; e3e8c™M_, aXa*b6bT8cp~10 5 JUN 2002 STENT W TH VARI ABLE FEATURES TO

. OPTI M ZE SUPPORT AND METHOD OF MAKI NG SUCH STENT BACKGROUND OF THE DE{UN%MZ
| NVENTI ON FI ELD OF THE | NVENTI ON The present invention relates generally to
stents for inplanting into a living body.~In particular, the present
invention relates to intralumnal stents especially suited for inplanting
in a variety of lunmens 5 having variable characteristics, such as variable
curvature, side branching, variable dianmeter, variable wall conpliance or
"end effects” of either the lunmen, as found, e.g., in ostia, or the stent
as the paramet eggerEY witeN g ratapIiES reREREY TEIERIPHN Jppbdr RROR ART

It is well known to use a steptudo expandTrROdstaopastEsWpPporti to different
bodily conduits) such as bl ood vessels, by expanding a tube-like structure

inside the 15 vessel requiring support against collapse or closure. U.S.

Pat ent No. 53BAMEKCROIMNTN@IS THE tBNMENTTENer abl y used for vascul ar

i npl ant ati on_as,,par ngi opl asty procedure. The stent of U S
Pat ent No. 5;;' ; ‘?héifﬁv r?gd t hrough, or inplanted in, a curved 20
vessel . One short Gtvei my esfersorivermritordl Blemes igendral theye mpertave

defi ci enci s edue sk 26id ff i3S s Wikrid Nonds Of ddie shen: et to

"flare out" during insertion or after expansion or,K have a decreased radi al
force at thePERFENSt iINVeRtdider et diR nf o2 leshivent iR SI&RS i s 25

B hey do 285 Zaaugle}ibfs}‘uqrc@ai Fdlad ri&ﬁ%jl@ritﬁf;ﬂglsin (aﬁ-vélfidet'f)}@@ ﬂlﬁ@hk@* *@00002* |

5 JU - ility.and rigidity),) .t.o acco ate_any angi n

Char acPer 1 ot PEYIBE MRS SR GRegPas S + G 8 A A

char act eri st kase, 5 sSd&VARE nANR NGB BEES 2BH. T HE. driduEeNT,| Gt rTiled g esdrit

i nvention prQyj I %ﬁgg jEnt ; I Iy nal ent which

i ncl udes var ?éh@g?a&:&rﬁ \é)rqén%%?rieq anlqzlctra%E pérfo:)%lrﬁéefsrgar[egnlgﬁ € aa>s<sltal | engt h

of the stnt ERUBAder o /i i &L ist.e T d&fye stent as the parameters may
change at its ends.

10
DESCRIPTION OF THE PRIOR _ART
It is well known to use a stent to expand and impart
support to different bodily conduits, such as blood
vessels, by expanding a tube-like structure inside the
15 vessel requiring support against collapse or closure.
U.S. Patent No. 5,449,373 shows a stent preferably used
for vascular implantation as part of a balloon angio-
plasty procedure. The stent of U.S. Patent No. 5,449,373
may be delivered through, or implanted in, a curved
20 vessel. One shortcoming of conventional stents is that
they may have deficiencies due to "end effects" where the
ends of the stent tend to "flare out" during insertion or
after expansion or have a decreased radial force at the
end. Still another shortcoming of conventional stents is

25 they do not have different characteristics, (e.g., flexi-
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10 effects, or to accommpdate variabl e vessel features. As a result, the
various enbodi ments of the present invention allow for variable pr@gpqugmz
such as flexibility or radial support between axial regions of the stent.
These varied properties can be acconplished 15 in a nunber of different
ways, including decreasing or increasing the thickness or wdth of elenents
of one or nore of the sections relative to other sections and/or increasing
or decreasing the axial length of one or nore of the sections and/or

changi ng thepcel tyshaperagdastze, ZQOaaeéeﬁmebaaelagynaheﬁg@hgpropertles (e.
g., strength, elasticit etc.) of the material in one section,relative to

ot her sectloﬁgar?ﬁee§éﬁgbﬁ§ @ﬁbBBFnﬁﬁFElBF PhetBEeht¥eBs TEABLHFBYent

invention neyibendnapt eeh® pravhdeepbseitkexibility at 25 the ends to
allow the stent to acconmodate the curvature of a vessel in which the stent
is inplanted. The degree of flexibility and the distance fromthe end of

the st®gnt tosWMMBRYtANDe@BIBRCTEe@FbTHEt YNVENTEQMrted may be varied as
speci fic applicat RQS ?égggteanQ#§bg£eg£nga%g g&rSQ {hg,gnds reduces the

chance of a poten iral P{Faunma pol h ding created rn the vessel by the stent
tip pre55|ngemhoﬁh@eméﬁloéuesleeteﬁlvmenéhrﬁeeﬂt vhéckt éneludeqot flexible

enough alongvat§ea089layéfaﬁénexméchéﬁleae gpbedireat giohgecpeesaqnh
invention, flexibility of 35 stent ends |s increased by reducing the

gauge of thel?@EeRiaf EQ%dSFﬁné $BCPFORY oF O SEERT BNE %FePﬁeegéent ends. In

anot heg enboelff@@tstherftexabtbmwd@tethersaené e0glsel PedtdrésN 2062 - 3
is increased b nglﬂg?the di nensi on on or sections at the

of _a sect
stnt ends, I ?u hot EﬂﬁbaPﬁeﬁTbﬁélTﬁ%tfann%P%npr?ﬁa PFlexibility of
t he stent entsvestionrehted bHyr changaiie bptbpéheies newshoas and t he gauge 5

of the ”aterdf%ﬁy§f91¥9 8 ® % '% ?p?ﬁ?&'ﬂ@éw@ént§£1§iePé £gds- ?Fhe

vari ous enbo e present i fivent i on° ﬁ
adapted to imReretener cablese avniedt PERAREHE HES t RN chelsacFaEpP %Séﬁﬁength is

the resistance O QimBesesti QDrDEréhe S4GH! . 1hP1 3D 8FPASELEaS1 R Cort O 1adi al
contraction. Increasing the radial strength of g EEient at the ends is
s

partlcuIarIyl%&ﬁ%ﬁﬁeﬁﬁoﬁgefBPlgt%ﬁ§sS%Ep +EFRP SMeRER atseCT®sPhns at an
ostiumtend m&é)eoﬂotnecaé@d:tie:dsofehaﬂ:ﬂeaeﬂo atnide + hes ef boes rendyse nore 5

support, the, sectlon of stent.sup ortln 1h ostiu nust b relatively
strong. 11 T eradTad ot BeFrate st TERE Wl cheRebh Shar e O P S has
decreased remﬁeﬂhéoseeta¢n$hen@hdrduhamglm@etﬁendbblfehapemmedebyzehe | ast
row Saﬂ'[‘tp%f i ﬁ&%é'rﬁ&te%ﬂa?rﬁr E'ié@“ % th§tPeH%€ﬁe“t

|nvent|on strengt e stent ‘at end su , the
ostium is iTFeakeltyy ¢eduki 9 Ehe ‘T‘%%t’habfl%o%%es%%ﬁb‘h% a%lttaevetent
end. The vafdéngtggmpqgé@@ﬂgﬁsof the stnt of the present i nvention al so
reduce the chance_of "flare" t ent ile the stent is

being fed into afvE%éeérl?Xﬁl?EF? %@ﬁ??% 5f %es%%ﬁ%%t% H%?|95?§e§9stent
into a curvedthwassedn thdne ﬂ&la&&pwe&ys&emrovrméLmbrgyfIEbiEhitpraﬂped on

o280, 2 U (G EUY A S, ofnd N8 HESSEL > IR BENL T LbF, BLER! can
cause a "flaring ou % ng ed T b aring
coul d cause athea steasmel mrca«tmtortmmestsemttate mplatetwrésse"rhe\hﬁe@reeul d

result intr &ﬂj’ﬁhéﬁﬁme’}eséﬁé tﬁ@%ﬁsé{%@@ré#ﬁfﬁ@reﬁé‘% ttﬁ’g g?gnproper
positioning In the target” area, and cou cause p aque to rea whi ch
coul d to which the extra flexibility is imparted may be varied
as specific applications dictate. This flexibility at
30 the ends reduces the chance of a potential trauma point
being created in the vessel by the stent tip pressing on
the wall outside of the curve if the stent is not
flexible enough along its longitudinal axis. In one
embodiment of the present invention, flexibility of the
35 stent ends is increased by reducing the gauge of the
material used in a section or sections at the stent ends.

In another embodiment the flexibility of the stent ends



35 enbolize and clog the vessel. In one enbodi nent of the present

i hvention, flare is mnimzed by making the section at the stent en

stronger by reducing its | ength, 05J UNZ2002 - 4 and by nakinéJSJUszz
sections adjacent to the stent end nore3ftexible by reducing their w dths,

t hus, decreasing the bending strength of those sections. Bending strength
is the resistance of a section of the stent to axial 5 bending. As a

result, the end of the stm remains tightly crinped on the balloon, and the

bendi ng_moment |54 A8y Wt%aéggnugg%}?%gﬁn%gs9énéhgf@r oLl exhbbe

sections. Upon eXpansion, strength alTows the end of
the stent tIeTiemes and the Peanterende 10k urehtaretbert aeboessent eRer eby)

reduci ng the,dressane; of, thee tiPefni N ptentc RO shent ntgapal swal | of the
vessel being treated. It is an object of this invention_to provide a stnt

whi ch does HHtreRsARS FHArPRHT S Rt priohd uSiBRRsS 5o F t 874 stehgIReFRent rat i ng

pressyre ot hehe/afsed r SaMaldedipD £XPSASion Of sdec sbeatat Ntige cur ved
portion of a vessel is another object of this invention to provide a

I t
st ent haWrﬁf%P?eﬁﬁ%ﬁ'force at its distal end that is greater than the
radi al force in The yoriown eafibdédienatento20 pe oxtemt s t of t tiee dpseéaeénend. |t

