WD 2005/ 094725 PCT/ SG2004/ 000338 1

11112211122211122211122112221132222 1 1 1 Miie b Title A
WORROM RDr Treati ng Aneurysns *166166* TechnP€&ISG2004/000338

Field 5 The invention concerns a nethod for treating

bi furcation or trifurcation aneurysns. |In particular,

the nethod is suitable for bifurcation or trifu
aneyLy.sms with wde aneurysm necks. 10 Backgr ommmmmul’”m”"“m
the TMvention An aneurysmis a bul ge or a weakeni ng«gfss=
a wall of an arter@rMem?dd%UPMW@fﬂ"? occurs where
one mai n bl ood vessel splits into two (bifurcation) or
thrﬁ,e srral eE vessels (trifurcation). Bifurcation

F ey

ane nt for approximtely 35%of all 15
6ases of i ntracrani al henorrhagi c di sease. Aneurysns

rmy TR EvEnt@R AokcBHE & rRstR&KoNGeating Bifurcabery & thf(]@:at&anidlBLd'ysms
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Subavidecdmearysin heaker r hage secondary to a ruptured
aneurysm causes a severe 20 headache. Therefore,

there is a desire for mninmally invasive, |ess

10r a Bagkgroundeiibe VveRtian cat  bifurcation and

trifurcation aneurysms. 25 Summary of the Invention In

faOE ! nratggtﬂrs% fs'd rtﬁ %F%§ R %EkenFnB f LwhiPof F&F\ %Hérg &h Qfleﬂﬁgrh Q8Lially

urcation aneuq% an eurg
hav m@yr%wh%ﬂ ang paimPleed kesseliselitrisio (foaﬁ‘ﬁ?q“«}, Prfgres smaller
POSivedRRi (fﬁlﬂ:r@tlf)ri)r Bifuraeraielngerhs yocou &ndpfrbematelyi3s® of all

§ne§?§e§rﬁ it rz‘ajci&é:nal‘at hSrH?rm%ﬁ.c%{s%Qs%h proximate to the

0Si I'ng a second nechanically
expandabl e deV|ce in a second bifurcation branch

pr Oﬁn@@&&ﬁ Ray hPstANE bEULE BleBARKintod BdvEr g aRsling thetbln called
mechani ca
ancdPRITFreFHRo Bah Th OBl Sog 2 RuBpARhl fhmbiifge.
bi f Lﬁubarlac?Enldmwrfmsﬁeonﬂ@'M (R HPUSS aNRYHP BAHEGSAPIYEEK
JHBY Hegdfep@istri cted such that blood circulation to the
aneurysm is conpletely interrupted.

Therefore, there is a desire for minimally invasive, less traumatic methods to treat

bifurcation and trifurcation aneurysms.

25  Summary of the Invention

In a first preferred aspect, there is provided a method for treating a bifurcation
aneurysm, the aneurysm having an aneurysm neck, the method comprising:
positioning a first mechanically expandable device in a first bifurcation
30  branch proximate to the aneurysm neck;
positioning a second mechanically expandable device in a second
bifurcation branch proximate to the aneurysm neck; and
expanding the mechanically expandable devices to constrict the aneurysm
neck such that blood circulation to the bifurcation aneurysm is reduced.
35
The aneurysm neck may be constricted such that blood circulation to the aneurysm

is completely interrupted.
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devi ces may be stents. The stents nmay be nechanically

expanded such that blood circulation to the 5

bi furcati on aneurysmyvi a the aneurysm neck may be

occl uded. The aneurysm may be reduced further in size

by depl oyin els or using coils., \Were the aneurysm

necthP@e\ﬁPQﬂ‘g? coPruaple deucasmay PegidiBs may be depl oyed

inside the aneurysmto reduce bl ood circul ation
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than two. The stents may be bal |l oon expandabl e or
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The tb¢ ansuysmagckie leexthamtted at t he sanme tine.

Alternatively, the stents nay be expanded

sequentially. 20 The stegt may Ee ta.%@ rled towards the
di st & SRt Y beRaliaon siRandaligorseERtP %ave a
t r apheciaisl mdythage madiersatb fapiliggespreeisd pasitionifihin the brancheayThe
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e remaln S . first stent may be
posi avdiedadionsays. Ane Pagersnay berrade pegols o gia '?;{’t"%/'on

br anmia strtinaytdeqbosifioriairt thebrandhet benupntaky.mal end of the
fir SFhess'i&g m%)? gﬁ g]%ralnq_%]cr &qH& ggméMnth' A]lteq'rgﬁvél}, rtl% stents may be

bi furcati on [ e second stent may be positioned
par t$aanded §equRtiRllY-he second bi furcation branch such
dghat a portion of the proximal end of the second stent

