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The invent% rel ates generally to stents, which are endoprosthes

i mpl a ' sels within the body, such as bl ood vessels, to support
and h@”@@ﬂ@@ﬁﬂmm ﬁyessels, 5 or to secure and support other endoprostheses
in th . CKGROUND OF THE ] NVENTI ON Various stents are known in the
art. Typi ¢alTy stents are generally tubular in shape, an ble 10
froma relatively smSERPENTINBaCOHER LADBER STENE | ar ger cmmwmmmmﬂﬂ
dianeter. For inplantation, the stent is typically nounted oqﬁ&gg end of a
catheter, with the stent bej hgl.d ter at its relatively
smal |, unexpanded dianeter%&ggbtﬁg ca Hg?@?fﬁ%ﬂﬁ unexpanded stent is
directed 15 1hroughd Mo dhie0n 0ol et a1y RIARLERL BN Jhity Once the
stent is at the intended Inplantation site, It is expanded, typically

ei ther byr@nehdd¥dhd¥sC Ampllahtedaipte Vysddlid atiithgnachal beey, on the

I nside of the stent, or by aPIomﬁng the stent to self-expand, for exanple
by renovstghaadbld®twedgedm, atousdppose| dndXpsntiopensthat yeasébsy ng t he
stent to expand outwardly. In either case, the expanded stent resists the

t endehcyouf te heecwss éind Gupporswothptr epgoprpsihaassndnt hhevessel ' s pat ency.

Sonme exanpl es_of patents relating to stents 25 include U S. Patent No.
4,553, 548eE8e}Bass et al.; U. S 0 7 MAY 2003

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 stent is directed
15 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-expand, for example by removing a
20 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.
Some examples of patents relating to stents

25 include U.S. Patent No. 4,553,545 to Maass et al.; U.S.



-2 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, 5,116,365 and0/ MAY 2003
5,135,536 to Hillstead; U S. Patent Nos. 4,649,922, 4,886, 062, 4,969, 45B
and 5,133,732 to 5 Wktor; U S. Patent No. 5,019,090 to Pinchuk; U.S.

Patent No. 5,102,417 to Pal maz and,Schatz; U S. Patent No. 5,104,404 to

VWl ff: US. Patent No. 5,161,547 t0 Tower; U.S. Patent No. 5,383,892 to
Cardon et al.; U S. Patent No. 5,449,373 to Pinchasik et al.; and U. S.
Patent No. S, 733,303 10 to Israel et al. U S. Patent No. 4,553,545 to Maass

et al. ($Nendi@ss, 2§§ B85 oo ‘Paldds @ %C! @aﬂéﬁtf’f«og‘@i&,heéé,m eby

expressly 1ncorporat by reference I'nto this applicationh, shows various

stents ignd e fedr 8201 600Gk 8He SPEd NAP. s Firgwens &8sl Lhessigdng, of that patent
illustrate coiled spring stents formed of helically wound wire wherein the

di anet erg, 913 tiwa ,stsentis, 368 andts A3k ddndocvidddedaldy Uos atPatgerithe spring
ends. Such coiled spring stents are very flexible, such that they can be
tracked Neasi |4, €Owmd2R0r #UBBE, VE2ENS, TRY 45B s0dh Sy R3AB, Th2yteonf orm
relatively closely to the conpliance of the vessel after deploynent.
Howevier , Wil 9% tthése PatentsNar e5 vk §3% b Fdnchiky HiSo PatRPt el ativel y

unst abl e_support_ after e nsion. . T i.ndi vj dua i ndi pgs of the coil my
move rel¥Qi ¥Q?'é§€ht8tﬁgiwaﬁaﬁ%? 9&%?6 S %gggpﬁnﬁgfcant gaps between

adj acent . w ndi , j coul i fd t rgj Jt vessel

wal | to %\e’:\i‘f]gf‘{%s t(?m@"%%'zgog' -%&Eueﬁ‘s%p%;r Eudtian] E%ﬁgémg%\‘di@n‘gss' of the
coi | maypbedet Qfo .t g, 3530889N8%  cRRiGNtdaldly, ;0B Usht BFt afdl, seriously
conprom sing the lunen. Figure 10 of the Maass '545 patent illustrates an
exanpl e ®f449,37d to Pdnepasik éhesk. caidded.S.spategtsients, 73 sddass ' 545
pat ent di scl oses various nechani sns designed to address the instability of
t hes® cotd ekbra®li ¢ ellents. For exanple, Figures 11 through 14 show the use
of rigidifying devices_ in the formof axial support nenbers 10 that extend

along a side of tNeSst BAFEBRANPrai 483y X4e tPeMarPTec bRt ti Biithg of the
e S SRS P ST G SRR B B S i

band has akKes 'the s Fi gure 23

shows a%ﬁ%'ﬁ@o@gg e P tre AMIRIRIN 1] P8 éﬁiéaéj;%?lgjhéa}fifo rmed by two

W res at eac er by transverse elenments. Ea these coiled
| adder sdriss VRirQwugesteADs Oetifd dldirn f whtDed O8PALRsh | O HikRireisngl €

strand coiled spring stents. Despite these nodifications, one problemwth
eachs20 bfthromghoi7’l e shat eptent ddilvet riatdderited@pridicsdtentsd in t he
Maass ' 545 patent is that expansion of the stent results in an unw nding of
t he coi |formad ofnRehdradly trwnd (iizs wWhgrsint e sgbgetenec|afdithg rot ati on
of the sg?nt ends, mhhch %s pohfntiall dhgrnfuL to t vessel wall. In
addi ti orf THE 25LPRHERD ?%n?f_‘ WPRANG e 3YsE8 FHEPS e SRS ENdi vi dual
W ndi ngsf gy | el cbEEUALHGiAS diett sMadl §E5y ! P1EMAPAU ! such

that they can be tracked easily down tortuous lumens and

20 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 move relative to each other, causing sometimes

