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ENDOPROSTHESIS COATING
TECHNICAL FIELD

The unvention relates to endoprosthesis eoating.

BACKGROUND

The e le inehicies waeiey RS ey MR G0 At o
fhe body inchudes variogs passageways ihehuding blood veasels such as arferies

[
o

or example, they can be occladed by a tumor, restricted by plagoe, o weakened
sours, tie passageoway can be reopened or rewnforced, or even
endoprosthests. An endoprosthesis i3 av artificial implant that is
wgeway or lumen i the body. Many endoprostheses are wbular
chich include stents, stent-prafts, and covered stents.

sves can be delivered inside the body by 3 catheter, Typically

;S

need-size or compacted form of the endoprosthosis as i

i1 the body, for exampis the stie of weakening or ceclusion

abody lumen. Upon reaching the desived site the endoprosthesis is tnstalled 50 that it ean

pem

sontact the walls of the lumen

{ae method of installation invoelves expunding the endoprosthesis. The

expansing mechanism tsed 1o install the endoprosthesis may include foromg o expand

s

adially, For oxample, the expansion can be aclpeved with a cathetor that carvies a
halloon i cosfunction with & balloon-expandable endoprosthesis reduced in size relative

shody, The balloon s inflated o deform andfor expand the

i order te fix it at g predeternuned posifion in contact with the lumen

wall, The balloon can then be deflaled, and the catheter withdrawn, Stent dedivery i3

further discussed in Heath, UL 8,290,721
it i3 sometimes desirable for an endoprosthesis to contain o therapeutic sgent, o
drug which con slute into the body In o predetermined manner once the endoprosthesis ia

implanted.
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pobyner laver and the cevamic has an adhesion wereased about 10% or groster by the
overlaven The pelymer layver and the ceramic hos an adhesion increassd about 38 or
groater by the overlayer through the covalent bond.

Agpeots andfor embodimonts may melode one or more of the fullowng

g advantages. An endoprosthesis, such as a stont, can be provided with a polymer costing,
such as o drug cluting coating, that 15 strongly adhered to the stent to reduce Balang ov
delamination. The stent can inclode 8 coramic material, and the polymer coating can be

& drug release charvacteristics bat mmmp*zf 13! adhesion
charactenisiicos fo the ceramic muterial, The adhesion can be enhaneced without modifving

1 The stent can nchule & chomical tie
taver directly ou a cormmic surface, g IROX, that hag good adhesive chavacteriatics {o
the ceramie, The tie Iayer also has goed adhesive charscteristios o a polvimer
layer can be selected in coordinglion with the morphalogy and composition of't
ceramie. For example, for a relatively smooth morphology, the adhestve characteristies

15 of the tie laver 1o the ceramic arve selected to be neressed, ¢ g by covilent bomhing, The
aidhesion sirength, o.g amount of covalent boniding or the degree of hydrophulicity can be
inereased, o.g. by greasing the concentration of bonding mefeties at the sprface, by
o.p. inereasing the oxygen content at the surface.

The detatls of one oy more cmbodiments of the invention are set forth in the
24 sccompanying drawings and the deseription below. Other features, i‘s‘r:‘ji soty, and

88, Aand Irom

the claims,

DESCRIPTION OF BRAWINGS

R, 1A-IC are longiiudinal cross-sectional views ustrating delivery of i stent

a~

Hapsed state, expansion of the stent, and deployment of the slent.,
FiG 2A 18 porspective view of a slent.

FIG 28 is 2 schematic oross-sectional view of a portion of a stent.

FIG 3 iy g sehematic cross-sectional view of o portion of a stent.

44 and 48 gre meicrographs of IROX morphologies.

o

o

srenee symbols in the varipus drawings indicate lke elements,

Ll
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DETAILED DESCRIPTION

eto FIGS TACTO, a stent 20 18 placed over g balloon 12 carmied neme 8

distal end of a cathoter 14, and 13 directed through the humen 16 (FW: TA)Y until the

1 ¥ -

portion carvy the balloon and stent reaches the region of an octlusion 18

then radially expanded by mflating the balloon 12 and compressed apaina

1

i resul that ooclotion 1818 mmpmssfe& and the vessel wall surrounding @

Referring t FIG 24, the stent 20 includes a plurality of fonestrations 22 defined

