10

15

20

25

30

'Bi oconpatibly coated nedical inplants The present

invention relates to inplantable nedical devices with

bi oconpatible 5 coatings and a process for their

production. In particular, the present invention

relates to nedical inplantable devices coated w-n-a

carbon-containing.|a er.w&ich evi ce can be obtai ne
BigeBtEanblsoaed

i LA WA it it R 111111111

tenperatures in the region of 200C to 2500C i n an *166166*
at nosphere which is essentially free from oxygen, a

-cont ai.ni g i 10 _prqduced on.the :
e LA A B e e B S R R Pl oot
soatyigsand anotbcess Gorttheap prductict Teparticihat®Spresent invention relates
g&%g%%%Lastres, artificial heart valves, vascular

gaplantabla deviges gRated with & ¢EnHeRtIRgNE Jayer which devices
i : ' | actl.ye principles
o e &y B BELIS. BT B
acatingofdbe polyawe filmdito ¢eroperttuesssp éei b gion lbif Q0bEME 26002040 an

ical,. ti oncerned. These nmaterials nust
B B D S e 2o S e T i
pedRREE oh thd ienpIaisilaRtRfcafAgyibuSt exhibit certain

nmechani cal "an bi ochem cal properties. 20 However,
the netals or netal alloys as well as ceramc

' used for .stents and . .
a@%ﬁé%g{ngls’a%xfsgsg?ﬁg%%%élféﬁ déc?r aaeél&ci Fc&;e\g%mlﬁpﬁ, arthroplasties,
drtsdaldreha yak et agadulimigosth & [stdht PL£00R L4 QidchiaYeous or '

|y durijng permanent use. As a result of

ticul 1t use, ,
gﬁréﬁﬁliﬁsgrﬁ HRRlaBiablsilerpis of aptivq princinies are ppoduses foaus ﬁnde

i ' ' . onses, ..anpng ot her
Rl e e B R 8P 0 B 2
mpshampgereperi¢y comncena2d Theb¢ ampataisanust dactitasls fov pefmanent use

e e R
éhsmadal pyopeRRE. t 0 the inplant having to be renoved

and repl aced or additional therapeutic interventions
of an invasive or non-invasive nature being

irndi, cA ck ompatihility with th

kR S A el RTRE N o s s pusnty gped o
steatind, arthedssties) fbi @ rﬁ;ﬁl&,%cqﬁfent[ﬁé&ﬁ&@&isﬁd@in s ré¥arding
the one hand, the intima of the ‘vascular wall "has a

{RANRESIPHRAk sPartewlatydiring Permneridisaad s operdfex chemical

LB&6F bRYsical iritation, 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 IeSponses, exXcessive 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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with scarring and, on the other hand, both the direct
surface properties and the -2- pathologically changed
vascular wall in the area of the stent lead to
aggregation of thronbocytes at the vascul ar inplant
itself and on vascular walls which have changed in an
i nfl ammat ory manner. Both mechani sns provi de support
to a reciprocally influencgng inflammtion and

i nconpatibility process which leads in 20 5 - 30 % of
the patients provided with stents by intervention to a
renewed narrowi ng of the coronary artery requiring
treatnment. For this reasons, various approaches have

beitol6EER1Yi dhah S Pdsk@ar ¥4l if B gf&%ﬁ th stEHﬁeac’P{égigg{?eggtion of

of medical inplants in a suitable manner in or
i tHequabaswtes pithe (yapudardmplant isbelf and a5f vashelanwibls ivhich hased

adn b iR diLap rej,ection reactions. In
B oD RO B3 BB o bR g e
seeiparellpinfiuencihg $iftamiihatiér 4hd iGEdrhSdibelity process which leads in 20
p_og(w; e(;t::(?fl uor oet hy| ene and biol ogical materials such

55 h & innPyrenty rRrKied Fethy siente by infpruentinncioi ayenewdd mhrowing of
| the SRRy laerlcgaRIRA R4t Y Of the netal stent.

Apart from pol ymer [ayers, 1ayers based on carbon have
proved to be particularly advantageous. 20 From DE

477, for | ts with
R p s, BT HR SR s A D) BiGrneihe PR aroating he

v fabesi ITer RIRRe i I b il .
mat er iSaI'. U. S. lmal?gﬁtlﬁ%?g}g%%uigi%%}s{% rg?%éétsﬂ@l&ye%gé the

ipgswmnatibiite of reanatsrials usddeandds praventdifelre anbér cejedtivn
Bi&LLa has been applied by chem cal or physical
vapour phase deposition nethods (CVD or PVD). In U S
Pat ent 5,163,958, too, tubular 25 endoprostheses or

tq\g}; ' EE car bon-coated surface are descri bed

%Hi §§L Evg@%exaéﬁlﬂlﬁtm?%ﬁﬁfégfewqﬁlpg disesurfage of metal stents with
Q21U A€ Fb1 ' ' i coat i ngs
SEGRE oeRalIR6an  Rhe BESEIeTa Rafhlah b B ni0h dH¥owtn

daetorsyare descrbsrbwhishdeere®e¢ihobiotMBp atitiliiyt d fARS meed viehe'S
t he

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
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vapori sabl e carbon precursors which are then -3-
deposited on the inplant frequently at high
tenperatures, in sone cases under plasma conditions,
in an inert gas or high vacuum at nosphere. Apart from
the CVD nethods for depositing carbon, different
sputter processes 5 operat?ng in a high vacuum are
described in the prior art for the production of
pyrol ytic carbon layers with different structures;
conpare in this respect e.g. US. 6,355, 350. A

t hese processes of the prior art possess the joint

fdepdsitee oh hied iniglentdeREently &high terdflera@EROM SHREANRRier plasma
taKggaglace partly under extrene tenperature and/or

PR In an KigH; §2 @ﬁélgélrf’é%ymtﬁmﬁgpmpl ex process
controls. A further disadvantage of the processes of
the prior art is that, as a result of different

Akmrtrfmm d)qo@ﬂvfﬂ wmetheklf lfcmdepcmeﬁg ofirbony (ﬁffbfﬂnﬁsﬂmt@fq)waés'ées
s,are nmade the CDV | ayers a i ed

1

oanv B b ar T S fecribne bt e mEor ay db: the production of
ﬁ@édﬂ‘{orﬁﬁ%ﬁ\(ﬁ% @iffekdi® strphuARt c&ﬁ e Er?ﬁﬁg fe O[?)efc U.S.

vvhl ch d thi&

etachnent, cracks and a deter o I on
PAPRAE- qual ity occur having a negatlve effect on the
useful ness of the inplants. 20 Consequently, there is
a requirement for cost-effective processes sinple to

Uslethesd procesatd 610the FEbAt podsRsNBRIj 6/t fdRNE GRS thM cfe oﬁtlon of
carbon-based material which processes are capab

WpéP‘PFé’aEﬁsdelé%ﬁ%@qemaéhsmtiq@étr@mattmg@ramte and/or pressure
CBhARBR AR B} f; g IEBES [ @legs 25, (ML eover, there is a

requi rement °for ctlve y produ0|ble
bi oconpati bly coated ned|cal inplants with i nproved

p rties Cbnse ent | s a task of the present

X SBHer SRS Al e ropssstsoebihe arior M is Prioaa risol abfifferent
bh GEANBEhBLA e@ﬂa&w&somatm% sHIR QLR TR filan 5% £88e and
whi ch process -4- nmanages with using starting

rthe €PValayerstapphedioalcobiw ef Ebof ddhesian df thaeyep iofeqicnts

achieved on the implant as a result of which detachment, cracks and a deterioration

of the surface quality occur having a negative effect on the usefulness of the

implants.

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.

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
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variabl e in many ways and whi ch uses processing
conditions sinple to control.. It is a further task of
the present invention to provide inplantable nedica
devices 5 equi pped with carbon-containing coatings

whi ch devices exhibit an increased bioconpatibility.
It is a further task of the present invention to
provi de bi oconpati bly coat el ~nedi cal i mpl ants whose
coating allows the application of nedical active
principles onto or 10 into the surface of the

inplant. It is also a further task of the present

i nvention to provide coated nedical inplants which
ansagepaith@sil starides Mbichigls whidh ey @Rt-dediVe anl have properties
necessary, controlled nmanner applied o

PN AR Mgy ays and phisht yse e PEesEsineeaditins simpla de corteond.
of the inplant into the 15 human body. It is a

further task of the present invention to provide

ilts| affurthbd taskaof the prasentinvention tdepotide iblintable @addidd devices
capabl e of cantrolli.ng the.rel ease of active .

perqﬁ}Pé’F A GArRaR-GRtaingg caatingsv iRk devipeR axbibIt ansraarsty
toddngpatiBURPL i on, of the above-mentioned tasks

consists of a process and coated nedical inplants

obt ai nable therewth as defined in the independent

ins...Preferred enbodi nents of th rocess.according .

b R einRt B PERE oERER Gr Vs P Get e DaEaBPalitG coued Hidical
| ifplinitd Whodeasalifg GG hBapFERR : e Brinci

Wthin the fr ame_%vor k of tRgﬁprig)g?g?n?%%éﬁ%t?}gﬁntmﬁ%somo of
deierthe swifaretod dhe implanin- cont ai ni ng | ayers can be

produced on inpl antabl e nmedi cal devices of widely
differing types in a sinple and reproduci bl e manner by
dostalsega fultthetitk 6L£thepirésent inyedtior ©336viatsdtad hkdiWal fnflants

5105 o R o L b
%ppﬁé&ﬁhirﬁﬁ@&lbgfcﬂﬂf SffedtiveisBh @R cks afier inEé}ﬁ?é ng{aeg{en%@mt into the

carbon-contai ning 1ayer(s) are subsequent

wiunangsdyy e

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.

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.

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

pyrolysed in an essentially oxygen-free atmosphere at high temperatures. Preferably,
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principles, mcroorganisnms or living cells. Also, it

is possible, as an alternative or additionally, to
coat at least partially with biodegradabl e and/ or

resor babl e polymers or non-bi odegradabl e and/ or
resorbabl e polynmers. 5 Accordingly, the process
according to the invention for the production of

bi oconpati bl e coati ngs on ihpl antabl e nedi cal devices
conprises the following steps: a) at |east partia
coating of the nedical device with a polyner film by
means 10 of a suitable coating and/or application
process; b) heating of the polyner filmin an
dhenssphieg earhbi-chntiamins keei(s)adré yutse@2ntly ddaded i gedttive
temperatucres in .the region of 200C to 2500C, for the
;S’Pg‘g{?if‘tsr GO EaMERs 86 ﬁY’@SﬁF%{?-rﬁlﬁg 1§ 1 papsiblg, asia alsmatizg or
daditioBallyl 5o W A r&ﬁﬂp@ﬁﬂ@%‘t@t’){&d@ addbfe Mcﬁ%%& rbable polymers
i nvention, carbonising of pyrolysis is un erstood Fo

198 ann-bindegradeblaland/oeresatbableqmiypoest i on or coki ng of
carbon- containing starting conpounds which, as a

rul e, consist of oligo or polymer materials based on
yadoatiaglh,ans pieshaccblin Ol tRE iR BAMAN0P &ld BB dudtRAVE

ehi nd carbon- containing |layers as a function of the

&F@%ﬁlhkﬁéoaﬁ*&gsmmﬂd@ medicebdeyicss cempaigesibe doitbwing

stype of polymer materials used, which |ayers can

be adj usted accurately regarding their structure
Wi t hi r2) atleast aagial odatmpwif tiomedicsl deivalwittos geFyattr film by means
crystalline ., graphite-type structures and regarding
their pdf 6§P’tt%:’l%\ﬁ%lat§‘@raﬁ1§&é applifstipn PECSESSThe process

accor gy j kan nl :

oat ] m e o pOVADL ERE 1 88 pRaREE oHRlh B ¥lent By ree rom
nost genraygdn mspeptrataessia theraggesf00POro 2H@0°C,

t . Of - tainj ti .
TR Pl ot £ 5B PR Ay ek e PR OATSofade | 1

the followng regarding inplants as a substrate :
co_ns_ecluent Iy applg@wi t hout exception also to other
SYBbinythe fameyprkoplibe PprsenidBwentiongearbauing@Spyrolysis is

understood to mean the partial thermal decomposition or coking of carbon-
containing starting compounds which, as a rule, consist of oli go or polymer materials
based on hydrocarbons which, following carbonisation, leave behind carbon-
containing layers as a function of the temperature and pressure conditions selected
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
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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By nmeans of the process according to the invention,

bi oconpati bl e, carbon- containing coatings can be
applied onto inplantable nedical devices. 5 The terns
"inpl ant abl e, nedi cal device" and "inplant” will be

used synonynously in the follow ng and conpri se

nmedi cal or therapeutic inplants such as e.g. vascul ar
endopr ost heses, i ntral uni naf-endoprost heses, stents,
coronary stents, peripheral stents, surgical and/or
ort hopaedi c i nplants for tenporary purposes such as
surgical 10 screws, plates, pins and other fixing
facilities, permanent surgical or orthopaedic

i npl ants such as bone prosifrsgsT9r arthropl asties,
e.g. artificial hip joints or knee joints, joint
cavity inserts, screws, plates, pins, inplantable
' L X% i ds. dy replacenents

23 OPRA the bty P 1o YBE LRERGn, BROY oAl GEGH.
aoniafriicg edatinige aat by appiessl, oneaingl atalple esded devioessi ngs,
el ectrodes, subcutaneously and/or 15 intranmuscul arly
insertible inplants, active principle depots and

ergehi o - The. 4. -
e e nind TP w8} u by R6ymousty
ph desefotlowafg ardecqmmpssemiedical ontheapenty implasts Stictods e.g. vascular
| most any desired, preferably essentially 20 )
RoBEpaftiee R el P REp e Dot G cocunely siGRcperivberal
nebdn, isrpfcal ARDLMBItEdhakdBliRPlaatsHOL telfRASy p%ﬁid’é’@é §ikh'al surgical
this respect are_ anorphous and/or (partiallly)
cﬁCSF:?‘tSaP]IaFfﬁepléﬁﬁ%ﬁEhef swg|feqibtiesa ppomaneat swgighl orpothopaedic

: ' Sit arbon materials, . 25
Riphat 512 A0 BohE proE AR bERRRTE T 1 Qo oot or knee

goinis; fintscavit iserts et aws, gRses, BinklTrp&itdt1€ 8#BSpacdicl f:689 aids,
carb'dF?&lifon nitride; nmetal carbides, netal o
oieriabra! Dot igplacrimeRts s well s e icialeaRs and pRss, therspfartificial

%ﬁ%ﬁ@eg%ﬁrdiﬁ@g%ggﬁ%ﬁﬁm&%fn ?,.S‘eléc%%dg?tsﬁ#c:sutaénﬁgﬁslg and/or

oxycar boni tride e tramsition neéta

tintramusenjarlyi insotiblerimpleats) active prirgipde depats andRidtBthips and such
tg%taluhl chrom um nol ybdenum tungsten, nmanganese,

é thenium iron, cobalt, nickel; netals and netal

alloys, in particular the noble netals -7-

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 oxycar'bides, 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
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gold, silver, ruthenium rhodium palladium osm um
iridium platinum netals and netal alloys of
titanium zircon, hafnium vanadi um niobium
tantalum chrom um nol ybdenum tungsten, nanganese,
rhenium iron, cobalt, nickel, copper; steel, in
particul ar stainless steel, shape nenory alloys such
as nitinol, nickel-titaniunm/alloys, 5 glass, stone,
glass fibres, mnerals, natural or synthetic bone
subst ance bone, imtates based on alkaline earth
nmet al carbonates such as cal ci um carbonate, magnesi um
carbonate, strontium carbonate and any desired
cgpiidbisiiair, artBertfim| o daRo\atladient, bSAREn, TRERR, gla‘f’inuﬂ'? nidtals and
addiLi n, terials can al so be coated which are first
JORG ?l?oé( g Ofﬁfaéu"c%e?ll’fcoﬁi hpdmiury, yppadivrdsriobinm, tatddomi shrogium,
GRENbE . | | s.respect are npulded :
R R g e b S 6 <P B e ers st i
regrteqularstaimpsscitsel ashbpy mematy aldoysisubh &6 tinGIOhREILtihh i alloys,
3%§sq&gveried bogether with the latter into coated o

S50t R Gmsiasn firesmgmerpls, matysal pr syathglic bengi selstercet ieme, imitates
ibayenén ARalitd EriiBAsth PG R R sulP @a?cihma%ﬁlﬁte' FhaBhSRum
possi ble starting out in principle fromceramt¢ =
FiREongensirantisumepsbomnste ardeanynjesaed cambinati@s of g atl@reen

' ies which, after coating with the pol yner

?ﬁ%ﬁ#h%%ﬁgggm%bred or sintered into their fina
application formin conbinati on with carboni sing of

the polymer film In this way, it is possible to use
dngddifignepierials camalse be conrtod mibidnarg firstenaverts ifoahein final

Yotk b [ L1 car b et or nanocrystalline ,

green %géﬁééhg&ﬂmggfg%ﬁﬁﬂ 'E%%H@hﬁﬁﬂﬂgf ReCAFEEgRORded bodies

gdiprperAfiB@3naterials anp pely iR c [AERNO WS chN MR To S BhPhL

aer o e%.leadin to(ﬂano orous car bon-coated noul ded

FSGRE . apesapxpded together with theokatterdntsl spatdparbopdoplants,

preferably, however approximtely 800C, coatings wth

porosities of approximately 10 - 100 rim being

dB the prapess acogdmgds dreripventtion] the mdnugplre ofitomed iniplkfiisSs also
reconstruction

: . L. full ioopl f h
R 005 o b PP vy i s

lag@ch. gfeed ceh@HTD BEMEOWhidhay®dr c%gm?é)@;l]th?he %{} e% gﬁ&scsan be cured

according to the invention solves the pr
PEPERTAGINte Hcdt fingd applitaticn farer mndombiingtioantith wdibedising of the

