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appl ication clains the benefit and priority of Provisional U S Applicati ﬁ>
Serial Nwo6psAT®, 913 filed on March 20, 2001, the full dPEEIUSE2H8I9DF which
is incorporated herein by reference. Field o the Invention: The present
invention relates to a stent for usgafp SHMERerting vascul ar tissue, and
particularly, to a stnt having inproved | ongitudi nal struct ur al

a resi i ietmy|h y exﬁfgﬁgé%%ﬂ%?éﬁ&?ir%&gﬁb}m § R ARG 30T 01 a1 hoop
' F
supnort Wt 3 SASMEFPSL gL CALITRE 46,281 A3RLELAYR, Sl g0t S, For

exanple, it i's o} open a I car |ac I'0od VEssel

‘hat bl ood ve2adl ,gﬁﬁeﬁ%éﬂgﬁ%sﬁféﬂpﬁ@ﬁgéqwco#ﬁ%%ie@sﬁ%"va?ree FeRERal |y

formed of a bioconpatible material, such as stainless steel, and have slots
"or holes cut therein so a balloon can expand the stem after being depl oyed.
into the blood vessel However, a conventional stnt structure tends to be

| ongi t udi nal | Jiel@raftheInventian: 5| ong a | ength of the stent), and
therefore tends to be resistant to transverse deformation. As a result, the
convent i onal stentThempadesansd inveniight relatesfooadstent Jeit Usatin sppporting i s

i nserted because it resists conformng to the shape of a curved bl ood WO
02/ 0741' ) 8 PGidddsdzy Otiddke,vassk| padidulalyy r ent &y stdriterleaving s improvest ussi on
in the art regarding a rel ationship between this tendency to straighten a
bl ood vessel m@lﬁ;&a&mmcmﬁ-a}ﬁ@hbnﬁysi s (i.e., blood vessel recl osure)
Conventional, longitudinally inflexible stents are di scl osed in, .

exanple, U S. Patent No. 6,113,628 to Borghi and lmw," wlMNO 5, 653 727
to Wktor. The stents discussed in these patents bl e of

achi evi ng theBhgﬁg #ﬂ%'thﬁ'%ﬁtidﬂy needed to preventsor est enosis. These
stents include ci erenti al support hoops that are securely spaced from

each other ‘and frop n@flkg ﬂo&ﬂ%o%%@?x‘t é?eélgé’ﬁtﬂr 'égfﬁﬁxgéibipéte@mﬁ{d ence

relative axi al rmverre spaC| ng ween adj acen ops I's mal nt ai ned

2t "br 3922?5‘93%0&@5&53%}, s, '%ﬂiﬁﬁéé"%”%*ﬁa Sty et AT B3¢ bt woen

each support ast .on |tud| n hat extends from a
first end of E totﬁh’a‘?rgip&f % heﬁglf s 1t yHEHET %ﬁ%ure
rigid spacing prevent s the u port hoo from novij n | ongi t a al ong
the rails) of KPAETSOPRELAY %5@9&?6 I%Cﬁélogﬁlmeswlow ﬂmwpﬂboc{]%zet%e
curvature of the blood vessel in which it is deployed. It is known to use a

stent for Conbagpq)@@ngmp}gswepéég@r ablation) and to keep that blood vessel

open using such a stent. These stents are generally formed of a
biocompatible material, such as stainless steel, and have slots or
holes cut therein so a balloon can expand the stent after being
deployed,‘ into the blood vessel

However, a conventional stent structure tends to be
longitudinally inflexible (i.e., along a length of the stent), and therefore
tends to be resistant to transverse deformation. As a result, the
conventional stent tends to straighten a blood vessel into which it is

inserted because it resists conforming to the shape of a curved blood
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t herapeutic agent delivery within a vessel. For exanple, this concept is
di scussed in U. S. Pat. No. 5,102,417 to Palmaz and U. S. Pat. No. 5, 464, 650
t o Ber g, vemoz074198bot h of whi ch are hereby incorporated byPCEUSPEREES | n
their entirety. These patents disclose different nethods for applying

agents, inclydisB0naiher GReKNIE, $hElSis éd?n@dﬁcﬁ@bldnnupﬂﬂ;eé.rtt& ghfditge t he
i nci dence of restenosis, incféase vascul ar healing and/or 2 WD 02/ 074198

oot oyoa et i YRR ﬁﬁ@%hagﬂé%%té’&élgh% laoeyoddﬂyx@gegfymdﬁe stent

t
i s depl oyed wever e coa ngs o ese steénts are typica

i nterrupted enthe xa d ting their
ef fectivenes |f5%19t OSIF ege%s Oélrr‘éésg%ie e{%% t| ngs used to carry

th f
| meont foet ?hgagrfg%vvertﬁy ﬁ@ipfqr}?ﬁ'v—yqee%%lﬁeﬂs%%ﬁ i?msn?{%l@ﬁﬁ@ﬂa?&’ $ent

havi ng i ncr eased I o i nal onpar rior art stemns.
Longi t udi nal for 1c&RmyR g’l {Jyéjagaii%’e éllﬁ 9(§ 4] g& ‘gqtl ey N9 of the
stent structure (or portlons thereof to nmove rel atlve to |ts maj or,

| ongi t udi nal 5&%3s73F texWessronT %ﬁt%nﬁséu%?redalrsttbﬁﬁe RetoNtE #6 Pt t he

present invention includes a helically wound stent elenent freely nounted
on a pl ural i capadfle f ofeachiayingi thee longitndinah dlexibiligh neadsdg te herevengt h of
the stnt. Because the stent elenent is freely nmounted on the rail elenents,
vari ous portrestenasis.t HEhesieestients énelutleacieciméarentiak shigpoat bogps lthat ai |

el ements. Therefore, when the stnt is placed in situ in a curved or

ot herw se beate SdR@elyvastrl, fréfeceddic btraathd fogi thelendb dflthsistent $o/ of
portions of the stent elenent along the axial extent of the stent allows

those stent ot 109S d8NnbhexbBikfEe Geldthe &iiaYembeeriede f TRE! spdcav@r ds each
other. On the other hand, the corresponding stent portions on the out si de

of the curve r I a leRtibAk orMBR t he
scent can m?éﬁ(fiegg & atég%?mﬂﬁ?tégétﬂﬁgfdggi?gﬁl ﬁﬁtr%el@?cmnwtcl) 02/% 57413

PCT/ US02/ 082%1%::% e d(s\é e@”x‘éfér‘?gdi'cf‘o e ee'}ﬂ%”ﬁé’ “'Hn "5 ebvedi?

straighten t vesse I'n anot her enbodi nent pr esent

(recly mount 89S SHPP ft“ﬁ‘oc?;es B8 Hgid Yofhet 7 %%@9% eﬁgﬁp@ﬁ%@m X
ahen the ot norR At IsAsknodeef el PR paE PR ERERdroBe P Bt
' ncludes a p; uer asltérgtytoOfa second end of the stent. This type of secure, rigid
spacing prevents the support hoops from moving longitudinally along
the rail(s) of the stent and prevents the stent from conforming to the
curvature of the blood vessel in which it is deployed.
It is known to use a stent for controlled, time release
therapeutic agent delivery within a vessel. For example, this concept
is discussed in U.S. Pat. No. 5,102,417 to Palmaz and U.S. Pat. No.
5,464,650 to Berg, et al., both of which are hereby incorporated by
reference in their entirety. These patents disclose different methods

for applying agents, including therapeutic drugs, to a stent in order to

reduce the incidence of restenosis, increase vascular healing and/or



hoop el ements each connected to at | east one adjacent hoop el enent and
freely nounted on rail elenents. This provides a consistent structural
arrangensvo 00674198 hoop el enents al ong the extent of the BCENSOUM2PRE still
provi ding increased longitudinal flexibility in accordance with the present

invention. |lRestdddio@debh@tionshadhifite bedsEEWhicle €0 giedd i60 the present
i nvention conprises first and second term nal ends and a | ength extending

bet ween theS&dc;lg%éa.n?ﬂoméﬁ-mz%aﬁﬁgefogﬁaé& éﬂéﬁ'téllgf‘es'lcﬁﬁcélﬁfﬁ one support

rail extendin tween the term nal "ends and a pluraliity o

ci 1 cunt er ent gLy e GAGIGSHBROI . GleBRA Perl 1IBHARA fnctl erent s each

have an opening récei ves e a east 'one suppor so that the
support ele ts. are no le relative to the.rail between t erm nal
ends of the%ﬁ#{"eﬁ*ﬁﬁs'néﬁga}o’@ﬁy{) FReRYSR %ﬂﬁﬁgggﬁﬁgg%ggﬁ{&@ ement can

correspond wth the nunber of rails extended through,the stent, The nunber

‘and posi ti orFeBTY thess agends;can i ey SPePsHe BaRMaSt i characteri sti ¢

bet ween the support elenents and the interior of the 4 WD 02/07=4198
PCT/ US02/ 08295 bl ood vessel will be negligible when the relative direction
of nmotionis inline with the bends, but increases when agai nst the edge of
t he bent secSummaryiof thedayentionienti on can include a | engt hwi se hol e
design with a solid wire rail, a flexible coil rail with a bent node stent
or a conbi nati on THe tjresemp.inTeratign eisenlirdotedntd em dhiglimiselpsitetles t he
use of a flexible coil as the rail, allowng rail expansion or contraction
and prevent shaviagehidseaded mgitnidindl fexihilddyr wikengcqapardd¢o epritsr aft t he
stent, especially along the mnor (inside) radius of curvature of a vessel.
The present sleaps. Nangaudiit fexiboity la8. uddd Bbfein aklaaes td ahe TRttty wal |

t hi ckness and, a small'er profile when conpared to conventional stens,
thereby all oyt pef Qbnt eftPubtidd Bl | Sortvs0@hérRBf) ! Bf QHave delfiect ifdiCh as
those of a human. The closed loop rail stents of the present invention
retain the ral : [ v, LAQuUS distribution of the inter-ring
| i nkages. Brﬁééﬁ%l%ﬁwgg%‘% (ﬁh%gi‘%qg\tfmﬁhgs: The present invention will be
even better undergto i efer e a e i i, whi ch:
Figure 1 illust ra’f?relsg’gajg%ér"a({fi %y Sg%%hgtggmteﬁﬁeﬁ 2&2'03’6?% ng%?‘?)el}thdeh pr esent
invention; Figure 2 illustrates structural I te 0 r i ve hoop
el enent acco’r"g:;[l‘ﬁ e$ g hali Y&oéjrﬂdsFW\?Er???%ﬁn{)ﬁ??g’g%ﬁ{lg'@eéaaﬁuas§I§'§%ﬁ§' provi de
different opgf ?felycl%qg | ra?le gfgﬁlgr{tss’ t115at extend along the length of the stent.