S t introduced wini . I-f U, '
br anle ' B8 PEperk) bltafds st End G ert TSGRl inGlinave o
ex paraperdidal ongidingsrasagectige fing wirphnay haye PR3} §Rd Aays that
be tapebRshteUshtivendthetrétaifin@stiuial end of the stent is
expanded tirst during depl oynent. Advantageously, this

all ows the aneurysmneck 35 to be bridged with
2 eatterfirgfstant may da@ositioned partially within the first bifurcation branch such

that a portion of the proximal end of the first stent is not introduced within the first

bifurcation branch. _
The second stent may be positioned partially within the second bifurcation branch
such that a portion of the proximal end of the second stent is not introduced within

30 the second bifurcation branch.

A balloon of a balloon catheter may be used to expand the stent during
deployment. The balloon may be tapered such that the proximal end of the stent is
expanded first during deployment. Advantageously, this allows the aneurysm neck

35  to be bridged with greater effectiveness.

The balloon may be made of soft durometer thin nylon or silicon.



The ball oon may be made of soft duroneter thin nylon
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second stent may be expanded by a second ball oon. The
first and second ball oons may3be on a single shaft of
a balloon catheter. The stents nay be expanded at the
same time during 5 deploynent. Additional angioplasty
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20re c hedvthehd! lgrowdxipetod®BGE).devi ce in a second
trifurcation branch proximte to the aneurysm neck;
positioning a thjird nechanically expandabl e device in
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bragﬁp 3 t tion of the proximal end of the
fir SI cr?e %ﬁ%}ﬁlﬁ%yr@?ﬂ&g {o the Qneurysm necl{)
positioning a third mechanically expandable device in a third trifurcation
branch proximate to the aneurysm neck; and
30 expanding the mechanically expandable devices to constrict the aneurysm

neck such that blood circulation to the trifurcation aneurysm is reduced.

The first mechanically expandable device may be positioned partially within the first

trifurcation branch such that a portion of the proximal end of the first mechanically
35  expandable device is not introduced within the first trifurcation branch.

The second mechanically expandable device may be positioned partially within the

second trifurcation branch such that a portion of the proximal end of the second



35 expandabl e device is not introduced within the

first trifurcation branch. The second nechanically
WexMadEBs e devi ce may be positioned partial | yPGil{SGi2604/000338

the second trifurcation branch such that a portion of

the proximal end of the secord WO 2005/ 094725
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The thlﬁd mechani cal | y expandabl e devi ce nay be
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a bibfameclzat i on aneurysm the aneurysm having an

aneurysm neck, the system conprising: 10 a first

mechani cal | y expandabl e devi ce fposi tioned in a first
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here is provided a
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aneur ysnwhereinrite aectzanisallyy erpandsble, devices siesexpanded to constrict

1§ OMRel Srclfsm2ficR shitH Hat BRBH b A&Ioh Yo XS BRGRLLE FHeY) ?&'ﬁ is
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to Ceheur ysm neck; a second nechani cal |y expandabl e
device positioned in a second trifurcation branch
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25 branch proximate to the aneurysm neck; and
wherein the mechanically expandable devices are expanded to constrict
the aneurysm neck such that blood circulation to the trifurcation aneurysm is
reduced.

30 In afifth aspect, there is provided a mechanically expandable device for treating a
bifurcation or trifurcation aneurysm, the aneurysm having an aneurysm neck, the
device comprising:

a generally tubular structure having an exterior surface defined by a
plurality of interconnected struts having interstitial spaces therebetween, said

35  generally tubular structure expandable from a first position to a second position,
and said tubular structure is expanded radially outwardly to the second position
such that the exterior surface of said structure engages with the inner surface of a



devi ce conprising: a generally tubular structure
havi ng an exterior surface defined by a plurality of
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" expandable froma first positfon to a second position,
and said tubular structure is expanded radially
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gr edlosd cratagon fodime drieerysreirereducad. struts for
constricting the aneurysm neck such that bl ood

cir on to, th neurysm.is reduced. The bal |l oon
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trifurcation branch. The first balloon and secon
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catheter Brief Description of the Drawings 25 An

exa@ieﬁb@éer:&ﬁﬁ]bﬂﬁgBPaiuﬁﬁgéM Il now be described wth

ref erence acconmpanyi ng draw ngs, in which:
igure 1 is a pictorial representation of a
bi f WihC akdntple anaky Yri@htion will now be described with reference to the

accompanying drawings, in which:
Figure 1 is a pictorial representation of a bifurcation aneurysm;
Figure 2 is a pictorial representation of a stent deployed in a bifurcation branch;
30 Figure 3 is a pictorial representation of stents deployed in both bifurcation
branches;
Figure 4 is a pictorial representation of a reduction of blood circulation to the
bifurcation aneurysm when the stents are expanded;
Figure 5 is a pictorial representation of a tapered balloon to deploy the stent in a
35  bifurcation branch;
Figure 6 is a pictorial representation of a tapered stent being deployed by a

tapered balloon in a bifurcation branch;



