WD 2011/ 096896PCT/ SG2011/ 000049 OCCLUSI ON DEVI CE FOR CLOSI NG ANATOM CAL
DEFECTS FIELD OF THE INVENTION [1] The present invention generally relates
to the fiwbaoofosssvanscat het er devi ce cl osure techni quesPCESGeda®NINGI an
opening in a tissue and nore particularly, to occlusion devices for closing

anat om cal ICYNLY ' C:C | t PP fect in
esue. ARG B I R EYRCEE O RO RIGCANATONCAL! DRFRCES! o
conbined with an opening in a tissue such.as in the 10 bl ood vessel wall
and organ tissues, like the septumin the heart of manmmals, for exanple, -
atrial septal defect (ASD) aKIEp®D ORMTHEINVENDIONe (PF0O) as shown in =
Figure 1. Figure la shows normal septa between the right atrium (1) and the

| eft atri AW 3], buring the fetal devel opnent,. the tum. pri;oum (3)
starte 1 Bt is kRt b fh bAEr RGP BIR S rd o B SR O ()
chanbey s, tetigRgtied ForcloSihg ah rbg%ﬂiﬁ Geatesus ahd adrd partistlaty (3 SodReiom dedices A
second septum septum secun um,%S_), starts to develop on the right atrial

si de of tie clhsppguanapmisaindefa)s dhtissye rand| methedsnef epsing ap patosnied) aledest iym -
secundum (4) . and, thereby resulting in a cl osed foramen ovale (6). However
in some cases, inconplete coverage results in a hole (an opening)
permtting blood flowin either direction (left-to-right or right-to-left),
al so. known as an atrial sBACKHGREUEYP ORMHE INVENTIONt al defect 20 is al so
cal l ed secundum ASD (7). An exanple of such an atrial septal defect is

shown i n GhgurSetbds YRt &t el UoiinddOf TR dn0being! Mi€a SEREWHCE 46 URAHE (5) ,
an opening foranen ovale - renains between the septa in the fetus, ,

f uncti0onitlgodivesaelovedl amgyorgan Gistes, dike dfetseptval inghe Tbdrsoopeminals, &irlesamplsl o_bd
to follow f.romri rium (1) to.left atri (2) ., bypassing-the lungs in
urero. acotpehal il 3 hd phebi i FRIt CF A oM EREERE it TRS b8
septa. Cojiplveneraabpth etdfech iR 2 Rirlkeh 13 RAE AR 1¥f bitium (RQur s of birth. '

However, a patent foranmen ovale, also called PFO (8), renains for: about 25%
of the to ulatiop, . This sityation is shown in Figure |lc. ASD accounts
For 26 - e 395asnbenitias dorSappedtapiacreonin e () Sabdea s BRI ETo0d.
anong Whi &dintthe r&6H 81 dil Me 3h& aPRCIHRA KR ARENHES Oivid® ¥ hd1® 4R tRdcdnfertdafled €gi ON
of the fossa ovalis). The associated synptons are nost often 30exertional

dyspridea @tiumagecurdin ). Luberend saptump sentdin: secuniin, (s stertg e deedier padhar

dysfuncti and .f ai | trial yal rhyt hm. as; inhi.cal
ST oni 1 oy nsthd BE e SorbBERYRLAY SN s8beRbMLEN T MR B 0t oo
however, weiduéh @yahd, thétthy @sdlefg pai eloted foramm@vvaldlor Hareveplls®me cases,
heart-related difficulties such as | abored breathing or. recurrent. .

respi r at dRPTRIFECOVEASE reskliiin ahols @RICPERAB) RETBHENS bleR g ified et digection
headaches;.dave,al sQ: heen . .as AREIN: M 1R i Bn:al QnSi d a
poos: bl e el BieERMIeR Y BSh  dofbusol Sl RTCCH S a1 SO e

pot erzoi alis fabsp matled secohdioh ARD ¢T)otisr exBhpdeot fiwhsinrmsialfseptal defecteis sboamahn

subsequent.ly pass into circujation through the PFQ without bein fi.‘Ift"eréd
T the 1 drgtee Tt Byer fercin] Brinatien EME SRS T [ hReTOURGOrE
nedi cat i QflaleSUFGhSAd bEWRBH TR 86fa il NS FlN ehRRioHRY! &€ ChOWAN Arighti®-left)
anti coagul ant therapy normal |y ‘conprises the adm nistration of ‘aspir.in,
cl opi dogrelve Alay iopgningsytiowss nblaedi te| follodolgem| rightgattiner (1)atedleft atrium (2),
_ bypassing the lungs in utero. At birth, changes in atrial pressures leads to apposition of the -
25 septa. Complete sealing of the opening happens within hours of birth. However, a patent =
~ foramen ovale, also called PFO (8), remains for about 25% of the total population. This j
situation is shown in Figure 1c. ASD accounts for 25 - 30% of congenital heart defects that ‘
are diagnosed in adult hood, among which the major_if(y are Secundum ASD_(abou,t 75%, o
located in the region of the fossa ovalis). The associated symptoms are most 'oft:;enff"‘:: S
30 exertional dyspnoea or fatigue and subséquent morbidity includes 'right: _ventricul;ar' g

dysfunction and failure, atrial tachyarrhythmias, or stroke. Clinical significance of PFO is .
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10 warfarin (Coumadin). Medication does not inprove norbidity to a
confortable |l evel and only reduces the risk of nortality. Surgical closure
can be dowe 2euf®bgp6and achi eve extrenely low nortality PaErSG28ut00é09 does
requi re open-heart surgery and an extracorporeal circulation system

Tr anscat hgfllesued @sbdfed; hewSat,evamd seibfl aaitiedRd pafenSReameINASEAnaadsdiart- The
entry is simlar to a percutaneous cardiovascular intervention (PCl) '

pr ocedur ereltedadiffiewtiepsudhyay dﬂb@rqdnb@athmeog yEREle P ItPIOSetiope Qe '
transesop {ﬂg&g lco%ﬁp ﬁ?rsgeﬁ’g% gﬁ)% g{ a}iac hehave alsrcr)ugéelrlgt]vs %L;na\l{gd %\Htrhgeﬁ’lﬁoal ! 0\{\5

better ren | an recov’er mal N current

occl uder SPFOlis ﬁ&Dc@rrsdfe@afd PPEIsblOs sl ﬁcﬁ;lf Q?orgsﬁh@ké ahd yystatie eafbotismitfeadust b&TE
(specifically nmade of Nitinol or Phynox) with synthetic fabrics

(speci¥i ctaplwt%ah@d@amn pbblped eglots: DE\%‘?’Sé ($lags nEyHeymoin e adeshbseuently
pat ches Uﬁagu&‘é {o%%p:olgﬁtﬂzﬁlﬁ% Wil R In%gh%%d*ﬁ?ﬁletl sf orm of - an

unbrel | a ‘on each e openi'ng co y a neta Sic waist. The
occl uders are usual IK folded and inserted into a trans-lum nal sheath,
whi ch i s 904k dd generaly gremtapnPedions datydsrant ifvagnlanh medisetiare surgical d@%ﬂr@w@@ to

tS ﬁgl Atsgﬁé%gﬁaegggr;mc?eg{cgr l)se ;9% ‘{3%%1 Cth% aﬁ‘l' 0190 "hﬁg %‘1"9? i ssﬁd:at \(/amrl I

usual l'y cqginistriteord@¥i pirin dlopiiddrelt tmswﬁ) O@Iﬂﬂqand‘e{fl@}@lﬁogrél thaetigh, ah@gant
and snmart device designs have been achieved owi ng to netal fl exi bi |It(¥ and
e

excel 1ent WARHIU (@unﬁéﬂﬁa]?@ﬁtcab?lég‘é‘ﬁc@tde’f?éfFﬂorPHhttYH@ Feamartakls lewhgnd eads
to aller 9(an§l il(dcgggﬁlé s 5fﬁoﬂa rgﬁéﬁfalh/at)?dre I dafi hbedﬂ}ﬂl& %%fsgégi%@laﬁﬁleggl :at ed

to proble riction 1esi on orafions, erosion (
t hr onboenéamienﬁ:m loumbttelityoate, Bnﬁnesleesi«equmewpemalmbartcshrgmjz ahd anw(tsaputme&ail c

fabrics bstruct t trans-septal acc the left atriu hIS
of si gni f?‘{“él IOPr?éfﬁF?’aH'é@’sF%} etP‘h&‘)F‘&FPJFéaer%f&{ ?&“VSfle SEEUndugh A4S Peé?‘f

di sease ipyed iéefscsliﬁlﬁﬂle%b@ pBRAfahe MR MEdib ERBUIAr mV@venUon (PCI) procedure
2011/ 096896PCT/ SG2 11/ 000049 or replacenent, arrhythm a studies, and

t her alsi esand. s, mmstlsordang vadar dkel geidarceard Ifbfowosa;ppfr aM(hppermag)élageal

cl osure) 7] ,.Cons he .above.connent refor bj ect of
Che pr eseSHbSHYRRRPEA CTER 7o SUETAS asue ware S Brie LBy Enh e i Btk
probl ens Aid fegersetd@rpeel uders and to provide an alternative occl US»I on
device for closing an opening in a tissue. SUMVARY OF THE | NVENTI ON

[005] The main current occluders for ASD.and/or PFO closure are generally made of a
metal frame (specifically made of Nitinol or Phynox) with synthetic fabrics (speéiﬁcally
20 -~ made of polyster, Dacron of PTFE) or collagen ma.trixb patches used as inserts. The metal -
g frame. u_sﬁally has the form of an umbrella on eat;h sjde_df the opening _corhbined byga :
metallic waist. The _occlude'rsv are usually folded and inserted into a trans-luminal sheath,
which is placed at the ASD/PFO location. Then the devices are deployed to seal the
ASD/PFO under fluoroscopy and/or echocardiography.

25 [006] After the ASD/PFO defect is closed by an occluder, a layer of ingrown tissue will .
usually cover the device and, will thus close the defec.tb. Although elegant and smart de\}ice :
designs have been achieved oWing to metal ﬂexibillity and excellent modulus, permanent -
presence of metal in the mammalian body leads t{) allergy and long-term tdﬁxicity risk. o

" Metal-rich devices are also related to problems liké ﬁiction lesions, perforatidfn's; _efosi(:)'n'v' 2

30 and thromboembolism. Furthermore, these devices made of metal and synthéti_c fabrics E

may obstruct the trans-septal access for the left atrium, which is of significant impoi’tanc-e .

for the future treatment of left-sided heart disease including percutaneous heart valve repair
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[8] According to a first aspect of the present application, an occl usion
device for closing an anatom cal defect in tissue is provided consisting of
an openi nyocormmesdsng a 10front side and a back side of PATISGEU®N00TMe

occl usion device includes a scaffold conprising or consisting of a

proxi mal  suRpaEdmdk ra\%ﬂ{y'tl{xﬁa%ﬂfmés' §hd‘91e?ép1ds§@.%t Pulo iy Hein ekclkidhahd 3ePpor t
structure conprising at |east two arns a wal st portion adapted

for extenﬂﬂﬂgmpﬁnbﬁghbﬂhe)open|ng of the defect and connecting 15t he
proxinmal support structure with the distal support structure wherein the

proxi mal- [%Uﬂp%dnsﬁiteﬁli%ttl’rér 0B Lo iRt ﬁtléthe?étt?féoﬁ bgedt WEhW Fre n? iffenflon

polynerrc mat er | al 09] According to a second ect, an alternative -
occl usi ortoduezerwmefacbrleast sxsmetgf tre ahoaemmnmmeddprbbkehlsmf ebusssg:@cclsdqzrs and ded,

wherein the gnato def ri.ses an 200 en n onnecting a front
e ena HopaEan SR et on BVRE il sl A SRR euR a S8 ueg. out 'S ot

limited to, a scaffold conprising: a proxinmal support structure conprising
at least two arms; a distal support structure conprising at |east three
arnms and a distal occlusion: filntsupported by at least two of these three

arnms; and 25 - a wai st por t hrough the openi ng of
t he defect and connecti ng %%e B?%ggﬁgﬁ support dﬁgture with the distal -

support structure wherein the proximal support. structure and the distal
support si0f8ictAgcerding tofa firgpspent rafcthagiresentlapplicafion 197 opddusionideyice don

br ovi dod GETH G0 FRYCBIeaLHeBHOR RO E SRR RGO Pt ) %engrrdw}?%éu'@sg?ge

of a fo Ssfsnt sitRanAR! ¥R skieMHTNkithese. The ©0HE$i6A dedte IdRIdSS £B&ffold comprising . -
.orconsistingo‘f: | S - | o
- a proximal support structure comprising at least two arms;
- a dlstal support structure comprising at least two arms; and
- a waist portion adapted for extending through the opening of the defect and connecting
15 the proximal support structure with the distal support structure
wherein the proximal support structure and the distal support structure are of a polymeric

material.

[009] According to a second aspect, an altematlve occlu51on dev1ce for- closmg an
anatomlcal defect in tissue is provided, whereirn the anatomical - defect comprlses an -
20 opening connectmg a front side and a back side of a_tlssue. The ovcclus1on device includes, '
but is not limited to, a scaffold comprising: |
- aproximal support structure comprising at least two arms;
- a distal support structure comprising at least three arms and a distal occlusion ﬁlm r
supported by at least two of these three arms; and - ' l
25 - awaist portion adapted for extending through the opening of the defect andﬁ'.eonnecting .
the proximal support structure with the distal support structure
wherein the proximal support structure and the distal support structure are of a polymefic .

material.

[0010] Accordmg to a third aspect, a method of closmg an anatomlcal defect ina t1ssue 1s '
30 provided consisting of an opening connecting a front side and a back side of a tlssue The -

method comprises or consists of the steps: -



WO 2011/ 096896PCT/ SG2011/ 000049 providing a sheath into which an occl usion
devi ce according to the first aspect has been inserted, noving the

occl usi orwoevilgmesdhr ough t he sheath to the site of the aoaserzvaabodefect by
using a delivering neans, noving the proxi mal support structure of the -

occl usi on. deybigingd skdattt fifo @ Bn LREIRUERN detite dBéRaing(t thOEirdtra3péct Hasle of
the tissue, deploying the proximal support structure at the front side of

the tissue thseslnssed,he defect fromthe front side, withdrawing the sheath
to rel ease the .wai,st rtion of the ogclusion device.i,n the 10qpeRi and
the ai sral cppte EesRRich B hBSeRRE MEARR: i UF S Al SRRy 20
t he back sicugﬁgaaa@@ﬁﬁ§ﬁggm,and depl oyi ng the distal support structure of
t he occl usi on device at the anatom cal defect to close the defect fromthe
back $i.de— ofmetiag tthe reximpbeuproriatredtwat o8 teepgsbisiorededca ouinel (thg sheather

aspects and atures. of .t he { inyention are described in the.
dependent cﬁéﬁﬁ%ﬁgﬁf%%qio 82%%§8§%Bé$%ﬁ§¥§ron1the foll owi ng description of

speci fi c enhagloyaiy theqproxinal shpport sthgtex aphe sronf siibe fphesissnt to nd@oatthen.-
BRI EF DESCRI PTI ON OF THE. DRAW NGS~ [0012] The invention will be better
under st ood fafest fiepeihe fioat side,t he detail ed description 20 5. when consi der ed

in conjunctiQm M t i, .t | £S.: t . ' .
oo | GO gt B2 BP0 DL AU BB L he cRERSTEND%y y
atri ao sept adpedepent therGRR]l aupgoftpprisapdnd the tvaispadeeioh off theaoretuswnalegiceAEO) .

[0014] Figure. ho e.main steps of the. deploynent procedure for an:
enbodi nent dﬁeﬁgiﬁﬁﬁgﬂﬁpﬁgﬁﬁﬁ‘ﬂgvlce descri bed herein. -
~  deploying the distal support structure of the occlusion device at the anatomical defect

to close the defect from the back side of the tissue.

[0011] Alternative embodiments as well as other: aspects and features of the ﬁreserit -
15  invention are described in the dependent claims and will become apparent from tlhe'
following description of specific embodiments and non—limiting examples of the present -

’

invention.
BRIEF DESCRIPTION OF THE DRAWINGS

- [0012] The invention will be better underStood with reference to the detailed description
20 - when considered in conjunction with the non-limiting examples and the accompanying

o drawih_gs;

~ [0013] Figures 1a-c show (zi) normal septa, (b) septa with an atrial septal defect:(ASD)ahd Z
(c) septa with patent foramen ovale (PFO). ' ' '

[0014] Figure 2 shows the main steps of the deployment procedure for an embodiment of

25  the occlusion device described herein.

[0015] Figures 3 a-d show the preparation steps of the occlusion device described herein. -
In these Figures; thevocclusijon device of an embodimént described herein is prgivided with =

. parts of a delivering system.

[0016] Figure 4 shows an embodiment of an occlusionzdevice described herein. :



[ 0015] Figures 3 a-d show the preparation steps of the occlusion device
descri bed herein. In these Figures, the occlusion device of an enbodi nent
descri bedwbepaine689s provided with parts of a deliveri ngPEysGeom1/0p@I16]
Figure 4 shows an enbodi nent of an occl usion device described herein. WO

2011/ 096886PG Vigaieéd b QAP OA InbROmbohidFiseer @ed St @vd fhbridanun PRoteds st sneised

in the fabricatron process of one enbodi nent descri bed herein, wherein

Fi gure Seenehpdimen desmribgd therein, réhergin Figupope e thorldglor eheswaistiparbionaid ds

1 PwEont SRe Hgs Blrbe ORRH b tF TR Rt D fukCRRE b

steps of raspeoawd filisdnpfieatitce descri bed herein. Figure 6a shOms,the-maisL.'
portion, Figure 6b shows the proximl support structure and the proxi.nal
occlusio i .during the manufacturin rqocess being i.n-a nol.d, FEigure 6 c
Ohowe 3t naofbarRies B0 gr Sl e ASberuisE S BT tuan Stefy o o Chisiin Fees © onr ¢
whi |l e Fi giec&itd IRRWFigure ARG EtheG#did PoRTbnd Pgueﬁeétaﬁm%&ﬁé bR&enakaysort

10[ 0019} Figures 7 a-f show the degradation of pure copolyner: (a) :

or i gi nal ;stubfur® apd ¢he ploxjmal -ausbision( fihm duviegkbe nfaayfagtupagkocess pemg Wekks

(the scale har.is 10 urn).,[0020] Figurgs 8.a-f show ihe degradation of
copolyneFm¥335@?§ééfﬁ#mFéfh%P?@$ 3??9?é§mdwﬂgé%?§l% Hﬁﬁg ;“%@?“%RWBka;
(e) 8 weglest while Figdrevgaaksw hRempletd €cchidfonl devik@ ablddscribed ao¥621]  Fi gures 9
a-f show the degradation of PCL: (a) original; (b) 0 week; (c) 1 week;

15(d). 4 . © (0,12 ks {th le bar,is .10 0022]
Foourds B0RSIiFibeks, T E ShRk A AraliTER SRS o360 BRSan s iPhe R (b) o
veek; (¢)(ciL1 weslk(df Mwebksves!sswedke) (181 0wels (tHeQcdld bueisks pi)he scal e bar is
10 An). [0023] -Figure 11 shows the nol ecul ar weight (My) loss during 12 -

ks of jat i | . di dat es_whj an be used jn..
bocl st orl VR SR e Bt PIBGH LS ash P 2N B a SR OTETARAL) | oss
(i n perceaptagde (Of1 Wh&; o) DivBeds; @) 8RRkksl )i 1naveeks WREklObardeDy apgt i on of the

pol ymer candi dates uséd for the measurenents of Figure 11. [0025] Figure 13
h th d iati (i t 37 ing 12 ks, of
doar adat | BT EHES Bor GER i Gheemetch GEEGTH 6D vine Ul BRERS S kour e

11. s .[(992%&&;9%?%%&&68@?%%8@5(ﬁ{ers%%bﬁltirsabm@urve of a copol yner of
pol yl'actic acid and 25 pol ycaprol act one (PLA-PCL copol yner) 70/30. [0027]

Fi 15 1d b sh th t. el f | yr. id and
cevoral HOOTRTIERPYTY & ohu shicterentoner ek orulaRas DonaL eI Dobret ai n
and Fi gurg) {1 3ReRNAYE wWebls; B4) R Sks SPIANEQR (H'¥8e Bhr K0 YD1 r ai n. |

~ [0023] Figure 11 shows the molecular weight (Mw)'loss during 12 weeks of degradation of -

. some polymer candidates which can be used in occlusion devices described herein.

20 [0024] Figure 12 shows the mass loss (1n percent_agé of the original prObe)j during 12

weeks of degradation of the polymer candidates used for the measurements of Figure 11.

[0025] Figure 13 shows the storage modulus variation (in MPa) at 37 °C during 12 weeks -

of degradation of the polymer candidates used for the measurements of Figure 11.

[0026] Figure 14 shows the stress-strain curve of a copolymer of polylactié acid and '

25 - polycaprolactone (PLA-PCL copolymer) 70/30.

- [0027] Figures 15 a and b show the stress relaxation of a copolymer candidate Eand several .
blends. Figure 15a shows the stress relaxation curve of 100% strain and Figure:‘ 1$b _sho_Ws 5

the stress-relaxation curve of 200% strain.



WO 2011/ 096896PCT/ SG2011/ 000049 [0028] Figures 16 a-d show several steps of
a test of the deploynent procedure of an occl usion device as described

herei n. [W02011/PBs89are 17 shows an atrial septal defect/parscRofiop@aen oval e
(ASD/ PFO nodel for in vitro deploynment tests. 5 [0030] Figures 18 a and b

show X-r apOOhS‘]Blggt?rlel_@zﬂdes'ﬁbedéé%m sﬁos }T OEE1 BB HRNAGAYHES GRo8REES bPeS

herein in sheath (Figure 18a) and unfolded to the worKing structure (Figure
18b) showwechsionitevingBs Pescrihetikéreishown in Figure 17. [0031] Figure 19 shows
a photo of a puncture of the right atrial wall of a Yorkshire sw ne during

surgery. fbghﬂq?lg&re Flb%?é@s af atﬁﬁ?g\%atﬁ%e%%c{/géﬁteﬁt e?lf(ivta%:(f@s:tﬁg’ﬁgz gﬁlael( fhe

arrow i ndi cates-the '1 shea ross created septa ect to depl oy
t he occl ugivimo deployeemdestss t he created septal defect in the Yorkshire
swi ne taken under fluoroscope. [0033] Figures 21 a-d show fl uoroscopy

i mges; of @ggﬁtﬁgﬁﬂeﬂ?ﬁ%ﬁg sta§\%§wr§y Rﬁaggé‘gﬁ%ﬁ;%ﬂ{,@ﬁtgm%g a%cgﬁ&io}igfegfg ng‘i: ce

of the pr venti evice | ~arrow I'ndicates the

tip of thdesodisdduserein irdsheatheFiguré hea)ne ahlldedstbend Wotkdvastagtura¢Fige: 18he

created sg)gtal defect into the left atri uirlnrzr (b) proxinmal support structure
s .

advanced BaWnem theaSDAREY modghehedimi iRgigal Ast t he septum (the arrow
i ndi cates the occlusion device anchoring); (c) full occlusion device

depl oyed [098H FEigirewp shods alphatooM plidnawor tRnebht dirial @l Qf aens rkiiesdiatle
(white arrow i ndi cates the occlusion device position), radi oopaque contrast
20i nj ecti@ﬁ%éﬁ’éﬁﬁ’éﬁ-r ated no leak (contrast injection is indicated by the

bl ack arrow). [0034] Figures 22 a and b show fl uoroscopic tests of two

enbodigTenfod3 P Figee! 205is0RVKCAS idhgd BE tHY EFEBheatNtBO oW Abicaies L1 nPNt h:
(a) occlusion device "DU2" (white arrow indicates the occlusion device
posi t i on)sheathdicensp axgated sepiak dafect) nged de ideplon elrrernlysipmedeving dceask ticenttedst.

| nj ect ond el GALRGY B liNSh AK A LRI ARG D) Ocel usi on devi ce " D3
25(whi te arrow I ndl cat es the occr Uston device. posi tion), radi oopague .
contract injection denonstrated no | eak (contrast injection is indicated by
t he bl ackl08331dvipures @A381d Fhquribwrogopyl imhges of A daplosinient pisedwareli ayr aphy

(T75) T mgge lhehier STBAUON Gel88orthe PRRACHLUNIAN (o¥hiEw B AR
- 15 arrow indicates the tip of the occlusion device in the sheath), sheath advanced across the

. created septal defect into the left atrium; (b) pfoxirhal support structure advanced out of the
sheath, anchoring against the septum (the arrow indicates the occlusion device anchoring);

(c) full occlusion device deployed (see arroW) and sheath withdrawn; and (d) d_eployment :

finished (white. arrow indicates the occlusion device position), radioopaque contrast -

20 inj ectioh denion_strated no leak (contrast injection is indicated by the black a'rrow).

- [0034] Figures 22 a and b' show fluoroscopic tes't.s'Of two embodiments of 'o'cc'lusic;):n o
devices of the present invention after one month: (a) occlusion device “DU2” (white arrow :
indicates the occlusion device position), radioopaque contract injection demonstrated no :
leak (contrast injection is indicated by the black arrow); and (b) occlusion device “DU3” ‘

25  (white arrow indicates the occlusion device position), radioopaque contract injection

demonstrated no leak (contrast injection is indicated by the black arrow).

[0035] Figures 23 a-d show transthoracic echiocar_diography (TTE) images of the TTE

- bubble test of the occlusioh devices “DU2” and “DU3”: TTE irﬁagé after one m:on‘tzh’:s - :
implantation for “DU2” (a) and “DU3” (b), respectivély; bubbles in the right atriﬁiri (RA)
30  for “DU2” (c) and “DU3” (d) , respectively. ’ ‘ ) | :



inplantation for "DU2" (a) and "DU3" (b), respectively; bubbles in the
right atrium (RA) 30 for "DU2" (c) and "DU3" (d) , respectively. WO
2011/ 096896RCTI/B&E»911/ 000049 [0036] Figures 24 a-d showmnsmonmommc
exam nation of occlusion devices inplanted: (a) RA disc of "DU2" the right

atrium (Fit/b 36](Hipuled2 8 b SishBlv a faosdopict x@miirtibn 3F bédhBidd-dYvicet GhpiRhtedi @F ©
DU3" he ri ght atrlunt(RA) and (d). LA disc of "DU3" in the | ef t atrlum

( hA) [ OOR}X]dlmcg? DAE2”ABe tight ashmw(Rhé () éﬁodhsxgyf d?UZ hia theeft sigumdb ponise to
the " DU2" d " DU g desgribed
norei . (ROFH S5 oo we pin oF AR G) ITALEARRSCER 5T B nE g plens

nicroScogg;QSEN} observation of the starting fllnt(Flgure 26a) and of the-
fil mexplanted after one nont h (Fi gure 26b) of an enbodi nent of the

occl usi.on e as. ribe ere Fi gure sh ults
o o Bopol i FGuEs 29508 o b oy hefiaing reobee HObACH Ry et 55
shows -an ﬁfaptmﬂyﬂtcraﬁaape@émsv&mv%@sat d&efipaneatis, of the occl usi on deVI ce
according to the second aspect of the invention |nclud|ng parts of the

dellver|n® S stentof t he occl usi on devi ce, (ﬁgféwl gure 29 shoms a
per spect i W38l Kignigs 3@ gnd| bisthow Rbgiase o sarning, enzeompxsﬁFsM
assenbl e i f the
endd‘)b%mhe%%?‘?‘ﬁ%%%ﬁﬁ* i, fFlghleons) il 6P (R 66 RORTRA HRc) Sok BT 1 1G

rod engag@igureeb)tdfenleobkimypnhefithe ocdhisiomdedesdsalesgihppdieteirst r uct ur e.
[0043] Figure 31 shows a perspective view of the occlusion device shown in

Fi gur g, 28[03%9()]%&&%‘2‘3%{)\9?&%%& Yt%&‘a%or?&lftﬁgﬂ (gagcon Fegpzln%{égﬁa&z% vidD044]

Figure 32°s an occlusion device aspect rontthe prOX|naI
side which is depleégd at a nodel of a tissue defect. [0045% ure 33
shows an 9840lUSEas Heshaves o expleded perspeciispadew fof sempeBeia ok tBe @eclation he

defect wh 0 _ |
deliveri ndg%g: fsatcecgnr%lﬁ% %’5%6%\%%‘%}‘1%?? ‘I:t ngtg géﬁ%ﬁ?@é& Z‘E‘gﬁ% par‘[tggggi ﬁlglgrrl%% 34a
- f show gybendefthoyoshntiorpdeaisess of an occl usi on device of the second aspect
at a nodel of a tissue defect. Figure 34a shows the occlusion device

noerted ikl et ol s R RRHS SRR e ASHblATH FiglR 56 n  1

.15 its assembled state.

[0042] Figure 30 shows an enlarged perspective view of the rear end of the occlusion
device shown in Figure 28 and, in particular, the rod engaged into the locking member of

the distal support structure.

[0043] Figure 31 shows a perspectlve view of the occlusmn device shown 1n Figure 28' j

20 mcludmg the dehvery system in an assembled state. -

[0044] Figure 32 shows an occlusion device of the,sec.ond aspect from the pr'dximal side '

which is deployed at a model of a tissue defect.

[0045] Figure 33 shows an occlusion device of the second aspect from the back side of the .
defect which is vdeployed at a model of a tissue _d:e_fect, wherein the delivering system is -

25 shown in its disconnected state.

[0046] Figures 34a — f show the deployment process of an occlusion device of the second - :
| aspect at a model of a tissue defect. Figure 34a shows the occlusio‘n device insei‘ted inte Ea '
' sheath which has been positioned at the tissue defectg. In Figure 34b, the sheathAis puIled
- back to release the proximal support structure, whetein the proximal suppot't 'struetu.re

7



back to rel ease the proxi mal support structure, wherein the proxinmal
support structure 7 WO 2011/ 096896PCT/ S&011/ 000049 deploys fromits

f ol ded stwDeoimesdst s wor ki ng structure. Figure 34c showeTislceoaioem4of
pul l'i ng back the sheath of the catheter to anchor the proximal support .

structur edegro&& ek rle%l&uds@atefmtohes WotRiMe stabeed  FigaReIR! dnowshie Isedt ot i um

side of a gure 34d shows the step of further pulling back.the
cat het er ptudimgdiaehsl@ ghiegthfod Ithbe@tlmhtettalan@wp plzer prowinmal suppoet, staaiureatt the fighs t al

support st re aut.opati cal e ers.to,lt I Fi

3967 L he Slestiah Gxspp reck ertroe e 0 QY Feim e B Qe WP Mhafhape
and seal %ﬂfﬂx@hér"pﬁﬂﬁlg HARR Mhd Cht Rt &b riIBaseaRK fold SedistdP§phatt Istutthee, Whabtthat 1i um
side of a PFO ure 34f shows the step of retrieving the dellverlng

syst emn afdisal iilpp@@rﬂﬁ@@tturmgutpmafleaim Tekeveds $e als @lﬂ@fpﬁérsﬁl&m rInclflﬁtﬂr@ 34s, dompl et e
t he dep nt_of  the occ

| vENTT oG Eomorh SR o ity eV RIS s el SHAme AP Ry i ASPR PRSHE o
to an ocaldis iy badR GideCgéeral i tAS iriglt AfuANadosT £RFOdBigaed 34ﬂ1;hbW§$ltb€‘step of t he
context of the present invention, . an occlusion device is a

cat het er Tetaleving thy Helivesing custemaatter disseanegtingit drqm thedistah sypport Wt%eme like
a hol e 15 art. Once in place the occlusion
ol QEE APVt RERERn FolE: p |

device is ease efect fromthe sheath and the
depl oyed occlu5|on device will be kept in place by the depl oyed proxina
suppdPt structure and the depl oyed distal support. structure, respeCtiver.
The pressure of both support structures against both sides of the opening

cl oses the opening f T RALKD DESCSRIFTRONGE THIPINVEXTION hus, can function
as a permanent 20 inplant that stays in the body after the procedure The-

occl usi on _devi ce .can, however, also be used i.n in vitro ”EﬁQOdS for closing

tissue ddPMH Acsardineio 3 Bt BoRsst the Pressd pyeation gefam) to R csusrpdesice devi ce
of the f 'cﬁ&tnéaaﬁpﬁfaton%emfere%ﬁﬁl @ssﬁ@ %w stnrttaat %?tlfe%?es%ﬁm%xﬁﬁmaar%&ﬁum

support structure conprising at [east ar ns, di stal support structure
conpri si nigvaat id 2 agthetewdelarenable dmdceethwaclestes p\d’[dlﬂ: ontheovaib@ﬁa higpue fhikse prlwi@ mal
Suppor t Sotr roll'l)(e:lgllrjlé ?n t 5easrcl,gtat or}ea lqea%t %ncg ‘ﬂPBﬁEé thset gc% uts%n device is released on both i
~ sides of the defect from the sheath and the deployed occlus1on dev1ce will be kept in place
by the deployed proximal support structure and the deployed dlstal support structure,
respectively. The pressure of both support structures against both sides of the opening
closes the opening from both sides. The occlusion device thus can function as a permenent |

20 - implant that stays in the body after the procedure. The occlusion device can, however, also

be used in in vitro methods for closing tissue defects outside the body, for eXample.