; " 0 oot ST . X . _ X
compri s, ng- L eI find g14S B AR O % PLANEE S ReRBdRE Bt el L
havi ng a proxiengtierat antk enrfist al Ragir hret 2enonyi 1sidi el rexistarset he

cel | g arranged, idb& MAIrSd idye ofcdit erconecd gih A4 &xi bl g & ows, di sposed
along the longitudinal axis of the stent with a distal row di sposed at the

di stal end XFTiHe QWEHAHTPR: priRGTRAS Ay e prEtP At SERRAPF X hed end of
the stent, gi@ieide tdiee clds 18 Shoseibulathe sdsdtadousS0frof shenstent are

adapted to exert greater radi force and, are further adapt o_be nore

d
flexible t HAPRIE | L H B posEHF T T et F RS ot 's fU8 e bt ‘g’“?f“ﬁhtéodi st al
row and t héegmoxtaretalenif iofd tde Isdeddned t arsd sthére fomd heequinectoné this

| nt erbonneciBP e IS A T iy ST S S Hefohny ar
g a sten avi ng proxi mal end and a
di stal end Wu&F e crefiatidialar sbdeng. O06 JUNDPPXhe fcase that a
stent with uniform characteristics has a decreased radial
force at the end due to the "end effect” whereby the last
row has no support on one side. In one embodiment of the
0 present invention, the strength of the stent at the end
supporting, e.g., the ostium, is increased by reducing
the length of some sections at the stent end.
The various embodiments of the stent of the present
invention also reduce the chance of "flare" at the end of
'5 the stent while the stent is being fed into a vessel.
During insertion of the catheter delivery system into a
curved vessel, the delivery system, including the stent
crimped on it, bend along the curvature of the vessel.
This bending of the stent can cause a "flaring out" of
30 the leading edge of the stent. This flaring could cause
the stent to catch on the surface of the vessel which
could result in trauma to the vessel, could inhibit
further insertion and proper positioning in the target
area, and could cause plaque to break off, which could
35 embolize and clog the vessel. In one embodiment of the
present invention, flare is minimized by making the

section at the stent end stronger by reducing its length,



the cells arranged in a plurality of interconnected flexible rows disposed
along the longitudinal axis of the stent with a distal row di sposed E@ﬂ?ﬂﬂ?
distal end of said stent and a proxi rral row di sposed at the proximal

of the stent, wherein the cells in the4di-stal row of the stnt and the cells
di sposed in t he proximal row of the stent are adapted to exert greater
radial force and are further adapted to be nore flexible than the cells
dlsposed in _the rows disposed between the dist row and 10,the proxi nal

r OW. é‘ﬁkﬂe Jéb‘-ip HACHIRTES i $n E%%h S gifabl e stent,
corrprl 5| ng fa)eﬂmlajrw |zte}dmflng1ttﬁm:mnem3ds f Ite'msb,l ed@ﬁé&ﬂeg itheng a
stent havin I’OXI an i st n nd

the cells a?jr anget rﬁ%&}a |ttf/ho € Saé!terlcog’hsﬁect edj‘cﬁ}% %lelg}?ci}ms dsssposed
al ong the | arig tnﬁdamarm@ ohbfa tdeec siantofv the asthist dio raxtali sposed at the
di stals end tent P OXi 4w gi sposed &t theprpxi mal end of
t he stent %fag{]ﬂ gst he Iexf’gﬁe cel tlrﬂaécorrprc?ﬁlm ng a fﬁ st 20 nenber, a

second nemb&dghd lohiqrinratmhean vl ke Faat h archidie Bnding raments gped

| oop di sposed et Wgenb Q%é'&éﬂofﬁﬁi&%nwttm@ rﬁdl*édflr@fmﬂre c) a second
C-shaped | oop disposed between the seco e?él e fourth nber; d)

a first fledetedXcimedRR" HREPbet err} ety t he

second nenbenlowid the P wmdd exddite tfmrtn&exe)rarcﬂ smxseﬂadmlweme t he
thqu menber andtthe fo rt.h menber V\/r]lrelbn the Q{ t he di stal row are
provitfed wi CRFAMESRF (S &' Sstbler S AHEG ar € ocrltrégr MarPT98 Wécond and
fourth nenberfs tie tt:htep difsttdle 30 arow,crandhevieramalhevalilstefl kv i s provi ded
with first %%s%qcmgieeg fFonnectors that are nore flexible than the
fl exi bl e connectors 1'n s in the other rows of the stent. It is yet
anot her obj ect ofl% Hiss ’q’fh\ﬁé?ﬂtqc‘d’-n qfo tHE HrigMadE ian S ahabide & efent

conpri si ng: )i ch RId¥Alddy Hivd rgrerz@ry&m@ dd ?@Jﬂﬁx.ﬁ&iﬂss fefigd ng a
Iongl tudl nal stent havi ;% gprOX| mal st_al qalland a 0 5 JUN
20021° 6 | 6RG CORSHICIREID tHFeesc‘séHes Oé‘r rtg}'?g VchiShE]a D14 i4RPbf

i nter Connecbe@afnls&)drbldf rows siesposied aalcmngretdwepdmngm wil ralvemdesl of t he
st ent vmthadlstl% . ow _di.spase aetctt efq:lstal dof t e stent. nda

proxinmal row 5 di spd‘se(fnott e °p 03 el heents ent © eoac(hVl the
f1 exi bl e celsttentompriiging a adiraslt ﬁcmcbaera,t a@edm&taﬂerﬁm& Lthat Hisd menber,

and a Tourt B MeRle! i ih a4 rxi%di%ls QPR 1l & bejaesn £RGHL 1t 1St

menber and the thir a second C-shaped | oop di sposed ween 10
t he 38cond RESFEMadnda Hélef Sirgtalv@fser: d) a first flexible connector

di sposed between rtthe  iviett dFRIHIRIr I ddie oreaaid m&ﬁm{mcaﬂctce) a second
fl exi bl e connect.or di sposeq,‘sc{)ag ween the third nenber afguﬁar our menber,

wher ei n t he PEQVIEEEoRT (PR 1§ Skt SRRATSE TR 1 17 third
nenber s t hati naree comordared kfdmﬁﬂiﬂesexairlek avedt ifrourd fa mtrd:rﬂ:rshamrtglea di st al

row, and wh &%&qmtap_l rg}ds rov&lsg:rgf o TV R qeg I tﬁh%tqe aq! sé al row)

are provi de W th secon |"e connec are nore
fl exkBl e t hahet nelﬂISeﬁrmaexgﬁdrInebtaorpéurr@hm i c;trw@rrqmqs:fed he stent. It

is a furtheg)asneqle Qfov.té””d%é Vs%@ 120l t@{eO\i'dilﬁ_‘;lacrﬁﬁmn%%Mse X Mhe
conprising: a) a pluralit exi blecells defining a stm havi n%%‘a
nged

proxi mal en8t&Rd a’l&l%taaldylér?@laﬁd’wa dispgisesdiatalt ieki®, ste &l 1af

25 in a pluggkenty agfd fd @ﬁd@dl@narlomwaldq ddea |a£tng:|}'IeUCbrrdﬁ-hn@<.U Sl tJ¥ a
di stal row di_‘sposed at he di st tdthe stent, an roxi,mal row
di sposed at “tfie SFFO ] eéﬁ‘?&”o é: én 15PR8F AT efI Y T | s

conpBODSi ng aff ithet steMiemren ssapaed meniesterta drteate mmerdebral dadrae fourth
and are further adapted to be more flexible than the
cells disposed in the rows disposed between the distal
row and the proximal end of the stent.
It is still another object of this invention to
35 provide an expandable stent, comprising: a plurality of
interconnected flexible cells defining a stent having a

proximal end and a distal end and a longitudinal axis,



30 nenber; b) a first C shaped | oop di sposed between the first nenber and
the third nenber; c) a second C shaped | oop di sposed between the WZUUZ
menber and the fourth nenber; d) a first flexible connector disposed

het ween the first nember and the secon8 menber; and e) a second 35 flexible
connector di sposed between the third nenber and the fourth nenber, wherein
the cells of the distal row are provided with first and third nenbers that
are 0 5 JUN 2002 shorter than the second and fourth menbers in the

di stal . rowthandedher eirn:atrh_;%cnejri S @fluded inyoXd fireln e catree qureali ded wi th

second and fqurth nbers t are, s orter th n._the f [ Sty and th| rrenbers
in the proxi %;LI xl;‘g’ &’ C>esiertit ¢ A s al %U&&rtahe Yow prf:)% il to
t he di st al reWenandrltthe q)rdpet:raall IrQNNda-rsdJCtslmel tanNtdh%tdaJsttai tenad prfom mal row

are provided Jith |ern%t %&nf hexil %

flexible than the fleéexi e co nectors in the t er ro Wsﬂéfa the stent 10 It
i s yet Sanot herldomfe@theofsttemts iMhegigtirort o 9erldw de é@%)@ﬁé{@dblr@%t@nt ,

conprising: @p@l Wiahict Bénfa‘ tfHeeX 8 CBldpo QS 11 RGed HBNmANAURI F
proxi mal end and a distal end, the stent provided w th nmeans for a\é’lrg)artl ng

a radial for&BeastEns @& AJARTEY K FEIGr SFHETThIR Tt £°T%di2RC f or ce
in the portiageofutittrest eratag&rewwmlbet endriee fdiesdiall eetthar ttHes deall sa furt her

el 6y o eEREBRL S0 B B RIS I iR Shd%ng 20
di stalkOoend, the ptreaudlnqarlomoded W|th means for inparting a rad| al force at
i ts proximal and Bt A U SO S NI JADP YR oy (12

portion of the steént sp osed the proximal is
anot her obj eekpandahbile |Sr¢@élr¢t,| PR i5ieg : d@)a@ Péueﬁeaﬁd’alﬂfe st ent for

treating a Igﬁeereeﬁh@e&&m@%m@a@qﬁ@ IaRlei G iRl0RY & PR HaQ r@f &t he
| umen, conprising plurality of interconnected flexible cells, "the cells

