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25 A permeable and porous membrane for a medical device for insertion into a bodily
vessel to treat an intracranial aneurysm is disclosed in the previously filed cross-

related application, the contents of which are herein incorporated by reference.

Summary of the Invention
30 In a first preferred aspect, there is provided an endovascular device for insertion
into a bodily vessel to treat a diseased, damaged or weakened portion of a vessel
wall, the endovascular device comprising:
a mechanically expandable device expandable from a first position to a
second position, said mechanically expandable device is expanded radially
35 outwardly to the second position such that the circumferential 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
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perforators of main arteries.
The size of each pore may be from about 20 to 150 pm for the macro-porous
25  membrane.
The distance between adjacent pores may be from about 40 to 100 pym for the
macro-porous membrane.
The thickness of the macro-porous membrane may be from about 0.0005" to
0.003".
30
The porosity of the micro-porous membrane may enable enhanced endothelial cell
migration and tissue in-growth for faster endothelialization.
The size of each pore may be from about 1 to 30 um for the micro-porous

membrane.
35  The distance between adjacent pores may be from about 10 to 100 ym for the

micro-porous membrane.



The di stance between adj acent pores may be from about

10 to 100 mmfor the m cro-porous nenbrane. The ratio
wo@Roovhet7sst eri al surface area of the nenbrane PEISGEE06/000028

from about 25%to 75% for a nmacro-porous nenbrane and

may be from about 75%to 1009 for a m cro-porous

menbrane. The pores may be spaced equi di stant from

each other. The pores may be spaced apart at a first

Sp a gggtgp()iﬂ} rge‘ierg?gug%é%%te%o t['n% rﬁl‘z—‘:}gb [a5d 'm%cr\j( g?rgﬁy a%o&t%% to
sed&btdfor egnasrp-poTdus méntwanst ansiapay p@frgmaqbog w5 g,t 1qogqg;obﬁ

MBYmilt6-poftas n@mbidhan the size of each pore at a second
region. The first region may be adjacent to the

di seased, damaged or weakened portion of the vessel
swalThe pditee rialy be spaced)equidistany frem eaehmtkar. bl ood fl ow before

t herhg §6RRGdyas %cgbaéﬁq #9 %lsdjnﬁ@ & &R o@'fer bt 9arkt FdgRW
in the bodi Iéﬂvesse

eco
or GO B B0 R S Ao ES 1 S0 PGS A B R Ao
bodihk yize ebeaeh pore at a émt regionl nep e enialled tham ffedsiagrof aechkoreeat
portéegghdqgg@q vessel wall, the endovascul ar device
rising. a mechani cal I ﬁdd?bl e dev
loexggﬁél%!e@mf' Ehbs afipgest toa ditds amagegéw'ﬁakeﬁsgmrf'%h°f
saltlﬁb\r&ﬁémall caI |y expandabl e device is expanded

r aGFh@lF Y re Jn%r tb{&gd ﬁ&ﬁ Qfgreg Bééoﬂ@ r%"rb‘r\ll'bagel%n the

ircu ere surtace o sal anically
exyﬁ’aﬁ&'aﬁpfeb'@é\ﬂp\ﬁ’é”éﬁe%ﬂésesﬁﬁ‘th the inner surface of
the vessel so as to nmint a| n a fI ui d pathway through

Sg:,h% Iavsggosﬁ %s%ect qheﬁe né]:g r s t araéev‘cg ?c?ftin rtion into a

cir CU SUI' ace O
e ohdiiveade ip tesaba disatsied, @@Wg@«éor WpRkPBIhPariD of a vessel wall,

neqmdg@gsayarepé{,}a@aﬁmngn@eV| ce is positioned in the
bodily ves

|
he d s SaBmenEalEgRroEh AEC R I TR o gt o a
vesseind wadsition,anald wheshenically hexpamsizblea devides ismeyeantied radially

2001 QGRVARA} iob e Jé'cgrm Mosﬁioﬁ%h%a‘t Qh@@ﬁ‘dbﬁ?&rentfah@ur@@é yﬁ%bld
bei ng a pol yuret hane based material wth

S
m MmeshanicalsPrgndably davice KRISER ML) tRRIERY) Sua?%eeqf q‘a%\sﬁse' so
enGewassintiara flilieMiathevay througb eaiti eebsel; and

a membrane covering at least a portion of the circumferential surface of
said mechanically expandable device;

25 wherein the mechanically expandable device is positioned in the bodily
vessel such that the membrane covers at least the diseased, damaged or
weakened portion of the vessel wall; and

wherein the membrane is made from a biocompatible highly elastomeric
polymer, the polymer being a polyurethane based material with end groups to

30 minimise narrowing of the bodily vessel after the endovascular device is inserted

into the bodily vessel.