3

fva wall 23 Bont 2¥ includes several surface regions, including an cuter, or sblumingl,

swrface 24, an nwey, or adhumingl, serface 26, and a plurality of cut-face surfaces 28, The

stent can be balloon expandable, as Hlustrated sbove, or self-expanding stent. In

embixdiments, the stent inchudes g body made of ¢.g o metal such as steinless stegl,
chrome, nickel, cobalt, fantalum, superelastie alfoys such as nitinol, cobalt cheomun,

§othermetals. Suitable stent materials and stent designs ave desortbed in

~

R, the stent 20 includes a body 21, On the ablominal and

Seforring to FIG

)

adlunsnal surtioes 34, 26 the stent includes a layer 23 of @ matenial effective to enhanee

stent Runotion, such g8 a seramie, oog. mding oxide (IROX), that enhances stont

Pl

endothelinli

e abluminal surfzee 24 furthor includes a coating 25 of g polymer

% <X 3

that enhances Smolion g drug. The adherence of the coating 25 1o the

stent v enbaneed by a 27 which is bound tightly o the coramie iayer
23, The tie laver 27 includes s compound, e.g., a polymer, with good adhesion properti

to both the ceramie and the polymer i the coating 25, For exampie, i embodiments, the
i Javer 37 nclmdes compounds sach as silanes which can form 5i-Q bonds with a

coramic surface or have non~covalently adhesive ntoractions with the serfhes. The

Hanes can be modified or derivatized for compatibility with the drug ohuting polymer
(n 33

25, Por example, the silanes can be modified with moietics that adjust

hydrophelmeityhydrophiticity for compatibility with the polymer costing 2% or moteties

e

that crogs-link v . A sudtable drog eloting polymer 1s SHES

PEVOR S Sard : ¥Ry B
arad 27 are discussed below,

Orber suntabie
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”

mcrographs of IROX coatings of different morphology are illostrnied. Referring

e

5

o Fie 44, g relatively low roughness, smoother globular surface

B

particuls

morphiology that can enhance endothelialization iz Hustrated, Reforring pastivadarly o
FIG 48, g delined grain, high roughness morphology s Husirsted. The defined grafn

&=

morphology provides mncrcased surface area, and deep foatures which can enhance

i
oo
i
5
i
=
o
%
;.a
=
2.
i

v«)

coating adhesion, wheress the globular morphelogy provides smaller surface

generally reduces adhesion. In embodimenis, the tie lgver s selected for stronger

o W ey oo ey et e va oy Ten esmybyariesee oo bevnyd
achesion O¥, SUCH a8 covaiont bondine on $mooth suy faces. To enhanee covaiont

bonding, the surface compositions of the ceramic are formulated to sush that they have

mersased bonding meieties in terms of oxygen content st the surface. Smcother globular

>gy provides a surface which is tenad to fueilitate endothelial growth by

3

hemical composition anddor morphelogical features, Certain seramics,

£.g. oxides, can reduce restenosis ?hmugh the catalytic reduction of hvdrogen peroxide

troduned inte a biological environmant {e.g.

s Raen AN

responses of the haman body to the tuplantation of a stent, particularly into the Boad
vessels, 18 the activation of white blood cells. This activation causes & release of
hydroges pevoxide, Ha(h, The prosence of Ho(h may increase proliferation of smooth
muscie cells and compromise endothelial cell function, stimalating the opression of
surface binding proteing which enhance the sttachment of more inflammatory cells, A
geramic, such as [ROX can catalytically reduce Ha0h, The smoother globular surface
morphology of the ceramic can enhance the catalvtie effect and pohanee growth of

cndotheiat cells, Defined grajn morphologies also allow for greater freedom of motion
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and are less Hkely o fracture gs the stent is Hexed in use and

resists delamingtion of the ceramte trom an underlyving surface and reducss delamination

g 0% 1 e & SR centrosgd Bas $h SRRy 3T 3
of a possible overlaying coating. The strosaes caused by floxnwe of the stent, during

expansion O contraction of the stent or as the stent 1x delivered through s ortuously
curved hody hanen inersase a8 g funciion of the distanee from the stent axis. AS & resy

o

s, & naorphiology with defined graing is partico]acdy desirable on ablonanal

in embodinme
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regions of the stent or of other high stress points, such s the regions adiacent