arranged in HrBF&W§ﬂ|F?do@nﬂnﬁepééﬁﬁécFQ@ ek g Lonsdiaidderilniatd sa st ent
havi ngsa pr oxhaakegnd a&&aag@dstml ae@du?zalamey a1l agletxtwnmlct@a S, Wwherein
at | east one £ E r0\é5| Op %? o] ac %atet e o
characterlsth 5t ?ﬁaf ﬁgr l&ﬁ ot ﬁé QAL xﬁﬁe gdgﬁted r ow
or rows. 6tEnUMi2B02 distal row dlsposed at the dlstal end of the
stent and a proximal row disposed at the proximal end of
the stent, each of the flexible cells comprising a first
20 member, a second member, a third member, and a fourth
member; b) a first C-shaped loop disposed between the
first member and the third member; c) a second C-shaped
loop disposed between the second member and the fourth
member; d) a first flexible connector disposed between
25 the first member and the second member; and e) a second
flexible connector disposed between the third member and
the fourth member, wherein the cells of the distal row
are provided with first and third members that are
shorter than the second and fourth members in the distal
30 row, and wherein the distal row is provided with first
and second flexible connectors that are more flexible
than the flexible connectors in the cells in the other
rows of the stent.
It is yet another object of this invention to
35 provide an expandable stent, comprising: a) a plurality
of interconnected flexible cells defining a longitudinal

stent having a proximal end and a distal end and a



It is yet another object of this invention to provide a single flexible
stent with a uni body or onepiece construction which is capable of j EMgg
support to a lumen or vessel along the entire length of the stent and

whi ch portions of the stnt are adapted ®r-nodified so as to have
characteristics, e.g., bending strength or radial strength, that are
different than the characteristics or features in the rest of the stent
along it's lon i1$q;nal axi s or_about_jts circunterence. nge in

i 10 g'he ch
stent featurdsd 9t Y3 hed*t8cohiDdat bl RoTFPOT i 1) FrPthE2LFE%LRE | unen
or may creatinthfdeieant tefvi I oxnneld atoeondli épossdi aldngfenent areas in the

lumen. Non-uniformty in a treated vessel can_be_of. | ff pes
such as an t)jlsqrf%ﬁu%%é%gea’fhs ﬁ%n%%%r?éi%tc %%}geai%lggg%ag{a‘?es{ggéség
non-cont i nuass Thoskiserl iond sathtls steanghdra wregiask, rov _ _
non- ury f o md e 4 Jl ST ACEH NFLLEL: met Cend G AR €, Suighn nga-ugl formi ty,
portions of t stent na adapted to g_row e changi ng di nensi on,
flexibility,fkexiklie ceklsecorrersing anhbesbfnomesl | 3, seaendesponse to

pressure as @l iat edy bvh SReGhdhise APPAA& AL | PASrtISRRGhEEE; appl ACaiFons may
dictate, e.g., .a desired hi gher r(_gdl al force at_one end while the other
portions of THEPaRhtIPPRVFHRPIASUNRT AT AI 152 cott T nUBLEPSTpPRT tERD t he

vessel wal | sMidd trheangaps ¢)n & hee SdredtC 25h speedl soml di eposgh bexweswce t he
ictate a desired

|'i kel.i hood qf, tissue prol apse. her applications my
degr eleohof sti% rFees%or?cg PHE Tt ‘ie}be rjg‘g‘fﬁ%h t'Re ?rk’elc?ﬂo% v °br eakage and
i mpart the désixidrl dlepreeadforsalismssedtbetweandihie &l fow henbeheamdst fit
with the 30%@ r ap% o) ictate that
one or nore O t%ez}/%réﬁmﬁ%%%lﬁb\%leﬁeg%)\?ﬁ hscheﬁqs t a)%lcg%% é?rﬁ%%é{‘f%ger t han
the cells i FiIROTINTHWRET VRS OFRITR BIWRRT SISO FRWNT HememRe%s to a
si de branch JHeAdeh [tHERRe Bl . of ftHe IdESQMUGHAD £ &S650H¢H Sbd SWAM  t hrough
one qf the |arger %{fﬁeck,ce | s so as to permt construction of a bifuyrcated
stenttwi t hi iF 33 13 FERE I'Te%%e?h%‘gp?}?%aﬁl?%%ytﬁ%t%@% $$"Bne or
0 5J UN 2G04 fahrthmiensdrd hien rves disstrbwsled and heioetd in wheh are
adapt ed or di.fi.ed so tha on_expansi on of _t stent the portion of the
Stont “defi NGl By TS e B SO BT SH T & Tt TR b EF S that 1s
ei ther | ar g@rooridedsltlerf itden aie sermidihigeporle orsnfctdmes sttt t o
accomodat  J U i AL, RN 4K Bl HELENST e QU MUCLBES LWL T cell's
d or noditie

may al so be adapte so as to have varying radial force, or
vary2Rg | on@thed raws (il ig88ntr to correct for a change in properties

at 10 the end of fthg $Steriur Bl ER JFRERIGTION OR R DRI NG Fdgiad  shows
an illustration of ntf% basi c pattern of. an ers‘oodi unt o.ftthe stent of the
present invént 2 %\/ﬁ{'q &P e G e £ Stadtgj B/htY Shows an
illustratioflexilfle patltler edfirtimgy st estteraf Hagindl,a ipraxjeal iald yarekpanded
L L AR R LI R en ot s A sl
25 in a plurality of flexible rows along the longitudinal
axis with a distal row disposed at the distal end of the
stent and a proximal row disposed at the proximal end of
the stent, each of the flexible cells comprising a first
member, a second member, a third member, and a fourth
30 member; b) a first C-shaped loop disposed between the
first member and the third member; c) a second C-shaped
loop disposed between the second member and the fourth
member; d) a first flexible connector disposed between
the first member and the second member; and e) a second
35 flexible connector disposed between the third member and
the fourth member, wherein the cells of the distal row

are provided with first and third members that are



Fig. 4 shows the stents of Fig. 3 crinped on a balloon catheter and bent
prior to expansion; Fig. 5 shows the stents of Fig. 4 after they Ort.@:{lﬂ\l ﬂ]ﬁfn
expanded in a curve; 25 Fig. 6 shows the stents of Fig. 3 partiall
-expanded on a substantially straight -b&l I-oon catheter; Fig. 7 shows an
alternative enbodi ment of the invention provided with a shortened C shaped
| oop and in which two rows of cells are provided with thinner gauge 30
U-shaped | oops; Fig. 8 shows the stent of Fig. 7 partially expanded on a

substantial |y sirg) oo hal) 000 catheles: e 5ifn mafouesthe shenbiofaflg. 7
after it has been ‘expanded on a curved catheter as 1t_woul e when 35
. inserted arown amendhéredn veResetels of 10hsHRYRXHR2 Al Fernateéve enbodi nent

of a stent cAnsSIIuGtedidn accordance Ml ik Needuwentivp: 284 sndrbed U N
2002 - 10 ig. 11 shows the "S" or "Z" shaped | oops constructed in
accor dance ViHaD tthie i hivett i 3 BETA MM PESCRIPTHEN BXOTHER 1 NUENTI @85 Fi g.

1 shows the ganaral wonfd o at | 8w Of arder learbesly Nerdx Dhad sbevhe 1 fabricated
in accordance with the present invention. The stnt, 1 may be fabricated of
bl ocompat iG-S brig s S e BEETHIEhsr Gic ST T a1 SEotant B um
nitinol or afferprmtimallsowedte kmoowided thiose Alrskiahédseconde art as

sui tabl e f.‘)rfdltélh%fé”é’ ectT£fs di fensi o0s, be% E‘ﬁér‘?réﬁ% utilized
may be varied as Specitic applications dictate. e stens of the present

i nventi on gehleaible negniectonstiuctkel ovher mewerof nthecoredhce with the

stent; flescri bed ipx US.ydiS f@ég@mﬁl%é&@yépmﬁiﬁngﬂ%/ggl 354, filed

June 1, 1995, the_disclosure_of is incorporated herein_by reference.
Fig. 1is aRiUEds &P T*¥RIRAPLR F LMo CHPLITHIT 1 dfPWea biesenf

invention, siiewiield hee ededat imoid ef Ndn2hdVn$talprisi GADWNAE Nafd gs. 1
and 2 the pattf?.rn yfl})f? d scritbed as aAPAUéan%}% of cel%s 3.and 3.. Each
cell 3 is providtPnigH a ¥1% sT- MR % SEOhd"TiEMDet 0%, 1R+ nenber
6, and a fouwr ttadiEibeforce Antf i 1tss ddistmpeshd adrtd (s sgrkspesechdet ween t he
first nber d . 1 hi gg;gge 6 - n@gie o) 11 is
di spolségg betrv\?éaeln hfe&gce%gln%mrr%éi er Cgrh ?%?oﬁ%ﬁpkﬁ%& dﬁéﬁ @g%h of
the cells 3,d¥9%ak endber 4, second menber 5, third nenber 6, and fourth

menber 7 are subsfantd aldy £at@tchdPUshiddd dr Grehapad, 00Pod0bs displ aced

a
provide an expandable stent, comprising: a plurality of

flexible cells defining a stent having a proximal end and
20 a distal end, the stent provided with means for imparting
a radial force at its proximal and distal ends that is
greater than the radial force of that portion of the
stent disposed between the proximal and distal ends.
It is another object of this invention to provide an
25 expandable stent for treating a lumen having a unique
characteristic along a portion of the lumen, comprising:
a plurality of interconnected flexible cells, the cells
arranged in a plurality of interconnected flexible rows
defining a stent having a proximal end and a distal end
30 and a longitudinal axis, wherein at least one of the rows
is adapted to accommodate the unique characteristic of
that portion of the lumen in contact with the adapted row

oY TYrows.



