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O ing metal jons and abloacuvc malerial such-as bioactive molecules, and then contacting the electrochemical solation and a substrate:

-A bioactive composite structure is formed on the substrate uging an cIeclrochem:cal process, wherc the bmachvc composite siructure
includes a melal matnx and-the bivactive maienal within the mela] malm . ‘ s




| WO 03/045582 26 May 2006 PCT/US02/38275 METALLI C STRUCTURES MidyCIIBBORATI NG
'BI QACTI VE - MATERI ALS AND METHODS FOR CREATI NG THE SAME CROSS- REFERENCES TO
RELATED ARPOBEAEEERNS [ 01] This application clains the bendfdusst/isde filing
dates of the followng U S. Provisional Patent Applications: 60/333,523,
~filed Novenber 28; 2001, and 60/364,083 filed March 15, 2002. This
~application also clainms the benefit of the filing date of U S. Patent
Application No. 10/196,296, filed on Julé15 2002. Al llg t hese U. S

Pat ent Appl i METAELICES TRUG FURIES ADHCORE GHNHr entirety
f |1 BACKGROUND OF THE |- NVENTl ON
tomnsn M ERISL SANRVELTHODS B n[;t TINGTRE SAMH T ool s

t ypical ly providing certain nechanical, eI ectrical, eléectronechanical,
-other structural properties desi gned to conduct partlcul ar nedi cal

pr_ocedur'es on or |g?ﬁ manen]tzﬁN? oug gEi?Fl’EI? Wﬁ?i@NSn parti cul ar

(either tenporary par permanent), nedi cal

'~ devi ce designs are. aI so intended to |ncI ude characterl sti.cs that - are

. providi h@cgldng;{p%rp

.suffici¢mly bi oc@hiapplidatioh ¢lakigs mmmmermeﬁhﬂgmtmemm BS.t he body
~may reject .qr otherw se respond to the devijce t undesi
- part T cuPaS el briant daicaSans PGS A g oy Alvb 2o ppagdobs Rid
- charact gides | £90B3CTnt Qgphctaﬁgn GEY baftnd the BUferl: OF AleARlgMRe efufshﬁez% ot surf aces
are optim zed. | cant researc evel opnent. 1 nto
surfac eApphchufonNtt i10196,206| fited ex Iuayss tzr)oer @il efshenetll. BePategsApplisatidns are
~particul ar, coati n%s have been the lc of significant interest for _
gibydeference %Fﬂfeﬁ rFBH?IJ:BWPEI%‘??r cés in -order to achieve
- the desired device-tissue inter face. [03] Many different nedical devices,
~and rel ated systens and net hods, have also been dlsclosed for locally
delivering bioactive nBXCRGROUND QFTHEt]bNHﬂTK)N regi-ons of the body, -
. such as. | unens, cavities tissues, -ot her spaces, structures, or regions.
L Sue h b ﬂﬁ?t | ve Medlcal devices encompass a wide array of therapeutrc, prophylacnc or’ ‘
dlagnosnc tools, typlcally prov1d1n0 certain mechamcal electncal electromechamcal or
- other structural propertles des1gned to conduct partlcular rnedlcal procedures onorima
patrent s body. Often as 1mplants in partlcu]ar (either temporary or permanent though in
. parttcular perrnanent) medical device de31gus are.also intended to 1nclude characteristics that
are sufﬁcrent}y blocompatlble o be acceptable by the host body, ‘else the body may re_}ect or
otherwrse respond to the devrce with an undesired result. In partrcular, rnechcal devrces often
- are desrgned to have surface characterrstrcs such that the dewce—trssue mteractlons at these
surfaces are optlmrzed Accordlngly, si gmﬁcant research and development mto surface :
' modlﬁcatlons and matenals to’ prov1de optrrnal results In partlcular coatmgs have been the ‘
o top1c of sl gmﬁcant 1nterest for prov1d1ng an extemal surface layer on med1ca1 dewces in

'order fo achreve the desned devme—‘ussue 1nterface

_[0311 N : Many differen_t medical devices, and related systerns and n:_tethods, have also

| been disclosed for -lo'cally de]iverin'g bioactive maten’als into or onto ir’arioué regions of the |
body, such as lumens cavmes tissues, or other spaces, structures, or regrons Such bivactive -
materials mclude for example drugs {(e.g. chemical or brologlcal compounds etc ) that exhibit
'therapeunc effects relative to medical condxtlons such as short-term therapy druos as well as

loncr-term therapy, such as honnonal treatment




materials include for exanple drugs (e.g. chem cal of, biol ogiodday 2¥¥pounds,
etc.) that exhibit therapeut ic effects relative to di cal- condition, - such
as- short - mayewashsszapy drugs as well as |long termtherapy, PERAISOAR3IS2BHr noNnal
treatnment. 26 May 2006 WO 03/ 045582 PCT/ US02/ 38275 [04] Various different
- types nedi cal device systens and net hods: have been previously disclosed
for Io{;ﬁ#]l y deli \thlongdiﬁfeoem:t}{pesamedtcelrdeaice systems ahoetodehivsriisent the body

O R S A g U e
ef.f ect SE gqﬁse [&Wty,%sudoef seatscesz rsgassoptpaee%s?dersemaw idhdvelims becone

the to r'esearch and commerci al devel oprment for dellverlng
‘bi oact Wm@g@mr@mg,tpraphsdmmgsomhaglom@fect@Iﬁpart icular interest has been
-.endol unmenal stents of the types that nost typically form cylindrical or

t ubul a I[ls th ar od wall's to
prevenioﬂaocka é%fclugaﬁglgj Snb 1(;(%3%%41 ' %eg%ge%gt nggf&gulgzh stents
-are predescRand temmeﬁeﬂ deelbfifient ToCAdivErin/Sibative Qe@its suchesdag@iestynts. -
“peripheral and cerebrovascular systens. The npbst comnmon stents in use

o oday ﬁ}feaemeeueeeestrtesbetneﬁadpbssenst siatts @fthe fypre that meglivpieally fosp (e, g.

Ni t | TN | t h d t.all h
 Cobals bEHMsisE AR TR RS b e RS bR R e e B S et
| years. pRieit Beskayas£etIRpse teMoSmaintin RBfh pataty. abich stardare Predomindnilyeous

ntranslunenal i nterventional procedures to treat. di seases - such as_coronary
- art er yussidgn aeevaspidar sytsin e-gsdbeenranary; peaipheal @4&6&6@?@@?@%{3‘%’&*@# dPgease.

. 1061, St le
Pt B RS s T bk BlEle BRI BRI AT of St aiogx ARl €
stri ct wgseaﬂ@tmnlange@h@ffere&mmys haevetadsodicen diseesecnlsser asaxbbblb-chmwesudi i t ed -

: _effect as | ongbterm sol utions, Permanent netal stent in the t;lFﬁpat obiliary
. syst enflews Wiehhavedsse Weﬂéftucbé‘ﬁﬂ‘t&ﬁ‘l}éeqep@éﬁaﬁrﬁ“c&ﬁﬁ W@ﬁ%ﬂlﬁﬁq Ahat i ent s

who haiﬁ%st tgrgl%altl g%&%tﬁe@e L ttf?mb nal[thZ%veﬁ'ﬁ’dl’Ml gtb%b@tl}@% 0rda@is¥akd OUS:

- benefi optlon of convention stenti ng, varlous;

" shor t coushngsofvausy hieen dmb&e;peeqlheﬂahvamdatsdlgease iandobrebmyasa]ar disefsss t unat e
“and -har nf ul - medi cal -conditions have been observed i.n relation to stent ’

~_.inplan vmthlnlurrens np C r with res intr ul ar
~stent SEGSQ)ne suchSt ﬁgﬁeqlgoﬁﬁébo‘lj%ﬁﬂjé’f‘? Bh™ lﬁﬁpmgg%ﬁm@/atigound a -
~.stent, h%asobﬂhayfstsaﬁamstmhstcrra\ésass;hs@ S intRde stildheds aniBMaliausey. | ocal
occl usi rel ease . occl usi ve thronboenbol.i sm causi ngPaadovmst ream - :
i schenBuch samts ansrofich phidrivethtiothass hmpled effecttahéonsetsesnelytwl@s TmgReh, metal
' .r e nar rt(e)n s1n the hepatobrhary systern are placed rnostly for palhatlve treatment and usuallym

patients who have less than sm months to 11ve .

N _ [07] _ o | Notwrthstandmg the vanous beneﬁts observed W1th the w1de adopnon of
_ ‘ conventlonal stentlng, varrous shortcornmgs have been observed In one 31gmﬁcant regard
B unfortunate and harrnful medical condltlons have been observed in relatlon 10 stent nnplants
' “ within Iumens, in pa:rtlcular w1th respect o mtravascular stents. One such response isthe -
| formanon of thrombus on or around a stent €. g in the case of mtravascular stentmg, which
may cause local occlusion or release. of occluswe thromboembohsm causmg downstream '
ischemia. Another gignificant example is the tendency for a lumen to re-narrow or
“restenose” desptte stenting. Research info the pathophysmlo gy of ¢ restenos1s mblood
vessels has shown that there 1s smooth muscle cell proliferation : and/or thromb051s shortly
after a stent is placed Wlthm a vessel lumen At present, the rate of resten051s or failure, is-

- 20-50% at six months necessrtatmg re-stentlng and/or surglcal correctlon Over one million




"restenose" despl te stenting. Research into the pat hophy5| 0l 26g\iap 2006
"restenosis" in bl ood ésel s has shown that there |s snoot h nuscl e cel |

prol i f er atworns/osissd or throrrb05| s shortly after a stent ispgi/esegswisthin a -
vessel lumen. At present, the rate of restenosis, or failure, is -20-50% at
si x nmonths, necessitating re-stenting and/or surgical correction. Over one
mlli orpr%ed\mqs aszm&@bm&mm&&m@ﬂ@g%&mm ocadficesterns erepdacedr ned

per year. % £pen the coronary arteries, even after stents are placed.

W t hin ‘%) In recent years, rruch research and devel opnent in the
field of stents has been directed toward adapting themto rel ease-

- bi oactipeg] mat er i et P&Hrd, mestr@sseehsnaqarsamatmﬂlerﬁemsrswnsfsd@tbetse
various side effects obServed w th conventional un-coated stents, such as

‘thronb hivestedriowed adepfingfhemdo reftase biosttivermatarials gemsi-rasteposisdgentsad orderas

| . "drug. nts antl-re t enasj nts, have been
O a0, Sk B SRl SRR ek Ao R B R A e
-agent s thidhHogit aBBE reRBnbic.UTREK ¥tehiRQrd YRRraly referfea i@l “®iPaling stomsel e cel |
-mtosis aigr ation, and proliferation as the nost significant observed
CyEr

“ process PBet Qb Testengsis @catsplaee beesrmvetlsat@cs for gselabug chigsg slgnts. as

r apamny | oun i.ssu conbat
rest en%@%&hﬁg‘&f Ck}a%%t&%(ﬂf ér(r&g’n a&guléﬁ?@et \'\%}w(l)n ‘?fga S@%‘lo ed for
~ adapt i mgusslesselisnitadis, negleesle aﬁatatolifaeﬁam@sme nwsuspulﬁaaﬂ bHSEreddfiroads 8f ent s.
Certai n exanpl es i ncl ude corventional or ecially adapted stents in

.conbi natstaesizi Far exrele.spuicstapisTelspserirgs sug ﬁpezwmsclefor@@@ﬁaqu e an
~addi I he d . h
a Pt gﬁﬁst eupéﬂﬁw%wgpﬁﬁgsruﬁé l;!)actmﬁ% §te§&‘l‘s rel eases the drug, -such as

~"covere recen varices have been directed. toward
. coating the drug.onto the outer surface of the stent itself, such as onto
“the typfal net wiildmddiffeteat metiesitave badd mbvibngdy disclobgl foe adupting senalto St ent
n one particul ar exanpl e, a hydrophopic drug paclitaxel is

-d
- -.ch't gg%l?fl%@l“?ﬁ“?ﬂ%’é%%&?‘é&esﬁ?& sieris- o eR R CxEBES Tehde sonveabonliohg to
- di scl ospceiny i@ dreh ih RbdibA%AGPH AR ahtssterpt B of opyed taa@&étte%f@eg%zss of the

- drug al the drug to remai.n on e sten urlng d ery
“i mpl anemedditionel stehee blememhelsthatdloldstdnduele&aeg thefdmg,rstrch seShverad Stents.”t he

: aqueous, bl-oad pool V|r The dru I t hen SSI el releases;
O Rasl e 5y BRI P et b e ARG g RO BREME Vo St eare®
‘bei ng gevakepest fas RO uck 8bhe id HicRHeB okl tresessttt schfolRbWetieed stent

struts-with a coating speC|f|caI | y adapted to - hold and rel ease"
- ant - e@tveneenaé Sf&gtefiﬁsmt i nterest. Many such- coat ings are poI yrrer st hat
i1 0] V - Inone parttcular example a hydrophoblc drug paelrtaxel 1s coated dtreetly ‘
. ' N onto the outer ‘surface of the stent struts Accordmg to dtsclosures related to thrs example, the =
. highly hydrophobrc nature of the drucr allows the drug to remam on the stent dunng dehvery
_ .. 'and nnplantation at the lesion szte w1thout SIgmﬁcant “wash- out” m the aqueous blood pool

' envuonment The drug allegedly then passwely releases mto the Wall

opn of signiﬁcant'interest in -various drug eluting stents 'b.e'ing' developed has been
coating the outer surface of the networked stent struts with a EOaﬁng' speciﬁcally adapted to'
~ hold and release a.nt1—resten051s agents of i interest, ‘Many such coatings are polymers that '
'perform sueh ﬁmctlon mcludmcr degradable polymers that release the dg v1a degradation
of the polymer, or po]ymers that are adapted to provide diffusion of the drug therefrom 1nto
- the surrounding 11qu1d envuonment (e.g ‘often non-degradable polymers) More SpeCIﬁC _

o _ examples of deoradable and non—degradable polymers that have been used in drug eluimg

e v .-;‘u:-,e‘,: T TR R R ST RS CTAVATT,  m o ‘..-_...,-',.‘.' e e B iy "'-“'"’“'-"-,"'-'?T‘-"“t?"?v“if!"?-“—?j?:"‘!’i"fZ




perform such function, EI udi ng degradabl e pol ymers that rebasse2a0ke drug
vi a degradation of the pol ynmer, or polyners that are adapted to provide

di f f usi onWef0304é8xrug therefrominto the surroundi ng |i qBCHUSHR/IRRTNNENt
(e.g. often non-degradabl e polyners).. Mre specific - exanples of - :

degr adabl e and non-degr adabl e olyners t hat have, beep used in drug el uting
WO 034ignsasdudeteithat ﬂlnmatreepobf{)aﬁeeeclm relyglyqodis agig W{;ct ic acid,

pol ygpéfol 1,C ac%] d pol ynet hyl met hacryl at e. 26 May 2006 PCT/ US02/ 38275
[12] 1'8% £ gs “for drug eluting stents have certain linitations, and
in sone regards probl ens, associated with drug storage and rel ease rredl um
on st er¥]s and oeomwreainngdeomdmgeiunngmahve (\ﬂtatnolumtamalspmn@bmuch

N tat h b b d. A d
coati ?eé?ci‘sfpmﬁéﬁs ﬁ?c@r%@i@%ﬁset el o 007 ot B v | e

this | % gd&tt ?glggﬂguﬁﬂlﬁrﬂtaﬂ@r%avﬁ'bb&%bﬁ&ﬁes for certain
|very nD

i nten ties longer time periods for drug elution
maybe deS|red than is achievable with such pol ymer coatings. In another

. regar fi3]t he deg@wueskdingdn ok redripls, plﬂyrpettwmhsgs e»peaﬁterﬁl@mpbmpetebr e, in
- particular _from patien ati.ent uent s difficult to

pr edi Biat Wf&tﬂlﬁﬂb’)ﬁ%{iﬁﬂ o‘&@ﬁ?%s W&V@ch egusp ‘% IF?%'H{ umwill be

rel eaéﬁgf{%tarﬁ:% by fiBhiIEq BRdeTVer) ndlaHRdlon @ e operivde forldieg medi um

. too qui :
~achi eemonrrﬂagr]berdasmmm:s sckigmile withesnsh pallyypeeetatingt Brangther 1¢ged, Lttéﬁ ng t he

l.osed .f |
AR e S e e e R
. on st %h&%&%ﬁ%@hﬁﬁ&ﬂve ﬂ?@fﬁ@t 198 Qe gatmod@tlﬂéihﬁﬁerﬁhmapcﬂmmt ory -

or too slowy, .the i'ntended therapeutic effect may not be

response o vessel , exacerbating restenosis, [15] ‘According to

‘anot heredemawbpilbe redetsed bme:h@fpcéﬁpenq/mdnum eélrusaqelqawaﬁoet}&ltl g |y
- different strat su S I i stent, is
it oo e e iefado ??B‘%Sﬁgas’}"f‘ﬂ&ﬁ’f’gf‘%e?’%d vivo. M smatched -

- properties such as different thermal and/or nechani:cal propertles bet ween

" the ppigjmeric maf grdradr eﬁﬁ]ﬁplehﬁaﬁﬁﬂ&l@h‘t&hﬁg:atmmmdmg thegyp@sypeniendy
- characteristics of netallic stents) contribute tg this diffi Cu;#oﬁ
g

| nadedisaloscdion enigcating iy b pr QRseryef FRPIefuGs 2B HEIDIEPT S ACBORT

| - pol yn@xmﬁgl Lerdalor c Eoeczﬁg% ot Ete{rtg?n $EBAE RhveteR bbidiesEio PO L QAL

“.conporien
_ deVl Cﬁlﬂahhnét@r@&bﬁiﬁhae omtheo:fesstelifswalﬂsm)daeerba:tmg rﬁfﬁﬁy)Stsol yrrerl c coatings

over ti an undesrrable property  in, an'inplanted nedical

| s . | Aecordmg to another example adherence of a polymenc matenal toa’
substahtlally dlfferent substrate such asa metalhc substrate, e.g. a stent, is dlfﬁcult to
' achieve in manufacturing - and to mamtam in vivo. Mlsmatehed propertles sueh as dlfferent
' thermal and/or mechamcal propertres between the polymenc matenal and. the underlymg
E E substrate (e.g. expansmn charactenstlcs of metallic stents) contnbute to. ﬂ‘llS drfﬁculty
: Inadequate bondmg/adhesmn between the stent body and an overlymg polymenc material
o may result in the sep aration of these two. stent components over tlme, an undesrrable property |
in an implanted medical dev1ce In con51derat10n of this hmttatlon many polymerlc coatings
mttst be modified to maximize adherence to the stent, and stich modrﬁcatl_ons o_ften result in

comproijeti ability to hold and release drug,

f16] A further example of the foregomg relates to atwo~part polymenc coatmg
prevrously dlsclosed for use in drug elutrng stents. One part is pnmanly mtended to provrde
structure to the coatmo and adherence around stent struts durmg use; the other partis"

' pnmanly mtended to hold and reIease the drug. In order to achxeve the requlslte mtegnty of




must be nodified to maxinjze adherence to the stent, and suck Magizbogati ons

often result in conpromsed ability to hold and rel ease drug. [16] A.

further eX¥@9P@+5%2 the foregoing relates to a two-part polBGRVS0/382Y4t i ng

previ ously disclosed for use in drug eluting stents. One part is primarily

i ntended to provide structure to the coating and adherence around stent

St 1t s CRRTPHGE G 436 SR CH-RBHDE GPSPg (5 PR Fyst BVE det DRt Ry

rel easend {80/l inlife AY ¢ ME@atﬁg.h'I‘%\fﬁs ERE thEUIhRE honibTHbROth theXecold 26 May

2006 WO 03/ 045582 PCT/ USD2/ 38275 the coatiing on the stent;e.g. during -
expans ipert of theecotitingsiis lipated, andthuhbhméing the amannt of doypthati can bedeldtdnd second

» part-in.the.tw-part coating. To this end, the volune achievable wth the

rel

'second™FEFt of the coating is limted, and thus liniting the anount of

- ~.drug that can be held and released. [171 A further linitation of polymer

coat i ngg7)f or dr ug\ RkMEl MetEER WpolEndritBattigh rcathE ¥lutihg sRARSHR @FANSN
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net al | izadigvedn yereradisg of ¢ small metalhesibstata Widra gadygeric matasial. nAnasmath i n-
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~releasing drug, uneven-coatjng corresponds_to uneven and unpredictable drug

" del i veMicas Bagantedrplyne bidld-presylisy folding apdhexpansign chygademsiics pi theug i s

| PO ¢ Eed QeRiRf) elooflpBlid eIt AquAlS, (RO RABH BY pbBeP fthginb B Cased or
- ~decreased dose fromthe intended baseline may cohprom se the”intended. ,
- ef f ect selafsinghizuginngvenMoating essapatds andnaler ehdppoadichhl dregdeliviry elongd
 toward oyercomng this Limtation, ip.many circunstapces, significant. -
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~ modifications to or tightly held parameters of the polymeric cOatin’g“prqcless, or addition of

process steps, must be made to achieve acceptably even coatings. .

B 18 - : 'S_trill a ﬁn'lherz exemplary l'im_itatioll of polylneﬁ;ﬁ drﬁg cc}ét_iﬁgs, p,o]ymt‘ar'ic'_ o
'. 3 ‘stdrage and rsleaée'media are typiéally large and Bull{'j}frelza__ﬁvc to .‘thei_f lﬁib_ﬁcﬁ#c matérial ‘A
L stgrage' pépalcity.'.__ln one fe_gard‘;'i s‘telit’s are designed_:wiﬂ_i pamcularstrut ‘tlﬁclqggs-ses and 7
uﬁdula_ting designs so as to méxiﬁjlzcl mechdnical suppottlpr_ope.rt_iés'_at'ﬂig 'v.‘e.sjscl wall while
N minimizing size for profile .c.dns'iderat‘i‘c_nis during 'de]jiiery't-b-and across a -le;sioh-'and' also to
' minimize .turbule'nclze along the luminal ﬁall in a flowing blood field. l%dlyfner coatings for
drug eluting stents are applied over Vth'ése- stent struts, and inéréase the size of fhe_ resulting '
coated strut. Such increase is directly proportional to the émount of coating necé'é,sary' to hold
the réqulsite volume of drtig for the intended therapeutic or prophylaéﬁé'cff?‘ct. It would be.
desirable if the storage density of bioactive material-stbrage médiiu_ﬁ'pould beincreased so
that an intended vélume of bi.oacti\-ré_ maferia_l could be released, 6ﬁer_1 over a long period of

time, while minimizing the bulk of the release media. ~

lim'tation of "polymeric drug. .




undul ating designs so as to naxim ze nechani cal support propemiagezoocat the
vessel wall while mnim z1Jng size for profile consi derations duri ng
delivery ™0 eamdsseross a lesion and also to mninmze turureowessdeng the |
lumnal wall in a flow ng blood field. Polyner coatings for drug-eluting

"~ stents are applied over these stent struts, and increase the size of the
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. nultiple drygs can_not be coated onto the same substrate using the sane '
- coat i n§™ i sughasaiie be. desirable for a coating to work with a wide

~variety, of types of bioactive agents in particular where a "cocktail" of
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~stent ].Still Ilmtatlonso pol yfreri c coatings for
© . devi ce@i@hﬂmn@enldehvermmmqhvememm w patiany over longeritines patody i al to a
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~in-particular when liquid s able 'to seep into the polymeric mat eri al . In -

" anot hemategigh npmhcpel wherr Kqunid 1s abde fogieen mtcethp Hodymyeiquoaiesak dn apetberct
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-tenperatures, solvents, or other aspects) which may be harnful to the
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process of the drug elutmo stent or other medical device 1 in order to get the polymer coated

Q

- and the drug into the polymer Accordmg to yet another example polymer coatmgs cunently
_' 'under development contnbute bulk but do not contnbute to the major fimctron of the stent
" which is to prov1de a structural support to prop open. the body lumen It would further be
. desrrable 1f the storaoe medmm for the bioactive rnatenal contnbuted to the mechamcal

- strenoth of the ob_] ect.

[21] Furthermore urrderlying suhstrates to be coated oﬁeh.reciuire :electrical surfece
conductmty, such as in the case of electrodes —many polymers do not pl:ov1de for such
conducnwty, and such polymers may not be suitable to hold and release certain drugs
Alternanvely, polymer coatmgs must be modified to prov1de for such eonductmty which
may impact the other intended charactensttcs and comp]ex1ty Still further coated devrces

may beneﬁt from enhanced radlopacny wherever poss1ble sueh as for e}_ample mckel—

6




‘function of the stent,

under devel opnent contriaﬁte bul k but do not contri bute t 0 bHRINBICV6

ich is to provide a structural support to prop
open the bwodwshnsen. It would further be desirable if thedaresoagszmedi um .
for the bioactive material contributed to the-mechanical strength of the

“object. [21] Furthernore, underlying substrates to be coated often require

el ect r i titanium (efgabeTictmin)c Mast pglymenedatings, inparfieulefondwe ctagsioied - many
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ot her intended characteristics and corrpl exity. Still further,

stents or . ot herwi se coating bioactive agents, do not provide this benefi t
or ot hefegj se woul Motigihstanding ﬁiegtgrxﬁﬁmﬂlbreuﬁehe‘elo@@blyemrm@om|midr1fg)r

"_radlopaC|ty It would be desirable for medi_cal Vi C ati_ng, |n
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nts,

r adi opaci st andi ng the significant. prevalence of po yﬁeric

- ‘coat i ngerthin pioudisciosekes httengpt $¢ derosit daeainth vadld, gleweds oprotingr cavitibeor

- nodalities have al so been disclgsed. for adapii n s and .ot her nedi cal

- devi cedetebVHE arfe?rs?dntcetheaeéa@e|0£§etm%°3&&ewegﬂsql OBh‘ngF@tﬁ’ﬂd'el “8¢e tain prior
_di scl oyl Sfvah e % 4 QSQ'lhegEk’é léﬁﬁo%‘ﬁtés%hat%%@@y@e‘ﬁ difllosd Rsuseavi ti es

-or reservolirs formed:-I nt.

