; e3e2h2e4p<zZ6THZ/ .. ;w Q ~ MAY 2003 SERPENTI NE CO LED LADDER STENT FI ELD OF
THE | NVENTI ON The invention relates generally to stents, which are
*eRdopr ost heses inplanted into vessels within the body, such as bl O(qdr) MAY 2003

vessel s, to support and hgld t he vessels, or to secure and support
ot her endopr ost heses in t 598@@&@5 Q?Q;(@F{@JWWEWESTMI ON Vari ous
stents are known in the art. Typicall t enerally tubular in
shape, and are expandable 10 f (ﬁﬁ%?ldﬁ 3%&€éipﬁé€kﬁhq unexpanded di aneter
to a larger, expanded diameter. For inplantation, the stent is typically
mount ed on the end of dlvatiretentian treldtesstganedsiyy twelstemts he cat heter
at its relatively small, unexpanded di aneter. By the catheter, the
unexpanded 15ssich adxse cendoprosthesaginhanuedkint vtesseltemisthin

i mplantation site. Once the stent is at the intended inplantation site, it
i s expanded, theildyy sichars hleod ivasgeisd, i cuprant ehpieldyopen
inflating a balloon on the inside of the stnt, or by allowing the stent to
sel f 20 eg&parfdie fussssdshpl @ BP reamien @l Suaparts rdhiesr ound a

sel f -expandi ng stent, allowi ng the stent. to expand outwardly. In either
case, the ex HMRRFOREIRSeRSde F@SS8dFency of the vessel to narrow,

t hereby nmai ntaining the vessel s patency. 25 Sone exanpl es of patents
relating to stems include U S. Patent No. 4,553,545 to Maass et al.; U S.

BACKGROUND OF THE INVENTION

Various stents are known in the art. Typically
stents are generally tubular in shape, and are expandable

10 from a relatively small, unexpanded diameter to a larger,
expanded diameter. For implantation, the stent is
typically mounted on the end of a catheter, with the
stent being held on the catheter at its relatively small,
unexpanded diameter. By the catheter, the unexpanded

15 stent is directed through the lumen to the intended
implantation site. Once the stent is at the intended
implantation site, it is expanded, typically either by an
internal force, for example by inflating a balloon on the
inside of the stent, or by allowing the stent to self-

20 expand, for example by removing a sleeve from around a
self-expanding stent, allowing the stent to expand
outwardly. In either case, the expanded stent resists
the tendency of the vessel to narrow, thereby maintaining
the vessel's patency.

25 Some examples of patents relating to stents

include U.S. Patent No. 4,553,545 to Maass et al.; U.S.
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0 5 MAY 2003 Patent No. 4,733,665 to Palmaz; U.S. Patent Nos. 4, 800,882 and
5,282,824 to G anturco; U S. Patent Nos. 4,856,516, 4,913,141, 5, 1165364 2003
and 5,135,536 to Hillstead; U S. Patent Nos. 4,649,922, 4,886,062, 5

4.969, 458 and 5,133,732 to Wktor; U S. Patent No. 5,019,090 to Pi nchuk;

U S. Patent NEPatemtoNa17 i B Pabratankhlsamt 4. FarentemionNo. 5, 104, 404
to WIlff; U S Patent No. 5,161,547 to Tower; U. S. Patent No. S, 383,892 to
Cardon et al.:;4180%, 8§84 a3nd No. 282 8% B IR Wetasi k- 30 Batent :Negd U. S.
Patent No. 5,733,303 to Israel et al. U S. Patent No. 4,553,545 to Maass et
al. (the "Miass 855 Mat ht®33, e & SEtfosife 3 whi B0 i B3 hef@by expressly

i ncor por at ed %refere ce_into_this alggglication, shows various stents in

the forth of YerFerstis 3t i SigsPaEsiyurtées 1 4fidlgir & of $3t 0%t ent
illustrat i|led j t d of _.helical d w wh inth
i et ors 51 1o AL 3 Tord a B St SndbiE by otk eyt he spri ng
ds. Such i | t.ent | exi bl hat._ t.h b
racked 20 eadi1ir s et Tt d 2 AR B Fovars o108 B A THe
| ativel | l | .
ety ol ean e sl g oot dersgl sl reny

unst abl e suppgit it §fo SXPANS Yy7 e PR Fad Vtia{'lfgrﬂ'%ﬁxld).f ¢ hy£aid, My

25 nove relative to each other’,” causing sometimes significant” gaps between

adj acent w nditigTardirCleccql 0, apuse il c@t! iNGANts pofd s «f Bfinassel
wall to be left unsupported. Also, the windings of the coil may bend or 2

0 5 MAY 2003 tdd talsgneidenty. POotmitddri N6 .0lBSt73uCt3oy mNd ssefd0us] Yal .
conprom sing the lunen. Figure 10 of the Maass '545 patent illustrates an
exanple of tilted w ndi AysS . rPatesse Nei 466 5Sprhidtg =t Matass =Elled Maladse ' 545
pat ent di scl oses various nechani sns designed to address the instability of
these coiled SMaasg J5dHt pateut "dxariiee disicdpsarel Ph wWhowdh 14 hednelbit he use
of rigidifying devices in the formof axial support nmenbers that extend
along a si de GRS SIYedCAHPORRALRS MYailie fEFencd At 559$ ti oni ng of the

wi ndi ngs. Figure 22 shows a_stent canstructed of, a coiled band, erein the
band has openiP®FdicR o SHEHS (VAHAMSs Sttﬁé‘?héﬁ’et%’fe FATH G © Wﬁ@ﬁfe 23

shows anof her 6Qisled | Aefu AL G % U1 crddgadchel QTR o e
coiled spring stents formed of helically wound wire
wherein the diameters of the stents are contracted and
expanded by rotating the spring ends. Such coiled spring
stents are very flexible, such that they can be tracked

20 easily down tortuous lumens and such that they conform
relatively closely to the compliance of the vessel after
deployment. However, while these stents are very
flexible, they also lend relatively unstable support
after expansion. The individual windings of the coil may

