edge 33, and a fourth edge 34. Third sheet 35 has a first edge 36, a
second edgéuBdited tdtiant ecdgmfa@ruaed anfeaacothdemice B h Aflteerintviemtsbeet

nmetal has been cut to formsheets 25, 30, and 35, it is deforned and rolled
so as to causBI®w opps ttdicedgesteoCfeBLCand tieatdeEneXSAY Y PePOIRASE he
exanpl e shown_jn F . 2 and 1 9 SEP 2 -16.3, edge 27 is.joined to
edge 29 via V\E!T'%} r%%ﬂ"st S0 SRERFFSPT| ég‘glof.3 Tiﬁtgéeré%%%]aé’ieng&epo edge 34
via weld 9. f.or .15. Edge 37 is joined to edge 39 via

wel d runrégﬂ?% #%ﬁ%ﬁgfg%$§%2n$ﬁésgdges may be joined in a wide variety of
ways wel | knomrct oo hsswsSkihlel @dekBst Be ard. am sdfiseabltheyomati BepHr pose,
e.g., screwing, crinping, soldering, however, in a preferred enbodi nent
wel di ng relled|inted.a Itwbayiagspbepal|ly preferred enbodi nent, spot welding is
utilized. As shown in FIG 3, first leg |0 has a proximal end 11, a di stal

end 12, and d&¥§née<d éhO&ﬁgFPGdFHQFSbBFgF&%: Belbid BTG T15°n 2558 B ¥xi mal

end 16, a di - ~.and. def I i tugdi.nal re_18. Th m 20
has a proxin:ﬁﬁ%hggg%%%gw igP§|£%§§§2$f %ﬂ%’&%gﬁﬁgg % ﬁ%ﬁg??u F%ngg%fe 28.
FIG 4 shows gfie fiir Sl hegid0, v8650HE 41860 thibe ARKRETN2@ ISt 9PEAQT 16 O
assenbly. To formthe bifurcated stent 5, the proximal end 11 of first |eg

10 and tafr¢y adsemiblend 16 of second leg 15 are joined to the distal end 27
of the stemportion 20-so that the |ongitudinal bores 13, 18, and 28 are in
communi cat i oF 3t AlBaéf 8t fitde WY I itdheqfudsg Fewranl EI€S- 6°8 «and si de
vi ew of fggad%%senbled sggaratus. FIG 11 shows a second enbodi ment of a

a

bi f ur cat’ion $t-6nt “RraRU fured in accordance with this invention. The stent

50 is providedowi 4B asfhfisindegidr ANdR 38ceRE1EL8YaFRa 2Lt @S hathdP 1§ stem
froma first sheet 70 and a

portion 65. The bifurcation stent 50 is forned
second gtert 115 as shown in FIG 7. The stent sheets 70 and 75 may be
patterned or etched with perforations formng a variety of patterns as
speci fic appFil€at L8Rsigian ;and twew P ShE pssedRled 7appéraws tdiewexpgandabl e
‘features required as previously discussed. The sheets 70 and 75 are
substeuﬂﬁ%ﬁ'l&lPVat and have a predeterm ned | ength and width. First sheet
70 has a fir ed 7 Sec {2, L d 73 d a fourth edge
74. The secoﬁ Géh%%% %@mﬁ%§§3%ggf§9gg&g§ 7§ngkgg%§n éﬁ&gﬁ%ﬁrQatt i°r d edge
78, andmayf edr tbe@dge ghacel & A Hheckeds sholheisteids a PAdd op,of edge
72 is rolled towards a portion of edge 74 and a portion of edge 77 is
rolled towar 83Ga pdreshaws f sdge and. fDesar tayi porpomtandB Bkond?leand 83
are selected on sheets 70 and 75 as shown in FIG 8. These denarcation

poi nts BOrtgen weed g BFmanosdexcealodsmapet of he pifureatiashtstehtspecific
applications and may be adjusted dependi ng upon the length required for

| egs 55 and 60 and the length required for stem 65. Demarcation points 80
and Bl that are equidistant fromedges 73 and 71 and denarcation points 82
and 83 that are equidistant fromedges 76 and 78 will result in a stent in
which the I egs 55 and 60 have a length that is substantially equal to stem
portion 65. If the demarcation points are selected to be closer to edges 73
and 78 than to edges 71 and 76 the stemw || have a length that is greater
than the length of each of the legs. If the demarcation points are sel ected
to be closer to edges 71 and 76 than to edges 73 and 78, each of the |egs
60 and 65 will have a length that is greater than the length of the stem
65. In a preferred enbodi nent, however, the demarcation points 80, 81, 82,

o o o M. T T o " T} — e~ 1



" shown in FIG 8, demarcation point 80 divides edge 72 at approxi mat el 3 SER 3001

m dpoint into a distal edge 72' and a proximl edge 72 " . Demarcation
. point 81 divides edge 74 at approximately its mdpoint into a distal edge
74' and a proxinmal edge 74 " . Demarcation point 82 divides edge 77 at

approximately its mdpoint into a dist@gl. edge 77° and a proximal edge 77 "
and demarcation point 83 divides edge 79 at approximately its mdpoint into
a distal edge 79' and a proxinmal edge 79" . To formthe stent, edge 72' is
connected to edge 74' via weld run 90 to formfirst nmenber 95 having a
first | egnaputbicenrd8 andaecdridamtcestvembhahfis65hvastshown in FIG 9. Edge 77
is connected to edge 79' via weld run 91 to form second nenber 100 having a
second | eg poFEfonl$0skems Swiieond reseMIFRPFEE5IN . the HF &Y oiier dinstussed,
t he edges nmay be connected in a variety of ways well known to those skilled
in the aPranehclunen skowRe tHEF58%St nenber 95 and the second menber 100
shown in FIG in ali.gnment just priqr.to_ assenbl TQ produce t

bi furcated st gﬁ? Sbés %’v%s irﬁrll'lElFl%gf'n ji.rfgaﬁ%lrig, f%%g%g @ isshoc‘:”glnnlélc?g ‘to
edge 79" ,¥i g; Websed Wh Ladfad £498nd4guibs ¢ORNLG L & £AGR rbBuckidnvel d
run 93 so that First stemhalf 65 and second stemhalf 65 " form stem 65.
FIG 12 ifta thesbumactdicomzl teerdtgdew of the stent shown in FIG 11. In the
enbodi ment shown in FIG 7, sheets 70 and 75 are squares or rectangles. The
sheets 70 andF¥& arfe shows| ithet sdemoandi Sixonfigfumatéen FomRein HSGshown
in FIG 7B IG.,ll%.sh WS a b&turca ion teat.€$gnufactured using thg
sheets 279 &nt275 egnpdplippsed 160 o 3 PTSAE1oPRECTRE 5FEAESSs0 is

provi ded 'tgiﬂ: irst . le .a second |l eg 260 attached to a stem
3%% eJ t.os 1ts tgf%%ﬁs?gg

portion bi furca stent 250 is forned froma first sheet 270 and
a second sheetr@73 7AShoM@WRhENsELERd TTeg BW-tSiNshohpetis 276.and Z7dermy be
si zed and etched as previously discussed. As showmn in FIG 7B, first sheet
270 has atfhastbemtgexpahped;second edge 272, a third edge 273, a fourth
edge 274, a fifth edge 275, and a sixth edge 276, a seventh edge 146, and
an ei ghth edg&G:428 Fﬁ@'”§e§6ﬁﬂn§h%t°f27@”%§3§‘a@°ﬁ PPETEYHEi 277, a second
edge 278, a third._ed 279). a fourth edge 280, fifth edge. 281, a,sixth
cde 287, o defendh SHGECIAEY LRRTPID e B RAEo RS G o8,
edge 2744 oecked taredge 276 via weld run 290 to formfirst nenber 295
having a first leg portion 255 and a first stemhalf 265'. Edge-280 is
connect ed t o Fadge 2282hyiva YRE: CeXpihsi%h toF fthlemseeeaddlagnbert 36 dteawmg a
second | eg portion 260 and a second stemhalf 265 " . As previously

di scussed! e édgesndmy be connected in a variety of ways well known to

those skilled_.in the art. FIG 10B shows the first nenber. 295 anpd th
second nenmber 500¢S$hMAS n“1§ @SR F&Hﬁﬁﬁfe§u§PeﬁFi +SE?F%é;ﬁ§ﬂﬁ . To

produce g;r}%rlaiagggcia.&‘ggn_sggrg? c?ﬁ%&@gvm in FIGS. 11B and 12B, edge 272 is
run

connected to edge 149 via we 92 and edgy 278 is connected to edge
147 via wel drrgn 293sisewd hatsHddtstussieRbhabim 285t i ool saenghaleem hal f 265"
formstem 265. FIG 12B is a cross-sectional end view of the stent shown in
FIG 11BubEler mewbehows an alternative pattern that nmay be used in place
of the patterns shown in FIGS. 7 and 7B, 19 SEP 2002 -20 A third

embodi ment of 1Ehi €3 i TR i GIF CORSEi S€sFERo porifors vhitas heerdéprpsed
serially._i . p se e i R he patient to forma bifurcated
scent . ﬁPE? %§@§%%£;§%§%5§%§%§ ??%§§3p28gﬁg?%lon 110 provided with a

| ongi t udi nal Fber e2 4 3hARd NVifNGs’ BkpxhaRb1 &Ll BaefdnMdld o7 FEEM portion
125 and a distal end 120 defining a first leg portion 130. Second | eg

porti onwldB tstipswasseichasrtieda inapgthadl oadi bhodndl83bamd dnds taepsodenmal end
| 45 and a distal end 150. Stemand first |leg portion 110 and second | eg
porti onPIaDchedPder Wigred and patterned or etched as previously discussed. A

branch apert 135 i.s disposed between the proximal end 115 and_the_di stal
end |20 of s€é§1dﬁg FHNR 4%§g%ﬁ5ﬁﬁiSﬁpiﬁégbaék§4%égaﬁ1WﬁﬂQBFuP ¥38-j ¢4si zed
to receive second leg portion 140 and is adapted to engage and secure the
second |l eg portion |40 when it has been expanded within the branch aperture
135. Second leg portion 140 is sized and adapted to engage and be secured
into branch aperture 135 upon expansion. FIGS. 14 to 21 show how the
bifurcated stent is assenbled within a bifurcated lunmen. As shown in FIGS
14 to 21) the area to be treated is a bifurcated |unen having a first or
trunk unmen 190 and a second or branch lumen 195. As shown in FIG 14, a
first guide wire 155 is introduced into the trunk |unmen 190 and a second
guide wire 156 is introduced into the branch | unen 195. As shown in FIG