[0048] The occ1u51on device of the first aspect cornprlses a scaffold which can comprlse a
| .prox1mal support structure comprising at least two arms, a distal support structure :
comprising at least two arms, and a waist portion connectmg the proximal support structure :

25  and the distal support structure.

[0049] The scaffold can further comprise occlusion films. In this embodiment, the arms of
the proximal support structure and/or the distal support structure can support a proximal or ,

- a distal occlusion film.

- [0050] The scaffold, that means one or more of the proximal support structure, the distal :
30 - support structure, the waist portion, the proximal occlusion film and the dlstal occ1u510n

film, can be made of a polymeric material. In an alternatlve embodlment of'the ﬁrst aspect
8



[ 0049] The scaffold can further conprise occlusion filnms. In this

enbodi nent, the arns of the proximal support structure and/or the distal
support swouofmmesssan support a proximal or a distal ocetusicamifovéery [ 0050]
The scaffold, that neans one or nore of the proximal support. structure, the
di st al 3QEé’Qﬂl‘ﬁ‘étoc§ﬁ1§féﬁtdé(/§e cﬁﬂ%e"fﬁ’d&tof%(ﬂylﬂ@rlc H&?erﬂ[ e FlyResd Hateprl fil m
and the distal occlusion I m can be nade of a polyneric materlal In an
al t er nat ioae be rabmdfhmiegradﬁbhe loe bioidegrad2dppelymegotgopolymer.

2011/ 096896PCT/ S&2011/ 000049 the entire occl u5| on device can be made of a

b oteor ad Bt TRy eobtels BEANEIcEn BBl RERARE RunAlagh Al BORNEED

i n;/ent i f)rrcfetd”le) i pb]mnenménad)degpamla@bee poln;umpdly:r&f eﬁm{)dnmnas tbxz: %amot be - 4

mat eri-al conprjsing o nor e %o ﬁw@eﬁ onent s at canno e rermve
gds

from & I demPyekdrop eaaq‘l’.ﬁ??lﬁ%’c A | OCRFES M ASI08% AgRlesopt non-

non- bi odegs adabl, g&lﬁﬁ‘i@fs c&fi'ﬂldhﬁfél '-!ﬂ? arO Yot afnSitddOto, |ﬂdﬁ&r&‘ﬂaﬁ@ poly(ether ,»
polyurethane pol y( ur et hanesy,  pol y(ester urethanes) :

pol yvi nylwkthendsyie, pgipleytat kw@ms) pcpiowﬂrfmmmd emebhﬂadlqtee polyethylene

pol yvi nyl ace ol.y eth CO-vin Ion [0052] In the
cont ext dff epﬁtéaber}écgé‘ﬁ{\{ ?R?%tﬁ’tl?@h t?’ﬁ n‘f\é? 51338 ]I]e pol yner" refers to
a 10 polymer material conprising one or nore poI ynmer conponents that can be
conpl et el (905 rmwmbd‘nte)utrbﬁtﬂeqmeslenmﬁdemmeahmrm tywidedradalda podym@dh@lfersto a

processes such as resorpti.on. A "bi odegradabl e dc ken up
by a ¥el |P°736’éerb?16§@élﬁ afaﬁnf 1§18 9NE SRIBHE rﬁoiyrﬁ?f %%?H%an H%E 90‘?3181?
| ysosonesref?i()v?}’ O BLYFled by piliRioTitad n?e@iﬂ)oﬁb tpﬁ%es§e§’§§&1 &rreﬂirﬁM@X Of

wi thout significant toxic. effect on the cells. Exanples of
bi odegr ad#iddegrqunbledsemspdund| cate whery rtakdnc upndly n@nceélnzl;mﬂml@nhyldwm o s,

oxi dation and red ctl Sui abec ndi.tions for t] r al SIS.
For _exanpioBonEs ddceanan St by weB s i aiahes oF o BI VAR R feréll 2t

t enper at WideANEhse dHaRposB by KAROHE sighifRant!t id BEft@ceh Itk @eusarmlése))f The
degradation fragnments typically induce no or little organ or cell overl oad
or palSholiedegsddapen peossisss m%%wngym@mwcbmpwwaw hydrodysisa @vidation ard ect s
in 20viva Endife are
known i n t%lLeCQggféUIM%[e c%ﬁﬁ%ﬁﬁ?ﬁ}? élrgg eg nrgértg:ﬁﬁgfcﬁgﬁ%) f@i 8&*1%6&‘33 lﬁns ud ﬁerx ﬁéu?e

occl usi Ol’bfdlﬁudégeadhblet hﬁtqmraEs(ematernaxemmmerataeammi esp}bfofpol}wmmse tikeatthar e
consi dered to_ _be bi odeﬂradgbl e incl ud all hat i.c E esters, &%:%gam no

aci ds), dpiecellylag opganelixs { 8¢ & grageﬂl% %%ypb%lﬂl dpgce 19,08 Jiftlei FEAL 0T o5 o
l'y(imno carRensdd &Sﬂath&@glkéigfé&@se@%&us@ﬂ By sﬁ)@ﬁ (W%i‘l@@@ bESther Rvet¥MeHQ i8St
ers, polyoxaesters contaihing am do groups,- poly(anhydrides

pol yp?lﬁ)osphmzenes pol ycar bonates natural | y-occurring bi odegradabl e polyners
such as chitosan, collagen, starch, and bl ends thereof Exanples of

polyort ho[Oﬁ%]Wé‘ldu@%B(H‘H@F?‘OPB oﬁggﬁ%db@p%}?mgphﬁggriﬁ&oc{ré Qﬁowﬁlm the art, any of

pol ycapr ol act'one actic odegradabl e pol yam de, a
bi odegr adehikle aa¢ igohatlly spidbjedorense anthicoocdBiaogeriyeref she peasewf ingentiging h

B v e S
pol yl act i gy afitf aidd y(degb hedQktef L'—é%oéll)éa@k}ﬂéﬂeycal@kﬂht@@tO%Ijaﬁﬁlés,

copol yner of WO 2011/ 09689 / SG2011
25  poly(iminocarbonates), polyorthoesters, polyoxaesters, polyamidoesters, polyoxaesters -

containing amido groups, poly(anhydrides), polyphosphazenes, polycarbonates naturally- .
occurring biodegradable polymers such as chitosan, collagen, starch, and blends thereof :
- Examples of poiyortho esters include a polylactide, a polyglycolide, a polycaprolactone,; a
- polylactic acid, a biodegradable polyamide, a biodegradable aliphatic polyester, and/br'&:.
30 copolymers thereof or withvother biodegradable polymers such as those mentioned abdv'e. | '
llustrative examples of biodegradable polymers include, but are not li:Iin_i‘ted tQVI‘a }l“ :

- polylactide, such as poly(L-lactide) (PLLA), a poly¢aprolactone '(PCL), a Cg)ipqufner; of

9



pol ycaprol actone (PCL) and polylactic acid (PLA), or a copolyner of
poly(lactide) and poly(glycolide) (PLGA) . Mre specific exanples of

copol ynerwowhilalessan be used in the present invention i rcirisdeoampaiynmers of
pol ycaprol actone (PCL) and pol ylactic acid (PLA) having an gl ycolide
content OfolpRkladtone GCIY amd polyha&idaci@ PLAY, 86 a 18poly@6r ¥ pdB(lactRR) Ynd OF 20
- 50 % gé g%%roxrnatgt% /p% 5 % 30(% 5 % oIr) !\é‘%% 8r@§i co) mer of
pol y (I actpqie(glsemud@dll’wg’t)ywre siescifichexanipldsandi qogolamegi yhighicde be gsecemtthef -
about 5°'- 50 or 4ap oxli mat 0%
255 sovpreat pyegonBetudbsdmmst ko Simsitoiiese Citn PR SRuIP AT
proxi mal sHaRoid gl§tsliietdeh@nOsf d0det i $hak, SUBBOLLS S5O l%itll@rﬁSO g, 150t 50 %upport
10 structures can independently from each ot her conprise three or nore

spokes> oulTn? drip %pemaprﬁgumtdmit%% a0 @ 80 86, I &, pr i Yeabor gugepelymer of

hnor  ende g dRebd SR LRed BRI BBy ERDe L0 R o0 2% e

or an unbrellse.2%A3-e5084,i0tel0y, 50 0 o8 RPKESinREdly RO %,AIBCBE Y136 %, oi SHike
section, for exanple a joint section. In both cases the support structure
can be folPadﬁbe’ethfrF@PQWéPPmP?ﬁ}éon be adapted to be folded at their inner
ends of the arns to be insertable into a sheath. Thereby, the arns can be
fol ded i nwess| Pheo proxithiRsupp¥st dtrRturé rtthe dﬂdteﬁleﬁipp@ﬂ! Pfuctube Wabsth Ppédt on or
away fromthe waist portion. As an alternative, a joint sectjon can be

i nt egtal |§trq§t1mq erad indeppad pretty t%;ptrhethh@tbrrn@mpﬂseﬁbtce@dmtehmkeﬁp@‘emardly

structure e r ore [ t art
of the su%xﬁ%nr Engsﬁ(r)rulct ur%g&:ﬁg ogdlge péjr eé-@ﬁ roéts?t?{ Rﬁggﬁth%erggﬁ%n I ca a&{&r Zgg

[ 0055] ThgoRewr&rbeofonatdted atstheptinrer endsedltheatlomgelaﬁ) thaethsy lam)zlirtarg'ed likt ur e
can cl ose the defect. For exa t he defect can be cl osed %% pres |ng ‘the

tissue entPokeyiy %%’Pe?%é’éﬁndmg?%y\lr%%’é’e’df therpokesngandie qopged

struct ur e f I pport
St uct ur - Ca BOLARTAER IR sclilh. i ey i\tﬂnﬁrﬁéﬁ%‘@%‘rﬁ&siﬁqﬁﬁé‘f‘ﬁéﬁw

or nots%e acans thas, boadaphs tohlee ﬁllqhqnbattthswnmwtrwnés oﬁthesaumsdotbeamtﬂmhlemato ar a

di st al fil respectr ot her enpodi nen ris

not conpr%?tﬁ‘g?g?fﬁli’%é AT faRed ﬂﬁjéd ?(rgﬁ’a‘i’ T YA t45e o gtdéfF s (btn[ﬁf’
structur e@aﬁtaﬁoﬂtlﬂﬁ'di'ddi‘vaybﬁ'&math@ et ﬂdrﬁ&ﬁ els bR aRtefnatife, &f JHintOecBRP k@S be SUCh
as 2, 3, 4, 6, 7, or arnms or spokes. The nunber of spokes in the -
proxi mal letqgmﬂytprgwriqttqge@eewdhrthe flimes @r wokes afithp swnpostt stysture, dut aan hent he
same or n 005 T r ly
like ar oc1e ﬁg(\ﬁle%ng‘hgl%goort%’n% cfl eo?rggon({/n%o her ‘%gr}gggﬁgzsc 01% I%%a %sﬂgﬂgg%

rect amgul @kist kighk agondlical seésagonal or triangul ar. Rounded rreans in'the
context of the present application, that the supporting neans can WO

2011/ 0968 &0 1/0 049 have ar_cna or _an,ov eross
seot | on. WRSSHY: RYTSr Ghas neoopREhRs R I PaRt PGl s ot her
enbodi nendefed: hta)rcebmmeredtm derdoe e iik&eiy P &shpaketsstio endsnganegeich ©theni t h
the respective occlusion filma disk-shaped occlusion structure.

Di sk- shapadmeaesref the arms ehide supraskstrusture fiom befbisideatcf g tissae: Alrrémewaiye is
like a cif 1)

di sc-_s;hape ochgﬁs@én %Itﬁ%tulg &) r%%s Q‘ﬁggﬁs\@ﬂf;} l-é’lcf)fr?em eﬁegﬁr @%%s'ﬁ&gﬁ%lza :
hal f -zhel ér. mbife atrh’ne as WpRodstthe Etlipmttwtlelcmm‘:lcdrfmlppcn laygdximaf bt andastad oicelusion -
hal f - shel the kllke an unbrel |l a when connectedtothec}l (ﬁﬁﬁ di nal
el St - por T TETEEOSY. TrampHIcE cPBRYmenT PHEDESS P GUBIEIReey i
the cont exf ?(txntngpaﬂ?ir/(ﬁstﬁgtdlsta]lguﬁ’;ﬂﬂt btﬁﬂdr@@cmpﬁcﬁﬁ@rﬁﬁ%@ncgt%rﬁﬂf@i R ¥ Sml
support struacture, for exanple, wel ding the fil'mon the support
structur earmﬁsaraspoledst grchasi2ys, 4, *, t6hé ored dimgordpokere The Inpmbehef spokes inghe be

glued, lam nated or sewed to t S rt structure. ener al r nore
2 e canP BRI sums e s i ihe SRBL TS SR e San b2 Ao G fr oe.
or four filnms can be provided on the proxi mal support structure in a

| am regt ed[OQSﬁ]UEIteufoem dﬁ@@%ﬁ]; ok spakesas tgenerhldy hkertaaddrimnmgod rdunded ior ahy
aspect, g pr oxi mal poyt structure calﬂ be forne ggept\%ﬁr Wi h tlhe

pr oxi mal % & ﬁgcrswertrq%s&g St SPHIES sTeRGNEHAH ne*a80 OFi Vengtlghs. 1 n

one step,rilified HRRAL i} Dk ERABE oFTife hREAR GpBlicdtidg, ﬁﬁf‘ﬁw%&;ﬁ&ﬂnﬁé rAcant Rén f11.m
but having a higher thickness. Thereby, an integrally forned proximl
occl usion di sc conprising the proxinal %upport structure and the pr oxi rral
occlusion filmcan be easily 4



20 fornmed. [0060] Anal ogously, the distal occlusion film or the two, three
or four filns, can be connected to the distal support structure mthe sane
manner aswoestwiohgdd above for the proxi mal support stru®CirS&20HE®P0@XaNpl e,

the filmor the filns can be wel ded, glued, |lam nated, or sewed to the -

distal supRehicirtlhH&GbY &c@én Mﬂbﬁ@&o@@sécﬂb&%&'e’dFinngf'ﬂl&damfsQ)"r spokegxaip! e
in one or two consecutive steps by hot pressing. [0061] The proxi mal and
t he di st dierourdedsi on filns are adapted to be di sposed together with the
proxi mal" support structure and the distal support structure at the front
side or t ' : LA DB addi S [ Vo Jil s
ar e suppddp e Dy nPhERebodibEnt BFnial SRekhachis SESRASH Mifle ke, ™
enbodi menvith theeegpectivenmdchemal filsi @disk-shaped anclesive sttudiete v sk-shiyedanemms of  t he

proxi mal support structure.. Extend i.n the.context of the presen x
appl i Cat itgﬁ C&ﬁﬁﬁs"fi 1S %1%9%2%%1%}%&2’0%%%0{@% tlﬁ’Hta&mt- ¥ }tP‘? PURvedt ends

from one 1gr.m {Ht PRy 'ilﬁBQliE‘@El%p@& BtARo € SPuddGreSRAEH LK BRI aN A8 OF
spokes. Alternatively, the proximl occlusion fi'l mcan"be spanned over the

support i npdrasmifssheil. ifftee suppont werictigppd the atchusonuile art ffea bilf-shall; thaydookhe
di sk-shaped structure, for clasi t he defect fromthe front side of the.
tissue. I[Olgﬁba(?]ur%?rﬁ]lhlar when ‘E)Ollflﬁ%e‘épogg?? %gﬂ}ﬁ’@?h‘%?%tr?‘)ﬁl% the di stal -occl usion

filmcan extend between the arnms of the distal support structure or can be
spanned L@05&idn this cegerd, tthe paoxmabfctihsonli fdtmalkars ujppthet catextiatfuthe, predeat eby
form ng the ,disk-Bha ed structure for closing the gefect Ler([%mtq&. back side
of th& t | Rlieatiopobe pnneRieddp Joe RIFIPHSUPRYTSBICI e [T PATMBE OF He'C4R Be

freely adjysseehelRppatdisnact@d. ABan hResh@f @f tht RRIGARE 6 thel MnPenciRs 8sh bé n
addi tion, the dinensions of the proximl portion of the occlusion device -

and t he dilsedallamioated anssewkd ttdéheosuplpagi ssmctiurd. dn ganerpleoredprumpeadfiies eamabe t he
devi ce can be placed in and. hed t hrough .a catheter sheath and ha
or ki g e S Be 3o SRYRUDRF Fof SRS s&or e ot BRRL Selhed Thel i o

is suffi qirﬁtm&pf-da;rlm@ll@FbmSthktsememeﬁliamgnatE@mnwc@ﬁpl e in the septum Such a
transcat het er-cl oseabl e defect usually has a 15 dianeter of up to 40 mMm

and thie. VBRGNP b p R SR susbnte b b B ShRorE i B8 a0
M 20 MeorAéd GogetRe WitAVikegroxindl Stdsisraifm of BBOBesdidg - in1Bnémor two One

exanmpl e, the proximal occlusion filmhas a dianeter of about 12 nmm and the
di stal oceonsestbve $tepsrithers denithaippertiag magns are formgd ofthesamematespl asdbends

on the si f 2 d S ~ [ f ] . dae. the
oroxi el A7 PULBTT hEF OB SRR o Py hilpnbiifel biior ae P
be adapt esnguisthgt thatprexithel agpportatrustuid bl drtgryxibal obcsdon fiiufdah Geanatily
closed neans jn the context of the present invention that after insertion
of tH9 oderm on device into an opening, the liquid flow fromthe back side
to the front side and the liquid flow fromthe front side to the back side

of the cliosesl Argsionglycdie aidtal argRkiohefilahsar the dwo Shikeror efsampil@s,byan be
echocardi ography or "any other nethod used in the art to neasure the Li qui d
i f

f1 ow thr cegacdet Bpiisidiggal fuppen|strerare B trmegs mnneRas derarired ghoys Porehg i
present) ohxihdi® sAfrt! StrBulle o @xbiiPie® Brbilm or the films- can be welded, glued,

laminatéd, or sewed to the ‘distal support structure or both can be -infegrally forméd, f_dr o

25 example in one or two consecutive steps by hot pressing.

[0061] The proximal and the distal occlusion films are adapted to be disposed together
with the proximal support structure and the distal support structure at the front side or the -
~ back side of the defect in the tissue, respectively. The films are supported by the irespectiye

- support structure.

30 [0062] In a further embodiment, the proximal occlusion film can extend between the arms ‘
of the proximal support structure. Extend 'in the context of the preseﬁt application me_ahs j
i . _ o v



| east about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 gm but bel ow
500, 450, 400, 350, 300, 250, 200, 190, 180, 170, 160, 150 gmas long as

t he mat erwal2ohizwesassui t abl e 30flexibility to be fol ded iPorsGRiug/osdvaat h
during the depl oynment procedure. [0066] The proxi mal support structure

and/ or t h@adihs tfikln XHARS HonSbhid SriicEthe Pro-GMARS drfifard GAMREPhRiedataPERthE O
connecting the respective support structure with the waist portion. 12 WO

2011/ 096898PCY SEied.1 AlemaYgelThthec piosaralovcclsipn fibn eaxabplspannsé ever dhat

0968JBPON S . . '
Phe. i r ectpB b RS U pstindr bpoBer otk ndeBh JaEr e o RESEhe © 1"

portion camchee friciiig thelgdfeasiomn IRl foTkide of tleissid. ke a stem adapted to.
receive the joint of the proximal support structure fromits proxinmal end

d to receiye the joint of the dist t structure fromits distal
end. - Prust0OEcSigpigs doh? Prhyppie B Phdtey HRARALRERHPL L <ot SFst BeEERtur e

can be CORB@EhEHf thE diAltupfRD ReEdiredr keh b Spahabd betR@EA bPBvertBS REE! d MBE Y -

The joints of the support structures can be adapted to be inserted into the
wai st pordistahsuppadistrastubeitherebyn dantieg thendisk-shaped whractwia for toasingnhe slefache

j oi nt 'notfrcortllge%ltcgd.dto ﬁ]}pe.alrlén or spoke. 10[0068] The wai st portion can be
formed t o &Rt &h ﬁ?&?& TR Openi ng of the defect and can, thus, be :
adapted to the tissue thickness at the opening or can be el astic enough to
ac conmodafidé64i THeesimnandoyhe rfomy of Miecfinesetisn cTimde dieabt adgustsd depending adjthet ed
by conmon .net hods, such as th terj.al elasticity, .tthe material,.thickness,
Che vl | ¥ el feclbritle I adtilighafs MberSieht ofeGuBEH pditicn Hive: a
| engt h of s Rekwpedevaloint the arehl Portioms offthic &I ca@BeWlljusted 20 tBat the S,
6, 7,8, 9, or 10 nm The waist portion can be a tube having a dianeter of

about 0. 5davise2can barplaced ieradpushedathoanghon Satheter shaptly ang) hgs agworking gize 1. 1,

1.2, 1.3,,1.4, 1.5, 1.6 1.7 1.8 1 9 - J i of -
t he tube, (dilafmétt%ri 0\?\/5}%65 lmpg?l?l%snml tgle i%or?%%(g{rggurhpeo‘?mgh;[%guettﬁ@lggtnfogecgié{e}%ﬁ/\geen-
about 0. O§peathg, GorSékatfiple {rotheeseptiipl. ESuclotitinsdatBbter-CloSableOdéidct W3ul; hak 4.1,

0.13, 0.15, 0.17, 0.19, 0.21, 0.23, 0.25, 0.27, 0.29, 0. 3@, 200. 35, g 40,
0.45 ¥ olizwetere! pposdP mm e dpmstersef Bawseirtiendevisss. i.ai the diameter ofithe
wai st porf i ' e yvhi i o8 | rmRPnR egpin a
i1 ar a3 B e a e o be' ot o 0 B S T PR el usi on
devi ce ofmih@0fmmsér empegirovided oamsize raige odlabeutt]@ -préemar. én sepexanme,phet s -of

? gguid(ra\éidclgaro;{n?arlnogci:luiglg %PI;[I hgg L %%eitgr o?%%g&ti 13' r%mt a%dsthg 81isIai1 (c:)gclzlllls)ior? g{nllj ?1215 ;[1 he _

diameter of about 16 mm. The diameter depends on the size of the defect to be sealed. The |

20 size of the films, ie. the proximal disk-shaped. structufe and the distal disk-shaped .

~ structure, should be adapted such that a defect can sufficiently be closed. Sufﬁ_.ciently.

closed means in the context of the present invention that after insertion of the occlusibn f

. device into an opening, the.liquid flow from the back side to the front side and the liquid :

- flow from the front sidé to the back side of the 'clos”ed: opening can no longer be observed, .

_25. for example by echocardiography or any other rﬁethbd used in the art to measuré the liquid -

flow through an opening.

[0065] The thickness of the occlusion films (if present) of the occlusion device can be at - )

least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 um but below 500, 450, 400, |

350, 300, 250, 200, 190, 180, 170, 160, 150 um as long as the material has a suitable
30 flexibility to be folded into the sheath during the deployment procedure. |

[0066] The proximal suppdrt structure and/or the distal support structure can comprise-a I
connector adapted for connecting the respective supp_ort structure with the waist portion. _-



25 performance of the material. For instance, the waist portion of the

occl usi on device can be nmade stiffer or nore rigid than the proximl or

di stal suwpant/®sssact ures or the occlusion filnms. O her RCISG2011/00@42] SO
possible to formall parts of the device fromthe sanme material but having
speci fi ¢ TH ekn&sSeanSHe Rxdtgle, 8A£ [diRPrbtritass Ide ti@Xle Rif kid proRimat bhd/bness
required for its function. For exanple, in one enbodi nent the support

st ruct ur elstalrsuppast sienoture potheidiectBm afdhe weisspartiper than the fil m portions of
the device. Using different polyneric materials can also serve to alter the
bi-odegr aqligd)ith b EmBbdifrhe Bl PALLIGHISH Ohn BeNBE ShUPAOPpAIGHLAE N, RSH! T 1 1
a sequenti al-'degradation of different parts ofu t'he occl%s on device. - For. -
exanpl e, stdne adtedNO R0div¢ G610 8B PCTHSHEREG IMd1GDPEND stredtenei fedm uts edoXiomal ek -

wai st _porti.on can be manufactured qf a | yneric materi al i egrades .
o oner” ¢ i TORECHAE aPF arintoEdhs groedluBpRE,Tetrs d s, Gpabaphor s he
Struct ur &rodifta$ s rd str@diilel addtiR §kQBULHHOR stri@uidedAChe WhAMRHY by ?Jﬁhﬂg a
further passage of body fluid fromone side of the defect to the ofher.

[ 0071] | reoonmestionttodheriaist pottionstdspéctizely. dhe jdintspricke mappostugppsiures eanukg ur e

is higher than the.stiffness of .the distal support structupe. .Thi n, for
evanpt o BOUREn L D iREed 8% redhaibaatin i 3o B bshd Ble B il vRRERD
t hi cknesspg oBthel bRt SotRANEctES touhd ainesr spoket he material is different, the
polymeric material of the proximal support structure can have a , higher

Y han .t h | i terial of the distal. t, st .
oo 28 JUDH e Faissr e T B dugeiran nired trsaes Pheortu GRReseRebatd e
support  shh UG &S adpledd® @d]tiisicethickaesy dthad Vcﬁb'ﬁih@%rtoﬁﬁ véSBastit dnbeigh to

occl usi on devi ce the practitioner can check whether or not the device has
been anceeeimadate kbif¢rennepesingethisknesses. delfeeelpstisity regn, b adjustpd Piecopungireri ¢

mat eri al of.the oxifml support..structure can.. .for. exa . hav nodul us
range of I%%B%‘ils %‘% atsgﬁgggzﬁrpa%&s%%ya#ﬁ %?a%rla%i}l%knﬁgsr'? 1|2l(ecu gﬁuf eesg v(\)/géfr;?about
15 2x10%ube) aadd enét 1ikeD ThE@aish pbrdaRam bovt a g o fivetvedentibo XL Ramngrfoabout

2x108 Pa. The polyneric material of the distal support structure can, for
exanpbe, wampleaah@iid) &s3-rfang® 7. 8 daid 9 mmpFhe Faishpoition gan g a fgbedave Fpr e

parti cul ay; t t t1.5 - Pa.n . ot X105 to
about ZX%%X?’E{%N aggit}?%l%éq%g’. ﬁ)[rg%%%olel ﬁﬂé(;{%eops’gn%&é |'yn\’§(ﬁt’ 63?’ 'Fg’e?'g’cg’ usi on
devi ce ofl.3,hk4f1.6st.6adpedts, theorehDimm. dbelwedl thickdOssdelvihe gulbanf e wade of " a
polynmeric material, |ike bi odegr adabl e pol yner to provide a_ full

b1 o degr AL SgRch 5h o faviEe ca bs: CeHEHRSPRED- 051 h b ey ©r SFafiRe: above

descri bedpggd b9 dogndh blon 58t 6.98, &84 o7, made 02fi, 828 @2slepradal 630,
material, particularly of bio-degradabl’'e polyners. In this enbodi nent, the
mat erZ0al 35,100, Bdvioc®.50anmbe ful |y bi oconpati bl e and can, for exanpl e,  be
absorbed by the body within short tine of a few 25years to several nonths,
such as 269604n akBmafife efbodibtentslOf thh adect! thdwant pfrtiod @h te ARFhidStent 0074]
Approved by US FDA for other vascul ar applications, biodegradable :
pol yest erghieh & ghinal, mkiedoombtyddlsedina'ﬁmHmnmﬂaéthegemegﬁvmlpamw@cture- j
materials of choice for blood contacting inplants. They are bioconpatible
and can [ -' : AF i-de.r 3 I ver,
The 1 oading B o S e e P BRaP ) B bR ge™
drastic. ddf thenmdidvian fimnd diffeeptolpylyeresicbmhatevielsdid fspeadfindally adjudtethesreghired
ress relaxat.ion, and the

hapi cal ti . g., -mch | “nodul L »
T ko yoocormsabBBbRFH Cbaiedat FRY Gruee £ Vanpreten 5! PEprabBoRERurS tin fhe

occl uder ggfi Gffter LRendRO i Han Ah& prokimal or distal support structures or the occlusion
films. Otherwise, it is also possible to form all parts of the device from the same material
but having specific thicknesses such that each part has the flexibility of stiffness required
for its function.-For example, in one embodiment the support structures or the waist portion :
30 . can be stiffer thén the film portions of the device. Using different pplymeric materials can ,
also servé to alter the biodegradability of different portions of the occhision deQice to result
- in' a sequential degradation of different parts of thejécclusion devicé. For ekample, Ethé}‘
13



WO 2011/ 096896PCT/ SG2011/ 000049 sel ected according to their mechani cal
behavi ors. Meanwhil e design should be taken out in a way to nmake ful

advant agewof2otimesvat eri al properties. Therefore, the filPeTSEecoiiono@d t he
occl usi on device can generally be nade of any bi odegradabl e pol yner having

suf fi ci enpaehysised! foR Bt WBEHAMBAcaR RABESIBG U@ o fRLHNYMSRAB MR AURICHT
bet ween the support structures of the occlusion device of the first aspect.

Such a polegrades sloyas thandhe miatdriat nsedi fac thedwoximal and distadsuprioni stostture, This -
pol ycaprol act on P ol.yl acti ¢ .aci d (.PLA) | ycapr ol agt opnes co-J acti de
Dol ymer LR B i £ewS aeie Sasit Rl fifkiad ¢ sRer DaGege £FpaBenE At Ly
pol y- D- | agiieisite dfikd-dBfect p@th¢lofledri de- co- gl ycol i de copol yner (PLGY), - -
polyl actic acid-pol yet hyl ene oxi de copol ynmers, pol ygluconate, 10 '

| yhyd tyrate, ) hydri de, pol yph h ter, pol y(am i , o
Do varoy R B P B RN LB Y RS R Sl FE IR S s
Most bi oalpg@elabl ehd alsyaTRuppdtY atiludlite T1adaYn, ﬁﬁ‘f@éa}ﬁpﬂ’@'b%lééhie%(ﬁ%ydt?siﬁfLA%

pol ycapr ol actone (PCL) and polylactic-co-glycolic acid (PLGA) hownever™ . -

di spl.ay aifferept snatériads ondyhasing alifferehtathidmesses tdf thehsuphoif osingtwesrdfiuheis  and
rat her 'l ow el.oangat i.on at, 15 break val ues,. . Sonet.ines thes | ymers seemin
2 pure f OPRETHASONEEPMals RUYmERG Briohn C U TR L SR SEREe RIGRRYF &
flexi bl e RhRdeadaiddinehen HR folphsri¢ BRIt ﬂ@QﬁM&lesuQ{x)ﬁ beud@e DK pANSI on
ratio before and after deploynent. One of the nost practical strategies for
tuni g t Hisplifipenes &5 Yopng slodrinssthesstibinessde ingpoli aftthe sepnest stpistyrae arpbe

copol yner | ion. - Copol yrmex.i zat i.on ci-litates,. road ;ra f

o oper t 1 B eet ey R B hE b L FRiebRbAZ Bl ST s BR Wigfher

bi odegr adafiot iHeyevizb Hapbezaaasiaed attthe fiahd dde dftkedefedtemnexcel | ent nmaterial s
for medical application. PCL is for exanple a good candidate to toughen PLA

whi ch may jogrease.the.flexibjlity of .PLA chain, The random coppl yner of
paLand. PONPAIHERRA B mikhRLoL Y levipt VRt Sirenlfe SBnaT SoroREr I

rate of deghaeatins of ABHRABE oMbt 1 fePa BEBRAEE nre BhAicERAl Sitwedh dtoat
copol ymer . The. f ast est deggadatl on rate is obtaingd when PLA-PCL is_about
70: 3005 budx1Phto deqyit d@afirobetvaen abant il P toaphomt AxHY Basior abpe Pdfg&awid bdri n

PLA: PCL : " o0, i : - : 60:-40.

