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are sufficiently biocompatible to be acceptable by the host body, else the body may reject or
otherwise respond to the device with an undesired result. In particular, medical devices often
are designed to have surface characteristics such that the device-tissue interactions at these
surfaces are optimized. Accordingly, significant research and development into surface
modifications and materials to provide optimal results. In particular, coatings have been the
topic of significant interest for providing an external surface layer on medical devices in

order to achieve the desired device-tissue interface.

[03] Many different medical devices, and related systems and methods, have also
been disclosed for locally delivering bioactive materials into or onto various regions of the
body, such as lumens, cavities, tissues, or other spaces, structures, or regions. Such bioactive
materials include for example drugs (e.g. chemical or biological compounds, etc.) that exhibit
therapeutic effects relative to medical conditions, such as short-term therapy drugs as well as

long-term therapy, such as hormonal treatment.



i nt ended t herapeutic, prophylactic, or diagnostic effect there. [05] One
particul ar type of nedical device that has becone the topic of much
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patients who have less than six months to live.

[07] Notwithstanding the various benefits observed with the wide adoption of
conventional stenting, various shortcomings have been observed. In one significant regard,
unfortunate and harmful medical conditions have been observed in relation to stent implants
within lumens, in particular with respect to intravascular stents. One such response is the
formation of thrombus on or around a stent, e.g. in the case of intravascular stenting, which
may cause local occlusion or release of occlusive thromboembolism causing downstream
ischemia. Another significant example is the tendency for a lumen to re-narrow or
“restenose” despite stenting. Research into the pathophysiology of “restenosis” in blood
vessels has shown that there is smooth muscle cell proliferation and/or thrombosis shortly
after a stent is placed within a vessel lumen. At present, the rate of restenosis, or failure, is

20-50% at six months, necessitating re-stenting and/or surgical correction. Over one million



[08] In recent years, nuch research and devel opnent in the field of stents
has been directed toward adapting themto rel ease bioactive materials as
anti - r estwpasiosssagents in order to prevent the various sipda/sbi/ars
observed with conventional un-coated stents, such as thronbosi s and/ or
restenosis. These stents are generally ref erred to as "drug eluting
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[10] In one particular example, a hydrophobic drug paclitaxel is coated directly
onto the outer surface of the stent struts. According to disclosures related to this example, the
highly hydrophobic nature of the drug allows the drug to remain on the stent during delivery
and implantation at the lesion site without significant “wash-out™ in the aqueous blood pool

environment. The drug allegedly then passively releases into the wall.

[11] Of significant interest in various drug eluting stents being developed has been
coating the outer surface of the networked stent struts with a coating specifically adapted to
hold and release anti-restenosis agents of interest. Many such coatings are polymers that
perform such function, including degradable polymers that release the drug via degradation
of the polymer, or polymers that are adapted to provide diffusion of the drug therefrom into
the surrounding liquid environment (e.g. often non-degradable polymers). More specific

examples of degradable and non-degradable polymers that have been used in drug eluting



[ 12] Pol ynmer coatings for drug eluting stents have certain limtations, and
in some regards problens, associated with drug storage and rel ease nedi um
on st ent swend/o¢isszredi cal devices in general. Various exa®plrasonss2siich
limtati ons have been observed. [13] According to one exanple, polyneric
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substantially different substrate, such as a metallic substrate, e.g. a stent, is difficult to
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achieve in manufacturing and to maintain in vivo. Mismatched properties such as different
thermal and/or mechanical properties between the polymeric material and the underlying
substrate (e.g. expansion characteristics of metallic stents) contribute to this difficulty.
Inadequate bonding/adhesion between the stent body and an overlying polymeric material
may result in the separation of these two stent components over time, an undesirable property
in an implanted medical device. In consideration of this limitation, many polymeric coatings
must be modified to maximize adherence to the stent, and such modifications often result in

compromised ability to hold and release drug.

[16] A further example of the foregoing relates to a two-part polymeric coating
previously disclosed for use in drug eluting stents. One part is primarily intended to provide
structure to the coating and adherence around stent struts during use; the other part is
primarily intended to hold and release the drug. In order to achieve the requisite integrity of
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the second part in the tw-part coating. To this end, the volune achi evable
with the second part of the coating is limted, and thus limting the
anount ofworoag4iskat can be held and rel eased. [17] A furtlgrushy/ss2vati on of
pol ymer coatings for drug eluting stents is the difficulty to achieve an
even coating of a small netallic substrate with a _polyneric material. As a
smal | thpgeaingion theplert e SudlingscxRanieth thy LrshRabmustdiave o cpgaly Pronogiial ohan 3
i 0§l QRhE phrt 1 thelSE YA oalRE CTOH] it VourfiOAnidvabRFM theWeddhda

pol ymerrc materi al . e e pol'yner 1s deposited, ecause it 1s viscous,
it i s phirf dfitherbdating ichmited, andalustieitiapjtectmamt of diuglihatichy be belidiapdt e its
form This is particularly challenging at various regions of a stent, such
as at 8ke%ds of bends in or bonds between stent struts where viscous
materials may accunul ate under surface tension. Were unwanted pol yner
bui | d-ygyresults i 91?91% E18tihg Stk id the diffiealed

st ent IEZ{/ be con%rfg%ﬁégé%gtaﬁiﬁggggi io%,%tglg?ﬁ(g%g%glﬁt %he polyner is yﬁol di ng

and rtelaghisiveign evengoatmeoEnsmdhmietalficbsteaip vt nodyreres/watenal Anpswdilct abl e

d del j . th t. To t . i
i R R Rt SR L T CATI RV R AR 0 i
decr eaggt AFRAITS 0Fat T8 chRwild g folaRek nierimy Wikathé pollyaer ishikpositednded

effects of the drug. Mich research and devel opnent has been directed
t owar chesewaedbisivingotsiiitss difficulato avenlypeat the ohigeiand frishfly seplisatedisdointi cant

nodi figations,.t r ,tight.ly hel d I ter e I i i

pr ocesth fPaaiitfeesaypbing l B nE PR Rl et bolfeslR B BB AT )
even CusHds Besveeh $@ht sthtd WherefvikchiemaKalaphBra¢cluniiateadridensufacp tdngivar i ¢ dr ug
coatings, polyneric_ stor a’%e and rel ease rT(Fdi a are ﬁ%pi cally Iq}rﬁge and

bul ky Wekesynyeantes nobaner Wil reutspipldpg apd expagsign shd#ageldsicy of fiis one
regard 'gg}ﬁ i i Lk ness

undul a(%ola?%des eZF%E@eg%ﬁ{ S %ewa%%%agghh%ghgﬁf%%{tﬂéa% ort pro%gg??aejs at the
vessel rel@aking \dhid, @nevenriontizg cugresparels toungyenfind enmedistatiter drng delsvedyiaiong
delivery to and across a |l esion and So. t.0 i nimze.turbul ence along the
| umi nadidgapynd the gtept. olg ths eBicabdostispifrusts IWQ‘%‘[&}JQPFW@;@ %’lgtﬁ%ﬁfﬂjeel uting

stents i i size of the
e%gecg@g%h'ee ‘é%n?, Yﬁc{reés%ﬁ ?ﬁd&rr&@éd §dseUtom (RNAtchidd BASEd N8y

resul ti strut. Increase is directly proportional to the
anount cafipronsde thgimended sffegts bbthealreg. Mieh reseprcls andedayslopmenbhasdregy f or t he

i ntended t herapeuti c or. pr.a Lactic effect. .t uld be ..desirable if the
st or ag r‘?fé‘%stf’wgr ?Vcﬁ‘ioﬂegﬁ}gﬂﬁ’é@éﬁ’gpg&W%gr?%l\éﬁ@%e%gg?l C%nZ[ i ncreased so
t hat aﬁohﬂfcgﬂé&%]g%o WP i ey ﬁméhlfl Ph@ﬁﬁiéré/@ftﬁ@bﬂfyh%hc%@&th% M8cdse) @adeionoft en over

1
a long period of tine, e minimzing the bulk of the release nedia. 5
process steps, must be made to achieve acceptably even coatings.

[18] Still a further exemplary limitation of polymeric drug coatings, polymeric
storage and release media are typically large and bulky relative to their bioactive material
storage capacity. In one regard, stents are designed with particular strut thicknesses and
undulating designs so as to maximize mechanical support properties at the vessel wall while
minimizing size for profile considerations during delivery to and across a lesion and also to
minimize turbulence along the luminal wall in a flowing blood field. Polymer coatings for
drug eluting stents are applied over these stent struts, and increase the size of the resulting
coated strut. Such increase is directly proportional to the amount of coating necessary to hold
the requisite volume of drug for the intended therapeutic or prophylactic effect. It would be
desirable if the storage density of bioactive material storage medium could be increased so
that an intended volume of bioactive material could be released, often over a long period of

time, while minimizing the bulk of the release media.



WO 03/ 045582 PCT/ US02/ 38275 [19] According to another significant
limtation, polynmeric coatings are typically limted in their ability to
be proceswed3miisk hol d, or rel ease bioactive agents of omCy/ysar/ss2cul ar
types. Whereas bioactive agents nmay be hydrophobic, hydrophilic, organic,

i norgani c, or otherw se distinguishable in structure and activity
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coat edheléwund exdeased by the coating. Thus, multiple steps must be included in the manufacturing
process of the drug eluting stent or other medical device in order to get the polymer coated
and the drug into the polymer. According to yet another example, polymer coatings currently
under development contribute bulk but do not contribute to the major function of the stent,
which is to provide a structural support to prop open the body lumen. It would further be
desirable if the storage medium for the bioactive material contributed to the mechanical

strength of the object.

[21] Furthermore, underlying substrates to be coated often require electrical surface
conductivity, such as in the case of electrodes — many polymers do not provide for such
conductivity, and such polymers may not be suitable to hold and release certain drugs.
Alternatively, polymer coatings must be modified to provide for such conductivity, which
may impact the other intended characteristics and complexity. Still further, coated devices

may benefit from enhanced radiopacity wherever possible, such as for example nickel-



may benefit from enhanced radi opacity wherever possible, such as for
exanpl e nickel 6 WO 03/045582 PCT/ US02/ 38275 titanium(e.g. N Ti stents).
Most pol ywero3oezss: ngs, in particular for drug el uting stemCI/us023aarherw se
coating bioactive agents, do not provide this benefit or otherw se would
require significant nodification to provide for radiopacity. It wuld be

desi r afifniufmie.ga Nittistents). Mestipobmess &patings, inpagigular don dpg ehding sng®ipt ed to

hol d and/ or. rel . hipact i t . j .S such as
ol ect r 1 gisd (eRZ il BRE e, OGN PO uBE it Hor bR wRRE R CuP
si gni f §ig@ifita heoddieition t6 pravideylor ridiopaciay. | hg®uldibeldesirablelfor 4 mgdisalent

research _and devel opnent, other nodaljties_ have algp been di scl osed. for
adapt | #Ryiesteonting. anBabcHisF thebisiadaptedin/hld and/ar trlage Bicach e agsis BiPERET ve
agent Sp,hd: ARRAIGARA s cloGRELAUIRY dlliudlivits R 3MiGRacRY! ePL LC deposit drugs
into wellTs, grooves, or other cavities or- reservoifrs formed into the
surface of the nedical device itself for holding and rel easing bioactive
agent s[22iich as dNuogsithsGnderg thx sigpifiesntgireabeuce nfpolyatic keatgs éedrugi scl osed
for use .in drug el uti stents jin. particular include for.ex | e ceram cs
and hy%l"%’@j%?tgm r?Sf‘gTC &nq%gﬁglpplaﬁ%t’ %‘g'i IPP‘éfﬁlg ©s E}F eca(ri%os Yo %?%Fiﬁgr ovi des a
si nt er gehoRE 8lehis Gnd Ste Glcdlca] AALRRE €S HolH And F&l¥dsE Bicac R QieatsS Uh bAE foghl,
delivering a therapeutic agent. Sintering generally involves fusing small

part i coeimpriorstistlosusisrattemphto dapdsibdrugs sse wiels,taoaush.Prioesicatitigedher .

Porous_sintered nmetalljc structures typicall: t ge pores.
When aresgygg%ﬁr@ggﬁgtp &g Sé(‘lr%af’%o § S&ée&h"?éﬁfl%w%%%se orglslg@fn%fn}s{i?%]l aesﬁrgi netal lic
St r uct pibBetivieh@ehtd 5EEH asrxﬁﬁ%*s. O®Er cx@aiplesfeOatinde thit hbegbeal digclaed foraiseat eri al
to be released very quickly. Al so, because a relatively high tenperature

i s useth drog Ploting stestsin preigular ingadgrfar exampleessimiss apd hEdPgels| nel udi ng
bi ol ogically active nol ecul es generally nust be | oaded into the sintered

Structppg af ter W, P AREUALI R Rah AL TR aANAIARRA iqallgposi i on” s

of ten possi bl'e as e broactive agen ature or otherw se be
danagesirfonasittmicdaaprovide spomuhadfdce faaletivaing/a therapeuttmagsuti Sigteringd may i n
some circunstances be difficult to | npregnate th re-formed es of the
si nter é@eﬁur}’l}@’_t’@f"‘_ég ﬁdﬁ’tnlg Sgé}ltpé‘ftﬁlﬁi qﬁnﬁ%@ldag}qg&e 3t : pﬁ?fﬁ‘é@gg 8’§P(Ptlilem _
Conseqtk%&th@/_ » Pdrbud ﬁnteijédfﬁétﬁ}ﬂctsnh&gféé gi";}{ceh@q{ivé RQatsVel REG LS, UFhe £ Wi th

t hem en 1 npregnating a sintere ructure, the bioactive nolecules may
be i n bicaetive reatesaldh laadedvate theqrorastdfersirgerod nwmtalbe stiuvduresthe laager poenyton of

th i | the bi ol ogi cal t] lLes f th hl
| npr gfR S TP EeRPER e et St RENGHY Bl ATl f beture
may nofelRfefyhibl terhRRAAE Wbl toTermPh 8inedbE athlcyurad bivsotivengetia sncluding

biologically active molecules generally must be loaded into the sintered structure after the

porous structure is formed, whereas “co-deposition” is often not possible as the bioactive
agent would denature or otherwise be damaged from the heat. This method is generally time
consuming, and may in some- circumstances be difficult to impregnate the pre-formed pores
of the sintered structure with certain biologically active molecules. Coﬂsequently, it is
difficult to fully load the sintered structure with them. When impregnating a sintered
structure, the bioactive molecules may be in a carrier such as water or other substance. The
surface tension of the carrier may preclude the biologically active molecules from thoroughly
impregnating the sintered structure. As a result, the sintered structure may not be fully

loaded with the biologically active molecules.

[24] For further illustration, one previously disclosed example is intended to load a
therapeutic agent in a fluid form into a previously sintered stent by immersing the sintered

stent in a medicated solution. The therapeutic agent may be dissolved in a solvent or
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[24] For further illustration, one previously disclosed exanple is intended
to load a therapeutic agent in a fluid forminto a previously sintered
stent by womme$is8y the sintered stent in a medicated sol ®CiTarso2/342es

t herapeuti c agent may be dissolved in a solvent or 7 WO 03/ 045582

PCT/ US02/ 38275 suspended in a liquid mxture. An average pore size that is
nor e tsospentletintd hgsdnhampcirAn@VQiagfsp@eSI@E that isunprertbandten higres hanardclagent is

an |ntend resul.t .of sintering.accordi reover,

use ofSAsrUEYFRENAE fgrapRutc tHeBRisdfepds %gﬁe%lﬁﬁ?? sn‘ggag"%g‘ﬁ’%r@&’%t ed fluid
i Nt o tHQIRAFD U oFRVEL L8SoGredstid i§ fittHer d{sdfobedAd a@ﬂﬁ@a@éﬁg&’ ef medicavod! d be
desirable to have abil | ty to increase the bioactive material storage

capacifiujd info theposestqavisics fssiané naterial so that, for exanple, the

bi oactive material can be released to a patient over a |ong period of
tinme. anot her e [ ent er
into thgl pores 01%§ ﬁ(%g&gb \%f ﬁg‘i’b,%&% ﬁgedéss%lg%lle?? %I{I}} %}?Bﬁﬂﬁ‘@@hl geggﬁh\%gl oaﬁ;g?eé“ al s
i's |iritedal sfirage drpgtitst Brpisioadtive esmpbsite metadi so it sfop exemgsls, thobivagiaste bl e
with certain underly substrat es that structurall functionally
degr adfééﬁeﬁ%fl qaﬁ@eH@S‘%Sed@%%téﬁnéov%r@éﬂn%lgeq OIE ﬁp@ﬂe@ﬁ gﬁrdpb?‘i?ﬂﬁer‘i‘ ¢ and
ot her t %wgg{ yat es
(oo, TRIFELR, U () En ool he BRI bE e Martial s staplIBfor L Bhaet

super erhasnals fid Iymﬂed s&mhdngtetanpprzttmas alsd gﬁbndelbt@scprmess gisethpaiizle rw1’thhe heat
exposure. Still revi ousl at i S use

el ect r“(?ﬁtﬁlé‘t‘g lwggﬁglasgra eIS § ]? rfémﬁ%lf% Oggl,bf g%%%&]e% bd)éﬁng%a ont o

subst ré?(i)@ﬁlré %uf:f?ﬁﬁfc@réxﬁrﬁﬁlte BRsth Galynstei M@ Bther E{a@éﬂaﬂ ellsthicBgngener al |y
i nvol exposing a surface to an environnent that incl udes net al

parti qb%@culaa:mm{eé@ltmwalsumtegée 9rN1611| sﬁem‘iﬁ whickaayiei teeinesraateal prererties
depositi tal ,onto thes I tals to
form ssculcﬁ@f ﬁ}}pgge ?ﬂlgﬁ% Pﬁf@aeﬁwrm E}ﬁ eevdl\ﬁge%seﬁeﬁ uffc tﬁgh%tt %@ne "ts in
certain situations, in certain circunstances it vvoul d be benefi ci aI if
such npegl deposs&m ﬁmmﬁpiedldwyaﬁmmedowntgreammreeqm eleagapﬂdtmgfrmahu»dsu on of
an electrical circuit and/or application of eI ectrical cur{ [ 27]

Fur t hefor eqaiing|racials Pnioouiiapefs Sliclhtaé REEFubEFateste Togp opeqRh medise “‘seﬁe nts
requi rﬁlectjrcgﬁm%%ﬂa{&hquotﬂféye gﬁ%ﬁé b E'tﬁfzﬂi@tt@ bk %ﬁronﬁiéﬁhth%§1nbﬁd%%ﬂapl e

| ayer s~0R n one exanpl e, one |ayer nay be used for
adhesi guttitles. aAs glestrical ehargene ontrbetris hppheldaind |rﬂg1ta lrddeposslltleasfﬂg naigtalgonte n

anot her exanpl e, one coating may, hol.d one e of erial, the
ot her %6 Isﬂggénmd?%ﬁ@lat}qgﬁ %ﬁ%’]@ i Formsims S aﬁ?ﬂé’”g%‘g ?th é‘g‘zbe‘ﬂ%ﬁsds dr ug
ont o gm% ?H)de ﬁ%% Ei:r@aﬂﬁlsltﬁ Bné %51 @érta%‘?ﬁ%tﬁ’lﬁ%@aﬂcgﬁtfw}dhﬁ bé perRficiand

provi rel ease o drug not

such metal deposmon could be achleved Wlthout requiring the formation of an electrical

circuit and/or application of electrical current.

[27] Further examples of coatings intended for use for drug eluting stents require
formation of multiple coating materials, such as in multiple layers on a substrate. In one such
example, one layer may be used for adhesion to a substrate, the other for holding and
releasing drug. In another example, one coating may hold one type of bioactive material, the
other holds another type. In another example, one coating layer holds drug onto a stent, an
additional top layer envelops the first layer and provides for delayed release of the drug not
otherwise achievable via the first layer. Another example provides what is intended to be a
biomimetic coating with multiple layers intended to be mimic cell wall structures intended to

enhance biocompatibility of the coated surface.



ot herw se achievable via the first |layer. Another exanple provides what is
intended to be a biomnetic coating with multiple |ayers intended to be

m m c celwowalokssszructures intended to enhance bi oconpat iPRTItSVY382F5 t he
coated surface. 8 WD 03/045582 PCT/ US02/ 38275 [28] These ot her exanpl es of
previously disclosed nodes for coating or adaptin medi cal devices for

rel ead@8bf bi oacklieseothgeenamples dfanevioushy disepradimodes\ar ¢agting PT #apHBg ons

simlar to.ane or.nore of .those praqvi i r : -nol ymeric
coat i HERSICHABY G TG reigaep Rb Lo va et otter Sy REBRE @i YIEI L, o1
t 0 undgmiig t8@ns BPEorSS £thBse frovided hvdve vageRbpdcotdisolpmatiedoatiysindidihgi but i on
of coating or drug; adhesion; bioconpatibility (e.g. toxicity, or other
adver seitlnus lioyiaten: nreesseing lnitaeppinagiation irundedying SHpratesorAiodcy3fisi ty and

t hus vol ume .of dru >aN: I . Wide B g1 rel ease;
i gh e e sp ety oA S ARG et BASRA plk B BN, TP o

t he ungeiclty) dt@tisnhdvdrad Bobgidal espete); bomplexiin of progessites biaei deabitypamper t i es,

expansi on characteristics | ectrical surface conduction, . radi.opacity,
et c. ) . thpowglumgof dais thefrean fehsid and r@f@ﬁ?ﬁi wamgof,drug @iqasei@m%ls%rﬁot he?/

t t. ) .or avi.di i t hi
struc %gpl%aa&re 10WEL R Em% QY gﬁ%dgpo%@%&ingﬁgﬁgg Pﬁ&@ﬂuﬂg §ubstrasRaklenddd this

descri on afte various osed int ow'ng issued U S. Patents:
US 4, 3a8ctan?(eteonicehatitat prapedies,fekpoidon chaknteristes glactrical 8@face tondugtipml | or y,
Jr.; 4,547,407 tqQ Spencer, Jr.; 4,729,871 to Morinoto; 4,917,895 to Lee et
al .; oadiggadtyzelcd Fel dstein et al.; 5,338,433 to Maybee et al.; 5,464,524
to Ogiwara et al.; 5,616,608 to Kinsella et al.; 5,624,411 to Tuch;

5, 700, [%ﬁf to Tark@@ld st déthiled examplds. oF fitedicdl deVitlordkher suckiids 864 t o
Mol ler et al.; 5,843,172 to Yan et al.; 5,873,904 to Ragheb et al.;

5, 958, W8hodppoaiditggdnce bagkgromdovith msmect to thistieseintion, ayBariwsyt o | nr an;

6, 019, 784 tq.H.,nes: 6,042 8 ' :an5, 1. i Ohgadr . et
al . ,1i°j%s,eg§‘? t}{eﬁtgll%fn&éfséﬁei%e$'ci’aalgn?sg66%??’,%293%%%@%@%’ h%tﬁ%:a.b OMagel 162
to Shi ggsedr;ef391812 16 MalrfQ0.; #54Z40NG Spdhicérd fr. .64 529,87 MarNofimd®3, 443 to
Johnson; 6,258,121 to Yang et al.; 6,273,913 to Wight et aZI o 62§80,411
to Lenh8%7.895 aeeztol t 5145/ Lo Ealdsteip evgz 58,435 taNIwdree gt alg5:4649 2408 166
to Barny. et al,.: , S tyqalia i . Y ] r.7.

6 355, Qi hebs 316t S Kifle bR M6 T to Tyl OIS (oTaflaEhy 8ol

di scl osup&s7Dfo Ldie eealt;e, Er2cStales Molier enlsi 38430k tpdfamtaz dl.j H,873,0@4 to entirety

1 1 heRrBieh ahPHic L 1 Ha P beH s s T Pado Pt ol B I#0032014 & o
Yang ef 02 734 AWinkS QOREBIBIAAS of £1.;BtBR61 to Santini, Ir. et al.; 6,143,037 to
Goldstein ef al.; 6,174,329 to Callol et al.; 6,180,162 to Shigeru et al.; 6,231,600 to Zhong;
6,240,616 to Yan; 6,253,443 to Johnson; 6,258,121 to Yang et al.; 6,273,913 fo Wright ef al.;
' 6,280,411 to Lennox; 6,287,249 to Tam et al.; 6,287,285 to Michal et al.; 6,306,166 to Barry
et al.; 6,309,380 to Larson et al.; 6,315,794 to Richter; 6,322,847 to Zhong et al.; and
6,447,664 to Taskovics et al. The disclosures of these references are herein incorporated in

their entirety by reference thereto.

[30] Additional examples are also variously disclosed in the following U.S. Patent
Application Publications: US 2001/0032014 to Yang et al.; and US 2002/0098278 to Bates
et al. The disclosures of these references are herein incorporated in their entirety by

reference thereto.