15, a ball oon expandable stemand first leg portion 110 is disposed on the
tip of a first balloon catheter 170 so that the balloon 175 is disposed

- A ~NA A - o . A — -



17, to secure it in the desired position. After expansion, the exter SEFZMZ
wall of stemand first leg portion 110 would contact the interior walls 0

. trunk lunmen 190, however, a gap has been intentionally left for clarity.,

The balloon 175 on first catheter 170 is left inflated and the balloon 176

on second catheter 171 is then inflategfio enlarge the branch aperture 135

as showmn in FIG 18. As the branch aperture 135 is enlarged a portion of

the stent defining the branch aperture 135 is pushed outward to forma
branch securing |ip 180. Balloons 175 and 176 are defl ated) second catheter

171 is w thdrawn,, . gqogeggeg %L%??%g%rﬁde]é@é-c%_nldefthbhmapl AckbL P Bdendranch

| umen 195.° Secon €g portron en applied to second catheter 171 so
that bal 1,90 k(@S 1AL SPEEEdside brithch BgRr2@02;- 22 | ongi tudinal bore 132
and second catheter .""1 is then applied to second guide wire 156. Second
| eg portion 14Gai.s26heRowsi tlesl fixstarckpgantdabdec edbiahap, méthiset ofyi RIG r2al
bore .31 of the stemand first |leg portion 110 and is_advanced and passed
t hrough lrfaecheapensioe W3th sn turemxpanded segpnéngubgbanfmenhke s ciGmPsiedg
portion 140 g%fttudes into the branch lumen 195 and the proxinmal end 145
comuni cdfie$PRi ERAR CRHRRERIIFRATVY% 131, as shown in FIG 19. The ball oon
176 on second theter, 171 i.s partl al I d al 5.0n
first cathet eF(E%?OEJl} ss?%“ésn t-'phaer ts%é:ltoln? }‘:ﬁP Pg%ggﬁggbgpp?éegﬁué{e Jse(lj(t%lsr}tta%%t ilgl |y
equal topbhepRERSSMHbEnddl pal l oon 176. Both bal | oons 175 and 176 are then
sinmultaneously inflated to substantially equal pressures. As shown in FIG
20, inflationrFoé. the diedw=oan side ornegcobnd padthixtel refiberauses asddsndil eg
menber 140 to expand so that its external walls engage and are secured to
t he ar eamsmbesunged-aperkaan RISerpafiyei eRbedinert Rfl 1W@vn IDVSNEACRKhe

first catheter_170 prevents stemand first Le ortiqgn 110 fraom coll apsing
when bal | oon 1¥8 i%&iﬁ?‘?‘%ﬁ e RFPE™8 paﬂéi gh,t%)%é“eé'%eerrsnéﬂf \fgf"l'sggf second
| eg 140 in of I 95,..ho a een
intentio%ggkg €§€§a¢%ﬁéiﬁ%§ﬂ ?%ﬁn%%gggaFfogﬁgﬁf%gggﬁ%.%@%E%Fg%égfpg QE?P

cat het er gediéfrand 171 and guide wires 155 and 156 are w thdrawn, and the
assenbl ed bifurcated stent 160 is left in place as shown in FIG 21. FIGS.
22 to 31 showra®. exPpeics & engr efiewr el REEho2P of maki ng a bifurcated stent

in accordance with the invention. FIG 22 shows a sheet 300 used to forma
first expandabf@- tifhulif afe®per vievoes L@ A Bhoingoan #REe¥RaBIVSE00 has

a longitudinal axis, 302,. ircupferential axis .303, a proximal_end 3u4, a
i stal oanPaSndll fi e R 8 BERPLERCOE Alo Rl nBrBR AR 5070 21
fourth spdec 8090/ drd I sthdemdhBer aRthvd et e HAfedl bridbershsein 00 may
be provided with a variety of patterns, however) in a preferred enbodi nent
t he sheedtB3fhdd mmavi ded with a plurality of expandable cells 312 adapted
to be substantially flexible prior to expansion of the first tubul ar nmenber
301 and subst®Efti dlt Fhergi 8haf f &¥sexpmmidabler tubalarr gembemn darf Memesr
301. In an.especially preferred enbadi ment .the flexible cells 312 aof, the
sheet 3dﬁlé}§P§ﬁﬁ§F§n ?8?? aaﬁ?f%ég% SIESRE T AL EPRSE % i 15955 28%de 306
of the shegl3Q@ehasy@. proximal portion 313 having a proxinmal end 314 and a
di stal end 315. "The first side 306 also has a distal portion 316 having a
proxi mal end 317 and a distal end 318. The second side 307 of the sheet 300
‘has a proximal end 319 and a distal end 320 and is di sposed between the
proxi mal end 304 of the sheet 300 and the distal end 305 of the sheet 300.
The third shqe 308 of the sheet 300 has a proxinmal end 321 and a distal end
322 and i & the distal end 320 of the second side 307 and

the distal end 305 gf thenstieels 300 .Tha queth Side. 209 of, the speet 300

i s di sposed between € proxi na e’ proxinal portlon°§13 of the

first sifen?06 apdpthgeproxi el engy 319 af sthengetofchs| demBQ7 scBRe2bifth
side 310 of the sheet 300 is disposed between the
FIG. 2 shows a first sheet 25 which is used to form first leg 10,



19 SEP 2002 -24 distal end 318 of the distal portion 316 of the first 'dﬁ
306 and the distal end 322 0. the third side 308 and is provided wi 1119 SEP 100
. length L1 that is shorter than the length L2 of the fourth side 309. In a
preferred enbodi nent, the length L1 of the fifth side 310 and the length L2
of the fourth side 309 are in a ratia @&f. about 5:7, i.e., the fifth side
310 has a length L1 that is about 70% of the length L2 of the fourth side
309. In an especially preferred enbodi nent the sheet 300 is etched with a
plurality of substantially uniformcells 312 as previously discussed and
the number of -Geh | 5ndliSRESGH12H0NY LBEaCEE CtofRratdl 196 3530@nal at he
fifth side 310 and the nunber of cells disposed along the circunferenti al
axi s 303 ohitdesHeut 135 $iHdeh3Q8 asedi boafsnt isxenl z@boutrhd: TirAcskkédt skile
311 is di sposed between the second side 307 and the third side 308. In an
especi al | ynpredemechemyodionent, stheténtrsalky dd BO@NSséxendigedet309, and
third side 308 are substantially parallel to each other and the fourth side
300, fiftPredeferrigedadgneft ﬂnéiﬁéd@l-l FHYF Nt FRPLAFRY1BAFal FRE tiFach

ot her and_the fjrst side 3Q6,. seco side,307, and thit |,d 0 re

subst ant | #19SF gé; 6@‘%?85?88 Fae?’ﬁeﬂ?oﬂlrﬁh Ve sé‘g’@,taﬂkf‘g%%gi tgréggﬁ'?e and
Sixth si rraz]rf]s Q BRkgst bg flogtc&Nandal) @niuhyl ahapregber s 3dnardiei3§c0nd
si de 307% t elos eet 3(s)0 iséatta%hed via at tnachi ng ?reans t% thea pr oxi %
portion i Gfameheikkr showeder 30theoflddie 19hatid 360 and the shedtts Ssd@and08
of the sheet 300 is attached via attaching nmeans to the distal portion 316
of the fi¥sussiddgo30808hce hehem,1onay PP FOYRTY2Bgshbees 309 sredidrim a first

expandabl e tubul ar nenber 301 having a Ion%i tudi nal bore 323 defining a
| ongi t udiFPRLLERTELCB8495E - BN THF FITEGNES3CITRB1St tARFR PR ™Y MEy Héed

carried out utilizing vard ety ,of attachin | | Q to t.hose
skilled iy ttlﬁ!lgta‘r” egsagﬁle‘f‘%jb?% tfb(‘)ery '%ﬁesggﬁ%goggsgﬁogvgﬁ%'r E&p?&rq&éarpréperar ed
enbodi mendy e 2kt 3RBbAImSA e He LHIsLd rRUEXHhAELR] %S EM I Gl | NP NG,
sol dering, welding, or spot welding. In the enbodi nent shown in FIG 23
spot wel didagptddStbassbees their ZdchalAtieenshensi aesn havearheien at traehed as
di scussed above, the fourth side 309 defines a proximal tubular nenber
apert ur e sgenst Eheehper ® L3R 6 MEohRenPEéatERDed oh erhediyitttudi nal bore
323, and th%Pfgi th_side 310 defines a di ul ar nenber, aperture or

stal tub f
stent ap&taré?3279°to % NG PhePRBhGT RUdthalPHore 323 as shown in

FI GS. 23 : 2 d j [ ! d e b ved t%é—_.’go ird
si de 308 ag%gltg%té‘T)I?%x?ine;l&eez(f%gf%%%F%?hgﬁgi gt a%%?lﬁ gﬂr?gSl_ of Efehggflggst

si de 306 adebireeiousiyeiyanceapertdr en328 §isetshsvid Bikble@Ss028n36) si zed
and- adapted to receive and secure a second expandabl e tubul ar nmenber 329
(shown | WhEnGE: P6-dledriatior anshbapét s uirt Se& hayrossdisarstion Banthat i s
| ar ger thag the dianeter D2 of the unexpanded stent, i.e., the branch
aperture™398 78 FSHUEICYATEn (P CHPORT FETC MR LIS Nade ALAREEST96oRnd 327
of the fig t I r 1 t he bef fter ubul ar nber
301 is e;%g%%e%%jfﬁ{a I rst%cgggarl]ggb Fé’ t u}g{u satfral%qrrlée te?%é%gi é ?%lé%t d%n$ Vered
to a bifperas esbarrsaldgearingaachir&teddgrers antha sSeerdnl HggE 59 that the
first expandabl e tubular menber is disposed within the 19 SEP 1002 -26
first |ufercmhdhdss Boahels apéitsareedgsmilni catsesonidt kdybe3gecandhixdren. I n