" hol di ngndnrg dletfiresémgin pairdadiriindudegfen exxngple berawicd rud bydiogtler  exanpl es of

coatings that have been disclosed for use in drug eluting stents in

.'-pa'rtic r includg for-e s_an e 3 | east one ‘7
. additi tﬂ!lgll di scl 0%&83%9’%%4551%&?%8%5 ??Ptdleé’}%vd&%e %l‘ﬁ %Illeé Scture
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-~ Sintering- generally involves.fusing snall particles. of netal using heat .

and/ or g@n@-‘ )iln?éfolV@S\ﬁ@IlllB srallparéderceiitestal winedipst @dmfé}f@@“ﬁ?ét’ afeld thesx r uctur es

e .surface of e nedi cal device itself for
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‘cause tieachiOhahiaPis/lyades ity eha Wirey dfal sifterel enciallie ageture pthy lagirgiorysizé\ so;

because a relatively high tenperature i s used to forma sintered
str uct (e catge Bediielogicallyragtistei martenial &9 heirsiepsedoy sy @Bicklt IAISRARFAHEC Aol ecul es

| g ener a'r.‘-:l)lm'ﬂét? h@%eﬁﬂé‘g&l@e is Qltsg)d {or}grn? b R ES slﬁ;crnhl@ t%l@a&%%aterﬂﬂ’ mcludmg :

b1010g1cally act1ve molecules geuerally must be loaded 1nto the smtered structure after the
~ porous strueture is formed, Whereas “co deposmon is often not p0551ble as the bloactlvc
. _ agent would denat-u:re or ethcrwrse be damaoed from the heat T h13 method is generally tune
o consummg, ahd. may in some c1rcumstances be difficult to xmpregnate the, pre-formed pores
| of the sintered structure w1th certain b1010g1cally active molecules Consequently, 1t is
difficult to ﬁJlIy load the smtered structure with them. When unpregnatmg a smtered
structure, the bioactive molecules may be in a carrier such as water or other substance. The
surface tensron of the catrier may preclude the blologlcally active molecules from thoroughly :
unpreguatmg the smtered structure. As a'result, the smtered structure may not be fully

loaded with the b1olog10ally active molecules

4] : For further 1llustrat10n one prewously d1sclosed example is mtended fo load a.
. therapeutrc agent ina fluid form into a prevmusly sintered stent by rmmersmg the smtered

. stent in a mechcated soluuon The therapeutlc agent may be drssoived in a solveut or




porous structure is forned, whereas "co-deposition"” |b2 of t encmady JOBSi bl e
as the bioactive agent vmul d denature or otherw se damaged fromthe
heat. Thi SWRE8AEE33 s generally time consuming, and may n BOHES02/38275
circunstances be difficult to inpregnate the pre-formed pores, of the
sintered structure with certain biologically active nol ecul es.
‘Conseq§eipepged ing@ ljgud goptaree Jin averrge porssizeiiat is s@rem%&resngsths@m@ with

them , _ cul es may
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the ¢ aﬂtsnersuneanmeefﬂr ke of peeshireisoithed disclaset ity sidnimd essdgeofcdivatedor oughl y
| mpr-egnat the sintered éructure As a result, the sintered structure
“may nofl qjthpporqu(ggasggew the st&Rd- bi ol ogi cal |y active ol ecul es. [24] ' For
further illustration, one previously disclosed exanple is intended to | oad
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time. I'n. anofher regard, because a liquid (blood, watér, etc.) can enter

into tMpdmmcml-utmwmaﬁs (e.ghiBitstdpid)i wbﬂCbhareiealmimetBnaleprolnettleerr al's

- parti cihesuriage. SVBHe elpezapiemgpeals o
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: 'functronally degraded by the heat exposure, such as for exanpl e certain

~ pol ynepieg and ot Ben ﬁﬁfﬁiefﬁ:reﬂrloﬁlyhﬁsdlédeﬂ%oatﬁfgbﬂaﬂlpldéal&& letiréplativigtiethodd t ani um
~ substrates (e.g. NiTi stents), which have trained material ?ropertres such

- as sup&repetgtsrertﬁts osto WRRGeS, MghosPEhabstrutghio 198m oF Ao maadies! deidess- t he heat
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el ectrop or co s onto s es, s as onto .
“subst rpdrtisles, oAﬁ eledtrizal ceage orauirent is dpplieziemd redulie b dembmtonmﬁ ﬂgr;enetahd»ﬂw

i nvol ves exposi ‘a surface to an environnent -t hat %‘g ll tal
- ?erﬂr%stcﬁrres HERAIAS Aedcesn
- deposi ltn'a? Bro‘?zldetllﬁeﬁﬁtlﬁ l;er@;ﬂll Qituatlons, in certain arcumstances it Would be beneﬁcral if

such metal deposmon could be’ aclneved w1thout requrrmg the formatlon of an electncal :

' c1rcu1t and/or applrcatlon of electncal current

127 _ _' : - Further examples of coatmgs mtended for use for drug elutmg stents requlre
- formatlon of multlple coatmv matenals, such as in multrple layers on a substrate In one such
a example, one layer may be used for adhesmn toa substrate the other for holdmg and
- releasmg drug. In another example one coating may hold one type of btoactxve material, the
- other holds another type In another example one coating 1ayer holds drug onto a stent, an’
additional top layer envelops the first layer and prowdes for delayed release of the drug not
otherwise achievable via the first layer. Another example provrdes what i is mtended tobe a
~ biomimetic coating ‘with multiple layers intended to be mlmlc cell Wall structures mtended o

enhance blocompatlbﬂrty of the coated surface




the surface. Wile electrpplatlng netals to fornrstrzctures:aﬂﬂﬁeaaked W th
medi cal devices may provide benefits in certain situations, in certain
_ci rcunst amoees/issssaoul d be beneficial if such netal deposiptirasesssthsl be

achi eved without requiring the formation of an electrical circuit -andfor

" application of electrical current. [27] Further exanples of coatings
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respect to polyneric coatings, :including wi t hout -I'imtation: processi ng

7.||n1tamdwpgﬂnhdﬁélatlon to underlying substrate or bioactive agent to be

..coated; even distribution of coating er drug;. adhesion; .bi oconpatibility

- proces
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;'Fel dstel n et al to Maybee ef al bglwara et al.
5,616 meb etM,r‘-iéﬁBHéOéo Calnpbelliﬁlﬁﬂzl SPUL.08 atcrimimwts 57%,,12@60t1mf%rtagl ia et.

a al. 6,019, 784 to Hines; 6,042,875 to Dmg et al.; 6,123,861 to Santlm Ir. et al 6,143,037 to
Goldstein ef al.; 6, 174 329 to Callol et.al.; 6,180,162 to Shrgeru et al; 6 231 600 to Zhong;
6,240,616 to Yan; 6,253 443 to. Johnson, 6 258, 171 to Yang etal.; 6, 273 913 to Wrwht et al

. 6,;_80 411 to Lennox 6 87 249 tor Tam et al 6 287 285 to Mzchal et al,; 6 306 166 to Barry
| .. etal; 6, 309 380 to Larson ot al 6 315 794 to Rlchter 6 322,847 te Zhong et al and |
X 6 447 664 to Taskovrcs et al The dlsclosures of these references are herem mcorporated in

 their entrrety by reference thereto

[3 0} - Addltlonal examples are also vanously dlsclesed n the followmg U. S. Patent
Apphcatlon Publlcatrons US 2001/0032014 to Yang et al.; and US 2002/0098278 to Bates
et al. The disclosures of these references are hereln mcorporated in the1r entlrety by

reference thereto :
_ '[31] . Sti]l further examples are variously disclosed-in ?ublished:PCT Patent
L Apphcatrons havmg the fellowmg Internatlonal Publlcatlon Nmnbers WO 89/03232 to Bar-
; Shalom et af WO 91/ 12779 to. Wolff et al WO 91/ 17286 to Tarasewch et. al; WO
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~of t hedinitagibns eﬁhw j2:108:3 altalnpisnsuch 1ag (ﬁ]rmmpbc(bu‘rwtth@lt ﬂlrmtatlpn)altﬂyng)%blt: tf erence

l'th t htd t fi b ded by the .
 For egopiryidenmiiBt A pE R IRR TSt e R B e el
- devi Ceﬁgpdsﬁt AWIAGvE SRR i feabatind didingaRé EOHNRRERSES (PrbcER AL foguea| d b?

5,725,572 to Lamet al.; 5,772,864 to Mdller et al.; 5,843, Déa2Mup20En et

.al.; 5,873,904 to Ragheb Et aI ;5,958,430 to Carrpbel’l et al.; 5,972,027

to JohnsoRryo B3/84E6s2169 to Inran; 6,019, 784 to Hines; 6, 04%p@7gsib@sdkng et
al.; 6,123,861 to Santini; Jr. et al.; 6,143,037 to GColdstein et -al.;
6,174,329 to Callol et al.; 6,180,162 to Shigeru et al.; 6,231,600. to
Zhong; 93619800 i6 Beathe: &énWCBQ&’BGZ w8 Raghdoérmd.o FNO@%BS“’%MB&IW ‘eanlg, WO al .

o 287, BP0 Biehvergt oFj WO enGeig aeheh gl Wa o é‘ﬁwag@%btarson

et al. ,Ooﬁz’ﬂlg,td%oé}@er@l‘;W@@O/Z@S@IZ% B4k ﬂcihnzéaattgw 0@'3223%(1’a13§1s%31564 to

Taskovics et al. The di 3cl osures of these references are herein

herein. |ncorporated in their entirety by reference thereto. 1311 Still

CFHCELAP AR et

eanot et al 950 386 to Wight et al.. The di sclosures

provi ded t hat overcones .one or nore of the li-mtations of these prior

atte rrpt%npesamws,ats proyide peedisiablg wnd eVRRchBIng qumatgaton@hbsh@tqsﬁg pacbm@e

nnproved adhesmn on dlfﬁcult substrates (e-g- mckel tltanlum), etc. -

_ [34} o " The present mventlon addresses the vanous lmntatmns and needs that stﬂl
extist in view of the prevmus attempts noted above and otherwme mdlvxdually and

. _collectwely
: SUMMARY OF THE n\tV'ENTION S

_ [35']. o Certaln aspects of the invention are directed to stmctures, methods and
‘dewces that include a metallic matrix mcludmg a bioactive material (e g.,a drug) In some
modes accordmg to these aspects the bioactive material is contained w1t1nn a metallic matrlx
In some embodiments, the matnx can be crystalhne and can have gram boundaries.

i leﬁlSIOD of the b1oact1ve matenal accordlng to these embomments can occur for exa;mple
| .. along the grain boundanes and crystalhtes of the metal The bloacttve matenal can be within,

' for eaample nanometer and sub—nanometer sized regions Wlthln the metalhc matrix, such as

10




provide snaller and/or nore densely packed surface pores i n 2aNEARO0G
circunstances, to deposit a bioactive material in the coating during-the.
coating process, to prpcess at reduced tenperaturEs to provide

predi ctabl e and even coating coverage on substrate to provide inpr oved

"- adhesi W0 eM04@5®f i cul t substrates (e.g. nickel titanium  p&EMsnshRd] The

present invention addresses the various limtations and needs that” still

- oexi'st é@ view.of the previogus attempts noted above and ot herw se,

© i ndiR VRIGAPEORS N ceelpingenbedimgntsy @@lewamﬂmbe@t Ise sibrédhia ai meteliic on ar e
- dir gglngf ah@ st n Vi C hat .i ncl ude a nef II|c
matrixincludi %Sﬁg)ggl g%sc???i\;/ogl? ﬂn’%trg‘?tiag I{Igmé %gtbﬂ)raﬁa)’e ojaieng) may df

‘acc @rdiglytheonethidis enatsp o tis meaHidnemikt dowRl éﬁ&@(&ﬁbﬁl&%ﬂgﬁi}? &@) th' na
rix. In sone-enbodinents, the matri x can be stal’l rne and

metallic

can HeE ﬂg"reét‘f’ﬁ"tﬁ’ﬁdﬂﬂﬁ??lé%’ef tipye flds eam st dansavifiiosbusing e pdammcastoageor di ng
10 hiPRfeRETBRAIIE RISHhEB 1%‘[:5: exanpl e along the. grain boundaries and. -
crystallites of - tﬁ[; rretgjlagﬁ {)elﬁtr%ctlve material can be within, for _
‘.,'exa'rrpl e, nanoneter and sub-nanoneter sized regions within the netallic

t {4, such /3 d .'
mi (tj’]?(t a?ﬁce@%ae %Xnt%ﬁggglngactﬂ?% azr%gtggrrgll aﬁ%;an %e Q%%é:héﬁanl xoi'i ﬁ;'?g: sz
nat conipaaitd stactut@inhising (Epsedtd hemtit hehdreihahd inetalBidtix is Thaedugagt i ve

“material may diffuse through the: metal [ic matrix.or the metallic matri x
c outelestinsdcmual prasess; and (Drbigactiye yag Wultwm@l%gv@t@mamxoacu ve nateri al

" ‘over tine. This can be done .wthout usi ng a polymeric storage and rel ease.

for thﬁnBﬂfé@E&nbM&xﬁ@& 6 dofling 13 GesORG LABOG: IR (AL HRAALNGE R thege

_'aspeclns is directed to a bi oactlve conposi te-structure conprising: (a)
. rretcaalmpmmg % bigdvéive pmnpbatm:ﬁttmmrembmpnsmg affostmaterisl, lag;ec@:ml mhterisf ochem cal

ess and (| bi oact m)l e hi e netal matri 381 Anot her
 ent VR AR g%’:”ﬁ]"ﬁgag% AFERSY tgmﬁeﬂa{‘ fia@e@boacsvealat f device
kS ‘Corﬁé&brﬁi Mgierial, PR !fdteeﬁﬁiﬂ@%hbﬁ:h%%d&%étﬁ@d&%rﬂr&h%greéuélh ﬁtelﬁat erial, a

- second material derived froma reduci ng agent relative to. first

~ matsaeh ay sodiwa hyppplasphite eImsones ¢rabodimieats, @@(faﬁdnmaelrnsaﬂ metnﬂyp m@emﬂor
'exa(%' ck%?%%ggﬂ ?éj)s C{]&llt ﬁrgt nqgtr %/cerglatfeﬁa an s{u%jn ma may forma :

metalltc matrix which 1 mcorporates the bloactlve material.

i [39] ' . Other aspccts of the ihvention are directed to various medlcal dei*id& that |
_ mcorporatc the bmact:ve comp031tc stmcture or are wholly compnsed of the bloacuve '

' composﬁe stmcture o

B [40] - _ Other aSpects of the mventton are dtrected to memods of usmg the bloactlve B

compostte stalcture

[41} A Another aspect of the invention prondeS a medlcal devme havmg a substrate
_ and a coatmg on the substrate that compnses nickel. Accordmg to one mode of thls aspect,
" the substraté also comprises nickel.. . According to one highly beneﬁmal cmbodtment of this

mode the substrate compnscs a mckcl»-utamum alloy Accordmg to another embodunent, the

11




- subs

such as sodi um hypophosphite. In sone enbodi nents, ”ﬁhe firshe waiyeroog! is a

metal | i guddfkiad! (e.g., nickel, cobalt, etc.) and the %fﬁﬁo%ﬂ lic -
I'c

mat erial and second material may forma netallic matrix I'MCOor por at es

the bioactive material. [391 Qther aspects of the invention are directed to

vari gyiedBstisate iSlenHr &GN ab reld AR RBSEh@AIBsBHiQaF I MPafiRBROSI L€ structure
or are wholly conpriséd of the bioactive conposite structure. [401 O her

as peensrafimah ghapny migasehbathe nailkebecoridining subsinged sloof waionthemecksl-oact i ve

conposite.structure. . [LAll Anot.h spect, of .t.he Lpventjo royi des a

oo conrt i <ot Rnepraina o b el GRBRGL GG o TSR e Tre
. CONPédAeSsubstitelis chiefMiilcd gs feeRR ATIEkRt MfenhRfiSe p&bat less nidlR] HahShe at e al so
~conprises nickel. According to one highly beneficial enbodinent of this -

- nodeungastedsybgiratet n angther vartation, Hiccivated sibsmtaimchaheigrizabasge¥p#Bg eb anot her -
enbodi e ‘ . 0 [ Q45582 P 02/ 38275 ted .supstrate
i's gﬁg%e?éirg%éka%%%?%ﬂéé t(ri:lg u?%%asig%ﬁ _F%%y Afce%é-{sdﬂ%t(%:) Ke -ﬁ?é?}“%%%gggg%us' _
envi dspesitie subdarité Som@inas ednhyAt&g dink ek 6he 6RBéEHRNM G thiisbdq g démine '

- Wi thout the nickel- containi ng coating. According to one highly beneficial

* var i GmpRses f ney ek ofBuercomseted mhgkel-Hiandun sttt Aecerding torpaelt eri zed as
rel easi. o _ : i ' el ed

sube T S X B e Bt B B B o OB 70 1 s

r el efasmrignieitel-titamah afloft y percent | ess nickel than the uncoated substrate.

- According to another node of this aspect, the substrate-conprises a stent.
According to one enbodi nent. of this node, the stent _conprises a network of
i nt df€bnnect edAH?tg‘R"e?SPF‘?tto H}%ngt}q&;@wﬁewem b HERHEA R B HEent of
thigy Rfits bAoA fth} RS, Sldtdg
coné?ﬁg?ggh froma r?i. cE%l Oﬁﬁ%ﬁ?ﬁggﬁt&/ﬂ[tﬁiﬁoﬁﬁﬁﬂr ~aspect o% Fheg ‘

i nveygentoof the nwidiemdarbientivt apenalAcsoelig foanemypde oftienaspasglthe metadh an out er

- surface and a. cqating an the stent |1 that .conprises a al . a reducing
' 2gePItT L DG MERoR ThIBRERT SR aee b o ABE g NG reoU AR of this
. aspesiprisbea EVaknt HEEPIh $€8qiolls sy@ligAt netal ion.in aqueous solution. .. -

- Accordi'ng- to. another node, the netal form an el ectrochem cal deposition- .

- process when in an aqueous sol ution. outer coating that conprises a first ~

S TR r Ao LB SLIEAACS A Spd AL SO GRPRIA PRy .

© havilngfist sadsicond mawdrials secharacterized as forming cations and anions sufficient to

mat ¢4kl , - a setenfhenrapest phihe inyentionds o mdiopbdageniavingie peichatormié £7 r st and

- form an electrochemical deposition process when in an aqueous solution. .




conprises a tri-valent'netal ion in aqueous sol ut |pn WO 0326M@%)D626 May
2006 RO h3B4RR4:382T5 1461 Anot her aspect includes a sol uél on that is useful
in coating a substrate such as a nedical device, corrprr T‘W 0213828 uti on of
~at least one coating naterial and at |east one bioactive material. -
According to one node of this aspect, the at |east one coating nateri al
conprises a nmetal ion.” According to another node of this aspect, the
“biroactive material . conprises an anti-restenosis agent. According to one
bene {4|6g| al enbadi ment of this node, the anti-restenosis agent conprises at -

1 eastbne o antinopiebpipeehinsindes Baﬁﬂmﬂﬂ@ﬁ'tlﬁnﬁ@fﬂbﬂlc@%ﬁﬁubsﬁatﬂmhngr ation
t |
Rl %‘“‘r‘ﬁ‘één??@?%gﬁ ERon AP ERARe A e ol §0Be 80001 LT on

. co rrrim@ésfeamatem],u dawerdingfoiate neodld dfftieis akpecE dsd at 0618t SRAEdAtiDg ﬁiﬁdt@:ﬁdlm
conprises a fir s an_anjion, and a second material ‘that is

h
a cdOPTRSeR2 PHda é%e%‘gr@ &“&lt.‘i‘i’ gﬁ“‘%‘?’éﬁ?@ﬁ #ighisasprcs thebropetive matssal ment of N
t hi scofies hiend-téstdnodn éﬁCR&QJr %% hﬁé Be ﬁ&a?gﬁﬂécﬁﬁxeﬂ)of %igpﬁ?&e’bene fici aI

~.electrochemcal |y depOSI ed fil e su strate one
var @tlrr@stemsm #gent C@nnm:ts atleast onh ef:f azrt&proénﬂﬂafs&m:g&dt, mﬁﬁaﬁjtaiﬁa@ﬁﬁ adapt ed

- to f nelectr . electr m.cal|y.depgsited. filmon the : '
: .subs tatioprAze ﬁ ﬁu %ﬁeﬂgﬁgﬁ?ﬁﬁ% A @Ft?&é%grﬁo‘ﬁ’é’&l cal- device

Wit hnlﬁbﬁabaf mio%agﬂdntaho@ﬂam@ardﬁgﬁi arfdfhdr %@Uﬂﬁ%&ﬁﬁh‘%m%ﬂa‘&m ases the

radlopa0|t of the medical device. In one node; the coat ayer includes

" a néﬂ‘&?"“?ﬂlﬂlmq Aed éhfsiééﬁaﬁfl‘@er@dﬂléﬂ)a@twl edmpires. ﬁéi!h‘:toaitteciewlatas an hnioanot her .

- mod bstrate, . ther: mode, fhe substrat
A T s R N S e
mat embalinged ofittienode tﬁ@ﬁfﬂﬂﬂdsdwh@mai’énalm&@éﬁe@fo fop@Sdy one of the first

< and second coating materials increases the radiopacity of the substrate. In

' secon coatl n mat er. | a S |n

- _ano?ﬁé??ﬁh?&llc%IW@?@eafqd@m ony e Sﬂhﬁﬁ&%e@ anbhlﬁhb’tﬁméﬁwal ma@lon of ks . one

|na on Wi ve material . In.

_oneehctgd:ﬂhpnbmh@fdegnatedfﬁlﬂdneﬂ;ﬁﬁ;ﬂ’gﬁk 2006 WD 03/ 045582 PCT/ US02/ 38275
“~variation of this enbodinent, the coating |layer is.a corrp05|te matrix with

the first-and, second coating materjals and. the bi oactlve material. In o
stifa furt héﬂoﬁ@éﬁﬂ?&g‘b‘# the fventienmshidse amedipal devss Wé‘ihé‘%‘bsméa’ﬂdrst and

SCERRSaTHL Sl e IRk ARG AL bl T e
mode, the coating layer includes a metal that increases the ra(hopaclty of the medlcal devmc
In another riode, the substratc 15 a metal substrate In another modc the substrate is a stcnt

' Ini another mode the coating Iayer includes a first coatmg matenal and a sccond coating

; matenal wherem at least one of the first and second coating matenals mcreaaes the -

= radlopaclty of the substrate In anothermode the coatmg Iayer mcludes a bloactlve matcnal

| .In one cmbodnnent of this mode the coating Iayer further mcludes ﬁrst and second: coatmg |

e matenals in com’bxnat]on vmth the bxoactlve matenal Inone hlghly beneﬁclal further :

,‘-]3




: subst‘_raﬁutls?S

substrate is a stent and the bioactive material is an anti-REMBIEIGS

“material. [48] Another aspect of the invention is a rﬂadi cal device with an

outer surfpegsbiad includes a non-sintered conposite netgidygsodBiisx that
i ncl udes at | east one nmetal and a bioactive materi-al. The nedi cal device
matrix is adapted to release the bioactive material within the body. [49]
Anot her vasienof tiis ¢rhisodimemnthiewoating layerdsli cahpobiteincatrinintith thnfistited sur f ace
that includes a netal .matri X. and pores contajning bioactiye. material that
are | es¥°PH oagggmatc@alsrﬁ:@rthﬁﬁ%ctmem?%ql: %}‘ﬁ'm)ﬁ @:’,a“’tl'ﬁ@y Pact i ve '
mat 1 | Abmbidenaa bask 65 GAE et BB Ricbil codtfle nAMAIICaBY mde HRAI Cal

device conprises a stent and the outer surface 1s located on the stent:

“strut s. furthemisaurrcthatmaiebe bénsfipialiy snciuded IfestistdompositromatrikO@riatigrs thons i n

di anmet er 01 Another, .aspect. of the.invent.ion is.a di.cal device with a
et 4 a0 s SRt Emale ks RoRbRebiTndo et  ace © hat
inctudes the sane netal. I'n one node of this aspect, the.netal is nickel.
I'n one @epodi ment AgdthértispediBfithe ik iLioH RSE fnddiBall devRve Witk outdrisufRédimapl 1 0Y.
In one further variation of -this enbodi nent, the coating does not contain

" titani upsludes zetsiteradogapositemaistli matsix dls incfudes ut lsaw cpaiwtilade of this
~ nmode; th Subs e~cont ai cobalt .and chrom um |In qQne variation that
oy be cudE Aol CThC B At Shari S pcRP R T Hease e BiSae B mlardl (Dot

~‘cobal t wignehysoliyum | n another node, the substrate includes an alloy of
- the netal and a second netal, and the coating does not include the second
~metal . In another node, the coating includes a bioactive agent. In one

“hi ghl y [48knef i ci dnathesaapeet af theinvertien porediey depice 3t apcoudgy sHefagesthah

anti-r i ent .. , gl : kGl Je, .. strate is
275t eng R RS Re@HRRk: o poPRSbNGlRitl kR B MG i BV RS 1
subst r ahiercanid diemataatlh ege avdeBe Bivhstiveahatetidlds an anibedphosis itgiant kEin a
. ‘variety of types of bioactive materials. tn_-one node, | 7
- adapt edUPHEBATS T BeiifaldeyioosemRTists Aikent And fio e sBiaGRIE decated s e e
- biroact isyfis KT infdthet hoABHB BhrelBiSlesd!thifh ARAL 1 00 SurdflaH fllmcfrcontai n.
ei ther or-bot S. 7
- substrate is a stent. In.another node, at |east one type of the variety of

the coating is.

of ~organic or“inorganic material ‘n_anot her node, the

bi oact i[§¥ mat er.i dAmwthe aspaet af the thvishtion 13 atthedic) devieg with 2@bMeage 2606 WO

" 03/ 045582' PCT/ US02/ 38275..[ 52] Al . t .of ,the inventi is a npdical
 dovi oo Bitdes H R A corsing o wenhetiahe R REhaSL b Sk el 1O el n
- netal gk képect, TeanemT 8 nidkel. Mwonk BEIbEERSr? o MBiAhodd) the bS@ath & Phiskel-

characterized according to at |east one.of the followng characteristics: a

" bi oact itiamium alioy. In one er variation of this embodiment, the coating does not contain

titanium. In another mode, the metal'is cobalt, In one em'quiment'of this mode, the
_ sﬁbstrate _cor_lt‘ains'coba,l't and chromiuny: In one variation that may be béﬂeﬁcially applied to |
th13 emb'odiﬁlei;t, the qoétjng_ _conféiné both cobalt and chromuun Inanother mode, the =
. - .s_ubs_tra.te inc'luidx__as an alloy of the metal and a sécoﬁd_meta;l,' and .t‘_he _6péﬁf;g d_o_éfs n,dt_ inélude -
.‘ the sécbnd metal. In another’ ﬁidde, the coatiﬁg'includ'es a biqéqﬁv’c ag?f;nt_.: In oﬁé highly B
' ben_eﬁqial embro'di]ﬂent of tlns mbde; the bioactive a’geﬁ_t"is' an ant_i-'fefsfc:"r:los'i.s,a.'gcnt; In

- anothci'.highly.b'_eﬁeﬁcial mode, the substrate is a stent.

1] - - Another aspect of the inventiQﬁ isa medical device with a suEstp_ate and
doating on the substrate that is adapted_fo contain a variety of types of bioactivg materials. In
one r:nqde,' the 'coiaﬁng is adapted to contain either or bofh 'of water soluble or water insoluble -
bioactive maten'ais. In another zﬁfode,’ the coating 1s adapted o édntaiil'ciyher or both of o
p_fganic or inqrgaﬁ_i_c materials. In anotheji' mode, the substr_éte, isa st@ﬁt. In a.nofher m_ode, ét

-~ least one type of the vm'fe_ty.bf bioactive materials is cont'ai::ied within the ‘qoa'ting'. '
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material is in the netal matrix; or (ii) a relatlvelg radi opaasy g@ggarlal
relative to the substrate is in the netal matrix; (ti1) the” mstal
matri x i s wonRemissent ered, non-el ectropl ated, non- radi oactpcneusmhsi%natrix;_
or (iv) the netal matrix is an el ectrol ess eI ectrochem cally deposited
metal matrix; or (v) a material derived froma reduci ng agent of a netal
ion forf®d by thénnﬁneaaSpﬁﬁca"rﬂmqmslstmedlcalsiavwem&mmbaﬂratmdax (53]

oxhi by PRy R EERE Rl & el iR R me BTl ol G ©

benefi cimb jd ﬂgtesemteﬂtzed acdeefihg @f at 46t bR\ Md PllowhdaheAstcEioids: RBidabilve

‘. incorporating all or any two or nore of these characteristics are further

‘consi demateriahisdp dedesiel lgzaioénetthaaftlata‘sa@e@ﬂ@paqx@eoatsnﬁgﬂwwotﬁehseﬁeﬁatﬂ al
‘aspect of. the inyen device wi.th.a substra hat is coated -
by’ meldr TepPREREY? B 0D B B PR PR R A

Anot her rdalmetwesmtal aRBG br (i8) de mived ntafix Bevideirdickdelactfuehshicallg that is

. coated by -a netal matrix having a_relatively radiopaque material relative
Cto the denesitedimeial matri; phev) ganaisniakderived from arefucingagent afjagpetakion formeds

~amedi cat7§é éﬁ& 1Wahgﬂ9eo§19lﬁﬁfdv1?hﬁhgi'ﬁetal'rﬁ&ﬁ:?at ed by a metal matrix that is

non-sin non- ect non-radi 0oacti ve. Another benefi ci al
aspect has a netal matrix coating that is —electroless el ectrochenical ly

- deposi t 53] and anftdher madipsiclevics aecondihg o bt aspect dmbhaswcdateitsubstraté udes a-
first netal. material and a second material that .is derlved from a reducing

- agent ofxhbitingapyene ofhess characteystics s sampidereft 4 ighly benedigial mdependenl ut i on,
- (54] An%ip@@crof Ghntidh, WlGehd F‘ﬂb&ﬁ&fgn’s &c@g@?ﬁhﬁ%ﬁ ey gvt‘%ttt ﬂl@r@oﬁh’%ﬁt rate.