Figure 2 is a pictorial representation of a stent

depl oyed in a bifurcation branch; 30 Figure 3 is a
WQRWEHY4723 representation of stents depl oyed i RCHEGR004/000338

bi furcation branches; Figure 4 is a pictorial

representation of a reducti onSof bl ood circulation to

the bifurcation aneurysm when the stents are
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Figure 15 is a pictorial representation of coils

depl oyed in the aneurysmin addition to tapered
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I ocat ed at the end
25  artery 15 where it diverges |nto two blfurcatlon branches 12, 13. A first stent 20 is

positioned in a first bifurcation branch 12 proximate to the aneurysm neck 11 as
shown in Figure 2. Next, a second stent 21 is positioned in a second bifurcation
‘branch 13 proximate to the aneurysm neck 11 as shown in Figure 3. The stents 12,
13 are expanded to constrict the aneurysm neck 11 such that blood circulation to

30 the aneurysm 10 is reduced. In a bifurcation branch 12, 13, the side of the branch
wall 12, 13 opposing the aneurysm neck 11 is more rigid relative to the branch wall
12, 13 adjacent to the aneurysm neck 11. Thus, when the stent 20, 30 is
expanded, the majority of the expansion force is directed towards the branch wall
12, 13 adjacent to the aneurysm neck 11 which begins to constrict the aneurysm

35  neck 11. Even if the aneurysm neck 11 is partially constricted, blood circulation to
the aneurysm 10 is reduced. This eventually leads to the aneurysm 10 drying out
from a reduction in blood circulation as shown in Figure 4.
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in an effort to optimze those paraneters that are of
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In a preferred embodiment, the delivery of the stent 20, 30 is accomplished in the
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In one embodiment, the second and intermediate layers are made of
35 biodegradable material that contains drugs or reagents for immediate or sustained

controlled release. After biodegradable material has degraded over time, the



10 Referring to Figure 10, a pair of stents 20, 21 are

joined together by a nenbrane 25. The nenbrane 25
WQRHSHMIZS bl ood circul ation to the aneurysm 18CT/5Ra004/000338
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intracranial or some other appllcatlons fibrin sealants can be used and delivered to

seal aneurysm neck and provide fibroblasts and endothelial cells growth. Specific
30 examples of drugs or reagente may include heparin, phosporylcholine, albumin,
dexamethasone, paclitaxel and vascular endothelial growth factor (VEGF).

Figures 11 and 12 show stents 20, 21, 30, 31 with markers 34. The markers 34
improve visibility as they are radiopaque and may be made from gold or platinum.
35  The markers 34 facilitate precise positioning and orientation of the stents 20, 30
during deployment in the branches 12, 13. The markers 34 may be end markers
and are usually placed at the distal and proximal ends of the stents 20, 30. The
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10 Figure 13 shows tapered stents 30, 31 with markers

34 during deploynent. The tdpered stents 30, 31 are

expanded by two ball oons 35 via a single balloon

cat Rgtefapp. After the tapered stents 30, 31 have been

expanded the balloons 35 are deflated and the

catheter 36 is retracted as shown in Figure 14. 15
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25 6. The method according to claim 1, wherein if the aneurysm neck is wide,
coils or securing glues are deployed inside the aneurysm to reduce blood

circulation inside the aneurysm.

7. The method according to claim 6, wherein an aneurysm neck is wide if the
30 ratio of the diameter of the aneurysm dome to the width of the aneurysm neck is

less than two.

8. The method according to claim 3, wherein the stents are balloon
expandable or self-expandable.

35
9. The method according to claim 3, wherein the stents have markers to

facilitate precise positioning in the branches.
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20 distal end of the stent.

17. The method according to claim 3, wherein the stent has a trapezoidal

longitudinal cross-section.

25 18. The method according to claim 16 or 17, wherein the stent has proximal

end struts that are elongated relative to the remaining struts.

19. The method according to claim 3, wherein the first stent is positioned
partially within the first bifurcation branch such that a portion of the proximal end of
30 the first stent is not introduced within the first bifurcation branch.

20. The method according to claim 3, wherein the second stent is positioned
partially within the second bifurcation branch such that a portion of the proximal
end of the second stent is not introduced within the second bifurcation branch.

