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A method for production of a coated endovascul ar
devi ce FI ELD OF I NVENTI ON The present invention
WO edoaness2i o a et hod for producti on of a coat eBICT/EP2006/067825
endovascul ar device with the characteristics in claim
1. It's also object of this invention a coated stent
with the characteristics in claim13. The present

i nyvent nrelatest thecrdlol ical field and
A e ésﬂédqrpﬂegtw? = R ENAPVARE USSR on of o
E'IT_Pj hnpgm devi ce for treat ment and prevention
Fl I schem ¢ 11eart condi ti on. BACKGROUND OF THE
The pisiEnt DNeTlien irslatesnioca heathod famptoductivn ef alweatestendovascular
st .cou and it

devfio Wi S FharFERIEe n v e TSGRt 6 1 fvehisn a coated

ste HEWHIS 8% Bﬁ‘é’r@cﬁ#@.ﬂcﬂrﬂéﬂaﬁﬁ 180 try to fight these
di seases and achieved results show that stenting

Th@ptﬁs@cmmmeingonrtela&s tchtheneardioldgic @mﬂl@alé‘le&baudmwe specifically

v s R, O L BRI SR, 8, Bl ane

reééntﬁﬂ@@ﬂxscﬁémm hédrt @oﬁdﬂﬁ@:ﬁ antially cylindrical
prosthetic device with an expandabl e open structure,

BA%@RQUND@FJ@W\QENF@% for medical use, that is
Thé @t%l?er?{t%d?éé‘rét&gla%&neﬁé Eﬂlte §§toﬁoﬁ'|rﬁ§n (hcééﬁg s s?r in the west

OCCIl uslI on en struc urels expan
couiﬁﬁes afd df sreesimain deathocaligeq it m@tatstnjeetadekt sovtral detzmes have

wel | - known_bal | oon- expansi on teQ ni
be%atatdt%tqtﬁsétq fightdhgee |ddﬁ¢3§f33@al | Yﬁt’q Uitﬁ %ﬁw that stenting
atcgtﬁl and its subsequent
pm?%?ﬂaet':sgw% nfHsgi"];ﬁtoon ring |ts expansi on,
It'siansimeplsetechhigustteat adbidsethernaet td mdke deworeedifficult surgeryas
| mension, then it is deflated and w thdrawn. The

di
SUTQ{CgE{eV@éﬁﬁﬁﬂga -t he position where it's introduced

As *Rﬁ@%s 8tehit i Be&ubRERtiallPl ﬁ’r‘td}ﬂ,‘al P?@s‘-’tﬁétté HEVEE With an expandable
Applicants have noti ced hat we known techni que

oper etiustura\gerssakly af steebbuitahle fodmedinal use;j thapis knpheted in the
At P s (SBTRRE O CBPGIDy angi opl asty is @ n-stent
Saidesp&nafrusturd s expanded until its desired dimension, according to arterial
diameter, by the well-known balloon-expansion technique that requires the
introduction of ballon, on which the stent is crimped, into the vessel and its
subsequent inflation. The balloon, during its expansion, increases the stent
diameter until the desired dimension, then it is deflated and withdrawn. The stent
remains in the position where it's introduced because of the recoil of blood vessel
tissues.

Applicants have noticed that well-known technique stents have several problems
and that it is possible to improve them regarding several aspects.

The most important problem of coronary angioplasty is in-stent restenosis. It
depends on several factors; the most important of them is intimal hyperplasia, that
manifests itself by activation of tunica media vasorum smooth muscle cells
because of the damage provoked during the stent application. To avoid this

problem, gvenerally, cell and tissue growth inhibiting drugs are used and these are
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depends on several factors; the nost inportant of them

is intimal hyperplasia, that manifests itself by
W@ea7eeseoHNn of tuni ca medi a vasorum snoot h nMUSECEER®NG/667825

because of the damage provoked during the stent

application. To avoid this pyoblem generally, cell

and tissue growth inhibiting drugs are used and these

attagBER ip iesiest guTThce; e toet Haot Feehbyine Rutie fE Goafing the stent
surf%%X/Wﬁ’f aWiyRef WrdskSolelis Bt r%'teﬂn&ﬁ@ d?ﬁg'%n@lnl@ fefease it slowly in

release it slowy in tinme after the stent
time aﬁéatﬁmteohmmaeta&ougTbadrm cam sb@rdlbhtbgﬂacbmr thagolymer or it

r,or it.can be in roduc bet ween t
canfli TBaughd et Blo AR BVt afvocarh B8 Bt into the
pol\hﬁéﬁé la\)é‘P\AﬁhSWaver ﬂntth§§@ c688€ Sthetdyegds Utbtirsled@ebd gradually and
rel eased gmé ual l'y and constantly fromthe stent

cor&t&rﬁlara‘@,om stemit sutfaee. st tissean decreppedts. effast.

