WD 2011/ 075088PCT/ S&2010/ 000476 OCCLUSI ON DEVI CE FOR CLOSI NG ANATOM CAL
DEFECTS RELATED APPLI CATION 10011 This application clains the benefit of
priority wb208/psa8i si onal application No. 561/287, 544, pCirlsedoDwoetoer 17,
2009, the contents of it being hereby incorporated by reference in its
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invention generally relates to the field of transcatheter device closure
10t echni ques for closing an opening in a tissue and nore particularly, to
occl usion devices for closing anatom cal defects in tissue. BACKGROUND OF
THE | NVENTI ON [ 3] Defects RELATEIAPRIdCATION conbi ned with an openi ng
in a tissue such as in the 15 blood vessel wall and organ tissues, |like

t he sept n 0, I o, I Kot ypes
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right atrium (1) and .the |left atrium(2). [4] During the fetal

devel opnEfErengeyd ISEHHIRLY hﬁWﬂ{@? ‘starts to grow downward 20 fromthe
roof to divide the atria |nto two chanbers, leaving a hole in the center
call ed ostium secundum (4). A second septum septum secundum (5), starts to
devel op on the right atrial side of the septum primm (3) and normally

conpl etely covers the ostiu reby resulting in a

cl osed foranmen ovale (6). nt@ﬁ@?Qﬂyq%@%gwgggggtﬂfnconplete cover age
results in a hole (an opening) permitting blood flowin either direction
25 (I eft {@03] rffghiprﬁscntrlhgmtioncgeh%tly relates to Kreofield ad tmnsathetal deseptchdsudef ect .
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formati oferiosmﬂgearﬁm,ugn@%mﬁu@gl(eS) an opening foranmen ovale - remains
between the septa in the fetus, functioning as a one-way (right-to-left)

val ve. This opening all ows bl ood to follow fromright atrium (1) to left
atrium (2), WD 2011/ 075088PCT/ SG2010/ 000476

BACKGROUND OF THE INVENTION

[003]) Defects in tissue are often combined with an opening in a tissue such as in the
15  blood vessel wall and organ tissués, like the septum in the heart of mammals, for example.
There are two major types of septal abnormalities: atrial septal defect (ASD) and patent
foramen ovale (PFO) as shown in Figure 1. Figure la shows normal septa between the

right atrium (1) and the left atrium (2).

[004] During the fetal development, the septum primum (3) starts to grow downward
20  from the roof to divide the atria into two chambers, leaving a hole in the center called
ostium secundum (4). A second septum, septum secundum (5), starts to develop on the
right atrial side of the septum primum (3) and normally completely covers the ostium
secundum (4) and, thereby resulting in a closed foramen ovale (6). However in some cases,
incomplete coverage results in a hole (an opening) permitting blood flow in either direction
25  (left-to-right or right-to-left), also known as an atrial septal defect. This atrial septal defect
is also called secundum ASD (7). An example of such an atrial septal defect is shown in
Figure 1b. Even after normal formation of the septum secundum (5), an opening foramen
ovale - remains between the septa in the fetus, functioning as a one-way (right-to-left)

valve. This opening allows blood to follow from right atrium (1) to left atrium (2),



bypassing the lungs in utero. At birth, changes in atrial pressures |eads
to apposition of the septa. Conplete sealing of the opening happens within
hours of worbh/o75s8ever, a patent foramen oval e, al so calCirsdG26600¢48) ,

remai ns for about 25% of the total population. This situation is shown in

Fi gure 1bgpaséibPtizcuaghinsutérolr A2birth, 3hdfges ircargigsteésateshemikstto dgfntion dfmé are
di agnosed in adult hood, ampng whjch the majority are Secundum ASD (about
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Al t hough el egant and smart device designs have been achi eved ow ng to metal
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aspect of the. present application, an occlusjon device for closing an

anat oni cAhichoisoplacedhat ﬁ?sdéD?%EBﬂpgtha- aned phidRyiceb Arfedeniensdator $8hthsi de
and a ba ' [ d ' at& &i | usion device is
adapt ed %K I(;S [ggﬁi@r@%ﬂtggh}%ﬁygldf %fﬁg%%l%s@g@ a cateﬁ;g?%atr@%%ﬁgﬁ%ccl usi on devi ce
conprises: 20(i)a scaffold conprising: a head tube positioned at an
anterior end of the scaffold,



a tail tube positioned at a posterior end of the scaffold; wherein the head
tube and the tail tube are novable along the direction towards and away
from eactwotzhewo7s@ed 25an engagi ng means connected t o tReTiseadotondiss and
bei ng adapted to be engagable at the tail tube, and (ii)a fol dable section

conpri si [@7] AfitoidaksB/PFendefparit iclRedby ah ocsludan el df aigrowe tesud wil t he
head tube and ) bei ng adapted to be di sposed together with the
head t ubBsually caeerithedevies and will thie clogeldrecdsfect. Adthough elegant and smart device
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one end g%gghgg{atg é%?ér%%g&;éég) %’gg rtl(g a apffeégﬁll{y Eg‘g %chglgec?\é\gﬁ cl)%szp g@%\%ﬁ{ﬁ thg
tail tubpreadncthd meak irs titemaimnidhian dekdgct ,noamdsired dud &1 alberpy iand laggpired t o

extend through the opening of the defect and bei ng 5arranged between the
f ol dabl et Pekt Mstaldid druceorpamise repted por o ?mwgsf:eﬁhct@gc S¥Mst he

f ol dabl e, Beadi R Lb@Bn %{?ﬁg{rﬁ@bf)%ﬂgﬁhﬁ FuRthémRPE, thQR dEHIR hi&Sof HBtaPindTOr €

arns extendl ng between ad tube and the wai st portion and between the
tai |l tubsyndimdict fabrivainsly plstriucothe trespeptal \aetess fohdheileft aroimawimoborspofl ses a

fol di ng segnent. . 10[ 0010]. According to a sec t, a.deliver]j system
For - an_oBENERSTBRTTIOE: dp (e TPecreruPet of SeThrgb disart AREFE: ePAthe

occl usi operg@uh&s ikaR dARELphi? &ereFlaﬁéxﬂélﬁ}jaﬂrﬂytﬁmi’a stagrb haff tiRrdpdsh@tgLr. The
delivering system conpri ses: at least one first delivering neans adapted
to pl&h phleoneni e ovelubéan and lefiatsiad Appendigeadlosuzgld t o gui de the head portion
of the foldable section in a position at the front 15side of a tissue

defect, @@8] Considering the above comments, it is therefore among others an object of the
present application to overcome at least some of the above-mentioned problems of existing

occluders and to provide an alternative occlusion device for closing an opening in a tissue.

15 SUMMARY OF THE INVENTION

[009] According to a first aspect of the present application, an occlusion device for
closing an anatomical defect in tissue comprising an opening connecting a front side and a
back side of a tissue is provided, wherein the occlusion device is adapted to be included

into a sheath of a catheter. The occlusion device comprises:
20 (1) a scaffold comprising:

- ahead tube positioned at an anterior end of the scaffold,

- a tail tube positioned at a posterior end of the scaffold; wherein the head tube
and the tail tube are movable along the direction towards and away from each
other, and

25 -~ an engaging means connected to the head tube and being adapted to be
engagable at the tail tube, and
(i1)  a foldable section comprising;

- a foldable head portion which is connected at one end to the head tube and

being adapted to be disposed together with the head tube at the front side of the
30 defect,



at | east one second delivering nmeans adapted to nove the tail tube into the
direction of the head tube to allow the tail tube to be noved agai nst

t he back wpdel1af75488e ti ssue. [0011] According to a thir@Caspeet/006476é he
application, a kit conprising an occlusion device of the first aspect and a

delivering syst emf@lfiablé eilsgstog whsdhas iconrfecpsdaviofe @nd BQEH}Qm}ub‘éCeﬁﬂr%ir? to a
fourth aspect of the application, a nethod of closing an anatagnical_ defect
in atissue Consi“lsapfeﬁldogﬁ disposRgRESBeT M Bt taih gbs af thehack side o4 e deferick
side of a tissueﬁkﬁ provided. The nethod conprises the steps of: providing
the sheath into Ich the occlusion device according to the first aspect
and the deliveri agasy poeivnadapeditm gxtend threugltethernpeainped tthddefectbmdrbeing

i nserted, 25- pushin he occlusjon device throygh e sheath to the site
of _thsé anat oni ca?”ﬂ@g@%iﬂ_“ﬁﬁ“ﬁﬁfab’agﬁg‘eﬁ P%‘Floaépala@rftpﬂj@b%?& BOIHONY he
delivering sygh&@n eRHH (RO 6108010825k hotRenUndthe raaas QAiﬂF@tﬁgntclaﬁlg%Q%sﬂgbl €

head portion of the foldable section of the occlusion device out
sheat h t hr ougtwa loe miwt ermstextendeng bemees ithie hedd tube arids thgewaisi\portion and

2011/ 075088PCI/ SG2010/ 000476 fql di ng t he fol dabl e head rtion ull'ing
Che del i vor | GRS 1BY (oRauBe AnfsiiEnTaist noE Tepe e SHSHUL et R he
front side, wérhprleawifldinghegnb@ath to rel ease the wai st portion and the
tail portion of the foldable section of the occlusion device in the opening

and at t k side of the t{issue, spectively,. and ushi the._tai
cubeltbr ' [{a0BaErdiemg 15 detsttnd acperie, dTHERBaSTa du Bt oeieh SEVE 8§ Hhoans
of the sgapndpaielid pRIvVidd, WaRRASn Fhe bBAUEH IdéGict NP a8¥RELM be ihalded Mo a
foldable tail portion of the fol dable section of the occlusion device and

| ocki ng sheathorfcl aatlietmn. Bes/dadiverng systermparnpnsesal def ect from the back side of
the tissue. 10100131 Alternative enbodi nents as well as other aspects and

feat ures_of 4t REstRIHeSHRE delivering means adapted to push the occlusion device through a
sheath and to guide the head portion of the foldable section in a position at the front

15 side of a tissue defect, and

- at least one second delivering means adapted to move the tail tube into the direction of

the head tube to allow the tail tube to be moved against the back side of the tissue.

[0011] According to a third aspect of the application, a kit comprising an occlusion device

of the first aspect and a delivering system of the second aspect is provided.

20  [0012] According to a fourth aspect of the application, a method of closing an anatomical
defect in a tissue consisting of an opening connecting a front side and a back side of a

tissue is provided. The method comprises the steps of:

- providing the sheath into which the occlusion device according to the first aspect and

the delivering system according to the second aspect have been inserted,

25 - pushing the occlusion device through the sheath to the site of the anatomical defect by

using the first delivering means of the delivering system,

- pushing the head tube of the scaffold and the foldable head portion of the foldable
section of the occlusion device out of the sheath through the defect to the front side of

the tissue,



invention are described in the dependent clains and will becone apparent
fromthe follow ng description of specific enbodinents and non-limting
exanpl es ¥ 20HA7388sent i nvention. 15BRI EF DESCRI PTI ON @ET/BHE) IDRACATNCS
100141 The invention will be better understood with reference to the

det ai | ed- defutdih@tHedbldablerhead psitida b§hullingi the GEINjeHAg Wity ofwhé Bedlidgon device
non-limting exanpl es and the acconpanyi ng draw ngs. 100151 Figures
| a- ¢ show (@)01%%‘]’6%@6{0&‘} thedjonggidea with an atrial septal defect (ASD)
and 20(c) septa with patent foranen ovale (PFO). 100161 Figure 2 shows an

expl oded- pewfR@aivineethy iskatioto @lcasd1ihedi i@ Hortdn &Y Me @Aiug&fqen Je WieCd1 bR
components of a delivering systemdescribed herein. 100171 Figure 3 shows

an enl ar gedsestes pédhg peclysieqydgyice e thopering st 8§ the backiside of teutisson

devi ce ShoW@s}QiE&?%ﬁﬁ 2. 25[ 00181 Figure 4 shows an enlarged perspective
vi ew of the s{er'br portion of the occlusion device shown in Figure 2.
100191 Figure 5 shows the occlusion device shown in Figure 2 in its folded
state. WO pohingoths 088 RO 3o 18LBema7E:vigoaRinsFithpubackesiddh ofithe tisses biyor t he
head tube or the tail tu of .an_enbodj t..of.the occl ysi ice .

doscr | bed nErRip! WhisebithSsiRerBE pRdR o B Qb fFrineieBEto i dhe g ai
procedure. péHiéd offthgUbRIgbléaseetiG O the bRemtibe devResardll 1RRRIghAE sFhRinment

of an occl usion device described herein. Figure 7a shows structure details

of the occldgiesmt thaangemigaldgtectfipw the back sideofishe tisieng provi ded with parts
of a delivering systemof the present invention. Figure 7b shows a front

Vi ewof  (00R3PAREMEH RN eRBYHiBRNAS ad iviII 8s Ghdr NasPBEtKidnd Fehfurst BT ehépebsEhour e
7c shows a back view of the occlusion device in working structure. The disc
i n Fi guri@semipnapeg descabeth imtthe dependentarlains and /Wit batonioappasentoframethe

(ASDY PFQOIIHR'%% description of specific embodiments and non-limiting examples of the present

invention.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will be better understood with reference to the detailed description
when considered it in conjunction with the non-limiting examples and the accompanying

drawings.

[0015] Figures 1a-c show (a) normal septa, (b) septa with an atrial septal defect (ASD) and
20  (c) septa with patent foramen ovale (PFO).

[0016]} Figure 2 shows an exploded perspective view of an embodiment of an occlusion

device and components of a delivering system described herein.

[0017] Figure 3 shows an enlarged perspective view of the anterior portion of the

occlusion device shown in Figure 2.

25 [0018] Figure 4 shows an enlarged perspective view of the posterior portion of the

occlusion device shown in Figure 2.

[0019] Figure 5 shows the occlusion device shown in Figure 2 in its folded state.



10[ 0022] Figure 8 shows the stress-strain curve of a copol ynmer of

pol yl actic acid and pol ycaprol actone (PLA-PCL copol yner) 70/30. [0023]

Fi gures 9wsoand/ds@sBow t he pol ynmer stress rel axation of ®ETSGa1000PIGE Y MTET

candi dates. Figure 9a shows the 100% strain of stress relaxation curve and

Fi gure 940020 gurtid hodotebesafon tiod heddr mbs or eheatailt fubé of Wn \eenbollth&d 24]th&i gur e

10 shows the .construcfio d t.he functioni g of one particular enbaodi nent

of an ocOFUYMBh GEGF %egﬂﬁrii'f"eg'g?ﬂe"] H\?etH fohavsybesarpdiGed Ry avPRIRE each

of the depdRysment steps as well as the final working structure of the

occl usion device fromthe front side (Anterior or head portion, positioned
rium LA) of the heart) and the back side (Posterlor or tail

he |
:ogr E i gn %‘f@?h%ﬁ%&j 4% Shave sehegtic et uph qnettjer smberiangne af 8y og¢lusine dees ssue.
The diSC diegbribB NYRIKIF; r?rgég?&\b% %élzc'g.]? g?taﬁg bt 61' oeERki gh dgglﬁg%li ilﬁza(}n?&hed

foramen oval e (ASD/ PF ur es la an
f abri cat istate lputmprohdtdlmiﬁ]i pants offa deﬂieerﬁmg si,atdn%ﬁmetprmnofnvanm(ﬂnﬁ@me nt

of the ocgl usi on_device f t he esent inventi a) Filmcutting tenplate
and (b) |SH%‘HS ?.frongweysq 'e&%‘]‘?h%' eé%“f%”‘%ﬁa% I%WBW%?tﬂrfélﬂfeéﬂégs%? t he
fabri cat i7eRheK & Back PbwldTehETRPeiSRAviQS 1nt\>bkﬁ'k91%c§|tﬂd§t'u%‘ Tqing\ﬂ'ls‘\&n%h

Figures 1la and b: (a) The tail tube is wel onto the filnms an ? t he
head tubeénd g i atdal septat defedtipatent forathowevdle H@iﬂﬁé’@)meand b show t he next
steps of the fabrication process of the enbodi nent of the occlusion device

showig i N (§022Y Fisrd 32 soy (A htredishhfh £3vE) i1 ns
and | ock tub! tr)) srsmws t he ttr)ackS Vi ew o? Qtﬂr,]\gQ%)Bf)@g%&]ggv%lglag#?%gdugg
2011/ 075088’9@13@@@0@_0?10@{?416@[@@2&}0 F/30res 14a and b show the fi nal steps
of the fabrication process of an occl usion device according to an

enmbodi Meipyo23f FidiPes094! MRl @n aﬁj(g\ill the ﬁ(l;\ r sﬂegé ?%gn?a?hoﬁllo? B0gaP: fcoéc?lgm%pe

device filns were conpresse t wo c ps an vacuum oven
t r eat nencamgfidatése FflgwecpadmmcsetheSI(EBQQ]rallﬁl ofusteesi Telakaivh owree et OFiigufen®b of a

Show ¢ he SHEY B0V Grr B YO ECREYRIr T a) or i gi nal: (D) O week
15 [0024] Figure 10 shows the construction and the functioning of one particular embodiment
of an occlusion device of the present invention by schematic views of each of the
deployment steps as well as the final working structure of the occlusion device from the
front side (Anterior or head portion, positioned in the left atrium (LA) of the heart) and the
back side (Posterior or tail portion, positioned in the right atrium (RA) of the heart) of the

20  tissue. The disc in the working structures is an atrial septal defect/patent foramen ovale

(ASD/PFO) model.

[0025] Figures 11a and b show the fabrication process of the films of the foldable section
of an embodiment of the occlusion device of the present invention: (a) Film cutting

template and (b) welded films.

25  [0026] Figures 12a and b show further steps of the fabrication process of the embodiment
of the occlusion device shown in Figures 11a and b: (a) The tail tube is welded onto the

films and (b) the head tube is welded to the films.

[0027] Figures 13a and b show the next steps of the fabrication process of the embodiment
of the occlusion device shown in Figures 13a & b: (a) Suture (3-0) went through the tubes,
30 films and lock tube; (b) shows the back view of the folded device structure.



(c) 1 week; (d) 4 weeks; (e) 8 weeks; (f) 12 weeks (the scale bar is 10
gm . [ 0031] Figures 17a-f show the degradation of copolyner + 30%
BaSO4: (ayoanilgi7emB; (b) 100 week; (c) 1 week; (d) 4 we@k3/SGee/ 08omeeks;
(f) 12 weeks (the scale bar is 10 gm. [0032] Figures 18a-f show the

degr adat {am28pFighfds: 14aagnddy sigpwalhe ﬁﬁh)st@svﬁahe fz(bri)caﬂom/pﬁicess(@f)mﬂowhﬁsl@m h( e)
8 weeks; ,(f) 12 weeks the scal e is 10 [ 0033] .Figures 19a-f_ show
the degr Qérafq eiroBtingR &e@b@ﬁlggmﬁa th@é’f“&?‘?@?ﬁé‘lce Sb‘b‘)’"(‘ﬁ ks 143 and Reek;

(d) 4 Wegchsl“he( Qévibe ‘mﬁgswer@fc)on\ikﬁes‘éﬁt?lﬁ? ’\}%oh@hﬁsc%l)f (l?)a(ladugmlgvﬁmfor 3'5{69934]

Fi gure 20 shows the nol ecul ar ' oss duri'ng 1
degr adat trestment ofthe fiped gewice. candi dat es to be used in occl usi on devi ces of
the present invention. [0035] Figure 21 shows the nass |oss during 12 weeks

of degr agﬁszplgaf B@ao@% adzeém@mhﬂaotf% eﬂ%a%cg gstemodfzﬁ%%&!fuegp&gséneéd

Figure 2 ure ows t us variation at 37
C duri nghd&2inneeks of 20 degradatlon of the polyner candi dates used for the
measurenents of Figure 20. [0037] Figure 23 shows an atri al septa

Lo0a6] FROYADL AT LURNE AR el B3R Rt (DL SElEMh R Tbesk™' =

enbodi ne(d) 1obeckh@l)doeddks] (@n8 sexks €¢f)deplaeksahé sale bdres 80 pmdl  sept al
def ect / pat ent foranen oval e (ASD/ PFO) 25npdel . 100391 Figure 25a shows a

B om IR RRRRS TR o e BT el i 51508 BRSO ol Brnak B °

occl wgler Oiweek@) Wekk,r(g) 8 twedkd; W) wteksh@) I 2heclad (thetuRibdLis 10 g in vitro
testing. WO 2011/075088PCT/862010/000476 [ 0040] Flgures 26a and b show

Sheat n (G BiesBl FATOMOH B PR R EEG (P eoriagiy (5 el T TR, 11

(d) 4 weeks; (e) 8 weeks; (f) 12 weeks (the scale bar is 10 um).

[0033] Figures 19a-f show the degradation of PCL + 30% BaSO,: (a) original; (b) 0 week;
(c) 1 week; (d) 4 weeks; (e) 8 weeks; (f) 12 weeks (the scale bar is 10 um).

15  [0034] Figure 20 shows the molecular weight (MW) loss during 12 weeks of degradation

of some polymer candidates to be used in occlusion devices of the present invention.

[0035] Figure 21 shows the mass loss during 12 weeks of degradation of the polymer

candidates used for the measurements of Figure 20.

[0036] Figure 22 shows the storage modulus variation at 37 °C during 12 weeks of
20  degradation of the polymer candidates used for the measurements of Figure 20.

[0037] Figure 23 shows an atrial septal defect/patent foramen ovale (ASD/PFO) model for

in vitro deployment tests.

[0038] Figures 24a-d show several steps of the in vitro testing of an embodiment of the
occlusion device deployment at the atrial septal defect/patent foramen ovale (ASD/PFO)
25 model.

[0039] Figure 25a shows a photo of an embodiment of an occluder in the working structure
at the right atrium side in the in vitro testing and Figure 25b shows a photo of the occluder

in the working structure at the left atrium side in the in vitro testing.



[0041] Figure 27 shows a photo of a puncture of the right atrial wall of an

ani mal during surgery. [0042] Figure 28 shows a fluoroscopy picture of the

gui dewi r evodniiat7snssand t he 11F sheath across the sept umPCpiSEa&®/08@E6 ar r ow) .