Because the stent element is freely mounted on the rail elements,
various portions of the stent element are free to slide along the rail
elements. Therefore, when the stent is placed in situ in a curved or
otherwise bent blood vessel, the increased longitudinal flexibility of
portions of the stent element along the axial extent of the stent allows
those stent portions on the inside of the curve to move freely towards
each other. On the other hand, the corresponding stent portions on
the outside of the curve are free to move apart from each other. In

this manner, the stent can more easily conform to the bend in the



WO 02/ 074198 PCT/ US02/ 08295 Figure 3 illustrates the hoop el enents of
Figure 1 nounted on rail elenents according to the present invention;
Fi gures Ae0dw0idhdsustrate different geonetries of the hoopPEFAIBEHHEIS
according to the present invention; Figures 5a and 5b illustrate hybrid

conbi nat i ons pRfodIFESRY ik reduédehd AeRASA &R R e BGteAL db ”élréjﬁhﬁé?ﬁtlﬁé esent
I nvention; Figure 6 illustrates a variant ‘'geonetry for the hoop el enents

accordi ng tobi({ga WLsent invention, conpared to that illustrated in Figure
4a; Figure 7 illustrates an enbodi ment of the present invention including

hoop el'erent s, adj aceniopes, Bhanhl e @' fd QhEdnd QLGS DYl slefipst One

bridge el enent; Figure a y woun ent el enent
‘mounted on rail. el ements cording to th resent invention: Fiqure 9 is an
el evat i onal | (IURAGE mpuirEley ohandithaniier® et SEmeriE ok RO e
Figure 10 is a_perspective view of tnt accprding to.the present
'invention i nE%G}%g%tspl E?‘SI]?%?VW ‘i?fo%‘ﬁ I%?Mfﬁ’%‘?n | §uied aifa-tﬁlfe of
illustrate various exanples of rail end structures for preventing hoop

el enent s fr ofidbebaallywousshsignt stuictaresas ditissed ahova iwhes thessient
according to the present invention; Figure 12 is a perspective view of the
stm accor di agbemt enoutwad. enbodi nent of the present invention; Figure 13 is
a side view of the stent of Figure 12; 6

‘In yet another embodiment, the stent includes a plurality of

hoop elements each connected to at least one adjacent hoop element
and freely mounted on rail elements. This provides a consistent
structural arrangement of the hoop elements along the extent of the
stent while still providing increased longitudinal flexibility in
accordance with the present invention.

In still another embodiment, a stent according to the present
invention comprises first and second terminal ends and a iength
extending between these terminal ends. The stent also includes at
least one support rail extending between the terminal ends and a
plurality of circumferentially extending support elements. The
support elements each have an opening that receives the at least one
support rail so that the support elements are moveable relative to the
rail between the terminal ends of the stent.

The number of openings within each support element can
correspond with the number of rails extended through the stent. The
number and position of the rails is chosen so that the friction

characteristic between the support elements and the interior of the



WO 02/ 074198 PCT/ US02/ 08295 Figure 14 is a perspective view of the stent
illustrated in Figure 12; Figure 15 is an end view of the stent of Figure
12; Fi gumeo g6oi4%98a si de view of the stent shown in Fi gur ePCRUSHEB2P3 gur e
1'7 is a cross section of a rail according to the present invention.
Det ai | ed desgcri pt.| of . ' L QR i.ng.t f ere |ike
nuner al s in?? 88€e‘}e§ E%l ?éfnggg{eglégﬁlét r%ﬁ%&%%@aaﬁ% d\;{eté:\?\fén ﬁ?g{?ﬁ'@n\fﬁ
illustrates .a representatjve,struct.ure of h el enents 10 for formng a
portion of a‘nsilﬂg ‘Yﬁgs@@ lo?%?s’&aﬁﬂf‘@feaéfzﬁuoﬁg%)a ‘%‘rﬁ?%&dg% ¥hEer esent

i nvention. Each hoop elenent 10 is generally annular in shape. However, for
the purpose 04 $9ci®nSat i on, each hoop el enent 10 is depicted

“two-di nensionally on the paper as though it has been cut and laid flat.
Each hoop el enentTheopresenhiiventiom can inclnde a lepgibaing holedesigamdihal (i . e.
froma material that is, for exanple, non-reactive and/or non-irritating).
"I'n one exanpheohfl wiherait,esBertibleeaihraib witthadent noderstentior are nmade from
medi cal -grade nmetal wire formed as a closed loop (i.e., as an annul ar hoop)
in a known nesmbinatiarcoitdhiertgyo. f Dhe respitanventiom alsel idicngponatesetids of a wire
segnent together. ' ' Stainless steel, netal alloys, and polyneric

materi al s usgse bfadRRite coid a3l thetradl allawing e4il esparision ve contrgtion of
materials fromwhich hoop el enents 10 can be forned. The polynmers for hoop

el enents 10 gBY prE@nt¥RERhEs JFehEiradTFnh habteidied YEBE thSenddof thhe 7 WO
02/ 074198 PCT/ US02/ 08295 stent can be absorbed into the body instead of

bei ng remve&enﬁsesﬂdeggmﬁengﬁhemmw?ﬁﬁid@}trsamléfc%iﬁatafe%ftwe super

el astic alloys suc I'n
vessel. The present stent has a smooth profile. It also allows for

reduced wall thickness and a smaller profile when compared to
conventional stents, thereby allowing for less traumatic navigation
through arteries, such as those of a human. The closed loop rail
stents of the present invention retain the rails and provide even

spacious distribution of the inter-ring linkages.

Brief Description of the Drawings:

The present invention will be even better understood with
reference to the attached drawings, in which:

Figure 1 illustrates a plurality of hoop elements according to the
present invention;

Figure 2 illustrates structural parameters of a respective hoop
element according to the present invention that can be adjusted to

provide different operational behaviors;



Preferably, each hoop elenment 10 has a sinusoidal or otherw se undul ating
form such as the rounded wave shape seen in Figure 1 by way of exanple. As
shown i n wogrwomids the undul ating form of the hoop el enentPETIUNL/R8S peaks
12 and troughs 13 (space behind the peaks). Each peak points in a direction
that is opposite gifgte 8 infifierdtBarené HodpYelefien@y B arigitd al MbuP@sd dnoned peak
11. The same is true of the valleys 13. The direction of undulation nay be
axial, -as 11 iPlEatels bBobidig fo the Bredeiliffend@i;seen) for exanple, i n
Figure 10. As seen In B gure 2, certaln paraneters of hoop elenents 10 can
be altered in ordgr 1o agjyst . I 3k ] of¢ t 1. For
o, "5 4E IR uRE" HrsaRat BEiRLleRs O S,

exanpl e, as seen xanp wave hei ght and the

*peak-to-trough di stance Y can be nmade l.arget or snaller, and/or the
t hi ckness T %’F SﬁﬁB?eré‘V%%%ﬁﬁe fﬁeﬁ?gﬁ%%gﬁéﬂfé t hi cker or thinner. For

exanple, X may be about 0.120 inch, Y may be aboyt 0,100 inch, and T may be
"about 0. 008 i nch.Figgtes ea, and ﬁ@rl?lHﬁFFéﬁgﬁ’dhgl%SW“gﬂ‘%%flﬁésﬁ Sﬁor&éﬁ'é‘?ﬁji ng on
the needs of the particular stent. Figure 3 illustrates hoop elenents 10
freel y rmountefdthsrheen plementsmosonding frajthe presariaventiane desirabl y
sufficiently flexible to accommpdate bends, curves, etc. in a blood vessel.
Rai | el enents 12 Figurdé nthastratesna vagiandxgenmhetryinfor vilehbaep | glements on,
nmetals, nmetallic alloys, glass or acrylic, and polyners. In contrast to
bridge 8  Vérdh2dihgd 16 8tHeCPH¢isn?/in8e8tor) envrpased Stonthath illnstrafedeiral | y t he
sanme thickness and the hoops 10 that they join. and thus relatively
inflexible, ripareliagkness of the rail elenents 12 can be designed to

provi de a desired degree of flexibility to a given stnt. As seen in Figure

3, each rail el enmilird 27 i iflusHAYEN anb ehRRIimadk 36° ke NR@Besl eiRAitionl0. I n
particular, each rail elenent 12 passes alternately inside and outside (or

over and undgfqy, ﬁSBgiéiexlrn@h%Bd.ﬁﬁéé\éﬂtogﬂe@,@f 3R5Bh HROPRSELBIReA0. Each
X € e,

rail element nmay, fo anp e passed I nside/outside (or under/over)

adj acent hOOB;f%Lc%%lgﬁuelQri?E? LR dfispective peaks thereof, as illustrated
us, adj acen

in Figure 3. ongitutinally extending rail elenents

alternate inside and o . d f [BYi h I n

circunferential di PSEYi oﬁfutsﬁjeat(‘%%%%}%ﬁ?ggyivﬁogf%gssg%mt%%&lgp?hﬁ%%fi Tht egrity
of the stnt an el ps resist. | ateral crushing f.orces that nay be applied to
the stent. A& Egﬂg%tﬁr?ézcﬂélpgﬁf’%%’ﬁﬁﬁrg "fﬁg?réf}ni ncl ude endystrucltogr es 14

for preventing the hoop elenments 10 fromunintentionally passi eyond t he
ends of the stentPBUrERY 1%%8#&?@@@4%#%@%\}%&}%?@rarri‘eﬁgaﬁy
illustrated in Figures 1la 11 c. For exanple, end structures 14 nay be
nmechani cal sWoOYNesisat slamemied on the ends of each rail element 12 to

bl ock the freely nounted hoop el enents 10 from bei ng di smounted fromrai l

el enents 12, ef f eBigurel JOkisepi RerspRetive opew| efréntstenty aceonding A0 the) of f'  of
the ends of rail elenents 12. Exanples of nechanical stop el enents include
bal I s or ot heregnt ieiiden fadedireCT pLsGRity 8P BBop elements;

Figures 1la-1llc iliustrate various examples of rail end
structures for preventing hoop elements from becoming disengaged or
dismounted from rail elements according to the present invention,;