25 significant gaps between adjacent windings, which could

cause significant portions of the vessel wall to be left



0 7 MAY 2003 -4 the vessel wall. The reduction in w ndings also me@nsMAY 2003
either that the length of the stent will foreshorten significantly, in
order to maintain the spacing of the wi ndings, or that the spaci ng between
the windings will 5 increase significantly, in order to maintain the length
of the stent, or in some instancesya combination of both. The

foreshortening results in | ess | engthw se coverage of the vessel wall in
t he depl oyed stent as well as |ateral novenent during deploynment which may
be harnful to the 10 vessel wall. The increase in the spacing between

mjnding&nggaﬁg%éfﬁgntAﬂéaﬁndmg WinARhgRObE | S Qi hayeesdl owal | being left

unsupporte are potential disadvantages of the“coiled spring and

coi l ed Lagdesont@nas, iﬂo‘i&!r&i%d.liyn_obhﬁrﬁ@@ﬁﬁg'% geatinis1yl5 U.S. Patent
Nos. 4,886,062 and 5,133,732 to Wktor (the "Wktor '062 patent” and the

"W kt or cowzopiis£nd "ghe tlhenedi.sclFagures1of ofihiledh Maasshesalsy paxpness| y

i ncorporated by reference into this application, show stents forned of wire
wher ei nilRustirates san exangley ofptidgefnvindingmdinithasg foddedo fornming a
serpentine pattern, and then the zig-zag band is coiled into a helical
stnt> TIFPTrIPEnBEeRER®: expanded by an internal force, for exanple by

inflating a ballogn. Anot her ample of..a simlar_coiled ziqg-zag stent is
the Crossflex st eﬁge rﬁ?%ﬁ eé% p%tg&itsd&ﬁ? DT i G 1‘}?55‘%8FF§8 zi g- zag
stents are LLI [N sE Aot o‘lél?gs 9t j r ‘062 and

' 732 pat e%égﬂgge% %aééﬁi%éd%%@g?#ﬁ gii e,ébﬁfléggas%{ik?hey are

rel ati velewn¥ast apbg. eddip W Kiiqured? 10at RPbugh SK4 AftRsw alHeetBat bye
constructions of these coiled Zig-zag stents to address their instability.

I n one eXgifgi€yihgl dsticéedid ntHe Fore 3fohxidhtsympeant memberst r ai ght

| ongi tudi nal wre extends along a side of the stent and is connected to the

wi ndPngshets ekgendepiony ot iside ofcsbs start . and mainitadn &hgnpl e,
illustrated in Figure, 8 of that paten in varjous |gcations around the

hel i x ofelREI¥EcRPSILIPRARE iof the Z’F'B-éhi%%swi LG Srerfe 8GH§e? t han ot her 10
bends. . d Fonk . . i
ends. g0 that L can Leagh and hagk graung & hend in anagigeent winding

of the ese constructrons resu increased stability of

the ste eagh; @l Ul tS tlaReSOPRe M QUG I3 d Naldagfl exibility of
t he ste%??n%%%@ 1052 s'Is'cl,ill%rl I\l\/I%I\I'I’I a\I615 A?l object of tﬁe i ﬁventi onis to

provi de Fagatrent3t BRdws Sarddgir Wdiinell yaddexisdentsuaheiédh thecan easily be
tracked down tortuous | unens and does not significantly change the
conp$i adeddet thefommsd|bwuftvwer wigelsoghbatheditr aiach lodherehy is relatively
stable so that it avoids .
transverse elements. Each of these coiled ladder stents
provides improved stability when compared to the single
strand coiled spring stents.
Despite these modifications, one problem with each
20 of the coiled spring and coiled ladder stents disclosed in
the Maass ‘545 patent is 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

25 expansion and twisting causes the number of individual

windings to lessen, resulting in less windings to support



20 bending or tilting in a manner that would potentially obstruct the | unmen
and so that it avoids |eaving significant portions of the vessel I7) MAY 2003
unsupported. Another object of the present invention is to provide a stent
that has little or no twisting or rotation 25 of its ends upon expansi on,
and that also undergoes little 047 MAY 2003 -6 or no foreshortening upon
expansi on and si nmultaneously does not result in significant gaps being
created between adjacent wi ndings of the stent upon expansion. In
accordance with one enbodi nent of the 5 invention, a stent is configured as
a coi |l eghet easséh wdlikh tThe aeiducitiochoinedihdimgs almmohestusi p of cell s,
wherein the sides of the cells are serpentine. Thus, the stent is conprised
of a st eiiphbel that | yhewkanptimiaf &heestentovitbi fexesiiontiengs, wherein the
strip is forned of_at |east two side 10 bands connected to each other, for
exanpl e ségnafieanely of inrerdes it M@intadn ShacSPRGRY ©F dhed in a

ti tt i Si i f b . Wh i i f
SorPE 1S RALET SO | SL00,8 S 25,0 REPRE. ST LD oD expansi o of
o1 B b guelysel il ife Bl 15 fLiselieyd gy Lenotrening

si gni figapl syawkNdbpo; of séhe Sldtiahced seEBABLhBEI SR dLbdragdderpgt ent
according to the invention retains the flexibility associated wth coil ed

20 spri mpresdbrSenyey Hesuliddimdesshilehgaheisel adverdge sifalhe and

i nsusceptible to displacenent or tilt. A serpentine coiled |adder stent
accor di ngsiselt well nienthededhoyqs eriedss agowelhuasislang@drt of t he vessel

ti ssue without disadvantageously obstructing the lunen. 25 In addition, the
ser pent Me¥eRsPt Uy fdicfeRt@yfgent which may be harmful to the

10 vessel wall. The increase in the spacing between windings
could result in significant portions of the vessel wall
being left unsupported. Both are potential disadvantages of
the coiled spring and coiled ladder stents disclosed in the
Maass ‘545 patent.

