WD 2004/ 110315 PCT/ SG2004/ 000180 POLYMERI C STENT AND
- METHOD OF MANUFACTURE CROSS- REFERENCE TO RELATED
WAFRP4/08115ONS [ 0001] The present application clP&IT/#62004/000180
priority fromU.S. provisional patent application No.
60/ 478,887,' filed June 16, 2003, the contents of
which are hereby incorporated by reference herein.

FI EL NERi¢ WY ENT T, ?W ' ntion
rel a&@%en&%l toﬂﬁgﬁggﬁb&)ev%c@éﬂ ortmiku%[?anti ng
in a patient, and particularly to stents that may be

sel f expandi ng, and may deliver therapeutic agents.
BAGRPBBHREERENEE MYRELATED APPRICARENSRlabl e nedi cal
rost heses, frequently referred to as stents, are

| Pbmpﬁesarﬁcawbmf@nmlamswmmm fraabILkS. m;,smamaépatémr

[00

oppfE R, SR AT et SR o Toc kgiohB i BnidfEare

herQMﬂht:ememt@i b;al'eféreanel herefh. Pat ent No. 5, 645, 559
(Hachtmann et al.). Stents are wused w thin body

vessel s of humans for a variety of nedical

' [ i ncl ude int | t ent
F PR OF T BB et s For L&Vﬁf aining
10023 <0 B uerent g ion idies Jenetiilp MRAGH GRvis AT cava.
lmplbﬂﬁ]%h alpdticildnd. particlfdriyMe sYerfi@ izt hdysd séiﬁéﬂiéﬂﬂn{g

inits conpressed” state is used to deliver t he

a"dé‘?aé’ e"t’?“ﬁe'ﬁp@!i?%ﬂ?” 8ite through vessels in the
body. Stents tend to be designed to be flexible with a
reduced radius, to enable delivery through relatively

sn&[(l§ and curved vessels. |n percutaneous
r

KGRQIIND LfTHE RMENTIN i npl ant abl e

0o BGEVBER el oL Y e s
are msﬁ%ﬁfﬁéﬁ@é&ﬁme)ﬁélly%%nmgﬁ Wﬁﬁsﬁ%l ﬁwbﬂa fe, bieRfsBEN!

site. After the stent positioned at treat nent
genesallydn U.HePatent N@r‘}ﬁa@&' 7& Wadstan), l!theBa'(GOf Nel 8464.27he
(Walidé: A dnt 1Es. PARAE NS5 BBE838 gﬁ%ﬂ%aﬂﬁ%@%ﬁf%teﬁ{g upl 1y
usedéwﬁmhbow veﬂSﬁlsmfdnumajyﬁ fors vatiety Bf redédal applicatiens.ce is

S&2004/0001, f

Exantné!@@m@ﬁﬁi e %ra%lgpgtgﬁgsgfgﬁﬂ?%@g@&n%ﬁﬁs t?ﬁ% fgf ont rom

sten renove
maintainieg openingd incthe esiaaty, biliary, tracheobronchlal, oesophageal

and renal tracts and inferior vena cava.

[0004]  Typically, a delivery device that retains the stent in its compressed
state is used to deliver the stent to a treatment site through vessels in the
body. Stents tend to be designed to be flexible with a reduced radius, to
enable delivery through relatively small and curved vessels. In percutaneous
transiuminal angioplasty, an implantable endoprosthesis is introduced through
a smali percutaneous puncture site, airway or port and is passed through
various body vessels to the {reatment site. After the stent is positioned at the
treatment site, the delivery device is actuated to release the stent and the
stent is mechanically expanded, usualiy with the aid of an inflatable balloon, to
thereby expand within the body vessel. The delivery device is then detached



at the treatnment site as an inplant. [0005] Conmonly

used materials, for known stent filanents include
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and superelastic N tinol nickel-titanium Another
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ithin a lumen. For exanple, EP 1287790 (Schmtt &
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[000Z) npCeriginistend designs tentttorteysedf expiantingruponiadertiéh VO
withirl? %@t@nﬁ%&%&%ﬁﬂ}éi&%ﬁ (%/399&& g)chmslg %%E)%es-gr'}ges an
axially flexible braided stent that is self-expandable due to the elastic memory
of the braided polymer fibres. The braided fibres are shaped into a tube at or
just below the melting temperature of the polymer, and then longitudinally
strefched upon cooling. The stent is inserted while stretched, and once
inserted the stretch tension is released, allowing for the radial expansion of

rem

the tube when inserted.

[0008]  Known self expanding stents, however, typically must be
constrained to be inserted. Moreover, their removal is often difficult, if not

~impossible.

[0009]  Accordingly, there is a need for improved expandable medical

stents, that simplify insertion, and may simplify removal.



[0010] A polymer that is anorphous, or is at |east
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brittle glass-like state (at |ower tenperatures) as it

transitions through a particular tenperature,
referred to as the glass transition tenperature (T9).

Thgmmgﬁggpwélmﬂﬁmrature for a given polynmer

vary, depending on the size and flexibility of
side-chains, as well as the flexibility of the

[oahﬂc kh@gag{degﬂﬁt%;%nﬁgﬂoﬁ{ %;«?é éﬁe@ét Ry R RADhElS) W

cor backbone. Below T9, the
undp[gqmtransmﬁn fromiamliable, Sbﬁﬁc Sﬂa&k(ﬁﬁ highey terepeiaivess) e 2

ornEQBELRS 8 oA A S i o1
partitefap Itmderatdwe refes@tido at;hlme tlaiss dransiice teroeratisg éTd).t
Theldi el EhRoiie L 48k BBt gt
the éit@ Bﬁﬂ ﬂbﬁﬂm@rﬁtsiﬂeechahﬁv s eliedsahb flexibityshithe backbuhee

, such that when cool ed and into a
lmkaaemar\@r’fhg sigef fumh@qésr%mwrppmé%ggﬁu?‘swgy%f t he
bacl@fdn@' nﬁéioWP%%@@é}%ﬁ Hﬁnﬁhpﬁﬁné‘ﬂé*ﬁﬁ@l ahd r?lé?lﬂd on

enperature sha menor
defonmed ity & remushapee iowpver, i furlh@g, thﬁsfémn@éﬂtéﬂerbql@w rediRct

r e
oo Y Py eyl S WiSRErHetor el chibi e
one shape heI d below the T. to a second shape when
[001gat Eunaemexamombousmep@ﬂeheamgmw Polymerpaihen

sot o biZuite 8ffne.ftatifet JEAPEAI R P Biadtle mentig ot

shapeoingmeng sush _trmmlhey edoled arideccmwrfasquatm apabershiapes

e B G 501 Yo o B CAREB Uoon "B Bl =,

transtﬁﬁtﬁﬂtemp%gatglf@ ar hdﬁlerrﬁ*ls l‘shap&tmdee'téiasnc rmefneorybandr al |y

0O e a e |.C I 0S, ese

“meIeR ispodetsin ) ROl Spapel EpEangeptle

and fdfbl ©Mthe cﬁ&%bféﬁhﬁtﬁ‘of éjﬁdd?/ﬁtéﬁwﬂhai T6 raredmnldnbeshaﬁbe
st ent e any sui t abl e shape r%gWITEd to eve

held pglowgthei ﬁta argasend 6'?‘?%%Wae'ﬂr§'8?t9§| gdhets .Wahef%

| ar or
POly"g‘éﬁg?% ?eﬁ E'%"ﬂ'glptse %}‘%%&gﬁ@e%ﬁ%‘% ?(?cf\}gg% the stent

may be an i npl ant abl e, helically tubular nber, whi ch
- [0012k aﬁhmharac@ensh@saf amarmkeys o5 geri-cyysialine. RAVRGIES| o

emp@ké&l‘ﬁ'{ bSelfeX ﬁdlﬁ%@%ﬂ;@&f ﬂh%é}ﬁéf(f}ﬂ%\ﬁéﬁhdﬂe%é ph&semt -

ent ass stant'i a %/
invention therefore provides, in one aspect, a stent. The term stent, as used

“herein, is intended to refer generally to expandable medical prostheses,
including lengthwise extending stents, stent-grafts, grafts, filters, occlusive
devices, valves or the like. The stent may be any suitable shape required to
achieve the desired function as a medical prostheSis. For example, the stent

may be generally tubular or generally helical.

[0013] As exemplified, the stent may be an implantable, helically tubular
member which is an axially flexible and radially self-expandabie structure
comprising at least one polymeric layer. The stent assumes a substantially
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expanded or non-expanded state. [0014] Such a stent
Wih3pogelogief ul for delivering therapeutic agentPSTHERP04/000180

even nore particularly, multiple therapeutic agents

with nultiple diffusion rates. The stent may be

bi ost abl e or bi oabsorbable. [0015] The invention
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formed to have a first shape at a Jower temperature T, and a second shape at
a higher temperature T, and configured to change from the first shape to the
second shape at a temperature equal to or greater than a transition
temperature T3, dependent at least in part on at feast one of Tyt and Tea.

[0018]  In another aspect, there is provided a stent including at least first
and second Iéyers. The first layer includes a first polymer and a first
therapeutic agent. The second layer includes a second polymer and a
second therapeutic agent. The stent is formed to have a first shape at a lower

temperature T, and a second shape at a higher temperature T.



tenperature T2 and a second shape at a higher
tenperature T1. 4 WO 2004/ 110315 PCT/ S&2004/ 000180
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[0021]  Such stents may be useful in a variety of medical applications
where a body lumen, hollow organ or other cavity is desired to be de-
constricted or de—re_stricted. Thus, such a stent is useful infer alia in the
treatment of blockages or potential blockages and/or the prevention of
restenosis of vascular, urinary, biliary, tracheobronchial, oesophageal and
renal tracts. In an embodiment, the helical shape of the stent facilitates
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treatment of bl ockagesP%'F/SG2004/000180 '
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: [0024] Other aspects and features of the present invention will become:
apparent to those of ordinary skill in the art {upon review of the following
description of specific embodiments of the invention in conjunctlon w1th the '

" - accompanying figures.

BRIEF DESCRIP‘”ON OF THE DRAWINGS
[0025]  Inthe figures, which illustrate, by way of examiple only,
embodiments of the present invention, '
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[0024] Ot her aspects and features of the present
invention wll becone apparent to those of ordinary
Wk004/11031% he art upon revi ew of the foll ow ng PCT/SG2004/000180
description of specific enbodinments of the invention

in conjunction wth the acconpanying figures. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0025] In the figures,
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of the present invention,
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i S [o%@]ﬁhé'g{‘g%?.gé an end view of FIG 1;
0028] FIG 3 is a side view of the stent of FIG 1,
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havif lital v end view of FIG 2; [0030] FIG 5 is a
ygﬁ:eelégl v?’fjg‘rvp‘%ﬂi agramillustrating a nmethod of
manuf acturing a stent, exenplary of an enbodi nent of
[002%e FiGsdis an godMiewoofFIG[ 2D31] FIG 6 is a side view
of a stent, exenplary of another enbodi nent of the
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in a state having helical wdth D2; [0034] FIG 9 is
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or treatnment of a patient by introducing a stent into

[003QLI upRF_ ‘:ofsatn%d%é\jv%ﬁfie.hoow] FIG 12 is a graph of
the self-expansion rates bf particular single - |ayer
and doubl e-layer stents 37C, with a target heli cal

widﬂpﬁz;a cat heter device conprising a

[0034] FIG. 9 is an end view of FIG. 8;
[0035] FIG. 10 is a side view of a stent formed of two side-by-side layers;

[0036] FIG. 11 is a flow diagram of a method of prophylaxis or treatment of
a patient by introducing a stent into a lumen of the patient; '

[0037]  FIG. 12 is a graph of the self-expansion rates of particular single -
layer and double-layer stents 37°C, with a target helical width of 3 mm; and

[0038] FIG. 13 is a representation of a catheter device comprising a
balloon mechanism to deploy the helical medical stent.