%%é%ﬁﬁf“% & &/gy,q{ g%gsqglgitg %lse E.E.r gcjrgxgérc}a? ggclllgrn cc?nrl/%ntion
ceramics (boron nitride, silicon carbide etc.) or nanocrystalline green bodies of
zirconium oxide and alpha' ALOsor ga.mmé. 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.
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

ceramic implants which, when subjected to biomechanical torsion, tension and
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8- elongation strains, usually have a tendency towards
the abrasion of coatings applied secondarily. The
coat abl e, inplantable nedical devices according to the
i nvention can have 5 alnpbst any desired externa
shape; the process according to the invention is not
restricted to certain strug%ures According to the
process of the invention, t i mpl ants can be coat ed
entirely or partially with a polynmer filmwhich is
subsequent |y carboni sed to form a carbon-contai ni ng
| ayer. 10 In preferred enbodi nents of the present
i nvention, the nmedical inplants to be coated conprise
slosgation ﬁtﬁilfﬁa\dﬁqalﬂlﬂ lhave artapdendy towandsshe Wshasign bAeoatings applied
Q&gﬁgé%_accordrng to the invention, it is possible to
apply h just as sinple and advantageous a manner,
surface coatings based on carbon and/or contai ning
Srbon onto stents of stainless stee
% s CPHaNecamlantahle gedical dpaepscaceerdug tatheipyentidnecan have

dj
g?%ﬁ:a{ésgesgt eg?t frrf%rlll Qituig%ume(]jrﬁ 'Teétgg] g{ﬁ%gcggé ?o[ fhggrhav ﬁﬁ]on is not
adstrosted tohJegiam strek tuiresg Aabd)ndyrg ®.the pﬂb@&ﬁfbf@lﬁb mivﬁlhldmnlhe
tan ungst en. and no en noble _neta
f %9& 'lh b ﬂ%fg’ﬁ Sli‘ter{}' epé’n&é& W‘g 2 pALREifi ﬁ%‘&hﬂp]@)}% and
thgehfﬁ&ﬁl Qfarﬂoaee@b@ro%m J@ﬁ%b&@&ﬂaﬁri&%ﬁi&ces

Preferred implants within the frane of the present
i nvention are stents of stainless steel, |n

Ex?fnteﬁ%da ﬁnm%léggﬁ/ﬁgéle%se(lg%f ' 316 VMI cal 1mp}3?s) to be coated
Eempase stddhiin pMichASTMdcal Stk UElﬁg t}?e%\fﬁc%k EodrMaz %ﬁlthe

(ni ckel - free stainl ess steel); of cobalt alloys stc
iryveatign, iGs posie ta sRplY.ORijust2s GEyle A@Tm\ﬁ@@)geous a manner,

%T%%goa%'ba%% %a\ggrf moﬁ%wl %]a.%% d’%‘é‘j sterét§ gﬁﬁtia]égess

eifee}p pba‘tmumerrbntatmmg madiopzajuk @;&1 ali®ysCRe sbicaed PER 8S [plafinum

Sitauied Sigranug yaRlse Ste el powtls allops, tiswgin Hlays, high
(ﬁ{eﬁ@l@g ARk o 52REBN nioBihEN it n&ﬁ’i &eﬂ?ﬁ@ﬁoﬁ&d@%@r hdble

particular iridiumcontalning a
mqtfrtlraélloyalnlltgy% agwmsaselhmmegmsturm allosyspmd etiagiréscofahe above-

?@Jngioyl\@c[ taggers?f erably 40 %

Preferred irhplants 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-1IN (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
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 %)

nitinols and magnesium alloys such as Mg-3A1-1Z.
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-9- POLYMER FI LM According to the process of -the

invention, the inplants are coated with one or severa

5 layers of polynmer filmat |east partially on one of

their external surfaces, in preferred applications on
their entire external surfggce. I n one enbodi nent of

the invention, the polynmer Tilmcan be present in the
formof a polyner sheeting which can be applied

and/ or bonded onto the inplant by suitable 10

processes, e.g. by sheet shrinking nethods.

Ther nopl astic pol ynmer sheeting can be applied to
essentially adhere firmy on nost substrates, in
particular also in the . Moreover, the

pol ymer film may al so cBE@Sﬁ@gthgggting of the

i mplant with 15 varni shes, polyneric or partially

pol ymeri c coatings, inmersion coatings, spray :
deabidmgstodhe proaessgshomvprtiomére iyllats eresoatedprithyoreror several

ensi I s. polymer |ayers lied. by .
%gﬁgﬂgﬁkgﬁﬁm.remg?%%%pc6ﬁb¥ﬂﬁ§n%8ﬁﬁﬁgfgggﬁgﬁﬁghﬂ%’FHEC&HEd
applicadenpar tHereatiteoektérnal uefagelbst rates. In 20 this
case, the substrates are treated with paracycl ophane
initially at an elevated tenperature, usually

' . C filmof. pol
PRORCERRlct e vl 1P RN oP Bk Tt pf et m2 Horm o
pohstar ahesing Whish €ard be apphicd and/onveandedbnitaite inp@nd 81 sirifable

BERERREE By BB R bSl P AR Sebie s
psliet 8RSseAlialPR I SO Atrh B orARdst s‘a%frag%ed I?ﬂ ng&igﬁg# es 7l &d

several tines.” Further preferred e nt
pottpdrstatef i | ms consi st of pol yner foam systems e.g.
phenol i ¢ foanms, polyolefin foanms, polystyrene foans,
pol yur et hane foans, -10- fluoropolynmer foans which can

beoreovetetht @d1yntErdilROmeY 8156 36RBHsd A¥Edtthgl oF tRe implant with
subsequent carboni sing and/ or pyrolysis step.
varnishes, polymeric or partially polymeric coatings, immersion coatings, spray

coatings or coatings of polymer solutions or polymer suspensions as well as polymer

layers applied by lamination.

‘Preferred coatings can be obtained by the surface parylenation of the substrates. In
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 pf the substrates. This film can be converted into

carbon in a subsequent carbonising and/or pyrolysis step.

In particularly 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,
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For the polymer films in the formof sheeting,
var ni shes, polyneric coatings, 5 imersion coatings,
spray coatings or coverings as well as polyner |ayers
applied by lamnation, it is possible to use e.g.
honopol ynmers or copol ynmers of aliphatic or aromatic
pol yol efi ns such as pol yet hyl ene, pol ypropyl ene,

pol ybut ene, ponisobutenéﬂ-'blypentene;

pol ybut adi ene; pol yvinyls such as polyvinyl chloride
or polyvinyl alcohol, poly(meth) acrylic acid,

pol yacryl ocyano acryl ate; polyacrylonitril, 10

pol yam de, pol yester, polyurethane, polystyrene,

plobsppelyned foamoehivh can®e cpavertearitto porels Asb@ah@g8Na
' | ati ne, hyal uronic acid, starch, cellul oses

al.bum n

Stpshdugat C%EPW}“@MWW lysiy&eRxypr opyl cel | ul ose,

hydr oxypropyl nethylcellul ose, carboxynethylcellul ose
ht hal at e; waxes, paraffin waxes, Fischer-Tropsch
Kihe polmeﬁlms inldhet foamof slpﬂﬂtlylg,a\mrimhd:s,‘i pslym‘enb coMapeN,

tid | I tid cal i des
R mdRrteeRd S5 o RO S st e e el s ok Tayers icaby

Caiibaxiat, @Sis pofkbly @ & dgth%fn% poRRhHESF 65 1 rs of li hatlc or
polyhydro(%valerlc aci di'oxanone ﬁy?

¢fens sugh Pynplwethylénamocmfprpmlymamobxbntene,ac| d

g91}§sgtgﬁt>éﬂél % ent Ja%cg{}bqﬁgcﬁgée?nle %glr%gggr%m chlonde or
ppbvheh e@holppcbly(methprcr}urcabmpeB/)acryMyuﬁ@ﬁ&r?ratéJ b8Badrylonitril,

ers, such a yet hyl ene 20 oxi d
ROV SRIdio P Rt P BaTeAer BRIVSens R ristTaAvarpbibylsng polymers
gﬁdh%lcolla%)éﬂl )ﬂb‘uﬁ%ql F%ﬁzftﬂﬁ I}%ﬂﬁ'bnl%%c}#é¥{sap<%ll ﬁ?alﬁﬁ%s?etégucélna&

pht hal ate) as we t hei’r copol
mmlmiccsnshw{roxypewl Iaelmmsﬂ yy&myﬂrop?m@dhymenﬁlose,

bR Sy BB SRR e oo eral o e Pisahescipachpaes;
Caddir; deRess) nﬁolyﬁceha&mewb@ﬁog@ﬂ oy (D, ﬂtﬁf&ldgssso@{r) L-lactide

al kyd resin chl orinated rubber, epoxy resin
reslienlideny gelygbsphdes h@lﬂhyfhexybwletes,qmlmk]drw'hdnates

5550l pRASRSL o B O B ST iy LGB sty

MyepHtid e, pebansledte atid, pdPlavesiieheid PdlysHSlRage, tar,
materials, tar pitch, bitunen, Starc

BE{YPB‘PS(P éze“§hélollbé?énln9\la9<lé§ poéyeglasﬂcm,e vinykacetats sidicones; poly(ester
par b c%?l’ e g%ré‘&i&‘?% %l £95rterclﬁgps') npaotlye s 1:51|11 %ra%opfol)?ertﬁylene

erre
oxide, polypropylene oxide, pluronics, polytetramethylene glycol;

polyvinylpyrrolidone, poiy(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
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, brganic materials of renewable raw

materials or combinations thereof are particularly preferred.
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Var ni shes based on phenol resins and/or nelam ne
resins which optionally nay be epoxidised conpletely
or partially, e.g. comrercial packagi ng varnish as
wel | as one-conponent or two-conponent varni shes
optionally based on epoxidised 5 aronmatic hydrocar bon
resins are particularly preferred. In the process
according to the invention-ldeveral |ayers of the
above-nentioned polymer filnms can be applied onto the
i mpl ant whi ch are then carboni sed together. By using
different polyner filmmterials, possibly additives

i n individual polyner 10 films, or filns of different
thickness, it is possible to apply in this way
gradient coatings in a controlled manner onto the

| Mpinashes basgd opiphienelaesing hrel/ pomelsintiye wesins aliselr @itionally may be

b SR SotAP) BeBRR. 87 cortBatorl Goa et a1 Hgll oo
Carfe-QnpERRAS O PR Ep Rt ARhisRAR onallP Based B4 l%?lé{d]dised

times in order to obtain carbon-containing nu ayer
cHamaHg ydiocanhen 1&5insase apticukyy nreflesregur pose, t he

pol ymer filnms or substrates can be pre-structured or
nodi fied by neans of additives. It is also possible to

ubethe pidcatd &cafdisg totthe atveRMion, sst@RSladéErs §merabbednichtioned
the fol Lowing after. each or after jndividual ones of
RGeSk APPiRE oS OdBS TBP BV pBrarY PR ebaRBRlogether
apdl usRk R ehishfhed 1 RaREESS o?sﬁ:ﬁg ra?&iﬂg {8 i{ﬁ&i%'dual polymer
inventron, such as e.g. an oxrdativ reat ment ot

i Aldnsy ot Gikths phgidfesant tiickiiBbe itlis osdiblp 0 yipdy irf thliwa g gaidasht
m@t? t he above-ngntioned var ni shes or qoating )
sSPEORS fGProllsd manger ko f 1 e gt ariaBlei nesesitypr

t SBbAtRHFoSIE Kithtn hBRLARgs. MITERRH the BgBSRI W (L teps of
wet -i n-wet techni ques cang%e appl i ed ad&%ntageousfy
aRlymer il ceyingnand;oathomisingcartss tepeated orerand wiptidnatknalso

of.. : Lpvantion, the polyner .fil mcan. be _
P aBleE R Bdek R Qroph PR Bt o e Gomines on the
canpiamt Bornhishabposepthe pofynidiefilislonsatkirats chilBe pre-structured or
nmact, %qpic properties of the substrate |ayer based on
c%’PBftf? PYFHFAIS IR 244i5Nes: s alse noswble texampiiiablegifter-treatment

f}g%%ﬁ%‘ &ﬁ%dtih\{ﬁéfo%@vi{é At "eSeh BPLfFer i Ml SUETF fie
sequenc,es of the steps of polymer film coating and carbonising of the process

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

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.

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 propetties of the substrate layer based on carbon resulting from the
process. Examples of suitable additives are fillers, pore forming agents, metals, metal

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

| ubricants, slip additives etc. -12- Exanples of

i norgani c additives or fillers are silicon oxides or
al um ni um oxi des, alum nosilicates, zeolites,

zi rconi um oxi des, titani um oxides, talcum graphite,
carbon black, fullerines, clay nmaterials,

phyll osilicates, silicides;lAitrides, netal powders,
in particular of catalytically active transition
nmetal s such as copper, gold 5 and silver, titanium

zi rconium hafnium vanadi um niobium tantal um
chromium nol ybdenum tungsten, manganese, rhenium

| Eﬂﬁnpl@@@ﬁhbrgaﬂic%hﬁltweg B HRak 5111&9103{1&'49 %?.lrm%gun!i' n](ldes
osm um iridiumor platinum Jairt TVes A
tﬁgmpmsglmtes,fzeb}ﬁes; mrcloalupomldlﬂ atatnmn‘mdidfe;/, talomagdiapBite,

i cal , mechan properties
crtoretet SUPiGE stol el R RS R earn Gt B, may!
| pevedepg iRbariguler 6f caltﬁy@éall@'za'ch@@&ﬁ%nﬂd?ﬁﬁ@lﬁ?s@kﬁ L §opper gold
| nor gani c. nanoconposites, netals, metal oxides
g‘ﬁé& §itamnen, Breguius thafriems vanadmim, neohomnstaotalum chromlurn

t h er to th t.,of .a supstrate
SHSLAIET s GRS 0 P oA
cibatiung pahmimadoammnﬁsdlﬁmrdﬂmatﬁiﬁﬁﬂ in the case of
strong 15 differences in tenperature. On the basis of
sinpl e routine experinents, the person skilled in the
Ui SO oSN SRLUS Che ) iR Sobal

amqloglqah msdcbanipalapé thereml ﬁrfopélhlﬁs 6Athe G1ims @A bAHY re&hlting carbon
| ant mater.ial. Thus,  the use of

h
oS B BaEEorofle Py Leuaiveirs nenopaitisies, orEmee | n

tRBESRH HoMes, SHAAB SR 6A8ES it & tﬁ{ié Mfhid Qead?vﬂ‘é id tﬂ;}n&’aﬁ

fillers 20 based on gl ass, graph iYe or quart
| eRansion eosfhiciantdfdhe ¢arbeminyehierthatlof (a)spbstsate:mf ceramic in such a

at ..t he the Si
OB H et B DSl B BRI O e cas o song
i dlfﬁekdndeﬂ;ah ltsmpatatiiie iOIOtht Besis BBRPE HoRtihE eiﬂb%n?éﬂté’ % person
system A further possible adjustment of

injthearg wiill selrat afuitelele cambanatien aﬁmlmn ﬁlmand additive in

f fib
AL e el S S S SR

f¢dm.taésing layet Frareath tmsiant rﬂatteﬁel TR fheQlfse RO AMMEIYR I HasdA fillers

l e toa substantial increase in the elasticity

oF @ O Infgase m the thermal expansion coefficient and the addition of fillers
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

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.
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The bi oconpatibility of the |ayers obtained can al so
be nodified and additionally increased by a suitable
sel ection of additives in the polyner film 30 -13- In
a preferred enbodi nent of the invention, it is
possi bl e by further coating of the polynmer filmwth
epoxy resin, phenol resins,_ftar, tar pitch, bitunen,
rubber, pol ychl oroprene or %bly(styrene cobut adi ene)

| atex materials, waxes, siloxanes, silicates, netal
salts and/or netal salt solutions, e.g. transition
nmetal salts, carbon 5 black, fullerines, activated

car bon powder, carbon nol ecul ar sieve, perovskite,
a{hutmrﬂﬁeuml emabdéimesit bf thennwxitide, it & gossible afubtheecoating 6fthe

oy e Timpyich BOg(veiig. BiipolssraE ORIy BGBP, SHOSg,
tﬂ'&ﬂ‘ychlcﬁff)&%h@gr fgél?@sfﬁ@ﬁ@édbﬁ&d‘fgneﬂé?& FBteRbIs ﬁxés %ﬁ)xtane%

ructure, to Influence of Té
pﬁlﬂéﬂ?éqst Jinetsll eﬁfltStahé/ oporetal sale acplbonnsb asge tragton n@tad) bilai ceebon

e 10 and/ r onl on.in a
A etk aBY e BB R ﬂcalﬁéﬁlevwgfqva’@%e
| dhurpBiiirh oblde| siltbdd bx1H@¥sﬂ[coﬁQﬁﬂild&Q %oi’&nt R RY SiliSoPhitride, noble
different porosity. During the production of coated’

Jugiak poyrdsss s @8 qign Gt (Pl AROTIAR At ¢asmbinathensdhéreofi dréby the

[ h
Rl TP e e IS0 Bl Ao e
alyoviEnatba prametmbsaﬂ diet poress ¢arrbm-bksed RohymEesbthinkdafier the

BigEREs Sl pbplEaindh s cbaroli] meRtonge enBrocusRmL ayer
oRBAS! BNp LA SLRNayef cotat]I Ro SN ﬁ;ﬂ%lf @%%re&?gér%ﬁ‘y of

the substrate such that ede coate stra
become nmore resistant to fractures within and to

SIAPHIE Blocu®igh e Bents” Ropaas i ibyAaRongher futhe

dptfsl;lbgltjb bﬁﬁﬁpr@ﬁingdﬁ@adlﬁ&ﬁn Q)@ﬂ'\/eelﬁi'ér%ﬁhecp B%L{H@, Sutifrate by
this type. The application or i ncorgorau on of netals

alﬁaorﬁ@ta g &l atb§Ve1I¢PnE}8ﬁ¥q ddiayesantodhe polyotsr dilmpepdiysapplying

ctints, BPISALAED o BRLS iRUAE Bybls 0T S-S, PEA Ging e
rtésmnhzﬂ Iemmnsmnhmeffhaaaﬁ of deaktdrgs lhyertd ehatlostHe@dbdfute such that

that the resulting coating can be
tggq%k%gggg{lé%rsa\%st C?I%F éq,q;g ﬁés(gqjg to frg.ctures w1th%n and to detachment

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

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
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.
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catalytic properties, for exanple, for special
applications. In this way, it is possible by
incorporating silicon salts, titaniumsalts, zirconium
salts or tantalumsalts during carbonisation to form
t he correspondi ng netal carbi de phases which increase
the resistance of the |ayer, to oxidisation, anong
other things. 30 -14- The polynmer filnms used in the
process according to the invention have the advant age
that they can be produced or are comercially
available in a sinple manner in al nost any desired

di mensi on. Pol ymer sheeting and varni shes are easily
Ahapdlabiee films ustd isftheptocess aacstditgrto ke MPphticthdve e advantage

QFBJG mapner 1o &n?lants of djfferent types 5 and

P e +HE R Biiod F1 mhsomavaeial availshl 10 whle manner in

Imesnanyodestrad diferidi! ObHARY shéetRe o5 'v*aghéﬂ%s 'JPeﬂggaﬁﬁ available
§y ol di e os§|ng, ’

before pyrolysis or carbonising ng,

89shrHEetYy e angdcanbe applieskinrasiinpty, mairer baimplagte of didferent types
in li ke before or after they have been.