+ Hexyre during expansion or contractls

The morphology of the surface of the coramie is charactsrive
appearance, s roughness, sdfor the size and arrangement of partic
features such as focs! rsaxima. Reforring particularly to FIG. 4

B

surtace 1 characterized by & more continuous sarface having a serie

features. The globular features are closely adjacent with & narrow minins between

features. In embodiments, the swface resembles an orange peel. The diameter ofthe

globular Teatures is gbout [00nm o less, and the depth of the minima, or the heighi of the

maxima of the globudar function s e.g about S0nm or less, e.g. about 20w or lugs.
Referring particularly to FIG. 4B, in embodinments, the swwtace is characterized by

definabie sub-nsicron sized grains. The graims have a length, L, of the of shout 30 to

Hilnim, eg.about 100-3000m, and a width, W, of about Spm 1o 30nm, e.g. about 19
i, The gratos have an aspect ratio (ength o width) of sbost 571 or more, g Ml &
it The grains overlap i one or more layers, The separation bebween grains can be
about 1-38 nm. In particuiar anbodiments, the grains resemblo vice grains, o other

i
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embodiments, the surface has characterisiics between high aspedt ratio definat

and the move continuous globular sorface adior hay # combimation of these
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¢ motphelogy can invlude a substantially glotwd

fayer and a relatively low density of defined grains. In other embodiments, the surfnee

can fnclude low aspeet ratio, thin planar flakes, The morphology type s visidle in

T o voverertasenc oy b Fl e g vt ol Be char . ety 65
The ronghness of the surface can also be charactenized by the aversge

Sa, the root mean square roughness, 8q, and/or the developed interfacial aves ratio, 8dr.

The Sa snt an overall messure of the texture of the surface. Ra
and Sg are relatively msensitive in differentisting peaks, vallevs and the spacing of the
we features. Surfaces with different visual morphologies can have similer Sg

mdicating the msensitivity of the 8a and Sq parameters. For o surface

and Sg pararneiers ndicate significant deviations i the texiure

oF

Sedr s expressed as the percentage of addinional surfhos sres coniributed

»;

by the texture ay compared 1© an ideal plane the size of the messurement vegion. Sdy
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further drfforentiates swrisces of similar amplitudes and average roughness. Typicaily
Sdr will inerease with the spatial ftricacy of the textare whether or not Sa changes.
I embodiments, the ceramic has a delined grain morphology. The Sdr is abowt

16 or moes, o.g. about 120 t0 2000 In addition or in the altermative, the morphology hag

an Sg of about 20 or more, £.g. about 20 to 30, In other embodiments, the ceramic has a
globular surfce morphology. The Sdr is about 10 or less, g sbout 1o 8 The Sq s

about 10 or lesg, g sbout 110 5. In still other embodiments, the coramic has a

1 3

morphology between the defined grain and the globular surface, with 8dr and Sq values

between the ranges above, e, an Sdr of about 110 200 sndior an Sy of abowt 110 34

~

The Ba, 3¢, and By can be calenlated from AFM dats. The uniformity of the

morpdrdogy can be within about +/- 20% or lesy, cog. 74 H¥G or lesy within a Tpm x

Paon sqpaare, 19 @ given stont region, the uniformity s within about +/- about 19%

about Ve Por example, w ambodunents, the ceramie exhibits high untfornaty over the

enttre surface side of the stents, such as the entire abluminal or adluminal surfsce, or a

,such ag the center 25% or 50% of the surface. The hgh

e
%
H

>3

portion of a surface sid
wnformity provides prediciable, toned therapeutic and wechanieal purfonmance of the

COTATIC,

In embodiments, the ceramics are also characterized by surface compusition,
composition a8 a function of depth, and crystallinity. i particalsr, the amounts of

y

oxygen o nifvide 1 the ceramic i selected for a desired catalvtic effvet on, vg, the

veduction of H>Oy tn bological processes. The composition of metal exide or ngnids
coramics fan e dclermined as g ratio of the oxide or rdtnide to the base metal,. In
particuiar smbodiments, the ratio 1 aboat 2 1o 1 or greater, ¢

we content of the sarface. In other embodiments, {he ratio 13 about §

Lo 2 oor less, indicating a relatively low oxygen composition, In

can bedetermived by ray photoelectron spectroscopy (XPSE Dopth studies o

conduoted by XPS after FAB sputtering. The orystalline nature of the coramic cun be

