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balloon Is Inserted into a stenosis which occludes or partially occludes an artery and is Inflated
to open the-occluded artery. Another alternative method is atherectomy that Is a technique in
which occlusive atheromas are cut from the inner surface of the arterles. Both methods suffer

from reocclusion with certaln percentage of patients.

One therapy for vascular occlusions is placement of an expandable metal wire-frame including
stent, within the occluded region of blood vessel to hold it open. The stent is delivered to the

desired location within & vascular system by a delivery means, usually a catheter. Some
advantages of the stent-placement method over conventional vascular surgery include obviating
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about 16%mickei an to be able to visualize the position of a
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fuoroscopiThe sshel aihe st stEp sy, dapenging on th stet
material, not only to withstand the vessel wall recoll that Invariably follows deployment at the

target site, but to allow the stent to be seen on the fluoroscope. Various materials, such as
3161 stainless steel, possess suitable mechanical strength, however the X-ray absorption of the
metal is low. The fluoroscopic visibility of stainless steel, for example, in a thickness below 100
um Is very poor because of the limited extinction of x-rays by such a thin metal tube. in
addition, increasing the sidewall thickness of a stent to enhance Its radiopacity and recoil
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stent may be expandabl e by balloon Inflation.

Preferably, the platinum:iridium alloy has a composition of about 60-90 % of platinum and 10-

40% of iridium. More preferably, the platinum:iridium alloy has a composition of about 70-80%

of platinum and 10-30% iridium. Even more preferably, the platinum:iridium alloy has a

composition of about 70-80% of platinum and 20-30% iridium.



Preferably, the platinumiridiumalloy has a
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t herapeuti c substances. In a second aspect, there is
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bodily vessel so as to maintain a fiuld pathway through said bodily vessel;
whereln the wire structure is formed by welding tubular shaped wire sections together

and the exterlor surface of the wire structure is defined by the welded wire sections.

In & third aspect, there Is provided a delivery system for inserting & device an implantable
medical device as described, within a bodily vessel, wherein the device is expandable by
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The device may conprise struts, the struts having a
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platinumalloys. Brief Description of the Draw ngs An

itisan ad@d?ﬁﬁa |o¢at‘?5as¥ SR eibY@RehtU thel ﬂr&soﬁlqme%rﬂﬁ providb & Iriﬁildrﬁhble
medical deﬁceetﬁa? Has éeg Biodo Cpa%myvlé]gnny. exoeVYIenthéchanQGa\‘\groperﬂes

and a low profile. The present invention provides implantable medical devices that are made
from platinum:iridium, platlnum:tuhgsten, and other platinum alloys.

Brief Description of the Drawings

An example of the Invention will now be described with reference to the accompanying
drawings, in which:
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and | B are pictorial diagrams of exenpl ary ball oon
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enbodi nent of the present Invention; Figure 2 is a
pictorial diagramof a sel6f expandi ng stent as an
illustration of inplantabl®e nmedical devices in
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ot her ducts or tracts of the human body to keep the
such as in the cerebral circul ation
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ertery stbdibanoh 6FE Bhor by betodh ik W2 °7= S a6 istusddtin
detail in thi5 pppiicatig. &t Witk be understpog by thesq ﬂ%l'@d e %H@t storgmhaving the
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aneurysficgied for intravascular insertion, to a second
position, wherein at |east a porti on of the exterior
surface of the stent contacts the vessel wall. The
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second poslticm, wharein ptieast arpordibn bftheexterionswrfacenof tha stantsontacts the
vessel wall. The expanding of the stent Is accommodated by flexing and bending of the
interconnected struts throughout the generally tubular structure. It is contemplated that many
different stent designs can be produced. An intricate pattern of interconnecting struts can be
produced that enable the stent to expand radially when subjected to the appropriate radially
directed forces such as are exerted by the Inflation of an underlying balloon. A myriad of strut
patterns are known for achleving varlous design goals such as enhancing strength, maximizing:
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using pd\ﬁl@tq'nétﬂlurgy techniques, if desired. This alloy is also suitable for continuous casting

techniques.

