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alternatlve methods being less traumatic are highly desirable.

One of the alternative methods is balloon angioplasty that is a technique in which a
folded balloon is inserted into a stenosis, which cccludes or partially occludes an
30 artery and Is inflated to open the occiuded artery. Another alternative method is
atherectomy that is a technique in which occlusive atheromas are cut from the
inner surface of the arteries. Both methods suffer from reocclusion with certain

percentage of patients.

35 - Arecent preferred therapy for vascular occlusions is placement of an expandable
metal wire-frame including a stent, within the occluded region of blood vessel to
hold it open. The stent is delivered fo the desired location within a vascular system
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from one or more problems including uncontrollable release, form limitations of
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"drugs, and bulky appearance,

Therefore, there is desire for an implantable medical device that is able to deliver
35  drugs or reagents efficiently to the endovascular system, especially intracranial
blood vessels. o '
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The membrane may be capable of isotropic expansion. The membrane may
expand from a deliverable shape when crimped on a delivery system to a deployed
30  shape. Thus, the initial size of membrane {as fabricated by attaching to the stent
struts) may be equivalent to a diameter of 1.5 to 2.5mm. After that, the membrane
. ':may experience shrinkage during crimping (together with the mechanically
expandable device) onto delivery catheter. The mechanically expandable device
with the membrane may have diameter equal to 0.5 to 0.8mm. After deployment,
35  the membrane may reach a diameter up to 2.5 to 4.6mm. A suitable material for
membrane fabrication may be an elastomeric polymer which is able be elongated
up to 600 to 800%. For example, modified polyurethanes or silicon. '
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The membrane may comprise a mesh secured to the mechanically expandable
30  device. The spaces of the mesh may be less than 100pm and the width of the
meshing may be between 0.025 {o 0.050mm.

The aneurysm may be a regular size, giant or wide neck aneurysm.
. 35  The mechanically expandable device may be self-expandable or balloon

expandable. .
'The mechanically expandable device may be a stent.
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e exterior surface of said nechanically
ex gumneaedede’ i ce engages with the inner surface of
the vessel so as to naintain a fluid pathway through

S aiIrfja é’e%é:ﬁlealsbece %re is provided a medical device for treating a bifurcation or
25  trifurcation aneurysm between at least two bodily vessels, the device comprising:
a first mechanically expandable device for inserting into a first vessel;
a second mechanically expandable device for inserting into a second
vessel;
each mechanically expandable device expandable from a first position to a
| 30  second position, said mechanically expandable device is expanded radially
outwardly to the second position such that the exterior surface of said mechanically
~ expandable device engages with the inner surface of the vessel so as to maintain a
fluid pathway through said vessel, and
a membrane expandable from a first position to a second position in
35 .response {o expanéion of said mechanically expandable devices, said membrane
obstructing blood circulation te the aneurysm when expanded to the second
“position, and at least a portion of the membrane is secured to each mechanically



a menbrane expandable froma first position to a
second position in 35 -response to expansion of said
nmechani cal |y expandabl e devices, said menbrane
W40 g bl ood circul ation to the aneurysnf&keFE2004/000407
expanded to the second posi%ion, and at |east a
portion of the nenbrane is secured to each
mechani cal |y WO 2005/ 094726 PCT/ S&004/ 000407 6
expandabl e device to maintain the position of the
me mhxpamdabledkvide to mainiaintiteepositinaohthin meabraye slepaietisl e
dev L eamnkiie BxpaXRBREBHet WhélBp& e thaRsdntpeition. I n a
third aspect, there is provided a nethod of making a
nedlcal device as 5 described, the nethod conpri sing:
di spaghinigpspdnt tyerieprayideg atmethed at maling @credical deyicess

gan?&ghﬁdqmgnagwggﬂﬁgmg t he nenbrane onto the outer
surtace e nmecha

d 10 |
2 our ¢ seepicne Sepabucnde SreORRR MR AR oF " naki ng
a medi cadispdging ibemesbramkantorthenmuir striaee efgherorehaniast i si ng:

dlsggghggeggﬁmgenerally tubul ar structure on a
and incorporating the nenbrane between the

struts of the stent. 15 The di sposing nmay be any one
16 el le @tieeth speh there isprevided & awthpd efinling f mediss fexigersg,

SUt ss&ibed B rMdtdd@Bmprafgesi on, heat and di p coati ng.
One obj g‘%t Psgrfgttgtq%gﬁ tubuﬁﬁt%%%%%% r%{) rid“e present

i nventi seal or o ruct bl ood
ci r cul atiicorpotatingthe 'amweefaiﬁg B offe steur ysm t o 20
eventual ly dry out Brief Description of the Draw ngs