[31] Still further examples are variously disclosed in Published PCT Patent
Applications having the following International Publication Numbers: WO 89/03232 to Bar-
Shalom et al.; WO 91/12779 to Wolff et al.; WO 91/17286 to Tarasevich ef al.; WO
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et al. The disclosures of these references are herein incorporated in their
entirety by reference thereto. [31] Still further exanples are variously

di scl osedwpr3PudsBt shed PCT Patent Applications having th(PCfTalsloma'zmg

I nt ernati onal Publ i cati on Nunbers: WD 89/03232 to Bar- Shal om et aI WO
91/12779 to Wl ff et WD 91/ 17286 to Tarasevich et al

03/ 04588294 Briouitessh efgézéﬁ’ O%/36986 10 Rashaba¥ il W P/ 08TRY @@33@78’491{’ a’V ﬂagheb

00/ 1063915 FRaheR oty W OEPIPS 1R IBes Y Y Lo 2 Mgl 40 90

Boock 00/2a445 to\Bbd&Q/eZBBOWO 00/2R501i thiFEampekian ket ¢/, ;\WOOOW/ 23880 Pelatiakasi;s et

o LocMD 000257 ™ et iy Bl 1o s edol . W BFoBhiod elomestdinecni nk

et al. WM@M%?W &/ Anb8 eKBP' WERH1/76394: 1o MR RLLARS WO 61%7@99% K8biag}- - The

di scl osures t hese references are herein incorporated in their entl rety
by ref et pndeVONEY@58775[t@ Spgabtei &1. The dibdoswrssofshess refierendésat bseeth i n t he
foIIovvln d. European _.Pate plications: 0 568 310 to Mtchell et
al . ; 8rp?§ %@%ﬁ%e@ﬂﬁﬁ regqrence%%rg%)M? 069 to Fearnot et al.; EP 0 950
386 to nght et al.. The disclosures of these references are herein

i ncorpggygted in Sﬁﬁlﬁlrtﬁé”ttebcﬁlﬁbhés@bédlﬁﬂéﬁe@ﬁkﬁ?ﬂletfbﬂéﬁﬁl@ PubBsed¥atypdatist andi ng
certain benefits that ﬁn& be provided t he foreggl ng exa | es for

f or i nfalsnt Applicatignstd e NIBFhcligs o YER D60 Gt ol EP AT OBe
ooy cofdPlamdiler 815980 030 386 RE AR DAt T Ao RUMIE FIRE QAR B hercin

over cones one or atlr ons O ese prior a such as

for ex&mﬁf@rz(taﬂinﬂmi&laﬂ@ﬁetylbyﬁetfaéﬁ@ﬁherbﬁi ng able to provide smal | er and/ or
nore densely packed surface pores in certain circunstances, to deposit a

bi oact i v mat er i n the,. coati n du the coati roce f o process at
r educelf3 errperaﬁﬂt‘@’éhm‘{‘@“ﬁﬂ%a éﬁlt %éﬁyebealﬁ'ﬂ"@géﬁyglﬁaé’r‘?gﬁ Tover age on
substr gl £ss1ed Rr BSRYh gsr fda’ﬁ}%é Qﬁﬁ&uﬁg RS5O T RRALAL dedvidd tit WHBRIYHeRSAdiR- 9-

ni ckel titaniun, resent iInvention addresses the various
limtaifi anuwtmgmrme&schﬂdtmmnx sbmlﬂlbe pecviided that aviemenuh onber moewolths at t errpt s

ted ab th di vj dual | d | | | THE
I NVENTTER e o clrse et Atssmetuth 5 B Xarbl o Brvigiat ifeonaing s ot ur os,
et hOdﬁrov?d%dsmaqil@i/hﬁﬁér thbRtdeh 84 Paeked siEAR! dords iTREMAN cire@lhgtdﬁd'eg, t9 bioactive

material (e.g a drug). In sone
deposit a bloactlve material in the coating during the coating process, to process at reduced

temperatures, to provide predictable and even coating coverage on substrates, to provide

improved adhesion on difficult substrates (e.g. nickel titanium), etc.

[34] The present invention addresses the various limitations and needs that still
exist in view of the previous attempts noted above and otherwise, individually and

collectively.

SUMMARY OF THE INVENTION

[35] Certain aspects of the invention are directed to structures, methods, and
devices that include a metallic matrix including a bioactive material (e.g., a drug). In some
modes according to these aspects, the bioactive material is contained within a metallic matrix.
In some embodiments, the matrix can be crystalline and can have grain boundaries.

Diffusion of the bioactive material according to these embodiments can occur for example
along the grain boundaries and crystallites of the metal. The bioactive material can be within,

for example, nanometer and sub-nanometer sized regions within the metallic matrix, such as
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nodes according to these aspects, the bioactive material is contained
within a netallic matrix. |In some enbodi ments, the matri x can be
crystal | iwe oafodss8an have grain boundaries. Diffusion of tRreThiSozss2irye
material according to these enbodi nents can occur for exanple along the

grain boundari.es nd cryst IIJtes f the netal.. The bioactive material can
be wi t H} Ypid regionse aif ermbngimans therhioactte malssiskeaybastord in RHIHHEC vii t hi n

the nmefght End‘&hrthéhb &% @éﬁo&%é/@e g O42p&2 TREHid4 §9\2§ Raffial mhi dMRisd
regions. In certain e I ments loactive material can be storedlna
met al | throughethe metadhdmagnx ohthe nistaliemeaseabuld el (aetmﬁyahdiflonpasalvely) to The

bi oact i ter. fuse. h th rret. lic.matrix or.the netallic
ot e st Bedtioitivf BiactAL pyerdires. o s S b Sy vifiput Feile &GS Ga | ve
mat er i ghd RYSke elRm M}ltﬁeﬁ@&tg@m‘gﬁlw t hout using a polyneric storage and

rel ease medium for the bioactive material. [36] One enbodi ment according to

t hese aspects is directed to a nmethod conprisin (a) providing an

el ect r eni cal Swegnibodinaentpeqosding toridesd asm’cysaﬁm@ﬁé%mﬂ@ materi al s;
b t.r

(5) < STAFERE B BEL EOSRAD B APk LA PR BuBRRL R i AR

el ect r apheflss @) cohnReess thewriBteniiba solitioaahd ¥ susaaR and @) %mﬁ@g wr e
i ncl udes a metal matri x and the bioactive nolecules within the netal

mat r i x biopGe GRmpoRke stabaiordhr suheEdp aFing 2p slepkieehsmied) peacsss, Wharsiieed to a
bi oact b%gctn% Jmﬁ)?)'sittgs 6 Gk AR téﬁhﬁﬂ aﬁ@)(heamgﬁzttl% niB'iéc‘iﬂ mg@?& ifel N the

net al rix i1storned using an elect rochém cal process; oactive
nmol ecuiresal widttit.n t he net al rratrl X. [38] Another enbodi nent accordi ng to

t hese aspects is directed to a nedical device conprising: a bioactive

From al¥duci ng. AgeHe: FEPaTFS: fsoifid 1 hee shitels 5 RSN SOBRONE | d Ve
mat er i 8hmpddi® stri@ERNGIR & #d)-a A8 Aftrixl FheRHANR hidtal RRASH ROAHS] &S |

derived from a reduci ng agent = such as sodi um hypophosphite. In sone
enbodi meplestrodhiemidal paicessatiad (babidastive meteavles withu the inwttal nfagrigy. , ni ckel ,
cobalt, etc.) and the first netallic material and second material may form

2spoct B9t 1o 1 Apellt ERobRERGPRER R bifet ARE N BT el o™

i ncor p@cﬁrﬁﬁ@sﬁ@% mbmblcmpsﬁfam@bmee @dﬂi e ik nﬁt&la%@eb(}hd&ﬁmﬁals ed of
t he bi oacti ve osite struct ure. O her aspects, of the i nvent| on are

di r ect derived ﬁf@n Hé cgig agsntiglative tths é‘é@tméenal and a bioactive material.
second material, may be, for example, phosphorous that is derived from a reducing agent

such as sodium hypophosphite. In some embodiments, the first material is a metallic material
(e.g., nickel, cobalt, etc.) and the first metallic material and second material may form a

metallic matrix which incorporates the bioactive material.

[39] Other aspects of the invention are directed to various medical devices that
incorporate the bioactive composite structure or are wholly comprised of the bioactive

composite structure.

[40] Other aspects of the invention are directed to methods of using the bioactive

composite structure.

[41] Another aspect of the invention provides a medical device having a substrate
and a coating on the substrate that comprises nickel. According to one mode of this aspect,
the substrate also comprises nickel. According to one highly beneficial embodiment of this

mode, the substrate comprises a nickel-titanium alloy. According to another embodiment, the
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conposite structure. [41] Another aspect of the invention provides a

nmedi cal device having a substrate and a coating on the substrate that
conpri seswpioskedss2 Accordi ng to one node of this aspect, Poa/tsobs2rate al so
conprises nickel. According to one highly beneficial enbodinment of this

node, the substrate con§¥%ses a nickel -titaniumalloy. According to another
enbodi eastrd subpfeatq is oharagrizadsgzlmens sgpantigy bess siskeldd 28 gpuorat e i s

char acéﬁfi}oﬁﬁ}%ﬁf"élaﬁ 2 r%?egééa%égtﬁgﬁ}cggﬁé&ui inb SRS G \jvﬂhcgﬂ RGNS
envi r onmen an i s releas y e ni ckeP-containing substrate al one

W t hougortigingicokitlg. Acokdihgtogneddglilly hgnefida vadativn dfthisrentodyny, thenef i ci al
variation of this. enbodi 2(5 the . coated substrate is charzcalg%eri zed as

ment, .
r el easPAFbREAS s AhRraGteyzed drrelraring At lepdduenty dRigPdrahICcEHR Ped
Subst r af &ateliu EJJ %i a%ﬁ@fﬂe@{/ér&ﬁon} tP@ GRS %E)g?é‘t@?st Bt RtdrDe D ACKBLiged as

rel easi ng at eas ty percent |ess ni than the uncoated substrate.
Accor dlengt fifty pancdnbh &ass nivktel thén thhiuscoataismbstrate.hAceurtisigriateotbempodesafsha st ent .

According tgo one enbodi ment of thjis de, the stent c ri ses net wor k of
|t or COMAR ST PIEAGITRRIISER P SIS (4 ORIl ey om0 EHE mOdg B fent  of
thi's mogdenrided§ nehiitk of AITRCHRRSted nieWWRfakidd sthits. CACLRIRAG 46 dnsthérut S
constructed froma nickel-titaniumalloy [42] Another aspect of the

i nvent embodimeui efghisamodsn thsl stemt perhprises ametvenrk og indersomnsetedatriis oppstrictad out er

surfacg and . ti.n n the stent wall that conprises a netal, a reducing
agent %Pnk%@glffg{%ﬁ?mu@ﬁglog bi oactive agent. According to one node of this

aspect, the netal conprises a bi-valent netal ion in aqueous sol ution.

Accor di4zg to anonhetherBgRct dffilee Hi®ti@tion proviRes @esdalunidnalabmghavingtasstent on i n
aqueous solution. [43] Another aspect of the jnvention is a_nedical device
havi ngwall sithsan enter surfeer @l 2 enatiag oB e stony walldhatcompriveseamstal,iaTgducieg er i al |
a seco i o] Lve | | cond
mat or | BB e e, B BloR PR QR6ng AR Sidh dfis Bt R MEAET 0TS

f or m acorepriset b bi-NelkhrtaktaliHpds afuons pslotias SAvdoeding to amotlzgueaiesthemhatali on.

[ 44] Anot her aspec} of the invention is a nmethod for coating a nedical

devi cecommpysss pdilvglenbmgial inyg agueqys sPEPR with an outer surface; and
formng a coating |layer onto the outer surface of the substrate with a

coati ngyzyat eri al AWRiH-EaGRBATIthd MYeRidd 198 elddiR] A88ES havihd DibstrE wa@edn NY
| ayer. One node of this aspect further includes: releasing the bioactive
agent outencdabieg ok tomyrisesyaeirst aferialnd setione matasfal,tanil @ biengeive aganhevhereinl udes:

ohi | e heleoel g LS L 0AC NG, 080T ] LOMHAIG SRR A8 chAShusrtipt et 2l Y

form an electrochemical deposition process when in an aqueous solution.

[44] Another aspect of the invention is a method for coating a medical device
comprising: providing a substrate with an outer surface; and forming a coating layer onto the
outer surface of the substrate with a coating material while depositing a bioactive agent
within the coating layer. One mode of this aspect further includes: releasing the bioactive
agent from the coating layer. One embodiment of this mode further includes: while releasing
the bioactive agent from the coating layer, substantially maintaining the coating material in
the coating layer. Another mode of this aspect includes forming the coating layer without
substantially heating the outer surface; which in one embodiment includes not heating the
outer surface above 120 degrees Fahrenheit. Another mode of this aspect includes forming
the coating layer without using a polymeric material. Another mode of this aspect includes:
forming the coating material with a first material and a second material that is a reducing
agent of the first material (i.e. transfers electrons to the first material). One embodiment of

this mode includes providing a metal ion as the first material, and providing a negative ion as
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the coating layer. Another node of this aspect includes formng the coating
| ayer without substantially heating the outer surface, which in one

enbodi mrenwoimokisdes not heating the outer surface above P2O/HeZBRES
Fahrenheit. Another node of this aspect includes formng the coating |ayer
W thout using a polynmeric material. Another node of this aspect includes:

f or mi mg debendomaterinlgwhieh ean ahnsfirtriegativiei ohatge e ther firsl materiakin feiTqdEeR s i al
that i.s a reducing aqent of the first material (i.e. transfers electrons
to thd toithapomehagsdigie. one enbodi ment of this node includes providing a
metal ion as the first material, and providing a negative ion as 12 WO

03/ 042@? PCT/ USQRA1R8 #fodle dfitgs ageotidciiéseforraingwhiolliopat atfirsrebtng negat i ve
charge to the first material in order to reduce |t to the nop-charged

st at e mitertl, @svovirbeoating enatdrialiand theshieactivemeateripd sWheseim the TSt 881 8RPBH of a

first coating . eri,al . a sec C I ks i '

mat er ica?t}n%gtf’égﬁ_tt%?@q ford §ﬁ§§§1&1§%§%§8% érel‘orgah%%aﬁ g?ggtglgg%(?ﬁ%%! éf(fe(;r mt he
_coa]tl gﬁis ﬁﬁjd@{ﬂl@i@rliﬁbl?dh@ c@@tlaaﬂth{@thb agﬁ?ﬁon(r?ﬁhtbdémmdirm.no&oWanaﬁqmofnbme ;ur ':1 her
enbodiemBuinnens kisdes SUTREEEIEThe FHPEEanETRE DR QRS SRR AR BAS) ut f on.
Anot her. .further. .hi flel a It ; LRk 14vee! udes
passi S PRy ioh TS erPbimetPlofdep pasdt o o e 1 e

subst rgtiethe sdBlioABokthamgatpatistratec] udes a solution that is useful in
coating a substrate such as a nedical device, conprising: a solution of at

| t ti terial . and at | t b} iV I di
Lo ond4hbode of CRIGbEGERet indss Aok Bat pebhasehL i deptRa AP R cs S

met al Jj 004i ARl RohdRiRN A sbBTiofBER 16dst bl Goaif P Aterial hed bileacbhve materi al
conprises an anti-restenosis agent. According to one beneficial enbodinment

of t hitdoastislematdrial. Antdrdingde enomiode afjdin aspesipthe sklsasione sgatinggpaedl

anti-proliferative.agent, antj-mtotic .agent t bR i nt,

ant | - coTeatTR B igerceoninels e agPRg s ayR e PigleRE B aae

i Nhi bi dQiforised arPatit-FRRAMIS Rend YeRbrdifiE EU@ibegeficial andiodinentad éis tdode,sbé ut i on
conpri ses}man aqueous liqurd, and the at |east one coating.materi al

conpr | awisrestefiosissagenteamprises etigast pue of) antirpyAllcaHycALSHc FHEIHREEPEAL that i s

a cation in the aqueous.ld quid. g { mrent of
this rEUeIEHPrIEeL} aﬁ‘r\'&“ﬁlﬁg%g%aryﬁfﬁ%g{’ ?a slotél?gﬁgggﬁk; ggél?{)a orm %%1

el ect r;aahant eakhticodgmant doest. fAdoording tomothiebstodas the sélntiom eothpriges ynbenef i ci al
variation of this enbodinent, the first and secog.d mater.i1 | s.are adapted
Lo 1 orsnuaensdiaued. wofl dextyeest eresoptbs MBIFELFIYPIRER 84Tt dtatprdl v iF o

SUbStT Al cecond material that is a cation in the aqueous liquid. According to one further

embodiment of this mode, the first and second materials are adapted to form an
electrochemically deposited film on the substrate. In one highly beneficial variation of this
embodiment, the first and second materials are adapted to form an electrolessly,

electrochemically deposited film on the substrate.

[47] Another aspect of the invention includes a medical device with a substrate and
a coating layer on the substrate that increases the radiopacity of the medical device. In oné
mode, the coating layer includes a metal that increases the radiopacity of the medical device.
In another mode, the substrate is a metal substrate. In another mode, the substrate is a stent.
Tn another mode, the coating layer includes a first coating material and a second coating
material, wherein at least one of the first and second coating materials increases the
radiopacity of the substrate. In another mode, the coating layer includes a bioactive material.
Tn one embodiment of this mode, the coating layer further includes first and second coating

materials in combination with the bioactive material. In one highly beneficial further
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[47] Another aspect of the invention includes a nedical device with a
substrate and a coating |ayer on the substrate that increases the

radi opaciwy 03/043582 nedi cal device. In one node, the coatipag/usayss273 ncl udes
a netal that increases the radiopacity of the nedical device. In another
node, the substrate is a netal substrate I n anot her npde, the substrate is

a st ent’aratjon of his cmbodizaeat, the goatiggdayeg1y %mpqSH%p%@swahﬁhq—ﬁltst #@ht i ng
mat er i @écoﬁﬂ@oﬁl@erﬁ%ﬂaﬁ(%ﬁ&'tﬂ'égqmz{@ﬁ@fda?én V\ﬂlesrt d;{]fu?t!h {lﬁl QOf the first
IopaCI 0 e

and second coating materials I ncreases ra substrate.
| n anoembpdimsab at ﬂdaa cumaifrthﬁgﬁﬂsaa;mirsecoml cunlaag mal:nrmdmrhaybe pateedli M a I n one
r. further. includes first and

nmbodi f th h
S econd TRt foagtela BP0 He PR ltrtliae S Kt s FopReSiin maEt aatan e al . 1 n
one hi gidsyraleanafsichi a?dd the bidaetiveliRaldEh 0360 4nR 8t odis Wellaia8275 variation of

this enbodi nent, the coating layer is a conposite matrix with the first and
second coati ng materl als and the bioactive material. In still a further
featur @8 this AswHwdpsnest of the invention ismanestical devite with aarwtemmzfm thatat i ng

e ua iRy pAe A Bhonp ot s AT Bk e Bt BBt RETS <1 St anc

the bi bRattimemawtiel iEe méedied) davite magsl BRAsHted fRleRabdthe bidh%iwe%@teﬁar aspect
of the invention is a nedical device with an outer surface that includes a

non- si M@HEded8fposite metallic matrix that includes at |east one metal and
a bioactive material. The nedical device matrix is adapted to rel ease the

bi oact (g4 mat eri alpquy Eﬁie@t $fiRe Hﬁgﬂﬁoéﬁ %]m@(ﬂ&tl H@&m@ Gh o?lterts{iﬁ?deQH ntion

is a nedical device wmth an outer surface t |nc es a ri x and
por es wihtdas amagalbnaiaxtan@pombmthiaingtmaactlaemalt@mﬂsﬂiahmledmhlztn dboutri cron in
di anet er.. ne rmdin t he gl Ijﬁlgectlve mat er |, is an anti-restenosi s

¢

mat er i 3 m]ilﬁn lé‘ﬁ’(’?feﬁe Ao Digeftivgma ?&%afb@ﬁ‘pﬁs@é%ﬂ%m@{eé‘ﬁ’t BBnd t he

outer ghithé@GRodes tHeqhedies devict @&ﬁgﬁ@& Alstetk bl e oh&r?{ﬁ%&q 1&9@3 onlthi¢ pores
are less than about 100 angstro di aneter. Anot her aspect of the

i nvent plent steitss Ingdpibat mdé@/,ltb@p@vm tredess dlvmt abatel Gnangstroms indiemetar.net al and a
coating on the substrate that includes the sane netal. In one node of this

55l A R PR U e B

is an el - tltanluma oRe ¢ odi nent ,

t he coaichmigs daesalnal acontigl éh theistisyiiatdthat ilclaae the kari®aRtal t ifordBahade bfS
cobalt. In one enbodi nent of this nobde, the substrate contains cobalt and

chr oni Hhis aspectothe mekpliianickel. I gne gapodimepbekthisaneds, @%ybqstraé@lswonckqh s
embodi gRAfum Eﬁc?y RN, PRV AhEH R eﬁl%laaitﬁen? qge %ﬁr‘cﬁ?dggg ndt TR her mode,

t he
titanium. In another mode, the metal is cobalt. In one embodiment of this mode, the

substrate contains cobalt and chromium. In one variation that may be beneficially applied to
this embodiment, the coating contains both cobalt and chromium. In another mode, the
substrate includes an alloy of the metal and a second metal, and the coating does not include
the second metal. In another mode, the coating includes a bioactive agent. In one highly
beneficial embodiment of this mode, the bioactive agent is an anti-restenosis agent. In

another highly beneficial mode, the substrate is a stent.

[51] Another aspect of the invention is a medical device with a substrate and a
coating on the substrate that is adapted to contain a variety of types of bioactive materials. In
one mode, the coating is adapted to contain either or both of water soluble or water insoluble
bioactive materials. In another mode, the coating is adapted to contain either or both of
organic or inorganic materials. In another mode, the substrate is a stent. In another mode, at

least one type of the variety of bioactive materials is contained within the coating.
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substrate includes an alloy of the netal and a second netal, and the
coating does not include the second netal. In another node, the coating
i ncl udes woOlBOaxBL ve agent. I n one highly beneficial enbedirmsat/3gfsthis
node, the bioactive agent is an anti-restenosis agent. In another highly
beneficial node, the substrate is a_ stent. [51] Another aspect of the

i nvent I¥ is a médiothar aspegt efshqinventomsisspediead davige withagubsirade o @ ne
substr . t.1] t - t aj ri [ i

at or | o Sing Rl it SIAUBRNER SR AL A, bl hiBER Ao B |,
of wat also$ohlsbtierasterivedarcirdimglio bl least bhe afthe fellowihg chahsteristivs anbibhgivenode,
the coating is adapted to . contain g}iéit her or both of_(frgiani C or inorganic
mat er i &aerial i R Metal FOEES of R aigkdivelyradipragie salsial relativefgdhesubsde, at
| east ; LOAGL i i al,§_d [ within
t he cog“r‘t]i?lr%é./ﬂ%?ﬂv%&%g/‘% %lggr%ey%%%%%%%? %%g@% @ﬁl?(%%?’%xﬁo%licg? Bgisegé@iﬂpof t he

i nvent rahiodcsive metad incditix ;cher(ivg ¢hoavnethl maigixlis an eleetralnst cdectmobdmingllyon t he

substrate that includes netal . ri x. .The tal matrix includes a t al
e 5 Rebpsita inelad St sl SR dsai A G0 e SpgARoisla MRS B oy ng
char aC‘b%ﬁe’ihiefa?inﬁé&u@&%ﬂﬁd&isi&{%@ﬁ{eﬁhn{aﬁﬂ.n the netal matrix; or (ii) a

relatively radi opaque material relative to the substrate is in the netal

matrix; or (iii) the netal matrix is_a non-sintered, non-el ectroplated,

non- rd¥Bloact i ve Sweh amadinat dsvicarccoiding tolibis genegt thatkasiacoatedgnbwraget r ol ess

el ectrochem cal | osi ,ed net al | al ived froma
Fedaci Agnanang s SFBRH SRl R ARbhdernE sy BRI LBl T o s

i Nt he agmRicabf thaidvientiol, Werdaly ebmBinagehCiatorgendting al of aiyiwigort Aorelvif $hess pect
that has a coated substrate exhibiting any one of these characteristics is
consi dehagcterisiics are/fugbaresqnsidgred;ipdepsrdraty eneligiad aspests. ARSOTHRE KIS,

wher ea qﬂy I LE t Al or any t e
char act% glgrfl S |l%g;e§{r)§istp h%éﬁ@%%nasrﬁ el‘?"léléleﬁﬁ%gg%nadégﬁ?ﬁye g}eaﬁlgsfcl(a%ﬁeg:%zlspects.
Accor dintegdlymatfinhaving adioactiad maspiatis inthetrhetal mateint iAowthes banefiethl asgectdisai ce
with a substrate that is coated by a netal matrix having a bioactive
mat er i afre_dic@} fevigmuithesubstipeg ffh_atxl.s cogied up mekl ERatEK 4pVIEg _Bé%ﬁ“Ye_iya medi cal
devi ce, ié};’aqrﬁe gﬂ%fa'i Al1£iJeN8thd Sb6EAE Rn e Ael@PhatriTBAkdiertRYEMGalAspect
relative adi opaque material relative to the substrate is 1n the netal
mat r i x is Ametlivel ddyawefitic i albstrsfedlt is comtal yealinetall nuheniz thet isinbh-stntgradsonat e

that is, coated . by a tal. matri hat.i.Ss non-sinter on- el ectropl ated,
non-r aglesueRped, Xoﬂﬁ@gﬁéfzg" _ré'?(?tﬁ?r en Cﬂ%@fper‘fé asp Wﬁﬁgfna ?qaﬁngﬁgf Bnhg t hat
is el erbirflegsdcttREENRANG MESARLtEY, atl@BASthEadpe R iFa MR RRriAsRE6E tHat a et al
matrix coating that includes a first nmetal material and a second nmateri al

t hat i éncdedes aditstimeal matedal andragpeaeuushmatgfialghat is derived from a reducing agent of a

metal ion formed by the metal in an aqueous fluid solution.

[54] Another aspect of the invention is a medical device with a substrate formed
from at least two metals and a coating on the substrate. The coating is further characterized
as having at least one of the following characteristics: (i) the coating includes a first one of
the two metals in the substrate, and exhibits a substantially reduced rate of release of this first
metal than would be released from the substrate alone in a blood environment; or (ii) the
coating includes a first one of the two metals found in substrate, but does not include the

second one of the two metals.