Stents are typically formed from a cylindrical metal mesh from one of the alloys described herein
by using various manufacturing techniques. Alternatively, they can be formed by a wire
wrapped into a cylindrical shape. In the preferred embodiment, the stent is manufactured from a
thin-walled tube, which is then laser cut to provide the desired configuration. The tube may also
be chemically etched or electrical discharge machined (EDM) to form the desired configuration.
In an alternative embodiment, the stent may be made from a flat pattern which Is then formed
into a tubular shape by rolling the pattern so as to bring the edges together. The edges may
then be joined as by welding or the like to provide a desired tubular configuration. In addition, a
thin tubular structure can be made by using magnetron sputtering as disclosed in U.S. Pat. No.
6,633,905, and the thin tubular structure may then be processed into stents by any known

methods.

The stent may be fabricated using Ptir alloy as described earlier. The alloy can be received in a
shape of a wire. This wire Is shaped in belts of cylindrical shape and the belts are laser welded
to one another at a specific points to join with each other (see Figures 1 and 2, for example).
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Then,
In the evolution of stents, there have been developments in the field of stents coated with a

layer of polymers. The polymeric materials are typically capable of absorbing and releasing
therapeutic drugs. Examples of such stents are disclosed In U.S. Pat. No. 5,443,358 to Eury;
U.S. Pat. No. 5,632,840 to Campbell; U.S. Pat. No. 5,843,172 to Yan; and U.S. Ser. No.

08/837,993, filed Apr. 15, 1897, by Yan.
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sfu tment of these extrenely small
frompafsﬁﬁaﬁ%‘m éegéfg I's that the stent delivery system
shoul d be highly flexible to allowit to be advanced
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vesseﬁn{allﬁl nul tuggst en an ot%er p at1 num al | oys jzgiﬂr'yeﬁ"‘grter ong

reducti Rﬁ'th very thin sidewalls. In certain enbodi nents, the
sidewal | s . of the stents are thinner than 0.0028". In

| dop» Of th t ent
inacrif e B e 0P W EBRpRemel DS IR 0 0| 1110 2 ST ene s and
Intracranisy Stpatis dasipnpdiebe soraprassed onte deliverycatiéterwit meralle as low
014”0167 Ieing lstentProfitalb20™.022°. | n one exarrpl e, an intracrani al

racredsF R el 065 ool AR 6t e ot el B voosp
support; Uatetiai rajlets In gheqangp ot12r16% @wnqlmmlowemtrd&gmm
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Stent syriacktofiength ratinis sel fo bet. &1 amrrﬂmnste mindme} vesesk injuntssare,
CoCr, Ptlr, or PtW Low pressure depl oyment of a stent
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may be thagd mylwnvenﬂmqsphown Ip therapeciit ammdmmﬂabutweMMQ from the
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ar get vesse can e depl oyed usi ng
to be copy q’?ﬁ%ﬂ”"f@ﬁ?ﬁﬁs 'li'é'éaﬁ?ﬁﬁ" ®e sel f - expandabl e.
The stnt conprises structural el enents that restrict
potential over expansion, matching the Inner dianeter
of the vessel and to make depl oynent extrenely
precise. This feature of the structural elenents in
conbi nation with | ow pressure depl oynent potentially
reduces vessel Injury, rupture or restenosis. The
stent al so has longitudinal flexibility equal to or
better than what is provided by a delivery catheter.
This nmeans that the stent does not add I ncreased
rigidity to the device. The trackability of the stent
depends entirely on the mechani cal properties of the
catheter and Is not restricted by stent alone. The
| ongi tudinal flexibility of the stnt can be neasured
by force In grans to WO 2005/ 044361 18