~formed rom at east ‘two neta a coating on the strate:

“coati ngchasactonstlb@are ﬂmﬂwraemsedereﬂedde;wsdhﬂ}\ylmgeﬁmallasp@ts ohfs:onhnglbreoﬂeol lowing

characteri t he coati.n es a.firs wo netals in

ohe el Rand ki By Ry e e ol SHeeBRE 4R istohrm e of * |

. this fi fndtal ﬁ&ﬁﬂ hetv!i}@”h %h@tﬁe%térﬁﬂ ?s'?iﬁ%ﬂe hEQMERR. Smer%%ﬁefﬁ:llaﬂ%écﬂlsaa bl ood.
envi ronment; or (i) coating includes a first one of ‘the two netals

f ound |meslutisiemesnthmubdmssﬂmbts contetl bite métel mateix davingaacltivaliie two net aI s:

-[551 Such. a medi cal. v cordj hi s aspect that. oat-e
ubst r apdioPai BTETHATHYE SHES SPUrg et Rohe kel BRRS: A Ranlribretta
~ hi ghl'y hengédicdl abvibérdanandBitiate BeNeebsated by Benckd) ek Bt isdarsaasred, non-

‘conbi nations incorporating all or any two-or pore of these

“char act deqtplaed, aperadipackise. Lopiberdenaticipiranpd havhinelal Bkt pesiting e pect s of -
o ‘thei nveeigétxlo?éss eIe%o%%@a%@ieMxtggl a%ﬁ%g%er aspect 1s a metal matnx coatlno that -

includes a ﬁrst metal matenal and a second material that 18 denved ﬁ'om a reduomg agent of a.

metal ion formed by the metal im an aqueous fluid solutlon

- _ | [54] _ ' Another aspect of the firv ent:on isa medlcal device WIth a substrate for.med
from at jeast two metals and a coatmg on the substrate. The coatlng 18 further charactenzed
as having at least one of the followmg characteristics: ® the coatmg mcludes 2 ﬁrst one of
the two metals i in the substrate and exhlblts a substantlally reduced rate of release of this first
metal than would be released from the substrate alone in a blood envuonment or (ii) the '

‘ coatmg mcludes a first one of the two metals found m substrate, but does not mclude the |

second oné of the two metals

[35] . . Such a medical device according to this.aspect that has a coated substrate
exhibiting any one of these charactezistics is considered a hlghly beneficial independent
- aspect of the. mventlon whereas combmatlons mcoxporatmo all or any two or more of these

. charactenstlcs a:re further conmdered 1ndependent1y beneﬁc1al aspects of the invention. 7
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PCT/ US02/ 38275 Therefore, .a beneficial aspect of the inventiemiy2menedi cal
device with a substrate and a coating on the subst r.atte that includes a

first onewsfoxodsspetal s in the substrate, and exhi bits a pensoxsszial |y o
reduced rate of release of this first. nmetal than would be released fromthe -
substrate alone in a blood environnent. Another beneficial aspect is a

medi calhefefprs @ beneffvial aspagbef the inventien lslasned;eaidewwwahe@abm@e@daa has a

et ud®ng o iR Bl ARl g% 838 PO Pumptls i RS hRRE ABRHIBR TG i

aspect subshatiilnoretided rfic iofirdldi8e 6L1bS firef MetaDah ivaald Bdelchywd fdf thedr eval ent
materials in the substrate. In another node, the two netals conprise two

“pri nci pestraa elons in ablaodsa‘aronatqnbyAmtasr hearBeial aspedies amsdicakdexice Wit r t her .
. d t :
U597 e mll T g PO al A Dlasl Y GRchr oD ks RURTSH B, A% 09,

subst rahieh coMmehgaddeh AGGhENEs BB sedondlone bhthedwbshdtdte has ‘an outer. s ur face

that is at least in part metal, and also has a plurality of regions that

- are adapt ed to contain the bi oactlve material and to reI gase the bioactive
“materil®®lfromt hTélalsssqdeap@rdagttaQnaaay%theatwsatst@aa the gebsiatsfompFse -

: Tt | Gl 148 oL AR AN A hOSEREORS e BRI 68 RS CARRAKEI N0 O

this aspect ar acteril ze accor I ng to. east one

ool ovuwmg)micq:aameeuﬂs 1ata1 metalcﬁllotrhlmtrr@ueoupthesubstmte dintferthenmédescothéri ) t hey

~ .are suffj |entI smal | tQ tiall revent. water penetration into the
" bi oactPF@ls r?ﬁ%}blf‘%/@rth%?ﬁﬂﬁi f‘ﬁé‘gﬁrﬁta%gmﬁle outer surface is exposed to

a blood environment in a patient;.or (ii) they have a dianeter of Iess

© than qﬁ@yt 1 m ckpiinbihs ngéc@ﬂﬁtth@rmvenﬁﬁn {dd bdibhevie st acmasstssasnattat
t st

"l ess
‘medi cainddehipantive aterfahsThe subatmdhssmsmrtat sairfagsthiat isiahlgastiy pai e, endes e

.. charac erlstl S ons red a,hi y bene i al.inde ect. of

Coher LR e e SR R e v o R RE b BB O RRERCSR Y RSS! Pore
- of . theaebiaasﬁa%aehata&ﬁ RS Abdtkitd Hithe boMBbLepAftnt. i THGReRHRD ayerhenef i cial -
- aspects [58] Anot her aspect of the invention is a nedical device that :

- i ncl uckestaingsi wisin thearegiontpbed medisaldgrica recarling tathisaspectiafuriher and a

POtk R bl 1%\ e TS by HiConcPheRBRRSH GOATRRRE PuR( T uCt T
Ji's a reebatfade Vi)aBey fretsuffiefhtig emall t6 bitstandbiy pxenaltarataqahemonﬁmbhe out er
surface of the substrate. The coati ng]ﬁaccorm ng to this as&ect 1s

- char adhebiogeliveasatradlicagtained tharcipsyhen .
- the C%ﬁtv Eﬁﬁn leatgl) moér;tgﬁﬁleg‘ﬁg&eaggn’\)ajeﬁ'%gb%%{hfaﬁﬁﬁmﬁfl ﬁlﬁ?oﬁﬁil?ﬁarﬁét&e t hat '

. i's. | ess abou

ah about ten ti e sl ze of the bioactive material. = Such

¢ QUEr TR IHHBOEAAP 2019 stics: (i)

or (111) they have a diameter that is less than about ten tlmes the size of the bloactlve material.
- Sucha medlcal device that has a coated substrate exhlbltmg any one of these charactenstles
- is consrdered a. hlghly beneﬁe1a1 1ndependent aspect of the mventmn, Whereas combmatlons .
- mcorporatmg all. or any two or more of these charaetenstms are further cons1dered

- - mdependenﬂy beneﬁmal aspects

581 ' Another aspect of the mVentton 1sa med1ca1 devxce that mcludes a bioactive
composrte structure with a metal matmt and a btoactrve matenal in the metal matrix. The

broaotlvecomposﬁe structure forms at least a-portlor_t ofa stent.

[59] Another aspect of the invention is a medrcal dev1ce that mcludes a substrate '
and a coatmc on the outer surface of thie substrate. The coatmg aocordmg to ﬂ']lS aspect is
‘charaotenzed as havmcr one or more of the followmg charactenstlcs (1) the coating hasa

| thlckness over the outer surface of the substrate that is less tharl about_S_ rmcron_s and a
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coating; or -(ii) the coating includes a netal matrix and a bioactive
mat eri al WO @WES¥Rtal matrix; or (iii) the coating includBETASHEIB2TS
el-ectroplated netal matri x. The coated substrate accor di ng to this aspect

is further characterized as formng at |east a portiqgn of a stept. [60]

Such athﬁE’GP‘Em leyd o bwagidvconalery b ra9opting 9p Soihe Featingacludes 3aneld! substrate
exhi bi y i sidered a
ot y B A R0k ol DAe R Lk S5 I RGRL e, BORS |
conbi naeuﬁjjmbatedtmerabﬁfaatx rbheadolated fsulsshivitet apoording todhie asyfect isdatherhar act eri stics
. are further considere de endentl¥ beneficial aspects. [61] Another
~aspect chgracierged Ay gas A pUtABAL # 8% or ni ng a nedi cal device at | east
in part by formng a rretal matri x according to a process that includes one’
or ggf the  §abl OMEMGal delict a@éo%ﬁ%%&?ssasﬁec%%a't psdeBdAe] sufiepgasi tion of a
metal and a second material derived roma teducing agent with respect to
met al eﬂmlstmg)amsemhemf thdrehamastaistiodjast detscrﬁmdaqmubreddt mgh]UrbenGﬁcléll i) formng

_'_,the lPa rratrlxwh Ede ositi ablo .ve .agent |. ]51 ﬁ"’ matrlx or
(i) POFRPATUARSChRTRF ThaP i Vg S 8‘8}8 oqﬁnczarggfgﬁ{l 2 8 RO using an
appl i eglor £l fakdsk chAhotENEtcs Ate MAferVohiiaked Hdsh&iden@y béeficial hsgebfsi ng t he '

metal matrix as a coating on a substrate w thout” using an applied

electrical current and at a tenperature that .is |ess than_about 120

o degr edl61Fahr enhefnothaitrspent ofithe imcption ismmethod Rrsorsmeamedieal device At | udes

“.described is considered a

on amerion: G opne et ity sEfRa e bAE Rl MaTBR oIS, 100

- a  met@llowsigt [iX ek&aéteeemdwobﬁezﬁem depesidn bhemeDAPL tRbNS hiatBial datved
beneficial independent aspect of -the

i nventfrem a rodusingagepowish ﬁ%Pngﬁ%meﬁélﬂﬁﬁ(f@l@tq the mel Waey in EHBAYOOr € of
th t I | .
e, GLEEAE i P R ARy il

- manuf aghiit SO mﬁdingahe ﬁlﬁeﬂilll fnatrBi ad ;B@Biting bn panbstiaye Withovit mgmg ameppliedmat ri x
“Wwith a process that includes one or nore_of the follow ng &g)‘ form ng the
et al Heatreal cwzend 2B WithaY rfoHng ok 6} Frming A Sptal e%f}tﬁtj 234 0%&5
. electr an( MRiahhal 1ds9 Iae met al
omatri xguggthatg%gl ﬁlﬂg]sm%ccoabjghe&iatggﬁkﬂlcgﬁggt aglg? 9?&4?!%! &r i ncl tti]%;zless fgrm ng the
et al abetr 120 mrms Fhlgasheitn "ﬂmrmethnd axfcotdmg tcsﬂhsrﬂspedﬁﬁlmthwnnqhuim@mfmg hi s
- et hod. |ncI erformng the p ess thaut sintering, or in a
. t enperiBf R BWE %ﬂé‘?ﬂ“gﬁ%m}@ ﬂlf? d(”ﬁﬂ “YWhBut - 120 degrees Fahrenheit.
" x[ 641 Anot her "aspect of the invention is a solution for use in fornmng at
-l 'east pgzportion S?fch%rﬂ&ﬂb&&écoﬂ:ﬁﬂgfbethlsngﬁeo?ﬂ'laUIﬂcﬁIHeQQ‘iaﬁddésmrf(ﬁ'nilﬁg5 aspect

|ncIu es a bioactive -
L metal matrl:x that exhibits any one of the. charactenstlcs just descnbed 18 cons1dered ahig c,hly

beneficial mdependent aspect of the mventlon whereas eombmatlons 1nco:porat1n0 all orany

| 'two or more of these charactenstlcs are ﬁn'ther conSJdered mdependently beneﬁcla] aspeets | -

- [63] o Another aspect of the inventibn isa methbd for manufaeturinc a medical stent

- at least in part by formmg a metal matrix with a process that mc]udes one or more of the o
following: (i) formmg the metal matrix as a eoatmg ona substrate W1thout using an apphed
electncal current, or (11) deposrtmg a b1oact1ve material in the metal matrix. The method ;
aecordmo to this aspeet further includes formmg the metal matm\ as at least a portmn of the
stent. Further modes of this method meclude performmg the process w1thout Smtenng, orma !

temperature env;ronment that is less than about 120 degrees Fahrenhelt

B ) Another aspect « of the. mventxon isa solution for use 111 fom:ung at least a

- 'portmn of a medmal dev1ce The solution accordmg to th1s aspect mcludes a bloactwe

17
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another material within a fluid that is adapted to fofman el ectrochem cal
-deposi ti omw@bs/essss2bi oacti ve material- and the ot her nateri acromoe/sse7s
substrate contacted by the solution. [65] Various -further nodes of the
invention that are beneficial further alternative enbodinents of the .
aspect sngderinl indednbibav witl hadier nmateried wWithie & ifloiddhateix ada;itai fodom: g net al

matri x structures in nedical devices that includ st one of n| ckel ,
- cobal t eestroelwpssaldsms#lwfsheswweea tnsendésetﬁsasat %p’ﬁ@s or
~boron. L5 50k v BRY ol beneficial enbodinents, nickel is prow ded in
conbi hat'1 on V\AYh phosp orous in anmtal matrix (e.g. as an outer surface

~of. a nedical device such as a stent), or cobalt and chrom um may be
‘provi dgaBli n a met\drionafurther wiotits qi}tbememtmmth@trarbbcmﬁclaﬂ 8ther alrhativevar i ous

" nodes t ted with.the b furth '
enned FEROATRE of e Eels R Rd B vnctich of PR ER RS BrrihRE ¢ | o
With  alder seemass id QBdiPRidBedss BRGhdS SSHhs bREoBRIERM! dUbER, ortiedniagh fOT

.exanple sintering and/or ~electroplating netals in conbi nati on with
el ect robmbmaeblemth@t taam@alofulmpsmouenr ofrope Immorapartididadhenglitialexanpl e,

- nultlpl er .l ces ne these arl 4 processes’

with a® % r glgﬁalod’rél‘f?gfltlﬁ?%tnng% ﬁ‘?@ ?’?‘Pﬂ llftzésnet i i?gfurther

- exanpl eﬁoutepatrmerosa el ANES8ce F¥EBOYSleht), SifcoBhifaid eRaiine niltherial s and
related processes may be conbined with fhe various- aspects above as

.- fur t heprosndeddh pamctsl maixweth phosphesousaatbopyi de further independent benefit

‘according to the invention. [67] Highly beneficial further nodes appli cabl e

Lo g e BRI B S B R RSB o Bl ARGE

I mpl an | e stent. udes the.

subst r @trehek Bmbbdinfedtsinelhdsédmbisationadf ebdcaroless déﬁtﬁdﬁhéﬁﬁcﬂﬁdepbsmonamﬂnr k that
...fornms an,. expandabl e tubul ar bod_y adapted.-to_ hold a | upen open the
ex pandeﬂleeémsstoaﬁnethWrsn@t@s respltng StrReHEeS ngeh apiTar amale SRS

- subst rsfs gef%dxggdllat ctasm\sg maess%ssasssochsgagps%esﬁ ogataacul arly

* "benefl Ci a on accor to such stent node though
- medi cainadmescEer amtpla&mxﬂnﬁeﬂ:syemraf miétslonstsiees inay te faxivied biytthéss vatiowter st ood

" t hat - embodi ments of the i. 0 e not. limted-t or fo t hat ,
© matt erPquSSseWEtf‘é‘er f R0 g&tgg‘?&lﬁ%ﬁm@t’ﬁﬁ‘ﬁw @Hﬁ%o‘%ﬁﬁh&gﬁﬁeﬁ Pivention
‘coul d ﬂanﬁ&y HesdsZOn gel ncl udes

- artifi QSIX#% Esféjg‘l?t S, gélg?é?gﬁs%%%ateﬁ?%ﬁg@oﬁidclﬁ ((:)mgchaﬁﬁ?cal :
- syste medmbizied vtmartbe)aamus lagpdotsbdverat Rrthat @nmdirnsyts taefilmarl@m@s that FIEWldG

' further mdependent beneﬁt accordmg to the 1nve11tlon

o [67] _. K nghly beneﬁmal further modes apphcable to the vanous aspects above |
B prov1de a medtcal devme in the form ofan anlantable stent In exemplary embodlments, the -
" stent includes the substrate in the form of struts that are mterconnected 1n a network that . |
-‘ forms an e},pandable tubular body adapted to hold a lumen open in the expanded COndlthIl '
' Vanous of the coatmgs metal matnces and substrates embod:ed by the Vanous independent -

- aspects have parttcula:rly beneﬁclal apphcatlon according to. such stent modes

‘{68} _ Although medica1 devices such' as stents dre discussed in detai] itis '
understood that embodtments of the invention are not limited to stents or- for that matter to
macroscoplc devmes F or example embodiments of the mvent:on could be used in any
device or matenal regardless of size and includes artlﬁcxal hearts plates screws, ‘MZEMS”

o (rmcroelectromechamcal systems) and nanopartlele based matenals and systems etc Other -
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26 May 2006 WO 03/045582 PCTI US02/ 38275 exanpl es of 'rredi cal 2depicE®eand
materi al s according to enbodi nents of the invention are described bel ow

[ 69] Theswoan@ssssher aspects, nodes, enbodi nents, vari atipreysersd2fseat ures .
of the invention are described in further detail with reference to the
Figures and the Detailed Description. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 70] Fx@mplessifaalical dstiemand materizlssteatlingrio embadimentstof hesingendioa a¢ oact i ve
conposite, structure on the substrate. [71] FIG 2 shows a schematic

i 11 ustgeaenikagd hslovy portion of a bioactive conposite structure containing a
bioactive material. [72] FIG 3 shows a device including a bioactive

corrpozll(ﬁbf StrucCtffe bilg Qﬁamsébt@ n§dal%§ tehtoBinfnes, FaliARAO AN fatidks 6T Ge.

show a stent bel ng pl aced into a coronary arter [74] FIG 5

enbodllgent of the invention. [75] FIG 6 shows.a graph show ng drug el ution
prof i I'¢&CHBYRi at ed with Johnson and Johnson Bx velocity stents (stainless
steel) with bioactive conposite structures according to enbodi nents of the-

.invention. [76]. FlGRRIEEMBSCRPTIONIOB THE DRAWBRYGS®! ution profiles
~associated with stents made with nickel-titanium alloy and bioactive
- conposite structures according to_.enbodi nents of the i'nvention. DETAI LED

DESCRI[P0) ON' [77]FIG 1 phoThR BGhepgtie vlsqstree%o ftaeyupgirait apd aaklsaog@dwsspe % are

descri gf,\fd as f ate. [79]. .. The terns "anti-restenosis" as herein used in
E“Be%% s agents or other materials generally refer to those

"bi oactive materl aI s" . (as defined i mediately below) 19 26 May 2006 WO

03/ 04538p PCTI USO%. 3&2(7W5a schematic illustration of a portlon of 2 bioactive comp051te

structuré contammg a bloactlve material.

~[721 - FIG 3 showsa devree mcludlng a broactlve oomp051te structure inbetween a

: substrate and a topcoat.
Cmr ' FIGS. 4(a)—4(c) show a stent bemg placed into a coronary artery

[74} FIG 5 shows a ﬂowehart 1l]ustrat1ng an exemplary method accordmg to an

ernbodnnent of the invention.

[75] -~ FIG. 6 shows a graph showmg drug e}utlon proﬁles assoclated with J ohnson
.a.nd Johnson Bx velocity’ stents (stamless steel) with bloactlve composrte structures accordln'::r

to embodlments of the 1nvent10n =

: E [76] | FIG 7 shows a graph showing drug elutlon proﬁles assoorated wrth stents
- made with nlckel-tltamum alloy and broaotlve oomp031te structures accordmg to

. B embodlments of the 1nvent10n

: DETAILED DESCRIPTION--_
- I oéﬁniﬁ_ons B
[78]. o _Some isms that are used herein are deScribed as .fol_lows.- 7 "
.{79] - The terms ant1~resten051s as herein used i in relatlon to compounds agents or

. other matenals generally refer to those “bloactlve matenals (as deﬁned 1mmed1 ately below)
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i

that at least in part contribute to prevention or inhi bItIOIIﬁQfIa)aZOOG
restenosi s response to vascular injury related to an)endol unenal

i ntervent iwo.03sueke as angi opl asty, atherectony, stenting opcr@biisars
recanal i zati on or endol unenal inplant procedure. Exanples of

~anti-restenosis agents include anti-mtotic agents, antl-prollferatlve

agent s, thaidtileasi mmﬁmo;ttrfbgmﬁbqnex&nten omninhidinoa efrayrestagBin @spoisd to-daaewiabi n
agents i nhi bi ors) anti-pl atel, et aggregation agents (e.g.

e‘gle th orrbl
pl at el i FrdaP %}b@ﬂsa%%q HGEHIROROTISH as AREIORIATY AR eciomycHeniing or
endot helhgl b zabli 2R 9@9& %Tgfs*}gﬁr?m %}ﬂﬁﬂﬂ &%f'aﬂ&re&&?}é ﬁ%&%’ or

ot herwi se intervening in t rest enosI's process terns
" bi oactmvledermtemmh(: sjénts, ehmprokfemtme) agent) dnti-agentory agents mytiatfienmateay er i al

_t hat exhlblts.b caII el evant activity on or within a biolo |caI
or gani s %mm%n Ao (e <fogpoin sﬁlfhlwéyarthrsl@telﬁt argraeation agguts

~ patient, such. as dysflncti ona

prophy! Iﬁa&bst asfeszshegsega&nqim tHE? %@'mogr Ps'she% drfdbfteBiiZafiof gpdhge{te&f a

conditions assocl wth the

“body' s (B'torthemtlgmeﬁnmthatmg,qﬂemmng,mr ottematist iimtaiyening th thertgolbgimal restemdsier wi se
"related to a nedical procedure, e.g. a medical intervention: [81] Exanples

of bi odEP$% materials include drugs for contraceptioon and hornmone
repl acenent therapy, and for the treatment of diseases such as

~ Osteopqg@pi s, camertem@u@eevemaﬁﬂait (}ﬂ%@ﬂare éjéo?ﬁlﬁﬁﬁdadgénp%kﬂny&%f her
exanpl es of. bi oactive materi als inclu

wi thout ~ Iimtation:

'-f: anti-i ﬁmtelmiréh%ﬁ&hlbgehm@gl@ﬂimrdﬁm@m\v@ cagarwrshl(lebg)logxam&qrgmn,cs and
_ant | t | d | 1 t t
 agent s R BB RRE i aRR S B Sri i bt el Mol ©

" ant i neQphdifibh Efate@ B 4 BEIVCETa [RARAL, SuchaRtdyPEMEhal §Sabndfgal cﬁﬂﬂiﬁbﬁs used for

.cardlovascular di seases, such as anti-restenosi s conpounds and

ant i codgiackiad | wiglythe oAy, SUFQW%@F ﬁé;@&ﬁfm, ox caditirisaenliing frewfariotheswiseoact i ve

- .materi. ?éﬁea&ﬂ&h}éﬁfm&%f a%é)c% 8%%&'%0% gr owt h factor pr oduci ng

- virus, growt

recept ors, ‘antinetabolites, "

“integrin blockers, or conplete or partlal functional . i n-sense or antl-sense'
- genes. [$132] The ﬂixlajnolesrm@bmaenmmaﬂeealsmmel ceﬁgs)for dintfazeption mdpmnohe

. corrpou t hat be bjoactive mat I‘,I al s: or gani c, aqrganic,
 or ganofeaseTicnt (P ind: oy Bedreaitn et o fiuseées sult GRBEITES oo pesHISBYe
“wat er ?Qhé&@oﬁ’s%se\é@é &1d rpaﬂ?c’FMJB{e?ex S‘%ﬁo&l{u Bk &I mclddR] YRERK! des;

pol ysaccharides ( ar | AONO- Of dlsaccharldes

wher easmuta;aomfantlheﬂammgmy agerits laetlsnﬁmeyagmns lie. ge anmebtlcmmﬂnineemales

epari-n)

corrpoun t-her aratio r _mat r exanpl es i ncl ude:
© living %@Esé’rffnﬁ Slgﬁé‘rh&) %‘?ﬁ)ﬁqsﬁcr? a °§@é’ﬁ§§%€‘ﬁf‘u% ng}ﬂf*eﬁ?a Vi rus,
o _pI asm dﬁtadegfea%ts, QhiEb AR Ak, dﬂﬁhé‘dﬁl@slhcs,%h@in@@ﬂ agents antlpsychotxcs, and

agents used for cardlovascular d:seases, such as antl-restenosm compounds and anhcoaoulaut .
. compounds Further examples of molecules usefhl as. bloactwe matenals mclude hormones .
N growth factors g:rowth factor producmg virus, growth. factor lnhlbltOIS growth factor
. receptors, anhmetabohtes, mtegrm bloekers or complete or parnal ﬁmctlonal in-sense or

. antl—sense genes

821  The foIlowing are further examples of different typés of compounds that may
be bioactive matenals inorganic, orgamc or organometalhc hydroph]hc or 11poph1hc
hydl'OphObIC or hpophoblo water soluble or water 1nsoluble, peptldes or protems
polypeptides; polysaccharides (e.g. _hepann), ohgosacchandes, mono- or msacchandes;
Wherees any of the foi‘egoing labels apply with respect to moIecules, 'coin‘pounds or other

7- '.preparanons or matenals. Other examples include: 11v1ng material; sech as 11v1ng or.

'scenescant cells bactermm virus, plasmlds, enes, other genetlc matenal or other
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i 26 May 2006 WO 03/ 045582 PCT/ US02/ 38275 conponents ,or par g Nrereeef ; and
man- made particles or other materials, for exanple calrryl ng a biologically
rel evant owOaStHs82 mat eri al . [ 83] Bioactive materials nmay pdEOsisstsde
precursor materials that exhibit the relevant- biological activity after
- being netabolized, broken-down (e.g. cleaving nolecular conponents)
ot her wi @mmtlmts gxpattsdheresid and ineetmade pariclos or by makhielseformyarpic Icartmngu c h
precur s¢ pﬁtc%hl al S tp ght Qté_nervm se be considered relatively

bi ol ogi &4 §1 Ft'] f{“ﬂg Hele%hot effective for a particular result. .
related to the nedical condition to be treated prior to such nodification.