1 ef'&)égngl ?riggrflae(h%any Xgé]ééte%r}romthé pﬁstlgiéfcé'pllﬁ W th

acco ramnn ich:
Fi crutuees lamiatigngadhBsiers heat aRs ¢ 9ary bal | oon expandabl e
stents Figure 2 shows a sel f-expanding stent; Figure

| O d an(e og;ﬁ&% SRE de e?ﬁb@d%é?\i ?__t%esbtn%@gt ik %ﬁs‘ mbéhahgéﬁy

an aneurysm ure rannatlc
v enplasolpiny eodpes bR A eRRHN ST GOFED P SpHSTnt | s
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An example of the invention will now be described with reference to the
25  accompanying drawings, in whichv:
Figures 1A and 1B are two exemplary balloon expandable stents;
Figure 2 shows a self-expanding stent;
Figure 3A is diagrammatic view of a stent disposed in the location of an aneurysm;
Figure 3B is diagrammatic view as Figure 3A except that a port of the stent is
30 formed of opened cells;
' Figure 4 shows a delivery system with a stent expanded onto the balloon;
Figure 5 is diagramrﬁatic view of a stent partially covered by a membrane with
pockets;
Figure 6 is a cross-sectional view of a sleeve as a membrane supported by two
| 35  ring-like.stents;
~ Figure 7 is a diagrammatic view of a membrane joining two stents for treatlng a

bifurcation aneurysm,



Figure 6 is a cross-sectional view of a sleeve as a
merrbrane supported by two 35 ring-like.stents; Figure
a diagrammatic view of a nenbrane joinin
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described, it is noted that the disclosed structures and methods are applicable to all
the other implantable medical devices.

25
The endovascular system of a human body includes blood vessels, cerebral

circulation system, tracheo-bronchial system, the biliary hepatic system, the
esophageal bowe! system, and the urinary tract system. Although exemplary stents
implantable 202 in blood vessels are described, they are applicable to the

30 remaining endovascular system.

Stents 202 are expandable prostheses employed to maintain vascular and
endoluminal ducts or tracts of the human body open and unoccluded, such as a
portion of the lumen of a coronary artery after dilatation of the artery by balloon

35  angioplasty. A typical stent 202 is a generally tubular structure having an exterior

- surface defined by a plurality of interconnected struts having interstitial spaces

there between. The generally tubular structure is expandable from a first position,
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. As shown in Figure 3A, the intracranial stent 202 is disposed in the location of an
aneurysm 201. The membrane 203 partially covers the stent 202 and is positioned
to seal the neck of the aneurysm 201. The radiopaque markers 204 are located in
the middle of the stent 202 to provide visibility of the stent 202 during operation and

35  post-operation inspection. Referring to Figure 3B, a portion of the stent 202 is
formed of opened cells 205. This design avoids blocking perforations. The
perforations refer to small capillary vessels that have important and distinctive
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of the stent from an elongated tube, the undulating component of the cylindrical
elements of the stent is relatively flat in transverse cross-section, so that when the
stent is expanded, the cylindrical elements are pressed into the wall of the artery
and as a resuit do not interfere with the blocd flow through the artery. The
35 . cylindrical elements of the stent which are pressed into the wall of the artery will '
~ eventually be covered with endothelial cell layer which further minimizes blood flow
interference, Furthermore, the closely spaced cylindrical elements at regular
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35 The stent 202 comprises structural elements that restrict potential over exp_ansion,
' matching the inner diameter of the vessel and to make deployment extremely
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At least one membrane 203 is disposed onto the outer surface of a stent 202. The

membrane 203 comprises pockets which serve as receptacles for drugs or

reagents to deliver the drugs or reagents into vascular systems. The membrane
35 - 203 covers a part of a stent 202 as shown in Figures 3A and 3B, wherein the size

of the membrane 203 Is variable depending on application. In one example, the
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' cerlain embodiments, the intermediate layer may be merged with the first iayer to

30  -form a single layer with recessions within the outer surface of the merged layer

The second and intermediate layers can be made of biodegradable material that
contains drugs or reagents for immediate or sustained controlled release. After
biodegratable material is gone through the degradation process, the membrane

35 203 s siill in tact providing vessel support.



accordance with specific applications. As shown in
Figure 5, a stent 202 is partially covered by a
nenbrane 203 that conprises a first |ayer 206 and
@888%(5'94 ¥Yer 15 207. Figure_ 5 al so shows the %‘FTJ%GZOO“"“"O‘M
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that may prove beneficial include substances that 15

reduce the thronbogenic, inflammatory or snooth nuscle
ce lAhotmr pterdouisitet of @ euccessful treatment of these extremely small diameter

30  vessels is that the stent defivery system is highly flexible to allow it fo be advanced
~ along the anatomy of the cerebral circulation. In addition, the tota! stent delivery
system must be of exiremely small profile, fo treat diseased intra-cranial arteries

generally ranging from 1.5mm to Smm.

35  Referring to Figure 8, in certain embodiments a membrane 203 is embodied as a
sleeve 301 supported by two ring-like short stents 302 at both ends of a device so
that the membrane 203 covers the whole area of the device 302. There is no



response of the vessel to the inplantable nedica

devi ces. For exanple, cell inhibitors can be

delivered in order to inhibit snmooth nuscle cells
VPPt ion. In intracr apj al or sone ot herPCT/SG2004/600407
applications fibrin seal ant & can be used and del i vered
to seal aneurysm neck and provide fibroblasts and
endothelial cells growth. Specific 20 exanpl es of

drugs or reagents nmay include h rin,
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_(tNRs) to be more willing to use the membrane 203 than other known techniques
for dealing with aneurysm necks 201. The permeable membrane 203 has a system
30  of holes or pores with borders between them not larger than 100 microns. The

1

Lh

holes or pores may range between 50 to 100microns. The membrane 203 is able
to significantly improve hemodynamics around the aneurysm 201, since it has a
lower delivery profile and is more flexible compared to a stent 202 with a solid

membrane 203.