Fur  her mr LS Ry Byt Cof i okt op R0 B Rlink ot Ao BtanlE o8 Mt nd

proper t i asf. abouf 00764 aBouti K’ R ae 3270l angre qrnitiultatye bgoleymabsuti 50 stoostout N t he

fol |l ow ng ple 1. The, 30 pective glass transition tenperature (Tg) and

mel ting t%&@e*’%{tbﬂ‘%ee(l'?ﬁ?mféjg tﬁéi?ﬂuﬁ?é‘ggrﬁ?’r?éﬁ e lhi P’T“erenti al scanning - -

calorimetry (DSC). WD 2011/096896 PCT/ SG2011/ 000049 . :
[0073] In one embodiment of the occlusion device of the first aspect, the entire occlusion

20  device can be made of a polymeric material, like a _biodegradable. polyfnér t(). provide a |
- fully "bio-degradable occlusion device. That means. that the materials of fhe‘ ab_orve'r
- described scaffdld and film section can be made of a bio-degradable maferial, p‘articularly
of ,bio-d;:gradable polymers_. In this embodiment, fhe’ material of the device can be fully
- .; “biocompatible and can, fbr.exampie, be absorbed by Sthe, body wi.thinf short tifﬁé:df a féw R

25  years to several montlis, such as 24, 20, 18, 16, 14, ,1-2,} 10,9,8,7,6,5,4, 3 or 2 mon.ths.f‘ : i

- [0074] Approved by US FDA for other vascular applications, biodegradable bolyesteté are | ;
the most commonly used and promising bio-degfadable materials of choice for blood
contacting implants. They eire biocompatible and can be tailored to degrade within a wide .
range of time frames. HoWever, the loading and deployment of the occlusidn devices '

30 usually involve drastic deformation and the polymers behave differently in terms of :
mechaniéal properties (e.g., much lower modulus, stress relaxation, and the like) compared v
~ with metals. In order to completely replace metal in the occ_luder design, the pjb_lymers ialfe .
14 . _



Materials Tg (C) Tni (C PLA 1V2.38 (Purac) 60 175 PLGA 80/20 I1V1.7-2.6
(Purac) 52 120 PCL Mwv 80K (Al drich) -60 62 PLA-PCL Copol ymer 70/30 IV1.62
(Purac) DMSOR0P/09T8MI e 1: Bio- degradabl e pol ymars and th@Cff/SGIﬂQalrlwa(DO@
properties

selected according to their mechanical behaviors. Meanwhlle design should be taken out in -
a way to make full advantage of the mater1a1 propertles Therefore, the film section of the _1 .
-~ occlusion device can generally be made of any biodegradable polymer having sufficient
| physical and mechanical properties for being spanned over or between the support -
5  structures of the occllusion device of the first aspect. Such a polymeric base r_naterial can _
include, but are not limited to, pochaprolaCtone (PCL) polylactic acid (PLA), :
polycaprolactone -co-lactide copolymer (PCL-PLA copolymer), polyglycohde (PGA), }
- poly-L-lactide (PLLA), poly-D lactide (PDLA), polylactlde -Co- glycohde copolymer-
: (PLGA), polylactic  acid-polyethylene - oxide  copolymers, = polygluconate, B
“ 10 polyhydroxybutyrate, polyanhydride, polypho_snhoester, tpoly(amino a_cids.),-

polydioxanone, cellulose, collagen, chitosan or copolymers thereof.

[0075] Most bioabsorbable polymers available today, namely polylatie acids (PLA),
polycaprolactone (PCL) and polylactic-co-glycolic aeid (PLGA) however display a very
similar mechanical behavior, with a high Young’s nlodulus and rather low elongation at - _
15  break values. Sometimes these polymers seem in a pure form inappropriate for this clinical -
application where highly flexible biodegradable materials are required because of the huge
expansion ratio before and after deployment. One of the most practical strategies for tuning
. the properties of polymers is blending w1th another polymer or copolymerlzatlon
Copolymerization facilitates a broad range of propertles, -including good mechanical
20  strength, biocompatibility, biodegradability, ‘and processability, which makes '.. them
excellent materials for medical application. PCL 1s for example a gooc.l candidate_ to
toughen PLA which may increase the flexibility of PLA chain. The random copolymer of
PCL and PLA (PCL-co-PLA) degrades faster than either homo-polymers. The rate of
o degradation increases with the increase of PLA content in the Copolymer The fa‘stest
25 degradatlon rate 18 obtalned when PLA PCL is about 70 30, but. the degradatlon rate is st111 :
- within an suitable range within PLA PCL of about 90 10 - 50: 50 more part1cular of about =
o 80:20 — 60:40. Furthermore PLA-PCL copolymer has good mechanical and blocompatlble o

properties.

[0076] A list of exemplary candidate polymers is shown in the following Table 1. The
30  respective glass transition temperature (Tg) and melting temperature (Tm) have been ﬁ

determined by differential scanning calorimetry (DSC).

15



[0077] In case pure PLAis too stiff, it can be blended into the PLA-PCL
copolyner at certain ratios to adjust the Young's nodulus within about 1 x
104 to abwot2omi/oesse7 Pa at 5 37 C, nore particul arly mpce/SGher/oadmaut 1 x
104, 2 x 104, 3 x 104, 4 x 104, 5 x 104 and |l ess than about 1 x 107, 5 x
106, 1 x 106, 5 x 105, XanOo. 1T The nmodul'usrg g )00 Tow anfimge@y gher
modul us is desired, bllvtlan with other nononers or filler occlusion (such
as, e. g P]]’JRHVQ:;@)(PQ@S), met.al salts such as sul f&es, chlori dédg5or the_*
I|ke nic fillers etc.) are useful; although the degree of ,stress -
rel axat i (g)h"LGé 8@r‘9é)altvér7 20{Ruiag) t he pure PLA- PCL @pol ymer. 10 P&P certain
ci'rcunst Mﬁ% g&dﬁ%e films or the spokes whgie | ow stl ffn@ss and h| gh
flexibility are re urre the pure copol ymer can be a good option.

Ther ef or ePLAlPe:Lpbylsdlgzmér m(armtezehﬁﬁc)t he pol yrre115| c .mate eri al dé?i be -

adj ust ed v
outlined Bdbive. Bﬂih&gﬁddhlblh@dlyﬁﬁigsm thémvl&rmmapum@ tests for testi ng the
stress relaxation of the respective polynmeric materials as it is, for -
exanpl e, 15 shown in Figures 14 and 15 and described in Exanple 5. [0078]
For adjusting the perfornmance of the polyners, plasticizers could be used.

In the quﬂbﬁzgtlncﬁasé PérelFIes 88tod RYFENE ic@W be bidndsd ikt 28¢ PLIEPEL AlopylyrRans a-
subst ance added to a(BoI ymer material to soften it ang to i nprove,

f 1 exi bi | i eeytainvisties apding the¥ioyng’s frodyiussvitleip abputnhixcly éeﬁb% luxdQ’ Paat he
occl u%' O%?gﬁ”n?oq‘e Lrtlcnﬁﬂ?rr&%g Mfm a@%{ﬁnlt k?g ?@Pld” ?E(q'bab&l )Yl(ﬁ“og\@(rlot“ Iaﬁd 1&9

glasstr ion errpera i’ncreases t

el ongat i ahardéibdur @akl,0’ 0§ xGb‘angeBOGI hie 107,yist 407, ifthe h@halns@srtooflow\ apd) la)hl@ier _
mat eri al or _ can adjust the mlt'&% terrperaturg Tm - Any 2( qb pl asti ci zer
can be. usBRIYIHS SHEESpEt BN VA PHET OTREeT ol Bller FULISEINASYTTE RS Gr pP8H des

the pol ynprqd H&wﬁ *Asueafaa srygemafegnaﬂor@degwthé §iRe, IrEniP AR &b3 ke TBMuRl SO

be bi oconpatib especl al non-toxi c. However, ditie to the small “amount of
25 pl ast i dthpegh tlwetbgqufaﬂt@ds tadaxatien éngicnter titadynnhs suisf PIaA P41l eonolymagre of a

plastjcizer that ma v 0 eff cts .,on the human.body .al so
withil? tﬁ[‘e PTSEHRR ‘EHE %ﬁgl%ﬂﬁ OF | 1, SPREE ‘Y}eereéio‘%ﬁ{]gge%fan d’high

pl asti ci zfdxibil ar@é\&]ldﬁ%duﬁl@ uwcdﬂwylﬂér%ﬁ% d SOUANSptioR. TRGLREE the YWsical
2011/ 096896PCT/ SG2011/ 000049 but are not limfed to triethyl citrate (TEC),

pol yal kylmmengﬁrycqﬂ the pabymesis lp@ipst@tq@wl@n@mt%m the(speafic gpe pbMeppPidcene
| ycol
(o ot i SRR it RSO UAR Ihe, S nE AR RGPt o

di cycl Ohetlésﬂn@hﬁhhéshaﬁserelﬁdatlsﬁ) mmyé &fipaﬁive polyrh&dn anydriaht i atie,; fon-dxuyple,
benzyl phthal ate, 1, 3-butyl ene gl y& lli‘hgl pi c acid pol yester (1700- 2200 My
cont ai®ni ngovs %igg‘FﬁS 1ﬁearnéé|§tanfléf3?ﬁr s¢ My ¥aaRle e, palmitic and stearic acid

ester functionality. Qher exanples of plasticizers include epoxidized !

butyl est@os8]dforld Pﬁﬁﬁgitlﬁi 4>erfoah1hycea@m1e pepymiérell Fladicizenserdd ok lused. In the
epoxi di zed soya oil. Exanples of poléélal kyl ene glycols include 1 ow nolecul ar
wei ght ( MAntexh o Sl aeesetvinkention. (e %Ol&en‘%{ Y néﬂ?%ta ysfanceopddedoigr 2 100 -

6000, ab 0} ts g
[1lustr a'?ll% \Pelﬁ%xéfgr% ‘%lsé’u S(rgl)%fm gtbﬂgl ]1%% 0evnee gly tr| et &'%%I Xeagqem cizer

di pr opy| ewlkiclykyrclod ysedrin t}relqmcmp@hdeacgbf/ﬁﬁlpresbmanmn@mh preéerﬁlﬂwlo»{/ﬁ()ﬁ@] The
anount of plasticjzer is not llimte ener al | dj ust ed t hat .

t he H%detSidEHSEIOBJEPRER Wt J5$=| F ‘ﬂ%ibqi'fsallﬁs @ﬁ%{%afﬁoégﬁlg@,ﬂf t?’\?eaguf’f ng
its use, dffddidinag 01Jy§tafllﬁfe BXRRIrCof UY bﬁgnetrhﬁlaﬁatrﬁf PecANAd %@P@héjﬁﬁélﬁﬂgent

In some enbodi nments "of the invention, the pl asticizer can be contained in
one or altempératung Trol fmeknomn plasatizeri qan e used imtheqfo lyrhayist materlalaaﬁdgng 39 Wt %

bout 7 t 3 25, Wt % Y%
Sbont e the glegieiper iratiletthe obyrdgtop it s Rboge-mesfio s Boghuy e slagicfzes ™ *

about 4 -m#P alth %e Klbc&ﬂ%ﬂﬂ)l@ espetthlMt f6n-0aRe Hoeven) Riud Ity tWeisahll adfounhef -

polymer 20 material. Inline with the above, the amount_ of pl astici zers can

f or e%anmlestlbeerawdtcompa@d t@ thezentige baly mass@f agatigry, usr:@f aplastigizer that may =~ 23,

25, 27, qr 29 W % h I rial.
» age sglin{:e ?és %&e& g él %@gn?) ?}/1 1§ ngo v&ﬁ §/c(8 o 8% O@@@v%i&%

[ 0080] T Ve ent nen & 5e2I'Usi on ‘device

aspect, @tﬁn@ﬂluﬁ@:ﬁ&e&ﬂx@ﬂ?l&b of pRbtciE@dhitlaambt iedoinake PRdserd Uppsation &icrludz:t ur e,
t he proxi mal occlusion film »
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25 the distal support structure, the distal occlusion film and the wai st
portion can be nmade of a material conprising a therapeutically active
agent [ OWB2p1a96s9he cont ext of the present invention, POE/SG20IT000049
"therapeutically active agent” generally neans a therapeutic or

phar maceugitCab nddeRtitedtb Clhie@gD chtdKEO), ipalydikyidePal d0 T kudo 8 pslytih Rne or

i npregnated or incorporated into the tube and wire structures to. 3 provi de
dr ug- contalvmlhg(ﬁﬂﬁb)esoromomwleﬂﬁh@lxmbﬂ apre)m'lece aglel dBR)balysepl, di-2-

t her apeut i ceu sui,table n dr '
naterPaIstﬁ%$ %@%fﬁga %1 @giﬂﬁ%%rlOGPf QQHB Bﬂﬁﬁg ude(H%up%ﬂ#@ﬂggk
limted t@icpd ytlﬁmat #nhamlhdibitet tiﬁsoaﬁﬁy’ll})ﬁthla\i@ n-butyl benzyl phthalate, -
2011/096896PCT/S 11/000049 i ncl udi ng natura oducts, such as vinca .
al kal di dsl.pduiyleng glpeededipieacidipebiestst (HO0-2208 M omt%mna)m weisht pegsat |
P10t POUORIHILP YOS, (RithihRP SRLAS: o GFLPAShilhond | BB E8mplcs of
(dacti nonycin ) “'daunor ubl Ci n, doxor ubl Ci ar

ant hr acyclblhnﬁszermtm&a Bpdxddieed bhtgbesters 0$ hnspﬂed @ty acl(ine;xdmamdclm):ecam ’
m tonmycin, enzynes (Lasparagi nase which syst em cal ly metabolizes :

L- aspar ag?neProxiizedeiowp ik Féémpkesmn?waéla ¢t 2lhea)e i ecﬁWa’é‘P{ey‘ulE‘bWClght

synt hesi z LHRA. |i e ti ti ng
agen-tss_u@ﬁ{)dglgd %??@%en stards (fzalrl}ghtpgés) rzri% ?%drogt éggnqdr?gnlbgyc ophéﬁs(dp ani de
and atal ob¥), rrE(I)(Madbant, IO@I@maﬁtmucn labouteISWI—em(m rdssteatiste rmmimplelsreilnalmdaes
(hexamet h | rre am i ot eg( é }é’ sul f%iat es- bus% %3” EI rosour eas
(car nust | Hiehytsne g eﬁ AR gel; dPrRRylens o) o ipEopy SELIBRAZIHE ne
(DT1O); %,Qrfabl ferative/antimtotic antinetabolites such as folic acid
anal ogs (nethotrexate), pyrimdine analogs (fluorouracil, floxuridine, and

cytarabin purine anal ogs and rel at i nhi-bitors (per capt urijne,

t hi oguani W?Q‘79 IoEh sBewit of Bl ioser dh gt i‘&ﬁ@ﬂ)}%ﬂ&éﬁ&?‘ﬁé@% pdiyste .%‘% that the
pl ati num on e,
Ry dr oxyur S8 ARl AT EFRLEERE rii il Fuichnidt IARLAORUECA; it aRtidiag ! ne
ant i crsagufoarmcam@bephmmg the yadrage iand hepardepks}alhetns kngdome Fearboidithérits todrtbe of

thronbin), fibri tlcaent (su S. tissue en activator, -
strept okllﬂé{@gm&ng' ﬁ%ﬁf n“tolnf% efle™q %ﬁﬁlﬁ 339% gmeﬁ Ml MHafol e,
ticlopi di fifeurft lo@BbSIRAr eabouabmvmymb)abomu 78 ghRt Qbyut AODEGECS, abety3 ( 3sich as
brevel din); antiinflamrmatory: such as adrenocortical 20 steroids (cortisol,

corti sonewt%) Qh@l‘ubéoﬂﬁl‘@t&/n@bo]#r%dﬁﬁ 3oie ab(pﬁédﬂ?%t’y!%nébout 2 - 20 wt%, about 3 -
6- al pha ol o ol 10 "
oot nea bR SRS AGung: b TG 321 A6, "ELATER MRS Blh the polymer

e.g. ASPI ﬂhhﬂ&}lal Dalife amhnﬁ@baml tidemonat by phsticizegs cacht aramplpbempout hdyl e
and i ndene acetic acid as i ndarnet hacin, sulindac and ‘et Od%tlct c),
giehy ; 25

het er oar y3> %acefi & %adi Hd l%s Lo 7ad%1 b At 4 270(?%490%4%1@86%% Re¥

aryl propi Qi LHeChASmesHGfr@s | buprofen and derivatives), anthranilic acids
(such as rr%#er%an?jl&llsgl, alnd mecl of enam ¢ acid), enolic aci ds (such as

pi roxi ca t enoxi cam phenyl but azon and oxyphent hatrazone), naburnetone,

gol d conp %Isln(a;nélwra@wamrabﬂslﬁwnta@ﬁ@pm%@p@eﬁéweg@ the 58l apeEth OBSRF at e):
' mT“”OS“plﬂgn%sééM?rﬁé §é’18é1e@%~oﬁ¥ﬁ4e af‘?u pggcé’tﬁ' L Shd BiSxRff)occfisto! fhifus
(rapanycin), azathiopri nyco {e fetn |? angl ogeni-¢c suc
vascuisar teadmtahehppﬂrt gmmtrb, thadtsml o(:cVWx) filrh xlahé svaist govien leafi ae hexde (oFGF)
nitric oxide dopors; . anti-sense.o 0.nucl eoti des and conbi nations thereof
[0082] Thaem?WéIPQ iSngaag@ﬁ{aPE‘&i?aIc!}égftﬂvcﬁﬂgsmr y include, but is not |inited
to, a drug, an anti b| otic, an anti-inflammtory agent, an anti-clotting -
factor, aobsI|Mange dntte |o€ItIie Pedsent Mvention, the term “therapeutically active agent”:

generally means a therapeutic or pharmaceutical agent which can be mixed into the

polymer composition, or impregnated or incorporated into the tube and wire structures to
30 provide drug-containing tubes or wires. The therapeutic agent can be any therapeutic or

pharmaceutical agent suitable for use in drug-containing materials for occlusion devicés. '

Various examples include, but are not limited to antiproliferative/antimitotic agents -°
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WO 2011/ 096896PCT/ SG2011/ 000049 peptide, a cellular factor, a growh
factor, a ligand for a cell surface receptor, an anti-proliferation agent,
an anti - tWoanhawseagent, an anti m crobi al agent, an antcTwsicealicagant, a
chenot her apeutic agent, or an anti-hypertensive agent to inprove the
seal i ng- gfd18Gihg AddGaDPRIdueE, RLAL QS Svin@ aRARYRN{. £IvinBLaiRi | via@istieXanmml €.
Heparin is welT known for anticoagul ati on and has been used to prevent -

cl ot t i ng vimorething),c padlitaxeh sepifigpdeniyllotoains ofess.  ¢topesideal teriposidé)y antibiotie nment
for. example,. heparin can be jncluded.as an anti.-clotfi factor, for
vl o BBy Ao RE R REhER A ficin Sb7 el BhBlassb Hesr i
material higoRhQYALEbRoROERE! pRtARLIPI ArieiTRabER) | dddy mildRdd, bAzyeee (L- . -
enbodi ments of the invention, the anti-thronbotic drug can, for exanple, 10
i ncl ude, asparaginssendiich systensichllyonetsbadizes bragnaregineronddenravss sellshvhish donot =
cl opidogrel, triflusal, or alog.salicylic acid derivati . or @ protein
such as ma?'%délﬁecacﬂacﬁ%rt(? n‘SY‘ﬂﬂeSHel 6@ &t a_"%/rbeasgyg%fz)ésa%%p@hﬁéga?\lﬁ' ?/9 ?@E %t(rﬁcot;i C
drug are afityl@tinggntsahdashitrbgéh mamam (hithRe GhdchdrehammpdcyR¥sphbsplamidd0841
Anot her exanple of a therapeutic agent that may be used in the polyneric .
mat eri al ang i analegs, c angpMEn k ndfipragdueiar githygimines and  methylmelamines

(b-[ 11 (3Rl e i aRd RELILIY AT Qi e i | ine -
bi pert ai Ty BB ) RECLBLI A AR busuitan, nirgsgpreag (ggrmustine
RW - 53308BCaN) el adndf | baimalags| ogssticp@kodt)e desazdneedadanbdzitiss nat (IFIAl);
pat ent appl.ication W2005/087266. [3085] In this context, it is noted that
the drug dntiprohfgsaiineaamiptig cantiypetahodites) Sycd pe ?%@F@oﬁ%ﬁl‘é@ (REGOEHEDr nore
pol ymer i ] ' Vi e - 1 j .
ol ecul o PYETAE: Ao (Ao REc, MPXANIE AP T ARG, BUBIEanIER, AORILEL

aci d suchnlabit@sA or (Rifcapidperingr m " stimlguamngani c papkestatine” asangsed. hérein
typically denotes an or i.c. molecul.e.conprising at |east.two carbon atons,
but pref &l ?@Foﬁ?ﬁ em&?ﬁgﬁb*?ebr 1RJafinym ¢ aﬁqoéd'gﬁtﬂ%n BEWRYLEES 1 fsﬁgftlﬁ’i

mol eql arca%'tpglbih),' grobmai@agsy&@iw_é@&aaada@ﬁhaglummh@ab; Rrmidakygen. 100
and 1000 Dal ton, that Oﬁtl onal Iy "can i nclude one or two netal 25 atons. . The
t er m " pepsiregen);agntiensgulantsei(kepasipi cunthgtie dfeppsn t splty aneggherd antybitegn of

ol i gopept i de . wit . - about 40 - t L2 - .- aho 15,

or 9°Phubifulh! drrman e ik o R e Mo ok a
occur r i ngirekingy) taheplakldd €fich de aspiréh, Meyyridanpld, Selopidies tidprlopied aBOiximi)r al | y
occurring L-amno acids - D-am_no acids, non-naturally o'ccurr(i{ng\am‘_ no .
aci'ds andiBPIZAORG WEPPrANE B a\frereldip)cnéiilammataga spchhyadgiasPEicel 30
OCCUmKi N 1y p }s t . LONMPIH tha am Lk €Sg . The
pr ot ez:bn %gé?\ % 3&%1‘3%?, | g%ltsﬁ%br cﬂugﬁﬁogg)ge’t r uﬁ%rg%él ’ fg%r(rl]ﬁg?%P E’exg%%)leﬁé, an
active frmaghyptednisbloust trémone lenca nixt@setbdsope,otml risxamethasdes), en-shereidabt.
limted to anti bodi es.or. ot her binding proteins WO. T
2011/ 096868BEH1GRES FhBiS TS TR T By VKB PBPARTERY AP IR Rl o,
af fi bodi gge@mildpREHalihdb1EUNE! RGedeN9NBic BidN [dueR| dsNmdbmtthbélh, Selieteshsel |
receptors, growth factors such as VEG- (Vascul ar Endothelial Gowh Factor)
and si mi letodaleght detsrdany] tacetis ndoidsi r{guedi gisaltelmesiar ddiclofenes andt ketosgledlt i c

proteins or, cardiac horpones and active fr nts t . or . or mpnes or
pr ep?éhoraﬁgﬂré’é’wé’fw saﬁ@% @?ﬁiaﬁcl u@??iftﬁ?\easnd( td E’gg%”@r ﬁ%ﬁg%ﬂg? {Cﬁ% ggrhghg? nones
can eit hghefbganpie picidlemdamedlefenmdichgdig), renolié atidey(siv gs bssiciharendRicanj no -
acid residues of a protein, should there oLyPeptide sequence contain nore

the 40 arahAeylbepepncesitduesyphaniatiagpncdx insPestons: g0t dFQURAds afsuch as
t her apema'ufangﬁﬁntaﬁr&ﬁ%g%@o&?ﬁ%&dﬁe§o£ﬁm%ﬁgﬁ&gaqnﬁﬂﬁo%ré£ﬁ/en dukh (1:%9)(} de.

Exanpl es 0of nucl el c ac no es I nc e sense or anti-sense _
nol ecul esytlokparinp) exsdlmmuso{Fia506), gabvligendrdpamycinpeazatindprole] eg)coplienblate

codi ng sequence (either alone or . in gene-ther vec for | ), of a
t her PeutMiPangagepe sa?lmwfcvlﬁa?mﬁ%h il genih utredy ﬁ‘ar_eﬁ@"@a ' the
nucl ei ¢ gglgy mgm% $:8lic BodrO bl Reld Bligh hOIBSRRs WRUBIBRAIIRInGSf,
described I n Internati ona? pat ent application WO 97/47254, for exanple.

[0086] Al therapeutically active agents nentioned above can be used al one
or in any0082] The therapeutic agent can particularly include, but is not limited to, a drug, an -

antibiotic, an anti-inflammatory agent, an anti-clotting factor, a hormone, a nucleic acid, a
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15 conbi nation thereof in the polynmer material of this enbodi ment of the
invention. |If a therapeutically active is contained, the agent can be

i ncor por WOQ Ve8I he pol ymer material by adm xi ng, i npPEFS&2INMPI0dY t he
| i ke, wherein the drug does not necessarily need to be uniformy :

di stri butggtiae, thcendldrefapok,yrgfowmt @étosl a 1iEAHIBTr aTbel aurficetreedptdran anti-
therapeutical l'y active agent (or 2 or nore agents together) in the 20

pol ymer i aorﬁhiemtroaragp@, m)antr thrpmbetiaagent 0 q@@rra@rohrabag% ARt 820Ny as
t he physi e i.all

transiti ocﬁrl%{ne rrpe uér gge % a&?kw{m{l‘% %é ngttﬂ rnglipog’r%etﬁ%\o al{ng etﬁlc{ﬁﬁe :

af fect ed. heblingiqj’fﬁc&[;’(dellﬁfe{?érﬁmgt ﬂ@omhi,)ufdffr atant;he Heparapeisit wekl kr)()vﬁﬁtfbt/e
agent, based on the dr ght of the polyner material that contains the
agent 5 wtls%a&yﬂﬁtlpa aaﬁém b@sl wgedgo m%ertt W&‘%‘&@tm%}f rajdiguascylar agplicetionsy _be
present .i Dt ;

25 or 30 I\%t@ ase on émgérf/t \f‘éﬂ% Vﬂeﬁe po%rgrlr)g?nxrrﬁé%%dr)?sa%ﬂ aﬁgﬂc@o&n ai ns
t he drug.fattor,t foir scxampteeky ,bléddings oagmpregnaﬂhgjltt nat the suracpasfsitel golymetiicl ude
nore than one therap utj cal L% g tive a ept of the sanme or different type .
into a pdP§RER! tARTden beter plog gquglpg He wires, for exanple, an .
anti-restenotic drug and an anti-inflammtory drug or two antr-thronbotlc
drugs: 30[00988h sbmeanibediheits efihedhvemtivn,othe tah-tiroaibutic drugdem) e diﬁmph[ nor e
el enents sel ect ed fromthe(ﬁrou of the proximl support structure t he

di st al0 suppsde it i pefy wmited o, \igiabl org e T@Aecuﬂqse%uralr a&.cm ageel tHlussh o1 | m
the d
5011/ 0o6dBaREPAELNS B stebiyB A pr SO BBy ol Riruding or thrombin, Iustrative |,

bl ended iexatnpéesnefl @r amti-restenotid drenire sirofipiussalso Iémlﬂedeva@aqny@n plabktaxel, and

radi opacifier can be present in the proximl and distal support structures
and the v@’f’gfm}fyortl on of the occlusion device. [0089] The radiopacifier can
for exanple be a material including netals, netal oxides or netal salts,

such as gobs4]paidthel exampleaoti alﬂ’féraﬁait’icSagent thhtsrmbthe gdedsin glse pdlomedx ampdrial  but
are not limted to these exanples nt. e di men aSat an be
used ¥or 1§ atieocypRRUNEY in?%nt%eelamﬁ%n { ﬁ[(sgaﬁi Fﬁbg“rple h‘s‘BQél R'RRY Bor at ed
into the A S no r han
"0 oS ;ﬂgérycrﬁ?ﬁ]c%r%ﬁygaﬂlﬁabb@ pfl?ﬁhfégfogiﬁn&é‘ fauag ws%qacg _leg/J ?{3/ t@réal an_
than 50 elaro fidgn ar@fogs 3iagt aﬂﬁies@ﬁbed:ﬂﬁln‘cg@aﬂ@al gaterrt ap@hc@o%\’(@ﬂ&@ﬂg&nbéng as’
10 the films are provided wth radio-opacity for maki ng the device visible
by means [‘ﬁb?ﬂl HO{ CORYxt, fiPlis %?e'appﬁt t rd'rlF%S gﬁ@aﬁ%’”@cﬁwe PIRRGAHYr Be | N

the filns era opacrfrer can often ncent ated conpared to the
support Slhcmpbnateelantoooma\/@ Idoxarppl;aﬁéranmamgalsfoftthﬁeoqzﬂhysmm@dwqﬁ @pdretd gvaldf t he

| In oth f th d f |
o T v BRSO B prath O A fechiBnt S Rhptitein SipRr B PRk EGelSep ™' ©
15amount PRAr 8ARMACTHd REMCEMANEighRiOASIBELIDEEAUSR RerbinOhpicaldy dbAdies gn Of

the wai st portion or the support structures is suitable and the visibility
of the ocwkastowladuld @enmsmgsatri@ﬂst te ouboy atomsi bgrrsofstablyret regithare’ of he

e o PSR LIET SR SEAT BT 0, FER bt Tosaisdons

non- st i ckbAesS or Heevesai 1990 emartooo)nnam tharopeisasipl ean belued@eadr tvo metal -
copol yner 20 Wi th about 40 Y% (W w) BaSO4 for providing ood radl 0- opaé

The s¥me dems-abisl torm opeptidhe appssdiheran Bpically actarsdo A dReNSIIS OF 28 OHERERH!
[ 0090] gt h osli h It »as 15t Q Y

addi ti ongf'ﬁ}g cogrr[%ru?sqgsgar%%r géérér ngbéslgs%%e% B%%% rlé (})(}gznt gd%)&z%(p Ao é&@
appl i cat i residudsh@h¢ peptidedndy bea inayralysteenttingrasgnthetsysdpeide whd umyrcsnmse abl e

to deliver the occlusion d V|ce to the desir
— besides the Li natura y occurr?ng Eammo ac%js — D-amino acids, non- naturally

occurring amino acids and/or amino acid analogs. With “protein” is meant any ‘naturally -
30  occurring polypeptide that comprises more than 40 amino acid residues. The protein can
be a full length protein or a truncated form, for example, an active fragment. Illustrative

examples of proteins include, but are not limited to antibodies or other binding protéins
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25 place in the body of a subject, like a manmal (including, e.g., primates
i ncl udi ng humans, rodents such as mce and rats, and ungul ates such as pigs
and the IWRep1f9689¢ treated. The delivering system howBCESG20ld®800dEual |y
not be part of the device nmaintaining in the body of a patient, but can be
renoved apith hatibsy Gke phepediaR! @yMeRAmpIeO @ Hibatfes Odr hg&aﬁﬁcﬁqu@ir@nkrdmsi ge.

30[ 0091] The delbverln g system can conprise a sheath and at | east one first
del i veri rigntisalins addpn seleeted mslle rachptote cgrawitorfadtessi secht By OgHF a(Gaseudlen f or

| oadi ng 'éndoﬂl ﬂalt 8? v?tﬂelfaﬁ:porb-rhc? Sﬁltll areI%aE)r t’ors[{‘mgl% t{11¥ge rs{grﬁglsw Ja?dlgéle{%ct?lgr ‘

renmovabl y connect 84 rOX|na

2011/ 096 8A&RpetiCE2EEhs %Q%Qacsﬁdrmhw zﬁldOafctith @agmhtaltheu@m proBérnoRkbe.
Renmovabl y connected neans that it can be renoved fromthe occlusion deV|ce

af t er 5t hé)reeehwoaﬁs elesich catding hoswaAngsddhese borarpney Re therprplarones pagyeither
del
et o, B SRR BeldIE iEARY IALORORKNCR EALBUAN IARGBOBRE B,

end. [ 00SRpuldhibert pdlgpeitide eqiidncs tecodain vieie nige A6 ad18inG aaud)eesaﬂde@)ad?un@ew re
renmovably conpected to the proximal supFort structure. 3 rean :

Iy
connect ecEXapRles| %fa%ﬁrﬁif@"%ic\‘]éf EerRPPRi g sol BenmRidy MHPY CP 38 thsr Nﬁm
support sfry &idel fExtcl L RiMaER InSlekilled %’cﬁuéeogéﬁ]se ot afx @e&% plapt ed

t
to be rem)veg1 romt he OXI support structure, for exanple, by pulling
at one errdoleéuled(ef éxpeaismg ofiaitarget geie ﬁs&@%]coﬁhdldd@ad theg:odmgseqmmcbéenﬂuade of

any surgi suture such as non:absor I absar ut yr.e .