¢
3

N

characterized by orystal shapes as viewed m FESEM images, or Miller indices as

o
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can nclude phenvl groups, o.g. as phenylalkeny! silane, to subance adherence of
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v x-ray diffraction. In embodiments, defined grain morphologies have g

Miller index of <101, Globular materials have blended amorphous and orystaliine

phiases that vary with oxygen content. Higher oxygen content typically mdicates greater
srystallinity. Purther dlecussion of coramics and coramic morphology and computation of

roughness paraneters is in provided in US, Patent Application Serial NMea, 11752772

s
and §

=)
Fo

736 {Adtorney Docket Nog, 10527-505001 and 10327801001 | an

appendives, §il - suitable coramics inplude metal oxides ang

mitrides, such as of ividium, @ircontum, titantum, hafniun, molium, aialum, ruthenium,

platium and dlundmen, The coramiv can be erystaliing, pantly crystailine or amorphous,
IROX is further discussed in Al U8 5,980,566 and USSN 10/a51,562 fled Augnst 29,

003, The seramic laver 23 canbe, o.g. 10-30 pm o thicksesa,
in any of the morphologies, the e layer can be bonded oovalently or adbered

no-covalently to the ceramic. I the case of globular or intormediate morphologies, the

bond or adhesion air"vngiis s selected to be enhanced. For :.;xamp}c fihe covamie surisce
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non-vovalently or covalently adhered.

“

The te Taver is also selected for compatibility with the polymer 3200 The

wor 320 adberes to the te laver thropeh elther covalent bonding ur norcovalent

4
e
4
fﬂ

oot
),,(A
e
=
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. ~ - g ot PR Sun That e Ny RN
il of which are schemativally represented by hnks 32 18 FEG 3. Similar o that discussed
ahove, the tie laver compourds 300 can be derivatized for a:(:ﬂ}};}&:ﬁ.bﬁii\ with the DEP
For example, 1 the DEP 1 hydrophobic, the tie layer ven include f‘nv.@mpfsm‘iﬁic misieties.

For example, i SIBR (styrene-isobutylene-styrene copolymer) 1a used, compound 3

the the layer, 1n particular embodiments, for more hydrophilic polymers, the te layor iz g

wvedrophilic silane, ez amine alkoxy silane, In particular erabodiments, polymer

320 may inchude reactive end groups such as hy'{.igre..s:yi,, carboxyl, halide, and amine
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Gedest, Ine. and more examplos of phosphonates are disclosed by Von Alsten, Langmair,

05-7614 {1999 PEOVD of silanes is disclosed i move detail by Long, ULS,

¥

catton No. 20030170603, Formation of silane layer is discussed forther in Dowes,

e Nanotechnology, 1, 122-125 (2006} and I, Newrophysio! 93, 16591670 {2005}

§ The enbancament of polymer-ceramic adhesion due to the He layer can be tested by

standard test methods for adbesion, e.g, Peel test, ASTM 0 2197 (serape adhesion) or

ASTH L3 3358 {lape test). For sxample, the standard sdhesion test

Fatlirres of am adhecive foied i AR (R . tearial e ninie

tuinre of an adhesive jolat s cohesive or adhesive, or what fraction of matorial romains

on & subsirate, o the force or energy required to cause the fathurs. Move specifically, as
1% an example, afler & standard test, the ameuwnt of polvmer remaining on 8 ceramie surface

3

that has a e layer can be

4]
t"«

ompared to that on the corantie surface without the tie laver,

Y

i embodiments, with the chentieal tie fayer, the adbicsion between the polyvimer aud the

covamic iy incrensod by about 10% or greater, e.g., n torms of
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remaining on the cormmic after the test. In particular embodinents, the adbesion between
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s incrgased by about 30% or greater due to the chemical tie

W

fayer. In embodiments, compatibility of two different compounds o materials can be

tzed by Differential Scanning Calorimetry (DSC) miscibility test, or contag

characts

sngle experiments. In embodiments, the contact anpde of the e laver and the coramic ix
i e "

about 90 or fess, prefershiy 20° or fess. In embodiments, DIC analysix can examine the
20 miscitvlity of two compounds by detecting change of the glass transition peaks since

incompatible mixtures will exlubit separate glass wansition or melting pesks for sach
component whercas compatible mixtures will exhibit only one
different from the individual component peaks. The drog-eluting pobymer or polymer

precussor can be applied fo the te layer by, e.g., rolling, dipping, spraving, ar vapor