15 U.S. Patent Nos. 4,886,062 and 5,133,732 to Wiktor
(the “Wiktor ‘062 patent” and the “Wiktor ‘732 patent”), the
disclosures of which are hereby expressly incorporated by
reference into this application, show stents formed of wire
wherein the wire is initially formed into a band of zig-zags

20 forming a serpentine pattern, and then the zig-zag band is
coiled into a 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.

25 The coiled zig-zag stents that are illustrated in

Figures 1 through 6 of the Wiktor ‘062 and '732 patents are



substantially avoids the problens of twi sting, end rotation, o] ~0yaﬂ\ﬁ@83
foreshortening and the creation of significant gaps upon expansi on. g

the serpentine coiled | adder stent is expanded, the outward radial force on
the stent causes the bends in the serpentine sides to open up and becone 5
straighter, thereby causing the overall length of the strip in the helical
direction to increase. By providing a serpentine strip that allows the
strip itself to lengthen in the helical direction as the stent is expanded,
the increase in the dianeter of the stent is accommodated by a 10

| engt henemry 6lexfielet rhys;, ragaiary, they Byeanelativelngingtatie strip. Thus,

t he nunber of w ndings may be maintained, and rotation of the ends and

f or eshoMbenFAKLOF t id2 MaLiaHy GHiEcdose SheL e ER LA YiRli FRRSICRIF t@nsubst ant i al | y

reduced qr avoided,_ In fact, the serpenti coil ed | adder_stent may be 15
construéﬁe&h§ﬁetﬁa%l%ﬁj%&QﬁﬁaquﬂQﬂﬂ§Soﬁ°a8P§58ﬁ§ 9&?&ﬁrﬁﬂ?9€§£§ﬁ?yédjacent to

each other as the_stent,j X i t he he strip at the
ends of &St Sﬁ?mﬁ%?' b’eif%?etnlg%%qurn ?%?%Fegb‘f%%?%&{%&t ﬁae respective
adj agentg YRk pg L EPNa £ PAd MRt 1181452 28038 SSENd MY A0 el ative
rptagioﬁﬁwégggg EE%%EF%%P%& O THE DRAW NGS F?gure 1 shows a schematic
di agr amzp{d il eensetted vbrenstiitidims itd €A’ PhéArréldtivdiedirst having
equal |y spaced wi ndings, the second having 25 unevenly spaced w ndi ngs, and
t he thi rechdaoeheene InOardotled X Gnple, tillvedratedi bgsFidixpire of shows a
coil ed ribbon stent in an unexpanded condition; Figure 3 shows the coiled
ri bbon $thatt pateRtguie varipus: Baationgcarsevndi thenhelH¥ ek theshows a prior
art coiled | adder stent, sim]ar to those shogm fnd described . in U S
Pat ent MNtent, a bend in the zig-zag wire 1is made longer than other
10 bends, so that it can reach and hook around a bend in an
adjacent winding of the helix. Each of these constructions
results in increased stability of the stent, but each also

results in some reduction in the flexibility of the stent.

SUMMARY OF THE INVENTION
15 An object of the invention is to provide a 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
20 Dbending or tilting in a manner that would 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 rotation

25 of its ends upon expansion, and that also undergoes little



4,553,545 to Maass et al.; Figure 5 shows a serpentine coiled 'addﬁ?gﬁ%?ﬁh
in |0 accordance wwth the invention, in an expanded condition; Fig

shows a strip used to forma serpentine coiled | adder stent in accordance
with the invention; and Figure 7 shows a serpentine coiled | adder stent in
15 accordance with the invention,_%g an unexpanded condition. DETAILED
DESCRI PTI ON OF THE | LLUSTRATED EMBODI MENTS Fi gure 1 shows a schematic

di agram of crosssections through three prior art stents, each forned of a
20 helically wound wire. The top coiled wire stent Ais in its optinmal

desired gLopd thaQQfsh&%,@ngg hugdn (il NEnNgRial s i AU ELLNe SRRAGE diddsom t he

next. Thus, the gaps ween the adjacent wmndings 1' are relatively

uni f or Mpctuglasiat ia Ee4aifveint WP HRisigPReehtb8 Pebwésied to the vessel
wal I, 25 should the windings 1' remain evenly spaced as shown. 0 7 MAV

2003 -9 ddijguemtt windihdough)tite catidred ugiane expentias. shown in Figure 1
sonetines tends to change configuration, particularly during and after
i npl ant ati on whenInt acsozdaneetwith onameEnpedigenbsefsthey t he vessel . Thus,

some of 5 the windings nmay tend to separate sonewhat, as shown in the
ni ddiBe cErveR i easEEARt 8if reenigwred ash & KeidpddreeRrbi tedMiche stent B,

the Windl9%cin 53" 2oPREG°Fron Y Srodua R T8°cefty] "Whet i fiiant gaps 2
sides of the cells are serpentine. Thus, the stent is
comprised of a strip helically wound into a series of coiled
windings, wherein the strip is formed of at least two side

10 Dbands connected to each other, for example by a series of
cross struts. Each side band is formed in a serpentine
pattern comprising a series of bends, wherein upon expansion
of the stent, the bends of the side bands open to increase
the length of each of the individual cells in the helical

15 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 the
invention retains the flexibility associated with coiled

20 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 tissue without
disadvantageously obstructing the lumen.

