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present invention concerns an inplantable nedical
device suitable for intravascular applications.
Background of the Invention Vascul ar di seases include
aneurysns whi ch can rupture and cause henorrhage,
Title at heroscl erosis which can cause the occlusion of the
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intra-cranial arteries can grow within the brain to a
Techm?aﬁ?ﬁ'id where their mass and size can cause a stroke or
synpt ons of stroke, requiring surgery for renoval
of the tunors or other renedial intervention.
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Backgrm(j&tﬁé‘lﬁvﬁﬁiaﬁt etiology of sclerotic cardiovascul ar
di sease is still in question, the treatnment of
narrowed coronary arteries is nore defined. Surgical
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balloon is inserted mto a sten03|s 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 ihe arieries. Both methods suffer

from reocclusion with certain 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 a vascular system by a delivery means, usuaily a catheter. Some
advantages of the stent-placement method over conventional vascular surgery includs ebviating
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chest, and general "anaesthesia. Wien inserted and
depl oyed in a vessel, du or tract ("vessel") of an
organi ¢ body, for exanpl a coronary artery after
dilatation of the artery by balloon angioplasty, a
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pmis very poor because of the limfted extinction of x-rays by such a thin metal tube. In

addition, increasing the sidewall thickness of a stent fo enhance its radiopacity and recoil




mis very poor because of the |imted extinction of
Xx-rays by such a thin netal tube. In addition,
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enhance its radiopacity and recoil WO 2005/044361 3
PCT/ SG2004/ 000319 resi stance makes the stent |ess
flexible. On the other hand, the thinner the stent
strut, the less the lumen of the stented vessel is
resistaniegakeshe dtentiéss Jexitde., Onithe biher hand the thionerdvestent sid tfee less
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practically EHieh, vlihouticarhirorisiny the trérigth o Visibllity dBthensieny, of t he
Invention In a first preferred aspect, there is
provi ded an inpl antabl e nedi cal device for insertion
Summaryobthe inventiemge, wherein the device is nade froma
plati numall oy selected fromthe group consisting of

latinumiridi umallo ' I o
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passage,| wheieirethel dgyicatis maderflomcaadatingm aligy selagied frem dheiieypyFonsiiing
of platidufRfidkith 8RlySpl ARG ARbsteleMiof PickiRimFagaMTGtherium alloy,
. Interventi onaiﬂ_ﬁl qc;@ﬁ It is provided which possesses
platinurp:Fhodipe 2floy - and PEfnymR:Y nﬁ%ﬁ‘(‘i bility to avoid of vessel
re-occlusion, relatively non-allergenic reaction,
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] f sage may be"a bodily vessel such as a
influencipg $hege ieAtRSssel . The devi ce nmay be an expandabl e
devi ce. The expandabl e device may be a stent. The

The pas%%q%ﬂ%ag Lol ée?&cﬁa?&@%@@y wbsdgbul ar structure

an exterior surface defined by a plurality of
i nterconnected struts having interstitial spaces
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expanda . il 9N,
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with the inaigr dudace of thefbodilyyagsetssl as temaipiain arfivld pathayay tirgyohisaid bodily
vessel, €Xpandabl e by balloon Inflation. Preferably, the
platinumiridiumalloy has a conposition of about
60-90 % of platinumand 10- 40% of Iridium Mre
The sterp maf be albélirexpainiablplsteni. Tumstent mdy berextandgblenysbalioon infiation.
conposi tion of about 70-90% of platinumand 10-30%
Preferablgqr, ihg;pwgggéigigmrg{)lgyehag 2%2%5&?&% of éb%ﬁt é?)'ﬁbt %% Wat%nrl.slrndallng 7o
- 40% of iridium. More preferably, the platinum:iridium alloy has a composition of about 70-90%
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.
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conposition of about 85-95% of platinumand 5- 15% of
tungsten. More preferabl Y the plati numtungsten all oy
has a conposition of about 90- 95% of platinum and
5-10% of tungsten. Preferably, the