25 move relative to each other, causing sometimes
significant gaps between adjacent windings, which could

cause significant portions of the vessel wall to be left

unsupported. Also, the windings of the coil may bend or



15 to each other by transverse el ements. Each of these coiled | adder stents
provi des inproved stability when conpared to the single strand COi|e@5NMY2w3
spring stents. Despite these nodifications, one problemwth each of the '
coiled spring and coil ed | adder stents 20 di sclosed in the Maass ' 545

patent is thatidkpBREEYRASH PR eNtdRllyeOPELIVCHiRT R0 SETHEVS Y he coil .
This unw ndi ng causes tw sting_of the stent, including rotation of the

g :
stent ends, WEPBRIPBLSINGnENE LAMeH-nf FEIEE AE Pessde Maass |'F4ddi ti on,
t he expansion and 2S tw sting causes the_nunmher ,of indi,vidual w ndings to
| essen, resulP?ﬁ&nFnlhé§§tﬁF%8Fn§§ F&ayﬁﬂﬁogg the tees ¥dndidgs. i dhese
reduction in mﬁnﬂiags al,so neans either that the length of the stent wll
foreshorten sCGhi-BRcEREFYI $LET§Ss MAY 2003 in order to maintain the
spaci ng of_the w ndings,, or that f spacgin etween the_w.ndings wll
increase sgnificantly, P SPA&S tgiﬁagﬁggpg ?ﬁEQﬁQESFhVSFlPHE stent, or in
sonme instance L nation of .both e I ults in |ess
| engt hwi se co@%ggéggghgtﬁgg&ggggl%éaFFEP%sghgﬂéegpg§§§gg?gx{%gstkﬁﬁe as
| at eral nove : r.Rg-dep t i.¢h hat t g4t el. mal |
The increasenﬁga%%g gggéﬁﬁgEEéﬁ&%énm@FEdfggépggﬂlg&gggEthﬁanfgﬁi |éﬁht
portions of tBﬁo%OtMSSQQF W@'kiB@H@QyEﬁBtdFO&HEBOEheéheBQmeab% Radignt i al

di sadvant ages of the coiled sprirng and Coil ed | adder stents disclosed in

the Maass "54Buppbedt mekbSrsPahant eleenc4a888g082sand bel8Be782eh@® Whid or
(the "Wktor '062 patent” and the "Wktor '73% 15 patent”), the disclosures
of which 0e hairbyigxphessklathoer posatednbygr efechaceinatiagkhi s
application, show stents formed of wire wherein the wire is initially
forned i nto aFbgudeo?2zishowags Boentngoasseupeeadi n€ patvédrd baddthen the
Zig-zag band is coiled into a 20 helical stent. The stents are expanded by
an internal fwherseinorhexhapiehpy pPaenangAgia bhl FeoRhapnathepkesatplee of a
simlar coiled zig-zag stent is the Crossflex stent narketed_by Cordis

Cor por ati on. TRBPeoPfed 2Rg98Eg sfedvEet hat SBPES| PRASREAL €8125Y A2PA§dres 1

th h 6 of t W kt "062 d,’ 2 t ept fl i bl b

(I ouoh @ o e e 007 800 A2 PRLeRb B SA LYY LA 8y Ol

| t ti t] t i d.ziq- t MAY 2003
ol ernal 16 COBSLUR!LRa-0b,  Pesfe0atl ederliedh o' SELs e ooV 20

that patent, a,$it@l 9haaLbengLEHELENBk Y4 88seXhBPEveal 9RabR18EPewREN! he stent
and is connected to the windings to fix themrelative to each 5 other. In

anot her exanptémpatédstoatned sDnfleuserdnaf cbhaédpspeihg kbexasi ous
| ocations around the helix of the stent) a bend in the zig-zag wire is nmade

| onger than ot her bendsDespitbathesecaodifacatandshookeapoovbdea démndth i N an
adj acent winding of the helix. Each of these 10 constructions results in
i ncreased st apafit§fothehecsledt spbingean apsbedesafifdsr| gteome reducti on

inthe flexibility of _the stent. SUMVARY OF THE | NVENTI ON )
20 disclosed in the Maass '545 patent 1s that expansion of

the stent results in an unwinding of the coil. This
unwinding causes twisting of the stent, including
rotation of the stent ends, which is potentially harmful
to the vessel wall. 1In addition, the expansion and

25 twisting causes the number of individual windings to
lessen, resulting in less windings to support the vessel
wall. The reduction in windings also means either that

the length of the stent will foreshorten significantly,



An object of the invention is to provide a 15 stnt that is |longitudinally
fl'exi bl e such that it can easily be tracked down tortuous |unens andéﬂ?ﬂﬁYZNﬁ
not significantly change the conpliance of the vessel after depl oynent"
wherein the stent is relatively stable so that it avoids bending or tilting
in a manner that oxddd 20 meoireddimldhe aisdaing dfheHaimemdiths,0 dhathdd

avoi ds |l eaving significant portions of the vessel wall unsupported. Another
obj ect of the fireesuciny &Edwaen s Wimmldmyes aidtleninddertsdhas little or no
twisting or 25 rotation of its ends upon expansion, and that al so undergoes
little or no fairgpsihordeertlng uporomieans caiatdin the eGP @E3 the

si mul taneously does not result in significant gaps being created between
adj acent wi ndistgsitof drhe rstanme)pors eEass icoconbingtdord afc datilt h  driee

enbodi nent _of the 5 invention, a stent is configured as a coiled stent in
whi ch t he 2oi Ifarestomten indmesuddidistiess denadinwd separvEnadenesitdes of
the cells are serpentine. Thus, the stent is conprised of a strip helically
wound into a ¥&558d dRldoiiredhA MGy edwidesitn asheedtl i35 ilet¥stadled of 10
at |l east two side bands, connected to each_aother, for gégg?le by a series of

cross struts. "EYEGPSAIEUTIANE CSHGYRERT ¥ Che Mo ben fudr ¥t i sing a

series of bends, erei.n up expansi on af e stnmt,. th ends of the side
bands open toviel‘?(?‘vtélg'aé@lghe &ng’r‘?gtlﬁlc(ffeaéﬁﬁnm& h@pﬁ%%ﬁ FH2 cells in the