The end group may be any one from the group consisting of: fluorocarbon surface-
modified end groups, and polyethylenglycol and silicon surface-modified end
35 groups.
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In a third aspect, there is provided a porous membrane for an endovascular device

15

25 to be inserted into a bodily vessel for treating a diseased, damaged or weakened
portion of a vessel wall, the membrane comprising:

a plurality of pores, the porosity of the membrane being defined by the ratio
of the material surface area of the membrane determined by the size of the pores
and the distance between adjacent pores;

30 wherein the membrane covers at least the diseased, damaged or
weakened portion of the vessel wall, and the porosity of the membrane obstructs
blood supply to the diseased, damaged or weakened portion of the vessel wall and

enhances healing of the bodily vessel.

35  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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25  Detailed Description of the Drawings
Referring to Figures 1 to 6, an endovascular device 10 for insertion into a bodily
vessel 5 to treat a diseased, damaged or weakened portion 50 of a vessel wall is
provided. The diseased, damaged or weakened portion 50 may be an aneurysm.
The endovascular device 10 comprises a stent 11 and a membrane 20. The stent

30 11 may be balloon expandable or self-expandable. The membrane 20 covers at
least a portion of the circumferential surface of the stent 11. The membrane 20
comprises a plurality of pores 25. The porosity of the membrane 20 is defined by
the ratio of the material surface area of the membrane 20 which is determined by
the size 21 of the pores 25 and the distance 22 between adjacent pores 25. The

35 stent 11 is positioned in the vessel 5 such that the membrane 20 covers at least
the diseased, damaged or weakened portion 50 of the vessel wall. The porosity of
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less space. The specific pattern of porosity provides free communication between
blood and vessel wall cells to enhance healing of the vessel 5, and also covers and

30  isolates the aneurysm 50. The surface of the membrane 20 is molecularly altered
with different end groups to isolate the material substrate of the membrane 20 from
direct contact with blood, and cells’ environment of the vessel wall. Different end
groups were added to the material solution during its synthesis. The following end
groups were used which covalently bonded to the substrate: Silicon, PEO

35  (polyethylene oxide) and fluorocarbon.
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The main function of the membrane 20 is to cover the aneurysm neck and the
30 damaged or weakened portion of vessel walls to repair and heal the diseased
portion of the vessel wall. On the other hand, the membrane 20 allows all engaged
vessels including adjacent micro-branches such as perforators 55 to stay patent

after placement, if necessary.

35  Two embodiments of the device 10 are provided: macro-porous and micro-porous.

Macro-porous



Material ratio may be represented in percentage form
where the percentage material ratio is the sane as the
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%overage = % porosity. Material ratio can also be
expressed in "as manufactureg" and "as depl oyed"
stages. The functional relationship between the
rrateri al ratio stages is a conbination of pore size 2
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result within a few hours after deployment of the device 10 in the vessel 5. Blood

supply is substantially prevented from flowing into the aneurysm 50. At the same
time, the pore pattern of the membrane 20 continues to allow a non-disruptive
30  supply of blood through vital microscopic vessels (perforators) 55 located proximal

to the deployed device 10.

The device 10 uses the antagonistic relationship between the sufficient reduction of
blood supply to disrupt and thus heal an aneurysm 50 and the maintenance of
35  sufficient blood supply vital to keep micro-branches (perforators) 55 patent.



about 25%to 75% for a macro-porous nenbrane 20. The
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effectively reduces blood flow into an aneurysm 50.

Thi s encourages intra-aneurysmal thronbosis to occur.

Figure 7 shows an aneurysm | ocated in the subclavian

artery of a rabbit. Figure 8 shows the result within a
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Turning to Figure 5, a slight reduction or disruption of blood supply into the
aneurysm 50 due to a specific pore pattern of the membrane 20 positioned against
the aneurysm neck disperses the high energy flow impact directed at the distal

35 léteral wall of the aneurysm 50. It is at the distal lateral wall of the aneurysm 50
where most aneurysms 50 grow and rupture. Therefore, the membrane 20 will also
lead to an elimination of potential rupture of the aneurysm 50.



thronmbotic reactions are not triggered. Disruption of
bl ood circulation into an aneurysm 50 and bl ood

wG@r@ghetson | eads very quickly to bl ood coagul BCT/66G2006/000028

cl osing of the aneurysm 50. Ggnsequently full vessel
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eVedrd f&w@%é@ﬁél l‘a%o at a proximal part of the aneurysm neck, it may be
beneficial to increase the porosity of the membrane 40 at the proximal part of the

aneurysm neck, where outflow normally occurs. This facilitates better blood outflow
from the aneurysm 50. The degree of material ratio is carefully controlled to

30 prevent the disrupted blood flow from entering the aneurysm 50 at the proximal
part instead. The change in material ratio from distal to proximal may also have to
be incremental or progressive.