25 deposition. In embodiments, the He fayer can be patterned o increase M serfice aren.
Patternmg is further discussed in detatl in ULS, Patent Application Serial Moo IU/778320
{Attomey Daocket No. TO527-807001] filed contemporanecusly berewith, the entire
contents of which is hereby tncorporated herein by reference.

table drug eluting polymers may be hydrophilic or hydrophobie, and may be
30 selected, withont Haitation, from polvmers including, for example, polvenrboxvlic seids,

cellulosie polymers, including cellulose scefate and vellulose nitvate

HE
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poivvinvipyrrolidone, cross-linked polyvinyvipyrrolidone, polvanhydrides including

o~

maleie anhydride polymers, polyamides, polyvinyl alenhols, copolymers of viny

PR

monemers such as EVA, polyvinyd ethers, polyving! aromatics such as polystyrene and

copolymers thereo! with other vinyl monomers such us isobutylene, isoprene and

butadiene, for example, styrene-isobitylene-styrene {SIBS), styrene-isaprene-styrene

{S15} wg\_}(}fi}-‘n'zer::f, styrene-buofadione-styrene {SBR) copolymers, polvethylene oxides,

¥

giveans, polysaccharides, potvesters including polvethyvlene terephthalate,

s, polyethers, polyether sulfone, polvearbonute, polyvaliovienes including

N

By apyiong, poiyeih

dene and high molecular weight polyethvlene, halegonerated

Y
v
o L by v g Ly

monomers such ag styrene, polyurethanes, polyvorthoesiers, proteins, polypeptides,

silivones, atfoxane polymers, pobvlactic acid, polyglyeolic acid, polveaprolactons,

N

polvhvdroxybuvrate valurate and Mends and copolymers thereof as well as other

‘

bodegradable, hingbsorbable and biostable polymers and copolviners. Coatings from

polvimer disparsions such as polyurethane dispersions (BAYHDROL RTM, ete) and

aerviic latex dispersions are also within the scope of the present invention. Th
may be i protein polymer, fibein, collage and dertvatives thereof] polysacchandes such

celluloses, starches, dextrans, alginates and dentvatives of these polysaccharides, an

extraceliuvlar matrix component, hyvaluronie actd, or another binlogic sgent or & suttable

mixiure of any of these, for example. In one embodiment, a saitable polymer s
polyacryhio aeld, avatlable as HYDROPLUS.RTM. {(Boston Scientific Corporating,
Watick, Masa)), and desortbed in U8, Pat. No. 5,091,208, the disclosure of which is
hereby incorperated horeln by reference. U8, Pat, 5,091 205 deseribes medies! devioes
coated with ong or more polyicovanates such that the deviees become instantly hubnicious
when exposed © body fwds. Another polvmer 1s a copolyvmer of polvlachie aoid and
polveaprsiactens. Suttable polymers are dizscussed in U8, Publication Ne.
FOOGN03RN2T.

The "mi}-‘n';i::z‘ iv proferably capabie of absorbing & substantial sinount of drug

solation. Wheoen applied as a coating on a medical doviee in accordance with the present

r-/

ivention, the dey polymer s typically on the order of from sbout 1 o shout 30 microns
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thick. In the case of a baltoon catheter, the thickuess s pmi“m{biv aboot 1 ta 10 microns
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erably about 2 v 5 microns. Very thin polymer coatings, e

‘.'f

ndd much thicker coatings, .g., more than 10 microns, are alse

& B oalso

o

within the scope of the present mvention {o apply mudtiple layers of

polymer coaling cuto a medival device, Such muliiple lavers ars of the same or ditferent
g i

The terms “therapentic agent™, “pharmaceutically active agent™,

Ta

“pharmaceutivally active material”, “pharmacentieally sutive ingredient”™, “drog” and