nel [l eclyigps LieL B J SALIGN N0 g LR DS el gl ectfon

to allow the st expand "W t hout™ an t unw nding of the

strip. A $grpeRliag gaithedd;addgrs Mﬁ{’ﬁ"@’?@ﬁrﬁ?ﬁg tasth e g&\e%rﬂe;%ﬁ

retains the flexibility assocrrate ( spring stents, yet has
wi ndi ngs “h'CHi%%@v%%E?bb%FBE theblR jard ispeYseeRhibke iteqdiispiasenent or

tilt. A serpentine coil &d | adder scent according to the invention thus

provi des contighepus SUBRACeR inheheemsalss2dstbSpreenkt hout _ _
di sadvant ageously obstructing the lunen. In addition, the serpentine coiled

| adder stent substantiall.g.avaicéatt Nespr ebsessoeb awndsski,ng3,end ot ati on,
foreshortening and the creation of significant 6 0 5 MAY 2003 gaps upon
expansi on. \Wh@iktloe JdehpefiWiikéoroi'l0éd paddst"sanvdt the &Wpknded) 78RBe outward
radial force on the stent causes the bends in the serpentine sides_to open
up and betdmePSteAtdht efhet HaseBPsEassi R§ rRecBvarsl herekyt Rxeressiie strip

in the helical, dir i on i ncr . B . . .
the he Cain%or%%&a%edt%y r%f%%%%ce Xnto this application, show

stents formed of wire wherein the wire is initially
formed into a band of zig-zags forming a serpentine
pattern, and then the zig-zag band is coiled into a
20 helical stent. The stents are expanded by an internal
force, for example by inflating a balloon. Another
example of a similar coiled zig-zag stent is the
Crossflex stent marketed by Cordis Corporation.
The coiled zig-zag stents that are illustrated
25 in Figures 1 through 6 of the Wiktor '062 and '732
patents are very flexible, but, again, they are
relatively unstable. The Wiktor '732 patent discloses

alternative constructions of these coiled zig-zag stents



providing a serpentine strip that allows the strip itself to lengthen in

the helical direction as the stent is expanded, the increase in the

di aneter of the stent is accommpdated by a | engthenirg of the strip,UﬁdMMﬁmm
than 10 by an unwi nding of the strip. Thus, the nunber of w ndings may be

mai nt ai ned, angd rctdatasen tdfe itth e neatddd idnid- f or eshamergxample t he openi ng of
gaps between wi ndi ngs can be substantially reduced or avoided. In fact, the
serpentine coillldtdtaded stmFigarend cohdthafctrRE e + atstuRigliticent points
on adjacent wi ndings remain adjacent to each other as the stent is

expanded. Thudongidudimadnds nsf extensis igdang the Rl hftidesterhtandy be
joined, for exanple by welding, to the respective adjacent w ndi ngs,

t her eby cr eat iy BRI e6n & FHAFINEF TP ridPatihrm eIt bie of® eRFEF
DESCRI PTI ON OF THE DRAW NGS Figure 1 %hom& %fschenat'c,diagranlof t hree

coil ed wire sC&RES -as It apeshst Sxammle + id Yt iy B¢ @ sPhced

i ndi ngs, th d hayi ng 25 | d. wi ndi d the third h
Some 111 ed WeABMEGTIRE ! 75 kY SHB0F HITRNE S THRES FROIERA T BbonSt ent

0,0 neenda eond g o S 3P s 9 Lhd HEAOL el

Figure 2 in afl '‘expan shows "a prior-art

900 LT RSB B, Ao, 0 0550t Uy e Mg

4,553,545 to Maass et al. ( : Ws a serpentine coil (

in accordance;w & taE%a'c@Yl%“Wi%angn AN ceePaRdad | Opeilidd Qhedd gure 6

shows a strip used to"forth a serpéntine coiled |adder stent in accordance

with the igvegsbheRrukitdehe £e8NQ2¢E anSenpReRlsed GaAd lgddgr widt in
stent, but each also results in some reduction in the

flexibility of the stent.

SUMMARY OF THE INVENTION

An object of the invention is to provide a
15 stent that is longitudinally flexible such that it can
easily be tracked down tortuous lumens and does not
significantly change the compliance of the vessel after
deployment, wherein the stent is relatively stable so
that it avoids bending or tilting in a manner that would
20 potentially obstruct the lumen and so that it avoids
leaving significant portions of the vessel wall
unsupported.
Another object of the present invention is to
provide a stent that has little or no twisting or
25 rotation of its ends upon expansion, and that also

undergoes little or no foreshortening upon expansion and



accordance wth the invention, in an unexpanded 15 condition; Figure 8
shows a strip used to forth a serpentine coiled | adder stent in accordance
with the invention. DETAILED DESCRI PTI ON OF THE | LLUSTRATED ENBCDINGNWMAY?MS
Fi-gure 1 shows a schematic diagram of cross 20 sections through three prior
art stents, eashmfidtapdouflag Bekscabtyresuht wnreigihéitaptcgapedbeing st m
Ais inits optimal, desired condition, with each of the windings 1' evenly
spaced from t heraaekéd Hhusecenhadjapsnl’ whetnega thethdj atent wpadi ngs 1
are relatively uniform 25 such that a relatively uniform support is

provi ded to thexgansfos. MAY 2003 vessel wall, should the windings 1' renain
evenly spaced as shown. In practice, though, a coiled wire scent as shown
in Figure 1 sonetines tehusacgocﬂang@ EléanHQUEQPP@hmepérPfcghérIy during
and after inplantation when it is subjected to various stresses in the
vessel . Thds, é%ﬁ@n6ioﬁheamﬁﬁanﬁgésnﬁ?nféﬁﬂr?Q 38par aPeledndWABE, 1Bs shown
in the nlddle coiled wire stent in Flgure 1. In the mddle coiled wire
stent B, the wWhHFhgEhe GOh%eliof%EQ%%d Hﬂ@v%nV?ungoﬁEFFHegfl%%@Fﬁg