25 In addition, the serpentine coiled ladder stent

substantially avoids the problems of twisting, end rotation,



Alternatively or additionally, the w ndings of the 10 traditional cp7iMg 2003
wirte stent may bend or tilt while in the vessel. In the bottomcoiled wre
stent Cin Figure 1, sone of the windings 1 " ' have tilted sonmewhat. These
tilted windings not only fail to provide proper support to the vessel, but
they also enter and partially obstmuct the 15 passageway through the stent,
thus seriously conpromsing the |unmen. One way to overcone the instability
probl ens of the coiled wire stent is to replace the wire with a ribbon
having a width substantially larger than its thickness. 20 Figure 2 shows

an unem@&@fm@h&gg EhBPERe SELBAL idh w@ingiq&caneagaséeﬁpaé- As shown in

Figure 2, the coil ribbon stent is fornmed as a helically wound ri bbon

strip. Bgeaisseon.hewnedt Bhef sébpent bocdilddha adderedtehbbog stent 10 as
shown in Figure 2 is greater than the width of the wire in 25 the coil ed

W re sterpariiesy thewsutwakdgnadiil fdwecevorditihgs steénsf cahsesgothed ri bbon
stent 10 are relatively resistant to 0 7 MAY 2083 -10 | ongi tudi nal
di spl acesmedn igy thel sempenkiger eides humwopare uroianddbecpnen stent | 0 of
Figure 2 in an expanded condition. Expansion may be acconplished) for
exarPpl eSEHALGHTE Lt thETEPYaFRYSANT 6t PFRFS I dEmgtsr of5thgi $krime out ward
force of tfﬁ;tﬁ?f.oo e ac%Lng gn the inside of the.gtent 10 and causi ng
the stetft 9 CHGRAnGITFREACENEC HRFEL T bbdY BFENEA1BYi & expanded as
shown |0, ELOH6,e3.6:b A8 dhapeLel LH&% & 0y isquah e Bah oS 1y, T fipr eases.
However, _ecadégefhe géngth o? ?ﬁe ri bbon Olétrip I'S cong%ant,f§he
| NCr easgnd mdlijaAt @ireadsdh hBethe stent is expanded, the increase

in the diameter of the stent is accommodated by a

10 lengthening of the strip, rather than by an unwinding of the

strip. Thus, the number of windings may be maintained, and

rotation of the ends and foreshortening or the opening of

gaps between windings can be substantially reduced or

avoided. 1In fact, the serpentine coiled ladder stent may be

15 constructed so that adjacent points on adjacent windings

remain adjacent to each other as the stent is expanded.

Thus, the two ends of the strip at the ends of the stent may

be joined, for example by welding, to the respective

adjacent windings, thereby creating smooth ends and assuring

20 no relative rotation.

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



ri bbon strip to unwi nd sonewhat, in order to accommodate the expan 2%@q hﬁ
doi ng so, the ends 13 of the stent 10 rotate, the nunber of mﬁndin@ L
decreases, and the overall length of the stent foreshortens and/or gaps are
formed between 15 adjacent wi ndings 11. The rotation of the stent,
particularly of the stent ends, isgpotentially harnful to the vessel, and
the decrease in w ndings and the decrease in length of the stent or the
openi ng of significant gaps between windings results in | ess of the vessel
wal | being 20 supported and unpredictable | esion coverage. In addition to
these di sadvant agesibdeydgshribbon stent 10 is al so sonewhat
di sadvant ageous in t%at the metal of the ribbon strip covers a high
per cent agenee bheshows agecsi ey Fidben steAtednvanSehedpdddedhi s high 25
percentage of netal coverage inhibits or slows down the healing response of
t he vessel wall techdgtismpma of 0 7 MAY 2003 -11 stenting. This problem
of the high percentage of netal coverage in the coiled ribbon stent 10 may
be sol vétidwrenddi hpwg the coblrsh wibbop sgeat| aldBigexe id,in mmhi ch t he
strip coiled to formthe_stent has a series of openings in 5 it, resenbling
a |l afider. Figure 2XBRBARS aPPRAHMAN of a coiled |adder stent 20, sinilar to
the priqr, art coiled | adder,stents sh nd .described in U S ._Patent No.
4, 553, 5%1%elV§as§§8Vsa?. PYH°% h%rtt:oqqlg\c{f%l gaggFrsféﬁ?tQO? 2% p has si de
10 bands 24, 25 bEhQQEdsQ¥wﬁr£E§ SdddiBedd TB?S?Qth%ﬁ@ 24, 25 and the
2% CT R which each

cross struts 26 forma series of openings opening 27 is

bounded by the twa,K sEgeshengs Mtas2%tard .t wo cross struts 26. Simlarly to
the coiled wire and the ribbon strip, the |ladder strip is wound helically,

15 for mAignaresar i ehows ai serpest tle chidedoilbhddelraddent sirent 20 retains the
rigidity and stability associated with the coiled ribbon stent 10, since

t helPndi vi dual wi adraydange (fitihetheadayensiphp, inj & eX¥pandeddi ngs 11 of the
ri bbon strip, have ing¢reased width as 20 conpared to the individual

wi ndi ngs of the cE6PPEHEHPRE. In addition, because of the openings 27, the

iled |l add 20 yield f al d
(o the GARCER Pi pBBRAS Bri-117 WThOG: EOMpRRPEPRIE I AP al (e (1 Seue.

25 The coi | ed |adgﬁ&dtﬁeﬁegtg’irh%‘@%\éﬁﬁanéﬁi withashs AR e sURE 2R
di sadvant ages associated with the coiled 0 7 MAY 2003
Figure 7 shows a serpentine coiled ladder stent in
15 accordance with the invention, in an unexpanded

condition.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
Figure 1 shows a schematic diagram of cross-
sections through three prior art stents, each formed of a
20 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, such that a
relatively uniform support is provided to the vessel wall,

25 should the windings 1’ remain evenly spaced as shown.