[55] Such a medical device according to this aspect that has a coated substrate
exhibiting any one of these characteristics is considered a highly beneficial independent
aspect of the invention, whereas combinations incorporating all or any two or more of these

characteristics are further considered independently beneficial aspects of the invention.
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metal ion fornmed by the netal in an aqueous fluid solution. [54] Another
aspect of the invention is a nedical device with a substrate fornmed from
at | east wawsfwisat s and a coating on the substrate. The ceamiusg2/sse7$ urt her
characterized as having at |east one of the follow ng characteristics: (i)
the coating includes a first one of the two netals in the substrate, and
exhi bi Therefosy bb@mﬁouzdlasgect efthe swventorisgimedital dewice fviths sibstrate and gret al  t han
woul d be..rel egs bstaeal n I r ro(ii)
the cORPRY Arrbuets I FeBPesh BR PrehERR Rl Do afRte TR b & o'
does n@bsﬂaﬂ@iﬂﬂ@dﬁd&@ rats ©F 8d16hs BLthiY fiftsh@etalhafiviadilSbe fbdkeSftom the medi cal
device according to this aspect that has a _coated substrate_ exhipiting any

one ofsubpiedealona e bl sayisanment. céﬁgihe@be@&ﬁalahaswtys E&?@?qal:ii%i’llcq Y Aendent
aspect_ of Vi (o) 0 ny two
aorect ol ISR e Bac SAIERARL AU IR GBI N Bhdtuery
benef i whizgh caafiadoss abt inbladé heastordrone b thalwddh&dE582 PCT/ USO 2/ 38275
Therefore, a beneficial aspect of the invention is a nmedical device with a

substrate and a _coating on the substrate that inc a first one of two
met al sl3®h the sulé’s%eé{l‘écg © agherd E%gﬁpgl?l?@SpSCt thajeodnste Ilﬁl@ersélgﬂﬁaé?jcqlﬁﬁ%seof

rel eas@e Qo tng %;fe{/éléﬁt HRERALs @R suahet. B8 ah&thsanedk, iomd ﬁ&als%@ﬁﬁ)h@@t e

alone 1n envi ronment. Anot her beneficial aspect is a nedical device
With atwcsmhsipahtmtatlﬁmta mstabdmyﬁhaﬂjyalﬁsclpéhfv swpstratat Ihfusthgr modesy, othige of t wo

metals found in substrate coat does not include the second
one of DR rfl%bffré’fglfe’éprfg‘éﬁed r‘?\,\‘p%&e c@éﬁ?gl ng to this aspect, the two
netals in the substrate conprise the two nost prevalent nmaterials in the

substrgtze. | n anahb@er 4966 of thEint ¥iolBs 8bhfedivahiviceethattineludési mbﬁwdte nmetal s
in a netal alloy that nmakes up the substrate. |In further nodes, other

met al sanfegbibectivemeaienialp Ty sehstraierhas pe oulghsirfase dhas is ¥deast wgoaﬂ[ns#]ﬂl t her
t of . th E,ﬁm d
D F oattEy b BRI RBich® ufhy WRufR) HE00ubhn iioddio) UM BaRHRALIBE 7

i n partheWidaative ﬂlaténalﬂfrsm thasubatrpte i &eitiody of a peijgmnThe hﬁ)hcta\reanatdathled to
contain the bioactive material and to.release the bioactive material from

the suttainedwithinitheragans. dhe medical deice aprerdinedadhis gPRRISITRTT i s

cont ai pﬁc\gac\f\ér{%%ll Qcéotﬂ&in Q§st ond6f t'ﬁ@%lfo%mg BNdr G Qe GRS BF]iHégeélgnst itRe aspect
is fur aract er according to at Teast one of | ow ng

char acower sirfacs. @f thich arer sm@ﬁ@emly smdlhte substsrgially préva@oewater penetretyoram@o
sufficiently snall

h | ] t t to th
o1 oact INFiGAAH B FaleribsAuHAELPR G BHe R SHIE A Tae Pavar BtoPed Byposed to a

bl 00d  ¢pyironment in a patient; or (ii) they have a diameter of less than about 1 micron in diameter;

or (iii) they have a diameter that is less than about ten times the size of the bioactive material.
Such a medical device that has a coated substrate exhibiting any one of these characteristics
is considered a highly beneficial independent aspect of the invention, whereas combinations
incorporating all or any two or more of these characteristics are further considered

independently beneficial aspects.

[58] Another aspect of the invention is a medical device that includes a bioactive
composite structure with a metal matrix and a bioactive material in the metal matrix. The

bioactive composite structure forms at least a portion of a stent.

[59] Another aspect of the invention is a medical device that includes a substrate
and a coating on the outer surface of the substrate. The coating according to this aspect is
characterized as having one or more of the following characteristics: (i) the coating has a

thickness over the outer surface of the substrate that is less than about 5 microns and a
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environment in a patient; or (ii) they have a dianmeter of |ess than about 1
mcron in dianmeter; or (iii) they have a dianeter that is |l ess than about
ten ti meswoha/sisge of the bioactive material. Such a nedipcalusdzsdzee t hat
has a coated substrate exhibiting any one of these characteristics is
considered a highly beneficial independent aspect of the invention, whereas
conbi rihetapeiic lpved of pioretiverrgatatisl in thesgpptingurr &) the ceatire inpludes amstehct eri sti cs

are further considered ,independentl nef j.gi C Anot her

s pectgiknd SARYF ByrterBT GPREHRI maslEnE Lif i o AERE Hiduacy Bbu 00t Ve
CONMPOSsdlédroplatéiCinbiabmairix) BhadBhtt sibdtfateaceordiiy toi thidaspaceisattkeri al in the
metal matrix. The_ bioactive conposite structure forns at |east a portion

of a stharpcterpsdys mmainecat lepshepertion of pstePhvention is a nedical device that
i ncludes a substrate and a coating on the outer surface of the substrate.
The ¢ i Nng acc J oS | > teL i one or
nor e 8@)1 he f ol F%%h%%‘ﬁ%l?g?g??gﬁ%gﬁ% P?y?shg&égéatthiéﬁg Cﬁﬁg@?ﬂsgﬁtieckness
over téxhititih@anysetref afthe caradteristivhpist diseritidiat corsidessba highly tepeficiab ni crons
and a 16 WD _03/045582 PCT/ US02/ 38275 therapeutic |evel aof bioactive

mat er | BfieneRdeni @spesh ey thg mnvsptien,whereas cambimaliyny 19691Rg ngaﬁr&rﬁy P¥ix and a
bi oact iy JTah E'cﬁ%rabt@riét afefuthel @nkidéredhddpehdently BenéRAdliaBgkotsICl udes a
non- electroplated nmetal matrix. The coated substiate according to this
aspect is further characterized as formng at |east a portion of a stent.
[60] 96¢h a mediAndthdeaspess of teonvéntigntina miefhndfoprmingwmmedigsl devics#t ed

bstrate. exhjbi.ti f the.ch teristiGs. just ' '
cons! dEPLin b Py R A poedEBR BLAT S SR o Bl Bt
wher eagp16@RHY: (i3 ticefislesdWledtRRh&hicAdepbsitioh offyhetaMan® b seddnd enaidridl ldetieed

characteristics are further considered independently beneficial aspects.
[61] Afiemiaedugingegenbithiespephie matalponssiopmerby g el Whsninig 2agueRlsi cal

devi ce ] in. j . . e i process
that 1 1oy ings 67 Gh 2o BpRE e RYpl BREL PR, ARl BE FREF I e hRi

el ect r pehizbedli) fdemasy the aretdmarixesd atoaing oa assnbsirade witheut wsingderdpptidd from a
reduci ng agent with respect, to net ions fornmed by the netal. when in an

. I
aqueouf&le“@@ﬂl W@‘ﬁ;ar’érw%}loiuf SIPESFRETY _%c"ﬁ éorlﬁ?féf}feﬁ‘ﬁ?tﬁ W?W’fi P& QAW fng a
bi oact i ye.ag %{ho{lﬂ%siiﬁ%xg%ﬁ’i{?% el chXourRht 4dd dth, tglg;f)&’aﬁ@e {HAeisTBkahagat ri X as

a coating on a su out using an appli el ectrical current and
Wi t housbosit h2@dégnegs Fahrenheil. The miethydtaheordimpgad thinespest fagher indadésfgrmimga

substrate wi thout usjng an | i electrical current and at a tenperature
that i el@@m%ﬁasaﬁlﬁgitaﬁ%%’e@ﬁﬂ% e&’ﬁﬁ#‘iﬁl{w&t. The met hod according to
this aspect further includes formng

[62] Such a method according to this aspect that includes a process for forming a

metal matrix that exhibits any one of the characteristics just described is considered a highly
beneficial independent aspect of the invention, whereas combinations incorporating all or any

two or more of these characteristics are further considered independently beneficial aspects.

[63] Another aspect of the invention is a method for manufacturing a medical stent
at least in part by forming a metal matrix with a process that includes one or more of the
following: (i) forming the metal matrix as a coating on a substrate without using an applied
electrical current, or (ii) depositing a bioactive material in the metal matrix. The method
according to this aspect further includes forming the metal matrix as at least a portion of the
stent. Further modes of this method include performing the process without sintering, or in a

temperature environment that is less than about 120 degrees Fahrenheit.

[64] Another aspect of the invention is a solution for use in forming at least a

portion of a medical device. The solution according to this aspect includes a bioactive
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the metal matrix as at |least a portion of the nmedical device. [62] Such a
nmet hod according to this aspect that includes a process for formng a

met al nmatwiox3bs2 exhi bits any one of the characteristicsPcmdaiSozs®eesi bed is
considered a highly beneficial independent aspect of the invention,

wher eas conbi nations incorporating all or any tw or nore of these

char acmeterist incombiretibn mitheanotien siatierab withindefeid deattis gdaptﬂdett) ifeimaén aspect s.

[ 63] A ot her aspect of. th vent.i on is. ho ct u
nedi caf e"s”foé? gooic fgefpé’é’é]ton oﬁﬂﬁg?l? 0{5])), aiu‘@nr%ﬁ’ﬁé)ﬁ‘éef 5“%? ocess
that i omhdedes,one senipRr € of the follow ng: (i) form ng the rretal mat ri x

as a coating on a substrate without using an applied electrical current,
or (”i) depositing a bioactive material in the netal natrix. The nethod

accor di®dl to thi %’a@@\pﬁe@ﬂhﬁﬁmﬁ%ﬂﬁhﬂwﬁ%{é@nﬁb@trﬁ%@er{eﬁ@ampr ‘H%?W*}Weas at
| t t
p2?1‘s or %}l %jil I Otrsl 5’?%}%6 & e?mﬁ’%gtdteda n{e@??lﬁ Hgﬂle&]eGJengp&?] éﬁ&?%tjfgbgﬁ{ st nment

that i ﬁlairﬁcsﬁrubﬂ@ék 1ﬁb@éﬂica139v16|@ghﬁeﬁclﬁdﬂw€l€d%eoﬁe of[ idiel, /&I@ba]lt;&lr chypdam iof t he
invention is a solution for use in fornming at | east a p%s egon of a nedi cal

devi ceconiatias wih ahleast €8¢ af Ppsphorops & %ﬁ%c&n meRe Datiedlal bendieldli ve 17 WO
03/ 045 i al

i t i neoR i ket e v R b bip o O RO o e T o

t he bi aacitevarfiat of a aiedmaljdd:vhr& sothes a stnrarabbalhiml cremben mayde cont act ed

by the sol ut| on. qél% Var| rther des of the invention that are
benef i Biox}de i ¢ Hista Ett’é?‘WéY SP A'E8MY of the aspects provided above
i nclude in one beneficial exanple formng netal matrix structures in

medi Ca(tiqiew ces bﬁ?&vhﬂ@ﬁé’tﬂ@détthit%%%lbé)ﬂ@ ﬁf:or@bf?alf&ﬂ witle eealspectPdbowBRON UM i N
conbi nation wth at | east one of reE)ﬁ‘corous or boron. In nore particular

benef i firthler erabdxbinients nncsludmcumnatwsl q;f fraleas ¢lactrashomisal denesilior Avikhosphor ous

iname mat r.i X ut e surfac uch asa
st ent ) Stngr duetipt mieetsifaier ARy Sttt ouenu et B hE RS SRS
phospheaksHlfingdRERR-in E@l@bln@hb@5v1t%®ﬂdcﬁﬁ&s§@é@ﬁoch&ﬁicah&}pobﬁmﬁ lof metal
incorporated wwth the aspects above as further enbodi nents include

conbi naxairines.oForedxappie N tple lassts ofcneial maTiceapas be famed;by jhesg varpus
0enoS, bRl R e RrBLiGhBHHEAID ShNGHH LR ol T AR i SHATPIE

I'n co |nat|onvv| frol ess
el ectr @1@&1&}§aéraﬂl@cmpﬁydrbg¢‘ls Qufrotlﬁ't ad>at1nlgaﬁexteIMsand:mtatm<mpdess¢s mulyba: ple |ayers
of nmet aI matri ces. may be formed by tm cesses ﬁ%@%h a.resul t
pr ovi dmgblné%‘ﬂﬁhéhwmwsﬂé@chb@tf? at F’iltP |an Yghons

further independent benefit according to the invention.

[67] Highly beneficial further modes applicable to the various aspects above
provide a medical device in the form of an implantable stent. In exemplary embodiments, the
stent includes the substrate in the form of struts that are interconnected in a network that
forms an expandable tubular body adapted to hold a lumen open in the expanded condition.
Various of the coatings, metal matrices, and substrates embodied by the various independent

aspects have particularly beneficial application according to such stent modes.

[68] Although medical devices sqch as stents are discussed in detail, it is
understood that embodiments of the invention are not limited to stents or for that matter, to
macroscopic devices. For example, embodiments of the invention could be used in any
device or material, regardless of size and includes artificial hearts, plates, screws, “MEMS”

(microelectromechanical systems), and nanoparticle based materials and systems, etc. Other
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pol ymers, ceram cs, hydrogels, or other coating materials and rel ated
processes nmay be conbined with the various aspects above as further

enbodi nenwe oafnesssari ati ons that provide further i ndependect/usenssis
according to the invention. [67] Hi ghly beneficial further nodes applicable
to the various aspects above provide a nedical device in the formof an

i mpl angxamiptesof eredical devdsesapil arajerindbhargpding to embodimenteaf the gevenesanche
substrate..in.the formof struts that are interconnected in a network that

f or ms m@%@&ﬁ A6l e tubul ar body adapted to hold a |umen open in the
expanded condition. Various of the coatings, netal matrices, and

subst rgbps enbodilede bird biher ¥peteUtodeddapirsiiasits, vasipteiss afbfeatupardfitioul ar |y

beneficial application according to such stent npodes. é68] Al i hough nedi cal
devi cesveniion asgdeserbrdsingpeherdetailckidhyratereprerty the Figres gnd thedstaitedod t hat
enbodLﬁgghéﬁ&I the invention are not imted to stents or for that matter,
to nacrostopic devices. For exanple, enbodinments of the invention could be
used in any device or material, regardless of size and includes artificial
hearts, plates, screwlBRIEFENESCRIRHEIONOOF JHE DRACWENGSal systens), and
nanoparticle based materials and systens, etc. O her 18 WO 03/045582
PCT/ U 38275 es of nedica eyi ces and material.s according to
enbodisﬁéiut s of tﬁzf{{‘pr@@ﬁ’? RSFhepaic lhlésg'i#/lf”%ga Blréhsg\%e aflgﬁ]%lqaﬁgg%c% her
aspect §mchRdss thetibagitgrent s, variations, and features of the invention are
described in further detail with reference to the Figures and the Detail ed
Desc;ial{)ti on. BRI EF DESCRI PTION OF THE DRAWNGS [70]. FIG 1 shows a
schendalTit i |1 ust¥i&t 20hows agchamasicrilvsraing oha ppiigaol ¢ HIQASHPHIMRASIEt 1 uct ur e
on th%ﬁﬁﬁﬁ?éE&ﬁﬁnﬁ1Zﬁh gﬁﬁ%ﬁﬁﬁ gws a schenmatic illustration of a portion
cti GSi Tt ruc

of a bioactive co e s ure containing a bioactive material. [72]
FIG 3 shows a device including a bioactive conposite structure in between
a subgerat e andFiG. Baphowoat.defiéd indfldas; a Bipadtive(mpekivesteuctire int bdseeenya pl aced
into a coronary artery. [74] FIG 5 shows a flowhart illustrating an
exenpl S05HBerbYORCeHr ding to an  enbodi nent of the invention. [75] FIG 6
shows a graph showi ng drug elution profiles associated with Johnson

[73] FIGS. 4(a)-4(c) show a stent being placed into a coronary artery.

[74] FIG. 5 shows a flowchart illustrating an exemplary method according to an

embodiment of the invention.

[75] FIG. 6 shows a graph showing drug elution profiles associated with Johnson
and Johnson Bx velocity stents (stainless steel) with bioactive composite structures according

to embodiments of the invention.

[76] FIG. 7 shows a graph showing drug elution profiles associated with stents
made with nickel-titanium alloy and bioactive composite structures according to

embodiments of the invention.

DETAILED DESCRIPTION
[77] 1. Definitions
[78] Some terms that are used herein are described as follows.
[79] The terms “anti-restenosis” as herein used in relation to compounds, agents, or

other materials generally refer to those “bioactive materials” (as defined immediately below)
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and Johnson Bx velocity stents (stainless steel) with bioactive conposite
structures according to enbodinents of the invention. [76] FIG 7 shows a
gr aph showorig/odsseyy el ution profiles associated with stent CTHEd®3827% h

ni ckel -titanium all oy and bioactive conposite-structures according to
enbodi nents of the invention. DETAILED DESCRIPTION [77] |. Definitions

[ 78] Sthakattlegshif nagheonsitaite epreyvmntion ar mhebiten ef 4 treignesis faspousado viseolar The
terns ! I - | 8" ' ed kn._rel.atj u - ents, or
ot hor FRRSFAES G0 byl B Brttie B boiseBblaRt, bR RIRRY BERnBETL B, G

I mredi athet nechielioajon ckni€dubhfl4bipiiat Potédise 2E88RTles of fiai-redtenddasdentn part
contribpute to prevention or inhibition of a restenosis response to vascul ar
i nj ur yIelds padrmifpticagentsAntinppaferative egeinangrniggatery agenisniticiflagmatory

at here ' i ' ?tn%g] ' t
proced%eg?yﬁl}(tgﬁg%gﬂ%g% gtr?t(lg't-g?%'}s({r{éﬁgglﬁlg&;g ﬁfLﬂg&] plfh;t\ecl u %ﬁ?@%&ethggtqe ‘agent s,
ant i - pplateldt adlxsionéagpegepation irduithitors)] ygading nyeragerhas eaddtheliahifzbtanmpromoyers,
agents, apti-thromhi n,agents (e. g éhronb,i n i nhi bj tlgrg%9 a(fr}lﬁi -FI at el et

aggr egsft PIBeT agGRIAIRILEAINg, ProypRiing, BF OtReNass B ugReigdbe logienl fs GPLF,

heal i ng.;agents such as endothelialization pronoters, or other agents
mtigating, preventing, or otherw se intervening in the biol ogical
restenosis process. [80] The ternms "bioactive material(s)" refer to a
conpoul®] agent , The teamy “bichelive matemal(s)] reférde aspmpbind apéns] eginysthey r el evant

activity,on or within.a biological,k organis b ncluding kn particul ar

ot vi PP e pleal B A RSRY PR it Bl P e ca
condi t indmdir iatpattidutur acR@eythef pravided fr&ients poPhaxidys difiosie b@h nfddiqubnor mal
conditions associated with the body's structures or functions, or

condi t PoWitiangslatad tag todywf e paBern gedysfencsioad] or gbrormadcenditigsocedur e,
e.g. a ' y ' I o | | L.ncl ude
G g POTClaERUIRERYERS SBfs? b e RUHR Fcoluu BRI (BB BE O et e

t r eat neiMtedio Hinsdiasigsosadarte, ag. oaledRpbinGdventionancer, epil epsy, Parkinson's
di sease and pain. Further exanples of bioactive materials include, wthout

limtatjon: anti-infla ory.agents, ani-infectiveaenIs@& .,

anti bi tﬁlﬁcs_ and HXUPRYes § 103 E’ﬁg'%*)t?m%’éllc idﬁlgsé‘%c%g@’é’é’l’“ _ gbgﬁ?‘mﬁ i ons,

ant i astAMRELEnGIGED S and T 1RO RYMLRANS SdiscaliMsuEP R SR8 kis, Batickt lcplgsy

agents, anti neopl astiics, anticancer agents, antipsychotics, and
Parkinson’s disease and pain. Further examples of bioactive materials include, without
limitation: anti-inflammatory agents, anti-infective agents (e.g., antibiotics and antiviral
agents), analgesics and analgesic combinations, antiasthmatic agents, anticonvulsants,
antidepressants, antidiabetic agents, antineoplastics, anticancer agents, antipsychotics, and
agents used for cardiovascular diseases, such as anti-restenosis compounds and anticoagulant
compounds. Further examples of molecules useful as bioactive materials include: hormones,
growth factors, growth factor producing virus, growth factor inhibitors, growth factor

receptors, antimetabolites, integrin blockers, or complete or partial functional in-sense or

anti-sense genes.

[82] The following are further examples of different types of compounds that may
be bioactive materials: inorganic, organic, or organometallic; hydrophilic or lipophilic;
hydrophobic or lipophobic; water soluble or water insoluble; peptides or proteins;
polypeptides; polysaccharides (e.g. heparin); oligosaccharides; mono- or disaccharides;
whereas any of the foregoing labels apply with respect to molecules, compounds, or other
preparations or materials. Other examples include: living material, such as living or

scenescant cells, bacterium, virus, plasmids, genes, other genetic material, or other
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agents used for cardiovascul ar di seases, such as anti-restenosis conpounds
and anticoagul ant conpounds. Further exanples of nol ecul es useful as

bi oacti vewoat®#isat s i ncl ude: hornones, growth factors, grPORUSI/aUDr
producing virus, growh factor inhibitors, growh factor receptors,
antinmetabolites, integrin blockers, or conplete or partial functional

i n- sens@ponents At partsgheneofy ené manfrgie prKEclgsair|odlir mepteriads, flor el eseanines of
different, t s of ¢ ounds that may be bioactive materials: inorganic,
or ganiag?lo%gycgﬁéjéﬁi%vr?@fg?ﬁ% © ?ﬂ%‘phi lic or lipophilic; hydrophobic or

| i pophobi c; water soluble or water insoluble; peptides or proteins;

pol ypgesj des; pabipsabenaittads nlag ako iREPEY pregurser hgodsls daekideis therono- or
di sacchari des; whereas any of the foregaing |labels apply with reispect to
nol ecurle¥antbigipgieidstividy aerhsing rﬁ?%b%lﬂ&gi hiﬁgefbﬁiomﬁ%%-i%a&ng@%?u #xanpl es
i nclude:. . liyi j : : c ! rium
Vi rus ?C%B}pgg %;'!ﬁg)g ,opg%lgé@?é %rtoﬁ%r%Q%%ﬁde%l%)ééllﬁﬁg%wg{rhf%ﬁl?%graﬁo ?E{:asrqu% 1\%1\811(% g 06?11558 2
PCT/ U248 tatertadsrihatimigls odrerpize be cotmddeeat relaivdlytaologmdy peritdrcl es or
other materials, for exanple carryi.n a biologically rtel evant or ,active
mat er i herwiseot pffeciiveifore 1%‘1“?%‘1%‘115%3]1“34 Eo&ﬁf’ If& C%ﬁdgﬂi’r@%ﬁ t’f?ﬁ{egri al's

t hat ﬁ;ﬂ(};’r%g cth'}ﬁodiﬁﬁétﬁ)‘ﬁam bi ol ogi cal activity after being netabolized,

br oken- down l%e.g. cl eavi ng nol ecul ar conponents), or otherw se processed

and nodified within the body. These may include such precursor nmaterials
t hat niBght ot her@pmbinptionsphkhds oedtherprgpiradons dfiany of thedbragoingexamples

ot herwi se, not .effective for, a.parti.cular result. rel medi cal

condi tFBHPE Brafe alf‘f%ﬁi %%coﬁ}qeﬁep%ﬂ%acgﬁg R4 Sf‘f’%lgpit@%ﬂe?gﬁ# %E(%lﬁgg'n ations,

bl endsp sifkts O RS prfdcapafvehti s @irtedadwaril bibdrtive aiegdilNngagkaiileeny oralf obe nmade
and still be considered bioactive materials wthin the intended neani ng.

Aspecttbe diregding prasspes. i nvention directed toward bioactive materials may
include any or all of the foregoing exanples. [85] The term

"el ect hem cal —~de idion” Jref -hat ihl QR
(el ectlmtsggl ati ng)T}gen% el I’gf((:a? r %ﬁhgglg&gg%oglﬂ I ogef?llssggtorgr@tdﬁ‘%%%‘gg c%?c}o& i ons
bel ow) (elekB6plailhyg ahereloctrokes deposition (e metkdddasctiptiansdelowde or structure that

is foreign to a body of a living being, such as in particular a human
o0y, B oD 5 GeRted (ot toe L ReILOLLI B ARIARHLE 01 oo
Ejgwt 220532874% aQfvidk bdid RAcIPR] MPartRUEh adfinian HRAY, B Wiikh BuERePRrigsin Medi cal

performing a therapeutic, prophylactic, or diagnostic function inside, on, or otherwise in

relation to the body of a living being, such as in particular human beings. Medical devices

include for example many different types of permanent or temporary implants. Further

illustrative examples of medical devices include but are not limited to: catheters; guidewires;

coils; expandable member devices (e.g. balloons or cages); drug delivery apparatuses,

including for example patches; vascular conduits, e.g. grafts, stent-grafts, fistulas; stents;

grafts; plates; screws; spinal cages; dental implants; dental fillings; braces; artificial joints;

embolic devices; ventricular assist devices; artificial hearts; heart valves; embolic filters (e.g.

venous); staples; clips; sutures; prosthetic meshes; mapping; ablation or stimulating electrode

devices; pacemakers; pacemaker leads; defibrillators; neurostimulators; neurostimulator

leads; intrauterine devices (“IUD’s”); syringes; shunts; cannulas; and implantable or external

sensors. Medical devices are not limited by size and include micromechanical systems, and

nanomechanical systems which perform a function in or on the surface of the human body.