PCT/ SG2004/ 0003 19 0512006 deflect the stent from
neutral line. This force brings stent deflection to 1
mmfor |less than 8 grans. Existing catheters can 04/05/2006

provi de 20-22 granms per 1 mmdeflection. This

condition Is also extrenely Inportant when creating

stent conpliance to particular vessels and saves the

vessel from possible traunmati® reaction. The

WECAMre of the stent is designed to provide a

normal i zed radial force of 18-1 9granms/mm of |ength
ch val ues close to the ones found in
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t.heter with a profile as | ow
3§?°e'n(ﬁu"grofile .020 .022". Intracranial Stent with even

mat emherein esnlatiniratungsteraaltby Was b caropuaition 6f, abouitaBt95%0of platinum and

snendttinydsrsel support. Material ratio is in the range
ment di amet er.

of 12-16% dependi ng on depl o .
Intr g"c‘:erl'g'r']i"é blanumiorln:sieniat, iy has7 Cemeasiion 8 Sl 79-86% of
Platium; 50-2% ofripgiym 290 3810% SBtrutbenm; di nensi ons  maki ng t he
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e 1. Qf Tl mm t o provi de m ni mal vessel injury
s c orwherdint the\plainulnmickgipllexchastaosbripysitpa b abdat S0K9004 6fGldtilum and 10-
206 nRkdl. t hat nunerous variations and/ or nodifications
may be nmade to the invention as shown in the specific

enbodi ments wi thout departing fromthe scope or
2. spi (The s@mnm efatm O, wiaseid the 3tbhtycorhphides ita)lbﬁﬁeralf;_h@bular structure
haWhaedXieri R: 5 t.o.be.cansi der.
thal mall res pect s% ﬁela llj)gtE1 ?{!ﬂr%l@g&g{t]eg&ﬁg oted Strpts ihgﬁ?%'ggrs"&q Spaces
SfRPEPY 08 SRReTBlAluRNiar sirupturer expapgabler tom janfirek pasitian it taosecond
Poa.i,tiob.gdid_‘ejn S;E_Smbﬁlarf Mfe%bmtﬁﬂilly@tﬁmw;%&?nd position such
thai thE BRSO ks rei tent is, M om a
asatgl at | num al | ogpsgglssgg%'g %P%%ﬁgt e%ger'%qfﬁs'&?ﬁ%f’&'? h&gﬁkf"ess"' so

maintain aiuid Ragiiway thequob said pedily vesseh t ungst en al | oy,

pl ati num rhodi um rut henium all oy, piatinumrhodi um
and wher

[ ' ' | .allaoy: . in th
% o1 o aftkolidbd @B el S SR anesramdpole
70-80% of platinumand 20- 30% Iridium wherein the

4. pl ahé semdceor@ng ©lah 1 OMhdralS tHd PRI &hdstdAhISY hadHPe8mposition of
15% of tungsten,;

abou? 90-85%% %Pglatﬂbrﬁghéwéi%ﬁ oA tungSS_ten.

5. The stent according to claim 1, wherein the platinum:rhodium:ruthenium alloy has a
composition of about 75-80% of platinum, 12-18% of rhodium and 5-10% of ruthenium.

6. The stent according to claim 1, wherein the platinum:rhodium alloy has a composition of

about 65-75% of platinum and 25-35% of rhodium.



wherein the platinumrhodi umrutheniumalloy has a
conposi tion of about 70-85% of platinum 10-20% of

rhodi um and 3-10% of ruthenium wherein the 04/05/2006

pl ati numrhodi um al |l oy has a conposition of about
60- 80% of platinumand 20-40% of rhodi um and wherein
the platinumnickel alloy has a conposition of about
80-90% of platinumand 10- 20% of nickel. 2. The stent
according to claim1, wherein2®he stent conprises a
dener dhe tentiasoording &t glakn t10s wherdirathb timum:aiskebaliop has a composition of
Sti6ut 85-80%! 6f dlatAGm Ad fo-Bolé@ickdly Of 1 nterconnect ed
struts having interstitial spaces therebetween, said
eneral |y tubul ar structure expandable froma first
gosi t Tl stept acserdipaidto plaigi ti ovhereih dneeistens ais dmadebtoar a wire of

phatirumiturigete HRAIRGH:iddRN AbysYand WeliBd @ ayprédéténnfﬁeéﬁﬁtg&%esh.