-a preferred enbodi nent, delivery is via a balloon. catheter as previously
di scusse®dInfitr 7a RadoBEER BEELt I bnedthiuse shieest 38x pafdabf ersurdas

nenber is.expanded jn.an ggount uf(;i cient. to _secure the first expandabl e
6, [ !
t ubul ar ?nenbé[(grselcrclJ dneEd T gt Iﬁrrtékrslﬁr Eond ‘e n&agf’}érf'ﬁbﬁﬁi%ﬁ %%nber 329
is then prepangfl sheet metal has been cut to form sheets 25, 30, and 35,

it is deformed and rolled so as to cause two opposite edges to

meet and create a cylinder. In the example shown in FIGS. 2 and



having a proxi mal end 330 and a distal end 331 and havi ng | ongi tudi nal bore
332 therethrough. The second expandabl e tubul ar menber 329 (shown i i JFSEESI002
.25, 26, and 27) may be patterned in the same way as the sheet 300 as

previ ously discussed. In a preferred enbodiment the cells 312 of the sheet
300 used to nmake the first expandabl e_ygbul ar nenber-301 and the cells
312' . of the second expandabl e tubul ar nenber 329 are substantially uniform
The second expandabl e tubul ar nenber 329 is delivered into the |ongitudinal
bore 323 of the first tubular nenber 301, as shown in FIG 25, and is

advanced_int o and beyaond_t he _branch erture 328, as sha ' 26, SO
t hat the3di§§§ﬁ ékuf §f18FBtﬁ8 S %%n%gé&ﬁﬁuﬁf éhPuEﬁIng%%%ﬁeglééﬁ)%ég

di sposed, y t hj c t r.OX%jITel d1330,0fcthesSeaNd
expandabTeév!ttﬁ%{ﬁeta:ﬁrrg%bg?’qgggn?g %‘F@%ojs]‘gd\plvaoiwﬁiqﬁ tr%g Ilgngiotﬁ%i% ngﬁ bore 323
of the figstid ubaye memher j80dea The &afOd expandabl euhubsl e fember 329
is then expanded in an anmount sufficient to secure the second expandabl e

t ubul ar $marbex0 .32Thei eHgast hay skee ojwidadrem andidet maniety &f arays aedrdt ure
328 of the first tubular menber 301 as 19 SEP 2002 -27 shown in FIG 2
Anpng t Henewv et &geset Bt 1iad sienBwliamn@spsoitagdei §or  Hats (AP OSEent

provides a |l arge br.anch agerture %éya facilétates the_introduction of the
second t%tflila WBEP /i Af P HeS i e §PYEEEDNA T utret =1 "addi ti on,
this ste ' echakl ¥, syl t.able t r f j i furcation
stentindggﬁ%ﬁgﬁgg ?%?h§¥%n¥%Aggé§E%%% aqgigg %?%ﬁ?ﬂgﬁﬁ cﬁé?%%fﬁésboccluded.
FIGS. 2&nmpdiheniiowepad wtleimatisy aiddmieddnenhsasioah t £t NedG ve ,nmegtiked of
maki ng the first tubular nenber shown in FIGS. 23-27. In this enbodi nent
the firslteg uSuhas repbexim8D €rxhdvin ian dRisGal2endi 2 compdidafings & proxi nal
menber 401 having a proximal end 402 and a distal end, 403 and a di stal

menber ACPHEVCIF3A BPERI Bl SIRFUUS 1890 18 ARSt & PEAEDTDS o dfowd in FI G

28. The proxi,mal er_40 as a | anagi tudi.nal , bore 4 a is._cut.froma
T st AT BV E T, Cprnd et o dePihnihtBns BEEe I b Bef 20 oMoy
404 has w d engi-budinael BT £6 41 bysandiil $naub7i r oRnaaseGUYl 4 ube 408 having
a, second cross-sectional dianeter D2. D2 is smaller than D1. The tubes 401
and 404 1y ikedehabedose palt evrad 4ashpwaychast yrsit Sbers sam efcone Lhe
proxi mal nmenber 401 and distal nenber 404 are cut fromthe tubes 407 and
408. Al tlér.nancyEE§T 2hel pFox@TiRT &9d 2giSeMRLY renber o1 1t hthPifoxcangdbe

etched or. patterped after the oxi mal _and_dj st ne rrs 401 and, 404 _ have
been cutsr‘FFrz‘&m t hég? URERX A aeﬁ%r i‘&&rg%TSlﬁﬁEei?%:i? ﬁrg%)ettri?mﬂr&?u%?‘rbﬁ?d400,
a porti 'S 0 he PERXI Q%ﬁ{ APL ¢ t ed via
attachi ;ig %&aﬁggzﬁ% %é;é aﬂggarﬁéél ér?q%feht Eg %frq%x(lﬁr?réa#%n 405 g)af t%ﬁg %?‘g‘?al
menber 4Q4ttionfoonso itk SEHA/UdAgiz8danél rsdrésind ariaveningr 2408xrdaii ng a
proxi mal end 409 and a distal end 410 and a |ongitudi nhal bore therethrough
411 as shomnimarida) wich BEashetbers 481Gand 4Dpmmndeigwt anhebI@ti4i zi ng

a variety of attaching ns 417 reviously di scussed, however, in a
preferréd BnBoUT mEHtY t tg’[et ééﬁieﬁgfﬁgaﬁ%p%’fﬁ‘rszed is welding. In an

especi al | er i i (S Ut . Bec D2 is
o0s 1 han DI Fho Lot o TRBbnaDahdEL A I o' Eree R BEORER O N

portionmdfirascuid® ihaldrsdadcpowitpntiofs ths dntdenTal TaedsdOnt ofo tie
"distal portion 404 define a branch aperture 412 as shown in FIG 29 and
FI G 30pfenidéed iwitdn serfd rsitewegf 55| &1d 29)sedand dieg &Ppktcathedste ta may be
desirable to have a greater portion of the distal end 403 of the proxinal
menber 2BIMARRFIIRS Prooxi MRE SAEUZOEL BN tHeeh HOallsmérpBrd4680o® dhtiidtsteach

ot her before e re attached i der to incre t he rengt h of the
first_tﬁ%ﬁ %r$£€%%gfiéﬁﬁp theﬁgy9 ea%€%5ﬂ31fghgégbyP'e?é?,s %/ di st orting,
al i gni ngne@fdl FONURCHNGad BLepheteShEd a0e &r&édotqikpepgkféééc 403 of

the proxi mal nmenber 401 and a greater surface area o he proxi mal end 405
of the forming a variety of patterns as specific applications dictate to



di stal menber 404 prior to attaching the distal end 403 to the proxi mal end
405. FIG 30A is an end view of this enbodi nent and shows that a grep§&EP 2002
. surface area of the distal end 403 and the proxi mal end 405 are attached
when conpared to the enbodi mrent shown in FIG 30. FIG 30A al so shows that
in this enbodi ment the branch aperture+12' is |larger than the branch
aperture 412 shown in FIG 30. A second tubular nenber 413 may then be
i ntroduced into the branch aperture 412 and 412' and as 19 SEP 2002 -29
previ ously discussed is expanded and secured so that a portion o the

second tubul ar menber 413 comruni cates with | ongi tudi nal, bore 411 to forma
bi f ur cat eﬂc%k%‘fﬂ thes SFPREFACL R ﬁ?@uﬁﬁ requiy asEEs) BFEVigY s ati FSUeFes ned

o 5 DL, T 8, 9o R BRSSP U RgR0yAlg prens of )

and a ci rousremtiingh 88hgrht 88a SPESEn Pr @i dRd oielh: 70 has a first edge
71, a second edge 72, a third edge 73 and a fourth edge 74. The
second sheet 75 has a first edge 76, a second edge 77, a third
edge 78, and a fourth edge 79. To form the legs of the stent a
portion of edge 72 is rolled towards a portion of edge 74 and a
portion of edge 77 is rolled towards a portion of edge 79.
Demarcation points 80, 81, 82, and 83 are selected on sheets 70
and 75 as shown in FIG. 8. These demarcation points 80, 81, 82,
and 83 are selected to meet the requirement of specific
applications and may be adjusted depending upon the length
required for legs 55 and 60 and the length required for stem 65.
Demarcatiop_points 80 and 81 that are equidistant from edges 73
and 71 and demarcation points 82 and 83 that are equidistant from
edges 76 and 78 will result in a stent in which the-iegs 55 and
60 have a length that is substantially equal to stem portion 65.
If the demarcation points are selected to be closer to edges 73
and 78 than to edges 71 and 76 the stem will have a length that
is greater than the length of each of the legs. 1If the
demarcation points are selected to be closer to edges 71 and 76
than to edges 73 and 78, each of the legs 60 and 65 will have a
length that is greater than the length of the stem 65. 1In a
preferred embodiment, however, the demarcation points 80, 81, 82,

and 83, are selected so that proximal edges 72'‘’, 74'‘’, 77'', and

79'' are about 1/3 the length of edges 72, 74, 77, and 79. As



a first side having a proxi mal portion having a proximal end and a di éﬁh
end and a distal portion having a proximl end and a distal end; a sé 2001
-side having a proximal end and a distal end, the second side disposed

bet ween the proximal end of the sheet and the distal end of the sheet; a
third side having a proxi mal end and sgistal end, the third side disposed
between the distal end of the second side and the distal end of the sheet;

a fourth side disposed between the proximal end of the proximal portion of
the first side and the proximal end of the second side; a fifth side

di sposed shetwvween the. ds st@dmardhwfort e idicsBal dpoitiesnedfethz 44 rst side and
the distal end of the third side, the fifth side having a length that is

shorter tbamokheatehgt irofmidpisudtnitosiaddisand adgexih’ sank aiprrsaal

bet ween the second side and the third side; 1 9 S E P 2002 '
edge 72’’. Demarcation point 81 divides edge 74 at approximately

its midpoint into a distal edge 74’ and a proximal edge 74''.
Demarcation point 82 divides edge 77 at approximately its
midpoint into a distal edge 77’ and a proximal edge 77’'’ and
demarcation point 83 divides edge 79 at approximately its
midpoint into a distal edge 79’ and a proximal edge 79'°'.

