10

15

20

25

30

WO 2007/048825 PCT/EP2006/067825 1 A method for production of a
coated endovascular device FIELD OF INVENTION The present

invention relates to a method for production of a coated endovascular
YeoiveWitdshe characteristics in claim 1. It's also object of tR€TiMPaIENG7a2S
coated 5 stent with the characteristics ih claim 13. The present invention
relates to the cardiologic medical field and more specifically it relates to
the realisation of a medical-surgical device for treatment and prevention
Aestherhfo hprertuchiditicf. BAGHGEROUIRAORIEHESCENTION 10 The

ﬁgh%g h@@ﬁmam}l}ion is the most common heart disease in the west

countries and its the main death cause. In the last decades several

Hesriesentavarian salates 1 apeihrshioherad HioasebarepiRchraryascular
desiisisiod absieaiingicerpcedietisionaled thejsao st efficasiontson a coated

%ol t\i/\(/)ﬂi #}s gpsirrg tlg Ie(g:crén!lrg% IIrrr]m fvoids the need to make a more
et sd ae ya-as 15 surgica?revas‘cularization. As known, stent is a
Fobsrastathineglitidricalgiessthdiie devicdogithmedogidietihblal opes specifically

plieiie. genrealik qissies) suitabledon medicrfiuse.dBaLs IPIaBlRd M and

the arterial lesion site (stenosis or occlusion). Said open structure is

RRYERIRH AU iR e SRSt FAEHSBN, according to arterial 20 diameter,
By thearetND \OF HaiBaReRRameRN technique that requires the

introduction of ballon, on.which the stent,is crimped,,into,the vessel and its
e TR e T
stentrieaandtéisihel nhaird demtid cdinsen sichethast desatémasyerabdevices have

pathAaNR TheStRFJigmaiRs indbesresianudisted plitiedietfihat stenting

because of the recoil of blood vessel 25 tissues. Applicants have noticed

PRRgSIEIRKR SR e Hoet SEisRCIvNSSal ORI problems and that it is

Pessibie ik iraproiguth et egalding sevaraliaspents, al horeasifitopastagéry as

Q&P%% rq/f %8&?n§2r¥t%p]gioplasty is in-stent restenosis. It depends on
several %cﬁors;a} € most important of them is intimal hyperplasia, that 30

Asakiferts steelf isyeastiveltonalltapniodinadimorpbeticrisriseotitrrisexpesriable
open structure, generally of steel suitable for medical use, that is implanted in the
arterial lesion site (stenosis or occlusion).

Said open structure is 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 andeithdrawn. 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 celis
because of the damage provoked during the stent application. To avoid this

problem, g‘enerally, cell and tissue growth inhibiting drugs are used and these are
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because of the damage provoked during the stent application. To avoid

this problem, generally, cell and tissue growth inhibiting drugs are used

and these are WO 2007/048825 PCT/EP2006/067825 2 attached to the
rOM8UNagE. The most used technique to do it is coating thectam006/067825
surface with a polymer whose role is to retain the drug and to release it
slowly in time after the stent implantation. The drug can be distributed

over the polymer or it can be introduced between two polymeric layers, or
attesiredddriberpienitedriate thbsmobymeeit tagieniddevie der jtiis tedimgdbesient
580017 SPSRIERTSIRCHALN A RARSIABM O B o SEBLEU By in

and this can decrease its effect. In éjF‘Jﬂartlcular in the case of metallic stent

tigieneitRIBR HEnt ieiangies nbir daue SRR iied drdigaelymer or it
d@wﬁf@rﬂ&i@ﬁu&@w\bwhmi alylakwmly@ter@emrbawﬁe@rwt&assﬁ the

n sten materi that incl des nickel a |tsa ogt rCicom
n

T R T e e it e SRl Sfr gty and
qnnﬁanteo‘mmmmgt&ntdlqtads argisbiyecte decreagediveiftnomenon
l”’B&Mﬁ’é’r‘“‘r‘n rglease Of Rpickal Rty Wlﬁ%@@ﬂ&ﬂﬁ@@é@&ﬁ%%@t noticed a

inside the body could provoke an allergic reaction. 15 Moreover, hematic
SSRRUIAPAEBHE SfoBRikiariREplissatioRorAHBRT: PYIChBMRHREVAIe| dalraction
tftieeéhe yraplastalionamdrstis raagenarafipgons i desl-koryynaiaeRgidie alloy
stents hav been developed, having a coating on their surface that will be
ﬁm88n?§c? ith blood and that is realized with anallergic-materials as
ldefalgtet iaraisiononsilidod taabide]lderbon dadnidyueasideosvettdit stents in
cﬁﬁt‘%‘i With BRAUISHIR GRRUAS. anayes ﬁﬁ&&r%@%%ﬁ@%m&f%t P8duce