DETAILED DESCRIPTION

[0039] FIGS. 1-4, llustrate a stent 10, exemplary of one embodiment of the
present invention. As flustrated, stent 10 includes a substrate 12 formed at



bal | oon mechani smto deploy the helical nedical stent.
DETAI LED DESCRI PTION [0039] FIGS. 1-4, illustrate a
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invention. As illustrated, stent 10 includes a
substrate 12 formed at 7 WO 2004/ 110315
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polyethylene oxide copolymers, modified cellulose, collagen,
poly(hydroxybutyrate), polyanhydride, polyphosphoester, poly(amino acids) or
related copolymers material, polyurethane including physically cross-linked

ether or ester-urethanes, polyethyiene poly({ethylene terephthalate) (PET), or

Nylon 6,6.

[0042] At a temperature below Ty, stent 10 is formed into its first state: a
generally helical tubular shape 16 of helical width D; illustrated in FIGS. 3 and
4. At a second temperature above T, stent 10 is formed into its second state:
a second generally helical tubular shape 18, having a helical width D4
illustrated in FIGS. 1 and 2. In the depicted embodiment, shape 16 has a
generally circular cross-section. As such, the helical widths D and D2 equal



Nylon 6,6. [0042] At a tenperature below T9, stent 10

is formed into its first state: a generally helical
WQMGHAI03Ehape 16 of helical width D2 ill ustratP§d/9GR004/000180
FIGS. 3 and 4. At a second tenperature above T9,

stent 10 is forned into its second state: a second
generally helical tubular shape 18, having a helical
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somewhere above T. for the poI ynmer (i.e. Tj=T9 +

100487 1P B0 s ol gt B B30 berefite haebitio 120
helicabshapeXtavirigduelietl diametee Doy diyptcaliy enaavends used to heat

the film. T is chosen somewhere above Ty for the polymer (j.e. Ty= Tg +

X°C). The value of X is from about -20 to about +120, typically from about 0

to about 30 or from about 0 to about 20. For PLLA, the oven temperature

may be between about 60°C and about 90°C (preferably 70°C).

[0047] The film is maintained at temperature T, for a period of time
necessary to set the shape having diameter D4. The period of time required
fo set Dy will vary depending on T4, Tg and the film thickness, and may be
between 30 minutes and 24 hours.

[0048] Once set at the higher temperature of T4, in 8506 the stent is
cooled to a lower temperature T, typically below Ty (i.e. T2 =T - Y°C). Atthis
temperature, the polymer may still be deformed, and is shaped into a helix of



may be between about 60C and about 90C (preferably

70C). [0047] The filmis maintained at tenperature T,
Wr04119815 od of tine necessary to set the sh®gga/sG2004/600180
havi ng di ameter Dl1. The period of tinme required to

set Db wll vary depending on T1, T9 and the film

t hi ckness, and may be between 30 m nutes and 24
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made of the sane polynmer. In this instance, T3 is
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< 37°C, T3 may be equal to T1. IF T3 < 37°C, prior to use special storage
conditions may be required, such as storage at sub-ambient temperatures (or

at least equal to or lower than T3) or storage in a constrained state.

[0052] Optionally, a therapeutic agent may be incorporated into a stent so
formed. The therapeutic agent may be included with the polymer prior to
extrusion. Extrusion of the film allows inclusion of a drug or agent that can
withstand the extrusion temperatures. The therapeutic agent may be any
agent designed to have a therapeutic or preventative effect. For example, the
therapeutic agent may be a drug, an antibiotic, an anti-inflammatory agent, an
anti-clotting factor, a hormone, a nucleic acid, a peptide, a celiular factor, or a

10



< 37C, T3 may be equal to Tl1l. If T3 < 37C, prior to

use special storage conditions may be required, such
VWE2084/0003 e at sub- anbi ent tenperatures (or atPOI&&R004/000180
equal to or lower than T2) or storage in a constrained
state. [0052] Optionally, a therapeutic agent may be
incorporated into a stent so formed. The therapeutic
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calg-ne pl asticizer has a T9, referred to as Tgp, then T9P

is lower than T.
[0056] In a second embodiment, a stent 20 may be formed of one or more

polymer layers 22, 24 as illustrated in FIGS. 6-9. As illustrated, Jayers 22 and

24 may be formed atop each other.

[0057] lLayer 22 is arranged as the inner layer (closer to the axis of the
helix) while layer 24 is the outer layer of the formed helix. The polymers
forming the multiple layers have differing glass transition temperatures Tg-
Outer layer 24, is formed of a first polymer 28, having a glass transition
temperature Tqy; inner layer 22 is formed of a second polymer 26 having a
different glass transition temperature Tg. In the depicted embodiment, Tgo of

it



of the polymer. Acceptable plasticizers include |ow

nmol ecul ar weight liquids or solids, for exanple,

VP S0 HB1S pol yet hyl ene gl ycol, carbon disul fi dETEG2004/600180
triethyl ~citrate. [0056] In a second enbodi nent, a

stent 20 may be fornmed of one or nore polyner |ayers

22, 24 as illustrated in FIGS 6-9. As illustrated,
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en t Ion of thé stent, Influencing T3,

manumtatlphe rate of expansion. [0059] Again, suitable
pol yners from which the [ayer or |ayers 22 24 of
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ous an crystalline polymers. The pol ynmer
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multi-layer film Interfaci on a
surfegRRi Ay b6 ST Ry hed R ITEaH BUSREYS
two FPhord plfrhéd lﬁ?érssélﬁb AsaciPetiexaner (r) may be added o
|ncrease interfacial adhesion. For exanple, the
[0061]  Alternatively, each of the muliiple layers may be solvent cast. Such
casting results in good interfacial adhesion. The second layer is cast from a
solvent that does not dissolve the already-cast fayer. For example,
polyurethane used to form a first Jayer may be dissolved in
dimethylformamide, while PET used to form a second layer may be dissolved
in chloroform. The second solution may be spread on the first layer once dry,
and the solvent evaporated off. Again, a surfactant may be added fo the
polymer solutions prior to casting. The resulting multi-layers have a sirong

. bond between the layers.

[0062] The layers may alternatively be spin-cast using a high-speed
spinning machine. Such a machine spins a solution of polymer onto a
substrate and the solvent evaporates off. The films produced by this method
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surfactant may be added prior to extrusion. The
resulting filmwll thus have two or nore polyneric
Wh3pe4/E103%t op of each other. [0061] Alternativ@CF/SG2003/900180
of the nmultiple |ayers nmay be sol vent cast. Such
casting results in good interfacial adhesion. The
second layer is cast froma solvent that does not
- r 0}
may o Rk ctfinded fRANETEY SORiRicashiny, T MR can be
used icprodueel multi-layerestgopiner insd Heingvthisireethed, aivery thia

o 3 B RO B15H ES 0L S S B S,

o e s

bet“‘?ﬁuelr"cﬂd?@(@"i@?%/%g. The resul ting ﬁul %/i -l ayers have a
strong bond between the |ayers. [0062] The | ayers may

[0063] t eAFthErAlerR&veIh akitglthe ﬁbl?ﬂieﬁt filth @htospade or cast
Spi nni n%Bmachl ne. Such a machi ne spins a sol ution of

an inger {aYer. 1BaR SolentGast o SR CAT P GRES-BRKARIR BYEL AYBIR es

innePlayer. B18sd-lin Hfa&zm Bribd ot PEhEad Fﬂe_%swa, or by the
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The GiiRfRyet shih BERH G IS TRHE LSRG SRV soRORE RcbBy8l e,
whicls lt;vﬂmthi_?ssol\ie_rthe rRﬂ_gA The Beldtimeis'hliﬁen ezask otte :ttaa ianer Iaﬁer
astjciz is added tqQ nor 0 ol. r, the
potyrberand e rasherie g woTiEroL b b e neIRd® B b ach
shap@@h&ﬁ@liy as[ﬂ@ﬁﬂued #bovepr ef er r ed enbodi nent, a
mul ti-layered helical stent is nade by solvent

00661 Lok A milGhyerad fim R'tofmied, it 1S again heatod to*1': and>
formed into a helical shape having helical diameter D4. Thereatfter it is cooled
to T, and re-formed to a helical shape having diameter D;. For multi-layer
stent 20, the definitions of Ty and T, are based on the Tg1, Tg of the outer

polymer layer.

[0067] Conveniently T; the temperature at which a formed stent transitions
from one state to another, is influenced by the Tgs of the multiple polymers (in
the case of two layers Tg; of the first polymer 28 and Tg. of the second
polymer 26). Typically, T is closer to Tq1.

[0068] Similarly, the rate of expansion (i.e the rate at which stent 20 seli-
" expands after its temperature has increased beyond the state transition
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such as PLGA, is made using a sol vent

such as acetone, which will not dissolve the PLLA
WEhWOEBI081Si on i s then cast onto the inner | ayePCI/SG2004/000180
pol ymer and dried to generate a two-|ayered stent

film The filmis then shaped helically as descri bed

above. [0066] Once the nulti-layered filmis forned,
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expan%ls toits final helical wwdth (D) at 37C in 300
hours (initial expansion of 135% occurs in 120
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Ta ah@TTe e bRy o e BB oty st 16F Exmansian wte-91i nut es
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s for exanple, urological
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polymaryofaae o8téir el nayF iy alsivRer,,, aemai ﬂqé%fb:%%ck mus@acﬁ@ Jfor

expansi on
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The outer | ayer,

cné’ hpRefRetifablefordisg ifoneTranor Eddicars rethedheligalv e
stent 2O InclidepbIg I LREHAD LAY BB EPTNR, poly(actide-co-
glycolide), (PLGA), polyglycolide (PGA), polydioxanone, polycaprolactone,
polygluconate, polylactic acid-polyethylene oxide copolymers, modified
cefilose, coliagen, poly(hydroxybutyrate), polyanhydride, polyphosphoester,
poly(amino acids) or related copolymers material, polyurethane including
- physically cross-linked ether or ester-urethanes, polyethylene, poly(ethyiene

terephthalate) (PET), or Nylon 6,6.

