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Bi oconpati bly coated nmedi cal inplants The present
invention relates to inplantable nedical devices wt

bocomal b e coatnge anda orocess tor Ther [ NN
production. In particular, the present invention
relates to nedical inplantable devices coated with a 59159
carbon-contai ning | ayer which devices . can be obtained

by at |east parti Siocoswetibly copted medifalinlagist n a

pol ynmer filmand heating of the polyner filmto
tenperatures in the region of 200C to 2500C in an

at nosphere which is essentially free from oxygen, a

car pon-cont ai nji.n ced o :
i mpRGPHESH O devise it Hisomgstivi
SUEGHiBBY artffipRtes rf&f‘tﬁ@@@fﬁdﬁcﬁ&f eY\BartiBhlaf, @ present invention relates

arthroplasties, artificial heart valves, vascul ar
pr tmsmbd;s@smpkanmbtqsdedscematechwb alsethonrreniainiag layer which devices

t f
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ar ReaSigg OF tRborafer il ttrapéravrsie Chef regiohiof QD(Gﬂﬁ ’canSOQ?(d in an
nmechani cal properties concerned. These nateri al

beatEpsphase Whichyis weﬁtaﬂkweeb&@n OK Y8 CHEEY Copgining layer being
re t t exhibit cert
o D A e 6. 20" Fowever

the rretals or netal alloys as well as ceramc
ls frequentl

S 8 St Susedirbpadlon o DiAaHER SHTEpinlftes,arthroplastis,
d' %ﬁ'\égﬁmh@?‘?ﬁl{lﬁgaﬁs@hﬂgpr&sﬁ@éeﬁ Qe el bdddbchidneous or

partic during pernmanent use. As a result of
C hammSculmmmmtéphi«y dénoed ofiactive principles anepireduced &qusewide

15 RO B bl S B PR A BB A RRS A e

t henesRatsal pfopeitiedRbhiceZfed. Theése MériNmusteisuise \Mﬁﬂermanent use
defence and rejection responses, excessive sc¢arring.o
t | insihe aé@rr@a ralease tawis substangesand muikexhibibeertain mechanical and

ﬁ)%ﬁ IZ%‘J g&qego the i nplant having to be renoved
addi ti onal therapeutic interventions
of an |nva5|ve or non-invasive nature belng

i ndj cated., 30 Lack of c at b t tht
20 5, Hog{swer thy metals g8 metpl ety Is"éélL‘IfS %@Yfm%lﬁ&?ﬁg?e%%‘%ﬁ?@lenﬂ&used for

stents and arthroplastles, for example, frequently exhibit disadvantages regarding

their biocompatibility, particularly during permanent use. As a result of chemical
and/or physical irritation, implants cause inflammatory tissue and immune responses,
among other things, such that incompatibility reactions occur in the sense of chronic
inflammation reactions with defence and rejection responses, excessive scarring or
tissue degradation which, in extreme cases, necessarily lead to the implant having to
be removed and replaced or additional therapeutic interventions of an invasive or

non-invasive nature being indicated.

Lack of compatibility with the surrounding tissue in the case of coronary stents, for
example, leads to high rates of restenosis since, on the one hand, the intima of the
vascular wall has a tendency towards inflammation-induced macrophages reaction

with scarring and, on the other hand, both the direct surface properties and the
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exanple, leads to high rates of restenosis since, on
the one hand, the intima of the wvascular wall has a
tendency towards inflamrmati on-i nduced macr ophages
reaction wth scarring and, on the other hand, both
the direct surface properties and the 19 2
pat hol ogi cal | y changed vascular wall in the area of
the stent |ead to aggregati oA-of thronbocytes at the
vascul ar inplant itself and on vascular walls which
have changed in an inflammatory manner. Both
mechani snms provi de support to a reciprocally
i nfluencing inflamuation and i nconpatibility process
whpghologREBy thanged PascuROwitl 9 tHehifeasHithE stk 1040061 ag€fbgation of
with stents by intervention to a renewed narromﬁnghpf
ave
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10

ioconmpatihility of the materials used and to )
pr é\%é}%% ot reantients H%q"b‘;edr‘%‘jﬂb%tﬁ% hy TterERtQE @ 2 tpRevag narrowing of

5, §R1oorthary iy SR Etredtinepesses for coating the
surface of" metal stents with silicone,

pol yt etrafl uoroet hyl ene and bi ol ogi cal materials such

asheparin or growh 15.factors are,described ich ..

" EPEREL RS ol Mok 4R bR o S pESERY BrBating the
Ap giirfacel 6fmB@IcXINBpldndy/idlaSsuithbly eahn&5ia @ede@ o fiRFdaseItheave
proved to be particularly advantageous. 20 From DE

10 1 9bicwompatibilifyonf thsmafstials used ensblioypreveahdefengetandfor rejection
co%aiﬁggnsof anor phous silicon carbide are thus known
% .

Increase the bioconpatibility of the stent

In US 5,891,507, for example, processes for coating the surface of metal stents with
silicone, polytetrafluoroethylene and biological materials such as heparin or growth

factors are described which increase the biocompatibility of the metal stent.

Apart from polymer layers, layers based on carbon have proved to be particularly

advantageous.

From DE 199 51 477, for example, coronary stents with a coating of amorphous
silicon carbide are thus known which increase the biocompatibility of the stent
material. U.S. Patent 6,569,107 describes carbon-coated stents in the case of which
the carbon material has been applied by chemical or physical vapour phase
deposition methods (CVD or PVD). In U.S. Patent 5,163,958, too, tubular
endoprostheses or stents with a carbon-coated surface are described which possesses
antithrombogenic properties. WO 02/09791 describes intravascular stents with
coatings produced by CVD of siloxanes.

The deposition of pyrolytic carbon under PVD or CVD conditions requires the

careful selection of suitable gaseous or vaporisable carbon precursors which are then



material. U S Patent 6,569, 107 descri bes

carbon-coated stents in the case of which the carbon
mat eri al has been applied by chem cal or physica

vapour phase deposition nmethods (CvD or PVD). In U S
Patent 5,163,958, too, tubular 25 endoprostheses or
stents wth a carbon-coated surface are described

whi ch possesses antithronbodenic properties. WO

02/ 09791 describes intravascul ar stents with coatings
produced by CVD of siloxanes. The deposition of

pyrol ytic carbon under PVD or CVD conditions requires
the 30 careful selection of suitable gaseous or

Vv apgiostebbrethe amphint ﬁé@feﬂﬂ? af 15 gienggeraiRs [ ii86m3 cases under plasma
deposited on the inplant frequently at high

t epgylitiansy iagn inert gefRr highyeacuumadinosihgisen condi ti ons,

in an inert gas or high vacuum at nosphere. Apart from
the CVD nethods for depositing carbon, different

s pAiphe fropt the €580 snethods(fer deposigng barbot; dj;ffemalcsputtemecesses

descri bed, in.the prior o] rodu tion
e QescrihSdinr P pBAF St for 84 ppduction of

CORPRIRicl dartoi12ydr € VAR A ff& et striktires; Sndaee B0flis r@:kﬂect e.g. US.
t heSe ‘processes of the prior art possess the join

f e@306850hat the deposition of 10 carbon substrates
takes place partly under extrene tenperature and/or
pressure conditions and by using conpl ex process

C O tkse. préecksslof e o aftaBdcadhe §dint fRatubs BELHS dspdiition of
the prior art is that, as a result of different

10 t hesrhan subsiraiss takes pleee partly endar extrema tempesttyrer ang/ar REFSEHe
th oﬁdﬂ?+rf§% by 1ng?cgﬁ1é)2€3€[|)r3§es§ p&u V |ayers applied,

onl'y a eve on o e layer is
frequently achleved on the inplant as a result of

V\,hl C cks and a_.deteriora on of th
ggg rqﬁaq ﬂvag%e © RERPessgS of tﬂ\e 4Py % Sdhfle s 2 Fegull qEdifferent
US ?r{e'ﬁlng r; DicienbRl 8 §ter1§19 FRADVBRNGRL Ik, Ilalaﬁtg %.feemhfe and
a reqU| or cost-e tive processes s
15 usd?na‘@BV laym!; appdiednmilpa el Ileyehefchdhaslold ef/the daa.ymst ﬂneqmently

ased materi al c apable of. .
pr 8 18‘1'6% nt S%Prlﬁgtt IS5 rgsu.gbcpff@bt& g edlg ca:rc‘f(s ang) a%eterloratlon
c abb%‘sﬁﬁﬁé@(ﬁﬂh‘ll@%ccm having a negative effect on the usefulness of the

implants.

20  Consequently, there is a requirement for cost-effective processes simple to use for
coating implantable medical devices with a carbon-based material which processes
are capable of providing biocompatible surface coatings of carbon-containing

material.

25  Moreover, there is a requirement for cost-effectively producible biocompatibly

coated medical implants with improved properties.

Consequently, it is a task of the present invention to provide a process for the

production of biocompatible coatings on implantable medical devices which process



material. 25 Moreover, there is a requirenent for
cost-effectively produci bl e bioconpatibly coated

nmedi cal inplants with inproved properties.

Consequently, it is a task of the present invention to
provide a process for the production of bioconpatible
coatings on inplantable nedical devices which process

-4 manages W th using startfﬁg materials which are
cost-effective and have properties variable in many

ways and whi ch uses processing conditions sinple to
control. It is a further task of the present invention
to provide inplantable nmedical devices 5 equipped

W ffan&gs RArBaip Sdrfthg ehatorlsd wigish Wi cobt-eftactioe andidvieirbperties
an increased bioconpatibility. It is a further task

of vangbleingnany waynaad twhieh wses prasessing aongitionp simpig {p control.
coated nedical inplants whose coating allows the
application of medical active principles onto or 10

i nitds & fietlentdskhof thefprésent inmgitmntto ptdvidesingilaatde medichkdevices
task ,of the present i.nvention taq.prqvi.de cpated .

5 e B ibh Earban-copipinipe poaas i deices s Bbian geressed
t apQeb@fat®itky, I f necessary, controlled manner applied
phar macol ogi cal ly effective substances after insertion
of the inplant into the 15 human body. It is a

| st asBeof U rReRE R putond Bl A0 e P ropgpd medical
Capaplafits Who@@&izfti‘ﬁ%'allﬁ@s teappRtfida o f @fedial adti®e principles onto or
principles fromthe depot. 20 The sol ution, according

10t ointethej suvfeeq ¢fohe ioplanthe above- menti oned t asks
consists of a process and coated nedical inplants
obtai nable therewith as defined in the independent

cl &digslso Rrfeftitsr et ofixostesanninsentiont th @revide esatedmedicaliimplants
to the invention __and/or theg&;&duct accordin oi]g t he

i N 87 canebla of Libermting 2 tagrdedianch 1dipeessiy; ftrojled manner

applied pharmacologically effective substances after insertion of the implant into the

15 human body.

It is a further task of the present invention to provide implantable active principle
depots with a coating capable of controlling the release of active principles from the
depot.
20
The solution, according to the invention, of the above-mentioned tasks consists of a
process and coated medical implants obtainable therewith as defined in the
independent claims. Preferred embodiments of the process according to the invention
and/or the products according to the invention result from the dependent sub-claims.
25
Within the framework of the present invention it has been found that carbon-
containing layers can be produced on implantable medical devices of widely
differing types in a simple and reproducible manner by coating the device initially at
least partially with a polymer film which is subsequently carbonised and/or

30 pyrolysed in an essentially oxygen-free atmosphere at high temperatures. Preferably,



Wthin the framework of the present invention it has
been found that carbon- containing |ayers can be
produced on inplantabl e nmedi cal devices of widely
differing types in a sinple and reproduci bl e manner by
coating the device initially at |least partially with a
pol ymer filmwhich is subsequently carboni sed and/ or
30 pyrolysed in an essentiafﬁy oxygen-free atnosphere
at high tenperatures. Preferably, 5 the resulting
carbon-contai ning | ayer(s) are subsequently | oaded

Wi th active principles, mcroorganisns or |iving
cells. Also, it is possible, as an alternative or
adhetrésanidd darbdnoco@dhing layeR@pire Batisbidntly 10dded with active
bi odegr adabl e and/ or resorbabl e poLyners_ or _
noPURATRIgS dRISPLBTARI ST dvingcesls AEP.dt i§drogitklesas a alternative or

Accardi y . . .
SRS BB AR Rt DB DRl BER e poymecs
i mpt @oni-bibd egradableccald/aravsoctEsblemuipmerses t he fol | ow ng

steps: a) at least partial coating of the nedical

device with a polyner filmby nmeans 10 of a suitable

C Oﬁtc'b&&ing[y? HRY pradddl h&RkdiRE tdthe HRRAtioPlor MRAProBEctRh dfhe
polymer fi'lmi’n an atnmosphere which is essentially

f r biocémpatible ggagimgs owimplapieblamugdics! deviedseompyisemthe foll@ing
to_2500C, for the production of a carbon-containing

IafltSPs'on t he nmedi cal device. 15 Wthin the framework

of the py#3€Rtpirixedbiinof thamedithbdeviceovitpy polyyter $ilth y means
understood to nean the partial thermal deconposition
10 or coki ngob? sutgblsgi9ating sAQTAPRHCAIORPIPIEES; conpounds

whi ch, Iyl | Ste0f. qQli .
ot or: P RUEREP R i A oo FEL ponaty e rom
car boni sabxygen tdf) m\r/];ﬁ:rdlmh irdthe agdiemef 200Cao 250070, ayer s
as _a function of the tenpergture and pressure |
cofii t{“’r Bieductianafasdroopcroairinipg iaYF&%thsﬁnwa} Heice.
mat eri al s used, which |ayers can be adjusted
accurately regarding their structure within the range
15 of Wéithon pheofsameworkiod theyprosedeinadntiony sarhonising or pyrolysis is

O SR So EPGe R B Bl e doBSHRRSH A &Sl RRY
containing starting compounds which, as a rule, consist of oligo or polymer materials
based on hydrocarbons which, following carbonisation, leave behind carbon-
containing layers as a function of the temperature and pressure conditions selected

20  and the type of polymer materials used, which layers can be adjusted accurately
regarding their structure within the range of amorphous to highly ordered crystalline

graphite-type structures and regarding their porosity and surface properties.

The process according to the invention can be used not only for coating implantable
25 medical devices but, in its most general aspect, also in general for the production of

carbon-containing coatings on substrates of any desired type. The statements made in

the following regarding implants as a substrate consequently apply without exception

also to other substrates for other purposes.
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The process according to the invention can be used not
only for coating inplantable 25 nedical devices but,
inits nost general aspect, also in general for the
producti on of carbon-contai ning coatings on substrates
of any desired type. The statenents nmade in the
follow ng regarding inplants as a substrate
consequent|y apply wi thout eXception also to other
substrates for other purposes. 6 | MPLANTS By neans of
the process according to the invention, bioconpatible,
carbon- containing coatings can be applied onto

i mpl ant abl e nmedi cal devices. 5 The terns "inpl ant abl e,
medi cal device" and "inpl aniipiviNTs be used
synonynously in the follow ng and conprise nedical or
t herapeutic inplants such as e.g. vascul ar

coPSRiPD® SFEbroceRLi LB RS ARICAS bOFaRRETL Tabed-

or thsiamg cdatingzl canbe applied onfpidiplintatle hisdfabdoueds. as
surgical 10 screws, plates, pins and other fixing
facilities, permanent surgical or orthopaedic

;f‘gh@g&*rr@ls f#@lg@ﬁ%l?,&ﬂj‘édi@&l%@zi@?s “Unp i\ PSRl §nonymously

olnts or knee “joints, join
cain thy foliovdang and semprige, medicd] e thepipastic implarts swdbl as e.g. vascular

ort hoppaedi c fixi aids, vertebral body replacenent

s AgRrOcses (TRl FUGPROSTHESRS s COLRBRE S, Peripera
ar Lehis CdudbicalBBd/ok oMAbPHREIc imPlastsAor RAFRARY PurpdessSdutB &s surgical
el ectrodes, subcutaneously and/or 157intramuscul arly

i nserews,plaed, ppisand othea fixingdagilitiess pernmngetsorgical o orthopaedic

m crochi ps.,and such .like. The inplants n.

cod e s ottt alfoal BB Rk iRt Ffols or knee
pr gsigs Sjoin® taiEinferessnéwd, Pragds pos, ifpYantabisbiiiopatdic fixing aids,
al nost any desi red,qﬁg ef erabl y essenti al ldgp 20 .

t eivprégbsel hody seriancaentstas el as artificig heanteandopartsithegeef, artificial
TR o ; . . .

T8l S TP AN B S RS o Do

cr yigttadhustulerlg arsbaible ingdams, attveomrineiple dedots aral micparhipssand such
carliggn, graphite, conposite carbon nmaterials,

The implants that can be coated in a biocompatible manner by means of the process
of the present invention may consist of almost any desired, preferably essentially
temperature-stable materials, in particular of all materials from which implants are

made.

Examples in this respect are amorphous and/or (partially) crystalline carbon,
complete carbon material, porous carbon, graphite, composite carbon materials,
carbon fibres, ceramics such as e.g. zeolites, silicates, aluminium oxides,
aluminosilicates, silicon carbide, silicon nitride; metal carbides, metal oxides, metal
nitrides, metal carbonitrides, metal oxycarbides, metal oxynitrides and metal
oxycarbonitrides of the transition metals such as titanium, zirconium, hafnium,
vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese,

rhenium, iron, cobalt, nickel; metals and metal alloys, in particular the noble metals



25 carbon fibres, ceramcs such as e.g. zeolites,
silicates, alum nium oxides, alum nosilicates,
silicon carbide, silicon nitride; netal carbides,
netal oxides, netal nitrides, netal carbonitrides,
nmet al oxycarbi des, netal oxynitrides and netal
oxycarbonitrides of the transition netals such as
titanium zirconi um hafni urn7' vanadi um ni obi um
tantal um chrom um nolybdenum tungsten, nmanganese,
30 rhenium iron, cobalt, nickel; netals and netal
alloys, in particular the noble netals 7 gold, silver,
rut henium rhodium palladium osmum iridium
pl gb]ld[lsimer Ifethehisns fisbd iR gl ladiuh ¥&miuim, litidiaki, Patinum; metals and
Zi rcon haf nj um, vanadi um ni obium tantal um
chimstal glpys %}t%w&narﬁom bafgisime yanadeyrgaiebism, fantalmgpghromium,
ir t e
ot Sy ounPh HangGRRE SheniGinon, doBaty K] SHbRYE, stee, in
n| phuticular stainiagsrstaéll si;apﬁ n&ngirﬁahoysmdnes nlghals ﬂlckeltxlitaﬁlum alloys,
rals, natural or .synthetic, bone substance bone, L

| el stoneylass fihses, Hyincipls atua} qrsVREHF benk wBsaRGsbone, imitates
S UGksed DnGitatint BhRR N @irﬁonzﬁ&%@ﬁ' hé%ﬁlmﬁ@rmiéﬁ magnesium
strontium carbonate and any desired conbi nations o
t hearhbmte-smtmm catbdnate and agy desiréd combinatiorsi ofthe above-
rra eernt sd can %1' so be coated which are first converted

nfSTHREGY™F 4P form under the carboni si ng

condltl ons. Exanples in this respect are noul ded
bodi es_ of paper, fibre materials and pol yneric

10 npieaddifien, patertRls eansalso hegwaied gvhish aredinet cowrgndgnmfth@rrﬁnal
ar T%rﬁplﬂ}’cf‘:éf h%%a}b%g%ﬁj\{geéon tfogs tl&%.nl %s ift rthlép s ec‘f?.?etlﬁﬁlélded bodies
carbon 1 nplants € process accor

i Neépipenrfibré hatertdndpolyrgerizl matedile e hidhp hﬂéﬁcﬁ)atlﬁ»g With Ghe
OSS£ ble starting out in principle fromceramc

pr 8PIYHACR A, we sgdvertse tegsther withdhe laderinto gpated groagrimplants.
ceramc bod| es which, after coating wth the pol yner
film can be cured or sintered into their final
15 apjn thearoasss dasordingitodberbivention thewnari faciure efiicsated)inlants is also
ln.thi.s wa OSSIb|e

c. BossBfs Aline gt Herinie Shotierirs potielBRnseesS o fedblant such

Ni &g b.degreén tdraMit Bodliddivefcie laften coafing @ﬁ‘l‘ﬁ%é’ﬁé zﬁlef fifin, can be cured
green bodies of zirconi um oxi de and

gapfreinieicEoBlo eir fiomknppliaiondonn phmmblnatmﬁlapgbmu@m of the
b oglglglgl kﬁ‘ﬁdﬁlr{ﬂls%%)}q ﬂ%’ 80881%&16 to% Q g. c&rgx%ter%:gal ané[l/lor convention

20 ceramics (boron nitride, silicon carbide etc.) or nanocrystalline green bodies of

zirconium oxide and alpha Al,O; or gamma Al,O3, or compressed amorphous
nanoscale ALOOH aerogel leading to nanoporous carbon-coated moulded bodies at
temperatures of approximately 500 — 2000°, preferably, however approximately
800°C, coatings with porosities of approximately 10 — 100 nm being obtainable.

25  Preferred fields of application in this respect are e.g. full implants for the
reconstruction of joints which have an improved biocompatibility and lead to a

homogeneous layer composite.

The process according to the invention solves the problem of delamination of coated

30  ceramic implants which, when subjected to biomechanical torsion, tension and



tenperatures of approximately 500 - 2000, preferably,
however approxi mately 800C, coatings with porosities
of approximately 10 - 100 run bei ng obtai nable. 25
Preferred fields of application in this respect are
e.g. full inplants for the reconstruction of joints
whi ch have an inproved biocoppatibility and lead to a
honbgeneous | ayer conposite?gThe process according to
the invention solves the problem of del am nation of
coated 30 ceramc inplants which, when subjected to

bi onmechani cal torsion, tension and 8 el ongati on
strains, usually have a tendency towards the abrasion
of clof@dtionG&raimbPlsugity haRGABstRht Y Jowaldkthe @Biagioh ®f coatings applied
I mpl ant abl e medi cal devices according to the invention
cafecppdasily.5 al npst any desired external shape; the
process according to the invention is not restricted
to certain structures. According to the process of the
i nTheitoatable, tiimplaniabiid medisalclemickeacconlirgitoghe¢ invehtjoroean have

5 Carbtsht bty B Fape ohe Bk aroongne ) e G opts not

pr eds@lcteacto @BRAH IstrREhfes OA cdofling (HE ProdefVéthé Riventidif the
medi cal inplants to be coated conprise stents, in

paimi;]bnts aan beehated entirelpios paxtjgllﬁlyithm@m@re@m whiebrdli ng
Pt . o it . N
& ety SibaRPed oot 2 AR p b ud B cont ngs °°

based on carbon and/or containing carbon onto stents
of stainless steel, I[CJtI ati num cont ai ni ng radi opaqu

10 st &prefarred\pmbodipenigo : i

he p@gerpgp@gtl(nbﬂhq mqgiﬁplli@plgntse to be coated
. oy
o PRHERS SL SERNE S BLOLSRA Sngthd ol 800 o

iu oys, mel trrn
baigﬁﬂnﬁmm, it ie possible toappdy, imjust assirmplerand advamdgebdea nmmner,
nobl netal alloys, nitingl alloys as well as i
e gt G e Jpte aﬁb@&m oBFtaine CARRNONIASITRIs 9l iginless
SURRLPPREAuMAnifhE FdtshaiPitadl afo W, i $3-dallgd PERRBVBIakinum

of the present invention are stents of stainless _
15 st eathancedradimpaquastainlefested allgys), cobaltiall@yssitaniuns albaysMiigh

,I’;\ST tfn%ﬁiogﬁ/geg( Q\é;l?ﬂc/lrog ln%‘?ﬁgf,: tesllll;tMél:u%i, ?uhﬁbgs&ﬁ%aﬂ rrﬁ;l}l‘l?cﬁegzlfn, noble
metal alloys, nitinol alloys as well as magnesium alloys and mixtures of the above-

mentioned substances.