in TG 8 e ko, TREMCHeRENMoLE pENRe badd igp noticed
secoftary esusy of lcémmat pmlf@@uaﬂwdu&edfwrbheim@h—mrygﬁbl interaction
i nteraction between wal | vessel and stent pmat
betyerat wakhcyasges afic riantamsiryial t hal W%ﬁ&'@ﬁ aﬂong fts alloy
corﬁé’é‘t{ rlte) is denonstrated that well-known techni que
Inl'ess

steel stents in contact with organic liquids
In face #ubj eéeedstratedotivaiswel-kpbenoteshoiguehataipiessisteel stents in

rel ease of nicke], chrom. d ot her t hat
corta e OrRAb GO ATE BINIRE K Foeegb RS aBeT oAl Produce
relé\%(eee leﬁ‘eEﬁtto'ngum %ﬁet”ﬁlgl%? _bédﬂsié&y somﬁwﬁshﬁcflﬁa%%dy could

05|s risk during i rst s after

- provaipd antadlergic redadiont hi s reason vari ati ons of - vvel | - known

t echni gque nts hay een devel o ving a.co
Molsip Bheliormati B Y (ro BB T MEGerss: ITRITER SIS Gauduring the
flrsﬁﬂ'ﬁk{st Sddr the ipidritassh. Wdrhh@ﬂ@hh@ﬁ YhfiafiBiLbf REF-KASWN technique
eted uranium silicon carbide, carbon and

stepts| have Deempdavelppedt bavnsg\mtwa&nm orrthei sw&qenghat will be in

corlQE ¥y WRHE A S BB Mot B R R o gt

uraﬂ&@heénafbm(faarmd@wmmﬁ shdpey brceesan i mport ant |ncu dence
of tardive thronmbosis. The use of carbon as coat

Metalliesieats wihranallgfpe 6oatiag ehpuevrls baye ather ew@éﬁmg eln fact, the
usd %@tco%‘t"ﬁgr\?/ltmi?ﬂnz vgﬁ Q@Eﬁ&’] A mitth Wét’éﬁéféd ds0 d@?%ﬁd uranium,

ts exp S|on uting
couldpredice dimémperdant iavidense otﬁﬁarsll\.lel iboombaesisi mbe uskeof,carbon as

coa%rn%\/r%gtenrgl lé %o’? %p})poepnate &)ecause of its cleavage that occurs when the
material is subjected to high mechanical stress due to its expansion during stent
implant. The recurrent use of silicon carbide, then, proved not to be the most
indicated because of its cytotoxycity at high concentrations. At last polymeric
coatings do not currently allow to obtain films of thickness lower than 5 um.

Another problem of the well-known technique is that methods currently used to
produce stents don't permit to obtain a perfectly smooth stent surface, necessary
to avoid blood flow turbulences that can worsen damage to wall vessel and

incidence of restenosis.
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i ndi cat ed because of its cytotoxycity at high
concentrations. At |ast polyneric coatings do not
W@ eore#sky allow to obtain filns of thickness POEP2006/067825
than 5 mm Anot her problem of the well-known technique
is that nethods currently usged to produce stents don't
permt to obtain a perfectly snoboth stent surface,
necessar avoi d Dbl od flow,tyrbul ences that
in (15 SeRCadinlte SEeaPP A b PLFHY ARICAUAG Vel Tied With number
MO288BRNERSs | N the name of the sanme applicant a patent
application was filed with nunber MO2003A000238 to
to giveea dirsti selutien|tatthenpreyiausepiabdamasugngr stiatesdo arsdent with a

ol NS B e Mo oS B LA o v

negaftivelyagith fiROBbdY, ehis @Uéﬁrﬁé@n?@d]vfostva@s@tﬂifo@%ﬁ@M@l stability
corrosive resistance, chem cal stability and high

andbhighdrigrampatibility. SUMVARY OF THE | NVENTI ON Ai m of the
SUMM&@VOFWHNVEN'FI %p i nprove the results of the
previous i nventi on, | ect of patent application for

A!m I@dlﬂisé mr%entnnemﬁmﬂ uwmﬁmaqaa&esmts foftthe pravipasdnvention,
roducm a coate w th thinner

obJ@@apf rp@tqergy ppligagigp g’ée@ﬁ“? tri 3*\%1 %EZNEP#Q%&AOOOZSS with the
urhBas B?F?Jdﬁﬁ a c@?ﬂe(ﬂ SUdVaRBakr b¥viRk \/Fnﬂ? Hg layer, that
e realizat

not he se o} is invention Is t
doem‘n’taneam@ombahmal clevracteristichand sundtimoalityof dn®ebimet sient.

oi d bl ood f ur.bul .ences ndtoredc | atel et . .
AnGRE! GucBa ofthReniaT i die red gl o Sl BeRugT Jovipg with a
suerc%k s8f shiyDRS istoidl oSN IWIASRIDAENESY | SR abI ?éduc‘éf platelet

his invention, noreover, is able to be | oaded

- actmatlgn aihﬁstaVOIdthaaBEedLlCan\CQﬂ%dQﬂabWriba rtakrﬁéhromﬂm

Thd SRSl Ltrp eRinrt O ke d et Thy s VEh do it &F §p ond

by g@Vu%@nWtbfﬂeleQeﬁhﬁ&!@@bﬁnhéﬂltﬁﬁesr eported in claim 1.
e term endovascul ar device in the present

Th@smhmogﬁs.andu ethpreftbatawilljpeqanes glagr frm the follawing elgscription,

aref%chl%gi Otﬁ)? c{ﬁ%o&%&%nﬂ?ﬂ ity QAR tﬂé cﬂg}’éé:?&?ﬁﬂlcg Cr@pcgrrt&ﬁ n claim 1.

oracl ¢ aortaan
By #iid &rireendovasculraivice itthatpresent ingentireit d pasferbly intended,

but not limited to, one of the following types of devices:

a graft for abdominal and thoracic aorta and/or iliac arteries.