use of coatln with Ionizing radiation emlttlng materials, as dep eted

aleanan? QTR pRSURRHEN RRROPHRT iStRRIARESST thrtivesiAforBoRRT YT FRUId

- pieeorbearbasrgs eerting. material is not appropriate because of its-

l\:7‘1Ieava%e Bhat ccuDrs when %tmat al is sub ected, to hl%h mecq(araun

S I'reegél S ex;l)%cr?sq] n uan)s(t)e rﬁ% #H’]Cp%.n%efwg%c%sl’ll’seﬁ use O?g the

fgﬁmﬂvaaﬁﬂde‘mhmlmwm notitihisergas enosrigtitivatevisicsnmserofecbnique
SUHRLORYGHY BN OfeRNG I alinsy Af @é&tﬁ@ym@@ﬁeﬁoﬁﬁ%dﬂﬁ%m be in

currently allow to obtain films of thickness Jower than 5 pm, Another

BB AR A HviPPhe B (RTIESS (A BRI B PSS s 1gepleted

uranium, silicon carbide, carbon and polymers.

Metallic stents with anallergic coating, however, have other problems. In fact, the
use of coating with ionizing radiation emitting materials, as depleted uranium,
could produce an important incidence of tardive thrombosis. The use of carbon as
coating material is not appropriate because 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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produce stents don't permit to obtain a perfectly smooth stent surface,
necessary 30 to avoid blood flow turbulences that can worsen damage to
wall vessel and incidence of restenosis. WO 2007/048825
PCTEMABRIS/067825 3 In the name of the same applicant E&Ap06/067825
application was filed with number M02003A000238 to give a first solution

to the previous problems, and relates 1o a stent with a titanium nitride
coating, able not to release allergic substances and not to interact 5
Imdbathaiswvith bR BRES, aRRICRThAranteéang eprisalieawstdiied, Wik migaper
\atalatityaeogbiligh biocompatibility. SUMMARY OF THE INVENTION Aim

of the presept invention is to improve the results of the previqus invention
(D58 Bt e R AP O A IO R R ORISR BB SE A
titheiub® ptrige seafimg odbieimyta c oaleak e ralievaiscslibs Gevies avithrtbirtnenteract
o o gty
ahiightibipeprarAitidiascular device with a surface so smooth to avoid
inad Arw trbplengryERditsneduce platelet activation, thus avoiding or
redu i%conside{abe?é tﬂﬁ risk of ,thrombo%s: 15 Tpe (grﬁgvascular d,evicet.
Bt TP RRENTERMRBrSol MBS VbRl By LERVIGUH S ton.
algkedsef ittatéme plapivatdmies. Mhestipuiposasoan V1 OREISAMER20H, with the
&%9&5%?!5%5 g _ tg%é @Néﬂgcg%%%ﬁ%'r%evﬁrg\ﬁiﬁh %Y%PXo%tianyl%%/gr, that

endovascular device ywt%ltthe characteristics reported in claim
deesn & MsUBstiaahuGR hararsepid s MVEREEATR IS sYEe S5 thideded,
bk pavhodtesk wpisonecptithicidatievingibuaen of deyiaesasauBiadeipte with a

b inal and ' d/or jli ies. - .-
DURRRer SBRE DI LIz 8 oS PEHEa dafofa 4FH Eorabp'

- sttt hbusEcidtagisticschucihadeasidged by e riztesétiromabosion will

ﬁ%%%\%@gd%r device object of this invention, moreover, is able to be loaded
by a drug and to release it in the planned times.

These purposes and others, that will become clear from the following description,
are achieved by a endovascular device with the characteristics reported in claim 1.
By the term endovascular device in the present invention it is preferably intended,
but not limited to, one of the following types of devices:

- a graft for abdominal and thoracic acrta and/or iliac arteries.

- acoronary stent.

- aperipheral stent.

- a biliary stent

- arenal stent.