Figure 12 is a perspective view of the stent according to another
embodiment of the present invention;

Figure 13 is a side view of the stent of Figure 12;



protrusions formed at the ends of each rail elenent 12 that act as stops
(see, for exanple, Figure 11la). Alternative nechanical stop el enents

i ncl ude swooredissenbers at the end of each rail as shown PATRISGUAE9I1c. In
each of the abovedi scussed enbodi nents, all of the hoop elenents 10 are
free to nove al ongehfe1468% Befipdchite Vidw of tBEBEIS: ditstidted 18 MEhRN!
permtted by the chanical Stop elenents. In another exanple, énd
structures 1l4,may be a nmechani cal grasp structure by which the endnost hoop
el enments 10 are fixed in place relative to the ends of rail elenents 12

(al though the remmining=h el ene 0 i l.y.mounted on rail

el ements 12). Segg%g]flfﬁ' 92)%%%%’1 %r}(?ﬁegu&e&fl%tgggﬁgﬂsgﬁl&gc]%@mes 14 may al so be
“(dependi ng on their intended.effect) ..a suture or other ligature by which a
portion of an engﬁﬂgg’fe ﬁ.gdﬁ%?@MW?B“?%S#EP@&EP&'T&%P@He&%P&% el ement
12, or a weld (made by, for exanple, a laser) for baondi ngﬁsporti on of an
“endnost hoop el enSAAre 37 5 4nCro88 Wetien; of a)aileRecording-ity ihespiesent  sa- s,

6, and 8 illustrate exanples of geonetries for the hoop el enents 10. The
geonetri es iivgatioat ed have different advantages. For exanple, the geonetry
15 illustrated in Figure 4a is useful for form ng hoop elenents in

sel f-expanding Nitinol stents, because it allows better crinping in
preparation for insertion. 10 WO 02/ 0p198 PCT/ US02/ 08295 The geonetry in
Fi gure 4b, whethiled slesetiptiore ofithe ihsentiph: portions 16 may, for exanple,
facilitate engagenent with a respective rail elenment 12 in the manner
di scussed above. Réferrih@rontestigmed ghereliky nifineralkiigdicatd che asnge be
considered a variant of the sawtooth geonetry shown in Figure 4a. Like the
exanpl e showglehferfti Eitbeighdut It HedED Elghal tiefildthates 08 R pfesantatibef Ul for
self expanding Nitinol stens because it facilitates crinping. In addition,
it offers in S h@ 8t FHehilk SRR iSH rAE Stebt Lgdeur e for
support. Theggrglgﬁnggr‘?fe)é %"i%gér{ﬁQZ% o? Frlrgures%Sal-bS ,1 respecti vel f/%éé’nay, for
exanpl e, be ef il 3 i = gr. L equ Ss
scaf f ol di ng. ﬁﬁie% e, blg tg?ﬁegg}n%é&? Iéjfhg 1'Eso %ﬁc}" ?ﬁ%&?}éﬁ%\‘ﬁ%‘%ﬁs ulﬂi?:)c(&)l;]g ?é g
structure in iV ortion.,of th t.en For, ex I he.c | nation of
two di anond- E??Eﬁ%}}e%bogspg%?eéﬁ%a&l@%éb‘?&@aae's%(&"%%’gﬁ’ ﬁ)go%‘eg?"g%eg% %ga does
not provide nmuch su rting structure .as, three di anond-shaped hoop
el ements. Li E‘@Wgﬂé}% %‘%r&’r‘?&%sﬁﬁmtgtﬁr’rﬁtq l%ghg\’ﬁ' BPPDEY sYhe of the
di anonds omtted (as indicated in phantom at. 24) provides | ess supporting
structure thiAc RBBEF &% thpnal it has Hﬁ?lh(juééﬁﬂllé’cdeﬁﬂ’i-anonds. The geonetry 25
illustrated in Fiﬁure 6 appears to _have conparatively increased .
| ongi t udi nal f1 exEaeh ihapraglement B0y is madscbpr) oz dgxible.cPigcompatibie h rai |
elements 12 in terns of force distribution and the |like. The geonetry 26
il lustrated materightie. 7irprch maeterial thabis; forrrxammplgg BoBH@eskve 28dget ween
adj acent hoop el enents 30, instead of

non-irritating). In one example of the present invention, hoop

elements 10 are made from medical-grade metal wire formed as a
closed loop (i.e., as an annular hoop) in a known manner, including,
for example, micro-welding two ends of a wire segment together.
Stainless steel, metal alloys, and polymeric materials used in
conventional stents are representative examples of materials from
which hoop elements 10 can be formed. The polymers for hoop

elements 10 may, for example, be biocabsorbable polymers so that the



11 WO 02/ 074198 PCT/ US02/ 08295 providing a plurality of hoop el enents
that are independent from one another, as discussed above. Providing at
| east onsvdoi/eigessel enent 28 bet ween adj acent hoop el enment BCTASHZRYS t he
structural integrity of the stent because it helps to keep the hoop

el enent's 30 gt LhAUBEhALARG 1 HENToRyOfdtia) HraRkin@teheovelt | Ias0! f er i ng

increased longitudinal flexibility. Preferably, only a |imted nunber of
bridge ele ravd i Ia2GE 1 | enent s.
' too many PSR el e B e Ll B e o R arront 5.
t he coupl i n% t@ﬁ%ﬁoqa ween becones simlar to providing a rigid coupling

t her ebet weerf™> that the desired longitudinal flexibility according to
‘the present inventipn is lost, By providi only a limted nber of bridge
el ements 28 (incld eﬁ@‘?lywe?%bgipo iﬁ?‘?’gﬁgﬁhﬁﬁgmﬁﬁgél%&%r%ﬁ t he
resul tant assenbly can still_ provide a good approxi mati on _of usin

v

g
‘conpl etel y iHRrEpataeforme sPch [asits wou Wavershape spen e Figher LibYl ocat i on
at which bridge elenents) 28 are provided between respective adjacent hoop
el enent s haswam offexemplon Asrefiomueiin diigtrexd, biliei updulvérnéi@rw@{ﬂief t wo
bridge elenents are provided between a respective pair of adjacent hoop
el enents at hibapretementss| inchplesspeaks il@eandfirohghs ddp (splasaebrhindt then,
generally, the longitudinal flexibility therebetween is, at a naxi mum at
di amet ri cal |peaksposEach pedkspaifitd ire shdinectibanihat s | oppaisid Biat adfottte 90
degrees fromthe bridge el ements, and decreases along the circunference of
the hoop el gapAkaidtelyd clichaftreniaARPPOsicidhed pdat 1| €5 PHEd isuenddis tar
el enents. x2 WO 02/ 07a198 PCT/ US02/ 08295 For the . foregoing reasons, it
may be usefuls ehe OfdIRGW 88, baNRS ifedltiohO oP @YdWiBtiohO X A la&ialOng bri dge
el enment 28 between adjacent hoop elenents 30, as illustrated in Figure 8.

Furt her nor e, .yl .t usef. t Cht: Ldge el enent 28
a%l'gtﬁttf%%'? ; g?%ﬁig 1 %@qlggm §6'sHbn) f&%&%ﬁg&le% Righirl dge

from an adj mént along a circu rential” direction, as is
also illustrated 4 ' . hi [ ldp%ﬁl‘s i gl f } t he
structural int egr4%1§/é:éongﬁlgfllg[a§e gf cgglﬁ%%a I ﬁég}% Oglhé)% n@%mﬁﬂ) Istributes
the resultant restriction in |ongitudinal flexihili S ne
transverse 31?‘? @i‘ief% 13or, Iéﬁ? a@é‘?ﬁe § 89e¥astloor%/aelr %/hatr‘%osrt &I ‘(#e:%?é}%s?'nenti oned
above, instead of usjng independent .hoo | enent s a single ically
wound st ent ‘PreﬁWP%@%éaﬁ‘?eBB’ny”@él"&eﬁﬁ%ﬁ%&%ﬁﬁﬁ&eﬁﬁ?ﬁ%ﬂﬁ&&ti ally
parallel rail elenments 12' as seen in Figure 8. As wth the hoop, el enents

10, rail el etahtthe) pealgia-tigh dstancengeran é%epé%ﬁqevéafﬁGFt‘?roﬁglagkrt he stent

el ement 20, such as, for exanple, over/under the respective peak portions.
Figure 8 al s@ndlmﬂterﬁu@lsn@s;%af theheepelement dAtgagnbe mada thigken ¢abl e to
both the hoop elenents 10 and the helically wound stent el enent 20.

Speci fi cal | ythinngor tRasnexsmpleoX syaipeeabatteftl28) mmintY 20axdicagait to a
respective peak portion is pinched in, or necked in, and a respective rail
el enent 12' 0sQ@agsel, tand ufhmiaye beesthoudt O0¢rinchn 2Boskesvenedtherer eby.
Thi s advantageously |imts relative novenent between scent elenent 20 and
rail el ementdifmé&isionbicanrdsmnbaiusedt deperaling ionetta nepdreot thef pardidulat enent s
12' and, as a result, increases the structural integrity and the overall
hoop strengtéieptt. the stnmt. It wll

Figure 3 illustrates hoop elements 10 freely mounted on rail
elements 12. Rail elements 12 are desirably sufficiently flexible to
accommodate bends, curves, etc. in a blood vessel. Rail elements 12
may be made from, for example and without limitation, metals,

metallic alloys, glass or acrylic, and polymers. In contrast to bridge



be appreciated that instead of a pinched or a necked portion 22, an 13 WO
02/ 07.1198 PCT/ US02/ 08295 end portion of each peak portion could sinply
have a sW®ab0#198i zed hol e forned therethrough (not shownPREAS)2/08285

menti oned above, the concept of a restricted portion 22, as seen in Figure
8, is equal | yemRpks er&zﬁiérpafélgex%raﬁggﬁér%ain@&]igf{ﬁésseaﬁ&&he hoopguice 3.
Figure 9 is view of an entire Stent using a single helically wound stent

el ement 25. {h{4Gafa %iﬁ%ﬁgcf@ﬁ%%laﬁfv@?dﬁiét t%e?tﬁ@%i&rﬁ%%i&a&lleyrd‘ipund

stent el enent, such "as t ustr at has sone effective

simlarity t ra& | f LI ngdi ng. i.nd I | ements.
However, ins Sa(?‘&(lg#I 1?5#% tger ngéhg#:théﬁtg %s%(% % c{é%éﬂeﬁnﬁ%rggg{?tsﬂgg“ggg wth
‘respect to Fjgure Q tge use of a single stent el enent addresses at |east
sone of the PEENETHEREG above with respect to |ongitudinal structural
integrity. An addjtional, eppodi nent qf the stent 100 gccord] to the
‘present inventi on&% S | st 1EE i ?F“% 5%‘4@%61{121-1561.]2 i$ Elié’of’ﬁ%l B ent s

di scussed above and illustrated in_Figures 3 and 8, the stent 100

i |lustrated afareriuheep elementshi.ude pagtignlar apaely rail elament 12 prssemt s 110
spaced along its |length. These support elenments 110, like those di scussed
above 10, prali¢rpatelyppmide tand ditside (prseedr andenndrn gsesrenld0 thiss been
depl oyed into a manmmal i an body and expanded. As with the other stents

di scussed abdemctiohpridjddhtchoopeclemparsdd®. byEaxninraiit elenwintt mafinifgques such
as an inflatable balloon positioned within the stent 100. As seen in