The menbrane 203 is elastic to allow its own expansion
five to six tines without disintegration and
@*?achnent fromthe stent structure. The thickness of

P9 hor ane 203 s expeﬁ ed to be not norBCPHEI04/000407
.002" in crinped position a . 001" in expanded form
The mechani cal properties do not introduce extra
rigidity to the intracranial stent 202 and have no
resi stance to stent expansion. The nenbrane materi al
al so all ows an expanded nenbrane 203 to endure nor nal
bl ood pressure. The nenbrane 203 may be nmade from a
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Not pRRr=BYIMde rétH b sbid phipherdecase hiére isRTedueéd¥RRBf St ent
strut res of holes or ovals. The

. or th er

nenHF%ﬂﬁgﬁagh?H%wg?%?§°%buId be porous, or woven

nmesh. The menbrane 203 coul d al so be desi gned and
$tructured in a.way such that there is a system of
holes to allow bl ood penetration into the system of
per Therraambsans 288 a‘i‘ﬁ?f'ec&P thewtept stipiss TheMeabeane b%01.
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tec“ﬁﬁ%ﬂ%@“wég?; gg Ing with aneurysm necks 201. The
per neabl e nenbrane 203 has a system 30 of holes or
pores with borders between them not |arger than 100

m cyans. hol es e - ran Oto
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cogggre to a stent 202 with a solid nenbrane 203. WO
2005P98%726 PCT/ SG®004/ 000407 16 For aneurysns 201
that occur below the ophthalmc artery, the nenbrane
203 is preferably made froma solid pol yner because
there is a reduced risk_of _ upndesirabl e bl.ockage of
perf'® msmBiaae 205 may e madp Frap & Uz%'f?"'i” & %ﬁﬁ"ﬁ'@ﬁ%‘ . "69%{’ he
st emedicgligrade polyridre nmenbrane 203 nmay be attached using
sprayi ng, a dipping technique or heat bonding to the
200 nternedi ate polyneric |ayer. The stent 202 is placed
on a mandrel (hard PTFE or netal), or hung on a hook
an daet(ehﬂg Rltisued 1tai nidinbirdne 2p3 Ry Sifiroafivilalsehis @02 foadatd t h a
qui I Vi 10. i [ S ent 202
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aneurysms are located at bifurcation sites of intracranial vessels. This membrane

; 203 is one-sided and non-circumferential. The bifurcation stents 202 are joined by

25 amembrane 203 io cover the aneurysm neck 201. The same pattern can be

“applicable to self-expandable (super-elastic) or balloon expandable (stainless steel,
CoCr, Ptir alloys) stents 202.

Referring to Figure 8, an aneurysm 201 is covered with the membrane 203 of an
30  intracranial stent 202 to freat and prevent ischemic and hemorrhagic stroke. The
intracranial stent 202 coupled with 2 membrane 203 acts as a scaffold to open
clogged arteries, and as a cover to.prevent blood circulation to the aneurysm 201.



subnmerged into a PU solution. A biodegradabl e nenbrane
203 enabl es drug delivery and is | ater dissolved.

appl i cations where there is no need for _a
%%@Qﬁ{ﬁﬁo:’, to exist after” 15 exceedi ng 15 1;%1‘/%(62004/000407
days after placenent and thus the nenbrane 203 could
be dissolved. The nenbrane 203 may be made from PU,
Silicon, or any other elastonmeric nedical grade
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20e mbedahgations500%he fil m | s bl ood per meabl e" rat her than
being a solid film The covered sections, that is,
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30
‘Referring to Figure 12, a sheet of weaved material 203 is wrapped around the stent

202. The mesh size of the sheet is around 0.025-0.050mm, while the width of the

polymer is less than 100pm.

35  Referring to Figure 13, the film 203 completely surrounds the stent sirut and is a
stable solid film between the struts of the stent. The film between struts is either
within the struts or on the outer struts. The polymeric film stays as close to vessel



menbr ane 203 al so has a shelf life or chem cal
stability at anbient conditions and 15 is stable in

rili ion conditions (Eto). in one exanple

‘%bﬁ?/{?o@%ﬁéne is used to nake, the nenbrane 2031.’CT"SG'2"°4/000407
Specifically, solution grade aromatic, polycarbonate
based pol yurethane is used. The physical properties

are: duroneter (Shore)is 75A, tensile strength is 7500
psi and 20 elongation to 500% Referring to Figure.
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shrinkability. 10 Referring to Figure 15, the menbrane

2059¥&y conpletely cover the stent 202, cover the
m d-section of the stent 202, or cover a radial
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without departing from the scope or spirit of the invention as broadly described.
The present embodiments are, therefore, to be considered in all respects
illustrative and not restrictive.



expansi on characteristics of the stent 202. The
menbrane 203 is easily expandable up to 400% .The

%ﬁ$$7 03 has a mninmum effect on the 15 nechani cal
%B @4 of the stent 202 such as flexibil |?§/T’SG20941000407

trackability, expandability} recoil and shortening.
The nmenbrane 203 is also stable in normal shelf life
conditions and stable in sterilization conditions
(Eto). The properties of the polynmer filmare

pr eEGlAMand not changed after sterilization. The
menbr ane 203 is prevented fromsticking to the
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device conprises a generally tubular structure having
an seXt efhedHevizs! b ik 1 dfelitBifle M¥mBtane is made from polymeric

material or biedegradable material.