- acarotid 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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the following detailed description of a preferred, but not exclusive,
endovascular device and of a method to produce it, according to the

present invention. 30 BRIEF DESCRIPTION OF THE DRAWINGS This
degeriptiensis given with reference to the enclosed drawings PewhitPe@xg067s25
provided purely for indicative purpose and are then non-limiting. WO 2 00

7/0 485 25 PCT/EP2006/067825 4 (ryFigure 1 shows a stent according to
the present invention Figure 2 shows, by an enlarged scale, part of a
sectioRighthd stenroé figrmeadtcovitimbighightesseobinvghdpars Figure

3,4,5, c ] S

e cion a2 A A R R d A R £ BB AR bt foure
produdtisithDighighier RETRAYFION In the following the word stent will

be ySqtdi}Q‘l éh?@é’ogﬁo%fiﬂeg §&‘ﬁ%’f‘r¢ﬁ% MEANNG- s%%B%J‘EF{ 8¢ éot@?sversal

enclo drawm%mn is indicated as 1 a stent according to the present

inventRSeiPReCEEIR $iRRls WatsHEPhRR4ATR! MRGHTEVEN A aRsSFititIRy coatin

cylindpieaditpetthyr 2 that is made of, for example, a metallic closed net. As
ingicat] EW ic net can be produced from a stainless steal tube

@v%@"?r@t% Séc |on?§3}}?laser cutting.. 15 The tubular body 2, generally,

lis thediobhwingobessabit sienervdllvith bsedhwithtitee absistadetined extended

Siainless steel 316L. Other kinds of materials are also possible to be
used, like the following: - different inert and biocompatible metallic alloy,

RAfpiAnsaifchimcapests diRWings iaseisaseitrs dvit finel jaocording to the

Kres28Cmaviaof.0-35Ni-20Cr- 10Mo Co0-20Cr- 20 16Fe-15Ni-7Mo,

PRSS8 n IUR lR St NSRS ok SR B A B o

mcro racture uring crimpln ah expansion ases possi

ito medatain ﬁ@rees,@meleharm@dm@mm Betn ﬁerahm%ﬁeeﬁon differewtallic net

BErhantRiecamRraHRieEpladicsalay BV RATIeHar BYEGoH Y !é%e@'é% ng.
as Ti-12Mo-6Zr-2Fe, Ti-15Mo, Ti-3Al-2,5V, Ti-35Nb-7Zr-5Ta, Ti-MI-4

§Ige-|-’p,gwiqw§oq+y %h&?q%rzpy, is made’ of ‘a processable material wuth a high

fatigue resistance, as stainless steel 316L. Other kinds of materials are also

possible to be used, like the following:

- different inert and biocompatible metallic alloy, and in particular of CoCr alloy,
as LB605 (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 to

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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- 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-10W-3Mn-2,5Mo, The tubular body 2 is totally
OB0EreTsB2R least an inert and biocompatible coating 30 |aBEF/ER200d1@:825
by the term biocompatible it's indicated a material that is able to interact

with wall vessel tissues and hernatic bfood flow as less as possible, and to
not interact negatively with the human body. The thin biocompatible and
tifrRmumw O itodT /048845 I ET/Eha006Y86752E  S/iickniwtemitrige disewd after

pRYSErdhah cavBES RN el stemialR RiRiascLABBH PEeRAIAlIeR 4 W andable

tubular substantially cylindrical body 2 made of an expandable me

Bt 7 B A S L A3 i B XD B GBB RS the
fisl vitiaop p peradian S isusideeeRsion: 5 - Deposition of a first Titanium layer
(21) - Eirst nitroge reatment of said first titanium (Ti) layer (21) by
transrrégglosr\t' fg ‘?gﬁ%ﬁ‘ef P Eﬁ}é Sl tk%{ ubstrate (Closed Field

UnBalginste chilagpretidl) Smatercion Satal) dirseditendbtaiftipelayer (21) b
transfeupation.of atdeagy Og% parhaf saiddirat “6%”' gssvlfﬂﬁepla'” BBy Fleld

layer 10 of titanium nitride (TIN) ceramic coating ( osi |on on

this saithfriangger dlacmtian nivRieriNcBerdistn@atrige@ 1ty ophtain  the
secongdiamiatdh daneldzsda pareaonid kAR eaiment of $aidt layer

second_tj anlum ayer (2 transmission of high ionic currents on

the su%s%f iy (@:f&@##@h& ﬁ%%ﬁ%ﬁ%g@d (%18 netron Sputter lon
Plaung)e@medamoavbtam ﬁa&jtlfaﬁsieymabﬁmaﬁ@trdeammparn\m@a@mc coating
secon Wi ayer of titanium nitride (TiN)
ceramic C a%tﬁ%s%zc%)% tﬁh&ﬁ‘ﬁﬁt t| {ﬁer 21 has preferably a
thicknéssesba duitr a@aniiN) ‘m@efmrsnh mfo@rrh sectnktiteofue (fiistaitani@d) by

ayer iR ERh O RRIA oAl 28RBH RAY ghde e et {psn Fieia

layer 21 into a compact ceramic coating made_ of titanium nitride 210. T
seconHW@?ﬁqreMﬁ%ﬁt%a@é@@én@ﬂaf iatingy e ADs by obtam “the
transnnissh%rn@ci‘cmgh)f(mweelstrarﬂsrﬂnﬂbaualﬁw@a&t(@fﬁ&ﬁ?d(ﬁ)eldyer (22) ina

UnBalg c%en Ma?grn 811 8nium nitride (TiN) ceramic coating (220).