Ab%or ban 1ot T e TR BY: T EXRPBIFLO b p IR eERon et BT et e
after a gevRpdnes Rdueh alchs® theMlictic SQ0@RE d¥ae Fok 5?@@@%& pPdmérawbend rom
ten days to ei ght weeks. They are general I'y used t efore in many of the

i nt er nal hepkingrsgles¢rined dn b eiyationss patpetisipelieation MO WM 258y foyexaamle nade of
the intestines of sheep, the so called 15 catgut. The majority of

absor-bablgogg]t Al %ra{eeuémgja&fvesa)g@ﬁe%bﬁm%a ¥BBYe t;mb%eslsemq&ia SRih Bey
brai ded or nonofi |l armrent meric materials of such synthetic

absorableembinatior shercef matheomlymblemser@i Oﬁdhlygﬂnglmdlm@t adithe llp‘cﬂnylbaclfl & acid

or caprol cton n absorb e, sut ures are ener a

SR e e R b R S R
skin woung gn@isitgeimpeeifingNer SUllkeSFheRMm 1he d2tk ﬂ@é”émtﬁdleaefshzﬁ‘fly actEw veeks,
or in some inner tissues in which absorbable sutures are not adequate. This
i s the cameformiydigxibpisd &ithinthe pelymeamatedi®d i n bl ood vessel s, whose rhythnic
novenent requires a suture which stays |onger, than three meeks to give

t he woungo@gmUUR anidiBt &he tIRSSHeufRNMGTacAl@agtht (drikér hbe dpbind @tagethe@qﬂttm n

fluids whi ch make absorbabl e sutures disappear in only a few days, too:
ear | y2Of orpoﬂmermmntﬁntablshew limifeprd garebe @b digh aowanigd @i lang ag dhegpiysical |

non- abso r bellﬁe ﬁéo l&ﬁ}n@? & HalC 9%@91811{3' §1flé‘ gﬂl%%( lﬂfaﬁ%mf)% qgﬁl}é(ffﬁﬁ#& ’ana\mlé: h

undergoeé’ spec a acturlnq orits use
i N sur genyeltifk Rdiiperaiamn; atesot laa{aéreelﬁ affested Iarsememde)odfmanst, ithé armedntfofhles s,

| i ke pol ypropyl ene, polyester or nylon; these may. not ve CQatlngs
to enhanégerﬁwlﬁalbeﬁ‘qt’dfs ﬁﬁ%eb%gﬁ‘épﬁélﬂeeﬁlrly SYgigle, Ong@EQﬂP’mST W@Eﬂrl@h@at ERIRIAY Wi r e

does gen §B@L%ér%’\r/}g%?] g?gg td WSt BYHEC tThWtﬁé}aﬂcl&ﬁcQgﬁé'ctﬁ’fQ dobit 3 bShatdnYin |

conpletely r r rnsertion of the ‘occlu device I'nto the sheat h
of a 26at haataarount 6£0.1 0@ dd Myl te 3 & an%oxe latnyl Os UF,di0¢c 2% o 3@ wi% baseddestthc dbyed -

above and does ecessarll be bi o- rba
enbodi meritg AfRE peIyEE Beisbe ey e Srve Bin FOSERobAcer S Pabooas
© it is possible to include more than one therapeutically active agent of the same or different -
type into a polymer material of the films or the wires, for example, an anti-restenotic drug '

and an anti-inflammatory drug or two anti-thrombotic drugs.

30- [0088] In a further embodiment of the ocelusioh device one or more elements selected . ';
" from the group of the proximal support structure, the distal support structureé the waist

- portion, - the proximal occlusion film, or the disfal occlusion film can ;c'ojmprisiej a .
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Wi res such as nylon sutures can be used. The dianeter of the |oading wre
can be between 0.2 and 0.5, between 0.25 and 0.45, between 0.3 and 0.4 mm
for exanpwe 201130868ym (e.g. a Nylon wire like PDS |1 4/0 ®0r®$Ge)L/op@d95] The
occl usi on device of the above aspect can further conprise a guide tube 5
adapt ed t@d3pHsRert dPosiRat ’itg sﬂt‘fz[d% 2AA0Gr bended Fetht Reitdraddicdemént® chip@egh t he
sheath. The gui de tube can be nmade of a polyneric material which is not
hazar dousFdraxample, ﬁmm@npacxﬁbweuém presnyt ntthe progimalpad afisaleuppoert stowesares

non- bi odegr da%%e:bl e or |og§g glab e . ner materials could be used for the
gui de tub WaRhputpn pITF ofglusigid ub'e can be any material if it is

fl exi bl e. enough to be inserted |nto a sheath of a catheter. The tube can be
a 10 pol y[|0ﬁ89]c' Thebadiopaaifidr oanferdexaafplabda mbhmlmﬁxhg/netals srwt:atiOai;ieaoPTFE

t ube havin n_outer di aneter. of about 1 0-2 mm
165 157" iftal S oy bt l8S dBRRS Bl OR RS TL FEHeRnat SFDRIE B S
0.5-1.5 nyt 1fhitedlto3nsed erm%tel; I 8V préht @ﬁﬁ@dﬁ?}n%mamgm ka® bBWsed Q’Q%JIIOThe :
occl usi on device can furthér conprise a second délivering means. This 15
second dedpavity.ilngherfitms tbaradidpecifiex eampbeinchrporatetb ke theegpolymerbemattaipt byl -t o

Chent b o piRatgt i ap spRnt i 0 b2 RSB SL IR Bl AR 1

f1 exi bl e £poyphw)ao kas ka0t 251 40089, 30, shert bs5.0fo, 8, ¢at, laes €5 .(wdk)ad Bhg b 't he
above gui de tube, however, t he depI oyrrent fube can be nade of a pol yneric

mat eriCal thiifdmsi are msevided avitho tasliq-gpadityefop snakang the-gaege visitipybyotisars of the
20 af t d |
2o b (TERSPRE S h B Bl PR IRPA I mdth SRR e PR TR BBl

usual |y radefieh be léys %@ﬁée@’ﬁht%d mohqwieﬂ to anp@t anEe:Ttl&Es tmld)in}aa’ff@uhgbf
di anet er - of about 1. 1- nm é
exanpl e attaemllyece pfﬁ?eraﬁsaoaﬁhq H?n]éFnGEﬁ %ﬁ?@#yratrs aBbetheo psrtfi 0 %PC@WOH 3

mm 0. 9- Iycl &Emﬁ?%ﬂféptlc}j)@ W YortlorPof e r}}%’élﬁl ﬁzl dls l%ugwwr{ bipfcrsebads ment

of the above as ect el1vering systemof t occ on devi ce can
further congpmk sémhdpetuﬁeevaﬂ banincreasantmwealze y logmmstiffeesstod theheraids pardibn suppor t

structure, The retrieval wire .c formalo run t hrou he di stal
support sNfuPEPE FEUgswes eﬁo%@gl} @Bt &B1 ]6tyt ﬁg @’lgsf)'é‘flusé%b ‘%?Vfce can

st ruct ur &imhkadeB@sly @e ifydbvedV F& bfanigle,! QRPHMA B thd 0e@sibf RIRRL &M b be
removed fromthe distal support structure, for 30 exanple, by pulling at

one end obluties qasted jcavhot-pugssesl wish rabeutt hde (etw) BeSDs.wl heeBpEOy glgalanances
conpl et el . IeﬁsrTSDE}/n dnog'lf-sttlcf( sesg]fr%é"w%%t ghﬁlo% GhURr Q. f gl‘é' gé?n%he E'?g cgﬁ&gfntq Ot he

retrieval any s drgiCal s Ut i e escCri

t he Izmadnamh whé e 49 (Goe} BasD, OMpratidling0fHa6McTpatdl The(ae4An mpp@sfsaru | y
be bi o-absorbable. Therefore, in one enbodi ment. of the first aspect, -

pol'ymer i cheprosimal sod thedistp] piwpeiisir@uresan be used. The di ameter of the
retrieval wire can be between 0.2 and 0.5, between 0.25 and 0. 45, between

0.3 and qT696]mInf Sotiex e Rifledbo M Brd - aspedy kien ovdligon ideeicPRAdltondilP
suture). The retrieval wire can_be housed I n the deploynent tube to prevent

that the spmmsisespedediveringySEdeHUl e eortcdepf Wnﬁwﬂwﬁmeéhmtenbf‘dqlwmng
occl usi on, 9%"%@;% 53(%315 iR HR AL te*agfwtceg (RS obdicsidd aétlc@w%tdegag% i

further ¢o nprise as a |onaI means o e delivering systema s
adaptasd- tgladenialthieBodt of eaiect, h&emhmﬁabﬁnﬂ&&ng,ee £.nptimdies gqcﬂthhn@hummst one

first del dth pt | 1 ded t 1 d
sle(rzgnd Seqlo\éggo Ql?f@na%gtgfqg%gd rats ean(()l unlg(tjl{-alt?es s%cl? res(,) glgs EE\ind rtl?e fﬂl(e%\tg bevtmrerat%d ﬁlhan

~ delivering system, however, does usually not be part of the device maintaining in the body :
of a patient, but can be removed at the end of the deployment procedure of the occlusion _:

- device.-

30~ [0091] The delivering sys_tem can comprise a sheath and at least one first del_iverihg :
L means adapted to move the occlusion device through a sheath for loading it into the sheath. o

Ll The at least first delivering wire can be removably connected to the proxitnal s'uppoa :
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100991 The above descri bed occl usion device of the first aspect including

t he above described delivering systemcan be preloaded in a sheath or can
be preparwo 2horo9psvel oadi ng t he occl usi on devi ce and t hePd@lSGeeriong4syst em
shortly before the depl oynent procedure is applied. Cenerally, the -

occl usi ongtARMIre ®ri the PAiS¥I Isholt sud@ek Raghowhb1g NeommBetbd1@heads thit &t @l bé zed.
The sterilization can be carried out by any conventional process as |long as
t he packaggowed fromhide ecclusion davide aftercthe ocglusipn diwine hgs aeamobitipael. The at

nventional steril,zation processes

le of h [
(70 st arrt SRR mORE it b ERE SRl SEE TR RS e BBl o
devi ce,w‘Ewpﬂrmg»ittahﬁfétpr@;bﬁlav@idiOteiyipﬂlghiﬁ%&ta@mec@mmdseal ed in a package .and
t hen over at least 6 hours purged with ETO at about 37 C, 20 usually

fol | owed addi.ti onal ETQ. purgi ng of ETO gas at anbi ent tenperatures, The
addi ¢ 1onal003A) ol izt S Sttt utinedisy caflop & 1ol v aE renovRTcogedis 115
14, 16, 11%1th891f0r>](%3a1_saﬁpd}f)&{f&turesﬂﬁﬁé AlnlovaBlAhndebed) e 18 adid ) /4@ fc@h Fornd & - ONE

enbodi-nent of "the first aspect, the occlusion device is provided in a
steril i zeldopaokagethrau@htbe proxvvdrsdppagt stoucturs eld dedloadipg otire is he lqopefornitit -

invention refers t | alternative 25.occlusion device for closing.an.
anat ori cafindsradartes 19 b5 whiyed Rop,thsiprok v suraoR Suuciite Sop skvpbler Bhpuifing
occl usi onat@da¥ ie®oPihe IMRIHEOERAD aspect is simlar to the occl usi on devi ce of
the first aspect and, thus, all definitions and expl anations made with-

respect t e first aspect are the sane in the second, aspect . | rder to
o i nel00e: Tt BiciBE NGl s T any SPEIPESEIRIn o) pRubabie OF

di f f er encggofvableN@ndrbd, HbsabaBRtsufirss & SREdeDSOmbterihiayitioh hRVbolerd Bowh in
greater detail. That neans'the occlusion device of the second aspect ,
usual | y ctéissuhalier a gimers periodoelr tinge, wiigh degendingt air thgimaterig] ¢ be digim fanrfiays onal

features and/.Qr._opti.onal enmbodi nts, as _the occl usipn. deyi “the first
aspect. IttD eil%ﬁn‘@%e%rs'eﬁ N %resg%}erta Hgtus (} ﬁlere{%e?]&ff? WQ%@BEP’&}I{? %&%&Tﬁg 6)36559
enbodi Nnenlye nesRbhble 8dtiréy wkieoridindlly ag@eof tieolntating aPfteepdiht Got datled.

occl usion device of the second aspect in the same manner and [n any, .
conbi Wat i gieuhs The majpaity od |ahserbeble sytiuees @ made of; pyathesis podtmer| erH 1yhighe

occl usi on, deW L Aedt BE rﬁ&fb@i@ﬂn&ﬁp%&gmg%[r’%ﬁoﬁerﬁ: affd R dr ke NyhdRtic

conprise a proximal support structure ing at least two arnms, a

di stal sughporbhblstsntutésire varinprhlaids @ f adblygbaslic adid,g@ldactie @itloracagrdscdne.
occlusion filmsupported by at |east t of these.three arns, .and.a i st
por t1 on OSBRI HETS? 836 SrFraDs JHe S AT, PEIcle ERCPERee e Sighor ¢
struct ur epody0Qd@2ke hSed RicPerSREOOEHFRIM skih Reo1RENBo&re, | WRerB A islRAresS SRAPBE t

structure and/or the distal 10 support structure can support a proximal or
a di s2tal mwoovedaber 4 fgwrvekks, oade sethe irngp pisyues én miichughsorbabletsutuses ae nebr e

arnms, the fil *an ext end between two of .t hese. ar r can be spanned over
fvo. "t h caeapdfte P e Bisel FirtSaotenth @6 b7 e B FRefl oS8R BaShANAEH. ©
scaf f ol d @bvdrhent Geglittsi HRBudley Whechasapy Winder titint Heess @k taSHRE thee apuhdr t her
conprise reinfaorcing neans. For the reinforcing nmeans any neans suitable to
st r engt hegopgh tipe te close.| Qthr ergansh Bkgythebladder, sopgisy fuids which gpake ahsprbedlgised.

The rei nf .0g: . it I | ARGt AN ¢ Lng
Funct | on SrphasgiRE atoly ] RIPIL, I8 RO e RBLAFTLAGY ThReflr e
Accorzs ngmtterials ussdfod nomabsorbdbée suires. drlei mest Ke@mN®nds e natral ffibec isilh Whikhs -
extendi ng fromthe end of %Pe wai st ?ortigg.w%%%h i? connected to bgg I

di stal supdsrEoes ¢ PRECIA) MANPRCIIREE PFASEFHIQIMAEA! ABHC AT TH WEIpSFEE: B he -
arms of - the Ao REORIsIResHPRRAE o BirikE LY FiBers, TITk& JfO@&ﬂ?&Ml&iéﬂEOl&lb%é%ﬁ@[b@?_
connected, e.g. bonded, glued, welded, or sewed, to t'he proXximal occl usion
film at ahpesngy ammigenatdene cdptingetnt enhandfe theéie penfaoxianed chaugspaisticst r uct ur e and
the mddle of one of the arns, respectively. In one enbodinent, all arns,
t hat nea lﬁﬁ%: i gl | t are
rei nfor cg@ O%y the rtg%ﬁ%ggé ‘tﬁ’gg ﬁgéﬂ%‘?&fﬂ#&gﬁg{a {)112% Hggnboggtlléentgﬁ{tfl tlﬁ]‘%& |d§ﬁ? g%Ce
bet wesdn tusaalRb completedy méroowddafier |linserticanobthebecchaiogiedevideaimtd e sterihnefa -

di aneter of the defect to be closed. If. the distapce.is shorter or equal to
t he maxi nifHHeE a st E@glag Wi CaRPEAY TR CHaTLre RSy qssrﬁbe&n%wﬁ@nﬂeqo%ﬁ s ng

means W |ﬁecps%alfilgtbe"lﬁé)-labé’grﬁeml@ THRR frleS Bt MaitRAImer o8 thel €t AbbdtapolPRkAC of
the ASD or PFO defect. ‘ C SR
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[ 00104] The scaffold, that neans one or nore of the proximl support
structure, the distal 30support structure, the waist portion, the proxi mal
occl usi orwbi2brwvengd6ét he optional distal occlusion film PcasGhelroaea of a
polymeric material. In an alternative enbodinent of the second aspect, the
entire OGGHésSIueR aflBylof Suiads dae beREE. dfhe iAW BN the I0MaInR WiRd canlhebeteed\O
2011/ 096896PCT/ SG2011/ 000049 pol yneric materi al can, analogously as in the
occl usi orf. ae&}d 8.4, bitweere0.25 ragd 0a4§pb@tiveelb@~3e@nd@rﬂ @inbcf@g@@ﬁmﬂﬁ @3pmm (e.g. a

bi odegr a .- The same polyner materials as defined
for the ﬁ &ri ael}i(gtﬁﬁ%iﬁ Z?(S)E)lﬁ'tnyeg‘sapect can be used. [00105] The' proxi mal '
support structure can conprise two or nore spokes outwardly extending from
t he mi ddI[GOQﬁ] tTe peabsiombiedoppbrtbe sbovecbspeet ean firtheatcolpase at waidartnse The
spokes ¢ nected . at..their inner t.h each other .so,that hey
6 b artgaBeH R 8o dRE A BT o ApEE R ey eis HougbEShER TR
connect edy i AbBIAAIR makt 61051 otyarenexﬁmlﬁ WhikR i hoSRszhidRRs fctxntheqratteﬁas es
the support structure can rP | e and can, thus, be adapted to be -

f ol ded atHowesier, anym;herecrfdbe efor@m@naomsi Q- bledrrgtedabiqa@ﬂ e10d¢greiaétlesprdamhr 10

o e S S5t B R s O PR ok By

r ei nf or CimgleATPR S flaXiBlehogiRthedihsdrie iftb @xshb@h o$uRBGELer. SItHeltﬁbéldSa@L bdde
arns are foldable inwardly in the direction of the waist- gortr on, wherein

the ridi nfrotymeres tvbersrallycmpdand & Wsasiablespatnerapedhinsiaf T Histuap haying Amavicye, a
j oi nt Sec&lérggt{elc%ga ({%t qu S%rl‘ﬂJﬂTX P{ QVMe(il 4t qu‘{}% V\f xmm]hh raerxgﬁ ab%raﬁkes_.

of the suppor ure he arns are I'n suc Rner t
they can 165 fnol,ded amviaed| Jiametep wfvebodi Y.5at.5t e, rﬂmltj GI[In,Wh.@FEltlhmy far e
connected to ihfﬁ’ joint section. Therefore, in one enbodinent this part of
the suppdEmeteraperul-8 e adapted to resist high mechanical stress. [00106]
The di stal support structure can conprise three, four, five, six, or nore

spokes ouyve6]di Theestmiimdeiicorsan Mitted eompdd ansccond fdehvﬂ'rd@l meofs. tThds
pr oxi nal support structure 20 as the at | east three arnms - and are con ect ed
at t H&i r sepis dRlGTig tRcaBa ROt FXamplfe bsper@se oymentyiibe AdARted do pYsh tthei

i nner.endg,. fuglogecﬂ:}rg:g drggfﬁl%tdl B suf I[l)ﬁort %ﬁﬁ&g{) gﬁ'tﬂé s TR m}@ﬁal%fﬁﬂ@r? |

structure can e an t hus pted to be ed at. their
i nner endk:ph)fyrrtehettme ran be obenyt mmenahifhtels |ﬂet<rblaemimghttdn be ‘ﬁtselrte;bylto t lskeadlr s
can be fol ded inwa dI or .outward nth irectio wai, st
portion dif &RAREteT ’r’i’i“ éom%twf)sr%%‘ﬂ?e h&wg‘f?rfg‘ gﬂ?lgylﬁﬁ?tr hli’eofnﬁ{l
section Gan RAyh&ie Hatrlay widvik 480hd-AaRUE &r the Phtidn SHEW EFer, Oc{nyscﬁﬂé&%ftﬁé the
support structure The arnms are provided in:such a manner that they can be

fol de® i mﬁenednsntt@netbu@nvhmdb&raéablt hebiodegredable miemér thateyialsrapuisobmussdear t o
thejornt 1,08, ope e this.pa re .
structur eh? 6385%‘?@ Ht% frrg %i © ﬁan r?errc@?'anr caltubs?t ruéléasl10 {5»%?6085617 15 éemériurrber
of arms igolynér, budmatsect)m tubeg»faﬁ ontwd&umoarotfasttrtucwrsemﬁem 863.098m} he- o
def ect. ‘For exarrg 207 if the tissue defect is a PFO (as shown in Fi

the def ec3t O oath, -1 syBdOpPxHPRISAAY! £-AEByEN Y IHGF diagtrs Oéﬁasufo@ ga‘ fPFo
def ect aQﬁl‘n,nét7 F?ﬁﬂnfﬁ fi§r, 19}{1, BrHEmple about 1 O mm.

25 - [0097] In a further embodlment of the above aspect the dehvermg system of the
- occlusion device can further comprise a retrieval wire removably connected to the’ dlstalv %
support structure. The retrieval wire can form a loop running through the d1sta1 support
structure to be removably connected to the distal support structure. If the retrieval w1rels
in loop form, it can be adapted to be removed from the distal support structure, for _
30 example, by pulling at one end of the retrieval wire. Since the retrieval wire is usuelly."
| completely removed after deploying the occlusion device at the defect, the retr_ieval vt_lire. ;

. can be made of any surgical suture as described above for the loading wire and does not :
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WD 2011/ 096896PCT/ SG2011/ 000049 of the arns of the support structures from
both sides of the tissue. Alternatively, if the defect is for exanple an
ASD (as swouwniivaee$9g. | b), the support structure can comrpriSSeodmo@adL! usi on
film In this case, the nunber of arnms can include 2 or nore arns in the
pr.oxi mal RUeRaly beibidlabikibl, TheRforBlih@neibolimeP Ok af first dspect dpd&rﬂbrlc _
support structure as long as the support structure can support pr oxi mal
or a di stwiressach asnygan Suturgs cee bpvsad; 3 be gllan[emnm}e netrieypbw e ﬁafehfbb@}”ﬁefht

o nel U SR 3! pESBE 02 A 095, HoU%h h P o P b e B BB

spokes, SNigbn &Gre3likeédPDS, 11G/0 utufy). Bherfeibeval vﬁreodﬁesce H'diﬁedlﬂf‘rﬂﬁrde@foyﬁm{(es in
t he proxi mal support structure can include, but is not limted to 2 to 8

arns Gr dpokés praigeh thes the wressareentangler desings ther deploymen onesedairg of 4be be
the same & f t as in the distal support structure. The use of nore
than 3 ar ClungLd%{/gQ can assist in fast unfolding of the di stal
occlusion filminto i ts expanded wor ki ng structure after the distal support
st r uct ur d0098]délfleoyastiisput doficet hie thehBest laspedhican dinther gfoniphise @b snaadddignebr t -

structure_can f.urther supported S shape terial for the
et o raehp ol AR RGTER, PeethPD B RERALR B BB FDlfbn bBlicd "
depl oy ”Eﬂhcluﬁlﬂg ROt 1Ehe oh@ Firgt @blitdigah s @hd BnhBy pRValedlrbiyiclalkeir@. rod
and can have the same formas in the occlusion device of the first aspect
The décl wsdspeomd|delivering Beangy ovi ded in the sane manner as was described in
the first aspect. [00110] In a further enbodi nent, the occl usion device of
the secongdogypeie it UrSsid wcmdmhe\amwrth&ﬁgtadspédﬂnﬁaﬁamgttha%uves |
whi ch can conprise a connector adapted for connecting the respective
suppor t giesmhedrdéhvﬁrm sw@nmnshe pselpadedrin ajsheasher eardroprerared for peclopding

portion ri,Ses f I'n .
Phi s contBRBe e fTere Rtk de e oRieFaRanG el T Sufulf BN 1 ' ¥,
sui t abl e %Ffﬂétheﬁe@illy?XBé%lcﬂuhyn hieniteny povided i ehpagagd whidte canbladi bent -

havi n exi bl e hollow tube as the wai st 25 portion, the pr Oi(l mal and/ or
the dibst aﬂtergus%o%e enilization can Be cpaied Svh By 2BY CORYENEOoRY b As longas the 4
hol | ow j qipf, r %@%cklﬁsfb?ed iddlie QrdifR1PSRIHTE. %ﬂd/e%mlgleséplsu%"pport
structure In | rection o e wal st porti‘on. The joint- e connectors
are adapt@)dvermobel stadBzatiab | procastes mrmh)ﬂaid owmide (BE Q)fsterﬂezam g aps:tamdaodl

either fr the. distal o I’OXI end. f th tube this
erbodi et O sl igiHTeecn T BEAbHEe Bt wifferquitont e deygain s for o
screw conpeghic@nn aoﬁac‘ﬁﬂg'e él{dqﬁfen%@ﬁﬁtcfebﬁrﬁ hdnﬂs PRl With FTITE aC EHRE B ioN
coul d be strengthened ing a bonding or ui ng agent, or by meldlng t he
par t 20t ogistilisy | ollomdmadd)g@égaﬂ@psmpﬁ cfol"g@zggs ED@mDIENt TeeparEpEss. Eb@t i on
can befor dt extend thr htheoenln t fe n n; '

t her ef or & logﬁappLF%@gF{jeptcﬁ%g?? resotrhl cﬁnsg *géggloé?l% nlajl ?6 Cl% 20 g
el-asti c enohghs, te@p@fdl@ramdﬁteh@lurﬁaneeétbrappeanmgnbdsmﬁlleﬂte@&as ﬁrsTht@p@l aBé icity
can be adj ust ed by common, nmet hods such as the material elasticity, the

mat er i al Y9slusionslsEice isprovided it hstenilized Pagfagehe t ube, and the 1iKe. ‘The  vai st
portion can have a length of between about ‘1 and 10 mm. for exanpl e, about
1, 2, 3, #0160] Aocordingd.to%h s&ondOasprrt, Tihe py&e@t inferitidnofeferd Ntoben: allttetﬂaﬁvélaw ng
a dlameter of about 0.5 to 2.0 mm for exanpl e, about 0.5, 0.6, 0.7,:0.8,.
0.9, 26.0, ocgluilonldezlcelfos closing an_anatomigal defect in @ssug. docasding to {he Preseat wal |

be. bet oot PublR: 880l HOEEYRE e RO M s Lhito HRGLGi0R geiffEo =G0
0.09, 0. lthe ﬂﬂstla'.ipec@ ah8, tHs,1a] d@ﬁrﬁﬂonﬁarﬁlexﬂarﬁﬁon@nﬁﬂe \AOchrIesp&t 29 theOfi0,

0.35, 0.40, 0.45 or O. 50 mm The di aneters. and th t;ﬁ/g thlckog.ess of the
connect ord$Pest A ghessamg Malheasseond aspset- L Sl ttosaf’P’Gc MeRetLioR o FHpR 883 0 t he

i nner di %Eﬁéreqp]e&ﬁ§1 Wﬁftyst Efﬂ‘e&ér&@s ROhk Rk n]ﬂa%y arkldesdrBed lﬂ?th\é’%lﬁwﬁ K ion.

The I ength an ness of the con tors are adapted such that
t he tamt al grbz&atgcﬂéna1bfTHaotrfea1psouhetosc]uﬁlon ldevice nﬁdtets@pend sspadtushalhgesn hdvarthe he 15

| ength of the wai st pm%tlon but eno ta b cnnected/vvlth t he wai st
por ti on SHEK tRFES t REMEEHin et eB‘ﬁlsdo b heRn ety 4ty PthBtb%’raéu on.

embodlments as the occlus1on device of the first aspect. It is needless to say that all
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[00112] In one enbodi nent of the occlusion device according to the second
aspect, the occlusion device further conprises a delivering system Simlar
as in thewpi2psfo9esdpect, the delivering system does usualPCF/SGR011f00¢049 part of
t he occl usi on device which remains at the 20 defect side in the body of the
patient, dambodanhtdexdmilificddothe it epdctodould1Be dpplicanarnd opeleaenldedcObrf t he
occl usion device. [00113] The delivering systemcan conprise at |east one
first delthgsacpndjaspsetis theisamemannst gad & aycogthination @ idgioselusinn dagpe af
sheath;‘qﬂgﬁ% sdeath. I'n_one enbodiment, the first delivering means can be
a rod renova fyIthnected to the proximal support structure. 25 Renovably"
connected in-the context of the invention neans that it can be connected to
t he proxilA81014 dieoodtclesionudevice dfothe| ssaciid@spdee covptisesi anscdBoidcwhiaht cart he
sheath and for deploying it at .the tissue defect side, for exanple in the
body 8 &OBEF P Progpal; prpal s SORBTRE AT KeT JR] SRR GBVT CUPREFL or

the occl ughemrdEdthsiisiklAst RERThee kRS bhy aRRSL6RARMN TiRe sdpposid B9ldt Vaki ng
means can nove the occl usion device or the proximl 30 support structure of

t he occl uwoed thiseitlyee ammso antha Waést phiwniconneciog thsf prokienal lsepnort. stivstreererd - of
t he devi an, be acc | i shed, for exanple, by pulling or pushing it at

t he proxﬁﬁ%ﬁmékﬁngﬁsﬁﬁgu(?rst delivering nmeans is engaged at -the proxi.nal
end of the occlusion WO 2011/096896PCT/ SG2011/ 000049 device, it runs
t hr ough - t[AG1024ITh ohs teatbedinment e mimdsi b€ theggrokioml sfipndrestdictiraland/op plor distal -
structure and, the hollow tube of the waist. porti.on, 0114] 1l n,one '
crbo e rEDBI SHECHRE G HBPTY drimRE M And: Hes kU AR B barer B8 RIS can
be renovablyuEORRaRice @r inré BEnd)tikiofieh S8CEE Whwbdherwdy sPthéRlarBbpPedd be
structure. The rod can, for exanple, be engaged by means of a quick-fit

nmechani sipainedyver 8y 8Wph doweehiapiesns pHihe Saprorherushéat h can be a hol | ow
pol yneric tube adapted to house the fol ded occlusion device and the first

del i veri ngoiiMhe stholahstahd ocdisibe dleﬂﬁ@lé&@(ﬂdih%tt@ tie SRbAChect 84n fgthkver i ng
t he occlusion device to the tissue defect of the patient. 10[00116] In

anot her eebwdisereeinfor¢ing nepehs. For ithyy reiyloraing ssapy ivemeanssaidobld tdstengthemg
means .renpvably.connected to the distal support structure ﬂgg a to
nmove .]tsher{g% CSF@élftXnoﬂng/q e ?loﬁléwophéé% tléllaét ﬁ&oﬁoet%sre#mwei Trhac E%I %eggst he

sheat h. THaeitbasiontelgabi svengthening arsamaorife fimctieplodyhe at lehth@oadmptaedhd 0
push the occl usion device with the distal support structure through the
sheat h. THeximgt skicap! Hikadelhe Askpidiig i B rerefodiment) they esiniglsig meafih&'can be

the same r@ﬁlﬁg@ﬁg Li%lﬁﬁ qexfté?)gintghﬁoﬁli the end DR w&lsg g@ﬂioﬂl WEER A LomeERR Qg RENt |

t he depl oynent e can be~a wire spring an n conprise at Its tip a
connect i niistafesdpportwitinchure go atiapirexiniad obelusienoiiabbyprooted diyt 8 twonst bé thk st al
suppart structure of the occlusion. device. In this enbadi nent,  the

occl di orPrereieL SRR HEHTE: The Epiaang, fhs, ot PF SGPEGTE: heky PRI Eledaded

exterior $yadaee saRel, thehe prRaRil JtgIBAEM &84 position between the center of the
proximal support structure and the .middle of one of the arms, respectively. In one g
embodiment, all arms, that means at least two of the arms of the proximal éupporjt str_uctui‘é :
~ are reinforced by the reinforcing means. In another embodiment, the distance Eét@eéh the
25 two reinforced films cannot be larger than the'maxzir:num diameter of the déféct'to’ be '
" closed. Ifthe distance is shorter or equal to the maximum diameter of the defect, the wéiSt,
portion and the reinforcing means will be fit well within the tissué defect, e. g the atrijall -

hole ofthe ASD or PFO defect.