30 6. The device of claim 5, wherein the biodegradable material forms.muitiple
_sub-layers mixed with drugs or reagents.

7. The device of claim 1, wherein the membrane is capable of isotropic
_ expansion,
35 .
8. The device .Of claim 1, wherein the membrane is disposed on the exterior

surface of th_e device.



plurality of interconnected struts having interstitial
spaces therebetween. 20 3. The device of claiml,
wherein the nmenbrane is made of a bioconpatible and
WP ¢ pol yner. 4. The gflevice of claim 1PCTiREORY/ Q0407
the menmbrane has a thicknes® of about 25 0.001 to

0. 005" with pore or hole sizes of about 20 to 100

m crons. 5. The device of claim1, wherein the
menbrane is made from polyneric nmaterial or

bi odegradabl e material. 30 6. The device of claimb5,
wheg.ei n “thi devire@tieayn d deteredn thamembrahe doampleiymutrdungd the
suqk#egers m xed with drugs or reagents. 7. The device
of cllaim 1, wherein the nmenbrane i s capabl e of

i sotropic expansion. 35 8. The device of claiml1,
sshefoei N Thb aevive obaizhn @, wiereih tipmsabratcittiraferenttaty suogounds

sur gdevice. WD 2005/ 094726
PG%@&@B%&%%S’X%? 20 9. The device of claim 1,
wherei n the nmenbrane conpl etely surrounds the device.
5 1. Theae d&ick ofcladh 1,04haien the mehidrae dovédrs e portiomiof thhae
ci rd%#iﬁg_erenti ally surrounds a portion of the device.
11. e device of claim1l, wherein the nmenbrane covers
103 portion of the device. 10 12. The device of claim
1, 1sher gheddviee ofrdiainio 1, anhereinghavoemiparredsisongrocbus emi-non-
pergeabl et ; j ion to the
anéur ysh’]gto 3.v%ﬁre6§ﬂér\??%:tgﬂg%ﬁ% ﬁdﬁé, wherein the
menbrane is made froma solid 15 polyner. 14. The
devB.ce @he devieg ohclkim {ehwhaein themeemberk issmaleifrompeslieabl e
1sandopgeous.  15. The device of clai m 14, wherein the
menbr ane has hol es or pores such 20 that bl ood supply
to perforations and m croscopi c branches of main brain
ar tier i eshe devicpaiclaint 1, eltlersintherhaydulansugpipsnypeabls and porous.
aneurysmis prevented. 16. The device of claim15,

wh %.el nT}gehc%vigée &?:I';a%n‘ﬁi, vt\}ﬁécn"eiﬁ 81re$nsem ?a}n\évﬁaesnl'uo?eg o‘f gores such
20 that blood supply to perforations and microscopic branches of main brain arteries is
permitied but blood supply to the aneurysm is prevented.

16. The device of claim 15, wherein the membrane has pores between 20 to
100 microns in size.

25
17. The device of claim 15, wherein the membrane has fabiicated holes
between 20 to 100 microns in size.
18, The device of claim 17, wherein the holes are fabricated by laser drilling.
30
19. The device of claim 16 or 17, wherein the distance between the pores or

holes is less than 100pm.

20, The device of claim 14, wherein the membrane comprises a plurality of
35  polymeric stips secured to the mechanically expandable device



100 mcrons in size. 25 17. The device of claim 15,
wherein the nenbrane has fabricated hol es betmeen 20

to 100 mcrons in size. 18. The device of claim
WREPL'* e hol es are fabri gt ed by |aser dnT‘FT’?@iﬂO‘”"“MW
30 19. The device of claim or 17, wherein the

di stance between the pores or holes is | ess than

100pm 20. The device of claim 14, wherein the

menbrane_conprises a plurality of 35 [ rips
sectit-ed ths dpvies GiElaim-20; wher qw‘h&m’sﬁ A
20054024 BetednGHjaE482 Qifipt/ i08840A 10Qim.21. The devi ce of
claim 20, wherein the strips are |ess than 0.075mm and
the distance between adjacent strips is |ess than
100%m  Jhhe devige ol vrerein tg prIbFEns goETP lteR a e secured