. [84] Cqssj. nat i ONBioties dsatertls Bh Ko RchRRpAEBIRE nferRYhef exhitg: ther egoi ng
“exanpl es be made and stil| be consideéered bioactive nmaterirals within

the i ntrelﬁusu tséaswal@ctmsp@tezbeas mebobized bfﬂkelltﬁla@mt(ﬂénd@iﬂﬂéﬁmlﬁcﬂbwar d

. bioacti |5 . (85]
The term \Sﬁlp érﬁ@t ocﬁléénga%:f%fl géf%%?l ?é‘r‘{%ﬁ@f%}r@&t}c}é& E&p{]olgr%g% r ep05| tl ?lgn
(el ect Ip@epiu&lolr Rglerabdthe ieivht othesdscden@tideed rélageslybiolatdcalgSsst ot | ons
bel ow) 86] . The term "nedical device" refers to a device or ‘structure

“‘that i sﬂt%wsssﬁf tepcive B aypagousr Festaglatsdite die medierl senditioptahs teer a human
body, ?Htor%su%ﬂnl i@dapred for use.in" performng a t her apeutic, , _
prophyfactic |agnost|c function inside, on, .or otherwise in rel ation
~‘to the body of a living being, such as in partlcul ar human bei ngs. Medi cal

. .devi ce$84]i ncl ude Gomblmtmnmlhéenﬂs,rqr odtdrpmpmmohspmmmfommwgemmﬁ@npor ary
“‘|nplan Fur t Lustra exa | es of e evj ces ipnclude but are
" not | Avhe ’PG’P FHQPSPE“S@W‘@@WW & materialy Wstﬁﬂb‘iﬁ%@é%ﬂénWer devices -
(e g hab tasssme?sesasslven%sausatd 16521 BRRANRIHAE sl Iﬂa ;ttssderat iRangranpl e

" patches; "vascular conduits, e:g: grafts, stent- gr st ul a stents;
_gr.aftsthqiﬁommg esxemples; spi nal cages; dental inpl ant s dent-al Fill ings;
braces;. artificial joint S; enbol i ¢ devi ces; ventri cul ar. assi st devi ces;

cCartifi hear t hear‘t I ves oli.c £ l nous st apl es;
- clips; f@tures gPSE‘?Wet % ‘éﬁrggﬁ?fbtt% Bﬁtﬁtbﬁjg'hgl?ﬁmﬂ% %\’tl ng N
© el ect rteiectmseaﬂng)eald dl@cﬁﬁ)mkﬁépﬁ)suﬁﬁq%h&hodl Q@s@ﬁptl&%fﬂemw(} | ators;

- neurostinulators; neurostinulator 1eads; intrauterine devices ("I upD s™);

T syrl nges; - shunts: cannul as; "and |rrpl antabl e or external - sensors. Medical o

" devi cesgéclr e not [Therered msflical devieg defercioudisviriesr seenmrihetds fsgigh &g, and

DALy SLETS s DRSS s epl gL o e

' : perfonmng a therapeutic, prophylactm or diagnestic function 1ns;de on, or otherw15e in :

' relatlon fo _the body of a l_mng being, such as in parttcular human bemgs Medlcal dev:ces
include for example many 'di'ffere'nt types of pennanent or' temporary unplants Further
‘ 1llustrat1ve examples of medlcal dev:ces include but are not limited to: catheters outdewu'es
© . coils; expandable membei” devrces (e g. balloons or cages) drug dehvery apparatuses
" mcludmo for example patches vascular conduits, e.g. grafts stent-graﬁs ﬁstulas stents;
. graﬂs plates; screws; spinal cages; dental 1mplants dental ﬁlhngs braces artlﬁc1al joints;

. embohc devices; ventncular assist dev1ces, artlﬁclal hearts; heart valves, embohc ﬁlters (e.g.
venous); stap]es, chps sutures; prosthetlc meshes ; mapping ablatmn or stlmulatmg electrode
devrces pacemakers pacemaker leads; deﬁbnllators neurosttmulators neurost:tmulator
leads mtrauterme devices ( IUD’s”), syringes; shunts cannulas; and nnplantable or external
sensors. Medical devices are not hnuted by size and mclude nucromechamcal systems, and
nanomechamcal systems Wthh perform a function in or on the surface of the human body

Embodlments of the mventlon include such medlcal devmes

e [ :
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26 May 2006 WO 03/0-45582 PCT/US02/38275 [87] The term "i nplagniay 26@f ers to
a category of nedical devicées, which are inplanted i_li a patient for sone.

period of WwowmwsdRey can be diagnostic or therapeutic in ﬁ@f@g@msgygj long
or short term permanent or tenporary. [88] The term "sel f-assenbly"” refers -

to a nanofabrication process to forma material or coating, which proceeds
‘spont anBllsly f roﬁﬁhat@s:et“lmplamsdrﬁmsém&sategorg@ﬁﬁmdrcasﬁvﬁees,sxsﬁﬁbm process
i ncl udeg,, nonol ayer on_ a substrate.

~ One- exanpé’lgﬁeﬁa%Pgt%%‘fggésé?%lpgggqrg amﬁi‘@"ﬁ‘flhel%mt&@éhﬁépwcé%ul es to a

subst r ahsureFastlongRk SikdH R @bkt 8r felipBlargr oup (S-H noiety). The thi ol
group of each nolecule coup1 es to the gol dargurface whil e the other end of

t he ol ‘esgil e extends away fromthe gold surface. The process of
el ectrol®ss deposilh¢ tsn “welf-essembht’ |Iﬁfu§§0§pmncﬁhncwmhyprmeslstofonna

o b der ed
el 1 - aondici Loultng Tk BB sRnprPOTERPE. 1 fol PRSI HtR b CaPmey | cos
t hat - arselfacaqhislg proceesgoBded e se¥bisem®ly 6F ﬁQﬁg‘ad]é‘ﬁﬁﬁoﬁﬂfeﬂ oM Lhbbirkbal tract

in order to affecé the patency thereof,” and maybe either permanent or
"t enpor arye FXapIRk pEthis IEP@%?&“B@ bmél-ﬂwfé}lﬂbgt @gﬁmtsmatﬂcelesma\mémtmer Fdcial | y

‘collap |ver ou del.ivery - ‘
. cathet ngglegﬁng%ﬁtﬁﬁg a(tﬁloggrglfrgﬁl ?/f] ]g%g(;p dtel‘g %ﬂogrf’?%ﬁf L Oq?%‘?er%fﬂﬂp SI1%9” engage
*the | urtheagbldwatfige whiks ihewsher yRE6f HF modRR Ekadide a%?%ﬁr n@%b}&%:ﬁcé upyl ar - or
parti al gécet%gﬁ%ar wal |, structure having a network of - intérconnected struts

- separ at® pefeolesydieperitian: whiclyconiiaes speianeonginand euibesatadytchllp srony
laser Gulet bm%&%%gﬁgtﬂgélﬂggmﬁ g?x 59?355%1{ a}mméess ecur i ng adj acent shaped

ri ngs. Most abl'e"stents are “the struts).
" Exanpl es of different types of such expandable stents |ncI ude: bal |l oon

~ expandd®fle (e.g. Thettamnl‘dess stied o mdlcxbhatlbeﬂhamehdap@dmo ch whisgh are
Ltani um such as NitinolT Stents may-

. | f
s e L
2oL oo Sbepws e SRS i MISRANESOULLALATA, Do veer

" col | apsed . and expande ti.ons and 1.np and may
- be f or felensed eonditigivisig. dorsndolomensl dmhvetry(b]nﬂoegh a delh\ealry aithetSUMeﬁysamigf ts to

f t bd | t 90 |
 stent rEBARRIAdA Guiionit g iR e e aperd i ana?x%tsyén”s) Ie[th]ose a
cur r entkpandsise sientsiaslu@efdular 6PpRAANYbABFwaR @&96&*%%\;3&; the -

‘alimentary, hepatobiliary, .and urol ogic systens, t parenchyna
(e.g., ‘rB"dP?IBleﬁE?étsgﬁiséeEﬁ@mﬂ by, VO?aiﬁdWhl@h strggiingendyeharut frfousa cﬂne,cmgh a3 by

- Conve ”fals%ttu&tdpr’bth%to%tc%lﬁg Bt 1%?1&! k)g fcgm%gtby secdn%agnad?a%g Shap edO Tings. Most -
~ common expandable stents are metalhc (e.g. the struts) Examples of dlfferent types of such |
, expandable stents include: baHoon expandable (e stalnless steel or coba]t -chrome); and |
those Wthh are self expandmg (e 8- mckel tltamum alon such as Nztlnol'm) Stents may |
' g also be non—metalhc such as polymenc Stents may also be constructed asa hehcal or
_ otherw1se folded rrbbon structures recon;ﬁgurable between coIlapsed and expanded condltrons
7_- | for dehvery and 1mplantat10n and may be formed in a ccmp051te su'ucture with other

materials such as grafis to fonn stent—graﬁs (e.g. for treatlng abdommal aortlc aneurysms)

[90] - 'Stents may be used to mamtain lumenal patency, such as 'for cxarnple those

. currently used in peripheral, coronary, and cerebrovascular vessels, the ahmentary,

| hepatobﬂlary, and urologrc systems, the Hiver parenchyma (e g, porto-systennc shunts), and
the spine (e g., fusion cages). Conventronal stents are typically greater than about 2 to 3
Imll}meters though smaller stents are contemplated such as in partlcu]ar for certain

o partlcular mdrcaﬁons For exarnple stents rnay be used m the 1nterst1t1um to create condmts

’s
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~ - whi ch el ectfochem ca

mllimeters, though snmaller stents are contenpl ated, ,such as, 181 92@‘2‘%0“' ar
for certain particular indications. :For :exanple, stents maf & I n
the intersVPtP@3b ¢ | 26 May 2006 WO 03/ 045582 PCT/ USOZ¥(IBRE/3BZI5Ween
the ventricles of the heart and coronary arteries, or between coronary

"arteries and _coronary veins. In the eye, stents may be used for the Canal
of Schi Ve fﬁlﬁé’ﬁ'ﬂm&r"f‘éﬂ% cart apdGPEenaEY aerinsyonhetvesadoronagy aftarics endccl ude a

| unen, for : I ' es . for fall opian tubal
g oGRS eie! LAHARR, Sich 1AE TN HEMOLLER or SUER 1) Rt ligBBac ort o
t ypi cal $tynts atsbwzy tehseditdirtierdn ooflnddé DR@idny Suchk € hmSLEad 0ddiudé Rillbpiah0
* cause algbogclgaﬁove t%fnbosi%. Occl usi ve stents may be expanded within the
Tunen tBPHObELCRERQibabpEaHap. treder vgtieisde twraorsy o anenrysas: | susfepcclibsdn out si de
the vesgals ¥aldally ithlde HiEaddRidh of BiSeh{ QB \hoh I:':t?fi?lrﬂ% id Ol B S&ERPvd M
, ( | deposition processes are perfornmne ha SACH i ci al
subst r dheembagise Occhisive efsotsithayore qupamded syitiii theduinst tebecodciuded, cdraakyenay ,

~leaving_ a freestandjng structure. . [92] I1. thods of Manufacture [93]

- Enbodi Wtr%‘:t?ffarf’ﬁ%&hﬁg‘@ﬂ?‘?ﬁ'ﬂmi%ﬁ‘%‘ge;fﬁs%‘&ﬁfof manuf act uring bioactive
-conpoOsite materials. Inone enbodi ment, the nethod includes providing an

~ electrqofieni cal  TRitehi QectORRMisIB1cfEO prbQRS i R In{&y material .
~‘The el ce[c;t]r ochemi cal solution may ~ be ean e|p§c%§@§°§3%8§?‘?‘%ﬁ 1at h that is

f or med dgpesipEOedssesaire psriormed oh ueatrifical dubstrae ukfterghe demmsition process,

.. electrode ition hath which.is forned.with a cathode (the substrate for

- deposi gﬁ?eos%%?traatﬁ?saeﬁ%gg,angnle%yﬁn%? BEr YRR DGR on containing the metallic
ions to be reduced. - ‘Conpl exing agents, "stabilizers, -and buffers may al so-
~be pregeat ih MbdobastManBihdigre the el ectrochem cal solution i's formed, a
'substrate contacts the el ectrochem cal solution. For exanple, the -

- subst rﬁﬁ may be_inmmersed.in a bath conprising the el ectrochem cal '

Csoluti 611 [94] PEMdrdinerivehtheinvierfiamaciaiemethodn ehimenniagiuring bioastivene -

. substrate.can be.ni I . - raochem cal - pr.ocess, |n.one . S

Copr epar'a_t_llﬁ_ n_ st ep?rﬁ)egﬁP%nogl ic{:lfbg?%%%g’s:[ﬁ% ]gl%%lé)?? lgcﬁ%g.%rcf‘}riélggﬁ{xgleﬁ?%%’ggg?alt he
- subst r stleti¢rscanpiengedtal ivnaahny sboattiverthacddi dhbaldtrodhishiieNtolufoRpasged
~.through .the salutjon, .creating. small_pits in the substrate. Such pits .~

~ pronot te gt ‘i&P%%t}OIhba i %Stfglgﬁlwgl%fﬁ?fahwkmsofbéﬁn&l apd @ redueinge |
 deposi kosl, o aldRBUBRLHBh Bat RSP 1ol LI 1 CoEBAS A Alberrhigyeal i on centers
- | eadi nge to the fornmation of the bioactive.conposite structure. Loosely .

‘adher edepsisipphEn enodse mdaselectrolytk solutien centeming the metalieions tof secredadedt he

__'substr ing, for .example,,a.rinsing process,.[95] After gontacting the
el ect.rgéﬁgirég%ng% BEBTYA%S %er;ga) it B’Zf&ri; ey & ﬂr?s_@ntslf‘%g%%’ﬁ e-A%er ﬁ’e - .
' electrochemical solution is formed, a substrate contacts the electrochernical solution. For 3

example, the substrate may be immersed in a bath comprising the '_eleC&o_éﬁéhlical_ solution.

B 941 Prior to contacting fhcﬁlécﬁoche:iﬁiicél" éol&gion, the substrate can be pfeparéd
N for the e}écﬁoclléplical pr(')cess._.' In one preparation step, an anodic ijroqesé.._is p’ef,fonned. In - e -
ﬂ]JS process, the substrate is sﬁbrﬁ_éﬁged in é hydrochlbri@ aqid ,Ea_th. -,',Cu;'i‘gnt 13 pas-'s'ed‘ |
- throngh the solution, c'rééfingsmall pifs in the substrate, Stich pit"s,-pﬁj‘)'rh;‘)te;adhésion.- Also,a
B scnSiti_zihg agent and/or catalyst can be ciqposited on the substrate to aési'st m the creation of
nucleation centers leading to the for_métion of the bioactive éomposfté structure. Loosely |
adheréd nucleation centers can also be removed ﬁ'o_m the surface of rthe Substraté'i‘xsing, for

example, a rinsing process.
[9s) - After contacting ﬂleie‘léc':trpchemical solution, 2 biodctive composite structure*
1s formed on the substrate using an electrochemical process. The electrochemical process

. may be an electrolytic or an electroless process (e, electro- or-eléctrgilesé deposition.) After
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. mat eri

Is formed on the substrate using an el ectrochem cal process

el ect rochem cal process _Maybe an electrolytic or an_ él ect roPes@ process
(i.e. el eovpo3nBrs2el ectrol ess dep03|t|on ) After 26 My 20%/\0@2@3151345582
PCT/ US02/ 38275 form ng.the bioactive conposite structure, the bioactive
conposi te structure/substrate conbination is removed fromthe bath

cont ai nfoﬁ'@ﬂtgﬁb bﬂOé@Ne@Qm@Fm?vasbh‘@tthtt)hloat{t@@]commste stewteisgbsithte bi oact i ve

conposi at I 0 from t-he conbi nati on

may be % lﬁ%&%%pg%%@gg? {bﬁeb% 31%5 é?fﬁrf’ ‘%2585:‘& ©lembodi ments, a

topcoat may be formed on the bi oactlve conposite structure.. Additional -

det ai | s[9apout t heAfiapemetingnbk bibhalvesubpositatucRiQeaHRhRE MRS oA TOm

-describ g fgl ow. [97] .A device including a bioactive conmposite structure.
bg

accor di @ﬁcm@atl%ﬁtamﬁ fignther prageshed srdesiseds Hourexamp ngsonne and 2. The:
“Fi gur es.eqi I tructure 101
I ncl udlseng hﬁé aqﬁ%doﬁ?mjagge férgj%td ‘6?1 ?B%%%V%%%& lgt ?Q[g‘]f)%‘i %d? H‘PHC‘[ he net al
mat rix db@aﬂsthmtbhm@pwawn@oﬂmsibtsammmmmgs&j;sa&dwcraa@tﬂwiw ate 12. The
proportion of bioactive material to the proportion of nmetal in a bioactive

- conposi structur I.s hi reI atlve to the proportions. of bi oactlve
b1 St dhiletiee Ftiing abieeibe compRsle WoemEe repeTdB

- struct %ﬂﬁdlrﬁﬁﬁbﬁih@'lﬁ%nﬁoﬂ?sﬁo%QHmS' Kand 2.9%he Fi Fggfgg fE‘?Qtd?w %?tods f or

~invention have a nunber of other advantages over nven I'ona

. form ngnct:lu‘ilagabmcttvrrmmpasﬁe sttrmutm‘etlmasnclﬁimga metdi emmatiik A@cind e bivdotiveal s are

- enbodi nents of the invention can

incorpor nt.o.a I lic r| Si n an el 'egtrochenical, process, the-
el ect r&%@?ﬁq& ﬁl?'rb flgaaiiyde ﬁ"e"%ﬂf&@?ﬁ%"tﬁﬁ@r igpnaynl ke high

- tenper atibkiRte B %ﬁﬁ@ﬁoﬁt@ﬁ of Qfoﬂétﬂ& Iﬁ'ﬁ&ﬁztl |t6 n’g%& drﬁSﬁ of frefll in §bﬁ5ﬁﬂeﬂg)

tenperatures that do not
har m bicompesitestmeivey is igh ieltiye fo time@tr@omsc)ns CSbmnﬂve matermbﬂmtmnglmﬂe ment s of

e TR R AR bl Fuiote AR Golhnd o iR oo e

associated wth inpregnating a preforned metal lic matrix with a sol ution.

. -conpr i §98]9 a car Enﬁrodm@tslof tmbmhh&ﬁhmtaaiu:ﬁier@f@ttﬁ?a@ia%tdgﬁsBﬂir present in-
. enbodi nents_of :the invention. Consequently, the bioactive conposite - B
st ruct Gerentienab reihngs for lompmgbiastize epmporateishvethreso Firsh heabioactivgher

~ propor tﬂassslsogmmcgﬁsﬂtx&ﬂtshstr%sgé il ﬂussggasesttn%c e;g?éatg oces%et(::hgormos' te

-structures In sone e orne rve’ nposite -

“struct a]teetrmcﬁleméproﬁe@ldmshot\/cﬁmalgat}&rbwictﬂvl néuteriil YUnQRahigﬂémpélﬁﬁn‘@t '
~specified ti s i n.an ac ve and/ passive fashion over a_period of nont hs
to yeaP®oess é%mm%ms i Mgises %rééoﬁlsteass JecmBPE RIS thaBVEMiTIRE

~ mat eri gérformed at temperaturcs that do not harm bioactive matcna]s (e » protems) Second in
some embodtments of the mventlon b1oact1ve materials are more easﬂy loaded intoa

" nietallic matnx than n conventxonal metalhc matnces Eor example problems assocuated

' 'Wlﬂl 1mpregnatmg a preformed metalhc matrix with a solutlon compnsmg a carrier and a ‘

- bmactwe material are generally not present in embodlments of the mventlon Consequently, |

- the bloacttve compos1te structures according to embodiments of the mventlon can have

- hlgher propomons of bloactlve materials than conventional bmac‘uve compos1te structures
_Thlrd, in some embodxments, the formed bioactive compos_lte structur_c re_lesses a bxqac_tlve_

- material in a very .Iocz;tl_ized area at speciﬁsd times in an active antilfor j:tassivé fashion over a
period of months to years.. The controlled and/or prsdictabie'release of .theb:ioa_ctive material _
can be achieved using embodiments of the invention. F ou'rth when the bidactive bomposité '
material i is in the form-of a layer on a metalhc substrate the bloactlve c:omposﬁe matenal and

' _ the metallic substrate can have smnlar properties. For example the ductility and the: modulae

‘ of eIastJCIty of the bloactwe compos1te materlal can be substantlally the same as the

: F
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can be achi eved using enbodi ments of the invention..)Fourthaswigmddse
~ bioactive conposite material is in the formof a Ia!/er on a netallic. :
substr at e W@ h#045F83act i ve conposite material and the netalRGEUNRBEL7Sat e can

have sim | ar properties. For exanple, the ductility and the nodul ae of

elasticity .of the bioactive conposite material can _be substantially the '
sane asdqeyingguipiEztes @@WW&@W@@W&Q@% &Ve GORResGhst r at e.
| n anot A J%Bh | 5 BT qﬁqﬂ '

struct ugrﬁ?%gﬁéc; theggﬁ%%ﬁ at e%%{gn&bothl%gngrr%l?g@ﬁegtsi.n eén]t\é'gal mah?lgﬂeg?altlhe

i nvent ilave sibhiéay tieamal dxpassien codfAcienthdhmedeceagiap shaliketihedd that twettwo t hus

- decreasi .t.the likelihood that the twp terials, .separate due to
+ hor maRARHER 5199 FRArHE e i hermaliexpspsiopydiiiyrences Fih, Hisipastive CompREis ur s

- can be Jmdgrdttih 8E Mdde REIRPH &d alkd B akRRISIH 'B‘Haiﬂﬁ ' of the '

invention. If the bioactive gllondpngﬁsbiste s?%lr Egture§]iﬂsé??n t gﬁt?g?ﬁn?of a |layer
on a. nmvaitiohc Ifishebioaaties compokitastoustipt edndhafoen’ dfladayen pera wetnlliessbdtmate
conformt,o the conpl ex.shape. O her advantages of .enbodinents of the

Fvent NG & PORER TRarE e GO AOSTeT LS T8 ol s | Oiber abpiasy,
© sui t abl g caibatcRtLofMTRY iR8nttRP4E Proifddabef0di- ment s ‘of the- invention. = The
substrate may be porous or solid, and may have a planar or non-planar
surface ée. 9., curved). The substrate could also be flexible or rigid. In
sone e i fent s, Subblgals pisperatioe may be a stent body, an inplant body, a
- particle, a pellet, an electrode; etc. [101] The substrate may conprise any
~.sui tabl terialy - ne ' > - LSe: al , _
‘ceram é??djgo_l yrrer”ﬁma’: %&%ﬁ%ﬁgﬁgﬂrma{)g%%% ‘%sgﬁé%qlg%ﬁ%%&gﬁfﬁegﬁeﬁ b‘el y, the
S Host ; a&ﬁl sOBstraGOfpy })s pomﬁsret $dlids medmag hatead plbsed or ﬁbﬁ@laﬁ?f surfdce (@f., (N - ITi '
“al loy) . ternatively, the substrate may, .conprise a polyneric materia

i nci udicHEyef} ubicorBstHe pauid alse G&CXB‘& oitagidaln R En ats, thy sabsiate
enbodi ; : rs - 1 Lticlal qaterial . A
" caor 1 L AR bR Sl R B £ A B b, o e, by et o ng.
- thereafter 'l eaving a free-standing biocactive conposite structure. [1021 .

~ The suljk@t]at e mayheeubgiratpape domprisrany suitdatdd natereh nBor ipstande, the sfiestraieng a:;.

- bi oactive conposite. .structure on.it. For exanpl-e,. the su rate. surface °
may. b T ORI A Sl TSP S PER Tl 5 PP ARG an WP Pese
- deposi {ROMbPEAE 8D coirfprib® 8 nivl kagastaiflles st&ll BS hitRbEMESTIWMoy). t sel f

~‘autocatal ytic). tal S such as Sn can be used as sensitiziing agents. Many
- net al s AltsrptivelyNibe s@pstra@mangompise rplyrpenc metergbdiudingoflecoptlywess. :

- Pal | a_d L5 a(s%%aytétraﬂuoroethy]ene. In some embodiments, the subsirate may comprise a

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

etching, thereafter ‘Ie'avihg- a ﬁeéQ‘standiz_lg bioactive _cdni_pbsite strucﬁxre.-’ E

. [102} o , -.Thés_substfate mayit_)e.pr«_j-;péred manysultable maﬁner'priof to formmg a .‘
» bi_bécti‘x_ré cdmpdg_ite, stracture onlt For example, the subs&afe‘:s-lh‘facq may be -s-ensitized S
and/or cata]-yzéd prior to .perfémliﬁg.an electroless depos_iti_dh ﬁrcicéss‘ (if the .s-urféce‘ ‘of the
.~ substrate is not;ftself ‘éﬁtocafalytic). : Métais such as Sn can be usedas -ééns_i_tiZﬁg agenis. |
Many metals (e.g., Ni, Co, Cu, Ag, Au, Pd, Pt) are good auto catalysts. _fglladium (Pd); g
‘p'latinum (Pt), and copper (Cuj are _e:iampllesof ."‘universal”.»nﬁcleat—ic.)ﬂ' center forming |
cafal'ysts.- In addition, many noﬁ-metais are good catalysts as well. | . R
[103] . Before forming the bioactive composite :stfﬁcturs, the 'subst.r‘ate_may also ber
rinsed and/or precleaned if d‘esired_.".A'ny suitable rinsing or pré-biéahiﬁg liquid or gas could
_-be used to removeA mmpurities from the surface of the substrate -befo;éfperforrr;i'ng‘the' :
' .elccﬁdchemii;ai'ptocess. Al's'o; in sgnﬁe embddiﬁlents involx_;ing elééh'plés_s_ @iei)oéition,




mat er |

pl ati num (Pt), and copper (Cu) are exanpl es of "univegsal " nyglay bews center
formng catalysts. In addition, nmany non-netals are. good catal ysts, as

wel | . [103W0oBabmse form ng the bi oacti ve conposi te struct urEruthdsssbstrate
may al so be rinsed and/or precleaned if desired. Any suitable rinsing or
pre-cleaning liquid or gas could .be used to renove inpurities fromthe
surfac eiisiﬂledwéﬂte\tmgy beitsediie ﬁoseethp enlfstrate afigr sdmiﬁzhigwdm chtelyzing] byir ocess.

Al so, sone_enbodi e V. el ectrol ess de 2006
o 03 (HE8 TR 9h s RiRick] MPed REHER! FSmBTPRRMY Bionefuliind

subst 1 ajfehdcnbiliz&eRdl driciaRat. ARtiIRiioR 36, Br Y& bR6e obittls, ax?ﬁ{dd!i@ oPSSh&iiiesNg the
el ectrocheni cal process in order to renove | oosely attached nol ecules of

‘the sersthofliceeleamiag process iamget in spme sododingmis to preguck pitpwhich ephancki s, an

anodi c, .or .sonmetinmes cathodic, cleaning process is used in sone

~enbodi ?%”io produce pits whi ch enhance adhesion. [104] B.