It neans that the nodel of PFO was successfully created. After retrieving

t he gui dg0O40EFaneksdlfaadmir b shbe Xaay umbges cfea embodimdne oflepl aykdet bf ehgh t he

11F sheath. [ 0043] Fi%w%e§,29§§§$d b sqom/the debubbl i ng of an enbodi nent
LG AEEFS

of the oPTEFEMiBiFNHeNnceay apgpaatly unfghdsddiFrguee doh)e 29a shows a
photo during the flushing with syringe and Figure 29b shows the debubbl ed

occl usi o[00dey Fizarestieis & photo dfayainetire bO A4} ghitiagrinl evadlofSiiomEmal @iigigd of

t he prel oaded device. [0045] Figures 3la-d show fluoroscopy pictures of the
depl oynef'8fYocedure of an enbodi nent of an occl usi on device descri bed
herein: (a) Firstly, the anterior portion of the 15 occlusion device

(pl ease [AWA2PFigarY) 28\efowWaUSNEstoSibpy Phcttie fHldgsibenir) ARtbrlaa MEM F thebhie | ef t

atrium (b) secondly, the anterior portion was fol ded and anchored to the
| ef t at r PIRSSWHIE|septyimetdease see ampwhy) It mieans thas tha mosikeaf RFOpanseccssséullyr r ow)

was pul | C t i or portion.of the.occlusiqn.device
and |t s SREARbOrETA fhe' SRARGR R Habr AL SRRl HEOSE BY RO % 11
sheat h atigowdhl thef 1F kieatlel i very apparatus were retrieved 20 back. The

depl oynmrent was conpl eted and the depl oyed and fol ded occl usi on devi ce

(pl ease row s _anchored to the septal defect. 046] . Fi gures 32a
and b sh@?@%fﬁ@%‘&%@%i%gt"é&?? R E A L e R R

desc10 bedesofib&l Reraint @he@NEFIFRA 19a {hdlvsQCphdi6 Auringhd flahehg With @gﬁh &d
"CL3". [0047] Figures 33a-d show transthoraci c echiocardiography (TTE)

i mges ofiguFRe29pmhoys thy dabubbled geclysion devieseand deliseringesyistess " CL2" and " CL3":
(a) and (b) TTE inmage after one nonth's inplantation for "CL2" and "CL3",

respect i W4y Fighle 30 hobd)a dimtzbcbfaﬁe preldaded aéged, atrium (RA) for "CL2" and
"CL3", respectively. [ 0048] Figures 34a-d show a macroscopi ¢ exam nati on

of occl usj evices inplanted: (a) back par il of "CL2" in septum

cont acti ﬁi&g?hg'gweahf laé‘ﬁ%hﬂ% ?‘ﬁﬁ\‘)o,g“%ﬂ?{) p\‘cpﬁ% °:§at £ ‘iﬁi%lkﬁgneélf H?Beeé_ﬂ? 0?na“sept um
cont act i &dbédieh@dftandicciudidn(defice desoribbadtkreRAN4) FitskIyBth@lantelfbBporkidn $¢ReM WO

2011/ 075088PCT/ SG2010/ 000476 contacting the right airlun1(RAf and (d) front

part 15 i | aeclegion divace (phease peauant@whwas phshgd towe of dfet 1 Hi shieath dridAlocatpd il ee

Fi gures a- haw t he histol ogy. of the heali respopse.to the "CL2" (a
and by it sl O Sedty hE BRialbehisR YRellFAATRGEA P sbe Toay gy
Flb gures ?aH (plRakelses AEwWIN@Y Gise OfF SKAMN(plghseseChiréW) Was paB&PPk(tSEMease
opservation
the posterior portion of the occlusion device and it was then folded; (d) The deployment
was succeeded and, thus, the 11F sheath and all of the delivery apparatus were retrieved

20  back. The deployment was completed and the deployed and folded occlusion device

(please see arrow) was anchored to the septal defect.

[0046] Figures 32a and b show fluoroscopic tests of two embodiments of occlusion devices

described herein after one month: (a) occluder “CL2” and (b) occluder “CL3”.

[0047] Figures 33a-d show transthoracic echiocardiography (TTE) images of the TTE

25  bubble test of the occlusion devices “CL2” and “CL3": (a) and (b) TTE image after one
month’s implantation for “CL2” and “CL3”, respectively; (c) and (d) bubbles in the right
atrium (RA) for “CL2” and “CL3”, respectively.

[0048] Figures 34a-d show a macroscopic examination of occlusion devices implanted: (a)
back part films of “CL2” in septum contacting the right atrium (RA); (b) front part films of
30 “CL2” in septum contacting the left atrium (LA); (c) back part films of “CL3” in septum
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of the starting film (Figure 36a) and of the fil mexplanted after one nonth
(Figure 36b) of an enbodi nent of the occl usion device described herein.
DETAI LED WB3CRIPFUS®N OF THE | NVENTI ON 10[ 0051] Accor di ng@CTsGao1ionet76 aspect ,
the invention refers to an occl usion device for closing an anatom cal

def ect i portacmigeheviptatdam (R ) add pd)efebrit paddilmaof UAES! inndeptutn sdieadttiigalic a
catheter, In .the c?ntext of the present invention, an occlusion device is a
cat het er 1Ay LAY e device that closes a hole in the wall of a tissue like
a hole in the septa of a heart. Once in place the occlusion device is

rel eased[0049pBighressi Ibasd siov ke Kisfotply dff thenhehieng Aspaieas theandLio(dgd by such
a manner that pressure fromboth sides of the opening keeps it in place,

t her eby 8RrbsGhYy crad @) essinders poike PESENdNGEEEONThe occl usi on devi ce thus can
function as a permanent inplant that stays in the body after the procedure.

The ogcl PHISOPFiRRYdsBBa @A b sHEOWPHEIos ofb&an elll&ﬁ@nlnﬁlcio@c (se adatidor
closing tissue defects outside the bod exaqy 005 The
€

ocel usi off Beasang filr KEigere;ie) aadetthe diimpmipkseed r@ng@mmlb(ﬁigtaﬁc%b) o5 a
f ol dabl eale Bb(ﬂm n{gﬂﬁgl)%i&l(g&%%\flgldeg%g& Pﬁé?elﬁ’nb()d' nment of the scaffold is
ment,

descri be ccor |ng scaffold can conprise a head
tube positioned at an anterior end of the scaffold, a tail tube positioned
at a posterior end thereof, wherein the head tube and the tail 25 tube are
novabl e al ong the direction towards and amay fron1each ot her. The scaffold

can further conpri sepdTAA798Y DS TR %ﬂﬁk oRead tube and bei ng
adapted to be engageabl e at the tall tube 0054 The scaffold t hat neans

ne or nmpre of the head tube, the tail tube, and the i ng neans can be

radelds 0038] peeardingiaehinsh pspegin dhesign gntian; refasn famm apclgsgwaaewgp fyg closing

non- bi od | o
2011/ o753‘882%??‘é%§%6‘%368‘3§%@?”8‘8'§§]&?n t eapgergn@e%? e ided m}é?%ss}éﬁath of a

i nvent i opath¢the Inethe Ecmm(-tbd)ﬁ)dmgpaadahl mvpttionrem” ocdwors demca i90d \catheter-

mat eri al risin 0 onents .tha ann t ber aned
rom a | ST ared iy Closfop Bofom e wiCIRETS ik, ofsEdgins sbte

Vari ous Sé‘ém@ixﬁé iR 15&9%&%&%%@@&%&&@1@%@&1 SAR shs SelRCAAEL R
group consisting of 5 polyurethane, poly(ether urethanes), poly(ester

ur et Kanesheathosidyfoldeg lie Buchra mennes dhay ardswrerﬁ@m btbsidss hf/ tl@rrmenmgécpmsat Bt e
pol yvi ny| th Iene i acet at e, and é In the
cont ext BGS @érgt?yecggsr{%{g the (}/ 5 (Pﬂé {i%sl) c}ﬁs., Ef‘ oa%célﬂsé vécentBF t'%ll?teqner s to
a as a permanent 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.

20  [0052] The occlusion device of the first aspect comprises (i) a scaffold and (ii) a foldable

section.

[0053] In the following an embodiment of the scaffold is described. According to this
embodiment, the scaffold can comprise a head tube positioned at an anterior end of the
scaffold, a tail tube positioned at a posterior end thereof, wherein the head tube and the tail
25  tube are movable along the direction towards and away from each other. The scaffold can
further comprise an engaging means connected to the head tube and being adapted to be

engageable at the tail tube.

[0054] The scaffold that means one or more of the head tube, the tail tube, and the
engaging means can be made of a polymeric material. The polymeric material can be a

30 non-biodegradable or biodegradable polymer or copolymer.
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pol ymer material conprising one or nore polyner conponents that can be
conpletely 10 renoved froma | ocalized area by physiol ogical netabolic

pr ocessesweuoh/@sosgesor pti on. A "bi odegradabl e" conmpoun®CT®G20weent76 aken up
by a cell, be broken down into conponents by cellular machinery, i.e. by

bi odegr afi@s5PIh tHeucIhtR dfyheSEreRat dliveayionytheolepth i ‘SiohltaddeghRiabr bslymewr
either reuse or dispose of without significant toxic effect on the cells.
Exanpl esTeders (9 8 ROYB NS HAlFOHEISHOnEnRr WA RN YPEREIBPensats tha- @Rt i ¢ 15

hydr ol ys}e%ovgéifflcﬁﬁiaofbcgl%dr ﬁ?&’ggixﬂé‘taboﬁw é%%{;s% sC,CI%qib&i @Bg gfré’datiﬂﬂ.“vﬁﬁ&}{ﬁat e
hydrol ysi's, tor exanple, 1nclu exposure o Bro egra aele material to
wat er at exanipepef abnbeodapddabledobfmas lcys deosubec(dd. fromt the grotp @osdistingast

organel l e).. The degradation fragnents typically induce no or litt]e organ
or cell BRI¥MEdREeor pﬁg)? Flogi Wl a‘}frsbceggg’éeséféusé‘&tweguchp‘HV‘é‘PVIGE{?“SP’ ot her

adver se g&fyaﬁpnﬁn%ws}yﬁa}yla@[@%ﬁﬂala}/@g?wﬁly%@tm eo1,0Ehbicdegnasiablceapol ymer

materials are” kn he art, an whirch are ge€nerally suitable for use
in the oawd ndown devi ce of the present invention. Exanples of polyners that
are considered to be bi odegradabl e include aliphatic polyesters, poly(am no

aci ds), ﬁ@?gt ﬁ'n( thE IBGﬁt?);?ts(}pfgﬁc?%ﬁ’e?eﬁl?kr}%hMA &ggﬁnp‘xﬁb%gédabp%%’lgrg-}n?ggfers to a

poly(im onates oesters, yoxaesters, oesters,
pol yoxaepélgmsr 2iatercahtcampirispgaoriedar guoot pslymeo lcpinpoheds itlhe hn be completely

pol yphosphazenes, | ycar ponates. natural ] y-occurring bi odegradabl e pogl yners
Suchitis %33&?}{1 53@%@5@%&%Pé&éﬁ%lf)laﬁ’&aﬁsﬁﬁgh% PraFesFs B doFeemion’ &

pol yor t hey58484fubiaC cifiPoand Uak! IHehdBakeR BP!B491Y M @8: bdken down into

pol ycaprol actone, a polylactic acid, a biodegradabl e pol yam de, a

bi odegr adabpaneatsi bhatellulap ohgaharesy,, i.anby driodagpaslatiomr suchhay dysosemesniot thyot her

examp ear GORPBABNhSETL ol sk FOoF AERDURSS Bt TR sk Pa iy

pol yl act irdeceddC Bxanpd|of (Biodebeddatien prédiebss, indlup®leeanitd asd dBs-chRwhdtic a
copol yner of pol ycaprol actone (PCL) and polylactic acid (PLA), or a

copoly mehydselypis| 9xifatian and) redurdiopobyitahls easditipap forpeuagnzymstie hygdeodysis, dor
| ) !
o1 07 LS NAUTE Lo 98 biABatabte ikl I Sateli a temperatyre and 4 pi of

pol ycapr slyosane(i(ePtle)inandlilplat ytganélie). Tie degrddatidpn fraginvars aypicdljyoaduaao
content of about 5 - 60 % 5 - 55 % 5 - 50 % 10 - 50 % 15 - 50 % or 20
© 50 o B litlGrERn oraell gyegadr pahalpeisel mpcessesgaussd Bpsugh arlgadedthsirer of
pol y( I ackidede etireisRRLYEI! Yeol i de) (PLGA) having an glycolide content of
about 5 - 50 % 510 - 50 % 15 - 50 % or 20 - 50 % or approximtely 20%
25 % 30% 35 %. or 50% based on the copol ymer conposition. [0058] The
head2® ubl0SZhVargws examplescl tiedsgeadable golyrgrdnatrigls gregknopmin the grt, gnyzof 1 4,

For exantSnas po gy bRy 0P o nd oslulon uefies s piGpr® aeniol o1
t han 0. 1Exd&inples 6f Bolyfers, thix. 8¢ céhshletddinnn bartaodegsslableanclide3alipha@c pdlydstert, O,
0 eoueloine LSk RREGHL e, oA SRS "yl SR Lg o0
poly(iminocarbonates), polyorthoesters, polyoxaesters, polyamidoesters, polyoxaesters
25  containing amido groups, poly(anhydrides), polyphosphazenes, polycarbonates naturally-
occurring biodegradable polymers such as chitosan, collagen, starch, and blends thereof
Examples of polyortho esters include a polylactide, a polyglycolide, a polycaprolactone, a
polylactic acid, a biodegradablé polyamide, a biodegradable aliphatic polyester, and/or
copolymers thereof or with other biodegradable polymers such as those mentioned above.
30 Illustrative examples of biodegradable polymers include, but are not limited to a
polylactide such as poly(L-lactide) (PLLA), a polycaprolactone (PCL), a copolymer of
polycaprolactone (PCL) and polylactic acid (PLA), or a copolymer of poly(lactide) and

poly(glycolide) (PLGA). More specific examples of copolymers which can be used in the
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[ 0059] The tail tube can have an outer dianeter of nore than 1.5, 1.6, 1.7,
1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6 mmand less than 4.0, 3.5, 3.4,
3.3, 3.2,wB.2011/35@8 2.9, 2.8 mm for exanple about 2.7 moiw/SGheiowadddre

t hi ckness of the tail tube can be nore than 0.1, 0.2, 0.3, 15 0.4 nmm and

| ess t hapreberd;invenfion include@oPolyfiedls ofPoRycaProfactotie (BOL) ﬁﬁp@yﬁﬁm &@UULIA) 0.5
mm The Iength of the tail tube can be between about 2- K 2.5-5

2. 7- 4. 5, having an glycglidgcopignt phobeyt STHY Hedd Ube Scat? %e”é—csﬂ ﬁmlj? réé?l Yohol | ow
tube and, 0 (0 g@gﬁq Bav thyr aded, i oI d
interior cag bg@ﬁﬁj‘ﬁé’ sugﬁgag%tﬁagr %’d 3%?)(:%?'/80, a gg 8 Or% cﬂ%@ﬁ??t he
exterior pely(lﬁacde) afid pbly(glyldan(MHeGAa) hadhgdn tgbycolide bemehttoﬂ%obtys rearts, of a

| ock d off the head - ¢l ockwi
(e Jef e A»?}‘E%e%it%a 6, orapPronae ] ity 7or NV A5 S0 Rt or | or

of the hggsthoﬂ%&?g hipetigdnsuch that rod can be attached to the head
tube by an anti-cl ockw se turn and can be detached off t he head tube by a

cl ockwi se turn 25[ 0061] I n anot her errbodl ment, the head tube can be
cyl i ndri 0A58hdhe Beed Wbe cambaveasn Ace digmeiep of gpre thasr§-rl-Lukk Hhal-4al |50d can

be attached 1% g MANMdILONGE 2002520409 L ACREI Y fnk IYS; ReAflplciBBDY :

puIIing ofce of ‘a rod can Be dttac
means of 1& mmi fhé |vtallmhmkaeﬂssuﬁthé beadetuboghe be mdgroQkid] 0.The 2§ 9.13|, Ot4ube§ (Oéﬁ"l be a

hol | ow tube sim !l ar t e_he be _above., I n an rrbodl f th

el i offriadd b Gaadrh boal el di 0. TR Regid tPUEMSR Ahist & Wni DS bt
exterior oﬁm@fhas@mt)etan bEHALRAE S IR, 215490 3.5 0 76 gUr 25 2 3anFind) - I n this
enmbodi ment, a deploynment tube WO 2011/075088PCT/ SG2010/ 000476 can be

attached to t tail tube by nmeans of a cl ockw turn and can_be detached
of f the {445 tﬁﬁéa%w%%‘shw aarPUé«?ttqlmEttsrthcm@ R -5 Aok fal. BvkPy20t he

threaded)qxber bar - af 2 5N¢ sl anh YOS trAY 6. 88 451 £G sUCh 1 hat bienderbey ment

tube can bé aftached to the tail tube by an anti-cl'ockwi sé turn and can be
det achedexdniiple aboutal. 7 mnubBhebwalh tlotlocksw Sthe ttaik tube&@@(bﬁ@or&'hbam@:hdo and 3t ai |

w th et i T 0 18 Gam o G 520 £.4E7 T8 miranictor a€erBe o 5 r e 6.
t g??ﬂ4] Threie 2830 bNeheBANGLE SarPH@BE&Ech AbHE @Bgagafb.s,ez.gts,tzhae4.tsalzl7 t.g,b@- The
4 mm.
[0060] The head tube can be a cylindrical hollow tube and, in one embodiment, can have a
threaded interior. The threaded interior can be adjusted such that a rod which is also
20 threaded at the exterior surface of its tip can be attached to the head tube by means of a
clockwise turn and can be detached off the head tube by anti-clockwise turn (cf. reference
numeral 310 in Fig. 2). Alternatively, the threaded interior of the head tube can be adjusted

such that rod can be attached to the head tube by an anti-clockwise turn and can be

detached off the head tube by a clockwise turn.

25 [0061] In another embodiment, the head tube can be a cylindrical hollow tube and can
have a tapered interior such that a rod can be attached by a pushing force and can be
detached off the head tube by a pulling force of the rod. Thus, a rod can be attached to the

head tube by means of a slip-fit mechanism, for example.

[0062] The tail tube can be a hollow tube similar to the head tube above. In an embodiment
30 of the occlusion device described herein, the tail tube can have a threaded exterior surface

(cf. reference numeral 190-1 in Figures 2 and 4). In this embodiment, a deployment tube
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"engageabl e" neans in the context of the application that the engagi ng
nmeans can extend fromthe head tube to the tail tube and can be | ocked with
its free wodonto7sdse tail tube. In 10 addition, the engagiisg2meansi7¢an be a
rigid or flexible nenber such as-a wire, a rod, a cantilever or.the like as
| ong as t:hebemmgéchga theanid ndarbybmemgﬁfgaedoathtshmrhahﬂ canlbe ddiatkel off tigg by
nmeans of I ock behind the t tube. The enga nmeans can be hol | ow or

solid, | thag BY eaRtoEATgantiaF Ocle'rlﬁ% mrarAlt?ﬂlatéwe ,;sleq thagaded gyteriaieh the tail angd

can haveuﬁa diR RIS &équ(%ﬁﬁ & toTRE tal ans
can be conﬁ?ca}t?ggqt odgt hgs E]qejalglli lﬁege ﬁgt%i%glf&u%c?% ‘?doto exai?lrpfajb,g Héga“ms
| am nat i amfj-clpckwisg furs end nan be detadhed off. th¢ GRIBEDe Bhe chkagetgnneans can be
made of the same polyneric materials as the head tube or the tail tube as

descrd be ' :

formet i3] REehedd o TpERRRCLITNE oife BERRGAAT WIRAT SR oF e JGRERY 0y
[0066] Thmteeiaavith magtatesires, € gnNitinobwirex @asfieanyndeeitsdhoenin Figure 6.he form of a
hol | ow 20cylindrical rod and can have an inner dianmeter of about 0.3-1.0

. & BT i, W8 el SR 90 0 e, 0 S
0.9, 1. 0Os‘enkageable?medns3n the dontéxt f e pplichissthahithe eAghing meanscah exZeri’d 2 4,
2.5 2 6i:rorzn t¥1e h%za(i3 tube to the tail tube and can be locked with its free end at the tail tube. In
10  addition, the engaging means can be a rigid or flexible member such as a wire, a rod, a
cantilever or the like as long as the engaging means can be engaged at the tail tube directly
or by means of a lock behind the tail tube. The engaging means can be hollow or solid, can
have a rectangular, circular, or elliptical cross section, and can have a smooth, notched or

corrugated outer surface. The engaging means can be connected to the head tube of the

15  scaffold, for example, by laminating, gluing, sewing or welding.

[0065] The engaging means can be made of the same polymeric materials as the head
tube or the tail tube as described before. In an embodiment, the engaging means can be

integrally formed with the head tube and can be of the same material as the head tube.

[0066] The engaging means can in an exemplary embodiment have the form of a hollow
20  cylindrical rod and can have an inner diameter of about 0.3-1.0 mm, 0.4-0.9 mm, 0.5-0.8
mm, 0.6-0.7 mm, especially about 0.65 mm. The outer diameter of the engaging means can
be more than 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5 mm and less than 2.0,
2.1,22,23,24,25,26, 27,28, 2.9, 3.0 mm, and for example about 1.5-2.0, 1.6-1.9,
1.7-1.8 mm. The length of the engaging means as described herein can extend over a
25  length in the direction of the tail tube which is about three quarters, two thirds, or half the
length between the waist portion and the head tube in the unfolded form of the occlusion

device as shown in Figures 2 or 3.