Embodiments of the invention include such medical devices.
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i nclude for exanple many different types of permanent or tenporary

inplants. Further illustrative exanples of nedical devices include but are
not |im two oBoa558at heters; guidewi res; coils; expandabl e Pe#rmiser/3sevi ces
(e.g. balloons or cages); drug delivery apparatuses, including for exanple

patchefg'7 vascul aé. conduj.ts, e,qg. grafts, stent-grafts, fistulas; stents;
graftsiSPl ates; <JOF &R wplanty’ Tefktrde a catenpry ofimestionh flevicesewhish ¢ | | | ngs:
br aces immkkil it Bhtidu® b8} sSme RABEbE Gl eYhESS; | Ltk flevi ces;
artifi cilgl heartg; 1heart I\}1aelp\%es; en%lg] Fgef?ﬂ%féﬁ%@ggé%@ﬁ%h@m st apl es;
cl i ps; nafuxeuprblongooshdretein, peslarsyt ontgnyionary. abl ati on or stimul ating

el ectrode devices; pacenakers; pacenmaker |eads; defibrillators;

neur ostderul at or s; neur asti-nul ator,, lLeads; intrauterine devigces ("IUD s");

Syri ngtegs??m shunts?rhgéﬂ ul® lgﬁassgﬂ’g’?ﬁ' rfﬁkeé% M@O%ﬂbﬂé%%’rma?essg% %3, Medi cal

devi cemamdiigl Sradoatihgivigeh mﬁmcéédé@pam%éoagwﬂﬁn Bs& B OABhS A &)&ﬁﬁ@ﬁﬁ , and
i ace

nanonechani cal systens ch performa function in or on the sur of the
human $ddgssempyacase Hickudss therselfragseaitly ofan erghuidencnoddyenenla saistrdevi ces. 21

of mode 2 R ch L gienc 19 iy Oyl Peab iRt bG5Sl efou or

time. fokyuleaontainsdi thi @adupdSAH nidietyRPENY thib] isfouptdlebdlmoRetle toitedfo Short
term per %géaror tenporary. [88] The term "self-assenbly"” refers to a
nanof a iggg] fusiach otle dhe qtherrend pif the meleatlp sxtends avm frorg theinld punfrcec dbds

t f : [ ' - I rocess
spon Bas3 oY efebPBeés R Bfl}f}t)l(‘l),l WER O RRLSs sﬁ%‘n&ﬂ%& arﬁl%u&o-@%%@ﬁ?a&%ef?om One

i ncl udes the self-ass f an organi c ‘nono ona s
exanpl @sabof ingraligrgcessalisbd dmshieredianglfafssémblg procesgani ¢ mol ecul es to a
substrate. Each nolecule contains a thiol group (S-H noiety). The thiol

rou each nol.ecul e .coupl,es. t t he | d surface whil e the other end of
'? he ﬁoli%g!:ul e exttﬁ%%nawég?n rB‘%?’isﬁ%nﬁ&calg i‘q“eéﬁlﬁt argAdaptsd & engage the wall

el ect r ot LA5RIydeRes ot irddstitidtinabk 18 Qpddr R8Fek R AR Ul 16‘«5}81 i
aut o- cat al ytyiqcally from a set of ingr e%li ent’s, rrg é%(qs’o em%}(l)]:r)l?s?lteerred a

sel f - dRSSWARING Opfeseesary i@bntsThitentsran Saemblysidjustblrtetveemenidinly devi ces

t hat pt.ed. n e the wall, ..of bo men or, interstitial tract
in or ecﬁlaﬁ%ae‘#)ﬁelé]tggt(?(?iég%gF%%oéW?Wi Addiyery ﬂ?ﬁ@%ﬁﬂﬂlge@ﬁ ertl?}g?%x}gﬁt or

t enporradiilly eppamdes conddieN{ess. 36 deRRNnahde/thadirkia P%E)H bei&RAypsbadi al 1y
col | apsed condition (e.g. for endolunenal delivery t’hrough a delivery

cat het@Pandabisstend geindeadupwlpn ¢r naxiirdlydulnlanwal strusture bayng tmeventk af | y engage

the | ﬁﬁg&jm] i . e bl e.stepts include ,a tubul ar or
parti g y tu%{i%%tm\xg?%ﬂ aﬁ#@u@ﬁ@%’ﬁ%@@n@%@%@ v%'rbl?c Pﬁo 4 %5Hﬂb%sttéyd struts
separ dased chiying or ghotovlshial, Gitmachefoeme@ Yy becueiup alljadt 8hipedeings UMfds@S by

common expandable stents are metallic (e.g. the struts). Examples of different types of such

expandable stents include: balloon expandable (e.g., stainless steel, or cobalt-chrome); and
those which are self expanding (e.g., nickel-titanium alloy such as Nitinol™). Stents may
also be non-metallic, such as polymeric. Stents may also be constructed as a helical or
otherwise folded ribbon structures reconfigurable between collapsed and expanded conditions
for delivery and implantation, and may be formed in a composite structure with other

materials such as grafts to form stent-grafts (e.g. for treating abdominal aortic aneurysms).

[90] Stents may be used to maintain lumenal patency, such as for example those
currently used in peripheral, coronary, and cerebrovascular vessels, the alimentary,
hepatobiliary, and urologic systems, the liver parenchyma (e.g., porto-systemic shunts), and
the spine (e.g., fusion cages). Conventional stents are typically greater than about 2 to 3
millimeters, though smaller stents are contemplated, such as in particular for certain

particular indications. For example, stents may be used in the interstitium to create conduits
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| aser cutting or photoetching, or may be forned by securing adjacent shaped
rings. Most conmon expandable stents are netallic (e.g. the struts).

Exanpl es wbD odioifsez ent types of such expandabl e stents i n@Cadso2/bsels oon
expandabl e (e.g., stainless steel, or cobalt-chrome); and those which are
self expanding (e.g., nickel-titaniumalloy such as Nitinol TM. Stents may
al so bbetween thetvantrictes of thetheay apd couepriyarteges ot betmggn adrovatyarieiesanduct ed as

a helical or otherwi se folded ribbo t puct ur onf i gurabl e between

col | apERtndthyelhn il i Pahb® W SHEE AT ScaRARS Sl BB EmEing ey
be f or gRbtsialboanSOPPeRA L ofdef HESIENRIW hMeRNEN as R bRAhpleSo SethitleNBlIgFiakt S t o
formstent-grafts (e. q _for treating abdom nal aortic aneurysnps). [90]

St ent stukas/fosdallppéan thbal ligatiemifeederiesselp tpRmons Pr avWEYPIRE SPdrocelisivsl e t hose
curren i [ . , e t he
bl AR TR BOSAahin SPERIALL mABSSUEN MUATFILAL: NERSRERS |
(e.g., theanbesis yBictinive stunidy be@rphndedevithipi the Ifreergto, bef acsludad, vages)be
Conventional stents are typically greater than about 2 to 3 mllineters,

t houghc¥tiaricd praing thelugpes PBWFSIP%%ESS‘§W~ as in particular for certain
particul ar indications. For exanple, stents may be used in the interstitium
to crephp condui i ZmORRHRAREE HIEH DIOR BT hIOR BRI ARy eNt ] Cl es
of the heart and coronary arterie€s, or between coronary arteries and

cor onadsposition prodesses hee peyformed emt saarHicidd substrate. fAftertthedpasition pfocgshl em t o
treat gl auc .. ents al.so.may_.be used in order to occlude a |unmen, such
as forgj&fﬁlﬁgﬁ% ’f&%ﬁ‘&@%’ﬁ% Ipaying, ffS‘?Ftan?‘H}ge%mf%‘re-f al | opi an tubal |igation,
feeder vessels to tunors, or aneurysns; such occlusive stents typically

i ncl udp2y herraddéthdé@ofMakifeaslel ve material such as fibrin to cause an
occlusive thronbosis. Ccclusive stents may be expanded within the lunen to
be occl uded, or gan%pbe contracted around the |unmen from qutsjde the vessel

wal | . [%81] The t disneads ¢ighe inyeniipn inglude metheds opmgpwiagturing Hiopetive
el ectr g@gﬁ% gléarte ‘?sgofg' dn @ bBaﬂﬁ&%,%ﬁém%{h%d[fﬁ&&c?Jsgsgﬁlagé%n%f’e%ﬁbiﬂgghgd\%a "

substr eposi t1 on process, e su I's etc
| eavi ngplatid @asirisity metabions andis BioaftB] matkrialMathb ettstrothdival fsalution enay9 3]

Enbodi pents of the i nventjon include t hods of manufacturing bigactive
corrposF?E@l FlAS eI PO Ot bith b SO RS VSRR LS CP TP 2JPNSIRE ng an

el ectr Qé‘elﬂ?,%ir%%ﬁe_cn%lﬁéﬂ&iitﬁﬂ_b‘é@{‘ipﬁiicﬁ iis[)‘i%nﬁ@& RhithlaQafhoaL fne siishactihve material .

The el ectrochem cal “sol uti on may e an electrol ess deposition bath that is
f or meddem®sitign)yeh ahodsa kbind an elestodlytersplutian domtaman the nyptalligéms fo be reduced.

el ect R RNy ARl bittieS it ufBs TRy At B oSt HORE b it AR rate For

electrochemical solution is formed, a substrate contacts the electrochemical solution. For

example, the substrate may be immersed in a bath comprising the electrochemical solution.

[94] Prior to contacting the electrochemical solution, the substrate can be prepared
for the electrochemical process. In one preparation step, an anodic process is performed. In
this process, the substrate is submerged in a hydrochloric acid bath. Cuzrrent is passed
through the solution, creating small pits in the substrate. Such pits promote adhesion. Also, a
sensitizing agent and/or catalyst can be deposited on the substrate to assist in the creation of
nucleation centers leading to the formation of the bioactive composite structure. Loosely
adhered nucleation centers can also be removed from the surface of the substrate using, for

example, a rinsing process.

[95] After contacting the electrochemical solution, a bioactive composite structure
is formed on the substrate using an electrochemical process. The electrochemical process

may be an electrolytic or an electroless process (i.e. electro- or electroless deposition.) After
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deposition), an anode, and an el ectrolyte solution containing the netallic
lons to be reduced. Conplexing agents, stabilizers, and buffers may al so
be presemwoioa/os3se2 bat h. After the el ectrochem cal sol uti @aTiGsot/ss2ned, a
substrate contacts the el ectrochem cal solution. For exanple, the

substr te,rraé]&l%e I )Mmersed in a bath conprising the el ectrochem cal
sol ut i SHMING GEPIGECIIYS CQIBPQSHA SEBEHISgtheheoastive eaRIFHRSERFUESUDSTa®, t he

subst r gt 8bHaRoPR bk %'Bqﬁfgt ' : In one

prepar ation s?epf aﬁ“ﬁ%@%?é£§§%%§§g 'S Séggggggﬁeh?%ﬂgﬁﬁﬁgnprocess, t he
substrate is subnmerged in a hydrochloric acid bath. Current is passed

t hr ouglP@ he sol utifienrencovdng thedicactive corpasite strodteresubsttatat@mbiBatidn foms

pr onot dhesion. ,Also, a sepsitizin ent .and/or catal yst can be
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| eadi ngmbedihdeatst topRbataRaPhe foRBedbR BEIUINR1GO H&ﬁ?d)sfit% sBhifted U &ditidR@sel Y
adhered nucl eation centers can also be renoved fromthe surface of the
subst r detailyghongtheftepcoabamigsher, subseqnendipmesepting espes arp dsdcribed belowont acti ng t he
el ectrochem cal solution, a bioactive conposite structure is forned on the
substr usi ng hem.cal .. : | e hem _cal process
maybe génﬁel ect ro?x;(}e%(k:&?rl&g%gg?gg@r(: 8?%%?%055(1}853}%%6. ag%rgfn&?{) - or

el ect r elmbsdindapatht imenjiorAfstsaow T MG 3/ A5 8PheAGTIASA iAGdvicel1@0M ng t he
bioactivF conposite structure, the_ bioactjve COEEOSite structure/ substrate

conbi nHefg 3 bipasipeamposits sHetwal Bl Bhidines mgtal metray K andidp binacdye

sol uti ] | eThi ' ' I substrate
combi narieser Py L 10T B o RS R T8 L Soea 11
desi r eshbstrate 12x dinp ipegpoirtiors affEoactivd aditeriah tsthe prépopiaasf metyl e Hioadtied on t he
bi oacti ve conposite .structur.e. Additional ?EI ai | s abouyt [7he 1 g@coat and
ot her SUBRUYFSHICHIESIE B TRGUKE I9J8° RIAROFADE f Blogethea maieriplohat mishels ce

i ncl udg, | P! | | odi ment of
e 1 b e e eVl 6. 100

i ncludi ng a bioactive conposite structure 101 including a netal matrix 10
and t hB8bi oact i vEmbedinesnitaef theinventidrhaviae nwstbet ofiether advantagstayebi oact i ve

conposj tru e 101 is on.a ubstrate 12. The prapottipon qf bioactive
et or 1 &R HEMSDas For in 3R ofhae B Fonste Stuses Pledhpbet SRsdivecrure | s
hi gh r glagdialkeré cbiporEdREs & nRasliomhaRixaaaid atels@iohémical fotessj bt be found
I n conventional bioactive conposite structures, contai niiggta netallic

mat r i xeleptwhemimbioresidoenrotidsmape therhioastive mpterial. nUnlles high temprestuesdv ant ages
over 5@,&%‘% foP @cﬁ'n}iﬁﬁl@&ﬁi& 1&19{1’10{3? (e@. ,rggntgﬁﬂggéﬂiggdlﬁl%% F ltﬁeein%l{tf’(&ﬁtclﬁfi B2

First, I oact
performed at temperatures that do not harm bioactive materials (e.g., proteins). Second, in

some embodiments of the invention, bioactive materials are more easily loaded into a
metallic matrix than in conventional metallic matrices. For example, problems associated
with impregnating a preformed metallic matrix with a solution comprising a carrier and a
bioactive material are generally not present in embodiments of the invention. Consequently,
the bioactive composite structures according to embodiments of the invention can have
higher proportions of bioactive materials than conventional bioactive composite structures.
Third, in some embodiments, the formed bioactive composite structure releases a bioactive
material in a very localized area at specified times in an active and/or passive fashion over a
period of months to years. The controlled and/or predictable release of the bioactive material
can be achieved using embodiments of the invention. Fourth, when the bioactive composite
material is in the form of a layer on a metallic substrate, the bioactive composite material and
the metallic substrate can have similar properties. For example, the ductility and the modulae

of elasticity of the bioactive composite material can be substantially the same as the

£
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materials are incorporated into a netallic matrix using an el ectrochem cal
process, the electrochem cal process does not danage the bioactive

mat er i al .wOmBiokssshi gh tenperature processes for form ng meTaisor/zs2mmtri ces
(e.g., sintering), enbodinents of the invention can be perfornmed at
tenperatures that do not harm bioactive materi al sﬂ&e. g., .proteins). Second,
in sonadalirgyubsinate. &t anopleriexymple; bis makzlie mateofihe biqaghive «iaPase e easily
| 0aded giphreding R dbdcfio TR b b R0 1 GRYGTERR B IGhALAG. TRES LaPS. FOT
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bi oactive conposite structures. "Third, 1 n sone enbodi nents, the fornmed

bi oact inventemylf hid Woadtivecompesitesitmaesisan hedfaoniof @ layenve minadtallin sebsiretey

| ocal i zed area. at specified tines.in an active and/o assive fashion over
2 per POl HOTHRR: HEbedhy liyprcanaraily chntprar (o Sovplsk Sprea Ay aReESase. of
the bi gaghbyEMRRTHM invEfidnlee poRiRISHIoNs! Ng enbodi ments of the invention.
Fourth, when the bioactive conposite material is in the formof a |layer on
a metallic substrate, the bioactive conposite material and the netallic
subst r 829 cén havebgirai prpagtieperti es. For exanple, the ductility and the
nodul ae of elasticity of the bioactive conposite material can be

subst apfdal |y th - under | yi ng
subst rgideot.il I n an%ﬂi@rﬁﬁ%@gﬁ%{%? petlﬁé’ Mn%)%%%d?uégﬁ%%??@%ﬁg ﬁgﬁ%ﬁ%%élﬁ%e
conposiThe sulstrateahay e pordus tiesodidpatd maghoern glatdr ob@ompiaabt sweface(egrbodi ment s

of the invention. They can _have simlar thermal e sion coefficjents,
t hus déwsikiﬂg stheraty k@i ﬁkﬁege?ﬁé{blq ‘Piféﬂﬁlanﬁl %Pé%eg?nfxlﬁqaﬁmﬁa@ EeBuhsEe due to
t her mal, o4RaNR Bl e SBREE Body b phlticld ApelloReLibURORROST te  structures

can be e uni in conposition and thickness I n enbodi nents of the
invention. If the bioactive conposite structure is in the formof a |ayer
on a mftMl]l i c subéesabstratesnahcempusepEngsuiiddpmatariab Feryinstancgnthe sebstsateconf or m

e R R A e I LR S

nmaybe @RAhSerisiAY cBmpeidé Bt stdh dsheaihleyesiddl onnitindh@VisTikgloyat e nmay be
porous or solid, and may have a planar or non-planar surface (e.qg.,
cur ved Altemagivelybidie sabsiratompyl cetnposeepdlyasiipmatesial mchiding ﬂupr@wﬁﬁners

enbodi gent ass’potl}tegtraﬁﬂl%%ertﬁ};lgne. In some embodiments, the substrate may comprise a

sacrificial material. A sacrificial material is one that can be removed, for example, by

etching, thereafter leaving a free-standing bioactive composite structure.

[102] The substrate may be prepared in any suitable manner prior to forming a
bioactive composite structure on it. For example, the substrate surface may be sensitized
and/or catalyzed prior to performing an electroless deposition process (if the surface of the
substrate is not itself autocatalytic). Metals such as Sn can be used as sensitizing agents.
Many metals (e.g., Ni, Co, Cu, Ag, Au, Pd, Pt) are good auto catalysts. Palladium (Pd),
platinum (Pt), and copper (Cu) are examples of “universal” nucleation center forming

catalysts. In addition, many non-metals are good catalysts as well.

[103] Before forming the bioactive composite structure, the substrate may also be
rinsed and/or precleaned if desired. Any suitable rinsing or pre-cleaning liquid or gas could
be used to remove impurities from the surface of the substrate before performing the

electrochemical process. Also, in some embodiments involving electroless deposition,
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may be a stent body, an inplant body, a particle, a pellet, an el ectrode,
etc. [101] The substrate may conprise any suitable material. For instance,
t he substwetos/ 04358y conprise a netal, ceram c, polyneric neRCarisa/38205 a
conposite material. Illustratively, the substrate may conprise a netal
such as stainless steel or nitinol (Ni-Ti alloy). Alternatively, the

subst r disélledayateomel ibs ased joginsailre subsfrate after sensiazing prdforf ¢ai@dyspsd bier s such
as pol ytetraf roet hyl ene.. I n i r nprise
2 P PlREo R K| S enehfod BRI T tefn b 1o P R RO BT e
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conposite structure. [102] The substrate may be prepared in any suitable
manner C3Rode, lEnmE RIPPRSS i usstl ensans anboshient tepmdperpiis whigh enhance

exanpl Edhetsi%ﬁ substrate surface may be sensitized and/or catalyzed prior to
performng an el ectrol ess deposition process (if the surface of the
substrate is not itself autocatalytic). Metals such as Sn can be used as
sensi t [dhgBagenEfectrodliemyicalgtradessese. g., Ni, Co, Cu, Ag, Au, Pd, Pt) are
good auto catalysts. Palladium (Pd), platinum(Pt), and copper (Cu) are

exanpl f "uniyersal®. nucl eati.on ¢center .faqrning. talysts. In.addition,
many ngﬁl-sﬁet al's Smg% @68§t°§| ¥er§’é’n‘mﬂ} ‘?l.eaf%%‘ﬁm%g?‘mp&gﬁf’ﬂﬂﬂcﬁfflﬁhe

bi oact ;34 16 S5O HetRoaztb & 6Hp Ssite 5Bttt F1 6 Rh RN alPd pOsilibn pfocBEeslinadé or
precleaned if desired. Any suitable rinsing or pre-cleaning liquid or gas

coul d elsetrelyiiel(destiop depasitiomnndieldcireless dgposibiensur f ace of the substrate
before performng the electrochem cal process. Al so, in sone enbodi nents

i nvol vj el ectr i tl-0on . / 7 jstilled
ot or ' M1 be s EEBod RBER drefm ol B WA vieHglonfir eo &4

cat al yzietigochBhtical bethalshgneith 0 seirbgidr hestalliens rieiisdctat matedabam iheluds der to
renove | oosely attached nol ecules. of the sensitizer and/or cat a}&y%t. I n
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bi oacti ve conposite structure. Electrochem cal .deposjti roces i nclude
ol ect r BN 1 PRbedivient o iser intoh Bh A HaieESLE b SRy RS SETRETe inn
enbodi gRUi&HBERdRal YR ON, a bioactive material is incorporated into an

el ectrochem cal bath along with a source for netal ions. The bioactive

material can include _ _ _ _
[107] The bioactive material may also comprise particles (e.g., in the size range of

0.1 to about 10 microns). The particles may comprise the bioactive material in a crystallized
form. Alternatively, the particles comprise a polymer, ceramic, or metal, which can store a
bioactive material. The particles are preferably insoluble in the electrochemical solution. In
this case, a particulate stabilizer such as a surfactant could be added to the electrochemical

solution to improve the homogeneity of the particles in the solution.

[108] Without being bound by theory, it is believed that when performing an
electrochemical deposition process according to some embodiments, nanometer-sized
crystallites (crystallized metal atoms) and the bioactive material “co-deposit”. At first, the
process occurs on the surface of the substrate. Following the deposition of tens of
nanometers of metal, the co-deposition occurs on the already deposited metal. Thus, the
bioactive material and the metal atoms may deposit substantially simultaneously. When
co-depositing metal atoms and the bioactive material, the bioactive material is incorporated
into the metal matrix. These c;ystallites confine the bioactive material in the formed

bioactive composite structure.
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any of the particular materials nentioned above as well as other materials.
For exanple, the bioactive material refers to any organic, inorganic, or
l'iving ageoto3ioisB2 i s bi ol ogically active or relevant. TheChwarssoe
material could al so conprise biologically active nol ecul es such as drugs.

I n enbodi ments of the invention, the bioactive material may be sol uble or

i nsol ubl08li n  t hBYéPredeppiting thedipactive metesial alpng withthemeiabdhe i ve nat eri al
oSS RRI REL bR RInd G in tlebidie bl M 4Bublne iGpft © 20O 10
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perform ng an el ectrochem cal deposition process according to sone
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t he bioac?lve na ncorpor a in se

cryst afrbintths electnéliyesolihidnbiBdativiytie dspbsitibraprotdsséd e ell@dwnlih,Faet i ve
conposite structure. 26 WO 03/045582 PCT/ US02/ 38275 [109] By co-depositing
the bi BEinledhemedt Pifing iddvstriiandiingthe elegiremics indestryeoncent rat i on of t he

bi oactive material in the bioactive conposite structure is high. Moreover,

the pr ﬁtilljarns aSSRﬁie%Eﬁglﬂ %%‘%%gﬂé}ﬁ%if&g‘h?i){cﬁl"éo‘%fﬂ{%ﬁm% wi th bioactive

materi al s" are not present Iments o e ITnventiron. |In enbodinents
of t heelectwasiepoion prohesshs amfollows: mat eri al substantially fills the voids in
the nmetal matrix so that the | oading of the bioactive material in the

net al @szix is xinizgd._L ] As noted, electrochem cal processes

i ncl ud ect r ol Yt isetipie] 47 o) s élecredPect r ol ess deposition processes. In
el ectrolytic (electro) deposition, an anode and cathode are electrically

coupl e 18hr DL sqatedis OL s MER] atbfh, M i heRRBHGFItIDL EMR BOukikendl 6 bh 0des,
metal 1 s deposited on the cathode while it is either dissolved fromthe
anode @ecten (Gamyngg unit charge). The reaction at the cathode is a (reduction) reaction and is

the location where electrodeposition occurs. There is also an anode where oxidation takes

place. To complete the circuit, an electrolyte solution is provided. The oxidation and

reduction reactions occur in separate locations in the solution. In an electrolytic process, the

substrate is a conductor as it serves as the cathode in the process. Specific electrolytic

deposition conditions such as the current density, metal ion concentration, and bioactive

material concentration can be determined by those of ordinary skill in the art.

[114] Electroless deposition processes can also be used to form a bioactive
composite structure. In an electroless deposition process, current does not pass through the
solution. Rather, the oxidation and reduction processes both occur at the same “electrode”
(i.e., on the substrate). It is for this reason that electroless deposition results in the deposition

of a metal and an anodic product (e.g., nickel and nickel- phosphorus).