Fi gures 12- lé&xarhpke, sbpppassed dnsidepodtktiehdue vilderyarer)gatfcaht sthieqge as

t hose di scussed above. Support elenments 110 14 WD 02/074198

PCT/ US02/ 0828enitiis ANEE dhe Yesprativ@pehRs $haRef, ol ilhasttataddANEEald 3.
hoop-| i ke appearance. Hence, support elenments 110 will be referred to as

hoop el ement 'gh&é,of\@fak@i’i‘t 164441861 Wherfd BT AISe1bifbRE IRRAGR iS4 each

ot her by bridge elenent 28 in the Sane manner as di scussed above. Al so,

each hoop el n i S¢ O f i 0 api ial such
as those di s%g(gsé%e%%%v%f. aA% %{otoﬁ’ee%e?ﬁ%g ?Ioe%lgggrﬁeglggéﬁtf%ﬁ%an be
formed of a . al 1.0 i t] .po| r C seen in
Fi gures 12- 1§EE o @%ﬁé"eﬁ et@%’%t %%igﬁ%gatyg éét@gé% allﬁ%gﬁﬁudg otlﬁgaslte@fs

ot herw se undul.ati.ng for As shown,in Eigqure,13 and .14, the . undul ating
form of the FOBPEPAAIT heral CUanite Eutehtnat Rav s mpripd Bblidn | ol 1y
| ongi tudinal struts 115 and a plurality of curved connecting nenbers 116.
Each curved #Mber 116 connects adj acent longitudinal struts 115 together
to formthe continuous hoop el enent 110. Each curved connecting nenber 116
forms a peak 112 2 9§t sameph wilelemegtsdRHmay ieghulerngp strigtugst¥bugh 118
is formed at the end of each |ongitudinal strut 115 opposite the peak 112.
Troughs 118 faicpreientive dbenhegmcdempatsndédn feam geamtentiagplly dvassingt r ut s
115 that are connected to the sanme curved nenber 116 at a respective peak
112. As seenbeypri goe entd, ofethehsigotd . 1 Eadpsfirncuies H diaebevosevdral i s
opposite to that of the imedi ately proceedi ng peak 112 al ong the

ci rcunf er encforofs esdhiusiveted GoMi@res| i a-bhch Rerakszahiplependt gricturése sanme
direction as the adjacent longitudinally spaced peak 112. The sanme is true
of the 14 may be mechanical stop members mounted on the ends of each

rail element 12 to block the freely mounted hoop elements 10 from
being dismounted from rail elements 12, effectively keeping the hoop
elements 10 from “falling off’ of the ends of rail elements 12.

Examples of mechanical stop elements include balls or other



troughs 118. For exanple, the troughs 118 are open in a direction 15 WO
02/ 07a198 PCT/ US02/ 08295 opposite that of the i medi ately adjacent troughs
118 ar oundD dtier4e48r cunf erence of the hoop 110. As with t heP6TRSP2/@RAB0di nent s
di scussed above, stent 100 al so includes at |east one rail elenent 120

(her ei naf t er prdtdhdiohs BAhe @ XA RIS ddRME chélh Shilt Sefieht! 12Nthal Qktt4s a second
termnal end 106. Each end 104, 106 is fornmed by one of the hoop el enents

110 secured %évg\)gglgef{ qull%arﬁﬁfét, P‘f@.ﬂ‘é iy@trat ed in Figure 12, the stent 100
’s 120 that ext

can i ncl ude rai end Between the ends 104, 106. It is also

cont enpl at ed t hat nher rail 0; { 112

al ong a hoop el erf%lg‘%%f%gecrglﬁfg ‘5%582‘3}%%%658%%?@11%#‘3‘?@i%wt@%%q{%%‘ﬁg’ el enent s
110 include te eaks 112, then up to ten.rails 120 coul d used. In

bet ween t he ﬁBgtb s (Pfaﬁacptfé'tfﬁ"? ﬁ‘F‘ﬁ&’ln ’éhgﬁgufﬁdl,slclo } eg ofg‘ﬁﬁi °"§” hoops
110 that are connected to, each other the Qridge elenents 28 are free to
‘move al ong tﬂ@cl"ﬁ?‘?‘i)*mﬁ’é}m?ﬁé%éaﬂ Qﬁéﬁ%ihﬁ’@p %?gislgosﬁ‘ried eSI%BHBOYEhe rails)
120 so that the stent 100 can conformto the shape of the bl ood vessel.

Unl i ke the halsmedihenength of the raibelemants| l@mdnthe extentRergaistedey thg es 117
in the curved nenbers 116 through which the rails 120 extend as shown in
Figure 12. Apmchangml $tiop elemmmndst hr ough t he peaks 112 in a direction that
is substantially parallel to the length of the stent 100. These apertures
117 retai n and orlreahother exgpeld,i eyl reinhd)ird?14i may der @ctiechapiwabl | el to
the length of the stent 100. Also, the rails 120 are conpl etely contai ned

wi thin the watdsp §tvathine bHyevitoh eheseridmosy) hodp telnehent 0 140@. fidstese wal | s
formthe apertures 117. By positioning the rails 120 extending within the

wal I's of thepgi@nieldifve toADEh8 ol 18 et 21008RBBuEAGhe Rgndidihg 120 are

not alternately woven froman inside surface to an outside surface of the

stent 100 or i y ] 1 &4 gbf.nesg of the
rail 120. | nhggpgéinglggﬁﬁse\r%? %@%&eﬁ?eiﬁgﬁqﬁg@?gﬁl%ﬂﬁé made} of a flexible

coil spring }@Jﬁ' ag: of olid wire. The flexible coil spring 121 is
coi | ed about an %)9(]? lgtﬁlﬁﬁrgx 1zar'lds parallel to the longitudinal axis of the

scent 100, ber o1 e bt SRRt “hbVfef B WshetiiRg ap VUGP, biEsghe, 100
12l is not ugggét)’t aelnssuitg?e %T'do %rllggna ! }'eu iyn% id SSSclJJrrtleoni of an endmost
hoop element 10 is tied to the end of rail element 12, or a weld (made
by, for example, a laser) for bonding a portion of an endmost hoop
element 10 to an end of rail element 12.

Figures 4a-4c, 5a-5b, 6, and 8 illustrate examples of geometries
for the hoop elements 10. The geometries illustrated have different
advantages.

For example, the geometry 15 illustrated in Figure 4a is useful

for forming hoop elements in self-expanding Nitinol stents, because it

allows better crimping in preparation for insertion.

10



applied to the hoops 110 by the coil spring 121. However, the coils 122 of
the coil spring rails 121 are spaced from each other along the |ength of

t he stenw@0Dommst hat the coils 122 of the spring 121 canP€HiUSe3es39upon
thensel ves and shorten when and where needed. For exanple, when the stent
100 is deployed iTHe gdofldiMedn VRZE®E » 46,V WiRERNits 1R0atbd hwisle g the
curve of the blood vessel w thout” straightening the vessel. This is
acconpl i shed,fy;dher 69 Ahg, LRI hef et bill's XSBE&!

conpr essi ngd[t)%)ﬁéﬂs%hogﬁiel%ﬁl %’%é’i t g’n JV\lﬁén thegsgéentngg%&?s atﬁ?tsver est

| engt h. The Cofnt%leﬁpernirtg% %g&l%a}n%ni?p d@écqxvésght Ok,g_e shortest possible stent

| ength on t & hT ROT us of “curvature o e vessel. Along the nmgjor
‘curve, the coil ring. 121 remains at rest ar, expands, apd all t he stent
100 to fol | ow thzﬁ't r‘g’@%‘?m{'ﬁggp/%‘isg‘?qm?ﬁyaglsalTe?fﬁgflf?/e Cerr?)%"blﬁ\rﬁ?ﬁ, t he
coil spring 121 is s|ightly extended and_under tensjon when, straight before
“depl oyment . gensidered, p; vanigpd Q{ the seygorth grametry §*‘Pﬂﬁt“’cgﬁ$%r§s%@'ve force
prior to 17 WD 02/074198 PCT/US02/ 08295 depl oyment. This sl itht |y

conpr essi ve Eikecheagxample phowndnsiigure d@, dbsrdinmong-patterie imiFigiirecur ve of
the vessel. In either of the above enbodi nents, the hoops 110 are spaced
and hel d rel4¢tiiseusefudafon salfrexpandingeNisinalgetente negragisegit facilitatessecond
enbodi ment, the bridge elenments 28 prevent the collapse of the stent 100
under the predsyirg.ofintdilition) it ffers dgnd@ased tomsimidlangidith eoidngreatera sol i d
wire rail 125 is used in conjunction with the flexible coil spring 121. As
illustrated suirfhc@stractifre foheguppbttd rail 125 runs down the [unmen 124 of the
coil spring 121 providing structural support to the coil spring 121.