4Te N8 iR Mechanitalyl expshdablsie.secured 5 to the
nmechani cal | y expandabl e devi ce. 23. The device of
claim 22, wherein spaces of the nesh is | ess than
100m  diie devire chFieimR2.grheteepares Af e it lers B 948 25

t 0 £hd GRGrdh ofiik Mekhind Beeslest @epsdab 0.05mnm 1, wherein the
aneurysmis a regular size, giant or w de neck
aneurysm 25. The device of claiml, wherein th

10me Mani Jhe Fgyice ofedHm pyhereinie RISUVEm 54 fﬁgu'aéiﬁ%tﬂ&‘ﬁb?re or
baldidxaiecieareanshabl e. 15 26. The device of claim 1,
wherei n the mechanically expandabl e device is a
stent. 27. The devi ce of c| ai m of Iainw% %Pereinlghe
@Bt andn 4oV BLRAT ddBgPi e mecsgrieAll SRR fele CavtR 5 Pt
St reMg=nddbte axbaliobs expandableed to at | east one strut. 28.
The device of claim 26, wherein the nenbrane is

t ubul ar haV|n aneter, simlar to & inal .
2B al T SRR afciR B e ool FepagE R e o
nemhmane is disposed onto the outer surface of the
stent or introduced by dip 25 coating or spraying

bet ween_t h str { t ent

c1 &1 25 Gatir 96 RleauPai e lie ApkpfE 5T e
20t ulgeriesally tubtlansbrtclvre act is pitasked t@ﬁftleﬂswﬁ@wh on of the

outer surface of the stent.

- 28. " The device of claim 28, wherein the membrane is tubular having a
diameter similar to a nominal initial diameter of the stent; and wherein the
membrane is disposed onto the outer surface of the stent or introduced by dip

25  coating or spraying between the struts of the stent.

29 The device of claim 26, wherein the membrane is a segment of a tubular
structure disposed onto a portion of the outer surface of the stent.

30 . 30 The device of claim 6, wherein the at least one reagent is in any one form
~ selected from the group consisting of: solid tablet, liquid and powder.

31. The device of claim 1, wherein at least one radiopague marker is provided
on the mechanically expandable device to improve visibility of the device during

35 - and after insertion.



30 30. The device of claim®6, wherein the at | east one
reagent is in any one form selected fromthe group
‘%ﬁns&f@tai g solid tablet, liquid and povvder 31.
SVBM2E of claim 1, wherein at |east one rBCHSGAI0407
marker is provided on the ﬁ%chanlcally expandabl e
device to inprove visibility of the device during 35
and after insertion. WO 2005/094726 PCT/ SG2004/ 000407
22 32. The device of claim 31, wherein the at |east
one 32.adi Shssuice efslalied1, waereifiigat IpgshoegRiapage AR fnum
33. mEberéeydics priingl.ai m 31, wherein center radi opaque
mar kers and end 5 radi opaque markers are provided on
t he mechani cal | y expandabl e device. 34. A nedi cal
devBde fBie devieaficlabn 3, whereip espter EdiopRaue maikers@ad $15h

8Ne pHlbaRub AakBR Bre [dvided 3k the athahioglly bxpan@bRelktice. t he
device conprising: a first nechanically expandabl e

device for inserting into a first vessel; 10 a second
mecBani cAmedicabsgyica dulyeeting @ Hifuseatigngr try Ureptipn IRV Pween

sec Qtﬂé(}stbt?b@ Sc?dﬁir vesEak %e%ﬁ&ﬂﬁhﬁﬁdﬁgy expandabl e device
expanda I o S e
P ie rgt m‘}%‘%‘ ? %?e éietvfcg 1%1’ lb&gﬁg in? § ﬁ)rQEQIessei

p03|t|on
1expandede ﬁeamdachsramceut %ﬁ“‘lﬁﬁ%’e @Eﬁl’c? f‘i’é‘“%@é‘@r'fﬂo bé‘*ﬁ{'q on
Sucfestdnat the exterior surface of said nechanically 15

expandabl ice

the vess eF mec anfcatllg %ﬁ;a%ea?ﬂe%\;l& e&%@ldébﬁ}a’ From %H‘Et )}J%Qiﬁong{l aé
sai seecw@g@!ron W%@hm erendalip davisa s eépﬁnf’%ﬁﬁa%falm r st
PO Sl tb theesha PBskioR @Gdhithad the iexterior e8facHsf@aitl mechanically

05l S IR 65 B URBaRLE
anél&ﬁ%@ﬁ?”@\h’éi?“@kﬁ?%éf&'? t he second 20 position, and
at | easta renfidinc ieanddbid from afrstiposiive td Ssesercipositortio each

os. %{Ahs%% 1?%3?19%%%5&351 My %aﬁo‘%bigﬁé\meé'sﬁm%brane

1on 0 ne re atlvetoci‘ﬂr caéncally
ex PREigsinadlagd grauiation in B aas4RSTIEE" £X92097d 1SR 879
200 0 SiobiticdNand3bleash apeitivoet tief menithdne dp secutetio eadh rosharially

aCCoE ik Jeg.c&{o%emtén triefbss.ﬁsﬁfohﬂslme,%éaﬁ&erﬁwe% e

di sposi ng enera t ubul ar uct ur
rraﬁ%"r"@?"‘ca'ﬁ’r?&pa ?@%B@’fcﬁ%‘"'?e}?é”‘?f’é'ﬂ‘ﬁftﬁh'g s gp ?Eﬂl?" out er
surface of the nechanically expandable device. 30 36.