[00104] The scaffold, that means one or more of the proximal support structure, the distal .-
30  support structure, the waist portion, the proximal occlusion film and the optional distal -
' occlusion film, can be made of a polymeric material. In an alternative embodiment of the _

-~ second aspect, fhe entire occlusion device can be made of a polymeric material. The -
| - 25 | :



20 have a threaded interior surface to engage at the threaded holl ow tube
of the distal support structure by a screwi ng nechanism This enables the
secure cowmpeoti/oomdef the depl oynment tube with the occl ugcomsGdemioo@4giur i ng

t he depl oynent procedure. For exanple, the depl oynent tube can be used for
novi ng -t hgo1pMeris faRiatem Q@aksgyu@ryglla ift B eatubih @eyic® of he RaTspdcrbeqf ndnbe
tissue defect. Alternatively, this deployment tube can be used to depl oy
the 25 folbldé‘tgr@ﬁabieabr b@ppgmdabéez pgb/mﬂre)rmaolwmearng@m polyaner hpatpradlk asi de
of the ti atr ide. A further alternative use
of this s‘iihglﬁg? d H%F"ir,‘ﬁ& r?é}é%%rs pf‘ht Ca?(lgﬁggﬁ%tl oning or retrieval of the
occlusion device, if a repositioning procedure or retrieval procedure is.
necessar y[00105]t Hhes prcﬂcgaaldsuppbﬁ sacand @el ¢congrisagwoeansnararspbkesusatsvatdly pul |
back the di st al p ture or the total occl usion deV|ce|nt t he
sheat I? or X HEREERGGF midyies progimal Sepog Srusdife AS sVl (g LA : AhBe

depl oyed @ok&sh@anc&r é&ﬁ&&@d ROSe lifter lefdd Wih eh&Sbiiees Bt th@g edl aké | ,eved
to be replaced by a new one. ~ WD 2011/ 096896PCT/ S&G2011/ 000049 [ 117]- The
second despokes y apdresl. o”almerﬁatrv[eberth@epcﬂqes sen depwinpeated ¢0 aubrldlef saction ak Ie a

Wi re sprin ich can .be mat eri al . re.spri

gener al | y© ’%Pﬁhf)ﬂ(émteﬁﬁgﬂ% Ifr{g’ ﬁbcaégss qgﬁugmgé?t{léaureﬁag%gg?ﬁgw%Iand 68‘3 t r| gl d
enough tobé)bi&iptéd‘ﬁ) BEGbIded QN tilaY ink6r bAdsOof IR 4rBBNOCHd WRelabié itorh sﬁe@m18]
According to third aspect, a nethod of closing an anatom cal defect in a

tissuld i nthyehmghe Brms @@. bﬁgforlﬂ:ﬂd inwaidle ar oatwasdlyoperintbe dsevioatafithe &vafst ont
S' de and a 19 K %{Ngle %ﬁtu ox{lgn pIrnOc\éEéj?eqnf&&naé H‘leﬁqb%?snérg)&owa&eat ?I ent

"cl osi ng A ANAt &M de ecC an nean

in need oOprogined saplﬁdreaﬁrﬁmmfe tHe a3 dve faldable iwwhrddy iretieodirashion @fdhé eciss at-
ti ssues outside the patient can be treated. The nethod of the third, aspect
10 of themm@rwlaeéﬁnéleﬁm forcing members san be fided, siputigneousineAs AN RREHAW ch an

occl usi on, ?oe;f/ SELALCRT (1 ke ﬁlfﬂ%vi]bﬁ%%g fhtti'l@%nlﬂ?%i:'s%({k%g'b?%su ¥ N9

t he occl us vice throu t’he sheat tot e site of e anatom

def ect5 bystusturg "ﬁhajaimsvmmgwdﬁhm; suaima lrrmg}nemélaptlmxl aan| bestopedr inwstdlyl ©1r ure
of the.occl usn vi ce. out .of the sheath t h the efe f] t he front

o de ot oAl oSSt ute ¥ atmiotinasted EHR ot Sedi T hek Rt ol oor

St ruct ur eepko deththBisfpa R 118 sﬂﬁp&f sthlt@urk iSataBtell @0 dsRE Elghh@ecﬂ@lﬁ@&tstréd’som t he
front side, V\nthdravm ng the sheath to rel ease the waist portion in the

openi. ng aﬁg é‘gf as t he di st al port .struct Lij’ % t he back si dqﬁof t he
tissue, 1001ty tS‘FFé’O&l gf‘%urg& gp{npgfer HEEG e IVER X o 0T FIOLS SPP GV ce
at the an@&t@/ﬁ}cﬁﬁéxtglﬂlﬁgﬁohpa ﬁﬁd}ﬁ@séchgn @?ﬁﬁ%ldﬁfeqmtﬁé" roQﬁﬁé‘l sappift fiuchie

tissue (e.g., right atrium RA). In the context of present application,
t he t2 m dstbeoianlpastthige ormes ambaremnmacml at W@euz@m@emdc‘élthteaqhmhcr g he xpales

neer 1 ore P RENETE! HFeh i Fal 1o BHIIE SEARl RYRERRERH 3R o1 "

the tissugipBbrt istigctbitetjaf e fb1able ahd @&, &Hus, b@@dé;%d ionbet ibﬁieﬂta@ﬂldilfmﬁavdnﬂg t he
occl usi on devi ce out of the sheath and throug the front side of the

tissue, ief the asms ke beipssReblerato 2 ﬁheaélhéaterpbgo&e PRBOHGHPY Wédeép'@ma%ywm e
the 25 pf&qi{wgﬁhy,%lépﬂqo{ %;dile& { %\éﬁt s ‘%’. &]ﬁtﬁé‘%fsh SiohNgs gheat h

is at th ront”’side of the suppor structure.is
nmovedd2sout altendtive, $ jodat d&ctldrﬂéhhz&] mkesgraally mbmkdd mmgﬁthemfwﬁlhélermmhod spdket oif s -

aspect, .the proximal and_the distal support structure an suppo ’

proxi mal &f SR M BFR P’i"é&%@dﬂ%‘/‘@hﬁ rppef i 1B gon %ﬂfifﬂ%x. el

gﬁcl usi oninliabdly ict SRWERY A08hDPbsitibA ke t]?é}péfe”@éméé'ﬂéﬁ’%tthétJBHﬂ?ts‘éEt%rﬁ”d
Therefore, in one embodiment this part of the support structure is adapted to. res1st hlg_h ‘

mechanical stress.

30-° [00107] The number of arms is not limited as long as the support structure caﬁ’_close the
- defect. For example, if the tissue defect is a PFO (as shown in Fig. 1c), the defect can be .

B closed by pressi_ng the overlaying tissue ends of a PFO defect against each othér by means - |
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30di stal occlusion filmis noved together with the distal support

structure. [00121] In another enbodi nent of the nethod of this aspect, the
met hod cawoapti/ssebl y conprise steps of retrieving the ®@CTISG0aRI@8Yi ce out
of the sheath of the catheter after the 30 WD 2011/096896PCT/ SG2011/ 000049
pr oxi mal SUBP Qs D HE sippBrindicRE&NT6 Bl /AR %Qieﬁ oPMhd hissushAREMativay, ﬂ”tﬁém' €

i f the .proxi mal support Structure has been rel eased before noving it '

t hr ough tdﬁéequesf’@ctexmplehe Pcﬁ&(@lshgwppoﬁg db); tlee snpporiatiugerecansbemsisiamt  t he

front S|de gg ﬁ} 2@ fretrlelvm he del i verlﬂ%sfste can
conpri se (t(t‘f - P05 ByT é) B (RO REudRg PEROR 4TS HRPTEHER 1 of
the cat hegu@f)ox@sduaﬁﬂenﬁ %mwe%@h 4B bskesl @Vihe @idt4l shF@)rﬂgxﬁctﬁbes longhatthéreans,
in-one enbodinent that if the retrieval of the occlusion device is

necesSar ySUPROThalipasre|cas Panpottaviredimaberis disie] pechisiandfilan gespretivebpl oyment
procedure needs to be repeated again. [00122] In a further enbodi ment of

the thirdogsesah anbiiRr ShBBdident e&mpﬁé{hg\gr hoecsitsits QR IERH FBnS Wk GRIRPT i Se
the steps of w thdrawi ng-the retrieval wire while holding the sheath ‘in 10

S posi ti cuppart stongeresian hedudedhdupisaot hindited mtp)pcsnpp@t stoestune evitnditoB arme odli st al

et RS Sieh® 14 B Tt e R e R b RS B B vt e

second defup p&t bﬂa@ctmfwﬁ ufcqtmaesﬁtqsi nbtalirhi&l @i Bioad arsmeRRApbkes! SudhtabiBe4.t%) 6f orce
either the total occlusion device or the distal sup port structure of the

occl Ui o/, 8 FEsisEckokastandiage betibasame e5fEBINS ]S it hesdlstals%lpmrtt l§iTACtEfe
above def”l“lpl ts'e%rf.'mor ﬁlgﬁ é’arag%g od t40arH1§ aEIQSSlaC]ﬁ ésﬂn?i}d (ﬂl%%{;lctﬁe stal B‘Scﬁlél&ét

aspect In a ransca sure O an anat om ca trssue like

a septal filaf @et 1t@éxpehwitwonkntgtserubm afte@nthd diletal/ﬁﬁ)puﬂafru&y&tlemzpl@ﬁmcait oflef ect
can be in_this context any defect including, but being not |limted, to,
atrial sdpesheatls Hetoédmwfttbﬁ cdistaly supppit AtrugiRre Cpy Turthar ssyppeytd: by using a

arteriosug, ap® AR R efrﬁLﬂ)'f‘?ﬁler é}t&s'tsfa&ﬁt&%@f&om gveregyérgﬁéueﬁ@%%%ré of

an occlusio evi ce o st .aspect which is c he third
aspects ofdetptno'nmnta\sent invention conprises in a particular enbodi ment whi ch
is shown in Figure 2 the steps of insertion, anchoring, optionally '

reposi tigg bi‘&béclft%%hﬂ% URRQBEL kL s%ehgrtnggkgg RSO CGHIHSL B AR gy OF

the first asp assovvnln I'gure I|ver|ng system
descri bedshefthe ehﬂuuion dexdcd betherfatt aspectn@he hecl@bord éilmy eari bg psywsdednm ther t he
Figure 2, the procedure,is.d scrlbfgrd on the basis of an in vitro nethod,

wher ei n aRMSI& baﬁ‘ﬁasadetgf‘ré N (5 I0SY aSPECte| osed. The method general |y
conprises the follow ng steps: [00125] 1) Device preparation [00126] The

occl usi or[Odlam]dﬁ < dirtlee asiselitbed thd bbclidien delicy exfithg ssy@idemspett. mcludie h t he
ggLng?plnggﬁr\omphgé 2?; dtlsrte?l sulf)lpgrat ér‘ﬁ%r&% 1cht Cha% éoerrtlprlls%\/a? Icor\{\'inerc%r ad2 %)ted af[dd the
' connectlng the respective support structure with the waist portion. In one embodiment, the -
| - waist portion comprises a hollow tube., which can be a flexible hollow tube. In this conteXt
'ﬂexible:' means that the form of the tube can be changed to a suitable amount, for example ‘-‘ j .
" by bending or stretching In the embodiment havinge flexible hollow tube és‘ the waist
25 portion, the prox1ma1 and/or the distal support structure can be connected via a connector - E
- such as a hollow joint protrudmg in the middle of the prox1ma1 and/or dlstal support :
- structure in the direction of the waist portion. The Jomt-hke connectors are adapted to be u
insertable into the hollow tube of the waist portion either from the distal or the proxirﬁal ﬁ
end of the hollow tube. In this embodiment, the connection can be fitted by a quick-ﬁt

30  connection, a screw connection, or any other connection. In addition, the connection could

be strengthened by using a bonding or gluing agent, or by welding the parts together.
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as descri bed above or can still be provided in a prel oaded state, for
exanple in the formof WD 2011/096896PCT/ S&011/ 000049 bei ng al r eady

| oaded i rwa 20higmbd96(14) of a catheter. At first the | oadCmEGRITMOEIO) can
be renovably connected to the proxingl support structure of the occlusion
devi ce.. TpoF11gamel waisteoatid eande femed RY exabedh@ikdupdh thé 8piineoPthe itdeg athe
joint of the spokes and the wai st portion as anchor points. At next, the
| oadi ng wiangtherefiyre bandiped tostbe tieghei thickness guithg¢epenibg of tay be elestipengiugly tq he

| oading-wire (10), through the sheath (14}, during the jnsertion step. | n the
enbod verfeSRate g e et it Ny o R e ek iy e nmh " 1)
are not sheneds sieheNahe nididrial CRBLIES, dRS méadlial fIOeRreRe thi gullahidknab@fehat the
| eft side of the occlusion device the loading wire (10) and the gui de tube

(11) Gonrtube, aad ths likee The viishrbrtionspnhevesa fepsthirfdbehyeenshoyinl andy1 gy rfar 3¢,

t he guide.tub 11) .has, beegn et el ~ (14),
a1 ot P BRE: NPT E 205 ok Sooan 1ok fBE whit BORRE Rl BEp R ilent

t he gui dejiiméer 6fldhout AS e2.0enmy & exbhmple] absitens,d.6,a0.7,e0.81 0e, i.0sentlan .
st ep. L00127L In a next_ preparation ste%, the. retrieval wire (.12) can be
removabl yl-3ohfletSed 6 3% He.di- St &l 2-8upporite syall thigknessaplythe dubedt ithe wast -
depl oynent . f ube i te AR LS i e.af o Ei ) ol |- as
i gur domgtP R, Bant toinf 0T 306k ' shhshy Eg) B e o0 e RSB g
Wi T eh](010)aé)bﬁtf 019%00.0@ apad, 10.000 6. 10£0.11 BiSh. b B OC, 0r2120.23) @28 G2At0e29; B30, and
to the end of the sheath (14) of a catheter beginning wih the proxijmal
support  sE3uGth 8:45 14 R %’R}?e Aranepers §”ﬁ“§ gﬁrwﬁgwl%ﬁﬂgt#éﬁ?j?%?tgﬁ%lﬁg‘?at
StruCt ur &y, linf1 Gt m%ﬁfupébﬁ HrlcthhrdiBtel fo {21t R AR FRITth SR BisOOILISOT
exanpl e, ‘a sheath usual 'y ‘used for heart 20catheter applications Tike an
11F sheatso.thft0a30K toAht waist patiemt Thedengtb land thervalbihickaedsad threeomnpeigsrared -
into the sheath (.1 t he | .qadi i r.e. (10) n _be renoved ul,li at
one end oqd_aPtﬁé SP&bﬁ{alt &Waalﬂgl?ﬁﬁ? %6\%#1} @%F 0 fﬁ@ - CORCCORHBVY ?Xrtgﬁrelhgaﬂ ﬁgee tube
(11) gan 1ghgiHlorAMERUSE Yorin,! BRIYEH eddu@ith e Rafddisl Withdly vaRt pbrtiohisscist ep.
The prepared occlusion device inserted into the sheath (14) ich can 25
be put ‘i rthdt theermmestianedass pet bestizwnpecded diringpelatigBed as cat heter sheath is
shown i-n Figure 3d. [00131] The occlusion device can thereafter be guided
by pushi ngoii2[WhidhetdibodBREMIOTRAE obtlifod ¥dVicé Acdddingnsl tRS sddbRd akyrat, hné 14)
whi ch can be shortly behind the opening to be closed, that nmeans the sheath
(14) -advareshsioactesiss futierqpamrises & delivramngtsivetepy Siniterl as30 the fpbrspest.thet ur e

S0, DGR oL 3k bl B3 BABRE B SBeBBO g

Anchofo niefect side in the body of the patient, but can be removed at the end of the deployment

procedure of the occlusion device.

[00113] The delivering"system can comprise at least one first delivering means adapted to .
e move the occlusion device through a sheath, and a sheath. In one embodimehf, the ﬁfst ‘
. delivering ‘means can be a rod removably conneéfed;to the proximél suppoft; str@ctute;
25 Removably connéctéd in th¢ context of the inventibrj fnearis that it éan'be COnﬁé¢tedft¢ the j
- proximal support structure for 1oading the occlusion device in_tb the 'sh'ea:th} and for

- deploying it at the tissue defect side, for example ihfthe body of a pétieht, but it ca‘lh:-'l;):ej e
removed from the occlusion device after the occlusion device has been co‘freCﬂy
positioned. The first delivering means can move the occlusion device or the proximal
0 support structure of the occlusion device through the sheath or out of the sheath. _:
Movement of the device can be accomplished, for éxample, by pulling or pushing it at the

e proxifnal end. If the first delivering means is engaged at the proximal end of the occlusion '

28



[ 00133] The occl usion device can be pushed through the defect to the front
side of the opening by neans of the depl oynent tube (13). After the

proxi mal WORporawesdsr uct ure has been rel eased fromthe sREASG2(1UAPI049 he
support structure springs open, for exanple, springs inits originally -
unf ol ded sdvafReit e thidughehSRARY BRI theRhiAER deti®H of the dised] Stippirt @fucture
support structure, and, thereby, unfolds the proximl occlusion film
Ther eaf t emdithehelipsntube 0f he vagist fOREOX et ri eval wire (12) are held together
and both of themare pulled back until the unfolded proximal support

struct-ur el RS R" doditherR T tHS HAR dbiil AnBayEnR /R RAOHE AL Be Al roliRphikl ONt
side, thereby sealing the defect fromthe front side of the septum The .

correct 1@npgsstemogably annixstedhite che thiddle seatimopddhé proximalcluppomgirpaie’ The bot h
of the sheath (14) and the retrieval wire.(12) f_the proximal support

Ot e Bur GO e xaRBIc PE SEtge i Tebi SL GRck iR oy Dol TP BShback
is felt wheshahfdg. proxi mal support structure sits against the tissue at the
front side of the tissue. - [00134] The. position of the deployed proxinal
support str e IS shown i igure 2 in 15the section "Anchoring". -~ ..
[00535) AP0 R ok ndnicop paaroflp¥uned i e PO Or o D Brb o Qusies
exanpl e- rgheasgth WMORM Yelif Qinge¥RIR. erteSsHiath oS BEUndcie@Uad hhatRRENHAY,

but has.been opened before the defect, or if the position of the occlusion
devi ce shdaliverilgthe@pdusion derdck witbe tissuadofebicrf thepgienf. t he sheat'h (14) can be
20hel d in position while the retrieval wire (12) can be noved back, e.g. by

pul I'i 04, 1t ce; C [FYal; i i ealil erih H0137]
The oiebg | @P%fnmd[gv%lgfé&? hﬁgﬁc{aﬁgg@’e ' cg%ﬂf{eﬁ@g %Ste?ggﬁrgkg%@vé E ﬁcozlan(gévlv&grcl% usi on
devi ce andednserem@vablyhamneged ttegh¢ stiggl ppoft sthetwe cindsidaptedetoi oove dhe be

performed again. [00138 Seal i ng 25[00139] |If.the anchorjng.is

sat i sf act SEPSIORof I‘Eeng“%”@ﬁq{ f*&/g‘?ea% Pe ‘{f‘i‘}vei h %Ei?‘fooﬂ'ea%ahhmet ﬁegond |
depl oy mendelit b€y frbdls &t deplAGRM Sibet etae?&!h 34 plisISthRRREIsiSA UbEtsvthang t he
distal o' cclusion filmwhich are still folded in the sheath (14). Wthdraw

t he sheatdistall gyppottr sthesture ghroaigh dbe sherth.whhe masesial iand, the eenfipenetion igpor t

structure,and th i stal ,ocelusian fi,l m.fr e th, . Thereb VAl St
porti ]g;n; i%ep Orygt%lﬁtt% £l Rettﬁee: Sgrﬁlgn?sngesacﬁ e(fﬁ%e} (q-fes %?%ssﬁ%:f)’or 'alg@g&e%{l%gl%’%\?e is
al'l owed  t@nboddhbiitg tiauteiayrhenl tue epebe A Wik Sfhg ) caxasmpse beitsraipaged by

a WD 2011/ 096896PCT/ SG2011/ 000049 sufficient rigidity of the material and
the respe®nneingt megker whicheistadapied totba eempvably anapeeddadhs distd puppetes of

the r.espes(ﬁtd.c%{l?e SERRYct1uSibh Webidt an TR %Hb%himent, the occlusion device can have at its
_ : rear end a hollow tube heving a threaded exter_ior surface and the connecting member can
20  have a threaded interior surface to engage at the threaded hollow tube of the distal siipport .
' _structure-by a screwing mechanism. This enables the secure conn_eetion of the deployment
) ~ tube with the occlusion device during the deployment procedure. For exe@mpl'e, the i
deployment tube cah be used for moving the occlusion device through thecat'h'eter.it‘o the .
~ position of the tissue defect. Alternatively, this deployment tube can be used te Heploy t{fie |
25~ folded distal support structure and to arrange it to the back side of the tissﬁe defect, e.g. the : :
~ right atrium side. A further alternative use of this second delivering meeﬁs is jthe ﬁ ;
repositioning or retrieval of the occlusion device, if a fepdsitioning procedure‘ef retrie§el .
procedure is necessary. In this regard, the second delivefing means can be used fO' pull
- back the distal suppo_rt'structure or the total occlusion device into the sheath or the czitheter. -
30 Thereafter, the occlusion device can again be deployed at the corrected position in the

~ tissue defect or can be retrieved to be replaced by a new one.
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1001401 The distal support structure automatically opens its folded parts
such that the distal occlusion filmseals the defect fromthe back side of
the ti ssuwoO20i1tmss¥at i vel y, any ot her unfol di ng nmechani s®Ct&G2d/008088 as

| ong as the support structure can sufficiently be unfolded as it is shown

I n the Fi gyl £7]und&ecddiadilv & mefd!chi dirthel Q&%ﬁﬁge f?ol?ﬁ@ﬂ@tdb@, for @WaRp18, a t he
di stal . .support  structure closes the opening fromthe back side of Ighe

def ect. [90d4aingswhivddan be Rekle ofe ablyhGroodaajall A witespding tisgenstaplydlexible
structure has, for exanple, . acci tly been.rel eased behind the defect in
Step 5. (HAPEhs ey TRET B cres Br EREEISRR O PRY PEOEFIAR SRFE (12)
can be noueANS AGKect®e Positiby. pul ling action, whi | e hol di ng the sheath (14)
in position. Thereby the occlusion device can be forced back into the -

sheat h - (14) by using the rimof the sheath to fold the support. structures
agai n. TH@h,luﬁh%CCBE‘g?&léq B ihibispee. & Mmethpd olpsingan apatamicah BeleatsiB acHSILF on

devi Ce’-aﬂgclgﬁfn %R!b%?%& liHﬁt%?%]% ﬁiﬂg%%ﬁrﬁéctiﬁ%giﬁ%nwsiﬁg asd §Back silO0d44] 7)
Renoval o e ?verl n S stem|[00145] If°step 5 has been satisfactory; the
retrievaltissne & prb2idedam thes centestethe teon “eboaimgl @ alpyomidh! defgcritcanmeeanna  -of

the retrieval wire (12), if.it.is in Jooped form Afterwards the depl oynent
tube. ( 10) el TR AR Retieft ieed VB St BN RIS Fegh VE0SOGNTE par (s
of 20 t hey gl lg¥REisNY ti8MRE gmsﬁi@dhé 9at]l;e%a¥ﬁ1 bOErefes IR BBHES VK AR thitd iakSect 0! ded

wor ki ng structure | ocked by means t he proxi.nmal supﬁigrt structure and.the
di st al0 suyfbe inventierccamperisss the dens oftpreviding raotheatyiiote whigh enecelagirn devee of

the defect, respectively. 146]. The depl oynent, procedur f ap occlusion
devi ce of 2FHe "ﬁggté’ot:l?a ﬁ%tpﬁegga}?ﬁ ?’kerf gs &%dg I%%V\}ne% Lh(f Cf?uts}%l- ‘feﬁ?cré(fﬁgosu ggl’-gof

t he presejhkathniveriei G OWY wf®Gmichl defar by aisnar a 2klieeldiniend, Bovng the
Figures 34 a -f the follow ng steps: a step of paositioning the sheath

i ncl udi ngPreKE SPRRSE BEUEHULS p%ﬁl@d@@lﬂé@nﬂevwﬁ@% pEtigeshgath dhrpugly Hhe dsifest; te -
34a), de i N0 r.Qxj ter ANC : At S f e
doi bot by @ HoRPLOBE Mo ITE o APRQlhn? AL WIS BE d¥tolmileuifullink 8,
rel eased 4tsleefréntgides f3Hblissuanclosd thg defeet firh ohalfeantmidex ivithdrasungpihe tsheath -

structure at, the front side of the defect (see Fj (Lilre 34c), deplo inﬁ‘th"‘e
30di stal 'QuUBisEICtthE alsE PoRtendR thapepligandte Sgpsedhdied é‘&’cpoﬁftlﬁgﬁuf‘%/ #d"¢ he
sheat f“ -bagki Ykior thtRsud\Gnd 931;16999 BROGGET REP0 rRQARR4T the occlusion device at

the ana't;o‘mical defect to close the defect from the back side of the tissue (e.g., right atrilim, |

RA). In the context of the pfesent application, the term “moving” means either pulling thé ‘

ZO,; - device at their proxi'mal‘ structure or pushing the device at their distal support 'pértiq_n_ t
3 during the insertion of the oCclusioﬁ device into the sheath or in the proxirvnit.y of the tissue ,

of the'silbject to be treated.

[00119] In the step of moving the occlusion device out of the sheath and throu_gh the front :
' side of thé tissue, it is either meant that the sheath_ goes through the opening while the
25 - proximal Suppoft- structure is moved out of the sheath or the sheath is at the front side Of "

- the defect while the proximal support structure is 'movéd out of the sheath. »

[00120] In an embodiment of the method of this aspécf, the proximal and the di:fstal;l sUppf)'rtﬁ -
- structure can support a proximal or distal occlusion film, respectively. In this case, .t,h'e e
proximal occlusion film is moved together with the proximal support structure and the

30 distal occlusion film is mo{/ed together with the distal support structure.

- [00121] In another embodiment of the method of this aspect, the method cali optionally -

. comprise steps of retr‘ieving the occlusion device out of the sheath of the catheter after the .
. 30 _



di stal support structure is released, while the folded distal support
structure will be recovered into its original formdue to shape-nenory
ef fects (we28himsosn Figure 34d), anchoring the unfol degCaissted1/osappor t
structure at the back side of the defect (as shown in Figure 34e), and
retrievi n}%iokiﬁ‘?al depporesthidelrs %8 Bebn(r8REscl fEiHh ene3dieath! forfixapR iBthe prigimal
deploynen process i's described at a nodel, which could, for exanpl e, be
used in asuppert\sttucioirerbahdeen wessed rhefme apevinggt ’throegh ithes defe@gﬁl‘eyl)e distal

Gorar byt bttt bRt & M Pl SRR oshe R e Sed GESRER b0

i nventi.onddliveRs sydtéht@d doprilesBe PO @if FermieSingnte tdaelusbhldeeitenﬁitsg‘rthknows
several nodifications and equival ent enbodi nents of the 10occl usi on device

when donsshgathi afghe kethetisooed deingialney elesdusianpdevass Bf the mext #erenkhiabmeappon 48

FIX ?g}[ﬂ : s é%ri lﬁ%ifﬁgaﬁﬁ%\ﬂy @}? r t’rle%l oetqge g&cﬁ? %w@é %845’5'2&& Oepnéw \6 @% %& the

een ad] us he use’’as an

occl uder . dédhh@ rRedd tdHeaRedignd tthe deﬁlojn’ﬁblﬂ pecmednemeeds todRpPepeard againr oxi mal
support structure together with a proximl occlusion 15 filmin disc- like

O e or OOREAIo S, BB “SbodBieh? o b itk o e LG RhRB L okBE Gr

radi opaci ddvide cah REmPESd theis@Ps 8EWitBEra®ing! the SetBERO diirgaiild holdihg rhecsherthrns es a
wai st portion (24) connected to the proximl support structure. At the:

ot her10si t posisfontthdongaeiherbe proemnqlzmpport preucirg /oethg;sb?ttl S§PIPQJ“€:§tHFCéuf? &et her
with a di taI occl sron fi | e. 20
wiih a0 Bk akoRggh HRLRDoR Bd fethen! AR, (Rt SifO0BS ket Ltrihe

proxi mal @LﬁQﬂyLkﬁitlﬁHTa\fvhﬂgrthe séwndaieBterp@rheams, coarlitd:tédhﬁ tte gisedl sﬁﬁi}fdncitttrcaire parts
i ncluding the distal occlusron fi]l mhave been adapted to h(gp sitioned into
the left @tforensithenthe fegpyselasion fieyice or ke disld sppeprt siructyeraddpe PeghRion ght
atrium ( r nrhe disc-like proxinal and di stal ends of the
occl usi on é?ﬁ%gpgﬁihfﬁ%ﬁﬁ in Figure 4 in their unfolded state, which 25

means they are in their working structure as whe y woul d seal the
ASD/ FFO.  [49W&}dlt is alppewithinicthe jaRevestesinitipa offhey rrtrtls)riatp U§? thr&%h@@nateéwaajf ust ed

such thatythey fs?&‘tt t?zinqgﬂhét%}tapclgstﬁg 2th aﬁgt‘ogﬁ%g dl%?ecﬁ ds/sﬁf: tlety Oiebﬂﬁ

def ect vra trans heter procedure as escrr fore 00150] " I'n this
embodi nendefedt e ot linfiedrad ev itlxevdsadaradysenb Septapdefedt dranl budin thimcaood 289

visibility in fluoroscopy. For ovrdln a artly radio t he
proxi mal %ﬁﬁ3ﬂﬁgu§P%ﬂ&}q§ HR@f &@F ﬂ”ﬁﬁ%kﬁgkpﬁ% aﬁgﬁﬁgéihﬁve been
provi ded ﬁh&ﬂd§a§§&n&§mﬁ§Qh9Q@ﬁﬂﬁﬁ&%muﬂﬁﬁJeby, radi opaci ty has been.
provided to the occlusion device. WO 2011/096896PCT/ SG2011/ 000049 [00151]

Al'ternatively, also the other portlpns of the filnms could be nmade o

mat erf%l OO Srengerloyment gpagadirept a1 oggliEoR ieviFa A tdae irg| rﬂpsctdtrPrCIt gst he
depl Oynen&ov@fegorﬁﬁjtﬂe ®hird aspect of the present invention comprises in a particular embodlment

which is shown in Figure 2 the steps of insertion, anchoring, ‘optionally reposmonm_g, -

- sealing, optionally retrieving of the occlusion device of the first aspect (as shoWn in Figure j

- 3) by means of the dehverlng system descrlbed beforehand, . and then retrlevmg the
25 delivering system In the Figure 2, the procedure is descrlbed on the ba31s of an in vitro :
- method, wherein an opening in a tissue (grey) is closed. The method -generally oomprlses

~ the following steps:

g

- [00125] 1) Device preparation

| [00126] The occlusion device can be assembled with the delivering system, i.e. with the :
30 loading wire (10), the guide tube (11), the retrieval wire (12), and the deployment tube (13)

~ as described above or can still be provided in a preloaded state, for example in the form of 3
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[ 00152] Exanple 2 - Fabrication process [00153] Pure PLA-PCL copol yner

di spl ays the hi ghest degree of flexibility. Hence it has been sel ected as
t he maj orwoabarived96t o construct the occl usion device |nPCmmEnemhmMMment
Different ratios of BaSO4 can generally be added to achieve X-ray

Vi si bi I'i tpeidg ﬂ?éa@?%‘dd%&)m aAnBgth (IM)eétSé Bz&h&t@ﬁ i n@etﬂaasadaﬁg WideMe) eRLBe t O
fabricate the -occlusion device. sets used in the process are
shown i n meinguatdy @onnqatetittpsthepgmmal sumomutm@uteocvf thetoceusgs ideyice.sThigl atm e_d

such that the nd t.he. dista ort..stru nsi st . of
Spokes. 1t PRaBeBe dBns B SerbTinitEe SueBIPite e So b g sPRRS A vl
respecti V]ﬁ)rﬂi(?ﬁﬁ aNghdibr Pbines. At hkt tlfeelﬁa(ﬁh% WSMM)) cih Bé %E@e(ﬁﬁlt@ﬁ%ufdeg%@ 5b,
respectively. In Figure 5b, each respective di sc-shape and .

conpr iSses(1{ bfor gluidrli%ﬁhed@m‘glfétﬂ%hwughébﬁ @ﬁd‘ihr@ﬂ‘ dwingt the insedignetap Iipne of
e moul g ol Gl Sl ok 5 RaokABL] Dao A bBLLER O i)

portion ( port|o $'Or mor s €m was
ol ded  Ussho@nPHOWRGEr, ¢Bip Qhy r&rdeMve@ fafforkia Bighre Bbawhdraal til mnslderofaﬁe t he
wai st portion was a di ameter of 1.2 mmand a | ength of 7 nmm as shown.in.