Miltiple rails 12&&%@&4&&@@1%&&tz'snefaqbi%mté%i Ba e Heslmix%lfye} z_ﬁ%}(,a coi |
X1

spring 121. In still "another enbodi nent, the rail 120 is a e or
bstanti al | L0 .0d i h

Supstant ) al | e tilogl, ARRLER Ao e eSS oL 1R Rnbighito Hiugal, have

strength to ﬁa‘égFéghffoﬁligégff;ﬂerg,e‘%?:g.ffgﬂéﬁg%fre%ﬁ ﬂo ﬁl%héﬁ\éhﬂg O?F{é;ﬁﬁ{gtﬁgf%' le that

w || not danege the ves as oye I N one exanp truts

115 can have_a radi al. thickness_of..between abqut. 0.0 i nch d ghout 0.008
inch. In anof‘%?g’brreeflgr o BEHD 0 BPHER , \gfhtgl ests?cﬁ?ts‘ 11€g%a€/xe""m aIgl r@adi&a

t hi ckness of befween about, 0. 004 inch .and out 0..005 inc These

t hi cknesses ff ?IEPeU‘?rheO’gttg’r‘?t q%@o% '?P%Wéfﬁé%%aelgﬁgﬁﬁ ) Bﬁﬁ; épansi on
properties to support a vessel and conformto its shape. Additiogpally, the
areas of theSaWiaRth henaBeslemens mRtdass Pot RIGViiet ASanycha PRPPPLHIS

t hi ckness than the struts | 15 in order to accomodate the apertures 117.
For exanpl e, strHetysgdial threec idiameongsshaped gy /dements p&iraydse) #8295

diamond-shaped geometry 22 having part of some of the diamonds
omitted (as indicated in phantom at 24) provides less supporting
structure than hoop elements including complete diamonds.

The geometry 25 illustrated in Figure 6 appears to have
comparatively increased longitudinal flexibility and may permit
specialized interaction with rail elements 12 in terms of force
distribution and the like.

The geometry 26 illustrated in Figure 7 includes at least one

bridge element 28 between adjacent hoop elements 30, instead of

11



the curved nenbers 116 can be between about 0.001 inch and about 0.006 inch
greater than that of the struts 115. The apertures 117 can have a di aneter
of about WO 0D&4898ch for receiving the rails 120. Between PAEUSHI/N8I 20
where expansion occurs, the thickness could be about 0.004 inch. A stent
100 havi ng O?Rﬁ?dihgfehpma@i%ys;fruaoglé@m\éﬁké $h&OHH indeiserieat vad dmmber 116
with a radial thickness of about 0.009 inch where the rails 120 are woven.
I n one enbodj Poldfol i : j udes the
step of provi gl ntgr’aéﬂgfoot uggéﬁg%?é'hggéan elreggyog(rératﬁ&%eﬁ%%%%t%ough its
wal | that form rtur 7. T TEN d.th f. p
el emrent 110 é‘?tgﬁ #gs%&riagléj?g%‘ oPP s{)lglz%nzgéjnl (érc%:%%?sa(t:})gf %IE%dr)th%%lrrbﬁggg‘ahﬁgser can
‘cut the sten attern and ali t he ,apertures 117 at th ak .11 f the
e wave. - atneh Stepf Buclise s ot dE BB HL 0P et B iRsBRE o 1
profile. As is understoqQd in the art).the _hogp. el enents 0 shoul d be void
"of jagged ed@@?gﬁg‘@éﬁ’ég& Ht&"WSF‘Tntd‘é{%fﬁﬁéupﬁg? é"l‘crﬁﬁﬁ?dli?ng’lm&{ﬁ@lpl oy
properly. O her_known ways of formi ng these hoops can al so be used with the
present i nveRe¥bHityFor exanple, the stent 100 coul d be produced using neta
extrusion, hot or cold pulling over a fixture of wires, netal injection
mol di ng and wel diRrgfetrabg', assknBl limdtedThunsheypof thridge zidment®0 28aare ai n a
relatively snooth profile that has a consistently low friction
char act eri st proviided detwden exetspecidiveo fadjartend nhodh eelgmenesit  ntoentmany al so
i ncl udes introduci ng an agent into a body using one of the above-discussed
stents. |n abridgé elenechi®n®® diregrbvideld chetgearh D)djacemaiomsl elpynaits, the nore of
the rail elenments 19 WO 02/ 07t 198 PCT/ US02/ 08295 12, 12' and 120 and
rel eased wi t&bﬁplﬁ thQEhetVEEn beRbAREt GMllaRad pRIViIdhgOh fipiEcouslingexanpl e,
e

t hese stens can iver one or nore known agents, including therapeutic and

phar maceut i cgler@hiiGendisibSing fle A0GEAF lonfitikiRaP HekimityPheldifing

vascul ature system or when released froma carrier as is Known. These
agents can i : utl I 3 ,

ant i coagul anfbcgggﬁ@%%@?%éﬁg%}ggagﬁé’ﬁ?@%ﬁﬁﬁ’% lgl% |t%h§%%r?1‘? gpgﬁd
proteins. These agents ca l sq. i.ncl ude any,.of. those disclosed in U S
Patent No.  oonase i Petiidyuiie, st diPdietilion BRGBSHeingy
Donovan et a oth of which a her e incorporated by reference.in their
et ety Loc8h B8incotiphEessBbly SRt pESIIE A B0 aRbrP R Phei
effective | ocal] concentratiqn is nuch higher when delivered by the stent
t han that noHi&4 %P%Wf%lwyéﬁgwe%‘i@}tg?ﬁo@ "gﬁ?ﬁeﬁf%t ration. The rail elenments
12, 12" and 120, which axe relatively inelastic in_their_transverse
strength propert i Barthgemose the peréphsrahication ahwhish hridasr dewsad®@ agent s
for applying to a vessel as the vessel nobves into contact with the agent
carryi ng rai R8eugnpravdgied hetween sregpectivea peiscent franpmelrmentst has dAtent

wi thin the vessel. These agents can be applied using a known net hod such as
di ppi ng, spr effécigon ileomgitgdiaal dlexiilibny Fot lexampleh i tue batistger ¢lbménits t he
abovenenti oned patents that have been incorporated by reference. Applying
t he agents t ard Ipeovided wteeents rédhective paid of 201javentdbodopelersehtniatal

di sruption that occurs when coated el astic hoop el enents are expanded. In
this manner didigettivallyngspoaitel sides b thdBosp @démentd, then, géviérallz] et 198
PCT/ US02/ 08295 el enents 12, 12' and 120 may be used with hoop el enents

fornmed of maidgiRldn&haexibiletyOthleesydttBen! iS Wit taah rifn®im Caadinfbtritay use of
agent carrying rail elenents 12, 12' and 120 can reduce the conplexity and

cost of manuf,aahitd SMRIANhCRESY eanSitSBCAREPHE BhEWE 9D dgrebS iR S 12,
12' and 120 can be fabricated in a bu process and, for exanple, ribbon

k
coated Wil @Re MiddPERAGRA! und MeLHSRY 41BRE AL LirEulliiiheeaBel BPOO! €.

I
The i ndividual  agent carrying rail ements 1 n can be cut to

i f i f. . ak. d.i h . .
Form a st ent PARRoFIERGNED ipnd. ppisakinh” SRpEb AN b FUREPO "Bl T

rail elenentslcut fromdifferent ribbons and carrying the sanme or different
agents can b&EYSin the same stmt. For exanple, if the stnt includes
three rails elenents, the first rail elenent can carry one agent, the
second rail elenent can carry a second agent that is different fromthe
first agent and the third rail can car a third agent. The third agent can
be the sane as one of the agents carried by the other two rail elenents or
different fromthe agents carried by the other two rail elenents. As a
result, the stents according to the present invention permt custom zation
of the agents delivered to the body by allowing different rail elenents
carrying the sanme or different agents to be introduced through the hoop

el ements along the length of a single stent. Additional custom zing of a

e et M e . P I R 1*- r ~—~ a2



WO 02/ 07a198 PCT/ US02/ 08295 Tn an alternative enbodi nent, both the rail

el ements and the hoop elenents of a single stent carry one or nore of the
abovedi ssw@erar4agpent s. The agents) carried by the hoops cERTRES0I$RI5ane as,
or different from the agents carried by the rail elenments. Additionally,

the agents) carrimg Weomegéipgv&@aﬁné,hﬁ_ Ahy Bk eUBsTuE 6ANodRraadd i ed by
sone of the hoop elenents, while the remaining hoop el enents and rail

el ement's_can,Galdofall B AURCOTofll bShSR! EREMRige! bichierkODbeRDhAa 1 hat

thﬁ various el'e present vention can be conmbined wth each
other to provi.de t desjred flexihibity. k QQRI , L.gns can be
altered and @?F%%tgﬁﬂ%ﬁieﬁ%n%r@%sﬁ glﬁlr%rac}g%??é In 'p Fgﬁgllg%g éellegtln%nt
shape. conpdBPY: Bh ety REeER er e focky briee 2EhRRE 2P B Yo

iy h : . . bl .
Pave varyi nPdigRY iy clsmachaf AIGHE 50 it g ehsetion. f4S Bisher 1 s
of any individual stent would be a function of the design, cqnposition and
spacing of tilaskesed in drigerang britigesircymierenial | effsete PEoHdee Hien shown
and descri bedtagnd rggi nt ed outehfundagfn)t al novelm;deaturles of }?ge resent
i nventi on asstappturell indegrityf dranefite nbbditsingt & thridgeofelemnentyi 28, peut
under stood that various om ssions and substitutions and changes in the form
andhdet ai | s disttibatetethe essultdntstesatieton aimdlongituidénal fexbiityosn thad in t he
met hod illustrated and descri bed, may be made by those skilled in 22 WO
02/ 074198 PGl 0neA8aRrsd Hireatibn Wi iskent deddlpaibhiisgvérpmestrictadi rit of the

i nvention as broadly disclosed herein. 23 WO 02/ 0p198 WWe claim
PCT/ US02/ 08295  As mentioned above, instead of using independent hoop
elements 10, a single helically wound stent element 20 can be freely
mounted on one or more substantially parallel rail elements 12’ as
seen in Figure 8. As with the hoop elements 10, rail elements 12’ are
woven over/under respective portions of the stent element 20, such
as, for example, over/under the respective peak portions.
Figure 8 also illustrates a feature of the invention that is
applicable to both the hoop elements 10 and the helically wound stent
element 20. Specifically, a portion of, for example, stent element 20
adjacent to a respective peak portion is pinched in, or necked in, and
a respective rail element 12’ is passed through the restricted portion
22 defined thereby. This advantageously limits relative movement
between stent element 20 and rail element 12°. This maintains the
relative alignment of rail elements 12’ and, as a result, increases the