A gt hog nqgthog%kﬂn%gaa MBS afdlvicel8otbRRg BCSRh 4] thdmbBos | ai M

26, the
25 compnsmg

disposing the generally tubular structure on a mandrel; and
disposing the membrane onto the outer surface of the mechanically

expandable device.

30 36. A method of making a medical device accordmg fo claim 26, the method

comprising:
disposing the generally tubular structure on a mandrel; and
incorporating the membrane between the struts of the stent.

35 37 The methad of claim 35 or 36 wherein the disposing is any one selected | -
~ from the group consisting of: spraying, suture, lamination, adhesion, heat and dip

coating.



conprising: disposing the generally tubular structure
on a mandrel; and incorporating the nenbrane between
r of the stent. 35 37. The nethod of_cl aim 35
‘gp%g%}o\%ﬁéfei n the di sposi ngzr.‘i s any one sel ect%(c‘)T"S,aém’“4:}000407
fromthe group consisting of. spraying, suture,
| am nation, adhesion, heat and dip coating. WO
2005/ 094726 PCT/ SG2004/ 000407 23 38. The devi ce of
claim 26, wherein the stent is delivered to the
aneurysm by a delivery catheter. W 2005/ 094726
PCT/38G2 0 0Ke @UioelY Claini22, ik ktésdt AladbedeRexied anedryddybytahe
I Nt gfey I.QRdl, Bureau on 07April 2005 (07.04.2005):
original clalnms 1-38 replaced by anended cl ai ns 1- 36]
5 WE CLAIM 1. A nedical device for insertion into a
bodily vessel to treat an intracranial aneurysm the
devi ce conprising: a nechanically expandabl e devi ce
expandable froma first position to a 10 second
position, said mechanically expandable device is
expanded radially outwardly to the second position
such that the exterior surface of said nechanically
expandabl e devi ce engages with the inner surface of
the vessel so as to maintain a fluid pathway through
said vessel; and . a menbrane expandable froma first
position to a second position in 15 response to
expansi on of said nechanically expandabl e device, said
menbrane being positioned proximl to the aneurysm
and obstructing blood circulation to the aneurysm
when expanded to the second position, and at |east a
portion of the nenbrane is secured to the
mechani cal | y expandabl e device to maintain the
position of the nenbrane relative to the nmechanically
expandabl e devi ce when 20 expanded to the second -
posi tion; wherein the nmenbrane is perneabl e and
porous, the holes or pores of the nenbrane being such
that bl ood supply to perforations and m croscopic
branches of nmain brain arteries is permtted but
bl ood supply to the aneurysmis prevented.



25 2. The device of claim 1, wherein the nechanically
expandabl e device conprises a generally tubul ar

I havi ng an exterior surface defined b
‘%f’&ﬁ“&“’f"ﬁ{"% of i nterconnect ed24struts having i nt%&'g?‘leﬂ?"éq"”‘m
spaces therebetween. 3. The 'device of claim1, wherein

the menbrane is made AMENBEDGHhARMISHl e 30 and

el ast ric,pol r. 4. The device of claim1l, wherein
the niFFEALDY %ﬂr@t%ﬂ?few@wu o STAPTILE96 (0104 200505
with pore YHEiRR)aiws 138 voplagpd by apgnded dongd-86bns. 35
5.5T hce of claiml1l, wherein the nenbrane. is
made Trom polyneric material or biodegradable
material. 6. The device of claim5, wherein the

bi odegr adabh&didpdeice fr iﬁs@rtimnﬁzdosdAdwE ﬁle[s)sE% w&étﬁéEagﬁe lirfiracranial
m xe t rugs. or r ents.

(ART%E’:%ALE”S?'@?’E ‘?68@'?’%%3726 PCT/ SG2004/ 000407 25 5 7.
of i sot r o i@ bbendtERUE, Lt dBRIANS sk pRRR) &
Wher 3PS RSP Bl SSEaEtR S di apqngpd radaly
sur f autwandly ¢ the setond prsitioriicidthatheextior Ruefacsf of sdidumash@nically
wher gidanddbf déﬁ&@é@ggsmb HinSH NirfSddIof P DEkRel(sH Bs todattifa
10. E‘?ﬁ? cilgw ¢S OQE) claim1l, wherein the nenbrane

ci r c Y estayithipya) s vessehAe 15 a portion of the
device. 1]. ' | rei i
nmenbr ane %or?/eﬁbgangee\ég%?i ?53%1 frg'%'é% ﬁ}é} P évﬁctg.g_]i%cgidz P os'ltﬁg "
devi [EEPQee &q gipaRsion qjeid ereshanicaly Rxpgdable dp\dcen 7id pismbigge
and  baiiy positiores phixinat o ter aeapdm bhdastradting bibai dircutatbo to the
aneu

ooy o ihen EEpUEI bR Seoff Austor and "Mt g6l § pbiln of the
devi BEMBENG fsypaeired WQulfier BRchapically rFéP%‘P%‘H% dRvice {9oraatain the
bet waesiio? 6f the mehddanmirglatvado the sécheanically expandable device when
20  expanded to the second position;

whergin the membrane is permeable and porous, the holes or pores of the
membrane being such that blood supply to perforations and microscopic branches
of main brain arteries is permitted but blood supply to the ansurysm is prevented.