[0067] In case the engaging means is a wire, it can be simultaneously function as a
delivering wire to move the head tube into the direction of the waist portion by pushing or
30 pulling at the delivering wire directly or via a further external delivering member as

described in the second and fourth aspects of the present application. If the delivering wire
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2.9, 3.0 nmm and for exanple about 1.5-2.0, 1.6-1.9, 1.7-1.8 mm The

| ength of the engaging neans as descri bed herein can extend over a 25

| engt h i rwohe11di7sesst i on of the tail tube which is about PChIS€201@wassrer s, two
thirds, or half the length between the waist portion and the head tube in

t he unf olscledrell o6 thedieat hebep il oii énd atebotlc endasofthewirel danfhiegidives o the héad
[0067] In case the engaging nmeans is a wire, it can be sinultaneously

f unct i ontuke: fr gEamRlE by feeking & knet ntn/ide e e seperhagecndsial thqdeliyerigg tWitsn of
the wai Sﬁreg%ﬁ mhpﬁempé,gg«?ﬂﬁle 8RN mgﬁgrea\twlf QR forRr ddf@QO%rv@n&l LhRctly

or via a further externa Ivering er as described in e second and
fourth aspent m the diteetigr eﬁ&mttaizh[npﬂd dae isemingl rﬁatbhai chal evary paymerie sutuio
2011/075088PCT/S 10/ 00047 i med to t ead tube, the one end or both
ends Bf “VHE BT bl 6 S ERRRIS ROLMER AHTEnSRamRIESne]
knot i nt Qoﬁ-Bi%dE‘%rB@ablé PoBARe: P&tthe §RESn %fcclhksan dﬁlvicaemeﬁgym ré ﬁyiﬁztm&ﬁd

the head tube, tThen the'delivering wire will have the formof & | odop, mhlch
can ext emnhtalath@ndiiewnplﬁmf btodt:gredatm poltym@es fottlee seewinpchmsioardexicesare be

any pon utur@ re sel ted fr non bi.odegr adabl e, or gode adable
pol yiror 51 GA biokEBE. G8HSr6 G806t RNmRER SERyh Eplerpls vyl §S

occl usi OﬂusﬁﬁMtiQxﬂ& addeschypb® PorQhe BAIWERYWiIRNH the hiidHaA @icBoRBsh AXRBP h@éa of

bi odegradabl e pol yners for the use in occlusion devices are PG, PLA or

pol yH] oxamibpsuturymatetiglse ot her pol yneric suture materials usually used in
this field and as described for the delivering wire in the materials

section pABSE! TRe 88ivdARE wldasin bRen&dtdfaRy FiloRial %ture]s‘ﬁ@l@%-na_ﬁlﬁbs@%dbye%ﬂ ng

wire can be made of any surgical suture such as non-absor babl e or
absor babalsoshabler wures\fshsetha leesustut:mr@smadeeofhmdt@ners whichrare bsokenrdosin iar e

br oken down | f] ne ch de en on the
mat eri al 8%53?1 g1 ?@%ﬁ? gﬁ‘t"ga@“‘t o' el gh epen e'l‘(%on *heevatgpg ﬁ‘é’ner erbg

t her ef or® éiphteeaksoThéare génerangl usell shere®rofn haay b tb@dﬁem&bﬁ@hbﬁbf the

sut ures vvere or éq%'anal | y made of the intestines of sheep, the so called

cat glft . blg iurgnwsFpangisaldymade ofdhe intgdweypf §D?ﬁphé*!q 80 pdliedmer
fibers, erials
of such sy%ﬁheﬁ? zﬁ%g%<§kﬁ$§d§%¥ﬁ%§§@éngﬁg%hgﬁgﬁgﬁggiﬁy po ? chgﬁﬁ% aci d,
pol yl act inay axi raddedc aprmbmdilanent. I‘E)aefrmﬂmpr;luﬂjmhenes uhateesls arfes@mneymhétgc made
of materi.al ich are not 0 t he . n are used

t her ef or%bsgfshlaﬁg SUBHCS R VAN ”ﬁﬂ Qt,)sl %é?fﬁ@g lygglis aeid, l@ﬁ%’tlﬁ éﬁaﬂiglsaFt@Hﬁved
after a NeWabg#bdble Qﬁtuieg aPOPEet ?@ﬁa&é M%nhl@ WHILHE Breaf® i dRaoliSe SLY HeSS are
not adequate. This is the case, for exanple, in the heart and i n bl ood

vess¥l s, badyosd rag tised (thmfvmnlnerr@'qakmewowds glogure, whiershthet surares sagdre t han

three meeks und enough ti.ne ta ¢ ans, |like the
bl adger eumveRndk ¥ feh BeekS o I SRR dhnds, St In SUREE abeostetls SR are oy ool
a few daUcﬁaquétSOTlﬂéllid thefcase, fdteexamip it thel@att-andhe bRoArRssedy Gfhdke MRkIGhical S
used for non-absorbabl e sutures. The nost conmon is a nat ural fiber, silk,

whi ch un@@rf@m@ﬁ requiFRscA AntusR el stays deongsr dhes shree wasks for gvdeheaveindor it s
use in SR CQO Qﬁ{se r@fi‘le?@%%? ?lli%le ?hestﬂ&wg:? Sco?i{aﬁen HHI‘&‘E V&% ch%%ks{]éb%gﬁ)labfel bers,

| i ke pol ypr py ene pol yest e coati ngs
t 0 erhanagureh disappear o bn@m: €w ldaysamce earbyt forsthe 3ﬂ{uﬁ@ 68]hehln Thereedtd aeverint of
t he occl usi on dev“: delivering .wre can be nade of
materials used for non a sorbable sutures. The most common is a natural fiber, silk, which
undergoes a special manufacturing process to make it adequate for its use in surgery. Other
non-absorbable sutures are made of artificial fibers, like polypropylene, polyester or nylon;

these may or may not have coatings to enhance their performance characteristics.

30 [0069] In an embodiment of the occlusion device, the delivering wire can be made of
synthetic absorbable surgical sutures, for example PDS II (Ethicon, manufactured from

J&]J) made from poly(p-dioxanone). The polymer has been found to be non-antigenic, con-
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synt heti c absorbabl e surgical sutures, for exanple PDS Il (Ethicon,

manuf actured from J& nade from pol y(p-di oxanone). The pol yner has been
found to Wwe 20or7a088i geni c, con- WO 2011/ 075088PCT/ S&0P0OTBGA4inHOEYE 0geni C
and elicits only a slight tissue reaction during absorption. However, any
ot her nopyrbgerieghddhtitseonly abdlighd dgsuadedution Wuriag rbsdplici. MNd&S,Ca’dyhﬁHerabOVe
can be used. 100701 The dianeter of the delivery wire can be between 0.2
and 0. 4, N¥5cbigdegtadpbleiorhierdgeradable wirgamatersal 3 dgseibed abpvigrean Peusesyanpl e about
0.29 (PDS Il 3/0). 5100711 In an alternative enbodi nent, nore than one

deliverimg70y Tk 8Rmeke ofIRE deli @y MRNFINELOP@WetND.2 Adir €8, bétddén 0P 4HAr €
separate wires. In a particular_enbodi ment the delivering wire conprises

one wi r e0-}hitetiveen Q.21 arsh® 30 grma forereampie abpit ORA(PPRJI 803s of a del i vering

wire can extend fromthe head tube and can forma | oop which can end in a

posi tg onopel M@esh taiermbedd ehibbginfne bR thah! ordcUB&iRFnatwite RAS iHel &dbPesH nd
the tail tube, when 10l ooki ng fromthe head tube to fhe tail tube. 100721

In a furehewleshedweeribrees fpelrd@rl mpeg Serprate rvaresadn taepmmté@r vmbqadlbmlhtlfer ee

ends at e tail .tube an lnthe eghi he . he beto

forma | eﬁwe”?%w% mé)%b %If)rrlreew re ‘}%h% 501860%3 ossegth g’éssﬁja two@ ﬁlaped

menber s Jiémeﬂng witd\eanheaehd b $e Hehdtubichand mpfof‘lﬁl’d’fﬁiﬂ)pd\ehﬂcldébéh féﬁd\/lhrae can

nove the head tube in the direction of the tail tube 15 bt; means of noving
®

the end B¥sitiqnebatyegn the h@ﬁbwp@@éﬁh%ﬁqllavwrfqt@m%ﬁ@nrb@hﬂldtt tailfybe,i whanhe

diregfio i ’ e part of the delivering wire between
t he fotal Il%Oft tézg)?]% ht%ﬁlga{iu ‘{§11 bIE be shorter with the tine of noving the

end of the |loop in the d| rectl on avvay fromthe head tube. 100731 I n anot her

enbodi mel072k Inea @ﬁ@a@m@od@ants thegl¢liberingny g eabbe fixed with boti freq ensls at g
directly ﬂrm'BX {B%anén U BCK-\ di ?eecno ck ﬁl%nhegdoﬁub%x%h”?ﬁ bFoo fif, EpgisP! €

end cap aVI ng CI’OSSG S center roug e engra| ni ng

means ex&rﬁlﬁtdﬁmbm tﬂwlobpkd&desséta‘éz&t od/o ehesitped wsdntberd ixed & ahesmacﬂ la&ﬁ doer ei n.
The |l ock can be integrally provided at the posterjior end of the tal t ube

or can alhpethg éﬂqpv@rfye%éelavegléw"&tf@n masdhe headdub o thg dirertionod theytall §ie t he
engafg ng%y”ﬁlgé}gsl %ﬂn&}ﬁﬁgf dtolf‘ﬁqefIB{)‘;gﬁlqlbé Hﬂ'h ctfoh ar\&rétg ! kHesHeRd nﬁ%%ﬁ‘?n (e

descri be can urther enb ment, be positioned

behi nd t dieectian ito thstbellarhé Thws, e pant dﬂthe fldrveriog “arethdu\eemmc itail sibeand Hee
along the directi t.owar ds d anay from tube. Th ock tube can
bebr ovi B2 (WEHMHIEDS HEMER TR meRY gioviie (i gnd Bt ihe b indhf e Hieay, |

t ube, wWhigsh theh&ttus@nnected to the fol dable section. The | ock tube can
have a formof a tube and its tubular opening can be arranged perpendicul ar

L0 L1 AR AR EReIS Lt 1 LBl Rt e SHEREATE . pd U5 SHESL O,
oy SR L S i e
2011/ 075088RCFIEGR01LY LA 4®ugh which the engraining means extends in the folded state
of the occlusion device described herein. The lock can be integrally provided at the
posterior end of the tail tube or can alternatively be a separate member functioning to
closely lock the engaging means to maintain the folded stat of the occlusion device
25  described herein. The lock can, in a further embodiment, be positioned behind the tail tube
and can be in the form of a tube which is movable along the direction towards and away
from the tail tube. The lock tube can be provided behind the tail tube, i.e. at the posterior
end of the tail tube, which is not connected to the foldable séction. The lock tube can have
a form of a tube and its tubular opening can be arranged perpendicular to the tubular
30  opening of the tail tube. In an embodiment, the engaging means extends through a hole
| provided in the middle of the wall of the lock tube and extending perpendicular to the

tubular opening of the lock tube. The lock tube can have a length of about 1-5, 1-4.5, 1-4,
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1.5-4, 1.5-3.5, 2-3 mmand an outer dianeter between 1-3, 1,5-2,5, 1.7-2,3,
1.8-2.2, 1.9-2.1 mmand nore particularly of about 2 mm [0074] In the

f ol | owi ngwohe1tflobakabl e section is described in detail. TPhe/SGab@abd4ge secti on
according to an enbodi ment of the first aspect can conprise at |east three
porti ons..5Hhe . 5-8.5 Rr3shmpardt dncouteratiarhetesbdiwketab3el Sersl pDLei3, 0r8-2.20i 8421 s
connect ed at é)ne end.t? Hhe ead_tube and being adapted to be disposed

t oget her MR #Rd Migge pasticplaipefl aRout Ammy ot side of the defect. The second
portion can be a foldable tail portion, which is connected to one end of
the tail [o0rap it Rdloning tdpfobdhblesdetionliis deseided oglehsll ThetfBldable desiidn t ube
at the back side of the defect. The third portion can be a waist portion
ext endi n§°LRFIBYGH ap kEboFERTI P dhe fiFst agRacEcan camprstoatdensh dhrae paripas. beg ween
the fold i d -1 Al i i tion,
b chol o o Pnea ot BhaBflhhd BoABnT BRICR it BineP bl Gk enlf) lPhels i
films) eahbéiegadapteictodd ditposeattogattiet with iitee tedad tulfe dt e fieddidearftthodefaat

connected.to the head tube the other end to the end of the tai,
portion Tot S%ﬁﬁ@_eft@& qae%@wgfgfdéﬁfe i pertiopoBhish i Anigied b Pee frel’ t,!aertev{ on
can incl Hﬂ)%,an}a‘*ﬁeidgsgd’&?ﬁedrt%%er élig}%&gd tt&%etﬁe it QLS (R the back Glde SFFHP! € to

two to eight arns,” extendi ng between tThe head tube and the wal st portion
wher ei n defebt. Ahethimimoriicresansbef owvdistpprt ey axtanding throwgh tbaiopeliingof thetdefecar s

i ded.. | t nbadi h h f
e o, 2 Peine g ABRgh oo e B, ool b Forbio 3hg G TS Bilpgtonche, o
ei ght ar iist pafioREWRICRYS st gbd bétheh HedRRl BoftiRA%nd Md tal PortfoRl sHitROfimAEENt

means in the context of the fol dable portion that the armis 20 flexible
enough afan becomsieetied gt ergyenshio the endpithehead aprtionfnot Kennected e theckgadtthlee

f ol di ng I ne di.r i f,. 1 h art between the
fol di ng é‘z‘g%@ﬁ% O@Egm{dﬂg tﬁg‘?@[éfggﬁaﬁ r?hg m?(%%ecggé%%%fﬁiﬂée tégrt]‘,ﬁ)efor exanpl e, be
done by neans of a thinner part of the armor by using a nore flexible

mat er i al [Q0751 e foldabledfead pertimneananelodé, e isanatuestiicied o, thloeori tptei arpms, | n a

further enbodinent, the faglding s ent, can b fl.exi bl e joint or a hinge
5" e B SHmPL puvigrS S e T CHTEH pifPerk rethcat b 8 Pt ordon, P
anot her embggh react ,arthheomprides 2 R b¥Emerit NI ®nel @HbodiRente dinhd @Fent
segnments, each adjusted to fold a segnent of each armat |east partly to
al I ow t herqyied. bt anogher gmboginents hraets HAISRTHSUCHAS fen exgmpd, drge f‘be‘lg?;b par t
of the a | St i Q . . ead
section_ A ok nlcind BReel Pt 6REkhe e R ot 30 B Bloidd hAhSRMBI TS
segment sheddpation.thobding ségmdnd ntHang irshg entest of the dcldalsle potin thatvike whie isanme

0 PR o AT 05 e LR 2"

2011/ 075Q88RGT AR HAP AR IR thOffetliod BE HeYarlahhBedntht fd]@irn%isgﬁin&ﬁ%h i ude,
but is not restricted to, two or nore arns, for exanple t0o two to eight
arns, exweartipogiobe Weearnt. i ednl, farudxemated be ldenavay steapoof a trinven@artiof tiac h
armconprises.a folding s t. ILn.one odi t, two arms are provjded.
' anot eV GBS e MerR T Tely masiiatap she na e army ooge e SwRFERt { o

ei ght  SflexiBRity.tInal fufBanembdtiMent, tiRU]ding Yémeht ¥an BEY FRxibW joRit W ta BAZS, can
be provided in the foldable tail portion. e arns and the Tol ding segnments

in tRe f8ladabf thesamp opadiffesentapgienial ne themmatsapteofshe arot. dn ancther emhodieentade of
t he sane i S n ol di ts of the,.f l.e ;head
portion. ﬂ{%ﬁfﬂ ﬁa\gent\%%%eg%@ g L} réej d@?%?ﬁm e tesvf%cteh %dé‘smg%ﬁggote)é& Hear ein,
t he ar s sepmmgnt iof @achl &rm A0lehdiafth) dadll@y iteaghrpof theGitmCioxt ha R lcad ietion | ke
form In this enbodinent, tw sheet-ljke arns can be arranged on each ot her
in a manReng{elded torfhe pargy afihs grmmsnttojthe Waist pyTHARd bet ween the two arms. In

other words, one or nore films formed in a sheet-like formare arranged
bet ween {¢tg6hea¢ dmihst B8 doldhisle WRh& bed®i®htdal ToRPrisO @sants Bumbdribridifferent
occl usion device shown in Figures 7a-c. The sanme configuration of the two
ar s 3¢ an npabegrs ©f deldingrsegments. In addition, the folding segments of each arm can have the
same or a different functioning mechanism as long as the foldable head portion can be

fixed at the front side of the defect.
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15t he foldable tail portion of the occlusion device described herein.
[0079] In other words, the fol dable section in this enbodi nent incl udes,
but i s novolzonia7ewsst o, one or nore filns forned in a sheersiGéw/ohor7en

bet ween the -head tube and the tail tube and being connected to the head

t ube and[@078] Theé foldatie taili pordor tarsinclude, nds Aotsestriodd ex)dwofor tnfisre fagrhel &bt e
section. The fol dable sieggti on of the occlusion device can conprise one or

20 nore PYIMRICTBriveqta Aigat SHBRt Ateding SEtasaitiiedwl tvRe ArhdNg HéSt aodtiehe
tail tUubGHRRD abie ol eiRhiies OF libihd Scafibfl 38 hneBiRBodifitnd AWdAlif et T on
t usi on p

is folded, for exanple if e occ evice Is aced néar or In the
ti ssue opraviqedt Irearotlieyremblodsneny, thratedranore danine, fuich s faraexabpld, chrde tb eight

specific parts thereof, nanely the fol dabl.e head portion.and the_fol dable
EOET Do i U R hrden Bt Siope+ ey O M AR AR e PO S BIGO] |
the cont ext g@{ioﬁ.hﬂl@mﬁeﬁ{d thB MBI gOsbenich® inf BL d8lRhRe I8¢ bbRn AnfAVERKE
nmeans that the fol dable section or a part of it which is referred to be

f ol ded i same stsuoture jand garf be made oEthewsamE anaterxasipd dejarms-angifoddibg segmentsofur es
7b and Cthelfgldtagie hf o&l O%\lli ng, this state is also called "working structure”
of the ocCl'USPoN GevP¥e  The "fol dabl e section i s unfol ded" means that the
fol dabl e section or part of it is in the formas shown in Figure 2 or in
Fi gur e 300048] Iman bediffieguofathe moclasiofi detiee described hereing tHeodrdmbdomsised iron i s

fol ded. [,00 th nbodi nent , . t.he .fol dabl.e head. porti i
tbr o8 or Meopiablshe A Boriin £ YR she S Gty dE B 5B ORSH S Ao URS of n
they areamiy a40B8 airingedCoh SadRERA& inOnedhdy &359&85rgﬁéi§§%9éﬁfsqg%3iﬁoh&ﬁt

t he
engagi ng neans is positioned in the center of the three or nore arns. That
means t hbetwean thestwendroisd bdotbemwerdsf onher merelfilmefonmad ipasheadiketfhem arers can

b ' ' having f i thi.n the fol dabl
nead por raiear R A o R FRCLal® ol Srin R bR bt o ©

t he t hr edevitoshowd invEiguis ¥a-cS @heRameicghfig@ratioi b L theGwar 4s Gan beeprive@sant in
the foldable tail portion_of the occlusion device described herein (cf.

Fi gut®s Q‘eafﬁ@ahlﬁ.talfmﬂ of the @seluginp davire Aescribebhergingabl e head portion and
the foldable tail portion have each four arns, wherein each arm conprises

one fol d{0vg9pBOsMET waslsStheiidable e@ivhan Zhis [RB33Imdnh irfdheies it #xhotafmitéte
application, the three portions of the foldable section, i.e. the 10

f ol dabl ethead opsore §Hms farme dp @beet-liksi forp detwasn thgbeadnabovand thepilttulem,  can
be made Qﬁd Bé]ﬁg%%f&%ﬁg& ?heoﬁéah'rggﬁs ﬁd"‘iﬂeq 1 G \Qg a%ﬁpéfuﬁsa%q OJecgﬁqD %aan abl e

films belng nade same or erent materials. e nmaterral sul
for the tizefoldabtnsectiomoThofolddble tsbetipn @dthei arhisivh ddvicef edndedihgrisseatd on can

be a_non-bio radabl e or  bi Qdegradabl e pol yner, or copol yner as descri bed
abov# f om%gﬁﬁ%gumaﬂ dn 1aﬁéeﬁt-ﬁﬁﬂegf@uaé’.etwpdlmfawe ananhs @il qpe phgn phe

sui t abl edigaulE 8BAIH SERALRALE MAfehSihef foﬁ&%ledgéd@tiﬁﬂ i} r{Q1hed! Hr%:&ﬁpl@% Yieri ¢

materials to specifically adjust the required perfornmance o e material.

For i nst aertesion deviggisglaqed meaor iof the tiesueodfcapdtens frtdasmgadefeet, thedBlnst i f f er
or nore rigid.th t he f.ol dabl.e head and .t ai.l rtions of the fo e
section. Cﬂgheemﬁi%p_e?t ﬁprIF-lg pg%g 8‘6;5%0321‘%1‘ yjtt%e Iffodflﬁﬁ?‘i h%adt pfreen 65‘_?#?%#‘??&3& of
the fol dafll Rre&E WHRRid fHRWaAst PRRIddaaUSaihtal M Oforhheet , which is 20 divided
into the three portions by cutting out sone filmparts to forma head, tail

o V8L S AT 20 s bR e bl 35T b 18 0L 9B head et
the foldable section or a part of it which is referred to be folded is present in a form as
shown for example in Figure 5 or in Figures 7b and c. In the following, this state is also
called “working‘ structure” of the occlusion device. The “foldable section is unfolded”

means that the foldable section or part of it is in the form as shown in Figure 2 or in Figure

30 7a. In these Figures none of the parts of the foldable section is folded.

[0081] In another embodiment, the foldable head portion comprises three or more, e.g.

three to eight, arms as described beforehand, wherein they are arranged in such a manner
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[0085] In this enbodi nent of the occlusion device described herein and
shown, in Figures 7a-c for exanple, the fol dable section can conprise nore
t han one wplzmu/d7s088exanpl e, two, 25 three, four, or eveRCESGR010I0DMI6
arranged on each other. Thus, two or nore filns can be used to formthe

f ol dabl etimeHei enigagihf nicans o pdspioned id e eher us 8@, thidd@rengaghng THReARagan be
positioned in the m in the case of two filns, the

| 1ddl e of the fil ns, )
engagi ngthtbahtheunfolded Hatsafdhgifoldablebeadinoation, theamms ¢apderarranged a shepye t han

one film4g, . tlﬁ’&%gpll i . r i : ch
ot her, {TLe £i1 s dcl:lé%{ be wel 82321%89%%3%3?919 é;@ﬁe%g@féﬁga\%@?g)gsﬁ%&oﬁ@d o the
head t ubEigans 2 el 3. Flecont enfigonnoe of g theeet fourf fived, sixjBeveandight ot meregpart s

between the tail portjon a e head.portjon and/or the tail .portion,
respett i QI LanRe Pg?ﬁevbnéba%ﬂ@%%g meﬂ%@%%w@eﬁm&me&ea%heé@ef%n ot
vel di ng pfgutdd® dnayyor nore films, the films can be glued, lam nated at

specific portions, ‘'or sewed. [0086] In case, two or nore filnms are arranged
on each other., the {\gﬁ%gl ng connections are usually not Erovi ded in the
1

mi ddl e of008fbIn qre empadiment, dhe ifpldatle hepd@prian; snd tet inidahle; e Restien haveand
the tail iy aﬁﬁ%l‘wh@l@ﬁm ol a2 93 HH RS s TRE RS dfy @e%@erﬁ%'sﬁd\&gﬁl%i ween the
two or nore films. That neans that the engagi fig ans can be 1 fserted

bet ween t he upper and the lower filns in the mddle |line between the head

and t he 1098B] inthe ceatexhofitherapplieatignpihe thuge paeionsiod dharfoldabihesstionn - arithfur e
7a. 08 it | OF j in th
par ¢ 42 e Al e, BRIV ol ORISR Pptuon’Ply BERKLEBEMLL, 3%
t o al | owsdparmtd pbuiong, which fvan foel daiprsed of kepanse filine bamigsmadwof thensagmnobe

made such. that this tion is not foldable. This can, for exanple, be
achi eved?‘f 'ﬁg?%f‘g'laﬁgfr&ﬁma& ﬁv@){% OF K1EHSE &7 PBY> TV, @Lﬁktﬁaeé’ﬁmmﬂfg?ed
mat eri al S\t bt i r@g@%{i‘, t i i nd
bei ng f 1 a0y éﬁ)e{?dg%hr&f'g%%%inbﬁﬁ%éjﬁ%‘?ﬁg?e RO Eadable BUEHEE O o (tlaind

head por désoribechaboyefgrthe beadanddhotail tde.nmore arns, e.g. three to ei ght arns,
the fol ding segnent of each armin the fol dable head portion can be | ocated

int p i -t j 4 rti i . ay:
i £ on[VUSUEPOEARED if A bORL I O drkfille Sk Bark it alied BEmAfReeht)
over at bpezsiteria maemalpno sped fellyadpet dhe nmueedipedfosnaite tdfahe mieridll Forcover s

cach of MRSt e V) ROTRE P DRaoH R SessBecen BR o sbilS reduee S h e

ti ssue apflddtle RARdAILPSIADRCHT tBE (18436 sdctiBm OIRBrwisQ M is 2isd Posdivik e il ect .
[ 0089] Anal ogously, in another enbodinment, in which the foldable tail
portion thgrthree portions out of the foldable section from a continuous film or sheet, which is

20  divided into the three portions by cutting out some film parts to form a head, tail or waist
portion. This is particularly useful if the foldable head and tail portion each have two film-

shaped arms.