Figure’ 6a900{lenrs?ey102)th¢byndmeaweﬂOdtant»hedg@ée p@e)(lt)o@pmtedrﬁethmrwsel -
h t h
o) "B St SRS BP IR R 21 BRl; BIARDI (bt WURALANIng0:d e
F' CL 1owi tthro3@baiRedhedth (s while dhd badmgM&s(lO):hasﬁ&eeﬁmsteﬂechumdt}& shearm(ivh)de  x

0. 8nm hi for e hanc anchorlng apabi | it e c mer film -
(cross- setterdhe %‘FIQ 560 bf r‘trﬂ‘?‘teﬁ agﬁ)l XE&&H }¥) Setrh‘éfP?F ‘m sect i on of
t he occl usion deV|ce. ThIS material has suitable flexibility so that |t_can

be f ol dedovgd].In250 R0 pEPhraBdn Fiepy iheattrienal ofirdRA 20icart bé 28hho{aBOLERInedtbé tdRA |
di sc was constructed 1n a sim/lar manner as the LA disc. PLA-PCL co olyner

(wi t h 309dhedstelsuppest sEsegure snd dggsedsingtae deploxment yhe 5 1tols sy Ehex
hi gh) an%lﬁﬁfe% LYEiwelid %%Egupesg;o $RALhAR Bde. 16MM 200/, t m t hi ck) vvas
used for the fil ectlon 0 di st'al

occlusion film WD
2011/ 096896PCT/ SG2011/ 000049 [00160] 4) Connectiori-of the wai st portton
and bt h [@P528 D dnseson Finally the waist portion in the formof a stem and
both discs were thermally fused and connected and a conpl ete occl usion

devi ce asogeBgrieedadifs ikt (10% iOedithgfhllatie 0MEIoh Aevicd il @FoKaed blafs BtSC -
attached to the stenm) and Flggre 6d (conpl ete occl usion device). [00162]

The -t hus q@ﬂetpaﬂv@derncef ths shea (/H)eofcar?a@@tqr dwab@ingnwahaths r@arlﬁlaé@m@str i bed
bef or eha S | i ]
Steri 1 zapers Byt By BESR KRHER Al Sﬁ‘y%‘@?}t PR TR %%‘B%t he
devi ces ashdath$$©)0m£ﬂerdt}asl egtbﬁditinehﬂﬁérsbe for example a sheath usually used for heart -

20 catheter applications like an 11F sheath. ' R

100130} After the entire occlusion device has been inserted into the sheath (14), the
loading wire (10) can be removed by pulling at one end of the loop-formed loading wire. If
not yet removed, the“guide tube (11) can simultaneously be removed from the occlusien '
.- device at this step. The prepared occlusion device inserted into the sheath (14) Whieh ean =
25" be put mto another catheter sheath or directly used as catheter sheath 1s shown in 'ﬁv‘: :

o Figure 3d

[00131] The occlusion device can thereafter be guided by pushing ;it With the deployment :
tube (13) to the end of the sheath (14) which can be shortly behind the opening to be
closed, that means the sheath (14) advances across the opening so that the prexirnél .
30 support structure and the proximal occlusion film are prepared to can be pushed through

: the defect to the front side.
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10 was done at Tan Tock Seng Hospital, Singapore. Devices and rel evant
delivering systens were sealed in the formof the kit of the present

i nvent i orvoaavi9se89ng t he occl usi on devi ce i ncl udi ng t hePE&ISG2eN00¢P4Eyst em
in a standard ETO sterilization pouch. The sterilization procedure was
conduct ed001323 3)@Adchsrisd X hours fol l.owed by purging of the ETO gas for -
anot her conti nuous 16 hours. 15[00165] Post-sterilization cell culture

o JobPH T SRR G S RTAT b SRE oy D TP oat 36 g0fe
testing afdnfgYyasaidsast thg%}gxz%mlem tibé (13)dRakeA /gsr@ﬂm{a@@ structure has -

Pol ycapr ol actone (PCL Mwv Al drich) and PLA-PCL co% lymer (IV 1. 62
20 Pur ac)bemr@eagcdjdpmhc shaatlt ¢14),fthe suppeit straelyreapangoePee aw@nplemmgs :

confi uratl ns. of r t ed: e PCL (200 kt

copol yrer (%dﬁlgﬂ]}fﬁ ytlfﬂ (é]tgf %(ﬁ_ ‘ﬁﬁeei t}%%aﬁgﬂmﬁydﬁo? fﬂt at%I?\a Ogct)lﬁ)%l ymer
W th 30%JBasE strddGrePart, therédy) unbidsithe pRIXEMA RRRKREA ﬂnm smhuhﬁartheaséamg and
all films were tested on a therrnogravinetric anal to ensure that

t he sol veif) ansrthe netrigusd Witedd2) srafeld togethgrgnd E@@ﬂmféﬁ/@m@rq mﬂWtb.a@k wetdithe . 25
Then, lxI sted . fil h 0, PBS)
and st or S HCS ANy ShulbPRRy B8 Pro R RRRREh TR i EheaPirthiyl ol (5
dupl i cat ehatfrogt kidey ﬂiéfebpldéﬁlmg”lt}ﬁrdeﬁécs frone ee ﬂontvxawoﬁthempkmﬂ Theedrddt and
week 12. [00169] Scanning el ectron nicroscope SEM m nat
2011/3@968%m/03@99h%989x9reqp@m\fﬁopnﬁrogmgééd &t PO@WE@FQ%’S&‘% b‘?)a?\é\gtth%n of
pure cop r { heEYGH s@fet er 1
day of i %%{ngﬂowﬁg?ha gﬁ%ﬁ%ﬁ@&?&%@gga@c@%% llK?’Fl gurerg(%%l ! eAf(?grs gne
vveek, t hethé iahchosing pudlifledlbaghi in fEIFivgienethd pyoxifabsupphgnstowture hits eganst vhe ed
many | arge hi e filmsurface (Figure 7d) and the | unps were
reduced ghgau‘??fég‘éhg'éto‘;l%‘{}ﬁﬁ?jtéﬁfl&dat| on (Figure 7e). After 12 weeks, the

| arge | unps occurred again and between them nmany cracks can be seen (Fi gure
70. [ 001001 34fi Ther msitha-df thédeploel pleginzd atipint sfuctapadd yiwern i BiguecBa804.

The BaSO4 particles can phe clearly seen on the surface of the original film
(Fi gute 885 SecHR| Afchor@sweek of degradation, the BaSO4 particles were nore
and nore segregated on the surface 10 (Figures 8b & c) when the copol ymer
degr aded. [OUIGB] 4)Reppgition cl es began to Ieave t he

o [00136] .If the proximal support structure is for example released wrongly, for_.example 1S
not pushed through fhégbpeﬁing, but has been opened before the defect, or if the position of
: ‘ the occlusion device should be repositioned due _tol’a'n'other reason, the sheath (14) ¢an be
20 - held in position while the retrieval wire (12) can be moved back, e.g. by pulling act'ibn, to

force the occlusion device back into the sheath.

[00137] The occlusion device thus treated can then be replaced with a new occlusion
| _ device and the re-anchorihg step (step 3) of the occlusion device can be'perfo_rm_ed again. - -
. [00138] 5) Sealing -
25 . [00139] If the anchorlng is satisfactory, hold the retrleval wire (12) in posmon and push
. the deployment tube (13) slightly against the dlstal support structure and the dlstal N
occlusion film which are still folded in the sheath (14). Withdraw the sheath (14) further t‘o‘ .
release the waist portion, the distal support structure and the distal occlusion film from the .

sheath. Thereby the waist portion is brought within the opening and the distal support -

30  structure is allowed to ‘spring automatically open. This can, for example, be managed by a
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pol ymer surface, |eaving many holes on the filmsurface (Figure 8d). Newer
BaSO4 particles then appeared on the surface when the degradation

conti nuedwQRBRbgumesdBe) . After 12 weeks, the surface wasPCIISIGeal 1beor9 deep
hol es (Figure 80. [00172] Figures 9a-f show the degradati on of pure PCL.
The fil m gufidiagsidi@pbnad Iﬁétei‘?ﬁtandﬁhé Pésﬁ@dtlvh%fre.%nlﬁ tl’i@?(klded: steér GtSoyBstaps how
the surface in the original state, after 0 week and after 1 week. After 4
weeks t hemsmofyquepesties efdhpespettive Slhlmoq@tlmhtﬂlyfsmn&ehelrmml ike "cells" with

cl ear margi ns between them (Figure 9d). The margi ns becane deep and w den
with degr sl K e
L0 o0 RGN Q6L CuRSARALE SoLAOT, SRR el

di sappearchstahmblwmﬂeﬁﬂn weale thei dﬁfect rfeomy t]mrhddkaldéﬂﬁéieltssﬁdzlﬁgturmt%ly, Eiﬁ)ﬁ)l?S]
Fi gures- 10 w t he degradati f PCL + 30% BaSO4. |t can t hat
Che BESOPUBHITARRE T Nreh e S0l e A e HDRNE SEISBUF S RRER OF n 't he
ori gi nal siralied tﬁtsg»grhew%qg}he ﬂEﬁe%géﬁﬁéhérﬂn‘Swmfg&SS was sinilar to that of
t he copol yner + 30% BaSO4. The BaSat particles became nore and nore _
segregated until the eluted out of the film 25 |eaving many, tiny pores on
the surfad814H;j dsr @W.nLO%—nglgﬁ@wﬂ?%@sﬁae@ﬂié’@ﬁ geichye clases Beqnenipg fgomahe 1 and
4 weeks. Baf@4particles surfaced with degradatl on (Figure 10e)
After 12 %g%sd@?’\ﬁé |I%r$1tsurface were filled with tiny holes but were not as
deep as that on the copolynmer matrix (Figure 100. [00174] Mol ecul ar wei ght
| oss 30[ 0§9¥43] @I@M wei ght - (My) of each sanple collected fromtine
points was tested on gel perneation chromatography (GPC). WO

2011/ 9680 P43)/ I§‘ﬁ2@éﬂ;(a@@@ﬁﬂ>9t sthiREké Bhs, Mot kossplef adcRiently pe@srdaséd béfﬁnd\/as

plotted-in Figure 11. Copol ynmer de r ades generally faster than PCL as -
expect ed tthp defsciineskeplR thab@reans étrthg D‘f sdoof thadefec dhprrstrisvrloniraf 120 capbek 8,

whi | d
i L PRI L BY RSP £ ARG AR BB R
copol ynero&hRits devidenaalbe %\tcewbsckt fotg rsheutth 124)iselsing Ao dinBaSMe, sheath to _he

physi cal inclusion, does not seemto jnpact significantly on(}he o
degr adat | @M Bitepert sirugtwes geriynihen, theypachisjon\iyica gasbe feplaced with a new -

15_ - occlusion device and the deployment procedure can start again with step 1.

~ [00144] 7) Removal of delivering system

' [00145_] If step 5 has been satisfactory, the retrieval wire (12) can be removed, for
o evxample, by pulling at cne end of the retrieval wire (12), if it is in looped form.-’;Afterwa:r_dsv o
* the deployment tube (13) and the sheath (14) can also be pulled back to retrieve all parts of
20 the delivering system and to leave the occlusion device in its folded working structure
- locked by means of the proximal support structure and the distal support structure provided :

at the front side and the back side of the defect, respectively.

: t00146] The deployment procedure of an occlusion de\/ice of the 'éeccnd aspect which is :
.+ also covered by the third aspect of the present ihvention corhpri‘ses 'in é' particular :
25. f embodiment shown in Figures 34 a —f the following steps a step of posmonmg the sheath i _
| including the folded occlusion device at the tissue defect (see Flgure 34a), deploymg the ”
proximal support structure at the front side of the defect by pulling the sheath back untll
" the proximal support structure is released (see Flgure 34b), anchoring the unfolded
proximal support structure at the front side of the defect (see Figure 34c), dep_lcying the -
30 distal support structure at the back side of the defect by pulling the sheath back until the y
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[00178] The mass loss of filnms after each tine point was neasured after the
sanpl es were recovered fromthe PBS and freeze dried. 10[00179] An increase
in mass 1WOLf1968% e PCL fil ns was observed as degr adat iPOH/SGANL1I0AQHES .
(Figure 12). And copolyner filnms show a nore steady and |inear trend.

[00180] Magtuil wsppeha@etir@Ois SklealddA wigikt tﬁeorolaédoawﬂ S PoHt Usrueidd 9ai1IVeS al SO
conducted at each tinme point. at 37 C. All sanples were imersed in_

dei oni zedeopmerad ity it Origingl frmodug to $1@a@hmﬂyfmm effiorts (a5 siovm puRguiges4d), -

bacea 111G 98 ek iRUERNA FepSlRIE i BIPAR o8 dBRelel ChafiflRit QF -

proper ty Figuel D) dind réthiednwithd deliveriip] @ewnar(sa@eF@bfe ofif)ald cmglﬁ@lmne
degradati on progresses, nolecul ar wei ght” | oss should result in nmodulus |oss
of thé polepleement progesseis desasipad @b aen%geéeweah sPPY; fyl srampss PEUSPRAIL AN #7he

degree Oﬁﬂggnﬁﬁkﬁpﬁhgkaﬁﬁgﬁ?5F§QEETBJQV§“5EB<ﬂ wp in Figure 13. Mst.

i kely, the nolecu SS occur € anorphous region, and is
not substanti al enou?h to decrease nodul us, which nmay be doni nated by
crystal | i[f0147] flothetollowhngr the tpeesentpioy gntien is destibébingletail bothelfollowing nea- seen

in Figur tch mnth .t he AR sul t af.ter
one- ot HTHBE ERARPrO pauise Riss st Rk Dutidd f G Sininfie B,

t hr ee nonhésskilkdhpesas )kn35fts heevenl Mﬁ&hﬁca{tﬁffr@l efhdge@dvaleﬁtegﬁlb@dﬁm’eﬂti eml:i@h

| oad bearlng$quallty for its function. [00183] Exanple 5 [00184] As pure
PLA wWs cseBisigardsrice o/hse consirlesingtie 4h9wefiﬁ|a§eda PRt frihe inveRtient p| ended:
into the PLA-PCL copolymer at certain ratios and the Young's noduli were
detern1nq@qmm]uﬁ§hhg@1 WO 2011/096896PCT/862011/000049 - >

o [00149] In Flgure 4, an embodiment of an occlusiOn; device of the ﬁrst aspect is shown - ‘
which has been adjusted for the use as an ASD/PFO occluder. The occlusion device of this
embodiment comprises a proximal support structure together with a proximal occlusion

15 ~ film in disc-like form (20). Both structural parts are integrally formed, wherein the spokes
of the proximal support structure are white due to their higher amount of radiopacifier. The -
occlusion device of this embodiment further compr-ises a waist portion (24) connected to
the proximal support structure At the other site of the waist portion (24), the distal- support

" structure together with a dlstal occlus1on film in dlsc-hke form (22) is connected to the -
20 ~ waist portlon (24). The prox1rna1 structural parts 1nclud1ng the opt10na1 prox1mal occlu51on |
o film, the waist portion, and the distal structural parts including the distal occlusion film ' .
have been adapted to be positioned. into the left atrium (LA), ASD/PFO tunnel (the
“opening” or “defect”) and right atrium (RA), respectlvely The disc-like proxrmal and :
distal ends of the occlus1on device are shown in F1gure 4 in the1r unfolded state, whlch
25'.-; means they are in their working structure as when they would seal the. ASD/PFO ,
' However the d1sc—11ke ‘proximal and distal structures are adjusted such that they can be "
o folded into a sheath and can be delivered to the defect via transcatheter procedure ,_as.

- described beforehand.

[00150] In this embodiment, the occlusion device has also been provided with a good
30  visibility in fluoroscopy. For providing at least partly radiopacity, the proxirnal and the
distal support strucutre of the occlusion device have been provided with BaSO4 as .

radiopacifier. Thereby, radiopacity has been provided to the occlusion device.
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[ 00185] The test was done with a |oad cell of 100 N at a | oading rate of 55
mn/mn (fastest equipnment |imt). The filns were cut in 41x5 mm si ze and
gri pped wohloamesdhecti ve gauge | ength of 5 mm (to ensuPETHEGROITIOND049
stretching distance). Stress-strain curve was plotted accordingly where the

Young' s Np@ubSARSHhih e ARt BienGiHerd SrtiSRCHE BRI JTl0BE Snddd) of 4 QRIGE]

Young's nodul i of different nmaterial conbinations were cal cul ated and
| i st ed .ascashpising araftisipeeifier to mike thadevi¢etisibleslmigzshavbaplt yaent prReydwe.pur e
copolyrrer 0.92 2 Pure PCL 166.10 3 Copolymer with 30% BaSO4 10. 55 4 -

[00152] Example 2 — Fabrication process

[00153] Pure PLA-PCL copolymer disp’lays the highest degree of flexibility. Hence it has -

5 been selected as the major rnaterial to construct-the occlusion device in this embodiment.‘ f

- Different ratios of BaSO4 can generally be added to achieve .X-raypvisibility (radiopacity).

. A hot pressing technique has been developed to fabricate the occlusion device. The mould |
- sets used in the process are shown in Figure 5. In this Figure, the mould for hot pressing is :

- adapted such that the proximal and the distal support structure Consist of four spokes,

10 respectively The mould sets for the waist portion and the respective LA and RA disc -
structures are shown in Figure 5a and Figure 5b, respectlvely In Flgure 5b, each mould has _ -

a respective disc-shape and comprises four linear grooves outwardly extendmg from the .

~ middle of one of the moulds of each set for the spokes.
[00154] 1) Fabrication of waist portion (24)

15  [00155] The waist portion (24) in the form of a stem was molded using PLA-PCL
copolymer with 30% BaSO4. The final dimension of the waist portion was a diameter of ‘.“

1.2 mm and a length of 7 mm as shown in Figure 6a.
[00156] 2) Fabrication ofLA disc (20)

0 [00157] The LA disc (shown n Flgure 6b) comprlses the proxnnal support structure and .
_Zbi " ‘the prox1ma1 occlusron film. The LA disc was molded in a four- spoke construct. PCL (with |
30% BaSO4) was used for spokes (cross-section of 0.6 mm wide x 0.8mm high) for::‘
enhanced anchoring capability and pure copolymer film (cross-section of 14 mm, 200 um
| thick) was used for thé film section of the occlusion device. This material has suitable

~ flexibility so that it can be folded well.
25 [00158] 3) Fabrication of RA disc (22)

[00159] The RA disc was constructed in a similarzrnanner as the 'LA‘ dise, PLA-PCL
- copolymer (with 30% BaSO,) was used for spokes'(cross-section of 0.6mm _wrde:x 0.8mm - o
* high) and pure copolymer film (cross section of 16mm, 200um thick) was used';for the film '

section of the distal occlusion film.
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Copol ynmer blend with PLA (80% copol yner/20% PLA) 5 5 Copol ynmer blend with
PLA (60/40) 66.54 6 Copol ynmer blend with PLGA (80% copol yner/ 20%°LGA) 4. 21
7 Copol yreo 2bi1en9e89di t h PLGA (60/40) 53.47 Table 2 Youn@C3/skaailonooad
polymers and their blends 10[00187] Al the filnms di'd not break at the .

naxi num ejoonemt4)abnnkdtioh oFithd WaisESIHiGHBIA botk @kt t s not. shown) . For exanpl e,
the copolynmer filmdid not reach the breaking point even at the maxi num

strain r n) when t.otal traln S nore n 1200% I n
an extrao ﬁl%ﬁsﬁlﬂmyeﬁleb‘i"f‘lﬁtt gortih 1e b ST aﬁ'aysteas%nﬁéw gisc w@rsgarﬁa@? ’
desi gn of ai&ieardd ¢ §(P§1§da cg) ﬁl' Q'{ccﬁﬁi%‘ﬁ'dé%% Rlaeadivey th@rel?l—&‘as @b':tlllne&%' n.
hi.ghest. - Young' s no The increnment of nodulus also . .

i ncr easedshbwaanmnlﬂgunzes pC\MLtAhdisheattachedeasthmgtem)mnthlgtﬁreMdA(coﬁlpﬂﬁte accltmemd i's
observed(? BaSat and PLGA bl ended copol ymer. And the excellent =
stret chabt? 1%y of nore than 1200% el ongation was still observed among all
other blends. [00188] Stress relaxation tests were also conducted at 37 C
to study [0b&63]0Thenthus prepared occlusion device can be loaded into a sheath as described

. beforehand by using the respective delivering system.
-~ [00163] Example 3 — Sterilization procedure

: [00l64‘]' Ethylene oxide (ETO) sterilization of the devices and associated surgical tools : |
10 - was done at Tan Tock Seng Hospital, Singapore. Devices and relevant delivering systems o
. were sealed in the form of the kit of the present invention comprismg the occluSion device’ : -
including the dehverlng system in a standard ETO sterilization pouch The ster1l1zatlon .
procedure was conducted at 37 °C for six hours followed by purging of the ETO gas for: '

‘ another continuous 16 hours.

15 = [00165] Post-sterilization cell culture conducted both in house and at a contract research

_ . lab shows that the procedure complies with relevant standards.

- [00166] ,Example 4 - In vitro testing and degradation

e [00167] I vitro degradatlon

: v‘ ‘[00168] Polycaprolactone (PCL Mw 80,000, Aldr1ch) and PLA- PCL copolymer (IV 1. 62 :?-.
20 Purac) were studied in v1tro for their degradation behavior. Four configurations of films
were tested: Pure PCL (200 um thick); pure copolymer (200 pm thick); PCL with 30% :
BaSO4 (200 pm. thick) and copolymer with 30% BaSO4 (200 ;tm thick).”F'ilms wete :
e prepared by solution casting and all films were tested on a thermogravimetric analyser |
v’ (TGA) to ensure that the solvent content was less than 1 % (w/w) before the in tzitro tests .
25 : Then 1 x Iem casted films are 1mmersed n phosphate buffer solution (PBS) and stored 1n_ '? "
~ an mcubator at 37 °C for 12 weeks. Sampling was conducted n dupl1cate at dlfferent tlme

intervals: week O week 1, Week 4, week 8, and week. 12

- [00169] Scanning electron mlcroscope ( SEM) examjnétion
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20 nechani cal behavi or under constant strain. The sanple was rapidly
stretched to the required Il ength (100% and 200% el ongati on) and nai nt ai ned
for 10 mwo 2eitvdosgobe stress recorded as a function of tipoe/SGEwa/ob@ad
results are shown in Figure 15. The results denote that the PLA-PCL

copol ymer; teh 3 ; Y j b i
2011/ 096 82@/@%%?38% g%%%%%?ﬁﬁ%‘? puft kBl egn.dg%g %%%3%1%@?%5& he

gr eat est shewneintEigereoTa. Siveassfter el dey of imntension,t the filir surfabe bessvorsdmott

i ments. Sg ¢ .PLA- PCL | | | as |
b hant oA I Bn e IOt i L DD TPt PORTE 0 SRR GRS iBRiul us
and |.ong Jeh@&P P 1higenill Qﬁlﬁaﬁsg]onﬁa&ermhg s@face! (Figtird 170) GRA!tRY ﬂﬁgf)s'y%% L

[ 00190] The occl usi on “devi ce was inserted as its Teady-to-be-depl oyed
profi e iradured adeatieasetl with ategeadetiom §Figatec 7¢)b édten elf2o meblesn dhg Kirgeidemnsa) .

The front -end of the LA disg, was ensured to be at.the tjp of the 11F sheath
(Frgur e FsEyTed sestrid Hepee d e anahy i o peveet (g 7thii ch i o then
renoved by pulling at one end of it. Then the LA disc was pushed 10 out .
usi ng' t hqOOEH]] dyigerad 8hfbshoat tiac Hegtadaviohhef &podiyrser F3QarBaSQ6cTenBa®ps - The

depl oynent tybe was the ul l ed back_.slightly.to | ow..t ende .Ii ng of
the. 1ot RRHeGAD GFTDASHISE: 16 SHFBFOP BIF ST QUL oG- (NAE O
oper ator. ‘L@éktofed@gfbaﬁti@mﬁ@%@%gmgleme@é Sfordasd HosO s&RtRniesh M slﬂgtﬁéé ng

t he depl oynent tube further. depl oynent tube was then retrieve o
conplist el (figanet §th& cewheevhd copalpmemdegradedaddienither dardigles bean b ddavgiten 15
devi ce was.considered, to. _anchor re suffi.ci ent d ga tter,operating
f eedback RS I‘éﬂcﬂgfafﬁg}eaﬁ%g ng*% hionléé ¢t k&ben rﬂesr%%x% EE‘L%EP% g&’h?@%‘ﬁrug %ﬁ‘é;' ’
[00191] ' HAWRN& thed @ppcafidt éh tHei sarfage (wham the dBgradatien e6finied QRigdavEeAgBOWN in
this enbodiment | eaves consj derabl e anount_of- %ap' bet ween the unbrella .

di scs and % Wesks.ahe surfacgiwas didled with degp poleetigye Shhazard for. t hrombus
formation in the gap. For holes larger 20 than 0 15 nm the gap also neans

an unst aljpe1 2P HikireNONYsHYW AR JRBMdEIRSIY flpukPOLNPRe fiRS biHER e $OHARED Slmost
Al ternative occlusion devices as described herein can solve these problens
by slf5ghtintactnfediohgiwaskt Riguedsase iskaw yhe surtace ip ke ewgingloviater aftard weelgand of

Lhe oo P I RR AL AR BAL Aotk REs EhSo 20BP BrfOTh DG TR Bl 0. T Nt

t he 's-uppo&l struct'urés ho e occlusron vice 2]

Exanpl e &vith tRavinhfginsOigpwesimein (Rigire all). A MASEURIO beostat dEOARBYidEhisith est

ains to-verify the depl 0}/ment and seal i ng nmechani sm of the design
degradation and the cells were separated from each other like the classic crystalstructure
(Figure 9¢). At 12 weeks, the large cells disappeared and were divided into inany smaller

200 ~cells (-Figufe 99).

i [_00173]; Figures 10a-f show the ‘degradation of P’CL‘, + 30% BaSO,. It can be s‘efcn that fhej
BaSO, particles were more dispersed than in the copolymer matrix in the ofigmal sta:t:e',ﬁi
(Figure 10a). The degradation process was similar to that of the copolymer + 30% BaSQ4§ )
The BaSOj4 particles becaine more and more segregated until they eluted out of the ﬁlrn, :

25 leaving many tiny pores on the surface. Figures 10b-d show the respective surface st_afe
: ~ after 0, vl, and 4 weeks. Then new BaSOy particles sur‘faced with degradation (Figure 10e).
- After 12 weeks the film surface were filled with tiny hbles but weré not as dee-p'as that on .

 the copolymer matrix (Figure 10f).

[00174] Molecular weight loss

30 | [00175] The molecular weight (Mw) of each sample collected from time points was "tes'tve'dv ‘
on gel permeation chromatography (GPC).
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based on a pol ycarbonate (PC) septal defect nodel which is shown in Figure
17. The in vitro ASD/ PFO nodel has two holes of 016 nmon the right atrium
wal | and woroaloss®pt um respectively. The former provi desTacee®odody t he
device to the right atrium and the 30 latter as the base for a thin

copol yrrer[é)l)l‘l’ NIGOR OB fhrt tgpé’s SR ALFRTWAL aAWAIaE 1iBereASD ¢t p@lymedetgrad\ép:
2011/ 0968 / S&011/ 000049 [ 00194] The occl usi on device of the first
aspect wesentiallytfasterskart ROL iam expeated LipRo steek tl B, PGhis@hts testtowt npol@gratdlaéomi ght

trial wal] of the ASD/ PFO model 183) d front t of
the. ool ddiep ety o BRI P STitG eSSttt ST ekt dshirekE
pr oxi mat &ﬁ)@alr&‘ss PO, dtdrtsTo (abéel&Hhs Gh dégﬁd&hbﬁl}%ﬂ: At wekk B h@hi?rél&ﬂlolyrﬁé?@h@xkré owed

to unfold in the left atrium The unfol ded LA di sc was t hen anchored

agai nst - tshéngar dvfw brs&jénolﬁghohtelz)mkﬁg‘wwpﬁm,u asthp pbisied anelusipn,edass @t r e

and sat a a| st th remai.ni f the device was al so
rel eased otuﬁga lggl}l%alglr% ﬁ’r"é‘le gatlon & &(jﬁ?p&l’ lgr?lleljsm [00195] : After

t he del |'ver| ng systemretrieval, the occl u5| on device was positioned well
at 10 thel08TBdYassdosst i on as shown in Fi gure 18b. The photo shows a good
seallng result fromthe right atriumside as well as fromthe left atrium
si de. Ragl Y el Sy I ShR Lkt Pl i.on
devi ce o?[baﬁ}eslfl rsllwsggdf)stesco Eaﬁérgﬁl%gzorg%aor ' Xlléosr o%%ggg a?&E{ eSQ %)%Je'(f '
Nat i on_al oo weeadsfirdy thdoRIPS tad fre&Gienlgiopor e. A standard acrylic 15 pI ate (8. M
t hi ckness) plus a slice of pork (vvith skin and fat on, about 5 cmthick)
VWEr € {4se 0@?7& h&n dll@l%ﬁs%nlno%as plo§)s éoﬁlﬁl(ngCﬁS%rgE QVQ;D%BLCI'V& qgr(l%latdaklon
exam nation procedure was orma an vi deos/ 1 nages

[ 00198]  Thvatingss! (Pagureldp\mﬁe;ophl@mdﬁtmsmrohxadohereaehdgmdllmyaremd when be| ng
covered by two |ayers of phantom and inside the sheath. C ear device. -
profiles apt d 20 under the X-ray, owi ng to high | oadi ngs of
BaSat (40"%%@ Lﬂ%ulllse%agslgon device's tip (prOX| mal and di stal support.
structures) and the wai st portl on. Good X-ray visibility ensures good
maneuver a[lﬂlllsltm)m tqsgfodapir@gfamnduluf olr@ewasi gjser eortigcted aivsadhhtemx poay at mages

Gevi co 1ot AL SR o imbitFel AR o b Drlof ol e PR "

nodel 15 Fi gmre rd@bweleoysforied Qe Mhﬁlmeq&@w Seraithinele iftontlepl oy ed 100 °Chier | ef t
atriumand the right atri cl osi ng t he_opening fromboth sides

si de. [omg]yngQWéilglsan&SVQ\p@oQ fer FGobeseq fil@s.mal sel ection

-

[00182] The mechanical property is closely linked with the molecular werght of a -
S (co)polymer As degradation progresses, molecular welght loss should result in modulus o
o loss of the polymers However modulus change surprrsmgly did not match the degree of';ﬁ = |
20 : ’molecular weight loss. Th1sv is shown in Figure 13. Most likely, the molecular;_welght loss
- oceurs in the amorphous region, and is not substantial enough to decrease modulus, 'whi:ch :
may be dominated by crystallinity for PCL; for the copolymer, some loss in modulus can
~ be seen in Figure 13. However, it did match with the in vivo results as after one-month ‘
implantation (swines have higher metabolism so comparable to three months in humans)

25 N the polymers retain good integrity and enough load bearing quality for its ﬁlnction.
7 [00183] Example 5

[00184] As pure‘PLA was considered to be too stiff for this application, 1twas ble’nd:'ed‘
: into the PLA-PCL copolymer at certain ratios and the Y oung’s moduli were delermined by -

Instron.
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[ 00202] The animals sel ected were mal e Yorkshire sw nes, approximtely 50 -
60 kg 30 wei ght, because of the simlar heart size to humans. The aninal s
were fronwOrRAOK®es9% Pte WO 2011/ 096896PCT/ SG2011/ 00004 P8CTISGA)11400049
pre-clinical contract research organi zation in Singapore. The study

prot ocol 08885} PIRcOMG0wWERY dbMe with@Noadf cdl NGO NERN afPh Goddifl rat¥@ fFECIA N
devices according to the first aspect of the application were tested at two
ani mal s, (fstast pqeipglend&mit) DThe fHmd wesescut IDU4157t5aﬁm sizsr amb gbipredUsitithedn a

design oc beca se.t unf ol ded structure pQr oks
ke an TS gRSE0REY 15 b S, Sl BB P SRR  on
adni ni-st rakvedwas pldtRa2R0drdilaey atierdlte YEuR’ K aRidufu@rcoald beastaidedofodayish -
before 't he proceéhre at the facility and pre-nmedicated with Aspirin (400
ng) 35day§nmh16rgn@ Surgery. They were al so fasted 10 overnight from6 pm
one day before surgery. [00206] Surgical preparation [00207] Thé aninals
vere sedapergeM ¥ dund; émmlkgf UivteTK n8@&ridl @bhbindtib @y w@@d@udumed A Nst¥Ehe
brought to the animal preparation roomwhere an IV drip |ine was inserted
i nto one shawnvelabladd t hey were then intubated. The surgical site was -
shaved with electrical shaver 15 and was cleaned mrth wet gauze and
hi bi scr ubp,The ani mar's p v or i :
dur ation. orp the surgery [0020%?“%‘?5 cal procedure [00285 : “?sf cs
(Anpi ci | Lin ny/ kg ) ;
ECG heartlraﬂemeagﬁgnmﬁtory rate, transcutaneous oxygen satumallon tidal

2 PurePCL . » | 1166.10
3 Copolymer with 30% BaSO - 1055
4 Copolymer blend with PLA (80% copolymer/Z(i)%. PLA) : 5 |
5 Copolymer blend with PLA (60/40) -  66.54
6  Copolymer blend with PLGA (80% copolymer/ZO%PLGA) 4.21

7 Copolymer blend with PLGA (60/40) - 53.47

Table 2 Young’s Moduli of polymers and their blends

10  [00187] All the films did not break at the maximum elongation limit of the equipment
L (results rlot shown). For exainple, the copolymer ﬁlrn did not reach the 'breaking point even

.- at the maximum strain rate (55 mm/rrlin) when . total strain was more thgn 1_'200_%,:
 displaying an extraordinary flexibility, which is highly desired for the occluder design of
the first aspect. PLA-PCL copolymer blend with PLA resulted in higheSt Youné’s modulus § f

15  among all. The increment of modulus also increased tremendously with the increasing
- amount of PLA. Similar trend is observed among BaSO4 and PLGA blended copolymer. -
And the excellent stretchability of more than 1200% elongation was still observed arhong -

. all other b.lends..