To form the stent, edge 72' is connected to edge 74' via
weld run 90 to form first member 95 having a first leg portion 55
and a first stem half 65' as shown in FIG. 9. Edge 77’ is
connected to edge 79’ via weld run 91 to form second member 100
having a second leg portion 60 and a second stem half 65'’, As
previously discussed, the edges may be connected in é variety of
ways well known to those skilled in the art. FIG. 10- shows the
first member 95 and the second member 100 shown in FIG. 9 in
alignment just prior to assembly. To produce the bifurcated
stent 50 shown in FIGS. 11 and 12, edge 72’'’' is connected to edge
79’ via weld run 92 and edge 74'' is connected to edge 77'‘’ via
weld run 93 so that first stem half 65’ and second stem half 65’
form stem 65. FIG. 12 is a cross-sectional end view of the stent
shown in FIG. 11.

In the embodiment shown in FIG. 7, sheets 70 and 75 are
squares or rectangles. The sheets 70 and 75 are not limited to
this configuration, however, as shown in FIG. 7B. FIG. 11B shows

a bifurcation stent manufactured using the sheets 270 and 275



-31 b) attaching the second side to the proxinmal portion of the first side
and attaching the third side to the distal portion of the first side 18 SEP 2001
.forma first expandabl e tubul ar nenber having a | ongitudinal bore defining

a longitudinal axis, the fourth side defining a proximl stent aperture
communi cating with the |ongitudinal bopg. the fifth side defining a distal
stent aperture conmmunicating with the |ongitudinal bore, and the sixth side
and the proximal end of the third side and the proximal end of the distal
portion of the first side defining a side branch aperture comrunicating

with the Ligngl tiydistyl. bare apd sigged a9yl adaphedil@qr GEehve Abdsserdye a

second expandabl e tubul ar nenber; c) delivering the first expandabl e

tubul ar nEdeind @ dekbhdr Lagyeds v essed cHay ity aa skiemSpoktp®n 268l a mecond

| umen so that the first expandabl e tubul ar nmenber is disposed within the

first |unenfwemttiibs Branch2apeis ufermeshrinorcat € rett hhede e¢ ot launen; d)

expandi ng t he firstﬁeﬁgandable tubul ar nmenber in an anount sufficient to
a

secur e t HegINSsSheg abRe TN o fditber’Bi-n The FFERE FRRRSS %)° Fnepari ng

a second pandabl e t ubyl ar . menher. havi ng_a _ proxi gal _end and a distal .end
Bnd havi AT Oy, BaarRErdLERe T miocgm2rRegt Flerite e Rediiy® 18
expandabl ubygl ak; i Nt [,aRG p r f | b r
menber sg%tdﬁa?lét' hglg?g?%e%ﬂ odf h?dhsg asgggrsfg gé%gngg 'Ieé {El;eb{ﬁrgd?ter?erg%bgﬁi’s

di sposed anithird tBge SETON | ftt ARdgehe 7p) 0Xi FRftieneid 2718 seoad
expandabl e tubul ar nmenber is disposed within the |ongitudinal 19 SEP 2002
- 32 hiresdxthhedgeratét ubuderenminiedige aAd, ganéxpaneighrht ledaseddid The
expandabl e tubul ar nenber. in an anmount, sufficient to secure the second

expandabls€cCifuPare refberhad thift fiSie ©88€0R47 | LReFeSORF G995 17 Che 2pFRAER
apertureédge 279, a fourth edge 280, a fifth edge 281, a sixth edge 282,

a seventh edge 148, and an eighth edge 149. As shown in FIG. 9B,
edge 274 is connected to edge 276 via weld run 290 to form first
member 295 having a first leg portion 255 and a first stem half
265’. Edge 280 is connected to edge 282 via weld ruA 291 to form
second member 300 having a second leg portion 260 and a second
stem half 265’'’. As previously discussed, the edges may be
connected in a variety of ways well known to those skilled in the
art. FIG. 10B shows the first member 295 and the second member
300 shown in FIG. 9B in alignment just prior to assembly. To
produce the bifurcated stent 250 shown in FIGS. 11B and 12B, edge
272 is connected to edge 149 via weld run 292 and edge 278 is
connected to edge 147 via weld run 293 so that first stem half
265’ and second stem half 265’' form stem 265. FIG. 12B is a
cross-sectional end view of the stent shown in FIG. 11B. FIG.
12C shows an alternative pattern that may be used in place of the

patterns shown in FIGS. 7 and 7B.



2. The nethod of claim1l) wherein the attaching step is carried out P.2002
utilizing screwing. 3. The nmethod of claim 11, wherein the attaching g@e% izg
.carried out utilizing crinping. 4. The nmethod of claim 1, wherein the
attaching step is carried out utilizing soldering. 5. The nethod of claim1l
wherein the attaching step is carried.ggt utilizing welding. 6. The nethod
of claim1, wherein the welding step is carried out utilizing spot welding.
7. The nethod of claim1l) wherein the fifth side has a length that is about
70% of the length of the fourth side. 8 The nethod of claim1, further
conprising the steps of providing the first and second tubular nmenbers with
a plurality ofa célird edapdiment dfe HlFstiavensity therfbses pi¥drPQxFions

expansion 19 SEP 2002 -33 and substantially rigid after expansiaon. 9. The
met hod ofwhiichi @re, depteyed Al ig CHe s"F@Bsog“Sr 6%?%‘[‘?1]9“?%%tthénd

t he second t,ubul ar nber w n e at n fLoin rad it f
cells. 1F2%Hr& msPhod™ 0% c ’a‘%“%%“ \ﬁln%?gqﬁpt hg?é;él fqg %ék?%w%d%tpe?'le%nt@o ftt’)')é's9

substant ilaé#béofr':%hbi €0 PEi&Fide Lhe HeuPaBaLopuinkhepdid Stz Bnhds 8a0Rdg
tubul ar ne rs and are adapted to be substantially rigid after the

expansi on @frokhfali €5d Prel Gefioncigt ubskam perbess. 139 . arkhes mHtshad efidcl ai m

10, wherein the cells of the sheet are substanti al Ig/ uni form _
120 defining a first leg portion 130. Second leg portion 140 is
provided with a longitudinal bore 132 and has a proximal end 145
and a distal end 150. Stem and first leg portion 110 and second
leg portien 140 may be sized and patterned or etched as
previously discussed. A branch aperture 135 is disposed between
the proximal end 115 and the distal end 120 of stem and first leg
portion 110. The branch aperture 135 is sized to receive Leccnd
leg portion 140 and is adapted to engage and secure the second
leg portioqil40 when it has been expanded within the branch
aperture 135. Second leg portion 140 is sized and adAPCed to
engage and be secured into branch aperture 135 upon expansion.
FIGS. 14 to 21 show how the bifurcated stent is assembled within
a bifurcated lumen. As shown in FIGS. 14 to 21, the area to be
treated is a bifurcated lumen having a first or trunk lumen 190
and a second or branch lumen 195. As shown in FIG. 14, a first
guide wire 155 is introduced into the trunk lumen 190 and a
second guide wire 156 is introduced into the branch lumen 195.
As shown in FIG. 15, a balloon expandable stem and first leg
portion 110 is disposed on the tip of a first balloon catheter

170 so that the balloon 175 is disposed within longitudinal bore

131. A second balloon catheter 171 is then introduced into



" 12. The method of claim 10, wherein the cells of the second tubul ar qfsgﬁz 7
are substantially uniform 13. The nethod of claim 10, wherein the c¢ @

.the sheet and the cells of the second tubular nmenber are substantially
uniform 14. The nmethod of claim 11, wherein the nunber of cells disposed
along the circunferential axis of the.3jfth side of the sheet and the
nunber of cells disposed along the circunferential axis of the fourth side
of the sheet are in a ratio of about 5:7. 15. The nethod of clain11,
wherein the branch aperture is |arger 19. S E P 2002 -34 th e.groxina
and di st apnapeydinak ksire A8 Y ofsstemhandr f kefbetred RPTCHRE et h&&‘ of-Scl ai m

1, wherein the first) sec nd nd thi Sld s are t| r el to
each ot hefVanged P ot I+ (% ﬁ°°ana g kfh escgrest:sur}l ﬁf¥§ ? 355¢

paral | el pf 05 £aclt Qles 1730715Th§uH€£909 Othé@'gnlJofie Whe gk Lhe fst:éPld

second, and sides arKk stantially perpendicular to the fourth
fifth, a@Qcﬁée@ﬂﬂ $1108% mb8nrAdbbhuscabed Siad WwiamNIsE.Ng: Az) sBobihr sk

tubul ar nerber having a proximal end and a distal end and a | ongitudinal

bor e theret hroightidefuneixpgnded stem and first leg portion 110 is guided
to the area to be treated so that first leg portion 130 is
disposed within trunk lumen 190 and branch aperture 135
communicates with branch lumen 195. Guide wire 156 facilitates
the orientation of the branch aperture 135 with the branch lumen
195. The size of the conventional catheters and balloons is not
to scale and details well known ‘to those skilled in the art have
been omitted foi clarity. Balloon 175 is inflated which causes
the stem and first leg portion 110 to expand, as shown in FIG.
17, to secure it in the desired position. After expénsion, the
external wall of stem and first leg portion 110 would.contact the
interior walls of trunk lumen 190, however, a gap has been
intentionally left for clarity. The balloon 175 on first
catheter 170 is left inflated and the balloon 176 on second
catheter 171 is then inflated to enlarge the branch aperture 135
as shown in FIG. 18. As the branch aperture 135 is enlarged a
portion of the stent defining the branch aperture 135 is pushed
outward to form a branch securing lip 180.