[0085] In this embodiment of the occluston device described herein and shown, in Figures
7a-c for example, the foldable section can comprise more than one film, for example, two,
25  three, four, or even more films arranged on each other. Thus, two or more films can be
used to form the foldable section. If two or four films are used, the engaging means can be
positioned in the middle of the films, in the case of two films, the engaging means can be
provided between the at least two films. If more than one film is used, for example, if two
or more films are arranged on each other, the films can be welded together at their one end
30 connected to the head tube and their second end connected to the tail tube and at the parts

between the tail portion and the head portion and/or the tail portion, respectively. As an
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conprise three or nore arns, e.g. three to eight arnms, the fol ding segnent
of each armin the foldable tail portion can be located in the portion

bet ween twe 20mi/gsosporti on and the 25 middle of the armpCiisGadiondan, the
arm.can conprise a filmportion extendi ng between or spanned over at | east
a porti oaltehativeeotthe eelding wbitle @rorer moehfilchgithd fitmé canrbe @URESlagtindtedhiat t he
portion between the waist portion and the fol ding segnment of each of the
arms. ThFRECHIStROEHANS, ¢4 $e¥i€or ti on can be used to cover the tissue and to

cl ose the defect at |east fromthe back side of the defect. This film
portion [(#86] b casbanm@dtdraadre)filmh Qydarrdhgkd ghlelciftother, thd®e@RigédnnB@idnkars 1 N
this Figure the filmportion 169 slightly extends over the fol ding section

t o enl ar gajlpaot prexided ipthemiddlest thactvo filpp, Do in e EdsHaK tstreenghebertl7 6
[0090] 1, pgdicdi} fie éu@hmt?l% érg‘% in@'nahl ‘éaJ‘S’@Soé?t%Je'g%%n@&g thé‘%’w%# dapl e
tail portion can conprise thre Brefore arns, e.g. threeto elg arms, the
f ol di ng filgnETHat aicagachat ahenchgadife nfeahdladd betindertedrtidntvden theluppbl end eird
portion can 2,(? | ocated. i.n the portion between the waist_ portion and the

i ddll o ofoeRdims i the Rid]e lineretWoes GriGH Mehths ‘LS BHOWB SVRSKAE 5 ar m

can conpiesehddinhdi st iPficgrst-gndi ng bet ween or spanned over at |east a
portion of the three or nore arns such that the filmcovers at |east the

portion between the waist portion and the folding segnent of each of the
arns, i.W0087hinadditian, thermoansrtiqns anseenerally Botgpyided b fhopropartsed therfoldable

opti ghal ,£i4 1 I §Su I e

dor ot eld PRE U pORRE A R Crt rEANES, b Aok, TROBARE ST pE, R
por t i onsporliOne dthe wchishpertidnheanfbelmtdeguste tiat this pdrtien & oA foldatile. Tidy earedoby t he
respective fql dabl e he or.tail _portjon can be enl arged, [0091] In

al ter nat ?Wlﬁﬁ&’&&?hﬁmﬁ Byteinga lﬂginHwﬁéW%aloeezlgﬁ%s@&w Heldansterigln@r i1 m
portion E?ﬁsiﬁgaMiQéfﬁéﬁ%ﬂn?ﬁrr&%H'&?ﬂle%zﬁQ pBMRIn dniDelid PledRRékd QN That means
that the Tilmportion can cover a part of or the entire waist portion and

addi ti oniabllg‘can cover a part of 15 or the entire head and/or tail

por t i on. [UA88kIanothes enbodinenisia whigh the faldable head partipp Gon qe@phse thee i te of
t he il LaN. ot i IO : i tail
bort 1on TR e g; e o TRAls0fhe TORUGONEeR: BFfden dmih ORI head O
Of cour sportias can betdacated inlthepartion between tleasaist prertibn hnd pgermiddie ofsthpaowi ded

in the head, portipn and the tail portion, the fil ortion can be provided
to cover o iifithaff Rl can fomirae e pomin sareckie hRBSFYEH PAMSOINE BF ¢ he
head, t ajehstof p¥RiofitofPBEthiRB diafoRCarkzefich ShA/ANKATMA ENRA Beleha! thd Fokh

[0092] In an enbodi ment of the occlusion device described before, the film

portion eetwegretheonasti ppstorvandathe felding segmented faench of theyartst Thiswiptienaldilay i al .
As c b iye the H e 4 uning,the-. foldin rqogcedure.of the
f ol dgcgl es%@g{l f%nnee H?grnf) ic?\r/ﬁrﬁftl)erq&l’sbl% al?ldeg)rd?sﬁgh? o?%lctnaéqesaégﬁgrﬁlﬁge %"P‘l St eeOttmch

nore strefecldfdt.as the filmportion near the waist portion. 25 Thus, a
sufficient high flexibility of elasticity of the filmportions material is

needed t Kd .an anmagi ng, of the. fil ortiqn durd t he. fol ding

pr ocedur@.oggAB%lﬁg%g? ’tWea?r@P%rr F%‘P’O(ym‘egﬂ]g&h Wé’écﬁ’ Blge ;85%8@%8‘1\/\/}’? A e film
portion &dtfpridennicedfendrt xh&)id. g tthirek 3o Bighh@insAthd foedifE degherit B ehdh dRrPRI t i ON
which is near the folding segnents and which is |ower at the end of the

fil m por thedrldahiedtniliportipnagan brelagatedtin ghe ppigien tepveanxhapraist pastien aesithe be
done, Py middie of the arm. In addition, the arm can comprise a film portion extending between or
spanned over at least a portion of the three or more arms such that the film covers at least
the portion between the waist porﬁon and the folding segment of each of the arms. This
optional film portion can be used to cover the tissue and to close the defect at least from
the back side of the defect. This film portion 169 is schematically shown in Figure 4 for the
30 tail portion. In this Figure the film portion 169 slightly extends over the folding section to

~enlarge the tissue covering effect. . -
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30decreasing the thickness of the material of the filmportion fromthe
wai st portion to the folding segnent. WD 2011/ 075088PCT/ SG2010/ 000476

[ 0093] Thwo=hume7s03d t he form of the fol dabl e head and t &cCi/SEaetoioonss can be
freely adjusted depending on the size of the defect to be closed. In

addi t i on[009bpImadditien, dRswlsith tthe fdldatdalbksd peaidnpmidt the foRlableakil tgoetidrotatabl e
tail portion of the occlusion device can be adjusted so that the device can
be pl acefCPIISEHHIes A HBYC RS GE thres 40 sight prmat, dbg folding segaeny ofsach #8p 41 ze 5

(di amet egye Bidabneetafl %Ingqﬁie 5@?53]9 RSad Ponltilaﬁ c‘ﬁﬁ_rbléi 1B&h&d ijhte%o‘?tion# bEtwekh tlli«{'ei r

fol ded states, which i1s s Icrent tTor closing the opening, Tor exanple in
t he sept waist Sortion and thensiddtehefitheami. dskeain the ded embodiseats destritedabavegniet er of

up to 40 nm The dLane% rs of the ogclusion devices, i.e. the dianeter of
the fdl d&d" 58t £9TBRLSEL? I rﬂé’oﬁé‘ﬁ‘de"a{?{tﬂc“?ﬂ1 CVSFR Op SPANEH QAL IRASE & ROBQTe

states, gRnhRe @bQbie Hiths"dlchGRatniit A H8Vers?t 1Mt (RO pBMon2BetWiin Me wailg be 10
provided in a size of about 10- 16 nm In one exanppe, the fol dabl e head
portion bertion agidativetfeldingf segnent of Zachhofitlk aimes, fisl dalhee faldable head awh theas a

di i about 1 The size of the folded h i d the, si
of “the 1 Gdae P4 pofft Thie BafoBE ‘maperBentints HER o RerelE Bl anfio™ =¢

suf fici eploby tHeedefbd SR tiUfrbhcsig@thd tisd BPaRkOsid@anthe deftde1CMmB st péifiohde
present invention that after insertion of the occlusion device into an

openthg, exthed pyeguthel folding|sgeticns da are thhe RowIrekby the igapactiv foldable heatdor he
liquid f d side to the back side of the closed opening can
no Ionge{ra é)];ll(;) sea&l\r/t’gaefnra?%"{d’ exanpl e by echocardi ography or any other nethod
used in the art to neasure the liquid flow through an opening. [0094] The
t hi cknesH081] Imealtemativeapabodiments of Itha peelusiomglevick guseslead: hergin, tthe filml dabl e

head and | | ions,of the fo]l dable section of.the,occlusion devi.ce can
be-ar | crifioh sBR bt Al of Bahel HEPLERE M Rrudd 8P MR 63 GEHSS o
but bel oportibathn 06¥kr a4k, ofAdiGhe 3Mtdhe WA, po2fidh antDAUditidHAlly £8R) covef Gy palO8f 150
gmas long as the material has a suitable stiffness to maintain the

st r utk ur & te enHee hgagwmndieq tail pytipabf berpativelypiin casg the fiba mostierels moyidedyat he

depl oyne 9 i f 06 C: t Vi
accordingkfggﬁﬁggﬁ?g ?kggbg%ghgégcr?ﬁgapgggﬁg gﬁﬁfBFﬁg(%gkgﬁhggpgﬁbﬁﬁgan be
a cyl i ndaddigénalllyotdnovovten ke part uathon shea epidey weist @ottidme.OfT ooire, Sast abfarthene end
of the fol dabl e head portion and.one end. of the foldable tail portion can
be fi xed?lt%étIV_éxw%Hﬁﬁwerlﬂ@lsomrogguda Hgth@msa%mwp&ngﬁlée iRt ths on.
I'n an al kgh pakionCeaR HRIFGIRE 1o {dVRr ¥Rb e WAL ?&ﬂoﬁ.&méoﬁma SARRAproVili&d ube,

if two arns in sheet formare laid on each other. The hoPIOM/tube can
rece?@e aneoidbpheadntantormasiportin dahdeanehtyi enbanneandotBeldalizatign.t he depl oynent
procedure of the occlusion device described herein. [0096] The wai st
portion 2P6 dPEhBS it : - opsl f can,

t hus, be@gagt ed tot ﬁeg?%ﬁgg%%%ﬁﬁ%g%st he o%g%rig’ntgggﬁm gg%ﬁ@ecélma%st iC
enough t cory@ised 1ot/ 0 ISOBBPAT e1IBSAANY/ f@diable material. As can be derived from the

Figure 4, during the folding procedure of the foldable section, the film portion near the

folding‘segments will be much more stretched as the film portion near the waist portion.
25 Thus, a sufﬁcieht high flexibility of elasticity of the film portions material is needed to
avoid any damaging of the film portion during the folding procedure. Of course, the
material strength can be adjusted within the film portion such that the flexibility is higher
at the end of the film portion which is near the folding segments and which is lower at the
end of the film portion which is near the waist portion. For example, this could be done by
30 decreasing the thickness of the material of the film portion from the waist portion to the

folding segment
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accomodat e di fferent opening thicknesses. The elasticity can be adjusted
by common net hods such as the material elasticity, the material thickness,
the wal | wbizelamesmssof the tube, and the |ike. The wai st PpOISG2010/00&416 have a
| ength of between about 1 and 10 nmm for exanple, about 1, 2, 3, 4, 5, 6,
7, 8, 9, [m93]L0héevize hhé tivedosin qiahé fddabtaheddeand tail lportivmy icag bafredly adjested

di aneter of at |east about 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3,
1.4, 1.5d%Rengdine grdhe wigs ef theskieshoihe goggd: In additipnythe dimensjong ofshesfoldabls " o 7,
2.8, 2.9 . ' : - - - The
vl | thi BEadRrTE G hEFoBNIPR TGN e Becifion helfiod caly beladiusted s B

cyl i ndri tel devidessan derplieed be tane grostaddothitough GScathreterGhegth ranyl Haem veordimgl 8ze about
0.05,_0.06, 0.Q7,. 0. 0.11, 0.13, 0..15, 0.17, 0.19, O. 0.23, Q.25,
0.27,%0. defer) 5 the g@*?edwrb%d,nt ¢ #8TRIpS piragiurgnd . i ﬂﬁﬁrefzqi%ﬁd&atﬁw i s
in the foraméiest RARRMsidd iR dpdifhg, fhCeldtigtkRedR fhuiesya b (Rhi@ffetner-
depends on the one or nore fillns used in'this part of the foldable section.
[ 0097] | nlos¢ableodefbatsisoallylbas & dianfieterhes Wip tes#0 aupethe diameteas ob¢hesoddusiine t o

repare gseparate parts of t f.ol dabl e. sect.i on. of, t he occl usion device from
G £ Per nbeBatey b e diledts o e B158 BopiaS Rl ol ple it 1in 3ol i e

per f or mapsi@edétatel) & afitice ab@lt- 70RRm, | G0SthAT) 36, minh 80 Wan S B0 R 2O iR ot &4 be

occl usi on device can be nmade stiffer or nore rigid than the fol dabl e head
and 1Qi | ppordedons Bze phabaut|1fr A6 rmamo fis ong exaveple othg £pldabls dead partiog hpsrani se,
it is al i t r [ | d I . of e
entire 0(8:12i uge??))qu% e\}ilger;u?nragP%QH]g&@%&%taﬁ&oﬁﬁﬁa‘g&(ﬂyﬁgﬁﬁgﬁﬂso%gél@mr@ Tﬁeh

t hi cknessigs of tizhfoldedthead pbrtipardnd s sizb ef tHeefoldedthil podiondah fokradamted eagh r ed
for 20 its function. Fﬁ_}rﬁ:iexarrpl e, in _one enpbodi nent the support structures

or the wHiake 45deqtican seHirigndlyshs flpesd. Swbficiely flgpcdameansnidallie foatexhpf the
portions I I b S t J 3 i : hsqQ: serve
Do L Ty Pitgeritfivafbh Sfor e befin 6f (12 odBfisRIck focTRICCA BhenifiEl B IRAIEET Ve
t o resul flowrfran stechesktsidelto degirard sidecanddhe Hqdifl dloenfropah¢ froof sidde the bhdksi on
devi ce. Far ampl e, the material used for the wai st, portjon can bhe

Ut aot Gkt SR Hosss opgriphes 1o fnetr Se b geinion giatle by et Bri oHa™y ore

mat eri al apsefled MEhbA AsdiQXhd 1B tcPRastieSthaliqeidRw Ihr&I%h%tdﬂeﬁingThi s could
result ina closure of the defect without risking a turther passage of body

the occl HPBNTHE ik ot e S aed aljieciin perdows i Pesesbclt iBF BHSHG et can”

be made gfq t%ilgféh}’dmrdf%é%kﬁbie%!ectidd &ahdo&iGaoaasataR beRat iaRrabba: 1, Q9] de a
30 fully bio-degradabl e occlusion device. That neans that the materials of

t he abova0,cE A0l bed’G &8f P8I 0l d0f blaml ebus delomoabariart08.e4 3R d80,0350 300,

bi o- degr erd-al, ~p eyl arly.of big-degradabl e po r In this

erbods meart: 30 Tk MG drobEd 308l iSte. st By g5ae i & B8 SiDi00a76
be fullynhimsianpatstt@radd ti@armé Oan®aabitable HexiBRptdat MIdddaumntyhen t hin
short tine of a view years to several nonths, such as 10, 9, 8, 7, 6, 5, 4

or 3 nonfieoymegeoacedpisr oved by US FDA for ot her vascul ar applications,
bi odegr adabl e pol yesters are the nbst conmonly used and prom sing

bi o- degr psbaB| B H®d &hbédimeR ofCtheioeElubioh delieedcrdinpiiaed Rt hifRteddserbedhey
are bioconpatible and can be tailored to degrade within a wide range of
t i me2§ r aherein, thwwaist portine cap &dianeylmdicae poldnmduie, ancht #rca pelymesicdnbaldin ces
usual |y pnvelve drastic, def i.an and th o) have differently in
Varme. of MREBREGE AR drand ROPRIPh bRt P ork et Wl PRI ot
rel axati pe fixadidot &anpl&kby wadipg oe dlumgd the FBha ks thelwaiirpdetior. 0n af ARErALEY e/
replace netal in the occluder design, the polyners need ]
embodiment, the waist portion can be a sheet-like tubé, if two arms in sheet form are laid
on each other. The hollow tube can receive the deployment means and the engaging means

30  during the deployment procedure of the occlusion device described herein.

[0096] The waist portion can be formed to extend through the opening of the defect and

can, thus, be adapted to the tissue thickness at the opening or can be elastic enough to
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10 to be carefully selected according to their nechani cal behavi ors.

Meanwhi | e desi gn should be taken out in a way to make full advantage of the
mat eri al woaopavars@ss. | n a bi odegradabl e ASD/ PFO occl udePCasGaowiongt76 0 t he
first aspect the material should be adjusted to the specific pull-and-fold

mechani sgcomtydafeodieferdnh@pétihg abicenessst T eddstiting ca bk URljBreddy icomntmn
general ly be nmade of .any bi odegradabl e pol yner having sufficient phﬁieiecal
and 15 ndethads sugh ay hsahatrddl slgsticyi thg myeialghicknessctheavalb tyslnesy ob

terial fi - ) oF |
At e11 2l b3hing fkECHRAS LA EAAUR A8NTh BF bt Bl SRR MGARE A 05

(PCL), l'actic aci PLA)", ycapr ol actone- pol yl'actic acid copol yner
( PCL- PLAcxanpdé, \abeut) 1, 2pdl 4y §l §.c0H 181 Seor(1PLiid) Theolaist hertiantcanlbe & RiHeAaying an

R Y e e RS AR TR G TR AT
pol yhydr gyduay r-B8b & 2.000anhydry des. 0ol yghesphaesters,o reh YArMod xaapRS) -
pol ydi oxanone, cellul ose, collagen, chitosan and copol yners thereof.

1001001 Mt biSeadsoédhil&-p8ImmeThe weakhithickriess oOdiayubenifithe waisbpertianiicinaci ds

(PLA), pol ycaprol act one (PCL) and, pol yl acti c-co-qgl lic.acid (PL

however "edimho s Ebgieal e kat RE ook BFus a0 S, B kptrIS Ry <
nmodul us @od, 0.66,re07,/0009, @ 1ANGaBti 0N526.1at0.p9,epkl, Bl @D5, §RTED2OES.3DNESS,

pol ymers seemin a pure forminappropriate for this clinical application
wher ¥ hi GHAPy0.43 @&0-55 aup; b dlegyyvaigbpsiriomistia thafosmapfa sheefrlikedtbs dhaatsckngss t he
huge exp i.on i fter I . of th S ctical
ot rat oo Soteofa] Blredt s 3Rdneohe or R MR sea M0 pabtner RAIARAT,
pol yner edctie@pol ymeri zati on. Copol ynerization facilitates a broad range of
properties, including good 30 nechanical strength, bioconpatibility,

bi od i d. . i1 whi ch_makes. | | i al
Por maar (897 Li e oS0 RERSGhG bisl aspfh fidal BE STAIEM FAEFL R TR i
whi ch mayf tHec FRddte tsb@iohl 6X il bedlysied dBVile othah Ndiffdtesat E@l}dﬁbﬁccmaﬁl’iﬁﬁﬂo of

PCL and PLA (PCL-co-PLA) degrades faster -than either honopolynmers. The rate
of VIS 20%Perifizaibsadiost/teregrnrdpgirmagepbiba maserial fiar dastance,fhe BV aif POrtidy ease

of PLA C(?ig%‘? Wectulioh Qﬁvgg &8%%%%%:%2&; 3r &rgﬁg n%?(gfkﬁHQBé Phladit Fnlaécgm ar?ﬁl{a‘?ii ned

when PLA- I's about deg ation rate is sti n an
sui t abl epsréingeomshe Hilm pairdori3Gi thé felbahié s@diohO0theb®isb it isalse@ppaitiie cufoam of
rthernore, PLA-PCL co hasagood rrechar'bcal and

about 80: 20 - 60-40. F pol yner
bi ocorrpaflfB?rés ‘Bfﬁh%%éﬁ’aﬁ?"e%e.“"i@8‘1@1‘?%?‘?@@%‘1"?‘85&éﬁ’ﬁF%F‘?mct HBaMREEl fier s i s
shown i nhMﬁ% E Rl fRWNRGNdRBY Such-thdth@ck paReat ineenlisinisy & @lfhicsd RRuiredRsT at ure
(Tg) and nelting tenperature (Tm) have been determ ried by differenti al
scan#l ngitg &ingtipmdioryexaDBIE) in bhe embadiment) tHeGuppont (SEycttes or e 3@ist Partis)
can be stiffer than the foldable head and tail portions of the device. Using different
polymeric materials can also serve to alter the biodegradability of different portions of the
occlusion device to result in a sequential degradation of different parts of the occlusion
device. For example, the material used for the waist portion can be manufactured of a
25  polymeric material which degrades faster than the material used for the proximal and distal
support structure. This could result in a closure of the defect without risking a further

passage of body fluid from one side of the defect to the other.