30 distance D1 and second C-shaped |loop 11 is displaced a distance D2 from
t'he center of cell 3. In a preferred enbodinent, Dl is substanti al %W@
to D2. Afirst flexible connector 8 is disposed between the first r
and the second nember 5 and a second fl®xible connector 35 9 is di sposed
between third nenber 6 and fourth nenber 7. The flexible connectors a and 9
may be made in a variety of shapes, e.g., an "S" or a "Z" shape as shown in
FI G 0O 5 JUN 2002 - 11 . 11. In aﬁ{_ﬁeferred errb?di,menti a "U' shape is
utilized as shown in FilgstS V%o APEHEY. CRILHoVRE t HR: Pat PEFREHI stent 1 in
an unexpandedcstiaiee a isihgdld helesiblie $demhiwhth he Seepddyd Srisndirst
inserted in_a particular vessel .n Wn.ichca blia]iéoo angi o, last%%é)rocedure IS
it 1 590 © 7

to be perfoPtsds B TEF e Bhl VooH: i1 AP IGWAT (R RAt tern of
stent 1 in aopar tliwldry expessdl stlairey the.gntihed ktrageh aff erhe hetdrat | oon
has been ex , ; ; 00N, %ry t I ich the stent 1
r emai (r??s in '%%’erad'?'g]sse lacv%ﬁ%:l%&l &lé‘ihp%;rtt%é) eﬁphﬁrréal %%%&%ereonnect ed
cel I s 3 andm@diffgraqd sPplag d1d thawd hrearcorest &S r owsg 25, bX8liRy, and 28

of cells di %Q‘%%%%t@l YW Ahe dongitdihinal @nds Hfe therSdaie lendil Osne 1 and 2
show a distal row 25 15 disposed at The distal end 2, a row 26 adjacent to

and pr oxi malCheFaRtSTASYiGF 2F eI ey WyjHenteto Shdir 5GsRt to row 26,

and a row 28@lagigaGents et pdid Inedx 19 gt |1eavddrdenppmdecd at ed
t hat _t he nunpper of rows, and the. nunmber of, cells per row, and the shape of
20 ealh cel FPEEPARIS art FHS SIRATHTES affpl | c%&"r’gerr*s FEHRTE2 57 BHdwn i n
Figs. 1 andu2ifidreniest lin I he ncxbastead Iwwver?oxiddyercfeaom tdief foetdrst 3 i n

rows 26, 27 ) fl . r. 4'.. t.hi ' t he
cells 25 3 Ef‘?l’qggv%v%{}rele ds%rg&rlt%efnn t%l?%%s}ft rf%lr%agsr Wde tqhuenQ%Ihi rd
menber 6 of _I\Tpneu@élflogn@qm ITovis EateEd b8l 9an ded !OﬁB'rr}arf}'r rst menber 4'
I's substant 'd@lf!f)ér%(ﬂlltaltytg%é iy ch nedThsy @cid?@,weéér?dnagn%'irétdi%@@é’r 4" and

third_nmenber are shorter than second nenber fourth nmenber 7'. 30
The <Rort er CHERFE U CUHYR BTG eI -GN E YT EURPRFT ST SMPR 13t i s

not di sposedrasnkan aawayr fagmidie wemar- i fdemoe) 118 sastsacond C shaped
| oop 11'. Thu first Cs ed | oo Q' may .be thought of. as being
"shorter” tH& “5&0&&%-&%&%?%@“%‘1“? sﬁgc%%%'qr&h%@ltﬂ’ first 35
C-shaped | oppriQoniss odi sphes et entdirstyarize ddptdiitta praesisid dmridingli st ance
?[,),2" } Ea;nseﬁgﬁ§n§5§%§8§§%ﬁ%}l]i]t'y:‘ § 1Y 3Aased dramdhesant ersifpd her cell
20 cells, and response to pressure as dictated by specific
applications. Specific applications may dictate, e.g., a
desired higher radial force at one end while the other
portions of the stent provide a substantially continuous
support to the vessel wall with the gaps in the stent
25 sized small enough to reduce the likelihood of tissue
prolapse. Other applications may dictate a desired
degree of stiffness in the center to reduce the
likelihood of breakage and impart the desired degree of
softness at the end to allow for the best fit with the
30 anatomy of the target area. Other applications may
dictate that one or more of the rows be provided with
cells that are sized larger than the cells in the
remaining rows of the stent so as to provide access to a
side branch in the lumen, e.g., for introducing a second
35 stent through one of the larger sized cells so as to
permit construction of a bifurcated stent within the

lumen. Still another application may dictate that one or



especially preferred enbodinent, D1' is about 15%l|ess than D2'. Figs. 1
and 2 also show that the distal row 25 of the stnmt 1 is provided w eshﬂm 200
first U shaped loop 8 and 5 a second U-shaped |loop 9' that are no
flexible than the first U-shaped | oop ® and second U shaped |oop 9 of cells
3inrows 26, 27, and 28 of the stent 1. This greater flexibility in the
U-shaped | oops 8 and 9' may be acconplished in a variety of ways, for
exanple, by 10 utilizing a different material, by treating the materi al
e.g., by utiddze ngf siled t@ss 15¢ eetoaidwedl witgh toel hparit i crel aod | ada et ees  of
hardnesstothed rtions_of the stent ernativel if, e.g.,
Nl Ti (Niti no‘fs ]lﬁ (f?zse% qé%‘f et el %&f?%ln%n o(ff Atlhrliae s?r?re[ntngtyﬁébe 15

sel ectively ndmer:rrm el hame (ratidaryt tdehirezt soy tthee pianteashnimadie stdent)

e 0., the USHanad SEmDs, iclad Bl HAd & JRl{ansl b qlass while of her
portions of t st ent ®be TTanstor med into austenltlcpaselnthls
sectidn to ﬁ@ldlﬁﬁftfl’eiﬂerﬁh%rfﬁf@mw R eEk s fefexing 1548n%eyP 20 al so be

?chl exed by ﬁwﬂrﬁ i %a@qrmb rgftﬁ h?or%-hﬁnlﬂcﬁm Qi@el’ﬁmtfetzté) aOrZet c%r ag tS
as shown in , or reduci e anpun e ilized to
make the UsH¥ped ’-fcﬁb%soé'c Q“?YI%%%ebeer?gfﬁﬁ“rFéﬁto%H‘&&{fﬁa‘r?qg 2% and 2,
t he U-shapecdtd aopse 8ramnchd' radid DW ey eaﬁ&an'ymﬂgield:n/gﬂdndMJsarre

t hi ckness of_.mt. rlal as t he Ushaped Io&&s 8 and 9 olfntheo cel IlseS |n r ows
26, 27, and 2&* cifsth%pve%lp"f Bops ' DI FORE Wi 2%s shown
in Fll@s 1 m&nd}csmaﬁmjsmps e’ and 9' have a width W that is |ess
than the width w2 of U shaped 30 loops 8 and 9 in the cells 3 of rows 26,

27, and 28. In a preferred errbodl ment ) V\l i s about 50% narrower than W2. In
an especi al 3243 X A =€ ~0% narrower than W2. Fig.

3 is a side-by- srp@!@ cqud@@m@flﬂlm@tmorﬁ%fseﬂé U RN b QW Bf
conventional scent 12 conp rﬂ%\%%to t he st ., Shown ”}rrr%rgr 1 and 2. Fig.
4 shows scert's h FHY- P s“tenéif%%aﬁbca ey are 05
JUN 2302 - h?nomrlm*pesdu omacﬁmldefmrstamb bent as they woul d be during

i nsertion around curye Jes I [o]p\V/ t| onal
stent 12 fl ares gﬁqts 1% cysa dlsleluli\;?ants%g‘mrfas g) Zkéarf‘ﬂ'f[—l %fer{ ¢h does
not. Fig. 5sHrws athdiyy stJerrBlrofa I?ag-’tuhlei'f}t @xnarmiesi eanafevave been expanded
in acurve. The tdp ofy gan ﬁergl&éﬂa}le%&eﬂowa OURERriE Y Wit O sharp

poi nt 13 whi ch_ coul d cause | ocal pressure and possible trauma to the vessel
wal | . In coffdhgt Suee grtaémfalcrém rlthtaé‘chrﬁiadYF@or"ﬁéﬁb@r\ﬂth the 10

i nvenbi on bertdeRidyy ot dHeS @knd iy ;hout form ng a protrusion or sharp
poi nt because thg def Orgﬁ?l{l on f the of \%—f[} ped | RS 8.,and 9" in distal

row 25 make the H& stBerﬁ ST PN R of Fig. 3 at
15 parti al @aridmmmrca(tbm‘tmze are:hdframg preddrmm EressuEien ;di sposed on a
substantial ly str hts G NE! §he AS %r&%\/\@f iR tgfogrggfttréer tt\@%ysteaq,ts 1 and 12
are subjected to e sarre out war d force he of stent ess
expanded théﬁﬁfetnh@wd]?@ g @ rRKEe ional stent 12 dermnstratl ng 20 the
incregsed radial pigfCe Qhdue 8 ot Qe SlNlFily CaNYatalad @:@%@ﬁé@nce

with the invention., At full _pressure the rad|| of the stents and 12 wi ||
be equal , h&WePeS ast@ndrid 13 Yors tHadht) Raliliooma Fa thedater radl al resistance

to col | apse thanrtike evntihb&snfarﬁtae.rtterh&u% Iawgaodﬁnfdmv\@fartw ternative
enbodi nent of th mventmrgedé\s hown iin Fi the ce]l.,s 3 i(rérr.OWZS are
Wi 51

provi ded wi tRVETHFS PREYo: % FOPF CEhRTS 19op 4}t than
second nenbehith amed frowst o fredldrs Are ﬁr@vaellelds wi'th nhiowme25 gangyepr ovi ded
withyg firs h .oop 8 and a second U-shaped loop 9" that are

t hi nngr thaE‘fJ gﬁ%%ﬁ%s%%%g# ‘l oops 8 and 9 in the cells 3 in rows 27 and 28.
The cells 3" in Fa@.268 sbews dnedsdenitt If Frigt. U—@fﬁa‘rﬁe@lllc’oﬁpémd@rﬁd second
U-shaped | ogps 5 9sum%tan%3%m@r Q98N gHhab e ot Thared dyaops 8 and 9 in the

cells 35 3 in rows
Fig. 9 shows the stent of Fig. 7 after it has been

expanded on a curved catheter as it would be when
35 inserted around a bend in a vessel;
Fig. 10 shows an alternative embodiment of a stent

constructed in accordance with the invention; and



Fig. 8 shows the stent 20 of Fig. 7 during partial expansion of the stent
showi ng the decreased expansi on of ~ 5 JUN 2002 - 14 row 25 at Qﬁﬁﬁ”fy
expansi on because of the higher radial force of the end 2 of the Qte 02
whi ch results fromconstruction with-shérter C shaped loops 10" in row 25,
construction with narrower, i.e., nore flexible, Ushaped 5 |oops 8 and 9
inrow 25 and 8" and 9" in row 26. Fig. 9 shows the stent 20 of Figs. 7
and 8 after it has been expanded in a curved vessel and shows the bends of
the U shaped Ioops 8" and 9 % "2" g 9" in row 26 which allows
the end portion 2568 thé §P8H? 5 e10 Or’fDr r 828PFY ¢ORPSrm to the curve

of the vessetoneteattag $ﬁDatboeﬂdacmnWHtROtahaﬂpvpnmmba.or proj ections

projecting into the vessel wall. The changes can be nmade on one side only
or on both sides of the stent as specific applications dictate. 15
Addi tional | yDEUATL.EDeRESCREDITIAN| T ts of the invention may be

M xed guch as usipgq thh”gﬁéwy'ﬁﬁépsggEQQES thQQSEaFaanae%dokgops or

dlfferent shaped 60 ps e of how this nay be
achi eved i s ehbeginanzoofi 3. smentFﬂgfamlgﬁéﬂé hawat:ﬁ@rsieeme gishntihe Fig.