[0071]  in one embodiment, the medical device has at least two layers, For
example, outer layer 24 may be formed from either an amorphous polymer
‘with a Ty of between about 35‘50 and about 60°C, or a cross-linked polymer
with a Tg of between about -10°C and about 60°C, and the second inner layer
22 is formed from either an amorphous or a semi-crystaliine polymer with a T
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inclusion of an inner layer having T92 > T91 w ||
i nfl uence the nmechanical strength of the
WR200#/1108er ed stent 20 when in an expanded st ®CE/SG2004/000180
since the polyner of the outer |ayer may be above
T91, and therefore lack the rigidity of the glass
state. The inner |ayer, which may be bel ow Tg2, and

of bbileAPolt 66°C And dbotd 19baS Santhyiéte sBRY.chRENIRTORE
rovide rigidity to the expanded stent. [0070] Again,

crysiainampiing ainap @retsr thars10TCon @16 SHEMPIE.Age0stara. { he
t

58 P RS R P
PLGAP&M Fpothegifgreoientiond PEINBA qupblydiers,dhe ﬁzs_t number
aivelgn RS Rt BERORE: A pPE0%S while the
sec@rﬁll Mlhlﬁfr&efeg@iol 1A PGA @@ltﬁﬁfﬂ?"/@dﬂﬂﬂ%y rl?lsfélso possible to

ol yanhydri de hosphoest er ani no Aaci or
use BRIATIBHDS Bbh /Aot RS heudes Tethuehithet sl ol

betwtthdocadely cross-1linked ether or ester-urethanes,
pol yet hyl ene, pol y(ethyl ene terephthal ate) (PET) or

In one enbodi nent, the nedjcal

Nil on 6, 6. £007éli

[0072}\; dBe N oheropediaked n@ymspseﬁgpeww in hespieriaygiedis
usefl U the 5 o RErSS-IRETPAHIE Thsl) gt o SEOWRRYS 60C,
temnﬂfafara:ﬁocaémve |bmdré terpRemivse, sumta:s hetweerpgb@dr-iénarthout
abov.%t QP& nﬁg{n{:ﬁlgrﬁy ggageﬁ@%%?wgna DBGht doRrer 22 s

ous or a sem-crystalline
poI ymer with a T. 14 WO 2004/ 110315 PCT/ SG2004/ 000180
[0078] bEbevsaiativeibicknaBEfdne odlssiayel 24 end inmer fayer @2 can
(e "
ve L0 PREl ierCoREAaRA 5 B indabhafh o,
samertudal thlchmsglsﬁﬁmsmmt? ned ﬂayetshbas a diﬁerderﬁylasckm@srcﬁdhﬁ fro m

e B3R RLoMEEY s oo St PR ol ey ™

layer 2@ cubdrdsver2d e b@batwesi &Ntan(S3P0 or 80% while the
second number refers to the PGA content (47% or 20% .

o074} 1 of bepelS Shibaing . saGiad Med v et Byere
fomélfﬁ@ﬁ%dﬁﬁnﬁ%lyd‘n@&? ZfigaTﬂil,Ethel srenf arerprsferably kerthed

atop BacH e Tk Maisrop TR s frach Misted Tope polifet

havinged &rﬂem lzjlas& %’ﬁﬁfl@ﬁ térﬁpérﬁttﬁ\b WiRwaTEa ifeRRIdUaTO of
such as between about -10C and

Ta, the state transition temperature of the device, as well as the rate at which

the device expands to Dy. Where additional layers are included in stent 20,

the T, of each progressively more inward layer wili be greater than the Ty of

the previous more outward layer, such that the innermost layer will have the

greatest T,.

[0075] In yet further alternative embodiment, illusfrated in FIG. 10, a fwo
layered stent 30 may be formed with adjacent polymer layers rather than
overlapping layers. As illustrated, the first layer 32 is positioned side-by-side
~ relative to the second layer 34, such that the two layers wind ihe length of the
helix, and such thét the first layer 32 is above, being an upper layer, the
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about 60C or nore particularly between about 0C and

about 40C. [0073] The relative thickness of the outer
WRIM4#/1A15and i nner | ayer 22 can be varied, sWREH/IGL614/000180
in different enbodi nents, the device, although having

the sanme total thickness of the conbined | ayers has a
different thickness of the inner |ayer 22 and outer

sedccm)aaaye%z éifg a lém—lla?é&eferétwé% hd %h{gﬁ’t?d;ﬁél éx?;eof' oS

22 to _outer |ayer

hei[x@ (ﬁggm istend |39 &5 foEmned yutbmaﬂdﬂtebcaisshape leyingpy helncal
o B P A0TSR b

Shﬁ@ledpvtmchameﬂaem, a‘ﬂaeten”rpekaiarelbg of mul tiple |ayers,
each formed froma polymer having a different glass

ORGP B RP5E e ol e BB b0

or th@delmery ofsa siagle therapégtio @jent at difibiind ratéd) ETRGEIRS, stent
to DI1. V\h re additional layers are |ncI uded in

30 3y ity ohe,gr more grageulic st ear axamPISrEashi#Rsr d
may eorsain\a differset teepkatic h%ﬂhgl’tf@acmaﬁr mé}‘@orﬂéifa‘{hé’ Qéx\pme

he 1 nnernost ayer

V\? a Suc
therfdiciaoe @fd’@it‘élﬂtbemqur@@zgq differeptmataqsepanding on the
polyPier @68 td f6fin @AER tHyaP Bﬁd tl?éolriiﬁélynﬁ'etﬂof tﬂe g'g@n‘tlé'r A%#&%NO

| ayered stent 30 rmay
layers;arerfarmed side-by+sige, Thﬂ/@&ran@utm gubrty evilh be Aehvered in the
samkldidsfigrat ed, the first layer 32 is positioned
SI de- by- si de relative to the second | ayer 34, such
at the two layers wind the length of the helix, and

I°°7§L chStan 80 istormed es desgrihed3abave, amng ep-dxrusignan  upper
SOiVé%&ﬂ%%ﬁMnﬁ?%ﬁ?@% %%T 99'8‘2‘4 e?cglolfls\ ﬁ c-gr second

be 0¢-@Nt§udeﬁ10rfarlm apolynr strﬁ;eha\ehg deaé@’&l bandslogehcl$0 i S
a heli cal

o P S o b 4 e

that wmdftbe fendiht af tlae belhe wterhaweaalthe %bbr&sﬂélaétsw
Stent 30 is useful "for

a.te ture 2. [ 0076
S""*’%ﬁ”é“@*& e B ?9689 opeHap aiibe HpEs Of thepymer siripy
the delivery of a single therapeutic agent at
[0078] f fl%nrlm\@jltraabpﬁhcafhm ahe pe:ynfetrs D&ed &Ofoﬁmétéﬂtqlol{gﬁ one

fic a For, exanpl e, each layer

stents 20, 34 e PRaRgblocsraafbler haepEataxe %giemn-alb?rg@a%h
causih )‘)ﬁi‘) mm;r tefoh & thelt t t ich
WI9| I lbe d?spersedea{égg?%%ﬁ&{egﬁgg 'gﬁ)ggg)g:énbgo% t he

[0079]  In certain embodiments, the polymer or polymers used may be
biostable, or non-biodegradable and are not degraded within the body. Such
polymers are accepted to be substantially non-erodible in the sense that their
erosion rates are usually of the order of years rather than months. Stent 10

- (or stents 20, 30) formed of biostable polymers is particularly usefui for
applications for lumen de-restriction or de-constriction over long periods of
time, as for example, in coronary artery applications or urological applications,
or for use with cranial aneurysms. Suitabie biostabie polymers include

- polyurethanes, poly (ether urethanes), poly (ester urethanes},
polycaprolactone, plasticized PVC, polyethylene, polyethylene terephthalate,
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pol ynmer used to formeach layer and the different Ts

of the polyners. As the |ayers are forned

V) 94/pIP38Y de, the therapeutic agents will be deT/SGo@EdN0180
in the sanme direction. [0077] Stent 30 is formed as
descri bed above, using co-extrusion or

sol vent-casting or spin-casting. The polyners used to

pob Y BERE) o OHE, PR R B e RV To N Ao ™!

6,6.t hat when coiled into a helix the stent will have
adj acent layers that wind the |ength of the helix.

t ernat,i [ icde,
roogy . * AR 6(oY eiiad S Whelibbndfudes br & bitepRlipable 3.
polyfier lbi‘tﬂndnﬂ ogriin ?]duaintalges [oOér?la']omdﬁ'ode\mah'f i suh as metal

a cations, .the polyoers, used to form stent.
stent By Sty 98Pl BORRELIT IR Y 5t TR spovios Bverd
peridtPar thié.OABibabsoRshbROdcVidd i@t be refiieved ngingiasavahd
irritation to the tissue when inse teg n a lunen of a
procegurp. after 85 pepful He i theesselnflsa; higabsor @ﬁ’!@ POYIMANS: or

RelatfleRBibAiodts SihcdPaoudinhrgdtr adabl e
Sten%warrsgﬁot egr%ggzd ‘W teﬁ,isn t he Sbod Such pol yners

oody. 2
treatment and ehemital debaing aomeonty ugeadyin negtaksten; MerRUfAGTUHRG
.1 hat ' ] : ;
aro (R RSGUINSH OWRel inflein e bAAAR ALAIE MY AYjodioie
stenbis ding pref@redoptidny farestampledin catdidvascplar anplicatiprs, for
rticuyl arl eful f applications for |unen

addf‘@@?%@#%’?@%?‘@?“@'&@éﬂm riction over |ong periods of

time, as for exanple, in coronary artery applications
[008¢] uStEnddD¢at stepis20c 30) isdesigned td baveugeoditollapse ani al

...Sui t abl.e, bi gstabl. s jincl
sro B Y SERBS 300 P o PePRLIBTI B oot
inseﬂﬁgfe} éi}{if‘héTfs)y exn@ﬂb?ﬂﬁiﬁ?{] < that i :’nay b ?ﬁia’ndited étm‘a;c?/ﬁe

ety ene olye ene tere at e
vessBOpLARYIDANS b PeUOYRPE BT oL A Elads T selr
expaha‘éﬂtﬁoc&@hyuﬁ%;buh@ﬂfé—mcmimignacabmmeemea:) or

Nylon 6,6. [0080] Stent 10 (or stents 20, 386 V\/?en
properdins and seb@xpansiohawAisty RERoTiqns %@Pﬂg‘% Borglus
the ng@éﬁ@ls *ﬁh@m\olaﬂﬁ&}gsévaﬂvﬁegpamom SSIFmBHS Biehts With e

I ncl udi ng nat deconposition into non-toxic
requicetbmiechanicgiaroreriies eapakle pidrpeing epenisngoiuminal
Stmcg'gggbsorbabl e device need not be retrieved using a

nd procedure after its useful life in the vessel.

Al so, bi oabsorbabl e polyneric .
[0082] In an exemplary biostable two-layered stent 10 an outer layer 24 is

made from polyurethane, which may be a physically cross-linked, for example
a poly(ether urethane) or a poly(ester urethane), and an inner tayer 22 made

~ from poly(ethylene terephthalate) or Nylon 6,6.