The first titanium layer 21 has preferably a thickness of about 100 nm.

The first nitrogen treatment of the first fitanium layer 21 is aimed to transform at
least a part of the said first titanium layer 21 into a 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 freatment 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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Sputter lon Plating) is aimed to obtain the transformation of the whole said
second 25 titanium layer 22 into a second ceramic coating layer fully

made of titanium nitride 220. The first layer, formed at least in part by
wanrierHidatle, makes the second treatment safe, avoidingfi€ TEHEVIME7825
direct contact with the external surface of the tubular cylindrical body 2.

30 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
spraeisindheoivth 2o 07n4e8iE POT/ERP 200810878286 Shifie Kipidlaplamt is
JIRRERESINGE o thiDvweh ML RRTSHIRE SR ATRES BB IR W RERHBRIPHE R ).
whole ceramic coating made of porous titanium nitride 220. The thin inert

IR0 S ARDIB AERMERT RS a0 R 4B madE G RS MR WRAIide

vaifclynmstivwioal yy by cine rscteassthat diast dn thick fieiskrnekabdutibbut21pA? pm,
Wi t pm. The external surface of the ceramic

a??a ?jrlegériaféséggéfa t?t%@ﬁr% itride (TiN) is characterised by a

Tre-exstamiheurissrositytaimesrainceeatisahasdre o @iiamayéideveiNy is

hEanemelepya Wés_@gﬂi%d%’r%§gﬁﬁm¢é@%ot%@§§éiQﬁ@c}‘é’{g?@%r‘of a

treatments are made sm%; an ionic .10 deposition system made by at

YRS R ﬁﬁgdﬂgﬂ%ﬂ#ﬂ%‘ e a¥eSsRie?EY8p of this coating method is

Mhma;nediﬁedllby_md_ermaiﬂimdf aiIfTO@Bﬁ resteénesis dang melidheiexteinaionic

gfaspetineseidhiscampatble malgial dhaf covered the tubular body

. Before this step implementation, a prefiminary phase aimed to -remove
Hi/suesassitasima s isisropating toeined iroaharasieiseddred ideposition of an

AIfRCRSIaNsIS BAMYCIAY Heatment-PReMAINS fonditani M ALPSHIBR Feuterial

ade by at least one magnetron and comprises the following steps: - The
tH‘]@éﬁl %‘fﬂfﬁﬂ?&r@@g 2 into a vacuum chamber - The insertion of at

Befstea tilanaiap eleplentantetsaid sapuzlimichambens20 aiified insertiomas aany
s AaTemal VAN TIANARPS; FBebAaPUAmEnt Y clectrons

generated by at least one magnetron o e gas atoms to obtain noble
lgaaipidar, treatment operations for titanium deposition are made by at least one

magnetron and 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 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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- The bombardment by said noble gas ions of said titanium element to

obtain titanium ions 25 - The induction of a potential difference between
tubular body 2 and said vacuum chamber to obtain the deposition of said
tandumaensssover the tubular body. Then, the titanium nitrideCd&IO8KkioR7825
is produced by a successive phase during which nitrogen gas is

introduced into said vacuum chamber 7o obtain titanium 30 nitride. WO
2007/048825 PC'T/E1'2006/067825 7 It's important to notice that titanium
Ifitridepottanhdmfrihticstehhdicailowenitvidataisiitintorobrtheirgiehtahas a lower

wiBIRGS SteelHalrudRgs Adhgaue!idoowardrchiifyEs THISHRA NG known

ensures that there is no release of toxic ions from the same coating 5 and
BEMRItHE underlying steel. With the above described method it is possible

TeiokioHipatingremane HditaRiud et wndexdtiogsMeeiuel@dme coating
thi&lgnes%j%\bogt Jr,5 ms)t and with a very thin and smooth structure that
and froni nderiyi ge