25 2. The device of claim 1, wherein the mechanically expandable device
comprises a generally tubular structure having an extetlor surface defined by a
plurality of interconnected struts having interstitial spaces therebetween.

3. The device of claim 1, wherein the membrane is made of a biocompatible
30  and elastomeric polymer. '

4. The device of claim 1, wherein the membrane has a thickness of about
~.0.001 to 0.005" with pore or hole sizes of about 20 to 100 microns.

355 The device of claim 1, wherein the membrane. is made from polymeric
material or biodegradzble material.

6. The device of claim 5, wherein the biodegradable materia! forms multiple
sub-layers mixed with drugs or reagents.
40 '

AMENDED SHEET (ARTICLE 19)



15. The device of claim1l, wherein the nenbrane has
fabricated holes 30 between 20 to 100 microns in

' The device of claim15, wherein the hol es
‘g{)é&ﬁ%’%‘?’%at ed by laser driJding. 17. The degﬁ%%?zgwoomm
claim 14 or 15, wherein the *di stance between the por es

or 35 holes is |less than 100pm 18. The device of
claim1, wherein the nenbrane conprises a plurality of

Pod YNEri C feldeP&: oF @[9:H1r1e @ndin %ht%%e%&lﬂ@;y c%ﬁgblleyof Egtmplc

expandabl device 4 . The device o
wher ePR® 'ﬁ?@ strips are Iess than 0.075nm and t he
di stance between adjacent strips is |less than 100pm

AVENGED S a P i
D S0 A S oy o e

wher AL PRER R ane conprises a nesh secured to t he
n¥chani cal | y expandable device. 21. The device of

cl ai g, 20, TwheQ
100pry. and PR PR fln EREMERf KRRk 305 e

to O 10 22. The device of claim1, wherein the
aneurysmis a regular size, giant or w de neck

aneurysm TRsdevicB&f tﬁé?ﬁ'( ‘1 GfheRdin thé AbMbrine & r}“\‘e&ﬁf@}eﬂhaﬁly &rrogrfds

chani cal | andabl e device is sel anda
g? gﬁP%S% %%3§§ﬁ%ble 24. The device of clalm 1,
wherei n the mechanically expandabl e device is a

st entis. 20 TROdevibE 6F Y i GfheRfn t6d ﬁérﬁ%rgrfe d&llé‘%bgbgmo"g? e' n
t he g?nbrane IS supported by the generally tdb
structure and is attached to at | east one strut. 26.
The device of claim?24, wherein the nenbrane is

ol b;J har haw détﬂloéiof C&ilﬁﬂ%@f@lﬁ&ﬁéﬁ]&lﬁﬁl&&lﬁs ﬁon%mtuﬁ §|l|d2|150n-
| ni er erein the
P%L"S%l%ng’rege%g 83‘5 %rﬁ?%t'of‘ Ec’eth%ﬁ'fe&ys@u rface of the

stent or |ntroduced by dip coating or spraying

bet ween t iR dlicalbreialf 12 BRerdh BB mefbrand REnARYbing Bid
cl ai wherein the nembrane is a segnent of a

t ubu ‘structure disposed onto a portion of the
Ut er surface of the stent. 30 28. The device of claim

6, Wher ei Theldediceadf claifRs WhelaiR the@i@biineings pdlesHid¥veRR 80 {01 M

100 microns in size.

15. The device of claim 1, wherein the membrane has fabricated holes
30  between 20 to 100 microns in size.

16. The device of claim 15, wherein the holes are fabricated by laser drilling.

4T The device of claim 14 or 15, wherein the distance between the pores or
35  holes is less than 100um.

18. The device of claim 1, wherein the membrane comprises a plurality of
polymeric strips secured to the mechanically expandable device

40 19, The device of claim 20, wherein the strips are less than 0.075mm and the
. distance between adjacent strips is less than 100um.

AMENDED SHEET (ARTICLE 19)



selected fromthe group consisting of. solid tablet,
liquid and powder. 29. The device of claim1, wherein

oWy Cxpandan ¢ HZ‘C{;L Lo [mprove. vi Ae Ty

of the device during and after insertion. 30. The
device of claim?29, wherein the at |east one
radi opaque narker is nade fromgold or platinum 40

31; The deme%vrég of El'aiﬁ’l 'mivg&em m%é?ﬁﬂ?an%%[%gﬁ e£ Q%‘g%f)%%ﬁfgd

narkﬁéz and, end. rad |o§ gue mar kers are provi
the nBHIFARGOANGY RRFERReFP.edevi ce. AVENDED SHEET
(ARTI CLE 19) WD 2005/094726 PCT/ S&004/ 000407 27 5