[0083] Alternatively, one or more layers stent 20 (or stent 30) may be
bioabsorbable. That is, various polymers degrade in the body put allow
monomers and by-products to be absorbed. Bioabsorbabie PLLA and PGA
material, for example, degrade in vivo, through hydrolytic chain scission, to

' .Iactic acid and glycolic acid, respectively, which in turn is converied to CO;

and then eliminated from the body by respiration.
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stents may be manufactured at relatively | ow costs

si nce vacuum heat treatnent and chem cal cl eaning
OO sed in nmetal stent manufacturing amETRE2004/000180
requi red. However, there may be certain situations

where a biostable stent is the preferred option, for
exanpl e in cardi ovascul ar applications, for added

[oo@ﬂf eti—)’et@r%&@ﬂggsad@grﬁﬁﬁtbh o 4 %hﬁﬂrys{éﬂ@\%]ﬂoéﬁh@ﬁf fot0 (or

nts 20 I S desi gned have good col | apse
exampleeh@uqaﬂy oomyabebause such mateddls Haue amorphgvgianddi nal

i R S
tharvatssgdtaliime t@rmrtsy Thsndsulisenn tlm;ubdyddiduyeasmgehystrength

fasthahl <BEeEs foppas) ol agio Pl SRS RHy Bapesss ' ©

show faQﬁ@tfetlin%%r decteasd fn-eﬂoengmmmnmee oddarrﬁmé by compared to
proportional to tensile nodul us 6 g natgﬁ“ aI The

a m&a‘fﬁv@rwﬁwafa!}iamaﬁe ASIREPROUSTBYIoRE P eYROREAN

affe(‘g% VARatidrRaH 'cg@ﬂlcaﬁeéﬁﬁusﬁﬁin éﬂmﬁymbﬁaaasﬂa@mfare@f

ng open endol um nal” structures. [0082] In an

andmaémﬂl@rqcebslogt abl e two-l ayered stent 10 an outer
| ayer 24 is made from pol yurethane, which may be a

(0088 * SERAIY biSRBHbTyméQ inGHATTBT-L ot L ER) !

hane) or a poly(ester urethane); and an inner

Doly+[&|ywtld@ PRk pofygtymlm FCAhgonrshanersias pactide ade) or
aycile 1P G, poniiBiinonst Sipdathe nofifeiiadiPbdyoriiEns .
ox:de! aopaiyreers) hymfb fesl cmﬂglnaetecoilagem @ob{ﬁlmmrbmbua_rra@\)v -
= Pr u S a e
poly B ANGG PO APy PO T e inB BeREr & fiffled EnRAREID 2
eacﬁdﬂvﬂﬁ@ilhhwéehﬁfacmmﬁ?degradamiqateirttbetblgdylﬁm' acid and
|ve C n
exerd S A RN ARG ars Ertve NS ChibRbt e rhatetla, by
(week@%cprrromh Bnd ﬂ%ﬁ%ﬁ@&ﬁé&ﬁ&ﬁéﬁ@@%ﬁpﬂ@&@

erogenous egradatl on o

b'oalmﬂyﬁe .ngatemir(rr@ﬁ 1P yeasy pi lhws) § S[S@%@ Pefsgre)éfﬁhs ablgh
to chBBgeeéiclj %k)ﬁr A& BBRhSSIe ﬁ'ﬁﬂ’ené? it 8ldeigtRiatied ra@t@fﬁhat

occurs nore rapidly at amorphous regions
is sutatdﬁfcuta degjredappiieationegi ons. This results in the
product decreasing in strength faster than it

{008 OC;/IS gﬁ&ﬁd IS0 S Roted Hatkihey cAIEREE PRéSursy SRtolihydred
stents are generally lower than with single layered stents, such as by a factor

of half or more.

[0087] Generally, mechanical properties of polymers increase with
increasing molecular weight. For instahce, the strength and tensile modulus of
PLLA generally increases with increasing molecuiar weight. PLLA, PDLA and
 PGA include tensile strengths of from about 40 thousands of pounds per
square inch (ksi) (276 MPa) fo about 120 ksi (827 MPa); a tensile strength of
80 ksi {552 MPa) is typical and a preferred tensile strength is from about 60
ksi (414 MPa) to about 120 ksi (827 MPa). Polydixanone, polycaprolactone
and polygluconate include tensile strengths of from about 15 ksi (103 MPa) to
about 60 ksi (414 MPa); a tensile strength of 35 ksi (241 MPa) is typical and a
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show a nore |inear decrease in strength with nass over
time as conpared to a material with crystalline and

WORNSIIEES regi ons. Degradation tine nmay be affiCaG2004/000180
by variations in chem cal conposition and pol yner
chain structures and material processing. [0085]

Sui t abl e bi oabsor babl e pol ynmers include poly-L-1lactide

préfeirbdlensil® slrandsh b SoliPPA-13i (1 ?Y ' (
,9 pol ynmers of dr-ﬂz:lcti de and g‘?%/'éoml)}adg% P‘f@iﬁ"g%@%“
M t ydi oxanone, pol ygluconate, polylactic
aci d- pol yet hyl ene oxi de copol yners, nodified

| ul I
""mf' Ay QN RATCARTNTEAGR BN 8 Fly abants) or
P8 pewdsopns |sgngmnch i (2058 WiPaliotabeat 2,000,000 psi

“W'@‘F%W&%‘E'%n'ﬂs%ﬁgﬁ* AT SR i v

exa

preferead tensitersodusm i frarh @aboad 700, {08 $4,B27 MIPH)h6 hbaind

1205500 B A ABRL Polidhcraponn pobisapticsgre sds

polyiuddnatt ipelude tensilk |m&tﬁlltﬁ&f?rﬁ>n; Q%ghgggg onsq ggt ? Mn'ﬁ"{)
| W i

o %%Suéﬁ?s‘f@‘ﬁf%s'ﬁ‘bgsﬁb"@. 7 éansilp qu@hﬁ of $50[a00a535 (3.103

MPa)ie Wical bhg afeRPlel Qeﬁé?@tméﬁlﬁufg 'fJ@Pﬁﬁ?tﬂzﬁg@Uﬁ% of

stents ar eggenera

(2s4§1¥‘\ﬁé!+/§ytpéi}99%‘éﬁ%%ﬁ§d3 MPak by a factor of half or

nmore. [0087] Generally, nechanical properties of

o | |
e Pnetanetr h ek ool Aot Roflle

tharpchr xgg]p@ guqy PXcr anelballpytwird which aisaynioe usécétwhake
st r engt hs

brald&:l Qaﬁts ﬂéénsﬁ%%sa% ggﬁg@%&ﬂ.ﬂ?&ty@ggf asilee T neh

from a
Strer(gﬂa of EL@M\%”@F he dersile modi A6 Msl?LL(ABigbwaaia% ofthensi | e

tonsité PR o L RO g Z%EF&P b Bhout 60 ksi (414

pre erre
to about 120 ksi (827 MPa). Pol ydi xanone,

a
[0090}| yStant 40 fon siewts ZﬂnGOpelgyegbmuprmmucmlauﬂ&héenSI l e

- mectRict phoprfs dr B AR A% et owen Bap struchisd - ooy

metal gllaygpBivabsabedble ot HicsRHE 8bhilHT Pe Y r§ 0900180
th is.from about k (172

mark%aérﬁ{ @gg g%\(?{-.] %2.@%@@ fnx[o% L ﬂ,ldgyvery catheter and ina body

lumen to compensate for the lower material properties.

{0091]  For example, an inner layer may be unplasticized, thereby having a
high T, and an outer layer having a lower Ty may be produced by pre-
plasticizing the same or a similar polymer with acceptable plasticizers. For
example, a PLLA may be plasticized with glycerol, and cast or extruded on to
a PGA layer. In this instance, the level of plasticization is so high as to render
the PLLA amorphous, and making it more soluble in acceptable solvents.

[0092] In one embodiment, stent 20 is used to deliver a therapeutic agent
in a biphasic pattern. Stent 20 is formed from two or more layers each having

a different T, such that the same therapeutic agent may be dissolved or
dispersed in the two or more layers, so as to diffuse out at different rates. The
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[0088] PLLA, PDLA and PGA include tensile nodul us of

from about 400, 000 pounds per square inch (psi)
WO20p48108453) t o about 2,000,000 psi (13, 790 MPLI/SGR004/000180
tensil e nodul us of 900, 000 psi (6,2606 MPa) is typical

and a preferred tensile nodulus is from about 700,000

psi (4,827 MPa) to about 1,200,000 psi (8,274 MPa).
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bi ost abl e stents may require ra
ge Y RURK tigm stegb20.prof il e on a delivery catheter and

in a body lunmen to conpensate for the | ower materi al
fo MRY be

[oomopleJhere%ter{t%Q(here fﬁﬁgﬁﬂrﬁﬁ@ﬁﬂ i Iﬁ]ﬁ{%a)} e 7Y Cor

unp asticized
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releBde2 % bisé &inbg anli% tSGUHEr Bpe%fi's%é(cgenfﬁtﬁrﬁlayﬂe {;‘)_c\irﬂnﬁﬁggs be

accept abl e asticizers
haV'BQ éslw\'@' Md/\a fastey @&geadﬂtlpnaalé and Inner lagst 2RGEGha@s to

fromaﬁ ast | bﬁ%ﬁ'{ erd hq}ay@o hpﬁﬁ?’&ar{doa Q'QH’&EF’GQ*?H@”‘P’[L@Z{B
Wheann msantee intaadumekiofig bddynmee;muawrem Will geReriipb! e

o tenf 20 d
doorpe JEfrtepais i ah ipllalihe il rlenre af Ghughlnsios layer €3, n

will g8herally aave s uﬁmgam@nfuf@ fihéfé@% PamATRig dsaécﬁ;%&af%atﬁ%'% ving

the 18 dlffer‘ei hthat the same 't herapeutic agent
e IHRen greryfar '6‘?(?@&'“8 lengtla gEtimegwhile lieif@smcﬂ'vgs stovdy
overlimeers, so as to diffuse out at different rates. The
19 WO 2004/ 110315 PCT/ SG2004/ 000150
[0095] Altermnatively, a stent 20, exemplary of an embodiment of the

present invention, allows for the delivery of two or more different therapeutic

M!

agents in a controlled fashion. In one embodiment, a multi-layered stent 20
having each layer formed from a polymer impregnated with one or more
therapeutic agents, different from the therapeutic agent or agents included in
other layers. The degradation rate and thickness of each layer may be
designed such that the therapeutic agent or agents of each layer is released
from the stent-20 at a particular rate or particular time period once inserted

into the fumen.

[0096] For example, in the case of cardiovascular appiications, a two-
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total amount of drug rel eased may be nmani pul ated by
adjusting the thickness, T. and the total area of the
WQ3E#1108150hi ch the drug i s enbedded. A skil | ed®CT/SG2004/000180
person, using routine experinentation, will be able to
determine the appropriate anmount of therapeutic agent

to include in a particular layer in order to achieve

rayére@%%rrtgd i ééégﬁ’éd 58dPRELa ﬁBanPcﬂnférBﬁVeacﬁﬁglié %s@&%@t
t hereb delivering a particular dose of
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pheicilead préfitsifor dedides oeeriddniion dRt wilf beruatiestoodby a
0094)] \Were stent 20 (or 30) is formed of layers, if

sidleghiathe ate  bi odegradabl e, then the rate of
bi odegradati on al so i nfluences the rate of drug

[oomql edf tise, steRNFD @IFRESHItER030) mtyewe .h@deih ﬂéph}&emdle
froma first pol ymer 28 havi ng

treatryentaf abjech “Qﬁﬁj ofaxpansian of A HEPB‘P zi’;?é'ulusirﬁtﬁdsm%dﬁe

f I 0 sl ower
. s O e I T 8 o 5
subba@bl@t a sitecthgtis glesireg & be axpandedg Jﬁ@ﬂ@tmqucﬂ@@g&mra"y

f
perigfiit by e AR YR 4 BrielanieiNioh 3, 3ull el
widthd)£ -Steftel0 may bebgzadlbmaépinyeg s Iwubn usiaga canviestignal t he
nen open for the required Iength of tine, while

catqeg Feasi ng drugs slowy over time. [0095]
Alternatively, astent 20, exenplary of an enbodi nent
[ooaaﬂ tbPeswibbewptedratedﬁﬂﬂmm”aidw%emin refess edn noey of

or dif t her.
opeh SadRl o Ty St B orbaf REFha e, BRRD SR althod yessgl o
tubestof thie Qé!strohméstiﬁalﬁmﬂb, dm:ys&diudl(Hsrfbd bile doviaap elejirasrihe
nated wth on t er ut) c ent s,
cavily R e e et fondk 90T e ddtieh 3B Tk biEgRRE |
i ncl uded in other layers. The degradation rate and
{00900 c!«nmﬁo@foneeehtﬂa&@’remdnen stesti fhis@xpanded. hatist he

t her apeuti ¢ a a ents . of eac e rel eased
may RIS et e RPeR ot ik pERC T Yo f T3 PeF bRF.,
choden'ts b@%ﬂ loP Bel@ﬁﬁ&dyﬂéﬁfﬂeﬁ&uré HeQddvite: tnByreBlf-ckpaPhs for

exanpl e, he case of cardi ovascul ar applications, a
tempaypiure equaltbrates to that of the implantation site.