[0098] In one embodiment of the occlusion device of the first aspect, the entire occlusion
device can be made of a polymeric material, like a biodegradable polymer to provide a
30 fully bio-degradable occlusion device. That means that the materials of the above
- described scaffold and foldable section can be made of a bio-degradable material,

partiéularly of bio-degradable polymers. In this embodiment, the material of the device can
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60 175 PLGA 80/20 IV1.7-2.6 (Purac) 52 120 PCL Mwv 80K (Al drich) -60 62
PLA- PCL Copol ynmer 70/30 IV1.62 (Purac) 15 112 10Table 1: Exanpl es of

bi o- degr awsialzba/qgsisgner s and their thermal properties [ 0@COBGRoN0MAGIE6 pur e
PLA is too stiff, it can be blended into the PLA-PCL copol ynmer at certain

rati os tpe ﬂﬂl}lﬁbcdn%tlﬁm @nﬂfdﬂ@kﬁﬁ% | bddsorRably the KodPdithia shBAUImeox 107
Pa at 37 C, nore particularly nore than about 1 x 104, 2 x 104, 3 x 104, 4

x 104, 5aX1eROYeasTQ sPeaal rmgmbﬁeshclhwﬁ 9187 0074 & kmpoths. 1 x 106, 5 x 105, 1
x 105. If the nodulus is too |ow and a hi gher nodulus is desired, blends

with ot hﬁ1099PR9HR)R/§d 8y US FDArfoP 6kt $aseiilaf apififtafisns, smaegraaaﬂ@bolgégt@i@are net al
salts such as sulfates, chlorides or the like, organic fillers etc.) are

useful , tiet mostgtpmmgnldegqeéear@f PrONHEBE hl@rldagradahiﬁ majerigle of eghoickafier thheodour e
Fh'g‘_ ]E)O| d|C§ .’Sl)(!,t &ﬁglg ag?mﬂ'gner b %Ol%o S(%n!i}?c# e an C&R BGH0RT «§ 8 f(Iiel TR § Was or
range of time frames. However, the loadmg and deployment of the occlusion devices
usually involve drastic deformation and the polymers behave differently in terms of
mechanical properties (e.g., much lower modulus, stress relaxation, and the like) compared
with metals. In order to completely replace metal in the occluder design, the polymers need
10  to be carefully selected according to their mechanical behaviors. Meanwhile design should
be taken out in a way to make full advantage of the material properties. In a biodegradable
ASD/PFO occluder according to the first aspect the material should be adjusted to the
specific pull-and-fold mechanism. Therefore, the foldable section of the occlusion device
"can generally be made of any biodegradable polymer having sufficient physical and
15  mechanical properties for being foldable. Such a polymeric base material can be selected
from the group consisting of polycaprolactone (PCL), polylactic acid (PLA),
polycaprolactone-polylactic acid copolymer (PCL-PLA copolymer), polyglycolide
(PLGA), poly-L-lactide (PLLA), poly-D-lactide (PDLA), polygluconate (PGA),
polylactide-polygluconate copolymer (PLGA), polylactic acid-polyethylene oxide
20  copolymers, polyhydroxybutyrate, polyanhydride, polyphosphoester, poly(amino acids),

polydioxanone, cellulose, collagen, chitosan and copolymers thereof.

[00100] Most bioabsorbable polymers available today, namely polylatic acids
(PLA), polycaprolactone (PCL) and polylactic-co-glycolic acid (PLGA) however display a

very similar mechanical behavior, with a high Young’s mddulus and rather low elongation

25  at 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 with another polymer or
copolymerization. Copolymerization facilitates a broad range of properties, including good

30 mechanical strength, biocompatibility, biodegradability, and processability, which makes
- themfe){cellent maferials for medical application. PCL is for example a good 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 homopolymers. The rate of
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20 and high flexibility are required, the pure copolynmer can be a good
option. Therefore, the physical paraneters of the polyneric material can be
adj ust ed wo 20tien7ss8ci fi ¢ use of the occluder part by gemersiG2omotoheide
outlined above. The skilled person knows nechanical tests for testing the

stress rgégidtioR Nnbrcaded il S Gricraste BT BINRT dogiteRB i€ th@lcEpdlomet. Tie, fdstkt
exanpl e, shown in Figures 4 and 5 and described in Exanple 7. 25[00103]For

adj ust | ngegradation ratg rls(mm@léefbwhm BLAP G Ry aboub78:30; byt tag ée%wﬁlen Bate isseidl

Subst anca st PR R EGE L AL BEL ool B0 £ 50 200RRR St BRARR

sof ten i 80:20d G0040. IFptthetenokd, LiDPOLL gopolyiiee hpsipdodomeetiahical drdebiptanatiblez er
whi ch can be used in the occluder of the present invention can preferably
| owerS t hBXOBFHSS transition tenperature, Tg, the nodulus, i.e. increases the
el ongation at break, or changes the crystalline behavior of a polyner

mat eri al [g@10gRN adiust of Bernfibtyl G@didareosylahersds sHawn irbthonisllswingTable 1.
plast|C|zer can be used in the polyner |ayer as |ong as the plasticizer
provi des Theespedtiygealasgitransitipe tempayatureeiha) @ﬁ@@le&mlzﬂo@mne&ureﬂ@)ma&%bm zer
may al so i However, due to the snall
anount Og&%}#ﬁh? @ﬁe&%&@hsc@%ﬁﬁgcglgh%eﬂ? Ele)ge t re body mass of a patient,
use of a pI asticizer that my have sone adverse effects on the hunman body
is also wthin the scope of the invention. Sone 10 illustrative exanples

of pl aswmmmwmmﬂwﬁmﬂqw are
not limted to triet YRt ate (TEC), pol yal gl ycol s '$Wénas

pol yet hypbgRg Ig,gc(%lu PEG) or pol ypropyl ene glyeols, propylengrglycol (PG
gl ycerol, § Vg et ﬁmxyl adi pate (dioctyladipate di - 2- et hyl hexyl pht hal ate
(di octyl BhGha&(Hﬂ@)\/l @iy Fluodmxy| pht hal at e: di i sdhonyl adi pat e: 120

di i sonon tyl -benzyl phthalate, 1,3-butylene gl ygol/adipic
15 acid %bm @&(e(‘qil%%%ﬂoo MA contai ning 16 V@I ght percent %?'erm' nal
myristi CPLRPOL dopoBifér 5088MVE.c2QqParagpt er functidnality. O hetizxanpl es of
pl asti ci-zers—include epoxidized butyl esters of linseed oil fatty acid,
epoxigli Z¢leleun§§ﬁﬂples bfl% &E&&hﬂb%@@n&?&%@ﬂhkﬂ tierAaP)Bperfibs pol yal kyl ene

gl ycol s include | ow nol ecul ar wei ght (MN conpounds havi ng an MW of about
60 - about 8000, or about 100 - 6000, about 100 - 5000, about 100 - 4000,
or about 20 150 - 2000. Illustrative exanples include diethylene glycol,

triethyl geaeg| ycol i GkOp@RYISVR t8b yml it i bd wlelmeanﬁtbqn@pghyﬁ@i copIgmBane
only a few [00104] The anount of pl asticizer is not I|mted but i

gener al | gt fafdl]ausnaeds tovashust et Y otng’ bmdelgls awém ebqyo|lynkd* tombeuti bk 1faPmeti ns

ctorage. ahdCupar m LR bin 81 ot % 61 38U Gus RIDCAR Y e

pl asis ci Rk abat 10€1098taj0edxi108 e 10, 1&l 10° Off thdaodahy i¥abo (6w exid @hi‘ghhxﬂ an
amount of about 1 - about 30 Wt(;{% or about 1 - 25 wt % about 2 - 25wt %

about 3 mogslugtisilesitsdublends with qthey, maperers D1 filles ogelygionKeph 4§, £-gagmeiaby
about 2 - - %
based onozt(lﬁgs’\é\%‘c/%lm%lﬂgﬁg’c of® ¢ ﬁgat%%l ylr?gllragérjr% {e]hrel hl?eo }0% éﬁ ir?[elelgvl t % useéﬁ\/e
t he anounithaighphadégres afstress aglaxadion éx greplee thaa thdpute PILA-PCL 3tpoBymet, For, 6,
7, 8, 9, 10, 12, 15, 17, 19, 21, 23, 25, 2 29 wt % ba}\‘;ed on wei ght
of the re%r&éwrwmcgw Al film POT’@BiB'S?z‘FrfOIQH‘gaﬁe?QFH‘ét"Y & LRl t of
the g¢ r R m teqted
R e i et e

physical parameters of the polymerlc material can be adjusted to the spemﬁc use of the

occluder part by general methods outlined above. The skilled person knows mechanical
tests for testing the stress relaxation of the respective polymeric materials as it is, for

example, shown in Figures 4 and 5 and described in Example 7.

25 [00103) For adjusting the performance of the polymers, plasticizers could be used. In

the context of the present invention, “plasticizer” generally means a substance added to a
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WO 2011/ 075088PCT/ SG2010/ 000476 f ol dabl e section can be made of a materi al
conprising a therapeutically active agent or a m xture of therapeutically
acti ve ageote11/78@80611 n t he context of the present i nveoTiSery10t0h&76er m
"therapeutically active agent” generally neans a therapeutic or

phar macegblyfit ne@eidl to whftehit aaa td empiove dlekitibtyt Mre §a:mhMﬂ§r the PIReisizet ON,
or inpregnated or incorporated into the tube, filns, engagi ng neans and

wire strtdidhr @8 hegissd a theeocgiudgr ef)mealrﬁﬁenblmvew carm i praera b ibe glsns or
Wi res. Tﬂﬁns‘i’ﬁ %eglﬁﬁrengreaﬁ‘ &Q‘?ﬁﬁ@d%ﬁ}ét i 8 19 re édtl%ﬂlat %gt%'ﬁt 01S Eﬂa PA e for

use in drug-contairning materrals s occ ous exanpl es |n ude,
but are tetcrystallinedetaviorasttd polomief ﬁfamrnal/ei eemt adjusn colﬁe meag@nbmpenaairegdrmg

nat ur al ucts, .such as vinca_al kal oi ds 10 vi nbl ast.i.ne,
vi ncr? st ?\Ha,f 9Ha RISHEREY gAnke) usegé&ﬁetp&b@ner lébfird’is BOREIHINE p@tssse??@rwd@s

et oposi dg,e E{)‘%W&S'vﬂﬁ? th@n%é)v'e%élﬁﬁnécﬁiaﬁrtob%@yc'”Irhe( fatsha%w Ghay Qiso be

daunor ubi ci doxor ubi ci n and i darubi ci ant hracycl 1 nes, m t'oxantrone,
bl eonyci hwcombatddenasperidliy nd tamcc Howezerd dm: tcotrhny;maﬂ amenny ofplasticizer used

(L-aspara nase |ch SY m cal | y nmetabol i ze ara ne and deprives
ol 1o mhPORPRES A Y HaY s o & PR yeE LSl DIEEHET b PaLpE S e)
15 anti pa@derieeeﬁ&dty%amtel Mih&! bedRli& KR! Wi RN pe U thRSinteAt Y Hbme

must ards_(such as nechl orethani ne, cycl ophospham de and anal ogs, nel phal an,

chl ol@nbilbisirytivesaxayipiasiofiptasticizerdhateah pe mda;mth@sreemémmnmmbxdamm@rmd

anat 5. 0 PoSHL SROPL AL AC! Bl 4Rl e S Do
anti prol (me)abt pélyprolplylent Cgly@)lsarpfr(bpmér@bglb/d:dle(&?Gs Utcedd, HDDIcthydltdxadfate

anal ogs éﬂ:} met hot rexate), pyrimdine analo (fluorouracil, floxuridine, and
7

cyt ar abi ffh9ctyladippied, aﬁa?ﬁ&ylmlnh&aéat%d mﬁxiphtb@lgtel,rref*@afipbwmhﬁ’éalate
hi |
b1t non o ARS PRt BaaRds RniflMRARREYATIRRIES LELAMU D haipic,

hydr oxyuned potyestot ar0- ZQI@OrMW)LItOﬂthIng deé;wdightnpenesit (ezminal @syrisagepylmitic

antlcoagul nts. (hepari ar|n salts and oth r inhibitors of
25 t hr onB? §teawq 9 FY rQ‘PPfe 0&@@ GAmBLEs ¢ @%Wﬁrsazgﬁku ogRexidized butvbr
strept Okbﬂé}%%f%ﬂgeeﬁrd?kfa'f'@sa%)d eﬁ&al@b@hﬁé&a oclwfégoaﬁnz%argbyd Bil. Bk, )}Slbéjéfm| e,
ticlopidine, clopidogrel; abc¢ixinmab); antimgatory; antiSecretor such as

brevel di pgvlyalkmtene rgiycalsnmlody low umxH ecadaradeightoddW)i coaipovnds ndviisg i MW eDI |

ol phanttaty O GRRRLHBRE ek S RA0G B ClBS 20 RE e 100 000, or bou

dexapet hasmneboo rmastﬁaheé ekdhiples HOluae ARdtsylérfeli e Siristlyl ik lolyeoR@iftopylene
derivatives e.g. aspirin); q[i)ara am nophenol derivatives (e.qg.

acet am n&kEelnyF tripFeiylienc gy ﬁ%n@naeémacfem:l ds (such as indonethacin,

sul i ndac, and etodal ac), heteroaryl acetic acids (such as tol netin,

di cl of enmloapd ketR¢ @hatnt. ofﬁfl?is’txl@fz@plsoﬁﬁt%rﬁ@éddlﬁlt(@g&k’brzﬂg' aBUREESN @ad
derivati vesé anthranilic acids (such as WO 2011/075088PCT/ SG2010/ 000476
mef enani theabladegradablerepdl pinen andterialc mpjntaias o echaatsiabl Sniegityh dasingi toHxuseam

t enoxi ca n ent hat razo buneton ol
corrpound{sHc U%qg:yag%aﬂé o?m?r% ﬁggﬁ%%)% ogl cosdée ﬂ)ﬁea{“i ﬁlefnn 8%%1 ngﬁ %S

i MTURPS UpRTiASEItiva, (hstpctéfsnaﬁelcml BeSERkdingl, intchelo?lallnafihé Elﬂyﬁﬁﬁ)natéﬁan@iﬂ anis
(rapanycin), azathioprine, henol ate 5 nofetil); %%S eni c such as
vascul ar ABAMBHAbPRY g@bwtr%%\a oot QPYRIGEY 25t oBhoa 2 -3 abot 8- I57Gr) ;

niLric oxkelenflaRarsis Ak ananse 8@ 865 £955405, 3 APGacLIB) 34 BB e cof

[ 00107] The fﬁer apeut’ cally active age’nt can parti du ar e se froma
drug, an2@mttvdiabdutcs - 20 wali, ior iabdut 2D onds, beedton tha da;nWerghk of ther;g;quaert or a
hor mone, a nucl ei c aci ul.ar fact 0 fact

tide, w
|i gand fB}ategla dn |lm§lwlflh@1€aaibg§£ﬁl!eeo§mo%cozrph sticizers can ?or exampEe be zl;i)out 1, gr
30 3 4, 5 6,7, 8, 9 lO 12 15, 17 19 21,23, 25,27, or 29 Wt%, basedondrywelghtofthe

' respectlve polymer material.

[00105] In an alternative embodiment of the occlusion device of the first aspect, one

or more elements selected from the head tube, the tail tube, the engaging means and the
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10 proliferation agent, an anti-thronbotic agent, an antim crobial agent,
an anti-viral agent, a chenotherapeutic agent, or an anti-hyertensive agent
or any cowbi2oati76038t hereof to inprove the seal ing effecPCTiSceoto®ad4i7ag
process, or preventing thronbi, for exanple. However, the agent is not
limted tfaldibiesectexaaplbesnaddegloa matdral vahpriding withérapeutiohll € aapiel agehtosy and
has been used to prevent clotting in many cardi ovascul ar applications. 15
In an al PEKNER hheraneigpiverttiveagintexampl e, heparin can be included as an
anti-clotting factor, for exanple by blending or inpregnating it into the
surface @IOMBE pol yretid Coneitest e presddt Ghvention, bRt teth Wh&QPeutically active

bi oconpati bi|ity. [00108]1n sone enbodi nents of the invention, the

anti - t hr 6886t eeneapgmeans 2 thefapeutig pspharmpseutiqabagent Whighrambg mixsd gataithe

nol ecil e ont doi: ! | i . i

dor vt | DogHER cBipua, 021 fBteei) bl HEfipordta ARG MAG HEXGhErRhE

t her eof . ahd Wuetstrattiuves tepaswidedrugfcoatnimng iubegsfilanspengagihgugeak or Wired) Thals,

al so cal l.ed rapanyci g@pacl it axeg, and er)I i mus. [(i)O 09] Anot her exanpl e of a
t her apeutifEafanyPLERY {herapgutic of Rarrmasgutical age spitalie dorodie, Redrig-cRafREIRG | s
the conpaiRgGiak oy acRlddrlsOf WaaBud PeddntdidR) inknlat; O¥& 3ark 4not 2%imited to,

pi peridi nyl) propyl] -3-pi peridinyl]carbonyl]am no] - 3-pyri di nepropanoi ¢’ aci d,
(bS) - ( 9CantiprRir#38@8)imitntc egantoincludmganairelgsrotdinas, sacleatiasca alkaldidsiie.g.

I nt erpati onal .patent. | i cation WD2005/087266,. 001101In this context, it
5 nafloq VTSt THHsRED abf PiafyingE proudk omrdiperbhyTeBr b8 o cloiaids: ed
into Onet&ﬁdeeE ARIbYSRS | @adioRiychl $a@noinyBin08)! dnBAIbISY, §6xHESEH hed
herein 30 can be a small| organic noleculé, a protein or a fragment of the
pr ot ei n, idarguein), dentbracyclings| alixamtranes (d¢pnaycimi/plivamgsia, (mithrangicin)" andal |
organic - e" ‘ rei.n typi.call enat.es_an organi ¢c._nol ecul
conpri oi A cop s P aHBl el XBhicE iR G ol T s pal i
2011/ 075Q@8fREs/ &R 0d:hich 0fs fot Mave Nhe ecaphidy To @ynthdsizOtiadinliver agabiind)onds,
having a nol ecul ar weight in the range between 100 and 2000 Dal ton, or

bet wégn sofeprahigratiyo@nthaitotn, alkpiating pageatial gh cah miHeeUdenBHEdsr (ugh Axt al
atons. T " tider -herein typhcal ly rg t i i de or
an ol | qopssrPHRFR , SeicBouhgidicr She, (PIGS, | Jmehgl, | TforahBRER, Tt
15, or 2ethykhbonines nhdamethglmaadinee shetammsthyrhelapartandahiotepa))alky! ndfomates! y

occurring or.synthetic peptide and onpr.ise - besides the 20 naturally
occurri ngusﬂl-lféﬂi p‘Br%BFﬁég - PCBUBWWB ég%@f) ;%ﬁ.- r?é'lal?tgﬁl | §TEBIOZRTIR) ndFazFheio
aci ds an@ié&?bé[ﬂiﬁl@_(Eqildﬁa&ﬁlﬁ?@lﬁeraméﬁanfirﬂft%@'dﬁ?inie?ab@ﬁﬁ:gt sRRYadabl¢ alcldy/

occurring polypeptide that conprises nore than 40 am no acid residues. The
prot @9 n eealogre (metholrexatan gytimdioe einplogs (Queoroyresit diyxpoding, and cytasahphed, an

10 i f. L T iVeE I f. ei N I .b
10,2001 BybhedRRk: ahd SRR B Goflr . PR S e® ™

properti eblofddedx damasir.{cladiibined] eSplatinum POogkdifatiBi eicBmpldxeys @splatin,
Anticalins(r)) for selected cell receptors, growmh factors such as VEGF

( Vascul afareppiatime|nragareazang mhydsexyyren, apidptandy aminoglytethymide; chormoags ket i ng

si gnal s, OV e Ut i ei dj .apnd_active
fr agment STEEhRo Aaktblad a0, SulhalCutbuRl SRK ChRE SRLTRIREN AR50

hor meses tirbdnby; fibrinalges agents eudhr ah asswenglasmimogai hbievatdre spepvkides asd
defined herein, if they have Iess.than 40 amno acid residues of a protein,
shoul d t HE¥&Naso) W@Eetﬂéb&g@we%em tyEAsmAlsy dclppidingoclgpidgreh @peiximadues) .

Fur t her Qr’ftﬁﬂ@#ﬁ§ b QhtjRfetliry (QRAUsMred dMih RREHIH A RIROR S ' or
DNA such as the rI%I\IA tflor eﬁ(%r?\r(i C oxsi Jg. Exgrrpl es of nﬁ@fg‘?%n%%?éaﬁ%%}etggfes

i ncl ude sterisds ofcoRtisohnt ¢orsemse Didroguitisend, e prédnfisopx,pr pednisolooé, ab-alphget
gene is to, be controlled) or the codi ng sequence ,(either alone or i

Gene- t he P REGH IO FbaRinelie, TRlamtant o CesmghizePry dorisitl « ha
i's tgobeapdnedpaes as bAlicyHEAcA dedivBlivdsheg, %ﬁi'ri%?;cpa@&-'aﬁﬁir_i’@}ﬁem%rifvé’ﬁve@ (gotein
that pronotes wound healing as described In [nternational patent

appl i cat restayoopiin);7 pBlele pod indengpacstic acids (such as indomethacin, sulmdac, and

etodalac), heteroaryl acetic acids (such as tolmetin, diclofenac, and ketorolac),

arylpropionic acids (such as ibuprofen and derivatives), anthranilic acids (such as
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251001111AIl drugs or therapeutically active agents nenti oned above can be
used al one or in any conbination thereof in the polyner material of this
enbodi nerwoab1itiigossnvention. | f a therapeutically activeCagent101080476

contai ned, the agent can be incorporated into the polymer material by

adm xi ngmefampmégaét] agd noecldfereantiic kaeid)Wersl & aciﬂsheswgemt piemesannotentveicassari |y
need to beU|forn1y distri wthin the polynmer material. 30[00112] The
amount oP W@)W@Pﬁpét}% exym qg? @etrwehg@ﬁleuwpnez SPldnooEnonBiT pisteh c2a 1y
active a o] t [ a e d,.can be
as high g'ggﬁv\g‘ln% egﬁggﬁ %Lrl\édge rét%ldgoggﬁ)f?sﬁ? cglll({m;élgt%}erh‘g@ng%? tg%% G}Jrg?

mat er i al ¢ycdespednal thg‘/rohtmes dFKs¥06)s &rdlmuﬁﬁapmrymn)atazathl@mdet mycopenolag

tenperature,.are not .adversel f fect In s

207 S s AEEOES B S P aeelel e TReioRLY BOFLibroMex S50t cal 1y
active agep:(FOR f%ﬂn@@xfd@%oﬂéﬁé Ai-gke Oigd MRIRBUYIRID ITRIERtRIS iRddofcOoNt ai Ns
the therapeutica Iy active agent may be up to about 35 Wt % The

t her apeu i Iy ac agent resent in nount. of 0.1 to 35 wm %
1to 35 v o herapsitioplly geebca\mnm%@%ky%wwddﬁrwwﬁrg&tanof t he
pol yrer ﬁﬁfb%ticalan aﬁtl tnﬁﬁﬁmﬁ&@?f‘éé'éﬁt tah%nﬁ&@t?ﬂm%lf&t&hh%oﬁﬁ&{eeﬁtnucfdc dcid,3gai n
noted that it I's possible to include nore than oné therapéutically active
agent of pefidesarcellaar ﬁactq‘rea@rowtlyﬁe@tqrnadlanqbdbyamellrmlrkm a¢ceptfort¢naalﬁm—l s,
arns, en nmeans, or n restenoti c drug and an
At 19 o PARRRST aRgh i G mieR <ERoRy SivEreti ceetiont 2l b her
enbodi meghenthdriyeuie Cdgéad, 0ot R Vdrgich weehdildagemtebLiafy Ofintlhatioy eherdd? to

el ements of the head tube, the tail tube, the engagl ng nmeans or the

f ol dabl elmpeye dhe éaailrugoﬁﬁﬁqt,séﬂeah%mgoméess; oF nieysoding dhirombi; for sxamplee
and/or b r I r

o opachPREFE e AERCHE Sl AP o AHED Re GO HiBuml L PP Wi 50

the ar nBarﬁfbdagulhtmnpa)i’dtha@ ibeerDlisellie pf@leda&lb&mgeﬁfmam@ cafdi)&ibiél]lar'rdjiphcatlons
radi opacj fier can for exanple be a material includin but not limted to,
15 al I anygjtgmatiyg alébodlmh|forsawgplesb@wnasca@ow fdasean arﬁaﬂonm salts

or bi SMup 9! #FSE&mPIE by ediehmh th BhESEH be
used for radl 0- opamr{ y. yI n%egf%rllngggﬁeﬁgagméggt@?%ﬁgg@%tgg tﬁg oér?%orat ed
i nt o t hemptehghterprevides bettalbldnd thotampatibiltgst i ng i n an anount of nore than