- acoronary stent.

- aperipheral stent.

- a biliary stent

- arenal stent.

- a carotid and cerebral stent.

Other characteristics and advantages of the present invention will be described in
the following detailed description of a preferred, but not exclusive, endovascular
device and of a method to produce it, according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

This description is given with reference to the enclosed drawings, which are

provided purely for indicative purpose and are then non-limiting.
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- abiliary stent - a renal stent. - a carotid and
cerebral stent. OQther characteristics and advant ages
wW@Roori488pF esent i nvention will be described i nPCTEP2006/067825

follow ng detail ed description of a preferred, but not

excl usive, endovascul ar devige and of a nethod to

produce it, according to the present invention. BRI EF

DECRIP OF THE DRAW NGS .Thi s descri t nis given
Qvféﬁf{aoglﬂ% %%ieﬂh%c@ﬁé'ﬂ%@&h%l%%ﬁ% PEh are

pr y t ol

noﬂf’é.ﬁ’%"% B4 S e <ol PUFPOSE SBORPAEE it of fiure

pr e avith hightightedrcobtigy layeks shows, by an enl arged

scale, part _of a section of the stent of fl%

i tFriQergﬁl‘ﬁ B8 SHoWo 4R ithgcheyais Wavrithe ag, ‘Bf a transversal

sh | f

tr anesyoR 8 BEEETS el Uinb SRRraT op 'x? PS5, e costing

opepratiugiophases of the coating production. DETAI LED

A following the word stent wll be
DE% ljlilge’lﬁé'gg%@e defi ned extended neani ng.
FSIloWS ttRe LIS CBERSHHl 156 AWATRithi fne ébb%“cfe’ﬁwég &%ended

a stent” according to the present invention.
meahiggt 1 has a tubular, netallic, flexible and

RofiL 8 e S AL PR et e 3 TR ool to e

pre@Bhtalhl/éﬁtxdlﬁt can be produced fr fffl stainless steal
tube with a circular section by laser cuttin

The gtent drhasoa juinylagy enetelic] flexible amijaubﬁtaaﬂq:lky 3@@1&@!@0@ 2 that

s RS Sra el b el PSed TR AL TR BhO MK fifglio net

cari Be peodiFRd, frémieestalitedodteaniubg with dicirtalaesectidreby I&@d cutting.
bi oconpati bl e metalllc allo and in particular of

Thecgapular lkady ds 9eperlly cis e pfamrwgsab@)%@flalswﬂh a high
o ARG 310 2 5ep1 JIEE: 190 Mo DRCRMBFR aro e

possible to be used, like the followmg

- different inert and biocompatible metallic alloy, and in particular of CoCr alloy,
as LB05 (Co-20Cr-15W-10Ni), Co-28Cr-6Mo, Co-35Ni-20Cr-10Mo,Co-20Cr-
16Fe-15Ni-7Mo, because of its major elasticity, that reduces the risk and the
entity of micro-fracture during crimping and expansion phases, and the
possibility to maintain the same characteristics with a minor thickness.

- different inert and biocompatible metallic alloy, and in particular pure Ti or its
alloy, as Ti-12Mo-6Zr-2Fe, Ti-15Mo, Ti-3Al-2,5V, Ti-35Nb-7Zr-5Ta, Ti-6Al-4Va,
Ti-6Al-7Nb, Ti-13Nb-13Zr.

- Nickel-Titanium shape memory alloy(Nitinol).

- different inert and biocompatible metallic alloy, and in particular Cr alloy, as Cr-
14Ni-2,5Mo, Cr-13Ni-5Mn-2,5Mo, Cr-10Ni-3Mn-2,5Mo.

The tubular body 2 is totally covered by at least an inert and biocompatible coating

layer ‘s’, where by the term biocompatible it's indicated a material that is able o

interact with wall vessel tissues and hematic blood flow as less as possible, and to

not interact negatively with the human body. The thin biocompatible and inert
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entity of mcro-fracture during crinping and expansi on

phases, and the possibility to maintain the sane
W@b@raeses i stics with a mnor thickness. - di fPEr/EBP2006/067825

inert and bi oconpatible nmetallic alloy, and in

particular pure Ti or its aldoy, as Ti-12M-6Zr-2Fe,

TM 5Mol Ti-3Al-2,5V, Ti-35Nb- 7Zr 5Ta, Ti-6Al -4Va,

tltawgﬂg'ﬁri)tréglbaagkﬁjt %’;\'(g[)l %hat &pyqzrgr Iélpﬁ \{vhtgl%tn Is |§‘ pgbtained after
preBéFéQi‘éWﬂwB'tﬁbmé? %bbét‘énﬁbil;ﬁ%yluﬁﬁ@al BoBngt m‘éHbadf 4A expandable