20  Preferred implants within the framework of the present invention are stents of
stainless steel, in particular Fe-18Cr-14Ni-2.5Mo (“316LVM” ASTM F138), Fe-
21Cr-10Ni-3.5Mn-2.5Mo (ASTM F 1586), Fe-22Cr-13Ni-5Mn (ASTM F 1314), Fe-
23Mn-21Cr-1Mo-1N (nickel-free stainless steel); of cobalt alloys such as e.g. Co-
20Cr-15W-10Ni (“L605” ASTM F90), Co-20Cr-35Ni-10Mo (“MP35N” ASTM F

25  562), Co-20Cr-16Ni-16Fe-7Mo (“Phynox” ASTM F 1058); examples of preferred
titanium alloys are CP titanium (ASTM F 67, grade 1), Ti-6Al-4V (alpha/beta ASTM
F 136), Ti-6Al-7Nb (alpha/beta ASTM F1295), Ti-15Mo (beta grade ASTM F2066);
stents of noble metal alloys, in particular iridium-containing alloys such as Pt-10Ir;
nitinol alloys such as martensitic, superelastic and cold worked (preferably 40 %)

30 nitinols and magnesium alloys such as Mg-3A1-1Z.



23Wn-21Cr-1 Mo- 1IN (nickel -free stainless steel); of

cobalt alloys such as e.g. Co- 20Cr-15WI| ON ("L605"

ASTM F90), Co-20Cr-35Ni-1Ow ("MP35N' ASTM F 25 562),
Co-20Cr-16Ni -1 6Fe-7Mb (" Phynox" ASTM F 1058); exanples

of preferred titaniumalloys are CP titanium (ASTMF

67, grade 1), Ti-6Al-4V (al pha/beta ASTM F 136),

Ti - 6A1l- 7Nb (al pha/ beta ASTM ¥1295), Ti-15M (beta

grade ASTM F2066); stents of noble netal alloys, in
particular iridiumcontaining alloys such as Pt-1 Or;
nitinol alloys such as martensitic, superelastic and

cold worked (preferably 40 % 30 nitinols and
magnesi um al | oys such as My-3A1-1Z. 9 PCLYMER FI LM
According to the process of the invention, the

inplants are coated with RiMal 5 | ayers of
polymer filmat |east partially on one of their

external surfaces, in preferred applications on their
enfAccardimgtte thegirosass bhithe inventioméheimiypdaltsaretcoated twith one or several
i nventian,. the _pol r. film can be_present i.n the form

of 145815 90 Byt B 15 mpioly B hne o Heiorame Butfpese. I preferred
boRsiardatets@nithélr bifite dktertdY srickabl e 10 processes, e.g.

by sheet shrinking nethods. Thernopl astic pol ynmer

sheeting can be applied to essentially adhere firnmy

on t t | thcul I [
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copbly@r sHeetig wihithl can be applicdldndroa bohdddasito thelimptint By Suitable
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am nati on. erred coat1 ngs can aln
t hhested §tatee paryl enati on of the substrates. In
this case, the substrates are treated with
paracycl ophane initially at an el evated tenperature,

US WRdrbdveRRRE ﬁéliryﬁlél? B nBYQILe coMiRisE ¥ RORirE JTPhe/ MBlardtivifA
of poly (p- xylylene) i§ formed on the surface of the

15 subamishes polyTiiris of iphriallypolymeriowoatingsdimmersioncantings, spray
a %(l)'la*%ls’n%(s:1 or cI:’]otati(r:lgsr gp Il)’lollysf’llnglgso?qu)/ng or Bglgfr%ley g’t{slsaeﬁc’sgoen% ‘as well as polymer

layers applied by lamination.

Preferred coatings can be obtained by the surface parylenation of the substrates. In
20 this case, the substrates are treated with paracyclophane initially at an elevated

temperature, usually approximately 600 °C, whereupon a polymer film of poly (p-

xylylene) is formed on the surface of the substrates. This film can be converted into

carbon in a subsequent carbonising and/or pyrolysis step.

25  Inparticularly preferred embodiments, the sequence of the steps of parylenation and

carbonising is repeated several times.

Further preferred embodiments of polymer films consist of polymer foam systems

e.g. phenolic foams, polyolefin foams, polystyrene foams, polyurethane foams,



25 In particularly preferred enbodi ments, the sequence
of the steps of parylenation and carbonising is
repeated several times. Further preferred enbodi nents
of polynmer filns consist of polyner foamsystens e.g.
phenolic foans, polyolefin foans, polystyrene foans,
pol yur et hane foans, -10 fluobgpolyner foans which can
be converted into porous catboh layers in a
subsequent carboni sing and/ or pyrolysis step. For the
pol ymer filnms in the formof sheeting, varnishes,

pol yneric coatings, 5 imersion coatings, spray
coatings or coverings as well as polymer |ayers
apﬂh(breplolbmer foamisivetiitlocan bd conSenfasiftopRodsattsn 18yds in a
ho | ymers or, .copo]yners of aliphatic or aromatic
pof é?qé‘fsph%aﬂ%‘?%%n%éndé%‘l RYERINSIS 84$B.  pol ypr opyl ene,

pol ybut ene, pol yi sobut ene, pol ypentene;

pol ybut adi ene; pol yvinyls such as polyvinyl chloride

or Fonshe pvliymcr filhg i]iﬂhb ;forpmfwbnﬁidg) varnishés; pab"rrwIic coatings,
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al bum n, gel atine, hyaluronic acid, starch, cellul oses
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Sui t abl e var ni sh-based pol yner fil ns, g.
anBlyphasphazenesy Bolypmingcasist p@lpﬁ:tgylene v1ny1 acetate sxhcones poly(ester

urethanes), poly(ether urethanes), poly(ester ureas), polyethers such as polyethylene
20  oxide, polypropylene oxide, pluronics, polytetramethylene glycol;
polyvinylpyrrolidone, poly(vinyl acetate phthalate) as well as their copolymers,

mixtures and combinations of these homopolymers or copolymers.

Suitable varnish-based polymer films, e.g. films and/or coverings produced from a
25  one-component or two-component varnish which have a binder base of alkyd resin,
chlorinated rubber, epoxy resin, formaldehyde resin, (meth)acrylate resin, phenol
resin, alkyl phenol resin, amine resin, melamine resin, oil base, nitro base, vinyl ester
resin, Novolac® epoxy resin, polyester, polyurethane, tar, tar-like materials, tar pitch,
bitumen, starch, cellulose, shellac, waxes, organic materials of renewable raw

30  materials or combinations thereof are particularly preferred.



25 one-conponent or two-conponent varni sh which have a
bi nder base of al kyd resin, chlorinated rubber, epoxy
resin, formal dehyde resin, (nmeth)acrylate resin,

phenol resin, alkyl phenol resin, amne resin,
mel am ne resin, oil base, nitro base, vinyl ester
resin, Novolac(r) epoxy resin, polyester,

pol yur et hane, tar, tar-like'hﬁterials, tar pitch,

bi tumen, starch, cellul ose, shellac, waxes, organic
materials of renewable raw 30 materials or

conbi nations thereof are particularly preferred. -11
Var ni shes based on phenol resins and/or nel am ne
resins which optionally nmay be epoxidised conpletely
or_partially, e.g. comercial packagi ng varnjsh as
weVermishes bared o8 ﬁ@slrb%mmn&%@%é?ﬁgnwmﬁh gptienally may be
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W kfapé Bedaabibyrt il follbRthgvafien esdhads after mdRiidudd ones of the
solutions for coating the inplants e.g. by.laninating
t esevicncrs ST thecsions LI PRkIMeEL film coating and carbonising of the process

according to the invention, such as e.g. an oxidative treatment of individual layers.

20
The use of polymer films coated with the above-mentioned varnishes or coating
solutions for coating the implants e.g. by laminating techniques such as thermal,
pressure pressing or wet-in-wet techniques can be applied advantageously according
to the invention.

25

In certain embodiments of the present invention, the polymer film can be equipped
with additives which influence the carbonising behaviour of the film and/or the
macroscopic properties of the substrate layer based on carbon resulting from the
process. Examples of suitable additives are fillers, pore forming agents, metals, metal

30 compounds, alloys and metal powders, extenders, lubricants, slip additives etc.



pressure pressing or wet-in-wet techni ques can be
appl i ed advant ageously according to the invention. 25
In certain enbodi nents of the present invention, the

pol ymer film can be equipped wth additives which

i nfl uence the carboni sing behavi our of the film and/or
the nmacroscopic properties of the substrate |ayer

based on carbon resulting frd#rthe process. Exanples

of suitable additives are fillers, pore formng

agents, netals, netal 30 conpounds, alloys and netal
powders, extenders, lubricants, slip additives etc.

-12 Exanpl es of inorganic additives or fillers are
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ph [

P BTblb Hiind, b b e Rals b oot iRl HNEAEL St
mepawderslinpadiculan ppeatalytcdlly avtieattarsitionanetalsishelnasicopper, gold

Z'r m_. haf ni um vanadi.um ni obj um .tantal u
h'ﬁ’f I%Wbmmm’t g yana un, ﬁaﬂ{gqﬂngrlﬁhromlum

' r By HRR@h! runPhtek %angﬁhgsg GREM T, irbh) Q:gbélmmcﬂ@l b AEEM T,

osmum I ridiumor t1 num US|ng such additi'ves in
thehqdahy,rmﬂladnunnpsmtum drigivesérglatinum. nodi fy and adj ust
e.g. 10 biol ogical, nmechanical and thermal properties
of the films and of the resulting carbon coatings. By

| NERINpISH hdltiPesdn theydyméi filnf; i€ PossitAe QPMOYIFE h®kPadjust e.g.
i nor?anl C nanoconposites, met al s, netal oxides it is

10t hipiplpgiel; mpehanisabanid thermah propraiesaf thedilps aad ehthe resultmg carbon
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containing layer for each implant material. Thus, the use of aluminium-based fillers
will lead to an increase in the thermal expansion coefficient and the addition of fillers
20  based on glass, graphite or quartz will lead to a reduction in the thermal expansion
coefficient such that the thermal expansion coefficient can be adjusted
correspondingly individually by mixing the components in the polymer system. A
further possible adjustment of the properties can take place, as an example and non-
exclusively, by the preparation of a fibre composite by adding carbon fibres, polymer
25 fibres, glass fibres or other fibres in the woven or non-woven form leading to a

substantial increase in the elasticity of the coating.

The biocompatibility of the layers obtained can also be modified and additionally
increased by a suitable selection of additives in the polymer film.
30



20 based on gl ass, graphite or quartz wll lead to a
reduction in the thermal expansion coefficient such
that the thermal expansion coefficient can be adjusted
correspondingly individually by m xi ng the conponents

in the polynmer system A further possible adjustnent

of the properties can take place, as an exanpl e and

non- exclusively, by the preb%ration of a fibre
conposite by adding carbon fibres, polynmer 25 fibres,
glass fibres or other fibres in the woven or non-woven
formleading to a substantial increase in the

el asticity of the coating. The bioconpatibility of the
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i ncreased by . a suitable selectjon of additives in_the
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coefficient of the external layer to that of the
sulbhsse eeatedssubptratespecome more resistant to fractures within and to detachment

of the coating. Consequently, these coatings are more durable and more stable over

20  time during practical use than conventional products of this type.

The application or incorporation of metals and metal salts, in particular also of noble
metals and transition metals, makes it possible to adjust the chemical, biological and
absorptive properties of the resulting carbon-based coatings to the desired

25  requirements such that the resulting coating can be equipped also with heterogeneous
catalytic properties, for example, for special applications. In this way, it is possible
by incorporating silicon salts, titanium salts, zirconium salts or tantalum salts during
carbonisation to form the corresponding metal carbide phases which increase the
resistance of the layer to oxidisation, among other things.

30
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t hese coated substrates becone nore resistant to

fractures within and to detachnent of the coating.

Consequently, these coatings are nore durable and nore

stabl e over 20 tinme during practical use than

conventional products of this type. The application or

i ncorporation of netals and petal salts, in particular

also of noble netals and tTihsition netals, makes it

possi bl e to adjust the chem cal, biological and

absorptive properties of the resulting carbon-based

coatings to the desired 25 requirenents such that the

resulting coating can be equi pped also with
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di peRIge axtrying pings nn@qtluongnmng andsushdikebefore geaftey they have

aveée{naaghaedn%lftgﬁ’l{l)e ! an \éEIS% f?@e&% enpﬁp@%)ge@d%]l B%lg.r or irregular

f otyipe cdinbe pebypoedated lnltcrrﬂle ¢abdn gostorgchiroduded byt process according
i nvention ¢can be structured in a suitable manner

betuhe IYFABPYsi s or carboni sing by fol ding, enbossing,
stanping, printing, extruding, piling, injection

nmoul di ng and such |ike before or after they have been
appl i ed onto t heAPPRICATION OFtTHE Padyy MERrEIAiM

structures of a regular or irregular type can be

i ncorporated into the carbon coating produced by the

pr Qﬁ@?fl £ AlrHE WHicht8n be ubddeacksbdfiptto b 1n'9€1Ridn%a|cQ}§1Q:of
THE P MER FI LM The pol yner filns which can be used

ac cwmgﬁgl the ferreof yaraishdsen cavetings aert e applied Sniodhe implent from

ontt EHE PRI ar AP T o BB AL spaBBB . Fgine

st dbetor slade appYichtios bpifi @aitinggdispersiondr A@lt coatimg, ekiriding, casting,
immersing, spraying, printing or also as hot melts, from the solid state by powder
coating, spraying of sprayable particles, flame spray processes, sintering or such like
according to methods known as such. If necessary, the polymeric material can be
dissolved or suspended in suitable solvents for this purpose. The lamination of
suitably formed substrates with polymer materials or sheeting suitable for this
purpose is also a method that can be used according to the invention for coating the

implant with a polymer film.

When coating stents with polymer films, the application of the polymer and/or a
solution thereof by pressure processes as described in DE 10351150 whose
disclosure is included herein in full, is particularly preferred. This process permits, in
particular, a precise and reproducible adjustment of the layer thickness of the

polymer material applied.
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doctor bl ade application, spin coating, dispersion or
nmelt coating, extruding, casting, |nmersing,
spraying, printing or also as hot nelts, fromthe
solid state by powder coating, spraying of sprayable
particles, flanme spray processes, sintering or such

i ke 20 according to nmethods_  known as such. |f
necessary, the polyneric nmat Bt al can be dissol ved or
suspended in suitable solvents for this purpose. The

| am nation of suitably forned substrates with pol yner
materials or sheeting suitable for this purpose is

al so a nethod that can be used according to the
invention for coating the inplant with a polynmer film
25 \When coating_stents with polynmer filnms, the
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by . . i i. . .
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butwdter, 8t R&dessalRPfa Mixture with dispersants and mixtures of the above-named

substances.

Preferred solvents comprise one or several organic solvents from the group of
ethanol, isopropanol, n-propanol, dipropylene glycol methyl ether and
butoxyisopropanol (1,2-propylene glycol-n-butyl ether), tetrahydrofuran, phenol,
benzene, toluene, xylene, preferably ethanol, isopropanol, n-propanol and/or

dipropylene glycol methyl ether, in particular isopropanol and/or n-propanol.

In preferred embodiments of the present invention, the implantable medical devices
can also be coated repeatedly with several polymer films of the same polymer in the
same or different film thickness or different polymers in the same or different film
thickness. In this way, it is possible to combine, for example, lower lying, more

porous layers with narrow-pore layers placed above them which are capable of



butyl ether, PPG 2 nethyl ether, PPG 3 nethyl ether

PPG 2 propyl ether, propane 15 diol, propylene glycol

propyl ene glycol butyl ether, propylene glycol propyl

ether, tetrahydrofuran, trimethyl hexanol, phenol,

benzene, toluene, xylene; as well as water, if

necessary in mxture with dispersants and m xtures of

t he above- naned substances:léo Preferred sol vents

conpri se one or several organic solvents fromthe

group of ethanol, isopropanol, n-propanol,

di propyl ene glycol nethyl ether and butoxyi sopropano

(1, 2-propyl ene glycol -n-butyl ether), tetrahydrofuran,
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n- pr opanol . 25 I'n preferred enbodi nents of the present

i nvention, the inplantable nedical devices can also
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an alternative to coating of the inplant with a

pol ymer film and a subsequent 5 carbonising step, it

is al so possible according to the invention to '

directly spray a polyner film producing coating

system e.g. a varnish based on aromatic resins

directly onto a preheated inplant e.g. by neans of

excess pressure in order to carbonise the filmlayer

sprayed on directly on the hot inplant surface. -17

CARBONI SATI ON The pol ynmer film applied onto the

inplant is dried, if necessary, and subsequently




5 subjected to a pyrolytic deconposition under

carboni sation conditions. In this case, the polyner
film's) coated onto the inplant is heated, i.e.
carboni sed at elevated tenperature in an atnosphere
essentially free of oxygen. The tenperature of the
carbonising step is preferably in the region of 200C
to 2500C and is chosen by th&’ -person skilled in the
art as a function of the specific

t enper at ur e- dependent 10 properties of the polyner
films and the inplants used. Preferred, generally
appl i cabl e tenperatures for the carbonising step of
the process according to the invention are in the
regi on of 200C to approximately 1200C. In the case of
sone enbodi ments, tenper@ ISAHIRY regi on of 250C
to 700C are 15 preferred In general, the tenperature
i s chosen depending on the properties of the

maTae pelymet St applieiLonito Ehevrmplamhﬁtdrteh,elf pedegsaey, anidlsnbseguently
transtforped essentially conpletel nt Q - )

5 caPYURRIELIRER AR HC detamRostiopnges qaﬁwnasatlerrﬁ%trweln this case,
apgld l}ﬁ?}fﬂl&rﬁlﬁﬁ? 3318 oBlcFihe B¥piat it ALY, 98| Eboritbd% HleQited
cont t pyrolysis te%pera ture, orosit
th eemqiermmgtlh aaratinmspgerdre‘sgcnbﬂl)t free crﬁaaxeygelalThasemmratuassof the

S BLRELh5 0 e Bo F Bp R  B  ve

t hgergan El&ﬁécﬁﬁh&h@ﬁrt%@ﬁ%ﬂdh@ﬂ%f theebedtie tbmpefat@t dependent
the conposition of the atnosphere, the tenperatures or

10t hgropediepof ﬁwm@mﬁg}mm@@e@rmlmﬁ%@@ﬂes sure
conditions selected, it is possible to adjust 25
and/or vary the type and structure of the

C aPesterr&h) gemdr il gpplianisie tahgeostiies dorithe aa.rbcmsmg @teb@t‘ﬂ the process
manner by neans of the process according to t o
i npesordiga to edpventipn gre ip B RTegRPIERON &@oﬁpﬁrﬂ%lérely 1200°C. In
1! lfPeasd BF od Simbls ABmBEUARLY | Qﬁeergg%wg%?%@‘@tcﬁowc are
tenperatures of up to appr xrnate y 1
15 depesferiédd in génees stho térapdraturei® chdsen dep emdnigcnn thbpeopeeties ©f the
pl ace whereags at .te eraﬁgres abokiazoooc

i ghl .
b Ao iy SHehiA Ve 6 R BB fiey GRELoried estentially

obicaimpREkly tfto bABoh-REMtaMItMEINEEWith a8 $6w b \¥&@npekture application as
tenperatures, partially crystalline carbon-containing

| apessiblefBylsyitablyeselectiop end/prepntallingiby Bplysisdemperatyee, the

Obtp%Iror%ﬁy, the strength and rigidity of the material as well as further properties can be

20  adjusted in a controlled manner.

Depending on the type of polymer film used and the carbonisation conditions
selected, in particular the composition of the atmosphere, the temperatures or the
temperature programmes and the pressure conditions selected, it is possible to adjust
25  and/or vary the type and structure of the carbon-containing layer deposited in a
controlled manner by means of the process according to the invention. When using
pure carbon-based polymer films, for example, in an oxygen-free atmosphere at
temperatures of up to approximately 1000°C, a deposition of essentially amorphous
carbon thus takes place whereas at temperatures above 2000°C, highly ordered

30  crystalline graphite structures are obtained. In the region between these two



A further exanple is the use of foaned polyner filns,
e.g. foaned pol yurethanes, 5 which allow relatively
porous carbon layers with pore sizes in the | ower
mllimetre range to be obtained during carbonisation.
Through the thickness of the polynmer film applied and
the tenperature and pressure conditions selected, it

is al so possible to vary, Uang the pyrolysis, the

| ayer thickness of the deposited carbon-containing

| ayer within wide limts ranging from carbon

nono- | ayers via alnost invisible layers 10 in the
nanonetre range to varni sh |ayer thicknesses of the

dr yenpeysireipait{dlly @rybtallinge cisuiBéontsining ldyercofatiffelepodensities and
| ayer thickness in the mllinetre range to the
cePRIPfiteT ean hepbipinedrne | atter is preferred

particularly in the case of inplants of full carbon
materials, in particular bone inplants. 15 By suitably

s e Adfotthergxammplepis thyermese of fdamedeomerl filansde. g Heamed polyurethanes,

S oSN e S seBR rivar S Bt Hbihe Hupramillimetre
SI #Rge A6k SHtEMed dRriPSibdEstieR! nrﬁrbuu%x {38 t1a kR NEkh¥bEAner film

all ow t he coval ent, adsorptive or sorptive or
el epnliedgnd thetetsperdfune aad plaqu/@nﬁrtme s@b@sd dt isglsofpgssible to

nodi f| atl rab t he rodu

o Gaen St IRE ol e e R Hiviotel ot Aalostid SriPasiiEing
bylatyéleﬁttlﬁlhﬂifld@ ﬂlﬁﬁ@&ﬁ@% 7§ﬂ6ﬁi AfboHeAeHd-1ageks ivin @ﬁoiﬁﬁvﬁﬁle layers
131 and PCT/ EP04/ 000 whose di scl osures are he

th
10| niothp sprameeirg sangetol varnisielayerthicknesses of the diy leyrs or 10 40
ca 8—8héh@@t?‘;thfﬁcgergcgeggp@?'%{tﬁ‘éﬁie%s ﬁ{:@g rngllﬁﬂet}eoraﬁg@to the centimetre

i nvent on ree from oxy
pr efnge aﬂieylainaﬁs ﬁ&f&mdtpmmaﬂdrbaﬁ thdease ﬂ)ﬁmphmts of full carbon

partl cul ar f er abl ess than 1 ppm The use of
“aé/qfrg%"g “¥‘E{ nitrogen, noble netals

such as argon, neon and any ot her inert gases or gas
conpounds not reacting with carbon as well as m xtures
15 of Biyrseitsblyaelestinigthppelfymer Gtin matérial angbihe gadhooisingrapoditions, depot

< TR e mglecilgt AV gr Lt e r Y SR O REE e nd seve
' NpeIplert B8 TS thad 6B oBfaircdWARCHEMW hRRAvABRY &dsottive or absorptive or

necessary, however, higher inert gas
electrostatic binding of active principles or surface modifications.