0.1, 0.2, 0.3, 04 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 %(wWw to less

than SOH{SO%%S 0, so?‘r?e elétriodlfrﬁents th%ane%tltoﬁ ]thz)e’r arﬁt h?on{?)(gtw’ H\%xgacsanl ?49 as

the fil 20 prOV|d I 0- opacil Vi Cé Visible

by neanseximglé,bersekecep font malemegapioanoldwlemglchhe cﬂn@piagympumtﬂumlpmedurog In
t he fiIm ortion Cfﬂ t he sheet-like ar e radiopacifier can often be

| ess?GontalisYiG el desipiiyas Prid PIYiEn g aﬁd's@gw QrHibrembip qriany sEnbIR}IR any

af fecti ngeRlor! MeusaYod Cé%lamB[egpSf tdnesanf?frestté}ﬁ)n@ohbﬂﬁeraﬁe QirofifRS] I Salldd"
other parts of the occlusion device, for exanple in the waist portion of

t he fol deiphmysiegaclitaxel}dnd evpbmasount of radi opaci fier can be increased
because a higher stiffness of the filmis suitable and the visibility of

the ool {io9) devi RRofaeinbit bAaSuoa RRA%GM B8 miyBEREd it O 111 m

of the head and the tall t1on can be so ution out %
(W w) Bagi¥mefibemBzESaY isl tlw ampmnds ksewi faseskirdihimn(in{[s@@iRc)Ml-[rlm 3-the
wai st_ portio

Coi w3® BaBes™ oy DB mAe G aang s agnrymentopanort. acia” (B8)-6Ch,”

RW1J-53308) and elarofiban analogs that are described in International patent application
W02005/087266. |

[00110] Iﬁ this context, it is noted that the therapeutically active agent (drug) to be
incorporated into one or more polymeric materials of the occlusion device describéd herein
30 can be a small organic moleculé, a protein or a fragment of the protein, a peptide or a
nucleic acid such as DNA or RNA. The term “small organic molecule” as used herein

typically denotes an organic molecule comprising at least two carbon atoms, but preferably
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[00115] It is also possible to use additional filnms in the waist portion,
especially, if the waist portion is nmade of a sheet-like tube conprised of
two over |[aQi2og/d750885, to provi de the WO 2011/ 075088PCTPEGRG2ONMOOT 6
occlusion device with radio-opacity. These filns are called wai st markers
and t heynotimobe thanoVioeldd rotdtdble chrbgh bandsrHavidlg 4 achlapdai weightSin fherragganpl e
about 40 A Ba while the other parts of the occlusion device are not

o ovi dedb@PieRn 2 0 endopald ploop” brbraceend Tolf Balnaitapiéraly Cor
radi Opachfg'llﬁfe or{eo(g'lt%\@t wk:{él ta{bFns Gk QY %ﬁ?@g gé N Eéggmis%ﬁ{ggit?%?ff.ﬁﬁrtguﬂ'g to

t he second aspect of e application w escri I'n the
cont ext dipeptide @pnl dlgapemnle witle2 t ebant 40£2 i wlerut 30, 3y sheanR0yEagsoua 15yatem
which_is suitaple to deliver the occlusion device of the first aspect to
the” des: 7 Ho T 8mitp 668 S YESofhS Pepbi 0ty o k SAam b AERTHTACr I REC 6 g

pri mat es pidifdeUidng I el Shé 96 RaRsal I u s
pepifde 1%;{1%%@% a m[ %cgﬁfg\% Alndno 8016s UNSudie

such as pigs and i ke) to be treated. /" The delivering system
can be adeigs, gwntmtirelly nctuwrdegl aimnomacids hediohaminogacidiahalogs. Withl “potenT ses  at

| east one first delivering nmeans,and,.at ast _one second deliver.in ans.
The 1 rsmeab fo ARG oREriER WU Rt Jher EomiiRe TRER0Men id GRtibbetE
through i&piusfiedhb prodint Cargbé defull h&%@%@ot@i@réﬂ H¥rufdatéd) forh |l feRBt #nfI€CAH On 1N
a position at the front side of an 15 opening, like a tissue defect, for

exantl e. atiye fsagment [Hustrajixe exynplesptproiginsiachidefus are @tm&edtth@ntib@diez ube
ngat nst - PhURECRORe Blotia® W RdbRA Ay B [P etirle ol ST bR

del i ver i nuteyskeywsaacoudicalind®0) fongelsetedvell aspprots, gidwathffadtors sdel hy VEGR)
means can be a deljvering.rod extending through the tail tube towards the

20 head tYareuigr Enfotslial (drogih qEasterd 2tk spmilag fackardyiem) (rarsiting: sgngls t he
head t ubg, qithesEhy tﬁ&ﬁpﬁﬁ!{ci sge'r@%rr&%isaﬁo%m ahti%cn@@@ragg&'egts%erw@or

occl usi on 8eV|'cethrog e sheath to the target site. T el 1vering rod
can b® npodoohomespal yraprolormostsalof raudh cAndiacrdtoembads ¢thesebboanaieaper mhenory

material such as a netal like.a N -Ti aJloy (eg.g9.,, Ntinol), Cu-Zn al] oy,
o N - Al PRIPBYOSs Saf s pernéRis s denl ntint ke e ek b panigetivbr s
W th therdipmds BPE ipr@in0Ehdule tepd PalRbeptRGelhce 30ntf MUi@d 4 SRfotdRRl
sheath to the target site. The delivering rod can have a di aneter of about

0. 3-1. 0 rayjdues)4Furtiger prpmples for. @rdinyasoulgr therapawhic agaptscéanl Yeypepbides ordDBB mm
which is e h.t he entire  device into,the .sheath . and reach t he
. P&% a% t ? I?H% for' dlbtix%éim#e. Eq(amg?% of nucleic a?latrﬁczle?tlll?ss {nch.lgileis\?gﬁ,ei %rg

opening to be ¢l oSe n an odl nent O

meanso t Beti-élst DN A mgblécutesqirexpagsion oBR tdrpétarae & ©Xeaohabll&d) ok @tecoding t s
end facing the tail tube. The thread at its end enabl es a safe engagenent
into a tPASRREHCitherealons, osiny geasdhesapy Mectore ST exapwle) Phe theapawtically activg ust ed

1 ook SB T OF R I, SR FRIBE TR 6B siagmiyr el b liFe of @

promotes wound healing as described in International patent application WO 97/47254, for

example.

25 [00111] All drugs or therapeutically active agents mentioned above can be used
alone or in any combination thereof in the polymer material of this embodiment of the
invention. If a therapeutically active agent is contained, the agent can be incorporated into
the polymer material by admixing, impregnating, or the like, wherein the agent does not

necessarily need to be uniformly distributed within the polymer material.

30 [00112]. The amount of the therapeutically active ageht (or 2 or more therabeutically
active agents together) in the polymeric material is not limited and can be as high as
wanted as long as the physical properties of the polymer material, especially the glass

transition temperature and the melting temperature, are not adversely affected. In some
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can be detached off the head tube by an anti-clockw se turn of the
delivering rod. Alternatively, the threads can be adjusted such that the
del i veri nyorod/woassbe attached to the head tube by nmean®CwoiSGano/000476
anti-clockw se turn and can be detached off the head tube by neans of a

cl ockw sembeodimeafs, tHecamialnt € thaGerapeutidalP beiNe hgengriakéieon edagi weight 6f t he
del i vering syst em descri bed herein, the delivering rod can be renovably

connect eHietRPlymer paiegiat thee captawéefhg thgrapeulically. agtiverageptamanbe PRAe abelns
that thes 0 I i.Qr t are
adj ust ed gl(},gh frnépﬁ tr ﬂ)%hh%/ém #EY%Q n?ﬁg(‘)/t Eg)rr ééghﬁﬁl a& anﬁd’an? \t}g?lhﬁg%rs o} /(?’aln be
pressed todSowt®her hleadIOt hHao s orsdnst®ebased hahd dyyuedightgfitior pdymér inherial

del i veri rod into the direction of .the head tube and 10 e, rel eased
fromit Byt Renpas gie agert dp thip gentprgitay pgain geted H‘éa‘dblsuRPé%“PWg‘OH%‘a“‘i’erﬁ‘Bmc he
backwar daflighe thdrtua¥B {dtioBakiR JraRdsads: difftRheRYe itBS N hOMmaterial
cylindrical head tube can have a conical shape such'that 1ts cross section
at the opémerfgmsoms;lsngmg michng orbeires fhr gpample, hamarttiresenotss dercandoam at
the tip of .t bes oW N romthe tail tube. O course, to

i nprove fHE! %%"% '?Wém%a o‘ﬁ'”gshe delivering rod can al so have
a 15 coni cal shape such that it fits to the conical shape of the interior
of the hfd1i3jubea funhadonbddimentooft the ceblovien atenicealesatitmdehareini onet @anhocdf t hi s
shape ead. t or the exterior of the tip of the

e interjor . of. the e
Sorr T, | ments 4R 50 bibe. o 1 1 eireing mews. g PrdpBaele BrE f4het | on

force betygsiket QeraHQ)meﬁUrr ldapRfed [#G1L Js]xrfé_&ean%ﬁ&O'BfEn@l% 1M efh nﬁa(@ﬁ@ﬂ%hé?an
for exanple, be a deployment” tube. The 20 depl oyment tube can be made of a

pol yrer i @lemant@rqoaiprmhu Tedr xemplst, thearadiopacifier oan béeopptisednin, theibard, ibe, any

ot her of qQre ntioned n- bi odeqgr.ad r bl odegr adabl e pol yner

mat eri al g’ Q%Ibﬁl eb%””?éedarplgranflﬁ' @85}06’9%&@} at?h%gl% S Y aterial of the

depl oynent tube can be any material if it is flexible enough to be inserted
into a sH¥dd# Ghe aacbendueﬁeercan'lfne emmpleclmabnatan&iylmlmdmgcbht not hrm\te;bdbyrrerl c

out o1 ot SRAL PG cabis e 9 R 60T eyt Biblyifls prbiophh Banh 10 "

especi al fof eﬁ&ﬂgre fh 86 predeanehyoaMhé, EdSO4rU%ﬂfbedis@drfbtr$£d1@-foP§$iQUIn fhedildhsl MM
0.5-1.0 mm 9mn or 0.7-0.8 mm The tube can si mul t aneousl y be” used

as an hotmrn@wmmfﬁﬁecaﬂuhesncmrmﬁérlntﬁghmahmenpmml byrsoditionrgasiéngraman of
t he seco I|v e, depko be.c Ve 3 a
interi orgrgu acfe“?(gfr}% 2@2’2@27%21 %g (?h Vp: % %§b§5 $Eé§]$h ga% (W{W? glgejnd
coul d bethaaesd, 4o, a@n¥s; B0l R5CR0NESt10f Be8depb oy wentwiw)he long tabehé films atde, i f
the tail tube has at its exterior surface a respective thread. Thus,_ the

t hre2ls Bro¥ided; Wikh &dlie-gpacitynier r@%@&j@m dsyigsnyisiplsply maens of fluoroscopy, for

2011/ 0750880Gd/ t of a
cl ockw se t rn @%@é@é@%ﬁ%t a?ﬁmggm? gq?gi Ifbn%&% &%é %l"he*égﬁlt«?hﬁe%

turn of tdda)pdeqﬁleoyareuftext bbdess Abteentrated \ceinpareﬂ he tlnehthdsbe: an theetad djploes toed
such that t ede e. can be .att ﬁ tothet E ﬁémeans of
an anti cPE&KMER ?‘15 ﬁo Ilii%‘(‘c ra%%%%ﬁ ‘BP‘P YPRE AOPO YB't?és D OfELRY S g
cl ockwi sgf tner Bcdl’lflsﬁr{"%eﬁcéief?)lr%kﬁﬁme bR WBQp%gﬁionTBﬁtl@efdl(\]%'lé REctioNS LIRM
according to another enbodi ment can further conprise a depl oynent W re

r enoabl ym@wnnrfo@@dpaomﬁqrh@ndmlmc;reaaed@ewuse adfighenetitfocisfitbn fittevs ewtable t he
engagi ng mof a.deliveri ment re can
e nous ot T veBild b PRI BLadict e G NPl ey B EPE R milerr
depl oy rreﬂie ﬂmrseome He@d iafd ahé kdIEpértibATdah Ve Sb&ﬂldhecds&dawitl@(éboﬁt&( % (Ww) he
delivering wre is in loop form it can be adapted to be renoved fromthe

depl oy meReS@uble %’%%aém@ncwtﬁﬁws ay mn givkinepy The waet pestomgareder wire.
The depl th
0F, Sop) GUARIL S AR BBoRe SR AT ) BRSBEREIBRHBIRNE ARG L2

0. 4, 3bet vpity0. 21 and 0.35, bet ween 0. 21 and 150.30 mm for exanple 0 22 mm
(e.g. a Nylon wire like PDS Il 4/0 suture).

[00115] It is also possible to use additional films in the waist portion, especially, if the

waist portion is made of a sheet-like tube comprised of two overlaying films, to provide the
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[ 00125] The delivering systemaccording to a further enbodi ment of the
second aspect of the application can further conprise a retrieval wre
anchor ed w0 20h@76@8| t ube of the scaffold of the occl usipom/Séevio®eodaand/ or
the tail portion of the fol dable section of the occlusion device. Such a
retrievabcoliidién deutedwith eadieopagitye Theseuslad, are talldiewsiepmankenndindtthdecaDbdras no
thread in its interior. Alterr;lati,vely the retrieval vm'roe can al so be
anchor edPEvidedevityp digh ameuntof sadiepasiess, fonexamyle abew AeetBanPsovhilgdhe

occl usi o | ce PhEicd i : i LJ:@ £an
Form a | onstPERr b RAamPasicd FRPFRSTRRENTRN raddifcliel i) QTUMIB £77 e
occl usi olbbwiramoant offtrediopdaifieval wire can be a netal wire or can be nade of
any polyneric material as discussed above for the head or tail tube of the
250cc} usi ' f4 : o nplJd.cati 6

W r es'i' of ‘@gégﬁﬁ iﬁ%e?"uf“r?é‘h‘g stl%éer%ﬁ&léuc Eaélsﬁh]eag%ﬁﬁlggnggn@%va%rg%m{og%tje tel)g-(g rieval
wire, ifapplzasei willabe bhdesoritebd of detayl. dur giecednteitt of ehes wppli@sionOrthealaar babl e
or absorbabl e sutures described above for the delivering wire, |n an

exenpl ar yY4BEEs Mt tIREANS & YPlEmay high iesuitablere dsllw%owsgmoéevacew%@q | 2/0
suture. i - pet | : LR - of the
ot ] oval Gire e Rt lalE L e Ma R abiecy ke AR S £

0. 3- 0. 4 prmates pectidihg humboy) roden86sucinas M 201 fat) 260 88 RTTre SEAM1B/ 1050 AKD
1001271 'qu dgl ivering systemaccording to the second aspect can further
corrpi“?set el bf LSt ed to include at Ieast the occlusion device of the
first aspect and the first and second delivering neans of the delivering
system 103012BTh¢ delavetrinigrsystasipent be adaptadr seeninchudpd iitata sheathedfad esthéter a ki t
conpri si ngqthe above descri bed gccl usi on deyice of the fi rs}. aspect and the
above dedtd FUBRAEPS iFattiong fasfdlelinirye means 2B ahirastapececondielinyne g frnse

prel oadeghi Bird RGRE AEanS28n BE aBERERTILHsh e BEGIAMIAGCd MPoRAGhe Sheath
device and the delivering system 'Generally, the kit is provided in a
package whd thgwde thecheaderortion efitheToldableesertion at & posibam abthecfaontiselt efian by

any nvent i.onal proces s Long _as, t ackage.wth the kit is

SUT 1 TS o AP dlke B 5803 o HhRie, R SRR SR ARom s £ b 3ATPL 18 f on
processegmove thd il RBe iy itHe dir&ctich ¥t thE ihead albleQd dildwathe ttah @dettoEbECGnoved
sterilization pouch. The kit is sealed in a package and then over at | east
6 hours peansdhadiack sEeof ghe tisseit 37 C, usually fol |l owed by additional ETO
purgi ng of ETO gas at anbient tenperatures. The additional purging step can
be 5 houygn128] [P6f eib&dinRft 6f thé.deBverthg dftend decotding 16 thelbcord aspeds, tikdh
hours, especially about 16 hours. Therefore, in one enbodi nent of 15the

t hird aspesdelivérmgkneanssapbea drbiyeiing sodsexdending thioygdictha gail tubggawerds ithe t he
Kit the third ect ., the .deplag nt_tube c house, t.h irst delivering
reandd s b Mol TR0t P By T ond HEo FBll SPHRRICCE, Uit Rlnd R T hg
means suqheby tiedébeyiag des ¢an pailledp heydraive dfube .octinsiafdeliconhrouple tigbove
described retrieval wire can be housed in _the deploynent tube to prevent
that theshegtistoothe fprggissiter dhe delivigingdrod san g e olodeplvBipReRmeRldeddiie of
the occl ysion) 9&%&&@%@%&9&% £01i8l 06h h9a HdiA14iKeMh REPESo .g‘]é.’g.',%*?ﬂggof
cl osing an anatom cal defect i'n a tissue conprising an openi connecting a
front si da-zandllay, lRecKi-Al dHopbr a shaps uenisy pobymeatesd. thhinthieliead cabvet @gethet he

t "cl i t.om | t" . i t t t f
bat | &t Pide dersk PETiGR o4 tbs B4R teclon i op evided mpa hF SPSFDk FoMeAiEFt
defects e, ThE AUBVerm 184 bR A& et aRadet §1Mbotdd.30e0 Wik 3. £.9.9 hhe 0ed B egnof

this aspect of the invention conprises the steps of providing a sheath into
whi ch an0&e@l usinp rspgeraily ebavtc @68 immy, wbichhe used & pasipthet entingl devicke inity ¢hé ng

system of, t he second ect.or. a kit of the third aspect have been
insertedfheﬂﬂk?ﬂdﬁﬁ r‘f%ﬁ%@%‘?%%ﬂ%&éﬁﬂ%‘g t hrough the sheath to the site of
the anatom cal defect by using the first delivering neans of the delivering
system  pHAPhin an kedadddinkhe offthe festaddlivkdng theahs,tthe debedring md chevhaye and a

f ol dabl e he ortion aof the foldable section.of the occlusjon, device out
of RS SHEGHI ZRisriop Rt of s o Gaineang o b oF e haiSaaf i SRy IsbHsale |
f ol dabl eeﬁ%@ml@@tr ihio%tk@%d@@mté}%rtspﬁfa&e@ﬂh& HER @be TR tﬁ&ﬁhyﬁb%jlﬁ@wsﬁ& I'n

the direction of the front side o
that the delivering rod can be attached to the head tube by means of a clockwise turn and
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WO 2011/ 075088PCT/ SG2010/ 000476 the tissue by means of the first delivering
nmeans to close the defect fromthe front side, wthdrawing the sheath to
rel ease tWO 20HIE8088orti on in the openi ng and the fol dablPETS&2010900476 on at
the back side of the tissue, and noving the tail tube of the occlusion

devi ce agni BstdetdtBedatK tisd Headfubeh®y tirs ane-clickwienmnofoft the dediveriflg rod.
del i veri nﬂ nmeans of the 5 deli vers(%g ltl%stemto fold the foldable tail
porti on AHempbaly.rihe thyeadscean hg adiusied, sucd that the debyaaingfod gan derati@aehad i9m t he

back si d&le?IfC’{l(LRl%etb Freddfis Oil'glg ﬁ”:lolcﬂwkg rﬁt 8 c?rfn bﬁ g&lﬂeg i th%q{é?(ﬁ H.E)% b?/f a

scaffold o e ocC Iu5|on vice and a ortiron o
f ol dabl emsmstdfmrcl@nkunsmetunmﬂthesddrVedaglr@de out of the sheat h and through the
front side of the tissue, is either nmeant that the sheath passes through

e 50 g gp e L e%?%?%é"ﬁ BBk bhp Welrl AeFRY B PRLP P S

t he fol dadl @nhradmpoitly eondsectdttb ahd hedd mbbeyaﬂ@npushedpqutmaihaﬁm FThetat h.
1001321 I n an_enbodi nent of the method of thjis aspect, the nethod can
opt i onal Mgansghpfrthe en%?%&bg dehvmgrmém%&let inerige pf thsrhead, b areaqiBgied BHcht he

sheath ofy, H'h% GRURR! garch ;[lm? an ghétdgl@v rr%?réaﬁ\ﬁ'e Fstsg(? ifl§!thy REdd@be %3t €M

can conprise { he step raw ng t irst I'vering neans renovably
connect enhedr dﬂaeshbﬂq:uislumgcﬁoroé of the debed¢rumy rod igtevthe direntidn ro niuwherag theeanslecond

del i veri ng nmeans wi t hdr awi t of the cath . 100133 not her
ot et B SIS BOMbY B TERE ¢t hert DUpiE oGt SlaE SeH T it e
occl usi %&@ﬁf&%%lfé@ﬁorpﬁwﬁﬁ'ﬁrohﬁ%e%d'rilbe fT‘%reﬁyaﬂﬂE|l%llo§vrkeyllfn@h€@tﬂe§d hide!
portion-of the foldable 20 section has accidentally beén released or has

been r el emseewronigal shipe isnch thlaent@lelpwlssmnn apthecpgung. toWards nl@qatashtub@rs

P e sEiefrangtue R atdFon it PR osbi nbadus SroPias alEnfnl Wt lFRRE dlce,

the net heshré o GapRPRVE 38 Attir MBEHAIsh) Ghé P offtmer deIXRHRE @od \the GRb Mal b e
sheath and the optional retrieving wire are held in position, the first

del i Yer i eRpiendshape suchoalditfiys viarthe conigalf diage ofshe pntemey elothenkesd t9be-ton and
then re- apehal iNde ;,@%v%%mmqp@xrmega Bﬁthﬂmaw'tﬂé‘mt&q?%%&?éah'n?& & the

f ol dabl e section o he occ evi ce agal n ternative
enbodi methe eaferiohef the-tgnefihe |d|agv¢mtgcmdwrebptlt tun havt al mhitehgd sufpcec@nnbease

conbi ned wi t h hol di &gﬁ t he tag tube by means of the second delivering neans
in posi t {hsATictian reeisteandheibeth spHfagese second del i vering neans is a
depl oynment tube having a thread at its tip and the depl oynent tube is

30connecfoed21)i hé Recondhd@pdrihg hést dungdoe dximple, bebe . deployinRns tetrs eChea
ret réOeVI Qgplgmynrlgltlnslbengztm rt;eecrr?a'lsdséa(r)%l a polymeric material which is not hazardous for the
patient. However, any other of the afore-mentioned non-biodegradable or biodegradable
polymer materials could be used for the deployment tube. The material of the deployment
tube can be any material if it is flexible enough to be inserted into a sheath of a catheter.
The tube can be a cylindrical hollow polymeric tube, usually made of a biostable polymer,
25  such as a PTFE tube having an outer diameter of about 1.0-2.0 mm, 1.2-1.9 mm, 1.4-1.8
mm, 1.6-1.7 mm, especially about 1.65 mm and having an inner diameter of about 0.4-1.1

mm, 0.5-1.0 mm, 0.6-0.9 mm, or 0.7-0.8 mm. The tube can simultaneously be used as an

~housing of the ﬁfst delivering means.