[115] In an electroless deposition process, the fundamental reaction is:

27



fromthe electrolyte solution. Electrolytic deposition processes are wel |
known in, for exanple, the netal plating industry and in the el ectronics
i ndust ry. wph3a}s558n exenpl ary reaction sequence for the redartison3s2fis net al
in an electrodeposition process is as follows: [112] MZ+ solution + ze ->
Mattice §e| ectrode) [113] In this equation, Mis a netal atom M+ is a
metal [dAIwi th zMhawiget Rad stigioran dMetide gatem: suride)c®Komiof carryi ng a uni t
charge). The reaction at the cathode is a (reduction) reaction and is the
| ocat i : . L bl - 1T [
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and bioactive material concentration can eterm ne
or di nasupstkie lahd issubbeuantly ayjtd-tdfalyzEe by thel redizced epabalias iaonetpl matesfesncan al so
be used to forma bioactive conposite structure. In an electroless

deposi {4 proce urr.ent, does no ass through the. sol ytion. .Rather,
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results in the deposition of a netal and an anodic product (e.g., nickel

and ni elrefrolessideppridonusolutiqumay inchidgivatdrse thasteesdepaeiion selution [sraguesss; t he
eI Bl A5 g3 VLSRR ST R Bl

sol ution 0 ace utron [117] In

this egueisie nRy e chos@OBIEhBE: GO BInarydkiltth thaages el ectrons to the
substrate and the netal ions. Ox is the oxidized byproduct of the
reaction._ In an Iect_r%Iless process,. el ectron transfer occu at substrate

reacti Bd%i tes ({RYSHENG SR Hupribienomay pe 8seddn cPhodunpus pLife; these
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first catalyze substrate and 1 s subsequently auto-catal yzed by the
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b1 oact 1406 A ERPRRs e cagteh b iRt S e et Rl b ke RtAckle ¢ ne
el ect _rﬁ?i'cﬁél%uﬂ@c@,%bl%él‘%Hlo%i@la,uinﬂf?ﬁ‘cl&liwlfa_ﬂ%ltéédExdf@él@sr ofSRithhBimdid1QalteResi ti on
solution is aqueous. Deposition conditions such as the pH, deposition

time, Gaphrivossicludgenpys anheinteysoRits fuph asicuprous elilaride ansulfate. dxsswhesnf t hose
of ordinfaw sk[ill i?the ?.rt. . .

suitable metal salts for tin cafions may include stannous chloride or stannous floroborate.

Other suitable salts useful for depositing other metals are known in the electroless deposition

art. Different types of salts can be used if a metal alloy matrix is to be formed.

[120] The electrochemical solution may also include a reducing agent, complexing
agents, stablizers, and buffers. The reducing agent reduces the oxidation state of the metal
ions in solution so that the metal ions deposit on the surface of the substrate as metal.
Exemplary reducing compounds include boron compounds such as amine borane and
phosphites such as sodium hypophosphite. Complexing agents are used to hold the metal in
solution. Buffers and stabilizers are used to increase bath life and improve the stability of the
bath. Buffers are used to control the pH of the electrochemical solution. Stabilizers can be
used to keep the solution homogeneous. Exemplary stabilizers include lead, cadmium,
copper ions, etc. Reducers, complexing agents, stabilizers and buffers are well known in the

electroless deposition art and can be chosen by those of ordinary skill in the art.
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[ 119] Any suitable source of netal ions may be used in enbodi nents of the
invention. The netal ions in the electrochem cal solution can be derived
from sol Wwba3neisat salts before they are in the el ectroclremiusa/3ses uti on.
In solution, the ions formng the metal salts may dissociate from each

ot her. Exanples of suitable netal salts for nickel ions include nickel
sul f at B21hi ckel Bhistatividy, aanekehipbrephomus pHemmetrixsearhs| edectiglessliidepgsited net al
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used R hr e B B e A ersed 1
t he sopreférmed, eordepositionas MDt/mcesmpomste smbodiments. dzor eamplsy mmeather
embodiments, a very thin metallic layer on the order of tens of nanometers can be formed on
a substrate. A bioactive material is then either adsorbed, covalently bound, or deposited on
top of the nanometer thick metallic layer. Additional metallic layers are subsequently added
afterward. In between metallic layers, additional layers of bioactive material can be
adsorbed, covalently bound, or deposited. This type of process produces a dense bioactive

composite material.

[123] The metallic matrix of the bioactive composite structure can include any
suitable metal. The metal in the metallic matrix may be the same as or different from the
substrate metal (if the substrate is metallic). The metallic matrix may include, for example,
noble metals or transition metals. Suitable metals include nickel, copper, cobalt, palladium,
platinum, chromium, iron, gold, and silyer and alloys thereof. Examples of suitable

nickel-based alloys include Ni-Cr, Ni-P, and Ni-B. Any of these or other metallic materials
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on the substrate after a predeterm ned anmount of time. The Ni ions in
solution deposit onto the substrate as pure nickel (reduction reaction)
al ong wi tworBokssB2 phosphorous all oy (oxidation reaction) PCrhsopsg2azti ve
mat erial co-deposits along the crystallite and grain boundaries of the
deposited netal matrix to forma bioactive conposite structure. The

bi oact Mp¥ bewlenositsf using asyitaldp slsrirockenygs! prackssniAlpEepriatomstal Blisiceabey, the

IR L S R

co- depdsit tsitobedérmidde nmetal atons and the bioactive nmaterial is preferred,
co-deposition is not necessary in sonme enbodi nents. For exanple, in other

enbodi s, avVv thin netallic Jayer on,the order, of tens anonet ers
can_ belhdl med”on 1a¢ sitale PRI Rap PR BRT 4 i ryftal Iattichre }’@Fﬁ{'yeﬂ"eadjsorbed,
coval eR{d¥odRindize ?srlem_géhﬁcﬁﬁ'1%lcrotn.o@o?@:xe[ng}ﬁe,rlﬁ:g&%teﬁfboglfﬁ‘léﬁ'fs, gRtallic

| ayer. Additional netallic layers are subsequently added afterward. In
bet weenvearegeaditd of thayeids jn thddnatilba alatrivamey be tefss thapaboutvidOrmgsranad (egan be

20T DB SR AR OO, B SRROR Sl oL YRS LRSS LN °

bi oact inean&amResdttig. structure can include any suitable netal. The netal in
the netallic matrix may be the sanme as or different fromthe substrate
nmetal (if the substrate is nmetallic). The netallic matrix rra%(iincl ude, for

exanpl €251 nobl e Hethgifernasd bipagtivp cpwposieraaterialghie valmes prsecat 8l thecl ude
o ver igidRRhaclaEhtan, R Rl in oL ofHE APn, tiHlondiBpC: 2"

i ncl udeabdriaCean bkdup perdeliheed £ tilyioadtivieltesposite sufubttie. "Biefdrdbly, that eri al s 29
WO 03/ 045582 PCT/ US02/ 38275 may be deposited using a suitable

el ect r BoRgcaRrterl fpa 432 ewﬁ%?ntgwh?@f K% op greaterhan aboud ab wdreaesnt by

provi dg,RRRIFREd BbsctVRtRMtedigns in the el ectrochem cal solution for the

met al n%?%%x tiatg(l;g%to %e formed. [1241 The netallic matrix may al so have
voids in a crystal lattice. Typically, the average void size is |less than
about [126] cron. Fbe bimaatiyd eompasits simetewineyi eantasy stiteble fovmr Hgeexsingde,of t he

ids | the .netalli t.ri. . t bout 100 t .g.,
st IRPSATE CppordincRuris o el BB RLpIOR RRAH shP e En e e or ot e
into tRgveviydaitiile tHiflgh st Bdrl dxempPRt thie)laye]E ﬂi‘%ﬁ]habé‘a thekresy FEessRhansdouy €

e

conposite materjal, the volune percent o _
100 microns in some embodiments (e.g., from about 0.5 to about 10 microns). In another

example, the layer may have a thickness of greater than about 1 mm. In other embodiments,
the bioactive composite structure need not be in the form of a layer. For example, the

bioactive composite structure could be in the form of small particles in some embodiments.

[127] Forming a bioactive composite structure using an electroless deposition
process is advantageous. First, by using an electroless deposition process, the size of the
crystallites and consequent percentage of bioactive material is controllable. Parameters such
as the pH, temperature, and the constituents of the deposition bath can be adjusted by the
person of ordinary skill in the art to alter the volume percentage of bioactive material in the
formed metallic matrix. Second, using an electroless process, substrates having complex
geometries can be evenly coated with a bioactive composite structure. As the solutions are
aqueous in nature, viscous effects do not dominate in an electroless deposition process (as
compared to coating polymeric substances which are viscous). Third, in an electroless
deposition process, deposition conditions are mild, occurring at or near room temperature and

at or near body physiologic pH. Bioactive materials are not damaged in the process of
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bi oactive material is high. For exanple, in enbodinents of the invention,
the bioactive material can nmake up percentage of the bioactive conposite
st ruct ur ewomB@i®Babl y, the bioactive material can nmake upCgrisar/as27s han
about 10% or greater than about 25% percent by volume of the bioactive
material. [126] The bioactive conposite structure may be in any suitable
form fosmingdherpicective ¢ranpwistieorafeyial. cléansids theanethedsraceprding,toismbopandngs o of a
| ayer gn.the.substrate..The |aver hav ' t hi For
exanpl ,e”{%egtlf)%f}reerecﬂ%?fn}? vaéldaSC 1ﬁ?b(:l ne%1 sareolpgfegés&ét'?ﬁ%trtﬁgllglgaﬁ]tgahe%%&ﬁﬁ%g ro(%c ns in
sone efRdigdBividive Qoiposife siicmbBaut 0.5 to about 10 microns). In another
exanpl e, the layer may have a thickness of greater than about 1 mm In

ot her enbodi nents, the biqQactive conposite structure need not be in the
f or m of128] | Gy SHbsqayenta¥asEsIBE the bi oactive conposite structure coul d be
in the formof small particles in sone enbodinents. [127] Form ng a

bi oact ([111\291)00”130%% ﬁz‘g@i‘&icﬁ(r@cdiﬁf»&&e@&u&h&% FhRaSit HRPADHbADNY bPARESS 1S
advant ageous. First, by using an el ectrol ess deposition procéss, the size
of t heprocesged al dniytseialsln thanoers dipn exdmplesinsnma gmboflingints ettopmatiafemied] i s

control | abl e, Paraneters suc as t ; enper at ur an he constituents
of t heOWEpALiahi %Bafwne%teﬁguataﬁﬁgdgﬂ}“#{ﬁ?a _V@Sﬁ”%fnc_? Sy skill in
the arpiohQival oBfpobiRestMRIER0 REIETHINRELa BleDin ARG i BERAte 3 ahdat he for med
metallic matrix. Second, using an el ectrol ess process, substrates having

conpl etopcopg@fet ri es can be evenly coated with a bioactive conposite
structure. As the solutions are aqueous in nature, viscous effects do not
dom na {n an e I itiQn: . ing
ol ymeli ) cubst andeLrtpf i SRARE iy SR ER gl AR mEP BER & a0 Mokl
deposi Iticah bp emegsdus depgstalling andand intlnds aatetalnpdlgimen cetantié, ete. dheor near
roomtenperature and at or near b,odyv%hysi ol ogic pH Bioactive materials
ar e notopgedapRlsonbe prIoRT Yseklid (emtisBouAd 03/ 045582 PCT/ US02/ 38275  f or mi ng
t he bi oactive conposite material. Fourth, the nmethods according to

embodi s of ' h BB 485 Rit6¢ RRThEPuiBRR pR6kE AP SxaRBL, Bl MMOT €
cost-ef@glti ve tggﬁtdg{&ﬁgﬁhnet hgl(;jds%l of form r%lé bi gzcti ve cor)r(pogi t’ee

st r uct abves-defdrit8} pceSits e gy elettrprand ebwimlps§ dpofitian equld heussidda derny e
conposite structure is fornmed, i tionally,be further rocessed in
any sufPspater ﬁﬁ%ﬁ%rrp.mﬁﬁ n@g‘;’r‘?ﬁ‘ls%‘{ to{%%g %%Ew@?ﬂ%d%#ﬁrr‘?? ‘,’elﬁ’r}F% boc?g%% cf“%lﬁf or ned

on t opp@torfclibYPedde¥s GREPAip BodtinUsralf &)atiﬁg,cigap& déposisiohadtes a device 100
including a bioactive conposite structure 10 in the formof a layer in

between a substrate 12 and a . ) ) .
[132] The thickness of the topcoat may vary in embodiments of the invention. For

example, in some embodiments, the topcoat may have a thickness greater than about 100
microns. Of course, the thickness of the topcoat can depend on the end use for the device

being formed.

[133] In embodiments of the invention, the topcoat may be the only layer on the
bioactive composite structure. In other embodiments, any number of suitable topcoat layers
may be added to the bioactive composite structure. For example, it is possible that tens to
hundreds of individual layers could be formed on the bioactive composite structure (some or

all of these layers may be bioactive).

[134] In some embodiments, the topcoat can improve the properties of the bioactive
composite structure. For example, the topcoat may include a membrane (e.g., collagen type
4) that is covalently bound to the bioactive composite structure. The topcoat’s function can

be to induce endothelial attachment to the surface of the bioactive composite structure, while
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topcoat 20. [130] The topcoat can include any suitable material and may be
in any suitable form It can be anorphous or crystalline, and may i ncl ude
a netal, wolopowssg2 ceramic, etc. The topcoat may al so be porass2/ss27solid
(continuous). [131] The topcoat can be deposited using any suitable
process. For exanple, the above-described processes (e.g., electro- and
el ect rtbe bivsctifepostetiplan thebinhdiviesompesite srupbireliffuses framp bsiow he teprother

b d f . i | d
be"F or hetroly™ prbREehC o gfofin8dal SR8 A8kpahih RRYY! Beter (FOR) GO RiRhar c
deposi dndethelifltggowthlBétor WEGFPis@JféH%ﬁﬁinfaftoﬁ)&tﬁt tapeattheBibavi@eyconposiidodi ment s
€,

of the invention. For exanp in some enbodi nents, the topcoat nmay have a

t hi ckresestuge. e Bheegromitiafrctas datelerssl fromdhoippcoatto idueaendothedial sowkhWaHEE of t he
t d d . ' ' . [133] |
enbod e ARl o R RSs plnaldlfor WU EEn ARl G, L1531

bi oactive conposite structure. In other enbodi nents, any nunber of suitable
t opcoaii3fpyers Iimyet bthenedboditnentshihe oprast dauémpmrvpdlse tadicsopasty ofe. For
exanple, it is possible that tens.to hundreds of ipgiyvidual  l.ayers could
be forRedicd t’iieYlﬁ_% “ﬁil@_a’é‘ﬂué%s ‘i‘&&?ﬁﬂﬁ%ﬁ“ﬁ%"qﬂwg? ﬁ‘ir%pt‘(@oWEﬁi%ﬁ‘e “5‘3?1’136’?%/ t hese

layer sp; in%oﬁBQﬁfe.tétfﬁ@u?e %@a‘&% h8leSREE oPERRTh TROHSr fuhBod, ORGERRAmBRN

i nprove the properties of the bioactive “conposite structure. For™ exanpl e,

t he t ofrogatanrieyrelensddufitam shentsindmtivn eoiposjte, struoturaigpaevepp smodth musste ded

coval ently bqund.to the biogctive .conposite structure. The tqpcoat:s

Funot | DY GaHh: Biileq (PREL S RUTHRENT AR GOTHEHE TS BLrARSEIT ( he

bi 0act Mge RAMRA Bhddfoal HEHES. UllBistratVielye a tohkoMRoBRARARISCPGIHPRbRBALRD t he

bi oactive material in the bioactive conposite structure diffuses from bel ow
t he t opuléatgold ¢an berdsphsitedemiiopl iofre hioactivegopyronite sfeuchire soiprigivg Mdblohel i al

growm h facto GF) _or. vascyul ar . _endot hel i al . ar I ) is
prese n?nhia’?lcee{‘{l? g%‘é%&@‘t‘ﬁﬁ(a"?f%i d;ew(fﬁ R R \lt/) leO%S@‘\flrgb 0 snlIl R%ghg E?‘é%@?; re. The
gr owt huh@gh&h i@ t6sdoan aeshdotiPiutdle célbiphibifor bwrhi a8 ditekmes thatikadddalvegs owt h
while the bioactive conposite structure releases an inhibitor of snooth

nuscl e3¢60 Hayytimamiriod freg] the higastiveedrenosdapEeitwient s, the topcoat can i nprove
the radio-opacity of a nmedical device which includes the bioactive
Corrposg%g];)t r uc“f'ﬁ@%o tlc?n Elggb%‘ﬁgﬁrtbﬂt&gthe PLIOAE kinkBicS OMMLBidaBiwd r uct ure

rel eases | ecul es° t 0 pertorm another function. For exanple, drugs can be
r el easgdtefinbimthdrenderlyint bivective opmpodite setictucd. Ufar exampleeaeelectsotesst h nuscl e
cell

nickel-chrome, nickel-phosphorous, or cobalt-chrome coating without bioactive material can
serve as a topcoat. This would require the bioactive material to travel through an additional
layer of material before entering the surrounding environment, thereby delaying the release of
bioactive material. The release kinetics of the formed medical device can be adjusted in this

manner.

[137] Alternatively, the topcoat comprises a polymeric material (or other material).
In this case, a bioactive material that is the same or different than the bioactive material in the
bioactive composite structure may be included in the topcoat. For example, when the topcoat
comprises a polymeric storage and release medium, the bioactive material therein can release
quickly (e.g., days) from the topcoat, while the material in the bioactive composite structure
is released over a period of months to years. In this embodiment, the medical device that is
formed may include the combination of a topcoat comprising a polymeric storage and release

medium, and a metallic storage and release medium.
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overgrow h, while a topcoat on the bioactive conposite structure inproves
the radi o-opacity of the forned nedical device. Illustratively, a topcoat
conpri si NyONBAGES8E ni ckel chrom un) and/or gold can be depae3iusez3sanstop of
a bioactive conposite structure conprising Ni-P to enhance the

radi o-opacity of a device incorporating the bioactive conposite structure.
Under n@ash t he tSmtabbetpolymsnmthe topmet ae(pe&fbrablryl‘blmmatlb&dheaﬁleyldpmoi mus is

rel eased. over 30- 60 da rio e actlve cO site
st r uct Qe a[“I?GP“Vﬁé“?‘%Fp‘@ gqnslif Cgegraéig@& 1ré ¢ gplefsrfelwgllcn}e);ase ki netics
of thqa&bﬁéﬁééea%oly&%ﬁsrdr% bl@/eétél@ i%f‘é'}@d’rﬁplb %1;haametl ve conposite structure.

For exanple, an el ectroless ni ckel - chronme, ni ckel - phosphorous, or
cobal tpatyraprmdacioatlyeglids, phb@ﬁhmstﬁ%tpplbénhﬁr@ﬁﬁmo%&mm@@ﬁ\?e as a topcoat.

This wo Id re IS% %BEPE‘P@)I]@%‘%%IP’Y%S ?f(re'th%r-egtg 915‘8} rough an additional

| ayer sur rou Vi ronnent, thereby
del ayi ng the rel ease of bioactive material. The rel ease Ki net| cs of the

f or med[1gepi cal dN‘dnﬂﬁoﬁbablebﬁo@dipaﬁbke(jmi}ﬂnérhmy abwarbearsed frilthe fopebaterSuahi vel y,
the topcoat conprises a polyneric maté (or otéﬁeF mat eri.a ?‘F)t In this
case, pelynemapaviachge.der @fan@%tpomilm ﬁ’éaDSrP‘&V e IRARSH e bi oact i ve

mat er i S 1mBGhsYRE) N the
topcoa?clrylh{érbtagxa%p*ﬁ%ﬁﬁ%gpﬁﬁﬁgﬁb%%égtém@%&ﬁ ﬂ@?&aeﬁgyol yrreér+|90 st orage and
r el easgudrigdiadmpolyrhers biciaas polgectmaferoahyledeg ped celbdosereefessase  quickly (e.g.,
days) fromthe topcoat, V\hile t he material in the bioactive conposite

structyr is relea thst h

enbodi ﬁ‘éﬁl t he iPeYﬁ oHer %\E?P%gpep aﬁl gpco]a Prtela H&gﬁﬂ%‘ﬁ{yg eél?:eonbl nati on
of a t QREARE cEOBPK bélf Q&keﬁb[&‘d'rﬂé%laﬁr & ANBIThE THcKRELsRRe seaistiblednd a
metallic storage and rel ease nedium 32 WO 03/045582 PCT/ US02/ 38275 [ 138]
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bioactive composite Structure.

[141] In another embodiment, after forming the bioactive composite structure on a
substrate, the substrate can be removed. This could be done to electroform a free-standing
bioactive composite structure. For example, as noted above, when forming a medical device,
a bioactive composite structure can be formed on a substrate. However, instead of leaving
the substrate in the final medical device, the substrate may be etched to remove it from the
formed bioactive composite structure. For example, the substrate may comprise an etchable
material. Eichable materials include metals such as aluminum or copper or polymeric

substances.

[142] The substrate is a sacrificial substrate and can be used as a mandrel for
forming a free-standing bioactive composite structure. After etching the substrate, a
free-standing bioactive composite structure is formed. Stents, for example, can be formed in

this manner. Details regarding the formation of stents using sacrificial substrates are found in
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[ 140] In yet other enbodinents, the topcoat that is on the bioactive
conposite structure can be a self-assenbl ed nonol ayer (SAM. The thickness
of the seWwD-0aws®abl ed nonol ayer may be | ess than 1 nanon®Carus(i/3®e75 a

nmol ecul ar nonol ayer) in sone enbodi nents. |In one exanple, a thiol based

St it Wt FERo o DL 700 BRSRESchiie i hejPieiieomPeriedey dofenie 56#, o on  he

ni ckel endi@tyt | x. The introduction of the self-assenbled nonol ayer can permt
different surface ligands to be used with the bioactive conposite
structure. That is, various ligands or noieties can be attached to the
ends ofl43he nol edbt &seistanding binaetivagenpasiie strecttremuayalvavy dimensidrhen thei oact i ve

i _ [141] In.anath nbadi ment . after formng th
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r enov eftee-Fiahding bibadtiBEcHRRItE Sr@dtOeth 1 10Anid %u?\}] %ﬁﬁ;ﬂ'ﬁgk._ B 9RghkY e
en

conposite structure. For exanple, as noted above, Vv orm ng a nedi cal
devi ceSmbedipienlict fopeortsapldietfermed erta fieesteading bidaotiveeehnaposite stastreat e.
However, instead of |eaving the substrate in the final nedical device, the

substr gyq - r ' -he for bioactive conposite
struct Eir e]. ng%rﬁglfggilrlg? gga%tﬁ’g nz%glls@rﬂa%t%g Eﬁ%’ywcﬁgen%oﬁ%oglqggt%@gﬁabl e mterial.
Et chabl e materials include netals such as al um num or copper or polyneric
subst alld6k. [ 142Thdhimastisestonglosité sratisecadcdidiigdo spbodimaiteotihed ivantide used

as a mandrel for. form a free-standi ng bigactive conposite structure.
Aft er (égin%ﬁ %56{1{1’@ Ig?fiig"‘ll ?igi”@?s tigat arp Beeddp ARgr Adchcanbe Imrlanisdioibe bedy of uct ur e

i's forapgienBwaBd sedf 8F cRAPIPLE ZREND S {hgrb'sﬁ? ]glf %Pgﬁgnz.u%ﬁr@ﬁgned%} ails

regardi ng the formafion of stents using sacr ates are found in
33 WO ¢ui@sshe onpaamusdersg 897 bioatti s mitatigfrorhithe o Mti®e ¢8dipositeirsatetid.is Pat ent

is hergj neorporated by reference in its entirety. [143] The
free- s(?éasﬁalz)lﬁgn%)qq%%g]tsfa%}%eswnposi te structure may have di nmension on the
order of nanoneters (e.g., nanoparticles) to neters. For exanple, the

t hi cknjdde] of t heln soneeensicaiidenty thé bivedtiveanaenARah HERRE FoGi the SR be | ess
than about 1 mmthick. As in other enbodinments, a topcoat could be forned

on a fIPéfélelPél?fd_?i%Ctjéfle&a@PPﬁﬁE SoAes | K165Ss brand {7 describedimafurthen detaficheders) ng
composi Ty SPFEMEbE e Rn AAE DR RIRE B e iRl TR IR be
pr eserendi 7 imedbodimedwif desint erajonpdiw gsisethd reledbedvel o@yg peAdddsT timPlag) ed in
the bogdrgat(e)1lc than about 10 or about 20 days). Again, without being bound by theory, the release

mechanisms in the examples shown in FIGS. 6 and 7 are indicative of simple diffusion. The

bioactive material diffuses through the metallic matrix, that is, between individual crystallites

and grain boundaries. The bioactive material exchanges places with the components of the

metallic film and then diffuses into liquid at the interface of the metallic film and liquid.

[147] Alternatively, the metallic matrix of the bioactive composite structure can
erode to release the bioactive material in it. For example, the metallic matrix can be
susceptible to electrolytic corrosion. The metallic matrix of the bioactive composite structure
can serve as an anode, which results in corrosion of the metallic matrix when current is
passed through a circuit which includes the composite structure as an anode. As a result of
the corrosion process, the bioactive material is liberated from the metallic matrix. This is
useful both in vivo and in vitro. By using a corrosion process, small, controllable quantities of
a bioactive material (e.g., a drug or DNA) can be released in a highly localized regions at

specified times within a patient or within a diagnostic assay.
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a patient when used, or could be used external to the body of a patient. In
such nedical devices, the long termrelease of a bioactive material from
t he bi oacwbwa/0¢ssaposite material is desirable in sone | nPCaNSey382f146] In
sonme enbodi nents, the bioactive material can diffuse fromthe netallic
matrix in the bioactive conposite structure. FIGS. 6 and 7 (described in
furt hefl4bt ai | bElogwyion shbeFaUh activebivnpasgvelsx et miivesorosiayPEB¥di ment s of
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film agailvmhenomdos‘iémsmusadtvdldmtwmmbtaitpld:dme, ineteetricateonvdct m&laaehaihbr orfilm
of the cti
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The net al trix of the bioactive conposite structure can serve as an
anode, (zvdruthhmoefsadtltvsmatalb;mlﬁ omirale. of the netallic matri x when current is
passed through a circuit which includes the corrposite structure as an

anode. a result of th orrosio S t|v erlal is
i ber apg@]f rom-t hréal?%lgegl e W&?rﬁ’l ec %‘flﬁ]icglcei%gggyt%gﬁ ﬁ %mf %n r;g O and in
Vitro. afliedsb B Hlosdive @Smﬁﬂs@rs@ﬁ@ﬁ@e ‘BitAhbchagienlt d‘rﬁféyﬂbisténﬁ] tRAhictofes of a
bi oactive material (e.g., a_drug DNA) can be released in a highly
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to corrode the netallic matrix. In a SSive corrosion @gqess t he
SIr

oxi dat thshthefrelepss ofdhe blﬁa‘;tﬁ@t%te%‘?l fiﬁqﬁ‘éﬁlﬁis@%’é?wc&b% HECefPRI can be
causedg Qechggigﬂlf‘craﬁ%SfB y&lweﬁe}l@t caRlRCHdr ﬁ@inceocf g,@t\»@éks Qfr héifingret al li c

matrix and an adjacent metal or $o0 Ion. For exa gal vani c corrosion
i s causfier thitetent imbmpiaheed. pi eces, in el ectri cal cont act with each other, or
two adjacent netal areas are at different el ectrochem cal potential. The

two ne pays.t | constitute a galvanic cell, in which the netal part
with ti@%oa‘zspﬁ“@hgﬂg@ﬁ%m cal potential (i.e., the nore active netal)
wi |l corrode.