7 may be nvdb£é§9nt'RnagﬁtabﬁnalTﬁéegtehhlﬁyma§ desichedi cAseghewn Hiip -Fi g.
10, the distal row 25, and the_proxipal row 29 of stent 30 _are provided

with first aﬁﬂmEeEbﬁdeLEﬁEEEHaFBOEECPhaP aFélﬁﬁﬁéSfFé§PB|éléﬁangpﬂé

g;shaped 35 t@ﬂpglum thetggbergtggehef hheestebs desmokfdwﬁetweeno@Ee

i stal .and pr oWs a nt of the ipyention
shomnipn Flg Qi%fa?h dFE?a?ranﬁzgu?g % 8v?85d &thPEHBPFSnedQ nbers 4'
and 6' and n@mmeﬂﬁemnblenﬁ#ghagedofompSeeiaandtQl;zad pegvbeuskyigd

di scussed. and LDec PE QX! UBby £ OUt 28nkSabELYLEC ¥ aﬁpﬁEgeB%dtﬁscond and

fourth nenbers nor e exi oops e" dor
Thi s arrangepepsenfppanvengient genesdi 4y @@VehgtﬁOEﬁdrgﬁéaﬁe#nfBeX|b|I|ty to

bot h ends ofmsﬁeeﬁtfﬂtacééraanegewlgﬁeaaerstéexlbéngYbae &heueeds of the
stent_is desired, the stent shown in_FlG be nodi repl aci ng

the F3hapedP?beps APPIHFRT 58D aRBT 281 W 'Ph ﬂﬁ/%s EET JQnggoﬁunelé
flexible | oopsss Thise dhectbstat cOwWwhibk Lewipcoxporhttd hbeeflhsbgl row,
the proximal_r and the row distal to the proximal row are provided with

oW,
U- shaped Ioop% TH& %re more flexible than the U-shaped loops in the ells
in Fig. 1 is a side view of the distal end 2 of stent 1

of the present invention, showing the general pattern of

20 the stent. As shown in Figs. 1 and 2 the pattern may be
described as a plurality of cells 3 and 3‘. Each cell 3
is provided with a first member 4, a second member 5, a
third member 6, and a fourth member 7. A first C-shaped
loop 10 is disposed between the first member 4 and the

25 third member 6 and a second C-shaped loop 11 is disposed
between the second member 5 and the fourth member 7. 1In
each of the cells 3, first member 4, second member S,
thirxd membef 6, and fourth member 7 are substantially
equal. Thus, first C-shaped loop 10 is displaced a

30 distance D1 and second C-shaped loop 11 is displaced a
distance D2 from the center of cell 3. 1In a preferred
embodiment, D1 is substantially equal to D2. A first
flexible connector 8 is disposed between the first member
4 and the second member 5 and a second flexible connector

35 9 is disposed between third member 6 and fourth member 7.
The flexible connectors 8 and 9 may be made in a variety

of shapes, e.g., an "S" or a "2" shape as shown in FIG.



5 the remaining rows of the stent. The present invention contenplates a
nunber of different variations and changes in different propertieg5t QN 200
achi eve other non uniformfeatures such as, but not limted to, cell size,
.cell shape, radio-opacity, etc. on 10l&he above-described preferred

enbodi mrents. The specified changes are brought only as an exanple for the
application of the general concept, which is the basis for the present
invention that stents with varying nmechani cal properties between sections
along the stent 15 may correct undesired effects at singular points such as
stent ends bdhd pipviadprebferzeBeembediimento & Véd'séshapiet B sprugperzieds
changi ng al gegshbenaxhsribk.i§ +9 B understood that the above description
is only of one preferred énbodi ment, and that the scope of the invention 20
is to be neasured by FRE - claFReWEs L86t PRGERF h&foRtento 151 BIN 200Z - 16
CLAI M5 What yhexpghabBBdskstel. iAcexpandablse astein ¢oARM $hegstanpl urality of
interconnected_tlexible cells.defining.a stent having a proximal end and a
di staP end éﬁdférFBn@PFGHFﬁQIleFsPaFﬁéc83FFéV&FF&ﬁgg& MRighpPurality of

i nt erconnecbelllbbaxehbeoptastdi pposedualeolig ttle beopgirttodmedl, &xcs of the
stent with godistal rousdi spesed al the.distal.end of.the stent jand a
proxi mal row drsposed~at the proximal éend  of the stmnt, erein the cells

di sposed i nstéetdistal ar pardtalhy sxkpandade s&dast ed ko . exbet greseer radial
force and a apt.ed [ t hece di in the

r ows dispos%gtggt3égnb%2éggpgﬁgg %%%%a%g%€h§%%¥ogfné bgﬁﬁ géﬁgﬁggétent. 2.
The 32 ent oRn€l Pt $takReiBi WhiRE EBFI StERtt Re Y6MSLAF ABwthee VEFSEl

different sigechhap thigpeetks dirspopedrianithe ofowntdi-epasedciat weanst he
di st al rOM/gngpéhg!p%OX|nal tent of _claim1,
C

nd of the _stent. 3. The _
wher ei n thes CBPfieS( nEPRE B BLAFALGRYaPS ORCETCRPRAGE Gty Ran the gauge
of the nateﬂ?alanﬁiDBzed baltheddebbsedianoagdthetmeegithdidbstakiBow and
t he prOXInB$ e@ﬂeOLtLHE gpen?igé: ghgnatgn%hg&_glg&gkgg @ggr?%n the cells
e o ma at I b

in the distal row aré nm _ erial 't iS nore éxi bl'é than the
mat e¥% al utdispedenatheheefistalspoded. bét wown26haddiasear towaadd t he

proxi mal end-9%ihhe ebeRiscal PBwesBandabbg shenl; cemBrtsingg a plurality

of interconnected flexible cells defining_a stent having a proxinmal _end and

a distal endFaRi™al| BAgFPHdRRal 28K &, TPHe 28ePAd 25RPANGRI2PA RYBKEMELi ty of

i nt erconnectedrélvez7bl ereowsllli ppoapgrakaagedhehbénghtudundkrasifs of the

stent with a distal Lgﬁ/diaﬁgsed gt tgﬁ distal end OE tge h0 5 JUN 2002 -

17 stnt antC%S praRfnhler BAEFEp8EeG AL St RETpFEYi nBP e oF"PRE Sfent

wherzd n t heezehl selh, t neydbst whriew ef tbecsifit apdliibetdehks di sposed in

t he proxina{e%Q%&gf the stent are adapted to exert greater radial force and
e

are adapted t nmore flexible than the cells disposed in the rows
di sposed bet weenAfh&h@wst an Fédcsand BRE prokhgaFells 3’ in distal

row 25 differ from the cells 3 in rows 26, 27, and 28.
The first member 4’ and the third member 6’ of the cells
25 3’ in row 25 are shorter than the first member 4 and the
third member 6 of the cells 3 in rows 26, 27 and 28. 1In
cell 3’, first member 4’ is substantially equal to third
member 6‘, however, first member 4’ and third member 6’
are shorter than second member 5‘ and fourth member 7'.
30 The shorter members 4’ and 6’ result in a first C-shaped
loop 10’ that is not disposed as far away from the center

of the cell 3’ as second C-shaped loop 11'. Thus, first

C-shaped loop 10’ may be thought of as being "shorter"

than second C-shaped loop 11’. As shown in FIG. 2, first
35 C-shaped loop 10’ is disposed a distance D1’ that is less

than the distance D2’ that second C-shaped loop 11’ is

disposed from the center of the cell 3. In an



row. 6. The stent of claim5, wherein the cells in the distal row and the
proximal row are of a different size than the cells disposed in t€§TMH$ﬁB
di sposed between the distal row and the proximal row of the stent. Y7

stent of claim5, wherein the cells+4n1Zhe distal row and the proxinml row
are of a thinner gauge than the gauge of the material utilized in the cells
di sposed between the distal row and the proximal row of the stent. 8. The
stent of claimb5, wherein the cells in the distal row and the proxinal row
are nmade of eapratelilyl prlederiredremdobiiexnbl eDtihan st heonmt eskalessi | i zed in
the cells d%gggsg ,between the distal row and the proximal row of the
stent. 9. An‘expandable stent, conprising: a) a plurality of interconnected
flexi ble cells d&figsi.ng anst @nellsavishgwatproxicirel désdaandod @psril end and
a | ongitudi i the _.cells, arra Ln ursalki f 1LALEeRCOo cted
flexible rogggdggﬁgge& gﬁoﬁéoﬁﬁgeFoggﬁgu iggfegxpsgg%¥fhelgggn? w??ﬁ a

di staP row di spesad &r-shpeedi srab 8ndtoptt REeshere AAG*alproxhagl thew

di sposed atfabgchOéhggkdengogfatB%dsg@ebnde@cahggeah@osbeélBkece@hgs
conprising a first nmenber) a Second nenber, a third nepher and, a fourth
menber: b) A £PrEPYE- 2Raped | 865 dPsPosEAehEERBEN Lt he TFRFsOXRBRBEr and t he
third menbeflexiBididyUiN 2002 U~shaped) laopecendafdsbapedyl bep di sposed

bet ween the_secon .ngn%gt and_t he &ou&éh negberb déxgmfﬁgstbflexible
connect or dPFSFSEBAIBEERedR FhE3FLFSY RENBEYSand®FnE 8RR Rénber; and e) a
secohd fl exubliéicongeet difdiesposedaberweén biettrhrcdngerbermandrtihé fourth
menber, whegepn t l; | t I r Lded. w t Lest and