El ectrochemi cal processes [105] In enmbodiments of the invention, an
el ectr qeiymiB.al dep@sdche@ivaPpRe&ss& 1S used to formthe bioactive conposite

-~ structure. Electrochenical deposition processes include electrolytic
" (electro dep05|t|on and el ectrol ess_deposjtion. [106] In:enmbodi ments of

“the i mitli on, a-IBicERedimeninehthe Pléflentil@l’l‘a%@t?ﬁ‘é‘éﬁhﬁme‘éﬁl derasitpR process 1s

el ect r;ﬁ?&ﬂ@ ﬁ'll tl?@f%}gaﬁ'lv%%gm;ﬁb% s?ruﬁ C efzt%ch i@l a p%@ﬁr#gﬁ}?? ggﬁ%tlﬂdé

can i1 nc e pa erla S OVE€ ‘as
wel | aeleotrh@mrqateam)aleﬁomﬁmaﬁ(ﬂémﬂo@essﬂb@snhmoact|ve mat-eri aI refers to any

"'ﬂorganl c, inorganic, or living agent that is biologically ‘active or ‘
_releva The bi act1 % rrat er could al so G ri se bi.ol ogically active
. nol eculﬁ@6 Yfg‘%
mat er i gleorHEentital St bz fith 'a@,éalcy ?Ar%nétal johd1eriy) tﬁﬁﬁcrti% l:a:?ﬁ&l:}éﬁilaon
[107] The bioactive mat
‘range. efy ofthg pamcabm untatdﬁhltmncmmnsyi abJteeasprell isodtbe matgride nEam exemplegthe -

. bioactive mmterj al stal l.ized form Altern | v.e t.h t|cles
- compr1 SloistRRGleBA felaf iy orBpni iy i el e Bl p e
- materi gt relehiagt, PP Bl@b&ﬁre%ﬁeﬂl%ﬁﬁﬁéﬁb)botﬂmé Hi@)ﬂ@gtédl‘lytaﬁﬁv@ﬁﬁi‘ebﬁ@%\ﬁﬂﬁ‘ a%a|
-'solution. In this case, .a particulate stabilizer such as a surfactant -

Isuch adlembgguments; %P‘?FE%%% bigactiyramptepatd FFI&S’TPOE #Hed pitoaet i ve

ral may also conprise particles g., in the size

coul d d@gadaednbodmtsafém nyentiom hgbioastve matsniat may hp selubleton inskibbisyianei t y :

~ of the artlcl £3 int sol ution. [108]. Wthout being bound by theory, .
‘i's bel | é%F“t ﬁa‘t’mtﬁﬁi %’1‘%‘5

:accordl ng to sone enbodi ments, nanonet er - si zed

Y or ni ng an el ectrocheni cal dep05| tion process

[1 07] The bioactive matenal may also comprise partloles (eg in- the size range of
01 to about 10 mlcrons) The parttcles may compnse the bloactwe matenal ma crystalhzed
form. Altematlvely, the partlcles compnse a polymer cera:lmc or metal ‘which can store a
bioactive matenal The parttcles are preferably msoluble in the electrochemlcal solutlon In
* - this case, a partlculate stablhzer such asa surfactant couId be added to- the electrochenncal

= solut:ton to nnprove the homooenetty of the partlcles in the solutton N

' : [1 08] Wlthout bemc bound by theory, itis behevcd that when perfonmng an

' electrochenncal deposmon process accordmg 1o some embodnnents, nano:neter—mzed
crystallites (crystalhzed metal atoms) and the bioactive matenal “co- deposn” At first, the
process oecurs on the surface of the. substrate F ollowmg the deposmon of teng'of |
nanometers of meta] the co—deposmon occurs on the already dep051ted metal Thus, the
bloacttve material and the metal atoms may depos:t substantially 51mu1taneously When
co- dep051tmg metal atoms and the bioactive material, the bloacttve material is mcorporated

- “into the metal matrix. These crystalhtes conﬁne the bloact]ve materlal i the fonned ‘

: '.blO&CthG composrce struct‘ure

2%




. 9
bi oact THECHHE 815 19 PiRe g cpPediEen i o1 s dgRYeRtigBr eover ,
- Lhe Prans BiScRIAREANIMMaddny FS BNANNE ROReUPmEkA ISR, WalilaQroact | ve

crystallites (crystallized nmetal atons) and the bi oat,;ti ve meleavihal006
"co-deposit". At first, the process occurs on the surface of the
substrat e WEODHANg t he deposition of tens of nanonet er PE@EFUNRBRATS t he
co-deposition occurs on the already deposited netal. Thus, the bi-oactive
material and the tal_ atops pay deposit substantially simultaneously. Wen

co- depddP?h ng netBY cadenpsitingdhs heagivsapateriad alopg #vithdhe mefd, 18 oact i ve

nmat eri- S : L Lnto - . . b X o l1ites

con 1 ne phEsRAERLPRE kvt bl BB SRbhblte MESRERIRIR, ' (PPt ure.
26 Moy MoOfovaDiRe3rokl&hs 2ssPIatedSad ingedmatiddpdroiystaontkeporh bioagtivehe - -
bi oacti ve terial .along with_the m%t al,, the concengrati orf’[ of. t he,

Gyrippatics. & skadiments of thedpventiogr eover ,

materials are not present in odi nents of the invention. In enBodi ments
of t he thewieattivermateridien Biconetal matriras sakmiizealbst antial | y-fills the voids in
the netal nmatrix so that ‘the loading of - the bioactive material in the

et uodtilloc: o1 v leceba i bt ofuEElbBHRE iGdricoses. 11

- el ect r llettbfest @REHBApreteRRs! t QebtrARiARRESo P0G AT a8 Andd el Qfodkcal 1y

coupl ed ‘through "an el ectrolyte. As current passes between the el ectrodes,

- metal iate degusilbeepupledtiroughamolderadiiicl éisicqurrert pebseh betwies S dletrodesasm t he
- anode or_.gar.iginates fromthe electrolwvte,sol.utjon. Electrolytic deposition
or oces dustls B Fer Bt ainife FsHE iSeief aRSond BB 4 §ode RrtHERabETy and

in the fRingteretineBitd Sflusdn. VEledtdollc ApoSikeRploREded R GIMMoSRAUHEREE for the

reduction of. metal in‘an el ectrodeposition process is as follows: [1121 M+

" solut i examplenihginatal @lteededustisend o thejelechonips Bidegyati on, Mis a netal atom .
M- is a netal ionwith z ¢harge units and e is an electron (carrying a

| -unit ,'Civg{lqe)., Th%{%@%&ﬁlé}gl‘@a%ﬁ&.b??q%@ﬁ&%?mg§etﬁlﬁg§€%,&fgpmanr eaction and i"s

- the lo _
- oxi dat ielptroddpesitiopprovess i¥as fodloplset e the circuit, an electrolyte solution is’
- provi ded. The oxidation and .reduction reactions occur in separate R
- -locations in the lution. In an-electrolytic process, the substrate is a:
' .conduci’&zl r sgletign 3’5”?1?@@&

- be used

ifon where deposi N OCCUTS: So-an anode where

) as it , iectirseredel n the process. "Specific electrolytic.
deposition conditions such as the current density, metal -ion concentration,

‘and bi pAGY i Ve thid@fuefibRMGONERAM hidhl, W GaE e HRLWHNE BB b ¥nitd@Re: 8fn

or di narly Skill in the art. [114] Electrol ess ‘depositioR processes can also’
lepigorf (varnya gt walcahiaggs). The reaction at the cathode is a (reduction) reaction and is

~ the Ioc_atjo‘ﬁ _where electrodepositibn 600_1’31'5. There 15 also ah;anode Whére oxidation takes
placé. To cori;plete. the 'cifcuit; an elebtrolyie solution is'proxiidéd._ The oxidation and o _
' reductioi‘; -feéctions occm-iﬁ' separate lodétions m the 'soliljzion. Iu.aii"cléctrc')'lytic process, the |
L suBstratq is ‘a‘coﬁdﬁctor asit ‘ser:ves:-‘aé the cathode in the ﬁlr.o.cesé.: :'S'pe'c.iﬁc: eleét;‘oiyﬁc : |
. deposition conditions stich as the éu‘rrent density, metal ion'ﬁpnCéﬁi%ratibi‘}; and bioactive

. material c:oncenf[rétion can bejdctermine.d by those of ord_inary sklllm thé. art, ~

- {114y '_ _Elek;trbleés deposition processes can also be used fo form 'afl;:'.tbactivé
_c'ompbsite structure: In an electr_ples_é deposition process, current do.e‘s',n‘bt pass through the
solution.- _Ratﬁer, the 6xidation and reduction pfocesses bbth dccur at the same “électrqdé”
(i.e., on the substrate). It is for this reason that elebtroléss deposition résﬁits in the deposition

of a metal and an aﬁodic product (e.g., nickel and nickei- ﬁhosphorus). i

[1_15] o In an electroless dej)osition process, the fund;imental r@éctipn is:

PR
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conposite structure. In an el ectrol ess deposition progess, eaM@en200gdoes not
pass through the solution. Rather, the oxidation and reduction Proqesses
both occurW@®3H&8%ane "el ectrode" (i.e., on the substrat®T/UR/BEIS or
this reason that el ectrol ess deposition results in the deposition-of a-

~metal n anodj & produgt (e.g. ,,nickel and nigkel - phosphorus). [115] In
an el ei’?gﬂaess de §‘f“t**?“oﬁﬁﬁr“§)‘€fég’sM’t“}ﬁﬁca‘f“@ﬁﬂﬁaﬁ’éﬁ ArfBaction is: 26 May 2006

WO 03/ 045582 PCT/ US02/ 38275 [116] z+ Msotution + Red solution ' Mattice

(catal yiigj S]hftﬁi@%qﬁaﬁbrj,okigbbﬁdu@ﬁhg[a%élﬂ] whibh phdsSs gestfins @6 theRubstrate aROMe ng

agent, which passes electrons to the substrate and the nmetal ions. Ox is-
t he oximetabigndygx suilhetoxitizadiwprodaet af dhe reagtican Te e electplessprpeasa.clesitonl ect r on

“transf : [s substrate.reacti.on_sites (ini.tially the nucleation sites
o't ne TmEf phud o SR, AbidRRt sty iEutlRkbd St e B ERER bR or s T
si ze) . thhefor@dalol es it ilertals of abadi@es idyizE)NeThereasidiak Erarataiyged by the
subsequent|ly auto-catal yzed by the reduced netal as a nmetal matrix tornmns.

¢

[118] subpeiemsis subsequeribysyta-eataiizeddyihe tdueedimetehgs 3 metahmelix fosng and a

" .bioactive material. Suitable bioactive nmaterials are described above. The

~ water so that th

" sol ventiytdhat is ' r L ti.on.sal i ncl ude
i .gﬁgegeg%dgrloil%ﬁgﬁe@ gﬁ%%]isgfﬁlﬁﬁlz c%ﬁue%ilﬁls é.e%%glg(l%ggi % [ onﬁg%c#g?t I ons
such asndtaéalpSnitaldpbiiatiionmbterials atradeberibed abotal eMiessohamndthdesaséd indhe
be, chosen by those of ordinary skill in the art. [119] Any

--te'rrpera ure I’TaéE _ ' [
© sui t ableiECEBlssT denositivRAINtoR ARy g udsavalee that tBsdeRasFoR e BIon itRduePYy ent i on.

"-‘;Thr‘e et o k8BS chiting: SB S BRGRE ML CAl: SO 1 GAR:REd ekt sol ubl e
el REPPEOR RO SRE LR MRl ol A o AT L o,
. the i ohempantiaigay be chedea by tisak bf oriinaryglsisH dc thetaet. f r om each ot her. Exanpl es
~-of suitable netal salts for nickel ions include nickel- sulfate; nickel

~ chlori and nickel sulfamate. Exanples of suitable netal salts for copper-
- Tons i WEINde. cupr e SRPlERSn e B BoS el beel B SuRERPEs Pileor oul fare.
Exanpl gsyefion. Sthé ARlA iRLAR heXMcidchediicdl sBlufidh AN Be BB Yved TRy SSuBle AAAUS

~ chloride or- stannous floroborate. Qher suitable salts useful for
 deposi siltspederhdheynare an thealastrrelwmicdlisoluhien.elnesolutisine the ideploshingdhe matal .

o Diff - t salts_can be used if al -all, QX he
* For maassgaty SR Bt SERSHE o SO SGR Rt R GR Y b PRy

~agent , niKepdueikic fickaDeMisde, arit ablkd] 261 Anat@ NHxHplEC 6 SsuitabR radugitagragent -
~reduces the oxidation state of the netal_ ions in solution so that the
met al -Fepier Hys dasludeoennrisand guprasesadis sadicsuprs shlorids opsylite. Expmdpy efr y

_ reduci o GIROHN GRS BF i 05idRe bRY SATRNAS 1S MABHAS A0S ﬂQ&ESﬁ'Fe. f"‘”d
' Other ‘éuitable salts use_ful; fo; _dep_oéiting other.metals_aljekn:éwn_ 1n tﬂg'elecﬁ_troless depoéifcion :

| art. Different types of éalté_ cézri-.b'e u_séd_-if a metal alloy matﬂx is tg_be 'fdﬁr_le'd. .

o201 " o The electfbchen‘_licél _Sélittion 'ma);'aiSQ inc;Iude a i’éducmg..iagen"t.,_ cbmp‘lexing
" agents, stablizers, and buffers. ‘The reducing agent redﬁce_é ﬂlc-'bﬁi:(:iatibn.sia’gé of the metal o
_ jons in solution so that the 'Iﬁétal- ions dépo_éit on the ‘sur'facé of tﬁc _sl_‘ublsrt:r'ateéts metal.
- Exemplary reducing bémpoﬁnds in¢lude boren 60mp0und"s such asamme Eofaﬁe and
pﬁosPhites such as sodium hypc;phos_phitg. Complexing agents are us_éd tb_hdld the metal in
‘solution. Buffers and stabilizers are used to increase bath life and im;if_oﬁe t:her stability of the
bath. Buffers are used to confrol the pl of the electrochemical solution. . Stabilizers can be
used to keep the solution homogeneous. Exemplary stabiliz.ers-inc;ludé lead, cadmium,
o COeri ions, etc. | Red_uéers, .conil.jjlc}{ing agents, stabﬂiiers and Eéuffers ~é§e well known in the

electroless deposftiop art and can be chosen by those of ordinary skill in the art. _
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phosphi tes such as sodi um hypophosphite. Conpl exi ng agents &6aMag@d®d o hol d
the metal in solution. Buffers and stabilizers are-“used to increase bath
life and WpPHWESE2he stability of the bath. Buffers are BEEQSHB3LENL r ol
the pH of the electrochem cal solution.- Stabrlizers can be wused:to keep
the sol uti on hompgeneous. Exenpl ary stabilizers_include |ead, cadmiu

“copper H#Ms, et c. lvaaiivelys2 nigkthphesabarpus gley matrix eapibeickestralessiy @Rﬁsﬂé‘ﬂs are

B

:jl | ust raamvaml ahd/@ agta@szeﬂ (mim@ Bz |b§n$s1 aaﬂlgo?d)rprﬁctn t nreaaﬂhl:iﬁg efe pi‘ddﬁlb@ﬁﬁ% y

eposi t on a subst.r ong w i oacti,ve s a drug. .
The suB PY %és ‘i‘;ﬁi‘??‘l}% é@uwwwﬁ%yi%@% ®.g., by Sn
and/ or 0. t [ ce ypi cal
eI ectr (Sféegs%)o (Iizl\,([aa ng)cs{,3 fat(e? g% %1 étllt%li Ifc})%cc%%t (2& ﬁ@yNTgé Eﬂh?tﬁ éﬁ]]u Lﬂ‘e @% R(En 2 (26g/L),

sl R B Pk A LR SR
h h h
- Nypop ?cﬁiy% Rdhdedtiane Sl gggglgg%me“sfh%'t&hﬁéb tufe I Shébaihn LERbREEoRY t he

~ sodi u pophosphi t'e. re o I's fromroom tenperature
‘to 95 Cmimpemditn@S5Q cbbpsmdm@orpﬂmdtglatmgnmeTﬁ“élemH iis geypraldy ﬁb]hlyabbubfntcabout 5

to about these DCESSI ng con d be use 0
oo Al dythet och e aratins SR be e i SthenwRbodRersb A BHE S 1) ut i on
-and a Bieaftd ié‘%héiﬁ&‘?ﬁﬁérsé@inftﬁé Mﬁt&ﬁn%ﬁ%%@&t&%éﬁﬁbsﬁ@ @trﬁélﬁre%‘dﬁ%& f@hedafter a

~predetermned anmount of tinme. The Nt ions in solution.deposit onto the _
- substrat éﬂe@slbsimteafﬁermlqsbdqtemdmlt dnoovnt ebiemeoiie B tomg imialition dpesit pitosphor ous
~alloy (oxi on reacty the bi ive materia osi.ts along the -
oy ol o R SRR ok Aecub i B RE) iR RSBl oS RAR IR O Por e 4
- 'bi oact (daedaaeﬁs@aﬁ:ubs) sterui@ztdat:ematdsat chigRRItE ¥ien ey stdilifand gRxidleposi t -al ong
~wi'th nickel atons. ‘i’ pi cal ly, the anpunt of  phosphorous ranges from<1l % -
" to >25bpyndaties %thad@posaedmetabammoﬁyme@m@awmmsm@mg hdbe skilled in
“the ar t be bi oactive
mat eri. éoa&l%% @%Eﬁ%gogb &eg) g‘ﬁ%@@?t“l@ﬁ“%‘ %@fn %s%@%%ﬁ@gﬁe?emodl nments.:
For explmsbl@oroumra@.géseﬁomeﬂmwm% émola Wednd dahba vﬁi@édalb)l fechrigyesknownitbe order .
of . teng of nanoneters can be formed on a substrate. A bioactive nmateri al
is thefogs toilled mdkeathed, coval ently bound, or - deposited on top of the =
nanonmeter thick netallic layer. Additi onal .netallic l'ayers are subsequently
~added yabi er war daihb, dELNEERsiEBA BF the dtaEd: ?ﬁtgttio%et ha¥RESs of
~ bi oactlve} materlg'll caérilleét())e dlsor gl cova en% ound c?r depos:sted ThIS
type o@re&rmdeemdq;poomouesna IgerssEy ik sE0e embodrments For example in other

embod1ments avery thin metalltc layer on the order of’ tens of nanometers can be formed on
a substrate A bioactive matenal is then either adsorbed, eovalently bound or deposrted on-
| top of the nanometer thlok metalhc layer. Addmonal metalhc layers are subsequently added
s afterward In betWeen metallrc layers, add1t1onal Iayers of bloactlve matenal can be -
' adsorbed covalently bound -or dep051ted This type of process produces a dense bivactive

- composne matenal

[123] The metallic matnx of the broactlve composrte structure can mclude any . .
suitable rnetal The metal in the metallic matrix may be the same as or dlfferent from the
substrate metal (if the substrate is metalhc) The metallic matrix may mclude for example,

- moble metals or trans1tron rneta]s Smtable metals include mckel copper cobalt, palladmm
platmum chrommm, iron, gold and srlver and alloys thereof: Examples of surtable

nickel-bas ed alloys include Ni-Cr, Ni-P, and Ni-B. Any of these or other metalhc matenals
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in theTﬁégﬁ;roche
. [1241
Typi cal Adérr%gteg&d QYELA68 (A o Fﬁudr&n'ﬁ&% Bﬁg , APSie e ﬁcﬁfhgﬁts tF?r exanpl e,

conposite material. [123] The netallic matrix of the bioactydiay@ipesite
structure can include any suitable metal. The netal~”in the metallic matrix
may be t hewoan®4%82 or different fromthe substrate nmetal PCTUSGS8%Fbstrate
is metallic). The nmetallic matrix may include, for exanple, noble netals

“or transiti on metal s.. Suitable nmetals |nclude nickel copper, cobalt,

pal | afn Ay bidgpesiedpsiag e switahlg eleqiroshergisrkproegss Appippriatgmestallseliy eanticer eof |
oy ot - Te Pt SrE anltbfif; wiaRP ffls B DK BRAIAGH Rhtufn 50 i meBBfhalths &

PCT/ 1JShat 382 b6 formedbe deposited using a sui tabl e el ectrochem cal process.
Appropriate netal salts can be selected to provide appropriate nmetal ions
nfor the metal matrix. that _is

cal solutio e fornmed.
talli Wﬁ? 'ﬁﬁ‘?xé't‘f%a IspRave yeidgdn p qrygtal W‘%‘tealTMPthahVﬁg

in sone e ts, the -average size of e netallic matrix.
may be ehtesgetsimmf ﬁtﬁowmdslm%@mgtaﬂramstn@enzgr he lesscthan sthvah 1 @{bamgstrms (e.g.,

‘ nanat Th i | b ted jnto. th ds of
P s thin i A S e T OR i Bl S §o Do Bt inle Y ALt e

- vol une Beht@flic flanthe bioactive material is -high. For exarrpl e, in

‘enbodi nents of the invention, the bioactive material can nake up

percent age of the bioactive conmposite structure. Preferably, the bioactive

 materidi28hn rrakehttbe ﬁnemlbmat:tneepcermrte wetiab theradame perchatrefdiout  25%

et o Bl PR e S35l TR LA ORI EBERR, Lo 0

S CO”p03|ﬂ1@teﬂElt£@ﬁln@dkerﬁ?3petdEnta €of M6 Hidabtive é@eﬁfsueartdtees ebeefaetyetheThe | ayer
~may have any suitab

e thickness. For exan‘{; ayer ave a - .
t hi ckndxeacive maiesial pammakoin qeateoﬂlﬁm ebaid 0V 08 ewetee ﬂeeebmﬁ% peroent byf r om
.-__about Q,oliuﬂl?o@&lg%ioa%ﬁv%}n%{eg . I'n another exanple, the layer nmay have a

t hi cknessof ‘greater t out -1 mm |n other enbodinents, the bioactive

corrp05|te structure need not be in thé formof a | ayer.. For exanple, the:

bi oact ift26]conposiThe lsbadiivt vopasiislstultard may beirf aynuitibls ik, Iharekiaples in-

- some enpodj-nments. [127] . Formng 'g gl oactive co 05|te structure using an
~electr dheeleaeeeeemaoete majsrighipayn

@l eot 1 ol 5iIaRABie!hARnAK OGS SmIE 1Rl i forOhayf e SGRAAY b tesuaR dbou:

~.consequent percentage of bioac
~such ds)Otdmerqmls-l;n scermenhedlmentsamg}, tiom abons0.5tto ebdvg lﬁfmlbi’ms)jdp(aeothenn bat h:

B can be agllnlrjxlse .'?)Xar may have a thickness of greater than about 1 mm. Tn other embodunents

Pftelg R A ¢ eelestra’f%?heéeeenaa

mat e I.s contro Paraneters -

the bioactive composﬂe structure need not be in the- form of a layer For example the

o 7 bloactlve cempos1te structure could bei in the form of small parttcles in some embodn:nents

i ‘[127] : - *Fonning_ d bioactive compositetstructure lising an eleCtroless‘ 'd'eposition:

B proCess is ad\‘fanta'geoﬁs.' First. by uSirlg an électroless depo-s‘itiorrproce'ss the size of the :

. crystallites and consequent percentage of bloactwe matenal is controllable Parameters such
as the pH, temperature and the constltuents of the deposmon bath can be adjusted by the
person of ordmary skill in the art to alter the volume percentaoe of bloactwe material in the

| formed metallic matrix. Second, using an electroless process, substrates havmg compiex
geometnes can be evenly coated with a broactlve composite structure. As the solutlons are
aqueous in nature,. viscous effects do not dominate i in an e}ectroless deposrtion process (as’
compared to coatmg polymenc substances which 2 are v1scous) “Third, m an electroless
deposrtlon process deposrtlon condltlons are mild, occurnng at or near room temperature and

. at or near body physwlogrc pH Broactlve matenals are not damaged in the process of
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person of ordinary skill in the art to alter the volyme perogmag2oom
bi oactive material in the fornmed netallic nmatrix. Sécond, using an

el ectrol eswrmaess, substrates having conpl ex geonetriespcpas@sseisenly

coated with a bioactive conposite structure. As. the solutions are aqueous

“in nature, viscous effects do not domnate in an el ectrol ess deposition

pr ocess firasng ihebpecte: Eanpeas imatpriph | Boweh) the mefistdanceasdnpite bmbodimentsodus) .

Third, in _an electroless. deposition process, depqgsition conpditigng are

miid, ofURYHGnate %ine&?fj@@émiﬁ@ﬁfpéﬁémmaﬁaﬂ- ecidye than piigphgthods o
physi ol @glfn ﬁ}i‘a&jv@%@ﬁé}ﬂﬁt%@ﬁﬂe@] s are not- damaged in the process of 26

. May 2006 V\D%3 035582 PCT/ US02/ 38275 form ng the bioactive conposite

‘material. Fourth, the nethods according to enbodi ments of the invention

~are ecolid® c6l mheegwentlpeedssang and are nore cost-effective than ot her

~.‘methods of forning bioactive conposite structures. [128] C. Subsequent

processing. [ 129] After the hioactive conposite structure s formed. it may
oot onal Tl baf ur (gt ey eRiC@aalfe GRRRF o Britd ik Soudph 2heRime ' 1™

. sone ;ne”ﬁ%bé’ﬁd‘ﬁﬁang%}ﬂtﬂﬂé fratmdrS FOP&ERMPIA) I §dtie &hbadiblenCd toE)_eozﬁ Kfonskd e

- structure.. FIG, 3 illustrates a device 100 i-ncluding a' bioactive '

conposi ¢rtoptafizdneactiva composith strpcium §IG.a3 ilkylsates adpaeeMingludmsst rate 12 and:

“a topc 20. he. t 0pcO i ' Suj terial and may
b i nanpeiboanpitleseebd P Ak RER A pie i Bl sRBER S 20

i ncl udeopcomzal , pol yner, ceramc, etc. The topcoat nmay al so be porous or
solid (continuous). [131] The topcoat.can be deposited using any suitable.

. process. For exanple, the above-described processes.(e..g., ele k(r)fg and -
el ect rol'88k  deposi ks GR§OX 62 Bclide pvetitpblempienial had maghech ny 8+1ta§ Her

" process _ m: % ) t could
be"Tor radbb? Sl & by S ARG Shnachl MERT Bl i tverini, bgper could.

. deposi tiopenat afay.alfolRordiser slid(cnmamons). t he topcoat nmay vary in enbodinments
“of the invention. For exanple, in sone enbodinents, the topcoat may have a.

. thi ckness. 4r éat th bout 100 . microns. O se, the thick f-the
 topooartalh GepenPRPLHE CohtE SRS IR aTH SHALE Dlogriiy FPLPHRMIS 15 139] | n -
-enbodi naRfve-defcribB@ pide¥ Rl [, clddh®- bRPEed o8B YiBSosih) @B Uoaled todrdi g -

bi oacti ve conposite st ruc{ ure..In other enbodinents, any nunber of suitable.
"t opcoat topegabpsanother process may b_e used io form the topcoat. Altematwe y, the topcoat could -

be formed by processes such as_dip coating, ’spray'co'ating; ‘vapor déppéitidn,‘ etc.

il 32] : The thickness of the topcoat may vary in embodim'énts_ of the imvention. For
example, in some émbodiments, the fopcoat may have a thickness greater than about 100
. microns. 'Of course, the._thickﬁess bf the topcoa,i can dép.end'dn the end use for the device

B  being fo.ﬁne&.__.. o

- [133] In embodiments of the inVemidﬂ; the topcoat maybe the only layer on the
bioactive cqmpbsite stfu-ctﬁr_c. In other embodiments, any num’t‘)-gr-__tafrsuitablc'topcoat layers
may bé added to the.bioact_iire composite structure. For eﬁainpie,'if is possible that tens to

_ hundreds of indiiridual layeré could be formed on the bioacti-'ve com’ppsi‘te" stnicture (some or

all of these layers méy be b_ioactive); ,

[134) ‘In some eﬁlbodiments, the topcoat can improve the ﬁrbb'cnigs' of the bioactive ;
composite structure. For example, the topcoat may include a inémbrané, {e.g., collagen type
4) that is _covalenﬂy bound o the bioactive compoéite structure. The ,topcuoat’s function can’

' be to induce én_c_lofhéli'al“ attachment to the surface of the’ bicactive composite structure, while




may be added to the bioactive conmposite structure. For exanpé dayl 200b6s
possible that tens to hundreds of individual |ayers c’oul d be forned on the
bi oacti ve wwwsoasise structure (some or all of these |ayerspopushgss2rs
bioactive). [134] In sone enbodinents, the topcoat can inprove the = -
properties of the bioactive conposite structure. For exanple, the topcoat
may i ncihedéosativembteaabin(the bioactvelchapesitet syyetureldifnbatfroms belwathe idplcgatbound 't o
t he bioactive conposite structure. The topcoat!s fungtion_can be to induce
endot helt} anottsr F2ER t’taogr?‘ﬁ&”gﬁﬁ%{?g 2 prdodeal 82 &@tq;ﬁﬁ%ﬂmf%asgw@acture,
whi | e 26,dYaic1i2086win MAD P BETSBIRGHUSA6ARAT ol e ThOGBAL ghit@l in
t he -bi oacti veg%%rrposi t(—‘? ng‘uc?u?de? di ﬁﬁuse ror% lbgflow@?iﬁé t%%ﬁg%?t .1 I n
" anot herstewhoeli Hengrowdh daotatihredasedofroms tledtopsoat hoimtiesl andbthgtishvgrowthawhide ( EGF)
--or vascuylar endothelial growmh factor (VEGF) is present jn a topcoat. that
7S on e DiAs A SR SR e et o phsmpeh T Ace by of cased
fromthe topcoat. to induce endothelial growh whi | e * t he. bi oacti ve :
conposi f185pt r uct Umeydt BIRASABodMehS the tdpebat @hn SARGYE tHEYAGI0CopasikY ofd OWM h.
~[1358] In yet other enbodinents, the topcoat can inprove thé raddi o-opacity

of a  mmadicalldedies mbichintkufes the bisdeiiverdemposibugniche, odhilsdbe nadestyingct ur e,

oot o P EIPRER Vb BRI SO R G PR B P
bi oact i dgs QMRS EletseltfFdif tHeHodclvOEQMBIRite SHBGHIR 10 BEVeRt GRdth nRNEE gePW h, -

while a topcoat on the bioactive conposite structure inproves the
" r adi o- opgegreyth, ghile pdopesehetithabinactye ehayioside sirydters tmpraves the radiowoppeitiat

'-"conprisi g Ni- I | .chram.um . and/ or .qol d .can.be )Si ted on t-op of
o DP bttt Mo ptlal GG ey o R AP R NI AR RS, ol
- radi 0- aRALr p¥ldWan dedRpbsird LA G Wlﬁbéd%ﬂebbﬁFbéiﬁmﬁ:bmee Eompasid Ki-pig uct ure.
Underneath the taopcoat, a snooth nuscle cell inhjbitor such as sirolinus is
- r el easc@haresiharadm-gppcey pf o dgdcopcprparating the bieaglive sewpodictmedit-te -

. struct ykey. S ) 0. al1er : ase. kinetics -
- of -t -he%@o%%ﬁv%g%%%%S@E?ﬁq{}%@ieﬁ%& 2@}1 W‘ﬁgs“%}?%géé{ﬁ%&sg g Fr%%ég ?‘?‘2‘%5 fd ructure.
For exatpbedayaimepadidd hbmsbe biohetivelcomipositestruoiek el - phosphor ous,. or _ 3‘

~- cobalt-chrone coating without bioactive material can serve as a topcoat.