For the least material ratio at areas away from the aneurysm neck region, the

35 material ratio is made as low as possible using large pore sizes 21 for the following
two reasons: to allow blood fiow into perforators 55 that may extend from the
parent artery within close proximity of the aneurysm 50; and reducing the amount
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small vessels near the diseased vessel wall is not an issue. Patient survivorship

w
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30 totally depends on effective blockage of the aneurysm 50 and porosity may
enhance healing process and also endothelialization.

The membrane 30 of the micro-porous device 10 has pore sizes from about 1 to 40
pm and bridge dimensions from about 10 to 100um in either “as manufactured” or
35 “as deployed” stages. The overall material ratio can range from about 75% to 100%

for a micro-porous membrane 30.



parent arteries and perforators 55. Additional
features involving the selection of suitable pore
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specific conditions. For exanple, aneurysms 50 of
different types or geonetryl?2may require different pore
patterns. Mcro-porous Referring to Figure 4, the

m cro- porous device 10 is used for conditions which
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macro and micro-porous devices 10.

The lubricious layer 70 may be made from, for example, hydrophilic PVP
(polyvinylpyrrolidone) to reduce friction during tracking. Other hydrophilic polymers
like polyacrylate or polymethacrylate as well as hydrogels like PEO (polyethylene
oxide) may also be used. Gelatin may also be used. These polymers may also be
used to modify the membrane material to achieve predetermined surface

properties of the membrane 20.

Stent markers
Turning to Figure 6, special stent markers 15 may have incorporated into the stent

11. This enables accurate alignment of the high material ratio (high %coverage)
portion of the membrane 20 against the aneurysm neck. Precise alignment is



A lubricious |ayer 70 can be applied onto the outer
surface of the stent 11 for inproved trackability
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This coating 70 may be applied after the device 10 is
fabricated and placed ontola delivery systemor before
pl acenent onto the delivery system Al ternatively,
this layer 70 may be introduced in conbination with
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the vessel environment. Several surface and material modlflcatlons were used for

in-vivo and in-vitro experiments.

Referring to table below, initial in-vitro biocompatibility tests have shown that when
comparing three materials: BioSpan™" and ePTFE, BioSpan F™ was the least
thrombogenic as illustrated below. Turning to Figure 9, further animal studies
confirm superior biocompatibility using BioSpan F™. An endovascular device 76
with a membrane made from BioSpan F™ is shown on the right iliac arteries (left
side of the figure) which shows the vessel 5 remains patent with minimal
narrowing. BioSpan F™ also exhibited an unexpectedly good healing response
compared to all other types of material and variations of BioSpan™. For
comparison, an endovascular device 80 with a membrane made from a control
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It will be appreciated by persons skilled in the art that numerous variations and/or

modifications may be made to the invention as shown in the specific embodiments
without departing from the scope or spirit of the invention as broadly described.
25 The present embodiments are, therefore, to be considered in all respects

illustrative and not restrictive.



pattern had a | ower degree of narrow ng and thus had
better healing properties than the solid covered
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a material suitable to be used for a small vessel
endovascul ar device 10. Anl®ndovascul ar device 78 with
a porous nenbrane made from Bi oSpan F(tm is shown on
the right iliac arteries (left side of the figure)
WNESLARPWs | ess than 5% narrow ng of the vessel 5. An
endovascul ar device 79 with a non- porous/sol id

menbrane nmade from Bi oSpan F(tm_ is 8 on Itp?e eﬁfé
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ffgowgggglg; tojlgvti{geeaf e 988 dYr (A)aal%ehgd bSHGH of el ea&ePwall and
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sanﬁamm&ﬂehm@amﬁeaomhwﬁﬁﬁhe covering at |east a
portion of the circunferential surface of said
mechani cal I'y expandable devi ce, the nenbrane
con”pr | S’E’hrc]agde%lc lagc{o? ing t¥) c?alm 1, wherein the membrane is made from a

biocompatible highly elastomeric polymer.

3. The device according to claim 2, wherein the polymer is polyether urethane

(PEU) or polycarbonate urethane (PCU).