[00100] However, although stent 10 is designed to self-expand, an
additional expansion approach may be used, such as a biphasic expansion
approach, for example, by a combination of radial expansion and raised
temperature. If physical expansion is used, such expansion may be by balioon

or bias-mediated expansion, as is known in the art.

[00101] After the deployment, and optionally expansion if by physical
expansion, any deployment and expansion aids are removed. Conveniently,
when the expansion is aided by a balloon, the balloon is deflated and
removed. The prosthetic device is retained in piace by the tissue with which it
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20 WD 2004/ 110315 PCT/ SG2004/ 000180 | ayered stent 20

i s designed such that a non-proliferative drug is
WRr4dHdis nitially at a faster rate fromthe ®ROT&EG2004/000180

| ayer 24, and then nuch nore slowly fromthe inner

| ayer 22 to prevent |ate-stage restenosis. In
addition, the inner |ayer 22 may be used to deliver a

s i é6raactaind i oanalxplihiien téieficas an anti- aggf‘?ggﬂ‘ghst 0

the lumen side. There are ot
ic release profile for devices of the

W{’ﬁ‘f?é nt PloﬁfeF‘Ei@ may|he prstiallyrxpendestiusing a batieors and thein lefed

in blac ROP3 . ts, 20, 30

" ﬁ‘ac tbrgthg?gga!iﬁ.n pr%%lh)gfﬁﬁﬁg @éf%rﬂég? &Cg%)t(g%%}g%g%bj ect)

deﬁlﬂg%‘@@i hglicat digmederddr, ehd Af Tyiswlesigasd it besiqual e thrigys
oo

o i f.i . i n, St 51102, stent 10 IS,
tha -G, des R AN ety th el RE sBfexPangion Pigcees. This
deplgyrieni of dioe helicabsienpailidagure That the bicaiee be8€k! iof hollow

f d inserti tent 10 at
ordB 6 0B I REoB o th Abebon o MeriRpRaWitiant ot h D2.
corgplisationarising emneashilor haisl gyb%ﬁ rbBoiﬁné,U”E” using a

be appr eci at ed,

conventional catheter. [0098] As w ||
efers tg an inner open space

n " h i
[00703)"E" Cﬁv%gf%séﬁ%yaﬁ,{ﬁ%& iy ganenaRy: shierterdn fengtle and layger

or “cavity
in halitsl adgih Wessisdfore ddikymat. FA2@ARIS, i bR ERitdather B!
devdUCt S Suf':th ﬁs_t{_lhe bi l'e duct, as well as the “cavity of
e PRy glart quf with ajength of abeul ) mioand helidal widly 1t5omtrhe
dohag el '
o I o?dt [ oﬁEErgltag%th Hf{)h ﬁégé%’aﬁggﬁq%%ﬁ% i}g h%aﬁ%k)gv%ﬁoeawt
3 mp.afiar deployment nicgomnarisonfart éxpastisbie rétal stefBgerieralll3

. bpdy t t )
has BBOUIAS Bark Ierthcirp Bndtichs bBfor8 ol apdatise ™ ¢
deployaiert-br ates to that of the inplantation site. [00100]

However, although stent 10 is designed to self-expand,

ddid i ' h b d, h
fo0tae o s WSl B3 BBTeLATcE SR 6 Pl st B ety o °°
medicghapmlisations, mcluding lahgfklnpaamd short-teny iﬁimgation, wﬁere a

: i cal, expansi.on i s used, suc
AT T
desiredp Lpdiooally, asch stekisanay rdleddtcord ér mbROHRMpetit %beﬁt’é‘.e

ot EBHBRE st PRt 1 b e
reatmentyueitlg biaaeoibabhd potymers with or without drug-carrying

capacity, to prevent restenosis. Other applications include deployment of the
present stents in thoracic surgery to keep airways open for patients suffering

from bronchial stenosis, or in urology, to keep the ureter open.

[00105] Thus, in $1106, stent 10 (or stent 20, 30) delivers one or more
therapeutic agent to the sg'te of implantation where the device incorporates
such therapeutic agents dispersed in one or more polymers used to form the

device, as described above.

[00106] Typically, the diffusion of a drug through an amorphous or
partially amorphous polymer is influenced by the Ty of the polymer; the

diffusion rate of a drug is higher in polymers of lower Tq.
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when the expansion is aided by a balloon, the balloon

is deflated and renoved. The prosthetic device is
W@LMWHAEEII n pl ace by the tissue with which it FEZI/SAD664/600180
2004/ 110315 PCT/ S&2004/ 000180 is in contact and its

own expansi on tendency. [00102] Stent 10 may be

partially expanded using a balloon and then left in

too%ﬂCe | OFeh 6 am@% 2 30 iPirfVa %u@s%ﬂibo@ﬁﬁérﬁtﬁ% tg

expand to t ef| ned fi nal di anet er , an
deacﬁbetﬁab@edn@y g@eackaged dorsple bnd soldwithegrgvithowbin 37C,

quire heating to start the self-expansion
lnstﬂ%g’ggg%tru%% depl oynment of the helical stent wll
ensure that the bl ocked vessel or hollow organ is
[0008]n anﬂiﬂlxm@ tb@ embiodimeriie ddsoriveddierein rélaiel tadedicalon,

i th at [ i fr o Vess
st e T DB O P BT g
thatg_ﬁﬂé ﬂliqtﬁﬂ—laye&gq:;dwneridd‘stfm@ @inkd ﬁéngs frfLgiing therap!@ehc agents
Wi t han before oynmen or exa in,one
heviBgiihe sHb RIS bRy RS S ied NRreiB s oaer St h of
shagé@aheﬂfhamar@m .hahumgla thdlaPsAape.mm and may reduce
In length by about 15% and i ncrease in heli cal WI dt h

t 0_about mm after depl Qynent. | n conpari son,
(00198} 2 HEMBHRIRIS A an IGEIT Y pe RESTARERORRY: Same
hght'cﬁ%fdll&h:fr\@'noﬁ%ﬂﬁﬂ% exsmpietore loading and after

depl oynent As wi |l now be appreciated, stent

cé be used in a variety of nedical applications,
EXAM\'?:U’ ing long-termand short-terminplantation, where
a biostable, rapidly degrading or slowy degrading

[00180Pabs ExrahpRe X MdMfattire dFthé StbntOpt i onal Iy, such
stents nmay rel ease one or nore therapeutl c agents at

100133 [ hARDE of RAbsBsin i Piage e UseSGobeOR (AR o

castinglor ERfrGsivh ) NeRt, thd éthpug céifeﬂgn@%f méﬂcagshap@m datintho
pr revent restenosis. pp i cati ons jncl

this shapedhalisal wiskh {s{a1) agsaéwﬁr t%maﬂqaéurpm)hsh%eh@ce efdery
depé,ﬂslfﬁ.%w bwewwﬁé} ims é}?éraﬁmeﬁsw&ér@& nqsuchrtﬁm T

bronchi al “st enosi’s, |n ur ol og the ureter

is froppdato alapt dpF 4ﬁﬁGsOnce| sehiatdie h hten:lmer@mre (;Bértbe 20,
stenti® Lsﬁ'ﬁ‘y MQ&{ S h%ﬁx BPV%rﬁallérW‘%ﬁ@% %\H&ﬂhc(DaP i rdiB drhe
site o I Mpl an

evi ce FPRACOr por at es
D4/Ds iscgenenalyajpeater thaagb isush as $noor 6 éal2) at dlewes temperature

(T2): %81a|¥|m|=’2 mav rgnget ﬁo%olﬂ%gshﬁom about 5 to 80°C.

[00112] At this lower helical width, the stent may be deployed easity
using a conventional catheter. Once inside the body vessel or cavity, the stent
may be expanded by using both pressure and a raised temperature (this

| temperature is usually between T, and T2 and is referred to as T3, i.e.
T1>Ta>T,). Under these conditions, the stent expands quickly first due to the
physical expansion method and then more slowly due to the self-expansion
properties of the stent, to the helical width set at 7.

[00113] After the initial expansion, ihe balloon is deflated and withdrawn.
 The stent is retained in place by the tissue it is in contact with, and its own
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devi ce, as described above. [00106] Typically, the
di ffusion of a drug through an anorphous or partially
VWAROHIEEE pol ymer is influenced by the T9 of (PEE/SG2004/000180

pol ymer; the diffusion rate of a drug is higher in

pol yners of lower T9. 22 WD 2004/110315

PCT/SG2004/000180 [00107] O course, stents 10, 20 or

ri ous enbodi ments as descri bed above may

exp%ﬁ&éﬂ% age "for sale and sold with or w thout

instructions for use. [00108] Al though the enbodi nents
[001dd3 cr i bEendralethe stentaineuses inisitialnpxpanded by a kellorp| | ed

o B PR bR LRl 20
bodyamlnpm'almt@ isigeabrally stpwendharpailils, whegehyis belnw/bwrg! th e
tomipiisy HIES- TmIpage BliesramraatcaoRrpato of Bt

W,thmM|wdtﬁgmgndm0109] Enbodi nents of the |nvent| on
may be further appreciated, in [light of the follow ng

- tin | es, 0 Exanpl e 1:

[001ﬁlgﬂu rc%’fﬁ’%g’sg HeEtioN orwhgiﬁyé'&egtshik of pol yner
filmis nmade by the usual nethods (solvent- casting or

[00148] I USiTR)prefdiet cohfiguration pf the starit iscal niultt—iayereldd’néhcall

sten G e e BTN P e O 4B e i 1)
behﬂt@gﬁggf’% gf\a th@ Jrﬁleqhetinh}mméyeﬂ@madé Bﬁalﬁl @mmouwre i's
I SucC Is from

semisgystatine golyper afdthﬁfagh?fgﬁeﬁsot%@} a0 P@fﬁéal“")e mehiog”
I t srral | er helical
P omtvsérgtg{? ?Weyv'gt%ﬁgu%? rg%ﬁ &?h??ﬂgfener ally greater

than 1, such as from®6 to Z?t at a | ower tenperature
[00197D) . dgdnake advariayerachsfent, WO'#?W!H&%O%F@ Bhout 5 to

adop%&? [00112] At this lower helical width, the stent
nmay be deployed easily using a conventi onal cat het er.

Once inside the body vessel or cavity, the stent my
[00113] expdhadrnesiayes (Made fom Bkidenexampla) i magdely

castlﬁﬁ %ﬂfgﬂg? \nﬂlﬁrﬁﬁ\gtrh}bgg&t g‘}?rHFrPa ’bélu’.ti'&fﬂ dl%IWJ
A staoddet satitinnecoatends vseshtor thiapumasat Nextpasakitign of ey
outerf—liafzgl1 pocigﬂ'ﬁerI ﬁ/pﬁ&lﬁy a PLGA) is made in a solvent that does not
dissolve the inner polymer that is already cast. An example of such a solvent
is acetone. This solution is then cast onto the inner layer polymer, and dried to
make the two-layer stent film. The film is then shaped into a helical stent using

“procedures already outlined above.