~This wuld requirg the bjoactive material to fravel thrqugh .an additional .
aver T o Chsuenont SR By en s LT IR B L T e oy eby

- del ayi-ngat e it BlefRaBriRhe bRIaLAG LovhddRt Sifichlre. FBLIAlRESE elféc%fe‘s§s of the’ |

fornmed nedi cal device can be adjusted in this manner:- S
nickel-chrome, nickel-phosphorous, or cobalt-chrome coating without bioactive material can

serve as a topcoat. Th;'s__wOuld require the bioactive materia} to _t_rave_lr_through an additional -
layer of material before 'ehtéri:ilg the surrounding environment, thereby delaying the release of -
‘ bioactiwig‘mateﬁal, The release kinetics of the ,fomiec‘i r'n___edical 'de"\}ice-_cafl; be adjusted in this |

' - manner,

[137] B Ait_emaﬁvély,‘fhé topcoat CQmprisés a’ﬁoquni:ric.njézfer,ial_ ('Orrilciuthe'r- mateﬁal)."

In this case; a bioadtive hlatc_arial- thaf is the same or différént tha'n_' thebloactlve I_natérial inthe

bioaqti{re CDmpOSi_te structure may be ih;:luded i the topcoat. Foi' é){a:ﬁpie, when the topcoat
o comprises a polymeric sfoi*age and releése medium, the bioactive méfeﬁa‘ln'therein can release :

quickly (e. g.,"days) from the topcéat, while the m_aterial‘in_the bioactive ccmpdéite stru&urc

is released over a period 6f months to years. In this embodiments the inéc_iical- device thatis

formed may include the combination of a topcoat compﬁéing'a:polymeﬁo étorage and release

medium, and a metallic storage and release medinm.
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[137] Alternatively, the topcoat conprises a polyneric. matesiNky @6 ot her
‘material): is released over a period of nonths to years In this
enbodi nentwobbyeyseedi cal device that is forned may incl udq’cﬁmoeggﬂjsnat ion
of a topcoat conprising a:polyneric storage and rel ease medium and a
"metallic storage and rel ease nedium In this case, a bioactive material
that igq13dje same SuitableipbBmnemd ntthatopbhee atti prafetdbiebioadrapatible (8., they doiodact i ve
'corrp03|te structure may be included in the topcoat. For exa iﬂdﬁ when t he

[

t opcoatelicit gpppegaiize Hssysrgastipi)and Cap h@@e%ﬁﬁilbke BE) é“:’h@mﬁﬁ‘ﬁy t oactive

t I f h whi |
he: i ke pRECE e Py Kt ol nol PR, " UL 2006 W0 03 045562

PCT/ US@BI}@&;&Z&C{ch@}co‘EdIeIIabjnﬁtmeétem;epcsyanhy&Mﬂpxpjsmmlncacetspr ef erably
. bioconpatible (i.e., théy do not _ eli |t an ga.{lve ti ssue reaction) and
_ can be Pab§iesdantes; payphosplazens ‘?t]&ffrtfﬂ r) BREIE: based pol yesters or

copol yesters, for exanple polvlactlde _..pol ycaprol act on-gl ycol.i de,

po yorélhgﬂs ers, fia d&gﬁ?@ébﬂ@oﬁn APl %?n&@%‘dyda?so bRLY 52Ge hecode Such

. pol yphdsphazenes; eth ester copolyners. [139] Nonabsor-babl e
" bi ocorrmatymiﬂremagIn}cﬂmiesfomyarat:]sqadt}silmeérylaﬂnxmtcepolafﬁﬂa&@ne-@yﬂhcetﬁé] yners may

I ncl ude, or ex |SI|O ol l, e VI acetate);
acryl a&y %B%Fegr%w ﬁ@r@oﬁzﬁ}édm gﬁéfh%ﬁr Pal¥é)

‘et hyl bﬁﬁﬁbd’k@l?ﬁx)ers subh 'd??él trsﬂiud}sétuyeﬁa aaaealeesea@ters et r af | uor oet hyl ene;
-and ceI ose [ 140 n yet other enbodi nent s; the topcoat that is

- .on the bioactive conp05|te -structure can be .a self- assenbled monol ayer

(SAM). [ ¢ hi ckiryet adheriembodinentss Swdaptostithabison| thg bipaghyy cOBPPELS than 1

* oxanpl rugigbe§ eSO BRI SAM) TR FRGBEREr HF R BpsschBlle

bi oact hﬂtﬁola‘?@f@ﬁ? b ResS ’éHatiqtztaﬁ@métbf @QLgh rhdlecdlin Mbndlayee)ih Gorle egtbodineaund can’
sel f-assenbl e on the ni ckel matrix. The introduction of ttile sel f.- assenbl ed

monol ayeeneekanie. & thioli based momolayen qaade adﬁftfb@ét@%awka‘én%é& #ibigrctive

~ bioactive, ¢ Slt | s can
" be attﬁ%lﬂgas %‘%%Ps“ﬂ Qbé’t{hﬁoi rm%é]égll}l s’ln esjrstltli;%O g%éér)&f atn%wffend away
- from t pgatd: O'Iiﬁé invtedmfm&ﬁltﬁeesestassmhle@mohdléj@r dan pamnt bferebadiorent , after
form n% t'he bi oactive conposite structure on a%lla rat:[a rgﬁe sub trate
can be liganfsve ge uisd with §i5 oasEVRIEATBP Y © SR o f ' GRhS V"ﬂo@% Ligands &F Hﬁ’le 1es
bi 0act gy EQRRAS) tosgétﬁacaﬁtaml%eaesapaetanoasemaeataactsa y e O M ng-a
 nedi cal devi ¢ I'oactive conposite structdre can be fofmed on a
: substrhtoecu\tdoc/qumsttesmsﬁmad of | eavi ng.- ' : :

[1 41] B another embodlment after forming the blO&CtIVC composrte structure ona
. substrate the substrate can be removed This could be done to electroform a free—standmg |
| btoactlve composxte structure For example as. noted above, when forrmno a medlcal device, |
: _. a ‘bioactive comp031te structure can be formed ona substrate However mstead of leavmg |
 the substrate in the final medtcal dev1ce the substrate may be etched to remove 1t from the
f0m1ed bloactlve compos1te structure For example, the substrate may compnse an etchable -
V matez_-ral. Etch_able materials include metals such as alummum or eopper or polymenc

- substances.

[142} | The substrate isa sacnﬁclal substrate a:ud ¢an be used asa mandrel for
forming a free-standing bioactive comp031te structure. After etchmcr the substrate a
ﬁ'ee-stand.tng bloact1ve comp051te structure is formed Stents, for example cau be formed in

_ this manner. Detaﬂs regardmg the formatlon of stents usmg sacnﬁc>1a1 substrates are found in
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~"herein incorporated by reference in iits entirety

“bi oact i UEEL rﬂﬁB%IPFférss(?rgu@@@m@mﬁé%F) krametess. o skamplerthe Fhicknesslof thof

~free:zstandi ng bi oactive conposite structure. [144] 111.

gt[at 52}( h%é] ;‘ﬁcgi‘-’gﬁl’ oacttgve .COMposi {g_ structure [145] The bioactive conposi te

a pati gngsphen userém&arcu@é)tsﬁ
such rrgdr c]\:g\t,ln devi ces, rﬁi[?tg term ease O%td)erhl oactive rrateréhtq from

.the bi o‘antbﬁvesseﬁmpmdtcel dfsztces ok azremsdcém wiad| Ehdyran bremphistediia @ bddi4f] I n.
sone e tive materjal can diffuse fromthe netallic
rerr Rt B 2o Rt BRGHH B e B ot O bERl bed

of the invention. As shown.in FIGS. 7, In enb

the substrate in the final nedical device, the substrate nagohdaet@ised to
renove it fromthe forned bioactive conposite structdire. For exanple, the
substrat e weysoerpy i se an etchable material. Etchabl e nmatgei/ak®/dspel ude
metal s such as al um num or copper or polymeric substances. [1421 The-

-substraU is a sacrificial substrate and can be used as a nmandrel for
“form ng &

fhatsat Neahl%ig84i BueUiS Patenhisdsteiwinsomotited ey reférenoe intitshi ng t he
substr F{ free-standi ng bioactive conposite structure is forned.
Stents, for-exanple, can be forned in this manner.. Details regarding the

~formation of stents using sacrificial substrates are found in 26 My 2006

WO 03/ 0483B2 PCT/ TiRbRéB8 2 dng biSactRat®dipolis stﬁtcﬂ&@mﬁiﬂaverﬂlhﬁenyo§onlﬁé ent s
143] The free-standing

nanonet e r or hi c ss of
t he frigéeésstt an Er)tlé) |oz%?Enrtp\k/)‘g'e‘i C%Q#S%lg?{ﬁgyg ?eus?:flt?f]élg ;}p Bﬁfthéfg%ft léléﬂoout I
nm t hi cimbodments,at thpeoat evuddbié foemied ona feRRtamingHbddtive Sor gbslife%tﬂﬂtu?eb

el easi ng |oact|ve

a5tpeticachkemaleEial Topra hipretive ¢empowis streere e present in
medi cal devices that are used in vivo. They can be inplanted in the body of

fe lsﬁﬁ&t L&IR@h DRe% FhhednP@idognt -

i nf urt evicagti@ilbng eshqsr)easesﬂa\nséasvé ﬁﬁfgn‘taffrelfn tsésssamg r{}béité'gl #étf’ '“Eht_ S

i nvent {grab @r%@@m@aﬁﬁtﬂmﬁﬁ el eased over I ong periods of - time (e.g. great'er

‘than about 10 or about 20 days). Again, w thout bei ng ‘bound by theory, t he -

. rel eas dfechani sig Fl GS. e indicative:
“ of si rrg e di ffusion oﬁé}g&ﬁgdbﬁ?égfg?@gémﬁhﬁ&n%{%n& PP {}ﬁ%ﬁ%ﬁ“ﬁﬁﬂ “retallic
 mat ri xmattiain ths bidaetiwemposits stibugt. BIOS.(6Pdrdi 1 @scbeld &Y AirtheP AU BEIORS - The
- bi oactive: Fﬁ}t erial exchanges places with the conponents: of the netall -

fi1'm afRPY HsAeits of smermpnts ysing grabofimente of thedryeatien oAsshewnin BIGS. & fi | m

~and i 5’1&3 4. in embodiments of the invention, drugs can be released over long penods of time (e.g.,

greater than about 10 or about 20 days). Again, without bemg bound by theory, the release

mechamsms m the examples shown 'in FIGS. 6 and 7 are mdtcatwe of snnple diffusion, The

bloacttve matena] diffuses through the metathc matrix, that i is, between md1v1dual crystallites -
- and gram boundanes The bioactive matenal exchanges places w1th the components of the

‘ -metalhc ﬁlm and then diffuses 1nto hqutd at'the mterface of the metalhc ﬁlm and hquld

| h [1 47] | ‘ AltematWely, the metalhc matrix of the b1oact1ve comp051te structure can
' j erode to release the bioactive material in it. For e)tample the metalhc matnx can be
' suscepttble to electroiytlc corrosion. The metalhc mainx of the bloactwe composne structure
~ can serve as an anode, whzch results in corrosion of the metalhc matrix when current is - |
passed th:ough a cirouit which mcludes the compos1te structure as an anode. As aresult of
the corrosion process, the bioactive matenal is hberated from the metallic matnx This is
' useful both i vivo and in vitro. By usmg a COITosion process, small controllable quantities of
a bioactive material (e. g.,a dmg or DNA) can be released in a hi ghly Iocahzed IBgIODS at

specified times w1th1n a patlent or w:thm a dlagnostlc assay
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[147] Alternatively, the metallic matrix of the bioagtive cogpesii®e
structure can erode to release the bioactive material in it. For exanple,
-the net al Iwoo3massd x can be susceptible to electrolytic camosieesz7aThe
~netallic matrix of the bioactive conposite structure. can serve as an
"_anode, which results in corrosion of the netallic matrix when current is
passed EIHBbugh a €pwrosion canicohr dchivélyde passivelyc dnpo sities @rrosion(precess an

anode. a, resyult of 1 r}e I.r 0S.i on_proces t he bioactive . materi
oer at Gt sty Apigd 5 % fhy® CoBpSRE SR et e RlsSRieisr PO Ehdites,
Vitro. 8YcondidthednQalic dedtPn B DPR&Se cHitkidn pré@Rs, e bﬁbﬁtﬁxﬂe{&ﬁ\é tlatrgs of a

. bioactive material (e.g., a drug or DNA) can be rel eased in a highly

: |OI ocal i zegta} effhe hyaaarvescpemomtematmeb@n\betchmd &y ilg didisrenee bolivepn fica _
| 45582P 8 '
Clo???) gls &E%li %:é(r:ltt}?l g[é%ff g%h gﬁg\é\g{fl vV (9 c%%?mg@g‘y%ﬁ@éeo%c glfoigélg% process,

cur i ent %dlﬁanﬁﬁédrﬁisicm iapRlsk@dhbotwdeehal 91%665' neel6Bigad SontectSifedc otheSaing  an
extern power source to corrode the netallic matrix. In a passive_ -

 cor r osi &P adjasenignetal areasos adiffersninleatinsheraicslipotenigl afhegva hetabpatEctill e
B trical
oo sl koD GRARME et I Wi HEIGPEE e VBRR I BardEFL T O

exanpl ejj.e., gl niadei aeticomend)will dogrogaused vvhen two netal pi eces in electrical -
contact with each ot her, or two adjacent netal areas are at different

el ectrocheni cal potentlal The two metal 'parts nstitute,a galvanic

co
‘.':ceII i 4%k ch t e arathsr cghedmgnt, Freehmiqabeegy Bi° %PB@%@#F&W%& enti al
_ %gfred'w the @fetabt\fﬁe é@ﬂ}ﬂsrte Widchui€, O’Tﬁc?l%@chawc%%ner ek aHgdi nent,
, machanl energy such as ultrasonic energy 1s appfied to the bi oactlve
" conposidiffuson uﬁﬁwﬂnmacﬁmmmhhhmmalhelunmtrgychapbsetesstmbmrer almghisf  diffusion
of the bioactive mater romthe bioactiye _cqonposite struct I'n this-
enbodi rfERRO e, HEUC TR T %%WMO%ID&%%? of pSEREOT T of @ st ent
- or ot hepy,i0ig ABdies dEBRkCalraditi é%r@rgy%é}f‘t?eséb?hgd BOE MBI 188 paRaltised
- non-invasively to a patlent so that the ease of the bioactive material -
- from t ibatsherdeasanf the bivactive maiggel fred the stent CﬁooccuenearéfI:seredﬁ!hr@ aF;stI ication

-of ultrasonjc.ener can f or . instan a we after
Phe st GBIl 1 PhiNasiR bePlashBh cADEY BROG (M ine R Bl B iR

surgi cadﬁeg{ﬂep,-eamm]ﬁ{ 1ani cal- systens, and [150] V. |\/Ed| cal Devi ces.

“[151] .Enbodi ments of the i nvention include any suitable medical device

i ncor porating the_ bioactive.conposi te str uct ure. For-.exanple, nedical

‘deV| cesﬂé‘@ﬂc dlM@le@DeVICGS B

[151] _ Embodlments of the mventxon 1nclude any smtable medlcal dev1ce | |

_ mcorporatmg the broactlve cornposrte structure For e;xample medical dewces accordmg to
embodlments of the mventlon include stents orthopedrc 1n1p1ants, cardrovascular 1mp1ants

' electrodes sensors drug dehvery capsules, surglcal chps mlcromechamcal systems and |
'nanomechamcal systems A schema‘uc drawmg ofa stent 150 m an artery is shown in FIGS

| 4(a)-4(c)

. [152] T In other embodnnents the bloactlve cemposrte structures are apphed to blood
' or tlssue contactlng medical devices, whrch are dependent on endothehahzatron of the .
nnplant surfaces for blocompatrbﬂzty These devices include ventneular assrst devrces
(VADs) total artificial hearts (TAHs), and heart valves. In companson to stents ‘which have.
'dlscontmuous surfaces (e gs wire meshes with wmdows) these devrces have continuous
surfaces They rely on cell seeding from the bIoodstream Accordmcrly, the bloactlve -

‘ comp0s1te structures can comprrse crowth factors. The b1oact1ve comp031te structures




‘factors?,
'PCTI US02/ 38275 provide an attachnent surface that could facilitate the.

- Subse Iel e_gecurs. from the netal. .
" descr ?E%cﬁjﬁt’% osvygt.gﬁﬁﬁ%l ?@%@C &Wﬁ@lgﬁpﬁg other dedivpry
~pr oducddodéiraiealile pakynfas, Wi t h ot-her delivery vehicles.'such as

..of t he

enbodi nents of the inventi(pn I ncl ude stents, orthopedi’c | mplagmisy 2006

cardi ovascul ar inplants, n'an artery is shown in FIGS’ 4(a)-4(c). [152] In
ot her enboWO8iM#s82t he bi oactive conposite structures are BOpUSedssets bl ood |
or tissue contacting nmedical devices, which are .dependent on o

endot hel i al. i zat i oglﬁgf the, inplant surfaces for bioconpatibility. -These
devi cesPTHMARAIGENPSItsTHage thatgould gelifgathe attgotmagnt andsubsequent giowithl  heart s

(TAHs), G RAG _ [ ' hav _

di scont Fﬁi&%ﬁ?@?ﬁéﬁdﬁ?g}éﬁ%&i&g Bn W T ea!r;r%g%héq’g% t r}\%\naﬂﬁ\éﬂv\gﬁ% We‘gf_‘ea 1%?35?% es have

cont i nuiegrinsseleating grovihyfactetsyamapeptitiés, sédhi cag aksinmmd hestél agdaidgam

Accor di %%t.he bi oacti ve conposite structures can conprise growth
SIBfoactive conposite structures 26 May 2006 WD 03/ 045582

attachngag) and sUPREHAeRtveLoRWoSite Qf&ﬁﬁ%é%?lcﬁi%cﬁ@?ﬂ%?%_Pﬂ:lfgeréf:e%a%]e:de%cets he

..surface. Such growth factors include an ) ntegrins, T
sel ect | ash ag ingeeiibl¢ pidls or deviaentapalpe pOwsvelmpiic theddoodarsist Thed deateparcel |

m [ d i.on. [153] The .bi | ife d | d
1 oo e Rt B E PR st b e LR G SPRTR B g & bpAY Fer Thei ces
* capabl ecadfbetplaseg i 1h8 HuhahbRdp RS tnEREy Jﬂﬁﬁl@yﬁ?ﬁﬂs‘é@ﬁ?ﬁéﬂemé é‘&%r%%glyf orm

of a sphere; square or cylinder of sufficlient sizet into a

cavi t y.thyrejellic matrixebyponecafdhe methiods Hesotibedbaimyet Thistgps afidrog stoyagarandr al | .

allic, matrjx -by one of the nethods
d ‘épif:}"s%/%‘?]éﬂ? can be

bi odegr adeabl e polyners. [154] |n another enbodi nent, the bi oacti ve

".conposi tgﬂmateri‘ al may be present in_ wells or channels in a nicrochip-type

devi ce.l13fe bi oadpicnethenrpbedimentriicdioastive pomprsitweidterial onaydiegnesshsincan be
covere ol that. | I 0 ,exanpl e... th t.allic trix

s o BRGA G enb i SpEHAAED o BB1os SRRP s 1P RaRain hewel ml | oy,
whi | e tonehgroplsaah be covered s4th agopebat Hatisterddable. Tk eLBhplESthe M@k MRtYy |

“ applied_to the gold topcoat, thereby.causing it to erode. As a result of
the er QEMEPIPICEVE SQupesite ShstiEs Mok corapkse wFkal or p nickel dlog; while thegopecat  each

n urr

el ouofmsips ArkecRatiay el Re o o R EUTLBE! b o7

well or channel. can be i n

‘can belil tndowied Asye msulbofiibt atdsion febbess, ehebivaaitrhateriflgs e tcdigfatesutlyy t he -
conbi nat i,on l?f t. W0 t}a{s 'Acf ‘ ) ' :

each well or channel. ernative yl, %/h% release q_f bioacti?e materi-alﬂ ﬁdm each Welllfori
~ channel pan be induced by an electrical current, Paséive cofrosi'oﬁ can Bé ihduped bya
bimetallic EMF (electromotive force) created by the combination of two metals. Active-
" release.can be ipduced by current iﬁducéd erosiﬁn of the metailic' ihatrix, In Both_cases,' the
. _amount of current éippli,ed‘ to the _Ihet_alli_c.matﬁ;:(: can 5&: difecfly,pfOpoﬁiQﬁ to the aﬁiount éf
. released Bidacﬁikg material, Tlns design reduces the compléXity.bf 'sjuqh-_s.ystg_r'ﬁs. compared to

_current designs. .

- [155) - o As_ide from us§ in thér-ap‘eutic medical devicés, the.biéactivé éoﬁpdsite :
structure can be used in diagnostic devices and‘b'ioassays Wbére é,préc'_:‘i‘sé- quantity of |
 bioactive matérial is :_équirad in é sfpétially aﬁd/or-tampor’ally controlled fashéion‘-.: They canbe -
used in the drug discovery process. Bi_oassa’fs for drug diSéove_ry are mcfeésingfin_
complexity and in:niany cases utilize live cells for b‘ioassays., M_oderh surféc_e technologies:
m@ke- it ppssible iQ study ﬂle_'effec’f_s of local chemical gl‘adie;lté i.n‘th;e_s.t'tidy of cell 'respo_nse

as well as local environmental alterations in cell culture, such as pH. Utilizing embodiments
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rel ease. can be induced by current induced erosion of, the %natfﬂdbat”x
In both cases, the anount of current applied to the mstalllc trix can be
directly pvO@a0#isen to t he anount of rel eased bioactive neEtBUSEI3827Fhi s
desi gn reduces the conplexity of such systems conpared to current desi gns.
[ 155] Asjde fromuse in_therapeutic nmedical devices, the bioactive :
conposi ¢Ethe dnvegtion dynamis rp@awgﬁ@rqantrm mgisgels iatspeeificqisceantipecifiadiongss wher e

i or ErABRpbed Blepi B4 SePTl E it A R Bpiofe G g

di scovery process. Bioassays for drug dlscovery are increasing in

conpl exj15g] and i nknaryergiasgeni]d bibadiveicuipbdid struttire BifoAsEaernYRRanR
-surface technol ggi es_. make it p055| ble to study the effects of |ocal

cheni cafUrEics an &ich oeils prrecidtuirdy The bioartive eospnasiie stregurpean bain thgderm ofa

" onbo; ronees I B oA e B B 38 st i on,

dynami ccometréeaion@f nimlmt}i IWhemq:tpwprﬁﬂteg that matpig Of hehiphative somposiRathbiuge t | mes

—.and in cgntrolled uantities could be_ used in diagnhostic devices and-
- bi 0assdy &SSP YB‘@S]’laI cHR ’Qr?ﬂgatlﬂ’bﬁ‘td thg bfaghve meletia g3sedal;mastict ure i's

- formed HAIRERERLT thidShe SWifRAGRN ﬁﬁ&gﬂh&lﬂ%?ﬁé defts BF fr G ﬁgmotmteotbabsﬁlg& lve

conposite structure can be 1n the form pattern wi
concentquattenbdﬂerrmneutbaamewdfbtoacmwadmatenahreleaseldayer cont ai ni ng one
concentration of nolecule. \Wen appropriate, the matri x of the bioactive

b-conp03| struct ol.ved, via e| ectrolytjc corrosion and th '
~bi oact |[@§7 hateria hl? EYPF&? QJIO%N Roser ?%ort?t“éi‘ﬁ diﬁ’§1 E)P"?IHP’@G’EW@gé:ﬁQ Ponnent
- sur r ounged @ $they e mele@ar HeBts %F&peefﬁb%@i@ﬁﬂés orpéelﬁ%%pe?fﬁc {HES B tified

“determ nes the anmpbunt of bioactive material released Thi's type of
't echnolvéyother hrelogicat @ﬁSm{SmF@r bkﬁenpln the efbeat 0 motaenient oarﬂmb cAvyoke dumned to -

‘stud I f f '
imes (GERTAEn e 150 F%@%ﬁt‘rstwﬁ‘égt g RSP & he o fect of

N mol eculfrictesoencehssagel | cycl e during @ or &, etc. where-@ and & are

'vmsasured wi th a well-known assay such as a fl uorescence assay. [158]

. Exanpl e [159] Si x bioactive conposi te structures were formed. Each:

bi oactllf%gc & structure conprised a nickel-phosphorous metallic
matrix formed on a metallic substrate using an electroless deposition =~ -

‘procesgisgihe subsif plasivsEsh 'i:é?stf.ﬂ %g \{v%ﬂ%rf&‘fn ?&cﬁ%ﬁcﬁ%ﬁv&@cﬁ?@dsgg nitin (')l

“nmedi cal grade 316L. stalnless stee ree su rates co
structure comprised a mckel~phosphorous metallic matrix formed ona metalhc substrate

using an electroless deposmon process. The substrates used were foﬂs ’I‘bree substrates
cornpnsed medtcal grade 316L. stamless steel and three substrates cornpnsed mtmol
‘ ﬂuorouracrl tetracychne and albumm were respecttvely €O- deposrted Wlth the -

L mckel—phosphorous on the stamIess steel and mtmol substrates

- {1 60] ' _ Each substrate was first prepared usmg process steps show in FIG 4 First,
~ the surface ef the substrate is cleaned {step 32). Then, the substrate surface is rinsed with -
- drsttlled water (step 34). After rinsing, the surface of a substrate is sensmzed with Sn(IT) .
- (step 36) A solutron of0.1g g'L of stannous chlonde may be used as 2 sensrtlzmg so]utron
After depositing Sn(II) on the surface of the substrate, the substrate 18 agam rinsed with
7 distilled water (step 38) in a second rinse step. Then a Pd (]I) catalyst is depesrted onthe
- surface of the substrate A solutlon of 0.1g/L palladlurn chlonde may be used as a catalyzmg
squtmn (step 40). The surface cf the substrate 1s again nnsed ina thlrd tinsing step (step 42).
- Distilled Water may be used as the rinsing fluid. After the third rmsmg step, t_he substrate is




t

"sol ution '
sol uti d-tﬂer@shfem)axce]ih@latsﬁhn bawetivf maﬂeaabuas&tffetteet m$adghath Baﬂsbdontmnadt hird

i for "B Re B B D con e b St R T SRl Sabi Tneh B3t Osse

fluorouracil, tetracycline, and al bum n were respeaneI y cogiarpsbded with
the nickel -phosphorous on the stainless steel and I nol substrates.
[ 160] Eachwewbsissed e was first prepared using process stepscglewastsFl G 4.
First, the surface of -the substrate is cleaned (step 32). -Then, .the-

substrate surface is rinsed with distilled water (step 34). After rinsing,

t he surdatalgzeaifand isteady fatciectralesedepotitian.d Titfet btabiddsk kicel 418) thfee3fiinol A sol ution
of 0.1 L of stannous chl orjde maybe used as a sensitizing solution:

After §L3ies WeFeshenarsd wng the abeypdesarbedraiehgingsedssnt e, the substrate is

~again. rinsed with distilled water (step 38) in a second rinse step. Then,

a Pd (Ify ]fcat al ystrks aFRrQR bleefoRE f1khg bstﬁsfe&e el fific stt@é&ﬂ%tsﬁ béths

g/ L-palladium chl oride "nay be used as a catal yzi ng

~stainless stee
~ described catal yzing process. [161] Three different -el ectrol ess plating
bat hs Vé®H made. The three different baths wer the sanme, except that the

PCT/ US%MF%L@&%@ Hadtotbbﬁw%ﬁdt&ieﬁlgetassts%so‘sué@eowtlon Three .

and three nitinolm substrates were prepared using the above

"bi oactive material mas—di-fferent—n E"" pat-fr—Bath—t—eent ai ned
.5-fluorouracil, Batth 2 contained t yc]rl ne, and Bath 3}{contai ned

- al bumin. Each bath \/ﬁg alie@DI €Nt pr eSSUfgacentrafiog’ ©1 abput 7, and at a-
“tenperature of abo QC

‘Sul f amat e29 g/ L Sog |Nmk¢liﬁulfpmawphi tel7 iR9g/Bodi.um SUCCI natel5 g/ L Succinic
" Aci d1.3 g/L Bioact ipe—irat 25—t ’D"th H-—0-25-5¢ f | uor our aci | o
“(Bath 1), g/L (Bath %}d ﬁép SPbl@feracyg'l Tk (Bath 2), anfl ug/n (Bath 3)

[162] TABLE 1L Ingredient Concenfration N ckel

| Sodium Succinate - 15 g/L
| Succinic Acid . | 13¢gL - o
Bioactive material: - 1025 g/L (Bath 1), 0.25 -

5-fluorouracil (Bath 1), | ¢/L (Bath 2), and 100 -
tetracycline (Bath 2),and | ug/ml (Bath3): =
albumnin (Bath 3). . T

1631 Six bioactive composite structures in the form Aof laYers were respectively
formed on the substrates (3 stamless steel substrates and 3 mtmol subst:rates) using electroless
_ deposmon (step 44) In general the ttme in the bath determmes the thlckness of the bieactive : '
: _ comp051te struct:ure Each substrate Was nnmersed ina b“ath for about 10 mmutes to yleld a
' layer about 4 nncrons thtek The cencentratlon of the bloaetwe matenal in the bath _
" determmes the concentratlon of the bioactive material i in the coatmg For ex ample when
' albumm was used asa btoactlve material, the concentratxon in the coatlng was 1L 10 wiw

- a]bunun.metal Wlth 100 ug/_’ml concentratmn of albumm in the startmg.bath.