Balloons 175 and 176 are deflated, second catheter 171

is withdrawn, and second guide wire 156 is left in place in the

branch lumen 195. Second leg portion 140 is then applied to

second catheter 171 so that balloon 176 is disposed in



| ongi tudi nal axis, the first tubular nmenber conprised of a sheet hang%fPZWZ
proxi mal end, a distal end, a longitudinal axis, and a circunferenti

.axis, the sheet provided with: a first side having a proximl portion
having a proximal end and a distal end and a distal portion having a
proxi mal end and a distal end; a seconghb side having a proxinmal end and a
distal end, the second side di sposed between the proximal end of the sheet
and the distal end of the sheet; a third side having a proxinmal end and a
distal end, the third side disposed between the distal end of the second
side and the distal end of the sheet; 19 SEP 2002 -35 a fourth side

di sposed leeideedinhhe pooxi 132 @l sefconkde cprbetaal 2 poris orhexf ddyd ifeidr b si de
and the proximal end of the second side; a fifth side di sposed between the
di stal emeécohdt fuidésvate pb¥d i orfegiondhdeti Portspuel 4hdi g Heall Gudidedndcof

the thlrgnd intrcduced into, the longitudinal bore 131 of the stem and
first leg porticn 110 and is advanced and passed through branch
aperture 135 so that the distal end 150 of the second leg portion
140 protrudes into the branch lumen 195 and the proximal end 145
communicates with longitudinal bore 131, as shown in FIG. 19.
The balloon 176 on second catheter 171 is partially inflated and
the ballopn 175 on first catheter 170 is then partially inflated
to a pressure substantially equal to the pressure in balloon 176.
Both balloons 175 and 176 are then simultaneously inflated to
substantially equal pressures. As shown in FIG. 20, inflation of
the balloon 176 cn second catheter 171 causes second-leg member
140 to expand so that its external walls engage and are secured
to the area surrounding aperture 135. Inflation »f the balloon
175 on the first catheter 170 prevents stem and first leg portion
110 from collapsing when ballooﬁ 176 is inflated. After
expansion, the external walls of second leg 140 would contact the
inner wall of lumen 195, however, a gap has been intentionally
left for clarity. The balloons 175 and 176 are deflated,
catheters 170 and 171 and guide wires 155 and 156 are withdrawn,
and the assembled bifurcated stent 160 is left in place as shown
in FIG. 21.

FIGS. 22 to 31 show an especially preferred method of making
a bifurcated stent in accordance with the invention. FIG. 22

shows a sheet 300 used to form a first expandable tubular member



side, the fifth side having a length that is shorter than the |ength idf SEh&0?
fourth side; and a sixth side disposed between the second side and the
.third side; b) means for attaching the second side to the proximl portion
of the first side and the third side to the distal portion of the first
side so that the fourth side defines agroximal scent aperture
comuni cating with the |longitudinal bore, the fifth side defines a dista
stent aperture comrunicating with the |ongitudinal bore, and the sixth side
and the proximal end of the third side and the proximal end of the distal
portion of the first side define a side branch aperture comunicating wth
t he | ongd@udi rihe w@ﬁetaﬁéoshéédaahﬁpgﬁﬁﬂﬁkﬁfk(?%#écépﬁe and secure a second

i Stal cPF A STRRIG  BSPL OBt ot BOTE THorReEhidgnd. ChE- ShcORt Aihbufar -
menber d%ﬁ%$seddmiyy N ghgeggg@cg g@gﬂln thggﬁggaglgge3@ oxi nal,,,end of the

second t enber ’ |spose ongitu |na bore of the first

t ubul ar &09,1% fIhehswalé 9io claidnal&ixapesele the, atteehimedmaaps is a
1 9 SEP 2002 -36 screw. 20. The stent of claim 18, wherein the attaching

nmeans i sn@y Gd MroviBedThetst @ntanfemy aifmph8tewher ehaweher atiraghi ng neans i s
sol der. 22. The stent of claim 18, wherein the attachlnghneansvjs.a wel d.

preferred embodiment the sheet 300 is provided with a plurality
of expandable cells 312 adapted to be substantially flexible
prior to expansion of the first tubular member 301 and
substantially rigid after expansion of the first tubular member
301. In an especially preferred embodiment the flexible cells
312 of the sheet 300 are substantially uniform as shown in FIG.
22.

The first side 306 of the sheet 300 has a proximal portion
313 haviné‘é proximal end 314 and a distal end 315. The first
side 306 also has a distal portion 316 having a proxiﬁal end 317
and a distal end 318. -

The second side 307 of the sheet 300 has a proximal end 319
and a distal end 320 and is disposed between the proximal end 304
of the sheet 300 and the distal end 305 of the sheet 300.

The third side 308 of the sheet 300 has a proximal end 321
and a distal end 322 and is disposed between the distal end 320
of the second side 307 and the distal end 305 of the sheet 300.

The fourth side 309 of the sheet 300 is disposed between the
proximal end 314 of the proximal portion 313 of the first side

306 and the proximal end 319 of the second side 307.

The fifth side 310 of the sheet 300 is disposed between the



23. The stent of claim 18, wherein the attaching neans is a snot wel d{ 9P 12001

The stent of claim 18) wherein the fifth side has a length that is about

. 70% of the length of the fourth side. 25. The stent of claim 18, wherein

the first and second tubul ar nenbers are provided with a plurality of cells
adapted to be substantially flexible p?gpr to expansion and substantially
rigid after expansion. 26. The stent of claim 18, wherein the sheet and the
second tubul ar nmenber conprise an etched pattern defining a plurality of
cells. 19 SEP 2002 -37 27. The stnt of claim26, wherein the cells are

adapted §.ahg sHestant bal bxefdexddl edrdidn Baet b€ expaBsien sidé haodir st
a”d second tubul ar nenbers and are adapted to be substantially rigid after
the expajisd ®heofdishalf enat 32ndo Seond HidllsddenstBensd 28. pTbel dace m: tf
claim 27, wherein the cells of the sheet are substantially uniform 29. The
stent ofa dleaigni2Z) whetein sherwet |shast tthee 168g6RILRUBEI GRS nkdieth &igle

substantially uniform 30. The stent of claim 27 erein the cells of the
sheet ariP%-he I8ep| Broferred seerAftt M iul épen\%ﬁﬁgrhaw gubrskf%nf‘lratﬁ'\ V2@ for m

31. Th tent .of . clai , nt | sposed Al th
Ci rcun?@flé)ﬁtr;inéilo tﬁ%i ggg?gl?hléy\?%t Ih%si%glrg?’ngﬁéeggggt%g%dg% ?\% nu“nb%roqgg celel S

di sposed;a)@ng .bhe;chr cupfer eiddials i 310 hhBeafl Dehgth sidec it tie apheet are
inaratio of about 5:7.
70% of the length L2 of the fourth side 309. 1In an especially
preferred embodiment the sheet 300 is etched with a plurality of
substantially uniform cells 312 as previously discussed and the
number of cells disposed along the circumferential axis 303 of
the fifth side 310 and the number of cells disposed along the
circumferential axis 303 of the fourth side 309 are in a ratio of
about 5:7.

A sixth side 311 is disposed between the second side 307 and
the third side 308. 1In an especially preferred embodiment, the
first side 306, second side 307, and third side 308 are
substantially parallel to each other and the fourth side 309,
fifth side 310, and sixth side 311 are substantially parallel to
each other and the first side 306, second side 307, and third
side 308 are substantially perpendicular to the fourth side 309,
fifth side 310, and sixth side 311.