[151] Embodiments of the invention include any suitable medical device

incorporating the bioactive composite structure. For example, medical devices according to
embodiments of the invention include stents, orthopedic implants, cardiovascular implants,
electrodes, sensors, drug delivery capsules, surgical clips, micromechanical systems, and

nanomechanical systems. A schematic drawing of a stent 150 in an artery is shown in FIGS.

4(a)-4(c).

[152] In other embodiments, the bioactive composite structures are applied to blood
or tissue contacting medical devices, which are dependent on endothelialization of the
implant surfaces for biocompatibility. These devices include ventricular assist devices
(VADs), total artificial hearts (TAHs), and heart valves. In comparison to stents, which have
discontinuous surfaces (e.g., wire meshes with windows), these devices have continuous
surfaces. They rely on cell seeding from the bloodstream. Accordingly, the bioactive

composite structures can comprise growth factors. The bioactive composite structures
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[ 149] In another enbodi nent, nechanical energy such as ultrasonic energy is
applied to the bioactive conposite structure. The nechani cal energy hastens
t he rate wbo3aifsBusi on of the bioactive material from thePoiTazor/382e5
conposite structure. In this enbodiment, the netallic matrix nmay or nay not
erode. In the case of a stent or other inplanted nedical device,

ul t r as BV ee?H’egrﬂij(jh‘H’B‘&t syefagg b ‘é’é‘k’n@ﬁﬂﬂﬁvgﬁ afiarlymens and gabsegwsnt gOWihhat t he
rel easgrqabssbl6r d%ﬁféh T’c?ellg%befﬁé Ahreabl. 0?&3 r?o&f{heﬁkto?saﬂcﬁﬁg% gt ﬁ‘osqgfl red
time. For exanple e application o rasoni c ener A %e, or

i nst anhﬁegrdmyslecwaelgowﬂrfaamm; isd payftides, wiHich cinesssist @dlhaipdeﬁlaéleﬂngl{aﬁ&ﬁ)] I V.
Medi cal %‘ijﬁl ces [ 151] Enbodi ments of the invention include any suitable
medi caf™ I i ncorporating the bioactive conposite structure. For
exanpl e, nmedi cal devices according to enbodinents of the invention include
st ent s[153] t hopedithe bigatAR &)mﬁftgbﬁd&&‘é%&ﬂd hﬁplb@'%éd in (ﬁhgféléaggﬂévm ensors,
drug delivery capsul es, surgical clips, mcronmechani cal st ens

nanome8thirsis dageselle pissor d&vmheamblemfcﬂuaawmndﬁe lelogdstream] Shesadenicearctery i s

ig(r)rpmgslfa?e ructoéhr(‘lgéh% Qqﬁ%%llol?égl”?%r %‘ﬁﬁme{} S149 tggﬂénf&?rh ié’bl i eycaI

devi cesan mm&eaaneh@lme y tﬁdﬁs@ﬂﬂfb‘ohﬁ? oabtallg! iISaPscRbentEleadeBRb@RroRIr f aCeS
for bi ocorrpatl bilit These devices include ventricul ar assi st devices

( VADs) thernstallic aatiix by oa¢ ohhemeeihqdsslesgribed abovee AFls (yarwédrug sﬁpremu son to
stents she

w ndo dﬁlmhﬁg'ssgaﬁég% ]gée@ Bﬁa%/e'g q}égn@jﬁ%{%ﬁ@&%@ﬁ r % gsléveﬂfﬁg‘vnl.%% FV oaﬁ ceI I
seedl npiotlegraddabie: gallpaest r eam Accordingly, the bioactive conposite
structures can conprise gr ovvth factors. The bioactive conposite structures
35 WO B%g45582 CT/ US02/ éow de.an attachnment surface t hat coul d
facili the a %{&ﬁ?ﬁ; Hn%& e Bleastivegogmepite Batstiabwax bppresemddt hel i al
cell's gand Jikech%Hﬁél@ i ¢ é’%ﬁ‘n
integrins, selecti ﬁgamgt?g‘\%\h/tlﬁ_tﬁ@c#g;cg tl% ldaeﬁél ﬁg\/\ﬁm t&agﬁlstglgg{%? and
hast enordiahnets garehd enverednwiitiael hqmoatrthat[ﬂ&fé]lab‘ltﬁede exantpile; ¢hecmatpbiri rharix

structuges,coul.d al so e us in dr rel easg devic such. a |ngest|ble
pills %ﬁtﬁagmaﬁ%\ée CHR5t Es%lllef\”ie PTISR nf%tﬁle?ﬂao‘aﬁlgﬁragﬁ}‘nw@]ﬁé g lPEQ#tces can

take tEgnhreeol. Eisphed emaﬁqege@ec%e%bbﬁ&% tRE géudft& e MerslyZ&ubife i
into a body cavity. The can be placéd In the htman body tra scutaﬁeously

or or altitgerodabie quest afdheerosion pragess, thedrivactive material is free to diffuse out of

each well or channel. Alternatively, the release of bioactive material from each well or

channel can be induced by an electrical current. Passive corrosion can be induced by a
bimetallic EMF (electromotive force) created by the combination of two metals. Active
release can be induced by current induced erosion of the metallic matrix. In both cases, the
amount of current applied to the metallic matrix can be directly proportion to the amount of
released bioactive material. This design reduces the complexity of such systems compared to

current designs.

[155] Aside from use in therapeutic medical devices, the bioactive composite
structure can be used in diagnostic devices and bioassays where a precise quantity of
bioactive material is required in a spatially and/or temporally controlled fashion. They can be
used in the drug discovery process. Bioassays for drug discovery are increasing in
complexity and in many cases utilize live cells for bioassays. Modern surface technologies
make it possible to study the effects of local chemical gradients in the study of cell response

as well as local environmental alterations in cell culture, such as pH. Utilizing embodiments
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the metallic matrix by one of the nethods descri bed above. This type of
drug storage and delivery system can be produced in conbination with other
del i very weolBohksss2 such as bi odegradeabl e pol yners. [ 154] pCa/tsapsdres
enbodi ment, the bioactive conposite naterial rmay be present in wells or
channels in a mcrochi p-type device. The bioactive conposite material in
t he wepfthe HGYGD@ﬁardY@IaEHQ:gﬁaE%O%bN@’C@Q nygteriplsatisperiBeplacesaat sperile Gaapl e. For
exanpl |.C..oatri f t bi gactiyve. co ite structure nmay
conpri E%d H@gﬁ h%ir h%&ﬁliﬁg%é‘%&%})?gﬁe,dqﬁﬁﬂggo (hr?ed/etv 16’%%%2 lo%sgﬁ%sri ses gol d.
Electrical current is selectively applied to the gold topcoat, thereby
causi nfi56]t to elwdere erABodimierss dibioaofivd duenisie sipuctie ds Remed uhderhéatiae ve
material (is free to ijiffuse out of . each well .or channel. Alternpatively,
the rePBisE oBWHelerllsiaye cwitited Bie bipartive sempagia stgeturesraisan taiorBeolanduced
by an I > IV@: Cofr I : I : bimetallic
EVF (ol S LB arii Eoeniri TS of SO bBRIE R BBt o ' Tt ve
r el easeomantrig®on ofdnalechlty Wien appioptiateihe dhatio sf the bidactihecomiasitt situctater i X.
unt of . curr |ied to the nmetallic matrix can be

il oot AP ER e o oS AA e bip Bt s Sty Gl ersed SR | a1 i o

desi gnifseumesudP s ﬁ{é@n@ﬁbﬁxﬁeﬁfsuﬁbl&ﬁm? bRl SAARAEITAOam &Mt o8 Qﬁplﬁﬁs i gns.
[ 155] Aside fromuse in therapeutic nedi cal devices, the bioactive

conpostugent detetroings thecamouné ofisieactive naiteripl ogdedsed.devi ces and bi oassays where
a precise quantity of bioactive material is required in a spatially and/or

t enpor contrell ed fashion. They ¢ be used .in.the dru i_.seqv
procesﬁg'%i oa_ssf'i?;!gls::Jt _XPG gftﬁﬁhn(ﬁlo &\%éfeﬁl%gPéanﬂ%ﬁlgégivﬁﬁ eflﬁlro%‘g?élagéf?@g%’nd in
nmany  cassso Yiudl itEemble¢alat effbds dDipebiifio atsiedttes IMUBHE Bt spetifie tiendseedidle@yi €S
make it tBOSSI ble to study the effects of local chem cal gradients in the

study Bithather bidegierlassayas Foegnample, (thrcaffeckplmplsawiedt an theicclcyeledigng n cel |
cul U g S9h Rohile () Lhd epnce RUBACLITEA 2,30 M0 ASL04RRER PET/ USD2/ 38275

of the inv ion, nam c release o Ioactive materl Specific pl aces
at speflnbrescenteresay.and in controll ed quantities could be used in diagnostic
devi ces and bi oassays. [156] In one enbodi nent, a bioactive conposite
structyure is for underneath the surface on which cells are cultured.
The bi E‘é?ﬂiié‘a@@ site structure can be in the formof a pattern with
varyi ng concentrations of bioactive materials or in a |ayer containing one

concenjrsdl i on of SEOiBEMHIVR coMipBEitARRICARES vdr8 forhl, FRAER bibablivd d¥engdsR@ct i ve
conposite structure is dissolved via electrolytic corrosion and the
bi oact stvucturacemptbed anicktlephosphogdysgyetallic matrix formed on a metallic substrate

using an electroless deposition process. The substrates used were foils. Three substrates
comprised medical grade 316L stainless steel and three substrates comprised nitinol.
fluorouracil, tetracycline, and albumin were respectively co-deposited with the

nickel-phosphorous on the stainless steel and nitinol substrates.

[160] Each substrate was first prepared using process steps show in FIG. 4. First,
the surface of the substrate is cleaned (step 32). Then, the substrate surface is rinsed with
distilled water (step 34). After rinsing, the surface of a substrate is sensitized with Sn(II)
(step 36). A solution of 0.1 g/L of stannous chloride may be used as a sensitizing solution.
After depositing Sn(II) on the surface of the substrate, the substrate is again rinsed with
distilled water (step 38) in a second rinse step. Then, a Pd (IT) catalyst is deposited on the
surface of the substrate. A solution of 0.1 g/L palladium chloride may be used as a catalyzing
solution (step 40). The surface of the substrate is again rinsed in a third rinsing step (step 42).

Distilled water may be used as the rinsing fluid. After the third rinsing step, the substrate is
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i nstantaneously into the environnent surrounding the cells of interest. The
anount of applied current determ nes the anount of bioactive materi al

rel eased. wph3/}558hi s type of technology is nmeant to m m c PCRAISOM3827¥V 0
environment and can be wused to study the nol ecular effects of specific

nol ecul es on cells at specific tines identified wth other biological

as s ay s cat@lyredegualrtp ready tfeveeledtfodess degfositivine dibires sxinkess dieel ead khregmitivolduri ng Gl

h.a k h
71 wor oaifite? BEEGySba B Bei¥ R Ro R BB Pt Ve compoct o

structures were fornmed. Each bi oactlve conposite structure conprised a

ni ckel figipsphor oThrerelifiérehtcel eamioldsk pladngbathowers mrda| Thethfoslisfisrahicbatiesi ng an
el ectrol ess deposition process., The substrates used were foils. Three

subst r ¥eEshe é%%m% thk Hhechipachiva ssteriab Was differime &8 cacheafh. hah  feprigined
SubStr 3R diR fifh BhbAO teiralydiBE.OMEASEH 3 bRAIBE KBLLAT. ERADM bH 1 vere
respectlve y co eposite -phosp orous on t e stalnles

st eel anmﬂnbleﬂtlpmﬂlsumuwpﬁbﬁsbouﬁIﬁdi]]diactdsmpmhmrer@ﬂabomaﬁ) f@.rst prepared using
process steps showin FIG 4. First, the surface of the substrate is

cl eane&ﬁ?it ep 32). Then, the substrate surface is rinsed with distilled
wat er p 34). After rinsing, the surface of a substrate is sensitized
with Sn(ll) (step[36). A solutionm@igig§ 9o/L of stannoug chloride may be
used as a sensitizing solution. After depositing Sn(ll) [on the surface of
the substrate, the Engrsdieate i s again 1 iComeentration di stillled water (step
38) in a second ri step ef; a—Pd{+)—~catalyst—+s—geposited on the
surface of the subs f\ﬁ%ﬁeggﬁ'ljglgﬁpu“ on of 382”4 g/ L- pal I adi um chl ori de nay be
used as a catalyzinp p 40)- € surface of |[the substrate is
again rinsed in a i gﬂ #@ﬁggﬁgo (<>%l(73 42). Distilldgd water may be
used as the rinsingSbdiumdSucAimater t he thilbg/ti nsing step, [the substrate is
37 WD 03/ 045582 PCH-USQ2,38245—~catalyzed—apndis—+ready—+qr el ectrol ess
deposition. Three s SusGiedCd t eel and {Are®lnitinol subdtrates were

prepared using the ed car ¢ i [161] Three
different electrol ag%%%ﬁv%a%h B 95 g% g?E(B 2‘1 g%e di fferent baths
were the sane, excep! @ ag héfi was diflfferent in each
bath. Bath 1 conta E%rﬁc}f t él%t{ ﬁ nt ai ned |[tetracycline, and
Bath 3 contai ned alBYH <>-——art—arnb4—e.m—px—essure, at a pH of
about 7, and at a terrperature of about 40 C. [162]

[163] Six bioactive composite structures in the form of layers were respectively
formed on the substrates (3 stainless steel substrates and 3 nitinol substrates) using electroless
deposition (step 44). In general, the time in the bath determines the thickness of the bioactive
composite structure. Each substrate was immersed in a bath for about 10 minutes to yield a
layer about 4 microns thick. The concentration of the bioactive material in the bath
determines the concentration of the bioactive material in the coating. For example, when
albumin was used as a bioactive material, the concentration in the coating was 1:10 w/w

albumin:metal with 100 ug/ml concentration of albumin in the starting bath.

[164] For each bioactive composite structure, the weight proportion of the bioactive

material to the metallic matrix material is listed in Table 2.

[165] The weight proportions of the bioactive materials to the metallic matrices for
each bioactive composite material were determined as follows. For each bioactive composite
structure/substrate combination, pre- and post-deposition dry weights were measured. After

they were formed, each bioactive composite structure/substrate combination was then placed
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TABLE 1 Ingredient Concentration N ckel Sulfamate 29 g/L Sodium
Hypophosphite 17 g/L Sodi um Succinate 15 g/L Succinic Acid 1.3 g/L

Bi oacti vewpaBesisat : 0.25 g/L (Bath 1), 0.25 5-fl uorouraciPCT(uBar/bs21j, g/L
(Bath 2), and 100 tetracycline (Bath 2), and-ug/m (Bath 3) albumn (Bath
3). [163] Six bioactive conposite structures in the form of Iayers wer e

r especil netlgetrol gionhadh, orith the biapstive earerosiig sterciikibsing madedthe sudsistafanes and 3

t |,
The 1 AECASYG BRE) W3k Do B LS RCER o HERAN MR BleRador ol bgERRES: ¢
st r uct eorepostiactusiulestisdogroded amdmsﬁbﬁomnh@sdbaﬁrﬁtefilﬂb tiedelsdtrol@ioBaihit es to
yield I ayer@?bout 4 mcrons thick. The concentration of the_ bi oactl ve

mat er | & FROWHOThg Hoacive spatetind 40 thedathowesthen apticoHy sreaspisd piididhe peceof

mat erl i ; as a bi oacti ve
at or 1 apecliobofBRL, Mo nifbert SN i ol rop b T SR MRS, 2 ot o ¢ 1
100 ugﬁvhtreunuhc antprsintathobicacthvnmaterial andeNisk & the a@cﬂnmhem@aﬂ@@epb?ﬂrede ach

bioactiv 0S structu t he ortion of. the bioactive

o | B GRRRG ASShaT B RS AT e 3 e BORfeRirato of bapalie R R he
wei ght nRf.dROfibh B SacRcadehe bi oactive materials to the netallic matrices for
each bioactive conposite material were determ ned as foll ows. For each

bi oacti ve conposite structure/substrate conbination, pre- and

post - dBy®6ki ti on dry weights were measured. After they wer e forned each

DO

bi oact ifve—conposite—structtre/rsubstrateconbination—was—then—p aucu\J 38 WO
e

/ f S
conposic SARIA 2L (FOY hitenttly a”?'ﬁ‘* i %g (eigb® Bendi AN MR G 1° w o1
current i ot nrhlhnrl i nto-t hn jaY gf 1 he b| oact i ve

conposifte structure vvaz:lcorrod 1d pa%sed fromthe|substrate into|the
el ectrgl ytic bath. UORIIAE. of he bILGURDCHRE materfial APWHE bath was
then opticalTy nmeasured W th tne use of a spectrophgtometrer. The nunbers

bel ow iin Taplig12 T epr @S@dimE/Be el ght(ebryrﬁ@gl t(err),0_5vﬁt;€ Hﬂ he X
m ca

represents the bioactive material and Ni-P i e el ectroch
deposi ted _
316L Stainless 0.4 mg/3 mg 0.5 mg/4 mg 0.4 mg/4 mg
Steel

[167] Example 2

[168] Coated stents were formed using the same basic electroless deposition
procedure in Example 1. However, in this example, instead of foil substrates, Johnson and
Johnson Bx velocity stents (stainless steel) and Johnson and Johnson Smart stents (nitinol)
were used as substrates. Bioactive composite structures in the form of layers were formed on

the stents.

[169] FIG. 6 shows a graph of the drug elution profiles when Johnson and Johnson
Bx Velocity stents (316L stainless steel) were used as substrates. FIG. 7 shows a graph of the
drug elution profiles when Johnson and Johnson Smart stents (nitinol) were used as
substrates. The amounts on the y-axis of the graphs represent the amount of bioactive

material remaining on the stent after elution into a physiologic saline solution.

[170] A similar anodization process as was used in the stent examples as was again
applied to the foil substrates. After coating, the coated stent was placed in a physiologic

saline solution and the solution changed daily. On the indicated days, the stent coatings were
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metal matrix. As shown by the results in Table 2, the concentration of

bi oactive material to netal is high in each case. [166] TABLE 2: WW
concent r aWoma/0af58bi oacti ve material to Deposited N -P Mat PICI/usn2/3897% i nol
and 316L Substrates Fl uorouracil Tetracycline Albumin N tinol 0.100 ng/3
mg 0.3 ng/4 mg/ 4.8 ng 316L Stainless 0.4 ng/3 nyg 0.5 np/4 ng 0.4
my/ 4 ngnod&eéggf | The @am]unEa%mpacélvz nja @8] reeascd ih each vase wesrdetdrovinpddisingiang t he
same basi ess . deposition procedure in Exanple 1. However, in this
exanplgfmﬁﬂé% ]%5§#2§6PT substrates, Johnson and Johnson Bx veIOC|ty
stents (stainless steel) and Johnson and Johnson Smart stents (nitinol)
were upigd] as subgisicah ®s seddl i0FEGE Ve andTnasletdessire ueltased SronNerthbelimetitdod
layers were formed on the stents. [169] FIG 6 shows a graph of the drug

el ut i ofSIRVTIHOR SVHHERS eSS tinrd ARiHprighe apeuns b diugy sughaasiiorapragil,

st ai nl AMoeEvs. NG Ly f the drug
el uti o%ﬁprﬁ%ﬁgiet%gal S‘ﬁ%ggﬁea;sﬁ(gﬁg%hnso s apg%a?%g@o?rn?lfﬁﬁgf wer e used
as substtingtvess.obddreedanount s on the y-axi s of t he graphs represent the
anount of bioactive material remaining on the stent after elution into a
physi o ic._saline solution. [170] A simlar anodization process as was
used ih%he@f’ﬁ'ﬂ?e%xanpl es as was again applied to the foil substrates.
After coating, the coated stent was placed in a physiologic saline

sol uti pry3and t he AsiattignhPéx gﬁﬁﬁi@ﬁ@@véﬂagéﬂon@ ih bRicr Plfigtbedeinétatetthe St ent
coatings were 39 WD 03/045582 PCT/ US02/ 38275 anodi zed. The anount of

bi oact Mide rragee] kipaqtive eeaieinls whishean baslerafeanddelcasediin &g apstingy Bable 3

spectr | ecul es
are r eﬁgﬁse &%%%8%%&%%%%&%% %ﬁ&ag@rc’%ﬂ%& %\9@6@% r‘?g‘“p‘% 108% ﬁgf tinme.

Appr ecixathl e aimByrdiot @i fOF 486w bitabtivsmbletioll QUX dcthe differédveih absodlughce
tetraCécI ine were rel eased over 40 days. No appreci abl e corrosion of the

coat i nBetigen anslutign gath fromy the %cpcgltgmng the respective bioactive material and the

absorbance from a sample with pure coating (i.e. control). In this instance, a 1 cm’ medical
grade 316L stainless steel sample was coated using the above mentioned process. In addition
to tetracycline (an antibiotic), Fluorouracil (an antimetabolite), and albumin (a large protein),
these experiments depict the ability to store and release rapamycin (a highly lipophilic
antirestenosis compound), heparin (a highly hydrophilic, large carbohydrate, anticoagulant

molecule), and hydrocortisone (a lipophilic, anti-inflammatory compound).

[174] Table 3 shows the optical absorbance from an elution bath immediately after
deposition and after seven days in a 0.9% saline solution. AA refers to the absorbance
difference between coated with bioactive material and coated without bioactive material. The

number in parentheses refers to the characteristic absorbance for each material.

TABLE 3
Time =0, AA Time = 0, 7 days, AA
Rapamycin 0 1.85 (274nm)
Heparin 0 2.4 (230nm)
Hydrocortisone 0 1.2 (250nm)
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[173] Additional experinments were perforned in order to further denonstrate
the w de range of bioactive materials which can be stored and rel eased in
t he coatiwQ.030&582 3 depicts several experinments foll ow mgTiUse2/sEn®er al
procedures outlined in exanple 1, each wth one tine point and for a new

bi oactive material. .Ais the difference in absorbance between an elution
bat h f [bidlt Exagwefte containing the respecti ve bi oactive material and the
absorbance froma sanple with pure coati ng (i.e. control) In thi S

nstangerg 2 L criyuedh el of o, 3100 LA 2555058 SARNL 2 4R cqat o

usi ng above nentione rac C I ne
ant i bi earhple ,ofNlmmﬂmeefcm]gzravamamﬁbmmitmbm))evmmhnalchnmpcmeﬁta ﬂnay ge

rotein),. hese e rrents depict the abjlity to.store and. rel ease
Paparryeﬁ‘gmfél%‘?x&m@git o pinple és fughey E‘Tegftsé‘?‘i)@f Ela@%rﬁdﬁﬂéﬁcathf@quﬁm(ndnhl ghly
hydr ophi r t I .
hydrocgrS %‘%oglgr?gﬁi &%@ggg ?{?L%%gor%l?% Finf rr#aat?lgrlyg/ E% Sle]n }@%cmra%l e 3

shows tp@iedpo tleadangbes for Iahcmtd Ofto abowt20sbednide to tratiticd atopchaatvdilich deldyerthe
deposi AA refers to the

nan aftrse s.in a 0,9% saline sol ution.
absor béﬁﬁ@ ?"I%Bla d@%%ﬁ@&ﬂn WpPoﬁa 9 AugmgRts the radioppoity of the at ed

wi t hOUHe\Hb@a@ﬁdléﬁh&E’b%dlﬁbns 18ase BPHi‘B%tl\)e'}an@ﬂiaﬁ% @&%@eﬂ s'é@ér@f c?ayE & the
characteristic absorbance for each nateri al Time = AA Time = 0,

7 dayswedlg. Rapanycin 0 1.85 (274nm Heparl n 0 2.4 (230nm Hydrocortl sone
0 1.2 (250nn) 40 WO 03/ 045582 PCT/ US02/ 38275 [175] Exanple 4: [176] The

foIIo |s a t?ﬂ( ﬂ@tl gxarrple After applying a bioactive coating to a
sanple of N|t|no ? nmercially available fromNitinol Devices and

Components, Inc), as outlined in exanple 1, the sanple is further

proces k8] by pl a¥iarigus of tha etnbediasntsaditice in@sﬁttdno Eudhl’hs aBcdreing el speaifie

cont ai ni ng 100q/ L hromc cid (& Qerr)) .and Herr)SO4. 200-300

m e éﬁpre? ts{pEo %F;S‘;ﬂ o4 RIBvide ualughlp e Waté%{ﬁlﬁdlf c%ealcgba@mlt@etag@esﬁws to
produc delha . The
chrom ﬁrﬁ??ﬂgg (% g %ﬁ?@%@ﬁ gne n%égeﬁt?gr ?gfﬁf%%z% Iﬁ{%yc%gtﬁ% i {H(f }é%ff)%ga&g{(}ln%e r these
condi t tanglereddireadly behefivial aspectseo it mvertioni s del ayed several days to
weeks. [177] Exanple 5.