32 Amnedlmldeﬁ&\efeemfzerwﬂerr&%daaeo@mg rfeldh B3t 93 Q6o
trlfur tIO@ Qéracranl ﬁu at I eadt"
two b3 b gidhg weshing s 0 tI‘Pﬁrq Q'T"ﬁg a first
nﬂbhanlcally expandabl e device for inserting into a

firstaavessgl devi PESANIWHBSNAB 'aﬁ&’n}s)ﬁ 1?%%?Dlgnas@eegign?\/i ce

for |n erting into a second vessel
mecha AT &Ft Bwﬁﬂndable devi ce expandable froma first
position to a second position, said mechanically

bl
e g e

sai d Gabl e device engages with the
i nner surface of the vessel so as to naintain a fluid

pat hpay t Mfdigide slaiin ¥ SMBRIN théerhmcly BERAR aglé evicy is a
expaggﬁble froma first position to a second position

in reéesponse to expansion of said nechanically
expandabl e devi ces, said nenbrane being positioned

go ?)é psral i detige memg%fgmrna@ %h@#éﬁlttﬁ&ﬁ&&éﬂgnegé Q%gorhed by the
i u
sec o#écf@almgﬂ?&l 5 mci%%iarﬁlt's ‘T“ %3‘3%5? Bt t he

nenbrane i's secured to each nmechani cal |y expandable
devi z& t ornmw&ea:ofelamm @ﬁbr&ﬁ’%tnhéﬁ{bré?:fe it ¥ RAHg 3D

rel n|c ex b] e deviceS when

exp ‘;‘é{é FSﬁ)" '%"ﬂg asrrg'%o %?rﬁ?t%rﬁ? ﬁ\?ﬁ%ﬁe?'ﬁﬂi"ﬁ’é@"h%ﬁbr ane
% p@?rnm '%dimeqwmbsout@rﬁgrfm lokthe gtentipointeaiuadd Hyfup

e mheoating obsprayngdtlact iakd erask sempl Y to perforations

and m croscopi c branches of main brain arteries is

pernitted but blood supply to the aneurysmis

pr eviént edhe deuice of claim 24, wherein the membrane is a segment of a tubular

structure disposed onto a portion of the outer surface of the stent.

30
28, The device of claim 8, wherein the at least one reagent is in any one form
selected from the group consisting of: solid tablet, liquid and powder.

29, The device of claim 1, wherein at least one radiopaque marker is provided
35 onthe mechanically expandable device to Improve visibility of the device during
‘and after insertion,

30. The device of claim 29, wherein the at least one radiopaque marker is
made from gold or platinum.
40 . .
31. The device of claim 29, whereln center radiopaque markers and end
- radiopaque markers are provided on the mechanically expandable device.
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33. A nethod of nmaking a nedical device according to
claim1, the nethod conprising: disposing the

| tubul ar structure on a mandrel; an
‘gﬁgg%@?‘hé‘sthe menbr ane ont 0, he outer surfacgl’CoTIE’S(fzr(f%“mo0407
mechanically 30 expandabl € device. 34. A nethod of

meki ng a nedi cal device according to claim 24, the
nmet hod conpri si ng: disposing t he generally t ubul ar

st u ure ,on ndr nco

i e iPedtal R Rt Bt yeite et SEHRRER Ak

met hagewysncheliveen 3Beast w@dodil ¢esseln, thewdevige spraeing i s any
one sel ectaakt m%éﬁéﬁ’b&llb‘ expaﬁeum@ d@ﬂé\ﬂ’oﬁﬁée&lg ko a Aitvadseing,

suture, |amna olp | : coatclmpog
30 36, Tne SB0P EEOEedy Frr e s B el ref €RteH
del i wessell to the aneurysmby a delivery catheter.
AENDED S@%Tméomwa%péﬁhble device expandabie from a first position to a
second position, said mechanically expandable device is expanded radially
outwardly to the second position such that the extericr surface of said mechanically
expandable device engages with the inner surface of the vessel so as to maintain a
fluid pathway through said vessel; and
15 a membrane expandable from a first position {o a second position in
response to expansion of said mechanically expandable devices, said membrane
being positioned proximal to the aneurysm and obstructing blood circutation to the
aneurysm when expanded to the second position, and at least a portion of the
membrane is secured to each mechanically expandable device to maintain the
20  position of the membrane relative to the mechanically expandable devices when
expanded to the second posttion;
wherein the membrane is permeable and porous, the holes or pores of the
membrane being such that blood supply to perforations and microscopic branches
of main brain arteries is permitted but blood supply to the aneurysm is prevented.
25
3s. A method of making a medical device according to claim 1, the methed
comprising:
disposing the generally tubular structure on a mandrel; and
disposing the membrane onto the outer surface of the mechanically

30 expandable device.

| 34. A method of making a medical device according to claim 24, the method

comprising:
disposing the generally {ubular structure on a mandrel; and
35 incorporating the membrane between the struts of the stent.

35. The method of claim 33 or 34 wherein the disposing is any one selected
from the group consisting of: spraying, suture, lamination, adhesion, heat and dip

coating.

40
36. The device of claim 24, wherein the stent is delivered to the aneurysm by a

delivery catheter.
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