To make the first expandable tubular member 301, the second
side 307 of the sheet 300 is attached via attaching means to the
proximal portion 313 of the first side 306 of the sheet 300 and

the third side 308 of the sheet 300 is attached via attaching

means to the distal portion 316 of the first side 306 of the



32. The stent of claim 18, wherein the branch aperture |larger than thE SEP 2002
proxi mal and distal apertures of the first tubular nenber. 33. The st %t of
-claim 18, wherein the first) second, and third sides are substantially
parallel to each other and the fourth, fifth, and sixth sides are
substantially parallel to each other. 9519 SEP 2002 -38 34. The stent of
claim33, wherein the f=rst, second, and third sides are substantially
perpendicular to the fourth, fifth and sixth sides. 35 A kit for formng a
bi furcated stent conprising: a) a first expandabl e tubul ar nmenber having a

proxi mal gndandoacdi 8bah £ngiand SdeRQikhede08L1R8T RehiteF €5dW QiGN ndehi ni ng
a longitudinal axis, the first expandabl e tubul ar nenber conprised o6f a
sheep havidmgizuataxl nabrentk3 ajefiistialg endpngitodghalidixid ¥»d ®s shdwa
circunferential axis, the sheet provided with: a first side having a

proxi mal ipoFtiGen2Rhavi Age aatprastiingl sseg aad be dtarniedmbtanmt id idilpgak
portion havingﬁa F=cximal end and a diistal end; a second side having a

proxi mal VéFdeandoh JFSAHHnhdieaFe WSddoKBCKT deP df AR etk et dR £hE art

prOXinala%ngugLagfg g&?%&ﬁ%ﬁ%u&%%sgiShé&eggg,Cﬁntgmi§% é??ed embodiment
the attaching step is carried out utilizing screwing, crimping,
soldering, welding, or spot welding. In the embodiment shown in
FIG. 23 spot welding 325 has been utilized. After the sides have
been attached as discussed above, the fourth side 309 defines a
proximal tubular member aperture or stent aperture 326
communicating with the longitudinal bore 323, and the fifth side
310 defines a distal tubular member aperture or stent aperture
327 communicating with the longitudinal bore 323 as shown in
FIGS. 23 and 26. The sixth side 311 and the proximai end 321 of
the third éide 308 and the proximal end 317 of the distal portion
316 of the first side 306 define a side branch aperture 328 (as
shown in FIGS. 23-26) sized and-adapted to receive and secure a
second expandable tubular member 329 (shown in FIGS. 26-27). The
branch aperture 328 has a diameter D1 that is larger than the
diameter D2 of the unexpanded stent, i.e., the branch aperture
328 is larger than the proximal and distal apertures 326 and 327
of the first tubular member 301 both before and after the tubular
member 301 is expanded.

The first expandable tubular member 301 is then delivered to

a bifurcated vessel having a first lumen and a second lumen so

that the first expandable tubular member is disposed within the



a third side having a proxinal end and a distal end, the third side 19 SEP 2001
di sposed between the distal end of the second side and the distal end of

-the sheet; a fourth side disposed between the proxi mal end of the proxinal
portion of the first side and the proximal end of the second side; a fifth

si de di sposed between the distal end pjglhe distal portion of the first

side and the distal end of the third side, the fifth side having a I ength
that is shorter than the Iength of the fourth side; and 19 SEP 2002 -39 a
si xth side di sposed between the second side and the third side; b) neans

for attaching the second side to the proximal portion of the first side and

for attachiifg tliRehhhhd ehéepishdhglirthdle RPBRhLADCOEeS Ntk Itle SO

that the fourth side defines a proximal stent aperture comrunicating with
t he | ongiltus@innal thoaepréherféd tdmeidimetief,i ded:iaedyysial vs4 entbalferdnur e
comuni cating with the | ongitudinal bore, and the sixth side and the
proxi mal cendeckrt Ae pheviowsde dimtusisedpr oRERAY ehdhat RerN dicsigliopedti on
of the first side define a side hranch aperture comyunpicating with the

| ongi t udicR8l IHEFE BRRRRIFRAP HIPAFIPMERPED 1 8cRIRRNGH Yol &9 Sécond

expandabl e .tubul ar nenber: c) .a ond_e R e r er._having a
proxinalsgﬁ lgﬁ%g%.%ﬁsﬁ?ﬁuﬁﬁufhfng%%§5iﬁﬁéggﬁgsg%dfﬁgpgkgfg heréphggﬁgh,
t he secord.expapdabl e tubul ar menber sized and adapted to be di sposed and

secured within the branch aperture so that the proxi ml end of the second

t ubuhar nenben sscshds poarthdsidilel BRubhealk onghbenli3zd drohenf prepatiedst
tubul ar menber; c) a first guide wire; d) a second guide wire; e) a first
bal | oon bavhegez ;praxinadl #rceddfdabdl Rodhstat Rdr331 and having

longitudinal bore 332 therethrough. The second expandable
tubular member 329 (shown in FIGS. 25, 26, and 27) may be
patterned in the same way as the sheet 300 as previously
discussed. In a preferred embodiment the cells 312 of the sheet
300 used _to make the first expandable tubular member-3C1 and the
cells 312’ .0f the second expandable tubular member 329 are
substantially uniform. -

The second expandable tubular member 329 is delivered into
the longitudinal bore 323 of the first tubular membef 301, as
shown in FIG. 25, and is advanced into and beyond the branch
aperture 328, as shown in FIG. 26, so that the distal end 331 of
the second expandable tubular member 329 is disposed within the
second lumen and the proximal end 330 of the second expandable
tubular member 329 is disposed within the longitudinal bore 323
of the first tubular member 301. The second expandable tubular
member 329 is then expanded in an amount sufficient to secure the
second expandable tubular member 329 within the second lumen and

within the branch aperture 328 of the first tubular member 301 as



36. A nethod of making a bifurcated stent conprising the steps O a) 0
cutting a proximal nenber froma first expandabl e tube 19 SEP Zdb&SEEGU
having a first cross-sectional dianmeter, the proxi mal nmenber saving a
proxi mal end and a distal end and a | ongitudi nal bore therethrough; b)
cutting a distal menber froma second. gxpandabl e tube having a second
cross-sectional dianeter smaller than the first dianmeter of the first tube,
the distal nmenber having a proxinmal end and a distal end and a | ongitudi nal
bore therethrough; c) attaching a portion of the distal end of the proxinm
menber tshewpoint ifkiE-0R7t he proxi mal end of the distal menber so that the

| ongi tudi nal bore of th roximal nember. is in fluid comunication wth the
| ongi t udi nal B¥FE 5Petﬁgvgp§?%fsn%%%%r§h%5fembOdlmFngprgybgﬁaabfey?%%ulaf

orm a

ngi tudi n “t ié _ xpari
her ot hr Bt~ RS BEEVEaeRon Corts Sl t AB e ot CRd O The. oy o T

menber and thgidnaht aghede poetbmn ibdhge mMeavewnlineBdepE &hee dbsdradn manber
defining a side branch aperture conmunicating with the |ongitudinal bore of
t he firsdedatullamenenben additsioed Emnid ada@ptedst especialby asuli surlys €
second expandabl e tubul ar nenber; c) delivering the first expandable

t ubul ar whenirer fegmanpgef of ceeEtrl rORddioRg SESPFEBY AOFeR £ X second

| umen so that, the first expandabl e .tubuyl ar nmber is.disposed within the
(Tt | RETEHAG SREUBR aR R Sbar AN CRmARR 5t 08 RFEhIIRD second I umen d)
expandi ng th%IEg(sgseggag?qghgg;ggpquﬁggggggeig a ARDAntasufficient to
secure the first expandable tubular nenber in the Tirst lunmen; e) preparing
a second1@xpandabkemt thed a5 f Mielg e Fgdrat cdBufafE femfy? shblvrpriexi mal

end and a distal end and having | ongitudi nal bore therethrough; f)

del i ver iRIgSt.h@3s@ZondIlexpis avledimenicat heefbest | tiloular member 400
(shown in FIG. 29) is comprised of a proximal member 401 having a
proximal end 402 and a distal end 403 and a distal membexr 404
having a proximal end 405 and a distal end 406 as shown in FIG.
28. The proximal member 401 has a longitudinal bore 415 and is
cut from a first tube 407 having first cross-sectional diameter
D1. The distal member 404 has a longitudinal bore 416 and is cut
from a second tube 408 having a second cross-sectional diameter
D2. D2 is smaller than Dl. The tubes 401 and 404 may be etched
or patterned as previously discussed before the proximal member
401 and distal member 404 are cut from the tubes 407 and 408.
Alternatively, the proximal and distal members 401 and 404 may be
etched or patterned after the proximal and distal members 401 and
404 have been cut from the tubes 407 and 408. To make the first
tubular member 400, a portion of the distal end 403 of the

proximal member 401 is attached via attaching means 417 to a

portion of the proximal end 405 of the distal member 404 to form



the branch aperture of the first tubular menber so that the distal end $EP 200
t he second expandabl e tubul ar nmenber is disposed within the second | unen
.and the proximl end of the second expandabl e tubul ar nenber is disposed
within the |ongitudinal bore of the first tubular nmenber; and g) expanding
the second expandabl e tubul ar~menber [pgan amount sufficient to secure the
second tubul ar nmenber within the second [umen and within the branch
aperture. 37. The nmethod of claim 36, wherein the attaching step is carried
out-utilizing screwing. 38. The nethod of claim 36, wherein the attaching
step is carried out utilizing crinping. 39. The nethod of claim 36, wherein
the attaghfngsstebularcanbet aad bavingiagpsotiderl rpd 405 3Thd aed hech bf
claim 36, wherein the attaching step is carried out utilizing welding. 41.
The et h@ddoél@:lmdnmaonmépépﬁaihéoml@Wgeté’c@pl% 4d3r pee§hBYR #2iF1Gi ng

spot wel di ng. 19 SEP 2002 -42 42. The net hod cl ai, furt her
conpri si 3y t HENS tUETRSE SpA8vi BPfge Phe™FY 1% aatrﬁ?cg‘(?éiollf& ?ﬂﬁﬁpgran’é‘?‘r%’eerts}’ with

a plural iy, of Gelio adapt %%tgs b8y SYBSLAN) Ildoy, oLl BlfepLL O 1

expan3|dﬁ ly~rig t'er expansi on. e nethod of cl ai m

36, furt %ﬂf@ﬁle%ib%& hBR SE&@ 2f c pEMiinG ish@ ek 'lE.%Edt ubularq fgrbery
proxima:.lipﬁel;f t he fﬁrstttubu | ar nenbéf dléial ﬁenber and t he secong

t ubul ar 4 ndEfeciiall yaprefebedd patived imetef isporgwaldingaistyebliizedl s. 44,