[179] One particular such aspect is illustrated by the following example, wherein
nickel release from nickel-titanium alloy is reduced by use of an illustrative coating
embodiment of the invention using nickel-phosphorous coating solution and process without

bioactive agent.

[180] In a separate experiment, a 1 cm2 sample of nickel-titanium alloy was
anodized to completely remove the heavy oxide layer on its surface exposing pure nickel
titanium. The substrate was subsequently placed into an electroless nickel bath (Bath I)
without a bioactive material. A tremendous autocatalytic reaction was noted on the surface
of the nitinol. After 30 seconds, the nickel-titanium substrate was removed from the bath and
a shiny coating noted. This coating was not removable by scratching or with scotch tape and

showed superior adherence to the nitinol substrate.

[181] The new nickel-phosphorous coated nickel-titanium sample (Ni-P-NiTi)
coating was then placed into 1.5 ml .9% sodium chloride solution and incubated at 37 degrees
for 96 hours after which the sodium chloride solution was removed and replaced with another
1.5 ml and incubated for an additional 96 hours. A parallel control sample of “as-received”

nitinol (NiT1) was also incubated at 37 degrees for 96 hours and 192 hours. Atomic
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[178] Various of the enmbodi nents of the invention, such as according to
specific aspects provided above, provide valuable use in coating nedical
devi ces mwDwWBISBANdI ng the presence or absence of bi oactPCTaiSayssws or
materials in the coating, and therefore are to be considered broadly
beneficial aspects of the invention. [179] One particul ar such aspect is
i |1 ust Alsasttioy Speséroasiply ovdsrigediocamplyes thermdeles! ponteriteioptainedlie dwesotutiomin
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wi t hout terigl”. A trenendous ocatal ytic [reacti on was noted
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substrate was renoved fromthe bath and a shiny coating noted. This

coating was not renovable by scratching or with scotch tape and showed
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ni ckel g { i i i . |- P~ N AT coating was
then plELaEarprHE nERE] B G AR M B B Dbt donbea BB Y 57
degr ees 50%atecRasdiauhs siubist@lenydd Béurs, e ttswténicorapired iodte aatdatddanwas r enoved
and replaced with another, 1.5 m and incubated for an additional 96 hours.
A par atdredle ebmckeititanipey subgrate. a5 recei ved” nitinol (N Ti) was al so

i ncubated at 37 degrees for 96 hours and 192 hours. Atom c 41 WO 03/ 045582
PCT/ US 8275 ' : L , : ickel
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content cont ained In the solution in e sanp wer e | hcubat ed.
Resul t Bwventeonds ckehplovysofi varipas broaglgbenéfididl aspecpprfithe dveidd. Th opppegardyi Ti

Ni I I d.96. h 15,6 19.6 Ni l. d.192 . 1.2 h
{5B5] ¢ pieilifteshTpBRREmde! BRebaatDodetain ek Mt drarenidious. |
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ni ckel -titanium substrate after 96 hours and a 50%decrease in the
subs equedicalgBvisesris pathistlar ihelants orlpigh etherwise buffardfopanisiicloelsasesioncgasmpl e of

ni ckel fotr 'b%o%&n%%ﬂ?lﬂ ysfteasa(;[ng,' in particular regarding patient populations who have nickel

allergies. Examples of such medical devices where the present invention provides such
value, without requiring incorporation of bioactive agents (or with such agents, if also
desired) includes for example all nickel-titanium medical devices, such as according to

further illustrative examples stents, filters, wires, or orthodontic devices.

[184] Moreover, the ability to use the same coating and coating process to (a) inhibit
release of nickel from such substrates, (b) also provide for coating of bioactive agents, and (c)
increase the radio-opacity of the underlying substrate, or any combination thereof, e.g. (a)
and (b), (a) and (c), or (b) and (c), is a highly beneficial combination made possible according
to the present invention and should be considered an independent, broad aspect of the

invention.

[185] Other benefits are apparent according to use of the present invention, with or
without inclusion of bioactive agents in a sample formed or coated according to electroless
electrochemical deposition process according to the present embodiments. In one particular
example, various formulations of coatings and their related processes may be used to enhance

the radiopacity of a substrate medical device. More specifically, preparations using relatively
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[183] This benefit derived fromcoating a nickel-titanium sanple according
to the invention is exenplary of various broadly beneficial aspects of the
i nventi onwoloa/oe3%82 r egard, a substrate conprising nickel PeTMSd2/88228 t o

rel ease less nickel than it otherwise would w thout being treated
according to the invention. This is valuable across a w de range of
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enhancepetiidi expaples Yf ek pcsinisity 4t Berhi sHolwal With fe@pem@?mbﬁbﬁ dtig | ess

radi opaque , such _as for example nickel-titaniumalloy substrates, or
subst r Bogesseorddpilisgbuiofiar spitableenagipa derawlaiions, kipgaiye Bgents, or theslikedense and
t her ef - ' [ f i; sses and
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accor dintipded sédpe of tlesianéntioabodi ment s are consi dered i ndependent |y
beneficial aspects of the invention, with or wthout inclusion of

bi oact | agents, . and with or .without the result of enhanced
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results. However, other suitable substitute materials may be used in such preparations and

still achieve various of the objectives and broad aspects of the invention, such as for example
preparations including: one of nickel or phosphorous with suitable substitutes for the other;
cobalt; boron; chromium; or other suitable combinations, alloys, or blends of such materials
as herein described. Accordingly, the specific combination solutions of nickel-phosphorous
is illustrative of broader aspects of the invention encompassing these other substitutes, such
as in certain regards to solutions or structures related to: use of metals or other materials
forming positive valence ions and reducing agents thereof (e.g. reducing agents of metals);
cations and anions; combinations of positive and negative bivalent or trivalent materials;
solutions adapted to exhibit electroless electrochemical deposition onto substrates; sterilized
structures that are electroless electrochemically formed or coated; etc.. These broad aspects

illustrated by use of the nickel-phosphorous electrochemical deposition process of the
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[ 186] Various particul ar enbodi nrents have been herein described for the

purpose of illustrating certain highly beneficial aspects of the present
i nvent i onwOHom3s8z , nany such specific enbodi ments, despiPCa/ushzss27s5pecific
benefits, should not be considered Iimting in all cases and in many

regards are exenplary of broader aspects of the invention. For_exanple,
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negatiye bivalent or trjivalent materials; solutions adapted to exhibit

el ect r illogdngtypes ploRinestive apenispBupropmally rasilanplogres; ard arfi-testanpsisd

struct t [ .ect ] r . ted;  etc..
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ei t her Idjoudng typss phreompoupds, prptides: geginisTmelsryles; da g eretsaandgieviy| ends, or
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agents are specified and used In e experinents o | es, these
ar e i nexengdatyteoblodimérts)sind at ¢hasactdristc hBcommpmdsitids aref highilyripephilic, anti-

characteristics (tho .t specific agents.are rel ated net hods and

ot uct PR B Y G- TR PGt CeHae FERUT PREE e DS RTBIERE .

t et r acykddiRieBYs bangpﬁiggaggﬁycﬁloﬁﬁnc;qage _ebBhy &R, ARich tlaB&RL 1 C agent
with respect to certain Toreign organisnms, and is further haracterized as
a bi oaearbehydsaje atovith 4acters cembined pafi-coaguiant-antingktenosis agest. i Hydrocartisape is

aut 09€)Q%Rother example, and is illustrative of compounds having at least the following

characteristics: highly lipophilic; and anti-inflammatory agents.

[189] Accordingly, while each one of these bioactive agents represents highly
beneficial specific embodiments according to the invention, such other substitutes thereof,
e.g. analogs or derivatives of these particular agents, or other substitutes, or combinations or
blends between them or incorporating their suitable substitutes, are further considered for
inclusion within the broad intended scope of the invention where appropriate according to

one of ordinary skill based at least in part upon review of this disclosure.

[190] Still further, it is to be appreciated that the medical device coating and forming
methods and results are beneficial in that one coating method and result may be used
interchangeably, or in combination, with such varying types of compounds. The various

types of compounds that a coating according to certain embodiments of the present invention
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cell growth, and therefore a possible suitable substitute as an

anti-restenosis agent. In another exanple, 5-fluorouracil is characterized
as an m twoios/oussBt bitor as it interferes with DNA repli c®Crarsp2/s8209si s,
and cell growth; it is further characterized as being illustrative of the
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[192] In another regard, various additional aspects of the coating methods and
observed results related to the embodiments (e.g. by reference to the examples) are further
beneficial. For example, the coated stents illustrated by the examples were generally
observed to have metal matrix coatings with average thicknesses of less than about 5 microns
over the outer surface of the stent struts. Coating of this narrow thicknesses was further
observed to hold and elute more than 750 micro grams of bioactive agent in one case, and in
another case at least about 1 milligram of bioactive agent. Further observation has revealed
that bioactive composite coatings of thicknesses of less than 1 micron, and in many instances
as thin as 500 angstroms, may be achieved according to using the methods and materials

illustrated by the embodiments.

[193] Structures having such characteristics, e.g. such density of bioactive agent
held in and released from a substrate, relative thicknesses, etc., and in particular with respect

to bioactive composite structures that provide an anti-restenosis agent on a stent substrate, are
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[ 191] The el ectrol ess el ectrochem cal deposition nethods herein described,
e.g. by reference to the Exanples, results in formation of certain netal
mat ri ces whag/opssssess features that are readily charact ePCItiso2/sf275uch
formati on process. For exanple, the netal matrix formed includes a netal
in addition to another non-netal material that is derived froma reducing
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met hods, e.g. sintering or electroplating. In addition, the structural and
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itself. However, in embodiments where non-radioactive metals are instead used for the metal
matrix, benefit is gained by simplicity and other improvement regarding storage and

handling, and decreased risks to patient and healthcare provider.

[196] In another similar regard, where reference is herein made to stents in order to
illustrate certain embodiments of the invention, other medical devices or other sterile

structures or methods are also herein contemplated as suitable substitutes for use.

[197] By further reference to the various illustrative embodiments above, the
invention is further considered a broadly beneficial application of electroless electrochemical
deposition of materials in order to coat substrates intended to be inserted into a living being,
and therefore in a further regard broadly encompasses such processes and coated results in a
sterile environment. In one regard, such medical devices according to the invention may be
provided non-sterile for later sterilization by an end user or intervening party. However, the

various embodiments herein described with respect to medical devices are generally
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ot her coating nethods, and in particular other nethods for coating netals
(e.g. for exanple sintering or electroplating). For exanple, a substrate
to be coaweds3nsisey el ectrol ess el ectrochem cal depositi orcCarisozissrent s of
the invention may be initially formed by use of an electroplating,
sintering, or other process. O, such other processes may be used for
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respect to nmedi cal devices are generally 46 WO 03/ 045582 PCT/ US02/ 38275
consi ddP®d t o r frifasheruwderstandinig oladtiodess depamitidnoprobess is hartie ddedibedes and

emhooi SRy bRl B e {8k e Rimbe fortania S oBkabl o aspect s

of t heopf@gesbulsRNhAREly for example an illustrative nickel-titanium substrate coated with

a nickel-phosphorous coating (that may include bioactive materials). In another example, a
coating containing cobalt and chrome, and possibly also containing a bioactive material, may
be deposited onto a cobalt-chrome substrate (e.g. a stent), also by use of electroless
electrochemical methods as described herein. However, despite the independent benefits
provided by such electroless electrochemical methods over other substitutes, such other
substitute methods that may provide similar results are considered within the intended scope

of the invention with respect to the broad aspects addressing such intended result(s).

[200] The terms and expressions which have been employed herein are used as
terms of description and not of limitation, and there is no intention in the use of such terms
and expressions of excluding equivalents of the features shown and described, or portions
thereof, it being recognized that various modifications are possible within the scope of the

invention claimed. Moreover, any one or more features of any embodiment of the invention
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[ 198] The various enbodi ments have been herein described by reference to
hi ghly beneficial electroless el ectrochem cal deposition nethods and

rel ated swouwsiusses. However, it is also to be appreciat e¢Crhso2/smny of the
probl ens sol ved, and beneficial results achieved, according to these

hi ghly beneficial enbodiments nay al so be achieved according to other
subst i Mayderpentvis wisls angoenedorieorapher &aturepofany atfierentiodment okillel based
upon a; I: S i sglosure. Theref.ore,. despite the independently
vaIuabpé%ﬁﬁg’dﬁﬁgﬁpggmgﬁg% %Ti@?%8P%g§&E@P§@PP%ChenicaI deposition

enbodi nents, such substitutes are to be considered within the broad scope
of cer{201) aspectAdl UfS. Pagni Ayplivations, Pahtsexnd ifeRnc&imegioaee sb@rGréret hods

t hat rovide the coating |layers_ herein described with respect to

el ect r SEIEREIPOREIY tefSpncedn gheir ngizgty forrpdl FuEposskanpl e a netal conposite
matri x containing bioactive materials, may be achieved wth other
substitute nethods w thout departing fromthe intended scope of such
aspects of the invention (e.g. in particular using other processes not
requiring sintering, ceramcs, or polynmers). [199] For further
under st andi ng, el ectrol ess deposition process is herein described as a

hi ghl y beneficial nethod for depositing a nickel-containing coating onto a
ni ckel - containing substrate, nanely for exanple an illustrative

ni ckel -titani um substrate coated with a nickel -phosphorous coating (that
may i nclude bioactive materials). In another exanple, a coating containing
cobalt and chrone, and possibly also containing a bioactive material, may
be deposited onto a cobalt-chrone substrate (e.g. a stent), also by use of
el ectrol ess electrochem cal nethods as descri bed herein. However, despite
t he i ndependent benefits provided by such el ectrol ess el ectrochem cal

nmet hods over other substitutes, such other substitute nethods that may
provide simlar results are considered within the intended scope of the
invention with respect to the broad aspects addressi ng such intended
result(s). [200] The terms and expressi ons which have been enpl oyed herein
are used as terns of description and not of limtation, and there is no
intention in the use of such ternms and expressions of excl uding
equi val ents of the features shown and described, or portions thereof, it
bei ng recogni zed that various nodifications are possible within the scope
of the invention clainmed. Mreover, any one or nore features of any
enbodi ment of the invention 47 WD 03/045582 PCT/ US02/ 38275 maybe conbi ned
with any one or nore other features of any other enbodi nent of the

i nvention, w thout departing fromthe scope of the invention.
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[2011 Al U S. Patent Applications, Patents and references nenti oned above
are herein incorporated by reference in their entirety for all purposes.
48 WO 03/WoS38255BLT/ US02/ 38275 WHAT IS CLAIMED IS 1. A methusdssanpri si ng:
(a) providing an el ectrochem cal solution conprising netal ions and a

bi oactjve material;: (b) contacting the el ectrochem cal solution and a
substr T L. iing a bioactive conposite structure on the substrate
using an electrochem cal process, wherein the bioactive conposite

structure includes a getalod®iddisineand the bioactive nmaterial within the
netal matrix. 2. The m::thoé1 o%{ﬂggalg?nl wherein the netal ions in the

el ectrocheni cal (asol yirovdingraa efketioviehitaleolutien abmpzbing metaldonsteadei n t he
el ectrochem ca* .Sﬁ| ution further conprises a reducing agent. 3. The nethod
of cl ZIACLVHMEITRh the el ectrochenical process is an el ectrol ess

deposi tion procgps. %nﬁébﬁngﬁltéa@]g&treéhe@ﬁieél@bmtim%@5@uﬁsﬂﬁtephl%ct Ive

conposite structure is in 1e formof a layer on the subStrate. 5. The
met hod of cl ai m(@) whebshingtahiroastive tompesite stractgmec the silstrateuisigraat e,  and

wher ei he nmet hod further .includes.:. (d) renoyi t.h acrifjcial.substrate
Fr om cIRSuBFEE T peoseSytras Heuoibie o S b e A3t kel ilisioGiner ef 1
t he suyhgtKaliBating nidigiddvaast {théenetslaiRasi te structure forma coated stent.
7. The nethod of claim1 wherein the bioactive material conprises a drug.

8. The method of claim 1l wherein the matrix conprises nickel, chrom um

gol d, silver, cdpper Theopethed oplaig | sherein Bepneialipenia thaeleetsrchemicarhe
met hod o6 LAl J@éingX"@x‘}éﬂn@taﬁ B8t eLROVAQGRSH GRlurdhoRERPsdiSi M ruribect rol ytic

deposition proc
comprises a reducing agent.

3. The method of claim 1 wherein the electrochemical process is an

electroless deposition process.

4. The method of claim 1 wherein the bioactive composite structure is in

the form of a layer on the substrate.

5. The method of claim 1 wherein the substrate is a sacrificial substrate,
and wherein the method further includes:
(@) removing the sacrificial substrate from the bioactive composite

structure.

6. The method of claim 5 wherein the substrate and the bioactive

composite structure form a coated stent.

7. The method of claim 1 wherein the bioactive material comprises a
drug.

8. The method of claim 1 wherein the matrix comprises nickel,

chromium, gold, silver, copper, cobalt, or alloyed combinations thereof.

9. The method of claim 1 wherein the electrochemical process is an

electrolytic deposition process.
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WO 03/ 045582 PCT/ US02/ 38275 10. The nmethod of claim 1 further conprising:
formng a topcoat on the bioactive conposite structure. 11. The nethod of

cl ai m 10 wohasmissst he t opcoat conprises a netal. 12. The nechasopsses ai m 10
wherein the topcoat conprises a polyneric material. 13. The net hod of

cl aim 10 wherein the topcoat conprises a self-assenbled nonolayer. 14. A
bi oactive conposite structure conprising: (a) a nmetal matrix, wherein the

netal matrix is ¥brnebhamethigd ahclawn & deithss sempeaingpr ocess; and (b) a

bi oact ve. | tt@?do@[ Owew%&cgipgcﬁé@%w%@&. 15. The bioactive conposite

structure arm erein roactrvé conposite structure fornms a
stent. 16. The bioactive conposite structure of claim 14 wherein the

bi oactive conpodite Fiamethod ef clainh d0 therdiwthetofcoat caymiseon nwtadt ent . 17.
The bi oactive conposite structure of claim 14 wherein the bioactive

mat erial conprises drugs. 18 e. bi pactive.c osjte structure of claim 14
V\/nere:n therrpme!t a]I% naiﬁ?ql}?eéBﬂﬁgg@’é’%HQW %e\ﬁt@ﬁ%?{‘i@pwgaﬁg Cve |

conposhierigt ructure of claim 14 wherein an average void size of the netal
matrix is |less than about 100 angstrons. 20. The bi oactive conposite

structure of claim14 wherein the bioactive conposite structure is in the
formof a |ayer.1321. Thrampthed ef rlpin 40 Nihemin thedepagst ¢preprises 8| ai m 14 wher ei n

t he bi Qact | ite structure is in the formof a free-standing
obj ects.eﬁg s%%lgé%@%g- PCT/ US02/ 38275 22. A stent conprising: (a) a

nmetallic stent body; and (b) the bioactive conposite structure of claim 14
in the form of a4 ayeA bivactitdéompisitt kiractaicentmpbiethg:

(a) a metal matrix, wherein the metal matrix is formed using an
electrochemical process; and

(b) a bioactive material within the metal matrix.

15.  The bioactive composite structure of claim 14 wherein the bioactive

composite structure forms a stent.

16.  The bioactive composite structure of claim 14 wherein the bioactive

composite structure is in the form of a layer on a stent.

17.  The bioactive composite structure of claim 14 wherein the bioactive

material comprises drugs.

18.  The bioactive composite structure of claim 14 wherein the metal

matrix comprises a metal alloy.

19.  The bioactive composite structure of claim 14 wherein an average void

size of the metal matrix is less than about 100 angstroms.

20.  The bioactive composite structure of claim 14 wherein the bioactive

composite structure is in the form of a layer.

21. The bioactive composite structure of claim 14 wherein the bioactive

composite structure is in the form of a free-standing object.
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23. A nedical device conprising: (a) a substrate; and (b) the bioactive
conposite structure of claim14 in the formof a layer on the substrate.
24. A cl iwpaalo4ztBagnostic testing device conprising the bipcaatSoyss2cdnposite
structure of claim14. 25. A method of using the bioactive conposite
structure of claim14 conprising inserting the bioactive conposite
structure in the body of a patient. 26. The nethod of claim25 further
conpri si ng di ffu& ng ASENSFUNRIERSI  nol ecul es out of the bioactive
conposite structyte i E i 1jwe conposite structure is in the
patient. 27. The(H tn%gk§¥&gﬁg?§@§% ﬁrther conprising eroding the netal
matri x whil e th@®)bi othebiocsetivoogasisite sistatwetofickimd 4iin thehformpaff b éater o28. The
met hod, of claim 25 further conprising eroding the metal matrix in a highly
| ocal i BeBrefalll FA9dYel ease a precisely controlled quantity of bioactive
material in a diagnostic assay system 29. A nedical device conprising a
bi oactive conposji e SAMGHAH Qevith8dBbikind:Ne bi oactive conposite structure
conprises a first nmetallic nmaterial that is characterized at |east in part
as forming a nmet@ i onsubstratn; @gueous sol ution, a second material derived
froma reducin gen f the netal.ion, and_.a, biqgacti,ve. material. 30. The
red cal devi e oP o apmbisselie RS SR Be Sl 3T B EER oSBT B et or s
at | eagé swbspetet i on of a stent. 51 WD 03/ 045582 PCT/ US02/ 38275 31. The

medi cal device of claim?29 wherein the first netallic material conprises
one or nore of cobalt, chrom um nickel, gold, platinun%_copper, si | ver,

mol ybdenum or i3%en. Azlinrakdiagnestiafesiag devdcesionmrising he bigaelive sonuesita econd
mat er i 1S at | east one of phosphorous or boron. 33. The nedi cal
devicéﬁéf&@$£€&é§gL$urther conprising a substrate and a matrix including
the first netallic material and the second material, and wherein the

bi oactive materlsal iA mdéthdd of usive thrabroaxtiveasothpolsee siructire@f biaoaddi ve

conposite ructure is.i.n t.he form of . .
P compnss,;[ngulnsertlng the bioactive composite structure in the body of a patient.

26.  The method of claim 25 further comprising diffusing the biological
molecules out of the bioactive composite structure while the bioactive composite structure is

in the patient.

27.  The method of claim 25 further comprising eroding the metal matrix

while the bioactive composite structure is in the patient.

28.  The method of claim 25 further comprising eroding the metal matrix in
a highly localized region to release a precisely controlled quantity of bioactive material in a

diagnostic assay system.

29. A medical device comprising a bioactive composite structure, wherein
the bioactive composite structure comprises a first metallic material that is characterized at
least in part as forming a metal ion in an aqueous solution, a second material derived from a

reducing agent of the metal ion, and a bioactive material.

30.  The medical device of claim 29 wherein the bioactive composite

structure forms at least a portion of a stent.
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a coating on the substrate. 34. The nedical device of claim?29 wherein the
bi oactive material conprises an anti-restenosis conpound. 35. The nedi cal
devi ce ofwoloaiomss8 wherein the bioactive material conpri PET/EBN2/38275

anti coagul ati on conpound. 36. The nedi cal device of claim?29 wherein the
bi oactive material conprises a growmh factor. 37. The nedi cal device of
claim29 wherein the bioactive nmaterial conprises rapanycin. 38. The

nedi cal device ofl-cl aTbﬁ modigtelesicn Ofﬁ]él%%él@{er@&]éth?éirémﬂéqaulcé%ﬁﬁﬁls es
hepar i c%mg:f&%es JH% rﬁ%y ‘:V!Fﬁt%nﬁlﬁmcxlug%é_ﬁ é)gq’vﬁﬁ{en b &B@%rp%ﬂ,%ct ive materi al

conprises an antl-lnlarmao evi’ce of claim 39
wher eimolybéerant, ior irohl anmat ory corrpound conprises hydrocortisone. 41. The
nmedi cal devi ce of cI aim?29, further conprising: a substrate; and wherein

t he bi oactive caq site s re c npri si ating on th substrate.
52 WD 03/ 045582 L@Eﬁ‘?@%‘?& evigs of gl 40 eherei eésc T Ggpriges
subst rﬁq&sp&mﬂﬁbgﬁo%w@bﬁona coating on the substrate that conprises a
metal matrix; and wherein the nmetal matrix conprises a netal and al so

conpri ses: (|) a bioactive material in the metal matrix, or (ii) a

rel ativel y r adi oaxaquermmxhealxbﬂldemb@fbmntze fiitteer soMptisiag @ sibsiratdwdnet al
matri X, (i.i1) a non-sintered, .non-el ect ro(gl ated, non-radioactive netal

mat r i %nataﬁ inglpding the fastmeiedicanaterplead thscisemdmpieyiab and wheist the prgactiea r i x,
Of (V)métlaﬁatlswﬁ n {€hha ) Hﬁ&ﬂ geén E}%ddf&dgﬂ% ?&ggésn% stritctlR i@hn fh%ffoﬁx%fmd by
ul | Ca

metal 1 n an aqueous Vi Ce, conprising
subst readoatiog opthessubsgtratef i rst nmetal and a second netal; and a coatl ng on the
substrate that conprises: (i) the first nmetal and a subst anti al | y

34, The medical device of claim 29 wherein the bioactive material

comprises an anti-restenosis compound.

35. The medical device of claim 29 wherein the bioactive material

comprises an anticoagulation compound.

36. The medical device of claim 29 wherein the bioactive material

comprises a growth factor.

37. The medical device of claim 29 wherein the bioactive material

comprises rapamycin.

38. The medical device of claim 29 wherein the bioactive material

comprises heparin.

39, The medical device of claim 29 wherein the bioactive material

comprises an anti-inflammatory compound.

40.  The medical device of claim 39 wherein the anti-inflammatory

compound comprises hydrocortisone.