/[00122] In an embodiment of the second delivering means, the deployment tube can have

30  athreaded interior surface at its end facing the tail tube. The thread at its end could be used
to removably connect the deployment tube to the tail tube, if the tail tube has at its exterior
surface a respective thread. Thus, the threads are adjusted such that the deployment tube
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WO 2011/ 075088PCT/ SG2010/ 000476 1001341 In the retrieving procedure, a
correction of the sealing procedure can be carried out, wherein the nethod
of the fowothiiagpsst further conprises a correction stepCoSGRom®/08@E61 Nng
procedure. In this correction step, the first delivering neans is held in
posi ti oncaarst itteh&E@othd tAl hibé &yl mehngRdAsclodk viketunehhid exi b devacked doff the
present, is used to unfold the entire 5 occlusion device and to pull back

t he f ol d@Biteba by an yi-¢lpelavise turmaf the deploymgnidabe. Adtarpatiyelyn thedheadscandei n and

repeat | ”&p%&é@% %@ggfg?gheﬂe@%ﬂ%‘?db%fcﬁﬁ bE Gt AN Fo ftaigﬂxb%;?)&[dx L BPahie 1S

I
present, ering neans can be a deglo men ube having a
t hr ead atlockwis¢ hypn ahliean bt hietadlgal off Mieantailt tube bg ankdatls o€ acdsukedsectiny bhithehi S
t hread tﬁghhe threaded tail tube to unfold the entire occlusion device by
novi my t #PERN{YN5e and backwards. This procedure 10 could al so be used
to pull the entire occlusion device back into the sheath if the closing

pr ocedur @ONEYATRO dEIB eriff 8K steft £dordingdtoNautie Gmbiditnerdl &4h dertig adenprise e
used. 1001351 It is also within the above definition of the nethod to use
t he occl deplomens Wireaempevatiy connesied 4o Pedelixgring wire @b theaselupign dexice i Bt t he

second aa&g ki t i Chp - ter sure
of an ana o%ﬁ%gfleac&i’g?s elgltthf ng!tnl (;;fgdu%éﬂﬂvlg:ﬁlég %ég?gﬁe@%%?%gfé Js}’ﬁub%tlﬂjgufqié‘dl t he
heart orthtldeplogment tabe sftht dotivetapisgdterdef ect can be in this context any
defect including, but being not limted to, atrial septal defects,

ventJq cu f ._pat ent .duct. ri_g r e f n
oval 19 “TUBIAE P LSRR S The B i AR B e B RSBl B B

met hod célivefing s&@ i ar lobpdorni, titdanhg adbsted kobeifetnovkd &ropatheieplogmanembeyal e.
In this enbodi nent, the sane procedure 20 as descri bed before can be used,
wher ei n 1oR&xpmERY. By PLiling asrong sad b theadenlowaent e ithedeployment sire@ade at a
portion : ' i | | @f tinat Jah:uLn: ‘he ap her
portion é(ﬁy %ﬁ?cﬁgg iHdﬁ[;aoﬁlatgid@;&hép(i)t%eat iﬂeb%?o gatB?e({dslggﬂ"f%r%%é Igﬁcﬂltgjr% a(gfg?{r?st t he
sept um sdeployooent ofird tan be hettveerd 013X 0.Fh betsheph OyHiearid fB6ckadween 0l eandd by

t he four aspect of th resent ipvention. .25 rj.ses i.n a particul ar
enboth me0 FRB bR G BreRde e EBk A RE S TE 0GR n F ur e 101 or
facilitating the understandi ng of the general concept of the present

i nvent i oj90123leTheddipdring systérs ascdrdiag 36 efsrtidr emivdihem of tlenseeond agpect of

optional |y reposition, .sealing, optionally retrieval, of the occlusiqn

devi oo o aRBlERtasy ca Suther spMipeishe BTEYa \HES POSHored o g% Bl Bibe; ¥ e con
aspect, aaffold8N e 8cdIfdidh Aédke GhdloPandelil YekidAToB YR BMatld sEdiRnFbOtee |
3010, the procedure is described on the basis of an in vitro nethod, which

i s made oselustonA®RDiRFBuchAs ratideMal wiingreodlsly fareexamplechd wsddr if dessdapldyaenheubei n i s

used, Whi ch has two. sheet-. 2011/ 075088PCT/ SG2010/ 000476 |i ke ar in
et b SR e T R e L S S S EH TR
]gle: : veri fofdaMe filasor@6d 8 tHdfolRBRSsectitie offBieheutlgrmederidey FoP BRIhSIE Sint dife
ol | owi ng steps: :
gmbodir%ent, the retrieval wire can form a loop running through the tail portion of the
foldable section of the occlusion device. The retrieval wire can be a metal wire or can be

made of any polymeric material as discussed above for the head or tail tube of the

25  occlusion device of the first aspect of the application.

[00126] The wires of the delivéring system such as the deployment wire or the retrieval

- wire, if present, can be made of any surgical suturegsuch as non-absorbable or absorbable
sutur‘esvdescribe‘d above for the delivering wire. In an exerhplary embodiment the retrieval

wire éan be a Nylon wire of a PDS II 2/0 suture. The diameter of the metal wires or of the

30 polymer sutures of the retrieval wire can be in the range of about 0.2-0.5 mm, 0.25-

0.45 mm, 0.3-0.4 mm, especially about 0.36 mm.
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[00138] 1) Device preparation [00139] The occl usion device can be assenbl ed
with the delivering system as described above or can still be provided in a
pr el oadedwetatig)75@88r exanple in the formof a kit accor @cmgGeaiotohet76 hi rd

aspect. At first the first delivering neans, e.g. a delivering rod, can be

renovabl j00a2TINekd adlitepinghsysteapdcedoidiag ab thBeseosi bsped cale irtifer dofpaisé &cond
step, a deploynent wire and/or a retrieving wire can be housed inside the

second d@}ep\heaqan@d e anrdudepileast the olusiondexiss sfithe first asrrspped) therfirst ande
havi ng a ho ng the respective res.
[0\6|148] CBﬁQ&ngéehr‘}téflggﬁf 8{5141?{19 ?/l}‘%ﬁlgggga l-E‘he derﬂlegl ng rodsgl on:av t\rllme >

occl usion device can be inserted into a catheter sheath, for exanple a
sheat h ul\9328lyInya dhird @spasbahe pc@@hte@rmlw@tmﬂ redates éns Kit kemprising the Beeieh. The

occl USSI Oﬂ%ﬁﬁl\{%ﬁf:& Cﬁl% b v%"é'oq?lge @Pé Sé)%ct a% 'HEL tl)({]vgé%g%}} g depge en%?sy (Ekg 143]

15sheat h behin openi ng.

The occl uﬁlseébxﬂempw Dnid kllt z&s bé predotded ih dhediR oham Bﬂpfdpaﬁdhbﬁpﬁlcﬁtﬂﬁigorl ng
and sealing at the front side of the septum Mre particularly, when the
sheath c%%@gsxeoé@w@ﬁén%ﬁmq?mvemrgesya@m nerdvr e kitdis PR idrdsRePackisar d so

that the, fq&h%ﬁ{?hgﬁﬂzﬁp% dallaﬁlj s{%ﬁ PRI beLatdd left P&Hg %&%mon%g? Sesd f1e T11m

or the fi portion can, essar ovved to
unf ol d alongae tHer packagei with dfe kithis suffmmdy sfwﬂlze&axrpb)eamme bﬁmclhe:bhvambnalm

LA f bout 30 f | e, tal] fold t 1 f
e 19 | nReRiien BHcsisss RuetBnormads RO CHRFMRAIAR dbAsiandmact 10 Slenbyalid o b
means. of pSRAPENIRITTS Yedki Rk ba&é{;@ana RRnrdvat di kst nbie phbded W emicRhe | f

t he fllms are totally unfol ded he sheath and the 25 déploynent tube can
be hel d aboupoﬁ 1G, onsualg ﬁOIHewclélbw@rldmgnw EGO pprging aif] ﬁTQ ga$ ¢ ahelpkeaty ment

wire, ca foldthefod | e head ortlon ht at .t he
(i e SRty T AR oha) pubeife SER cHEbe s RaSedf Atine b 8o 0Hba 121 '+ on
[00145] {4, tehes hmdznguthbeﬂ edpetiary bedulall l%@ﬁcﬂheﬂifoﬂéehﬁoﬁeeérﬂ&&ﬁﬂeﬂw&nm y
in the left atrium 30 LA) or the position of the occlusion device should be

r epoki t i Bedlirdiaspeetothgkétipprovideddna sterilized package.
[00129] In the kit of the third aspect, the deployment tube can house the first delivering
means such as the above described delivering rod or the second delivering means such as
the above described deployment tube. In addition, the above described retrieval wire can
be housed in the deployment tube to prevent that the rods or wires are entangled during the

20  deployment procedure of the occlusion device.

[00130] According to a fourth aspect, a method of closing an anatomical defect in a tissue
comprising an opening connecting a front side and a back side of a tissue is provided. In
this context, the term “closing an anatomical defect’ can mean a surgical treatment of a
patient in need of such a treatment or can be an in vitro method where defects at tissues
25  outside the patient can be treated. The method of this aspect of the invention comprises the
steps of providing a sheath into which an occlusion device according to the first aspect and
a delivering system of the second aspect or a kit of the third aspect have been inserted,
pushing the occlusion device throﬁgh the sheath to the site of the anatomical defect by
using the first delivering means of the delivering system, pushing a head tube of a scaffold
30 of the occlusion device and a foldable head portion of the foldable section of the occlusion
device out of the sheath and through the front side of the tissue, folding the foldable head

portion by moving the head tube of the occlusion device in the direction of the front side of
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WO 2011/ 075088PCT/ SG2010/ 000476 t he sheath and the retrieving wre,
optionally via the deploynent wire, can be held in position and the

del i veri myorod/wamssbe pushed forward to unfol d t he headPCiriSGR010h&t76
re-anchoring step (step 3) of the occlusion device can be perforned again.
[00146] %e Haat bydn&dnd@F4id fitdt delifertipChesinsn® diSsetBt idefRf Ry hel fFéht side,
delivering rod can be held in position, the sheath can be sllghtly _

wi t hdr awithdraveng sheeshaath foorelesse ¢he wiaist pertionon thhepenipgtand thaiteldatdertail on of
the fil S, ‘ lL.e c he .filns,.qf the.foldable tail.

port1 on AR g e £a8 A Sehe S8hE5na RS i Wil b B o Ao Biicran

f or aboutgdfststhefiick esideTiof @he Tidsuedbl i niedns NG thedsezoad tdelvelilg MRaRNGf Whé €,
optionally via the deploynent wire, can be held in 10 position. Then the
second daFkiveEmEmystEmaRdold e feldabls taill Rodion) andrasking thseocckusipndevirgsaidlie t o
nove t he Ko i 1 I he head tube. Thereby, the filns
of the fSﬁﬂgﬁrgpggF?q%g?PF%%E%%QEEE éﬁ%ﬁ%le section are folded into the
wor ki ng structure. As shown in Figure 6, optionally a |ock tube is

si mul t andQUSH, Ip thenstep P pWerag aj headHube af b scaffeldhedstha ocrlvsionrigviescindrd sm
so that LVer | | e _er ta .l [ a5

a1t er nat T pSIE hbHEbd B R BRARRSCRAPORRe Rl WBbise b B siheh pag,

Wi re, therongikihrofraitrside off thestivowe) it iv ¢ither hadahothaothet heathi gidses throbigh the

mai nt ai ned even i f thF delivering.system and the catheter have been

wi t hd? anRPering vids the folsablecheagaioftion,and the hieadube arg pushed pubef Be shgath gor t i on

has, [ OF uRXGiERihSs (AR AGKI itk BERE dRRARAR O IBRIE Heha BOHRR dndThe Redd P S

the delivering rod can eld In position.an retrieving wire can
pul | ed  badle aropushtdbut dftike sheathr e devi ce. Then, the filns of the fol dable
tail portion of the fol dable section of the occlusion device can be pulled

back int t 0 eSah, i r ur. J
repeatedﬂggg?hﬁp$ﬁi§nretr?gsgfté?ggagg%c%ghgeggggééﬁﬁﬁﬁﬁﬁ&fﬁ%§§§§@P%§1is
successf ubmpA&] QEESON refrjevined theedediverfig dydtény it 06 tisy seath ¢fOME Thihetek. Thep 5
results in a satijsfactor .Eositionin of the device, tpe_ﬂ | 0 nt_wire
and the SEPAfdGirsyIng the ‘%{5 CTHIE $3Stem &3 GompHse EeasigRseot Wit %g}”l‘ aqgeaﬁerne
end of t QglilepRReeslRPIRIOVERY Wntcd do Pk Had tibe Q¥tthe AfLREWRT #S/idehgn

depl oynment tube, the delivering rod and the sheath can al so be pulled back

to retri eseovang theaecondalelivéringimbans dryi withdsgwing it andf the dathetee. 30 t he
occlusion device in its folded working structure | ocked by neans of the

engagene i i i i t Loy v | ock
Clbe g e Bt s D e 5 b e R B RE Oy

i nvent i oncdlesicedenéden hercadieddadut if) fort dxamipdd, tlefoldablecai Iportiani afghaNi dibig

Exa es and anmples, .In the Wrkin anpl.es, ‘the structural, concept of

The Bl SeTon nsorcderiatlybeen rolpised aHiscHeen Bei it el BIREIE d5PRYBVEE o
particu LEFOCEdm@.dTHEBﬂ&bésitig E&)@w@@ cABe B4eAS R texhMYRNIA RO fd18ablhedd goriGH t O

t hese enbodi nents and the skill ed person knows several nodifications and

equi val enf thenfilosi inseleasedvrongly g chafpainsideof the apeaimgc bndiidessenige mimshadbove
det ai | edcgme%SHp%é %nreggnchgrei"ngl %Ye%ptfop r(l,i(ample, wherein the sheath and the optional

retrieving wire are held in position, the first delivering means is moved forward to unfold

25  the folded head portion and then re-anchoring is performed by folding the foldable head
- portion of the foldable section of the occlusion device again. In an alternative embodiment

| of thé fe-anchoring procedure, thé,unfolding step can be combined with holdirig the tail

~ tube by means of the second delivering means in position. This could be done if the second
delivering meaﬁs isa deploymeﬁt tube having a thread at ifs tip and the deployment tube is

30 connected via this thread to the threaded tail tube. In this case, a retrieving wire is not

necessary.



[ 00153] Working Exanple 1 10[00154] In the enbodi nent shown in the Figures
2 to 5, an occlusion device of the first aspect is shown which can be
adj ust ed wonotingsesgse as an ASD/ PFO occl uder. The occl usiPpom/Sdewio®eoddé t hi s
enbodi nent conprises a head tube, a tail tube and a tube-Iike engaging

means i n{eaBa) Ly tHf Relak Wotdiurdla badtibnRE RS s@fiag pPd@durthanfvd dakte

section conprises in the fol dabl e head portion four sheet-1ike arns
ext endi ngu§ Mdrereindhe exethaduglethedfonrile agpges durtler romprises a waaeetion #ee l9f dhen has

one fol di.ng. i e 1 e . n . . and
The vai oroion pAERbee, I bR B, 8 By SR ShURE T, AE i BRgio
sheet - | i ke secomd éxdiverifli igeahs oMHelretristingt wiparif pasertistused t@uhfod tHei enfiréind
each havi gcﬂ one fol d{g{lﬂc:; sel&lsment (the folding segnent is shown in Fi gure 4).
I n addi t Pefiugien dendce an topullsback e faldablgfadl Rostion phihejogplugipn dgwice gntgdkg e

section gﬁétﬁgi; hg‘ag‘lz gﬂd fr-édemé{?%'iﬁei f‘?ﬁﬂiﬁ%’ﬁ%@ﬁur‘%%@fcn‘eﬁ%bf)%! f %ﬁer@{r{gfgf;g’\uﬁe is

tube-1lik ext'en g fromthe walst portion to t ng segnent
of each aresgntyhersecond dedivetihgmpand canbe adepnimmt tabé hatihg abhteadaeits tipe

f ol di i i h i Fi 4, f | 0155] Th
boct ot on ielbyhe degpy s SOt e ronneia A s dhishd Rudy (preBacd i whs fo
atrium, yWeidtheadddrd ﬁéc:clusﬁcfrpﬂevri&_eo)r f.ngbf'&n)gathi itsé[i')l/nalbp%a bR kSvard TR Mbbddupe

positioned into the left 25 atrium (LA) D/ PFO tunnel (t he."openl ng" or
"def @@t " poulddilsoi hghusedttpipwhh thRA&htirer eashistoni deslige. baTkantar thrs shedth ibthefaddsiagl i nt o

t he wor ki n tructure (.as _shown in Fiqure 5) to seal .the ASD/ PFO (not
Shown . POuaNE B lerbsliBErSpd e aBer sheliSios eyl iFe < PEWREE the ocel usi on
device of the first aspect of the present invention and conponents of the
del i ver i piP18§k {tamako cathon g above defitiisr 06 it rasthed to ude thhecgdnasedevicevent i on

are shown. | eft atrial ,patch (120) f.ar cl osjng the defect .fromthe front
ol G of e st ot ol i 1 8Richle hEh o lle Fo0H APl b kT 5 pleiREY skl Vo)
2011/ 075033 Rarldca@R D/ RROATS RQhhiofilcd ARfdch in MPudfikd §9éptaaRAAbE s Whi ch
can be differentiated into half-front left atrial filns (127-1a) and

hal f 1packhe kefart aatth¢ mascalar aystqm.2Sepidd defesteant breinethisagogtagt enedefoet mplading,
conponents, pf. the l.ef: rial .pat i iqure. 3). The filnms of th res are
oo 1 ot Sk s el iR Bt Whficrlhy sC0f abietR, Poueh S o
t he ar ns aftéricsapar paent foearaén@valddt o the hal f-front and hal f-back left atrias
films (127-1a,b). The folding segnent is nade of the sane polyneric

mat eri al he mater.ial. in,the foldi segment i thinner in . the
other  palt3gt i f EBbRG et bk M bRt B SEHERes et b PR eac
therein sgilith@ig theelsiar] AVIBaEntforn{chdValedsn fHig hbsthinel EdGniwERBsedate t he
delivering system which is also threaded at the end, can be attached to

t he R@adas wistcribed (hefgrevgannbe ustdocihireia tharhead rertign of dhejdeldabledseefion tihe
head tub ) = i t f. t ).
[00157] ThArOF A1l A% ARliba H e oifin il in (R AP RBATBRind B )
si de of the&thér gatieén of the head portion of the foldable section is anchored against the septum

secundum of the heart.

[00137] The deployment procedure covered by the fourth aspect of the present invention

25 comprises in a particular embodiment the following steps. This embodiment is shown in
Figure 10 for facilitating the understanding of the general concept of the present invention.

| The method comprises the steps of insertion, anchoring, optionally reposition, sealing,
optionally retrieval of the occlusion device of the first aspect by means of the delivering
system of the second aspect, and then the retrieval of the delivering system. In the Figure

30 10, the procedure is described on the basis of an in vitro method, which is made on an

ASD/PFO. As occlusion device an occluder described herein is used which has two sheet-
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conprises a tail tube (190-1), and a foldable tail portion consisting of
four separate arns which can be differentiated into half-front right atrial
films (16wola)/aswshal f-back right 15 atrial filnms (167PCH)SGaoud/ 080476 ght
atrial filmportion (169) (see the enlarged view of the conponents of the
ri ght at fik@larnp@ti® Ra¢h ofitiglifcddable héREe pbioh dndbthehfasdadlehaiill porticly laha diak cal
tube shape and has a threaded exterior surface so that the deploynent tube
(315) asdebeEsng Wi 3s\apIgne meanss The metodgenerplly cogpasesthadoligningstensso has a
threaded interior at its end, can be attached to the tail tube (190-1) with

a cl ockwjena38LyDaviee prpsiatigched of f the tail tube 20(190-1) by an
anti-clockw se turn of the deploynent tube (315). [00158] The occl usion

devi d ' herei.n in . t detail, furt i hol | b
(115 rmBTBYE Fhe, E e P it BF apserieh il g O EXRE TR oSeoroet al |y
provigledagdvehot b Hiapdet prbeided %g;lajl-blfelo-ﬁti@d R NP SxABARSIH thef fohN6r a agept ed

to be engageable at the 1ock ( integrally provided with the tail tube
(190- 1) . agrording tnthierthied gsprest. At firkiethe diskt dediverngrmganso . ga afdelixéririgerodneasy i al

and has {wo crossed sl ots., The .en in ans.can he .put. throu he
croseed BF SrEo VBTG Eoielled: g F BRI e IRESRARRh OF B Hae R s 1 e o
i ts wor kii@foshéndChi#é @indbr | 6 réAeMAg ivird-cgibe BoustdRHHE thehsecdad | de)in@irig t ube
(315) can be used, as it is shown in this enbodi nent of the occlusion

devi ce omeanfe vhids énin this embpdiment g deploymenb tibienkpvitedam dnner sliarpgier large

deIiﬁ?riEﬁ%%gggﬁﬁﬂéﬁﬁIQ§$§§%h9¥qﬁgg tube (315) is flexible enough for

pushi ng SIo al ong the sheath (not shown) as well as
pul I'i ng back the occlusion device to the sheath when a retrieval of the
occl usi of!0dd0} 2elnsertipeeded. WO 2011/ 075088PCT/ SG2010/ 000476 [ 00160]

Wor ki ng Example 2 [00161] In the enbodi mrent shown in the Figures 7a-c, an
occl usi ofpeqdgY, Bg g&ghihg%é BE1Rkerifig REE hilohs, HBAWPINBHh RvicaRakBeafliched 8stof0r the
use as an ASD/ PFO occluder. The occlusion device of this enbodi nent

conpr i sesatheter shepdl Joreexafriplers shéatlabourllyl®etfoch&at eathéter appdicatndns|likedan

structur The . .occl usi on. deyi ce of this .enbodiment is coqposed o r,ont
(tor t he! 1EApet T SR RnCdhag S bd gl B b ARlvarmer BT IS s b

whi chs Wi kilealtewRioR id dhoRBObdhiidtht Bpediggt atri um (LA), ASD/ PFO tunnel (the
"opening" or "defect") and right atrium (RA), respectively. The filnms wll
be foldeﬁgggﬁo t he working structure (as shown in Figures 3b and c) to seal
the ASD Pd hék In Figure 10, several deploynent steps are shown for
t he occl usion device shown in Figures 7a-c including the folding of the

f ol dabl e[(9a43] Pbe beausiad deviee holizkald Yidlefoid’omedtantshetd adidvesindkorafg arkde

ti ssue and_anchoring the cl usi on device. a he fraont side of the tissue
by o ans SOHBLIE T S A RIREPR A4 3B IS LAt eh F HEHH SOE Ut R ¢ ne
sheat h aggnim! gb Ggli\l'e}rin?h{'(ﬁg’@éﬂ bdpidhed RGadrd sPRab@de lﬂﬂa_ﬁllﬂ% heéd Fortibh faf);%lﬁgs

direction of the tai . _Then, 15 the fol dabl e tai ortion o
f ol dabl eowteafithosheath. Then,bhe kb de theffilmse f thesfoldablealead @oreg wped neeesparyhe

sheath apd fol ded b s of  nmoyi the tail tube in,.the.djrect, of the
noaa tubBe Al e e B Fon TR g MRpb o stREr b wegr RirE bl o

fol ded f uboi® 30A; fdrhexahld, @mnodilyifoldethd Bead P@ﬁi@ﬁ%'flﬂﬁé filing] ThiCenfalieey 6f Ng to
this particular enbodinent is shown in its final working structure fromthe
front si the filmstogn beaceopplishad.cfongxprmmple, Bameansiel shaps meiosy prapertieios the e.