20  Preferably, the porosity is produced in the layers according to the invention on
implants by treatment processes such as described in DE 103 35 131 and
PCT/EP04/00077 whose disclosures are herewith incorporated in full.

The atmosphere during the carbonising step of the process according to the invention
25  is essentially free from oxygen, preferably has O contents less than 10ppm,
particularly preferably less than 1 ppm. The use of inert gas atmospheres, ¢.g.
nitrogen, noble metals such as argon, neon and any other inert gases or gas
compounds not reacting with carbon as well as mixtures of inert gases is preferred.
Nitrogen and/or argon are preferred.
30



10

15

20

25

30

pressures can advant ageously be used. In sone

enbodi nents of the process according to the invention,
carboni sation can al so take place at reduced pressure
5 and/or under vacuum The carbonisation step is
preferably carried out in a batch-w se process in
suitable ovens but can also be carried out in

conti nuous oven processes whi%h, if necessary, my be
preferable. The if necessary structured, pre-treated

i npl ants coated with 10 polynmer filmare passed to the
oven on one side and discharged fromthe oven at the
other end. In preferred enbodi ments, the inplant

c o"bedlly)ihk Rafdohisatisn dtég iMcamiedioas bt nonfal fiessQwein thdpRsence of
perforated plate, a sieve or such |like suych that, a

r e’dlé‘*cféaasﬁﬁ @yélms dhosg mengignedabiove df peresiagh howsverohigher inert gas
[ r
o1 DS aByigéBhty BPHL ) L Ah R ils of Hecprocess
ovmotnlinhg tol the investuat, icmbonlsamnrr.mntalswal@miaamt iredmeed pxessure
cQert gas t hrough the filns and/or assenblies
du?‘} YAIFLYAPUHR and/ or carboni sation. The oven can
be d|V|ded into individual segnents by correspondi ng
inert gas gates in which segnents one or several
pyThe %b@lmn@mpaapma@mcmwdwbpsa hadeh-wisepaogesein sagable

S;t?ve% ; glu{sfc ﬁancore @5&1 onul%i ?Jr%l lg vgg rctc Eseegtwhécﬁl if necessary,

di ¢ be pteférabRETRE ifhecetay e&uctﬁﬂeﬂf;ﬁemhted igplanganerd with
and/ or a_ vacuum for exanple. Moreover,
af pelymer flm prsrasssddp shesaren oronp side and disghargeshfre the oven at the

?t;ﬁ&té uhp reftted¥itRRindnts, f i h{f}i’%ﬁ g@ztﬁ&li ﬁ/ﬂh‘ﬂoiﬁnéﬁlﬁl can rest

tions etc. can be’carr
C oirths pmnjd)mg perd@gted piae, af sidvieor suehiljke suckn ﬂmﬁaselhlyed ﬁmssure

an altern ve, boni atl qn can. al so
oufan bf @PgF%QEH“%\/‘EﬁPg{YH}% filry dprpe BYRlYstSA r;9ar ohiséiion. This
Pr il 0t dnlyf sntn'BFe VMRS LYl SmBIAHYs Gh tlfé"ﬂ\*éﬁ 'Bhfsﬁgé £8udti®ontfeatment
be carried out In"a vacuum -20 During t
py sl a)mmurarﬂd»Mf ment pamthsaigh dire filmstand/op rasﬁye‘é)éles during pyrolysis
acco(gdl ngtrto &he invention, a decrease in the weight

i1 m by approximately 5 %to 95 %
preferably

The oven can be divided into individual segments by corresponding inert gas gates in
which segments one or several pyrolysis and/or carbonisation steps can be carried
out in sequence, if necessary under different pyrolysis and/or carbonisation
conditions, such as different temperature stages, different inert gases and/or a

vacuum, for example.

Moreover, after-treatment steps such as post-activation by reduction or oxidation or
impregnation with metal salt solutions etc. can be carried out in corresponding

segments of the oven, if necessary.

As an alternative, the carbonisation can also be carried out in a closed oven, this
being particularly preferable if the pyrolysis and/or carbonisation is to be carried out

in a vacuum.



approximately 40 %to 90 % in particular 50 %to 70

% usually takes place, 5 depending on the starting

mat erial and the pretreatnment used. The carbon-based
coati ng produced according to the invention on the

i npl ants and/ or substrates generally has a carbon
content, depending on the starting material, quantity
and type of filler nmaterials20of at |east 1 % by

wei ght, preferably at least 10 25 % if necessary also
at least 60 % and particularly preferably at |east 75

% Coatings particularly preferred according to the

i nvention have a carbon content of at |[|east 50 % by

wei ght. 15 AFTER- TREATMENT In preferred enbodi ments of
the process according to the invention, the physical .
anBuring thei nyaelypis epdler ¢askonisation én the PresesHesardiRG et the fpvention, a

ar f if,i . : 0 0
oL s s T Al S Gl BRPS 3 10905 ot
t oapdrexiatagely 46 WORR, Lapiadarddione A0 L4 waally takeseplace,
Suitable after-treatnents are, for exanple, reducing
5or d@%ﬁlﬂl&lﬁi%h%ﬁ?%mgtmaéa@ﬁﬁ@ﬂ@ te*getpé%eaﬂaﬁﬂti%@d-m ch the
coating is treated with suitable reduci ng agents
and/ or oxidising agents such as hydrogen, carbon
di @he debesmbhsedsontdty protecehaceordiggnto theiinyention ondheipiplants and/or

25 h |i | | f 1 xt .of
2 38R RIS S Bl ol boBSERRGRY i it e
st aﬁaﬁlti@%l&l&)@pg of filleidn@etialsloft RM&tIEH byl WeTRRY, picfdrably at least
t hough bel ow t he pyrol ysis tenperature, Ct

e.g. of 40 0

10 1086 &, if necessaradlby atieast 6@ "/emaxwmkmw&rgﬁy at least 75 %.
preferably 1 Q [ 05; LGl . ef erah
Do betb B ey s R el R e Bl nRYS] Sl doptent of o
| n1dasy 30 wWyeweight. 21 preferred enbodi ments, the coating
produced according to the invention is nodified
reductively or oxidatively or with a conbi nati on of
these after-treatnent steps at roomtenperature. 5 By
oxi dative and/or reductive treatnent or by the

15i ncor porati on of additi AEFTERFTREATMENT f uncti onal
materials, the surface properties of the coatings
produced according to the

In preferred embodiments of the process according to the invention, the physical and

chemical properties of the carbon-based coating are further modified after pyrolysis
and/or carbonisation by suitable treatment steps and adjusted to the application

20  purpose desired in each case.

Suitable after-treatments are, for example, reducing or oxidative after-treatment steps
during which the coating is treated with suitable reducing agents and/or oxidising
agents such as hydrogen, carbon dioxide such as N2O, steam, oxygen, air, nitric acid

25  and such like as well as, if necessary, mixtures of these.

However, if necessary, the after-treatment steps can be carried out at elevated
temperature, though below the pyrolysis temperature, e.g. of 40°C to 1000°C,
preferably 70°C to 900°C, particularly preferably 100°C to 850°C, in particular

30  preferably 200°C to 800°C and in particular at approximately 700 °C. In particularly



i nvention can be influenced and/or nodified in a
controll ed manner. For exanple, it is possible to
render the surface properties of the coating

hydr ophi lic or hydrophobic by incorporating inorganic
nanoparticles or nanoconposites such as | ayer
silicates. 10 It is also possible to provide the
coatings produced accordi ng-2b-the invention
subsequently with bi oconpati bl e surfaces by

i ncorporating suitable additives and to use them as
carriers or depots of nedicinal substances. For this
purpose, it is possible to incorporate e.qg.

e pliefctel tinfhodfm @i, YieSoatifg ProdiCed @t erdirdd to thd inRentitdh is modified
possible for 15 the fornmer to be |iberated, if

neteduetively o oxidativeln arayitheicorabinetionsf theseafisr-treatment steps at

re&%hg& ol /or selective perneation properties of
t he coa

‘ﬁﬁ@ggAccording to the process of the
invention, it is also possible to suitably nodify the
coating, on the inplant, e.g. by varying the pore sizes
5 byBg@?qdaarf%meﬂ%rorgﬁ%vwré?@%nf %%l@_e&%ﬁwogweﬁlm{) Pleaddifi. fllers or
St ARRtiSh4 %a@éia%'ttﬁ:%fﬁ& %ﬁg@&l@s & the 8batflg8 pAidEed according to the
t enper at ur es, olling I xi di sing acids, alkalis or
adinventinn csplbetinfleencedpuienhedifibd oha eomgrolldé granderd For example, it

gl S e B TS B B R BBy 3 i pnobic
C apP HEofpordingdNEYgakio RaRdpatidh o WahGohfdsités sach big laher silicates.

opti onal process step to a so-called CVD process
10 (chemi cal vapour deposition) or a CVI process

 cal e el . ; '
IR
t heibseqieatl$ iithtsiocon@iatiblél surfackspyScorpdratispsdinblesaditives and to

coating is treated with suitable precursor gases . . )

sphsa themgs grmriessensisnotaof megivina syhstances: EQr this ipose, it is possible

el t : i NEPeE ;

o1 BBk PoaiE e MasCRARG GERRS, I R, i bofig Possivle for
15 of thehfermertto bediberatednif niecessary Ahrmosntralléd dmmen by atitabdd rethrding

and ns%%unated hydr ocar bons w.th a.suitable

0P PT FISFiVE PERASHORDIPERREIPt TG QMRS sui t abl e f or

use as precursor splitting off carbon. Exanples of

t hese are net hane, ethane, ethylene, acetf/l ene, |inear

andcbordingtte dhe process of the invention, it is also possible to suitably modify the

)

coating on the implant, e.g. by varying the pore sizes by suitable or oxidative

20 reductive after-treatment steps such as oxidation in the air at elevated temperatures,
boiling in oxidising acids, alkalis or admixing volatile components which are
degraded completely during carbonisation and leave pores behind in the carbon-

containing layer.

25  Ifnecessary, the carbonising layer can also be subjected in a further optional process
step to a so-called CVD process (chemical vapour deposition) or a CVI process
(chemical vapour infiltration) in order to further modify the surface structure or pore
structure and their properties. For this purpose, the carbonised coating is treated with

suitable precursor gases splitting off carbon at high temperatures. Other elements,
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al kanes, al kenes and al ki nes with carbon nunbers of

Cl- C20, aromatic hydrocarbons such as benzene,

napht hal ene etc., and singly and nultiply alkyl
substituted, alkenyl substituted and al ki nyl

substituted aromatics such as toluene, 10 xylene,

cresol, styrene, parylenes etc. As ceram c precursor,

BC13, NH3, silanes such as S#4#, tetraethoxysil ane,
(TEOCS), dichlorodinethylsilane (DDS), methyl
trichlorosilane (MIS), trichlorosilyl dichloroborane
(TDADB), hexadi chl oronet hyl silyl oxide (HDVSO), A Cl3,

TiC 3 or 15 mixtures thereof can be used. These

Pr &% UéanHelepbiited I8stewith, @V sRicBh Sl provedes haldbdedWnown in the
concentrations of approximately 0.5 to 15 % by vol.

i nstatexef theeartsfor | leng timert gas such as e.g. nitrogen,

argon or such |ike. The addition of hydrogen to
correspondi ng deposition gas 20 m xtures is also

poashédt all kAbwh aamedtal atidamsiataneitydostartang withGDsu@able volatility

f 500Q. to 15Q0 d ti | Iy, f |
D endes C3irbgenditiors 2t o blscit s rectin SHAGE efcRtbo
hyﬂﬁ&lﬁgﬁngﬁth&%_ ﬁﬁ% 1an8 R, &ﬁi}l@ﬁ@ aBdty1eRE, 3Hesr and branched
ors e eposit the %

precur nmsel ves an essentially
ev elkm;esdzilkmeis lond eﬂhm mné]rcarbontmmh@m Q:f Cisy€toeanounfatic he

coatln nodi f ore structure,th i
Y B GRE o RAh Bter ois, nbtbierl s, il it bl b
3' SdsBftfed atkenylisabdtitied hdalkBy1 Sidafitated aréBlid¥RUBIP 8Stoluene,
pores in t he car bon- cont ai ni ng | ayer on the inplant

caNyletys crasoly s@tenenpasylenesaic.a control | ed manner unti |
the pores are conpletely closed/sealed off. As a
result, the sorptive properties as well as the

meal %Bﬂaﬁﬁd: pﬁb@l@@xf B(Bﬁ NH;, bilkhes Suchrie ISaH], téiﬂfeﬂ@ﬁ?mma, (TEOS),
adj usted in a made manner. -23

B
2 iR losoaeuniiane A0S, medn Sidorgsilie IRy blorasilyl
h
"y S RRASRR (MEDRFALRRRIAGBRAIRNAG LABL AFVISSY, MIGS, TICk or

resi ant franner
bynﬁktare‘smlnermﬂoanbeﬁlsclhrbi de or oxycarbides. 5 In
preferred enbodi nents, the inplants coated according
to the invention can

These precursors are used in CVD processes mostly in low concentrations of
approximately 0.5 to 15 % by vol. in mixture with an inert gas such as e.g. nitrogen,
argon or such like. The addition of hydrogen to corresponding deposition gas
mixtures is also possible. At temperatures between 500 and 2000 C, preferably 500
to 1500°C and particularly preferably 700 to 1300°C, the above-mentioned
compounds split off hydrocarbon fragments and/or carbon or ceramic precursors
which deposit themselves in an essentially evenly distributed manner in the pore
system of the pyrolysed coating, modify the pore structure therein and thus lead to an

essentially homogeneous pore size and pore distribution.

By means of CVD methods, pores in the carbon-containing layer on the implant can
be reduced in size in a controlled manner until the pores are completely closed/sealed
off. As a result, the sorptive properties as well as the mechanical properties of the

implant surface can be adjusted in a tailor made manner.
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additionally be coated and/or nodified by the sputter
process. For this purpose, carbon, silicon or netals
and/ or netal conmpounds can be applied fromsuitable
sputter targets by nethods known as such. Exanpl es of
these are Ti, Zr, Ta, W M, 10 C, Cu which can be

i ntroduced as dusts into the_carbon-containing |ayers,
the corresponding carbides‘%%fng formed as a rule.
Mor eover, the surface properties of the coated inplant
can be nodified by ion inplantation. By inplanting
nitrogen, it is thus possible to formnitride phases,
15 carbonitride phases or oxynitride phases with
incorporated transition netals thus substantially
ingrOV|ng the chemical resistance and the nechani ca
re

v &I o€ sitimes Aesiloxapesol{ neestsaty i MixtprepY sl hydragarbongsthe
Thearban cbr%fﬁhﬁ%e e C&ftmgﬁm xﬁxﬁﬂ‘ltf RE e gsﬁ{jaﬂ &idation r(ejs1stant

i ncrease trengt coatl ngs an

fomapmtbydbﬂﬁmtxmgobmbldeorbwerbsdesm Moreover, it is
preferred in the case of certain enbodinents to

fI uoridate inplant coatings produced according to the

NYEPYefepied iethbRb#fntd, %éﬁﬁﬁﬁmﬁ%&%&%@&@h@% thdWpkétich can
such as e. % stents or orthopaedic inplants, for

ex adcbu@nallu elcpstad |aed/bnmodtﬁ@d batksh@vmtttpbmog«fsu Fasdhisipurnese,

e odiJe
b At DB s ePas & ISR SRR 5 b e b Hiapre
| MphARt tbgds Beitetddykhdwibs SirBSEx@mstensiihéseapaTli, IZayrd, W, Mo,
of bi ode radable and/ or resorbabl e pol yners such as

cofrdeperhichicsn ke introdaped asuststigta the easben-gentainingtlayess the
cel{)% 8&&@9@&@&&%[&%@@%@ e, hydroxypropyl

cef roxXypro t hyl cel I ul ose,
car boxynet hyl cel | ul ose phthalate casei n, dextrans,

biﬁﬁ%@ﬁﬁ%%@e@g33@%@63[#@%%%%“’0' TG
IQMQLgﬂe( g}l‘e‘&?lﬁ{tﬁ?mu&g}lﬂ}’ﬁ & thitd i)&@ib‘?é’t’&%ﬁﬁ hitride phases,

po yéort ol yesters, y(hydroxyval eri ¢
acicatpeniprideyhiasosaomonpsitridegihagastwish mnerpbmt@tﬂmmiomm@t;dﬁ thus

substantially improving the chemical resistance and the mechanical resistance of the
carbon-containing implant coatings. The ion implantation of carbon can be used to
increase the mechanical strength of the coatings and for post-compacting porous

layers.

Moreover, it is preferred in the case of certain embodiments to fluoridate implant
coatings produced according to the invention in order to make surface-coated
implants such as e.g. stents or orthopaedic implants, for example, utilisable for the

absorption of lipophilic active principles.

In certain embodiments, it may be advantageous to at least partially coat the coated
implantable device with at least one additional layer of biodegradable and/or
resorbable polymers such as collagen, albumin, gelatine, hyaluronic acid, starch,
celluloses such as methylcellulose, hydroxypropyl cellulose, hydroxypropyl

methylcellulose, carboxymethylcellulose phthalate; casein, dextrans,



pol y(mal eate acid), poly(tartronic acid),

pol yanhydri des, pol yphosphazenes, 5 poly(am no aci ds)
and their copol yners or non-bi odegradabl e and/ or
resorbabl e polyners. Anionic, cationic or anphoteric
coatings, in particular, such as e.g. alginate,
carrageenan, carboxynethyl cellul ose; chitosan,

pol y-L-1ysine; and/or phospﬁ%ryl choline are
preferred. 10 Insofar as required, it is possible in
particularly preferred enbodi nents for the coated
inplant to be subjected to further chem cal or

physi cal surface nodifications after carboni sing

anpidlgsacetidrides, tﬂb@@bg@ﬂbo?ﬂbﬂﬁlawmfﬁh pe@(D li-factiee esgifdolides),
|

have taken pl ace Pur i

cation ste or t
r ePRJyeahycolides) el wihydroxylagylatesk palyéﬂlfwmonaf@g) n‘aly(qsﬁloesters)
f
o PR R I BB iR, POIYRRb AR hthalates),
acpmiy(mle&t@hmé);pslylolmrtr@lqoaM)epmlgmhyBaﬂesr po]lypbodphazenes
S R NERP B %t ATErapPRaEES By oSO A Sosorbibl
€. olyR¥rs2 AhRMiA bhtidhic & a{iﬂﬁﬂ%@&lc@é‘a Ineﬁdrﬁélﬁﬁi 5 Rle.g.
gamma irradiation. 20 Pyrolytic car on itself produced

ac@lgmatmgarragecm carb@rwmeﬁhylcerlblﬂnspmlymem polyals-lysine; and/or
bi 0 atible material which can be
K%‘g'f gﬁeﬁHFfﬁrg ions such as the external
coatl ng of i n’pl ants. The bioconpatibility of the

rrE_|I ants coated according to the invention can al so
10 pelnspfar axteauied idis apssiftiei pasticularlapisited smbodiments for the coated

g@gﬁqu bE Q\?ra ?I onaﬁﬁ @@m?éa]l aldﬁg[sg:%?ssurfacé bl ot ﬁcapons after

ns or eria nmedi canen
[ nbarbdnhangahd/n'eaﬁefﬂttdmném%mpewhrchaﬁa}e if eaessary, kavegakemsplace.

ned aboye. In this j ectjon phenongna |n
t hﬁ%ﬁwoeawpﬁ rthetraRTable OLP Psﬁlﬁ%{eé ues, Ugidies Mgy be
th r
| G RRE 16 FREMAlpod RS SfpRAEMIURMichg obifor solyents can be
15 cansednbaibag ﬂﬂaqmisobrcsalvenmmgtmefprrcxﬂuced according to

the invention can be used by the controll ed adjustnent
of the porosity of the carbon |ayer applied for the

COREfoR¢ hKof Rle@REEPRPoRE, ithe BnlAnts 6bd¥Escchbfdimg {ohBe invention can
be sterilised by the usual methods, e.g. by autoclaving, ethylene oxide sterilisation or
gamma irradiation.

20
Pyrolytic carbon itself produced according to the invention from polymer films is
usually a highly biocompatible material which can be used in medical applications
such as the external coating of implants. The biocompatibility of the implants coated
according to the invention can also be influenced and/or modified in a controlled

25 manner by the incorporation of additives, fillers, proteins or functional materials
and/or medicaments into the polymer films before or after carbonising, as mentioned
above. In this way, rejection phenomena in the body can be reduced or eliminated

altogether in the case of implants produced according to the invention.



substrate into the external surroundings. Preferred
coatings are porous, in particular 5 nanoporous. In
this case, it is possible, for exanple, to use nedica
inmplants, in particular also stents, as carriers of
medi cines with a depot effect, it being possible to
utilise the carbon-based coaﬁlng of the inplant as a
rel ease-regul ati ng menbrane: is also possible to
apply nedici nes onto the bloconpatible coatings. This
is useful 10 in particular in those cases where
active principles cannot be applied directly into or
onto the inplant such as e.g. in the case of netals.
MoIrgeirtidulartyngrefepdicibodinians) catoncosted niedicabinipients produced
i nventjon can be | oaded in a further progess

wi 2950FfiRg 1o the nvaptiomeanhedised i thecogirollzd ihiJlPchEé‘I“sOfp he porosity of
fggk[)gﬂgion 1@&9&1@ thPthe BRI edirPa LR LR d oxlffg{ LStrbl the

so wth therapeutic or ostlc
q usuhstratle @0 (blﬁe saemalewmrrofindingk. Bmferrcdecuaﬁdgsmre pnrouE,an particular
the latter e coa ed on bon acco

5 { nEEOROHE TghS B i Possible B xR lenlone e frpinds o

?Mlé‘!ﬂﬁr alb@PstBiatk YaRbrrleRY S ediéiNGYwR & depdt e‘fﬁ&alt'b‘éﬁig)bosmble to
ected or attacked by radioactive radiation.

t hbtllnﬁ@dh@:%rb@rb@edpngln&ﬁflt%ml@ﬁas e@ela@s@dcmlhfgla memh@ne
i nvention have proved to be particularly stable in
the long termsince the carbon-based coatings can be

adjtus ilesl possitgatcipply mbéicineebmts thebibyorapedibld evatihgd. IThis is useful
apart fromexhibiting_ a high |evel of strength,

105 umaat%@r ip ghase cpsey WARES aghV e PRIRCIPISS P40t Pranplipd ﬁ{@g?tb’ into or
Bﬁtﬁ‘?hé {ﬁghﬁﬁtsuclkgﬁ gg 1ﬁ"ﬁ{etda§ bfhetaft, the case of joints
subj ect

ress W t hout the danger
ari sing that cracks may form or the | ayer deI am nat es.