(P rd menber oot hat Tar s dRaire TAMICRS Sooend aRd o ahet homaRBers i n the

di stal row)SsahechhEeerdggrresdioét ArTApRSEstpr BPRJEdLfRFRNEI PSYtaABSsecond
flexi bl e cogpeeher stkhat angceRhachibexibl eft hangt hentrexihheiggnnegkors in
the cells in t?e other rows aof the stent. 10. The stent of claim9, wherein
the first albith&®Sec5R4CFILES BPELiBRAC oFBCaPECREsRAYeBS 11. The stent of
cl ai nﬁ9, \Aheeeiaatﬁ:oelfyi tﬁémbdmbbﬁaﬁﬁaeamme texgbbﬁ sonnaagoglsrangns- shaped.
12. The sten claim9, erei.n the first. and. t se i bl
connectors %%egégsﬁgsg ! f39'Th5R§t§ﬁFL8PeglgFWP@?gmhggg?nr?ﬂ§§?i#gt and
the third nenbarsensithe dhssal whoheapthaeboportienshoft ehet Ah@anthe second
and the fougf nBabeLgy ﬂ@dd'ﬁEalaﬁQ@EnléicTBﬁﬁEEgﬁn?gF§Eabgbgioﬂhere'n

LR
the first and the secong P%eX|bFe connectors in the distal_row are narrower
than the fi¥StYafddt Aéf56E6RE PFERPBF&SEonnEEEBEST| ALEKEPEREFY PAYt he ot her

rows2@f theastenbe adnidbedasbonthahgehgi thd4shuper eenchberfiifstoand the
second flexible connectors in the g|§tzl rom1are,ab9gé 40% narroger t han
the first andeTRESsERoRd Fl'eRFbPB connéBEoPROYR the rI§1$n Phe®¥t her rows

of the stenteducing the amount of material utilized to make the U-

shaped loops 8’ and 9'. In the embodiment shown in Figs.
1 and 2, the U-shaped loops 8’ and 9’ of row 25 are

25 provided with the same thickness of material as the U-
shaped loops 8 and 9 of the cells 3 in rows 26, 27, and
28, however, U-shaped loops 8’ and 9' are not as wide.
As shown in Figs. 1 and 2, U-shaped loops 8’ and 9’ have
a width W1l that is less than the width W2 of U-shaped

30 loops 8 and 9 in the cells 3 of rows 26, 27, and 28. 1In
a preferred embodiment, Wl is about 50% narrower than W2.
In an especially preferred embodiment, W1l is about 40%
narrowexr than W2.

Fig. 3 is a side-by-side comparison of two stent

35 sections and shows a conventional stent 12 compared to
the stent 1, shown in Figs. 1 and 2. Fig. 4 shows stents
1 and 12 shown in Fig. 3 as they appear when they are



0 5 JUN 2002 - 19 16. The stnt of claim9, wherein the first and the
second fl exible connectors in the distal row are annealed to inparé
hardness that is different than the hardness of the flexible connetbolld 200
the other rows of the stent. 17. The-st®nt of claim9, wherein the stent is
conprised of NNiTi and the first and the second =l exible connectors in the
distal row of the stent are in a martensitic phase and the renaining
portions of the stent are in the austenitic phase. 18. The stent of claim

onunator TnEPEnBEL 8n' B BAT1ALH! Bhl BUAEN 8<OLsEy! WCANG AOUAG AT, 1o

gauge of the na erla Gt PP z&€d i A the cel IS ose between the distal row
and the proxhaarténd atouhd st enrveldn Fhyesseat ofsScis@iomno inwHégei n t he

cells in the dighabntownaniesrede b @1&%&§rb%|1&Qauebal%§r%d5be&hbh% t han
the material utilized in the cells disposed between the distal row and the

proxi mal enBCBETERE EPeftenPol WRiERpHREEDPECst eftd -conSrYiEnglea) a

plurakity 0&céﬂt§r@@np@§ted EE@ékbtﬁeCetbﬁt@ehbﬂbn@e@n|@&@bhd@ﬁnéb st ent
having a proxi ma axis, the cells

u
arranged in€ HrﬁFuraFﬁFyt6P PEtEPBHﬁHE&PBBngéfpﬁléE 8%8%&F§60§ed al ong the
| ongi t udi napraxrssbbnt be shaﬂp pothtaldi shakhr osuddspased abcthe di stal end

of the stent and a_pro A di d,at e proxinmpl .end of the scent,
each of thePfTaxibfete |P55868T%|§?§8%§ Fgrgﬁgnggﬁgé} ga%ECon "menber, a
third menbeeonandst, f0hethtﬁenbérCOD;tauttﬁéti@-shapédahg@detngQed

bet wegn thelﬁbéﬁﬁlaﬁnnsﬁdengehegytQtrgtaeahar thﬁoaecquanahaped | oop

di sposed between the second ™ nenbéer and the fourth menb 5 JUN 2002 -
20 d) a f|P§Pt¥P§kPBI%rcéﬁﬂéétBPlHFsB%géHSBeFﬁéeﬁeFHémﬁFﬁ§P RENBEE and the

second nmenbgE; UaQHaQédalééﬁgnd f kaai bl eigoaneekor rdivspespdkeetweeenthe
third menbe ang t he fourth menber, wherein the cells of the distal row are
provi ded w F&f-and third nenbers that are shorter than the second and
fourth nenbers ipi¢ghesdssbat tbw, shadtwherend Lheodi 8igl. Bowr and in the

row pg oxi . he_di o] p S ond flexible
conngitorga%%ggl%?eeggéég$?éxr%Fggfﬁaﬁgghgggﬁg&%gﬁéh@o ﬁgg ng?ln t he ot her
rows of thedispesed2an Fheubseantbpliyabhradghtwheprehatehe fAssshawd. t he

second flexiptRoGORNERE OF Soabee8NAPEAG 12 are subjected to the

same outward force, the end 2 of stent 1 is less expanded
than the end 13 of conventional stent 12 demonstrating

20 the increased radial force of the end 2 of stent 1
constructed in accordance with the invention. At full
pressure the radii of the stents 1 and 12 will be equal,
however, the end 2 of stent 1 will have greater radial
resistance to collapse than the end 13 of stent 12.

25 Fig. 7 shows an alternative embodiment of the
invention. As shown in Fig. 7, the cells 3’ in row 25
are provided with a first member 4’ and third member 6‘
that are shorter than second member S’ and fourth member
7'. The cells 3’ in row 25 are provided with a first U-

30 shaped loop 8’ and a second U-shaped loop 9‘ that are
thinner than the U-shaped loops 8 and 9 in the cells 3 in
rows 27 and 28. The cells 3" in row 26 are provided with
first U-shaped loops 8" and second U-shaped loops $" that
are narrower than the U-shaped loops 8 and 9 in the cells

ELS) 3 in rows 27 and 28.

Fig. 8 shows the stent 20 of Fig. 7 during partial

expansion of the stent showing the decreased expansion of



22. The stent of claim 20, wherein the first and the second flexible
connectors are S-shaped. 23. The stent of claim20, wherein the f|¢§t and
t he second fl exi bl e connectors are Z- shaped 24. The stent of clai QQNZMH
wherein the first and the third nenberk4in the distal row are about 15%
shorter than the second and the fourth nenbers in the distal row 25. The
stent of claim20, wherein the first and the second fl exi ble connectors in

the distal row and in the row proximal t%ithe dlséf onéare na&gf r than
the first and®%¥eéondtf P&FtPed SSRGS JerFas &f 1S ws of
the stent. 2@ortlecst ehle @hdcloaioch 2he wesrei mzkt:h:eh fda=il tand Adre second

fl exi bl e connectors in the .dist o\ n r X|nal to e dista
row are aboufoﬁﬁ%guﬁﬁrlrogmev %t as%‘ rhteerf i%g%hoal bE conn V%(F}rds) i the ce 's in

t he ot her rowsnetriukeisnemtith n@r5 oyt 2002 .-, 2bre2Zlepidlst erit- dfapedai m
20, V\:h rein tlgg |r85t Fx@d 9t,he,_ 2% %Sfl%éalse. coRNeG: gr Ilcﬂq tzhse di stal row
st e

and in the r ow rOX|na al row are anneal to inpart a hardness
that is different FRBomSt I’?réloh’ér dhesstentt RO PAfelilgse dormfektboraftar tife ot her

rows of the ﬁtaenbee%Bex hegelient of thrdied 2ssehergid S St Hehds
conprised of NNTi an \ﬁ/ﬁ“ﬁ‘e first and the second flexihle connectors in the

distal row aRd tHE FoR\EPES QPP & h&Ndi &t al*™ dW*are P Sradéhdi'ti ¢
phase and thenr eowi msng:hﬁernt eansbwsf tihlee eSntdrTTpoa‘rte.dnn 2t et allsd eyvenitc 2uhase.

29. T?g sten of clai n1% reln th% %ﬁﬁ' n th glstal ro and in the
row proxi nal omPﬁs ar&farYr 5\% P& Mot fner’ “gdldg h[enar?st ‘gauge of the
mat eri al uti kreeding Emeocelbadﬁlypage@q mhah@ @mh@msr@mspﬁbﬁduxmmﬂmt. 30.
The stent of gggggkgg whereip et #'%alﬁ the distal row and the row

pr oxi mal to P |sta row are nma a material that is nore flexible
than the material Thei Fi’liééelsnctaﬁebéel“la§ed|°§p@§€d siigler g lot lear anoletdf t he

stent. 31. Aaleé@aa@alehe %rtem: %%m%b'e%'ﬂiﬁc &bg@ll&'a‘éﬁ%'rﬂst ¥ iQfe Sftleexi bl e cell's

deflnlng a st avi r stal_en nd a | ongi t udi nal
axi's, *Phe cef*ﬁglaﬁf’ﬁﬁgga 4 ﬁ 6F&P&I FP;VS’ e R 5\?99%:&1%% I‘P%
| ongi t udi nal t-_hm snwehbland'rnsyaber medldspueed aa;t ushegditstiaineend-chatead st ent

and a proxi FOWIE gse n%él of thes%pent, each of the

flexible cel S Eoﬁp ng a Flrgt P 05 secon eﬁénberp tthﬁ menber ,

and a fourtherrerrber’Z"b)Dra"Sl“r st C-shaped | oop disposed between the first
member and t he thbt hegg Rgfie ok Bk ﬁoaeemg Qa?h%gggggﬁ%@e@ SRogedpetiyeen the

second menber and
20 Fig. 10. Fig. 10 shows how the stent shown in Fig. 7 may

be modified, if additional flexibility is desired. As
shown in Fig. 10, the distal row 25, and the proximal row
29 of stent 30 are provided with first and second U-
shaped loops that are more flexible than the U-shaped

25 loops in the other rows of the stent disposed between the
distal and proximal rows 25 and 29. In the embodiment of
the invention shown in Fig. 10, the distal row 25 is
provided with shortened members 4’ and 6’ and more
flexible U-shaped loops 8’ and 9', as previously

30 discussed, and the proximal row 29 is provided with
shortened second and fourth members 5’‘' and 7'’ and more
flexible U-shaped loops 8’’’ and 9''’'. This arrangement
imparts greater radial strength and greater flexibility
to both ends of the stent.