[164] .For each bloacttve compos1te structure, the wezoht proportlon of the b10act1ve

rnatenal to the metalhc matmt matenal is listed in Table 2.

[165] The wei ght proport_ioﬁs of the bioactive mater;ia_ls_ to the metallic matrices for
each bioactive composite material were determined as follows. F or each bioactive composite
-structure/substrate combmanon pre- and posi- deposmon dry welghts were measured. After

-they were fonned each b10act1ve comp0s1te structure/substrate eombmatlon was then placed
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al bumin (Bath 3). [163] Six bioactive conposite strugtures % NMbe26@y m of
| ayers were respectively forned on the substrates (3 stainless steel
substr at esvansloBssti ti nol substrates) using el ectrol ess - dagmsusozosm7§st ep
44). In general, the tinme.in the bath determ mes the thickness of .the-

bi oactive conposite structure. Each substrate was imersed in a bath for
about 10 apiclagtrelytic bathi with the bibapjiee ceiperitestmitoredreng miadk the Bnedcafament r at i on

of the t |aI n, t he .bat,h conce on. of the
bi oact |é\;ée ma’%d § C%é: W ﬂét‘%“ﬂ&““&d?*ogg%wetﬂ r}lﬁf‘é\g’é’aﬂe‘@d as a
bi oact Idompm'&esthﬁlzture wae cﬁr%tfe@%ﬂ phdsed frofh thb Sutk@atd inl tﬁ@éh&a&t%%yﬂa al bum n

. metal with 100 ug/m concentration of albumn in the starting bath. [164]
For eachhemsaet pl/ike bingpes mateselin thabath wahthenopyeallyonegsoredivoth & ushef

bi oact | t liste Table 2.
105 AgogRHRlh B Sk MRl el I ¥ reteRi B ity 8B e al 11 o
_mat ri ceghefrein thee;aﬁaprdsemaclta biGactio8 BRSIHaBarEREP Imthe\e%ceo@letneemﬁmﬂoﬁ&df ol l ows.

For each bioactive corrp03| te structure/substrate conbination, pre-.and .
-post - dePIHER- deyhown Giittle el rdablarethe caneaniration efbinesteyetmaiprea, to each

' bi'oacti 841G9 cture/substrate conbinati on was then placed [ 26
. May '205% % g%?gia&%%lséaé%ﬂ US02/ 38275 in an electrolytic .bath, with the
“bi oactive conposite structure being nade the anode of an electrolytic

circuitfledNth current i ntroduced into the bath, the netallic natrix of the
bi oact i pe— A - passed Jat > _substrate

~into t ﬁ#ﬁﬁﬁrol%&@c bth .The m)unt of the bj oactive materi al in the
bath wels fapcqpirational woaﬁlrafeatfgelarbeaospééﬁ%mﬁem a@r. The
nunber helow in Tahle 2 relNIBB@rRHQHMMQMM P, - whereinjthe x
‘represdnts the biodctive material and Ni-P is the el gctochenically
deposi tied netal gt ri Elugkgurspibwn Jy tha“etretwline in 'Iabl eAszmﬂRe

.-concentjr d.l romnm—of IUi oactivemateria ret-at | S hl € h—nr—each—ease: [1661
- TABLE 2: ncent bi oar,tlve erjal ‘to Dep ite i -P Matrix .
- on .Ni tijnol fé 3161 q% @%%sm%l.u )rourggB ?f%trtl%cycl itn ﬁl%ﬁﬁ#%é\l i nol 0. 100
“'mg/ 3 ngo. 3 ng/4 ng0.5 ng/- 4.8 .-ng 3l6L Stainless _ B

~ | 316L Stainless | 04mg3me | 05mgdmg | 04mg/dmg
' Steel _ T A L

[167] Example 2

- [168] - Coated stents were fonned using the same Basie ele'ctroless.deposition 7
procedure in Example 1. However in this example, instead of foil substrates Johnson and
B - ohnson Bx veIoerty stents (stamless steel) and J ohnson and J ohnson Smart stents (rntrnol)
were used as sn‘bistratest ]§1oaet1ve cornposr_te strn_cmres if1 the form of ‘layers were forrned on -

‘ the stents.

o [1691 FIG 6 shows a graph of the drug elutron proﬁles when Johnson and Johnson

- Bx Velocrty stents (3 16L stainless steel) were used as substrates FIG 7 shows a graph of the -
drug elution profiles when I ohnson and Johnson Smart stents (mtrnol) were used as |
substrates The amounts on the y—axrs of the graphs represent the amount of broactrve

rnatenal remarmng on the stent after elution into a physrolocne saline solutton

[x70] - A similar anodization process as was s used in the stent e};-a'mples-as was again
applied to the foil substrates. After coating, the coated stent was 'plaee'd ina physiologic -

- saline solution and the solution changed daily. On the indicated days, the stent coatings were
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- Vel oci t

0.4 ng/ 3 ng0.5 ng/ 4 ngo. 4 rrg/4 ng Steel [167] Exanpl Jﬁ [ 168} K49 Q@%stents
were formed using the sane-basi.c el ectrol ess depositi procedure In
Exanpl e 1.whbaaey®s2 in this exanple, instead of foil substpatmsgz/ikermson
and Johnson Bx velocity stents (stainless steel) and. Johnson and Johnson
Smart stents (nitinol) were used as substrates. Bioactive conposite
st r uct usmsslized. (The am@rmt of bivaxyive matwiabrdlanserbih caph ciseevastdetensinefl 6@ aFl G 6
shows a &%g he drug elution profiles when Johnson and Johnson Bx
§}%§ QlometEs 8553¥ ai nl ess steel ) were used as substrates. FIG 7
shows a graph of the drug elution profiles when Johnson and Johnson Snart
stents {umir}i nol ) WeicEn HESknas FRGDSE 4Rl B noleclild AERIMNsEd RBmtddfboiiAsits opf the
'graphs represent the amount of bioacti ve material renaini ng on the stent
af ter ethgtipisntipmovcrdopperiods oftimes Apprsiabdd anpans of drmgs sushss fuprpuracil,

1o the PoEEERE R Hlnt Rt RS hae i) Yok B R oS P8k 2D Y

physi olaguﬁgmabbng@pl ution and the sol ution changed daily. On the
~indicated days, the stent coatings were 26 May 2006 WO 03/045582

" PCTI US02/.38275 anodj zed.” The armpunt of bioactive material released in each
~ case wad7detEx#MBESP using a spectrophotonetric assay. [171] As can be seen’
in FIGS. 6 and 7, nolecules are rel eased from enbodi mrents of the invention
- over | erlods

P tor oiaa ! QP ASbhiTEp ARIGAL Lo o URkPo: (AR siiiiaBue e
appreci \aizileeangerorf bsiaotivomatehiels vioeh canhogsred bag raleded [nlik2 ﬂ:’oﬁmgrrﬂlablei?a [ 173]

C“Addi tiopa ment's per for med | order to further dem) strate the
wide r Mﬁe Brab “ﬁsangPWH’I GRFRSHAL FHOPOERreS OBIHBA0 Hher P D kBl 1 t he

- coat i ngyirT B emé Roge BhE ot a%ﬁWﬁJictﬁ*)éE’ﬁaftéﬁﬁ?nm £9hd Qpfehsich HEnsenend)

procedures outlined in. exanple each one tinme polnt and for a new .
.bi oact |hﬁewqmt@rqhaien Yath ﬁont the sathpleeontameng the abpoctbariteactive matsenal amd #hkut i on

 bath f | th bi‘aact t dth
e bR O e R bR G PR R RS apgs, T 8 el e
" inst anc%ade'i_’) 161 BN IR 163H samBIoARR 34l u§ gltm% 5o e ThedBbnApRL&s WRSaduRaded

-using the above nentioned process. "In addition ~to tetracycline (an
~anti bi de iteil)acy@tredmemtéuoﬂlc)( Erlmomacmldtaebmnmctebohtehdndaalbumm(a(large@r@em),

__pr otei rtbese experiments deplct the ability to store and release rapamycln (a hlghly lipophilic

-antirestenosts compound), heparm (ali ghly hydrophilic, la:rge carbohydrate, anticoagulant

- molecttle),. and hydrocortisone (a lipophilic, antiﬁnﬂamniatoty compolind). :

[174] ' Table 3 shows the optlcal absorbance from an elutmn bath lmmedlately after
‘ deposmon a:nd after seven days i it 2 0.9% saline solutlon AA refers to the absorbance
o dlfferenee between coated W1th b1oact1ve matenal and coated Wlthout bloactxve matenal 'Ihe

. number in parentheses refers to the charactenstlc absorbance for each matenal

TABLE:}

Thbeﬁ:O,AA 7 | : Tltne“ 0, 7days AA -
Rpmyen |0 S 185(274ﬁm)
Heparim . |0 - | . ,2,4(230nm)
I.i‘ydr'ocorti.s_one C ' 0 . : | | , 112 (2501111‘1) |
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t hese experinents depict the ability to store and re ease rgpggﬁo§%
hi ghly lipophilic antirestenosis conpound), heparin (a highly ophrlrc
| ar ge car vohysieass2, anti coagul ant nol ecul e), and hydrocomtﬂﬂﬁmemﬁmb

| i pophilic, anti-inflanmatory conmpound). [1741 Table 3 shows the optical
,absorbance froman elution bath: imediately after deposition and after
seven day8l i Bhxampleg, sal i ne solution. AA refers to the absorbance :
di fference between coated wi th bioactive naterial and coated w t hout

bi oact ter es r.ef er .to.the har act er tic
albsorbI nce]rT?or 'egt egﬂ?err"a?g%ﬁ@%&e?%mﬁr er%ppl jodotiye & H]@ ot
Rapany canple @Niti2gdoiomierdigppivaildle frof? NRAEGL DEMdé@ﬁﬁerniﬂﬂﬁﬁﬂ; e %§0n”) !

.26 May 2006 WO 03/ 015582 PCT] US02/ 38275 [1751 Exanple 4: [1761
foll ow%&m 13 cxypRlg ds the,sampleds fusthepprogprsed byiplaging itdn gha sﬂéhqﬂeamsrtg:mm a

Gompondat Ko ERREIORR oMM D T M nlly JRSEGRARR e

proces apphmrmphermm;ge ifdr dbout mocaabimm sec@@Sitd pRduddh topcc%twmdl dd the :
L chromi c. acjd (Cr@3) and 1 g/l H2SO4.. 200- 300 cn is

| -contai gtfg% %gél

“applie 19Tt RigRbIve materiaky Sy chromisn ipsaat iRy awemenid sha radispaeiticed the t opcoat

- whi ch delRys I Iz ah . r t opcoat '
5o algres Dl el ohtonn Ay 2 BhLNE HRLH Lo HASUOIY b o

r el easavesks.bi oactive material is delayed several days to weeks. [177]
Example 5. [1781 Varr ous of the enbodinents of the invention; such as

-.accor di to spea spects provi ded. above, . provi de. val uabl e use in
coati nmdr cal 'notvvl thstandi ng the  presence or absence of

- bi oactive agents or rraterrals in the coating, and therefore are'to be

- consi derzyy broadwneesefeeleeiboaara%ortsémtreﬂldnnyteﬁfas%bortlﬁgm?d e;Qe fio oo

particular such aspect is-illustrated by the fol l ow ng exa
ni ckel a5PSris sevidedorhont.arevide velushle vseinl ooytmgmpeducemce;mmmheanmg the -

o i |l ust ment, of the Jjnvention usi ni_ckel - osphorous _
coat | ngl%ké o‘f‘ Qﬁsegn%otb }?18 chlgrg a%eqt%gwategalg Afhe ¢ at&@eﬁ?é] gterefore are 1%% R
cons:dered broadly beneficial aspects of the invention. -

R [17 9] N One particular such aspect 1s illustrated by the foltoudng e)tarnple wherein
mcLel release from mckel-tltamum alloy is reduced by use of an 111ustrat1ve coatmg
embodnrnent of the invention usmg nickel-phosphorous coat;mOr solutxon and process w1thout

| bioactive agent

_ [180] N In a separate expenment alem2 sample of mckel—tltamum alloy was
' anodtzed to completely remove the heavy ox1de layer on 1ts surface exposmg pure mckel
't1ta:r11um The substrate was subsequenﬂy pIaced mto an electroless mckel bath (Bath I)
" without a b1oact1ve matenal A tremendous autocatalytlc reactlon was noted on the surface :
~of the mtmol After 30 seconds the mckel-htamum substrate was removed from the bath and -
S a shiny’ coatmg noted This coatmg was not removable by scratchmg or wrth scotch tape and

Showed supertor adherence to the mtmol substrate

[1 81] A The new mckel-phosphorous coated nickel-titaniom sample (Nr—P—N1T1)

coatmg was then placed into 1.5 mi .9% sodium ch]onde solutlon and mcubated at 37 degrees -
for 96 hours after Wmch the sodlum chloride solution was removed and replaced with another

1 5 ml and mcubated for an additional 96 hours. A parallel control sample of “as-received”

mtmol (N1T1) was also mcubated at 37 deorees for 96 hours and 19” hours Atonnc
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- sanpl ed

[ 180] I na separate experi % a 1 cn sanple of ni ckﬁl -t t apivep Bk oy was
anodi zed to conpletely renpbve the heavy oxide |layer oh its surface exposi ng
pure ni ckébo?o %ftr)T-Raﬁﬁ um . The substrate was subsequent|y pl REAUSOAB827an

el ectrol ess nickel bath (Bath 1) vvithout a bioactive material. A -

trenend atal ytic reaction noted on the surface of the nitinol.
After 3‘8‘9%’5@5?%’%’ CHPRGORY BRE RSP AT Ba Bk oBtcRbeo s adhg sodwHarH@ bat h
and a @ﬁbﬁm&gﬁbléggvéi@;&qb | Bepftd 85w cratching or
wi th scotch tape and sh ovve supeerli)fo%lleggher eng(}eﬁtpaﬁgﬁ%e{ﬁﬁiﬂ&%@substrate

[ 181] The_new ni ckel - phosphorous coated nickel -titanium sanple (N -P-N Ti)

coating Wwas then placed i nt-pNL-PSNiTil (ppfi%o sodI(gmLpr | de pol ution and

“i ncubat el NaékeBrel€he8l @8Bowt Of 19§ hours atter| gy ch the sod) um chloride
sol uti on '\as.d RIIRNEH 19910 T epl@aced Wit anotif 5 |||| and i ncubated for -

an. addltlg&il 96 hours. A pprallel control {sdnple of "as-received" nitinol
(NL.Ti) was a. so—thctubated—eat—3+degrees—For96—-hours—and- 192 hours. Atomc -

~ WD 03/ 045582 26 May 2006 PCT/US02/ 38275 Absorption Spectroscopy was used

- to anal the nickel content cont a| ned in the solution in which the
{88 o | ne by sorp Bt the SapBlcoaed vithackehphnspheroperespiiad in@ 2 ppn) :

N - P N e 8RN 1P Thich i 18 ks S0 B B9, Ao el £f Sased

- 192 .61.2 hours [182 can be seen t e sanple coa
“phos ph@ﬁ@l%sdeoe@at iretite lsubwq%ﬁ 98thchexs) etk evhien céparsd akibb unbdazdd dogaehed from
- the nickel-titaniumsubstrate after.96 hours and a 50% decrease in the
g subseqﬁ@ﬂ?leé’&n gﬁlr%ameew i¥f conpared to the uncoated control sanple of
"nickel -titanium substrate. [183] This benefit derived from coatl ng a '

. ni ckel {t§35ani um M&ea&eﬁmmﬁ&atzﬁgamdﬁeﬁﬂ%ﬂﬂlé 3% various

- broadly beneficial aspects of the invention. In one r Strate
‘conpr i #viegtion el@ésmpbmoﬂtanoea bxoedkydieeeﬁcaall @p@tmfdkeinvemtmn iIh one hegavd, se
This i.g val uabl e

. “woul d t eda t o, t he jnyent, )
. 'across \gﬁ%\n&g% Croa eiﬁ%tf’rgg Se_leFSrfnf)léfil a(?d*% TR WAl - whi ch
-~ ot her vvmmoswet@rtréataracabﬁh@ torR aeeeuﬁp NERE RYaluhBle aBioRS QWRAL daRkd bt y
reasons, c%yrt i cul ar_regarding patient: popul ati ons who have ni ckel

.al | er Bicd sa 1Pl 8 pagiculsn gAplealdi which @&xpresg syfifarfeom nekplrreeemoonmm i on
- provi dgg b?&t:%ﬂlpatlblhty reasons, in particular regardln patient populatlons who have nickel

.allergies. Examples of such medlcal devices where the present inventi(')n provides such
value, without requmng mccrporatlon of bicactive agents (or W1th such agents, if also
. de51red) includes for example all nickel-titanium medical dewces such as accordmﬂ to -

further ﬂlustratlve examples stents ﬁlters W1res or crthodontlc devrces

[184] ' Moreover the ab111ty to use the sarne coatmg and coatmg process to (a) m]nb1t .
- '_ N release of mckel from such substrates (b) also provrde for coatmg of bloactwe agents and (c)‘ -
- increase the radlo opac1ty of the underlymg substrate or any cornbmatlon thereof e.g. (a)
~and (b) (a) and (c) or (b) and (c), is a highly beneﬁmal combmatlon made possible accordmg- .
- tothe present mventmn and should be con31dered an mdependent broad aspect of the -

anGIlTl on.

[iss] Other beneﬁts are apparent accordmg to useof the present mventmn with or
W1thout inclusion of bioactive agents in a sample formed or coated accordmg to electroless
eIectrochemlcal deposmon process according to thé present ernbod1ments In one part1cu1ar
example, vatious formulatzons of coatmgs and their related processes may be used to enhance

‘the radlopamty of a subst:rate medical dev1ce More speclﬁcally, preparatrons using relattvely

2




B further- benefit.

val ue, w thout requiring ' ncor porati on of bioactive agents (@r | 5@06such
agents, if also desired)’'includes for exanple all ni'ckel -tiftanrum nedi cal
devi ces, swuEds/asssaccording to further illustrative exanpl axTsiRntR7s ‘
filters, wires, or orthodontic devices. {184] -Moreover, the ability to use
" the sane coating.and. coating process to (a) inhibit release of nickel

f r om suwediopagus traddrds such)as ahrenuiym dvi ekendpds, epoadbabigclobmbing aahbiveti@gent s, and

Conbi AR snBEHce TPt i et ratpast BHLTE b v (a5 bopagess | 5 a
hi ghl y sheingf fos batme Hpﬂkgﬁﬁﬂaﬂﬂgimgr sHOS kY & s%gst%gg %ﬁtaixgiﬂgtsﬂxﬁla?r esent
| dere roa

i nvention and shoul d be cons an | ndependent, spect of the
‘i nvent rgiopdque Bjatatialig) bivan &dss densapnd tppdoriessastiopajun grdprtisise of t he

resent.inventio wth or i t hout inc)usion . of,bioactive agents.in a
Do o TGS (ot Bt st tilang 6o R LI ey ina R op o ORTRaH bY 5
d,Q.Q.Q_S____i_f__bbﬁmﬁc@&gﬁlfi;..t@%Qﬁl@kéiﬂeﬁlgodiﬁﬁnf%fafes@dﬂsid%fga_qg é}ﬁ?ﬂ%&e nofigaparticul ar

- exanpl e, various formulations _of coatings and thei processes may
‘be useé@snestseflznipuentiva, withiop paibpetjinelissidn ofibivactivesn ganis) adl witteor withoutbr e

- speci f - reparati.ons usji.ng relatjvely. . 26 My, 2006 \/\%{83/045582

 per ust sl o R Rt TR e S okl e e e, o g,

- cobal t cefbiatiens @?mhﬂ@td@wcrdw!slamqﬁslviti@sigﬂmaﬁ;%ﬁ&%a@ﬁﬂ ty of =
substrate materials that are relatively | ess radi opaqué ,. such as for

- exanpl e nickel-titaniumalloy substrates, or substrates containing simnlar
-radi op&fi¥d mat er iVarpss paticulpremhoskimets bavedregn hpksiredescdbideis thequimsaglie

"pr opor ki . Iher ef. coat.ji.ng. pro s and resulting coated sapples . -
PP gl iing ERGL LA bRORN M OGRS ER AR IVRRNR. HOPRER R AR
-~ enbodi smnifkcriniiacste ddpincibpie ssteifd Ydes] sl notdReAiGered lildignd M\W@nt i on,
with or w thout inclusion.of bioactive agents, and with or w thout the :
r esul t C&FS BhRABEY 152YEs AxsRErBplary gf freadsr appegiscd dhavinyration: dlos gxamples hough

PUCh, (SRRBIGLIANS RBRAGERLL B BBl AR I bar ) gl o T oant

rious particular ave her ei n

- descr i pedesses artdesyltsy possharfsuitiblé cetting tomelatim,sbitadiivg Ak yntkon afd likeal

. aspects

. o{l? .thbe.'._ore(ﬁ:nt i nve tior?); However, nmany..such - specific_enbodi mnents,
despi.t B3 h&SPOLHEeT fordhghseiiccmbodupenty despdbedsiithayk derprag fpmihei ng in al |
- cases pichdel sEBRWIHIRIAESiA € exenpl ary of broader aspects of the _
~-invention. For exanple, specific exanples of experinents are herein shown
Wi th respect to particular coating processes and results, but other
sui t.abl¥87toat i ngMase apdcHidabisnicksi-phesphowua gesting preparativms hakebeenay be

- SUbSU Lyt a6 hiYhe $R5GHELS REROFTROL Sndf850 iREd-al SR dREE Lm0 rom

results. However, other-suitable substitute materials inay be ﬁsed'i_n sﬁchjpréparations and
. - still achieve Var_ious of the obje'ctivés:and brbad_."aspe'cts. of the .in\feﬁﬁoﬁ,'lélilch as for gxéinple
B ‘preparatic.ins i_]iplildin_g: _ohe of nickel or phosphéfous with suitable sﬁbs;tiﬁ;fés'- for t'he.otherﬁr
o cobilt; 'béroh; 'ch;_onﬂum; or othﬁ; sﬁit'ablc combinations, allbjzs_; di":bler}'dsr,of such materials .
as herein described. Ac_cprdiﬂ gly, fhg‘ specific combination solutions of hiékci-phlbsphorous
"_ _ is illustrative of broader aspécts of the invention éncdmpassing thés‘é _ofhér Subétitqtés, such
“asin certain regaids to solutions or structures related to: use of métals;'_o‘r, 6ther materials
forming positive valence jons and _rfadﬁcihg agel}is.thereof (é. g redl_iéing agéﬁts p_f metals); |
cations and amions; combinations of positive and negative bivalent or trivalent rﬁéterials;
solutions adapted to exhibit electroless electrochemical deposition onto Subis.tratés;,steﬁlized
str_ubh;r‘es that are electroless electrochemicaily forﬁned or coated; etc.. These broad aspects

illustrated by use of the nickel-phospho_rous electrochemical depdsiti_o_n- process of the
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. a bio_ati.ve a ent that is anti-proliferative

i ntended scope of the invention. [1871. Mre speci fbgﬁl L'y, “26 May 2006

ni ckel - phosphorous coati ng preparations have been erally used in the
experi nment¥0Ode45ed in the exanples to illustrate parti culRIT/B88827S al
results. However, other suitable substitute naterials may be used in such
preparati onsg an stil]. achieve varj ous of the objectives and br oad aspects
of the FAARINES BAHUdE cupbinatignswitherithout the bipactys anentsias cithen pacifieally of

ni ckel e §£{m5gy§ t other; cobalt;
bor on; cﬁ?orn%um or o?ﬁg?@%%%%%éggg%?ndaﬁ%ns tESOtF]F} OF or blends of such
materials as herein described. Accordingly, the speci f i c conbination.

sol uti od88bf ni ckiml aqottms Eegard;mlﬁrd ;mrﬁrdgtanhtaaaﬁire/@eﬂfshabe Qﬁdﬁ’fed%ﬂaeécsnlof t hg
“invention enco t hes er subst ut.es SucC as in certain regardads
to sol JﬁFBﬁ%ﬂ ng@ {f@? EF%@PE&% sedr¢ igtendedhtodre 1lastrafive of othgr ¢rampavadesf al s
f or m nasipaIs éﬂaystéfehegt@sod e @ofliflc g&ﬁt ae ngﬁtea&&etﬁ&%gagapos afe‘juc"“g

_agents of nmetals) 'S an ani o nat | ons ve and

negat i \ﬁ@nbdmﬂ@ﬁhlghrmrﬂepeuéemmluﬂ)atm eample, tshaytlinnmap dnphedgad bexhi bi t

el ectroless, el e troch al de o ition onto substrates;. sterilized -
St roct dPBEReRE o O AT DI A EEER R et R e GRS, Gk ABer ot .