oy,
metaﬂmow gmerezllysmdncah @talullcas aa’cecio@y 2 methoadtthat gomprisises the
cover ed east _an inert and bi oconpati ble coating

foIl?\gvgropegaﬁo%lé\r%cgﬁszﬁlﬂg term bi oconpatible it's

Ln%é@ésﬁﬁor@of@‘f@éﬂﬂanﬂ?ﬁ‘!ayé 2’43} e to interact with
wal | vessel tissues and erratl c blood flow as | ess as

pos@rdﬂ e;trcmam t(bl) npeainmerdr aft saidgéitstv stanivmt KT hiayer (21) by
nbod hi,n .bi oconpati bl e a in tita .
i tPheaiond & i iBhies GRRS Sn ol b betile, Libka Fied
Obt@hBﬁﬁnééﬁeﬂ\A@gFr%ﬁfrﬂtS otef  tdie P%Hb I aimed to obtam the
substantial |y ndrical body 2 nmade Of an exgan ab
mettaansfermation glerideasti 3 paw of @ald fyshiitansge layesd2 ) ibya ﬁrst layer

t { t
suchdtahift bR} BFamERoathy PRI, {oni tm 1 ayer |
leepoﬁtléﬁtonnﬂﬁs[ @Qi@nfn@f\ua}e"rﬁtﬁ”[ﬁfﬁﬁﬁmpfnltﬁéé CtTfN)r§éram|c coating
titanium (Ti) |ayer %rélfe transm ssion of high ionic

cur@4m ef arsecped §t&mmd Y&rdgayd Fi el d UnBal anced

rr dneebpnaT TSt A Tegk @t st Teobd BN (1 Bver (22) by

~r| tpavgrAissRneof ( Bigh 1iBnRe fdursdntd ayer thd  $uBsditéMClosed Field ™~

nitride (TiN) ceram c coating (21 O? - Deposition on
th.ldnBaia@cedrs!\ﬂam@;&n obptitean|amm Rlatingie aimew) to obtain  the

f 1 (Ti). .
oo MsiafBidr b R RSt &P SR o Y ) (B 22) in
ti tgatoman léifer)oﬂtns{mn( au&)déoyru&l; a@wﬂmss;beﬂn@f(zzﬂ)gh ionic
currents on the substrate ﬁCI osed Fi el d UnBal anced

Theyfh dtardumdayen &l hag preteeabing thiskness efakmit 408 nme

Thc% rfl?ﬁ%f?%'t@%hﬂgnﬁbf Q%ﬁfst fi‘lgé’r‘fs’}g@ n&e‘s% qsscﬁ %e;jttoatrr]?msrl;]orm at
leasi & padeof(the Npid frsatitaniundayerd? 1 220 p. compact ceramic coating made
of titanium nitride 210.

The second nitrogen treatment of said second titanium layer (22) by transmission
of high ionic currents on the substrate (Closed Field UnBalanced Magnetron
Sputter lon Plating) is aimed to obtain the transformation of the whole said second
titanium layer 22 into a second ceramic coating layer fully made of titanium nitride
220.

The first layer, formed at least in part by titanium nitride, makes the second
treatment safe, avoiding it to get into direct contact with the external surface of the
tubular cylindrical body 2.

The second treatment is made so that at least the external part of the whole

ceramic coating made of titanium nitride (TiN) has a morphology that is of the
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The first titaniumlayer 2 1 has preferably a
t hi ckness of about 100 nm The first nitrogen

W e@wansses of the first titaniumlayer 2 1 i s BCTERRDO067825
transformat |east a part of the said first titanium
layer 2 1 into a conpact ceranmic coating made of
titaniumnitride 210. The second nitrogen treat ment of

sarie oKirkioritc tuh ramiestnied b Efibe: h oot belodn ahrhology is
chdragietiafi€ SﬂthWﬁ‘@lbrc‘é'ﬂarﬁi?}Jédannd lﬁﬁdé’lo@f)bﬂﬂ)s ﬁt§m@hﬂﬁﬁndé’220

obtain the transformati on of e said second
The thlanm@mandy@acmpahble tHarigovlayet & 4ihat is owdengf titapiim nitride

nb, LA Db LML B, s o R 2 o

ancﬁﬁfé@@rféb!y@(aémm 5@?@ avoiding it to get into direct
contact wth the external surface of the tubul ar

Theyaxteraal sarfapedgt the Treangisc epating ¢aadeemf fitaniwmaniside (TiN) is

che{rQ@l{elri%dl 5t F%%tz?ﬁgrﬁf\%%%ﬁ Qﬁ)’ ﬂ%e}{ja{; ﬁ@% gectﬁéargj[e%tion of a

lay@tpepbnhmmdrimatolesulaf |atybr§3ﬁrmu¢<| nd of that represented
n particular this norpholo

Moalaﬁpgglﬁéﬁmétﬁh@ mentlﬁ@ewtr@g@értéﬁﬁtmeé%%uarﬂgﬂﬁﬁaeu%ng an ionic

(W n inert and
derfRite oterdhte By ICR 608 mAgfet el ' 1S rade of
Thd: sUamssmmsiEpl afethmi‘mﬂdtmganeﬁiodustchaimbtéys)ed bata depesitfon of an
tent has a thi ckness of

bout - 2..mm d . .
ant) FestERGa 1G9 ebahe SXETIAL SHRRE L D16 SR BibraRgatile material

that B@Vé}gaqﬁé ﬁ,tﬁﬂé\tbé{ﬂ, pede of titaniumnitride (TiN) is
characterised by a pre-established porosity ainmed to