0 . . i
ensures a high resistance {o the mechanical stress generated during

\Bligmthien plamatdimppib%meﬁmdiﬁyin@m@em albistic cpetdg@mmmmimmum
B EEEhAL R ARG TRARIC HitRA SIENLIR GPASHRY S Rith o very thin and

biocompatible inert titanium nitride based layer that includes: - A firs

BatHY SEHENE 18 nPATRTEP titaniliph nifRRiqDa®) hathie infsChantierl stress

Gk hosndedivyigh the extemhaegsulatedb roadepad tikaniwefasedstic

{%a er | ba%%‘ ded directly with said first ceramic coating layer made of
itanium nitride (210) and said second layer is made of, at least in part, a
Atttenehdevhihix aitatingniredtrichntthatiate thje cottrd firgtactiniarhicaimpiatihle inert

RLHARCoRtRoJaYEs (21D ds:eampagk. differently from the second layer

that is directly bounded to it, which is wholly composed by 20 titanium
nitﬁdeﬁarﬁkﬂshﬁﬁ“ﬁﬁé-%%ﬁ%fﬁl%%!?bd?@gﬁ/ ghditatgmniEdmdgIRoIdgt is into
The thisrineit Maassupaddiritiianisxeiisiefasediayer that covers the - - - -
WhgleAStseenctokrl} Stﬁatmgrl%n%sa%gdf "J}g{/)grt %bzuggelad directly with said first ceramic
coating layer made of titanium nitride (210) and said second layer is made
of, at least in part, a second 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 it, 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 um.
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 o 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



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 25 to fixed time and the possibility to use a

Wonomoelesdlar polymeric activating thin layer (for example BSSIFPRIAE 067825

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
dimepiafeadionyting fiduetecptestbrsesiseitnal 30 Chptoivaliptiieprat edplesion,
fy ﬁgtt%%lgg ntippLanypLises a preliminary polishing step aimed to

eliminate any kind of surface contamination and/or defects WO

Irzggq'mwmmwzoosmeh@z@@ma@w%%%@w AemiaRpwder (Al
2(533 %ﬁﬂlfﬁﬁl@lfi@'rgdéC&ﬂﬁ&&ﬁﬂ@tﬂéﬁbﬁ'@ﬂl@@l?sd?@raﬁ@mw %Jbumbadgﬁack
e coat n addition relimi olishing step can be operate

R}‘&]Brﬂﬂ? (%BWQEW‘M r@%%%)gg(?'}dtﬁl cf)}t sufficient, it is possible to

Fopieatearsintna chednioalliatingky DolishidP ptagptolithio deaphsontemds arehnd,

Sl mary polishing step can be also
e déﬂﬂ(}cfa sadzégh%r%cﬁé((%‘;%ﬁﬁgeﬁk rochemical polishing. MCSLLP 9
CLAIMS 1. A method for the realization of a coated endovascular device
comprising at least the steps of: preparation of a substantially cylindrical
tubular body (2) made of an 5 inert and biocompatible metal or metallic
alloy selected from the group consisting of stainless steel, CoCr alloy, Ti
or its alloy, Cr alloy; coating of said tubular body surface with at least one
thin inert biocompatible titanium based layer (s), said coating being
produced according to the following successive steps: 10 I. deposition of
a first Titanium (Ti) layer (21); Il, first nitrogen (N) treatment of said first
titanium (Ti) layer (21)-by transmission of high ionic currents on the
substrate (Closed Field
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UnBalanced Magnetron Sputter lon Plating) aimed to obtain the
transformation of at least a pail of said first titanium layer (21) in a 15 first

layer of titanium nitride (TiN) ceramic coating (210); lll. deposition on this  cgLLP

said first layer of titanium nitride (TiN) ceramic coating (210) of a second
titanium (Ti) layer (22); IV. a second niftogen (N) treatment of said second
titanium (Ti) layer (22) by transmission of high ionic currents on the

EupHiste (Closed 20 Field UnBalanced Magnetron Sputter lon Plating)

aimedae;RBItA ' least id second -
titanium (Ti Fﬁ?yfge(tgg‘ ?i%ég%e@owng Iél%or 0 ati%%r%%‘f%? ?Iglmf%ecroa%ﬁgsmg at
coating 23305, Stepse>fethod of claim 1, wherein the said first nitrogen (N)

treatmenpef R, &%%fiéﬁb@@ﬁ{wﬂy@)l!ﬁaﬁ&é?ﬁ%@mﬁgﬁggﬁé@ of an

at least a part oféhe said first titanium layer (21) into a comp a

titanium MAAEEEAIRGOTRRIPE. PRt RitvRtdicIaliny Fekmiarhasm e group
second nidcogatiriteatstantefshecsiaid secansytitanid mslavey (27)amade