P 98 PO T B e Pl fouBdy entieh Vo Vi iractured i o

sutitabiet e defode pRAGUsa or%:ﬂdiﬁs@l%‘!)?foldﬁ%}’@rnﬁ@é@'r{%,est ping,
incorporated into the carbon coating produced b tﬁg
Py &x £.diilpe, migetion mawldinganet such lika bRl ©ATARRN tFy have

B Btiad bR Tt RPIIWEy (b MRl G Gy Sriarogular

according to nvention arid consi

hyipe chie bé DrcorBirated intb sheesrioon eoavap ipheiicé@by Be: RBRdsk @6cording

gﬂ%o.thefinplant from the liquid, pulpy or paste-type
FEVeBUN hy brush coating, spreading, varnishing,

doctor bl ade application, spin coating, dispersion or

melt coating, extruding, casting, inmmersing,

sprayi ng, pri nAPRBIGATEIN @ BRTHEROREMER HILPM t he

solid state by powder coating, spraying of sprayable

particles, flanme spray processes, sintering or such

Th&pol¥thenfins dihith d=8 bERSEPESOkAIARL B2 iSWGHBon lhhd consist of
nec.essiailj‘lre%‘23 the polyneric material can be dissol ve<]:1 or

SApdigen e ifpms of yabishesel opeatingstasn behippliplioptosies infplent from
hamiaat b9 8g§ i f substr.at es mh%h pol r

Bt e ?{éPsIb r T eett%ﬁegé%t& ?gbq 3ebx?18 C?aﬁ’_rr@’ SHE NS a}—%éﬁng,
Q¢CSQI tHadedpphidatidig spinanatieg, dipersditor @R Godtihgl Beruding, casting,
invention for coating the

Immersing, sprayimng, 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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inmplant wwth a polymer film 25 Wen coating stents
with polyner filnms, the application of the polyner
and/or a solution thereof by pressure processes as
descri bed in DE 10351150 whose disclosure is included
herein in full, is particularly preferred. This
process permts, in particular, a precise and

repr oduci bl e adj ust ment of" ke | ayer thickness of the
30 polymer material applied. -15- In preferred _
enbodi nents, the polymer filmis applied as a liquid
pol ymer or polyner solution in a suitable solvent or
solvent m xture, if necessary with subsequent drying.
Suitable sol vents conprise for exanple, nethano

| |
S AR g sl
Eal?aiﬁe)‘ kortis® '{}P& su ‘Lenﬂ)f: t ngg{u% § cg%]s\ééf) with

oct anol |ethy ene g I et
dithsequent deting rSultdblp solyghts menqplny@,tfbr exaﬁt;ﬂl@ mydh@{o)l Ccﬂhanol N-

th th I e di ol ol hexane dj ol ,
B R Ranqlr bl figon av@esmp%mq@mm@pme,
baRYH0 MndUIQB@@‘P lal’cohcﬁopﬁlﬂ?/l/!ilcgh&l butﬁl %1tycol b].ltyl octanol,
nmet hoxybut anol , net hox

ﬁﬁmém @mlocbaw&loxydméxchb @mﬁlhyetbm dmn@pylmt giwa

&Sy di Ry SR KO Pty i eaRite wBhElcopesane el g6 hexene
EESBBexyPE&)ﬁol nat fetl zgr% lsotheathre ﬁlogll?!cﬁf&htyl BF& e

PPG 2- but et h- ut yI et her, but’yl ether,
prthoxyhu@pgl H@ﬂh)é(b'dlghmel @@fb@*ﬁjﬂhaeph methd?l?GOErqwnplyl

S Bl B A Y P
peipaad gl ,afeapanyl glyd:dTBIPmm m@ca? OH:EGIWP eﬁgjci Sﬂ;;s;araiﬁ PEG-6-
] Pl e St 7 G S BP kBt TG vy ether, PPG-3
Bb@ry 8theA Ppd;- ZWIQG%SPP@@ rﬁétﬁg'ﬁét &dppel %’ ﬁ&h?f | ether, propane

corrprl se one or several or gani c so vents
by Owlenfegltyawopr;owbop ghpahbityl ether ppaytehe glycol propyl ether,

getxpaiq g%lﬁ?rr&rel t%n}é%lyl hggnh phengle{)enzene toluene, xylene; as well as

water, if necessary in 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 1sopropanol 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



but oxyi sopropanol (1, 2-propyl ene glycol -n-butyl

et her), tetrahydrofuran, phenol, benzene, tol uene,

xyl ene, preferably ethanol, isopropanol, n-propano
and/or dipropyl ene glycol nethyl ether, in particular
i sopropanol and/or n-propanol. 25 In preferred

enbodi nents of the present invention, the inplantable
medi cal devices can al so b&6coated repeatedly with
several polynmer filnms of the sane polyner in the sane
or different filmthickness or different polynmers in
the same or different film thickness. In this way, it
is possible to conbine, for exanple, lower lying, nore
3Qitpigly deByingthe felvdst bf BAHVMMRAIS dFYSiES iR

them \%\Ilhl chﬁn%re capabl e of equ% qjslw te?gl y dlgltgflfag?q f!(?rous
rlaY&ase of active principles deposited in the strongly
porous layer.. As an alternative to coating of the

i mplant with a pol ymer film and a subsequent 5

oA folieshatiyeso e@atirighofithe &hﬁl@nmﬁﬁ a BbBmaG (HHAG duBsddient
invention to.directly spray a %ner fil mproduci ng

é’&ﬁﬂ“l‘?@n%i}gﬂ diks & Og}’osﬁb ﬁ‘i’@l‘f’ﬂotﬁé %jlf’dﬁn%\QIbW&ilre@tly spray a
RS fildh-pRAktiN g BhGhAs fe‘?rbeeaéd%%ahﬂgi 4L %nqelrorg% ¢ resins
means of eXcess pressur Sradr Fo BRrh SRrLEted
fdiresily aytera pypheayestiingyanti e @ byl meams of becehopressypt dmnbrder to

ST a0 A e Prret et Dl Be e inplapiurioce.

subsequently 5 subjected to a pyrolytic deconposition
under carbonisation conditions. In this case, the
polymer filn(s) coated onto the inplant is heated,

i.e. carbonised at elevated tenperature in an

at nosphere essentially free of oxygen. The tenperature
of the carbonising step is preferably in the region
of 200C to 2500C and is chosen by the 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

t he process
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according to the invention are in the region of 200C

-to approxi mately 1200C. In the case of sone

enbodi ments, tenperatures in the region of 250C to
700C are 15 preferred. In general, the tenperature is
chosen dependi ng on the properties of the materials
used in such a way that the polynmer filmis
transforned essentially conpletely into
carbon-containing solids with as | ow a tenperature
application as possible. By suitably selecting and/or
controlling the pyrolysis tenperature, the porosity,
the strength and rigidity of the material as well as
further properties can be 20 adjusted in a controlled
manner. Depending on t e_of mer filmused and
t he carboni sation cond#ﬁﬂ@%ébn§éiﬁgyg in particular
t he conposition of the atnosphere, the’ t enperatures or
the tenperature programmes and the pressure

(Iéiﬁ @ptmé’llmeﬂpebt:cé dntoithe msplpmiss dhbad if necasjang tan@ Subsequently

c% if)érl Rﬁﬁ&&?ﬁgﬁ?&%@% t a %pﬁlfsgttlorb%@}t&npelé thlS case,
Iﬂfwmymbb’ﬁﬂi\ﬁl(\hﬁ&)a@éd &6 tHRYiRfpeaS 1@‘Péé€l=fddi E‘%aﬁ%rﬁé&@ at elevated

i nvention en using pure carbon-based polyne
fempRzatureon agagmpsriierd esseriaby yperof bmgerafrhgsmmraum of the

SR Sl ARG 0308 o oy

pemoe skitied aatheaikt dseitmﬁét&inttffﬁﬁe shRUR: 12RPefaturBiddpéndent
ordereddgo crystall|ne graphite structures are

BIPeTifs T thepelwaer Bpomddae ierlantspsed two - 18-

tenperatures, partially crystalline carbon-containing
| ayers of different densities and porosities can be
S faired (gen¢kal‘1]a apﬂsi'e:rabkmampéremr& foh matsebdmﬁsnﬁg) etep df the process

APk RE 4t e riol ave BEE SOt SRR wpbioxpatiebadopic. n
ithe da3€ of QMRS eribbditi¥Rts! émp%ﬁiﬂ&%s 1PthB e QB4 @f @Wdﬂﬂdfj@@@c are

car boni sati on. Through the thickness of the polynmer
prefeared dp iseratala the tcmeena@mmmpanned@nnmpg esshe properties of the

.se| cted ossible.to . var
SRS PR3 5GP SRy g Bisstoned erightiall
denpkitd]@thtc 261H0R-0aMidEh S bcﬂms vhﬂi’ £ 10W 4 Ridpeydraie abbﬁ&z&%n as
rangllP gaf rom car bon nono-| ayers via alnost invisib

DstitrbihEeleramg e dioaconirpiling thewarelysih taxmeeature the
&)lafd'ékw,etﬁc? @ﬁ‘er%tdl m@ng{dyty o?%%rmgtfenéloast&elf"gs further properties can be

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
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

crystalline graphite structures are obtained. In the region between these two
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mcronmetres to thicker depot |ayer thickness in the
mllimetre range to the centinetre range. The latter

is preferred particularly in the case of inplants of

full carbon materials, in particular bone inplants.

15 By suitably selecting the polymer filmmaterial and

t he carboni sing conditions, depot |ayers resenbling

mol ecul ar. sieve with specifi&ally controllable pore

sizes and sieve properties can thus be obtai ned which

al l ow the coval ent, adsorptive or absorptive or

el ectrostatic binding of active principles or surface

nodi fications. 20 Preferably, the porosity is produced
itdnpdBulRYSArSaB¢ 6 | i
B O Sue Ao IR bR P Aies and
PYIOSHigd capbgp 00077 whose di sclosures are herewith.
incorporated in full. The atnosphere during the

carboni sing step of the process according to the

iAnfiethet bmple id the @86 Mok Yolyne® RNt OXWERBd polyurethanes,
preferably has 02 contents [ess than i gp

ﬁﬁ%f} %uﬂ“éfqlil}l‘ﬁrlBéP%fPHbPabe‘Plé@é’etSHﬁlﬁh ROTSirES nh&xeugwemlhmetre
ﬂ%tto g@%b@a‘iﬂ@ﬁscﬂﬂﬁr ggtlon pl'#r&?éhn e tlrﬁglcn 16850 ng{he é)g]symer film

as argon, neo ert

pipmimxdls;ha cimpeataid etm@ ptbstshre&&ihﬁﬁfbn@&el%abdl 8% aloX3dekiBR to
ses is preferred. N trogen and/or argon

ert ga
éfra@/’ B RyTokypis, the layex thigkngss ?ﬂée gepasead sabpansontaiming
I18yef ¥; h
I haes tl‘hgiﬁ“a‘?”&fa?%f B rorg R okl B L ARERC v Ribte layers
ne eswarmetrh oaveedo vaﬂmnsgheyerlﬂmeknesgmfthe &@sluyas)fq@rto 40
advant ageousl.y. [.n sone. epbodi ments of th .
GRS ol ﬁapqt e g FRrER {1 OF I HREE R8s fooe capfimetre
s TRK Rt} AGReRired S%@@er?rlﬁ $1§eu£a§e of ﬁﬂﬂéﬂg ofRflELarbon
vacuum The carbonisation step is preferably carried
GRatenials, an pantichlapbgee ewss in suitable ovens but can
al so be carried out in continuous oven processes
which, if necessary, may be preferable. The if

Bycastablyyselicting the ymér fiint fraedrad andibe@attoniom @hdMdnl, depot
yner. filmare passed to the oven on one side and

ég}éeéﬁgzlsggg ling giolgchlar siges, with sppgifically controllable pore sizes and sieve

properties can thus be obtained which allow the covalent, adsorptive or absorptive or

electrostatic binding of active principles or surface modifications.

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
is essentially free from oxygen, preferably has O, contents less than 10ppm,
particularly preferably less than 1 ppm. The use of inert gas atmospheres, e.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.
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other end. In preferred enbodi nents, the inplant

coated with polyner filmcan rest 1in the oven on a

perforated plate, a sieve or such like such that a

reduced pressure can be applied through the polyner

filmduring pyrolysis and/or carbonisation. This

allows not only sinple fixing of the inplants in the

oven but also a suction tredtnent 15 and opti num fl ow

of inert gas through the filnms and/or assenblies

during pyrolysis and/or carbonisation. The oven can

be divided into individual segnents by correspondi ng

inert gas gates in which segnents one or severa

Pyuallyy fliescasutdsation step dntafitd o0t £nORAalGRE:sER BaRE pRLer?® of

out in sequyence, if necessary under different _

By Bgss §“§h§/tg?secfa?rﬁtﬂﬂe§ 8PPt Ut pespssany, Baweverybighgsinert gas

BiebdueeLiih AOIMES ULy BeSisad 'sogz;\e/gewoﬁﬂﬁedtygf e P35&2s

and/or a vacuum for exanple. reover,

adcoeding teethe merentist.gpshaiizbionsapalsd take tplacatat esiuoyd pressure

rqﬁuqé%fn or oxidation or 25 inpregnation with netal

AT EECLYE B et c. can be carried out in

corresponding segnents of the oven, if necessary. As

an alternative, the carbonisation can also be carried

&he carhonisaionsiep isweeferabh earripdpuign pdatchewisamprgcess in suitable
f e 1l pyrolysi s..and/ or carbonisatign.is to

Bt Thebarta vl DB B MR Bt BIstRTieg Sy if RectBary,

may dleypseferadled The iteicbahsatuchiited, bré-Heatbd GRFRSts coated with
according to the invention, a decrease in the weight

BPLYmSE fil5B ap5Rassed fothe g veren ene side and dischprgesl Homothe oven at the
r Ol -0 % . | rticylar
D5 SIS Hreg Rl B, B0 sl el B em st
Bt thlk:) DngomagenfomchH)idteI asiepe of sizatiikeRuchisada aeﬁih@ed pressure
ar.bon- ba cqatin roduced according tqo the | _
A AeDR0 Biro St i er e e o eidlos Caromeieation, This
Hlasy S QAmPPSmMpRE Rk of AePerlhmtg iPfe bbén Shadid QPuction treatment
material, quantity and type of filler materials, of
and optggum flogy plingeiggh thropghethefiins pndlor dsembligOd@Inghyrolysis
E&yﬁpgﬁgﬁﬁ&%mglso at | east 60 % and particularly
y

prefera at least 75 % Coatings particularly
preferred according to the invention have a carbon

%gntent of a(}. T .
. e 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.
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| east 50 % by weight. 15 AFTER- TREATMENT In preferred
enbodi nents of the process according to the invention,

t he physical and chemi cal properties of the

car bon- based coating are further nodified after

pyrol ysis and/or carbonisation by suitable treatnent
steps and adjusted to the_application 20 purpose

desired in each case. Suitable after-treatnents are,

for exanple, reducing or oxidative after-treatnent

steps during which the coating is treated with

sui tabl e reduci ng agents and/ or oxidising agents such

as hydrogen, carbon di oxi de such as N20, steam

oxygen, air, nitric acid 25 and such Iike as well as,
DuriR® 6R55261ysis ThoH E&BoRikatl 6 She HIOMENGEcortifng to the invention, a
necessary, the after-treatnent steps can e Earrie

derreage iethevraight of thmpelymeufibm by pprghirbatlyy Yote 95 %, preferably

VS| r re, e.g., of 40C 10 ,1000C
B PRIy 46 ORE 99 Yo rofua o folb 1y Brultyssiss pisse
tiepefibing,onithe SaftingGHhtafi a3 dREehRIreRinen?iyg t o 800C and
in particular at approximately 700 C. In particularly
-21- preferred enbodi nents, the coating produced
j ' ' I Sy if ] reduct.i vel r
TRECEIbRSHA il RATLLORC N ) gl U anr

aitisgates peraratbnihassi eypisoratontsrnatepteding bAathy Rarting Byaterial,

ox%%atiXi and/g¥ reductjve treatment or by the

AR B Pe AT Blermateriplpeal atisast brebyweighbmrefesipdy at least
bern 2 ; I 0

B o e 88 BORh SRR el phclErab A 15

Snatings pagiularkopreferad @ocdrdingl te theniamerttion Haot aexrboplcentent of at

it tgd%/QPSSLbbF to render the surface properties of

W& CoRt PG BYdr ophi | i ¢ or hydrophobic by

i ncorporating inorganic nanoparticles or

nanoconposites such as layer silicates. 10 It is also

possi ble to provide the coatings produced according to

the invention subseq FyTﬂkagpgbggonpatible
Itabl'e d

surfaces by incorporating su itives and to

use themas carriers or depots of nedicina

iybs ances. For this purpose, it _is possible _
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

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 N,O, steam, oxygen, air, nitric acid

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
preferably 200°C to 800°C and in particular at approximately 700 °C. In particularly
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to incorporate e.g. nedicanents or enzynes into the
material, it being possible for 15 the fornmer to be
| i berated, if necessary, in a controlled manner by
suitable retarding and/or selective perneation
properties of the coatings. According to the process
of the invention, it is also possible to suitably
modi fy the coating on the 2hplant, e.g. by varying
the pore sizes by suitable or oxidative 20 reductive
after-treatnment steps such as oxidation in the air at
el evated tenperatures, boiling in oxidising acids,
al kalis or adm xing volatile conponents which are -

degende dmbodipledtskhe ddfihdgrodat QPMcSAlAOD @B %Jegg&ﬁs modified
er

pores behind in the carbon- containing |ayer.
fedicdizgly\pr oxidativaly |96 1t meprnbipatiorafthasesaftendregminng stepslat

iBord tEMpd Qﬁ;e'opti onal process  step to a so-called CVD
process (b em cal vapour deposition) or a CVI process

(chem cal vapour infiltration) in order to further

r%di f'X t he rface structure or pore structure and
e HOHHE A feduchys teHmenof In¢qporatipn ghadslitves, fillers or

FRAdtiongl hatekihR2 ' ki ; ing
TR RN )6 S50 i
ahesntion san be flueposd awlforimeodifipd &i 4 echttdiledemdninky. Fer gxample, it
si.licqn.. Such ocesses have be known in the state _
gt PRI o Ter g e Pt promErtisy oldlt Cofmeyguapidis raEphobic
Wn&&?&bﬂﬁ@irﬁﬁgﬁﬁ@iﬁ RARISS dﬁﬂaﬁo&lﬁwsﬁ@%lﬁglag laiygrr silicates.

volatility 5 under CVD conditions are suitabl
use as precursor splitting off carbon. Exanples of

t et ..et-hane._ethyl ene, tyl L
2 YR S i B AR aeRfifing G it
nubtegnentlyf with biocGRpatible @iHhd s byliiebrB6ALNL BSitabUC @ Bves and to

benzene, napht hal ene et((c. .. and singly and nultiply )
askyrem 76 O dapota pkmadicingl pahstangee doa Hus BukPssy it is possible
S8 Bl ddthe €. AR ahfeditsSHA 7 9P ed mg%%ateﬁgl, ﬁ%lex%gﬁjossible for
cresol, styrene, parylenes etc. ceram c’ precarsor,

BIB1 i), beslibeaated, i€ nedessesy,Shdontrolledmiahms\bsi suititsle retarding

TEOS) di chl or odi net hyl.si | ane (DDS), nethyl
t(aﬁgfcoﬁs%l%té‘felpa?ﬁ’@eﬁwr?p ‘?IF%ﬂf@F&g?"{‘ﬁs- di chi or obor ane
(TDADB), hexadi chl oronet hyl silyl oxide (HDVSO), AI Cl3,

Tid 3 _or
According to the 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
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.