Before r thiss stethdmpderaaniadionofa gprelipinary eplease faimed to remove any
JeC|arIa r, Mor e ecifically, the
corffEiHERiaEs et Mgt uardadka i oa oSl ResrRgPnt i oni o
In stRReshE itRhtsient 6ptratidas for tﬁbni&@&bp@ﬁﬁoﬁ@@é‘ fddeby ZhRast one
successive step of this coating ne

magngirer eadicostrnpesdha spilesying stepst an anti restenosis

d h f f th
o o erigtEo e di PR BiLY 23803 wiORE Bambes boay
2» ﬂ‘i‘é HsRridH 6f StliBRst IBlAIRAERMER inf ﬁﬁ'vbﬁhﬁ‘ﬁréhamber

phase ainmed to renove any contam nations fromt
tublihainsediyn &f a ooble gasintuisaid yaeaasseramber
~ The bombardment by electrons generated by at least one magnetron of
noble gas atoms to obtain noble gas ions
— The bombardment by said noble gas ions of said titanium element to obtain
titanium ions
— The induction of a potential difference between tubular body 2 and said
vacuum chamber to obtain the deposition of said titanium ions over the
tubular body.
Then, the titanium nitride deposition is produced by a successive phase during
which nitrogen gas is introduced into said vacuum chamber to obtain titanium

nitride.
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In particular, treatnent operations for titanium

deposition are nade by at | east one magnetron and
w@ovposses the foll owi ng steps: - The inserti oPCDEPI0h&067825

tubul ar body 2 into a vacuum chanber - The insertion

of at least a titaniumelemept into said vacuum

chanber - The insertion of a noble gas into said

p Th nbar d b |
s BT ERE dOnpotes 1BeE LT AR 1RiBe FbiRe Yagt besng lower
weﬁébnﬁ’c?t frN phRBInR 99én | fBMIessT 0B8Rt dsRdcddYofSHed well-known

nobl &€ gas ions of said titaniumelenent to obtain
techmige@i um i ons - The induction of a potenti al

diff b bul d d
Thigicopiad 5o e oo N ofbutense, 86 P s - M Rarps coating
ancpﬁ‘@m thBauridePyingrsteedy. Then, the titaniumnitride
osition is produced by a successive phase during

Wﬂhﬁﬁ@ mbave degenbehsgtkod ﬁt'$ paseible forpliaigsantings made of titanium

corA TR il e b APlckFaE (BbetR Sy FBALHER i din and

smaothowumﬁét tHaitl ehyuresr aphigtei resistdvade Stba'mé eﬂeclsémeél stress
stent, surface of the well-known technique, This

genssatedngdwingd r sient hamplantation, s withoug %WHTQ tB}@ cStephs elastic

e sane coating and fromthe underlying steel.
defé\fﬁﬁ&{t&é above described nethod it is possible to

At thbteridrofctbetdoagiag iesddément thet stanuis coaibgrbbpdsthim bibcampatible inert
medi um. | ow t hi ckness t 1,5mm) and with a very
titapiyim nithide gﬁ%‘?ﬁll ﬁ]ﬂsrﬂﬁ‘é %hat ensures a hi gh

t t
;fgﬁfﬁ@ﬂ%ﬁght%t@%% Cﬁ'larq% de%'?anrg&?'ﬁé%(?%n(?% J #¥at is into

el ammactcm“fcbbmmhiéd \tv;th the exﬂaamedmibrmtfsw'ﬁaeecoatl ng
tretment t he stent oa a thin bioconmpatible
tsqqoewgnr'mwt?ﬁf@ (kg%)éeédb‘Pléliyﬂﬁd dirgetly rY&'ﬂUgg? f'fStAcefam'C
f ' récgatﬁ\@ AL{S9rzRESF tﬁahlﬁ)ﬂ?ﬁltl‘?@é"g%fm déed @Qlﬂ%@({?gﬁrlé% is made

(210 I's 1nto contact and wtht
extaft a’aleast wrpars i $eaoad ceramic titanium nitride coating layer.

The first ceramic titanium nitride coating layer (210) is compact, differently from
the second layer that is directly bounded to i, which is wholly composed by
titanium nitride and has a pre-established porosity and a columnar morphology.
The thin inert biocompatible titanium nitride based layer that covers the whole
stent has a thickness of about 1-2 ym.

Finally, the particular kind of the deposited titanium nitride crystal structure allows
the application of drugs over the same coating, their release in the body according
to fixed time and the possibility to use a monomolecular polymeric activating thin
layer (for example polymeric micelles as lyposomes).

Another possibility is to put over the stent an endothelial cell layer to facilitate a
faster blood vessel endothelialisation and to reduce the incidence of acute and
sub-acute thrombosis after implantation, thus reducing restenosis entity.