by transmission ofgigoh.(i% i@?ﬁiﬂreﬁts 30 on the substrate (Closed Field
UnBaIanggggl\qggﬁ trot r}) PloR BRI Regint ot aledinpige thin nert
whole sakizeasopdtiifantitemiayeb2)dntayar JeyordidetaaimgorRisy producead
titanium njtri SHEET NIGSLLP 10 A. The

method %gﬁgﬁggqgﬁgb\aﬁh@@ngﬁ?e% Said (ﬁrséftet‘ft%nium (Ti) layer

thickness id-aB6E$H0MAY SBirshéimetiod B biaien @ Wherein the said thin

inert biocompaiiyie, HEaga NGt ( I
endovascular device has a gytﬁ%’%ﬁﬁﬁﬁgfgt ﬁ%@%ﬁﬁﬁfﬁﬁ@,ﬂ%{gﬁ@n by

claim 1, wherd[ATESP el WiHansansrems sidtheerutbrirateniGased Fleld

nitride (TiN) caiiBwdrasd aagmARsNSpINIOwN TRIHRRGNARRSLES BN the
1, wherein at !ﬁgsé ihe extern?@igag of the said ge,ramlc titanium nitride

(TiN) coating i UhArACtRlZEg BrifeRathffezpid first fitanium Jayer (21) in a

first layer of titanium nitride (TIN) ceramic coating (210);

. deposition on this said first layer of titanium nitride (TIN) ceramic
coating (210) of a second titanium (Ti) layer (22);

V. a second nitrogen (N) treatiment of said second titanium (TH) layer
(22) by transmission of high ionic currents on the substrate (Closed
Field UnBalanced Magnetron Sputter lon Plating) aimed to obtain
the transformation of at least a part of said second titanium (Ti)
tayer (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 (T1) layer (21) is aimed to transform at least a part of the
said first fitanium 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 fitanium layer (22) into a
second ceramic porous titanium nifride layer (220).
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10 porosity. 8. The method of claim1, wherein said nitrogen treatments
are produced by the use of a ionic deposition system made by at least a
magnetron. 9. The method of claim 1, characterized by the fact that further

comprises a subsequent step of anti restenosis drug deposition over the pcsSLLP

external porous is surface of the said fgiocompatible layer (s) that covered
the tubular body. 14. The method of claim 1, wherein the said

endoyascHlafderise imaraft igigapdominalansktheracioraoma@as ar) fayer
iliac arteries. 11. The method of claim 1, wherein the said endovascular

devidBr&kRSSrisnaRPUELaE 9812, The method of claim 1, wherein the
said gndovRSEYRIHeNite S awberipine thb steidt. thih Feetnhathoohpatiiéantitinium

herein. 4 end | P i
Clim TR T i o B R G e ) S B0 i s o
methtidodhiekssnlalvoloéreid e said endovascular device is a carotid and

cegebrilsienty b Thedmaihon o claihl ehesein e B8 AIRIASCHY sad

deVice the substantially cylindrical tubular body (2? is made of an inert

and 3eBivELHpaNBEHTSE SN avatine R thealgraAIN T ROAKNSN the

in saigendovaseylar dRviselthrevbriantiRiAscytindsealid uarbesy(2he said
is made of an inert and AMENDED SHEET, McgtSLLP 11 Qi%(:omga%bel%rmined
CoCrafigyie HaatmoiitHe ¢/o) CoRiiny SRIBEE RS Py @ pre
20Cr-3eM&#PNI), Co-28Cr-6Mo,

Co0-35Ni-20C-10Mq,C0-2QCr-16Fe-15Ni: . i

1, @\Ih €'rnn'tWé.'i Cgﬂg?dcﬁiaﬁvégéﬁ‘éar‘%egv%!cae KtheSQ‘ég'Lgu r%tgatgﬂuga 5') %ﬁn%@@lwd by

tubulathbade (&) asienaddeploaitirresyaieim iosisniyatibleast srmagirson.
selgcted fromyhe, AIOUR FENSISHNG RN THARMS the fact that further comprises a

subsequent step of anti restenosis drug deposition over the external porous
surface of the said biocompatible layer (s) that covered the tubular body.

10.The method of claim 1, wherein the said endovascular device is a grait for
abdominal and thoracic aorta and/or iliac arteries.