These hyhoadiersaesd §blohéti%$t{g6ﬁttt§£ IthtiJﬁx%hPJraﬁJe%thn%ﬁ 'mlﬂﬂﬁ%'}ﬁg %%8 )

el ectrochemi cal deposition process of ' the J 26 May 2006
'PCT/ USG2ll 28p7s, @cbﬂrpt@@e iarpobsiblile suitabi mmmwsasmtahhaest@mdshmgentt i ahothect i ve

. agents. e rein d crlb bIe nations,

- bl ends EQ%PSISUES{WO (ﬁtr erg%tpnzeﬁlag@rrp er atséé‘ eremg ticular
“bi oact iryslicagen riteHS aﬁcﬂ)@@ﬂ Elodh;3nd fhee#chhact&xtz%d% B&hﬁfiﬁﬁsu%n% of fhe o
Exanpl es, these are intended to be illustrative of other conpounds of

* si ni | adokoying dynssiof bioastiya dgstigh ﬂmheusqsdemmel mgktgues and aniéliestamsiset hods and

structy ap nsi der.ed - of hi ndepe j

‘tetr acygﬁﬁne ?r'hutgf}%lns By é‘a%‘Pa“ng;g“’%h%’P @f é‘ﬂf’%"& 1331)‘%1?{‘3%‘?% ﬁﬁ%?‘ffé a&ejent |

Wi th r edpibe exéaplady épefinfeafsSidis OhGadnbdsne of ang V\:ﬁé §rcft%iﬁ,tds%ellh &Jgﬁ% acterized as
en it is inhibiting

aut oge AeHVI es gf eewwur&ﬁdp@m@eef%s@@nehsehm@smmt andsgrowth t ut e as an::
. anti - f. | h t d
Cas an mﬁﬁtfshﬁmﬁ%ﬂtsoeohﬂt&. e PR G isRlobk 8 PHER Ry o Pt 2o

and cekkergplasyt dmbddimicsis | andtih eiaradi@tsac be compsimas t}hemeg mg}ﬂrhbélﬁﬁhd rem@f  the
pes of bi oacti gents: fluorouracils; uraci analogues and

~foll ow a
anti - ré??%‘ﬂ%‘% Agents, @pt gntt; w%m#onsagsﬁet Fepaiinrmather gichepragpledhatis L
at.t ent ;pRadifiddes BE e@:ftglﬂf{ﬁ%r@ MGE 180 car‘h'of}?/érgge %ﬁ%@hﬁ?h Sxperiments, and

is characteristic o arge” pr teln Fas we ngtypes of

. co npoupdtbohyseye istesth feartha mombmst entn-lce@ulajrt-lagtlmateneses agent nHy@‘bO@Mtlbone is

yet another example and is illustrative of compounds havmg at least the followmg

charactenstlcs hrghly hpoplnhc and: ant:t~1nﬂammatory agents -

[189] S Accordmgly, whlle each one of these bmactrve agents represents hJDth
B " _' beneﬁc:tal specuﬁe embodlments aecordmg to the mventron such other substttutes thereof
' ~ €.g. analogs-or denvatlves of these part:tcular agents, or other substltutes or comblnatlons or
' blends between them or 1ncorporat1ng thelr suitable substitutes, are further considered for -
inclusion w1thm the broad mtended scope of the invention where appropnate accordmg to

one of ordmary skill based at least in part upon review of this dtsclosure

_[190] Stﬂl further, 1t is to be appreciated that the mechcal dev1ce c:oatu:uJr and fonmng
methods and results are beneﬁc:lal 111 that one coatmor method and result may be used
_mterehaugeably, or in combmatton W1th such varying types of compounds The various

' _types of compou;nds that a coatrng accordmg to certam embodlments of the present invention

T
L
1
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factors. Rapanycin is another bioactive agent herein di scl osHOMiap 20@5 t ai n
particul ar - exenpl ary enbodi ments, and is characteri stlc of conpounds t hat
are: hi ghlYOIpB&¥Bi | i c, anti- restenosis agents, and anti -BawWiUssnstrsry
agents. Heparin is another such exanple that is characterized as being:

- highly hydtophi i.c; arge carpohydrate; anticoagul ant agent; carbohydrate
. growth F’ééf{bB?l dle eahly pr BsaghimatedRe e ayamsor snagg éng. coetbmaeem)t i sone
s, yegfﬁg%lw gp[) n?ﬂ?)‘dn b unds. _hay at | east
he fol |l ow ng clﬁgﬁgct efrelost | cs‘IISS %Féﬁ?gﬁﬁhﬁdgtﬁ s 8HR’§ W ﬁ?l%olﬂb?eammt ory

s ' “agent s. hydrgshilidrydrogholgk yhpoyﬂnhlcelamolmlec‘iﬂesoﬁnd menbleeees IpY&teidg ehbiio
. repres %{?s gﬁ%hl}%{l bene ICI speci fic enbodi nents according to the
i nventi ReIGPAes cahply E&é%tl‘f??eeinéﬁlﬁ ComEc"@ldS»eﬁﬁ‘QtlBﬂ%mmﬂ oérivatives of

{hese_najidHlamATRBibin QimAhARL oAkt R

. between t hem or i ncor porati r swta are

consi dested for _inclusion within the broad i ntended scope of the invention

T where appropri ate accord| ng to one of ordinary skill based at least in -

. part _u evi ew t.his dIS|OS 0 Still furfher, is to be
'gpprecP@?Q{l t hat ellﬁ%‘d’ e@ﬁf’ 58@“@&)&? %’Goﬁﬂﬁﬂlw&ﬁ‘?@ EWIPRSHE gaby
r esul t sefdiénch enekiBxaipldsnrebiltin Gt a8i0R bf OGtaiEhBAfmanites Aot dssgﬁ?¥%el§ﬁn€%3 ﬁgs

‘i nt erchangeabl in conmbination, with such varying type
The varth@pse Te?é‘]&léshaéﬁct@‘mﬁlﬁ@tﬁm folmﬁtloa precess. ipr asaopldj thg meteloeattini n

 enbod L2006 V10 03/ 0453
I%CT ? UISB@%%QHHQ& %&31312& dhl%l{lt nt| ?{djé’altfl%} Igpaterial dgtids %tt‘legzd‘mn? ficl ude any

one or radoing &egt amrendaeh iden&)to ﬂo:f mbfaBiohe fdrRei B? tileR&al Rfth& onpounds:
~organic, -i nor ganic, water_soluble, water insolub hydrophi i c,

* hydr opliisirechamiga) dkposition flud gavirsneantl Sech eomtbinatih jof makestald are potdypicel ns,

. nmono SAShak enosi s corrpounds
Canti-i nplqeamm%rory conr%%tgﬁe (}gﬁg‘%{w}%tﬁ drs%o‘ﬂ %%%&'ﬂ fl2$-2 STHSeA abol i te
conpourtistropiating. b]nca‘ddmo@pﬂiﬁ etiiditral amt dze dibQiblerthe SRS fRfrix formed
el ectrochemi cal 05|t|on met hods her'ein described, e.g. by reference to

“the - Exésm% aé%"teqslé%ﬂ?? grocgssrlgid davnon WO@@FI%PWW@SCMFM@Q@HSHM possess
et ur ekl Blcat oSl bt GRSAEIET Skl TS L IAL D RESRT, PO
© non- mevalques etheamethhdy, e@vershesrsmlterdng r@moedrrlgledute dfmgteﬁugﬁﬁl’ed &&taﬁme{aect ron
~donor to,the nme s f the metal jn the el ectrochem cal

deposi f14#* f‘tfﬁF@%& Peﬁﬁﬂgf‘ﬁmi \él\ ERRISARATACESS: o AT SfhemgitedoseiRiion B not typi cal
-+ chr emueﬁﬁlhc§op§uﬂgﬁ@lnmgﬁti%g§gtl%ﬁﬁgi by .ot her - deposntlon nmet hods, e.qg.

sintering or ‘electroplating. In addition, the- structural and size

characteristics of the netal matrix formed S
[192] “In another regard, vanous add1t1ona] aspects of the coatmcr methods and

- Observed results related to the embodrments {e. g by reference to the: e)ramples) are further
- _beneﬁcral For e:.ample the coated stents 11]ustrated by the examples were: cenerally |
- observed to haVe metal matrix coatrngs with average thlcknesses of less than about 5 mrorons— -
over the outer surface of the stent struts. Coatmg of thls narrow thlcknesses was further
| . observed to hold and ¢lute more than 750 micrograms of bioactive. agent in one case and in
a.nother case at least about 1 milligram of bioactive agent. Further observatmn has revealcd
‘that bioactive compos1te coatmos of thicknesses of less than 1 micron, and in many instances
as thin as 500 angstroms may be achreved accordrno to usmg the methods and matenals

illustrated by the embodlments

' [1 93] | Structures having such charactenstrcs e.g. such dens1ty of bioactive agent
held in and released from a substrate, relative thlcknesses etc., and 1 m pamcular with respect

o b1oact1ve con1p051te structures that provrde an antl-restenos1s agent on a stent substrate are

5




- for medSKsgER

is characteristic of a progcess laid down on a nolecul pr, nanemgierocscal e,
and results in features such as pore size and other surface

char act er iY@ P¥¥538 g. snoot hness; evenness, etc.) unique HQTWWé?Z"FYEt hods, .
~e.g. versus sinteri ng Accordi ngly, it is conterrpl ated that a "netal

.matrix .forne a ess el.ectrochenj cal process,” or_other |ike
descri ﬁ&%ﬂ39“§¥&@§1 b@ﬂ}‘f begefigiplas Bﬂ%%]a{%e%’equnam@og‘t HEplgnas 101921 |1 n
anot herthé ﬁ%&{lﬁa_‘- ébr%{e]_f]%%,%gﬁng; féﬁla Sahgapct s of the coating nethods and

observed results Iments (e.g. by reference to the
exanpl es) are further benef|C| aI. For exanple, the coated stents
“illust fA%4d by tﬁéle@mdmﬂhwwmmglesmbad byrefelteseﬂoeadledtmldsaekecmmﬂ)amimt rix

‘coati h ge t k f. | th
ourer " Sepritien B SARE chlk bl BRATE S sPRRs AT pAR St Bt eiBES e nas
furt herotheleeein\geaeth@dshehcﬂu@aamehatoﬁle?areeddem caéﬁ’n%hefam(re YT QxalpRACt | Ve

~agent _in one case, and anot her case at | east mili ar . a"n of

. bi oact |Svﬁera®cmcleca‘opltahag) dbsexmlemuhww whataated U.Smel@mm ve corrp05| te

, f th f
thin adteBueleil PERST R ien B0me TaEh il be s bRt bR s "anc
mat er i ahelectrbplid, tnedhindy of SBerPTHORE. "R sEch dthO3HroSisEdeahal BSudedVibng such

characteristics, e.g. such density of bi oacti ve agent heldin and rel eased
fr om a sutfeestmediBcationlofeisvestrad heferesaftes, orslugng eleatioless Heatrachemiel wi t h '

o Sepdsidh 85 fkenf AP SR B e RS baition s san
PCTI US@ahSe%ﬂlﬁ@omedeﬂeamtdlacuepaﬁhgaé;eﬁuiamgﬁe'oﬂeneﬁmg%ﬁheeene%rﬁa of the -

invention, without limtation as to the particular coating nethods or
Cmateri atrectareeercqaien]facree enmbodi ments herein described.by reference to
el ectrol ess el ectrochenical. deposition are further contenplated for use in
.- conbin nwith gpd.in
partic asﬁ ot hermét}ﬁ% S Or‘dgré%té‘&ésﬂx%&{dq}eré?%wa;b%‘?%%dgg%diﬂ}lg&@m ering or
- el ect r oqliedctingnatehials, eganploactive methkitstapes, siwhlae facadaplaiss agiingsa rol ess
- el ectrochem c&{ﬁde position g ?ocd@arrents of the inyention_ nmay be initially

1At FQRROY Frgliation fhtg LiSpgs- BPT SeRENC. BRSO, such”
ot her pmage Ses d%?oﬁﬁ&fiatfié%{st in feeedﬂg%fvaﬁaﬁg Aot RS T at € -
before, after, or duri ng el ectrol ess el ectrochem cal deposition. In this

‘regar detruldtunesh@"emttbamﬂmﬁenl otdeato mHiatt Immlea snealle Itcepltewmthes’remis déyposay bon may
be used in tipn.with elec opI 5|tlon r nterjng of -
ot SRR B L oRgen gt Sotet of peet Hee Sare SoubRsEa nent <

- descri hedf. heswér, TRER®oUERGH Whé B‘Qﬁ%oa&ﬂv@&dethls are instead used for the metal
' matrm benefit is gamed by snnphc1ty and other 1mprovement regardlng storage and :

: handhng, and decreased rlsks to patlent and healthcare prov1der -

' [196) 7 In another smrniar regard where reference is herem made to stents in ordér to _ .
: 1llustrate certam embodlments of the mventlon other medlcal demces or other sterlle

' Structures 01‘ methods are also hereln contemplated as sultable substltutes for use.

{19‘7] ‘ By further reference to the various illustrative embodnnents above, the

invention is further con51dered a broadly beneﬁcral apphcatlon of electroless electrochenucal
deposmon of materials in order to coat substrates intended to be mserted 1nto a hvmg belng,
and therefore in a further regard broadly encompasses such processes and. coated results in a
stenle environment. In one regard such medical devices ac:cordmor to the invention may be
prov1ded non-sterile for laterrstenh_zatron by an end user or mtervemng party. However, the

 'various embodiments herein described with respect to medical devices are generally




radi oactive materials, e.g. radioactive netal isotopgs, suchsasayamocexanple
as coatings on stents or other inplants to provide |ocal radiation into
tissues.. WO03@%aple, radiation emtting stents may be fREHE2EB2Teast in
part according to various of the nethods and ‘"structures herein descr-i bed
in order _to re?dﬁ' ate eveni restenosis. This may be

acconpl PEHBFIHe L ggareépcﬂ" Bt\fggil??h% H’B?Ipr ith3rngioded vss, ard BprilsrstpetBeEst i ve
mat er i air&ofpb%gh@n§ﬁse&tthe bl IO uéét@%(f{ e chibo BN JRYL ?h(ytﬁ't? b

non-r.adi oactive netals are Inst or the nmeta rx %enef t is
gai ned #gnsiierad 4sdndspendantly yeluable aspects of therireseamvetitivg. st or age and
- handl i ng, ~and decreased risks to patient and heal t hcare provider. [196]

order 098] 1 st  BETHEE sl BEal e et gt Sn S RbEHRY tric-Bistoi okl cal

- devi CESb@feﬁ@bf@éctﬁﬂ@'s'eld%tmﬁfcﬁﬂ@ HEFBBitdh n@&h&'tf&%d%l@te@'sﬁﬁctﬁi%’é CtBweyer, it
contenplated as suitable substitutes for use. [19/] By further refefence to

“the variseiss to be arnreeiated dhab msoy pﬁﬁ]ﬁpgotémsplve(h and beneinial msu]t&chw\mdh,er

| de | heni cal
o neL bt W highY Bilefb Rl o PRI h s it SRREERE 6 BT meer 1o

into a ubvithg txethods, as woeldtbeepgireteo bie @fcfruﬁiaﬂﬁdlultSﬁh%ﬂ%péﬁ%é%éﬁw%ﬁﬁﬂémasses
" such gégﬁcjsses and coated results in a sterile environnment. I n one regard

such ourey glhceefore, despite thegndependsatly veliablednelngign pésushelactieldsmon- st eri | e

- for lat n nteryv n However, the
vari ood SRee R Rbh APk BRUER, SR8 p bl B R pRBete v B e ar -
“gener altryadGophyl RHAM 3P-AB6ORE R 2ntRGT/ HIBRRABBRT Sreansd ARTMethbd thgaui re -
~such sterilization prior to their intended use, and sterile structures

i ncor p(ﬂr‘a‘flfi‘h 3\93?%@}’@?5 hergin @é‘?ﬁﬂ?ﬁﬂt@ﬂﬂﬁﬁmcdwlwoph@%ﬁmﬂﬁtm& gbove
shoul d YA spects, af -the present

i nvent |1§ﬁudlfi§98]&%ﬁ§gvagrr§lffggés&g‘ﬁgﬂg TENt S %‘%@@é gleogln Yet geﬁla]de@@f B‘f‘)ed by

r ef er emclieval Witk bthgr sitstietd mehbdevitindut dbesting et the ahemca aboydelesdt | on :
met hods. a—ng rel ated structures, However it is also'to be appreciated that-

- many ofSRYE 9 ARHIRRREIc e e i PaRiry1as #siag io8eA Prqcssgs net s@Tiag steringc cor di ng t o
-~ these. Righliss, Qteﬁtﬁﬁqh@fs enbodi nents may al so be-achi eved according-to other
.Substitute net hods, as woul d be apparent to one of ordi nary skill based
upon a revi ew of thi's  disclosure. Therefore, despite the independently.

‘val uabll®9Incl usi &ar ﬁffﬂ@uelrdeeﬂtmﬂtrrgabbsisolessl@pbmbmhprmeﬁhs Hepmsiedrited as
enbodi. e t 0. considered.wi-thin the -broad scope

of cer ﬁ%g%%%??fg%ﬁtoﬁléuﬁ RPer 1p%ﬁm02§lrcoémg§ oatg Qe grikeling net hods

t hat pmmnﬂg subgtratQakinely by entHlO8 BiudtrA8RGHEREH ANIIH sﬁl?éﬁ?ccdoafeﬁ with
. el ect rogbtim cal deposition, e.g.  including for exanple a netal conposite

mat ri x? ELphASARPTBY DERALING | éthﬁtdti@r inglude bipagtitramaterials). - Tn-another example, a
. coating contalmng cobalt and. chrome and possxbly also contatmng a bloactwe matenal may '

- ‘ be deposned onto a cobalt-chrome substrate. (e g.a stent), also by use of electroless |
- eIectrochenucal methods as descnbed herem. However, desplte the 1ndependent beneﬁts
o prowded by such electroless. e]ectrochemlcal methods over other substltutes such other
i - substitute methods that may provide similar resulis are cons1dered Wlthtn the mtended scope '

ofthe invention Wlth respect to the broad aspects addressmg such mtended result(s)

[200] .- " The ten’ns and expre'ssions Which have been enipioyed 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 equlvalents of the features shown and descnbed or portrons
thereof it bemg recoormzed that vanous modlﬁcatlons are p0531ble Wlthm the scope of the

‘mvenuon clarmed Moreover any one or more features of any embodlment of the invention
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achi eved with ot her substi{ute met hods wi t hout depart?ng fregnii®oopt ended
scope of such aspects of the invention (e.g. in particular using other
processes wot3/m&sas2 ri ng sintering, ceramcs, or pol yners)eCT/USR3sEGr
further understanding, electroless deposition fprocess is herein descr.i bed
as a highly beneficial nethod for depositing a nickel-containing, coating
‘onto a maykelcombined aiih any onelos moat ethenfeamtep of eny ethanghibodiment dfiike r at i ve

ni ckel -titani um-subsirate coated with ni ckel - phosphorous coating (that
nay indnﬁrarélo&’gétilﬂl PRILDE og*@y_scqq;oﬁ@q]ﬁg?n anpl e, a coating containing

cobalt and chrone, and possibly also containing a bioactive nmaterial, nay

be depogoupd ont 0A# 19.8DPAtnt APNERicH DB 16mE Shd R fencs fleffidned aBbSQaly use of
~electrol ess . el ectrochem cal nmethods as descri bed herein.. However, despite

t he i ndepeirdespyeisd byrefcropeoin theid epfjreifohalbpeposesl ess el ect rocheni 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 addressing such intended .
result(s). [200] The termns-and expressi ons whi ch have been enployed herein
~‘are .used as terns of description and not of linmitation, and there is no
intention in the use of such ternms. and expressions of -excl udi ng 7
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

- enmbodi ment of the invention- 26 May 2006 WO 03/ 045582 PCT/ US02/ 38275 may be
“conmbi ned with any one or nore other: features of any other enbodinment .of the
i nvention, without departing fromthe scope of the invention. [201] All

U S. Patent Applications, Patents and references nentioned above are.
herein incorporated by reference in their entirety for all purposes. 26 My
2006 WHAT IS CLAIMED I'S: 1. A nethod for forming at least a portion of a
‘medi cal device conprising: (a) providing an electrochenical sol ution '

. conprising netal ions and a bioactive: nmaterial; .(b) contacting the

- el ectrochem cal -sol ution.and a substrate; and (¢) forming a bioactive
- conposite structure on the substrate using an - - S
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el ectrochemni cal process, wherein the bioactive conposite st2adMay206ncl udes

a metal matrix and the bioactive material within the metal matrix. 2. A
met hod for formng at | east a portion of a medical device conprising:

formng a netal matrix at . least in part using a process that .conprises

- form ngyiiAe 19et alpiptig! X whil e depositing a bioactive material in the netal
‘matri x; and structuré tha wherein the netal matrix and the bioactive-

material from a bioactive conposite forns at |east a portion of the

medi cal device. %m@dﬂ@dﬁ?f&?ﬂﬁg%leﬁstabﬂi"uengfa%ed@&?ﬁ&ﬁdect)&gn@ﬁgoam' ve

conposite structure is formed by an el ectrol ess deposition process. 4. The
et hod of cl@i m Propitinganplectspohgmicglsofutign CQWSWB@W ime andyebipiciret i ve
CONPOSiptaerpf;r ucture is in the form5. The nethod of claim1l wherein the

. substrate is a sacrificial substrate, and wherein the nethod further

i ncludes: (&Y r erfBRRge theelestaeshrmicel sajutien gnsharsabstrater ah t he bi oact i ve |

_conposi te syguct lférﬁnng@bﬁeﬂﬁvé'%hﬂﬁﬁte%ﬁu&u@om& s%strgte‘ﬁﬁgégd n_the bioactive
F

conposi te structure forms. at. least a portion of . ug eluting stent. 7.

© The -metireEpchfmictiaracess. Whergn febiaastivechapesite seichyeinpiides rimdlal swtrinandes at

| east a@w@ytl&q&@crﬁlwmﬁtﬁmﬁgm%g{x claim1l or 2 V\,her ein the bioactive

mat erial conprises an anti-restenosis conpound. anticoagul ation corrpound.
9. The method of claiml or 2 wherein the bioactive material conprises an

- 10. The nethod ofa métRéd ol foRthing alNBRE £haiber RhQRGT dVRe BRESSA! Conprises a
growmh factor., 11. The nethod . of claim1l or 2 wherein the bioactive :

. material conpri s&¥mifg 2 matalimatri 3t JaRR B LEREATSRATER thi semprisax Brmge o |

der i vatheetd) inaBXakioE depRitiaeh bioddive TheeraBh RRGndef n@hBi @dl or 2 wherein the
. bioactive material conprises 13. The method of claim 1 or 2 wherein the

bl oactive mat er i HReEBPLagmatdy g thbigachve matedd froma hjeactye @EPHE t her eof .

14, Thenmeihas Minsct Rl boitbn 5 tivhelieliacife bi oactive composite structure
i's _ _

3. - The method of claim 1 or2 wherem the bloactlve compos1te structure is

formed by an eleetroless dCPOSItIOH process

4. "The method of claun 1 wherein the bmactlve composite structure is in the form

of a layer on the substrate
5. The method of claim 1 wherem the substrate 1s a sacnﬁcxal substrate and
wherem the method ﬂnther mcludes |

(d)‘ : removmg the sacnﬁc1al substrate ﬁ'om the- b10act1ve comp051te structure

6. The method of cla1m lor2 wherem the bwactlve cornpos1te ’structure forms at

: least a portlon ofa drug elutmg stent.

T The method of claim 1 or 2 wherein the bioactive material eempxjises at least

one drug.
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formed by an electrolytic deposition process. 15. The net ho@odMax2®iom 1 or
2, wherein the bioactive: conposite structure further conprises at | east
one of phosphorus or boron; 16. A nedical device conprising: process (a) a .
metal matrix, wherein the netal matrix is formed using an el ectrochenical a
bi oactive conposite wherein the metal matrix and bioactive material forma
bi oactive conposite 17. A nedical device, conprising: a substrate
~conprising a netal; and a coating on the substrate t hat conprises an '
el ectrol e el éfi'g I % | S: gatedto
hol d and el ut eag{e{!ﬁg??geﬁtaéll%maﬂggg%ﬁ Y oac #@éd“)ﬁ?é acglmpa{’sS% oactive -
conpddittestanogis eanapowsl. The nedi cal device of claim 16 or 17, wherein the
“bioactive conposite structure forns at |east a portion of a stent. 19. The.
medi cal device of claim 16 or 17 wherein the bioactive conmposite structure

conpri ses % | ajite methadwifetdim L6r 2 Warodhe Blodievé Atatdfal Comigiist :p1 17,

. Wwherej o) taneI Loactive naterial comprises at | east one drug. 21:-The rredl cal
devi. Suge 4o qmp ‘P'ﬂf?‘?her wherein the netal matrix conprises a . netal-

-.alloy. 22. The nedical device of claim21l, wherein the netal alloy
conprises stainless steel. 23. The nedi cal device of claim21, wherein the
“metal all 8§ kheimetbod of clakal 1 on 2 whereimthe bivactigsmatrial nmnhpaaés devi ce of
. cl ai-@(mthfga%f_el n the nmetal alloy conprises a cobalt chrom umalloy. 26 May
- 2006 725. The nedical device of claim16 or 17, wherein the netal matrix
~conprises .a non-sintered, non-el ectroplated, non-radioactive metal matrix.

17 V\/nereln the metal matrix is

- 26. The i ca deV| cl ai,m
coating gl the Metficd oF claim 1 or]2 wgereln the bloac:tlve matenal comprlses an-

antl-tnﬂammatory compound

12. - The method of claim 1 or 2 wherein the bloactlve matenal compnses '
pachtaxel or a derivative or analog thereof |

1-3. The method of cla:m Tor2 wherem the bioacttve matenal comprises |
snrollmus ora denvatnve or analog thereof.

14.  The method of claim 1 or 2, wherem the bloactlve composute structure is -
' . jformed by an electrolytlc deposntion process '

‘ 15, The method of claim 1 or: 2 wherem the bfoacttve oompos:te structure ‘
: further compnses at Ieast one of phosphorus or boron- ' o

16. A medical dewoe compnsmg

, (a) a rnetal matnx, wherem the metal matrix is formed usmg an electrochermcal
process ' '

(b) a bioactive'compositc '
() wherein the metal matrix and biocactive material form a bioactive composite |
structure, | ' o o
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conprises a fornmed using an el ectrol ess el ectrochemical |y 226 Mie206é6di cal
device of claim 16 or 17 wherein the bioactive material conprises an -
anti-restenosis conmpound. 28. The nedical device of claim16 or 17 wherein -
the bioactive material conprises an anticoagul ati on conpound. 29: The

medi cal device of claim 16 or 17 wherein the bioactive material conprises
a growh factor. 30. The nedical device of claim16 or 17 wherein the

bi oactive material conprises - an anti-inflammator y conpound. 31. The

medi cal devi c¥-of Slmitealligvies, caipriswiger ei n the bi oactive material conprises
paclitaxed ora&bg c\éﬁlhhyﬁ%glrbmtgpg?cpg t hereof 32. The nedi cal device of
claim 16 or ere oactive material conprises sirolinmus or a
derivative ora @ﬁalllg)glthmémfe thﬂ@omWSSMHﬂImnleﬁsmiectrmemIcalﬂmdﬁmﬁ@d at least a

port fl | th
PP " bRt a6 fhol TR B pene bhdlefor il AR L 11

adapt ed hieectivroemppsilelseetyrocheni cal deposition of a conposite structure

~conprising at least the first material and the bioactive nmaterial onto a
_-.substrate contacted by the solution to thereby form at Ieast one bi oactive
mat erial el uth8ng pleticdivalolevichef dridilé at 1Hevi ce. o _

wherein the bloactlve composite structure forms at least a pomon of a stent. -

19. The medical dewce of claun 16 or 17 whcrem the- bxoactwe comp051te

structure compnses a laycr on a stent.

- 20. The medmal dewce of claim 16 or 17 Wherem the bioactive matenal compnses
‘at least one drug. . '
21, The medical device of claim 17, ﬁnjther whereirt the ‘metal matrix comprises a - .
" metal alloy. . o | -
22 The medical device of claim 2'71_, whefeir_l the metal alloy comprises stainless
- steel. ' - ’ o e
| 23. N .The'medid_al device of claim 21, wherein the metal alloy comﬁﬂée's a nickel- -
titanium alloy. R S | Lo
’ 24, The medmal dev1ce of claim 21 wherein the rnetal aIloy compnses a cobalt-
chrommm alloy ' ' '

.
1
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26 May 2006

25. The medical device of claim 16 or 17, wherein the metal matrix comprises a

non-sintered, non-electroplated, non-radioactive metal matrix.

26. The med1cal device of claim 16 or 17, wherein the metal matrlx is coating

cornpnses a formed usmg an electroless electrochemically

27. . The medical device of claim 16 or 17 wherein the bidaétive material comprises

an anti-restenosis compound.

28. The medical devme of clalm 16 or 17 wherem the. bloactlve matenal comprises

an ant1c0aguiat10n compound

29, The medmal device of claim 16 or 17 wherein the bloactlve matenal comprises
a growth factor ' ‘
30 The medical device of claim 16 or 17 wherem the bioactlve matenal comprises

an ant1~mﬂammatory oompound

3 1. The medical device of claim 16 6r 17, wherem the bloactlve material comprlses

pachtaxed ora denvatwe or analog thereof

S 320 The medlcal dewce of clann 16 or 17, wherem the bloactwe matenal compnses

su'ohmus or a denvatwe or analog thereof

- 33, A squuon for use.in fonnmg at least a portmn of : a medmal devme compnsmg
a fluid; a- ﬁrst material in the ﬂuid and a bioactive material in the ﬂmd wherem the solutmn is
' adapted to form: an electrochemical dep031t1011 ofa comp051te structure compnsmg at least the

first material and the bioactive material onto a substrate contacted by the solutlon to thereby

- form at Jeast one bioactive material eluting pomon of the medlcal device.

52