4. The device according to claim 2, wherein the polymer is a polyurethane
based material with an end group, the end group being any one from the group
consisting of: fluorocarbon surface-modified end groups, and polyethylengiycol and

silicon surface-modified end groups.

5. The device according to claim 1, wherein the membrane is a macro-porous

membrane or a micro-porous membrane.
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pores, the porosity of the nenbrane being defined by
the ratio of the material surface area of the nenbrane

bet ween adj acent pores; wherein the nechanically
expandabl e device is positi{?ned in the bodily vessel
such that the nmenbrane covers at |east the diseased,
damaged or weakened portion of the vessel wall, the
porosity of the nenbrane obstructing bl ood supply to
the di seased, damaged or weakened portion of the
veGsel Wea devier @oeardingeiciain RrariersiythgPotogity ¢ g mgpro-porous
Veme@brane perfite bld&vdupgly aqeefordiongofnaircreries. 1, wher ei n
the menbrane is made from a bioconpati bl e highly

el astoneric polyner. 3. The device according to claim
2, wherein the polyner is polyether urethane (PEU) _or
polycar Bendevcescseiingde cipm . Wherein e §es, Pgol P25 ey
t Oasub20MoA 50 Yhdsrehd midi@p@olsym@nbriase. a2 pol yur et hane
based material wth an end group, the end group being
any one fromthe group consisting of: fluorocarbon

surface-nodified end groups, and pol yethyl engl ycol. an
si 8i conTRAPVIREACRYHNY ?Oe‘aa'@rﬁj Vﬁ\efﬂf}g@? dsﬁta'%ﬁ 56@8%% ggacen
acgsedlis rgmtaboGtl4gitdr 0b,unnbethe mactolperaus mendiremei s a

macr o- por ous nenbrane or a mcro-porous nenbrane. 6.
The device according to claim5, wherein the porosity
of the macro-porous nmenbrane permts bl ood supply to
pe?f or al s devige AwPHingrte &iqiasd, wherejrh, feglbiprnass é’g g'be?/ BPHg
t Opdrb@ MrRbratidie freh AbéUN€.08052 & @B03Rach pore is from
about 20 to 150 nmfor the macro-porous nmenbrane. 8.
The device according to claimb5, wherein the distance
bet ween adj acent pores is from about 40 to_ 100 mm for
t h0-macilee gryicgpsCardingloaiaim Sowherpia thgsraresity SE1B8 MiFAgoPYs
¢l RkfbRne \SASHIGI Enhiahéedtdhdetisian sellohigtdtien emd tisspeimgswth for
negbrane {ps.f.r Imnabout 0. 0005" to 0.003". 10. The
del?PeEeeelsidr#9 ™ o claim 5, wherein the porosity of
the m cro-porous nenbrane enabl es enhanced endot heli al
cell migration and tissue in-growth for faster

engpt hefrj@kibvgat 4@brding to cibite50RNdr6iR tiRe sias 8f aghtpore Isafram
5, wherei r?) thte ali ze of each pore is from
about 1 to 30 ym for the micro-porous membrane.

12. The device according to claim 5, wherein the distance between adjacent
pores is from about 10 to 100 pm for the micro-porous membrane.

13. The device according to claim 1, wherein the ratio of the material surface
area of the membrane may be from about 25% to 75% for a macro-porous
membrane and may be from about 75% to 100% for a micro-porous membrane.

14. The device according to claim 1, wherein the pores are spaced equidistant

from each other.
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The device according to claimb5, wherein the distance
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t he m cro-porous nenbrane. 13. The device according to
claim1l1, wherein the ratioldf the material surface
area of the nenbrane may be from about 25%to 75% f or
a macro- porous menbrane and may be from about 75%to

100% g?ﬁe @emecafceérgiﬁ R)l&aaﬂrﬂamh@'@ﬁ-thdﬂoreér hre sgaced @part at a
according to claim1, erein t s r d
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apart at a first distance to each other at a first
region and further spaced apart at a second di stance

to each other at a second reqi Buiel. i rst
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at a second region. 17. The device according to claim
15 or 16, wherein the first region is adjacent to the

di seased, damaged or akened Nt .
Tt e cinee heurs R A hy S Ireleing st AGolt B8 Rcent
t hethb idlsehset pdsincagedoroeakined sotivrefdhe Yesse! Wél-or e t he

second regi on based on the direction of blood flow in
the bodily vessel. 19. An endovascul ar device for

insertion into a hodily.vessel t I '
dfnged B e EEAEHBE AT g Geret” Y EE o & fRAbiood
engabaieel kiar sedend region bagediani the directies o Alapd fgw {p the bodily
e&gg&ﬁable devi ce expandable froma first position to
a second position, said nmechanically expandabl e device
is expanded radially outwardly to the second position

such that the circupferential.su e, 0f. saj
nmehani %PFS’P"@%E\M}% e %[ef\r/\?%rtéghe E]rggééegﬁvl\llly tS\%EQeI to treat a

t he inner
S idoasee, dimadee ov pesenedsries of & VRPN fegnaqgrgyiar device
pq%Fﬁﬁyn&hrough said vessel; and a nenbrane covering
t as