- [00188] Stress relaxation " tests were also conductéd_ at 37 °C to study the 1pol}:'r'ner%s° g
20 . mechanical behavior under constant strain. The sample was rapidly strete:hed jto the o

: required length (100% and 200% elongation) and r'nfiiintained_for.lo rrlin, witfh. t‘hejs'tr'ezes“

 recorded as a function of timé. The test results are shown in Figure 15. The reSults denote

~ that the PLA-PCL copolymer has the least amount of stress relaxation during the test
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20 vol une, and end-tidal CO2 were nonitored throughout the procedure. For
cardi ac catheterization of fenoral artery, the fenoral artery was exposed
t hrough awioizotiv®ss9n made on the inner thigh. The nuscl e PCRSERE110680089
carefully separated until the fenoral artery was exposed. The distal .
portion Oferfode wilk SIYA Wihdbdl $BhEYmRNdh@wy theS PRAte Y@Sertapeestt Qbst RéIRVENE
vessel. A proximal |igature was nmade to secure the sheath. The sheath
advanced Wwithio théfirsp 5@(bsacandsfaflekpsimentsfioghe puediLus POL depplamenrasembles an

i nj ected. 0210] For.atrial access, t second and third &ibs,wer

ot £ etener i ol SR cabdied TR e Br iR TARR o) e
exposed. ﬁdﬂﬂﬁ@@i%{jj)lﬁ]gﬁ}guture. (31) was made before atrial puncture to "
secure.-henostasis after insertion of an 11F sheath (32) as shown in Figure
19. WD 2 196896 PCT. Q11/.000049:] 00211] The right atriumwall was -
punct L?r;ed[%#ﬁ ‘!“&P'&rg'gf(?"éﬁ"ﬂiﬂo&%ﬁ{ﬁftfol | owed by the sheath (32) as.
shown i'-n Figure 19. After the sheath went into the right atrium contrast
medi a was[00n9@cTied otcugdeanfdevice twie meddd ap if reatly-tabe-degio st pwdfile intoas t hen
punctured by a | ong puncture needle. The needle was npved forward careful
to avoid Yheak afen rathtprctsudescubrg) eforgbrnd digiradioar oL hetirent gnd fdhe b de 11F
sheat h AN . I; t 5 ﬁpgqx, da
gui de wm?"g’aiggﬁﬁe%? Jrsnig é&e \{I nt OH% [%glf Flga%w\glﬁﬁ%@%%gﬁggglgﬁn@g? %VE\IES thgﬂ :
creat ed biy spers wtich ishtierl fffnsieé dlypudlirgoatsoriehend sxpt. (ien tiek Afdiscewes pusired ed

1 uorBscob) (RS SsBlPymere tyth ML BniledRatsr GUFECT dor Bvbd) TBSvi ng
the 11F shosymdt njbeevdsQrét hullkd Haclobligh §ab atoWwrbhdep ullihg oPeie] eERNal wire

depl oynent . [00212] Operational procedure and results [00213] Device

pr el oadi ngr [LA0disdjo Fvboner thesseptundeeilele Whed thidperatoy fodtyenough erahering,rtbe ! y
taken out,of ..the steril.ize ackage ..and i myer in_saline solution. . After
checki ng edlict Wﬁ%?lﬁ? éelF%F‘gagiHuf/ﬁ lgg tlfeh(gep 1%“%@3\%%@@ He sﬁrdfe @8 el tuP fe
occl usi onwhd thes rs’ﬂﬂé’veﬁfwmﬁ@ét@g aR@ tHel rofievaIneiré s b ding vithidruwal Ithy obdligign a

syringe in the saline until bubbles attached were conpletely renpved. The
OF sh¥at hdexigs wassepnsidgesde anpharrpore spfficaendly) and; game berermperating | ferd@relgomi re

i nserted j ] j: t: S § i.ce was | oaded into the 9F
sheat h. ﬁ{@r}&‘{ﬁ%égg}c gslfé%ﬁ“g%@?lgg%&glﬁ%ﬁﬁﬁ& y the loading wire till the
tip of the LA disc (proximal support structure and 20 proxi mal occl usion
film wasl092®H Heweves Hirssepte dhianesfthenel gmms Haorclusipe deyiggi hgWi He thias

renoved f . L i.S T e i etrj I W it
ol oved RDMEN, B8k Gupfafe e RLUP Y SRt SENPRLRIR abb Bk
devi ce i nseptunyygfieing kivs hepotagail hazusd fig thiventsy fommgeion if Gk2g4p] Filehileselarger
depl oynment- 2%{(00216] Fol l owi ng t he above_ pre-surgical . |loading, the 9F = =
sheat 0 waldan £kdn 0 the &30 £ TREPS 78 wslable RSN Whish ey agﬁugc@vymmo

the 11F shegth i hRfcagn BeShdbPdices PisCYdseHBld hafhP Tan tRdvABREPFO
nodel (Figures 19 and 203. The occl usion device was then pushed by the -
depl oynenproblebs btyndlightlhenciiifyirghthatefesficigmtbdierosssesthienon tmkingtherf thevevadk -

heath was r. d. 30[00217] Under the fI i c.quid the deyi
v pushebP T Hepniettre-SHESb tr o T LB RIS Rk e
sheath ange oBctbsién t&Vide Alposiioh( Fi gure 21a). The S

25 [00192] Examp_le 7 - In vitro deployment test at a ASD/PFO model

[00193] This test aims to verify the deployment and sealing mechanism of the design '
~ based on a polycarbonate (PC) septal defect model which is shown in Figure 17. The in o
. vitro ASD/PFO model has two holes of @16 mm Qn the right_‘atriur_n waH -and atr_i'a‘l_.ii
~ septum, respéctively. The former provides accesé for the device to the fight. atriﬁir:;; and the e
30 . latter as the base for a thin copolymer film (200 ,u;m) with a 5x5 mm win_d'oW as -the ‘.":

" ASD/PFO model.
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44 WD 2011/ 096896PCT/ S&2011/ 000049 depl oynent was paused for 5 seconds to
allow the LA disc to unfold, the device was then pulled back and anchored
agai nst twe 2atwives96sept um by withdrawi ng the retrieval WCTSG2011t00@49

depl oynment tube, during which resistance can be sensed manual ly and the

posi tion g4 orRdodendRn Ay 85 aRPHrsl afieeCwad Manink@tdd MRt M F(Sheath e
21b). Wth tension on the deploynent tube (ensuri ngdno devi ce novenent),

t he sheatwhighaveni thieirghvthe dight atriahealRaf tHiesASRATQ vodelsEiure 1 8ae Aftegrards

atrium ntle "t nd fro" tion on.the retrieval wre._ a re ecure
poSi t i oh%&%%@g pf’rﬁé)?ﬁeoo%‘&éqn, AT PRI g ths /{rsp aaglé%pogngﬁifcwﬁ t?g?g}%%dpy.‘
(Fi gur.e  Zk6ximal 06c3dsidn figh (I BBsc) lguildd shedtie frathamaalipare tb aafodeap i nto
the left atriumwhere the 10 entire device had accidentally been rel eased.
Ther effor ghe feft abne el e pudidedviad dizg P ke anehpred qu@mst)\menéogtt @@ ofyhe
hol ding-the retrieval wre i p ent _tupe. ] [ 4 11F
eheat -t Sl 0% Binelbidk, Wi B Ry BY TR sho BTt YRR TR THE

pul | ed: ouemahidghpars betendennd wasalsepllasat fibyh thechésh anéwnfdddddcia the righhew 9F
sheat h. for repeating the deploynment procedure. In the exanple of "DU2";.
this ste®WH8 not necessary, 15 because the depl oynent was satisfactory.
[00219] When the deploynment was satisfactory, the retrieval wire was .

renoved qnomsf]lAm thé délilteriah sydiem kddriesdleaetd cangionasyiok e pavitiohal wemad by
t he renoval of the deploynment tube. The final fluoroscopi¢c result is shown
i n Fil§ur ehedefeqtiloeptinn af shqwmisrkigeret!§b. Tgnhete shovezogodsealing resdt femithe
depl oynent Jy I R Al .Q_r.ecover as per protoco Painkiller
(Ket or ol gig}ﬁt%%?hém%s@g\é\%ﬁ?@tdé?*g?dauk}lﬁnf@%ﬂl] One nonth foll owup and
sacrifice [00222] After a-nonth of follow up, both animls were well and
gai ned weipglﬂﬁl Rediopagitystestr i fi ce, the animals were anaesthetized and the
devi ce position and | eakage was checked by fluoroscopy and contrast

i nj ecti onobod herdelisidlity HMimdRestidsiah &ERtbNeheMisst 2spoct 2RaRSeeS8E DY
transt horaci c echocardi ography (TTE) in conbination with an agitated saline
cont rast fluedosenpé (GECcnnove)(db MNodiosalt ErivirsitFilipspital Binghpors. Arsandeut acrplisi ces

wer e jntagct dt PFQ .nmdel s,.wer |l .seal ed., Flgure 22a s ‘the

' uorgecantte 1 dup ki RS St e ot i SBindite LI ol eiB R ¥ ¥e e
for " DU3"used @9#R3ihadiden &€ tsp dfahié PCEASDIFFR ARSI OWibritial Ekdghin&ticdSproBatufe " DU2"
and "DU3" (40) can_be 30 seen clearly under TTE (Figure 23a and Fi gure 23D,
r espect i Veasyperfoupehandoitran ¥ideostanagns Wes tAflect ed, dense bubbl es (50) were
seen in the right atrium (1), and no bubble was 45 : .

[00198] The occlusion device showed remarkable radiopacity even when being covered by

= two layefs of phantom and inside the sheath. 'Cleér device profiles have beeﬁ'c.aptu‘rédb.f_
20 u‘hder,v_the -X-ray, owing to high loadings of BaSO; (40%) at the occlusion de\‘/icé’s ‘tip o

- (proximai and distal sﬁpport structures) and the waist portion. Good X-réy_ Vis,ibili_ty g

| _ensures good maneuverability during deployment.

[00199] Figure 18 shows the X-ray images of the occlusion device of the ﬁrsf aspect. In L
Figure 22a the occlusion device is in the sheath which is already placed in the-hole of the |
25 model. Figure 18b shows the occlusion device which is deployed in the left atrium and the E

- right atrium, thereby closing the opening from both sides side.
 [00200] Example 8 - In vivo tests
- [00201] Animal selection

- [00202] The animals selected were male Yorkshir_efswines, approximately 50 - 60 kg
30  weight, because of the similar heart size to humans. The animals were from Inno_he'art.Pte .
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WO 2011/ 096896PCT/ SG2011/ 000049 found in the left atrium (2), proving no
right-to-left shunting (Figures 23c for "DU2" and Figure 23d for "DU3").
[00224] Deswviea/m9e960scopi ¢ and hi st ol ogi cal exam nati onpC@@226i1/0A6duer a

| et hal injection of euthanasia solution Val abarb, conplete autopsy was
per f or med 4n, qgéiahﬁeunain%mctmeeé?&%%g%naaﬁo@ﬂt @ﬁ%@f)or\éei”ﬁ@ |sﬁrd8’8§r@to@éﬂph/§§1t ed
and revi ewed for the gross appearance of the devi ce.

Macr os c opippraed iy iz JAGU C@Sf UhrtohefroBRIAAH. Twe ogelosien da‘tlh@sl asgyrdingrto 'thlﬁl“st and

"DU3" is shown r |c ex ation f t he occl usi Q evi Ge&.
ol ant ocSPRE §E e SRICERGWLETE 1 AR angpan SOy BtiRE “BAE" P06 SRUAS: ¢ he
LA di sc aby"ddids fof DBYIR 12EreBl AeSigh R cBderdb&tauef the B ldedgeuchirg WiRadfd
shows LA disc of "DU3". [00228 ogh devices were intact and there were no
f ract ér esdigrpattiomipeks bke athembrstikes. For "DU2", halves of both RA and LA
discs are covered and gap is seen between each of ‘the other halves and
septunr( D ) mbi" can be seen in such gaps. 15 For
"DU3", %g&ﬁ$l§§ﬁh§giﬂ%§en conl% eétiel y covered by a thick glistening.
surface layer (Figure 3c) homever the gap between the LA disc and the
sept um i sl0P?04] duevnedication administialionn| y one quarter of the LA disc is.
covered by endot heli al tlssue [ 00229] Hi stol ogi cal exami nation [00230]
After mMacoses)PIte Al Radrt RBpt foh @t FRAR LD 84)8 BelsreWhé Prodedtire @s tinefacility xed
in 20 al coholic fornmal dehyde: ? 72 hours. The histol ogical sections were
t aken f r omdte-madigatedayiigh wéptrma@ppang)v\:ariﬂysrmqrrtg surgen ehhey evean @lse dpited
myoc rd|u ed in paraffin wax, serially
sectﬁhne eﬁlgﬁﬁhg?ﬁggﬂh% W%kﬁn g in and eosin. [00231] The heallng
response of occl usi on deV|ces of the first aspect.after one nonth in vivo
test is sIR66]i Surgicgiprepart®a and b for "DU2" and in Figures 25c and d for
"DU3". It 25 can be seen that the occlusion devices (40) stinulated
moder at e [%M] hriRf aniAls WE&%&%E 8.5(60ke INNEKIN BRREailTAGRT Eédadibh,aRey hOWS
that the inflamatory cells were densely Iayered close to the devices. . For
"DU3", t heere biverght sothe aningalgrefarggliomedomgwhere an IV drip line was inserted into one :

- ear vein and they were then intubated. The surgical site was shaved with ele_ctrlcal shaver

15  and was cleaned with wet gauze and hibiscrub. The animals were placed on the ventilator

throughout the duration of the surgery.

[00208] Surgical procedure

' [00209] Antibiotics (Ampicillin 10 mg/kg) was administered IM at the start of the

} ) procedure ECG heart rate, respiratory rate, transcutaneous oxygen saturation, tidal
20 volume, and end-tidal COz were monitored throughout the procedure. For cardrac:
: j catheterlzat1on of femoral artery, the femoral artery was exposed through an 1nc1s1on made :
- on the inner thigh. The mus‘cle layers were carefully separated untll the femoral artery was |
exposed. The distal portion of the artery was ligated and a 7F sheath was inserted into the -
vessel. A proximal ligature was made to secure the sheath. The sheath advanced in_to'the -

25 aorta, followinnghich a bolus of heparin were injeoted;

[00210] For atrial access, the second and third ribs were identified and an ineision was
- made. The rrght atrium of the heart (30) was exposed. A purse-string suture (31) was made ﬁ o
- before atrial puncture to secure hemostasis after msertlon of an 11F sheath (32) as shown’

in Figure 19.
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[00232] Degradation exam nation of the filns [00233] M croscopic

exam nation 46 WD 2011/ 096896PCT/ SG2011/ 000049 [00234] A tiny piece, of
filmwas wotofwvmssdshe expl anted LA disc of the "DU2" ocelCusiGomigesmiuee after
sacrificing the swine. It was cleaned with ethanol followed by distilled
vater in @o2ui)tTRSYH atrRat Wall %@puldmeslb%t(m%rar@ﬁ OB gRatH ffilwed b3 theat i on
was conducted thereafter -for. the explanted filmwth an original starting
filmas cinathdB2) & shoven D6Fightanko. t Aer tﬁlh@h&th{r\’tqnhgltb itheyrightr staigen, wa@trastmt her

(Figure 26a).. The fil surt.ac f1 th tation was, rough and
had s, nurBere e gt st RS Erotlonl e e bEE My iR R "
f or mati onow@pudteR &e&errs@ln@ad whs fRRed enhvarll caréfbtl hvodd fide Walldninchite -
(Figure 26b [ 00235] Mol ecul ar wei ght test 10 [00236] The Mol ecul ar -

wei ght5 (m)i/qrfaortm@awm dhe mlﬁtpészptharlﬂsahefatlmwas the 'genidsadvenesds algerovhidrC and
conpar ed hean|t d n._result Fi e

expoct ed, Mmoo e dgraif piE PR A LR T VBT ooy g prdS

conpar abl Iﬁoddl vl gh@dereated bf pusHiRe tHOPE $Heeth dcPosy i @p(methepafore Emrﬁateds
nostly. . due to_a_har sher@g Lgr adation environrrient in vivo. 15 {00237}
r

Exanpl e 981{e09f2§§P vas gp 4 mry. Adten ontirmaiion; ofutha PEGBdchentlugroseppy | .:

occlusio i i

adj ust edrktF%r%\{l %@ egtu g@ @%%&E%}%@% occl(eﬁ(fQ' l}d %ﬂ%%%ll\gglsg%ﬂgg@?ggﬁg °Th
enbodionendf ccenngal PR@ $orahe ocdbideategoyménta pr oxi mal support structure (501)
and a wai st portion (502) which are integrally fornmed (500). The proxi nal
20 Squor[t%Oflf] Yabioh sljggvmlr gﬁlﬂgﬁﬂ two arnms (501) conprising spokes and
a snall rrp-o PYAYSCTIRISIGN " Fi e spokes of the proximal support
structure are shown in dark grey wherein the occlusion filmis shown in
light grelf02iewiee pieloedingt egral Iy formed by |aminating the spokes onto
the polynmer Occlusion filmare welded to the mddle section of the proxi nal
Support Sfob24] Uik a/@ahﬁlan%@w@eanhdeﬁ@& s?stEllﬁewgl'e sy AlRe®@but tlethwe%ﬁlz@@rt ion
(as 25 shown in Figure 34b). [O ¥ hé occl usi on ‘device of this

enbodi rrerpacka.getduuir ingoensed snesalaldmﬂlutmw tAfbe eheckiag ghe pb’nctumm(te'gmy of dheiect ed

o 1B eSS R SRRy B VeaR B R oSS R el FRuPbIRly ﬁ;taﬁs

(503)°  using a syringe 1n the saline until bubbles attached were completely removed The 9F

sheath was also ﬂushed in the saline solution. Using the loading wire inserted in the guide
tube, the occlusion device was loaded into the 9F sheath. Then the occlusion device was
pulled by the loading wire till the tip of the LA disc (proximal support structure and “
20 B proxrmal occlusion film) was seen at the distal end of the 9F sheath. The load1ng wire was -
: ‘removed from the LA disc. The deployment tube w1th retrieval w1re 1n it followed the o
E occlusmn device entered into the 9F sheath The sheath and device in it were ﬂushed agaln‘ » )

o using the syringe.

[00215] Device deployment

25 [00216] Following the above pre-surgical loading, the 9F sheath was taken out from the
* saline solution and inserted directly into the 11F sheath which had been positioned
- previously across the ASD/PFO model (Figures 19 and 20). The occlusion device was then -
o pushed by the deployment tube into the 11F sheath from the 9F sheath and then the 9F :

. sheath was removed.

30 [00217] Under the ﬂouroscoplc guidance, the dev1ce was pushed forward in the llF'
- sheath until LA disc was released from the sheath and in the left atr1um (Flgure 21a) The ,
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and for bonding the connector of the distal support structure are provided
(as shown in 30 Figure 30). The reinforcing neans are wel ded at the arns
(501) of wbeomwwossosal support structure at a distance (PBCO)ISGarenmiong42

maxi mum of not nore than the maxi num di aneter of WO ‘

2011/ 096826 MeataAd pAARAGHs thBn@PRUIBY BF 1A @ist it ahB I heddviRSy&NA¥A i N
Figure 29. "After the occl usion device has been anchored at the tissue

def ect, tdleddask ambarchored @5R3t theratrinhseptus hy wvithidray ing thegett®0d)wizg o the

itioned in th ing. The,| h of t ' tion is adjust.ed such

Phat  t ho SERmART (HBF pratieniedy Fporeg e ure ehotpi 8 " it ehSit  he”

front sidgogifted Hﬁ‘de@rﬂiﬁérd@,&oﬁﬂ?je@t@d SontARedihmS (Figeleur16). (WhA tnsRh@naRe hor ed
Cc

at the back side of the deféct "(as shown in Figure 32 and 33) to close the
ti ssué dedepdaymedno0beqpnshhieg sodeyisicanogaenbethsfsheath svas mthdicavem untilathe R A st al

support structure consisting.of .four spakes (55%a) d a distal. occluysion
film( 551%“%8’&?16@8“ _@é‘? ﬁﬁns}@z;fa“%sé‘%%@ﬁeio _%’6“5 fr8r.nr%?°§1°f‘| °6lmfehr%-r?‘ur1?g§ld‘¥§-ar '
support. ‘siskued Uf &ebds SaWh héros3khe TRO dhsdel! whihpoat f8d Wldpldyed 1endetir t her
conprises a mddle section in the formof a hollow tube at which the spokes
are wel defiuayogdepy (EigureRdg)-are fol dable. The niddle section integrally -
conprises a hollow tube (552) having a thread at its exterior surface which
can be eng@afs] Mrtpuiive ol IFoWNeA8MAE GhidgorBRBD Aeerl o dheQbft bitRins Geithe
delivering nmeans (700)@&? ease see Figure 28). The connecting nenber 54701)
has tHe sentice devinehat acesdentrdlysen acleasabel iesefole thadenias (DUBDHy asagtipved
interior supf not .sho i h.-Fi 28).. The. m. I the distal
support Pu%ﬁ@ﬁoé'gﬁp?tlegsewgo?%% ?}rlleg r?sr(e}@l%a-e[rwﬁrér?"\g/j\ﬁiﬂ% ﬁ%@?%@gﬁdﬁ{t{a Jr}r@a%éé of
the firstp@dalngwdeilng sheathiasivatd@Dforcathehteviedageate dkeath. Tir ddvivenvasnthEn gur e
30. Ther_e%y a rotation of the distal support structure during the. .
depl oynenpullsd swsof theasheptd aud grarcigplaned BY aBURercRaW Agviehi saewnd’ HhepibioF i ng

means’ by 8LhoRs h bt ASUFRRRE Lreh Wibhof AREAA, L he
di stal sU%Béér?{]igg{lér)ﬁoﬁéﬁggﬁj%%&%acihﬁ? tg)g‘?gg The ?gcklgngeémschgni smsi {_sgl’sho
i n Fi gur eb&dBuderthadepdoynaeny @ds vatesfactqr0241] As shown in Figure 31, the

delivering system according to this enbodinent of the occlusion device of

ot ver  mOREArEhof ATRIEBRTR: B LIRELGA eI il iasObil 000y PRIECON

means is it out of the 11F sheath and was withdrawn followed by the removal of the deployment

wn

.~ tube. The final fluoroscopic result is shown in Figure 21d with no leak across the septum.

[00220] After the device deployment, the animals were allowed to recover as per protocol.

20 - Painkiller (Ketorolac 1mg/kg) was administered IM.

R [00221] Qhe' month follow-up and sacrifice

" [00222] After a month of follow up, both animals were well and gained weight. Before
. - sacrifice, the animals were énaeSthétized and the deViéc position aﬂd leakage V\}as checkEéd »
o by fluoroscopy- and contrast injection in the left atrium. Residual shunting' was -alis’o 2 o
25 assessed by traﬁsthoracic echocardiography (TTE) in combination with an agitated-saljhe 3
- ¢ontrést medium injection (bubble test). Figure 22 shows that both devices were intact and | :
* the PFO models were well sealed. Figure 22a shoWs the fluoroscopic test of “DU2” aﬁef

- one month and Figure 22b shows the same for “DU3”.

o [00223] The echo test results are shown in Figure 23. Both “DU2” vandv “DU3”_.(40) @an be o
30 seen clearly under TTE (Figure 23a and Figure-23b:, respectively). When “'contrast' m’edi_l_im o
- was injc?ted, dense bubbles (50) were seen in thé fight atrium (1), .and no '::b_ujbble ,Was 3
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25al so used to retrieve the second delivering neans after the depl oynent of
the occlusion device. [00242] It is needless to say that this occl usion
devi ce cawoRe11A¥p8st ed and nodi fied by any neans and f e®CUS62ed/0d@d2r i bed
bef orehand for the occlusion devices of the first or second aspects.

30[ 00243] fouhe irpipeMErR deret 'gzg,t hRRNgN BXRTD/1eR Yhinding (Plguidle@3alfbermiel? usd

occl usi on_devi ce design of the first and second aspects of the application
shows t hdtigene@3dderedV3’doncept of the present application to replace the
current pernmanent netallic devices was successful. 48 WO :

2011/ 0968R6PAY SR IR00HR. 184 BisiouiPARRaRGRATA | Shed by utiizing fully
bi odegradabl e ‘materials to provide occlusion devices such as ASD/ PFO .
occl uders. whi ch show a good heal ing response. The desi%n of occl usi on

devi ces  df023d Afterst leshal iBiceldamiob spdatasiaataly igfle  ABETEs CORPSHOBYBRYCIVEY,
| ncr egs e, eAUAENG bah! Ao TR dl¥ar® 3k B VL] AP IahEAGH ewad
decr eases ‘| nmunol ogi cal and I nf annatorf responses conpared to conventional
doubl e -unfor telgross appemiarcs of {le@R4#kE. The anchoring and. the sealing functions
have been successfully achieved with the occlusion device according to the

first an ' S . [fic structural design of the scaffold
hol ds thgﬂggéﬁqqaéggﬁ ephlins ﬁghﬁéosition and keep them stabl e as has

been shown for the device of the first aspect .by the above in vivo tests in
ani mal's. [AR7TiEemodsyitiodogyder “IdHaWend HAU3 seshewaby masTescopis exdminatidange

Seal i ng- oft EnecdiT bl bBuE: Fiuts 24 ity b AR T, DER SR BRERF" ©

post -mor teweXhdlLandied bORDURUEFiQret e showisaBs RA disbef FDIUS’; aspeipureoad i rm
that the occlusion devices of the first and second aspects have a good '

i nt egri t ywhaws Liedipaed ddV3’strength. Therefore, large defects can be securely
15 seal ed with these occlusion devices. Furthernore, the occlusion devices
of the fine228) MAEeSloeWyvEIcN@fact B HRAS vereaits fh@ufs Bt dapd¥ey 68k sPOkes.
conpared to the current occlusion devices having a netallic structure

because thns “BAE ghalsies oioth RA anddudtdissn apT cqviseed; andegap ¢ pegathebvasengaph of
[00246] | i t..0n f [ . mpkes it -pQssi to
achi eve ttﬁ%%g%%&égeiéﬁeﬁ%Eg%ufegs%lgf%tb\?ﬁ %%n?ﬁgg%élc{;%s;ﬁ%#eée@%g@ % t he
firstisandFseDuB?, dxpRatdisc Marieen ebmpldidy retdred bpfa thivk dilkienthgasipface lgkt ows
not only an easy deploynent of the occlusion device at the correct sition
but al so FHAS &0k PRYEYTofea38 bstrgen dhe A AIESE é‘éde thefsePth‘imslsvﬁEﬂddW B ﬂﬁgg’gésar Y,
for exanpl.g ogzisﬁo&eqblﬁﬂ ACEhIERL Alc I8 QY BP Endothe tissue. | . .
2011/ 096896PCT/ SC2011/ 000049 '

~ [00229] Histological examination

_ [00230] After macrosc_opicv examination, the septum tissues with. devices wéré ﬁxed.:in
:20-: ~ alcoholic formaldehyde for 72 hours. The histological sections were taken from the rig?ht‘ :
- and left atrial wall having the device and septal myocardium.. Tissue samples were . -

- embedded in paraffin wax‘, serially sectioned, and stained with herﬁétoxylin and_‘edsin. '

[00231] The healing fesponse of occlusion devices of the first aspect after one month :in _
vivo test fs showh in Figures 25a and b for “DU2” and in Figures 25¢ and d for “DU3”. It .
25  can be seen that the occlusion devices (40) stimulated moderate growth of inflammatory .
cells (60). The higher magnification shows that the inflammatory cells were d_enseiy

layered close to.the devices. For “DU3”, there were some signs of bleeding.
. [00232] .-Degradation examination of the films

- [00233] Microscopic examination
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Cl ai s 1. An occlusion device for closing an anatom cal defect in
ti ssue conprising an opening connecting a front side and a back side of a
ti ssue, twe otadsdson devi ce conprises a scaffol d conpr iPSiT/Sg20H/080099 OXi nmal
support structure conprising at |least two arns; a distal support structure
conpri si n@o2d4]! LBY pidke AR waGt FonaiitexpRihtddanA AkRIeRe FOU2e¥EEREsMY
t hrough the opening of the defect and connecting the proximal support .
st r uct ur edexicetatieh sactificingl the sypsr it way deangd evitthethatod follnwvas tyx dlisalleds wpisor t

structure _and the distal .support, structure ar a_polyneric 10matertial .
> " The oce sttt FAB SEBRRE g% EethfroBe TSRAD S RIREDE ofast SROTES £ her
conpr i sesthareRft @forMEe Xpahtédi il With lafosigRAPEfaf thgiint fecontroK IFi@lre SHRBOWE .
structure and/or a distal occlusion filmsupported by the distal support

st r uctsur ethatythe sutinghilng senfassivens @@ih@feﬁFw&)%ﬁ)n@h@ dlg |saifpgetafter ope mygh ei n.
the at | eas M- ar s of . t r,oxi S rt.str r ‘ [. Or e
spokes;,;ou%1 \Btalaarnﬁﬁ\egmevf(’ Seﬁogllglr%g : ? r}%% Hg%%?rﬁfg‘%é_‘#?lﬁshé‘%%{rlg%ﬁ ﬁg{; (?E%Qéﬁﬁ‘iegsmg?'

st ruct ur epradsds.CPomeefRati@l wabeildo bbstgvedens W icbned@bd at festilt oZ0degraiaion
occl usi'on _devi.ce according to anyone -of clains 1 to 3, wherein the at . |east
two arms &1EUH2ok);i st al support structure are three or nore spokes outwardly
extending fromthe m ddl e of the distal support structure and connected at

t hei r i nn@o238)dvivictilae@eiholeter . 5. The occl usion device according to
claim3 or 4, wherein each of the proximl 25support structure and the

distal s tr ure co I &8s .2 8 of sai.d spokes 6. .. ,0ccl usi on
Gevi 0 2cBBR e KR Fe R B i ther P T, ERFETRL Sabha DR TS

proxi mal SEREREonGPUehd EEmALEd ARARKES, Jifo BBh@AttRdedilt dtRRick 41 (FRRke 2Nds to
be insertable into a sheath in either an inward or outward direction and .

the arns A$ cxprstadi s a¥vosdggsertation is faster (week 4) for the copolymer, comparable to -

degradation for the copolymer in vitro (week 8). This is 'mostly= due to a h_arshér_‘

- degradation environmient in vivo. .
15 [00237] Example 9

- [00238] In Figures 28 to 33, a particular embodiment of an occlusion device of the second
aspect (400) is shown which has been adjusted for the use as an ASD/PFO occluder. The
occlusion device of this- embodiment comprises a combination of a proximal ‘support

- structure (501) émd a waist portion (502), which aré integrally formed (500).. The pfoximal
20 £ support structure as shgwn includes two arms (501) comprising spokes and a srhall Stfip of
g an occluéion film. The épokes of the proximal support structure are shown in.dark gréy ’
- wherein the occlusion film is shown in light grey. The two arms integrallyr;vformed by -
| laminatihg the spokes onto the polymer occlusion ﬁlm are welded -t:(') the rvniddl':e‘s‘ec_tiori of
the proXimal support structure which can be folded in the direction of the waist‘po’rtion (as

25  shown in Figure 34b).

[00239] The occlusion device of this embodiment further compriscs a hollow tube as waist -

L portioni (502) connected to the middle section of the proximal support structure. At the
- {);[her site of the waist portion (502), a means (520) ‘fvo‘r holding the réinforcing means (503) | |

- and for bonding the conneétor of the distal support structure are provided (ais shoiwn n
30. | Figure 30). The reinforcing fneans are welded at the arms (501) of the proximal support .

* structure at a distance (510) having a maximum of not-more than the maximum"d_iam_etef of ..
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30structure are adapted to be folded at their inner ends to be insertable
into a sheath in either an inward or outward direction. WO

2011/ 096896RCTI/B@911/ 000049 7. The occl usi on devi ce a®coSd2eid/ov@4any one
of claims 2 to 6, wherein the proximal occlusion film expands between the

arns of ttﬁ@o?érﬁ’ﬁ(g Sthe SRR AetecBhd o lliR Flgu@e 29 h&ﬁ&%& Hed o i@MiiGena8 begd di ng
to any one of clains 2 to 7, wherein the distal occlusion film expands .

bet ween tdnehaedrst the tiskee @hfs@alhesmpqm‘tlcst 502) emdethe reinforhivg auesans ¢S adevi ce
according to. any. rein the | ..S ort -

St T ot ur osRERE) e ot e peh Bt Bt pe o e s LA RE A 88 pt e
for conneg¢ ;pﬁgciﬁiﬁﬁsdp%ﬂes@ﬁibt\(@e B3NP AR aSdHoM Al tBe Vrdn siddCandeths tarBO o itRe .. 10
10. ‘The occlusi on déevice according to claim9, wherein the connector is a

j oi nt Spr clistaldsupgoit mtmbtelrerr(iida)ear@f antch@re@rabihen’aackam@ﬁ of thei dafedt (suphoyn in

structur cli on t he |st portion. 1511. The occl usion device
accordi nSFl%‘geé’?a%n > g %Sg tnssil?'uggp war st portion is a polyneric tube.