position such that the exterior surface of sal
structure engages with the inner surface of the bodily
$esselhesyent pscardingrig anyaene of didims d foa8, Iwtmrein theosigit hagiiadsidewall
thickhieks/of ¥e38 hah 0.0835"The stent according to claim1,

wherein the stent is a self-expandable stent. 4. The
stent_according to claim1, wherein the

1% at iThestenti aepsrding tal anyyonh af claimc drip s whéreln thé surtdee Wf the stent is
rRddified By silssivd @latingsm and 5- 10% of tungsten. 5. The stent
according to claim1, wherein the

pl ati num rhodi um rutheniumall oy has a conposition of

14b oufThersiert @geopddingdp slaimiPawhetdn the Yoaihg istdilinuoniderd tGnid Htrate.

of ruthenium 6. The stent according to claiml,
m al | oy has a conposition

ergin_the platinunithqdi ] C
141" BibebAcacBorllb Bl 0. il iessio e cotiod Wiaien semsl tayer
congining axteenazgutically elfacive araount af trecapditiegubstancksii m 10,

wherein the platinumnickel alloy has a conposition of

1£bou.{.h 853?-{20% of. s]‘ol atinum and 10-15% of nickel. 8. The
St ent R AGFIGNY 19, olaimy 1. furher wemprising markers de gphanee waibility and
raflippadityof therdevicd. pl at i num tungsten, plati numiridi um

al l oys, and welded to a predeterm ned tubul ar nesh. 9.

The stent according to any one of clains 1 to 8,

14 he 18P ftent according: tojelaim 435 Whpseim the markers linplusle epd magksrs or center

merkessn 0. 0035". 10. The stent according to any one of
claiml to 9, wherein the surface of the stent is
nodi fi ed by passive coatings. 11. The stent according

151 o & drpianidhle oprovasicuar davice istinsagion intq a jbadityvessel toetreat ischemic
anqﬁmagm mkg,ateedevi;acorﬂ'ﬁnangst ent accor ding to claim1l0,
o8 S, il 50 B B S st o
plaQnH@p%@UﬁI%g and Piatigum dungstars alloy,nthe stregtare deing redpamgatilepfrom a first
positibratora scontl poéitis?; aksEY strGétire eXFAh#SaSiallyuiiaRi e the second position
such that Q\' ineHXr s%pfgce df %glld% rua dré Xngggestvat% tlgeei\r(nrlwecr%hrface of the bodily vessel
so as to maintain a fluid pathway through said bodily vessel;
wherein the wire structure is formed by welding tubular shaped wire sections together
and the exterior surface of the wire structure is defined by the welded wire sections;
wherein the device is longitudinally flexible, the flexibiity being such that it is greater than
a delivery catheter to deliver the device into the bodily vessel;
wherein the longitudinal flexibility of the device is defined by deflection of the device from

a neutral line to 1mm when there is a force less then 8 grams;



14. The stent according to claim 13, wherein the
mar kers i nclude end markers or center markers. 15. An

i mpl ant abl e endovascul ar device for insertion into a 04/05/2006
bodily vessel to treat ischem c and henorrhagic

stroke, the device conprising: a wre structure made

froma platinumalloy selected fromthe group

consisting of platinumiridiumalloy and

pl ati numtungsten alloy, the $tructure being

ex pand¥ipleid the platingmyiridiust alloybasiat domposition af atwotiPeB0% of platinum and 20-
[B0%iifidius) andiNd sai d structure expands radially

out wa .t on sition sugh that . .

oxt or Pbin e BRGREES B et & ool L oupsia pt patium ang
iPriférof kngftefce of the bodily vessel so as to naintain

a fluid pathway through said bodily vessel; wherein
t ubul ar shaped

i re g f d | di
7 " TAE HECHE Bty erah g o inp B = i o1
the wire structure is defined by the welded wire

$ECt | Atslivelyh$ysRim fok ifeMlRY b Cstent %c&oﬂmﬁi {oUclhim@d, | Within a bodily vessel,