11. The mathod of claim 1, wherein the said endovascutar device is a coronary
stent.

12.The method of claim 1, wherein the said endovascular device is a
petipheral 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 in said endovascular device the
substantially cylindrical tubular body (2) is made of an inert and
biocompatible 316L steel. '

47 The method of claim 1, wherein the in said endovascular device the
substantially oylindrical tubular body (2) is made of an inart and

AMENDED SHEET



10

15

20

235

30

6Zr-2Fe, Ti-15Mo, Ti-3Al-2,5V, Ti-35Nb-7Zr-5Ta, Ti-6A1-4Va,
Ti-6A1-7Nb, Ti-13Nb-13Zr. 19.The method of claim 1, wherein the in said

endovascular device the 10 substantially cylindrical tubular body (2) is MCSLLP

made of Nickel-Titanium shape memory alloy(Nitinol). 20.The method of

claim 1, wherein the in said endovascllar device the substantially

cylindrical tubular body (2) is made of an inert and biocompatible Cr alloy
seleciiCRBIRAIRIS fotp alystrigade C fraamimsatoupl onsisting of LE05 (Co-

Cr-13MieaMBIR. Stioi) CroRMBMIR,5 MBL%I%?}&%B%%&%@ H1BFe-15N

WherI? it further comprises a preliminary polishing step aime
elimi (?'any kind of surface. contamination and defects due to laser

cuttnghékentztterd| re-fuzae matefiatsucerssive iRiesmal 8XPIRsIolevice the
from éhﬁ%]%lgﬁ bo%ﬁ’lirhodkrlsga ogtgd 205{5.The method of claim 21,
wherein't esala,pr iminary pof Wﬁ{g is (Dbelttddpalohigg nert and
powd@iPGaMEBaind ifothits isllogt ssudfitiehirdtristrogsile bR AEISHAS SR 2Mo-
a chesmi ttagkqwitty, 3B-phateli A metheds a ruetures,

5 The a1 S 2L Wharo e ShE bt iAar) FONCFNG SEALTND
can b@‘%‘s@gﬁemical, sand, electrolytic and/or electrochemical

pol@hing, AkiFaa neethad:af ?,Iamérewh%ﬁéiﬁﬁ?‘%fﬁe%ﬁ%}&@@ﬁ%ﬁg&m@ the

are made b th? use of at least a magnetron and that comprises

followin Sé?éﬂé? 4 t@ﬂ%&?ﬂoﬁ%ﬂ%&&fﬁu@? Bodgads infd\iokabtitanium shape
chambemerheliog@ittomdf at least a titanium element into said vacuum

c ; - Insertion of a noble gas into said vacuum chamber; -

the 'om%)eiﬁ %‘eé%és 5%(1’:??02’5 gﬁé%ﬁe By'dt R SHQYAREHIRTfevice the
noblesgustangaly tocgbtairoabblebyées iomsdyAMBENREDVEIHEEFMGSLERH  and

A S A S R R v
body%1%§gﬂa-2,5hﬂo, Cr-10Ni-3Mn-2,6Mo,

21. The method of claim 1, wherein it further comprises a preliminary polishing
step aimed to efiminate any kind of surface contamination and defects due
to laser cutting, like lateral re-fused material successive to thermal
explosion, from the tubular body to be coated.

22.The method of claim 21, wherein the said preliminary polishing step is
operated by alumina powder (Al 203) and if this is not sufficient, it is
possible to operate using a chemical attack with 3D photolithography
methods and structures.

23.The method of claim 21, whergin the said preliminary polishing step can 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 @ 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;
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vacuum chamber to obtain the deposition of said titanium ions over 5

tubular body. 25.The method of claim 24 wherein the procedure further MCSLLP

comprises a phase of the nitrogen gas introduction into said vacuum

chamber aimed to obtain titanium nitride. 26.A coated endovasoular

device comprising: 10 - a tubular substentially cylindrical body (2) made of

an inert and biocompatible metal or metallic alloy selected from the group
consistintheohstaibiadssteehyCotid alioyleT basitw adoyt esidllgaiianingemeant to

said tubl,g iadl lindrical body bounded on its external surface
at least or%%ﬂﬁﬁa%ﬁctloﬁr.!n}éatl le inert titanium based layer (s) that 15

cpmp'risefbf;3 m%aﬁﬁ@ cotamiel thiffierenaddofyaeieasbinapdrtditdbiumd said
nitride (ZHQNAT hitheP VR ABR bw%%&%ﬁh%%&(@ﬁg%ﬁg&ﬁfs{ms over

surface;, a second titanium based layer bounded directly wit
ceramic Mﬁgﬁﬁ%r made of titanium nitride (210) and said second

layes, End0nmedtisdalf aldpastinaarbin aREARSLEEIANGHRNIBEMNIELS a phase of

coathg layer éZZO%@f?.TQﬁﬂco ted endovascular device of claim 26, ]