[00119] The two layers, if made from biodegradabie polymers, will

~ degrade at different rates, which may be used to advantage. For instance, in
preventing restenosis, it appears that rapid neo-Intimal cell proliferation occurs
in the first 2-4 weeks. Thus the outer layer may be programmed to degrade
over this period, releasing all the drug content in the same time period. The
second layer may then be programmed to degrade at a much slower rate, o
prevent later stage restenosis. It may also be used to deliver another drug,

such as an anti-coagulant.

24



physi cal expansi on nethod and then nore slowy due to
the sel f-expansion properties of the stent, to the
WHEI0D4BI0318 dt h set at Ti. [00113] After the i niPCII&G2004/000180
expansion, the balloon is deflated and wi thdrawn. The
stent is retained in place by the tissue it is in
contact with, and its own 23 WO 2004/ 110315
PCT/ SG2004/ 000180 e ' e Okkfidy be on
[00128]ner 2V 2 °§m%p?£ﬁ$é6§§e?§?%§ﬂr ﬁﬁqo&*rﬁy expsgmded by
top of‘eml &ﬁte;nor mgﬁykm. Aot Iayeréeitsfa iewpaiftgi than 18 ?y
enperature. The expansion rate. a Hel €
innerilayayon iayars. yn Hingase: tedRnde 0%1, 'Svuﬁsé'?@?%mi tgggg :bgg\(/: body
t Li€F. 4658 1fthé TR bPhedRitér bilrgeristriasedo 37°C,
OUterrlg%Er?eeeé%hyuaﬁgon&of the ;r?ent Wi t h rel L cal vvi?t Sm&
then trdeXpansibo datess rapidabpadytemasratyre, IISIPSIRNEe T3P ed
eqt & ¢ GonkbBYcabbyMmeniof Pha adent
be 3?’? 5“%?%%%?%9@8%@‘??% “stent, | nbwﬁi ch the outer
PGA| whiesd T, isapproximatelyf 37a88°4hor phous pol ymer with a T.
bet ween 40C and 60C, while the inner |ayer is nade of
ao Sorli I vl VAl BTy, merand T:h Roly
“’Mﬁ}gher%%8?6‘68&'88%%&3%&*% ystalline nelting point
cthyl@hehes! vidarseliohG plikticzanviere idiegied expandabi lity.
[00117] To nmake a two-|ayered stent, the foll ow ng
procedure is adopted. [00118] The inner |ayer (nade
fromPLA for exanple) is nade by casting the polyner
(with or without drug) froma solution in
di chl oromet hane. A standard solution coater is used

r th Sraiext, a solution of the outer-|ayer.
Tabld 91 L TS PAROE el ol ution ¢ out ;

250l VemiE° ol s dcet oned7Mhi s

cast ygat 0 the i mpec | ayer 480C\fmsiey) of
e the two-I ayer stent flilm TBeQGilm

an
s thenshapedtntoaghekitali st cusSi g proggwlir es
Plﬁl?o‘g_g%@lﬁlt_ ﬁﬁngh abovsaﬁ 00119] %ggctv\o | aygrs (faster) or
madeBEYYi odegr adabl’e pol yers, w1 idegrade7at
differentr . Hel-fmybeusepksF0 advant aggyedor
| PL%G’&%@?‘EE‘%% yent pﬁggr esteno?lssf: it lappears that
ToE: mallcel freration s
PLGA 80/20/plasticized 50 25°C TS ere
PLGABD/20/ (T, = 44°C)

nr.ali
B’ T T

[oo122] Example 3: Stent expansion

[00123] FIG. 12 is a graphical representation showing expansion rate
data of for single-layer and double-layer stents at 37°C.

[00124] Example 4: Use of the stent

[00125] FIG. 13 i-s a represenfation of the stent being placed in situ.
[00126] Example 5: Therapeutic agent delivery

[oe127] One or more polymers in the stent may be impregnated with a

therapeutic agent or drug. Examples of such agents include anti-proliferative
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in the first 2-4 weeks. Thus the outer | ayer may be

programmed to degrade over this period, releasing all
Wi Hti@dtscont ent in the same tinme period. ThePCTECEH/000180

| ayer may then be programmed to degrade at a much
slower rate, to prevent |ater stage restenosis. It
may al so be used to deliver another drug, such as an

agents SuﬂDég Birélivhus afd m&%ﬂ%é's]iﬁa&émg ﬁ?ﬁ’%@{ 00180
Wthatvvo(or mul tiple) yered system the
pa%lgq ¢ ity gorivatives; angighemhedic mgenissucbasdieparimy - si de.
T [ nne er
aniERSICS SN a5 BRh(cAR RelbiEfapdut 38806 Ko il
dOWlﬂh&lﬂmtmgraiﬁagehb suolmaegahaglemr tamdeém:bﬁyp“érteﬂrsvéé)c | f

dnie is.close to 37C, then the
49 expsadr%&%mwg'gg%g ’SEPE%/E%%B?/ $enperature. In this
i nstance, T3 may be 37C. Such is the case with PLGA

[00828]47, Wihile tB@hEmcatemﬁeyhm’anfesEMbcais reféqed, iMzose T.
postBIBANUTR B P EIEE sont whic f%aagﬁ%"srret Bifoa lower

repre

helies! matarae ag:émramraaeﬂthaﬁ the uréaﬁémfbﬁeeaf fﬁﬁ?oﬁvmers
i ndi cat ed. q T3 values T2 t
Thi SF]'DT}( fgeire hlgher.forces The he lcﬁmﬂgj may therbeemarsed 23

to pdvide a&mgi.&é;gy@ﬂ_ 7OC 40C 45C (faster) or 37C PLGA
80/20 (Tg = 51C) 50C 25C 37C Single-layer 70C 40C

PLLAS8. 4/ pl asti ci zed PLGA 37C 25C 37C

C (faster
W”"égl 20(1-‘gzl ngﬂama&fﬁﬁ/ 20/ pl asti ci zed 50C 25C
PLGA80/ 20/ T = 44C [00122] Exanple 3: Stent expansion

{oomopl23]Fo?la&uo§tab|e$srigb@mﬂw abethRPFRAY &t RRetEYSNY
PVAe(oBter alyglr:} %"C and Ty of PET (inner layer) = +60°C, and where T, =
37°C and T, =25°C, a self-expandmg stent having a PET layer with thickness

= 0.18mm; PVA thickness = 0.07 to 0.15 mm.

[00131] An extruded sheet of PET, 0.18mm thick, is used as the inner
layer. On to this is cast a PVA film, using a solution of PVA in
dichloromethane. The thickness of the cast layer of PVA is about 0.10mm.
This bilayer film is set into a helical stent of helical width 3mm at 37°C for 1
hour and the lower helical width of 1mm is set at 25°C. This stent can be

balloon-expanded and then self-expand at 37C.

[00132] As will now be appreciated, the above describe embodiments
are susceptible to many modifications. For example, an exemplary stent
could be formed of a non-helical shape. An exempfary stent couid be formed
of having a generally cylindrical shape, two differing shapes at two
_ {emperatures, or an undefined shape at one temperature. Similarly,

| exemplary stents could be formed of third, fourth and additional layers,
between first and second layers. Each or some of the multiple layers could

inciude a therapeutic agent as described.

© [00133]  As can be understood by one skilled in the art, many

26



data of for single-layer and doubl e-layer stents at
37C. [00124] Exanple 4: Use of the stent [00125] FIG
WB20¢1HW3tepr esent ati on of the stent being pl a®&€d/SG3004/000180
situ. [00126] Exanple 5: Therapeutic agent delivery
[00127] One or nore polymers in the stent may be
inpregnated with a therapeutic agent or drug.
modifGiBhe fo e e&éﬁg I Shibddinfsts d8scibll HRFdh 'afee%@éshﬁl@ 25
WO 2004/110315 S&2004/ 000180 agents suc
Thednvestiomuathandsiintendrs fovenconeess alt Bueh mgdidioatian wWithia itand
ents
sco@ C‘an EJ:I bgﬁgenbltaﬁ‘résﬁgﬁm%\f@ﬁnﬁgﬁ als@ﬁﬁ%u&ég Qmﬁf, %}eﬁg
featuimsnmmmammstarm ca:mrmmds uefbrred praoﬂ indigated iothis

dpxor ubj ci n. ts su I
spediciate handfiafy braslbvesd 370 ahy ite B SbottiRiehs 8 by
two BEMRdRE 8fthk stdpsCdrdaatdigze. [ 00128] While the helical

shape herein described is preferred, it is possible

to provide a fully tube-like stent which may be
stretched to a lower helical width at a tenperature
greater than the T9 of any one of the polyners. This
may require higher forces. The helical width may then
be expanded at T3 to provide a functional stent.

[00129] Exanple 6. Mayer stents [00130] For a

bi ost abl e PET/ Poly vinyl acetate (PVA) stent, where T.

of PVA (outer layer) = 28C and T. of PET (inner

| ayer) = +60C, and where Tl _ 37C and T2 =25C, a

sel f-expandi ng stent having a PET layer with thickness

= 0.18mm PVA thickness = 0.07 to 0.15 mm [00131] An

extruded sheet of PET, 0.18mmthick, is used as the

inner layer. On to this is cast a PVAfilm using a

solution of PVA in dichloronethane. The thickness of

the cast layer of PVA is about 0.10mm This bil ayer
filmis set into a helical stent of helical wdth 3mm

at 37C for 1 hour and the lower helical wdth of 1 mm

is set at 25C. This stent can be ball oon-expanded and

then sel f-expand at 37C. [00132] As will now be
appreci ated, the above descri be enbodi nents are
susceptible to many nodifications. For exanple, an
exenplary st ent
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could be formed of a non-helical shape. An exenplary

stent could be fornmed of having a generally

WA 00403 tal shape, two differing shapes at twPCT/SG2004/000180
tenperatures, or an undefined shape at one

tenperature. Simlarly, exenplary stents could be

formed of third, fourth and additional |ayers,

between first and second | ayers. Each or sone of the

WMTIS@ILAIME&&SS could include a therapeutic agent as
As can be understood by one skilled

desgribed. [ 00133]
R RLePE Fombraiag s ansercrpeiip eres e et agbr DOMA DG 50

int

frsﬂpdyﬁwemtat 18 Idfat bliaff BBl SAE AL LS 6 B e

herein are possib ntion,
temneratiees ot ik seemddayerantiudiog h seoohd pdwneomamst dtileasit s
al so

parﬁé!l?rloiﬁ'nolﬁﬁoﬁeafir‘)c{‘ﬁ%1 \_‘;lz{sg%ra?l "ﬁ?lgi?rﬁ;éreggtdr%ﬁem | \%tslt% and

i n¢l udes a
forraethisohave firef ﬁ‘rapechtta:iower iembemtt;mﬂ‘ 4and bLs&cond shape at

= REFEpERABI T o reBiRed $ Pende tipmiasid st staie 't oy

saichsedoad shapsat a’ZVenV@r&@ﬁéé&,déﬁd or flebleP a4/ ReHi8N W-'S‘T

nt conprising first and secon

*emPg'g?glfo% LHVE@PEH#W@! !qaawrparm aldeay e f iTes8Nthdyzy mrer

that is at least partially anorphous and has a gl ass

sition erature T |, said second | ayer
2. ?F%aﬁeﬁbofapl@e*c rfurtw qqmnﬂngaat l¢ast ane ladditibnalthird i al | v
er Tg2,
'ayei‘g?!s‘@s‘wt PO POy St 18 2P 1o AP el BIBGG Bt

Q'asﬁgﬁbﬁﬁmtﬁf@f?@uw}%ﬁ second shape at a higher
tenperature TI, and configured to change from said

first shape to said second shape at a tenperature

3. eqlhd stent dficlajmeladrealaithdwherbindng 874@) tenperature T3,
dependent at least in part on at |east one of Tcl, and
T.2. 2. The stent of claim1, further conprising at

4. | éﬁmtstema::fadylbhe@iﬁaialrhém Rl 3, Wh¥Rin $418 fikglipRfndert i 1 d
that .is at | east partl al |y anorphous and has a

mm@sggﬁ?rgﬂgwﬁwmenperature Tg3. 3. The stent of
claim1 or claim?2, wherein T3 <_ 37C. 4. The stent of

aq_¥| one.of clainms | to 3, wherein said first polyner
5. e stent of claim 4, wherein said therapeutic agent is selected from

the group consisting of a drug, an antibiotic, an anti-inflammatory agent, an
anti-clotting factor, a hormone, a nucleic acid, a peptide, a cellular factor, a
ligand for a cell surface receptor, an anti-proliferative agent, an anti-

- thrombotic agent, an antimicrobial agent, an anti-viral agent, a
chemotherapeutic agent, and an anti-hypertensive agent.