Th por oSi of, coati ngs, a Iled ccordi n

@mqvaﬁ t{%‘f%tlp%l’@ﬂ‘c‘%dé&g rgng tg eugml QPF‘?aéﬁﬁiH}a
al Bty p &Eés%rste?r@ﬁﬁ AR Bicint hﬁwe?(xhgdléhrﬁ&xt%?ﬂhﬁ 1atRIJeontrast
activating at 30 el evated tenperatures in oxytgen or

15 oxy@@m oo frcalising goakednmplands asthe bodyh 6.2 elso aith-therapeutic or
S 08 AR DR AL rSHRD S PR FRLAE ek thEcoatings
Cabiyed oﬁ@ﬁfb@hrabmdﬁlgrté érdnwdhtibhard prpti@itirlypduitable siivd, in contrast
P ?orr}?gl;ie} lgserls nt%}? a\Al"te not negatively affected or attacked by radioactive
radiation.
20
In the medical area, the implants coated according to the invention have proved to be
particularly stable in the long term since the carbon-based coatings can be adjusted
regarding their elasticity and flexibility, apart from exhibiting a high level of
strength, in such a way that they are able to follow the movements of the implant, in
25  particular in the case of joints subject to a high level of stress, without the danger

arising that cracks may form or the layer delaminates.

The porosity of coatings applied according to the invention onto implants can be
adjusted in particular also by after-treatment with oxidising agents, e.g. activating at

30 elevated temperatures in oxygen or oxygen-containing atmospheres or the use of



10

15i

20

25

30

of body tissue. Suitable |ayers for this purpose are

macr oporous with pore sizes of 0,1 mto 1000m

preferably 1mto 400m The appropriate porosity can

al so be 5 influenced by a correspondi ng
pre-structurisation of the inplant or the polyner

film Suitable nmeasures in this respect are e.qg.
enbossi ng, punchi ng, perfora@@ng, foam ng of the

pol ymer film 10 ACTIVE PRI NCI PLE COATING I n preferred
enbodi nents, the inplants coated in a bioconpatible

manner according to the invention can be | oaded with
active principles, including mcroorganisnms or |iving

c ebttangly @ddising a6ids Bucicds dbﬁc@ﬁﬂafﬁdirﬂﬂrﬁfacﬁladhdts&&ehﬁé ag Such a way
in_or on the carbon 15 containing coating by neans of
suthabibe sabgpsentamingsusfage o thed a%%mﬂromotes the ingrowth

abéﬂfd%r't&é‘ue EUM?AI@PJ 't9f‘th1s°§1€1?18 h&B orblls Hith rllagpe?stlzes of

si npl e“case I nprégnating = the ca Rontarni
cofyflipmgy tor Q(]ﬁ)pm;lpmfembb' lpfm tdwd)(mm |T\he applropuatplperosuy can also be

RS B3 G e pre irpab A8 o i SPHEL & g gper fim.

n OSU1%Y@ﬂn€£§1ré%QH Wil ebsPéct afeld. %{ @nfHokdifg, QJuﬁ&uhQ tﬁér@fatﬁ’i@t fdaming
t he carbon 20 contalnlng coating can al so

pr ef the pelymepfilon in this case, depending on the active
principle used and its chem cal properties. In porous,
car bon-cont ai ni ng coatings, active principles can be
occluded in pores. 25 Loading with active principle
can be tenporary, i.e. the active_principle can be

liberated after i npPémIVEFRINGIREERQAIEANGdevi ce or

the active principle is permanently imobilised in or
on the carbon-containing layer. In this way, nedical
i mf@redembtodmmmg tiscihiplantpedaredi mla&nmm;iaabtermmmeabcordmg

A EECNETS DA ST T T

nmu I -
ca é‘lgf(l)l lé(@:(ﬁggn tLg?é:iill‘lﬁ ﬁlta%?g I‘gé g%%c ea ac C%ﬁeel lrﬁlgor @ th?] garbon

| neartainong ma&ng)by mieaschf sui2ablé sorptiee ma&)edmuchtaatadmrptlon

di ngs with. active i.nci ples, .the acti L.nci pl es
o 855 g PhYSLBEP o ufRriSfpforh i e AP by mprrensting
C OHel dafbonfohtalifing chdtmighligSsdlitedns 6@ the d@ﬁvé’ﬁﬁﬁ’mf)l@r dibpr§ions of
pur pose are inorgani c substances, e.g. hydroxyl
ap e active ppmyiple or suspensions of the active principle in suitable solvents.
Covalent or non-covalent bonding of active principles into or onto the carbon-
containing coating can also be a preferred option in this case, depending on the active

principle used and its chemical properties.
In porous, carbon-containing coatings, active principles can be occluded in pores.

Loading with active principle can be temporary, i.e. the active principle can be
liberated after implanting of the medical device or the active principle is permanently
immobilised in or on the carbon-containing layer. In this way, medical implants
containing active principle can be produced with static, dynamic or combined static
and dynamic active principle loadings. In this way, multifunctional coatings based on

the carbon-containing layers produced according to the invention are obtained.
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5 fluoroapatite,trical cium phosphate (TCP), zinc;
and/ or organi c substances such as peptides, proteins,
car bohydrat es such as nonosacchari des,

ol i gosacchari des and pol ysaccharides, |i pids,
phosphol i pi ds, steroids, |ipoproteins, glycoproteins,

gl ycol i pi ds, proteoglycanes DNA, RNA, signal peptides
or anti bodi es and/ or ant|b03§ fragnents,

bi or esor babl e pol yners, e.g. polylactonic acid,
chitosan and 10 pharnmacol ogi cally active substances or
m xtures of substances, conbinations of these and
such like. In the case of dynam c |oading with active
principles, the release of the applied active
principles follow ng inplantation of the nedica

deln e cpse afistatis depdings with antiye prBseipiesrthe petiverprinciplgs are
th ra

puipEBEet dBANY Defiihohfly U3 i G bt PRE frinciples thatcan
| n’pb ased tbethnrg)drpdmram eﬂrganmadubstamsl, esgl chydﬂmylla;iayite @IAP),

cafusg A RGP hgince s Fpufig begruaion a

f Of)eﬁtﬂl%s r;ﬁ!)t%ﬁ‘fé eca%ol@ﬁfa'téé%u&{ hﬂﬁbﬂésﬁéc}ﬁﬁﬂéd 8ligoshédharides and
exanpl e, roxg apatite (HAP), f1 uor oapatite,
0

tr pelasaﬁphmlqm,dapdﬁip S(pho‘,lliplds steneids, dipapoteiny g gmtqms

bohydr.
U LA ot 6 B5aaPr AU RN AL SRR L O vor
pohﬂ@@ﬁ?'fﬁhfgl&ﬁ& biotdabbubleRdB IS¢l %ﬂp@@lactcﬁﬁ@é@ﬂ dhitosan and

I'i poproteins ycoprotelns gl yco i ds
pr ph@g@pg]@gwggy agbiys subgtgnces piyRBturep @ uybstancesy combinations of

aniiﬂelgggﬁ@awﬁrf%or anti body fragments, bioresorbable
ol yl actonic acid, chitosan and the

Ilke as mell as pharnacolog|cally active 25 substances
and m xtures, of substance Sui t abl.e phar macol ogi cal |
of R eicose of fhopmisIoading Withectiy e Rimplet ag rgfﬁeé%offg%ﬁ appfed
o atdve rﬁfagfl& dfoﬁwmg fn mﬂfoﬂ%f@ﬁe thEREAAHRE 6 R Bob s

devi ces co accordi R i nvention conprise
ac providgdrfondn fiewapythe owmmmtplmts camqunsted Var tpcnan@ltplpelsposes

\gﬂ Igfegagg\rgg p%lcé)mg Rl ashe gﬁgiqo% Bl%ﬁ{ l?etrh e% llocaﬁy(? BRd Sdtcessively
anft thi rsﬁéf@f kel dflthe ﬂ[ﬁliﬂt e&@lﬂderbrﬁicfiﬂ@ thit' dah bB aked in@mamic

such as al tepl ase, plasmn, '|ysokinase, factor xiia,
pr dendinigs wheetivenrikintessfer themeleasess petive princinien aorsisk fer:example,

of hydroxy! apatite (HAP), fluoroapatite, tricalcium phosphate (TCP), zinc; and/or
organic substances such as peptides, proteins, carbohydrates such as
monosaccharides, oligosaccharides and polysaccharides, lipids, phospholipids,
steroids, lipoproteins, glycoproteins, glycolipids, proteoglycanes, DNA, RNA, signal
peptides or antibodies and/or antibody fragments, bioresorbable polymers, e.g.
polylactonic acid, chitosan and the like as well as pharmacologically active

substances and mixtures of substances.

Suitable pharmacologically effective substances or mixtures of substances for static
and/or dynamic loading of implantable medical devices coated according to the
invention comprise active principles or combinations of active principles which are

selected from heparin, synthetic heparin analogues (e.g. fondaparinux), hirudin,



t hronmbocyt e aggregation inhibitors such as acetyl
salicylic acid, ticlopidine, clopidogrel, abciximab,
dextrans; corticosteroids such as al cl ometasones, 5
anti noni des, augnented bet anet hasones,

becl onet hasones, bet anet hasones, budesoni des,
cortisones, clobetasol, clocortol ones, desoni des,
desoxi net asones, dexanEthas%%ES, fl uci nol ones,

fl uoci noni des, flurandrenolides, flunisolides,

fluti casones, hal ci noni des, hal obet asol,

hydr ocorti sones, nethyl predni sol ones, nonetasones,
predni car bat es, predni sones, prednisol ones,

t r hithioRMi® [ drotsevoghl dlsteh; HiBrinelRtics wick sl alteplase, plasmin,
anti-inflammatory drugs. such as dicl of enac,
di biselinass) factor 3iid) rrpurokinaseo prakinase. apjstreplass sireniokinase;

Ingg?%@eﬁgnnea %@g@éﬁﬁbp AiBitork ?Jcﬂgfs 93&?[ sah@;trlﬁ:r i@ %iclopidine,

enam ¢ aci
nablopitogredsbeixanaty xextrans xapticostanoids puthax m&dmnetasones
sal sal at sul i nda tol petin, .cel ec r.of ecoxi b:
5 oo pemabiles SRAES belamethaas bERETEIREDIRS! DTS BAORES
S UG Agnided) BbRisbnel, cmassrol ,$ldcBitoRh&s iaddhides WelodmeldRones,
ni trosour eas, nitrogen | ost anal ogues; CytOtOXIC

antewsinsthasenesufihcinelonesy flaeciinides, flurdndrenelides, fiunisdides,

R R e e L

ana oagstfdnesp predi adats qF ediisonks, [pr¢dniSoltinRs, tridneinoines ;so-called
paclitaxel, docetaxel, sirolinmus; platinum conpounds

10 syapn-gisroidal aptpntammatery diugppuahias dialofenasy diflupisal. iefnde]ac,
rr? Pg&?%nﬁ 'ﬂu?‘ﬁlﬁlto?é?% pm%ﬁ’flg‘lrl%ﬂetﬁ% %%%‘f'&f@ﬂ ketorolac,

h?/glteofomf:rﬂawm nhefenaiid &id) sﬂletoxmam,ntabsmatones, nppmf(emmkaprozin,

al aesl| euki n exar Q ne, treti 0|n anti andro ens.,

anPlr@’é‘P?IBg%‘;L%‘ t%ﬁt‘]il%gﬁytph?ﬁtg’s oe waamfeecml'a,r Yiostatios Such as
talk%foﬁ&\/%ﬁ:}i Qﬁglgflluﬁ{ foxths su@djé‘sr\'lﬁlﬁastﬁ‘ln Vinghisiy talk'ﬁ&ﬁs Qkh as

t he qui ni qui ni di ne, dysopyram de,
15 aj mittdsmereas, pitejgenlost amdiogtmmymtexlc dmulapmﬂmh as daunorubicin,

A TS oS oG oM ooy

aNahineAbSIREs SifthQb felicwsd dnalogues @unn@ﬁ@@é&@ @fBurimidine
fl ecai nide (acetate); antiarr yt mcs of class |1,

betatlegusst paclitixel réeeeﬁ,axeb@erhhl@gs r?é%tWﬂw%nPO"@éwcé‘l as
o SRAB R, TS890 B PARGL anhtlk R, macins

20s otigotdcan Anter fafonhRylphard 4 $nterfferoh-alisha 2V, hrirotycasbamide, mlltefosin,

diltiazem verapam] al | opam | ; othr
ampp@tpptﬁ&}l@,mﬁ)ﬂé@eg g@qslg 15,4@956@1:%15, tretinoin; antiandrogens, and

antiestrogens; antiarrythmics, in particular antiarrhythmics of class I such as
antiarrhythmics of the quinidine type, e.g. quinidine, dysopyramide, ajmaline,
prajmalium bitartrate, detajmium bitartrate; antiarrhythmics of the lidocain type, e.g.
25  lidocain, mexiletin, phenytoin, tocainid; antiarrhythmics of class 1 C, e.g.
propafenone, flecainide (acetate); antiarrhythmics of class II, betareceptor blockers
such as metoprolol, esmolol, propranolol, metoprolol, atenolol, oxprenolol;
antiarthythmics of class III such as amiodaron, sotalol; antiarrhythmics of class IV
such as diltiazem, verapamil, gallopamil; other antiarrhythmics such as adenosine,

30 orciprenaline, ipratropium bromide; agents for stimulating angiogenesis in the
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30 orciprenaline, ipratropium brom de; agents for
stinmul ati ng angi ogenesis in the -29 nyocardi um such as
vascul ar endothelial growth factor (VEGF), basic
fibroblast growth factor (bFG-), non-viral DNA, viral
DNA, endothelial growth factors: FG~ 1, FG--2, VEGF,
TGF; anti bodi es, nonocl onal anti bodi es, antlcallns
stemcells, endot hel i al progni t or cell's ( EPQ
digitalis glyc05|des such as acetyl 5

di goxi n/ met hyl di goxi n, digitoxin, digoxin; heart

gl ycosi des such as ouabain, proscillaridin;

anti hypertonics such as centrally effective

aninlya&hrSINAT Gich as ViRLRAP 6fdothelidl SrowfEfaior VBGF), basic fibroblast
I m dazol i ne receptor agoni sts; cal ci um channel

bl ol &ctsr (BFGE), aphryirabBINA, airalDNdp endniagliabgrowth factors: FGF-
ni i %lp bngzidlﬂ tl’ g.ﬁt%or&?qs fﬁggodlmll Qﬁltﬁb%rdf’esh%mt calms Ftem cells,

qui’naprilate ciP noexi
s peridafhelibl propemitpcells (HP(});rﬂigitamrglycosﬂegsmhas acayll 110

ant agoni st candesart anci ] exe val sa
f“ﬂg’é‘aﬁ{l%{ﬁyldlﬁoﬁg’s f%etaﬁmnﬂ@e&lanhaﬂ g &ﬂswﬁea Stchyps ouabain,
g foRA R LA ihYarff 8?&{qu<% sﬁ&tpgbac&lﬁ'ﬁﬁf’éf?éctl% %ﬁzﬁfr&lé%ie RuBk®ances,

zosi n, urapi doxazosi n, bunazosin, terazosin,
| ndgrmcuhyldopw,amdhzbhn@resemoma‘goastsdcztiyldnmhanmié,lockers of the

i oo Db drh e BT Bl (S Bty paprilce

ellwawdﬁmeﬁl?ﬁe ftﬁlﬁ&élhﬁhl”@;ﬁf Al emldigﬁy FaRes1api 19 ¥hdlotensin-1I-
met hane 15 su phonate, cicletanin osent an,

f | emtpgaeyts: |cg@¢p§artqmds>;ﬂ’q!d>daabsgtt@r, Aelmisartan mlmesastas gegdoxemil,
panrrbga?Fagr pe“:ﬁnr cral g?fggtn\ge agprﬁ %%r%oﬁ(%rssé{lgﬁ agﬁrazgsm urapidil,

parni nergic subs

S Udbx a26sifl Haa2dEin) Gsragisin) &niaraxma, vabdilfbrsisneh as dihydralazine,
norfenefrine, narepinephrine,, oxilofri ne %‘ﬁ pam ne,
H

m disoprony] amins dishloroacetaiganingkidil, niropriside-sodigmy giher o

t
£ RARRERbEs AR hidAp i, ARctHoON RSN AS P dergotoxin methane
i nulpiomate) crplatatﬁmlh'onﬁﬁals filmbroesrtisdfid; PhodphcHiesteds€Inhibitors such
bFG-, . TNFa,

a, IL-1, 1L-8, IL-6, .
gr awwnﬁa%ﬁﬁ@gmoae an%mtlhaaotga% eheas dgy B%‘F‘ﬁ\ﬁ]@ééfg&%ﬂ‘cs and
as dsyﬁﬁﬁé’tgf%u%tﬁﬁces Qﬁé 1Vas doﬁ{ﬁanﬁﬁé lepReplRite, Eﬁl@ﬂ'ﬁﬁ norfenefrine,
factors s as er yt ropol etin, hor nones such
co nonepmteplumm gxilc@dnadiwpammenmldodgnmhomdnne amezmlum methyl;

XD AR R EAPRERY e b S ARRRI S5

g0paNBysiich bthyay vifyli aketalySafl &hinator P aftakidks Such as: TGFP, PDGF,
VEGEF, bFGF, TNFa, NGF, GM-CSF, IGF-a, IL-1, IL-8, IL-6, growth hormones; as
wll as adhesive substances such as cyanoacrylates, beryllium, silica; and growth
factors such as erythropoietin, hormones such as corticotropins, gonadotropins,
somatropin, thyrotrophin, desmopressin, terlipressin, oxytocin, cetrorelix,
corticorelin, leuprorelin, triptorelin, gonadorelin, ganirelix, buserelin, nafarelin,
goserelin, as well as regulatory peptides such as somatostatin, octreotide; bone and
cartilage stimulating peptides, bone morphogenetic proteins (BMPs), in particular
recombinant BMPs such as e.g. recombinant human BMP-2 (thBMP-2)),
bisphosphonates (e.g. risedronates, pamidronates, ibandronates, zoledronic acid,

clodronic acid, etidronic acid, alendronic acid, tiludronic acid), fluorides such as



goserelin, as well as regulatory peptides such as
somatostatin, octreotide; bone and cartil age
stinmul ati ng peptides, bone norphogenetic proteins
(BMPs), in particular reconbinant BMPs such as e.g.
reconmbi nant human BMP-2 (rhBMP-2)), bi sphosphonates
(e.g. risedronates, pam dronates, ibandronates,

zol edronic acid, 30 clodront®-acid, etidronic acid,
al endronic acid, tiludronic acid), fluorides such as
-30 di sodi um fl uorophosphate, sodium fl uori de;

cal citonin, dihydrotachystyrene; gromh factors and
cyt oki nes such as epidernmal growh factors (EG),

Pl disediet filetophedphaty, evditmf faniide; (aRichin, dfiybirotdvhgstyrene; growth

Gowh Factors (FGFs), Transformng G owh Factors-b
Tegagt% andreyirkinessheings emdanmal STQE%?&-CH’W G&E)a ) latelet derived

Er At ) . ]
5 BRI i v
| nFaotdre-bkT @Fstb), Mrarkforming Erdveth Factoa (TGF2), Erythropoietin (Epo),

| L eukin.6 (IL- | i n- |- T
S nolrpplur Lietisin BB D i ve Srpvilrsa Tt -,
( TiMterRukint DIEL SRS dikint 2 NE-B) IntérRuRive BI-6 iRbiditin-8 (IL-8),
Factors (CSFs); nonocyte chenotactic protein,
f i brspwNecresis Rogtowa -abtIamonr NerrosisHagier-bf(THH-H), biterferon-g

Fi BRinog _ Li i b _ .
cof iR EBlopy SihiMse T brorg Y RS Uhbinpisprc prgyln
c afiboblast stimmilhting fdetor 1 Jhistaméieafibsie opfibritdden eldothalifd,
silver (ions),. titanium digxide antibiotics and

10 antngietensie b ¢llbegnse Aromocriptipapethylsergide. meogaate,
an - . . .
2Lk A AR SIBROR b U TR i v
p hantibigtios tahy hpiinfectivés suclf peini partidular \Agctam antibiotics, e.g. -
-l act amase-resi st ant._.peni cil|ins. such as 15, . .
anfaﬁ@{?_@ﬁ?-émS}qVﬁé’egaﬁe}ﬂgsa °§ﬁf) vy} pemici s peigilin ),
baﬁl@d?%kfrhbﬂh&lﬂ)bni@ﬂﬁﬁ AENRPMAV)E LlabtamaseSHE1taR8 penicillins such as
mezl ocillin, piperacillin; carboxypenicillines,

15 cephinopeeillinsssughy shamexicidlét, ampidikin, bashmpiiiling acylaminopenicillins

" o Pt k1ot fiBhei S Bb kel Bl AN SppplcS it es
cet¢fatbdin] catuxah] defoxdtih, Refbbiainypéfaxot, ickfadroxil] cefalemim) loracarbef,

ertapenem_neropenem -l actanmase inhibitors such as |
s ufHhdmasgiuraimayetih eelibutennecipedoxiraproxetd; oofpgdomimproxetil;

U 5 ) ) yChi ' .
ch orreg? ael‘ﬂ’r ég%’a cﬁ‘“{drlfg,ﬁ erg%r[%g?r alcl:%?c il Ié ?{lg@n%r%% %‘l‘@?g $ Pl aéuétam,
20 susilitaasciflendsilates] tetradyetingssuch as doxycycline, minocycline, tetracycline,

chlorotetracycline, oxytetracycline; aminoglycosides such as gentamicin, neomycin,
streptomycin, tobramycin, amikasin, netilmicin, paromomycin, framycetin,
spectinomycin; makrolide antibiotics such as azithromycin, clarithromycin,
erythromycin, roxithromycin, spiramycin, josamycin; lincosamides such as

25 clindamycin, lincomycin, gyrase inhibitors such as fluoroquinolones such as
ciprofloxacin, ofloxacin, moxifloxacin, norfloxacin, gatifloxacin, enoxacin,
fleroxacin, levofloxacin; quinolones such as pipemidic acid; sulphonamides,
trimethoprim, sulphadiazin, sulphalene; glycopeptide antibiotics such as
vancomycin, teicoplanin; polypeptide antibiotics such as polymyxins such as colistin,

30 polymyxin-b, nitroimidazol derivatives such as metronidazol, tinidazol;



10

15

20

25

30

streptomycin, tobranycin, am kasin, netilmcin,

parononyci n, franycetin, spectinonycin; makrolide

anti biotics such as azithronycin, clarithronycin,

erythromycin, roxithronycin, spiranycin, josamycin

| i ncosam des such as 25 clindamycin, |inconycin,

gyrase inhibitors such as fluoroqui nol ones such as

ci profl oxaci n, ofl oxacin, nmoxd f | oxaci n, norfl oxacin,

gatifl oxacin, enoxacin, fleroxacin, |evofloxacin;

qui nol ones such as pipem di c acid; sul phonam des,

trimethoprim sul phadi azi n, sul phal ene; gl ycopepti de

anti biotics such as vancomnycin, teicoplanin;

P OAtid@fiiineRnad $uchia® Ehiefoqhii; helidqial MydiochforSdifift Hguanides

collstln 30 pol ynyxi n-b, nitroimdazol derivatives

s uttsh a8 pfﬁ@alai m&m alkglpyis @ad diaminopyrimiflings sHohdis piemethamine;
[ .

o1 SRl QL0 orFEhEAML Rt GHRNSHY BBt B, fstomyetn,

di mﬁuratab;tehthnodtycﬂﬁ fmaﬁhlgﬁs fexfornypain, mmanﬁdmdamnﬂneﬂate aifampicin,

such chl ora lcol rifabutin, dapsqne, fusidinic
acﬁaﬂmﬁi % meF‘EHdat"gPS‘atﬂcél S PY\“ ganciclovrr,

F ugadiigvin fo&:‘ﬁﬁfe@ Wé‘s‘u(b (dRELHrAY1AL Dol RGNS %%)evalgancwlowr
rlfanp|C|n 5 tadr ol |d|ne atovaquone, line
v i vdw@lpvm,szl@fowr,atmwdlm bmwtrpwgeé activs piniciples (nucleoside

clovir scarnet  .i ine o .
( o b verse SrBERRiss BT By cpivetjusn) pushesstpmivudin
Vaka’:léfltaﬂi)iri?‘didanoﬁin§j i dovudin, RhbfOVHH Ravudit, iabakRVhdrRhucleoside
active principles (nucle03|de analogous reverse
t r @rrﬂé(zﬂquprea/weutwnﬁ%lp@aﬁp inhabitprereampyenavire idinayirhsagyinavir,

[ [
¢ gl itonf Rl Hel AV adtbRB0E dBGvichy AR opltamivir and

ankinfigwdise, ag welle ahy desired icpindiatiomndmixines thereof.
anprenavir, indinavir, saquinavir, |opinavir,
ritonavir, nelfinavir; amantadi ne, ribavirin,
zanam vir, oseltamvir and |am vudine, as well as any
desi red conbi nati on and m xtures thereof. 15 STENTS
Particularly preferred enbodTERMWMIS of the present
i nventi on which can be produced according to the
process of the invention consist of coated vascul ar
enpapic @R picterred eribddmbiits BAthe PréteRt iRGHRAMICS é’eﬁfbe%ﬁoduced
stents, coronary stents, intravascul ar stents,
peacpo,grd:mgto the @mcgs%dhgmynnthnkc'@nmst of coated vascular endoprostheses

(intraluminal endoprostheses) such as stents, coronary stents, intravascular stents,

p—t

peripheral stents and such like.