-12 wire and ribbon stents. Mst significantly, the | adder strip ufiMiys)03
sonmewhat upon expansion, resulting in twsting of the stent and rotation of
the stent ends 23, as well as foreshortening of the stent or the opening of
significant 5 gaps between adjacent w ndings. Figure 5 shows a serpentine
coil ed | adder stent 30 constructedgi_n accordance with the invention. The
serpentine coiled | adder stent 30 in Figure 5 is shown nounted on a
catheter 15, in an expanded condition. 10 The serpentine coiled | adder
stent 30 illustrated in Figure 5 is configured as a coiled stent in which
the coil is formednf pRELRIVEUNEhSEGH P Hicsitlds wite WRERET Ast dEowi des of the
cells 37 are serpentine. Thus, the stent is conprised of a strip helically
wound i nir Mg as seme€nksdrdhda tsli diggngdl confegairacibe, strip is formed
of two side bands 34, 35 connected to each other, for exanple by a series
of crosspattricida3ly Haclingi dedbafide84imBEmntatfionnwtiennit $8rpentine pattern
conprising a aeries of bends 38, wherein upon expansion of the stent, the
bends 38Wiiedteditge vBEXAQYsS20tBaSS8s bpdrhe yesseleasthufe pemgtdf of each of
the individual cells 37 in the helical direction, thereby |engthening the

stri P i e Ings Yy Eenfohot BERRTRNE tIRNeMhEy 36 BBOWRpAMALR® t hout any
signi ficant.unw ndi Qf the strip.. ln. this.llystrated, odi nent) the
bends in %ﬁ%%u?ﬁ?ﬁ& 33r§4fg§§£3% 5%c%th?Fz%'pe#Poéﬁ8 8é$$£ n. The bends 38
may be 3L ANGLG; fOlst@HRMR), Srnk NihgiRAl LAl e 2p5E08 WA¥Genty, iN 0 7
MAY 2003 -13 anf’é%ﬁg§£sgPtaBPe conti g ratioﬁlelnpthe [ us??g¥bd

enbodi megdmet e s MRS ink Bign88i oMt gpd e 'si de bands 34, 35 to each ot her
are straight and extend in a direction generally perpendicular to the
helical 5 directi dltiernabhiehlyher saéddijtionaldyndthal windings edbf,thdie cross
struts nmay have one or nore bends, and/or they may extend between the two
si ddObarfaditt ismiadr ceddrpdswire strent |maw ende@rehbdti wehte imeth® oss struts
36 join o O%Ltehé f cigg bends 38 on the side bands_34, 35, and they are
10 att acHePtlo t H2 £PGePRERAT 2Rilefd wire RLeRtstcdRoFHEHEe 3. Some

Al ternatiyely, f.he.crgoss,str 6, he joined in other.pnl aces, and may
occur V\ﬁérgetrrﬂoér &5Y lﬁggsifreqﬁ%ﬁ%%liﬁ%gg’t&%ggfti’g}ée?? or egé:general
concept \afndihyd REENbhey: £10f 84 Sitovlde Tiable¥ehipiBy: N MEgde Wi thout cross
struts 36}15§E35 havingpthe t wo g%%%entine Si de b%ﬁ%g 34, 35 periodically

j oi ned tyesaal) Gutethely alsacemtepaint pardiadhonsbstridgwee 5, the ends 33
of the serpentine |adder strip nay be tapered. The tapering of the ends 33
of tise gigsgageEwagwshirbegbntbe cftdntni dtaw segnbusdy beo@ronirsinght, i.e., it

allows the stent to take the formof a
the lumen.

One way to overcome the instability problems of
the coiled wire stent is to replace the wire with a ribbon
having a width substantially larger than its thickness.

20 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 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

25 the coiled wire stent A as shown in Figure 1, the windings

11 of the coiled ribbon stent 10 are relatively resistant to



right cylinder, with each of the ends of the cylindrical stent IylﬂﬂgMAYnm%
pl-ane perpendi cular to the longitudinal axis of the stent. The ends 33 of
the strip nay be joined, for exanple by welds, to respective adjacent

wi ndings 31. 25 Figure 6 shows a strip 40 used to forma serpentine coiled
| adder stent in accordance with thg 0 7 MAY 200 -14 invention. The strip
40 has serpentine side bands 44, , 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. 5 Figure 7 shows a serpentine coiled | adder stent 50
i n accongagseuwihflt BespIev@dthd i o tidk ingexpanded condition. As shown in
Figure 7, the tapered ends 43 nay be joined to the respective adjacent

wi ndi ngs. \Wen t hpigereedtsimws dileeddidddetribbent stenZQ exgfanded, as shown
in Figure 5 the outward radial force on the stent causes the bends 38 in
t he ser Faguiree 2siidesn3dxpaided eprutititdmer eByxpanatdngmandoe engt h of the
cells 37 to increase in the helical direction. This feature of the
expandalficsom@lishgfl, t RRY se¥RPPEE 1 R e 35dBBap| PRLKGPH HF IS Ehee strip to

[ in the helical, d] tion. t h iLp_i f | t heni inth
ol | Sal GRUMEEEFoA Sas ERR. ERE MR AR ot hBe) haFkass T8 490 amt or of
th tent i d i f t Lot ind. In thi
manner . Thé o RERL0a: OF RAfreeety 10 %RF Suethg PReSGR TG the

ends 33 d,54¥01 dgflen! Bnbachi108CAUSSH R RRIS 033 dexpRhaddtal €, they may be
wel ded, as nentioned above, to the respective adjacent w ndings 31, thereby

creati nggHoweOtih FigareBheth@di pamste @MtheOindbeidteDtwindidigiys 31 nmay
simlarly be joined, to increase stability 25 of the stent at the expense
of fl exill lincyreased.' 1HM&VvE@D)Deddise sdepdrnpghb obi the tikkter stent
according to the invention retains the flexibility associated with coiled
wi r 80st ARTEP B§t canstant sokke ofNTFRASH JBY EABMEE8HCcFALERF Wit t hose stem s.
The windi,ngs of the serpentine coiled |adder .5 stent are relatiyely stable
and | nodRAPBRE BEE 1Pota: SRR MBI Af RESShAT e R SRR adBEci at ed not
only wit raight spn tran i enks i ' 545 pat ent
but al sggc\ﬁ%t sqgg'r'peri%‘i %éfrgn%(?bq:stfér)aér? cg'lgl gg %?%n%é;e,ﬁés]ﬁlc as |tr?’t he Wkt or
' 062 anGhe’ 3AmPRLEBESWwRAGihds 1D tdir eRls@ss Sh@SEhé Esvet LNt -1engtaddi tion, a

serpentine coiled | adder stent according to the invention provides

of the stent foreshortens and/or gaps are formed between

15 adjacent windings 11. The rotation of the stent,
particularly of the stent ends, is potentially harmful to
the vessel, and the decrease in windings and the decrease in
length of the stent or the opening of significant gaps
between windings results in less of the vessel wall being

20 supported and unpredictable lesion coverage.