Preferaply, shei plafinym:ogstemalipy hasentompesiion 6fabeul5S 85k platinum and Sof
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about 75-80% of platinum 12-18% of rhodium and 5-10%
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: 25,3000 of. rhodi um Preferably; the platinum nickel
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Preferablyl, ik B?tﬂﬂrﬂih@di@h aifdylhay a Bﬁﬁpo@iti@roﬂdmﬁﬁﬁ b0-80% of pl&iadr and 20-
a0 ot gty B S Sh Ao e B B it
75% of pigtinum andB5-35pceimndianm. oys, and welded to a

predet erm ned tubul ar mesh. The device may have a
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platinum @ROIR153 BithicketPhar maceutical ly effective anmount of
- therapeutic substances. In a second aspect, there is
provi ded an i npl ant abl e endovascul ar device for

The devicaTsayr el naade ifmine: veire dj platinun:iurgstes) platioumiiriiium alloysh end weldedd
toapmd&@ﬁﬂ?ﬁerdmia?m%f[ oke, the device conprising: a wire

structure made froma platinumalloy selected fromthe

group consisting of platinumiridiumalloy and
The devigel nady havena sideved] tilicknedsl ob Iess thle0.80350ct ur e bei ng

~ expandable froma first position to a second

position, and said _structure expands radi al lb}’; .
The surfage, piihg davise Mgy b ErodiiedhycPassivsoptings: 186 deviqa{agy g coated with
an externaéyer cabtairivig f phamabutivallykfifedive amoumeofiryaypetc substincebe

i nner surface of the bodily vessel so as to maintain

a fluid pat hway thrpuqh said bodily vessel; wherein
In a secopdaspegtytaers jepprvidgd an irpianiablpssdeyasepiar deving ferlingrigr g ped
bodily vesselte trét GchaMils afidiipfioRhsigic sudke, tHeiedyd enpasingur f ace of

ol stk pfe iony | Belyint ol MoV SR SR
platinum:igeinm alioy,and plginum:tpegstaneien the siudire e pamaplyirB AR | e
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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 exierior surface of the wire structure is defined by the welded wire sections.

. In a third aspect, there is provided a delivery system for inserting a device an implantable
medical device as described, within a bodily vessel, wherein the device is expandable by
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system conprising a balloon delivery catheter and the
WosdFeia36wher ei n t he expandabl e nedi cal devi c@®CT$G2004/000319

nounted onto the balloon of the delivery catheter. In

a fourth aspect, there is provided a delivery system

for inserting an inplant@ble nedical device as

described, within a bodily vessel; wherein the device
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dependefgfrc{i}pertiﬁg‘lggJ andyogn} ow profile. The present invention
provi des i npl antabl e nedi cal devices that are made
The devite @4y qoimptisensinits, thé dirisihaviplg atthicloess andgedte fess taol cotgialito
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provide mipimalvepgebinil/ $8®- acconpanyi ng drawi ngs, in which: WO
2005/ 044361 PCT/ SG2004/ 000319 6 Figures 1A and 1 B are

itis an a&svtaéttﬁ@% éfglé Ie%%t%gé SBodenf B radeht NGNGB pfovRR 2 #tidhtable
medical device that has enhanced biocompatibility, visibility, excellent mechanical properties
and a low profile. The present invention provides impiantable medical devices that are made
from platinum:iridium, platinum: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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a self-expanding stent as an illustration of
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70%: 30%

Platinum: Rhodium: Same as above 95 200

Ruthenium-79:15: 6 ‘
Notes: Source: Johnson Mathey Medical, Sigmund Cohn Corp. and MatWeb.com
* astimates from various cold worked daia sheets
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A chemi cal etching process is used,