wherd 1y S HEE LI HEHRNIOIR rRERe E6HHRY RO RBIRRBGTBAs T obtaln

coatetitamdovasicidar device of claim 26, wherein that said second 25

titag #%ﬁr ' id first ceramic titanium nitride

(2?(%%\%%3%@ ormé’ggbg)gg|l %%%%ﬁ%ggﬁ .Yhe coated endovascular

device ofecldiauter vanbasantaly fiestindntam by 1a@er (@ajihickness isert and

about 10QMBe(:HIRLAMERH ENARYATRUL Qé’é?@c%&%ﬂﬁﬁe\'{}/?gﬁﬁ' Ronsisting
I orphology and a

said second titanium 30 based layer has a ¢olumnar m

pre-estalftfshginssvsise! AMENTIeY SHerdts pley.Singdlons 31.The

coatednag asaulabdeyieinfaiin g Gynhensi %@igx%méd on its external
biocorSn‘Pr?tible t{'t niu nitri%embgsed coatipb%a%er (SI) as a thickness of

ace al |east one iocompati ert titanium based layer (s) that

comprises |
- a first coating ceramic layar made of, at least in part, titanium nitride
(210) that is into contact and bounded with the external device surface;
- a second fitanium based layer bounded directly with said first ceramic
coating layer made of titanium nitride (210) and said secand layer is
made of, at least in part, a second ceramic fitanium nitride coating layer
(220).
27.The coated endovascular davice of claim 26, wherein that said first ceramic
titanium nitride coating is compact.
28.The coated endovascular device of claim 26, wherein that said second
titanium based layer bounded directly on said first ceramic fitanium nitride
(210) Is wholly formed by titanium nitride.
28.The coated endovascular device of claim 28, wherein said first titaniumn (T
layer (21) thickness is about 100nm,
30.The coated endovascular device of claim 26, wherein said second titanium
based layer has a columnar morphology and a pre-established porosity.
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about 1-2 pm. 32.The coated endovascular device of claim 26, wherein

the substantially 5 cylindrical tubular body (2) is made of an inert and MCSLLP
biocompatible 316L steel. 33.The coated endovascular device of claim

26, wherein the substantially cylindrical tubular body (2) is made of an

inert and biocornpatlble CoCr alloy s&gcted from the group consisting of

L605 (Co-,20Cr-15W-IONi), Co-28Cr- 10 6Mo, Co-35Ni-20Cr-1

OMa,Fa=QEurtHRentiohtlsdNia. 3évidee coajatherBvascuiairderice ofin inert

eSS ol e e T s o
consistimguofl E-f2Mo-6Zr-2Fe, TI-11 5Mo, Tii- 3Al-2,SV,

TISNIZ15T THAAAAGT-ANING THANDA M50 The capiishialy

ovascular device of claim 26, wherein the substantially cylindrical
5 tubulapYisulyica) s brdire Tthn (Rl it afdroebrApaiisie MitdkehasRiRR#Aiple 316L
shapegpgmory alloy(Nitinol). 36,The coated endovascular device of claim

26, wherein the substantially cylindrical tubular body (2) is made of an )
inertandibeBisH ERICESEHE) 98'defe Ao oM %ﬁg &a&%‘ﬁ%r{éﬁt gipntially

Cr-14NjyRaiNtl EbiBNboNINE2) Sdl0ader dRNiiBbhedd MocdipativtetbCr alloy
iqgog’;%/ﬁ%%rﬁdﬁé}éeg‘fé’é%ﬁ‘ﬁg'80%%'1%&“8&%%gf(ér&l’z%'@ﬂf5\9\'/‘3ﬁ@ﬁﬂ,r%~zacr-
10 BMo, Ca-35Ni-20Cr-10Mo,Co-20Cr-16Fe-15Ni-7Mo.
34.The coated endovascular device of claim 26, wherein the substantially
cylindrical tubular body (2) is made of an inert and biocompatible Ti or its
alloy selected from the group consisting of TH12Mo-6Zr-2Fe, Ti-15Mo, Ti-
3A1-2,5V, Ti-35Nb-7Zr-5Ta, T-6AMVa, TI-6A7Nb, Ti-13Nb-13Zr.
15 35, The coated endovascular device of claim 26, wherein the substantially
cylindrical tubular body (2} is made of an inert and biocompatible Nickel-
Titanium shape memory alloy(Nitinof),
36.The coated endovascular device of claim 26, wherein the substantially
cylindrical tubular body (2) is made of an inert and biocompatible Cr alloy
20 selacted from the group consisting of Cr-14Ni-2,5Mo, Cr-13Ni-6Mn-2,5Mao,
Cr-10NI-3Mn-2,5Mo.
37.A coated endovascular device obtainable by the method of any one of
claims from 1 to 25.
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