If necessary, 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 procéss
(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,



10

15

20

25

30

15 m xtures thereof can be used. These precursors are
used in CVD processes nostly in |ow concentrations of
approximately 0.5 to 15 % by vol. in mxture with an
inert gas such as e.g. nitrogen, - argon or such |ike.
The addition of hydrogen to correspondi ng. deposition
gas 20 m xtures is also possjible. At tenperatures
bet ween 500 and 2000 C, pref%erably 500 to 1500C and
particularly preferably 700 to 1300C, the
above-nmentioned conpounds split off hydrocarbon
fragments and/ or carbon or ceram c precursors which
deposit thenselves in an essentially evenly
thas can beitiepbsitad tierewith, e sibiete. SueY PreFsRE hit¥been known in the
g%rouﬁﬁed coatl % .nDdlfy the pore structure therein

& 2t a2 (PEPMD5 essenti al |y honogeneous por e
size and pore distribution. By nmeans of CvVD net hods,
pores in the carbon-containing |ayer on the inplant
ddmostydl MmQjmdesand @nsaturateddrydraaties ncatmrnegmuamel volatility

_ | | osed/ seal ed  of f
e VBBl Tighd o G 5 R 58 pES st ol fiing i atbon.

mﬁm@msmkhd@e apahbth@se, efhahdl & tBdeddTRE e%ﬂtené %hﬁm%&&%d
adjusted in a tailor made nmanner. -
éllqaa% alkgpessandplisineswith fcanbenemgdnegs QfTClm Qiou aremaitit h

A GERRENE o iy ORI T O iy SR Ay

loybstingted, Cﬂ‘]kﬂiiyl §l.l‘bscifute£dadddl AWENOY subNty R RirStaSticsZub R as toluene,
Rr ef erred enbodi nents, the inplants coated according

JIeNRLIEIRHYIERS DaBfieeaqisi t i onal | y be coated and/or
nodi fied by the sputter process. For this purpose,
carbon, silicon or netals and/or netal conpounds can
%3 @Whlc@edwsmn Bt m3,aﬂaﬁmdcaras SeH.Q edtetbiox JR1A0ATEOS),

S e
i ot B0 ched et (MIShieEbrosty
dhdisrabdiane CODARB) Rk hﬁ}i%&ém kil
car bi des beegﬁg fgr)med aas a rueeg} M}?%g{l/i?mnﬁ éur?l G or
W&M@&ﬁhe@otiﬁartbfeuss?éat ed i nplant can be nodified by
ion inplantation. By inplanting nitrogen, it is thus
possible to formnitride phases, '

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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15 carbonitride phases or oxynitride phases with
i ncorporated transition netals thus substantially
i nprovi ng the chem cal resistance and the nechanica
resi stance of the carbon-containing inplant coatings.
The ion inplantation of carbon can be used to
i ncrease the nechanical strength of the coatings and
for post-conpacting porous 23ayers. 20 Moreover, it is
preferred in the case of certain enbodinments to
fluoridate inplant coatings produced according to the
invention in order to nmake surface-coated inplants
such as e.g. stents or orthopaedic inplants, for
exanpl e, utilisable for the absorption of |ipophilic
ctive principles. 25 In certain enbodinents, it nmay
%ey QM&%@%& stlgxapnes) ié aegesgaay i1 midtyrecwish hydrecarbanse the

[ : ' i.t: I .one _additional. .| ayer
SRR inE Bbf dlatlePlan EAbRRE 530 bt S Bhrgr G e
cudrinegeythedbimation, ofgattdde treoxyaydidesoni ¢ aci d, starch,
cel l ul oses such as nethyl cel | ul ose, hydroxypropyl
cel | ul ose, hydroxypropyl 30 nethyl cel | ul ose,

qA bRGEY EE | ; i &; :
e & s oo T R g
pedipopally baedatefbandieyl medifiedi by the spptibnyifrgtess o drdRis Jpurpose,

TR TN

apudr taipels b RABS@NE WP MER THALRNG Jfgﬁe?sfé Rtd#| 34281 W, Mo,

poly(mal eate acid), poly(tartronic acid), .

&) éarwty@h ¢anes infoflyqsd @s dhsts énte the Gripol-gonaarning laydrsishe
4. .C t.S Qr_non-bi gdegradabl e and/ or

;%ggrgédg)agl gcggog{iéy@rrr?gn.%gwgﬁ?%fﬁ%ati oni ¢ or anphoteric

coatings, in particular, such as e.g. alginate,

;@{)ra eepan, carboxymnet h,xl cel l ul ose; chitosan,

ipopen (sishefacepiapeies phibs sraed Implas) Gandeanedified by ion
RABlkARE: B nbRalAShi | Libd IRk phdl
pgl?t icul arl % p#') ef er?eéﬁzﬁ%ggﬁn%%ﬁjsosk%lre tttcs r@%@éﬁggphas‘es’
icapHomittide phdses sudnfymitridd phaset withhecorptrarddasdnsition metals thus
phgsical surface &Pd%ficaiions after . )
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,
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carboni sing and/or after-treatnent steps which may, if
necessary, have taken place. Purification steps for
the renovabl e of possible residues and inpurities nay
be provided for. For this purpose, acids, in
particul ar oxidising acids or solvents can be 15 used,
boiling in acids or solvents being preferred. Before
use for medical purposes, -t4e inplants coated
according to the invention can be sterilised by the
usual nethods, e.g. by autoclaving, ethylene oxide
sterilisation or gamm irradiation. 20 Pyrolytic
carbon itself produced according to the invention from

po]lyyméharfdels nﬁbmﬁ) getiSptay (D) Laadtideb), yoR(OIOmRANE BdBycolides),
rial. which can be used in medi cal appllcatlons

eaky Iyeolidpy, @%f@bﬁimxy@eaﬂat@ Bly{alipll sanbenathepoly(orthoesters),
|
P b b bk yOheHE et BRSO C Ro ES G Pltalhatates)
alyémaleatc rcid), lqlnblﬂ&rtralmn e.mdb,ypdlj’@fhydﬁ@&’sppdﬂ?ph@phﬁenrs
itives ille teins or tional materials
‘gﬁ%ﬁnnﬂé@# a%#elr PR YRS %aoyrbg?chgrqc}@e lepmdésr gesgrbable
@fﬂtyﬁfersc AnRARE, TaflBnicd% ﬁﬂ?ﬁéﬂeﬁe %gatll‘?g 0%131 1:§rh§ hvé{@é’o

rejection phenonena | he body uce

'élgiﬂmtq! asamegeendut, @g@tommethrqueﬂelosamtoiam, p@llya[n-ﬂ)ﬁsme and/or

? cordln to the invention. -25- In
E |89'8V1VmﬁF%P &4 enbodi nent's, car bon- coat ed
medi cal inplants produced accordlng to the invention
can be used by the controll ed adjustnent of the
Egiap yequiredipis Rpéﬁlbkmnlpanulaéb’mrﬁ@deﬂ embodiments for the coated

e Eltaﬁptjo beub %Lt%?he I e?%ﬁér?{% ! P Clﬁlgl ttac%,}:né)]dgfcf'lgans after

strate o xternal “surro
cmbbnlﬂ@g aﬁd/er pﬁéx@h‘éatnieﬁt Pedstwisich a{ay51ﬂ'il@8&@%old§ve thien place.
? caset [ OSS|£$e for xanpl e, to use nedical
egiios stops f° FEFROYaRe off Ressibleiepiduesanddimnurigies may be

Wl@dd%ﬁ Fot Hﬁs Eux%%?@tacﬁg fig 1duiar%§idﬁ§ng 951?5 B% Solbéhts can be
e rnplant as a

utilise the carbon-based coating of

regdde heiding émyadids Dmg)lmmman@preﬂrmcs al so possible to
apply medicines onto the bioconpatible coatings. This
is useful 10 in particular in those cases where

Befdr¥ @sdfor RdRa® pupdBROthe bR pBRRY ¢tk d Lo&idyto tHE v‘éﬁ‘uon can
onto the inplant such as e.g. in the case of neta

be sterilised by the usual methods, e.g. by autoclaving, ethylene oxide stenhsatlon or

gamma irradiation.

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 éoated
according to the invention can also be influenced and/or modified in a controlled
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.
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Mor eover, the coatings produced according to the

i nvention can be |loaded in a further process step

wi th medicines and/or nedicanents or with |abels,
contrast 15 agents for |ocalising coated inplants in
the body, e.g. also with therapeutic or diagnostic
quantities of sources of [agtoactive radi ation. For
the latter, the coatings based on carbon according to
the invention are particularly suitable since, in
contrast to polyner |ayers, they are not negatively
af fected or attacked by radioactive radiation. 20 In
the nedical area, the inplants coated according to the

Inrastieularty preferrgst ankadimentbecarar-tdated mediyaldtnpbines produced

: : L. bon- b ti b :
kRSB0 SEUAE St NE) BRIR: RRRET 00 e ST e rosity of
tpaaibohlayer axsplidi for @ RnBLIE teddRE 0Phctive DHRPBIdY frd the

s%ch a.way that they are able to follow the novements
Jostrafs 1pthe prtermahsupupdings. dreferred woatings easporofs, jimpartisular

' t - hi . . SS i t hout .t he danger.
oStk R fs Tk ¥E e B bR b AP epir e
firecer also stgntsf ascaatidrn gbmagieliice dvigi_lé;@épig BHedtOit b%’i_ﬁg -plossible to
I avention onto inplants can be adjusted in particular
‘é‘iﬁé%qu?c poRs ?iﬂdéaﬁﬁ%&]?ftgmrﬁpkﬂ%r # aTekepseriramlatingangbrane.
activating at 30 elevated tenperatures in oxygen or
oxygen-contai ni ng atnnospheres or the use of -26-

By %ﬁ@pyssﬂ)lﬁ th apnhy medicdes sntththa diconpetibleabethgsi Thisds useful
cid.and .such like, .in such a wa that the ) )

B A RS i st ik kP ek sy into o

Prito Nt RgplhMieutNgs €94 iR thOfasbREWndidigsue. Suitable layers

for this purpose are macroporous with pore sizes of

0,1 mto 1000m preferably Imto 400g;n The | _

[ rosit | so be.5.infl.uenc :
ORPLRRE LR o Rie? e G Bl R i ip i Piphplaghin
furtheppiogessrsidpl With meBitineahé/ ofgaslida@fentsbriwitiSlabis R¥etrast
are ossi ng, . punchi ng, perforating, foamng of

B BtToP LarBoIng PPAved TP VEEroRe PR Rermpisc or

' gﬁ%@ﬁ&'ﬁ& %Qa&:i‘f%@f IS oﬂﬁ&g%ﬁ?eﬁ%&tﬁ&%‘? the 1t:& the coatings

I oconpat | bl e rranner ac.cor
based on carbon according to the invention are particularly suitable since, in contrast

to polymer layers, they are not negatively affected or attacked by radioactive

radiation,

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
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

elevated temperatures in oxygen or oxygen-containing atmospherés or the use of
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to the invention can be | oaded with active principles,

i ncl uding mcroorganisns or living cells. Loading

with active principles can take place in or on the

carbon 15 contai ning coating by neans of suitable

sorptive methods such as adsorption, absorption,

physi sorption, chem sorption, in the nost sinple case

by inpregnating the car bon? ontaining coating with

solutions of the active principle, dispersions of the

active principle or suspensions of the active

principle in suitable solvents. Coval ent or

non- coval ent bondi ng of active principles into or onto

stienglp obuiisiZfaddndueh nb BenepahtedGiieRcRl 5@ siéh Bke, in such a way
r?ferr%%)o tiaon. in this case, depending on the active
@?"’i S GrRencutiming surfacegrethedmplant aliews mekprometesdhe ingrowth

o e e S L LR
Oadnumeo tl 8ARromaprgferable 1 pinhte 400Wimy Ehprpproprihie poedsityean also be
I-Hﬂﬁgaafgygfter iq$lanttn of .t he n?gical devi ce or

the °detq e BYT rePpyas Py HPR 91 tedmpiAnt PEEg Rofyreer film.
SnitiBle nfakRemcaRtradgRtNge ledy %fn_boké'i‘n%, E‘y'uﬁc % ge%g;gﬁ%gfd) aming

i npl ants containing active princip can pro
i

he podweercfilndynani ¢ or conbined static and dynanic
active principle loadings. In this way,
mul ti functional coatings based on 30 the
carbon-containing | ayers produced according to the
i nvention are obtained. -27- In the case of static
| oadi ngs wi th act i&%€ThYER&IPIEBLE{HRAZBYGve pri nci pl es
are immbilised essentially permanently on or in the
coating. Active principles that can be used for this

pu ppéerecdeerebadimenta the implantsaoaed in & bipcolpatiBleythanner according

ti.te QHAP)MEl 5 fl u(gr oapat.ite,.trical cium phosphate.
?‘%ﬁf?" 198 o2 Ry} 3O MRt Ve BHR¢iRIGe dBcluios migroorganisms or
iR fgl 468, LRl s aqtﬁ%rﬂ?ﬁﬁwgés%ﬁstalgé;@gceaﬁ or on the carbon-

nmonosacchari des, oligosacchari des

gentpEuREeeating &y mdanp pfigyitapleomppite metieds sickmeadsyrption,

i .ot el ns .ycoproteins, . col i pi ds, . )

6?%%@%%}}/) g%%%gglmgewrp%qng H'gttlhg ﬂé‘ﬁf ?g@ie eAse by impregnating

altd ¢d®l@cﬁ1—&§1t@iﬁﬂ{g%ati@g1$vﬁth@QMtfoﬁ_@GfTﬁl@taﬁtiv@ﬁx‘Pﬁc@@gf &fg;pérﬁons of
a

polyners, e.g. polylactonic acid, chitosan
PN E BFIBEIPICAT Syspeasione of tisctive panaple i suitabds sabents.

Wﬁfeﬁpgﬁﬁn-&MBP%ﬂd?@ of Jc tive I?)%%gip?eg qnt% uocf_ I?)nlol T!flg ‘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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In the case of dynam c |oading with active principles,
the rel ease of the applied active principles
follow ng inplantation of the nedical device in the
body is 15 provided for. In this way, the coated

i npl ants can be used for therapeutic purposes, the
active principles applied onto the inplant being
|iberated | ocally and successively at the site of use
of the inplant. Active principles that can be used in
dynam c | oadings of active principles for the rel ease
of active principles consist, for exanple, of

hydroxyl apatite (HAP), fluoroapatite, trical cium
phosphate (TCP), zinc; and/or 20 organic substances
such as peptides, proteins, carbohydrates such as

W Hs<aee pbttatireloadiaes yithactyrpiietisles bl puivegaincipesi aes,

LD dlo SO i de. | o .
élinglgggl}sgt@ g?%gﬁ:ﬂg{ €éé'gf&|n%r|1t§/;c${ %r'r% ) eo%c%asgggaégt%egixﬁ}mmt’hat can
Segued for idppiugese are insrighlio ditarss] Q. hadoxhDshatite (HAP),

fragnents, .bi.oresqrbabl e polyners, e.qg. ol yl actoni ¢
5@10 ,ap&thtlettfagaéﬂ Osphate ('ﬁ’el’)ggmweqqd/cgg)rgan% sm)llbstances such as

o . s 0de. ) 5
B S e T R0 Pl e aiBesin
pabisecohendesolipits xihospiwlipidss stostidsn tipsprbteinss htcoproteins,
d/or. dynan c. | oadi of__ippl.ant abl e medi cal devi ces
Do lpids RIS, DS RN oriEr R oriiiee cr eetaacisasdion
b s, BRtThd . i o> .
Bk st SRTBLTRION Bt 9, LSO
Phamesatogiqadly gotivosubapacésmm)ix tunes eftiuhstan@8; combinations of