structural integrity and the overall hoop strength of the stent. It will

be appreciated that instead of a pinched or a necked portion 22, an
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1. A stent conprising: a stent elenent helically wound about an axis; and
at least one rail elenent extending in parallel wth said axis, each said
rail el ememb2/qrassi ng alternatingly to the interior and t hBCEXSe2839S of said
stent el enment, wherein said stent elenent is freely novable al ong and

relative 10 G hotBbh dF &IBNbak porfibs hAA!siBHAP HHVEda Ihifdbl) Bizkd Wher ein
said at |east one rail elenent includes a plurdlity of rail elenents and at

| east sone ' ' Hﬁ{eg ' h ricting ~ structures at
respective g#cig?{nﬂgééelo efé(%? r tﬂ%ﬁ‘ﬁg&mve ent of said stnt elenent. 3.
The stent accordi to.clai.m [ ej | t e ] tallic. 4.
The stent accor diA%n{eglt%ﬂnae’ldma%?ve\\;\whlgF eclon%%gl{ %fzat gﬁ{u@%&;@ ﬁ%tnlﬁrg 2?2(5% froma

| cast one. r ARERGLRREY Snis SARALY APPIAble (Bnfnd Albraesien G of B 1

wherein said at least one rail element is made fromone of glass and a
‘pol yner. 7. eHR@RICeHIEMECHrding to claim 1, wherein said stent elenent is
an undul ating wire. 8. The scent according to claim7, wherein said wire
has a sawt oot h siigare & iswiewtefnan ptbedsiegttd esiagne singlschelialyai d wire
has a snooth sinusoidal wave shape. 24 WO 02/071198 PCT/ US02/ 08295 10.
The stent acvoundrsjend etdmemy 25. whaasi be sapdecinted ook Jigered? dheb@ shapes
distributed along the length thereof. 11. The stent according to claim?9,
wherei n a pdadigadiyt woond stdntl elestenin@ushi ds sthatsihddtatedvat Bas lmd ateral |y
I nward narrowed portion to define a restricted passage through which a
respective sgimle effective similarity to a plurality of obliquely extending

independent hoop elements. However, instead of wusing bridge

elements (in the manner discussed with respect to Figure 7), the use

of a single stent element addresses at least some of the issues raised

above with respect to longitudinal structural integrity.

An additional embodiment of the stent 100 according to the
present invention is illustrated in Figures 12-16. Like the
embodiments discussed above and illustrated in Figures 3 and 8, the
stent 100 illustrated in Figures 12-16 includes a plurality of support
elements 110 spaced along its length. These support elements 110,
like those discussed above 10, provide support to a blood vessel after
the stent 100 has been deployed into a mammalian body and
expanded. As with the other stents discussed above, stent 100 can be
expanded by conventional techniques such as an inflatable balloon
positioned within the stent 100.

As seen in Figures 12-15, the support elements 110 have the

same general shape as those discussed above. Support elements 110
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rail el ement passes. 12. The stent according to claim9, wherein a peak
portion of at |east one said sinusoidal wave has an opening forned

t her et hr W@ h2/01¥ef i ne a passage through which a respecti PETAR0210§283 |

el ement passes. 13. The stent according to claim1l wherein said at |east

one . rail ehgirenh e?ﬁf%x@uia?eh@pgﬂép& @Q&nhaaadasgeﬂe@gnmo@bqwt i's
free of said agent The stent according to claim1l wherein said at

| ' , |
b of g o SEPAERER; HAG SEDROrPPRERL 1Y wile RRGTEALS asibr | ot
conpri sing: gle%e‘ﬁtglif(y b%i enﬁéfelceﬁ H?d’o l %, !méllﬁ plfd)e’aﬂ%ngﬁ% eéﬁnﬂ ofh | east

one rail el effE Passi ng a er natl ng er| or exterior

‘respective sai wher sal 00p_el enent s ane

novabl e al on§? %hc?(%ﬁgli g’?%’&ag% elegpgn g% oﬁ?é'g? ArPTEFefEh Flsc%ggedrhe st ent
according to ¢laim15, wher said at | east _one fail e udes a
‘plurality of a]gayq elfdfgnteac gng‘%ﬁp I"é%?ngoir\ioofs rm%%fma 7ﬂe nglg

PCT/ US02/ 08295 said rail elements include restricting structures at
respective ehipsomnatide materiadsyuche g ifone viisamsedr akeye dteMitheffrent. 17.
The stent according to claim15, wherein said stent elenent is rret allic.

18. The st entthwrcsiedisaghe stental 30 TBn b fraad eba dnetebnmesaleation sueh nade

froma resorbable material. 19. The stent according to claim15, wherein
sai d at | easts®Nitinol, or polymer, etc.

As seen in Figures 12-14, the hoop elements 110 have a
generally sinusoidal or otherwise undulating form. As shown in
Figure 13 and 14, the undulating form of the hoop elements 110 is
comprised of a plurality of substantially longitudinal struts 115 and a
plurality of curved connecting members 116. Each curved member
116 connects adjacent longitudinal struts 115 together to form the
continuous hoop element 110. Each curved connecting member 116
forms a peak 112 along the altemating path of each hoop 110. A
trough 118 is formed at the end of each longitudinal strut 115
opposite the peak 112. Troughs 118 include the open spaces between
adjacent longitudinal struts 115 that are connected to the same
curved member 116 at a respective peak 112. As seen in Figure 12,
each peak 112 points in a direction that is opposite to that of the
immediately proceeding peak 112 along the circumference of each
hoop. Conversely, each peak 112 points in the same direction as the
adjacent longitudinally spaced peak 112. The same is true of the

troughs 118. For example, the troughs 118 are open in a direction
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rail element is netallic. 20. The stent according to claim 15, wherein said
at least one rail elenent is nmade fromone of glass and a polyner. 21. The
stent acowod2/omi190 cl ai m 15, wherein said stent el enent | #CAATSOOR2PHAL I ng

wire. 22. The stent according to claim?2l, wherein said wire has a sawt ooth

shape. 23. ThspSERNEhAE ©F HeNfiniiRdtdtlyNadjacemtefr8lighs al 1B irb@nHaghér snooth
si nusoi dal wave shape. 24. The stent according to claim?21, wherein said

wire incl Udearéﬁﬁmﬁcé%?ggéh\%gtfﬂobut ed along the length thereof. 25. The

stent according to clarm rein a peak portion of at |east one said
si nusoi dal wave h erally i [ [ rElQn [ a
restricted passaﬁgm%ﬁﬁﬁ}%%ﬁﬂ@@%ﬁ@%ﬁ %c‘gﬁggﬁgxbﬁogl ( S%ﬂg(ri@ptélg%sses. 26.
‘The stent acgcordin claim23, wherei eak porti f at |east one
sai d si nusoi u%\%@E %ﬁtgﬁedﬁgﬁ#%e%mgghg’f?@?%@% aaﬁﬂ Bt xiEd) 07n108
PCT/ US02/ 08295 to define a passage through which a respective said rail

‘el enent passtem Eﬁrsﬁ'ﬁgr@i"éﬁ:?n‘é W%QG?W%FWPBWE&P@'@%%G“ t | east
one rail elenent carries a therapeutic agent and said hoop_el enents are
free of sai dl@fehPo ipformed by oagiof 1hedogprrjemsnss Al hsesuigbiRthe sai d at

| east one rail elenment includes a plurality of rail elenents, and at |east
two of said rail(s) tR@mévw dlustratsd i Figirent2,ttherstpriul 0 cagdnckidexyo A st ent
for deploying within a body, said stent conprising: first and second

term nal endsailndi2@ thahgktenebheatwdenghbendser04, 106. It is also

contemplated that any number of rails 120 up to the number of peaks
112 along a hoop element 110 could be used. For example, if the
hoop elements 110 include ten peaks 112, then up to ten rails 120
could be used. In between the hoops 110 at the terminal ends 104,
106, the remaining hoops 110 that are connected to each other by the
bridge elements 28 are free to move along the rail(s) 120. These
remaining hoops 110 slide along the rail(s} 120 so that the stent 100
can conform to the shape of the blood vessel. '

Unlike the hoop elements 10, the hoop elements 110 include
apertures 117 in the curved members 116 through which the rails
120 extend as shown in Figure 12. Apertures 117 extend through the
peaks 112 in a directipn that is substantially parallel to the length of
the stent 100. These apertures 117 retain and orient the supporting
rail(s) 120 in a direction parallel to the length of the stent 100. Also,
the rails 120 are completely contained within the walls (within the
outer surface) of the stent 100. These walls form the apertures 117.

By positioning the rails 120 extending within the walls of the stent

16



said termnal ends; at |east one support rail extending between said
termnal ends; and a plurality of circunferentially extending support
el ement s W@ ar/er4s28pport el enents each having an aperture tRET/USQ2/88288 al ong
a portion of the length of said scent, said at |east one support rail being

received w tlhid} th@&@ﬁﬁlb@eaﬁﬁﬁfttém&%aﬁd)yivﬁﬁkn%ﬂ St P E sﬁ'rﬁ'&'@!%s are
noveabl e relative to said rail between said term nal ends of said scent.