' e Lhi ity bei sych, that it Is
s loStork Rolpafith iy tolon irafhe; e el plem fmoiig a baloon
%&‘(ﬁ%@aﬂreﬁﬂf@"ﬂ Hae pleeti whereie sheestent ishmpwited iite the balloon of the delivery
datewr.t udinal flexibility of the device |Is defined by

defl ection of the device from a neutral line to 1mm

when there Is a force | ess then 8 grams; 04/05/2006 21
Bher & ¢elivane spstemiferuinsartingdd stentaddeorglingds claint dpdisin tai lewlily vessel,

whibrelns$tent Gs SEIxpandBBIA ithd WHIVEAN ) stal corfprigihd & diNER .c?tﬂ%%r and the

er gl atin tungsten al l oy has a conposSiti
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16. The device according to claim15, wherein the

19'e| dTiOdevide laddoRing't8 lcini 85, wﬁZrein'%hﬁdtgvir%g %{&'evgdﬁyﬁ aﬁ 2y j&gure equal to

Oljbrt; er imng a stent according to c
bodi'ly vVessel, wherein the stent is expandabl e by

bal | oon inflation, the delivery system conprising a

2002l | eNdeviée ! dcksitig G4 Lctafd el“.Sb g«ﬁgrelﬁ hlﬁ% f%'ir?ﬁére déglhtlﬁé giregcet Pfovides a

stent, | unted onto the oon
"°%{%ﬁ°edt'8%?ﬂ‘tl)'8e. s&“’c?gli"f‘iwr"?''§T§f'@f’ﬁt'f'-or Inserting a stent
according to claim1, wthin a bodily vessel, wherein

211 he Th§ 8éVice! adcctBihd foed%ﬂﬁﬁﬂ?ﬁért%grtﬁ@aﬁaﬂﬁhdé&?prg%ﬁ% gf{tﬁg gﬁgg proyides 3

rising a . delivery ca
to ?‘%’P g?'%ﬁ‘r°9'i°§ heINEEE b theglexice fogether withrnatusel pylsing lpkan intracranial
vesdellwallery catheter. 19. The device according to claim

15, wherein the device is deployed at a pressure equal

to _or below 4atm 20. The device according to claim
22.1 5, Thndavice pcegrding e glaimy % Whpreinhibe dievice bap e gdfitéein aacompressed
delivayy foerh btz0c0R0riGahiestl force 18 to 19 granms per nmm of

 ength. 21. The device according to claim 20, wherein

t he_structural suPport of the device provides 3
23. The device according to claim 15, wherein the device has a profile between 0.014 to

0.016 inches and the profile of the device in an uncompressed delivery form is between 0.020 to
0.022 inches.

24, The device according to claim 15, wherein the device has uniform material distribution
and wall coverage for providing support to a bodily vessel.



to 4% of deflection of the structure of the device
" together with natural pulsing of an intracrania
vessel wall. 22. The device according to claim 15, 04/05/2006
wherein the device has a profile in a conpressed
delivery formof 0.020 Inches. 23. The device
according to claim15, wherein the device has a
profile between 0.014 to 0.016 inches and the profile
of the_device in an unconpres2géd delivery formls
8t we de gevipecegsdingto glaim {gwhefgi.n tiratiomtf theawatdrields in the range of 12 to
d6%othd irange beingodependedton thd didredtét of Béplod@uatce has uniform
material distribution and wall coverage for providing
ggppor to a bodily vessel. 04/05/2006 22 25. The

vi c &N Avse Arsegingdo il 18 Mherelpites davige coraprisest stutsofhetsirets having
Aehidnessland gidthiedsivanopeagal t00.0028 héhes. 16% t he range
bei ng dependent on the dianeter of deploynent. 26. The
g;viCﬁgggcording to claim15, wherein the device

ormpr evice (qgprding fpoclaify #7, wheealn thg dexice thag lereugiaceatedlength ratio
bdteledn 1L tte 9. 3mndmnoto proyida idifal Oeddefury B6dies. 27. The
devi ce according to claim 15, wherein the device has a
surface to length ratio between 1.1 to 1.3m2/nmto
provi de m ni mal vessel Injury score.