41.  The medical device of claim 29, further comprising:
a substrate; and
wherein the bioactive composite structure comprising a coating on the

substrate.
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reduced rate of release of the first netal than would be rel eased fromthe
substrate alone in a blood environnent, or (ii) the first netal but not

t he secomwommeaiss2 44. A nedi cal device, conprising: a sub®rcmatsez/ssvs ng an
outer surface that conprises a nmetal and a plurality of regions that are
adapted to contain bioactive material and to rel ease the bioactive materi al
fromthe substrate in the body, of a patient; a bioactive material contained
within the regi 6hs; andediraldsvices B EHI%Ns are further characterized as:
(i) being suffigigntlye SRl stantially prevent water penetration
into the bioact |%\§e rrgtee?ul ausg{c?’gat%l?%gd therein when the outer surface is
exposed to a bl aecdatinpvor thasebstraierthat qoatprises 3 metal fratrjx;laadi ng a di aneter of

| ess than about .1 micron in dianmeter. 45. medi cal device, caonprising: a
bi oact | Ve conp oS R e e iR CRgr R e AR SSES AT ST SR NOREL or al
in theel 8l th@%e&dl’fx?atﬁﬂ,d%r"eﬁf& ?élezcgfeﬁiraﬁiogﬁ‘@é_ HBeRATEREVE & BE itishbifeqnf OF M8

. : me

at least a portion of a sten i cal device, conprising: substrate
havi n¢heanetalunetrixs or fidcenomsidiczede ben-clegireplatethaoneradoagiinefmeiel whtrixher st ent
body t.hat conprises: (i) a t.hickne ver the outer surface that is |ess
Chan ot SRR Senh e Rop R fREiR me Ehattor ) S v ifim o assas
PCT/ URbdidtid8A6nt oTRingdthldibn fdinicdyaR&tketin AT adukbys fuiget al natrix and a

bi oactive material in the metal matrix, or (iii) a non-electroplated netal

matri x; and wherein the coated substrate forns at | east a portion of a
stent. 47. The43edi demedisdldogicss COMMISAZS, further conprising: a

substrate; and I E i [ t conprises a
coating on the %%%%a%a%@r%wfgvﬁnlgﬁgﬁé(bjéec\(cj)lm?}eﬂeo ’%{dgi m 41, 42, 43, 44,
46 or 47, furthercowhey @i the sibsratithsitcoatpeisen (i) thesfrst metab @l a subStanfifiey nmedi cal
device of claim48, furfher wherein th bstra c rises tal all )
Vi reduced rateI of release ouf the ﬁrst metal tlllan Wou?d %g re ease(i ie‘}rom tgggul;strate a onrer:%n a oy

blood environment, or (ii) the first metal but not the second metal.

44. A medical device, comprising:

a substrate having an outer surface that comprises a metal and a plurality of
regions that are adapted to contain bioactive material and to release the bioactive material
from the substrate in the body of a patient;

a bioactive material contained within the regions; and

wherein the regions are further characterized as: (i) being sufficiently small to
substantially prevent water penetration into the bioactive material contained therein when the
outer surface is exposed to a blood environment in a patient, or (ii) having a diameter of less

than about 1 micron in diameter.

45. A medical device, comprising;
a bioactive composite structure with a metal matrix and a bioactive material in
the metal matrix; and

wherein the bioactive composite structure forms at least a portion of a stent.

46. A medical device, comprising:
substrate having an outer surface; and
a coating on the outer surface of the stent body that comprises: (i) a thickness

over the outer surface that is less than about 5 microns and a therapeutic level of bioactive
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50. The nedical device of claim49, wherein the netal alloy conprises
stainless steel. 51. The nedical device of claim49, wherein the netal
al | oy conwpoios®sssstirst and second principal nmetals. 52. ThreTnsdi/assls devi ce
of claim49, wherein the netal alloy conprises a nickel-titaniumalloy.
53. The nedical device qf claim49, wherein the nmetal alloy conprises a
cobal fgsRbH thecaptingy o gﬁ.a mefal Mg end adacactye Bl@teaa& air}e¥342r}aﬁa)s,or44, 46
or 47 g I L&l 1 ybsiyate is electroformed. 55. The nedical
gug? 5&)? giecﬁ‘gﬁl?fé?%eth hﬁat\%g atd

devi c I'm urther erein the substrate conprises el ectroforned
gol d. 56. The nwdiccanh tibeohicd sobsteicaformb4t, ledstin poaiondferstém. t he substrate

conprises el ectroforned cobalt-chromum 57. The nedical device of claim
41, 42, 43, 44, 46 or,47, further r.ei t he subst.rate conprises a

non- netal nater |421 . é%e\li@d&‘; éﬁ‘gg%&%ﬂ%séﬁqﬁﬁ@Pnggg- The medical device
of claimb57, fugptipdtrapiehgi n the substrate conprises a polynmer. 59. The
medi cal device of claim4l, 42, 43, 44, 46, or 47, further conprising: a
stent havi ng a 3therin Bedyoactiniel compestiesirueiarestopyiisas e coadingmndhe | east a
porti ?‘%Sﬁgﬁt he stent body. 60. The nedical device of claimb59, wherein:

the sten ody conprises a tubular stent wall that is adjustable between a
radially coll apsed condition and a radially expanded condition; in the

radially col | apged camdiniddiyal ihacsdRdin 41, ada48, dd, 4®o47, delhey ovieebii o a

|l ocation within a lLunen in a body of a patient; at the |ocation the stent
i s adHstubstrae prmpEsesdtedtt o the radially expanded condition that engages
a wall of the lunen at the location; and the substrate forns at |east a

portion of the yybul gt .$i&iMal Wdike of claim 48, further wherein the substrate

comprises a metal alloy.

50.  The medical device of claim 49, wherein the metal alloy comprises

stainless steel.

51.  The medical device of claim 49, wherein the metal alloy comprises

first and second principal metals.

52.  The medical device of claim 49, wherein the metal alloy comprises a

nickel-titanium alloy.

53.  The medical device of claim 49, wherein the metal alloy comprises a

cobalt-chromium alloy.

54. The medical device of claim 41, 42, 43, 44, 46 or 47, further wherein

the substrate is electroformed.

55.  The medical device of claim 54, further wherein the substrate

comprises electroformed gold.

56. The medical device of claim 54, further wherein the substrate

comprises electroformed cobalt-chromium.

57. The medical device of claim 41, 42, 43, 44, 46 or 47, further wherein

the substrate comprises a non-metal material.
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61. The nedical device of claim60, wherein: the tubular stent wall
conprises an interconnected network of a plurality of struts that are
separ at edwby3®eiss2 r egi ons; and the substrate fornms at | ea®CTAPYBL2HN Of
the struts. 62. The nedical device of claim60, wherein the tubular stent

wal |l is balloon expandabl e 63. The nedi cal devi ce of claim®60, wherein
t he tubul ar stent,wal abl 64. The nedical device of claim
42, wherein the r(S:%atl # I eevécegafn“gar b frthessthersin thespbstrage met al

mat ri Xcorfiprise$ A®olypghircal deV| ce of claim42, wherein the coating conprises a
rel atively radiopaque material relative to the substrate in the netal

matri x. 66. The nedical device of claim®65, wherein the relatively

r adi opaque mat erf-al  dBEprdisebdeyicrealslaimils 42.543md4,646; adibfadhe t han t he

met al |} ﬁxliﬁ%é"et al matrix. 55 WD 03/045582 PCT/ US02/ 38275 67. The nedi cal
devi ce of ¢ 65, wherein the relatively radi opaque material conprises a
nmetal that is al setenthdvitez arstbidtibodpfdridx, but is in substantially increased
density in the coating. than in the metal matrix. 68. The nedical device of

claim 42, wherei Wﬁ?rﬁ@ thg sibstgtetormy pideast a paion ofitha semdodyon- el ect r opl at ed,
non-radi oactive netal matrix. 69. The medi cal device of claim42, wherein

t he coating conpgpses t cal ly deposi ted nmet al
Tﬁé‘meﬁic@lc& Ee%?%la%}‘? W mﬁﬁ%ﬁ{“

matri x. 70. The nedical device of claim erein the coating conprises a
mat eri al deri vedthﬁrsmﬁ boct}e@mpmgs agebutar sfentwaik thak is aljustadlemawbon 4 he net al

d. .71 | f cl 43, wh th
Iccr)]a?innlggllégﬁp§ laspg,g If‘?ﬂéhtl?rf ewgeagy%gnw%gﬁhg@@%n,; 2L[)nstant| aFIr$I peduged
rate of rel ease #fthé Aglidllyr o%ﬂlaﬁgéﬁ%bndlﬂ@ﬁ‘tﬁé‘%wnghsbﬁ rrgﬂé& It@?é g@imfefe%%t he

subst rate alone in a blood environnent I ca evice of claim 71,
wher ei ﬁc%t}?@‘?ﬁlﬁatlﬁd@ne&m%btv@tﬁtap@asﬁ; a twenty-five per cent reduction in

the rate of rele e, first. an d be r ased fromthe
substrate al one ﬁ?ﬁe tgorh (fhgﬁR?PtHS%ﬁﬁﬁ?d toq)e adJus%Jed to the ra?ha?ly expanded

condition that engages a wall of the lumen at the location; and

the substrate forms at least a portion of the tubular stent wall.

61. The medical device of claim 60, wherein:

the tubular stent wall comprises an interconnected network of a plurality of

struts that are separated by void regions; and
the substrate forms at least a portion of the struts.

62. The medical device of claim 60, wherein the tubular stent wall is

balloon expandable.

63. The medical device of claim 60, wherein the tubular stent wall is self-

expandable.

64.  The medical device of claim 42, wherein the coating comprises a

bioactive material in the metal matrix.

65.  The medical device of claim 42, wherein the coating comprises a

relatively radiopaque material relative to the substrate in the metal matrix.

66. The medical device of claim 65, wherein the relatively radiopaque

material comprises a metal that is more radiopaque than the metal in the metal matrix.
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73. The nedical device of claim 71, wherein the coating exhibits at |east a
fifty percent reduction in the rate of release of the first netal than

woul d be welosaszsé2 from the substrate alone in a bl ood enecmarsopss275 74. The
medi cal device of claim43, wherein the coating conprises the first netal
but not the second netal. 75. The nedical device of claim71 or 74, wherein

the first netal onpri.ses ni éel.. 7ft6. ,Thg medi cal, device of claim75,
wherein the second: net'al ?ﬁﬁﬁ? gugeo Gleigy %ﬁ‘{beseenﬂ@r@@;wa_ggggopaque _
PCT/ US@iZ/téi$h? é5mprides alh&tal et i§ @so 6§ eGRet A m&thid! $0t4m %ftgngtéa:ﬂ LhGeiggi ons are

sufficiently small to substantially prevent water pene ninto the
bi oact idgsitydn 8t eating thaniim 8 métekmpmix. when the outer surface is exposed to
a blood environment in a patient. 78. The nedi cal device of claim 44,

wherein the regi@as h i .er f. less . than_about 1 micron. 79. The
nedi cal device o? g'(:I aﬁ?’ngﬁ%d?ﬁg?&é?enoﬁcﬁaémr‘g%iwdlr?ﬁe%g\?ecoﬁmﬁﬁ BRILSS 28PN ess

t han abmtdred, @On-ahgabplts, n@lradidactivedeebmagiiyi ce of clai m 45, wherein the
bi oactive conposite structure forns a stent strut. 81. The nedical device
of claim45, wheregin e bioactivye conposite_ structure fornms a coating on
a stent strut. 897 Thter}ﬁﬁé‘?iﬁd&fd?jfé‘?ﬁ Selam 4, sihgieasthegrating ¢omyvises amt i ng

conpri %&r@esstéﬁé%@ﬁéﬁiﬁ&ef‘%}f?gﬁe@?%ﬁﬁnﬁgfg‘ﬁ ace that is less than about 5

m crons and a therapeutic ive material in the coating. 83.
The nedi cal device of claim82, wherein the coating conprises at |east
about 750 nicrogréms dhe biedinet dericeneitodaingd2, whéreinTthe comiticampiizes ge of claim

83, wh i tin onpri ses at | east . abqut m || i gram of bioactive
materia af“@%@@ﬁé%ﬁ?%‘ﬁ”g@ﬂgs@ 05?*‘ ¢t lﬂ?é??ne\avﬁ’é(rté? Pretah &1 fb3AUeARs conpri ses
a thiékiess over the outer surface that is between about 3 m crons and
about 5 mcrons. 86. The nedical device of claim82, wherein the coating

conprises a . . .
71.  The medical device of claim 43, wherein the coating comprises the

first metal and exhibits a substantially reduced rate of release of the first metal than would be

released from the substrate alone in a blood environment.

72.  The medical device of claim 71, wherein the coating exhibits at least a
twenty-five percent reduction in the rate of release of the first metal than would be released

from the substrate alone in a blood environment.

73.  The medical device of claim 71, wherein the coating exhibits at least a
fifty percent reduction in the rate of release of the first metal than would be released from the

substrate alone in a blood environment.

74.  The medical device of claim 43, wherein the coating comprises the

first metal but not the second metal.

75. The medical device of claim 71 or 74, wherein the first metal

comprises nickel.

76.  The medical device of claim 75, wherein the second metal comprises

titanium.
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t hi ckness over the outer surface that is |ess than about 3 mcrons. 87. The
nmedi cal device of claim83, wherein the coating conprises a thickness over
t he out erweusfassezthat is | ess than about 1 m cron. 88. TireTnEsd2/s82ls devi ce
of claim 46, wherein the coating conprises a netal matrix and a bioactive
material in the netal matrix. 57 WO 03/045582 PCT/ US02/ 38275 89. The
nmedi cal devi ce cl ai,m 46,. erei n_the ating conprises a n-

n3{7a| sdica) §ovien af latin i W REvRARE TR0 21 CIeRtlt ¢ her

el ectropl at ed
CONPr IsplaMGo %ulpdtaﬁlﬁ‘ﬁﬂg YeeveBIRE! Sinetritidd 1Bto" 8 bidaBtivethatedidFc iR &ithedfy | ce Of
claim44, 45, 64, 82, or 88, wherein the bioactive material conprises an
ant i - rdsnghosutsr sofage inekpo9Rl to Adoatestivicahmaahin @gatiéntc| ai m 44, 45, 64, 82,
or 88, wherein the bioactive material conprises an anti coagul ation
conpound. 93. Thg nedj.cal device of .claim44, 45,. 64, .82, or 88 erein
t he bioactive ter ?Qre% idg‘élgegf (i \’?1365?18}}.16 g?onsrl’kfgv%%ia@g “devi ce
of cl &jfmsd4handdoutt¥mi&dn. or 88, wherein the bioactive material conprises
rapanmycin. 95. The nedi cal device of claim44, 45, 64, 82, or 88, wherein
the bioactive material conprises heparin. 96. The nedical device of claim
44, 45, 64, 82, 1 ssthatpedical deyige of glawndd., whereiths regions bays 3 disgctes
ant i -i&f%sgmta%xtm ¢.97. The nedical device of claim96, wherein the
anti-i nfl anmat ory ~ conpound conpri ses hydrocortisone. 98. The nedi cal
device of claim44, 45, 64, 82, or 88, further conprising a first
bi oactive materi8il aritheansdicadddvioe oficthiny 5 melieeeindhe bibadtiviesodipbfier ent t han
the first bigactive material. 99. The nedical device of claim98, wherein
t he fisf@i’mb‘?%%f?@@nmri al is a hydrophilic material, and the second
bi oactive material is a hydrophobic material. 100. The mnedi cal device of
claim 98, whereig], t herfd medicdlidediet b¥ Slafidl s WiRdreinROBIbAGRS Bmpebisd antial Iy
wat er soluble material, and the second bioactive material conprises

structure forms a coating on a stent strut.

82.  The medical device of claim 46, wherein the coating comprises a
thickness over the outer surface that is less than about 5 microns and a thefapeutic level of

bioactive material in the coating.

83.  The medical device of claim 82, wherein the coating comprises at least

about 750 micrograms of bioactive material.

84.  The medical device of claim 83, wherein the coating comprises at least

about 1 milligram of bioactive material.

85.  The medical device of claim 82, wherein the coating comprises a

thickness over the outer surface that is between about 3 microns and about 5 microns.

86.  The medical device of claim 82, wherein the coating comprises a

thickness over the outer surface that is less than about 3 microns.

87. The medical device of claim 83, wherein the coating comprises a

thickness over the outer surface that is less than about 1 micron.

88. The medical device of claim 46, wherein the coating comprises a metal

matrix and a bioactive material in the metal matrix.
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a substantially water insoluble material. 58 WD 03/045582 PCT/ US02/ 38275
101. The nedi cal device of claim98, wherein the first bioactive materi al
conpri seswansouzgani c material, and the second bi oactive nweCanisat/3gesnpri ses
an inorganic material. 102. The nedical device of claim44, wherein the
outer surface conprises a coating on the substrate that includes the netal
in the formof a petal matr_iﬁ and the . bioactive materjal in the netal
matrix. 103. The¥hedi £3 MadeHdevise of Flaimyta7wheain the coxdime comprises 2ne-

wher eié’le&ﬁ&?laté?frﬂ@t%ﬂn‘!t Jmterial conprises at |east about 30% of the volune
of the coating. 104. The nedical device of claim42, 43, 44, 45, or 46,
wherein the nedical device is sterilized. 105. A nmethod for formng a

medi cal devi ce, ¥onprThd medicdlaiemicagf alame#d) further dompaisingembivadtivepart usi ng a
process tt hiti gl(g rj[ises: (i) electroless electrochem cal deposition of a
met al ARG 4 BECoHd Reterial derived froma reduci ng agent with respect to
netal ions fornmed by the netal when in an aqueous solution, or (ii)

form ng the metai. matThomeditdleletRp s tlhim 944362283 oy 88 agksttinithe t he net al
matrix; or (iii), form ng the netal matrix as a coating on a substrate

wi t hodtioagsive gratgiiah poynpiases ap agtirpgdeposiscompentd.and wi t hout sintering, or (iv)
formng the netal matrix as a coating on a substrate w thout using an
applied electri c : ¢ : an about 120
degr ees Fahr enhggi@t'; ﬁlﬁh@?@%ﬁ%ﬁgf%@%?ﬂ’%#r%ig’xé#lg%?r%’s‘gitl& gé%{] a portion
of t hebiomtive alatatial c@apriset @6 anticaugtilation E@npommduf act uri ng a nedi cal stent,
conprising: formng a netal matrix at least in part using a process that

conprises: (i) faorm t he..metal . matri x j n n substrate w t hout
usi ng an appl i ed&el egﬂfq 1@8@%6%?’%"89%?1]2‘8? %ﬁ’i%%g’g%ggfgg’n‘ﬁﬁﬁmﬁgg%cti ve

nat er igbackife hAGriFEbethpiRk higfow@ctyher ei n the netal matrix fornms at least a
portion of the stent. 107. The nethod of claim 105, conprising formng the

metal matrix using the electroless el ectrochem cal deposition process.

108. The net hod W clBaemadisal dewiepef sheivy 4#.0tnioAgS2, we Strevhdreimile i x whi | e
deposiyi\ Ditve RtdPRGHRs 3RMyctd the metal matrix.

95. The medical device of claim 44, 45, 64, 82, or 88, wherein the

bioactive material comprises heparin.

96. The medical device of claim 44, 45, 64, 82, or 88, wherein the

bioactive material comprises an anti-inflammatory compound.

97.  The medical device of claim 96, wherein the anti-inflammatory

compound comprises hydrocortisone.

98. The medical device of claim 44, 45, 64, 82, or 88, further comprising a
first bioactive material and a second bioactive material that is different than the first bioactive

material.

99. The medical device of claim 98, wherein the first bioactive material is

a hydrophilic material, and the second bioactive material is a hydrophobic material.

100.  The medical device of claim 98, wherein the first bioactive material
comprises a substantially water soluble material, and the second bioactive material comprises

a substantially water insoluble material.
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59 WD 03/045582 PCT/ US02/38275 109. The nethod of claim 108, conprising
formng the netal matrix as a coating on a surface of a substrate that
conpri seswe opouisspn of the nedical device while depositi®rgTiusez/bs2enctive
agent in the metal matrix. 110. The nethod of claim 108, conprising:
electroformng the netal matrix onto a sacr:fi ci al subsérate whi | eth
depositin t he hioactive agent i.n the netal matrix; and renoving the
sacrificial subsapgte f}ﬁdﬁ?‘ﬁ?f’gdﬁﬂﬁ%PPﬂﬁ*m?&.Wfﬂqnth%@SWmee@mat@nadi m 105,

COMDY | SoAgri il g ulieplantTBi detordt TP 3t A by BriSW IR LG PO

using an applied electrical current and w thout sinte _ e net hod
of cl aiat¥Gs, conprising formng the netal matrix as a coating on a
substrate wi thout using an applied electrical current and at a tenperature

that is less th abagyt, 12 r.ees. Fahrenheit.. 113. The thod of claim
106, conpri sing ? g%m’ ?életr%eeﬁcr?iﬁg‘fm%ﬁl?l}? %‘g IR q%erémfgg%%r}sﬁié

Wi t houtoatBigrg tae setpphicatatth@addsitBéheaU i BB Formldfh mEREniBLNAM @E ¢l ai m 106,
conpri %i ng,.depositing a bioactive nmaterial 1in the nmetal matrix. 115. The

met hod "BRCRYPRicHaN Teomstal BI3HE-f orming the metal matrix in the form of
stent struts. 116. The nmethod of claim 106, conprising form ng the netal

X 25 %t or 080, Ahednddbiliood AkinP R Y, &L 85 IOS: TBNAK,Gh ol &1 1 115,

conprising formng the neta trix as a coating on’a r
of t hebtoabiiNeematstighhtonipiiys atlaBt abidue 30%tdfat wdlumb aff heldatind 08, or 114,
further conprising formng the netal matrix by al so using an

el ectroplating p es 119. e.nmethod o ajm 105 or 106, further

conpri si ng: forﬁrﬁ%‘g ﬁi’?&"ﬁg’f%ﬁr&ﬂﬁ?er?f?&?ﬂ@ ‘L@’g%’rw‘lﬁﬁrﬁ@ waererktheaediad wo
03/ 045882 & Elddheed 38275 formng a second netal matri X that is di ffe_rent
fromthe first metal matrix and in contact with the. first netal matrix.

105. A method for forming a medical device, comprising:

forming a metal matrix at least in part using a process that comprises: (i)
electroless electrochemical deposition of a metal and a second material derived from a
reducing agent with respect to metal ions formed by the metal when in an aqueous solution,
or (if) forming the metal matrix while depositing a bioactive agent in the metal matrix; or (iii)
forming the metal matrix as a coating on a substrate without using an applied electrical
current and without sintering, or (iv) forming the metal matrix as a coating on a substrate
without using an applied electrical current and at a temperature that is less than about 120
degrees Fahrenheit; and

wherein the metal matrix forms at least a portion of the medical device.

106. A method for manufacturing a medical stent, comprising:

forming a metal matrix at least in part using a process that comprises: (i)
forming the metal matrix as a coating on a substrate without using an applied electrical
current, or (ii) depositing a bioactive material in the metal matrix; and

wherein the metal matrix forms at least a portion of the stent.

107.  The method of claim 105, comprising forming the metal matrix using

the electroless electrochemical deposition process.

108.  The method of claim 105, comprising forming the metal matrix while

depositing the bioactive agent in the metal matrix.
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120. The nethod of claim 119, further conprising formng the second netal
matrix using an el ectroplating process. 121. The method of claim 105 or
106, furtwerodmesspzi sing sterilizing the nmetal matrix. 122CTASsDB&205 on for
use in formng at least a portion of a nedical device, conprising: a
fluid; a first material in the fluid; and a bioactive material in the

fluid; whereint sol.ution | apt to forman el ectrochem cal

deposi tion of at %?‘ea e%eghqqsqu{llmﬁ,aﬁgr PUPPILTRE toriny ‘géé‘ﬁt%‘}én%%éﬁlal ont o
a_substeaing dnardueRe0f DYulstitie okt ¢binBflsdsQ pdr S Ghike hRAMPCVi@AThid e portion
of the nedical device. 123. The solution of clalm 122, ereinthe fluidis

a | i quepostting therbioagting agant inéhd wetabiateixai m 42, 43, 44, 45, or 46, wherein
the nedical device is substantially non-radi oactive. 61

110.  The method of claim 108, comprising:
electroforming the metal matrix onto a sacrificial substrate while depositing
the bioactive agent in the metal matrix; and

removing the sacrificial substrate from the metal matrix.

111.  The method of claim 105, comprising forming the metal matrix as a

coating on a substrate without using an applied electrical current and without sintering.

112. The method of claim 105, comprising forming the metal matrix as a
coating on a substrate without using an applied electrical current and at a temperature that is

less than about 120 degrees Fahrenheit.

113.  The method of claim 106, comprising forming the metal matrix as a

coating on a substrate without using an applied electrical current.

114.  The method of claim 106, comprising depositing a bioactive material

in the metal matrix.

115.  The method of claim 114, comprising forming the metal matrix in the

form of stent struts.

116.  The method of claim 106, comprising forming the metal matrix as a

coating on a tubular stent body.

117.  The method of claim 115, comprising forming the metal matrix as a

coating on a plurality of struts of the tubular stent body.

118.  The method of claim 107, 108, or 114, further comprising forming the

metal matrix by also using an electroplating process.

119.  The method of claim 105 or 106, further comprising:

forming the metal matrix as a first metal matrix; and
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forming a second metal matrix that is different from the first metal matrix and

in contact with the first metal matrix.

120.  The method of claim 119, further comprising forming the second metal

matrix using an electroplating process.

121.  The method of claim 105 or 106, further comprising sterilizing the

metal matrix.

122. A solution for use in forming at least a portion of a medical device,
comprising:

a fluid;

a first material in the fluid; and

a bioactive material in the fluid;

wherein the solution is adapted to form an electrochemical deposition of at
least the first material and the bioactive material onto a substrate contacted by the solution to

thereby form at least the portion of the medical device.
123.  The solution of claim 122, wherein the fluid is a liquid.

124. The medical device of claim 42, 43, 44, 45, or 46, wherein the medical

device is substantially non-radioactive.
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