No special techniques are required in melting, casting, or working the alioy for fabncatlng the
stent. Induction heating is the preferred method of meiting and refining the alloy used in
fabricating the stent. Arc melting followed by argon-oxygen decarburization is another method
of melting and refining, but other practices can be used. In addition, this alloy can be made
using powder metallurgy 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 & cylindrical shape. In the preferred embodiment, the stent is manufaciured 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 paitern 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 Ptlr alloy as described earlier. The alloy can be receivedina
“shape of a wire. This wire is shaped in belts of eylindrical shape and the belts are laser welded
to ohe another at a specific points o join with each other {see Figures 1 and 2, for example).
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time, the entire fubular member is incubated for a specified period of time, allowing the
remaining photosensitive resist polymer to fully cure and bond to the surface of the processed

tubular member.
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| evel of pressure enables the stent to be fully

depl oyed to support stenosed intracranial vessel or
aneurysm neck wi thout introducing trauma or rapture of
a target vessel. The stent can be deployed using
bal | oon techni ques and al so may be sel f-expandabl e.
The stent conprises structural elenments 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 - wth | 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 increased
rigidity to the device. The trackability
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of the stent depends entirely on the nmechani cal
properties of the catheter and is not restricted by

W 003/04d86dne. The |ongitudinal flexibility of PoE/S2e031600319

can be neasured by force ium grans to WO 2005/ 044361 18
PCT/ SG2004/ 000319 defl ect the stent from neutral I|ine.

"This force brings stent deflection to 1 mmfor |ess

than 8 grans. Existing catheters can provide 20-22
granms per 1 mmdeflection. This condition is also
extrenely inportant when creating stent conpliance to
particul ar vessels and saves the vessel from possible
t WEEAMN:c reaction. The structure of the stent is
designed to provide a nornalized radial force of
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2005/ 044361 19 WE CLAIM PCT/ S&2004/000319 1. An
i pl ant abl e nedi ca | in | i @ 8et-EipndRb!
|o‘?;\ssag'i',e’g ‘éer%f’?{&f‘#teoq’%g’:\"ﬁeg%" fhggf%gﬂe f?oérrs{pa pl gti num
adténby sel ected fromthe group consisting of
platinumiridiumalloy, platinum.tungsten all oy,

587 oy BRGeRAPARY I ER ah el 1 o uitieE 1 hoct L

platinum:iridium alloy has a composition of abou¥ 60-90 % of platinum and 10-40%

of iridium.

8. The device according te claim 7, wherein the platinum:iridium alloy has a
composition of about 70-90% of platinum and 10-30% iridium.

g The device according fo claim 8, wherein the platinum:iridium alloy has a
composition of about 70-80% of platinum and 20-309% iridium. '
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2. The device according to claim1, wherein the device
is an expandable 10 device. 15 3. The device

WACWOF/8H4dd to clai m 2, wherein the expandabl e PEUYSER0944000319

a stent. 4. The device acgwrding to claim3, wherein
t he passage is a bodily vessel. 5. The device
according to claim4, wherein the stent conprises a
general ly tubular structure having an exterior
surface defined by a plurality of interconnected

Siq ut Zp{&;d%%ig%a({c&hﬁaﬁ%y biftl of SRARESIo BhRRdeteeen, sai d

gener ular Structure, ex le froma.first
Ppinus#ngeton oy Besh EPIGUHCITSb Ao ARGt B PRI PO 27
séfidtgbih.e 20 expands radially outwardly to the second
position such that the exterior surface of said
structure engages with the inner surface of th odily
viis s el Thesieviee acgordiag tadiaim 10, avhereif the planyRaynesisp GE&Y %Rai d
\?ﬁ&ﬂrﬁp%sm&ﬁ&fﬁboutﬁo-ssﬁbsr pEEEMING &ncEs €096 o tagsteo. ¢l ai m 3,
erein the stent is a self-expandable 25 stent. 30
7. The device according to any one of clains 1 to 6,
wer ei Thetdaeice geicerting torany enedif gleing 1 19 @, Waeseintheonposi ti on
gglat@E@%£g@9iﬂme§{BﬁEI|@|hﬁé EUMPosieh G bdRY0-85% of platitmm

vice according to claim?7, wherein the

d
p10:-R0%f ShciutAnd S 8Fq SPMIFRY™  conposi ti on of about
70-90% of platinumand 10-30% iridium 9. The device