These can be coated in a simple and biocompatible manner by the process according
to the invention as a result of which the restenoses frequently occurring with
conventional stents in the percutaneous transluminal angioplasties, for example, can

be prevented.

In preferred embodiments of the invention, it is possible to increase the
hydrophilicity of the coating by activating the carbon-containing coating e.g. with air

at elevated temperatures, this additionally improving the biocompatibility.



These can be coated in a sinple and bi oconpati bl e
manner by the process according to the invention as a
result of which the restenoses frequently occurring
with conventional stents in the percutaneous
transl um nal angiopl asties, for exanple, can 25 be
prevented. In preferred enbodi nents of the invention,
it is possible to increase th&- hydrophilicity of the
coating by activating the carbon-containing coating
e.g. wth air at elevated tenperatures, this
additionally inproving the bioconpatibility. 30 -32 In
particularly preferred enbodi nents, stents provided
W i atiGRalPpreffédaniodementd ¥Rhtsp6eted With a@aiv@-containing
process of the invention, in particular coronary
st byesacgprdingtorthp process of therinkentignein| pggiiradar gprapary stents and
phar k L&a fheak -1 .
© L BERRR 3R hne fodtel Sl pETHRR AR RAREG bl mixtures
?t eflﬁur?smlhéaclh:is,\ﬂ)ﬁ éxaiiple, podsible équip the steviesypfacecwith dse
or, the | ocal suppression of_ cell adhesiqp, )

5 ¢ hiIPBEeg e B E RS IocahIPBFRsHEN S sl ddhesiAn figprhocyte
in r BRh : '
o T PO, St SR (R PR OB P EnrEBirhatofy Rsh RABIAR: cell
f oprhdifermiiorux) , hirudin, antithrombin 111, 10
drotrecogi n al pha, fibrinolytics (alteplase, plasnn,
| ysoki nases, factor xiia, prourokinase, urokinase,
an ERpED lsgstBetichéparh akalbasa)e. ! fh@paARN P hiRGEA Sadithrombin 111,
inhibitors (acetyl salicylic acid, ticlopidines,

10cl ldﬁtmwie lalphabEbrinotytics (aléspiasarmigsmindysakinnses, dctoradia,
TSGR BRI BRI ey sserestion

bu gigfkitdrsl @ ety salick BO A8, tictdpadiaés) slbpidokkel cdboiximbb) dereans),
desonj des, desoxi net asones, , dexanet hasones,
f | Gertisestenoids (alclompsesones paslonides: AugHFEAS prtgwsthasones,

fl g@éﬁﬁilséhg&ﬁres,fﬂe%ﬁ&lﬁa@?ﬁlﬁsb%ﬁ%ﬁ{iﬁo&rﬁ%es,%%BE‘S0' :
hydrocorti sonés, methyl ptedni sol ohes, nonetasones,
15 pr ethobrtalohes, dssonjifesdiessimemsoneyy dectaimsihhsomes,, flucinolones,

R N I —

ietn éﬁg%elg)?ﬁvéig{)Iﬁ%@%&@lfyﬁﬁvedﬁihMBHésPﬁﬁﬁﬁfbsoﬁé&Pﬁ"e@ﬁi@E}bates, prednisones,
prednisolones, triamcinolones), so-called non-steroidal anti-inflammatory drugs
(diclofenac, diflunisal, etodolac, fenoprofen, flurbiprofen, ibuprofen, indomethacin,

20  ketoprofen, ketorolac, meclofenamate, mefenamic acid, meloxicam, nabumetones,
naproxen, oxaprozin, piroxicam, salsalates, sulindac, tolmetin, celecoxib, rofecoxib),
cytostatics (alkaloids and podophyllum toxins such as vinblastin, vincristin; alkylants
such as nitrosoureas, nitrogen lost analogues; cytotoxic antibiotics such as
daunorubicin, doxorubicin and other anthracyclines and related substances,

25  bleomycin, mitomycin; antimetabolites such as folic acid analogues, purine
analogues or pyrimidine analogues; paclitaxel, docetaxel, sirolimus; platinum
compounds such as carboplatinum, cisplatinum or oxaliplatinum; amsacrin,
irinotecan, imatinib, topotecan, interferon-alpha 2a, interferon-alpha 2b,
hydroxycarbamide, miltefosine, pentostatin, porfimer, aldesleukin, bexaroten,

30 tretinoin; antiandrogens, antiestrogens).
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20 ket oprofen, ketorolac, mecl ofenamate, nefenam c
aci d, nel oxi cam nabunetones, naproxen, oxaprozin,

pi roxi cam sal sal ates, sulindac, tolnetin, celecoxib,
rof ecoxi b), cytostatics (al kal oids and podophyl | um
toxins such as vinblastin, vincristin; alkylants such
as nitrosoureas, nitrogen | ost analogues cytotoxic
antibiotics such as daunor ub$®in, doxor ubicin and

ot her anthracyclines and rel ated substances, 25

bl eomycin, mtomycin; antinetabolites such as folic
aci d anal ogues, purine anal ogues or pyrimdine

anal ogues; paclitaxel, docetaxel, sirolinus; platinum
C OFBYOsyBd i 6 b BioBsicud éﬂ’@&é ahd Stetits cé‘dtécpzio%btd’hgno&he invention can be
oxallplatlnun1 ansacrin, irinotecan, imatinib,

t ofs@dedwWHh: i nt er f eron- al pha 2a, interferon-al pha 2b
hydr oxycar bam de, niltefosine, pentostatin, porfiner,

al gersitishids, iR PXAicOlat Bntiadbthythngits 60d14ks 1daKtiaedheHtogenst the
anti estrogens). -33 For systenic cardlologlca

ef ﬂ@etdgne e of dninidipe stysepyseide imgling praymalippdifartente,

OBy A T i PR e,

quph\erd'tcﬁﬁ, tbyeimid; anturhgthiniiccofodass d s pmpla&nmde flecainide (acetate));
ajmaline, prajmaliumbitartra

b paparihythgRics At ¢ assrlhmerﬂwcegtoaﬁch}ﬁ%rsne %%rpﬁl,teggjglol propranolol,
ant , g‘ﬁ*ﬂ"l ARAbIoE!d g&BrﬁnoW)e aﬂﬁﬁf“gthrﬁlegaf A III(I elodaron sotalol),

thmcs o ass ropa enone, cal nid
( aammheyymmcs aﬁ¢laarIM(yltlhaneus vorfapwhdsyllbpamﬂbto&ree @emﬂwthmlcs

I
%Ef%fésf SHteoRsthstnating P Spis] broRH R R for tinwlagins the

%én'esxﬁ &Y 1a¢ledafdiums Pdseliat éndotlﬁalﬁbl @Oty £t ¢VEGHF), basic
class V (diltiazem verapam | opam | ), other

i Bbebiasy glonith Gk (SEGH), aenatitahBRAireOPYAp Paduihelse growih

[.a b |
PUERATIROE SRS ol Bl alaA e smcaios
gr @Mbdil@,%n@bﬂl@l(ﬁ@fbgenﬁaﬁtdﬂs (EPC) (I«hi'tﬁsﬁ cagdigost dve:fdigitabis
non-viral DNA, viral DNA . endot hel.i aI romg}t

1S a@iYGP%}desF(@ﬁtll digeyin/methyidigoxincgfigitorin, digefin) fu
gg&%ﬁp@g oD %s%ﬁlanﬁ )'RE‘% I Sk ypeRbHiE} g%hdraﬁly effective

pr og n| tor EPC)". Furth cardi acs
ar entiairgriergit sebsidcey; ymﬂsyldmm {naidazo}ine receptor agonists; calcium

ZEXI n ﬁ%&@g g% t%mémydro Iy%hltn%)glpne sudfl gs nlfecﬂfnne nltt'rencflpme ACE

inhibitors; quinaprilate, cilazapril, moexipril, trandolapril, spirapril, imidapril,

trandolapril; angiotensin-II-antagonists: candesartancilexetil, valsartan, telmisartan,
olmesartan medoxomil, eprosartan; peripherally effective alpha-receptor blockers;
prazosin, urapidil, doxazosin, bunazosin, terazosin, indoramin; vasodilators:
dihydralazine, diisopropyl amine dichloroacetate, minoxidil, nitroprusside-sodium),
other antihypertonics such as indapamide, codergocrin mesilate, dihydroergotoxin
methane sulphonate, cicletanin, bosentan. Also phosphodiesterase inhibitors
(milrinone, enoximon) and antihypotonics, here in particular adrenergics and
dopaminergic substances (dobutamine, epinephrine, etilefrine, norfenefrine,

norepinephrine, oxilofrine, dopamine, midodrine, pholedrine, amezinium methyl),
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gl ycosi des (ouabain, proscillaridin). Al so

anti hypertonics (centrally effective antiadrenergic
subst ances; nethyl dopa, im dazoline receptor agonists;
cal cium channel bl ockers of the di hydropyridine type
such as nifedipine, nitrendipine; ACE inhibitors:

qgui naprilate, cilazapril, noexipril, trandol april,
spirapril, imdapril, 20 "t radfiol april;
angi ot ensi n-11-antagoni sts: candesart anci | exet | ,

val sartan, telm sartan, ol nesartan nedoxom |,

eprosartan; peripherally effective al pha-receptor

bl ockers; prazosin, urapidil, doxazosin, bunazosin,

t epzﬂﬁ@lsddﬁsnobé}ﬁ@f #onfdts ﬁdﬂ@@ﬁheﬁ‘g’ﬁtﬁﬁﬁle) ﬂﬁlah'y dihet amiliPotonics such
di 1 sopropyl am ne di chl oroacetate, m noxidil,

ni 8y Bydroedstigniesodi un), ot her anti hypertonics such as

i ndapam de, codergocrin nesilate, dihydroergotoxin 25

Mefrh aitPeas e tHANRBRS /iheSibh) iftpanichlar ROME BARLS petipKeral stents,
phosphodi est er ase i nhi bitors (mlrinone, enoxinon)

an@ommnengsMﬁmﬁ@celhiéﬂenatﬁm@mnmmapo xldﬁléﬁeﬁrt@ylélse wnd

R R e R i e S R

dogwmcm?,, IGFQOHI-II B8 mlqt @ tRoraomsE; Mduahesiveyistances such
-34 parti al adr enocept or _agoni sts (d| hydr oer got am ne),

f i AveyaposrHates it ylHypor sHicd sasbemsedas 1 udrocorti sone.
To increase the tissue adhesion, in particular in the

Cag@rtkdr siSstarRBE SiatabRet BPhSs purﬁ%ﬂﬁﬂﬁl@tassy&%m‘i@ﬁld/or local effect are
extracel lular matrix, fibronectin, polylysins,

et Byaveth &ojarayarytbropoiatiat e, | nf | ammat ory cyt oki nes such
as: TGHFI 3, PDG-, VEG-, bFGF, TNFa, NGF, Gw CSF,

| G'fhé‘usé 4 hbrmbhestan lalsote ggé\ﬁﬁ\écf‘f'opﬁfm@f:‘eﬁt cadgadlea sk Y&

subst ances such as cyan ry at es ery I 1 um or
Si lexamplc sorticetroping) gomdottmpms,erapmeﬁlymmphm desmopressin,

this ose aving_a systemc..a ect a

or SRR B8R, Pt B S Bt g bpee s By el ropRidetn
CaBarteHif, &ﬁeﬁhﬁVhﬁ'@t@hﬁ,Ogosbt’@hﬁ he wdlleRitre@atbhygptidessucBas
for exarrpl e corticotropins, gonadot ropins,

s oRRMAOHPIN andigr entieafids. n, desnopressin, terlipressin,
oxytocin, cetroreliXx, corti corelin, | euprorel in,
triptorelin, gonadorelin, ganirelix, buserelin,
nafarelin, goserelin, as well as regul atory peptides

such as ORTHOPAEDIC IMPLANTS

In the case of surgical and orthopaedic implants, it may be advantageous to equip the
implants with one or several carbon-containing layers which are macroporous.
Suitable pore sizes are in the region of 0.1 to 1000 pm, preferably 1 to 400 pm, in
order to enhance an improved integration of the implants by ingrowth into the

surrounding cell tissue or bone tissue.

For orthopaedic and non-orthopaedic implants and heart valves or artificial heart
parts coated according to the invention it is, moreover, possible — insofar as these are
to be loaded with active principles — to use the same active principles as for the stent

applications described above for the local suppression of cell adhesion, thrombocyte



somat ostatin and/or octreotide. 15 ORTHOPAEDI C

| MPLANTS I n the case of surgical and orthopaedic
implants, it nmay be advantageous to equip the

i mpl ants with one or several carbon-containing |ayers
whi ch are macroporous. Suitable pore sizes are in the
region of 0.1 to 1000 m preferably 1to 400 gm in 20
order to enhance an inproved $ntegrat|on of the

i mplants by ingrowth into the surrounding cell tissue
or bone tissue. For orthopaedi c and non-orthopaedic

i nplants and heart valves or artificial heart parts
coated according to the invention it is, noreover,
POosgarédation, doRgémént Adti 4o andoLinflafiniodyqRei@redétioh or cell
active principles - to use the sanme active principles
asPIOSeI#®. st ent 25 appl i cations described above for
the | ocal suppression of cell adhesion, thronbocyte

- 3Morariet; gied followinO4telve PHA¢IpRS tarvied hiseh t@ﬂﬂh@late tissue growth, in
inflammatory tissue reaction or cell Erol iferation.

MVoPEHGHAr intthecgsg of arthenpedic implantsy fos @jbsitersimplant firtegralden: bone
510 ‘%"ﬁﬂ:ogée 1rhﬁ]§ﬁ%§% Qs Eoné Hlogﬁlt%géﬁe% ?ﬁ'itefng i

of or

I npatcdts roombinast BMPa (\e:ig qatdmbinge haMam]HMPQr(@BMP 2)),
i des one nor.p ogenetl C Er oteln

Ba FP‘E‘I?PI&‘PHE‘F@@(,(&%P?FQFR“&W rogateﬁ,égm?m 2qledrapio acid,
Bmogr&féﬁw efl 0’1‘110 i th‘ﬁﬁ% i€ SildFofic afsléﬁ GflioPfaad @fsodium

pam dr onat es ronat es, zo dronlc
cl ﬂdmmph@phmﬁmodmm ﬂnoxm:ilec), aﬂnlmmmkirhydromauhgstamnd) Also, all growth

10 | o sEofliinds sty PEfwipritist Eipdit eline (R, platlet-derived
dl BIGRHAR FRET(PDII nﬁbrobﬁsﬁ@rov&h'FathW(‘F@F%p Tfrafstf&hﬁng\m@lowth

cytoki nes such as epidermal growth fact or's

GF),
Pl Ractprstb BEeFs-bp d ranpfaving GzewibFactopek Y GFri) r@mranmetm (Epo),

B 961Gl BB eSS IGr ,
Er Yrttérmmm-euml)( ERedeukid-DUl-2)) Intbenk@-6\WIN6 ¥ &b Oéuklin-8 (IL-8),

(I1G-1),_Insulin-Like Gowh Factor-1] (|G- lT)NF
15 | nfamplgNegrosis Fpgtory (TR usmour Negrosis Eagtor-b (TNF-b), Interferon-g

I ntl‘f‘@' £y k?'o[bn? S{tfn]rulgtlng Pddtdrs t(%ﬂ%b@'u%th@xl ddi%ion and integration

promoting substances, besides the above-mentioned inflammatory cytokines are the
monocyte chemotactic protein, fibroblast stimulating factor 1, histamine, fibrin or
fibrinogen, endothelin-1, angiotensin II, collagens, bromocriptin, methylsergide,

20 methotrexate, carbontetrachloride, thioacetamide, ethanol.

SPECIAL EMBODIMENTS

In addition, it is possible to provide implants coated according to the invention, in
25  particular stents and such like, with antibacterial/antiinfective coatings, instead of or

in addition to pharmaceuticals, the following substances or mixtures of substances

being suitable for use: silver (ions), titanium dioxide, antibiotics and antiinfectives.

In particular beta-lactam antibiotics ( -lactam antibiotics: -lactamase-sensitive
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15 Tunour Necrosis Factor-a (TNF-a), Tunmour Necrosis
Factor-b (TNF-b), Interferon-g (INF-g), Colony
Stinulating Factors (CSFs). Further adhesion and
integration pronoting substances, besides the
above-nentioned inflammtory cytokines are the
nmonocyte chenotactic protein, fibroblast stinulating
factor 1, histamne, fibrin- 36 - fibrinogen,
endot helin-1, angiotensin Il, collagens, bronocriptin,
met hyl sergi de, 20 nethotrexate, carbontetrachloride,
t hi oacet am de, ethanol. SPECI AL EMBODI MENTS I n
addition, it is possible to provide inplants coated
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penicill’n tamase-resi st ant
penntzpehtmmnsmpbnem Eartheomdibiatics lafen dartémase inhibitors (sulbactam,

acHiaenirysae B Py ies S sciieyetine, tetrscyctine,
pi aﬂbﬁﬁé&dcyamecaiﬁamwme? dnhihHSlycdEaRe gmumﬁeomycm
(cefazolin; furoxim cefoxitin, 5 cefotiam

C eSteapitamycin,gbbramygzin, amiatial pstimicinqrazerepin, Garhyoetim

c PRI st bt B oS RIEE TR Rl ervetromsen,
e f@@lﬁﬁﬁﬂ%nﬂ%ﬁﬁﬂﬁy@mjo&mwﬂg( lind¥shrBidet («tmdameein, lincomycin),

-l actamase i nhi bitors isulbactam ) ) i i
s uBYT&Fﬁ iahibitops @&iproguin oqeéwoa@; @mrmae%seglewm, moxifloxacin,

%élﬂ sgatliri]’lg Adt, ye%kz{?:?n ftet 51‘ﬂt% ﬁ% Bﬁrer quinolones such

oxy tracy am nog
ne ampem;dm ddidy Sulphoxmmdesrandttnmlemnmr(,sulphadqamn rsulphalene,

til , f t
kit i ERYPBHE aptiilify S RyorTYcin, FAFOR TRy b Restide
er Xﬁﬁﬁl@t’i@ég'ﬁalym*ﬂﬁé dudh %‘E@lis‘ﬁn ﬁcnythqs)n nithoARRIAY ! ddlivatives

| i ncosam i nd arryc:| n, [ ncorryC| n gyrase
i nfingtrenddazol, ﬁinmzoumubmne@owdhhlawqulrpmﬂbqwac| n,

o ARl RS B P Ay B R

Su@fminopyrimidines (pyrimethamine), amphenicols (chloramphenicol) and other

J-.

antibiotics (rifabutin, dapsone, fusidinic acid, fosfomycin, nifuratel, telithromycin,
fusafungin, fosfomycin, pentamide indiisethionate, rifampicin, taurolidine,
atovaquone, linezolide). Among the virostatics, the following deserve to be
mentioned: aciclovir, ganciclovir, famciclovir, foscarnet, inosine (dimepranol-4-
acetamidobenzoate), valganciclovir, valaciclovir, cidofovir, brivudin. These include
also antiretroviral active principles (nucleoside analogous reverse transcriptase
inhibitors and derivatives: lamivudin, zalcitabin, didanosin, zidovudin, tenofovir,
stavudin, abacavir; non-nucleoside analogous reverse transcriptase inhibitors:
amprenavir, indinavir, saquinavir, lopinavir, ritonavir, nelfinavir) and other

virostatics such as amantadine, ribavirin, zanamivir, oseltamivir, lamivudin.