6. The stent of claim 4 or claim 5, wherein said first polymer and said

second polymer each comprise a different therapeutic agent.

7. The stent of any one of claims 1 to 6, wherein said first layer is an outer
layer and said second layer is an inner layer such that said outer layer is
spaced farther from a ceniral longitudinal axis of said stent than said inner

layer, and Ty < Tgo.
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conprises a therapeutic agent. 5. The stent of claim
' is selected from

4, wherein said therapeutic agent
an anti bi oti c ,PCAYSG2004/000180

Wh200¢A W3 consi sting of a drug,
anti-inflammatory agent, an anti-clotting factor, a

hornone, a nucleic acid, a peptide, a cellular factor,

a ligand for a cell surface receptor, an

anti -proliferative agent, an anti- thronbotic agent,
an anti-viral agent, a

%lmcrobl al _agent,
che plepLefipine in Tanig betweert abdut @5PE tmaboet 60°C
& 8c &f or claimb5, wherein

an g’?ﬁ(}&beﬁ«eeﬁ%qﬁ{ B bgg?zﬂbdg:econd pol ymer each

first polyner and
conprise a different therapeutic agent. 7. The.stent
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conastinggﬁ@rdrug,eammtmmrceaﬁ anti-ltflamimigiod) &nt dn ShiRbBtihg q

tic agent and said secOn

d f t th
fact(ﬁhgﬁshq a' t? gp,eae F)a 7 Rdertilalfagkares igand fosm asile

herape
surfagma‘epeptono ag Imtupialf@:fat@e gt aﬁ%nﬂﬂl‘ir’om&hb Sg ?Fi‘tn an

i i,nfl rmator)(( agent, an anti-clotting
an "ﬂ'&ﬂ’?fﬂ%@ge v @ntivisalagent, aacfpﬁmthg@peutueamrm and et or,
anﬁ-ﬁyﬁer@agﬁefa?én@ cell surface receptor, an
anti-proliterative agent, an anti-thronbotic agent, an
antim crobial agent, an anti-viral agent, a
ensj ve

11. C 'TWM&&WBE}#%E of‘@l%mn gsc gﬂ%e%& %q@?‘%g lltnaqeotslq)

e stent

geneﬁﬁ%@iwﬂl shape haviag heln:qb width Do anglesadd sédondhhlapead ashape
aid, s cond shﬁge is a
2.

geneliy naficdl Shas@hahd hiddf wiiid D3 2&iid Whéreih D; =

12.  The stent of any one of claims 1 to 11, wherein said first polymer is

cross-linked.

13.  The stent of any one of claims 1 to 12, whereln said first layer is an
upper layer and said second layer is a lower layer, such that said upper layer
is generally paraflel to said lower layer, and said upper layer and said lower
layer fraverse the length of the stent prior to said stent being formed into said

first shape.

14.  The stent of any one of claims 1 to 12, wherein said first layer is an
outer layer and said second layer is an inner layer such that said outer layer is
spaced farther from a central fongitudinal axis of said stent than said inner
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general ly helical shape having helical width DT, and
wherein D, > D2 12. The stent of any one of clalns 1
WR2094 1105 3er ein said first polynmer is cross-| iPEE&E2004/000180

13. The stent of any one of clainms 1 to 12, wherein

said first layer is an upper |ayer and said second

| ayer is a |lower |ayer, such that said upper layer is
fayegleneral |y parallel to said |ower |ayer, and said upper

| ayer and said | ower |ayer traverse the Iength of the

stent prior to said stent being fornmed into said

15, T ?ﬁ%&ﬂ?&ﬁanﬁ‘}g c%?'?:fau%%’”b a‘hfd A Yh8RsN He |%'l18'dFB lto

erern rst l'dyer is an outer er and

thiclm@ssl ofs said irohe kayer to said nuien feyer Isei;edwe@'uelbpuﬂﬁa tasabeut
4:3 outer layer is spaced farther froma central
““longitudinal axis of said stent than said i nner 29 WO

2004/ 110315 PCT/ S&004/ 000180 I|ayer. 15. The stent of
vvhere t he [atlo of

one of clainms 7, .8 d 12,
16. ¢ 1] heHESEO Y St e Nay18y Wheredhsaid iRt BPMISds i s
biosR@lereen about 3:1 to about 1:3. 16. The stent of any
one of claims 1 to 15, wherein said first polyner is
bi ostable. 17. The stent of claim 16, wherein said

17. 1%&9&% 16 @b&ﬁﬁ QQ#desecoﬂ@R%l Vher E-;ttﬁaétaﬁlfe claim

erein sai rst pol yner sal d second
pol ymer are independently selected fromthe group

15. SR ShAY 0L NP SRR R SR,
polymtﬁ.||ealad;a;’:llr1]ae|)p9enr:1elhtg(t !émctteui fronelhbegnel%% cqmllgtlngldg gblyemmnede
polyRayige PonfabHENS Pt hatsts R RV [dther o
ureth;élhré)s fbbﬁ“ﬁbstéf uﬂitﬁ(alﬁﬂ Epdly virlybehisride, polydiny adutate (PVM) d

poly(eﬂad%el@-wgﬁ PRI 4% RErRs @ﬁ%@g di Riylon's

bi oabsorbable. 21. The stent of claim 20, mhereln
said first polyner and said_second polyner are

19. | Jdesteniohany oae pbelpias 1 ﬂ@ﬂﬁtwaergtno‘iﬂw fisherlymends of
bioa hy ; lactide (PLLA), poly-D-lactide (PDLA),
pol'yglycolide (PGA), poly lactide-co-

20. The stent of claim 19, wherein said second polymer is bioabsorbable.

21.  The stent of claim 20, wherein said first polymer and said second
polymer are independently selected from the group consisting of poly-L-
lactide (PLLA), poly-D-lactide (PDLA), polyglycofide (PGA), poly iactide-co-
glycolide (PLGA), polydioxanone, polyglucenate, polylactic acid-polyethylene
oxide copolymer, modified cellulose, collagen, poly(hydroxybutyrate),
polyanhydride, polyphosphoester and poly-amino acid.

22. The stent of any one of claims 7, 8, 14, 15, 20 and 21, wherein said

outer layer degrades at a different rate than said inner layer.

23. The stent of any one of claims 9 to 22, wherein said stent extends
along a helical axis, and said first layer forms an exterior layer of said stent,
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gl ycolide (PL&), polydi oxanone, pol ygluconat e,
pol yl acti c aci d-pol yet hyl ene oxi de copol yner,

nodi fied cel |l ul ose, collagen, poly(hydroxybutyrate),
pol yanhydri de, pol yphosphoester and pol y-am no aci d.
22. The stent of any one of clains 7, 8, 14, 15, 20
and 21, wherein said outer |ayer. degrades at a
different rate than said inner layer. 23. The stent of
any emksad setomineyed fanps 2R, intelveriaien of adid stanbndo hatt said dirst
al Onﬂher%pglﬁlk' ‘é@ént a?é' $e|e£@dj Silyd frt)}nr Sstafdl AT he" gﬁd akbcond

exterior |ayer sai d stent, sai d second
Iayep"e’faB‘?‘iii'E a%ﬁ?t Isﬁ?'%EISF’%V’WF‘r&)?@P aHF sal d stent, so that
said first therapeutic agent is released away from

sai d2@XI SThe%PQ]t §(,acjogj é\ﬁ?&aﬁms é%ﬁ%@(ﬁ{l’ld% %qt%en' ) ra]l 8at{e8t.

rel eased toward said axis accor
claims 1 to 23 for expanding the lunmen of a patient.

f25 75. met hestrof ofmmfaamtmgra s’e@taorﬁsr@mg con}ari si n?:

orm ng m having a first laye

i ncl udi n3f°%’é%? o &o‘% "}er ﬂlg] h?v"]ge%g?s AR 'F%Jt'l’qt"ig S %olymer
anor Hloa St desat h%r@a”a afjloepbaust areinksst 4 glast anstioatemperalige T
and Qidsﬁ%@%& I@ye@rlndld?ﬁ'}guéj'pﬁgm@r Bﬁ{ YTEf leﬁaaﬁarﬁaﬁy &orphous
| east g_‘?rtl %a / apd has a glass transition
t erp@FAFTF &4 ns'g?fhgmﬂedatl"ﬁ Ztrip into a first shape
at a temaanmth@ sTip, intoadirse Bimepd at & tehgibrature XC whareth 7 FS g1

f r om g&e0uhd X RGrohPabBR0s 1o sl +1286- The method of claim
25, further conprising: at a tenperature T2, shaping

the strip into a second shape, wherein T2 =T, - YC,
and 26.i s Theaomttadodtiaif ZBHUIﬂ'bOCtImpﬁ;l@lng 27. The net hod of

claim 26’at‘€(ht§rrn erulséaTz si%llﬂﬁg tl’?egstt‘lg'ﬁ”utég eE’onﬁrﬁmg S\'\I[llelreﬁl T2

shape con‘grl se col | stri nt o
havihb -d é’I”Fé(dﬁf"&WGI?%' Pio aboyy §8 wher ei n said shaping
the strip into a second shape conpri ses conpreSS|ng

the tr' pl'heB%ch&j Bl? lc'a%%ﬁ,ﬁ?ﬁtﬁer@:ﬁv' A sltl]eﬁ)%nlgct%e s‘% m?o a first

er elrn n
cl au%’?@oezsﬁmﬂﬁ'sqs?coﬂm ribeh&ifip i riied ﬁ@Pad‘@mn@ 88!19“081 width Dy,

pl asdhii Cinaereint Q;aﬁalsﬂa;fﬂgf She PQHY maro R | o0 Jh%é’“ &fhprises

said_stri
5, Pl s B e Ml aee hepcatra og e gei: <
secdhd polynmer prior to formng said strip of polyner
film

28, The method of any one of claims 25 to 27, further comprising adding a

- plasticizer to said first polymer prior to forming said strip of polymer film.

29. The method of claim 28, further comprising adding a plasticizer to said
sepond polymer prior to forming said strip of polymer film.