cor dj i | hBrefritfe PhifHumHedint:iuthieriom
alTo dw%gi eﬁ{&_%g&g%océap?%wn%ab ﬂt 40 %8%) fand 5-
pliay DasrROBRESTENY.oBeA| AR PR A% Fh RS gn
PO¥ s$atRémMi)00319 10. The device according to any one
of clainms 1 to 6, wherein the platinumtungsten all oy
has a conposition of about ,85-95% of pl atinum and
5141 59, ThefdeyieaRpserding tosany gne "fﬁ@‘"?feW%ewge&’B ing to
Clitinti HbdiuhAIbehas o dompgaitioh bhabout 6FEPS: & platinunpgnd RIs40%
0‘8 gsn tion of about 90-95% of platinumand 5-10% of
t HE’ Heh 12. The device according to any one of
clains 1 to 6, wherein the platinumrhodi umruthenium
5. 0y Thid YeRcd 4061aRg-td oizim 04, whibmirt the PlaBBiRrirbédiysh altayhesn

afs],

10 10-20% of, r j - 1006.0f- hefiym 13. The
RepTPRAe 8 o s bt 2ol f Rl

pl ati num r hodi um r ut heni um '

16. The device according to any one of claims 1 to 6, wherein the
platinuntnickel alloy has a composition of about 80-80% of platinum and 10-20%

of nickel.

17. The device according to claim 16, wherein the platinum:nickel alloyhasa
composition of about 85-90% of platinum and 10-15% of nickel.

18. The device according to claim 1, wherein the device is made from a wire of
platinum:tungsten, platinumiridium alloys, and welded to a predetermined tubular

mesh.

19. The device according to any one of claims 1 to 18, wherein the device has
a sidewalt thickness of less than 0.0035",
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all oy has a conposition of about 75-80% of platinum
12-18% of rhodi umand 5- 10% of ruthenium 15 14. The

wéenpEe4ddcordi ng to any one of clains 1 to 6, PANSG003/000319

the platinumrhodiumall oy has a conposition of about
60- 80% of platinum and 20-40% of rhodium 20 15. The
devi ce according to claim 14, wherein the

pl ati numrhodium all oy has a conposition of about

65- 75% of pl ati num and 25-35% of rhodium 16. The

deyi ce TRE §RIcE bdtdrdin 18y PBef ims i & 15 wileréiothe sutdeeoti n
the . platinymnickel alloy has a conposition of about
gheAsYER i "Bﬁ‘g%‘ﬂwl?ﬁ?%‘ﬁo""i‘ffé%% 25 of nickel: 17. The

devi ce according to claim 16, wherein the

plogtin | in EBTRAT i$ InGilm QkidBiciudni
8@'90%*@%&Hﬁgﬁ#ﬁ@rﬂg%%@%???% o e e

d@Fetee according to claim 1, wherein the device is
made froma wire of platinumtungsten,

PLAL | NUiF delfobl bl yPom A0/ hokih 8 dolicd ifedateddiah ah M ned
t abul ar ™ mesh.19. e 'ge_vl ce_accordi ng to any one of
C P layex contziping RIPERETRFPUFRIY SUAFRYGATRAGNof BBraRode o |

t Bijystengss of | ess than 0.0035". WD 2005/ 044361

PCT/ SG2004/ 000319 21 20. The device according to any
one of claims 1 to 19, wherein the surface of the
dew.i ceThexdemioeladeprding ko claimds uither camprisss Markers to enfaNGgeyj ce

ag@igm[?gmgraaigpa%@ofmeﬁw the coating is iridiumoxide
or titanium 5 nitrate. 22. The device according to
claim 20, wherein the device is coated with an

e4.er nBhe devigeaccoiding & ¢Rim@3wienein e merkersdngiudg eBd f ect i ve

ApRKHGL oPfentcPREREBUL I ¢ substances. 10 23. The device
according to claim1, further conprises markers to

enhance visibility and radiopacity of the device. 24.
The dedn inplaaiable potonasctier devise far igertiomisloaibaditytyessebiok er s

! {?%t e = d hémortiRGHK &frékeCthe @8VdeIompRdinge S.  25. An

i npl ant abl e endovaScul ar | devi Cﬁﬁ f o[? |enf3er ithono into a

bodi | y2 YiESwptute fadp frama RIZRHRE A1y sgiAeh AL PR

staneising of platindmeridiuen alloypmnd Patimgm:tungsten alloy, the structure being
expandable from a first position o a second position, and said structure expands
radially outwardly to the second position such that an exterior surface of said -
structure engages with the inner surface of the bodily vessel so as to maintain a
fluid pathway through said bodily véssel;

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.