M

other related tem

v
%
(£
b

nay be vyod interchangeably herein and nclude, but are not hmited

{o, small orgame molecutes, peptides, oligopeptides, proteins, nucleic acids,

oligomicleotides, genctic therapeatic agenis, non-genetic therapeutic &

( :"
z~+
o

delivery of genetic therapoutic agents, cells, and therapeutic agents dentificd as

o
3

candidates for vascular troatmend rogiens, Tor example, as agents that redoce or mdubit
resteposis, By small orgavde mslecale 1z meant an organte molecude having 36 or fower

o E

carbon atoms, and fower than 100 noen-hydrogen atoms in folgl

penis melnde, o.p., anti-thrombogenic agents {a.g.,
heparin)y apti-probifevatrvefanti-mitatic agents {e.g., pachitaxel, S-Huorouracy, cisplatin,
yvinblasting, vincristine, inhibitors of smooth muscle vell proliforation {eg., moncclonal

antibadios), and thypudine kinase inhibitors); antioxidunts; mti-inHammalory agents

{e.g., dexamethasone, preduisolone, corticosterone); anesthetic agents {e.g., hdouaine,

&

buptvacaine and ropivacaine); anti-coagelants; antibiobios {e.g., ervihromyety, triclosag,

et boyemarieie Gt ¢ 53 o5 viln ihelial ondl it &y
cephalosporing, snd anminoglveosides); agents that stimulate endothelial cell growih

‘(

srsbfor attachyment, Therapeutic agents can be ponionde, or they can be anionie andfor
catiomc n natwre. Therapeutic agents can be used singularly, or in combination.
Preferred thevapentic agents include inhibitors of restenosis {e.g., pachitaxel}, anli-

profiforative agonts {e.g., clsplath), and antiblotics {e.g., evythromyein). Addittonal

sxamples of therapestic agents are deseribed in ULS, Published Patent Application No.
2003 drug clution costings are also disclosed in LA, Published
Fatord Applivation No, 2005/0192654

b stents deseribed horein can be configured for vascular nary and
peripheral vascalature or norevascular lumens. For example, they can b contigured for

12
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use i the psophagns or the prostate. Other lomens include biliary lumens, hepatie
hanens, panereatte lumens, wetheral hunens and wretersl humens.
Any stent desenbed hevein can be dyed or réndered radiopague by addition of]

e.g., rshiopsgue materials such as bartwm sulfate, platinunt or goid, or by coating with a

radicpague mafenial, The stent can include (e, be manufactured from) metaiie
maferialy, such gs stainless steed {z,g 3160, Bolw® 108 {UN

LOGS alloys, MPASN, titanium, titanium allovs {ep, T

N

S, Ti-10i, pi e, platinem allovs, niobinay, nlobtun alloys {e.g., Ni-

Cr-6Mo, tantilum, and fantadum slloys. Other examples of matenials are

ommonty assigned U.S. Application Mo, 10/872

T Y oga

2003; and U8, Application No. 11703531

. Gled Janoary 3, 2005, Other materials
motude elastic Mocompatible metal such as u superclastic or pseudo-elastic metal alley,
as deacribed, for example, in Schetsky, L. MeDonald, "Shape Memory Allova™,

Haoyelopedia of Chomical Technology (3rd ed.}, John Wiley & Sens, 1982, val 28 pp.

ot
oo

and commonly assigned U.S. Application No. 107346487, filed January 1

The stont cun be of & desived shape and sive {e.g., coronary sto
peripheral vasewlar stonts, gastrointestingl stents, wrology stonts, travhealwonchial stents,
and neurology sterds). Depending on the application, the stent can have a dlameter of
betweer, eugn, about T mn t0 about 46 mun. In certain embodiments, a coropary stent can
have an expanded dismeter of from aboat 2w o about & mm. s some embodiments, &
peripheral stent ean have an expanded diameter of fron about 4 mm o about 24 mim, o

53

certain embodiments, a gastrointestinal andfor arology stent can have an expanded

ped .

digmeter of fronn abont & nun o about 30 e In some embodiments, & nourology stent
cars have an expanded diameter of from about 1 mm to about 12 mma An abdominal
aortic ancarysnr LAAAY stent and a thoracio aortic aneurvem {TAA)Y stent can have a

diameter from abowt 20 nun to about 40 . The stent can be balloon-cxpandable, selt-

sxpandable, or a combingtion of both {e.g., U.S, Fatent No. 8,

1%
12
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Y

o erabodiments, the e layer and drug-cluting laver are prm-".ia‘iﬁ:d only o the

i

abluminal surface, ax Hhustrated, In other embodiments, these elements sre provided as

o

weil or only on the adiumingl surface anddor cot-face surfaces.