In addition to these disadvantages, the coiled
ribbon stent 10 is also somewhat disadvantageous in that the
metal of the ribbon strip covers a high percentage of the
surface area of the stented vessel wall. This high

25 percentage of metal coverage inhibits or slows down the

healing response of the vessel wall to the trauma of



continuous support of the vessel tissue w thout a di sadvant ageousl|{] MAYR003
percentage of netal coverage. Because the strip fromwhich the stent is
made can expand in 15 length in the helical direction, the strip can

| engt hen on expansion to accommpdate the increased dianeter, thereby
substantially avoiding the probleng of end rotation and foreshortening or

t he opening of significant gaps between w ndi ngs upon expansion. 20 The
strip for formng the serpentine coiled | adder stent may be nade, for
exanple, of wire or flat netal. Wen flat nmetal is used, the pattern in the

strip wt\%gcfr%m%ifsoggsgggy 8 P! pideri3gd oghRglgg) etching. fhe

stent may uf act ur I rst manufacturing the strip, then wi ndi ng

the strigovdrayd@ld XHeO cb@NBY! PELBOLNdterdNA d Ry bel sdeskacdy Wel ding the
ends of the strip tothe 0 7 Mav zoo3 -16 adjacent w ndi ngs.

Al t er nat @l fyirnda st efibbony skeipotaesl yddear mtnd o, héndeRierdepat t er n
directly out of a tube, by laser cutting or chem cal etching, or by formng
t he desisedipatdiied dut fokrmatheastehechas By deasies oft bpagiongscimni cal 5

etching, and then rolling that flat sheet into a tube and joining the
edgess f bk, exesgikl ing \ﬁeﬂeﬁﬁg?-An?lS‘ﬂﬁ%r‘l Sfhawbad exanpaet fiag net hod

k in the art b Loyed, f facturi, tent d
Wi th theCPRbRRHIAHEr GERRE GRnoBiehES Todd Bt Hebtnoaidelxanp es only,
as ot herlvﬁééé‘tétoé‘n%oea%%t %g?)hl_%%éfﬂ&? 8 dhe 'PLeetL g8, as defined by the

a
appended cCrlar frs.
4,553,545 to Maass et al.

In the coiled ladder stent 20, the strip has side
10 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 is wound helically,
15 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 width as
20 compared to the individual windings of the coiled wire. 1In
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



What is clainmed is: 1. A stnt conprised of a strip helically wound 7 MAYb 2803
series of coiled wi ndings, wherein the strip has at | east tw side bands,
wherein each of the at |east two side bands is fornmed in a serpentine
pattern conprising a series of bends, wherein the at |east two side bands
of the strip are connected to each other, and wherein upon expansion of the
stnm, the bends of the at |east twd side bands open to | engthen the strip
in the helical direction to allow the stnt to expand w t hout any
significant unwi nding of the strip, wherein the strip has two ends, wherein

the at |eastady lie, AR CONMBLOCSI GHE fo8RCTY ORI 13ladglie o ends of

the strip, so that the two ends of the strip are tapere A stnmt as

cl ai nedgtpi gl @ rdds WEHRINALCLPSE skpahSicANNEssundirRe ant theadsngn the at

| east two serpentine side bands. 3. A stnt as claimed in claim2, wherein
t he adj ag€ethe betsist tdrad rtatdonnect edebgtent hed® 23 Stasuweflacasi n opposite
directions. 4. A stent as clained in claim2, wherein the cross struts
connect foheshorteming tofd ther seentnorstie opevdinatohaigndifdcanter val s, and
wherein each of the at |east two serpentine side bands has at |east one
bendS begaBEnPeEveRAt 3] a/as ¥iNGiRgs: 5. A stent as clained in claim 2,
wherein the cross_struts_ are straight. .0 7 Y 2003.-18 6. A stnt as
claimed in clai mAi9%Ferei$hMse aatsgrgﬁgf:lf’ﬁocév&ep%?ﬂﬁdr?eersisggnt‘}aﬁ s are
connect o} he S u ag int cross struts have
bends. %gngggﬁggggsigléﬁ%ﬁn%%c@%% Sj?emgg‘rré\;gﬁ{ﬁé c'lﬁ}gess struts extend
gener al g}érgeheeﬁéle&ifédylatdaetﬁ%t%lu 68! ifli FEGhIONs ik WH the strip is
wound. 8. stm as clained in claiml, wherein the strip has two ends, the
first emgduatefihensarcsgclisiarg 1sgcdnednaexpahdedt ceamil tifort.he stent and the
second end of the strip being |located at a second end of the stnt, and
whet@i n each end The tsrxrpantine coidededaddennstetacdhtildiusgiragedf the
stent. 9. A stm as, clained in claim8, wherein each end_ of the strip is

j oi ned &8 Fheusgj ackhicmbigurgdhasnel aPhged 18tent ithwhd€hcthfed in clai m

1, wh in.th trip.i d f wre..11. _A L, ai med | laim1
\/\hereie:l(g%é égrf%{qi“gd Ir?éi?g“afa?gor%“fl\fqla%gﬁﬁ’a?f ci%{ng %f’n’.[%'h%%ggf’a#ﬁﬁg funm_cl ai m
L. whergiBLngeSiil daiidy ReeTRRUGAGEIHENT Pl SieP sRRA:1 iGN Wi nding the
stripinahelix to formthe stent. 13. Astnm as clained in claiml,

wher ei ncbigri¥ed evflsa A5 thellical 1iaR6Gnd 0int® £X4deHilest bEt cbhiBedWo si de
bands neet. 14. A stnt as claimed in claim8 wherein the ends of said stnt
arelsnoetihdings03¥, MBYeHI0B the strip is formed of two side bands