26. The device according o claim 25, wherein the welding is laser welding.

27. A delivery system for inserting a device an implantable medical device
according to claim 1, within a bodily vessel, wherein the device is expandable by
balloon inflation, the delivery system comprising a balloon delivery catheter and the
device, wherein the expandéble medical device is mounted onto the balloon of the

delivery catheter.
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a wre structure made froma platinumalloy sel ected
fromthe group 20 consisting of platinumiridiumalloy

expandable froma first po#ition to a second position,
and said structure expands radially outwardly to the
second position such that an exterior surface of said
structure engages with the inner surface of the bodily
vessel so as to maintain a fluid pathway through said
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27. A delivery systemfor inserting a device an

i mpl ant abl e nmedi cal device according to claima1l,

wi2bhi n The davite laycowdirgste blaimihe clainm25, wberginthedevics is

e bigf sk on, the delivery system

c?%ggnﬁprgéégﬁg%(g@ glbli%'e?y catheter and the

devi ce, wherein the expandabl e nmedi cal device is
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acdlbateriindelives theedexiopintp thepadiy ¥esgelbodi | y vessel , wherein

the device is self-expandable, the delivery system
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1isQfforeé RidhedDs grdfisr €i n the device is deployed at a
pressure equal to or below 4atm 30. The device

according to claiml or claim25, wherein the device

|1 82.10 Themigviteiaticarsingyo dlairdiopFlaim 25, wherpiathegitniptuse ohieng

S H&Ate pRRited 4 ndrhabed RHIR fofch 481t 9gRimis\pRF im of RhiAL er to
deliver the device into the bodily vessel. 31. The

devi ce according to claim 30, wherein the | ongitudinal
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iIs a ftorce ] ess then 8 ang. 32. The device according
t Rt Rpiging ofgn "Etfa&TaH\%?%\Hgfei n the structure of the

devi ce provides a normalized radial force.1l 8 to

199r a"ﬁne%%&icé%c&ﬁinb Rt 1 of8aimrs, Wheir 84 deficéfasy di ng
to claim32, W

herein the structural support of the

profile in a compressed delivery form of 0,020 inches.

35. The device according to claim 1 or claim 25, 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.

36. The device according to claim 1 or claim 25, wherein the device has
uniform material distribution and wall coverage for providing support to a bodily
vessel.

37. The device according to claim 36, wherein the ratio of the material is in the
range of 12 to 18%, the range being dependent on the diameter of deployment.

the structure bePadg/sG2004/000319



device provides 3 to 4% of deflection of the structure .

of the device together with natural pulsing of an
WiO0p3emaal al vessel wall. 34. The devi ce accordirrsg2004/000319

claiml or claim?25, wher2n the device has a 25

profile in a conpressed delivery formof 0.020 inches.

35. The device according to claiml or claim25,

wherein the device has a profile between 0.014 to

0.016 inches and the profile of the device in an

UgHC (r)] npfh%%%ﬁé’e éﬂ:@brﬂ%@fo)blaflﬁ)ﬁ 6t ¢iam2s] weesin the@28cet comPris@a 2
i nches. evi.c
D ot g A e 00 1R syl lo 8 B nfcs.

di stribution and wall coverage for providing support
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igreet er of depl oynment. WO 2005/ 044361
PCT/ SG2004/ 000319 23 38. The device according to
claim1l or claim?25, wherein the device conprises
struts, the struts having a thickness and width |ess
than or equal to 0.0028 inches. 39. The device
according to claim1 or claim?25, wherein the device
has a 5 surface to length ratio between 1.1 to
1.3m2/nmto provide mniml vessel injury score.