15 as pipemdic acid), sulphonam des and trinethoprim
(sul phadi azi n, sul phal ene, trinethoprin,

gl ycopepti de anti biotics (vancomycin, teicoplanin),
pol ypeptide antibiotics (polynyxins such as colistin,
pol ynyxi n-B), nitroimdazol derivatives

(metroni dazol, tinidazol), anm noqui nol ones

(chl oroqui n, nefl oquin, hyd?%xychloroquin),

bi guani des (proguanil), quinine al kal oi ds and 20

di am nopyri m di nes (pyrinmetham ne), anphenicols

(chl oranpheni col) and other antibiotics (rifabutin,
dapsone, fusidinic acid, fosfonycin, nifuratel,
telithronycin, fusafungin, fosfonycin, pentan de

i ndi i set hi onate, rlfanp|C|n taurolidine, . atovaquone,
| i Fepasticulary prefsred ambodimenss etthe presentiiavengipn.ghf reybon-containing

: aﬁa@éfﬁ%r&&c@@ c&'ﬁﬂhg & inRGH6 Q%idge n%lgtr%a]lﬁ/ éﬁé(ﬁﬁécgregardmg their

FeIPOvi T, - foscar i nosi ne
ac ehemicalair physied] @}copevtaﬁsgmfure ot afverloadited with attime principles by

cidafovyir, brivudin. These i d al .. . .

5 o nESPE i AR iporhr v mopit B o Rerblisitye hudraphebisity:

r e)éﬁf:t%i%altcroﬁﬂt‘i&fv'l é’(ﬁl%smh B.{M QihEPﬁfrfa@E‘ﬂrdf)@ftie‘d aibé@Sces suitable for
| am vudi n, zal ci abi n, danosi n, zi dovudi n,

t ened fov this purppsevard bmdeabéam@ prionoindearadablspalpmers such as in the

gﬂ%l?sgﬁgwergie %%ﬁxgtﬁroﬁl{ég ?3%:1%% ‘5’3‘? ICQH%L%IB% r?élml?m gelatine, hyaluronic
ri heigpstarch, dellhfosé auéthylcélifose] RRtrodprapyl @ellelbie; Bydrd&propyl
as armntadl ne, ribavirin, zanamvir, oseltamvir,

10 ama&hmql\lulossmarbpxwmeﬁhy&@llalowplpih@ﬁ@r plaei casgisp BF¥HEARS 5
ygi&gac%flﬁ‘? g d)%ITP'g(Dtﬂj? &géﬁ%}ﬂg@i%é?fd@%gglycohdes)

pro I’on can
s u pbtybglycd‘mlés)t p@lg}(}fyﬂgﬁnyﬁuﬂy@tésblqjoly(alkylecmrhmiate@), poly(orthoesters),

hysj cal rqoperties efore or after | oadi
hePp éstsqsf) p@wégox srl%ql%p?luﬁxoﬁaiona@a??@ethGHe fegephthalates),
or g@{y(ﬁ'lgle dkid z, ols e{?ﬁf&ﬁ@ﬁﬂ e?@gﬁ v, E%b iHaYenes,

rlca con 1ty, and ot r surface
15pr(ppb'|(amm9 aci8spatdsaikcthsir sopdlpbems. for use for this
pur pose are bi odegradabl e or non- bi odegradabl e
pol ynmers such as in the case of the biodegradable

oNghe nbRbikieardhle ofied 1&1@]&6@5})01}%@5}1&8 vingBhadtdt) silicones, acrylic
hyal uronic acid, starch, cellul ose (nmeth ylcelfulose

hy @pbxyess Bishias pelyeciybe émdhgnimg% i agig, polyacrylocyanoacrylate;

T e T e
20polpplysthed meﬂhm@hasl)oly@ﬂieyﬁ@ad) paigdthete smgdsmwetmm oxide,
polypropylene oxide, pluronics, polytetramethylene glycol; vinyl polymers such as

polyvinylpyrrolidones, poly(vinyl alcohols), poly(vinyl acetate phthalate).

In general, it can be said that polymers with anionic properties (e.g. alginate,
25  carrageenan, carboxymethylcellulose) or cationic properties (e.g. chitosan, poly-L-

lysine etc.) or both (phosphoryl choline) can be produced.

To modify the release properties of implants containing active principles and coated
according to the invention, it is possible to produce specific pH dependent or

30 temperature-dependent release properties by applying further polymers, for example.



pol y(gl ycolides), poly(hydroxybutylates), poly(alkyl
carbonates), poly(orthoesters), polyesters,

pol y( hydroxyval eri ¢ acid), pol ydi oxanones,

pol y(et hyl ene terephthal ates), poly(naleate acid),
poly(tartronic acid), polyanhydrides,

pol yphosphazenes, 15 poly(anino acids) and all their
copol ynmers. The non-biodegraa%ble ones i ncl ude:

pol y(et hyl ene vinyl acetate), silicones, acrylic

pol ymers such as polyacrylic acid, polynmethylacrylic
aci d, polyacrylocyanoacryl ate; pol yethyl enes,

pol ypr opyl enes, pol yam des, pol yurethanes, poly(ester

ur pHseNGEYe palOmpml ayd, @Mwﬂpﬂ@bb@(@}yhmicﬂ(aﬁdﬁeﬁvatives for
ureas), polyethers such as eth¥yene oxi de,

popwaimmowea@ such)ag pew&%no saTbPKBiG acid BYlyEasEy! acid),
oo S9(mety ity RUUTRRG (5ol T NG YRRl fiMEEoharides
I nsq:phras cellyloset acetate fiieha ate chydnatyppplyimethglcellitl bseaphitioatate,
{ { - . .
5 0o PR Fietoi G oas Srinats, FSY draner rimliple agd chitosan.
C h ThasRRensBB eYpolymér¥ Gie) Por%‘kﬁmbleoﬁol?m Jibobﬂﬁ'f% p9lawlide cosodium

chol i ne) can be groduce dif he release

pr wylatq -easngy-al afamlaml@)m@y(m mgtha/bN-werl aerypsmeide), poly(N-

g on BRGNSt 33kt
t er@ﬁfo@yuaoeyldmﬁw) qRNIN,edREse aéliyﬁﬂﬂﬂé)l pelyly-istpedpyil N9
furt pol yners, for exanple. - H sensitive

10 porrwbéﬁ@ylﬁmée),p@ly(ﬁﬁﬁbp@pyb@ﬂryle@&ew paly@trthyl agiylamide),
oo PN el RHRED B SRR MR 83, piy

p 0 byc(lmibjﬂyll acaydayider Faethel) poﬂmﬂel’s lnathr therapglel char cteribticsare

2 BrapRsne N BuS. H5o e ot byt AypPewl i Heghilose

phtemghgafox ahpwerlasywhﬁﬁkaxﬁ&eislwwﬁ1 FAICE.ORYLR1, L-61.
Se gce

cel | ate, trimellitate and chi tosan.
15 Ther nosensitive poI yners are, for exarrpl e,

l[‘%}/g B?¥%3€ QKE ang. dag{rglre 1a%;mn01ples to be adsorbed (non-

DOEU\(M@{ &Waidﬂtl?? PItROYbresof the %Bi'b@ﬁ-)conﬁﬁilf{é Myer their release being
net hyl - N-|sopro y I

acryl ani de pol y(N-n-pro
nmecortey gablmqrg@gnly fgmﬂ}f( PoTE g]@p p.@(bpq)re ZEPWPEYN @@ﬁy onal modifications
ﬁgl ﬂh’é‘ rp%r gﬁ%éh 1%‘;3? %% %E%rgﬁ l’mg&ﬁ‘}f{tmn (liﬁlgflﬁp%t 01190) make it
20 polpy{sﬂyletdnylbdﬁy thelralehstes). g. as a functlon of the pH A further application
consists of the release of carriers containing active principle, i.e. micro-capsules,
liposomes, nanocapsules, nanoparticles, micelles, synthetic phospholipids, gas-
dispersions, emulsions, microemulsions, nanospheres etc., which are adsorbed into
the pores of the carbon layer and then released therapeutically. By additional
25  covalent or non-covalent modification of the carbon layer, the pores can be occluded
such that biologically active principles are protected. Suitable for this purpose are the
polysaccharides, lipids etc. which have already been mentioned above, but also the

above-mentioned polymers.




pol y(N-et hyl nmet hacryl am de), pol y(N nethyl-N-ethyl
acrylam de), poly(N cyclopropyl acrylamde). Further
polymers with thernogel characteristics are

hydr oxypr opyl cel | ul ose, nethyl cel | ul ose, hydr oxypropyl
nmet hyl cel | ul ose, et hyl hydroxyet hyl cel | ul ose and

pl uronics such as F-127, L-122, L-92, L-81, L-61. 15

It is possible, on the one h&hd, for the active
principles to be adsorbed (non- coval ently,

covalently) in the pores of the carbon-containing

| ayer, their release being controllable primarily by
the pore size and pore geonetry. Additiona

nMoRkegardiag itlenadditidnat buating obthe poesus@arboayentaining hgsispadduced
nodificati%g Sanionic,,catLonic) make it 20 possible )
t 02GFOEAIRE 1o the Iventens @ distigictionscast qousRAuERHY by madebgipeenphysical
f updRefks sABPhd ek !b%egﬁgcr&ﬁb Sibabed (‘Qg p&lyaaRRifY fibronectin,
carriers containing active principle, 1. €.

m chitosag hepdrasetc.) bngbobopica]ly natiactgpders €Ehe latter may consist of

S G SRRl indete b lebues Sichr it Gel IR 8loskiaf pad Hiow te
et foleas¥bf £dtive pEinSigRR & indir@arriehe ERAMPRes @fc d29mes MAREN

| ayer and then rel eased therapeutically. By additional
25medinte thprelenseastivaie biglegieallystive substapeesoir bindnernadsiya

| ayer: 0GGl - t :
74l U BR1 0 B RSP in L A1 st g
f oprophities ppacifxatly disted hee cap bk ysarfohbothdRs prilmiapi chsbai layer
whi ch have al ready, been pentioned above, but al so. the

10 apBrpsuegdhacrRRdE tdhe inupniion and ferlgysrapdditionallypalied hergon.
coating of the porous carbon-containing |ayers
produced according to the invention, a distinction
caffhe omslents endtkbd adverdingl® the irweeatiorptans ircpdrticiiarapptications, also be
such as ipert biodegradabl e substances (e.g. .
> fapa e B g Gellg pEmaosgeniSBE, Hoesh ssblshishiteie pgrous
angarBbbosthintlg Myas it U&n%ﬁés‘sib% - thei Yrob Rlle 418 infPint thus occupied
consist of 5 sterically hindered nolecules which are

15 bi withta suitakld menyhrans enyedng wWhichnsipermeable it gutrientsand ectire
acti.ve Prin iples and/or their cakrie s.cgia Ieﬁ BLE ol
oDl iR e BR 5el onmicrogrgalishns, b nayky e Bl efhscives.
bi ol ogically active substances or bind non-active
coatings and lead to the exposure of active .
pr Phiisovey it iappssitle thpioduss igiphants, dor example, by using the technology

according to the invention which implants contain insulin producing cells which,
20  after being implanted, produce and release insulin in the body as a function of the

glucose level in the surrounding.

EXAMPLES
25
The following examples serve the purpose of illustrating the principles according to
the invention and are not intended to be restrictive. In detail, different implants or
implant materials are coated according to the process of the invention and their
properties, in particular regarding biocompatibility, are determined.
30



properties specifically listed here can be used for

both the primary carbon | ayer 10 produced according to

the invention and for layers additionally applied

thereon. The inplants coated according to the

invention can, in particular applications, also be

| oaded with living cells or mcroorgani sns. These can

settle in suitabl e porous t4? bon- cont ai ni ng | ayers,

it being possible to then provide the inplant thus

occupi ed 15 with a suitable nmenbrane covering which is

perneable to nutrients and active principles produced

by the cells or m croorgani snms, but not to the cells

t hensel ves. In this may Ekﬁnb§1pqgﬁhhle to produce

i mpl ants, for by using the technol ogy
acAsathongnaterial weaﬁeﬁ @@cmhea teyhie dnventipn Hiae §rcx§lmdaasﬁollows A

!2%?‘&*#?@@@8%%3@%@% 4P ok idbingQ slistaibe Relehdof 38gims by coating
a thepaperanpeatediywithglconmsercibbapekidised tphencl wesiwumtish@sing a
EXAMPL 5 Th foll ovv| exanpl es_serve. th

5 of ARG ATEYIRAL 5 FooTN R aReRtue DR P HIEh L5 e The pyrolysis
| NYSIoPORvaUR R8s Ritfer hﬁfo?@ﬁ?éguft *?xga rsmagebf €% 48 a loss of

detail, different I nplant nt rials are
coweiglit af:i:b%cgmgs ancasymenepnicadly senamfucteki@arhwshcdt ovithethel following

their artlclar rdin

or SR el g S Bickirfitiraan S 0 itFotensn e dense carbon-
Cathainihgdaydp abcdi@ing té e idaatiesl o ag 8peH pite crbbi@arrier with a

i nvention was produced as follows: A polyner filmwas

10 g pprigkaigssoHi4d rp@metrﬁawh@ wassf@mgcbﬁb%tw@rg e pApeR@erpyrolysis
by I
oSSBT MR8 bk RS B AR, obaltt cholin SRR EhBlpreg o o
anshudhi ¥ h§) giethagbl /rmbm t enper at ur e. Dry wei ght 125g/ n2.
The pyrolysis at 800C over 48 hours under nitrogen
resulting in a shrinkage of 20 % and a | oss of weight
of 57 % gi ves an asymmet rE@ééwzcgﬁgruct ed carbon
sheet with the follow ng » total thickness

15 50Duraplan® plassis subjetted b 1§ miranestofedtrasbnie citanisg in arshrfaetant-

containing water bath, rinsed with distilled water and acetone and dried. This

material is coated by immersion coating with a commercial packaging varnish based
on phenol resin in an application weight of 2.0%10™ g/cm?. Following subsequent
carbonisation at 800°C for 48 hours under nitrogen, a loss of weight of the coating to
20  0.33*10™ g/cm? takes place. The previously colourless coating turns a glossy black
and is hardly transparent any longer after carbonisation. A test of the coating
hardness with a pencil which is drawn over the coated surface at an angle of 45° with
a weight of 1kg does not lead to any optically perceptible damage of the surface up
to a hardness of 5H.
25
Example 3: Glass, CVD coating (reference example
Duroplan® glass is subjected to 15 minutes of ultrasonic cleaning, rinsed with
distilled water and acetone and dried. This material is coated by chemical vapour
deposition (CVD) with 0.05*10™* g/cm? of carbon. For this purpose, benzene having

30 atemperature of 30°C is brought into contact in a blubberer through a stream of



contai ning | ayer according to the invention on an open
pore carbon carrier with a 10 thickness of 40

m cronetres which was forned in situ fromthe paper

under pyrolysis conditions. The absorption capacity

of the coated carbon material ampbunted to as nuch as

18 g ethanol / nR. Exanple 2; G ass 15 Duroplan(r)

glass is subjected to 15 mi httes of ultrasonic

cleaning in a surfactant- containing water bath,

rinsed with distilled water and acetone and dri ed.

This material is coated by inmmersion coating wwth a
commer ci al packagi ng varni sh based on phenol resin in
anniappén fbaBlennwes $hith thé gldsdkurfhle HaviE atempedtl@wfn900°C and
sugsequent car boni sation at 800C for 48 hours under

ni £5R9gis omnythe glass syrfageiag A dilgr Theprewignsly sglopglessglass surface turns

0. 3R3%l05 i:ous|
BT P MR SRRy R apent ARGRIGBHEM A COAHE biihg
t r bardpess enth apencil evigdr is didvar ovea thecsviatedtsitface A anaeagleaf 45° with

the coati ardness.wWith a pencil which is dr

S ouireianbof fha & BaF AL b i) huBaREperodibiEisiFagk of e surface up
weigdhar@hesk kPggoes not lead to any optically
percepti bl e damage of the surface up to a hardness of
5H. 25 Exanple 3: dass, CVD coating (reference
exanple) Duroplan(r) glass is subjected to 15 minutes
of ultrasonic cleaning, rinsed with distilled water
and acetone and dried. Ekamfipledt Sldsalfibies coat ed by
chenmi cal vapour deposition (CVD) with 0.05* 10-4

10 g/ cn2 of carbon. For this purpose, benzene having 30 a
te S by ht 4440 ' :
or CBRETS BeSt TR i Ao ot D ERMGES el nbiggred to 15
m pifees ofi ulitadoRi (dansfp, slsddasith distlldiowaet ARRERINY ARd Bfied.
1000C and, deposited on the glass surface as a film

Théhismaaierial 4 Goagest by immaersio caafingswith a semmeraial pagkagingvarnish
e P e
P Byt RicRAGRR Sl AR, ROl BhE S RAT ol i
15 dr eashomivationtah 80@°Eafoe d8 hinursax lsof weighinaflthe odatihg tov013B* 50
i ght of 1kg_d , | ead t ) ticall .
Se\é@é’gl@kﬁgglaﬁ% &er%\p&?q&.%cégyrﬁegggg% got Is %aglos%y black and is

hardly transparent any longer after carbonisation. A test of the adhesion of the

coating by bending in a radius of 180° does not result in any detachment, i.e.
optically detectable damage to the surface.
20
Example 5: Stainless steel
Stainless steel 1.4301 in the form of a 0.1mm foil (Goodfellow) is subjected to 15

minutes of ultrasonic cleaning, rinsed with distilled water and acetone and dried.

This material is coated by immersion coating with a commercial packaging varnish
25  inan application weight of 2.0*10™ g/cm?. Following subsequent pyrolysis with

carbonisation at 800°C for 48 hours under nitrogen, a loss of weight of the coating to

0.49%10™* g/cm? takes place. The previously colourless coating turns a mat black after

carbonisation. A test of the coating hardness with a pencil which is drawn over the

coated surface at an angle of 45° with a weight of 1kg does not lead to any optically

30 perceptible damage of the surface up to a hardness of 4B.
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to a hardness of 6B. Exanple 4: G ass fibre 10
Duroplan(r) glass fibres with a dianeter of 200

m cronetres are subjected to 15 mnminutes of ultrasonic
cleaning, rinsed with distilled water and acetone and
dried. This material is coated by inmmersion coating
Wi th a comrercial packaging varnish in an application
wei ght of 2.0* 10"4 g/cnR2. F#¥lowi ng subsequent

pyrol ysis with 15 carboni sation at 800C for 48 hours,
a loss of weight of the coating to 0.33*10-4 g/cnR
takes place. The previously colourless coating turns a
gl ossy black and is hardly transparent any | onger

af haradhesiveompSpéel et dtﬁlr{ge@lﬁlcﬁ’ﬁ s fAHISR itape d@leaki™om in length
coating by bending in a radius of 180 does not result

| nisglyeddethesurige using the thupb ifer00 seecendsand sphssqerntiypseled off
S atf“F £ b fsack % i RATIE 67 96 Pheh AT S dbesions.

(Goodfellow) is subjected to 15 mnminutes of ultrasonic
cl eani ng, . 1o _-no acetone and

dried. ThEsampleg:Sig Cartlariy AR S camnle),

Wi 5hifleSQMBRET QB@f asOM th‘ﬂnlg@foehﬁho%%s' sﬁ})ﬁ@ted to 15 minutes
application welght of 2. .

subkrserenclepying)| rnsed wmhtdmtllbdMMmasdtacmnmdSim This material is

48 _ho nder nitrogen, .a | R th

C oS e b B G (R R e B8R 0 g For this purpose
Pr BstizehShavitDh mipeefbreIZ0VPO & Brotight iRo @Bﬁta&l 1a<atbhaéﬂe9err through
carboni sation. A test of the coatl gg hardness with a

pe Astreanhaf wifrogen fr 3Amnigyies withdhe metl surfagg hpwing agemperature of

o 4 J t
opt Vs géchgtlobc & HPLEH o erlitsARF e MRlied G thel e Blyfoce o
h ah (ﬂilhﬁS"Shé)lﬁre’éBusly%tﬂﬁc satifie3itiies b ghnsypblatk hkatdefoditiong A test of
which a strip of Tesa(r) tape at least 3 cmin length

i sthgicqating bardugss sithrapeaci) shich is dEawnNes thegoated S§€fé‘éﬂﬁi§n angle
antigﬁ%bpagﬁg*iﬁg%% @?ﬁ{ gs’% &Heg §d f& Jn&% t‘y o@ésttép%?e Bmage of

an any
the surface up to a hardness of 4B.

A Tesa adhesive tape peel test during which a strip of Tesa® tape at least 3 cm in
length is glued to the surface using the thumb for 60 seconds and subsequently
peeled off again from the surface at an angle of 90° results in clearly visible grey

adhesions.

Example 7: Titanium

Titanium 99.6 % as an 0.1mm foil (Goodfellow) is subjected to 15 minutes of
ultrasonic cleaning, rinsed with distilled water and acetone and dried. This material is
coated by immersion coating with a commercial packaging varnish with 2.2%*10™
g/cm?, Following subsequent pyrolysis with carbonisation at 800°C for 48 hours
under nitrogen, a loss of weight of the coating to 0.73*10™* g/cm? takes place. The
previously colourless coating turns a mat glossy greyish-black. A test of the coating
hardness with a pencil which is drawn over the coated surface at an angle of 45° with
a weight of 1kg does not lead to any optical damage of the surface up to a hardness

of 8H. With a paperclip it is also not possible to scratch the coating. A peel test



5 Exanple 6: Stainless steel, CVD coating (reference

exanple) Stainless steel 1.4301 as an 0. 1mm foi

(Goodfellow) is subjected to 15 mnutes wultrasonic

cleaning, rinsed with distilled water and acetone and

dried. This material is coated by chem cal vapour

deposition (CVvD) with 0.20* -4 g/cnR2. For this

pur pose, benzene having a tenperature of 30C is

brought into contact in a blubberer through 10 a

stream of nitrogen for 30 mnutes with the netal

surface having a tenperature of 1000C, deconposed at

the high tenperatures and deposited on the netal

su dnﬁmgewhilah aatrip'bdlaﬁﬂ‘e;m?tapﬂ a\ééa@u:s byt inbdngt is@lsadrtd m#rface

turns a g] oss ack after deposition. t he

colting &eﬂawah %%@%eewd& apg sehseqygatly esled e?fa*\gﬁlno%@v theurface at

CORh 8IS T S el hoPRedll iy affiegfthsand with a veight of
kg does not lead to any ogtlcally per cepti bl e damage

of 15 the surface up to a hardness of 4B. A Tesa

adhesi ve tape peel estld.rl icp a rip of

Tesa(r) tape at le S 1 ued to the

SUTHRSEmUD.01% 4 6. ADshear(GRBd a6 @Y ﬁ;ssqu'édted to 15 minutes of

subsequent!ly peeled off again fromthe surface at an
anygltesertic olganiag,rinsed withdistdled ywajer ang peeterecgnd dried. This material is

o CERRERT il RTRs i P b BN RR Vg Wil 2 10°
of g/cul?l Felkowihg s@sé@mnﬂgyrotysmsﬁdl erbtfnlﬂajtlsh iat 8@0?0/@? 48 hours
and acetone and dried. This materi goate

10 | mHedes DIFPECB et lqﬁgowﬂﬁhfaoféb?r?@\t@g&r Oﬂécl&gg/ﬁ‘@‘ %th@ﬁe This
tetiaf is clagfeé Car%’bﬁ'gﬂemﬁgi VP S%eéyékﬁ?or ‘@ggﬁﬁ with 0.10%10 g/cm?

pyro ysi's wt |sat|on ours
undécarbor. Fog tis pm'pbmas benzfena\ba\@m’g a tﬂnpete&uncmfﬁm@ igbrought into

coronitaRa bt gouina St mitoreatlon S it migh the opated

t egfetAlsulfill HaQRl! antgmpgﬁﬁﬁlé‘ 88 F00PE NdRoRPBSId an\ﬂmeﬁli‘slieﬁ on the
drawn over the coated surface at an angl e of

15 a \mnfzg:htas effilink helpreyiousty resaldic sarfaogytumsiaiglessy blmhgﬁeldhe

f 30 .of W . . .
paferbiop’ A oddind 4o A0 °Cabe Alsrde it gty By Bessipe airover it for
C O@lpeifd of' 3 RE®k. A @St of thd coating hardness with a pencil which is drawn over

the coated surface at an angle of 45° with a weight of 1kg does not lead to any

optically perceptible damage of the surface up to a hardness of 8H.
20 A peel test during which a strip of Tesa® adhesive tape at least 3 cm in length is
glued to the surface using the thumb for 60 seconds and subsequently peeled off

again from the surface at an angle of 90° results in grey adhesions.