%ﬂ%h%ﬂ&g il I1, drotrecogin alpha; fibrinolytics
SUCh as altepl ase, plasmn, |ysokinase, factor xiia,

prour oki nase, urokinase, anistreplase, streptokinase;
igronbocy} aggregation inhibitors such as acetﬁl

fhecsprs ef dmagiic iqadingovith agtive neinspilesoticarleasted the appiied
dextd AiRiplEOfloWa fhfhfiticn'6hnd fadlll BERLERRERoaPis
anti rioni des, augnment et amet hasones,
peeviderefonas dhie syayb teawetel amphuass, can be desd forderapeutic purposes,

ortisones,. cl obetasol,, clocqrtol pnes, desonides, .
%%c%v&é)pgglg%égppflgcg%gpré@ . e ’emtgﬁfhfrq{g? B’ﬁég}' and successively
fat tHRGit8 @ALSESH thé ipRACIEMA0L bﬁﬁ&;(;gé kiR lc?ﬂ){)é &% in dynamic
fluticasones, halcinonides, "hal obetasol,
tgadhingsof acdomprnciples foylthe eibass of anties prinnipisstcansisie Sor example,
redni car bat.es edni sone r edni sol ones, .
{%rf I?lgcrlrrcolxxlozrpghges(;[{@))_, glgPﬁoéaatﬁé, tgcaelcmm phospﬁate (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,
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10 non-steroidal anti-inflammtory drugs such as
di cl of enac, diflunisal, etodolac, fenoprofen,
fl urbi profen, ibuprofen, indomethacin, ketoprofen,
ket orol ac, necl of enamates, nefenam c acid, neloxicam
nabunet ones, naproxen, oxaprozin, piroxicam
sal sal ate, sulindac, tol netin, celecoxib, rofecoxib;
cytostatics such as al kal-&&ts and podophyl | um t oxi ns
such as vinblastin, vincristin; alkylants such as 15
nitrosoureas, nitrogen |ost anal ogues; cytotoxic
anti biotics such as daunorubicin, doxorubicin and
ot her anthracyclins and rel ated substances, bl eonycin,
AhGBFRMbIA 111, dfdtleb®iinBMhh @Srifoiektsafic & hifepBEL thiasmin,
anal ogues, purine anal ogues or purimdine anal ogues;

kingsg &actorggige proverkinaserwpkinase, apisaen]asensteaptgionasds

' t.num. Cl iaym or oxal j pl atinum

Bt e SRl Lo e Y B R g Be i
ictupedofges] oabeidiplab, dextrahs)teerticosteryidd §ueR adBlclometasones,
g%%roxycarbanide, mltefosin, pentostatin, porfiner,

genkisri Aremsaledristamprihasphes, berdpmethasanearheiaseibasonesnd
%ﬂ&és%ﬁfd’é?,%%ﬁfs"on@éq%lo%:é{a%lpf{bg&t lb&sp%hbfﬁ%,?%%)ﬁ%etggo%efs,

antiarrhythmcs éf class such as Iar _
tdeeargethasodes) €lutippinnes,. fpocponidesi theandtysaljes, ainiidlides,

k2 cippiance, i hasndtys) _
BTErEPa: boRiRbiEe: iRl hfophe DR Gomat i mygsolencs

orhét8@ad, BrediBoarbAtd, BredRRENK! BlelnisbRMAL, Hifhcinolones; so-called
antiarrhythmcs of class I C, "e.g. propafenone,

moestaroidalantisiofemmsaforyainegsauchys ticiafenast difluaiss], biol,dolac,
[ or. bl ockers _.such as_.nmetoprolol, esnolo
g?x%ogrr%%h%ﬁ%qr?npr[%tgg,pl gPrglfe:n, g}lglé)mﬂg‘c}n, ggtﬁpafgq,g(pforolac,
aidcl e Ayt ey heFerini€ haigSmblokicaHg RaBiim &BhQJ 84 8xen, oxaprozin,
sot al ol ; allnti arrhythmcs of class IV such as
PIOKICARe PR sa‘}gp,asblgﬁflqtc’, t%epbﬁg}ﬁcp)’mbofq{‘@omb; cytostatics such as
[ ' ' 30, :0L CJ.Pr i he

kel et el SUHop Ry Rote A0 Slrbfasar PSR S9lehR S as
anityd sOgEERg,iitsogen IbstenaBduesyyvioaixdl mﬁbﬁc_otmfs_&sbh alsadiﬁlldbl bAbicin,
S et i1 a0 Felp babS ancp bR, mitomycin
s o DL andog it purine (efogtes o piimyilile
@aklogues; pardidaxed| dogttapelogjentiniy, paghis oRROunddsughtaal i s

| ycosi.des such .as acetyl .5.di goxi n/ net.hyl di goxin, .
SEUOP AR, SRt O Cxtliplinen Arisacria. jEho ety i,

topotecan, interferon-alpha 2a, interferon-alpha 2b, hydroxycarbamide, miltefosin,

pentostatin, porfimer, aldesleukin, bexarotene, 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.
lidocain, mexiletin, phenytoin, tocainid; antiarrhythmics of class I C, e. g.
propafenone, flecainide (acetate); antiarthythmics 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 antiarrhythmics such as adenosine,

orciprenaline, ipratropium bromide; agents for stimulating angiogenesis in the
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proscillaridin; antihypertonics such as centrally
effective anti adrenergi c substances, e.g. nethyl dopa,
i m dazol i ne receptor agoni sts; cal ci um channe

bl ockers of the dihydropyridine type such as

ni f edi pi ne, nitrendipine; ACE inhibitors:

qguinaprilate, cilazapril, noexipril, trandol april
spirapril, imdapril, trand®-april; angiotensin-11 10
ant agoni sts: candesartancil exetil, valsartan,
tel m sartan, ol nesartan nedoxom |, eprosartan

“peripherally effective al pha-receptor bl ockers such as

prazosin, urapidil, doxazosin, bunazosin, terazosin,

@0 ArANind sudha&0Bkt A UnI oSG Sewel W%?Vﬁs%ﬁ,%asic fibroblast

di i sopropyl _am ne dichl oroacetate, m noxi

BTRYB dreieis(bEEF orfingvital BINAY viral N Ay pedatioetiat groswil facasrs: FGF-
it nf@pay r b silate, dihydroergotoxin

A RE e R ARPEA TR A o OS2l o,

Ehdathdizb ptdgeniter, ceflb 0SPOR di @ailie paTesidphiRh g hsetpluch  as

1l rinone, enoxinpne and antihypotonics such as in

HOr e Ry g ametgiiedn.shigpxindinar serogides sushats anglain,

B 0 eRBnicER ' i Lefrine .
B A e ey e Mg uostances,
wrigd oeth yhdop apimoidezhiine egceptor agonist’) caéiny changd GldeREdsi Flthe

N BERGERIR B0 Ryt B Sbengirute ARy BOS avirsprilat,
SR Y AN RL S 8 im D 84 s -

griggemisthoranderastancitexetill valsertang bebmisartans st aana e sneiokbmil,

noacryl at.es ..beryllju silica; and growth . o
PRror PR B T Sis e pohat borPlarlokmESchianpragosin, urapidil
doxdzosiaf bi@Resin, SARGHRhERARASH; vaSSTBkdORidh as dihydralazine,
thyrotrophin, desnopressin, terlipressin, oxytaocin,
dutengery pminodichlgrqacetgiee miroxiflidpiroprissige-sadiimt othet i n,

i is LXs ' n [ gl .

RSP u Wl if Pt forth BBl Sirgrrggioin methane
suiphomse, aidletaniachosentn, fudrbeste saeg phesphbdie@@@se inhibitors such
sti Jatin% gﬁftide , _bone mprphogenetic proteins
6%?%7%5"9“?’& ARIqne Fnd Antihynotemceieh apiPRargcelar adserergics and
8FARRERANSuHIBLL SM: 2L )inedlirSRh nat e :
(eﬁg rii%zé]edur onat es,ﬁk’iggsrfzcrlﬁsH r%eé%eln?;gg—% ’r%ﬁa glg’, nor?enefrme,

zxgteeinephﬂim, asildfrine 3dopatrink, omidoddnd, gholetfine, afiegindah nethyl;
acid, tilu fluorides such as

BB PR i ton ot St e braR 0 Bpaectn,
palyBysiRR] dinyleh Wi PARERKS ¥ 888 atoBf Qb Hnes such as: TGF B, PDGF,
VEGF, bFGF, TNFa, NGF, GM-CSF, 1GF-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



factors and cytoki nes such as epidernmal growth factors
(EGF), Platelet derived growth factor (PDGF),

Fi brobl ast Gowmh Factors (FG-s), Transform ng G owt h.
Factors-b TGFs-b), Transform ng Growth Factor-a :

(TGF-a), Erythropoietin (Epo), I nsulin-Like Gowh
Factor-1 (I GF-1), Insulin-Li ke”OGrovvth Factor-1|
(LG--11), Interleukin-1 (IL-1), Interleukin-2 (IL-2),

Interleukin-6 (1L-6), Interleukin-8 (IL-8), Tunour

Necrosis Factor-a (TNF-a), Tunmour Necrosis Factor-b

(TNF-b), Interferon-g (INF-g), Colony Stinulating

Fagisidsurh @abfphoSPHARS ¥6AumANBL &S thkitBhiA! cﬁh??.rlo%ach%stgrene' growth

fibroblast sti nul ating factor 1,-histam he
f i Badtewsged cytakamesisach @@ldi@ndwomsuors (EGF), Platelet derived

CaPbaRERr el TP T oo A B dr Gl Rahops oipaty Growes

Si IPdetord-bAGYs-b), TtaRfommicH Gtbieh Fadibila gl‘ Ot-hE %r?ﬂﬁgopmetm (Epo),

antiinfectives such as in _particular | acta

animm 9tliks Crawgh Factor-] G@falaaér@mhefiskq thbé-‘mpmrul (I6§-1D),
%‘teﬂéuﬂ‘ﬁ @L AN efrI n(”f gﬁ?%ﬁ‘,l IP{ 1e\1}5m%)('1L -6), Interleukin-8 (IL-8),

pheénoxynet h

10

sul bactam 20 sultamcillint

H’&@i(ﬁﬁ‘&%fdﬁl?&hﬁm ('HNiFllaPl TluhBer INeutBsi@Bactér-b (TNF-b), Interferon- 2
m noQ en|C|II|ns such as anoxicillin, anmpicillin,

[

baé 201 ¢9lopy Sawﬂaéwgrk‘@ﬁ@ﬁs §C5Fs)hmonagittichemotactic protein,
i eniLi e

cep]llﬁ? olé% ospfnr‘ilgéts M‘ i lﬁs Fﬁﬁﬁ? %chcgrffﬁorngo?@n %hdothehn 1,

c ehogiotdnsin w,&fodiageam bmefoanbcm metfyddEdidd, Imetit@fexe@xi n,

| or acar bef m cefurox xet|I cef tibuten,

cef easatwﬁhlasag?’.tﬁoa&%@wa&a aebalfo s1vap iositipium dioxide,
er LARGIREE mfaemmames[sha{ %i@?@ﬁmw@ 'm%&ah%&lqiaﬁ& 8%, p-

tes;, tetracyc I nes

- sulastamaseoyensifivt perdcillinsrively @b ibarzyl peticdlinsdbemieillin G),
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t obmaRaEnitilliAlsKaSdsthmdd@Eil Ll 6 fleil DR ARG L1 h; acylam1nopemc1lhns
framycetin, spectinonmycin; makroli de anti biotics such

as S esmerpeillin, pareazdiiling @anr@@pcnpemceuym cephpdasporins such as
;8?%&958%%&’\1@0){%2 c{ef‘o%tﬁ{, EF%&&%%"S%&CP ce a Cc%aﬁ ﬁe%fe[x& éoracarbef

sucéfigisn, fdeﬂﬁbmmuxlﬁl eefasu&ng betpsdoﬁmpmcfehp ¥éfpbBoximproxetil;
of  oxaci n, noxi fl oxacin, norfl|oxacin ati fl oxaci n,
en8%ALNRMm, erqag?r@spa@i!qaopqné%fﬁ Brtamase lré@nlm P82 sulbactam,

as F%ﬁgﬁﬂh&sa%? p%t?#g LA dox§cra/|:lr?et %qg&!afame tetracycline,

lazin gl 'ycopepti dé ant
Suchloastetracychne oxytetracychne aminoglycosides such as gentarmcm neomycin,

streptomycm tobramycin, amikasin, netilmicin, paromomycin, framycetin,
spectinomycin; makrolide antibiotics such as azithromycin, clanthr_omycm,
erythromyecin, roxithromycin, spiramycin, josamycin; lincosamides such as
clindamy¢in, 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,

polymyxin-b, nitroimidazol derivatives such as metronidazol, tinidazol,
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vancomnycin, teicoplanin; polypeptide antibiotics such
as pol ynyxins such as colistiri, 30 polynyxin-b,
nitroi m dazol derivatives such as metroni dazol

tinidazol; -31- am noqui nol ones such as chl oroqui n,
mef | oqui n, hydroxychl oroqui n; bi guani des such as
proguani | ; qui ni ne al kal oi ds and di am nopyri m di nes

such as pyri net ham ne; anﬁﬂenicols such as

chl oranpheni col ; rifabutin, dapsone, fusidinic acid,
fosfonycin, nifuratel, telithromycin, fusafungin,
fosfonycin, pentam dindiisethionate, rifanpicin, 5
taurolidi ne, atovaquone, linezolid; virostatics such
asuraguitiototies sudparcintdroyiin, mefledquih HydvdtychiRGah,Khuanides

I ngsi ne (di mepr.anol - 4-acet am dobenzoate), _
§‘é‘l%gaér?6?%%a&}i quining alleedoids erd diamanapytigitines prdhvasiynimethamine;

0¥l Ak n B LT B B, MO RlsH i acic, fosfomyen,
difniateds telidsympainhfusafuhging fosftinnycin, peheindidididfisethionate, rifampicin,
gidqﬂﬁsingf zidodein. tenof ovir, stavudin, abacavir;
FOFONIRY: Ay RgReney iRerolid BrRStatics shcheas acigl Qv sengisovir,
ifHRdiBloV R RscaARE! RBsKE '(dirﬂe?fﬂnﬁﬁﬁa’éetaﬁﬁ@dﬂ g%dté)’, valganciclovir,

| opi navir, ritonavir, nelfinavir; anantadi ne,

vrlagiglovirncide avanrbrindinpangireteoninl actamecprinciptes/(dtleasidas

esired conbinatio nd m xtures thereaof.
MR A LR TR B PR B ABe i 18P
palerabih, didarReineOriddRidR, teRTotie, AREHE 8Faca?iCRbHhedsXe
the process of the invention consist of coated

JaYegrusrevsRsoipnssTiplaseimhibitons: pmIpteniatil Indiwiry sesuinesis)

- : S [ t.ents, i.ntravascul ar stents,
SRS SRR SR P Srio B Pl AYBE L pBb NS
tyaitveding rsavel] agdng desidedtInBRRRSH ddemIRIHRE thdddoft he
process according to the invention as a result of
whi ch the restenoses frequently occurring with
conventional stents in the percutaneous translum na
angi opl asties, for exanple, can 25 be prevented. In
preferred enbodi nents of tBdENTEention, it is possible
to increase the hydrophilicity of the coating by
activating the carbon-containing coating e.g. with air
FartRhRYBiRefcrodRRIbBHINREs oftthE Hreasittiihy GRRhWhitiRAPYd fSduced

t he bjioconpatibility. _ _
according to the process of the invention consist of coated vascular endoprostheses

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

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.
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30 -32- In particularly preferred enbodi nents, stents
provided with a carbon-containing |ayer according to
the process of the invention, in particular coronary
stents and peripheral stents, are |loaded with

phar macol ogi cal |y effective substances or m xtures of
substances. It is, for exag&l possible to equip the
stent surfaces with the 5 |OMAng active principles
for the | ocal suppression of cell adhesion,

t hronbocyte aggregation, conplenent activation and/ or
inflammatory tissue reactions or cell proliferation:
Heparin, synthetic heparin anal ogues (e.g.

irop‘ﬂi'apﬂanlyl pre)ferrdi‘d ertlodimentd] stérts roviided with a cdBon-containing
?rotrec pha, fibrinolytics (alteplase, plasmn,

AYELRGCR tO 5@( Qfiess@fi the INVSRtioR. 3k PAEISElar geroRimy sants and
B SHeF 8 @{eﬁ%e areslbﬁcfff?it@*flﬁ Ey | colto?'fggﬂ? ?étﬁlegsgg!tg&%g bPRhixtures

I nhibitors (acetyl C ac

of sybisdoepselt is,dbr exdrmplé, poelsalxlerta reep)lp the st mmr»@m}d the
cl.onet.asones mant

E oA R ST o T b rel Sbr e Crrdk esom dhrombooyte
bigesiohdasm dpl%ﬁfeht &N 8Bon £1PHEHASAmatchY tELRGRAIRNS BESe1]

desoni des, desoxi net asones, dexanet hasdnes,
Qhﬁ“ﬁ@ﬁbnes qu00|non|des qurandrenolldes,

qunisoIides, fluti casones, halcinonides, hal obet asol ,

hydrocorti sones, nethyl prednisol ones, nonetasones,

pleptivi, spuithetieBepapiheaiaiopeae. g. feHdRA MO MARKin, antithrombin 11,
trlamtlnolones%lfl so-cal | ed non-steroi dal

drotreco iR piphat! ‘}Ollzi’i*‘iﬁg(@her(l%ﬁ%Pb#@ﬁaéysohirfasqf&nfaswrxlla
f
BIREN iR, {8 Olafifitre pélld#éégﬂr@;[(gl%ggs atgrdorﬁrpgoce & fa§ﬁolé\ei$§'9%n

I ndonet haci n, ke to oro

Hﬂndflmﬂafmctyhml@yllﬁﬁbldxﬂlﬂla;ﬁlﬁllﬂmmﬁﬁiﬂeﬁ gbcmﬁﬂz{tﬂl ¥eftrans),
n oxi.cam sa sa ates, sulindac, tolnetin,

Sap eSOt @8%@&%"6‘?5 e5t uganepigddstamethasenes,

B&ﬂ&ﬁ&ﬁhédﬁ@% (HRdGh WAk, 9§dé@bﬁﬂleé%h&on¥§ efo%let%géln

al kyl ant s such as nitrosoureas, trogen

9\@9‘1’1’@@9@@5; dwmﬁes)decoametdsoms, dsxasmnthasanesr;l Auciaolohesi N,
bICI nes and. rel at ed