ficant 2 " t e nat tionally, if dj f th
1 adi U onal CoPPEERYR AR EHISRLE b 8 % PF | t20nrrorhtTas: otBes “Fhcthe

b il d h di "' h
rottom co of g sepnL LD oty RO %#f@f%%“. PEREHP R pr oper
SUPPOTt 10 hegeRsel oe D § B8y PhASGI Gin 8P ROERG AL Lys 0B T BGkmiBe e

passageway thrd BRI o 2T Mpr omi ST

way to ovqroconsttb@awsw& 1dd BEORs eé@nﬂéc dt@@ colhegeyire ghent is to

replace the wire with a ribbon having a wi di h substantially larger than its

thi ckness. Fi gabt@ng] & OWSa afle HIEX PENULELEHT Lt & bbora o esiad Opamanied on a
catheter 15. As shown in Figure 2, the coiled ribbon stent is forned as a

hel i cal | y wounfbzfed i fiban ﬁfp@tﬂe@m&ém yomih i ©indg he sebbop of the
coiled ribbon stnt 10 as shown in Figure 2 is greater than the width of the
wire in the cdémts w whestentugomsexghuovwiom ¢f guie dtente wiadvegds 1¢£of
the coiled ribbon 9
the side bands open to increase the length of each of the
15 individual cells in the helical direction, thereby
lengthening the strip in the helical direction to allow
the stent to expand without any significant unwinding of
the strip.
A serpentine coiled ladder stent according to
20 the invention retains the flexibility associated with
coiled spring stents, yet has windings which are
relatively stable and insusceptible to displacement or
tilt. A serpentine coiled ladder stent according to the
invention thus provides continuous support of the vessel
25 tissue without disadvantageously obstructing the lumen.
In addition, the serpentine coiled ladder stent

substantially avoids the problems of twisting, end

rotation, foreshortening and the creation of significant



0 5 MAY 2003 stmt 10 are relatively resistant to | ongitudinal displacenent
or tilting. Figure 3 shows the coiled ribbon stent 10 of Figure 2 in ﬂ%
expanded condition. Expansion may be 5 acconplished, for exanple, by MAY 2003
inflating a balloon 16 on the catheter 15 wth the outward force of the
bal | oon 16 acBPR§ BRODhE&XPASISdenof Mhenstie FerRTdtdassiosyd age lsxdsifr 10 to
expand. Wen the coiled ribbon stent 10 is expanded as shown in Figure 3,
the di aneter 8fepkelfoerpanfedualthii FYtHgEdl radicledsase WSS stifause
the length of the ribbon strip,is constant, the increase in dianeter causes
the ribbon st FPBSES LRI RETSSNERNENE SRTELAELTEo SACESMTOILPE™ NP &5hansi on.
In doing so, the ends 13 ,0of the stent, 10 rotate,t%gf nunber. Qf wi ndings 11
15 decr eases, PEAAMENEEEFATRLLT) e hGEREEY CRYSIPH EYRS eRH o gaps

are formed. be en_adjacent .w ndiings.11.. The.rotatiqn of the stent,
particul arly %pgtﬁgrébeﬁp %H&s%eﬁ§ S&téﬁfﬁ&ﬁﬁ?nhiFhﬂEFrﬁgsﬁhe %%%sel, and
the decrease |0 W nding t he.decrea in_lengt f the.stent, gr.the
openi ng of siSHPVﬁgéﬁg %a%ggggg Ben ﬁﬁﬁggnégaFeggﬂpg%iﬁ%%egsrgp fﬁgegé%sel
wal | bei ng suppo p [ | asi er.ag I iti.on to

t hese disadvagpagéggt?%g ggiF§§ g%gggﬁlsggkggiggﬁsaglgges%§%%%aés _

di sadvant ageougphRablat (23 Ghe-dekal 18 chleal bhReR SLE Preokess:d i oh
percentage of the surface area of the stented vessel wall. This high

per cent age of zABbRAMoBAYEHABS bnmbhgtﬁeﬁarglefstﬂ@wgckag,h%akh@&_&%ﬁaonse of
the vessel wall to the trauma of 1 0 5 MAY 2003 stenting. This problem
of the high ppycentageintiingt af enwegsgepi.n trhas¢ochedntimbeencst ent 10 may
be sol ved by nodifying the ribbon strip to a |adder strip) in which the
strip coiled vonfibngst maysbentahasaaned; i esdokobaspeni ngsthe ehdsr esdnbl i ng
a |l adder. Figure 4 shows an exanple of a coiled |adder stnt 20, simlar to
the prior artfeveskdrraning srehhe shemanandfdgspsi betdweanuvsndpagent No.
4,553,545 to Maass et al. In the coiled | adder stent 20, the strip has 10
si de bands 24¢2p5b®rFagEEapyiatdysregrged 98, avRedefde BBnE3CH4, tRS and the

cross struts 26 forma serlgs oi 8§enin s 27, in _which each ogenin% 27 i s
bounded by t h&SFRBPSHRE BARGEI2A2A98T 1RHCPW™BY 088 SPREFEUSESASER FRASY to

t he coil W e. he ribbon_strLi the ladder strip.l15_i.s_wound

el i cal 1 > 1 ot agcat JBet B8P b RaRegh oy AREGe o FFufiFaaldr B E o0
retains the rigidi bynapdast hel stynassecbabealst N fhgscothed clibbhansst ent
10, since the individual wi ndings 21 of the |adder strip, |ike the w ndings
I'1 of the ribbgncrérspripade thRerenaedo20tnedibens mapPBEEdotiaetiefor

i ndi vidual wi ndings of the coiled wire. In addition, because of the

openi ngs 27, thampbellkd walldéngst eat tB8 yespdstaveeddiedeareaintiingisal
coverage as conpared to the coiled ribbon stent 10, w thout conprom sing
support of theherebvecregting swpbel enddeandt agsuzdnghoeevedatdiviel | has
some of the same disadvantages associated with the coiled wire and ribbon
stents. M5t 3PERFEPRBantly, the | adder strip unwi nds sonewhat upon
expansion, resulting in 11