Optionally the procedure subject of the invention comprises a preliminary

polishing step aimed to eliminate any kind of surface contamination and/or defects



- A second titanium based | ayer bounded directly with

said first ceram c coating |ayer made of titanium
woRaorio¢ss2 210) and said second | ayer is nade OPCT/EP2006/067825

| east in part, a second ceramic titaniumnitride

coating layer. The first cer@mc titaniumnitride

coating layer (210) is conpact, differently fromthe

second | ayer that is direct“% bounded to.it, which is .
dueviiedeser euifinasiee Iajeral farfisesh MateTIal susFRSSies toythermal explosion,

5 ' Ly and a col umar nor phol ogy.
fron[f_lli]rge I'n i%@ﬁgb%%%ﬁngaaﬂ ble titaniumnitride based
In ddaijtion, shiak pretimimary tgudishing| steps ttantbehageratachby lkehasinagfowder (Al
bout..1-2 mm Finally, the particular kind.of the .
2036 dig 7o muiiont 1t i dinyle &5 Berslel 10 4 Fagmmioal attack
; [ ' sane coating, their
Wﬂﬁg? ase $ﬁ§§%%ﬂ%g@?ﬂggg%Pgﬁﬁmcpge?ixed time and the
Furfressiobé,| thiy said yweliminaoy qradisbing ateppeapnkee iaso chemical, sand,
ctivating thin |layer (for exanple polynmeric mcelles
e'eg?'%%%@ﬁéﬁlje.crgfﬂﬁ@%’ﬁ‘&ﬁq BS@%’?'BSP'I ity is to put over the
stent an endothelial cell layer to facilitate a faster
bl ood vessel endothelialisation and to reduce the
I nci dence of acute and sub-acute thronbosis after
i npl antation, thus reducing restenosis entity.
Optionally the procedure subject of the invention
conprises a prelimnary polishing step ained to
elimnate any kind of surface contam nation and/or
def ectsdue to |l aser cutting, like lateral re-fused
mat eri al successive to thermal explosion, fromthe
tubul ar body to be coated. In addition, said
prelim nary polishing step can be operated by al um na
powder (Al 203) and if this is not sufficient, it is
possi ble to operate using a chemcal attack with 3D
phot ol i t hography met hods and structures. Furthernore,
this said prelimnary polishing step can be al so
chem cal, sand, electrolytic and/or el ectrochem ca
polishing. CLAIM5 1. A nethod for the realization of a
coat ed endovascui ar device that includes: -
preparation of a substantially cylindrical tubul ar
body (2) - coating of said tubular body surface with
at | east one thin inert bioconpatible titaniumnitride
based | ayer (s) characterized by the fact that it is
produced according to the foll ow ng successive steps:
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. deposition of a first Titanium (Ti) layer (21); I1I.
first nitrogen (N) treatnent of said first titanium

W@ Tooy/oess9®er (21) by transm ssion of high ioni CPCIYEP206/667825

CLAINS

on the substrate (C osed Field UnBal anced Magnetron
Sputter lon Plating) ained te obtain the
transformation of at |least & part of said first
titaniumlayer (21) in a first layer of titanium

ide (TiN) ceramc coating (210) ; I1l. deposition

N A meﬁhéé"féjr thb'r %él XSﬁ rof of cddté@%hlﬂm/é%&ﬂéldcf‘e\ﬁ@ MNat includes:

ceram c coatl ng a second titani Um Ti ) ayer

(22); pié{)aratl@eobamdubsﬂanbgl%cy(lind)jrlt:aletabn‘mmbodﬁl (@i d
second titanium (Ti) |ayer (&122) by transm ssion

hi gh Feaiing fr saikk Jubkiat neody siriesee Wity Xelgagt eq’fa3 thin inert
UnBal B!?fcﬁqw gféeglfa%hrﬁ%&i%r bé%'q Pég@? '(é‘)%hé’r‘a@?%z&@ by the fact

obtain ranstor mati on of t 'a part
Seconmatllttsarmroniuc(eﬁ acdosadmg t6 212 followdng successiveysiepsi

tit trid ti 220 2. Th
rrlet ﬁgld trJnf m%ﬂ)?rf:'ft*;'l g?% #g%wggégsga ?%{ ni 2 rogen (ﬁl)
treat mpnt s/t nﬁtgt@e?aa er*)n gtééﬁ%ﬁeﬁt' chaéHlHrﬂrétT’!ﬁ)aniLﬁY ‘%Tn) (lg‘}ér (1) by

is ainmed to tr ast a part of
first ti t’aansrmslsameof bigh) ionitt cumesisnpathe @gbahﬁa’r@ (Closed Field

clai ms 1 BPEsiefof e Ao Sbitetiof Bl Bl opfein the

the said ﬁﬁﬁ@f@ﬂnbhéﬁﬁf BiNdaaY & pdre 3F saiefitet Manium layer (21) in a
transm ssi on of hi ionic currents on the substrate

(O osed Ffiest thyen Iﬁt@ﬁﬂiﬂ’d niEgadT Ndreespmic epatingn(210) ;

Pl at i s ai. - f R

{1 tant O PR8I S g SAEY BTt S Bafiuf sftySE (1 coramic
titani um poatingl@103ea seddhd tutemuumh(enmydsrqazgxf cl al s

1 and 2 wherein the said first titanium (Ti)

t hi cknldssaisecapduiiragen (it freatmentiet i %ﬁcoé‘ﬁati'tﬁﬂ'l'm (Ti) layer

e e 258 SNSRI St (cosea

has a thi Fi@l@_ﬁ’mBﬁlammﬂMa@r@tm Sﬁuttérmbnnﬁtdhog) afmed to obtain

gleflam g Vv?heer (terlarrllsf%rmla%gﬁtoft zra]teleea)é% E Bgll’t & ééldosfectorl]w% fita tamum (Ti)
layer (22) in a second layer of titanium nitride (TiN) ceramic coating
(220).