R T TR T R —

ﬂyﬁrbc@ﬁs&@sl et ﬁreaﬁﬁbl@ﬁébei’norﬂé’cﬁéd%@s R QMRS Bfednisones,
pyr.ini di ne anal ogues; paclitaxel, docetaxe

g{cﬁmspmgs %qlrggmﬁlgmes) so-called non-steroidal anti- mﬂammatory drugs

(diclofenac, diflunisal, etodolac, fenoprofen, flurbiprofen, ibuprofen, indomethacin,
ketoprofén, ketorolac, meclofenamate, mefenamic acid, meloxicam, nabumetones,
naproxen, oxaprozin, piroxicam, salsalates, sulindac, tolmetin, celecoxib, rofecoxib),
cyfostatics (alkaloids and podophyllum toxins such as vinblastin, vincristin; alkylants
such as nitrosoureas, nitrogen lost analo gues; cytotoxic antibiotics such as
daunorubicin, doxorubicin and other anthracyclines and related substances,
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,

tretinoin; antiandrogens, antiestrogens).
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conmpounds such as carbopl ati num cisplatinum or
oxal i pl ati num ansacrin, irinotecan, imatinib,
t opot ecan, interferon-al pha 2a, interferon-al pha 2b,
hydr oxycar bam de, m|tefosine, pentostatin, porfiner,
al desl euki n, bexaroten, 30 tretinoin; antiandrogens,
ant|estrogens) -33- For systemc cardlologlca
effects, the stents coated 3tcording to the invention
can be |loaded with: antiarrythmcs, in particular
antiarrhythmcs of class |I (antiarrhythmcs of the
gui ni di ne type, e.g. quinidine, dysopyram de,
ajmaline, prajmaliumbitartrate, 5 detajm um
tFiok 8ystérafceardbloral dT¥dchitifeSst&ts ted éc‘é@ﬁi% Aol thP frivention can be
l.i docai.n, mexiletin, pﬁenyt0|n tocainid

eﬁﬂﬂﬁythn1cs of class | C propafenone fl ecai ni de
(acetate)); antiarrhythm cs of class Il (betareceptor

khogkahmics| FEHRREQACInI 28R FBIALs ofN1ART AR aﬂjﬁ 1cs of the
metoprol ol , atenol ol, oxprenolol); antia ; A
@AupHding F)rpe( BB @amdm, dygsopaiaghiyle, ajmahmeaprdjnylahwndstanfate

SRR R bl hale, 8P R s B sen TREY hihenik amiin,
'Pmemﬁmptdttﬁinbi QntigiehytRGeR0F {25 1 6t Ffﬂgblaféhbﬁkg ﬂeeﬁmde (acetate));

angi ogepesi s the nyocardi um_ vascu endot hel i al
g H@&Scﬂf clayeBrpetarsgepter bhcb?ré)cflfllﬁQprglObwstmoidcpr@pranolol

]Sngegﬁg %)gol nﬁ%o\{blr %@N@ol)“@é&r@éﬁ:lcg&?&%%gh é oqfaron sotalol),

rmnmmh)dhmhcsa]ftcldsmw €diltiaaem| eeapaifil, galibpathit e loﬁﬁr antiarrhythmics
oth ial. progenitor cells (EPC). Further cardiacs
nesip §r@gregp%®gqrat§gp1(lg1clg Wde agents for stimulating the

?bﬁsfﬁh@ Wy &Rt vatth Fid é?f&bﬁreh?ll %Q%Jtﬁas:toi‘ WE@% basic

ear cosi"des (ouabal n, prosci
avrotigs @rwﬂm feetor (EitiE) amdryvmlflélﬁm vizal RINA] enttozindiagrowth

R P P T B ey o LAY AT B ppalins:
Stmhcéi& endoglehlial P@gelﬂtdrrcemﬁ(ﬂil"ﬂﬂ)e FuAtds caldidtishird: Qi'i?tahs
qumarllate azapril, moexipril, trandol apri

%thoéﬁﬁ (ace‘iy}kfiwazsm/methz@lgqxam»dngapqm,|d1gox1n) further heart

%‘T;%ggiﬁdtgg ﬁdﬁbélbhﬁfagac?g%ﬁlﬁ)t %1@%2?:&3 r%{@%g %Iﬁ%( q Ly effectlve

etptlaxirand:rgm supstanqebamethlyMopi, fieddizetin@tdeBstor @g&:ﬁ&@ lcalcium
gock prazosin, urapldil, doxazosin, bunazosin,
ChRIED b i kers 0d Sleyronytishus [ype sheh as nifedipine, nitrendipine; 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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di hydr al azi ne, diisopropyl am ne dichl oroacet at e,

m noxi dil, nitroprusside-sodiun), other

anti hypertoni cs such as i ndapam de, codergocrin

mesi | ate, di hydroergotoxin 25 net hane sul phonat e,
cicletanin, bosentan. Al so phosphodi esterase

inhibitors (mlrinone, enoxinon) and anti hypotonics,

here in particul ar adrenergi4s and dopami nergic

subst ances (dobutam ne, epinephrine, etilefrine,
norfenefrine, norepinephrine, oxilofrine, dopam ne,

m dodri ne, phol edrine, aneziniumnethyl), -34- parti al
adrenocept or agoni sts (di hydroergotanine), finally

AR adiehé i i

o ek YR RIS (ST Bosbrrmic] BRAY pERPEnsifotonics such
eadladyronispipher al stents, conponents of the '
extracel lular matri x, f|bronectin, pol yl ysi ns,

o itRRR e A¥due ' h

o HagR Pwﬁdﬁ&%@qﬁgﬂleﬁlﬁmg %%%o%é@kﬁ%%ﬁfsté&&
pgn.pgnents_oﬁthe er@ellulgr ﬁ),atngx, dmmdutinmniplsrsinamihﬁdm@sihyle

Stt ances such acrﬁk%t berylliumo

2Pt I RmALOTY cytpki GFabTr‘@FrBNFa NGF,
I

o thay E‘P%f iz %Y%I“’S‘ﬂl %"ﬁ‘ﬁ%‘%ﬂdﬁéﬁwa Rt R Coucn

@aﬁymog@rybées;)b@vlluedot shca cart heeusstient coat i ngs such as
for exanple corticotropins, gonadotropins,

FAPRES QB5fAncds Qﬁirtébtlé ?&th@ Fﬁﬁé Sl stemﬁce Elllrd/gr 828! Peect are
Cor elln,

oxytocin, cetroreliX, upro
ﬁ¥¢wﬁw@@bmnmygunmﬂemml|n, ganirelix, buserelin,
nafarelin goserelin, as well as regulatory peptides'

Ll
SRR PRSP Bleg 81 R bl hpas sy o o
@Kmnpbaoedmomopmlsmdonrdrpmsa)soinatrapmamtyﬁgmplhm tdesrepteddin,
E &ﬁp W th o e or sever | carbon-containi ng
T N RS AT e s S S S L
|gﬁm1ré1§< 'bﬁ&HréHh Abfafklth, EOsehR 29 Well RE ?%g‘%ﬁé’?l@lgé/ ektltdgs s‘hQ:g as
I nt g? tron o

20 order to enhance an I nprove
ﬁﬁ@atwlamné/obyctrw@dom h into the

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 pum, 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
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surroundi ng cell tissue or bone tissue. For

ort hopaedi ¢ and non-orthopaedic inplants and heart
valves or artificial heart parts coated according to
the invention it is, noreover, possible - insofar as
these are to be Ioaded with agctive principles - to
use the sane active pr|n0|plé§ as for the stent 25
appl i cations descri bed above for the | ocal suppression

~of cell adhesion, thronmbocyte -35-. aggregati on,

conpl enent activation and/or inflammatory tissue
reaction or cell proliferation. Mreover, the -
f cAggsegatign.aromiplemen mhmt{dn&ﬁxd&&ﬂnﬂ&nﬁﬁ@&y&@sﬁ feBR A & cell
erﬁngrgromh in particular in the case of
opaeﬁ’c inplants, for a better inplant
integration: bone 5 and cartil age stimul ating

PeIb}d9er, tllféot%ﬁo ﬁgggﬁ/&&% é% ' ns gﬁ\élaﬁdﬁallxp growth, in

partl cul ar reco Inant

BIVRriculariBii @) of otthayphdis ﬁh@mmsor(@bgterﬁmfme m@gﬁon bone
pam d%ﬁ at es., I.bandronates, zol edronic acid

C PO B RSk A REPBARS DRt oragsaFbpisins (BMPS), in
g0 orSihalh BNPUELL ﬁg%orxflg;h%% Ly BMP-2 (HBMP-2)),

f | uor ophosphate, sodiu
d |Wpﬁt}@@h§¢5(§1g eme@zonmes,mamﬂforgte@yﬂbbn&@nﬁﬁ§t&'l”&lr@rﬂ@' acid,

BT T N BTN F—

 Gflwotdphogsiagy, SodiE R °
ot 0 S 35
-E anﬁs@ﬁ;@ pg&okme@ B as epidesmial grobith dacBs(EGFTaRib@letdderived

g wt:h)fa &ﬁid&f‘{ Lf"i%rgblflﬂft\é\ﬁrolvxg.g i%it:]t%r?s &F’ CLP(SEGI'Franst)onnmg Growth |

| ﬁacabfsebjR"GFs& Tran ingt@oheH Faflof a LARD o
N?‘ﬁ f)SI s, Fact c))§ g(}}i'rliln dg} oTumu?Dﬁbg?obéplsgé) Il5:ac:t o?mgeltlel (Ep ),
(FRRIRYLR ffewbdiasiord (6T s Lasulinoike Grosith Fattar-Li@GF-In),

'Ef‘%%%f%’é@uiil IRRREISE2AY PR B AR s Rcins L),

fltr@mrhhemoyls (PyatlmklalﬁwFaz)eTtdmur NB&@@WFECF&?QJWB) Qnterferon-g
I&tlae%)n EI brﬁ ﬁSt s i mul Ztl ng)factor 1, histam ne
Golony, Faclorg §CRER)- Funtheradiiesion nad integration
c oh&gﬁﬁssubgwee%ﬁde& {He abBBL Ry an%’? |
rr%i hotrexate, carbontetr aachl olﬁ?(@%?% oace 2oF, ceytc’kmes are the
eFRafGIte ch@mg@ptm_prENBﬂﬂblhﬁﬂﬁ'ﬁ stimulating factor 1, histamine, fibrin-or
fibrinogen, endothelin-1, angiotensin II, collagens, bromocnptm methylserglde

methotrexate, carbontetrachloride, thloacetarmde ethanol.

SPECIAL EMBODIMENTS

In addition, it is possible to provide implants coated according to the invention, in
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 (B-lactam antibiotics: B-lactamase-sensitive



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

- pharmaceuticals, the follomﬁngﬁsubstances or m xtures

10

15

of substances being suitabl e>Por use: silver (ions),
titani um di oxi de, antibiotics and antiinfectives. In
particul ar beta-lactam anti biotics ((3-1actam
antibiotics: 13-lactamase-sensitive -36- penicillin
such as benzyl penicillin (penicillin G,

%hﬁélﬁé(ﬂ/lﬁﬁitn:}ﬁ' asRRBERIdehiclin (C(ﬁ@ﬁ‘l'cﬁhh ngEp%%ﬁoxymethyl penicillin

act amase-resi stant peni l'in su
an{psajselhincV); IBrlactemabe-sesistantmenixiillin such asrpindriopeninillin such as
bacanpi ¢i.l | i ;. [.am no icillins such.as .
o SRR prrbig iy BEERPPICH LN, 2 YeRARBRRIGHERS fiach as mezlocilln,
Ce?ip@i_ra‘éﬁﬁﬂffddﬁﬁo)(ﬁ%ﬁi%ﬂﬁhé,erﬁ;ﬁ%%&ﬁs%efﬁ%l% et fuPoxim, cefoxitin,
cefotiam cefaclor, cefadroxil, cefalexin, '|oracarbef, _
cetdfniiam, eaftclen xiefdxetil, cefalaydn t lomeaghef, cefixim, cefuroximaxetil,

ce X1 I | ! Xi,mproxetil) or .,other,s such
as&%g ‘?@&%ﬁ?ﬁc’gﬁ lbog%{el%%g%&dgggﬂ%rﬁf(aﬂi of R@Frs such as az%reopam,
antitdjenting medbentdr. Faghameidiotiiie Bahstarhasd iBRIBIERYsulbactam,

sultamicjllintosilate), tetracyclines (doxycycline,
i FrEeirilitosilate) idsaeyslines (@emsyeties, maisgeyaling, tetracycline,

0X - ne) j osi.des, (gentanicin, . .
O A 5 RIS A5 ALY S, seomcin
nestrdprdmi¢in, Pheanydiy Gintikadinanytiaticin, pars pRedyichHo Misiybetin,
makr ol ide antibiotjcs (azithronmycin, clarithronycin,

er SREGHBRAEFR). malgQlidnasipietios (2aishromyran, larjtsorygiss srythromycin,
4 . o RARAIALS et _ .
i Inﬂl g'l torg&?’fﬁ&)&lor qgl{’ﬂ%l orz/glsrblégg asllac}l)sr.g(rﬂo_ 0 a@r lincomycin),

of gymeccinhibitoox (fiucosqenelonesnsauchl asxamriofl px aypai, i offloex@n, i mexifloxacin,
enoxaci n,. fl%r xaCiné | ev.of l.oxaci n; , ot her éﬁginolone?-' '
suBHTIPEae AifioRrtincenpiPe, TSTARGAEM KYoRa¥ackpther quinolones such
t ramg;&amw Btidy Euphdhmzdes and lﬂﬁﬂ!&ﬁlo?ﬁﬁi (sulphadiazin, sulphalene,
trimethoprim, glycopeptide antibiotics (vanconycin, ,

t etrragtheprim), glyesipppéga antibio tigs (VBhenm i, (tpisby! g{mlypeptide

. sugﬂib&} tic%ggﬂoiirirr%&dn %L%an%’sxc{ofﬂfsﬁbmcgigxtzlrg%n?hﬂan%t%imidazol deri'v_ative_'s _. |

20

defivativ TORI dazol VA
anfmessHidedod s d4zol), ematbduihol sl (Rldtdhuin, mefloquin,

hydr oxychl orogui n),, bi guani des roguanil), quinine
al hﬁdf@K@l%ﬁﬂW@(ﬁléﬂﬁiﬁgﬁdﬁmﬁ‘W‘éﬁm@@lebylkﬁlmdslﬁaﬁi ne),

RS 5k 2L TRDER ) o0 AL oy AR LA S e

- ni AntitAbeds, (rifebitinhdegsat, Musidinic acid, fosfomycin, nifuratel, telithromycin,

30

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, bfivudin. 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. -
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fusafungin, fosfonycin, pentan de indiisethionate,
rifanpicin, taurolidine, atovaquone, |linezolide).
Anmong the virostatics, the foll ow ng deserve to be
nmenti oned: aciclovir, ganciclovir, fanticlovir,
foscarnet, inosine (dinmepranol-4 25

acet am dobenzoate), val ganciclovir, valaciclovir,
cidofovir, brivudin. These-Phclude also
antiretroviral active principles (nucleoside anal ogous
reverse transcriptase inhibitors and derivatives:

| am vudi n, zal citabin, didanosin, zidovudin,

tenofovir, stavudin, abacavir; non-nucl eoside

anal ogous reverse transcriptase inhibitors:

anprenavir, indinavir, saquinavir, |opinavir,
ringgricparly nreferred amhoyhrams of the rpr@@nt\mvmnoax fhe $aﬂlaml=\:ontam1ng

S ATIARCLO ol AP LS ADFELAAL B ASTY s e

oa‘henimsal pr plsyidal propenics ‘beforé BEag@r6hinEAth %bﬂ/@ﬂnnmples by
?lgﬁi roduced according to the invention can
Sty

%%&?P?Suee%j 1n gler &1 mgdifidhe hydserhwiieity, hydr 0ph0b101ty,
Pshé’c‘ih@zﬁlcoM&ﬂe t ﬁg gﬁ Qﬁc?oﬂle)]; St % %%ﬂlesgsggsga:%cle%suitable for

active pr|n0|p €s usin ents-e
orsdéer ths puoplise ard llmedd:’gtddmbh oi nm-bmdegry@h‘bwmphﬁkd $6ch as in the

el ectrical co tivity, adhesion and other surface )

S5k i Blode Bt e Yo e cpg?gena@éblfrem, effpgne, hyaluronic
i) r

Fli:t detectacelllbRAatindad] BoR! Iéﬁgfﬁx%ﬂﬁeﬁg & ég%/g{oxypropyl

@gners such as in the cas
dretylopldulogs aﬁr;bbé}’mctbb'lca@elns¢ phihblate; also gaﬁem, ldaxet,rans

| cell ,
S TGy McEradh BB Oy et oD holerdE coghes izes
rmili’(glﬁehdiéatb %@(h?%ﬁ%?ﬁfé’%}’ |ﬁé@}(h]ﬂ&p&?bcﬁﬁﬁé@§l;ﬁ)tlﬁorthoesters)

o casei n, dextrans, po ysaccharldes fi brinogen

yRetsTe. Prhikydrexyvalasisi ag(d), EOlb’éwame&mMg@Me@e ggrephthg1ates)

k
car (gr%g%ég%& g%l'y Hﬁ% esctqgg??%%' d%é @% Yiotes,
ol y(edmyatr acigs) ahda all thectaholyrpelsy di oxanones,
pol y(et hyl ene terephthal ates), poly(naleate acid),

poly(tartronic acid), polyanhydrides, _
PO RIIOBBAGZ SNBTe orles d?cﬁg ?&quﬁhg&hg %?ny?g%tﬁla)lé stiflGh&s, acrylic

copol ymers.” The non-bio ones
mlypgqs Isp¢leasepotyavyylicoaad, qioéj'me&y]acgdm @sid, p@llyyctrb/tbcyanoacrylate
S suc acr I G, aci ol ymet hyl acrylic
R rS iy oe  Enba cpPrarass ppetiaies. entyeserurethanes),
ns eyﬁ%gﬁg}geﬁﬂﬁé) png(e/sQémﬁl@a%) M&hgrﬁémrh%%lﬁ%%éﬁééﬁ&e
po ypropylene 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,
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

temperature-dependent release properties by applying further polymers, for example.
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20 pol y(ether urethane), poly(ester ureas), polyethers
such as pol yet hyl ene oxi de, polypropyl ene oxide,

pl uroni cs, polytetranethylene glycol; vinyl polyners
such as polyvinyl pyrrolidones, poly(vinyl alcohols),
pol y(vinyl acetate phthalate). In general, it can be
said that polyners with anionic properties (e.g.

al gi nate, 25 carrageenan, caf boxynet hyl cel | ul ose) or
cationic properties (e.g. chitosan, poly-L- lysine
etc.) or both (phosphoryl choline) can be produced. To
nodi fy the rel ease properties of inplants containing
active principles and coated according to the

IpI’IIV&EmElIthEI polyinersaneOfes ieRhipled p &@P&égﬁﬁ: &Rﬁ%ﬁ'd@nQ&ﬁves for
5§ndent or 30 tenperature-dependent rel ease

Rlet %Oﬂg}waﬁﬁﬂswhgs mly&aai@no p@ﬂbpnﬁrcsacld)opob(@nxdlamd)

pgﬁj(m %ﬂ'zhéa %é{% &grg%)&gﬁe{/se gl;use i@o‘%@igm %olysaccharldes
lammmeumess acatath phmamﬂ Yy araxyproperaKylctitulssd ghthalate,