All publications, patent applications, patents, and other references mentioned

B

hereln are incerporated by reforenve herein in their sntirety,

I
W5

05 X

Sl firther embodiments are o the following claims,
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WHAT I8 CLAIMED I8

L An endoprosthesis, comprisin

a body inciuding a coranue on a sorface thereot,

+

ot

aver adbered

e

ate O3

7

T coramie, and

3
3

2 polympric coating adbored o the te laver.

PCT/US2008/069581

2. The endoprosthests of claim 1, wherein the polymeric coating inchudes a
drug.

% The endonrosthesis of chaim 1. whersm s Taver is covalently bonded

» IR LR RS A i A w331 L otetnt 1Al R 3

3 he endoprosthests of elaim 1, whersin the tie layer is covalently bonds

o the ceramic

T 34 ¥ VMR I Y
adhered o the geramic

&

A, The endoprosthesis of claim 1, wheremn the Qe

4

5. The endoprosthesis of clain 1, wheretn the coramic has an Sdr of abowt 10

e P

or less and an 3g of ahoat 1 or less and the tie laver s covalently bonded o the cerantie

5.

8. The endoprosthests of claim §, wherein the veray

ST f§'>§“0 Y.

¥
%

s 5
§ v
i

cortent of about 8% oy more and the tie Javer 15 covalontly

bl

he endoprosthests of claim 1, wherein the ceramic

& The endoprosthesis of clatm 1, wherein the cevamis has w

120 200 and an Sy of ahout 20 or mwore and the te layer is non-covalently sdiwred o

9, The endoprosthesis of vlaim 8, wherein the ceramic has

morphology,

<

& defined grain
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The endoprosthess of olatim 1, wheretn the corsmic has a surface oxyvgen

X

content of about 80% or less and the te layer 1s non-covalently adhered o the coramie.

i1 The endoprosthests of ¢laim 1, wheretn the ceramiv 15 sn oxide.

The endoprosthesis of claim 1. whereis the oo YRV

N The endoprosthesis of claim 1, wherely the ceramie 18 IRTGX

t3 "53"& andnneag § ¥ } YT 1 sherein the He i‘i o iw wolgeieood Py
Y, RS tad \,3.!(.\?3 WS -it,"u“t 21 a 1 3t « PRETEIN 'EB\, [ ‘a}} 21 I8 BSIECig wom

silanes, phosphonates, and Gtanates

40 The endopy 1, wherety the polymeric coating is adhered

pe

tn the e laver by covalent bonding.

£S5, The endoprosthesis of elaim 1, wheretn the polymuernic coating is adbered
to the He layer by non~covalent adberence
18, The endoprosthesis of clamn 3, wherein the polymeric coating and the

.

ceranie hay an achesion ncreased aboot 30% or greater by the e layer.

Amethod of '?1’}:*-3}1;1 s endoprosthests, comprising:
frming # ceramyie and @ non-coramie, noen-metal overlgyer on the ceramie

»
i
s
%]
%
o4
et
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e
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any Sdrof about 10 orless, snd the o3
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the coramic has gnn Sdr of abont 100 or greater, and the overlayer 1§ non-

SrAmic, Or
the ceramic has an Sdr between sbout 10 and 100 and the overlayer s non-

covatenily adhered or covalently bonded to the ceranie,
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18, The muethed of clatm 17, wherein the ceramic baving the 8dr of about 18
or less has a globular worphiclogy.

b 3

e, The method of claim 17, wherein the coranuic having the Sdr of about 160

defined grain morphology.

ot ; ¢ &

GEVECH
=

Cclaim 17, wherin the overayer s @ silane, phosphate or

23, Themethod of elatm 17, further comprising forming a polvmer faver on

24 The method of olaim 23, wherein the polymer layver includes » drug

s

350 Themethod of ¢latm 23, wherein the polvimer laver and the coramie has an

P

d about 109 or greater by the overlayer.

The method of ¢laim 17, wherein the ceramic is IROX.
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FIG. 2A
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