2. The method of claim 1 wherein the said first nitrogen (N) treatment of the
said first titanium (Ti) layer (21) is aimed to transform at least a part of the
said first titanium layer (21) into a compact ceramic titanium nitride coating
(210).

3. The method of claims 1 or 2 wherein the second nitrogen treatment of the
said second titanium layer (22), made by transmission of high ionic currents
on the substrate (Closed Field UnBalanced Magnetron Sputter lon Plating)
is aimed to transform the whole said second titanium layer (22) into a
second ceramic porous titanium nitride layer (220).

4. The method of claims 1 and 2 wherein the said first titanium (Ti) layer

thickness is about 100 nm.
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titaniumnitride (TiN) coating has a col umar
nmor phol ogy. 7 . The nmethod of claim 1l wherein at | east

wo ba7ex882% nal surface of the said ceram c titariT/EP2006/067825

nitride (TiN) coating is characterized by a
predeterm ned porosity. 8. Tltbe nmet hod of claim
wherein said nitrogen treatnents are produced by the
use_of a jonic deposjtion system nmade by at |east a

Pagh® rpthod, ofrelaimet MAEreln” heasaif 1thim Hiest biacomatiple titanium
t hen; ' f '
oo A KRR () ol Ca@ UGB Kt 178 8 iBfies of about
surf@cgmof the said bioconpatible |ayer (s) that

BT nathaa Gl RlSrBBatin AR leaRine S5l Rarket ihpaid ceramic
abdgahitah nifde (1Y) ebing Aabd afidiar HdrafioEer | .

11. The net hod ofI laim1 wherein the sa ovascul ar
devibe methadcof olaimy1 svharein 3P leagtdhaetiethabfsuciaae noflthe said

L gl RS i ¥ P b i betrmineo

endey@siyl ar device is a biliary stent. 14. The nethod
of claim1l wherein the said endovascul ar device is a

Benhhe sethed of slaimiavhaseingpid hitcagentraatmente are prasluced by the

ot ehre BE8 1E B Rbe B SEtelT B CabF Pl i ER
endohaseietiead dfveleimi $ oRglaciriz8d16y Sleeehet fhat d&e include a
met hod of claim1 wherein the said endovascul ar device

i s PeRReAsENtFEPiant estianosimdrus dernsiian ever thewxtemal porous

oo R R P S T8 i ubuiar by

HOVDhE€onSthod -dfcdtaini 3 Nvhetiin i sdideemddvagdulat delvigenis la graft for

wher ein the sai d endovascul evice | s made of

di f RRAQRINY ABA heragIc %‘%f g'laé Mgl i ¢ all oy, and

17 PRE hétHba of Rif Tiwrtirein the said endovascular device is a coronary
stent.

12. The method of claim 1 wherein the said endovascular device is a peripheral
stent.

13.The method of claim 1 wherein the said endovascular device is a biliary
stent.

14.The method of claim 1 wherein the said endovascular device is a renal
stent.

15. The method of claim 1 wherein the said endovascular device is a carotid
and cerebral stent.

16.The method of claim 1 wherein the said endovascular device is made of
316L steel.

17.The method of claim 1 wherein the said endovascular device is made of
different inert and biocompatible metallic alloy, and in particular of CoCr
alloy, as L605 (Co-20Cr-15W-10Ni), Co-28Cr-6Mo, Co-35Ni-20Cr-
10Mo,Co-20Cr-16Fe-15Ni-7Mo.
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its alloy, as Ti-12M-6Zr-2Fe, Ti-15M, Ti-3Al-2,5YV,
Ti - 35Nb- 7Zr-5Ta, Ti- 6Al-4Va, Ti-6Al-7Nb,

WA Reo18M823.3Zr. 19. The net hod of cl aim1l wher ePCT/ERPIO06/067825

sai d endovascul ar device is made of N ckel -Titani um
shape menory alloy(N tinol).420. The nethod of claim1l
wherein the said endovascular device i s made of

ghf r?ﬁnébéggftéﬂglg}dﬁg\b' %é% e régtdgl}(,lgéé:ulgrl <|:ie\3/|ce 98 OImade of

G d@&"en?Mbr?aﬁa’tblo@mé%le%taaré%y, and lﬁhﬁarﬂ'&ﬁlap‘éure Ti or

of claiml wherein it corrprlsesaprelmnar
polrtssalkm,g as dp-12MeedZr-3Fe] iTivilbbtoe HBAHKL, D, di-36NbtabebTa, Ti-

na e to laser cutting, |ike
Iat %%Mé?’% gzccesm ve to thermal
%pfrﬁélrﬁethcidr encialis 1 Whiekaih thedyaid @ritRvasaliad devide ienade of
nmet hod of claim?2 1 wherein the said prelimnmnary

pol NiskelnGitasiem Sf@p@p”éﬁmyﬂaBW(éllttnﬁlha powder (A 203)