30. The stenin GetMELAFate of kidé Betd MLS LIS e SRAF SHPRRNG €l ement
includes a first side proximate said first end and a second side proxinate

sai d secondC% roﬁﬂge@ﬁggt%sgggl{égs%ﬂﬁ@p& Q?b\_/\een said first and second

sides of a reSpective on support elenents. 31. The stent according
‘to claim29 wherein_a fi f ' 0 . t.s i S.S 29 sai d at
| east one rail a?ﬁgﬁﬁ%fkﬁ’a%?g%tn%ﬁ%tgngwa’ % %fgggféﬁﬁ%rﬁﬁégg%‘g% sai d
stent; a second of sajid.suppaqrt. el nts i, secured to said gt. | east one
rail at sai cfog\e%}ﬂg Zhg 185 r"b?ﬁﬁa’i‘r&' rﬁ?ﬁaﬁﬁﬁ“ﬁ?@e QWESBF‘Pge]I nts are
noveabl e al ong said at |east_one rail between said first and, second support
el enents. 320l aboit dn axisdhat gytendsRagpielte thedoperuding aippbrt el enent s
i ncl ude support h00fs. 33. The stent according to claim32 further
conpri si ng dhgisterl 199 bsfonsrit iyfepjoped withis a blood vessel. bWihggithg el enent
extendi ng between adjacent support hoops for securing said adjacent support
hoops t oget tstent BA0 iFktrasghinthecodspring 12  al rask9 Asheresult,gheh sai d
support el enment has an undul ating profile including peaks and
coil spring 121 is not under tension and no longitudinal pressure is
applied to the hoops 110 by the coil spring 121. However, the coils
122 of the coil spring rails 121 are spaced from each other along the
length of the stent 100 so that the coils 122 of the spring 121 can
collapse upon themselves and shorten when and where needed. For
example, when the stent 100 is deployed into a curved vessel, the
stent 100 will conform to the curve of the blood vessel without
straightening the vessel. This is accomplished by the coils 122 along
the minor curve of the vessel compressing to a shorter length than
when the stent 100 is at its rest length. The coil spring 121 aids in
providing the shortest possible stent length on the minor radius of
curvature of the vessel. Along the major curve, the coil spring 121
remains at rest or expands, and allows the stent 100 to follow the
curve of the vessel.
In an alternative embodiment, the coil spring 121 is slightly

extended and under tension when straight before deployment. As a

result, the stent 100 is under a slight compressive force prior to
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troughs, and wherein each said aperture is fornmed in a peak of its
respective support elenment. 35. The stent according to claim29 wherein
sai d opewdgy0Eteend in a direction substantially parall ePCTAS8Z895t ent
| engt h before deploynment of said stent within said body. 36. The stent

accordi ng t%ﬂ@{:ﬁé@@ PRS Rl t19 Voth HeshRRIbr@NEssidtk linithe fRéAE 00T 2

flexible mate 37. The stent according to claim?29 wherein said at

| east one fgbggdrprggggs%hé ﬁi%}%&wéﬁf ﬂ?s%é%pntn gﬁ@g{ §¥{}9e 5§m¢é ai m 29

Uhrough Sai d SUpRert .6l STEntS: And wher elo: oo i ALLS, 68Sh GORPT 1 S€ A
spri ng. 28 echgﬂeﬁﬁfgg FL@%%@%@%@Q%#%&@%%%FQQEQgsri ing to claim
Claim 30 whothfbELER pEdes PR I8 TR Ayt SRRl ert urein'
et AL N B R R S

el enents are free of said agent. 42. The stent according to claim 29
wher ei n sai ®rassyregfithgeilrspring h2ludes a plurality of rails, and at |east
two of said rails carry different therapeutic agents. 43. A stent for
depl oyi ng wi t hi nlm abotlyer esabodiment; acsodich wirergil 25 istugasinsecond t er mi nal
ends and a | ength extendi ng between said term nal ends;

conjunction with the flexible coil spring 121. As illustrated in Figure

17, the solid rail 125 runs down the lumen 124 of the coil spring 121

providing structural support to the coil spring 121. Multiple rails 125

can also be positioned within the lumen 124 of a coil spring 121. In

still another embodiment, the rail 120 is a flexible or substantially

rigid elongated rod.

The struts 115 of stent 100 can have substantially any radial

thickness that provides them with the needed strength to support a

blood vessel while still achieving a low profile that will not damage the

vessel as it is deployed. In one example, the struts 115 can have a

radial thickness of between about 0.002 inch and about 0.008 inch.

In another preferred embodiment, the struts 115 have a radial

thickness of between about 0.004 inch and about 0.005 inch. These

thicknesses provide the stent 100 with the needed structural and

expansion properties to support a vessel and conform to its shape.

Additionally, the areas of the curved members 116 must be formed

with a greater radial thickness than the struts 115 in order to

accommodate the apertures 117. For example, the radial thickness of
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at | east one support rail extending between said term nal ends; and a
plurality of circunferentially extendi ng support elenents, said support

el ement s ve@ 003398 ng an opening for receiving the at | easPCOEASIZIRPOrt rail
so that said support elenents are noveable relative to said rail between

sai d term najhehdved meRintrs 1 85'cafoe Befthddd B0 0100A BicBMnsaBout
l ongitudinally coll apse when positioned within a vessel. 44. The scent

accordi ng % 608! M reRi thanSRRE o PRIl 315 ORIPEhERArSs FPY Icae, 45, The

stent according to c erein sald at | east one support raiQ% is one
of a plurali of t i kG LGk | around said
stentl.o 29 %%3@#&%%%80{%?%02@§§%%2&4%&% g@%ﬁ Il%(hzgg'r ding to claim
43 wherein sgi d opepi ngs, e nd through .said su rt..el.ements extend in
a direction %Str"i’affqpneﬁ"et g?éls'l @@Wﬁmm ef‘ﬂ%li:‘f’grﬂc.cuﬁg. RIS c&?@@g’&i ng to

cl aim 43 wherein said openings are fornmed by |laterally inward _narrowed
‘portions of #RAMRO0AINehy o pterd| %ﬁﬁ@%ﬁoaémhéh% $trptidda passages

t hrough which said at | east one support rail passes. 48. The stent ,
accor di ng t owellajcenkdhake pefurved membpre bl b ovitly ertadial thickness afy said at

| east one support rail. 30

A LA A AL Ago)d\&; 0D08simchsgheregthas@ils ALD Ae Worer\. A9. A A& A&. As& As. A9. As. A
u& Aa& A; & AN9. AN9. AN9. A&. i N =Y] " kz?, d

xzupkf a\ VU] ca] ca] inaduwatmbpdiahent, dht papced<cior cadwalactlifing [tbRa}erd] ca] ca] ca] ca
] ca] ca] cRa] ca] ca] cal] ca] ca] ca] caU] ca] ca! ' *x( OYES] pPzupkf a[ V] cal] ca] ca] ca] ca
] ca] ca] ca] cajoalinaleikbaht cadr of prividihgal hebbatdectat dlazed aavisst] afa] ca] ca] caU
]caljcalcalca!?Ydw 6 ; > HW

Lo P (" 3" ogmafManéd sdHreabhalcwhn ahaafead apbrrkeah ezl crl&selinalarl] cal ca] ¢
a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! " #E####IHIS$ % v YordpYa 980

0V EBE&EEES ALEx* F Ylg@l cal ca] ca] ca
] ca] ca] ca]( (I\:/g %:ﬂatfl gafﬁ:ﬁa{]q%%?]éé%ﬂggﬂégﬁgaig?g%g?%ﬁ%‘gfﬂgg%!ewmﬁi -. }/ 1%)’?1

| cal 2] cal caf A 247 e A0F A S e (A Caf Dol ot cBY Baf Saf caf CHUPE o cal 277758

&9i 999F: >; .

- I <V<<<<:?@%§§Béﬁb%b§€éé?$&e 815]52]% cha “Arealta c%]]sgaﬁeaﬁsgu calcalca]calc

a] ca] call cal cal cglcal calcal calc alcalcal calca calcalca! E

F]gFFLHHﬂHOI &Rﬁ%ﬁ%\b@i&@%&ﬁ%ﬁ%ﬁ%ﬂ ﬁf‘lﬁﬂ%ﬁir&ﬁr“]{ C‘S% é%} ca] ca] ca] ca] ca]

a3 Gal ~ULUUVBRAETE000S RS e BhR RSB aL FA0 AHBAE SOV 2f 488l cal cal ca

] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal}(l:a] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU

]ca]ca] cal d*& becarwasctingl itidgmage the vessel and/or not deploy properly.

"1 "1t mmm>oDoGoRoaoopqYqt =u{ vql gb] X] ] ] ca] ca] ca] ca] ca%ca] ca] cal] ca] ca] ca] ca]

ca] ca] ca] ca] @épeaknam%mﬁ@mgél}xm eprafen pdy bapsafl v reuzuuuuuByy
7 n} SYf u; CA

|O|Zt(1||ok1|c )alt{ l/\H ia}fw]ngéima}t@'m}-cE]Jnallt@tapbﬁa]tha]%el}t:éq%@U]lkhpc@]r@d]le%q ca] ca] ca] ca]

cal] cal] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! QUXbgx| (B .
EUE{ upkf a\ W heijgajetal eatusibnahbicad calficajitiapoaiec al ficthiea of i) aadtah] cal cal ¢
a]J ca] ca] ca] cal] ca] ca] ca]ca] ca] cal ca]cal!!_, s>V

injection molding and welding tube assemblies. The supporting rails

120 maintain a relatively smooth profile that has a consistently low
friction characteristic in both directions of motion.

The present invention also includes introducing an agent into a
body using one of the above-discussed stents. In a preferred

embodiment, the agent(s) is carried by one or more of the rail elements
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V_7v=\|w nhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;

A=Ea* ] nCwixp vz/eriacg8Y] ] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] eayapaesesn] cal caj
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca! beo~M AJf Ry

R6|wr|gb]X]]L?a aé_]gl] %g(%ca]}eca al.galcal c ] ca ]calcalc
ia] cia] cia] cia] c] ’c%\?c gz&}f/gg’{ &g 83%9?3%&3&(%5 gl’ﬁ?{@%}'vﬁ’ | Sg%%ﬁ%ﬁqﬁa] ca] caU
ca] ca] ca] ca] ca] ca].caUl cal] ca] ca] ca] cal] ca] calca] ca] cal] ca] ca].cal ca] ca] ca]
ca] ca] ca] ca] E%f.“?‘f_‘}@tui@ﬁ/&rélgr %’X%E&r &Eg%}?@ @%@l}dﬂ Jéf”"(‘)‘-gq.ei%vﬁﬁ/l ‘i"tfg%&r 36 em 10%
| * & ()-@10%4 & ()-&N | : , .
aB&L10%| & (Yoewnoagsngs, including thergpeytic anshpharppceabgaledrues, dhoy| & () -
=YZ[a?1 10T|T|! s9 10%| T| & ()-!6-&10% | & () -
L510%| & () - Sitd 0% tantact owithos| gottion ofotks yassulatyre Rystery9rrwhen
F109& () -yl 109%& ()-f@O0% ()-"10%& ()-s910%& ()- 10T|T| 10T|T|?, d xdEH
10T| T| ! 4s10fédeqsed, HORR' o JoarSed GRis( kngwp Y@ hepe 2gO¥8’ ¢an induge (3ny ' ~bC
10T| T| ! S@109%1& () -! 109%H& () - &10%4&' ()- 10 10 10F: 109 ()-6109& ()-"xYdBbC
10T| T| !'! 2s! 1RGSR fHer@eQticidfgsy @tiiR16t) agertadsdditidoagnlant agents,
109%4&' () -ys10%4& ()-EbC 10T| T|!! S109%& ()-"&10%& ()-910%& ()- 10H 10H
antimicrobial agents, antimetabolic agents and proteins. These agents
can also include any of those disclosed in U.S. Patent No. 6,153,252
_ to Hossainy et al. and U.S. Patent No. 5,833,651 to Donovan et al.,
both of which are hereby incorporated by reference in their entirety.
Local delivery of these agents is advantageous in that their effective
local concentration is much higher when delivered by the stent than
that normally achieved by systemic administration.
The rail elements 12, 12’ and 120, which are relatively inelastic
in their transverse strength properties, may carry one or more of the
above-referenced agents for applying to a vessel as the vessel moves
into contact with the agent carrying rail element(s) 12, 12’ and 120
after deployment of the stent within the vessel. These agents can be
applied wusing a known method such as dipping, spraying,
impregnation or any other technique described in the above-
mentioned patents that have been incorporated by reference.
Applying the agents to the rail elements 12, 12’ and 120 avoids the

mechanical disruption that occurs when coated elastic hoop elements

are expanded. In this manner drug coatings applied to the stent rail
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10H : 10%4& () - 410%4& () - ES] paBbC 10T| T| ! 109%& ()- 10%&' ()-!8