Example 9
25  The titanium surfaces are tested for their biocompatibility in the in vitro Petri dish

model using the usual test methods. For this purpose, pieces 16 cm? in size are
punched out from the coated materials of examples 2, 7 and 8 and incubated with
blood at 37°C, 5 % CO; for 3h. For comparison, surfaces of the uncoated materials
titanium and glass with the same size were examined. The experiments are carried

30 out with n=3 donors and three sample bodies were measured per surface. The



during which a strip of Tesa(r) tape at least 3 cmin
length is glued to the surface wusing the thunb for 60
seconds and subsequently peeled off again fromthe
surface at an angle of 90 does not result in any
adhesions. 5 Exanple 8: Titan, refined with CvD

Titanium 99.6 % as an 0.l mm sheet (Goodfellow) is
subjected to 15 m nutes of ~t®ftrasonic cl eaning,

rinsed with distilled water and acetone and dri ed.

This material is coated by imersion coating with a
commerci al packaging varnish with 2.2* 10-4 g¢/cnR.
Fol | owi ng subsequent pyrolysis with carbonisation at

8 ?%ﬁ]ﬂéﬂ ard Soeypoadihfly preieireddridr / the &iffeliﬁlt b@xlstﬁleﬁefrs Qbﬁb@f'lﬂilatelets,
of _the coating to 0.73*10-4 g/cnP takes, place. This

mat &dj hromein-gyithngmbin eqraplexlandy s achyatiog) gigre determined.
deposition (CvD) with 0.10* 104 g/cn2 of carbon. For
this purpose, benzene having a tenperature of 30Cis

br $hgmeasunebvaleoaredested agamstd blahlevane ahcantiph carrespording to an

of nit nfor 30 mnutes wth coated netal .
o P Pk R8s S onisBie Tipdhriyoeb iy 856 HEL copiinllyayailable
depRBjsiseferAbrah & ChprophbA® @Rd Bendphid @) in DaderRb B¥iaftSteference
metallic surface turns a gl ossy black after the
depterdard.orhe ragultsareyanmarised dn ¥alde &, t he surface is
oxi di sed by passing air over it for a period of 3
hours. A test of the coating hardness with a penci
which is drawn over the coated surface at an angle of
45 with a weight of | kg does not lead to any optically
per cepti bl e damage of the surface up to a hardness of
8H. 20 A peel test during which a strip of Tesa(r)
adhesive tape at least 3 cmin length is glued to the
surface using the thunb for 60 seconds and
subsequently peeled off again fromthe surface at an
angle of 90 results in grey adhesions. Exanple 9 25
The titanium surfaces are tested for their

bi oconpatibility in the in vitro Petri dish node
usi ng the usual test methods. For this purpose, pieces
16 cnR in size are punched out fromthe coated
materials of exanples 2, 7 and 8 and i ncubated with

bl ood at 37C, 5 % CQ2 for 3h. For conparison, surfaces
of the uncoated nmaterials titaniumand glass with the
same size were exam ned. The experinents are carried



10

15

30 out with n=3 donors and three sanpl e bodies were
nmeasured per surface. The -44 sanples are
correspondi ngly prepared and the different paraneters
(bl ood platelets, TAT (thronbin-antithronbin conplex)
and Cba activation) were determ ned. The neasured

val ue are tested against a blank value as contro
corresponding to an 5 al nos#trdeal extrenely

optim stic bioconpatibility and two commercially
avai |l abl e di al ysis nmenbranes (Cuprophan(r) and
Henmophan(T) in order to obtain a reference standard.
The results are sunmarised in Table |I. -45 Table |

Bi

8(
C(
rg
%
fn

oconpati bility test Bl ood TAT Coa Materi al pl at el et
?‘ (ng/mM) count ( % 1. Blank val ue86.63.13.1 2.

%ﬁ'@)‘ﬁ aBiogempatiilitytest- 4264. 840. 270. 4 3. Henpphan type

T MC81-51246171 032929 84— Titgniym 996 %

ated, from exanple 773.3194. 33. dﬂgbdjTl tanf‘ﬁx 99. Eiq%‘

tMatexial from exanpl e 867.011. 110.platelet Ti t plhigtifil) 99.| fng/ml)

control 59. 6>1200. 014.5 7. Durogpl an &(I) ass, coated,
om exanpl e 273.7137.111. 4 8. DurCBBPEa )| Bss

C(
S

MIBRLhE Yahe 1233 325. 5 The Tesul T[Radow a paftiatiysy
Ibst anti al i nprovement in the biloconpatib|jTity of ?he

5 éx@umbﬁmna‘oﬂ@ﬁ(ﬁlﬁ@jﬂol the i nven|t64c81 bot h d4(.m 70.4

ComPnegRn et NG Shabia camiad - BS |28
4. Titanium 99.6 %, coated, from example 7 |73.3 194.3 39
5. Titanium 99.6 %, refined, from example 8 |67.0 11.1 10.8
6. Titanium 99.6 %, control 59.6 >1200.0 |14.5
7. Duroplan glass, coated, from example 2 | 73.7 137.1 11.4
8. Duroplan glass control 49.1 >12333 |25.5

The results show a partially substantial improvement in the biocompatibility of the
examples according to the invention both in comparison with the dialysis membranes

and in comparison with the uncoated samples.

Example 10: Cell growth test
The coated titanium surface from example 8 and the amorphous carbon from

example 1 were examined further for the cell growth of mouse 1.929 fibroplasts. An
uncoated titanium surface was used for comparison. For this purpose, 3x10* cells per
sample body were applied onto the previously steam sterilised samples and incubated
for 4 days under optimum conditions. Subsequently, the cells were harvested and the
cell count was determined automatically per 4 ml of medium. Each sample was

measured twice and the average value taken. The results are indicated in Table II.
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Exanpl e 10: Cell growth test The coated titanium
surface fromexanple 8 and the anorphous carbon from
10 exanple 1 were exam ned further for the cell growth
of nouse L929 fibroplasts. An wuncoated titanium
surface was used for conparison. For this purpose,
3x104 cells per sanple body were applied onto the
previously steam sterili sed‘§§rrp| es and incubated for
4 days under optinmum conditions. Subsequently, the
cells were harvested and the «cell count was

determ ned automatically per 4 m of nedium Each
sanpl e was 15 neasured twi ce and the average val ue

t alfeble [ITigellrgeswth on @aedithshicat ed in Table 1. -46
Table—4+-—Cell—growth-on coated titanium Sanple
mntsé‘FlP]&I@qualcount per 4 nl CarllssH caueiqendigl ¢ o

e 996 gurt T o4 9T irtamum

re$| ne g&&ﬁ#&@&o ‘elhgi 8 Thesébtexperi ments show in

anTitan®s®.6/ %, dersir the bioconpgatibility and the cell
A

grtowth pronpting effect of the lsurfaces coated

aq Eaa@uw@;rqf@eéﬁéomﬁvmplﬁ@n in{§&articular in the

case uf—the Ttonparisomof—the—two—t+tantum—surfaces:
Exanpl e 11: Coated stent A commercially avail able

me Thesekperimérnto ShdvaimnanMelpressive abzer the BRocoRipalibieity and the cell
2.5x19nm is, subjected to 15 mnutes of ultrasonic

cl gnth @rqmptal et tha surfages epated arcandingtodhe inyertion, in
Thpérﬁgul‘ﬁf fnrthg fste' If lt}f‘edc %@Eo@@ﬂh@&% ﬁﬁﬁnﬁ? gur?‘a[ce? d.

rraterla I's coa | MTer st on coa Wth a
commer ci al packagi ng varni sh based on phenol

resin/mel amne resin vv:'th 2. 0* é0-4 g/cmz. Fol | owi ng
subsequent pyrolysis ' 1 €Bh at 800C for
48AWrﬁe1’dﬁﬁWavﬂ'léb‘ié’xﬂ% st@ntlﬂ'lﬁ’lﬁBgﬁn }M%' E%_rEAGt Bfpe Coroflex

coating to 074 *104gcrr2 es pla
pr &¥ixdriny lsmugjelcy:dgb &8 gyinutes of ultrasoswcﬂemmg ih% sunfactanta

oy RBepaRG et st with disiflpdivaT pif adetons g gy Tils
Si afitefal #-coatdlbyliMéncpion Ehting HAth MBI Pekapingathish based

on phenol resin/melamine resin with 2.0%10™* g/cm?. Following subsequent pyrolysis

with carbonisation at 800°C for 48 hours under nitrogen, a loss of weight of the
coating to 0.49*10™* g/cm? takes place. The previously highly glossy metallic surface
turns a matt black. For a test of the adhesion of the coating by expansion of the stent
under 6 bar to a nominal size of 2.5 mm, the coated stent was expanded with a
balloon catheter. The subsequent optical assessment under the lens of a microscope
did not show any detachment of the homogeneous coating from the metal surface.
The absorption capacity of this porous layer amounted to as much as 0.005 g of

ethanol.

Example 12: Coated carbostent

A commercially available carbon-coated metal stent from Sorin Biomedica, type
Radix Carbostent 5x12mm, is subjected to 15 minutes of ultrasonic cleaning, rinsed

with distilled water and acetone and dried. This material is coated by immersion
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bal | oon catheter. The subsequent optical assessnent
under the lens of a mcroscope did not show any

det achnment of the honbgeneous coating fromthe netal
surface. The absorption capacity of this porous |ayer
amounted to as nuch as 0.005 g of 20 ethanol. Exanple
12: Coated carbostent A commercially avail able
carbon-coated netal stent fréhrSorin Bionedica, type
Radi x Carbostent 5xl2mm is subjected to 15 mi nutes of
ultrasonic cleaning, rinsed 25 with distilled water
and acetone and dried. This material is coated by

i mrersion -47 coating with a conmercial packaging

vV aesutisg Vﬁ&ﬁ@%tﬂiﬁﬁﬂi’d&?@éka N’éhﬂﬁ{ Bd¥ed 6n RSO resiifm8MAmine resin
appl i cation weight o % g/ cn2. Fol | ow ng

s u Bb@m})@#eattsylr\mlﬂhﬁ of 24418 gé@azbsﬁlﬂ%mg SwbsgauROpPolysis with
8¢ Bb‘ﬁﬁa%tgﬂdag@ggud %)9 %g %Puﬁdﬁ?a%lﬁo%q‘ﬁeh Sk oﬁ@vefgﬂ?of the coating to

c oatIn akes ace.
pr 9\4961951 g/cinP takles placé. Athe previouslysblaek surfacaaknsad it tlack after

car boni.s IIO For t of the adhesion of the
coGpaaisy " doba it ofihs Adesionat i Coatnady ol T of the stent

Noghdile bat &Pa RémmalBye SHE AP Qﬁ@éoa&?d%'ﬂ%nt ‘0@@ eﬁ}
The subsequent opti cal assessment under th

m subssauspontiod! mcssmnwxuhythedmsaocf lameigtosodpetdié not show any

RS AT
as cdpacity abthis SSudapdr agiduaitdlte aé-ﬁhu@fﬁmb% %f ethanol

Activation The coated stent from exanple
activated for 8 hours by activation with al r at 400C.

During this process, th@xa%ﬁl??fs‘ &&g}al 0g is converted

i nto porous carbon. For=a adhesi on of the
c odheé n@thystanpfms examysié 12 Ii&acsitveuetl forglkdurSbpactiviatioh Meéth air at

e of 5 t he coated stent was
6@@%3"“\“& 1§ BERSE# g;rgtcaﬂ’ﬂfllceé‘lmg ig soRverivd iato pRERys cprben. For a
i € RSt Of the aeS TR AREcAliflg ng@awn%medsmgg&%b#&o the
the honobgeneous coating omthe netal surface. The
absomptal size oﬁﬁ)mn'l Jtthie cdatedrstent meas expandedisTHeaspbseqoénttdpéical
above se H'F 1'11(1)({1 ter?sncgf a”B{jc%scS‘Fé’ 1 no%i s}}ogv a?nsy ﬂgc%mae%t of the

homogeneous coating from the metal surface. The absorption capacity of this now

porous layer of the above-mentioned stent model amounted to as much as 0.007 g of
ethanol which shows that an additional activation of the carbon-containing layer

additionally increases the absorption capacity.
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et hanol whi ch shows that an additional activation of

t he carbon-containing |layer 20 additionally increases

t he absorption capacity. -48 Clains 5 1. Process for

t he production of bioconpatible coatings on

i mpl ant abl e medi cal devices conprising the foll ow ng
steps: a) at least partial coating of the nedical

device with a pol yner filn1b§8ﬁeans of a suitable
coating and/or application process; 10 b) heating of
the polymer filmin an atnosphere which is essentially
free from oxygen to tenperatures in the region of

200C to 2500C, for the production of a
carbon-containing | ayer on the nedical device. 2.
Process according to claim1 15 characterised in that
the i npl antabl e nmedi cal device consists of a materi al
which is selected from carb@faipsdl bOn conposite
material, carbon fibre, ceramc, glass, netals,

al l oys, bone, stone, mnerals or precursors of these

or frommterials which are converted under

car boni sation conditions into their thernostable

st af Procedd fér thPpRIFRSEorRETI16nishtibR c%ﬁt{@%keorpiﬁlﬂlﬁﬁable medical
preceding clains, characterised in that the

i moPwpesaomprisig thafollpsing eepss sel ected from nedical or

t her apey i:G.| t g [ ,

st ent o, JLisielelBAA Sefle br B8 ORI IR R BN i by means
or t hopaedbta suifabindoating amtorcdpplicativh ppocess;heses,
artifickaé hearts, artificial heart valves, . )
subcut aRbBEing of thsrpalymerfHpsiaan amosphegviich iesseptiplly free from

like. 25 '
plr egedi ngé)éYé;eiB?er ?%ﬁpae?%g%é?ﬂi @géég %ﬁ? ﬁ%{{tﬁtc ﬁé 2%@?)? rer
fi fonthepodistest offaorapm-gomeising tayeppothemedicabdevice.

al i phatic or aromatic polyol efins such as
pol yet hyl ene, pol ypropyl ene, pol ybut ene,

pPobyPRebidtabetRdinR@b ¥RAAtENe; pol ybut adi ene; pol yvinyl's

5such as polyvinyl chloride or

20

25

30

characterised in that the implantable medical device consists of a material which is
selected from carbon, carbon composite material, carbon fibre, ceramic, glass,
metals, alloys, bone, stone, minerals or precursors of these or from materials which

are converted under carbonisation conditions into their thermostable state.

3. Process according to anyone of the preceding claims,

characterised in that the implantable medical device is selected from medical or
therapeutic implants such as vascular endoprostheses, stents, coronary stents,
peripheral stents, orthopaedic implants, bone or joint prostheses, artificial hearts,

artificial heart valves, subcutaneous and/or intramuscular implants and such like.

4. Process according to anyone of the preceding claims

characterised in that the polymer film comprises: homopolymers or copolymers of
aliphatic or aromatic polyolefins such as polyethylene, polypropylene, polybutene,
polyisobutene, polypentene; polybutadiene; polyvinyls such as polyvinyl chloride or
polyvinyl alcohol, poly(meth)acrylic acid, polyacrylocyano acrylate; polyacrylonitril,



30 pol yvinyl al cohol, poly(neth)acrylic acid,

pol yacryl ocyano acryl ate; polyacrylonitril, -49

pol yam de, pol yester, polyurethane, polystyrene,

pol yt etraf | uor oet hyl ene; polyners such as coll agen,

al bum n, gel atine, hyaluronic acid, starch, cellul oses
such as nethyl cel | ul ose, hydroxypropyl cel | ul ose,

hydr oxypr opyl nethylcellulosé car boxynet hyl cel | ul ose
pht hal at e; waxes, paraffin waxes, Fischer-Tropsch
waxes; 5 casein, dextrans, polysaccharides,

fibrinogen, poly(D, L-1actides), poly(D, L-Iactide
cogl ycol i des), polyglycolides, polyhydroxybutyl ates,

po by@hinyde pd&bﬂﬂ@ﬁ&@ureﬂmbmistﬁeﬁ poBtetRBlugReiBidhe; polymers
pol yval eric acid ydi oxanones, pol yethyl ene

tef r?a)iase@sa Iyrﬁala@a? élyaléquanc Mad.stazeh.ce tleseisngh as

Do PR Shyar D R RS o AR b R g

ur eaﬂbamﬂﬂ?thylpellhgl(amﬂmhalate e\vmg,qm)afﬁp waxés ﬁsehena’l‘ms«)h waxes;
s D] G Fop R BiaRien BOMIE BEldeD 3B L

polcugayémidey)g f)@llygﬂf@BﬁdesPﬁﬂlM(yd!rMbu@%ﬁésabglyﬁ rr%'h@dr%lﬁa)tesas

as their s, ‘m xtureées and conbi nati ons
of pP}YQQbOGh?mm@l}ybﬁfm’ssP@Whﬂb‘pb}'vyﬂﬁéllcsimdlBOIS(dIORams,aaolyethylene

PR RN b BBl BRRbARI e 0

ch Iporyiphéﬁphdzdheé} ipetyamlﬁtpwi&s pefybthyleﬁé Wity@beetate, Sdlllihones, poly(ester
phenol resin, resin, | am ne resin,

al ky

10 ph&rféhanef)egvlﬁgﬁtheé w&h@xeg)e aoldﬁeé%wqas» eghyﬁ%lerScﬁuph puRalyethylene
ni ke
rra%éfraebl?oﬁ%ro flk;é{é? hlﬂ%l}% %iﬁ?[ar ceﬁﬁﬁc el $18 ol’se
M/apelglvllgzﬂmlrkmdon@ lpgwmmy%erm Iﬂlthaidtts) axfwelbaetheid cepalgmers,
materjal s nbi natl s thereo 6. Process
ac SYKHTSAn &%ﬁwﬂen%? Fis 9mopelyif @) copRiymers.
characterised in that the polynmer filmis applied as a
[iquid polynmer or polyner solution in a suitable

15 solSvBrecessracemtlingrio anyonewf elaiths 1 tedessary with

subse ol.ynme olid, .if.

e Baentfiisel{f s Aehyer i Porfirise¥ iR Rosificplorinated rubber,
palehbdy @in, dorylRtcaesif Sprrasiaesth) rleﬂnfh@ réshr2 infBlénine resin, alkyl phenol
characterised in that the polyner filmis appl l'ied onto

t h&esifsy PRaxidiged aypmalg rasis, oil base, nitro base, polyester, polyurethane, tar,
tar-like materials, tar pitch, bitumen, starch, cellulose, waxes, shellac, organic

20  materials of renewable raw materials or combinations thereof.

6. Process according to anyone of the preceding claims
characterised in that the polymer film is applied as a liquid polymer or polymer
solution in a suitable solvent or solvent mixture, if necessary with subsequent drying,

25  or as a polymer solid, if necessary in the form of sheeting or sprayable particles.

7. Process according to claim 6
characterised in that the polymer film is applied onto the device by laminating,
bonding, immersing, spraying, printing, knife application, spin coating, powder

30 coating or flame spraying.



bondi ng, immersing, spraying, printing, knife
application, spin coating, powler 30 coating or flane
spraying. -50 8. Process according to anyone of the
preceding clains further conprising the step of
depositing carbon and/or silicon by chem cal or

physi cal vapour phase deposition (CVvD or PVD). 5 9.
Process according to anyone‘é?'the precedi ng cl ai ns
further conprising the sputter application of carbon
and/or silicon and/or of netals. 10. Process according
to anyone of the preceding clains 10 characterised in
that the carbon-containing layer is nodified by ion

i npl antation. 11. Process according to anyone of the

prgcedin clainms characterised in that the o

caPpiORCEs Aecarding do paxpae of thepweqedingelaimg fthen cosprisisg g step of
ag ; f ks O W cal e
oo B AR e Rlon aBE LT 07 D iR pFlpR0H YabC1E BhER debosicon
ox{@VBiar®VAR). d or alkali. 12. Process according to

anyone of the preceding clains characterised in that

the carbon-containing layer is purified by solvents or
SODVEabess Bbodrdihg $o arydnd 3f tHERERMgRIAME Phrfier thm?fﬁ/iﬁE the sputter
of the preceding clains characterised in that steps a)
an@micaienolceprhancandfnyisilicep ead/etivfmetalsor der to obtain a
carbon-containing nulti-layer coating, preferably with
different porosities, by pre- structuring the pol yner

fi LorProcess idxotding esardons of thaptedin dRithye treat ment of

25 individual |ayers. 14. Process according to anyone

10 o7 charactsrised in that thegaghoncsontaining layseis medifipdiby inmimpddntation.
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polymer filmlayers are applied on top of each other
in step a).
11. Process according to anyone of the preceding claims

characterised in that the carbon-containing layer is post-treated with oxidising
agents and/or reducing agents, preferably chemically modified by treating the coated

device in oxidising acid or alkali.

12. Process according to anyone of the preceding claims
characterised in that the carbon-containing layer is purified by solvents or solvent

mixtures.

13. Process according to anyone of the preceding claims

characterised in that steps a) and b) are carried out repeatedly in order to obtain a
carbon-containing multi-layer coating, preferably with different porosities, by pre-
structuring the polymer films or substrates or suitable oxidative treatment of

individual layers.