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic diagram of three coiled wire
stents as in the prior art, the first having
equally spaced windings, the second having

25 unevenly spaced windings, and the third have

some tilted windings;



0 5 MAY 2003 twisting of the stnmt and rotation of the stent ends 23, as
well as foreshortening of the stent or the opening of significant gap

bet ween adj acent w ndings. Figure 5 shows a serpentine coiled | adder ?ﬁéﬂ@’mm
5:30 constructed in accordance with the invention. The serpentine coil ed

| adder stent 3igurd-iyurshdvd s shmoviredrouiitbe @t eqnte ditrhetre ruriepamieah
expanded condition. The serpentine coiled |adder stent 30 illustrated in
Figure 5 is configured amrdiduidred stent 10 in which the coil is forned
froma wound strip of cells 37, wherein the sides of the cells 37 are
serpentine. Thus, the stnt is conprised of a strip helically wound into a
series of coiled windings 31, wherein the strip is forned of two side bands
34, 35 connectBpure eacshsiwierthel £aigede xdiycs wrentsaf &8 pirecrodsst A ut s
36. Each side band 34, 35 is forned jn a serpentine pattern conprising a
series of bends 38, wherfdRPAHs6h RN of the stent, the bends 38 of

t he side bands_ 34, 35 open to increase the l.ength of. each of the i.ndividual
colls 37 18 ST IR | O Fediin Hieray Fergarnst g Tie. Smiidm ¢ he

helical direction to allow.the stent 30 _t.0 expan i t.ho an i gni fjcant
unwi ndi ng of the strip. 5N RSERERVA ﬁg&degegﬁg&gae}??‘e&g lﬂ]{ﬁe %@ﬁf&g‘r}l ﬁ\’(%'he

si de bands 34, 35 occuri R =3 %%%i%gj%agggt%%nalThe bends 38 may be 25
arranged, for exanple, ifn theé pattern of a sine Wwave, or in any other

sui tabl e confi | QN. r native| .t he st ib as a
series of squé%gfce ?g fﬁkh$hg %Fgg g%&% §§§q%gngﬁg%%ﬁg%%%ht 3%5 MAY 2003
cross struts 36 form the-Rerdaeler vakneasB sahbnthibnt hgnunexpapdedest ate,
the side bands are collapsed to forma serpentine continuum In the
illustrated enbodi nent, cohgi¢riens struts 5 36 joining the side bands 34, 35
to each other are straight and extend in a direction generally

per pendi cul ar Rignxtee 6helshoals di séctiponsed whi ¢hrtthe serppnitsneowod.led

Al ternatively, the cross struts nay have one or nore bends, and/or they nmay
extend between the two 1eddedesibandsiat aschedaasgl wdth| thehdnviehgdionat ed
enbodi nment, the cross struts 36 join oppositely facing bends 38 on the side
bands 34, 35, FdR4rendy &REvEt BaEREBSNS 11 Re CotdBInAAGEET4 58 atlNevery
second bend 38. Alternatively, the crpss struts 36 may .be joined in other
15 pl aces, and nay occhcﬁPfﬁaﬁﬁﬁewéF | E8E FPEGHEALY, Wt A uPnﬁéﬁﬁqﬁﬁé;
fromthe ggneral concep%ogé-kggnanention. The stent alternatively may be
made w t hout cross struts é, y’'having the two serpentine side bands 34)
35 peri odi cal Iy gh,Qkngd LacGach %EQ@F_@Eethéc%BEm2Q RRPEstife SHIWRS N
Figure 5, the ends 33 of the serpentine |adder strip nay be tapered. The
tapering of the ends 331a8dkkesgbhtpial hewsribacends tdf thieniiseadtrsioant to
be straight, i.e., it allows the stent to take 25 the formof a right
cylinder, with each of the ends of the cylindrical stent lying in a plane
perpendi cular to the |longitudinal axis of the stent. The ends 33 of the

strip may be joi MEEAFIHD ORGP TRONVORISTHE JLIAETRATER: EMBODIMENTS
Figure 1 shows a schematic diagram of cross-

20 sections through three prior art stents, each formed of a
helically wound wire. The top coiled wire stent A is in
its optimal, desired condition, with each of the windings
1' evenly spaced from the next. Thus, the gaps 2'
between the adjacent windings 1' are relatively uniform,

25 such that a relatively uniform support is provided to the



13 0 5 MAY 2003 adj acent wi ndings 31. Figure 6 shows a strip 40 used to
forma serpentine coiled | adder stnt in accordance with the inventin Nm¥qm3
strip 40 has serpentine side bands 44, 5 45, joined by cross struts %
strip 40 is tapered at its ends, such that the serpentine side bands 44, 45
converge at eM@8sa3. wRildur §h¢u§fﬁ0\ﬁ§eawséfi9éﬁtsl Ad cemPda lexeady spameds0
constructed fromthe strip 40, in an unexpended 10 condition. As shown in
Figure 7, thedfapBP¥8-ends 43 nmay be joined to the respective adjacent

wi ndi ngs. Also, the cross struts of the scent of Figure 7 are positioned
slightly askew to the | 8RgPFAEFASE  akheugh of £RéL §geWﬂr§05tf§tF@§ure 8
shows an alterpative strip 100 used to forth a serpentine coiled | adder
stnt in accor 83A¥E &PtﬁlgHéelﬁvéﬁWFBﬁme?hEeggﬁlEolﬁéaﬁﬁ§ serpentine side
bands 104,_ 105 h? ined by cross stru& i he str % IS tgpered at its
ends, sucl? t hGPPFREUERFpERt | RATEFGELRL Hsd%“fmanﬁ?oé EGRvErg a&t”a&’r&’é‘ 103.