12. The‘occlu3|on,deV|ce according to any one of clains 1 to 11, wherein the
entire odod2d] d?hedmv]usbnidevicadétmé embpdimgnehdsa distabsipabrt sﬁcctuuaacon?rihténg :

ocel el o e S RGeSl 8 0 AU AEES RS Sl ORI, TSI
occl usi opg Vi fiGwacnes dstabsioft! tuBluid (asWhSHAI iR 3BHETROMsAI agppFadiallee
10  further comprises a middle section in the form of e hollow tube at which the spokes are
welded such that they are foldable. The middle section integrally comprises a hollow tube
, (552) having a. ‘thread at its exterior surface which can be engaged with the hollow

) connecting member (701) of the second delivering means (700) (please see Figure 28). The :
connecting member (701) has the same diameter as the hollow tube (552) and has a

15 | threaded interior surface (not shown in Fig. 28). The middle section of the distal support -

- further comprises a locking member in which protruding' means of the first deliyering '
- member (600) can be engaged as it is shown in Figure 30. Thereby, a rotation of the‘ distal

- support structure during the deployment process can be avoided and disconnecting the
second delivering means by a rotational moVement of the connecting member (701) vfrom

20  the distal support structure can be facilitated. The locking mechanism is shown in Figure

- 30 in an enlarged view.

[00241] As shown in Figure 31, the delivering system according fo this embodiment ofthe

: occlusion device of the second aspect comprises a polymeric wire spring for ;guidmg tbe A

- second delivering means inithe catheter and for being' used as rod bousing. This means is .
25 _ also used to retrieve the seeond delivering means after the deployment of theg occlusion o

. device.

[00242] It is needless to say that this occlusion device can be adjusted and modified b‘y g
any means and feature as described beforehand for the occlusion devices of the first or = -

- second aspects. -

30 [00243] The above descrlptlon and exemplary part of the alternative occlus1on dev1ce :‘-,
- design of the ﬁrst and second aspects of the application shows that the general concept of =

- the present application to replace the current permanent metallic devices was_;successﬁi_l,-_.‘ T
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25pol ynmer is selected fromthe group consisting of polyurethane, poly(ether
ur et hanes), poly(ester urethanes), polyvinylchloride, polyalkylenes,

pol yet hylwoeotigmesdat al at e pol yvi nyl acetate, poly et hyl ereTSG2vitgd04acet at e
and nylon. 15. The occl usion device according to claim 13, wherein the.

bi odegr adphi Badel %&onﬁ;ﬂrsﬁ&ﬁ@ﬂ' 86GhAsL ﬁi’llg"&&d‘t%&l%@l‘é%&&ﬁhﬁs & prBgid@beclusion

pol ycaprol actone - (PCL),” pol ylactic aci pol ycapr ol act one-pol yl actic
aci-d copodeymes sqmmswmowms Whmhl shgivyz gbadikealiREGAFspopss ifhtdbagm ofle

(PLLA), ct i de act| (of0) ner .
(PLeA) | porkstabpiREiers hF pastinpy Srodl ASeteb Ry A Peat g oo ERas Y ggses
2011/ 0968691@5’@&133@39&{1/&539%@5 the forelgn body reactions, and decreases immunological and - -
pol- yhydrOXébut yrat e, poI yanhydri de, pol yphos hoest er, pol y(am noaci ds) ‘

pol ydiSox dnBammatesy respersses cmparqb@m@mwtma dswhie umbrella Jeeludsesc| usi on devi ce
according to any one of clainms 1 to 15, wherein the stiffness of the .

proxi mal @yppg ri“he%nﬁh@riﬂg;_ﬁrg' the Qéarahg Furdcifs bR vabh fddRessugf achfb%edjbv%h%

support structure occl usFon device according to claim 16, erein
t he pol ynaclusionsieeice atconding betherfst amdlsecslmpl pepectss Theispegife sumstuaal hlneggeof Young

nodul us - t t cmaterla f the distal, su ort s uctur
AR U U IR T F AR T DR TR
{rat elr3 i alt s‘%g\évhg@r ﬂgeoé:f))év'i@ 0SB RS aspbet U uleedbba@ iR vivB dbdtsi $h Bﬁﬁﬁ@s qfhearbmt 1107
O abou a a C.
10  bubble test shows that there are no signs of Ieakage from the right atria (RA) to the left

atria (LA), indicating an adequate sealing of the opening.

- [00245] The in vitro degradation studies and post-mortem ex-plantation made on the -
devices of the first aspect confirm that the occlusion devices of the first and second aspects_ :
.~ have a good mtegrlty and mechamcal strength. Therefore large defects can be securely
15  sealed with these occlusion dev1ces Furthermore, the occlusion devices of the first aspect
| show minor thrombosis and foreign body reaction compared to the currént occlusion
" devices having a metallic structure because the design allows the reduction ef the ihher

 structural gaps.

[00246] In addition, the method of the third aspect makes it possible to achieve the ahove-_
20 mentioned results with the occlusion device of the first and secondzaspects. Moreover, the :
i _ rnethdd of the third aspect allows not only an easy deployment of the occhlsio'ri device at
E : the correct p0s1t10n but also the retrieval of the occlusion device, if this would be_v:g

) necessary, for example due to an accidental deployment

t
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19. The occl usion device according to claim17 or 18, wherein the polyneric
mat eri al 150f the distal support structure has a nodul us range of about 105
t o about WO20BA9689637 C. 20. The occl usi on devi ce accoPdirsg201a/0a0049 one of
clainms 1 to 19, wherein one or nore elenents selected fromthe proximal
support structure, the proximl occlugiagpsfi! m the distal support
structure, the distal occlusion film and the wai st portion conprise a

20t herapeutical ly active agent. 21. The occlusion device according to

clai m 20,5 wher e ysaﬁs&mfem%f %i%'sgpg ﬁ?tahé‘igmﬂﬁ?'a%fe!cts %Ls%t& )}Jrfs alhe
group con5|st|ng o] drug, an antibrotic, an ant |-|n amat or

anti - cl otdpenmgfcanhexting a ftvok skinand a baclcsiéde of atissie, the peqziumdede\ace:mmpﬂsas
factor, .a 25 owh factor, a ligand for a cell surface receptor, an
anti-proI4$@ﬁg i OPAGEEt , an anti-thronbotic agent, an antim crobial agent,
an anti-vir lnﬁgﬁﬂguIﬁngggﬁR&@@ﬁagﬁﬂng1@@@@&,mﬁﬁd an antl-hyperten5|ve
agent. . 22. The occlu5|on devi ce ‘according to any one of -clainms 1 to 21,
wher ei n onea distahmppo3 Gtredterwenimprisiag at teest tivoarms;kedgr oup of the proxi mal
support - structu

S PEot ur o "4 el ity SR b P fentinafeh | 'Lonp]ﬁaﬁtngﬁfg%ﬁﬁ%%% BRehesting,

radi opaci figg H&Bﬁﬂ%ﬁ rAtrichire WthitAC @isanslipportktaadad in the naterlal the
el enment s conprlse The occl usion device according to claim22, wherein

| the pr oxherein the ppmmals%mrm structere anddhellistah Supnoppructuse arecafir Rolgmerie he
mals%ﬁportlon conprlse a radiopacifier. WD 2011/096896PCT/ SG2011/ 000049

e U%ion devi ce according to any one of the clains 1 to 23,
further conpr|5|ng a delivering systemfor said occlusion device

conpr15|2? Ieast one first dellverlng means adapted to. npve the
deV| Ehe perlwigmdeviemacspiingtogclams haxhgrein thescatfld fEkey,ngpiisgeyi ce

occl usio
accordi ng, &)Pox‘fxlnﬁ‘l' %Lfklon fih &y pgér'&% ﬂf th€3Rdxifae Fﬁﬂg[)ﬁt stifRhirY §hi/Bg a”?@&? I's a
| oadi ng-wre renovabply connec I oxi I’TB. upport structure. _
" occlusion film supported by the distal support structure.
15 o |
- 3. The occlusion device according to claim 1 or 2, wherein the at least two .arms.of the
' proximal support structure are three or more spokes outwardly extending from the middle
- of the proximal support structure and connected at their inner end with each rothe::r. '
20 4. The occlusion device according to anyone o‘f claims 1 to 3, wherein the at léast two .

- arms of the distal support structure are three or more spokes outwardly extending from the .

-~ middle of the distal support structure and connected at their inner end with each other.

- 5. The occlu51on device according to claim 3 or 4, wherein - ‘each of the prox1ma1‘ T

25 f support structure and the dlstal support structure comprlses 2t0 8 of sa1d spokes ﬁ

6. The occlusion devicé according to any one of claims 1to5, Wherein the -a‘rmsiof the .

proximal support structure are adapted to be folded at their inner ends to be insertable into - .

a sheath in either an inward or outward direction and the arms of the distal support -
30 structure are adapted to be folded at their inner ends to be insertable into a sheath in either

- an inward or outward direction.
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26. The occl usion device according to claim25, wherein the loading wire
forms a | oop running through the proximl support structure. 27. The
occl usi orwodeuimesdaccording to claim 24 or 26, further ®OFRSG26I18g00a9 gui de
tube 15 adapted to house the loading wire and to guide the |loading wire

through the shgatdiclusB-delRRE aC&sliMgt6Ang B4E 68 cCRHROD 4b B whereBthe PRbxiftal
clains 24 to 27, further conprising a second delivering neans adapted to

move t he aclusiosifdm atpaidsdetweepdbhiamy dftheproxinel dippod] stmguport st ructure
t hrough the sheath. 20 29. The occl usion device according to claim28,
wherein the second delivering means is a deploynent tube. 30. The

occl usi org deviTaR RLARIH M&/ideCaRBMiBNE hy GhdioTRlAhs 10129, wheeilBle distal - -
conprising a 25retrieval wire renovably connected to the distal support

st r uctur encclugion fitmeexpansts bsivoren dles/drons of dlodistiahyppert siradtwne30, wherein the
retrieval ‘wire forms a loop running through the distal support structure.
3032. The occl usion device according to claim31, wherein: the retrieval wre
can be rchovedhsywcglisionslgvise ageradingdo gny phe of elapnel dp Swivhereimthe preximal -

occl usi-on, _dev] or dj 0,4; j. ’ i.ded..i .
cteri |1 oaPRk SEuBBROR QR LAY SRRl s o R
devi ce  f aonfidcviag tig: @speatiod suppoalstrdefiovith thetwaas pertanpri-si ng an.opening
connecting a front side and a back side of a tissue, the occlusion device
conpri®ses a scaffold conprising: : - : R
10.  The occlusion device according to claim 9, wherein the connector is a joint

protruding in the middle of the proximal and/or distal support structure in the direction of

the waist portion.

15 11, The occlusion device according to claim 10, wherein the waist portion is a

polymeric tube.

~ 12.  The occlusion device according to any one of claims 1 to 11, wherveiril‘the‘entiré
occlusion device is made of a polymeric material. o | .
20 ’
13. The occlusion device according to cléim. 12, wherein the polymeric material

compriseé a non-biodegradable or a biodegradable polymer.

' 14.  The occlusion device according to claim 13, wherein the non-biodegradabl_e_ ;
v25:f - polymer. is selected from the group consisting Qf pblyurethane,f poly(ether,jurethaheé),
il poly(ester urethanes), polyvinylchloride, polYalkylenes, polyethylene _:tefephtaléte

' - polyvinylacetate, poly ethyléne—co-ymyl acetate andnylbn.

15.  The occlusion device éccording to claim 13, wherein the biodegradable polymer is

30 selected from the group consisting of polycaprolactone (PCL), polylactic acid (PLA),
polycaprolactone-polylactic acid copolymer (PCL-PLA copolymer), polyglycolide (PGA),
- poly-L-lactide (PLLA), poly-D-lactide (PDLA), polylactide-polyglycolide Copolyr_nér :
- (PLGA),  polylactic aéid—polyethylené oxide  copolymers, polygluéonate
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a proxi mal support structure conprising at |least two arns; 5- a distal
support structure conprising at |least three arns and a distal occl usion
film supmporbadImséat | east two of these three arnms; an®#Ca/SERIEI00@aYti on
adapted for extending through the opening of the defect and connecting the

pr oxi mal %gggﬁ%xﬁhfmaur e Pmyhﬁh}ldﬁﬁe,di shaly ﬁels@na@és%er,st“r UelWh@ino  \wbigERi N

t he proxi port structure and the distal "support structure are of a
pol ymer i cpalpdiaxamonelcell@bseTbellagen lhnd clutosawvi ce- according to claim 34,
wherein the proxi mal support structure further conprises a proximl -
occlusion filmsupported by the at least two arns of the proxinmal support

structurey,15 TRGoccRRNRSSeastdigub GRy df6 OF dlafifs | o ¢5 avhEeid4h@ktifdfess -
further conprising reinforcing nmeans for strengthenlng t he proxi mal support

st r uctsur eof thgproximhal sepprartigiustire ihigher shvndhelstigespotha distad suppafettachire. he
reinforcing means are at 20 |east two reinforcing filnms each extendi ng.from
the end of the waist portion which is connected to the distal support
struct urelto thee qaelwionedevise acepsipg to iclaimslGp pheteanthsypolyreerie mategpl afifge

ructur e DPteCY Byp et e ai
B whor o AR pufthEt S hos o fiher NGuRBEOHARR R REAGER R S0 2,

suppor t - sdistatduppert afru@ueosi ti on bet ween the center of the proxi nal support
structure and the mddle of the arm 39. The occl usi on device accordi'ng
to cl¥m37, wherein the proxi mal support structure conpri ses two '
reinforcity fiThesqcctusndlesicaracenrimgve efrimhég, tmherairefhefpotyreatic mhatesali of thot

| arger 30 than.the maxi num di aneter of the.tiss def ect o o

2011/ 0968@8[‘9&%‘1?}@8?15}136@664&5 %B‘.’(? eraB%ec?{PtsbP%Hgé?/?%oéﬁagc%%Wg %o any one
of claims 34 to 39, wherein the arns of the proximl support structure are
adapted tg, be §0l I, I t d n; . i A Sk h in
an i nwar dfbdi re{(‘:}fel (gc%ﬂm% 1&&%(3%%6(}@?@& ?o%galge& ngl %%&%ﬁ%ee?%%?%}gr@?%@

cl ai N 34ofithe dBtal Wippbaistruttne: lak almeakilustrangeo fabost 1F td liwudil 61 Rd atSAFELr t -

structure are four or nore spokes outwardly extending froma m ddl e section
of the distal support structure.

~ 20. ~ The occlusion device according to any one of claims 1 to 19, wherein ohc or more - ,;
elements selected from the proximal support structure, the proximal occlusion -ﬁhh, the |
. distal support 'structuré, the distal occlusion film, and the waist portion comprise a

20  therapeutically active agent.

21.  The occlusion device according to claim ‘20;. wherein the therapeutiéally; active
: _'agent'is selected from the group consisting of a drug, an antibiotic, -an anti-infﬂafnmat_ory
égent, an ‘anti-clotting factor, a hormone, a nucleic acid, a peptide, a.cellul"ar factor, é
25: growth factor, é ligand for a cell surface receptor, an anti-proliferation ageht, an _aﬁtif
.~ thrombotic égeht, an antimicrobial agent, an anti—Vifal agent, a éhemotherapeufic'ageﬁt,

and an anti-hypertensive agent.

22.  The occlusion device according to any one of claims 1 to 21, wherein one or more
30 elements selected from the group of the proximal support structure, the proximal occlusion
film, the distal support structure, the distal occlusion film, and the waist portion comprise a

radiopacifier deposited at its surface and/or blended in the material the elements comprise.

- 23.  The occlusion device according to claim 22, wherein the proximal suppdrt'f,._

35 - structure, the distal support structure and the waist portibn comprise a radiopaciﬁcr. o



42. The occl usi on device according to any one of clainms 34 to 41, wherein
the arns of 10the distal support structure are adapted to be fol ded at
their i nrwo 28nd®6g96 be i nsertable into a sheath in eithecTasc20nwasds or
outward direction. '43. The occl usion device according to any one of
claims 34 to 42, wherein the proxinmal support structure and/or -the di stal
support s ruct rise-a connec adap d far 5c n n

respect i olg'@rqccg‘?n;gﬂgfﬂf‘éa?/ﬁof(ﬁn% fpear%ﬂngto gl?)er(il?lgﬁ E’fﬂ’@ g%r@?rﬂlsé?%n
device aCaP&Hli%xfhgg §Rten Rr Rhifd dcclvbiBh bvicd Bsmpadisd: portion conprises a hol [ ow
tube and the connector conprises a hollowjoint protruding in the m ddle of
t he proxiTmalatdenst one dirsttdeliveringpmeanssadaptedioempye theeoasiusiont deyiceothreusd aai st
porti Qn and eltﬂ%él%Oadapt ed to be inserted into the hollow tube of the
wai st portl The occl usi on devi ce according to any one 'of clai s 34
to 44, wheregjdnehithe entire occlusion device is made of a polymeric material.
25 .46. The occlusion device according to claim45, wherein the polyneric
natFriaI conpri ses a non-bi odegradabl e or a bi odegradabl e polyner. 47. The
occl usio evi Mg} 4 r

pol yner - |nz ssdsellgl%toegﬁ? Og degﬁé Qccg%cﬁhpg}:oﬁgnﬁ,\??r@ i pih po %8‘?‘13? I%ﬁggtr Q,IQQJ(UE% her
ur et haneshean3 polopd g tveire ﬂéfrﬁwﬁﬂyesﬂnecwdIt@'t&rer}yb)ohiabsupq}ert sproétyed. kyl enes,

pol yethyl ene terephtal ate pol yvinyl acetate, poly" ethylene-co-vi nyI acetate
gnd Pl on.  48. The occlusion device according to claim46, wherein the

i odegra Ie I

00l ycgpro ot O"lﬁ{é% c%(:g%ﬁoh%&%!aﬁgég?%gg(& fn?'?ﬁg?ﬂéfgm(tﬁ@ﬂaﬁfn'g%@fbrmsaloop
2011/ 096 &anRag tiBGRgH the PAOAAS suppyrt sipwadiract one- pol yl actic acid copol yner
(PCL- PLA copol yrrer), polyglycolide (PGA), poly-L-lactide (PLLA),

poI y-D-l actide (PDLA), polylactide-polyglycolide copolyner

27.  The occlusion device according to claim 24 or 26, ﬁrrther comprising a gulde tube ‘

15 - adapted to house the loading wire and to guide the loading wire through the sheath:.

- 28.  The occlusion device according to any one of claims 24 to 27, further- comprising a
' second dehvermg means adapted to move the occlusron device by pushmg it at the d1sta1 g _
" support structure through the sheath. ‘ '

20 . . ‘
- 29.  The occlusion device according to claim 28, wherein the second delivering means

isa deployment_tube. ,

30. The occlusion device accordmg to any one of claims 24 to 29 further comprlsmg a |

25 retrleval wire rernovably connected to the distal support structure.

L 31, The occlusion devrce accordmg to claim 30, wherem the retrleval wire forms a loop ‘

o runmng through the distal support structure.

30 32. The occlusion device according to claim 31, wherein the retrieval wire can be -

removed by pulling at one end of the retrieval wire.

33.  The occlusion deviceaccording to any one of claims 1 to 32 provided in a sterilized ’

o package.
35 - -
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(PLGA), pol yl acti caci d- pol yet hyl eneoxi decopol yner s, pol ygl uconat e

pol yhydr oxybut yr at e, pol yanhydri de, po | ypho spho est er, pol y(am noaci ds),
pol ydi oxamonei1/wmedskul ose, coll agen and chitosan. 49. TireTscebusvae devi ce
according to any one of clains 34 to 48 wherein one or nore elenents

sel ect ed f4 om tA oREIR O RevRH RBP Closi F%iﬁhh‘d’t@mlcrahﬁeﬁ@tt in0 figdue RloPApr ¥R an
occlusion film the distal support structure, the optional distal occl usi on

film ancbnehmgwanmalpgatﬁomhsmle)amh@ba@@ldie oﬁaahape,uhc oedligjoradeviceecomyuises
50. - The occl Hsigon devi ce according to claim49, wherein the therapeuti cal |y
active adeiff'P¥ QBPE"Ed from the group consisting of a drug, an :

anti bioti C,a SHOXAH kuﬂﬁ&ﬁ'sﬂ'ﬁ%&@wfn&ﬁﬂ@m léxdt @dtdrng] Ot ting factor, a hor hnne,
a nucleic acid, a peptide, a cellular factor, a 15 growt h factor a_ligand

for aSceld asdlsfaééeppcétetpmwre compaising- r lspst fthregtarnn a@gemhstadrpccluswn film .
anti-thrombotic ant cr.obi al an anti-viral agent, a
chenot herapsélﬁ??%e d’eameaatntﬁvéb ;rgﬂégﬁ[ﬂ?re%mr ?%‘ﬂm ve agent. 51. The occl usion
devi ce -accof WhisOpdrioR A¥apbedefo® extehdihgBhrddgh thePeninb OIf Eiendedetet afd c@iﬁfeetuzg)

el enents selected fromthe group of the Er oxi mal support structure, the

optional prtBgPregimaSEPRAST BHICHTE mlthtthfedlatia wpogabb@knte struct ure the

opt i onal Qg? Okt
radi opaci T |CZ%IH(§%%§ X?g%l%gplg (lslj{ sur aazrzltei(?h 181% dsglgl I'n rm]?o e er1c t he
el enemt s matepili se. 25 52. The occl usion deV| ce, according to cI aim 51 -

wherein the proximal support structure, the distal support structure and
the wai st portion conprise a radiopacifier. 53. The occl usion device

accordi ng4 0 afy ?fﬁsi%’;l debige séc’amﬁ Rftclhih 32 wilddtih PRY prb QAR g&pﬁagt Sructure

delivering systemfor said occl u5|on devi c€ conpr|S|ng 30- | east one
first delfutber cgnprsans Iardamaéwcchsmvfdnt keppocted yi the adéeastewm hirmsl@lﬁ the
sheath, prgmmal support structure.
15 :

36. The oc'cl'usionn device according to claims 34 or 35, further comprising reinforcing

means for strengthening the proximal support structure.

 37.  The occlusion device according to claim 36, wherein the reinforcing means are at
20 least two reinforcing films each extending from thé end of the waist portion which is
- connected to the distal support structure to the proximal occlusion film supported “by the -

- arms of the proximal support structure.

38.  The occlusion device according to claim »37,‘ wherein each reinforc‘ililg film is
25  welded at the arm of the proximal support structure at a position between the center of the C

' pfoximal support structure and the middle of the arm.
39. The occlusion device according to claim 37, wherein the proximal support structure '

comprises two reinforcing films, the distance between the two reinforced films is not larger

30 than the maximum diameter of the tissue defect.
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a sheath. WO 2011/096896PCT/ S&2011/ 000049 54. The occl usi on device
according to claim53, wherein the at |east one first delivering neans is a
rod renowsibl2g110es¥ect ed t o t he proxi mal support struct uP€T/SG36L1/006089

occl usi on device according to clainms 53 or 54, further conprising a second

del i veri ngp, mearig ¢ RMRIGARIYice ABEREIE Do bRy bRE o FiE1anR 345010 inthefdint Hietading ond
adapted to nove the occlusion device through the sheath or to nove it back

into the thhpaimal SHporTliruduors are adaptelbip wefokited it theiginner endaitorbé Mseriptde ei n

t he secdndtdeliv ring.neaaﬁ.i§.nade of a-wire spring and conprises a
connect i N saN Rariparidiectity. 57~ The occl usi on devi ce according to

cl aim.56, wherein the distal support structure conprises at its rear end a
hol 'ow tube having a threaded exteri.or surface. 58. The occlusjion device
accor & ngtk-o clTh¢ ardesion device sdrerdingtor dnwonoaheleimndyt et avherae sheatileast a

oo LS b PR B R AL A58 405,

di stal. su cl usi on ce accor al'm 58,

wher ei n- theidand $eevioh bb@e distdlRepgdrsdtalctgelpport structure conprises a |.ocking
menber in which protruding neans provided on the 20 1 rod can be engaged to
tw st off the distal support structure fromthe second delivering. neans,

60. The occl usi on devi ce according to any one of clains 34 to 59 provided
in a sterdd.i zethepaekaiga degBe agaording e anp anoef piow IgtoaH , sbatesnihearmgef ect

in atjss 3si. stin n.o ctl.hg.:a 1Sl de. a ack:
o1 do 5t *SHE BRI ST Rl Sl RENCR o SO RIBET 4 IReiFinh 0 3 BT RORIA RS
occl usi ona giruihde eab@andhwgdto? oatwarddeeafoncl ai ns 1 to 33 has been inserted,

43.  The occlusion device according to any one of claims 34 to 42, wherein the proximal
support structure and/or the distal support structure comprise a connector adapted for

15  connecting the respective support structure with the waist portion.

- 44.  The occlusion device according to claim 43, wherein the waist porti()n comprises a
- hollow tube an_d the connector comprises a hollow joint protruding in the middle of the -
: proximai and/or distal support structure in the direction of the waist portion and being =

20 - adapted to be inserted into the hollow tube of the waist portion.

45.  The occlusion device according to any one of claims 34 to 44, whereih t'he:'entirer: .

~occlusion device is made of a polymeric material.

25 = 46. The occlusion device according to claim 4'5, wherein the polymeric material

' comprises a non-biodegradable or a biodegradable polymer.

47. The occlusion device according to claim 46, wherein _thé ndnfbit?degradabié g
- polymer is selected from the group consisting of polyurethane, poly(ether’ ur'ethaneé)‘,_ij"f ‘
30 poly(ester urethanes), polyvinylchloride, polyalkylenes, polyethylene terephtalate

polyvinylacetate, poly ethylene-co-vinyl acetate and nylon.

48.  The occlusion device according to claim 46, wherein the biodegradable polymer is -

selected from the group consisting of polycaprolactone (PCL), polylactic acid (PLA), _ji
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30- noving the occlusion device through the sheath to the site of the
anatom cal defect by using a delivering neans, noving the proxinmal support
struct ur evof2otimessecl usi on devi ce out of the sheath thr@aglsGeém/od@iect to
the front side of the tissue, W) 2011/096896PCT/ SG2011/000049 depl oyi.ng

the proxi e captR@bde- Iy MG U & BpoiiRer (POMLPEA LS f),ep&ll[yg@u@ndeqmﬁg,se ‘the

defect fromthe front side, - wthdrawi ng the sheath to relfease the wai st
portion- gfoly-helacadsl YELDbA).d@olyele-lactideh&1dbaji polylastide-polyelyealds tchpoliinet al

support p iQn and.t.he. wai st. porti.on at the. back side of the tissue, and
Gt oyt oL St Ediseer Acidib Bator | PRS0 craePGAThevi BabER e °"
anat om cabolgefieslybherb osepsReniatias! | poFphbgnbatk, si Riwimibe t hsiaye: .
62. The ﬁit Qd'aé%o?%ing tg gléﬁﬁlGlh mﬁeggiﬁﬁthe shea?ﬁ)goes throug% t he
openi rig 1 lydioxanonteclulosd, rellagsuppdehitosen.uct ure is noved out of the sheath.
63. The nethod according to claim61, wherein the sheath is at the front
side of the defect while the proximal support structure is noved out of the

sheat h. 1y, 64. T RRkDAUARE QEHrdidg t® ad¥nddfEclfinsB4ao M8 WHeréi 088 or ioié her
conprising the step of retrieving the occlusion device out of the sheath of

t he cat hetleipenipgelgeteddroan fesvPEsdnasiupRod estiiuetars, the Retionak rrexiagl ogdusiqhe
met hod. ac ing. 10. i.m, in:th £&n - i ey t he.occl.usi on
R R A S S
hol ditng tdeenmRReattherapeuriodiytdctine agent.or ce ei t her the proxi mal support
structure and/or the distal support structure of the occlusion device into
the sheath or conprises the steps of withdrawi ng the second delivering

means Ccongiect effl Q?Ctllréﬁ)ns g&ﬁ&r Ec&&&iﬁ%ttw&aiﬁp@,ocvﬁ@r_eﬁf ’Eﬂéeﬁlefa?@utmml Gctive
occl usion device of the distal support structure into the sheath. 25
agent is selected from the group consisting of a drug, an antibiotic, an anti-inflammatory
agent, an anti-clotting factor, a hormone, a nucleic acid, a peptide, a cellular factor, a
15  growth factor, a ligand for a cell surface receptor, an anti-proliferation agent, an anti-.
thrombotic agent, an antimicrobial agent, an anti-viral agent, a chemotherapeutic agent, a

~and an anti-hypcrtensiv_e agent.

g 51.  The occlusion device according to any one of claims 34 to 50, wherein Qne or more f

20  elements selected from the group of the proximal support structure, the optional proximal 1
- occlusion film, the distal support structure, the optional distal occlusion film; and the waist ﬁ
portion comprise a radiopacifier deposited at its surface and/or blehded in the matefial the :

- elements comprise.

25 52 - The occlusion device according to claim 51, wherein. - the proxirhal support ..

o structure, the distal support structure and the waist portion comprise a radiopacifier. -

j: 53. ‘The occlusion devi:ce according to any ﬁon:e‘ of the claims 34 to 52, further s
compriéing a deiivering system for said occlusioh,dévice comprising: ' S
'30i  —  at least one first delivering means adapted to move the occlusion device through' a.
sheath, and
~ asheath.

56



66. The nethod according to any one of clainms 61 to 65, wherein the

anatom cal defect in a tissue is a septal defect or shunt in the heart or
t he vascuwenosy®ssdsm 67. The net hod of anyone of cl ai ns PET/SGaoBHY0MMer ei n
the septall defect is selected from 30the group consisting of atrial septal

defects, yent riigdRlusARfedce d6doR@hs to BRIEBY, WkGEHShdtlst O first @meﬁag ent
f oramen. oval e.

- means is a rod removably connected to the proximal support structure.

55. © The occlusion device according to claims 53 or 54, further comprising a second
5 delivering means removably connected to the distal support structure and adapted to move -

the occlusion device through the sheath or to move it back into the sheath. -

56. The occlusmn device according to claim 55, wherein the second dehvermg means

is made of a wire spring and comprises a connecting member at its tip.

10 | -
57. The occlusion device according to claim 56, wherein the distal support structure

comprises at its rear end a hollow tube having a threaded exterior surface.

58.  The occlusion device according to claim 56 or 57, wherein the connecting member
15 comprises a threaded interior surface to engage at the threaded hollow tube of the distal.

support structure.

59. The occlusion device according to claim 58, wherein the hollow tube of the distal -
support structure comprises a locking member in which protruding means provided on the
20 = rod can be engaged to twist off the distal support structure from the second‘deliVeriI:lg :l :

means.

60. The occlusion device according to any one of claims 34 to 59 proyided inla‘;f

sterilized package.

25
: 61. A method of closing an anatomical defect in a tissue con51st1ng of an openlng
connectlng a front side and a back side of a tissue, comprising the steps of:
_ prov1d1ng a sheath into which an occlusion device according to any one of claims 1 ?to i '
33 has been inserted, - o : | |
30.‘ - movmg the occlusion dev1ce through the sheath to the site of the anatom1ca1 defect by :

using a delivering means, _
- moving the prox1ma1 support structure of the occlusion device out of the sheath

through the defect to the front side of the tissue,
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~ deploying the proximal support structure at the front side of the tissue to close the -

defect from the front side,

- withdrawing the sheath to release the waist portlon of the occ1u51on device in the -

opening and to release the distal support portion and the waist portlon at the back s1de B
of the tissue, and
- deploying the distal support structure of the occlusion devrce at the anatomlcal defect -

to close the defect from the back side of the tissue.

- 62.  The method according to claim 61, wherein the sheath goes through the opening )

while the proximal support structure is moved out of the sheath.

©63. Ihe-method according to claim 61, wherein the sheath is at the front side of the o

15

20

- defect while the proximal support structure is moved out of the sheath.

64.  The method according. to any one of claims 61 to 63, further comprising the step of .

retrieving the occlusion device out of the sheath of the catheter and using a new occlusion

- device in the next step.”

 65.  The method according to claim 64 wherein the step of retrieving the occlusion

device comprlses the steps of withdrawing the retr1eva1 wire while holding the sheath in

- position to force either the proximal support structure and/or the distal support’ structure of ﬁ .

the occlusion device into the sheath or comprises the steps of withdrawing - the second -

. delivering means connected to the support structure to force either the’ whole occlusion "

25 | | SR
L 66.  The method according to any one of claims 61 to 65, wherein the anatomical defect

device of the distal support structure into the sheath.

| ) 1n a tissue is a septal defect or shunt in the heart or the.vascular system.

S 67. The niethod of anyone of claims 61 to 66, Wherein the septal defect is selected fro.r:n :

30

the group consisting of atrial septal defects, ventricular septal .defects, patent ductus

arteriosus, and patent foramen ovale.
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