¢ tjon of the circunf L ale suLf :
2 ai d mwgm%gégliy%gg%sﬁbhﬂgedgg reg;galnldgtélg Rbh@lsirst PEiRA® £

second position, said mechanically expandable device is expanded radially
outwardly to the second position such that the circumferential 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 covering at least a portion of the circumferential surface of
said mechanically expandable device;

wherein the mechanically expandable device is positioned in the bodily
vessel such that the membrane covers at least the diseased, damaged or

weakened portion of the vessel wall; and

wherein the membrane is made from a biocompatible highly elastomeric
polymer, the polymer being a polyurethane based material with end groups to
minimise narrowing of the bodily vessel after the endovascular device is inserted

into the bodily vessel.
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wherei n the nmechanically expandabl e device is
positioned in the bodily vessel such that the nenbrane

portion of the vessel wall; and wherein the nenbrane
is made from a bi oconpati bl® highly el astoneric
pol yner, the polyner being a pol yurethane based
material with end groups to mnimse narrowi ng of the
bogi | Y THE 3We @bbaing th@aipndowasreiultas etegrbareisiagy one from

ted into th i | 3 18620 onfih i
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exyeaiiydesde device with the vessel wall of the bodily
vessel . 22. The device according to claim 21, wherein

the lubricious layer is made from a.pql
o {1 GHerdsion PO RS AT 2t R R eps ke dAe

Pt iaNYoRter Gtdntlcimg, onEolfparcithd areup sonsjsiag Hefc ysrgehic
hydrogel s, .paly e pihdifacAee, 39HBbIS - poRSthyldiecoxide
de‘{?[%'gﬁ%y@::og(?og‘fah‘g&{%&% élpm%gz viher g?n tbhe material of
t rendigelatir-ane i s nodified using the polyner of the
| ubricious layer such that predeterm ned surface

properties of the ; Rt ial 8fthe Fdfbrane is
dedrr ce HESHY'HR ﬁcgm{dgr%g{? élg]me?f?g’ﬁer%g?ﬁﬂﬁtgher con‘Fr' sing
r adodiffed gsiog ftrer olymer piibe ubtrieug 12y8r t4sh At PrRdREEY ?‘{/S” o
exg lothd Giehibiank @recdbidiied. al | gnment of the nenbrane
to the diseased, damaged or weakened portion of the

vessel wall. 25. The device accordi nﬁ toclaim1l or
1924. WwheTiei devideeaabrsiing e cHlain ey 49 rthelesaiieng satienaa e

of mgagrts ¥>8§It?b¢1%c_i Y}ﬁltﬂte rjnéchﬁr%‘allf BRbahd4bB ddviteqs Bigble alignment of

consistirng o Intracrani a

antee mpaRfangiafee Hié%%?e%rqéﬂ'?%ﬂar r\}\f%%lge?ﬁggb%%&c&%ea\;essel wall.

25. The device according to claim 1 or 19, wherein the diseased, damaged or
weakened portion of the vessel wall is any one from the group consisting of:
intracranial aneurysm, saccular aneurysm, wide neck aneurysm, fusiform
aneurysm, caroticocavernous fistula, and arteriovenous malformation (AVM).

26. The device according to claim 1 or 19, wherein the bodily vessel has an

inner diameter of about 2.0 to 4.5mm.

27. A porous membrane for an endovascular device to be inserted into a bodily
vessel for treating a diseased, damaged or weakened portion of a vessel wall, the
membrane comprising:

a plurality of pores, the porosity of the membrane being defined by the ratio

of the material surface area of the membrane determined by the size of the pores

and the distance between adjacent pores;

| east the di seased, damaged or weakBCESG2006/000028



aneurysm caroticocavernous fistula, and arteriovenous
mal formation (AVM . 26. The device according to claim

wa2or/094938 wherei n the bodily vessel has an i nnBCT/SG2006/000028
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di anmeter of about 2.0 to 4.5mm 27. A porous nenbrane
for an endovascul ar devicelfo be inserted into a
bodily vessel for treating a di seased, damaged or
weakened portion of a vessel wall, the nenbrane
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