@ %acr aC| él 1§% y(nethyl acrylic acid) and their
8?%’ ely Saﬁ%nﬁ‘téscetllgl%e poeatectvandliete andiebitosan,
%eﬁﬁés'eﬂ&»lﬁ%;@?@l?ﬁfe?st dre ﬁgh l@)ggétg{) phL%%%qN %soprogyl acrylamide cosodium

hydr oxypr opyl net hyl cel
hyrdﬁaéscy@motﬁwﬂrsé tahlwlamlldbh lpolyeNsmethiy Rl @ prays/l laedygide), poly(N-

| tosan Thernosensitive

poei“?h Bl ogfoé’ F%TP' aé’}% &Y&gd? -DIORY] mshaeamide). pPhitNde

RryRe&liié)a &
G I iR b b

msftt Fylgmidegnoby(iN-cxedenyrppir a!:e})lampbb )f(oﬂ\y(N-pmybgdrylamMe)
_ (N,i sopr
e PR AR R B S BBy R a3l potvo
mlbﬁxtl?\al_py]t myldﬁﬁde)pmhﬁ(ef\lpswaf)mﬁ%? it lgb!i AR Aeristics are
e cr pol y e
ﬁ@ﬂ%&mﬁ#@@ysg nﬁ?&bﬁ W&Sﬁyhﬁmmwylmtbylacﬂtd@ge,
Ry ox ¥y RIRIARE 2RE ik f -
t heyr rrylt%exl‘ﬁ}%char acteri st ch&g%gﬁl)c g?o%jlgg‘o% ?%31 %15& 61.
nmet hyl cel | ul ose, hydroxypropyl nethylcellulose
t.hyl hydr oxyet hyl cel I e and pluronlcs such as

o P the ind, FohE aCiue Pringepint to s fsseien aon-on
fcbﬁal@rﬁ@ B@&Hﬂentfﬁ'in fﬂ%%o?&tdf\fﬁ Rorbog 'c&ktgﬁut{eél g% ?%f’r%f%gge being
(non- covalently, -coval ent | yg In the
@antb@kabmramhyﬁg' thapere, sizewidrpore gexmsﬁqb el ddftional modifications
of the porous carbon layer by chemical modification (anionic, cationic) make it
possible to modify the release e.g. as a function 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
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.
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controllable primarily by the pore size and pore
geonetry. Additional nodifications of the porous
carbon | ayer by chem cal nodification (anionic,
cationic) make it 20 possible to nodify the rel ease
e.g. as a function of the pH A further application
consi sts of the rel ease of 5arr|ers cont ai ni ng active
principle, i.e. mcro- caps& | i posones,
nanocapsul es, nanoparti cl es, n1ce||es, synt hetic
phosphol i pi ds, gas- dispersions, enulsions,

m cr oenul si ons, nanospheres etc., which are adsorbed
into the pores of the carbon Iayer and then rel eased
Rﬁéﬂfrﬁ@élﬁﬁ additignal Byatangdiftthoparou® Garbon-abetainigs layers produced

t t f th b |
AORERY B B IRt Eon ceh AonsBbmon RaRgs basw pesephysical
bdirhﬂtslspI:ESs R H6 WeflaBR suithiRb( & fﬁlz\‘%higa n%uﬁgr%ﬁgctm

are the polysaccharides, lipids e
a@%%ﬁl%f@@haﬁa gol bmé@glaaibwtwb barrrs heligtter may consist of
e t he
t i on&?ér&pa .16%3 % g}%‘ﬁg %8‘5 Bhﬁ@{?ﬁ’t"ﬁpﬁ prggyallow the

reAgasc of mrtive peiadiplacnd/odi nm ch@nér@ eEkiﬁi%@& h@"enzPmes, which
consequentl be made bet ween physica

5&4 ntflg I gf’cg% a%é“’?‘i‘?é’r‘ elogicallieartng Mybatarees or Aindewn(astiye
@@tﬂlgé—aﬁ&’ﬁh@ﬁ) thfe'ekagmésfbatlve g?g&?ﬂ?%gzkilr{ﬁgrar{elcﬂﬁt S dnd

and biologically active rri
BOonSItics Smlffﬁaﬂvémteddieteycdmbedseé Gorritie eidl [ ayi cakboar gyer

actj vat |oIo i.ca a d allow the release of
g oprerd %F?rﬁﬁgg‘i"é ;’c‘}ﬁ%ﬁof ay5Fsradditionatty appliessthegeen.
enzynes, which nedlate the rel ease, activate
blolqalcally active substances or bind non-active

Ehatmmarts apaied aendrding tththe exyrmsion eanfin patticuear applications, also be

j the nmechani_SIs, roperties
Ry B 8P et PR B AR L LGS ol PORE o i sbleporous
mbmcwmﬁfdgdayéfﬂ)'iEBeulé)p&fsﬂﬂé' ftheR peSiGH G 1&%1&1@ fhus occupied
entjaon and for layers additionally applied thereon.

‘FH 2SHIRbLH ety aneepvaHBS WhiGHgis Permeadle iovaritiergs amha'qtmen
Bﬁﬁ&ﬂ)l@ybﬁﬁu@éﬁ% GRIERNG: m%k Qrgsm!ﬁ Ooa edt W thh stthg%éelves.

I's or m crodrgani Sns. can set
porous car bon- contalnlng Iayers it belng p035|ble to

f;fhh n _provi.de tqﬁ ngr\?gnt th S OCCUpI ed 15 with a

FE 3B i R tsible 1 BaRss i RIAn S Hor Sxagenlrdnens e cchmology
MebFdieNtotha il eas ; SIESH

% musgr]oor ganles n@éﬂl Wﬁlljcthﬂn 8%&%&%1619 ggﬁ%ﬁ%q%a%lﬁ %eélé hlgh
after being implanted, produce and release insulin in the body as a function of the

glucose level in the surrounding.

EXAMPLES

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.
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In this way, it is possible to produce inplants, for
exanpl e, by using the technology according to the

i nvention which inplants contain insulin producing
cells which, 20 after being inplanted, produce and
release insulin in the body as a function of the
glucose level in the surrounding. EXAVWPLES 25 The

fol |l owi ng exanpl es serve t+@) purpose of illustrating
the principles according to the invention and are not
intended to be restrictive. In detail, different

inplants or inplant materials are coated according to

the process of the invention and their properties, in

particul ar regardi ng bi pgarpRatl bhaldohy. are determ ned.
30 -40- Exanple 1. Carbon A carbon naterial coated

Acezsben waterigl eented anpserdingio thasn\wnnqmﬁ@a pesiuf e asofvliowa A
BOIAIR 1,00 435 o8Bl B0l 0 PERSL Y LA 2 PUBSL ARG oaing
meqmpnerepeabdlgmm ﬁi cmemaruyoxrde@urphuﬁl RESH v AR sthda
octo and dr%/ it at roomtenperature. Dry
%e?tﬁﬁf’lag fipingri @t piyieynpesaturg; Dgowe shy 625 48> rﬂamwrolysw
HFS’(QFO'BJCF a9 @ﬁ&sﬁ%ﬂ%ﬂl&gé&{‘re@u&% 11?5?1%%%1(%%C§E?gq’/a 25d &1oss of

| oss of Ives an-asynmne

oenght o6i 67 é’d grms o aswinaetrically Botidhicfedlchoh RBeet with the following
%?rren& ons: gma&égéckness 50 mjcronetres, with 10

r&?‘%ﬂ%isrfé’éal ic SRUELOMKEARSS, %%#Qﬂﬁ?rﬁ@qﬂayefadense carbon-
d
oy b DEUANATE hB2n5y B pAB6 RAC EaibBh Sabicr with
#eigkress agd0 micrometres whivhtwas foaped inmitiefromyireopapsi snder pyrolysis

The bso tion.capaci f the coated
BBkt The AP QR0 ChrRLY Pr SR80 farBan mege ?éfrwaﬂf&ﬂ tp as
Eﬁxchﬁxaﬂ'@ah&olﬂrass 15 Duroplan(r) glass is subjected
to 15 mnutes of ultrasonic cleaning in a surfactant-
contai ning water bath, rinsed with distilled water and
acetone and dried. Thi S Example 2: Glass

Duroplan® glass is subjected to 15 minutes of ultrasonic cleaning in a surfactant-
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?. F ollowing subsequent
carbonisation at 800°C for 48 hours under nitrogen, a loss of weight of the coating to
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. '

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

a temperature of 30°C is brought into contact in a blubberer through a stream of
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material is coated by imrersion coating with a o
commer ci al packaging varni sh based on phenol resin in
an application weight of 2.0* 10-4 g/cn2. Foll ow ng
subsequent carboni sation at 800C for 48 hours under
nitrogen, a loss of weight of the coating to 20 0.33*
10-4 g/cnR takes place. The previously colourless
coating turns a gl ossy bl ack! - and is hardly
transparent any |onger 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

wei ght of | kg does not lead to any optically

pérageptfortd emitamegeitio thet d1gss SUFfh@CiRavity 2 tethRritafeBTa9B0RF and
H 25 Exanple 3. dass, CVD coating (reference
gﬁ%%btrf‘% = %ﬁﬁlm SHHesq agd BER. The pravipady selongesselassrutfese turns

i ' ' i di stj]]l ed ter,.

B g AR e R Fangp 2R bl o O Gine
bhrdnessavitly apennil whieh dlssﬂxtaiwmrm(eﬁ’tfﬁ)comgﬂ huﬂ'a&Edr‘: aia_Qméle3oOf 45° with

Lc of.,car,bon. For, this purpose, benzene having a
P afsTi 3 PRSP s S5do g o e Do piletbmagk of e surface up
b ahbaness drigsough a stream of -41- nitrogen for 30
mnutes with the glass surface having a tenperature of
1000C and deposited on the glass surface as a film
The previously colourless glass surface turns gl ossy
grey and is noderately transparent after deposition. A
test of the coating I®eRss: Blakdfigrepenci | which is
drawn over the coated surface at an angle of 45 with 5
a wei ght of |kg does not |ead to any optically

j of ,the surface .u to a hardness of
BAFSABL6TNS: BAG0L i 0 B BRESRET T
hiihuites ofltrasohidlt|aamh € rifdtd AAB ATt Rlt&e31d¥cBtone and dried.
ﬁ{bi ected to 15 mnutes of ultrasonic cleaning,

Jagferplip cepted by mamersiqnegoating wathet enmemarrinl pratleaging varnish
Thi : | i ech-dy, iLon coating. wth a ..
EIkf et bt SR e oY e TIIRAR, SRRLD8 WA s
odrbanigatichOat 890 Wirfor 48 duss)iargssaftae i TthddaBing 36 6. 30k { i

g/cm? takes place. The previously colourless coating tumns a glossy 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.

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
in an 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

perceptible damage of the surface up to a hardness of 4B.
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15 carboni sation at 800C for 48 hours, a |oss of

wei ght of the coating to 0.33*10-4 g/cnR takes pl ace.
The previously colourless coating turns a gl ossy bl ack
and is hardly transparent any |onger after _
carboni sation. A test of the adhesion of the coating
by bending in a radi us of ;go does not result in any
detachnent, i.e. optically et ect abl e damage to the
surface. 20 Exanpl e 5: Stainless steel Stainless stee
1.4301 in the formof a O.lmmfoil (Goodfellow) is
subjected to 15 mnutes of ultrasonic cleaning,
rinsed with distilled water and acetone and dri ed.

pis %lhnm/@tapalpecclsteat dating whych asRipsofOlesa®aipeyd 18st H o in length

ck I ni 25 in an application
FATHR e sRERE Riradyd BB Roiah sororgis.ab sebmeanently pecled off
4o theWhifhice fAANROBISAIIPR&Y
E%éefw%}tfogene a Iosg of m5|e m%?ﬁ%ﬁ%?&g;gﬂﬁgﬂﬁé
0.49* 10-4 g/cnR takes place. The previously
colourle ] ] g ft
car boni sa

senmets stdell €308 a@l E@Mnﬁﬁ%ﬂ t(GSodféH@\tv?ﬂ; s%H eEi%ﬁgo @S nﬂﬂutes
le of 45 with a m5|3ht of does not to any

b‘ 3semic clpanime yansed ity @tlﬂm@@r enhd a¢tom aridadreeduphis (maenal is

el R est d
Iaéitgcﬂﬁys%}ée?{ulcglaa 0 ;{@g ti%ﬂg @ng 28’1‘ ﬁf f%r# jpurpose,
‘bgnzylna devihg attérap aamhaofﬁ argl mg:rmtgelt kit Eontaer in QbisHeeR dBrough
subg uent If$/ eeled off. again fromthe surface at

08B {rattesvigh tha metghsurfagh éﬁV’@E@ tergperature of
EB@(W@ Qeompdsad Q! e hi eeﬁp&r%@aﬁ&?h%&é# ﬁ}een%:tgl surface as

ex an‘p e tai nl ess s
@(ﬁimdifbe brwjously rmeta]izciueficd eurdda gloasy Black bifté @&HOAI6n. A test of

d
AR B s pohl hishiStanG e hecsanieg pgase ot an angle
depsSird with & G\dht Wt Re @o&liotLadhoInG tlc%:lgg%é&&p%ble damage of

pur pose, benzene having a tenperatur
@Feo%’@ﬁﬁe}%f%ab%}’ﬁﬂ%toﬂw a bl ubberer through 10 a

STPARRhilt aheBE bl Mutdh £5nfios detalf i s et 2om

ﬂdlg’tlhlsgg‘huddempleaf furfuce &sfm@dhdjﬂﬁlﬂﬂd foe @0 Q@8cdnlds aﬁ@ELﬁJsequently

%getlfec? o?f again from the surface at an angle of 90° results in clearly visible grey

Ay

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
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a film The previously netallic surface turns a gl ossy
bl ack after deposition. Atest of the coating
hardness with a pencil which is drawn over the coated
surface at an angle of 45 and with a weight of |kg
does not lead to any optically perceptibl e danage of
15 the surface up to a harlﬂgss of 4B. A Tesa adhesive
tape peel test during which™a strip of Tesa(r) tape at
least 3 cmin length is glued to the surface using
the thunmb for 60 seconds and subsequently peeled off
again fromthe surface at an angle of 90 results in
clearly visible grey adhesions. 20 Exanple 7:
Futingivhivh T stepiofi Te@® Gpemtleast® @n Imtangti ik glueaas el Juefade

i S subj.ect to 15 m nutes. of wultrasonic cleanin

hRE B GER ot 80 FreoBte SR S iaab ik RO S AGeig Hose the surface at
M bSglBBEF 00 ddesi vt r&QREE GnPYdHSFRE S on coating with a

conmer ci al packagi ng varrish with 2.2* 10-4 25 g/cn®.

Fol | owi ng subsequent pyrolysis with carbonisation at

800C for 48 hours undle liutro gn a.L of wei ght of
the coating to O. %@%5—4—8%14%—%@& The
Piteniuousd.§ o6 s an0l1888 skl G o fEeWisis 3ubette@tPESHhinutes of
greyi sh-black. A test of the coating hardness with a

Blriermic flrering; Engadaith diseted water and wtm@é&@eét Thip material is
@&Ql;@b rgﬂ‘érs%ﬁ Ekfati%ﬁWﬁng]§or81frmel'J(zg tpqgl?a a% \éargls é%‘%?ﬁl\b“

optlc amage o e surface up
gHmZWOMDvmngaphseqherp plyfolyﬁs alithaaroniaiss lab$(E)°CCfor 48 hours

-43- duy
Bddt oitiodonea o ot Mbigst af BRssatngiay 3 0 g eg{@ftlhtakgs Blegfe This
hﬁtérﬂﬂf 1SSéUafe@Cﬁrthb’ts f&dﬂ?@al%ﬂ&% de E}Bmﬁgn Ce Z(?g()*lOJ' g/cm?

subsequently peel ed off agai
aﬁgqrbomfFog @hld pewosatbenzgihtving mmpamln&s Io(ﬁ B8°C B brought into

SRR o Byl e RS o St dok Elpniissiah e

afetamhﬁncaestmmcg steexwdt@re ofi10962L ek Smpbsetiiahl %Gpas%@ bn the
and acetone and dried. This material 1s coated

SYRMSESs @rilleb die pgevipusty metlimarficaltupse Lga@smglavlaaﬁmsthe
Wleﬁcﬂlt?onz ARED cg’ohng to 400 °C, the surface is oxidised by passing air over it for
a period of 3 hours. 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 8H.