- 30. The method of any one of claims 25 to 29, wherein said first layer is an
" outer layer and said second layer is an inner layer such that said outer layer is
Spaced farther from a central longitudinal axis of said stent than said inner

- layer, and Tgy < T

31. The method of .any one of claims 25 to 30, wherein said polymer film is
formed by co-extruding said first layer and said second layer. o ' o
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30. The nethod of any one of clainms 25 to 29, wherein
said first layer is an outer l|layer and said second

| ayer is an inner |ayer such that said outer |layer is
spaced farther froma central |ongitudinal axis of

said stent than said inner |layer, and Tgl < Tg2. 31.
The nmet hod of any one of clains 25 to 30, wherein said.
polymer filmis forned by co-extruding said first

| ayer and said second |ayer. 31 32. The nethod of any

one @b cl ahérﬁ,et%& bPangbne WP BERIs 2598136, \pﬁdréfﬁfeéld meeﬂ fim is
for , %nttcast%Q%Hsald first Yer and said
secgﬁ’ %/\ Venggastipg gal B Sﬁ'ﬂﬁe‘i?ﬁ% " clai ms 25

to 30, mhereln said polymer filmis forned by

spi n3gast T!ﬁlﬂm%ﬁﬂbdﬂ off énrysbtne oﬁXIQIFns%qo Sl \gﬂé&‘? oate pl)l%ﬁrr film is

34. The net hod claim3 larm 3 wher e
soIvEﬂPmugeﬁmﬂﬁﬁﬁﬁéﬁdﬁ@Hﬂ@r§@G@H&eW§9€W@does not

di ssolve said first |layer. 35. The nethod of any one
?Le?g p'egts]l'liézggtﬂoég éf cI£ H1r éfgrr clé’ﬁﬁr@:‘r 'w%:%% tﬁg %olo&t %sed to cast
cast paifysecas! ’aYPhéoqsr@?”rﬂb%O'W Sadq fﬁ$*r’ﬁ¥8’5 V\,her e| n sal d

t herapeutic agent is selected fromthe group

consj,sti nti bi.ot.ic, " .
oot 3t 1 hedthorfod bifhy A8 of Bind B1b St Bfiner pomgiyng aceipa a
hornﬁﬁ@Pa@Pﬁ%@t@ﬁwdé@tmmmwrp@pkuasmga cel lular factor
a ligand for a cell surface receptor, an

anti; roI ferati e agent_, anti- thronbotic agent,

an a J@IﬁoB'F pd Lf&rim Bn W, gﬁrf"i” ?ﬁ’dr H1erapg gt agegt ° Setbcted
chenﬁnnhﬁmawelm ptmsutywnm' a dnd, am aalitidtie, hgrp entt-iefgimagory agent,
agenty ar?fydott-ﬁg GadiGit Qq’lgrngne Cé ﬁhéi@ic?’gcuﬂar ?ép%ém a;gée dlulfalufaua?r

conpr|3|n ding a her’apeuti c sard second
pol y 8. Gep E‘é[?t"? ni§oeriy, aﬁhéﬂ\%@»@%@*w agpRi A Ant-

V\/nertbnormbamm fdemt, endn t etiraipebitli cCagegent ar S zadlded dgent, a
eac brghofigthfkulid scth, BY Tk edgsgcond pol ymer
prior t0 cag?”nS% %8 [ng%h gggéﬁy one of clains
25 to 38, mhereln said first polynmer is biostable.

40. 3rhe mekhaethed of i &9 or Wie eden foritcl BABMMY adding a
pol The net hod. of cl ai m 40,

e Erapels eftih 8 fecotuon M pRE R B8 ona ™ ar o

i ndependent |y selected fromthe group consisting of

pol yaet hy|Tﬂ8$‘nethOBQJf)6Féfn0Q7| Heain BQJ&fﬂéreﬂt hﬁé*a@@lﬁm agent is added
ter %3 eac l‘sai wét pngRner £ SXIH geectogg poefynper py or(lo casF ing.

390. The method of any one of claims 25 to 38, wherein said first polymer is
biostable.
40. The method of claim 39, wherein said second polymer is biostable.

o4, The method of claim 40, wherein said first polymer and said second

are independently selected from the group consisting of polyethylene,

-polypropylene, poly ethylene ierephthalate (PET), polyurethane poly (ether
. urethane}), poly (ester urethane), poly vinyl chloride, polyvinyl acetate (PVAc),

poly(ethylene-co-vinyl acetate) (PEVAc), polycaprolactone and Nylon 6,6.
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uret hane), poly (ester urethane), poly vinyl chloride,
pol yvi nyl acetate (PVAc), poly(ethylene-co-vinyl
acetate) (PEVAc), polycaprolactone and Nylon 6,6. 32
42. The net hod of any one of clainms 25 to 38, wherein
said first polyner is bioabsorbable. 43. The nethod

of claim42, wherein said second polyner is

bi oabsorbable. 44. The nmet hod of claim 43, wherein

sai d4&i r sThpoehat ef 2nydne &f daigeForid 38 pwheyeie saia figst polymer is
i ndeprasiembbiy sel ected fromthe group consisting of
poly-L-lactide (PLLA), poly-D-lactide (PDLA),

pol ygl ycol i de (PGA), poly lactide-co-glycolide

(PLGA}., pOiheydétoocan olal 420whereih sadsebed pahodey Isbiiabsprbable.
aci d- pol yet hyl ene oxide copolyner nodi fi ed

cel lul ose, coll age ol roxybut yr at e)

pol y&hhy dFhg@eth o% é%hw iR saidy S‘pB?'Xf“eérﬁ"Flosaﬁch‘%ﬂ:O”d
45. dirdnﬁnamm odepdndaily selectedfroml thd @Rouf Zohgstitd of WhigLLeddide
sai

ai dFSLAB PR, (T GiRnBel Gl bEP abBl ol
st entPL@é}hprppgiﬂ'ﬂ@m%ﬂdd|pﬁlg9'le\=0t1%r oblaetic %ngmyewleae oxide
pol yea@blym&atmmcﬁf.eat cdllBRss, Euisidehalpbly(hyRRLIAEYS paRshade,

a gl as hégpﬁgess ocppoti_ erature; formng a strip of

poly f om B4 "EJOO?C hrer; shaping the strip into

a first shape at a terrperature T1l, wherein T, = T9 +

XC, J4) isy Hehﬁetﬂ!)cﬁ&saﬁyr SHaSkldifns heRP ek alhdr&n Qhid tf?s@ polymer
mer .an about +120; and at

golt g?f’ﬁé&\dg?%ra:ar}ﬁem g“?ﬁ.{fﬂ"hi?({sﬁ‘éonétpf"ly'ﬁel nto a second -

shape, T2 = T, - YC, and Y is fromabout 5 to about
80. /. TAReiBd mqjangfactﬁlltr%'a@té\@conw?ﬁﬁg' n said Shap' ng

the strip into a first shap conpriSes coiling

strip i nt39g9 h%ltf‘?(a%‘ah'é\bé“gﬁ'ﬁv ong BOWRAT A '%Maat'??Sbfama”v
and amdnghoes andsais d gilkapansgjort empatture I Nto a second
shape co into a helix
shape ha\%ﬂ |:';gh W&B&\?\;ﬁ%ﬁﬁ@@?%ﬁ&ﬂeg D2 < D,. 48.

The net hcﬁ'ﬂ%‘?g @Pé righing® 2 §fst ehiage Al 4EMPPRREh &y W@@ﬁ"}ﬁrﬁ 11Si hg
addixrg, ®, is heagdsQtasitiont tom perbttre O knargymeF b XtiOfrérd BBaUR G-

sa| dﬁosﬁgggogtp,lz pachl ynmer film 49. The nethod of any one
28, wherein said polyner filmis
. for med b)ﬂt gmqgmtqﬁngamq@inngip into a second shape, T, =T; -Y°C,

and Y is from about 5 to about 80.

47. The method of claim 46, wherein said shaping the sirip into a first shape
~comprises coiling the strip into a helix shape having a helical width D4, and
wherein said shaping the strip into a second shape comprises compressing the

strip into a helix shape having helical width D,, wherein'D, < Dy.

48, The method of claim 46 or claim 47, further comprising adding a
"+ plasticizer to said polymer prior to forming said strip of polymer film.

49. The method of any one of claims 46 to 48, wherein said polymer film is
~ formed by extruding said layer.
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33 50. The nethod of any one of clains 46 to 48,
wherein said polyner filmis forned by
sol vent-casting said |ayer. 51. The nethod of any one
of clainms 46 to 48, wherein said polyner filmis
formed by spin-casting said |layer. 52. The nethod of
any one of clainms 46 to 51, wherein said therapeutic
agent is selected fromthe group consisting of a
drug®0.an Bt ihethest pfcany ane ahelpimsj4aftd dbmmwheniy saig eplymerditm is
ant i softhddt dylsBider 84404 saiaft®r "ONe, a nucleic acid, a
peptide, a cellular factor, a ligand for a cel
surface receptor, an anti-proliferative agent, an
ant i 5t hr ofizonetbodagfeamy onenf eaitns M6 e dBi atlerergeaid polgmer film is
ant i goihd @y sfideMting &id GOt her apeuti ¢ agent, and an
anti-hypertensive agent. 53. The nethod of any one of
claims 46 to 52, wherein said polyner is biostable.
- 54, Fhe nEtehasdhdaifof ahypdn® dbdaimshigne 51) whaleth 2@l thdrageutiSagent
sel egt 0 he .g ' I.Sid ng I ene, i
pon%r%%?%%ng?$p§Fy5§P£ ?ﬁﬁgﬁ?e§é%h?ﬁ§|§ e%?%ﬁ¥§,gﬁ ?m
pol yioiastaiene ag%ﬂt:ya"(%‘fiﬁ@%iﬂgl faston ot BYrMoRsy [aynucigistasid, a peptide,
l(JL s/;\ Hasvlar lfamlr,yahw%aﬂa Hordﬂbénrduﬁiase re&ﬂtcy,V%\myﬁgi-@%ﬁérﬁtvS agent,
c), et.hyl ene- co-vi.n acetate /AC).,
bol y b SRNEHE SRE \SF Ao RE R Lk SR, poent. 2
cl ai ¢themniperaprritiofgent. apthan ahg-hyreriBasivedgentei n sai d pol yner
i's bioabsorbable. 56. The nmethod of claimb55, wherein

sai ol yper is jndependently se| ected fromthe group
coneihti aifearetid §F BB & PhebrBLISKP, Sharpids et iodror
( PDLiAgstablepol ygl ycol i de (PGA), poly

| acti de-co-glycolide (PL&G), polydi oxanone,

pol ygl ucaonat e, polylactic acid-polyethyl ene oxi de
copaty ner'r’herﬁfa"fopioéalalgbﬁ, mhgg@’saldé{gh//mglglé ﬁ?Iected from the group

pogyc(ohsfsiqufwyﬁmalte&), : pmfogFaafw Cholydethylgral yepdpdisjalatee SRET),

an (0) n ne. .o :

ol ai g SoeSlo @eE reitlne)) By (Bt theflond] Yorg Uy one,

aboloYonylo SeRtaie 4€°VAsh  poly(ethylene-co-vinyl  acetate) (PEVAc),
poiycaprolactone and Nylon 6,6.

55. The method of claim any one of claims 46 to 52, wherein said polymer is
bioabsorbable.
56. The method of claim 55, wherein said polymer is independently selected

from the group consisting of poly-L-lactide (PLLA), poly-D-actide (PDLA),

"~ polyglycolide {(PGA), poly Ilactide-co-glycolide (PLGA), polydioxanone,
polygluconate, polylactic acid-polyethylene oxide copolymer, modified cellulose,
collagen, poly(hydroxybutyrate), polyanhydride, polyphosphoester and poly-
amino acid. '

h7. The method of any one of claims 25 to 45 or claims 46 to 56, wherein X is
from about 0 to about 40. |
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