34, 35 connected to each other, 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
20 34, 35 open to increase the length of each of the individual
cells 37 in 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. 1In
this illustrated embodiment, the bends in the side bands 34,
25 35 occur in a periodic pattern. The bends 38 may be

arranged, for example, in the pattern of a sine wave, or in



-19 15. A stnt conprising: a strip having two ends helically woung 7iWAYol08
series of coiled wndings, the strip including: at |east two side bands

whi ch are spaced apart, each of the at |east two side band being forned in
a serpentine pattern conprising a series of bends, connectors periodically
connecting the at |east two side bands of the strip to each other, and the
at |l east two side bands converge téward each other at the two ends of the
strip, so that the two ends of the strip are tapered to the extent that the
two side bands neet, and where in upon expansion of the stent, the bends of

t he at | _east ' d en- ] engthen the strip in the helical
directi &?yt 8t§\€?o§vhgﬁggg€r§°€€l%$%nlﬁﬁ thout any significant unw nding of
the strip. 16. A ih”%h?siﬁ@é@f‘éjté&' &hiidinkne  WMRRECERo8s &€ Slc £nek Of the

strip is located at irst end of the stnt and a second end of the strip

i's | ocatd Bin tHRCendeCBEn@s 340e 34 o Huh Witeei Areashraigh©faddie strip
is joinéd to an adjacent winding of the stnt . 17. A stnt as clainmed in

cl ai m 1GxudiRY dinn acddreentlonf géheral Yy perpgmiicadatrotbhthadhelsrdl wi ndi ng
by wel di ng. 0 7 MAY Z003 -20 18. A stent as clained in claim 15, wherein
t he &rossiratitn donmbdthathacebribeirlwaind.he Adteraativelw. sthgentine side
bands. 19. A stent as clainmed in claim 18, wherein the adjacent bends that
are conrR¥QsR] SRFUSHc MaYr BavesPRet OF 8X G Paifos PRS/arr EREY JARY 20. A stent

| ai med i | ai m 18, . wh in.th trout tt t | tt
ot pont | HES PRRAE ke EPP R A AT A ClRT RRGVERn oBHOHY Cho at
I t ot t [ d b b tial
cross SR U Rt AL hE e A e e ere: PR P Bl ot rat s

are straggiing 32ndd 38Mbnaghé! 8i a8 s |7, M32], avhetRep 4R at |east two
serpentine side bands are connected to each other by cross struts and

whenei n dttaaheags costhet silavbabhéamdss, 236 a4 evetryasecbadnieend &l ai m 18,
wherein the cross struts extend generally perpendicularly to the helical
di rect i Ghltierngtiisielyhetber Fposs Sl 3 may g)ﬁeﬁpiasdci@imﬁ n claim 15,
wherein the strip is made of wire. 25. A itent as clainmed jn claiml5,
wher ei n R¥fEestr 99 BaaAECRF oYt §1 dioRof 1ess frequency, without

departing from the general concept of the invention. The
stent alternatively may be made without cross struts 36, by

15 having the two serpentine side bands 34, 35 periodically
joined to each other at adjacent points.

As shown in Figure 5, the ends 33 of the
serpentine ladder strip may be tapered. The tapering of the
ends 33 of the strip allows the ends of finished stent to be

20 straight, i.e., it allows the stent to take 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 adjacent windings 31.

25 Figure 6 shows a strip 40 used to form a

serpentine coiled ladder stent in accordance with the



a ~ ~~ar Zuo3 -21 26. A stent as clainmed in claim15, wherein theugqmwzmg
made by manufacturing the strip and then winding the strip in a hel
formthe stnm. 27. A stnt as clainmed in claim 16 wherein the ends of sald
stm are snooth. 28. A stent conprised of a strip helically wound into a
series of coiled w ndings, whereingthe strip has at |east two side bands,
wherein each of the at least two side bands is fornmed in a serpentine
pattern conprising a series of bends, wherein the at |east two side bands
of the strip are connected to each other by cross struts connecting

adj acentj RRAIS BN t hBeabtt S0 tNds SpRAtiine side bands 44atsedace in
opposite directions, and wherein upon expansion of the stent, t’he bends of

the at |RaAsied Wy s:lxdesbaﬁﬁlst@pem t CTHeerytriipn 40hésstapered atheithel i cal
direction to allow the stnt to expand wi thout any significant unw nding of
the strignd£9.sukhsthatcbher sexpentine stidep basdiscakl y4hoommivérge at seri es of
coi l ed wi ndi ngs, wherein the strip has at |east two side bands, wherein
each of &1 &3 east two side bands is formed in a serpentine pattern

conprising a series of bend wherein the at si de bands of the
st ?lpﬁ ar egconnect é:\d'gPEeeacﬁP‘B‘f'ﬁe? mlﬁ‘euﬁﬁ’ﬁigép;%&i%ﬁ ertheStent, the

bends. o0l MeslegdebRE w8, FHECSHPRRE SRS O SABKIGRabES Stip i1 the
unwi ndi %mléﬂﬁ st rAlspshanH yheg giird he, S @apérgadsnaéom frﬁ%} getal . . ALE
.A9E . AGNFE . A& .A%a .A' N2 .AF2 TALNE . As; E . H . A&% A&
A& #. ﬁﬁ&ﬁﬂed“io“the respective adjacent w1nd1ngs.
When the serpentine coiled ladder stent is
10 expanded, as shown in Figure 5, the outward radial force on
the stent causes the bends 38 in the serpentine sides 34, 35
to open, thereby causing the length of the cells 37 to
increase in the helical direction. This feature of the
expandable cells of the strip allows the overall length of
15 the strip to increase in the helical direction. By the
strip itself lengthening in the helical direction as the
stent is expanded, the increase in the diameter of the stent
is accommodated without the need for the strip to unwind.
In this manner, the number of windings 31 is maintained, and
20 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 joined, to increase stability