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
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

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



g/ cnR2. Fol | ow ng subsequent pyrolysis wth

carboni sation at 800C for 48 hours 10 under nitrogen,
a loss of weight of the coating to 0.73 * 10-4 g/cn®
takes place. This material is coated further by

chem cal vapour deposition (CVvD) with 0.10* 10-4 g/cn®
of carbon. For this purpose,, benzene having a
tenperature of 30C is broﬂéﬁf into contact in a

bl ubberer through a streamof nitrogen for 30 m nutes
with the coated netal surface having a tenperature of
1000C, deconposed and deposited on the 15 surface as a
film The previously netallic surface turns a gl ossy
$finad ks &P corresposdingbpwspared and Mid differmobirageteds AGodplatelets,

R urface is, oxidi sed passjng air, over it for. a
Eé& 1 °8’3%a‘?%8ﬁ¥°§?b12\0?%§{%¥61an3 ﬁéaés%‘fa}tw& WarcRieEnined-h.
a pencil which is drawn over the coated surface at an
angle of 45 with a weight of kg does not |ead to any

bt measurgd palpe agstiedsiecaghinshgdlafk Ydlee sunohsrobcarpesponding to an

: | test. .duri whi ch tr f
DTSR ekl StueREPlopbBbeu ity B MR fopefiealy o Bltate
dialyst hembhaes(@upasihati®i dig HORopIHHE) if 8FdH G SBGANYeference
and sggﬁfquently peel ed off again fromthe surface at
I

standardy| khegeswis aresummarised igrkaplalihesi ons. Exanple 9 25
The titanium surfaces are tested for their

bi oconpatibility in the in vitro Petri dish node
usi ng the usual test nmethods. For this purpose, pieces
16 cn2 in size are punched out fromthe coated

mat erials of exanples 2, 7 and 8 and i ncubated with

bl ood at 37C, 5 % CO2 for 3h. For conparison, surfaces
of the uncoated materials titaniumand glass with the
sane size were exam ned. The experinents are carried
30 out with n=3 donors and three sanpl e bodies were
measured per surface. The -44- sanples are
correspondi ngly prepared and the different paraneters
(bl ood platelets, TAT (thronbin-antithronbin conplex)
and C5a activation) were deternined. The neasured

val ue are tested against a blank val ue as contro
corresponding to an 5 alnost ideal extrenely
optimstic bioconpatibility and two comercially
avai |l abl e dial ysis nmenbranes (Cuprophan(r) and
Henophan(V) in order to obtain a reference
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standard. The results are summarised in Table I.
Bl ood TAT Cha
count ( %9 1. Blank val ue

Table |: Bioconpatibility test
platelet (ng/m) (ng/m)
86.6 3.1 3.1 2. Cuprophan roll

4, Titanium 99.6 %
3.9 5. Titanium99.6 %
11.1 10.8 6. Titanium99.6 %
14.5 7. Duroplan gl ass,

coated,  f

r'eq‘sl'ned,
contr ol
coat ed,
137.1 11.4 8. Duroplan glass control

- 45-
Mat eri al

05/ 3126-42 64.8 40.2
70.4 3. Henophan type 80 MC 81-512461 71.0 32.9 29.8

romexanple 7 73.3 194.3
fromexanple 8 67.0
59.6 >1200.0

fromexanple 2 73.7

25.5 The results show a partially substanti al

I mpr ovenent

49.1 >1233.3

in the bioconpatibility of the 5 exanpl es

gﬁ llngdﬂBﬁgoﬁlﬁ%ttitlﬁ h itrgg/tenti on both in conparison with the
I alye ranes

ysi's ne

and in conparison with the

uncoat ed sanples. Exanpl'e 10 CeRloddl OM ﬂg(&ﬁ[ Mecs,
coated titanium surface fromexanple 8 and the

fHRAbus carbon from 10 exanpl eplateletr e gXag/mipd | (ng/ml)
further for the cell growth of use L,,?gg fibroplasts.
An__uncoated titanium surface COYREL o) 4 compar i son.
FoBlahkivalupur pose, 3x104 cells pegg esanpl € 3pody Were;

' sed sanples

iously steamsterilj
anu}?rﬁglgp@arpgdﬁ/}l@p-@ days under

6H8i mum déAdi ti on$70.4

. L L ’ ) . £ ad oA + A ~hR] ]

T \ I e at tet—at tie—€¢
%gﬁﬁrtﬂg#\gs tg%? %(? m(ég'%g#%ﬁat i cal Iﬂjaper 4 F}Iz'gof me JI?%?n
EaTiars @908 YRs0ak&d, TRAS Uk ffplkW ¢¢33nd The @X%f age|s g

lue taken. The results are indicated in abl e H)
5 Abitariiah|98.6 Y6, refriet], ficrawkhmo £0g7.6d titdnijum 10.8
6. Titanium 99.6 %, control 59.6 >1200.0 14.5
7. Duroplan glass, coated, from example 2 73.7 137.1 114
8. Duroplan glass control 49.1 >1233.3 |255

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 1929 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 IL.
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Sample material Cell count per 4 m  Carbon according
to exanple 1 6.6 Titanium99.6 % control 4.9
Titanium refined, fromexanple 8 7.8 These
experiments show in an inpressive manner the

bi oconpatibility and the cell growh pronoting effect
of the surfaces coated acc_oé{é(ji ng to the invention, in
5 particular in the case of the conparison of the two
titanium surfaces. Exanple 11: Coated stent A
commercially avail able netal stent from Baun Mel sungen
AG type Coroflex 2.5x19mm is subjected to 15

m nutes of ultrasonic cleaning in a surfactant 10
dehledi: i ahlogramttern beatkd titaniveed with distilled water and

. el ool Thic aptart Al 1o ~nataod hy
e __dail Ul 1T U TS rracCiri—a& o oatSua—Jy -
i‘g‘anfr?f‘gresﬁn%tﬁn%oati ng with a commpEn&P“rbte%’Régﬂhg varni sh -

bﬁﬁﬁﬂlace@dg{geta@xaﬁ@g n7 el am Mg ¢ esi Wi t 20164
g!cnﬂ. Eoll owi ng subsequent pyrolysis wth
debiom 56 PomoatroBOOC for 48 hewrs under nitrogen, a

. —ghi—of—the—coatingtto 0.49* 10-4 g/cnP
tié‘ﬁwrbrgwi AR FeBPIO%sl y hil g8l y gl ossy netallic

surface I5 turns a matt bfack: For—a test—of—the
adhesi on of the coating by expansion of the stent
(Thdserex@ehments shew o ah apresiizemahnét. the BivcotnpetisiBat 8 the cell

stent was expanded with a ballogn catheter., The
SERb AR Tt osa ot Hesuur foairaderorde Pbeingpntion, in

C .
o aonanas ooy B R S it turkliy,
absorption capacity of this porous |ayer anmobunted to
as much as 0.005 g Offé 20 &1 EEBQI Etaghpl e 12: Coated
car bostent A commerci it S bon- coat ed
et hmsicilly Svaidib1Satdid) sBnOFeHi Baun MEREngEAAG, type Coroflex
gaS[x:f stent 5xl2nm is subjected to 15 m nutes “of
t

1ESuoreetadd ied > minviss @ uiteasanictelatining inlacuirfactant:
?ﬁlﬁﬁgé\gr% \ﬁ&?r ?é}g,_ Hﬁéeﬁ%ith-r&lktﬁlmgt%% grlld éc%to%%aénﬁ%r@é(. This "
material is coated by immersion coating with a commercial packaging varnish 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 gof

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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coating with a commerci al packagi ng varni sh based on
phenol resin/nelamne resin in an application weight
of 2.0* 10-4 g/cnR. Foll ow ng subsequent pyrolysis
with carbonisation at 800C for 48 hours under
nitrogen, a loss of weight of the coating to 0.49*
10" g/cnR takes place. The ggreviously black surface
turns a matt black after 5 carbonisation . For a test
of the adhesion of the coating, by expansion of the
stent wunder 6 bar to a nomnal size of 5 mMmm the
coated stent was expanded. The subsequent optica
assessment under the | ens of a mcroscope did not show

SPRINE YE{the RPRBFICT Yl napkagiegvryElsh basedepliangl fesioymelamine resin

[RldoeeE e <igtor SASRIDLLA0 FIRRAGE Libsflc b oRRLQHS

|'ayer "anounted "t o as nuc
earhompkaiob3it 8A0tC dat48droulhedes aitegest £1oks bf WHlgRXSMTAE Boating to

i s.-activated for hours hy activation with air at
13850 B s ey Fheasgvionsi blickisuraeo RS biack afte
6ADYEE4tRE IFYrQ tBRLOUR RBEROR of !I_igrc.oétin%?@:eﬁg&gsgdgﬁ%f the stent

adhesi on of the coating by expansion
uhdis 6 B bag nomindh iz 6 honnnthle coatzé steht $aseypahbiel. dhat ed

S P B SO BB 5O,
dethetcher B e hdrhGzenbARRGBNEO HS LR hdig) sLiFak8. trihe aUﬁr@t’ion

surface. The absorption capacity of this now porou
Fappeity ef thinporghslagename @ astrawch as0H@05 aobethtmd. t o
as much as 0.007 g of ethanol which shows that an
addi tional activation of the carbon-containing |ayer
20 additional |y increggasplels: asQadd on capacity.
kCND SE 1 -48- Cainms: 1. Process for the o
E DERALET YRNrom e amRiss ippgtivased fon Srhoarchy aqtiveliemwith air at
o Lo L ol |
O DRI (hiaprocch Ry L g iPloRler 6730 bR bRoH. Fora
testefstho dlzesion of the coating by expansion of the stent under 6 bar to the

nominal size of 5 mm, the coated stent was expanded. 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 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.



suitabl e coating and/or application process; b)
heating of the polyner filmin an atnosphere which is
essentially free fromoxygen to tenperatures in the
regi on of 200C to 2500C, for the production of a LLOYD WISE
carbon- containing |layer on the nedical device c)
aftertreatnent of the carbon-containing |ayer with
oxi dants to increase the Hh#$@lrophilicity of the
coating and/or to nodify pore sizes. 2. Process
according to claim1, characterised in that the
inplant is selected from nedical or therapeutic
i mpl ants such as vascul ar endopr ost heses, stents,
coronary stents, peripheral stents, surgical or
Clai E[thopaedic inmplants |ike screws, plates or nails,
fxation aids, bone or joint prostheses, artificial
hearts, artificial heart valves, subcutaneous and/or
intramuscul ar inplants |ike active agent repositories
or mcrochips. 3. Process according to one of the
p o : . . r . .
s b E bR ARLTLAAERY DelcihediOf ptaK IRomprising th
follovahg gthpeti ¢ or aromati c pol yol efins such as

| yet hyl en ol ypr | eng, .pol ybutene,
o8) Jileesbeartinly Eoasbi.ob Hrmelical dekife i rabemerfBim by mypas of
SuC il Qatig Byd/oCdipPichits Rocddel yvi nyl al cohol ,
poléégeth)acryllc acid, polyacryl ocyano acrylate

pb) ng lob thiet pol ymerddyiarandéemosndieseewhigh js ¢ssa@viBlIVWGSE from oxygen

-49_ pol t h . yst , o .

ol (A BEPEFISY BERSFRIROP 0 (iR 20K Ge forhe migrpstipaief a carbon-
al byshtHiningd8yetioniBe mR¥RhIeRec acid, starch,

cel l ul oses such as nethyl cel | ul ose, hydroxypropyl

c e) aisrigesmentgidhe sarperopsitaintnetgyes evith drgdants to increase the
. | . Iy
‘o BRSSP LR, BN Wi YBP S o117

waxes; extrans,
pol ysacchari des, fibrinogen, poly(D, L-1actides),

pol y(D, L-1actjde cogl ycolides), polyglycolides,
pgiéﬁﬁﬁﬁ&ﬁgﬁdFﬁﬂ%Fg§?lpolyaIkyI carbonates, _
chara‘éﬁ%rYsgﬂtiﬁ' PEltRE ﬁn%gﬁﬂ;igt%ﬁ%;ﬁ&?froﬂ%é’ché’ roﬁg?ég@ggﬁd fnR&hts such as

pol ydi oxanones, ene terepht
vascufao eypdagiresibeses tents, paiopdrg stents) peripheral stepts] suagioyichriotthspaedic

) ol. yphosphazenes, .polyam nq,acids; .polyethyl ene vin
implalis & SErevis Flaiss b g?lpsph?%iwﬁléﬁ %a?ee?rﬁaw&éqsﬂ%aqsy%@ﬁﬁ@?( hearts
artificial heart valves, subcutaneous and/or intramuscular implants like active agent

repositories or microchips.

3. Process according to one 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 polyviny! chloride or polyvinyl alcohol,

poly(meth)écrylic acid, polyacrylocyano acrylate; polyacrylonitril, polyamide, polyester,



uret hanes), poly(ester ureas), polyethers such as
pol yet hyl ene oxi de, pol ypropyl ene oxide, pluronics,
pol yt etranet hyl ene gl ycol; pol yvi nyl pyrrolidone,

pol y(vinyl acetate phthalate) as well as their LLOYD WISE

copol yners, m xtures and conbi nati ons of these
honmopol ynmers or copol yners. 4. Process according to
one of claims | or 2, charadferised in that the

pol ymer filmconprises al kyd resin, chlorinated
rubber, epoxy resin, acrylate resin, phenol resin,
am ne resin, nelamne resin, alkyl phenol resins,
epoxi di sed aromatic resins, oil base, nitro base,

polyufé?llla)ﬁﬁsﬁcgf' tyfafd 366 Sﬁ ’ roett le € gBlyHeEesugﬁta§E61F2|g%n all&ﬁ'ﬁin

waxes
gelatumr @amhumnmacad |s$drsh @Ellmlemwab}h as mathylcaiblesd, ab/Sro@ypropyl cellulose,

Ll t
hydro RRropMduefy Relalpiss pasboRREY CRRo ST s oy Homaces
Flsch@iepn%§§d}1| WkeSABAR, &&%@J palysa&ﬁsha}x %fﬁ[ﬁg%%\?d?f(D L-lactides),

ysical vapour phase déeposition (CV

pOIY(Igalol?éﬁ(ie eedynodifiery, It(dygimolmiﬁs,tmévlwdmblmtm@tqsl mlwslkyl carbonates,

porso SR S R TRE R POE Al S 20, R BRE,

tereptitBal@eg pofynidieatPadd asblnart@ingl 46d, po rRle, gy phdspiaaénes,
the carbon-containing layer is nodified by ion

polyamigg amdsa pplysthylenoymyirestate, silicopes; pobestes vaetbarag), pglyether

uretha%??)é ?{)llyggfengaet%g)e gbl? J&?tug% a? ﬁ&g& lVext?e.r 6)?’1?9 nrjp&ptr{;ﬁsle&eho%(ide
plurotibg pofyngeantdthyléneogty ) Gpdlgvid PIPPfoli®one Pclo@sity] aceratePhii@late) as
to, qne of the recedlcf cl ai nB, characterlsed in that

well asHReIEeonObHD AR AFHPH] coptingtions githesedrprpgpolymers or copolymers.
aftertreatnent with oxidising acid or alkali. 10.
Process according to one of the preceding clains,
c HaPmcesracemdingrio phabf elhenschobin- cont ai ning | ayer is
sol vent .m xtur ess

chara%g%'bslpgllﬂ éﬁ’%’t tﬁ%ﬁ(\él?/g]%fc’ flﬁ'é cB?lggge&Iall@'dch%p ncZﬂorma%'ed ruf)ger €poxy

resin, acrylate resin, phenol resin, amine resin, melamine resin, alkyl phenol resins,
epoxidised aromatic resins, oil base, nitro base, polyester, polyurethane, tar, tar-like materials,
tar pitch, bitumen, starch, cellulose, waxes, shellac, organic materials of renewable raw

materials or combinations thereof,

5. Process according to one of the preceding claims,
comprising moreover the step of depositing carbon and/or silicon by chemical or physical

vapour phase deposition (CVD or PVD).

6. Process according to one of the preceding claims,

comprising moreover the sputter application of carbon and/or silicon and/or of metals.

7. Process according to one of the preceding claims,

characterised in that the carbon-containing layer is modified by ion implantation.



characterised in that steps a) and b) are carried out

repeatedly in order to obtain a carbon- containing

mul ti-layer coating. 12. Process according to one of LLOYDWISE

the preceding clains, characterised in that severa

pol ynmer filmlayers are applied on top of each other

in step a). 13. Process according to one of the

precedi ng clains, charactert8ed in that the

car bon-contai ning coating on the device is |loaded with

at | east one active principle, with m croorgani sns or

living cells. 14. Process according to claim 13,

characterised in that the at | east one active

principle is applied and/or imobilised in pores on

or in the coating by adsorption, absorption,

pl3yBiosexns ptéardingab ent sdihpipravieding@¥ament  bondi ng or

non- cqval ent. bondi ng, electrostatic_ fixing or ‘
charagferjsed jin that thegisrizpaiment ig fondciqs; iy it adempsraiugginithe range of
from 40 @ 1bpeccharacterised in that the active principle

conprises I norgani c substances e.g. hydroxyl apatite

(HAP), fluoroapatite, trical cium phosphate (TCP)

zin?é and/ or orﬁanic i bst ances ,such as pepti des,

prot 9CFs accordingho ape PELe PIasIg cliiiSsacchari des,
chardekdrised ag e thdlefbandontRidingSassidodEfed Uyl dfefteatment with

_..phosphol i pids, steroids, |ipoproteins, glycoproteins,

OX“hﬁn&@%dppﬂgﬂl prot eogl ycanes, DNA, RNA signa

pepti des or antibodi es and/or antibody fragnents,

bi or esor babl e pol yners, e.g. polylactonic acid,

chi: Proagss asconding t@snpbthepeRkdigs ehlimy, active

subst ances or m xtures of substances, conbinations of
characgerised im ghag the,carpeascontgining layer ds purdieest b sRbvanss erfelvsnt mixtures.

clainms 14 or 15, characterised in that the at |east

one active principle contained in or on the coating is

r dll eBroadsk ecdardimg ttd ene ofithe peeceding ctabms,r ol | ed nmanner

17. .Prqcess accordi to one of clai 14 to 16, .
chargifirised 8 PRt SIEPS 3 AHAP) A GETISARRHEEREA'ERY dP1dr iordtaip psarbon-
contafiliRShARLRSeroatihficor porated into m crocapsul es,

| i posonmes; nanocapsul es, nanoparticles, mcelles,

synt heti c phosphol i pi ds, gas '

12. Process according to one of the preceding claims,

characterised in that several polymer film layers are applied on top of each other in step a).

13. Process according to one 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.

14. Process according to claim 13,
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.



di spersions, enul sions, mcro-enulsions, or
nanospheres which are reversibly adsorbed and/or
absorbed in the pores or on the surface of the LLOYD WISE
carbon-containing |ayer for later release in the
body. 18. Process according to one of the preceding
clains, characterised in that the inplantable nedica
devi ce consists of a stent-gonsisting of a materi al
selected fromthe group of stainless steel,
pl ati num cont ai ni ng radi opaque steel alloys, cobalt
al loys, titaniumalloys, high-nelting all oys based on
ni obium tantalum tungsten and nol ybdenum nobl e

1 oys as well as magnesium

2353583%%3&%WP§?3$g§56341he above- nent i oned
chara%téiised i Bfat the active principle comprises inorganic substances e.g. hydroxyl
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 as well as pharmacologically active

substances or mixtures of substances, combinations of these and such like.

16. Process according to one of claims 14 or 15,

characterised in that the at least one active principle contained in or on the coating is

releasable from the coating in a controlled manner.

17. Process according to one of claims 14 to 16,

- characterised in that, the pharmacologically effective substances are incorporated. into
microcapsules, liposomes, nanocapsules, nanoparticles, micelles, synthetic phospholipids, gas
dispersions, emulsions, micro-emulsions, of nanospheres which are reversibly adsorbed
and/or absorbed in the pores or on the surface of the carbon-containing layer for later release

in the body.

18. Process according to one of the preceding claims, _
characterised in that the implantable medical device consists of a stent consisting of a
material selected from the group of stainless steel, platinum-containing radiopaque steel
alloys, cobalt alloys, titanium alloys, high-melting alloys based on niobium, tantalum,
tungsten and molybdenum, noble metal alloys, nitinol alloys as well as magnesium alloys and

mixtures of the above-mentioned substances.