Th 10 | i ght| K d
cross struis BPEIndE SRaEbyehErRang EhF a%m‘éoa?ﬁ?svﬁsagﬁ%ﬁﬁﬁa%%fs& 107 of

the strip 1004 @gco%ghgg%¥ gﬂ%ewlﬁd§%§9tm EQH pc%gg?kggggﬁgﬁfﬁéa P 100,

the cross stru $710 e posi one para nd

axi's of the sieninbiatihopherfEds WNes:iba seraentine sokhesibagder stent

i s expanded, as shown in Figure 5 e outward orce on the 14 05

May 2ao~ Sce”inC@l‘a‘éerﬁlédi@ebQBﬂ§e§8wi£‘etB@eﬁ@rﬁenﬁh89w§hé§§ 341 135a%@ open,
t hereby causing the length of the cells 37 to [ ncrease in ?he hel i cal

directiono Thspateatunevenlyhesenpendadl eegeihs sighbeishntpgapkows 'the
overall length 5 of the strip to increase in the helical direction. By the
strip itself |engtheni mlterhdeitelycatr dddecionalag, t heeswbnihgsewfianded,
the increase in the dianeter of the stent is accommpdated w t hout the need
for the stripthe tradhtional ttdtlednmire shenhundgrbendwondthgs 8hiile 10
mai nt ai ned, and rotation of the ends 33 is avoided. In fact, because the
ends 33 donuﬁnr%ﬁ%u%ﬁsﬁﬁky nky B viRPHeE™ e3lheRt VEERdSEeByeC £8 the

t t di th Lh
i acont " poi MECRAE he SURRIOb Hhi TGLSSnGRy o] b PEFPyELLES FOPRERE Lo

Increase stabplily of) {08 HEnSL 1b€ S“éﬂ?“f&i?fté'Siﬁb@iéétgroper

support to the vessel, but they also enter and partially
obstruct the passageway through the stent, thus seriously
compromising the lumen.
One way to overcome the instability problems of
20 the coiled wire stent is to replace the wire with a
ribbon having a width substantially larger than its
thickness. Figure 2 shows an unexpanded coiled ribbon
stent 10 mounted on a catheter 15. As shown in Figure 2,
the coiled ribbon stent is formed as a helically wound
25 ribbon strip. Because the width of the ribbon in the
coiled ribbon stent 10 as shown in Figure 2 is greater
than the width of the wire in the coiled wire stent A as

shown in Figure 1, the windings 11 of the coiled ribbon



A serpentine coiled | adder stent according to the invention retains the
flexibility associated with coiled wire stents, but avoids sone of m%qnyzmn
probl ens 20 associated with those stents. The w ndi ngs of the serpent %
coiled | adder stent are relatively stable and insusceptible to displacenent

or tilting, whiehchay Been a33eqialed ol LUk Wid N oiyidi@insi ngl e strand
coiled stens as Iin the Maass '545 patent but also wth 25 serpentine single
strand coiIeddgg?qg%engﬁghogst&qtqb@LVWktor '062 and ' 732 patents and in
the Cordis Crossflex stent. In addition, a serpentine coiled | adder stent
according to the inventipQuieO GRDwE0RHeNYRUS e AYHorOfstEnt 10 HAVAY 2003
the vessel tissue w thout a di sadvantageously hi gh percentage of netal
coverage. Becaugtrthe Sty iap kexpendeidc kondd tSom. | Expads iean nexpae in
length in the helical direction, the strip can |engthen on expansion to 5
accommodat® t hecompldahed ,difareexanplleer dyy isufisitdmig al baldwairdi 1g) drhe

probl ens of end rotation and foreshortening or the opening of significant
gaps bet ween whedicagdetiean 16xpanshotheTlomtstanidp floacef oxniting el Isenpeld | ne
coiled 10 | adder scent may be nade, for exanple, of wire or flat netal.
Wien flat net 8ctigguesd thehdngacteeof ithet sEedtr L aayg lsausdngedhd ar
exanpl e, by laser cutting or chem cal etching. _The stent may be _
manuf act ured B}ePtr 30 FERnEFRERPGri nfhere ter icpllefed ipoom ffete R i in a
15 helix to forn1tge stent, and  then, if desired, welding the ends of the
strip to the S4P2BERE @FnEPRYS. 1R FEBNZE Vel Fhet REBEERE Ry TH& for med by
formng t desi.red pa tern direchly.out of a tugg gé | aser cutti or
cheni cal el chitA§IV8RUBy FOPRERTSt e dBSFREGSat t EPHCYBTouPSERYSS I sheet
by | aser cutti epi.cal .. i .and _t in h flat sheet into
2t ube and | of Brag BE°EHECE1BbER BBl ds (Bstank, "ns HireRosliihL o

manuf act uri ngan Kk LN e eppl o] f.acturj ng a
stent in acco?ggﬁggg&ﬁgﬁw?ﬁg Eéeiﬁggﬁ??gﬁF9$ eggngéggﬁén%gmgggggfbgéiherein

are exanpl es gph¥r 88 QbBBmm¥ahtat LABSeRp&nWibAL N theaseagesef the
invention as defined by the appended clains. 16 0 5 MAY 2003 Wat is

G ainmed is: lendsstint ce0ofRei sednef 18 sbthpehetheahhyvypusd wahaiagsenies of
coiled windings, the strip having a |ongitudinal axis, wherein the strip
has at | et teorsadesbaadd, thheoeenadachengthhefathkeasentwo si de bands is
formed in a serpentine pattern conprising a series of bends) wherein the at
| east two si déobagbersenghandyprpgape asanéeragdt besyeRNoBAAACKYter oSS

struts, wherein the cross struts are.not perpendicular to the_longitudinal
o oo e S Rl o EhE B R RRaRE, BRSO EEHE Bt eI of

the at | east Eﬁ?oaﬁgﬁgbgggg,OEE” B?eb%%?@ﬁ%ﬂp%@%fﬁ&?k%.%%é*$%£¥%£‘fﬁnd

direction to a t 0 exXpan any ‘Signi ficant unw’ndi ng of

the strip wheggingbbeeabki BnhasnhWRgeNdsa Whe! Bkl rkRg At aasigysi de
bands converge toward each other at “the two ends of the strip,” so that the