35 If even greater flexibility at the ends of the stent
is desired, the stent shown in FIG. 10 may be modified by
replacing the U-shaped loops in rows 26 and 28 with more



- 22 d) a first flexible connector disposed betwaen the first nenber and
the second nenber; and e) a second flexible connector disposed betw$§®*k@f
third nmenber and the fourth nmenber, wherein the cells of the dist e
provided with first and third nenbers Xhat are shorter than the second and
fourth nmenbers in the distal row, and wherein the cells of the proximl row
are provided with second and fourth nenbers that are shorter than the first
and third nenbers in the proximl row, and wherein the distal row, and the
row/prOX'”a'figxiﬂfedhaggg [ O, 8010 hBCREOXh MBbwl OWhENEoL NG QMG St al Lo
t he proxinmal row are i ded mnth second fl exible connectors
that are nDr%Oftbﬁl@PétﬁﬁaﬁOWhethEe?kQKéméénﬁéEtoﬁ§d|ﬁh@héodtﬁéﬁt?bms of

the stent. 32, dhe ptentmah gbalakélprwb@a@anwahs tLEahpandl bbsssegand
fl exi bl e connectors are U shaped. 33, The stent of cIa|n131 mheieln t he

first and t hRR*%cE8HE ﬁﬂé%?ﬁﬂ@ EBARecPsr ¥-gParedshapea. 1B4th§hee St 8nt of
claim$1l, mh@mglﬂehagnﬁhgskoagdothehseg@adtfIeX|bIe connectors are
Z-shaped. 35. The tent of claim % L Rﬁ irst aTQ thefsecond
f1exi bl e connect of 8¢ Rf?ﬁ@naléPXF“ 8ﬁP FHB Fg 6F8§|ﬁﬁ?u th8 distal row,

t he prOX|naIdxﬁﬁerand vheirsowodssaal tbahgespnoxdmﬁferemtapeopartmaer t han
the first a n X t h I di.spo n the
ot her rows gg %gh? g%tgtgég %ﬁ ﬁggggﬁ Tt ng$% Sug e%g nb§g ﬁ?@ and
t he second flemibﬁ@ gonneetdr sika, tﬁélél§béperoﬁﬁd@ﬁeopéﬂFbY0x¢ﬁﬁl P@ t he

distajgrow, the 958¥bUBEsE?WbeéB%rE@@rE@H’Qhﬁbéhméﬁt&he PROXLPBE S FOuGar e
narrower than the first 0 and_.the second f1exible

23

connectors i APRR@eEefFe BFSPE8EdORAYt RE BRENEXAPBYE bPYtRBestnmt. 37. The
st of cl al@pﬁ'ﬁlca/aebﬁl aftbnefgéﬁéramdcbheepe¢owﬁla‘:hexsbtnecm@egt ors in
t he di stal g . the FOM/g gXIﬂH &g thg d%stgl gom&.ﬁge roxinal row, and
the row di staP¥t P EhBEHPERF el FBW 8Pe " RBOUP “SD86 ndF FBWSFZY 2R the fir st
and the secomdcménxcblepropaecuessbbnweha sekbtsodsspbsed thet seenther rows
Of |1 Stontna 38 oThecst Thagls £LA! BEBLLchateLinbheal) sxible coppegLors in
the distal row fRe row proxi ma proxi mal row, and

t he rom1d|st%§em© ehdspposi REPViBW &PE énh@éF@H £bL] hpant vesaal dwess t hat

is differentyfs @}Ebéshéﬁgﬂs§ﬁg0£15h§ fteshxand the §§cgadbéleXIble
connectors i %é e ce i spose ot her rows, of t ent. 39. The

stent of claf %EStﬂﬁgrEFﬂttHEes?%ﬁYe geESHbPFEEH of RP % ©Ffe first and
t he second fpexfdteedoanpetidinantn &heé dhatatheowcopbeof ovhprbxventivn t he
di st row, ihe_pr [ OWs d e istal_to | row are in
@ martnei {10 prac s hecren FrAgChat Prons BF t Fer SR eSS 1 the
austenitic phase. 40. The stent of claim 31, wherein the cells in the
distal row, the row proxinmal to the distal row, the proximal row, and the
row distal to the proximal row are of a thinner gauge than the gauge of the
material utilized in the cells disposed in the other rows of the stent. 41.
The stnt of claim31, wherein the cells in the distal row, the row proxinal
to the distal row, the proximal row, and the row distal to the proximl row
of the stent are made of a material that is nore flexible



0 5 JUN 2002 - 24 than the material utilized in the cells disposed in the
other rows of the stent. 42. An expandable stent, conprising: a qb ralit

of flexible cells defining a stm having a proximl end and a dis UU@ﬂwﬁ
the stent provided with neans for inmpaftimng a radial force at the distal
end that is greater than the radial force in the portion of the stent
proximal to the distal end. 43. The stent of claim42 further provided with
means for inparting flexibility to the distal end of the stent that is
greater tharchAEMs$l exibility of that portion of the stent proximal to the
distal end. 44, e le stent, conprising: a plurality of flexible
cells deflnlég %Ag%eﬁ?gﬂﬂggng a prOX|naI end and a distal end, the stent
provided with neans for inparting a radial force at its proximl and distal

ends that is, greaﬁeéxlsgﬁ@axsb@ éé&'h@' éeraﬁflginghas gpuispntgfothe stent
di sposed between the proxinmal and_ distal ends, stent of claim44

further provideRroPEReFedAsiIoriPhparet by $?§k?b?$|%ysﬁ%nfhﬁaﬂiéﬁaP end of

the stent ar@r&ﬁn@l oxhdBin&ngd @fsthe éﬁ@néncﬁh@tlbﬁggtﬁaiﬁéthﬁBSE_he
flexibility of th ortlon % t he sternt flSpOS bet ween_t he proxi mal and
distal ends.t2%. C x%’éﬁﬂ%%? St ehtPtore Jr‘é}ét? gt ACFERERRREVEAg a uni que
char act eri stf Ieallohg ﬁopmrdigpo@édtﬁbomgneme b@n@xtsdngalaapiﬂrafityeof
|nterconnected flexi |l s. the c anged, i n r t

i nt er connect 2t rftfem%’ ro%/\%ta fr%wngi%algs%éeéltgg gklléngdgsg‘l?gx&l‘rr%l g%n &nd a
di stal end amtderatI@m@u@uplrmimaklsqumbe@tateam prexpfial hendowf is
adapted to ageonpodat e fhe q&&?ecé‘élif&tc?{ésééé&doint@ﬁé ROLLL PG the

l umen in contact with' the adapted row. JUN 2002 - 25 47. An
expandabl e sRenthe oFLenkaATQRRRP AR PSFIG- ST FRAL i FaRhR Hi BeEEer,

conpri si ng: a@hcplalfétl aaap@édlmem@orﬁkslﬁé:t@ﬂeiimé btgageths,céhescel l s
nnected flexible ro nin t ent

arranged in uralit interc

naving a pr RIS ERAEne HPEE AR P EET BTG | Lol TAF Bk SO el 1 at

| east one ofthdepramimars eddpbdthe stweotmodate the non-uni form di aneter of
the portion of the lunmen in contact with the adapted row. 48. An expandabl e
stent for treating a lunen having a non-uniformradial force, conprising: a
plurality of2int efronsieertedof | @ldbnel cethereimetbel telbs ramgeein a

plurality ofgqgder CP&W%@%E'@MP%&E% defdningn acgd end1paving a
proxi mal end_and a distal end and_a |ongitudinal axis, wherein at |east one

of the rows $5SRRERA eth t BNACEINFTORRIROSHE PRIWERR fiohen G532l FOF c@8f t he

portion of tiige | w0t Comdt ast whd heddrer adapted row. 49. An expandabl e
stent for treating a |lunmen having a non-uniform|longitudinal flexibility,

conprising: a plurality of interconnected flexible cells, the cells
arranged in & pl Urke i syenf onterzomnectweerfd oxitbhe ¢e)1/\bsdierliitnlhe|g a stent

having a proy end St i rein at
| east one of t%lr oWs ?%d% a teﬂo accg#f%at e non un o?fm the
| ongi t udi nalmFtesddl |yt il bred hin pore | ot ¥ fimcpiﬁérbwwmtm with the

adapted row.dddkailheowt &t e GhAb ML eI nejnes@ind he plurality of
rows di sposed between the proximal end and the distal end is provided with

a cell size that is larger than the cells in the remaining rows.
AU@Q AS@ A .AF 9. Atled . ). Y ec e i@0 1 . Wiéke Y @tte Aye YIND. # the

. AS. A, . Af A A A
2 Sk (o) XU g S Y A e 9 Y ) T4 ol ¥R R ol cal ca
]cal ca than the material utilized in the cells disposed between

the distal row and the proximal end of the stent.

5. An expandable stent, comprising: a plurality of
interconnected flexible cells defining a stent having a
proximal end and a distal end and a longitudinal axis,
the cells arranged in a plurality of interconnected
flexible rows disposed along the longitudinal axis of the
stent with a distal row disposed at the distal end of the
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8. The stent of claim 5, wherein the cells in the
distal row and the proximal row are made of a material
that is more flexible than the material utilized in the
cells disposed between the distal row and the proximal

row of the stent.