25 of the stent at the expense of flexibility.
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stent may be manufactured by first manufacturing the strip,

25 then winding the strip in a helix to form the stent, and

then, if desired, welding the ends of the strip to the
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by forming the desired pattern directly out of a tube, by
laser cutting or chemical etching, or by forming the desired
pattern out of a flat sheet, by laser cutting or chemical

5 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
invention.

10 The embodiments described herein are examples

only, as other variations are within the scope of the

invention as defined by the appended claims.



Y 10%& ()-S'~ @! ~s10%& ()- @O%& ()-&10%& ()- 10 10 07 MAY 2003
10s2! 109& ()-TNXs2! 109& ()-N} !dE~ @! ~s& 109%& ()-z
109& ()-M 109& ()- @O%& () -

109 ()- @10%& ()-!!/"b""""dE~_@! ~*'
" 109%& () f 109 ()- M 0##1$n$0$p$tld=$xmbCl | ~9' F109% o0& () -

109&

()-4 109& ()-- @ 109%& () - Ms+

109 ()-3(z109%& ()-f&10%& () - $10%& () -
10 10 106

" 1098 ()-~$$] 084 & ' Y[ <nbCl | #10% & () - - ! p#10%00& () --! #10%08& ()--s ! 10% 0&
()-S!s"lO%&'() S@0% 0& ()-'()))))))Irg\=!1&L0% ()- 10' o 10' 0 10' 031

" 10%@&

X med

1008 () - y/lO%o&'()l-'\SS"lO%o 0& ()-)))!*, *{** =g\=I11K 10%& ()-

S109&! () - S@0%! (

11109 (

as@q% 098! **1 m L=hEf 1100 " 109%$ Lf"10% -
& ()qM 35)“31 /«g??‘ﬁ‘g 1-{0@/0 W?ig‘p( FEE ﬁi’og%mﬁ ”sjat ,%él)lel\g

. C. D Fed 5! wiﬁdlﬁgép WHEQUR'( ) thé kst 1pYaias -at pxes iow\&cﬁé
F( 109%& (3@($@0%&' )-F.S. W...//dESHE! 10 10%&

10%&'
10sY’

10@
109&

b= 16veh (9 Ehew D keaAtoEcys- PLies Pereodes Eermed

SO AIHRBOUEL) 3O (LHALOKENG) SSLIUI) L0843, WD) LESH

TS Rl 100 () 3100& ()-f TO%& ()-
the EAH22E33333dE:9ide bands of the strip are connected to each

other, 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 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 1in opposite

directions.

4., A stent as claimed in claim 2, wherein the cross struts
connect the at least two serpentine side 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 claim 2, wherein the cross struts are

straight.
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7. A stent as claimed in claim 2, wherein the cross struts

extend generally perpendicularly to the helical direction in

which the strip is wound.

8. A stent as claimed in claim 1, 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.

9. A stent as claimed in claim 8, wherein each end of the

strip is joined to the adjacent winding by welding.

10. A stent as claimed in claim 1, wherein the strip is made

of wire.

11. A stent as claimed in claim 1, wherein the strip is made

from flat metal.

12. A stent as claimed in claim 1, wherein the stent is made
by manufacturing the strip and then winding the strip in a

helix to form the stent.

13. A stent as claimed in claim 1, wherein the two ends of

said strip taper to the extent that the two side bands meet.

14. A stent as claimed in claim 8 wherein the ends of said

stent are smooth.
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at least two side bands which are spaced apart, each of the at
least two side band being formed in a serpentine pattern

comprising a series of bends,

connectors periodically connecting the at least two side bands

of the strip to each other, and

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 to the extent that the two side bands meet, and

where in 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.

16. A stent as claimed in claim 15, wherein a first end of the
strip is located at a first end of the stent and a second end
of the strip is located at a second end of the stent, and
wherein each end of the strip is joined to an adjacent winding

of the stent.

17. A stent as claimed in claim 16, wherein each end of the

strip is joined to the adjacent winding by welding.
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bands.

19. A stent as claimed in claim 18, wherein the adjacent bends
that are connected by each cross strut face 1in opposite

directions.

20, A stent as claimed in claim 18, wherein the cross struts
connect the at least two serpentine side bands at periodic
intervals, and wherein each of the at least two serpentine
side bands has at least one bend between sequential cross

struts.

21. A stent as claimed in claim 18, wherein the cross struts

are straight.

22. A stent as claimed in claim 21, wherein the at least two
serpentine side bands are connected to each other by cross

struts and wherein the cross struts have bends.

23. A stent as claimed in claim 18, wherein the cross struts
extend generally perpendicularly to the helical direction in

which the strip is wound.

24. A stent as claimed in claim 15, wherein the strip is made

of wire.

25. A stent as claimed in claim 15, wherein the strip is made

from flat metal.
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27. A stent as claimed in claim 16 wherein the ends of said

stent are smooth.

28, A stent comprised of a strip helically wound into a
series of coiled windings, wherein the strip has at least two
side bands, wherein each of the at least two side bands 1is
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 connecting adjacent bends on the
at least two serpentine side bands that face 1in opposite
directions, 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.

29. A stent comprised of a strip helically wound into a series
of coiled windings, wherein the strip has at least 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, 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, and wherein the strip is

made from flat metal.