2@2?'2& gﬁé}bﬁﬂgosf aghg i IQF%A'S qﬁﬁl teﬁldggésc’éﬁéredé\ﬂce is made of

phadifiéienh aesraghy Ui@:tdﬂlmub?@dwéiémb@llby esnd BBpartisalar Cr alloy, as
method of claim2 1 wherein the said preli m nary

pol CshtNG2 Mg Q%lh3Mb5Mns%5M9eﬁfc1£Nl— e, oMo.
DA hahb TV EALSRP SR edod o SiPer? fmidhif sep
ar eaimedietdoglitiveate ssmyokinat of emacaacnn@mahatwn and ddfatts due to

co rises the_ fo|ll ow ng_steps: -thelnsertlo of the .
ﬁ%rrcwaag kg lﬁt%rml iRl Successive i}y rma@ﬁexmosmn,

tﬁé% @at bé@nioul%%b into said vacuum

er - t ein tion of a noble gas into said
Qﬁcﬂmnmb‘dumkieof claiime 20 owharainethe baldepE&hmmarsy polishing step-is -

U0 i Rnrerya poRect UE 2080 A Bt e gpiitient, it i

nobph&sfss too%?)e?étesﬁéﬁlgt it BREMRR | SERIK With QM gHdtolithography
titaniumions - the induction of a potential

di fmetrmttscanskstieeinrasubul ar body 2 and said vacuum
g@afoee hétgog R 2 arllmtﬂe wﬂgpec%ﬁ | {He°§3i8 fprélﬂjnﬁluaw bgﬁghli'r% is?erbscan be
also chemical, sand, electrolytic and/or electrochemical polishing.
24.The method of claim 1 wherein said treatment operations are made by the
use of at least a magnetron and that comprises the following steps:
- the insertion of the tubular body 2 into a vacuum chamber
- the insertion of at least a titanium element into said vacuum chamber
- the insertion of a noble gas into said vacuum chamber
- the bombardment by electrons generated by at least a magnetron of
noble gas atoms to obtain noble gas ions
- the bombardment by said noble gas ions of said titanium element to
obtain titanium ions
- the induction of a potential difference between tubular body 2 and said
vacuum chamber to obtain the deposition of said titanium ions over

tubular body.
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tubul ar body. 25. The nethod of claim 24 wherein the
procedure al so conprises a phase of the nitrogen gas

WO paoro¢e8$23 i on i nto sai d vacuum chanber ai med tPCDBPZ061067825

titaniumnitride. 26.A coated stent which conprises a
tubul ar substantially cylindkical body (2) which has
bounded on its external surface a thin bioconpatible

t tit t hat :
2y The EuatPon ¢ P4 G Bin eI oGPAita Bp AP sasI Phase of
(21Q) ﬁ{ﬂ% ehs i &Rﬁhéﬁtlnﬁ‘f‘gaﬂ%‘éﬂﬁﬂn ViHaMBIaimed to obtain

ext erna sur ace - a second titanium based I ayer
bouhitdenhnuinltﬂddzl y with said fi rst ceram c coati ng | ayer

rﬁgdﬁ of t| t n| u gléicghdperﬁ 210) %rc%‘ﬂ%g%éfaj ylmgycal body (2)

ti t@ﬁlcﬁ”hﬁ!st bb%é‘cpﬂiri ne bﬁﬁé?ﬁal( 38Mdce % -thihdiscrhSstible inert
stent of claim 26, characterized by the fact that sal d

fi rtaniuen hased {ayeals) thahtemptises oat | ng i s conpact.

{ et CBRbRY BRiRg et |aVkf Mo af A fl ﬁ‘f’%%%rﬁ%ﬁ@ that s into

di r eclcbyiten aﬁalud;uhueawmemrm@emat sleinturade i de ( 210)
is wholly formed by titaniumnitride. 29. The coa

st ent doséeand Hiapdim disedclayer Pedndgd wifecty with ﬁa*d fgrat geramic
first
100nmoogh8 i el 8% flarpintnik|de’ (960, <P Boond faver is

by t henddks bf, tdéastdn gasie acsutondt ceramic tiasidm Intyide, coating layer

whol |'y f or med by titaniumnitride, has a col umar
nor phé?%@)y and a pre-established porosity. 31. The

PRSTRE SRR, St | AT 26 AR Ao inbrcd e s

baseeracatitarguinanitide(catingss aotipackness of about 1-2 '

%. The coated stent of claim 26, characterized by the fact that said second
titanium based layer bounded directly on said first ceramic titanium nitride
(210) is wholly formed by titanium nitride.

29.The coated stent of claim 26, characterized by the fact that said first
titanium (Ti) layer (21) thickness is about 100nm.

30. The coated stent of claim 26, characterized by the fact that said second
titanium based layer, wholly formed by titanium nitride, has a columnar
morphology and a pre-established porosity.

31. The coated stent of claim 26, characterized by the fact that said thin inert
biocompatible titanium nitride based coating layer (s) has a thickness of

about 1-2 pm.