35
21. The method according to claim 3, wherein a balloon of a balloon catheter

expands the stent during deployment.
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30. The method according to claim 29, wherein the membrane comprises
receptacles for carrying drugs or reagents for subsequent release after the stents
are deployed.

30 31. The method according to claim 30, wherein the drugs or reagents include

substances that reduce the thrombogenic, inflammatory or smooth muscle cell
proliferative response of the vessel to the implantable medical devices.

32. The method according to claim 31, wherein the substances include cell
35 inhibitors to inhibit smooth muscle cells proliferation.



30 31. The nmethod according to claim 30, wherein the
drugs or reagents include substances that reduce the

WO p0s5P53Eni c, i nflammatory or snoot h nuscl e cBLT/SG2004/000338
proliferative response of the vessel to the
i mpl ant abl e nmedi cal devices. 182. The net hod accordi ng

to claim 31, wherein the substances include cell 35
i nhgdi t orfe hetHoB RERIdinFBRREIM VR8N Lo
pr oI iferation. WO 266 94725 F’CT/rSn PSA 8t88%?§énduf8 fibrin

kAl B el f erexidh fsbieb'amem Andoffielial cells
subgmaﬁces include fibrin sealants to seal aneurysm
neck and provide fibroblasts and endothelial cells
ro$1h. 34. The nmethod according to claim 30,
%in {PRMENGY accsrdingda gaim 30.iwherainiibe drugpar feagents include
phobaparity,| phwbomienoliag, b aiBirhin, demdaa&on&chtw|drﬂgg§4cular

andg ﬁﬁgﬁ%hﬁlﬂfounhergé{ Eé al gromh factor (VEGF)

nmet h or treatln rifurcation aneurysm the
aneurysm havi ng an 10 aneurysm neck, the nethod
CONYB. i Si AgnetigaSiol trofing & Ffurdakisd aH@ﬁﬁﬁ‘l" Ik bhelirysm having an
1EXPaRd Frln% g(eif,ﬁce |§ a frl LSt trifurcation branch
I‘OXI P FPYRRWeck: positioning a second
rrechanl ckasitigniag igafiveta eabanieally cexpantlable Siegio@ith a first trifurcation

trlﬁrgﬁoﬁ@?dxﬂﬁbt@foaﬁpéheg&gﬁlnga@e to the aneurysm neck; 15
posi tioni chani cal | y expandabl e device in

a third {9 rsﬁif"ﬂ?%ﬁ |38?Pn§b?18 Ao gxRAatable Slevier im e regand:
nedkfurcatioh esnsh mdixingpte th¢herametrgsth aadkt y  expandabl e

15d evi ces ;foeltIGrﬁ?l'?gS b hifelt m&ﬁxgnléﬁl? ?%'g%blg &EdicS W whild qrgurcation

3{1 irculation to t fon aneurysm i
TNEH ProxnatRsto the AN BeFaRor di ng to cl a| m 35,
vvher ei n expandirigrtisd meehahiedlly @apanitable Y@aies Bt RsEHOMhE Shebi§sm

POSHeki QRA ‘Ei"lapé‘l%d ér]cLIthth(; Ak Witdr P&IO& aﬂa}rysx‘nrlgs; %ch Ejl g? t he

branch such th a portion o
first nechanlcally expandabl e deV|ce IS not

20i nt3soducidd miethhil nactbreing i toS it ISESHrvﬂﬁfdlrpﬁhé)rﬂ?sﬁcrhechaﬁically
37. exa—anﬁalﬂ?tdg\gge %C@Qﬁu%eﬂﬁaﬁtg Lvé}lln the Ergtwéf LS% leqagﬁli\eﬂmh

second nechani
partfgt aPPsPwatth? wm@we' apd ebihel f"tst ﬁnﬁmaaua@uympatmﬁm@ Hevingd$inot

t haritrogudaa Mithif thetirst tri@clioR¥iaf®@l. end of the second
nmechani cal | y expandabl e device is not introduced
within the second trifurcation branch. 30 38. The

S nethod dbedreihasyagogrdirigaionslds, 3mheheéin thd@eddnd rrlechanically

m@hﬁhﬂ&lﬂé Bé(nceﬁé(]&%ﬂlgﬁé@i' ;%rtﬂﬁy)’\lv% ihe sBQRk ¥r?ft9(gb%g?]branchhsuch
!ta”r¥ t i Q{ﬂtrl urcation branc

tha a portion of the proxnmal end of the second mechanically expandable device is
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30 38. The method according to claim 35, wherein the third mechanically
expandable device is positioned partially within the third trifurcation branch such
that a portion of the proximal end of the third mechanically expandable device is
not introduced within the third trifurcation branch.

35  39. A system for treating a bifurcation aneurysm, the aneurysm having an
aneurysm neck, the system comprising:
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