The method of claim43, wherein the cells are adapted to be
Because D2 is less than D1 the unattached portion of the distal
end 403 of the proximal portion 401 and the unattached portion cof
the proximal end 405 of the distal portion 404 define a branch
aperture 412 as shown in FIG. 29 and FIG. 30 (which is an end
view of FIG. 29). 1In some applications it may be desirable to
have a greater portion of the distal end 403 of the proxim:l
member 401 and the proximal end 405 of the distal member 404
contact eaqﬁ other before they are attached in order to increase
the strength of the first tubular member 400. This Q;y be
accomplished by, e.g., by distorting, aligning, and contacting a
greater surface area of the diséal end 403 of the préximal member
401 and a greater surface area of the proximal end 405 of the
distal member 404 prior to attaching the distal end 403 to the
proximal end 405. FIG. 30A is an end view of this embgdiment and
shows that a greater surface area of the distal end 403 and the
proximal end 405 are attached when compared to the embodiment
shown in FIG. 30. FIG. 30A also shows that in this embodiment
the branch aperture 412’ is larger than the branch aperture 412

shown in FIG. 30. A second tubular member 413 may then be

introduced into the branch aperture 412 and 412' and as



substantially flexible prior to the expansion of the first and second4g SEP 200
tubul ar nenbers and are adapted to be substantially rigid after the
-expansion of the first and second tubul ar nmenbers. 45. The nethod of claim
44, wherein the cells of the first tubular nenber and the cells of the

second tubul ar nenber are substantial Lyguniform 46. A bifurcated stent
conprising: a) a first tubular nenber having a proxinmal end and a distal

end and a | ongitudi nal bore therethrough the first tubul ar nmenber

Py FreticRsRy L BRI el 2h8 SFRIREL, s%2§1§hg§§%} O HRON
and a1 qagi Ludipal bare, | NREEILY aug gomqnwscggs having w2 gecond

Cross sectional dianeter snal%er t han tﬁe first

di amet eg) 1acpr exined ©EL At Geshnal 4ead (aRdwa LeNEid udinal bore

t her et hrough; b) neans for attaching a portion of the distal end of the
proxi mal nmenber to a portion of the proximl end of the distal nenber so
that the |ongitudinal bore of the proximl nenber is in fluid comunication
with the longitudinal bore of the distal nmenber to formthe first tubular
menber, the unattached portion of the distal end of the proxi mal nenber and
the unattached portion of the proxinmal end of the distal nenber defining a
si de branch aperture conmunicating with the |ongitudinal bore of the first
t ubul ar nenber and sized and adapted to receive and secure a second
expandabl e tubul ar nmenber; and c) a second tubul ar nmenber having a proxi nal
end and a distal end and having | ongitudi nal bore therethrough, the second
t ubul ar nenber di sposed and secured within the branch aperture so that the
proxi mal end of the second tubular nmenber is disposed within the

| ongi tudi nal bore of the first tubular nenber. 47. The stent of claim 46,
wherein the attaching neans is a screw. 48. The stent of claim46, wherein
the attaching nmeans is a crinp. 49. The stent of claim46, wherein the
attaching neans is sol der.



19 S E P 2002 -44 50. The stent of claim46, wherein the attaching nﬁggﬁﬁmmz
a weld. 51. The stent of claim50) wherein the weld is a spot weld. " The
. stent of claimd46, wherein the first and second tubul ar nmenbers are
conprised of a plurality of cells adapted to be substantially flexible

prior to expansion and substantially ripid after expansion. 53. The stent

of claim46, wherein the first tubular nenber proximal nenber, the first

t ubul ar nenber distal nmenber, and the second tubul ar nmenber conprise an
etched pattern defining a plurality of cells. 54. The stent of claim53,

wher ei n tWteplly Aliatiyedf Isel | s are adapted to be substantially flexible
prior to the expansion of the first and second tubul ar nenbers and are

adapted to be substantially rigid after the expansion of the first and
second tubul ar nmenbers. 55. The stent of claimb54, wherein the cells of
first tubular nenber and the cells of the second tubul ar nenmber are

substanti,al®y SURLEREE o2Cnakidd ta Ie LiRULT0 3 RET UERBE £8154 AHe GRTYS ST NO:

of:

a) preparing a sheet having a proximal end, a distal end,
a longitudinal axis, and a circumferential axis, the sheet
provided with:

a first side having a proximal portion having a
proximal end and a distal end and a distal portion having a
proximal end and a distal end;

a second side having a proximal end and a distal end,
the second side disposed between the proximal end of the sheet
and the distal end of the sheet; _

a third side having a proximal end and a1 distal end,
the third side disposed between the distal end of the second side
and the distal end of the sheet;

a fourth side disposed between the proximal end of the
proximal portion of the first side and the proximal end of the
second side;

a fifth side disposed between the distal end of the
distal portion of the first side and the distal end of the third
side, the fifth side having a length that is shorter than the
length of the fourth side; and

a sixth side disposed between the second side and the

third side;



a) a first expandabl e tubul ar nenber having a proximal e..”.d and a distal
end and a | ongitudinal bore therethrough, the first expandable tubul 48 SEP 2002
-menber conprised of an expandabl e proxi mal nmenber and an expandabl e di st al
menber, the expandabl e proxi mal nmenber having a first cross-sectional
dianeter) a proximal end and a distal .ggd and a | ongitudinal bore

t heret hrough and t he expandabl e di stal nenber having a second
cross-sectional dianeter smaller than the first dianeter, a proximl end

and a distal end and a | ongitudi nal bore therethrough; b) nmeans for

attaching a poyti oy (Qfcihe dhat skcsnd ofad he expandalliaapr exi-a8bnMefber to
a portion of the proximal "end of the expandable distal menber so that the

| ongi t udi Ral £ beste Dfdet hadexpaadnbhg Prexdatd nankerd shiendiibuall porcion
comuni cation with the | ongitudi nal -bore of the expandabl e distal nenber to
formtheofitlsd faxsandadldee tbubakaranbihey exdandabdet subedaponehnbar of t he

di stal end of the expandabl e groxinal,npnber and the-unattached portion of
the proxisineid LoNIiREIeRBANBEETE 3% W9 fedBL 18R ARMGE%LSi d&'%r anch
aperture_co ni.cati.ng.wi.th the |ongitudinal _bore of the fi expandabl e
Ubul ar SROMIRY S SPTAL P Rt ) J et roe Bnde s apih LA R
expandahy e 3%-%@352@6 orf) EnSeLond, @&ﬁ@nq,@@hgihgbalaismer&av' ng a
proxi mal en an& a distal end and having | ongitudi nal bore therethrough,

the secapbkxpandabheniodtlisg weihathesilzegiandiadapbete | ca® whespased and
secured within the branch aperture so that the proxi ml end of the second
expandabdigiet @mdl ahenpnbeimals ehidpsdade thdr8§EPide0and 4eheynraxinaie end

| ongi tudi nal bore of the first_ tubular nmenber; c) a first guide wire; d) a

second qifi FdenictEE2d)PArFieRtChaifodtest Féfer deShpity & RFa5st oon
A s R ROng R e R ARG EORR L pore and stzed an
. A4 A -aﬁi?ap%BdAtB- AR, AUnd\ shiMle a second expandable tubular member;

c) delivering the first expandable tubular member to a
bifurcated vessel having a first lumen and a second lumen so that
the first_expandable tubular member is disposed withih the first
lumen &and the branch aperture communicates with the second lumen;

d) expanding the first expandable tubular member in an
amount sufficient to secure the -first expandable tubular member
in the first lumen;

e) preparing a second expandable tubular member having a
proximal end and a distal end and having longitudinal bore
therethrough;

£) delivering the second expandable tubular member into
the branch aperture of the first tubular member so that the
distal end of the second expandable tubular member is disposed
within the second lumen and the proximal end of the second

expandable tubular member is disposed within the longitudinal
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hare of the first tubular member; and

amount sufficient co secure

within the second lumen and

2.

out

out

out

out

7.

g)

The method of claim 1,

utilizing screwing.

The -qmethod of claim 1,

utilizing crimping.

The method of claim 1,

utilizing soldering.

The method of claim I,

utilizing welding.

The method cf claim 1,

utilizing spot welding.

The method of claim 1,

expanding the second expandable tubular member i

19 SEP 2002

ooan

the second expandable tubular member

within the branch aperture.

wherein the

wherein the

wherein the

(a4
o g
®

wherein

wherein the

attaching step

attaching step

attaching step

attaching step

is

is

carried

carried

carried

carried

welding step is carried

wherein the fifth side has a length

that is about 70% of the length of the fourth side.

8.

The method of claim 1,

further comprising the steps of

providing the first and second tubular members with a plurality

of cells adapted to be substantially flexible prior to expansion
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than the proximal and distal apertures of the first tubular

member.

16. The method of claim 1, wherein the first, second, and third
sides are substantially parallel to each other and the fourth,

fifth, and sixth sides are substantially parallel to each other.

17. The method of claim 16, wherein the first, second, and third

sides are substantially perpendicular to the fourth, fifth, and

sixth sides.