14. Process according to anyone of the preceding claims
characterised in that several polymer film layers are applied on top of each other in

step a).
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30 -51 15. Process according to anyone of the
precedi ng clainms characterised in that the

car bon-cont ai ni ng coated nedi cal device is at |east
partially coated with at | east one additional |ayer of
bi odegr adabl e and/ or resorbable polyners or

non- bi odegradabl e or resorbabl e polyners. 5 16.
Process according to claim t8lcharacterised in that

t he bi odegradabl e or resorbabl e polyners are sel ected
from collagen, al bum n, gelatine, hyaluronic acid,
starch, cellul oses such as nethylcellul ose,

hydr oxypropyl cellul ose, hydroxypropyl

metl ByProedsk utdding idamnb oXieRidiedingiclaimese pht hal at e;
casei n, dextrans, polysaccharides, fibrinogen

pochpacterisad in thasyhe grashgn-epntainiagcpated rsdiopbdevierds pt least
po #)%tgila}{? 0bAtEEwith aPRLYAE %8&%911’413{%)%} 5PbioBON MY ind/or resorbable
caf bon f pol yesters,

ates, polyorthoesters,

po pylyptroonyncalttEpdegradable, orpedoylshibteq@uiymers, pol yet hyl ene
terepht hal ates, polynal eate acid, polytartronic acid,
pol yanhydri des, pol yphosphazenes, polyam no acids and

15 16@bkess A0 diAB S elath{ 15 Process according to anyone
of the preceding clains characterised in that the

c acharacteyised iim that thobiolegradablea drgespehabiepilymersade selevtedhfrom

t t . ' i,nci pl jth m.croor gani Sns or
" oo AR RS D RS RUARRLE Siq, Mateh, EFHORE SR 27
¢ hatetigfl @liukss, hydréxyptopyheelhillosk Salkox3peopit ietts/lcellulose,
prbgﬁlple i s, applied and/or |mmobilise in pores_on
or

oxyreethylgeliHgseanhithakie e preins dextians.grohysageharides, fibrinogen,

Dhysi 6 DL S ORAk] . or

PSR ATy YRl

oc pblyhidroxytiitylatds, golyatled sadonstes] ipolyotthoesterq polyekters,
| ai 7 1

¢ %Iogfﬁy&rox?\[aler?c acid, polydioxanones, polyethylene terephthalates, polymaleate

acid, polytartronic acid, polyanhydrides, polyphosphazenes, polyamino acids and

their copolymers.

17. Process according to anyone of the preceding claims
characterised in that the carbon-containing coating on the device is loaded with at

least one active principle, with microorganisms or living cells.

18. Process according to claim 17
characterised in that the at least one active principle is applied and/or immobilised
in pores on or in the coating by adsorption, absorption, physisorption, chemisorption,

covalent bonding or non-covalent bonding, electrostatic fixing or occlusion.
19. Process according to anyone of claims 17 or 18
characterised in that the at least one active principle is immobilised essentially

permanently on or in the coating.

20. Process according to claim 19



characterised in that the at | east one active
principle is imopbilised essentially permanently on
or in the coating. 30 20. Process according to claim
19 -52 characterised in that the active principle
conprises inorgani c substances e.g. hydroxyl apatite
(HAP), fluoroapatite, tricalcium phosphate (TCP),
zinc; and/or organic subst aAes such as pepti des,
proteins, carbohydrates such as nonosacchari des,

ol i gosacchari des and pol ysacchari des, |ipids,
phosphol i pids, 5 steroids, |ipoproteins,

gl ycoproteins, glycolipids, proteoglycanes, DNA RNA,
si ghatactepidpd il it e obilve bﬁﬁtl@h‘e canprieEs 1ﬂ6igaﬁiéd;ﬁbstances e.g.

nts, hioresorbable p nmers, e, actonic
i Prog Y padis AT iharosnstin Kaslsai obinbeley TEEy 41: and/or

SUBRLaARGEBstRfces ﬂ%éérp%gtlgéf ﬁg&?ﬁsa@éﬁﬁéh%dg@gsbélﬂﬁtakons of

t hese and suc rocéss a
anywmesastharides, milgﬂﬁacolnarttﬁs eibpalgsaechasidds, |11p1dshphosph@hmds

5 cogeraify TpdplatE Bhsao R R prigpsfieaaes DI, Rova, sgnal
COREptRlel 8FlantiRARS and/dr alftRAP HBgMERS) rtﬁbﬁ-gmb@ble lpalylme%sl e.g.
15 characterised in that the active principle

r e belylagtsinéc aaid,£hisesanras Meblcs phameacologwally iastins suhstanges ioc

71 AP R vindhoey PR obpR abESiohe: i e,

and/ or organi c substances such as peptides, proteins,
carbohydrates such as nonosacchari des,
10 o] R&oRraeesn apqoudiag smanyops of elaesnbi otdkds . | i pi ds,

ph Qﬁf’ﬂggr@ee tﬂt%@étqé st 1)1’100%(/9 Bﬁ&\&ﬁlﬁﬁ%\h’éﬁﬁ%rﬂ F? bﬁ‘ the coating

|p| pr ot eog ycanes,

p et netbasabdn framtth@mﬁtmg imadémirolledmianhexdy fragnents,

bi or esor babl e pol yners, e.g. polylactonic acid,
chitosan and pharnacol ogically active substances or

m QQL@@&SQEC&,I&ﬁE%]ggﬁn2¥3 Process according to
anyone of clains 20 or 22 25 characterised in that the

15 p hshacactdrisgd dmthat thd dotive prieciplersleasablesinarcentrell @t menher
m__hepa

AR R T S —
tricalcium phosphate (TCP), zinc; and/or organic substances such as peptides,
proteins, carbohydrates such as monosaccharides, oligosaccharides and
polysaccharides, lipids, phospholipids, steroids, lipoproteins, glycoproteins,

20  glycolipids, proteoglycanes, DNA, RNA, signal peptides or antibodies and/or
antibody fragments, bioresorbable polymers, e.g. polylactonic acid, chitosan and

pharmacologically active substances or mixtures of substances.

23. Process according to anyone of claims 20 or 22

25  characterised in that the pharmacologically effective substances are selected from
heparin, synthetic heparin analogues (e.g. fondaparinux), hirudin, antithrombin III,
drotrecogin alpha; fibrinolytics such as alteplase, plasmin, lysokinase, factor XIIa,
prourokinase, urokinase, anistreplase, streptokinase; thrombocyte aggregation
inhibitors such as acetyl salicylic acid, ticlopidines, clopidogrel, abciximab, dextrans;

30 corticosteroids such as alclometasones, amcinonides, augmented betamethasones,



drotrecogin al pha; fibrinolytics such as altepl ase,

pl asm n, |ysokinase, factor Xlla, prourokinase,

ur oki nase, anistrepl ase, streptokinase; thronbocyte

aggregation inhibitors such as acetyl salicylic acid,

ticl opidines, clopidogrel, abciximb, dextrans; 30

corticosteroids such as aIcIonetasones antlnonldes

augnent ed bet anet hasones, -533 beclonEthasones

bet anet hasones, budesonides corti sones, clobetasol,

cl ocortol ones, disunites, desoxinetasones,

dexanet hasones, flucinolones, fluocinonides,

flurandrenolides, flunisolides, fluticasones,

halbe¢lomeihdsshes, hetapietliR60ds, budeyehidesQEdrtissiRe Sclobetasol,
@Eﬁlprednlsolones noret asones, predni car bat es,

pr

pdelanes, disupitesqdgsorimsiasanes; dexamethasorngetiucinolones,
%‘I“G‘?g%g?ﬁ‘%ﬁ efﬁ'oﬁ&ésséﬁﬁﬁlkoli(%ol %o&%% hg{)#%uﬁilé Clnalobetasol

f I hyéioportisenes, mbﬁhplpmédmsolomstmmhbtamnﬁs, préthil@pbabéseprednlsones,

ketorol a cl of .enamat es, fenam c. a | oxi c

5 BOBIBHaE" ARHPRBR: oAU PR B ALR A m Ay drugs such
salag dcifefac, SifluhiRARetodblal, Bhdplofes S ABRYdBn, ib@SBfAXindomethacin,
cytostatics such as al kaloi ds and podophyllun1tOX|ns

s ukntopeofen, kstozeles, meolofpramates, mefergmas #gjd.aneloxicamnnabymetones,

ane PRt 880l bR G b, MR, bRl S, ofecort

ot hﬂbsﬁﬁéﬂu@h‘ﬁ@ hikalédsand pb&d);ﬂiyﬁdnﬁumﬁ 8ilshes, vinblastin, vincristin;
bleo% m tonycin; antinetabolites such as folic
5 9§

10 5ciakk hes mtlfggqmrﬁ:g;, mélﬁ)gpl@, lpseanalngups; cyteteNip antibiotics such as
ang cmp&'ﬁdrﬁlﬁéﬁl MCyclﬁfeE ?}14 Bisied Ptlbglahgéjsm

COﬁpOUﬂ s sl as ca |nun1 CiI spl at1 num or

ox ldopiyain, mitomyemirs atmmatabdl&es suchcak éslnacid amtlogmlek; purine
t opot.ecan, interferon-al pha 2a, rferon-al pha 2b,
hy APRIREHES 0B RHFTBRLAInG pRaleg §.mchtﬁéﬂt %%csmln sir HP% REtnum

al @S&b@ﬁ%s@ue@%ﬁﬁp@ﬁ&um EfsEfahHﬁ%h%r oﬁﬂ&ilﬂﬁﬂlﬁ?%ﬁﬁcnn

and antlestrogens antlarryt mcCs Inp rticular
15 antitizgtedays immting, tdpotdcas,gnterforonralphs hntntaferhgr-talphadb of

dj d
o et R s i pepPitate, Poffnat HRBHFURT v pptepe
20 tiefthoiay] diijah8idigess, Bihd AdiRstré £4AS;AintlatrytBfhicsS ifdparticular

| idocai n, nexiletin, phenytoln, taocalnid;
an@ntarFmics of class Iﬂuab gs ant@rrhé,nhgncwfdbaﬂ@lmm@e type, e.g.

SR oAb MLt Sl b

20 pr aptiafigitirhics of the lidocain type, e.g. lidocain, mex1let1n phenytoin, tocainid,

antiarrhythmics of class I C, e.g. propafenone, flecainide (acetate); antiarrhythmics
of class II, betareceptor blockers such as metoprolol, esmolol, propranolol,
metoprolol, atenolol, oxprenolol; antiarrhythmics of class III such as amiodaron,
sotalol; antiarrhythmics of class IV such as diltiazem, verapamil, gallopamil; other
25  antiarrhythmics such as adenosine, orciprenaline, ipratropium bromide; agents for
stimulating angiogenesis in the myocardium such as vascular endothelial growth
factor (VEGF), basic fibroblast growth factor (bFGF), non-viral DNA, viral DNA,
endothelial growth factors: FGF-1, FGF-2, VEGF, TGF; antibodies, monoclonal
antibodies, anticalins; stem cells, endothelial progenitor cells (EPC); digitalis

30  glycosides such as acetyl digoxin/methyldigoxin, digitoxin, digoxin; heart glycosides



nmet oprol ol , atenol ol, oxprenolol; antiarrhythmcs of

class Ill such as am odaron, sotalol; antiarrhythmcs

of class IV such as diltiazem verapam |, gallopaml;

ot her 25 antiarrhythm cs such as adenosi ne,

orci prenal ine, ipratropiumbrom de; agents for

stimul ating angi ogenesis in the nyocardi um such as

vascul ar endot helial growth- Stact or (VEGF), basic
fibroblast gromh factor (bFG-), non-viral DNA, viral

DNA, endothelial growth factors: FG--1, FGF-2, VEGF,

TGF; anti bodi es, nonocl onal antibodies, anticalins;
stemcells, endothelial progenitor cells (EPC);
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bunazosin, terazosin, indoramn; vasodil ators such as
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ph&8'18 n@s‘f’t F ﬁ“ﬂf‘ﬁnﬁhln&r norepipgphamepyilofiipg, dopamine,
ENAKUGRIR, fifedHHe! APARIAM Iﬁ%thgu and p ﬁ‘ﬁal éﬂr&ﬁ:rcEfgSf‘&g’Umsts such as

adrenergi ¢cs and dopam nergic nces such
15 dodihtydraergotamingj filohedtimepolglyisines, rethydenernvimy] @nethtes, ieflammatory

onevakensiengrnCEh fbhE: Rpot, BRGE oo CREMR SR G -s 11,
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pol yl'ysi ne3, ethylene vinyl acetates
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hor nones

elePR TG Zovtobpite Rt Rondr Ry g p et (SHipressin,
20 beby{totinetorélixg aon@sféhﬁrleuysrbre)hﬁc{r@t&em @onadorelin, ganirelix,

eryt op0|et|n hor nones such as
userelin, nafarelin, goserelin, as well as regulatory peptides such as somatostatin,
octreotide; bone and cartilage stimulating peptides, bone morphogenetic proteins
(BMPs), in particular recombinant BMPs such as e.g. recombinant human BMP-2
(thBMP-2)), bisphosphonates (e.g. risedronates, pamidronates, ibandronates,

25  zoledronic acid, clodronic acid, etidronic acid, alendronic acid, tiludronic acid),
fluorides such as disodium fluorophosphate, sodium fluoride; calcitonin,
dihydrotachystyrene; growth factors and cytokines such as epidermal growth factors
(EGF), Platelet derived growth factor (PDGF), Fibroblast Growth Factors (FGFs),
Transforming Growth Factors-b TGFs-b), Transforming Growth Factor-a (TGF-a),

30  Erythropoietin (Epo), Insulin-Like Growth Factor-I (IGF-I), Insulin-Like Growth



corticotropins, gonadotropins, somatropin,

t hyrotrophi n, desnopressin, terlipressin, 20
oxytocin, cetrorelix, corticorelin, |euprorelin,
triptorelin, gonadorelin, ganirelix, buserelin,
nafarelin, goserelin, as well as regulatory peptides
such as somatostatin, octreotide; bone and cartil age
stinmul ati ng peptides, bone néﬁphogenetic pr ot ei ns
(BMPs), in particular reconbi nant BMPs such as e.g.
reconbi nant human BMP-2 (rhBMP-2)), bi sphosphonates
(e.g. risedronates, pam dronates, ibandronates, 25
zol edronic acid, clodronic acid, etidronic acid,
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anfFiBY celyroxymaxetll, qelihuiong.cel §}1Wr9éetﬂe9ﬁr1%94qur°xetil;

S UgRréedhalCBrtalenBBineidpbhdhs, (A&MHAseihiibiBrs such as sulbactam,
phenoxynet hyl'penicillin (penicillin V);

15- | sulteamieitlintosibtes; tetracysdinesiuch iamdoxyeyelires mifibcycline, tetracycline,

ami popeni ci llins such amoxicillin, anpicillin, . _
b ARRTRFAVPHPS, SEPEMRTHG Aiiqalysesideq shch 2 gontamicin, neomyein,
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ciprofloxacin, ofloxacin, moxifloxacin, norfloxacin, gatifloxacin, enoxacin,

fleroxacin, levofloxacin; quinolones such as pipemidic acid; sulphonamides,
trimethoprim, sulphadiazin, sulphalene; glycopeptide antibiotics such as
vancomycin, teicoplanin; polypeptide antibiotics such as polymyxins such as colistin,
25  polymyxin-B nitroimidazol derivatives such as metronidazol, tinidazol;
aminoquinolones such as chloroquin, mefloquin, hydroxychloroquin; biguanides
such as proguanil; quinine alkaloids and diaminopyrimidines such as pyrimethamine;
amphenicols such as chloramphenicol; rifabutin, dapsone, fusidinic acid, fosfomycin,
nifuratel, telithromycin, fusafungin, fosfomycin, pentamidindiisethionate, rifampicin,

30 taurolidine, atovaquone, linezolid; virostatics such as aciclovir, ganciclovir,



15 sultamcillintosilates; tetracyclines such as
doxycycl i ne, m nocycline, tetracycline,

chl orotetracycl i ne, oxytetracycline; am noglycosides
such as gentami cin, neomycin, streptonycin,
tobranycin, am kacin, netilmcin, parononycin,
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101 o ghaxacterised in thatathe pharmacologically effective substances are incorporated
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20 Sy Atdbainh,Gantalum, tungsten and molybdenum, noble metal alloys, nitinol alloys as

well as magnesium alloys and mixtures of the above-mentioned substances.

26. Biocompatibly coated implantable medical device comprising a carbon-

containing surface coating, producible according to one of the preceding claims.
25

27. Device according to claim 26, consisting of metals such as stainless steel,

titanium, tantalum, platinum, nitinol or nickel-titanium alloy; carbon fibres, full

carbon material, carbon composite, ceramic, glass or glass fibres.

30 28. Device according to claim 26 or 27,



phosphol i pi ds, gas di spersions, enul sions,

m cr o- enul si ons, or nanospheres which are reversibly
adsor bed and/ or absorbed in the pores or on the
surface of the carbon- containing |ayer for later

rel ease in the body. 15 25. Process according to
anyone of the preceding claimcharacterised in that

t he i npl ant abl e nedi cal devi-®d -consi sts of a stent
consisting of a material selected fromthe group of
stainl ess steel, platinumcontaining radiopaque stee
all oys, cobalt alloys, titaniumalloys, high-nelting
al | oys based on 20 ni obium tantalum tungsten and
noleyingeisingsevepdll carbohtoadhtailih@ lagerspreforatly dithQl Ferdfit porosities.
wel |l as magnesium al |l oys and m xtures of the

above- nenti oned substances. 26. Bi oconpatibly coated
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acid, polymethylacrylic acid, polyacrylocyanoacrylate; polyethylenes,
polypropylenes, polyamides, polyurethanes, poly(ester urethanes), poly(ether
urethane), poly(ester ureas), polyethers, poly(ethylene oxide), poly(propylene oxide),

20  pluronics, poly(tetramethylene glycol); vinyl polymers such as
polyvinylpyrrolidones, poly(vinyl alcohols)or poly(vinyl acetate phthalate) as well as
their copolymers.

31. Device according to anyone of claims 26 to 30, further comprising anionic or
25  cationic or amphoteric coatings such as e.g. alginate, carrageenan,

carboxymethylcellulose; chitosan, poly-L-lysines; and/or phosphoryl choline.

32. Device according to anyone of claims 26 to 31
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pol y(mal eate acid), poly(tartronic acid),

pol yanhydri des, pol yphosphazenes, poly(am no aci ds)
and their copolyners. 30. Device according to anyone
of clainms 26 to 28, 15 additionally conprising a
coati ng of non-bi odegradabl e and/ or resorbably

pol yners such as poly(ethylene vinyl acetate),
silicones, acrylic polyners-s8ch as polyacrylic acid,
pol ymet hyl acrylic acid, polyacryl ocyanoacryl ate;

pol yet hyl enes, pol ypropyl enes, pol yam des,

pol yur et hanes, pol y(ester urethanes), poly(ether
uret hane), poly(ester ureas), polyethers,

polchaileictey“iseden dmtdl@é carbal-ydrivdinpygll@re 15Cp6r§|l§%), prel’&ably

pl uronics, amet hyl ene gl ycal); vin pol
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PObyydfsh iy In 8te phthalate) as well as their
copolyners. 1. Device according to anyone of clains

26 to 30, further conprising anionic or 25 cationic
501 hoteric oatl al gi nat e,
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accordi ng to anyone of clains

ch&eunteins closedipergs.t hat t he car bon- contalnlng | ayer is
porous, preferably nacroporous, with pore dianeters
in the region of 0.1 to 1000m and particularly

pr 8 eDehityaaniRdlotinyondofiiaimseeite g3accor di ng to
anyone of clains 26 tq 31 _characteri sed in that the

0 carpRanEgRNgiHispYFralaglye princiRes piondigated inielaim 19.
essentially contains closed pores. 34. Device
according to anyone of clains 26 to 33, 10 containing
oné5 dedeyvarcatdimgtol olaimp34,nci pl es as indicated in claim

19. Devi.ce accordi.ng to, cl |m34 tf_:3 rther
cofTe FREPLSIEB PSR HerGi e isree pbife 266 springigles,selected
aCtﬁ‘oYt? RIskRGiw aﬁﬁ]/orst@xhgéi'ﬁﬁpe -sdnSivE PHP’&%?SZ ¥'bi Bg{cgﬂy active

t enper Bture.sensitive pol yners and ogi ca
acbawigrs such as enzymes.

36. Coated stent according to anyone of claims 26 to 35.

37. Coated stent according to claim 36 selected from stainless steel, preferably Fe-
18Cr-14Ni-2.5Mo (“316LVM” ASTM F138), Fe-21Cr-10Ni-3.5Mn-2.5Mo (ASTM
F 1586), Fe-22Cr-13Ni-5Mn (ASTM F 1314), Fe-23Mn-21Cr-1Mo-1N (nickel-free
stainless steel); from cobalt alloys, preferably Co-20Cr-15W-10Ni (“L605” ASTM
F90), Co-20Cr-35Ni-10Mo (“MP35N” ASTM F 562), Co-20Cr-16Ni-16Fe-7Mo
(“Phynox” ASTM F 1058); from titanium alloys are CP titanium (ASTM F 67, grade
1), Ti-6Al-4V (alpha/beta ASTM F 136), Ti-6Al-7NDb (alpha/beta ASTM F1295), Ti-
15Mo (beta grade ASTM F2066); from noble metal alloys, in particular iridium-
containing alloys such as Pt-10Ir; nitinol alloys such as martensitic, superelastic and
cold worked nitinols as well as magnesium alloys such as Mg-3A1-1Z; as well as at

least one carbon-containing surface layer.
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15 barriers such as enzynes. 36. Coated stent
according to anyone of clains 26 to 35. 37. Coated
stent according to claim36 selected from stainl ess
steel, preferably Fe- 20 M-14M 15W ("316LVM' ASTM
F138), Fe-21Cr-1ONi-3.5M1-2.5M0 (ASTM F 1586),
Fe-22Cr- 13Ni -5Mh (ASTM F 131%} Fe- 23Wh- 21 Cr -1 Mb- 1N
(nickel -free stainless steél fromcobalt alloys,
preferably Co-20Cr-15 W | ONi ("L605" ASTM F90),
Co-20Cr-35Ni -1 Ovb (" MP35N' ASTM F 562),

Co- 20Cr- 16N - 16Fe-7Mo (" Phynox" ASTM F 1058); from
titaniumalloys are CP titanium (ASTM F 67, grade 25
1) 38 TCodbcAll hetxt ahlepdradiditgato AdvicFof LBfths 28 ito SHA1- 7Nb

(al pha/ beta ASTM F1295), Ti- 15Mv (beta grade ASTM
F2066); fromnoble nmetal alloys, in particular

I 1 39 DEYicE RRbAINY RANFbAOYSTIAREN63S rx?t -101r; nitinol
al l oys such as nmartensitic, superelastic and cold
vvo#lkélﬁ forim phag erthopagdic bompmagmommm btosthesis cborgssubstitute or
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to anyone of clains 26 to 35. 39. Device according to

anﬁﬁne of claips 26 to 35 in the formof an

OpEatH 2ccpiiing iorapyenref daigs 2640 88 prost hesis, a
bo
0 BEUBGS! bt iboffancasAnt Bt AT fr' e g&%oued release
ac obadivagrincipnyone of clainms 26 to 35 in the form of
a subcut aneous and/or intranuscul ar inplant for the
controlled release of active principle. 10