two ends of tBReSkEkbAtabe tABEhPEnidg ArSkEBhiZScehdl R betiwridh 1,
wherein the cross struts connect adjacent bends on the at |east two
serpenti ne sidénbands. results in less of the vessel wall being
supported and unpredictable lesion coverage.
In addition to these disadvantages, the coiled
ribbon stent 10 is also somewhat disadvantageous in that
25 the metal of the ribbon strip covers a high percentage of
the surface area of the stented vessel wall. This high

percentage of metal coverage inhibits or slows down the

healing response of the vessel wall to the trauma of

10



3. Astent as clainmed in claim2, wherein the adjacent bends that are
connected by each cross strut face in opposite directions. 17 0 5 MAY
2003 4. A stent as clained in claim2, wherein the cross struts conthz MY 2408
at |east two serpentine side bands at periodic intervals, and wherein each
of the at |eastehvOnger pehicnprsbllembafdehbarigh peaskneagebetidmpetaneen
sequential cross struts. 5. A stent as clainmed in any of clains 1-4,
wherein the ceogssrageuin ahe sbiadedhtibbonAsseant 18smalyabeedoilrednypyof
clainms 1-4, wherein the cross struts have bends. . A stent as clainmed in
any of cl ai remdd6fynher ehae thebshreprhpstowe taddert berfipr stinemtiiah t he
strip being located at a first end of the stent and the second end of the
strip being |ooatsdrap aosdedndoefidrof thhessennt haand ehkwiesnoéach end of
the strip is joined to an adjacent wnding of the stnt . 8 A stent as
claimed i ® clepemyngahénein, eaehewhding ahéadderp i EipurAed sbowleaad) acent
wi ndi ng by wel ding. 18 0 5 MAY 2003 9. A stent as clainmed in any of
claims 1-8, wkedmphetfE 3t FPpled haddesf sherrk. 290. SAMilant tasthrPaPFA@L n
any of clains 1-8, wherein_the strip is nade fromfl at tal. 11. A scent
2s claimed | rAEhyCet 1ePatARASE 1BEeRRe, BRAVEERE: BRECFEPRAALRLY S

g?gﬁzécturingpgpgnétﬁgp gpgsgbggsm{gd&ggsghgtsgiip in a helix to formthe
In the coiled ladcder stent 20, the strip has
10 side bands 24, 25 bridged by cross struts 26. The side
bands 24, 25 and the cross struts 26 form a series of
openings 27, in which each opening 27 is bounded by the
two side bands 24, 25 and two cross struts 26. Similarly
to the coiled wire and the ribbon strip, the ladder strip
15 1is wound helically, forming a series of windings 21.
The coiled ladder stent 20 retains the rigidity
and stability associated with the coiled ribbon stent 10,
since the individual windings 21 of the ladder strip,
like the windings 11 of the ribbon strip, have increased
20 width as compared to the individual windings of the
coiled wire. In addition, because of the openings 27,
the coiled ladder stent 20 yields a reduced area of metal
coverage as compared to the coiled ribbon stent 10,
without compromising support of the tissue.
25 The coiled ladder stent 20, however, still has
some of the same disadvantages associated with the coiled

wire and ribbon stents. Most significantly, the ladder

strip unwinds somewhat upon expansion, resulting in

11



12. A stent as clained in any of clains 1-8 or 10, wherein the stent éﬁ
made by etching the strip out of a tube. 13, A strip used to formal0 AY 003
helically wound stent, conprising at |east two side bands fornmed in a
serpentine pattern; and cross struts connecting the side bands, wherein the
Cross struts amwestlinghtdfy thekewena andi rectatdonpetpehad ctlemt temds 23,

| ongi tudinal axis of the strip wherein the strip is made fromflat netal.
14. The stripaaceeld ag tforeshomtEdinghefeithewsernttherstthiep dpsrhielg caf | y
wound to forma stent, the cross struts are parallel to a |ongitudinal axis
of the scent. signifisenitp gapesobeitwgeno adjaicent3winkdéngisn the strip i s nmade
of wire. 19

.A. Ah. A@ Af _. A. AU_. AH. AGrigngs. AUSBORSL aAserrentiAge, AoAflef+YAMRSK /sHeidt 2NXY
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]ca]ca]ca]ca]ca]caugca ca] ca] cagca ].ca! A5* +>?2vwo:

1 xsni d_Z] | ca] E8FPSFEAT€aFOiARE( FégFéaFééFﬁaP@aPBaFéQPE&]éaP@aF@&PEh]ca]ca]
ca]ca]ca]ca]cag % ] cal cag g %cal
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] ca] ca] cal] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! kl nt 9qv
37, wherein the sides of the cells 37 are serpentine.
Thus, the stent is comprised of a strip helically wound
into a series of coiled windings 31, wherein the strip is
formed of two side bands 34, 35 connected to each other,
15 for example by a series of cross struts 36. Each side
band 34, 35 is formed in a serpentine pattern comprising
a series of bends 38, wherein upon expansion of the
stent, the bends 38 of the side bands 34, 35 open to
increase the length of each of the individual cells 37 in
20 the helical direction, thereby lengthening the strip in
the helical direction to allow the stent 30 to expand
without any significant unwinding of the strip. In this
illustrated embodiment, the bends in the side bands 34,
35 occur in a periodic pattern. The bends 38 may be
25 arranged, for example, in the pattern of a sine wave, or
in any other suitable configuration.