18. A bifurcated stent comprising:

a) a first tubular member having a proximal end and a
distal end and a longitudinal bore therethrough defining a
longitudinél axis, the first tubular member comprised of a sheet
having a proximal end, a distal end, a longitudinal ;xis, and a
circumferential axis, the sheet provided with:

a first side having a proximal portion having a
proximal end and a distal end and a distal portion having a
proximal end and a distal end;

a second side having a proximal end and a distal end,
the second side disposed between the proximal end of the sheet
and the distal end of the sheet;

a third side having a proximal end and a distal end,
the third side disposed between the distal end of the second side

and the distal end of the sheet;
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distal portion of the first side and the distal end of the third
side, the fifth side having a length that is shorter than the
length of the fourth side; and
a sixth side disposed between the second side and the
third side;
b) means for attaching the second side to the proximal
portion of the first side and the third side to the distal
portion of the first side so that the fourth side defines a
proximal stent aperture communicating with the longitudinal bore,
the fiftﬁ side defines a distal stent aperture communicating with
the longitudinal bore, and the sixth side and the proximal end of
the third side and the proximal end of the distal po;tion of the
first side define a side branch aperture communicating with the
longitudinal bore and sized and adapted to receive and secure a
second tubular member; and
c) a second tubular member having a proximal erd and a
distal end and having longitudinal bore therethrough, the second
tubular member disposed within the branch aperture so that the

proximal end of the second tubular member is disposed within the

longitudinal bore of the first tubular member.

19. The stent of claim 18, wherein the attaching means is a
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22. The stent of claim 18, wherein the attaching means is a

weld.

23. The stent of claim 18, wherein the attaching means is a3 snot

weld.

24. The stent of claim 18, wherein the fifth side has a length

that is about 70% of the length of the fourth side. -

25. The stent of claim 18, wherein the first and second tubular
members are provided with a plurality of cells adapted to be
substantially flexible prior to expansion and substantially rigid

after expansion.

26. The stent of claim 18, wherein the sheet and the second
tubular member comprise an etched pattern defining a plurality of

cells.
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second tubular members and are adapted to be substantially rigid

after the expansion of the first and second tubular members.

28. The stent of claim 27, wherein the cells of the sheet are

substantially uniform.

29. The stent of claim 27, wherein the cells of the second

tubular member are substantially uniform.

30. The stent cf claim 27, wherein the cells of the sheet and

the cells of the second tubular member are substantially uniform.

31. The stent of claim 28, wherein the number of cells disposed
along the circumferential axis of the fifth side of the sheet and
the number of cells disposed along the circumferential axis of

the fourth side of the sheet are in a ratio of about 5:7.

32. The stent of claim 18, wherein the branch aperture larger
than the proximal and distal apertures of the first tubular

member.

33. The stent of claim 18, wherein the first, second, and third
sides are substantially parallel to each other and the fourth,

fifth, and sixth sides are substantially parallel to each other.
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34. The stent of claim 33, wherein the first, second, and third

sides are substantially perpendicular to the fourch, fifth, and

sixth sides.

35. A kit for forming a bifurcated stent comprising:
a) a first expandable tubular member having a proximal end
and a distal end and a longitudinal bore therethrough defining a
longitudinal axis, the first expandable tubular member comprised
of a sheet having a proximal end, a distal end, a longitudinal
axis, and a circumferential axis, the sheet provided with:
a first side having a proximal portion having a
proximal end and a distal end and a distal portion having a
prcximal end and a distal end; .
_ g‘second side having a proximal end and a distal end,
the second side disposed between the proximal end of the sheet

and the distal end of the sheet;

a third side having a“proximal end and a distal end,
the third side disposed between the distal end of the second side

and the distal end of the sheet;

a fourth side disposed between the proximal end of the
proximal portion of the first side and the proximal end of the

second side;
a fifth side disposed between the distal end of the
distal portion of the first side and the distal end of the third

side, the fifth side having a length that is shorter than the

length of the fourth side; and
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a sixth side disposed between the second side and the
third side;
b) means for attaching the second side to the prcximal

portion of the first side and for attaching the third side to the
distal portion of the first side so that the fourth side defines
a proximal stent aperture communicating with the longitudinal
bore, the fifth side defines a distal stent aperture
communicating with the longitudinal bore, and the sixth side and
the proximal end of the third side and the proximal end of the
distal portion of the first side define a side branch aperture
communicating with the longitudinal bore and sized and adapted to
receive and secure a second expandable tubular member;

c) a second expandable tubular member having a. proximal
end and a diétal end and having longitudinal bore therethrough,
the second expandable tubular member sized and adapted to be
disposed and secured within the branch aperture so tH;t the

proximal end of the second tubular member is disposed within the

longitudinal bore of the first tubular member;

c) a first guide wire;

d) a second guide wire;

e) a first balloon catheter; and
£) a second balloon catheter.

36. A method of making a bifurcated stent comprising the steps

a) cutting a proximal member from a first expandable tube
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having a first cross-sectiocnal diameter, the proximal member
having a proximal end and a distal end and a longitudinal bore
therethrough;

b) cutting a distal member from a second expandable tube
having a second cross-sectional diameter smaller than the first
diameter of the first tube, the distal member having a proximal
end and a distal end and a longitudinal bore therethrough;

c) attaching a portion of the distal end of the proximal
member to a portion of the proximal end of the distal member so
that the longitudinal bore of the proximal member is in fluid
communication with the longitudinal bore of the distal member to
form a first expandable tubular member having a proximal end and
a distal end and a longitudinal bkcre therethrough, the unattached
portion of_ﬁhe distal end of the proximal member and the

unattached portion of the proximal end of the distal member
defining a side branch aperture communicating with the
longitudinal bore of the first ﬁubular member and sized and
adapted to receive and secure a second expandable tubular member;

c) delivering the first expandable tubular member to a
bifurcated vessel having a first lumen and a second lumen so that
the first expandable tubular member is disposed within the first
lumen and the branch aperture communicates with the second lumen;

d) expanding the first expandable tubular member in an
amount sufficient to secure the first expandable tubular member
in the first lumen;

e) preparing a second expandable tubular member having a
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distal end of the second expandable tubular member is disposed

within the second lumen and the proximal end of the second
expandable tubular member is disposed within the longitudinal

bore of the first tubular member; and

g) expanding the second expandable tubular-member in an
amount sufficient to secure the second tubular member within the

second lumen and within the branch aperture.

37. The method of claim 36, wherein the attaching step is

carried cut-utilizing screwing.

38. The method of claim 36, wherein the attaching step is

carried out utilizing crimping.-

35. The method of claim 36, wherein the attaching step is

carried out utilizing soldering.

40. The method of claim 36, wherein the attaching step is

carried out utilizing welding.

41. The method of claim 40, wherein the welding step is carried

out utilizing spot welding.
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43. The method of claim 36, further comprising the step of
providing the first tubular member proximal member, the first
tubular member distal member and the second tubular member with

an etched pattern defining a plurality of cells.

44. The method of claim 43, wherein the cells are adapted to be
substantially flexible prior to the expansion of the first and
second tubular members and are adapted to be substantially rigid

after the expansion of the first and seccnd tubular members.

45. The method of claim 44, wherein the cells of the first
tubular member and the cells of the second tubular ﬁember are

substantially uniform.

46. A bifurcated stent comprising:

a) a first tubular member having a proximal end and a
distal end and a longitudinal bore therethrough, the first
tubular member comprised of a prox:mal member and a distal
member, the proximal member having a first cross-sectional
diameter, a proximal end and a distal end and a longitudinal bore

therethrough, and the distal member having a second cross-
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b) means for attaching a portion of the distal end of the
proximal member to a portion of the proximal end of the distal
member so that the longitudinal bore of the proximal member is 1in
fluid communication with the longitudinal bore of the distal
member to form the first tubular member, the unattached portion
of the distal end of the proximal member and the unattached
portion of the proximal end of the distal member defining a side
branch aperture communicating with the longitudinal bore of the
first tubular member and sized and adapted to receive and secure
a second expandable tubular member; and

c) a second tubular member having a proximal end and a
distal eﬁd and having longitudinal bore therethrough, the second
tubular member disposed and secured within the branch aperture so
that the proximal end of the second tubular member i; disposed

within the longitudinal bore of the first tubular member.

47. The stent of claim 46, wherein the attaching means is a

screw.

48. The stent of claim 46, wherein the attaching means is a

crimp.

49. The stent of claim 46, wherein the attaching means is

solder.
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52. The stent of claim 46, wherein the first and second tubular
members are comprised of a plurality of cells adapted to be
substantially flexible prior to expansion and substantially rigid

after expansion.

53. The stent of claim 46, wherein the first tubular member
proximal member, the first tubular member distal member, a~d the
second tubular member comprise an etched pattern defining a

pluralit& of cells.

54. The stent of claim 53, wherein the plurality of cells are
adapted to be substantially flexible prior to the expansion of
the first and second tubular members and are adapted to be

substantially rigid after the expansion of the first and second

tubular members.

55. The stent of claim 54, wherein the cells of first tubular
member and the cells of the second tubular member are

substantially uniform.

56. A kit for forming a bifurcated stent comprising:
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and a distal end and a longitudinal bore therethrough, the firsc
expandable tubular member comprised of an expandable prox:imal
member and an expandable distal member, the expandable proximal
member having a first cross-sectional diameter, a proximal end
and a distal end and a longitudinal bore therethrough and the
expandable distal member having a second cross-sectional diameter
smaller than the first diameter, a proximal end and a distal end
and a longitudinal bore therethrough;

b) means for attaching a portion of the distal end of the
expandable proximal member to a portion of the proximal end of
the expandable distal member so that the longitudinal bore of the
expandable proximal member is in fluid communication with the
longitudinal bore of the expandable distal member to form the
firstc expanﬂable tubular member, the unattached portion of the
distal end of the expandable proximal member and the-unattached
portion of the proximal end of the expandable distal member
defining a side branch aperture communicating with the
longitudinal bore of the first expandable tubular member and
sized and adapted to receive and secure a second expandable
tubular member;

c) a second expandable tubular member having a proximal
end and a distal end and having longitudinal bore therethrough,
the second expandable tubular member sized and adapted to be

disposed and secured within the branch aperture so that the

proximal end of the second expandable tubular member is disposed
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within the longitudinal bore of the first tubular member;

c) a first guide wire;
d) a second guide wire;
e) a first balloon catheter; and

f) a second balloon catheter.