9. An expandable stent, comprising:

a) a plurality of interconnected flexible cells
defining a stent having a proximal end and a distal end
and a longitudinal axis, the cells arranged in a
plurality of interconnected flexible rows disposed along
the longitudinal axis of the stent with a distal row
disposed at the distal end of the stent and a proximal
row disposed at the proximal end of the stent, each of
the flexible cells comprising a first member, a second
member, a third member and, a fourth member;

b) a first C-shaped loop disposed between the first
member and the third member;



) f@O% ()-Y1I0% ()-& @0% ()- 10BB 10BB 10BB! " MB109BB& ()-_) 3M
] WW3uV5! " 3MB10%&' ()- .! 3MB10%& ()- .! ~3MBLO%& ()- .! ‘3N$10%&'%%:m~
13 3MB10% ()- .!8 3MBLO% ()- .]o+1 2002
FS1f$10% u! u& ()-310% u& ()-'10% u&-(38 40 10 10!  3MB10%& () -
1T 3MBLO%R () - .
P+pwU3r S1!'! " f$10% u- u& ()-3! f$10% ()-3! f$10%u& ()-3! f$10%uu& ()-3! f$1l
0%uu& ()-3! f$10%9]1& ()-3pN  }oPlF10%& ()-'fl10%& () -
c) a second C-shaped loop disposed between the
second member and the fourth member;
d) a first flexible connector disposed between the
first member and the second member; and
e) a second flexible connector disposed between
the third member and the fourth member, wherein the cells
of the distal row are provided with first and third
members that are shorter than the second and fourth
members in the distal row, and wherein the distal row is
provided with first and second flexible connectors that
are more flexible than the flexible connectors in the

cells in the other rows of the stent.

10. The stent of claim 9, wherein the first and the

second flexible connectors are U-shaped.

11. The stent of claim 9, wherein the first and the

second flexible connectors are S-shaped.

12. The stent of claim 9, wherein the first and the

second flexible connectors are Z-shaped.

13. The stent of claim 9, wherein the first and the
third members in the distal row are about 15% shorter

than the second and the fourth members in the distal row.

14. The stent of claim 9, wherein the first and the
second flexible connectors in the distal row are narrower
than the first and the second flexible connectors in the

cells in the other rows of the stent.

15. The stent of claim 14, wherein the first and the
second flexible connectors in the distal row are about
40% narrower than the first and the second flexible

connectors in the cells in the other rows of the stent.
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17. The stent of claim 9, wherein the stent is comprised

of NiTi and the first and the second flexible connectors

in the distal row of the stent are in a martensitic phase

and the remaining portions of the stent are in the

austenitic phase.

18. The stent of claim 9, wherein the cells in the
distal row are of a thinner gauge than the gauge of the
material utilized in the cells disposed between the

distal row and the proximal end of the stent.

19. The stent of claim 9, wherein the cells in the
distal row are made of a material that is more flexible
than the material utilized in the cells disposed between

the distal row and the proximal end of the stent.

20. An expandable stent, comprising:

a) a plurality of interconnected flexible cells
defining a longitudinal stent having a proximal end and a
distal end and a longitudinal axis, the cells arranged in
a plurality of interconnected flexible rows disposed
along the longitudinal axis of the stent with a distal
row disposed at the distal end of the stent and a
proximal row disposed at the proximal end of the stent,
each of the flexible cells comprising a first member, a
second member, a third member, and a fourth member;

b) a first C-shaped loop disposed between the
first member and the third member;

c) a second C-shaped loop disposed between the
second member and the fourth member;
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first member and the second member; and

e) a second flexible connector disposed between

the third member and the fourth member, wherein the cells

of the distal row are provided with first and third

members that are shorter than the second and fourth

members in the distal row, and wherein the distal row,

and in the row proximal to the distal row, are provided

with first and second flexible connectors that are more

flexible than the flexible connectors in the other rows

of the stent.

21. The stent of claim 20, wherein the first and the

second flexible connectors are U-shaped.

22. The stent of claim 20, wherein the first and the
second flexible connectors are S-shaped.

23. The stent of claim 20, wherein the first and the

second flexible connectors are Z-shaped.

24. The stent of claim 20, wherein the first and the
third members in the distal row are about 15% shorter
than the second and the fourth members in the distal row.

25. The stent of claim 20, wherein the first and the
second flexible connectors in the distal row and in the
row proximal to the distal row are narrower than the
first and second flexible connectors in the cells in the

other rows of the stent.

26. The stent of claim 25, wherein the first and the
second flexible connectors in the distal row and in the
row proximal to the distal row are about 40% narrower
than the flexible connectors in the cells in the other

rows of the stent.
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flexible connectors in the other rows of the stent.

28. The stent of claim 20, wherein the stent is
comprised of NiTi and the first and the second flexible
connectors in the distal row and the row proximal to the
distal row are in a martensitic phase and the remaining

portions of the stent are in the austenitic phase.

29. The stent of claim 20, wherein the cells in the
distal row and in the row proximal to the distal row are
of a thinner gauge than the gauge of the material
utilized in the cells disposed in the other rows of the

stent.

30. The stent of claim 20, wherein the cells in the
distal row and the row proximal to the distal row are
made of a material that is more flexible than the
material utilized in the cells disposed in the other rows

of the stent.

31. An expandable stent comprising:

a) a plurality of flexible cells defining a stent
having a proximal end and a distal end and a longitudinal
axis, the cells arranged in a plurality of flexible rows
along the longitudinal axis with a distal row disposed at
the distal end of the stent and a proximal row disposed
at the proximal end of the stent, each of the flexible
cells comprising a first member, a second member, a third
member, and a fourth member;

b) a first C-shaped loop disposed between the
first member and the third member;

c) a second C-shaped loop disposed between the

second member and the fourth member;
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&10% () - &10% ()e) a second flexible connector disposed between
the third member and the fourth member, wherein the cells
of the distal row are provided with first and third
members that are shorter than the second and fourth
members in the distal row, and wherein the cells of the
proximal row are provided with second and fourth members
that are shorter than the first and third members in the
proximal row, and wherein the distal row, and the row
proximal to the distal row, and the proximal row and the
row distal to the proximal row are provided with first
and second flexible connectors that are more flexible
than the flexible connectors in the other rows of the

stent.

32. The stent of claim 31, wherein the first and the
second flexible connectors are U-shaped.

33. The stent of claim 31, wherein the first and the

second flexible connectors are S-shaped.

34. The stent of claim 31, wherein the first and the

second flexible connectors are Z-shaped.

35. The stent of claim 31, wherein the first and the
second flexible connectors in the distal row, the row
proximal to the distal row, the proximal row, and the row
distal to the proximal row are narrower than the first
and the second flexible connectors in the cells disposed

in the other rows of the stent.

36. The stent of claim 31, wherein the first and the
second flexible connectors in the distal row, the row
proximal to the distal row, the proximal row, and the row

distal to the proximal row are narrower than the first
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37. The stent of claim 36, wherein the first and the
second flexible connectors in the distal row, the row
proximal to the distal row, the proximal row, and the row
distal to the proximal row are about 40% narrower than
the first and the second flexible connectors in the cells

disposed in the other rows of the stent.

38. The stent of claim 31, wherein the flexible
connectors in the distal row, the row proximal to the
distal row, the proximal row, and the row distal to the
proximal row are annealed to impart a hardness that is
different from the hardness of the first and the second
flexible connectors in the cells disposed in the other

rows of the stent.

39. The stent of claim 31, wherein the stent is
comprised of NiTi and the first and the second flexible
connectors in the distal row, the row proximal to the
distal row, the proximal row, and the row distal to the
proximal row are in a martensitic phase and the remaining

portions of the stent are in the austenitic phase.

40. The stent of claim 31, wherein the cells in the
distal row, the row proximal to the distal row, the
proximal row, and the row distal to the proximal row are
of a thinner gauge than the gauge of the material
utilized in the cells disposed in the other rows of the

stent.

41. The stent of claim 31, wherein the cells in the
distal row, the row proximal to the distal row, the
proximal row, and the row distal to the proximal row of
the stent are made of a material that is more flexible
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other rows of the stent.

42. An expandable stent, comprising: a plurality of
flexible cells defining a stent having a proximal end and
a distal end, the stent provided with means for imparting
a radial force at the distal end that is greater than the
radial force in the portion of the stent proximal to the

distal end.

43. The stent of claim 42 further provided with means
for imparting flexibility to the distal end of the stent
that is greater than the flexibility of that portion of
the stent proximal to the distal end.

44. An expandable stent, comprising: a plurality of
flexible cells defining a stent having a proximal end and
a distal end, the stent provided with means for imparting
a radial force at its proximal and distal ends that is
greater than the radial force of that portion of the
stent disposed between the proximal and distal ends.

45. The stent of claim 44 further provided with means
for imparting flexibility to the distal end of the stent
and the proximal end of the stent that is greater than
the flexibility of that portion of the stent disposed

between the proximal and distal ends.

46. An expandable stent for treating a lumen having a
unique characteristic along a portion of the lumen,
comprising: a plurality of interconnected flexible cells,
the cells arranged in a plurality of interconnected
flexible rows defining a stent having a proximal end and
a distal end and a longitudinal axis, wherein at least
one of the rows is adapted to accommodate the unique
characteristic of that portion of the lumen in contact

with the adapted row.
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47. An expandable stent for treating a lumen having a
non-uniform diameter, comprising: a plurality of
interconnected flexible cells, the cells arranged in a
plurality of interconnected flexible rows defining a
stent having a proximal end and a distal end and a
longitudinal axis, wherein at least one of the rows 1is
adapted to accommodate the non-uniform diameter of the

portion of the lumen in contact with the adapted row.

48. An expandable stent for treating a lumen having a
non-uniform radial force, comprising: a plurality of
interconnected flexible cells, the cells arranged in a
plurality of interconnected flexible rows defining a
stent having a proximal end and a distal end and a
longitudinal axis, wherein at least one of the rows is
adapted to accommodate the non-uniform radial force of

the portion of the lumen in contact with the adapted row.

49. An expandable stent for treating a lumen having a
non-uniform longitudinal flexibility, comprising: a
plurality of interconnected flexible cells, the cells
arranged in a plurality of interconnected flexible rows
defining a stent having a proximal end and a distal end
and a longitudinal axis, wherein at least one of the rows
is adapted to accommodate the non-uniform longitudinal
flexibility of the portion of the lumen in contact with
the adapted row.

50. The stent of claim 46, wherein one of the plurality
of rows disposed between the proximal end and the distal
end is provided with a cell size that is larger than the

cells in the remaining rows.