V0% ()-10%&' ()-S 10%&' ()-I|f10%& ()-pPdELC 10T| T|! 210%& ()- yO

109& () - WA ORI 4 ff 109& ()-109& ()-:S 109& ()-PbC  PCT/US02/08295

10T| T| 11 &109&& () -s9109&& ()- 10 10 10Y: 109& () - 7109 ()-5109%& () - ?YdEbC

igﬂ T é@%@z‘%ﬁ% ttootza ) Bfomat g SeEbwe S demba ERak ()16
l 3%6%})«2: (K ) ér’lf?!%z‘ 4 ‘% 2’ O/él"?lzlf% (‘)’J/’zsﬁlt%}%lé 4.5°T !‘%ﬁ’é@v?g 10T T !
iggl/gp(/()z&" é)lowéép%&élf)@%{%gi{%ftﬁ%wgﬁ@' gletgptsoig iR’ and 120 can

"10@0%& () - mloc%z&'ﬂ(_l) 10%& ()-, 10%& ()- yslo%z& () -
reduce the complex1 and cost of manufacturing agent carrying

stents because the rail elements 12, 12’ and 120 can be fabricated in
a bulk process and, for example, ribbon coated with one or more
agents, including therapeutic drugs, and spooled. The individual
agent carrying rail elements 12, 12’ and 120 can be cut to size from a
long ribbon of material and introduced through hoop elements to form
a stent according to the present invention. Additionally, multiple rail
elements cut from different ribbons and carrying the same or different
agents can be used in the same stent. For example, if the stent
includes three rails elements, the first rail element can carry one
agent, the second rail element can carry a second agent that:is
different from the first agent and the third rail can carry a third agent.
The third agent can be the same as one of the agents carried by the
other two rail elements or different from the agents carried by the
other two rail elements. As a result, the stents according to the
present invention permit customization of the agents delivered to the
body by allowing different rail elements carrying the same or different
agents to be introduced through the hoop elements along the length of
a single stent. Additional customizing of a stent can be achieved
using rail elements that include different longitudinal sections

carrying different agents.
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1092 & ()-0"" " #E#H#H#JEVK@ 10T| T| ! 10$s10%& ()-SY" 10%& ()- S
109%28& () - @10% & ()-34 10%& ()-10%& () - ##SHS$SSUYIEVK@ 10T| T| ! 10f0

10%2 &' () Wa02ar1ys) -
z%®HC 10T| T|!
10z3: 10%& ()-f4
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1S$109Z8& () -
@ooze ()- sibf

1o%e ) Crao Rl GRS e HAGIRT A TR ot SO 185 133

"10Z0109%& () - g@ 10%galffgrentz 0%&' ( f L10%&

109&

,10%2& () -f*10%& ()-(10%& () - Sy&10% BCT)USHBI08I9G YKk % Yordo
11 9109@& ()-L109%&& ()- 10z 10z

S0 %ﬁ%ﬁéﬂmw@&tfom&m&mdﬁﬁcréﬂ Tdldinlents A& ¢hé ) -

10028& () - FLO9Z&' () -, f 109Z& ()- &&( M ( (dELC 10T| T| !

bR ek, b %a@? %ggmggy 095, (qore of the above.

Tom, e agents Qarrled by the rail elements.

Additionally, the agent(s) carried by one or more of the rail elements

can be carried by some of the hoop elements, while the remaining

hoop elements and rail elements can carry the same or different

agents.

It is contemplated that the various elements of the present

invention can be combined with each other to provide the desired

flexibility., For example, hoop designs can be altered and various hoop

element designs combined into a single stent with/without anyone of

the above-discussed rails. Similarly, the number, shape, composition

and spacing of the rail elements can be altered to provide the stent

with different properties. Additionally, the device can have varying

numbers and placement of the bridge elements. The properties of any

individual stent would be a function of the design, composition and

spacing of the hoops, rails and bridges.

Thus, while there have been shown and described and

pointed out fundamental novel features of the present invention as

applied to preferred embodiments thereof, it will be understood that

various omissions and substitutions and changes in the form and

details of the devices illustrated, and in their operation, and in the

method illustrated and described, may be made by those skilled in
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| at least one rail element extending in parallel with said axis,
each said rail element passing alternatingly to the interior and the
exterior of said stent element, wherein said stent element is freely
movable along and relative to said rail elements.
2. The stent according to claim 1, wherein said at least one
rail element includes a plurality of rail elements and at least some of
said rail elements include restricting ‘structures at respective ends

thereof for restricting movement of said stent element.

3. The stent according to claim 1, wherein said stent element
is metallic.
4. The stent according to claim 1, wherein said stent element

is made from a resorbable material.

5. The stent according to claim 1, wherein said at least one
rail element is metallic.

6. The stent according to claim 1, wherein said at least one
rail element is made from one of glass and a polymer.

7. The stent according to claim 1, wherein said stent element
is an undulating wire.

8. The stent according to claim 7, wherein said wire has a
sawtooth shape.

9. The stent according to claim 7, wherein said wire has a

smooth sinusoidal wave shape.
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portion to define a restricted passage through which a respective said
rail element passes.

12. The stent according to claim 9, wherein a peak portion of
at least one said sinusoidal wave has an opening formed therethrough
to define a passage through which a respective said rail element
passes.

13. The stent according to claim 1 wherein said at least one .
rail element carries a therapeutic agent and said stent element is free
of said agent.

14. The stent according to claim 1 wherein said at least one
rail element includes a plurality of rail elements, and at least two of
said rail elements carry different therapeutic agents.

15. A stent comprising:

a plurality of generally parallel hoop elements; and

at least one rail element passing alternatingly to the interior and
the exterior respective said hoop elements, wherein said hoop
elements are freely movable along and relative to said at least one rail
element.

16. The stent according to claim 15, wherein said at least one

_rail element includes a plurality of rail elements and at least some of
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element is meta]hc.

18. The stent according to claim 15, wherein said stent
element is made from a resorbable material.

19. The stent according to claim 15, wherein said at least one
rail element is metallic.

20. The stent acc'ording to claim 15, wherein said at least one
rail element is made from one of glass and a polymer.

21. The stent according to claim 15, wherein said stent
element is an undulating wire.

22. The stent according to claim 2|1, wherein said wire has a
sawtooth shape.

23. The stent according to claim 21, wherein said wire has a
smooth sinusoidal wave shape.

24. The stent according to claim 21, wherein said wire
includes diamond shapes distributed along the length thereof.

25. The stent according to claim 23, wherein a peak portion of
at least one said sinusoidal wave has a laterally inward narrowed
portion to define a restricted passage through which a respective said
rail element passes.

26. The stent according to claim 23, wherein a peak portion of

at least one said sinusoidal wave has an opening formed therethrough
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rail element carries a therapeutic agent and said hoop elements are
free of said agent.

28. The stent according to claim 15 wherein said at least one
rail element includes a plurality of rail elements, and at least two of
said rail elements carry different therapeutic agents.

29. A stent for deploying within a body, said stent comprising:

first and second terminal ends and a length extending between
said terminal ends;

at least one support rail extending between said terminal ends;
and

a plurality of circumferentially extending support elements, said
support elements each having an aperture that extends along a
portion of the length of said stent, said at least one support rail being
received within respective apertures so that said support elements are
moveable relative to said rail between said terminal ends of said stent.

30. The stent according to claim 29 wherein each said
support element includes a first side proximate said first end and a
second side proximate said second end, and each opening extends
between said first and second sides of a respective one of said support
elements.

31. The stent according to claim 29 wherein a first of said

support elements is secured to said at least one rail at said first end of
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and second support elements.

=3

32. The stent according to claim 29 wherein said support
elements include support hoops.

33. The stent according to claim 32 further comprising a
plurality of bridging elements, each said bridging element extending
between adjacent support hoops for securing said adjacent support
hoops together.

34. The stent according to claim 29 wherein each said
support element has an undulating profile including peaks and
troughs, and wherein each said aperture is formed in a peak of its
respective support element.

35. The stent according to claim 29 wherein said openings
extend in a direction substantially parallel to said stent length befofe
deployment of said stent within said body.

36. The stent according to claim 29 wherein said at least one
rail is formed of a flexible material.

37. The stent according to claim 29 wherein said at least one
rail includes a spring.

38. The stent according to claim 29 wherein said at least one
rail is one of a plurality of rails that extend through said support

elements, and wherein said rails each comprise a spring.
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42. The stent according to claim 29 wherein said at least one
rail includes a plurality of rails, and at least two of said rails carry
different therapeutic agents.

43. A stent for deploying within a body, said stent comprising;

first and second terminal ends and a length extending between
said terminal ends;

at least one support rail extending between said terminal ends;
and

a plurality of circumferentially extending support elements, said
support elements each having an opening for receiving the at least one
support rail so that said support elements are moveable relative to
said rail between said terminal ends of said stent and a portion of the
stent can longitudinally collapse when positioned within a vessel.

44, The stent according to claim 43 whérein said support rail
comprises a spring,.

45. The stent according to claim 44 wherein said at least one
support rail is one of a plurality of support rails positioned

circumferentially around said stent.
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formed by laterally inward narrowed portions of respective support

elements that define restricted passages through which said at least
one support rail passes.

48. The stent according to claim 43 wherein a therapeutic

agent is carried by said at least one support rail.
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