Alternatively, the stent may be described as a

series of square cells 37. The side bands 34, 35 and the

12
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O- As shg%n in Figure 5, the ends 33 of the

c
]
a

serpentine ladder strip may be tapered. The tapering of
the ends 33 of the strip allows the ends of finished
stent to be straight, i.e., it allows the stent to take
25 the form of a right cylinder, with each of the ends of
the cylindrical stent lying in a plane perpendicular to
the longitudinal axis of the stent. The ends 33 of the

strip may be joined, for example by welds, to respective

13
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10@10@ 10@: 10%@&' ()-!}2F" 109%& () - &0- 109%@&' ()- I'sL!109& () | z[ <g\ =
10! 1099& ()- 109@& ()-!x"10%& ()-'!"109& ()-'YZ"109%Th& ()-!YZ" 0% &5(MAY92003
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10%<<& () - (G 10% () - F 'HiGUEf&<| sty -d& KOS [ )uded "tD%ansh (3- ! p
"10%6d& () - $PPPPPWR~_=.y
Ly" 10%&' () - z \Heterrsing -dod MadeMiBider (seE & Jaccd®arid®x with the
10<:s109%& ()-&& ((()}"?~_=y
invention. The strip 40 has serpentine side bands 44,
5 45, joined by cross struts 46. The strip 40 is tapered
at its ends, such that the serpentine side bands 44, 45
converge at ends 43.
Figure 7 shows a serpentine coiled ladder stent
50 constructed from the strip 40, in an unexpanded

10 condition. As shown in Figure 7, the tapered ends 43 may
be joined to the respective adjacent windings. Also, the
cross struts of the stent of Figure 7 are positioned
slightly askew to the longitudinal axis 52 of the stent
50.

15 Figure 8 shows an alternative strip 100 used to
form a serpentine coiled ladder stent in accordance with
the invention. The strip 100 has serpentine side bands
104, 105 joined by cross struts 106. The strip 100 is
tapered at its ends, such that the serpentine side bands

20 104, 105 converge at ends 103. The cross struts 106 are
positioned slightly askew. In other words, the cross
struts are not exactly perpendicular to the longitudinal
axis 107 of the strip 100. Accordingly, when a stent is
constructed from the strip 100, the cross struts 106 will

25 be positioned parallel to the longitudinal axis of the
stent that is formed.

When the serpentine coiled ladder stent is expanded,

as shown in Figure 5, the outward radial force on the
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the stent is accommodated without the need for the strip
to unwind. In this manner, the number of windings 31 is

10 maintained, and rotation of the ends 33 is avoided. 1In
fact, because the ends 33 do not rotate, they may be
welded, as mentioned above, to the respective adjacent
windings 31, thereby creating smooth ends. Other
adjacent points on the stent windings 31 may similarly be

15 joined, to increase stability of the stent at the expense
of flexibility.

A serpentine coiled ladder stent according to
the invention retains the flexibility associated with
coiled wire stents, but avoids some of the problems

20 associated with those stents. The windings of the
serpentine coiled ladder stent are relatively stable and
insusceptible to displacement or tilting, which has been
associated not only with straight single strand coiled
stents as in the Maass '545 patent but also with

25 serpentine single strand coiled stents, such as in the
Wiktor '062 and '732 patents and in the Cordis Crossflex
stent. In addition, a serpentine coiled ladder stent

according to the invention provides continuous support of
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helical direction, the strip can lengthen on expansion to
5 accommodate the increased diameter, thereby substantially
avoiding the problems of end rotation and foreshortening
or the opening of significant gaps between windings upon
expansion.
The strip for forming the serpentine coiled
10 ladder stent may be made, for example, of wire or flat
metal. When flat metal is used, the pattern in the strip
may be formed, for example, by laser cutting or chemical
etching. The stent may be manufactured by first
manufacturing the strip, then winding the strip in a
15 helix to form the stent, and then, if desired, welding
the ends of the strip to the adjacent windings.
Alternatively, the stent may be formed by forming the
desired pattern directly out of a tube, by laser cutting
or chemical etching, or by forming the desired pattern
20 out of a flat sheet, by laser cutting or chemical
etching, and then rolling that flat sheet into a tube and
joining the edges, for example by welding. Any other
suitable manufacturing method known in the art may be
employed for manufacturing a stent in accordance with the
25 invention.
The embodiments described herein are examples

only, as other variations are within the scope of the

invention as defined by the appended claims.
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two side bands, wherein each of the at least two

side bands is formed in a serpentine pattern

comprising a series of bends, wherein the at least

two side bands of the strip are connected to each

other by cross struts, wherein the cross struts are

not perpendicular to the longitudinal axis of the

strip, and wherein upon expansion of the stent, the

bends of the at least two side bands open to

lengthen the strip in the helical direction to allow

the stent to expand without any significant

unwinding of the strip. wherein the strip has

two ends, wherein the at least two side bands

converge toward each other at the two ends of the

strip, so that the two ends of the strip are

tapered.

2. A stent as claimed in claim 1, wherein the cross
struts connect adjacent bends on the at least two

serpentine side bands.

3. A stent as claimed in claim 2, wherein the adjacent
bends that are connected by each cross strut face in

opposite directions.
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bands at periodic intervals, and wherein each of the

at least two serpentine side bands has at least one

bend between sequential cross struts.

5. A stent as claimed in any of claims 1-4, wherein the cross

struts are straight.

6. A stent as claimed in any of claims 1-4, wherein the cross

struts have bends.

7. A stent as claimed in any of claims 1-6, wherein the strip has
two ends, the first end of the strip being located
at a first end of the stent and the second end of
the strip being located at a second end of the
stent, and wherein each end of the strip is joined

to an adjacent winding of the stent.
8. A stent as claimed in claim 7, wherein each end of

the strip is joined to the adjacent winding by

welding.
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10. A stent as claimed inany of claims 1-8, wherein the strip is

made from flat metal.

11. A stent as claimed inany of claims 1-10, wherein the stent is
made by manufacturing the strip and then winding the

strip in a helix to form the stent.

12. A stent as claimed in any of claims 1-8 or 10, wherein

the stent is made by etching the strip out of a tube.

13, A strip used to form a helically wound stent,
comprising
at least two side bands formed in a serpentine
pattern; and
cross struts connecting the side bands, wherein
the cross struts are slightly askew to a direction
perpendicular to a longitudinal axis of the strip:
wherein the strip is made from flat metal.
14. The strip according to claim 13, wherein when the
strip is helically wound to form a stent, the cross

struts are parallel to a longitudinal axis of the

stent.

15. A strip according to claim 13, wherein the strip is

made of wire.
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