Al so, th oCl usi Vi i icte i argd. i j ment,
s v oRERRGAE 0 (i hfe?, Rl T4 1 ol Whuarhd i an sobpg
scaf p®l ddgaosent atabbecadetie held fir positie apenhe adelivesng iwitd, coptivhallheiodled usi on

device and .the exenplifjed enbodi ments described above.
deployment wi;rer,) can be pulled back to t%ld the foldable%ea(fl portion such that the films of

the head portion anchor against the septum.

[00144] 4) Reposition

[00145] If the head portion of the foldable section were released wrongly in the left atrium

30 (LA) or the position of the occlusion device should be repositioned due to another reason,

35



[ 00163] The construction of the scaffold and the fol dable portions of the
occl usi on device 25 are shown in the Figures 7a-c in greater detail. In the
f ol | ow ngwotzha/t7esBni cal function of each part of the o@®cirssomn/odeé ce of
this working exanple will be explained. [00164] Figure 7a shows structural

details gfe dHegthosfdl thel r@ﬁle@m(% G&rel Bptidranynfigligedesibdhbat WireCadh e herem from
Figure 7a, the head tube positioned at the anterior part of the

occl usi opositéar awd therﬂedlﬁﬁﬁn$mﬁoﬁﬁmpusm¢kefowrd veunfudd tleghgad1iimgh Tbp res t he
first del] er|n n |ver|n he second aspect can
be removal Omég ?‘5?\8%%? %tosft ¢ O'%Cl Vlce(CfB) e%ﬁﬁgﬁ'ﬁe&?%ad tube (10), one or

nore filns (11) of the fol dable sectlon can be connected. In the enbodi nent
as shown[00d46) pSealiig, two filns (11) extend in a sheet-like WO

2011/ 075088PCT/ SG2010/ 000476 formfromthe head tube (10) to the tail tube
(12) ghe 1216 | LM cORNNAE 18Ry &ngt B8 Lan®bWeld| BT pRUANPhR DY
Ianlﬁ%?lhm,h Iﬁpﬁé%ngemﬁ gg6¥ﬁ&eﬁgﬁag 106&65% I'n ﬁ?guree7§ é?e gmgo shown
el ement sshehtht tan bekliglely withdpsmetn wleatd ehes feddabie mbpmlonlwhdrtbyst}en‘bmdt ment ,

the first deliveri nmeans I|v ng s apted.to us t he
oo st ohotign ot e Ak o BF shliprfeteel e M e gt Bt RO e
f ol dabl en&%&taborbelﬂo@eme hiodn uachetrh@t faﬁﬂnm FI@Afjfor%oﬁhﬂ) 5 jfop eﬁamﬂi@erﬂe rst

dellverlng means is in this enmbodi nent a delivering rod (21) ext'endi ng
t hr ough déliveriag irod asbthefdeliveringwirgsopsionalby viaethe deplopmantawire,eanhedwld be of

t he ¢l usi.on r enovab conn ct d,to t head .t ube, .The
e BECT oo, 156 05 AR g TRUAL kS SAPBRA AR Pl el teBneg e
slip 10 {d fotOtHRaSH R iA® tHE BifedtidntdTahdhesiabe. @mﬂﬂﬂynﬁ’i&tﬁlmﬂmfthd@mld hat

t he delivering rod é2§) can be inserted into the head tube (10), which can
al so be tailcpariien 9ddhe doldpbls sertipmprg foldedeinta the werkingrstraefure: dyh FOWME head

t ube (10 u i 9%@% vering
rod (21) }(;emg’t doﬁg]a%tdtlu Ee‘gg‘(&}{s@ﬁ%ﬁﬁ fﬁ#ﬂgdﬁ 3“; Lfgg hpﬁ%ﬁds I xed.
Thi s canldokinge xroipdnésniiesaahitethedddlivering | wing dahebedehgagedi atgtheodiil( Riby emay
fromthe 15 head tub while the head tube. is hold.in position at the
ant et} or A4STERIVG}Y eth%izficft@ ¢ 13eq g this e%eee%ofa%r%ﬁée% ke heAVRIIg: 51 de
of the defgtire RHSAARGH BEAGH, SR Fiffe (Ot APBE SalRade®R0Ed HHHBaARIIDEST:

fol ded at theeanterlor %lde of the dgﬁect and, fhus,ethe head tuﬁe cannot
be pul | eslyskeae knd the catphtet havedpenivnthdofwit. he def ect. 1001661 During the

depl oynent procedure the fol dabl e head portion of the occlusion 20 device
can be a rior side of the tissue defect. The delivering
rod (Zl)ﬂﬁﬁﬁﬁﬁé) lEé]ﬁe@lreu&,zgsystemcan be arranged in the occlusion device,

as it is shown in the enbodi mrent shown in Figure 3a, for exanple, between
the two EMA49] Ifi the foldpblg tait ppRionthasdfos|cxamples ia%ﬁrhd%ﬂ}’tlﬁ‘éndéléi‘ﬁ?§|16rﬁh‘?ﬂ?\ﬁ ce

and gan mﬁfﬁl &ﬁ{ Qugh d%gsﬁgﬂodtcuh%ah%?& b:{sush?o nl dndCARE rgﬁu.qg%vd}evcﬁ'

extend over whi ch can arranged, ehi nd
t he tail pullddebackdd unﬁcﬂﬂ)ﬂﬁe?émiféldemcelﬂfmpmedﬁmsaﬁ thé f(blbﬁ)lemd)bplmrtmmtof siikeown i N

Fi t ff | d d 4 | f
(- oop whIGAHIE SHTiER of She Brresarm ievies Hnjot Ao lsiceck orioribe Resth peaib apd e | The.
del iveri 5'&11% ?oc@&ﬁlr)e oqtggeg 90n BeRPedt S5iE Mthifdehrid AP std Yarf B¥VRepeted ! Iﬂﬁtllt a' |

tube (12) he unfold state of the occlusion device. However, in
the sealmg is successful.

25 . [00150] 7) Retrieval of delivering system

[0015‘1‘]‘; If step S results in a satiéfactory positioning of the device, the deplOyment wire
and the retrieving wire can be retrieved, for example, by pulling at oné end of the looped
deployment wire and pulling it out. Afterwards the deployment tube, the delivering rod and
the sheath can also be pulled back to retrieve all parts of the delivering system and to leave
30 the occlusion device in its folded working structure locked by means of the engagement of

the delivering wire at the tail tube, optionally via the lock tube.
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30 working structure shown in Figures 7b and c, that nmeans after the

occl usi on device has been folded in its working structure, the delivering
wire (1l4)woantexsesd t hrough the tail tube (12) and thePopiSiGaoaloossaek tube
(13) which can be arranged behind the tail tube (12). WO

2011/ 075@&%{@@3@&%@9@@@%@ ioeh@oidlisnisériicaus efal &yt b ollaHagg 03R) and
opti onal t he | ock tube the delivering wire (14) can be engaged
directl yllmtlltgﬁeWQrkmg Ew@pl@wpdoﬁxammlp@nhﬂ the dYorking Eé@!ﬂpl@ﬂb@e( gtBictyal it is
shown in_th Th |

engagi ng UREPLAHE BeclFonfstes didfie P AT el of B Soe B HE R ber
enbodi meahbsdimetsi Of Eb@se the freschhigver@tlonvie hbNigmited & théd) ebodimemsanéthd 0 a a
depléynent wire (22), which can also be in a |l oop-formin the unfol ded

st at & of skifed a%ré%@w sRvgrad anodifigatigas, ppd, gy algpt eanbodiments iof theapeslysin

depl oy gl By ARG SaeANE ilSBh Y RERIe ek iR JrRDRlIaopbe connected to the

delivering wre o u3|on evice a can extend the
delivering wire such that the delivering wire can be made 10 so short that
it can be engaged at the tail tube, but need not be cut after the

depl oynent of the occlusion device. This enbodi nent allows an easy way of
rel easing the depl oyment wire fromthe delivering wire by pulling at one
end of ‘the depl oynment wire. Thus, the deploynment wire can easily be renoved

from thepqgsiu ﬁhgﬁuq$gk£ﬁ pleihe, deploynent t ube houses the delivering wire
and/ or tLe deploynent - wire and optionally the retrieval wire. 15[00169] The

tail  tube can be npved into the dlrectlon of the head tube é}g} :
Ctlitgsue

al | oW t hwﬂt(léﬂ? In; thg embpgymens shawpyy dbe Ergdreist ta heamhagalusigydevi¢e of;
over the, %%gfe}lgﬁdmwm&%aﬁﬂoé) dﬂl'éfehrfgr ﬁq@%séssoérpxgbmc%g‘?@&éarfzh@a/ccmms of

t he secon Ivering nmeans (not shown in the ure 7 t he delivering
syst em udedce pOE@IY @]nbﬂidmamelcmmxpnsersga heatl (ube) a dail tihee énd- sttubkelikes engaggngreans,

t he optional .depl 2 2 and etrieval 23
LT OP Rieaes iR S e p b e s s B ahine i tanle St Bttt oo
devi ce, gRMoRRAbleSEN §driidi RM8Rh&RAiKE AME eRlendiAl Rond e BEHAVRIbE o tHrewaist
enbodi rent of Figure 7a and can easily be drawn out of the sheath (not

showty bewgsewtnmrp earleame haseits! fpldingsraoreatiin the niddlp QQQthglhﬁh betyeen the
deliveri n f.ol dabl rtio e
occl usi oﬁg‘a eV| an }espec &lggaﬁ%t%[kga&&e?%l I %’g" ?1 gméés[ 8%‘8?5‘%‘3?

this enbpré am extédmeng)ﬁehme aidipoitivn tbake tahqmsamearﬁi mﬁt}mmgaﬁxecfem«ixfg bed
in Wrking Exa except that the occlusion device has, as t he engagi ng

means, asquvg&ierfgldm éemmt igushewiniig Figirei4). In pddigion dp dhe our amsedifs over
the tail ghylige (a}i@or@&go%gsfoltd%lgggcglgﬁlgﬁgf@st filn Bo H)?l@ggrﬂrfea%er gle four

deploynent Wre i's not necessary After t sion device has
been2®dr oagly ini Mtubetlike fonnrmdtexmnshrtg foomahd vxhaﬁ prIEm tbahdéddmgt sgtnert @I Ki ng

ZBRT?B?ES@@%} g' %{rg;hlﬁgﬂam\y%orrgog gg‘n extenC(iJ a hwe bit over the E)[idmgggglei\{eenrts asI it is

shown in Figure 4, for example.

[00155] The occlusion device of this embodiment is composed of head (for the left
atrium), waist and tail (for the r‘ight‘atrium) portions, which will be positioned into the left
25  atrium (LA), ASD/PFO tunnel (the “opening” or “defect”) and right atriufn (RA),
respectiifely. The arms will be folded into the working structure (as shown in Figure 5) to

seal the ASD/PFO (not shown). ‘

[00156] In Figure 2, an exploded perspective view of the occlusion device of the first
aspect of the present invention and components of the delivering system according to the
30 second aspect of the present invention are shown. A left atrial patch (120) for closing the

defect from the front side of the tissue comprises a head tube (110-1), and a foldable head
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this alternative enbodi ment, a separate cutter has to be introduced into
the sheath. Such a cutting neans is not necessary when working with two
Crossi ng wonres/oimssh are both in a | oop form as descri bedTiSG2010000406 ki ng
Exanpl e 2, because the deploynment wire (22) can then easily be drawn out by

pul I'i ng Bértx%ﬂecoﬁﬁgtmg’\'ﬁf furt do ar@@' AMRT WHGh Wah el differnfifted SAR RalB&®nt N
engagi ng neans in the body 0174] Working Exanple 4 [00175] In an

al t er nat htyiel ﬁhb%ﬂh&?elrﬁt) and hﬂ]’f atmehfilnae6l@r: e dsderthgronlarged vilwa obitlee 2,

the deP! PRt dcnghed ABiad Bl ShisiByR L 2 s BE TR B pSGRER S o
the rendybRfhedit mdéde afe Haoy aEBlding segnitht &f the rﬁmacd bf ek 06 sqiarettaehe

respective wires, for exanple. [00176] Working Ie 5 ([p00177] In an
al t ernat AFRS BB haéﬁnfromoandﬁ@lfebﬁslsdﬁﬁréma%fé%r(ul%'érdi h ThsriRlding sseamgst és 2,

t he occl Hﬁh@@&ﬁl%vslaﬁl% \P%y}rﬁ : a@&ﬁ%}éhldﬁgt e t@naq %evt}o ni?/é, L%gé%eng %B‘F’Ifﬁ%?if Py

for exanpl e pro east partly ra I opacl
mar ker fid te otléen pars a.stmasmwrmmmm i ashiollper interior (Wifh) a threddhtherfeir stabl e

section of the occlusion deyice_(please see Figure Ther eby, the
st r engt htg# thei ‘L‘WHHW“HOdt ﬁg @'ESPBE‘N@PBE ngfant R thﬂd@as%g et oHhiER i be

i ncr easeglséﬂﬂee{(ﬁ'ﬁ a?fh%cé'nh}’c Ifll% a%cl{éh% 't}%elﬂ:aﬁ 1§ QQ?m'aodT%Mké:ﬁm LIQPJJS]

Al ternatively, so the ot portions t efl nms” coul d made of

mat et al be dafachssi off the heatl oppadil10-4) bymnmakeclbblevide varneofvths ideplythent mgi t he
depl oy'm::n]t3 Erocedure. 20 [00179] Working Exanple 6 [00180] Wen preparing
the heady0%e of the occl usion device accor di ng to the first aspect by dip
coating (cf. Figure 6), the mandrel can have the sane dianeter as the

deli veri (1880 The eight avrialhyeatche(ib0y for rtosprgothe dufeet fismfthe backdatie vethengsueans.

Thereby the inner dianmeter of the tu e can be .adjusted such that a

slip fitCUBAREER taﬁ tghe (gR- 13&9%@383? PW‘PH@%%“H@&HI t?abéenagatepﬁw ded.
The di anghedh Oh Bh@iRPRELRE iHRSrhIf-RbnPf gRAHIAY e 1k %Bh@ﬁaﬁ%@cl@%ﬁﬁ{ al l'y
be alittle bit larger than the diameter of the head tube because the inner

di ants er atmiak figms éldﬂella)dqmaisa eight attal tfikat partien (&6 eed thg endatged heevdef ither i ng
Wi e and  OBL AR RS ARl QYIRS LTy 03, LREh RS RARRP ke e
shape and has a threaded exterior surface so that the deployment tube (315) as second
delivering means of the delivering system, which also has a threaded interior at its end, can
be attached to the tail tube (190-1) with a clockwise turn and be detached off the tail tube
20  (190-1) by an anti-clockwise turn of the deployment tube (315).

[00158] The occlusion device described herein in greater detail further comprises a hollow

tube (113) made from a polymeric material as engaging means which is integrally provided

with the head tube (110-1). The engaging means is further adapted to be engageable at the

lock (204) integrally provided with the tail tube (190-1). As shown in Figure 4, the lock is

25 . made of a flexible material and has two crossed slots. The engaging means can be put
| through the‘cros‘sed slots to be'fja"stend after the occlusion device has been folded into its

working structure as is shown in Figure 5.

[00159] The debloyment tubé (315) can be used, as it is shown in this embodiment of the
‘ occlusion device of the present invention, as a rod housing and as a second delivering
30 means. The deployment tube (315) is flexible enough for pushing the occlusion device
along the sheath (not shown) as well as pulling back the occlusion device to the sheath

when a retrieval of the occlusion device is needed.
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WO 2011/ 075088PCT/ SG2010/ 000476 [ 00182] 1) Fabrication of filns [00183]
Rectangul ar filns (4% BaSO4, 50mm |l ong, 12 mm wi de, 200 gmthick) were
pl aced orwa2bamgb@8e to cut out the intricate design asPsmeeroionotEIgure 11
a. The rectangles in the tenplate nmark the wel ding points. Two cutted fil ns
wer e ultfmgglllqurm L4igfle 2TWO smal | marker filnms wth 40% BaSO4 (5 mmx 5
mm x 200 gm were ded to the waist location to strengthen the structure

and prov | ility under fluorosc ure 018

oot por W06H By tﬁe odmert piion B anvuET "iioen prbione ke et fitbeen
the back, @@&sseﬁo&mhfdhlc% be 88 F)Jste&ff&ﬁhew@ 84 A SDIEF @ veaader| ThBeccMRidh Cut
for easy-folding as shown in Figure 12a. Then a simlar 10 procedure was

per f or medeviier oft this dndmdlmezm@0@nwrtw0mp9lmwﬁlﬁspf ahousul 2 umrrh rxgS Qofmrglisnvitsc e

001871 | t rin i r .3-0 th
bt vt WoRe STyt fRF Sagnsibh evide o Bl AP EdERGS P aBseitfionl BEF ', e
tail tUbR:ﬁ eItH&'ﬁ) vwm atnhrtaﬂlJEfGr 21 dh@ ki uk R rtidist G/hl&hﬂﬂll bet;!'»’t%nﬁﬂbdl W6 kHeg Wire
went a reverse ﬂ{@h rough the | ock tube, the tail 15tube and another film

r

to form kefi aspm ASDEE0 tynnelygtye t'opening’k Abt ‘defct hendright agjume (BA)t he
head t UbFes?icQ(\)/ll 81l"h I??mf I nfl %hefgldgﬁ\{ﬁtg(?h rl&ﬁ? Qtr&%ge(ﬁﬁalﬁ}g\g? El‘hf %ers bng

structur€ friedt fentras s
treat nenand)é)td@yam}&,QQDMO] The heat treatnent was applied to the fol ded
device to rel ease stress and record a "shape menory” effect for the

f ol ded/ g ruct e t he ressdwlt clips
(Fi i e TR I BatFb 10 S gsnl el hebai s SFitkt orc B BeRb 37 86t 1o

clip to piEighfs hRaANEIA8IHg tileRldihg BAHFEDIdabR$hed® Portion of tNafoldabledeeiombt 55 C
for 24 hours (Figure 14b Then the device was able to fold eaS|Iy into the

correct Pedrant sifcohthe tsenandancherngpiie gsclusien dgeice abthe fioat side obtheitisaue

sheat h. by means of pushing the foldable head portion and the head tube out of the sheath and

folding it by moving the head tube backwards, i.e. in the direction of the tail tube. Then,
15 the foldable tail portion of the foldable section at the backside of the tissue can be deployed
from the sheath and folded by means of moving the tail tube in the direction of the head
tube, thereby sealing the opening from both sides by means of the folded films. At the
bottom of Figure 10, the occlusion device according to this particular embodiment is
shown in its final working structure from the front side in the left picture and the backside
20 in the right picture. Also, the occlusion device is not restricted to this particular
embodiment, but several modifications of the design of the foldable sheets or the scaffold
parts can be derived from the general description of the occlusion device and the

exemplified embodiments described above.

- [00163] The construction of the scaffold and the foldable portions of the occlusion device
25 are shown in the Figures 7a-c in greater detail. In the following, the technical function of

each part of the occlusion device of this working example will be explained.

[00164] Figure 7a shows structurai details of the occlusion device in its unfolded state. As
can be seen from Figure 7a, the head tube (10) is positioned at the anterior part of the
occlusion device. In this embodiment, the delivering rod (21) which is the first delivering
30 means of the delivering system of the second aspect can be removably arranged at the head
tube (10). At the head tube (10), one or more films (11) of the foldable section can be

connected. In the embodiment as shown in Figure 7a, two films (11) extend in a sheet-like
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[ 00191] The heat treated occlusion device was then prepared for being
provided with the delivering systemto prepare a kit of the occl usion
devi ce amdothat/dsis8veri ng system which will general |y becdisskoiomotssed as one
unit. [00192] Exanple 2 WD 2011/ 075088PCT/ SG2010/ 000476 1001931 The

del i ver i igmStysth e Baidubd {10y tdfhedais Adat(n2) whdre kg resgedtiveBr ¢ongedtedlat( 21) ,
depl oynent tube (24) and retrieving wire (23) were attached to the

occl usi otheenils dorfxappice @y ilamipatng igluing, seWHEWAVSldinghe Figure 7a and in
Figure 15. The delivering rod was a stainless wire of 0 0.65 nm The

retrievi p@165 B Rasra 701 fe ARG’ AR Semehtd T hELRINVErRE YMWm aff e Geddhd™m

The depl oynent tube was a PTFE tube of 0 1.65 mmw th the deploynment wre
and the aspeeti bytiis einbedigwnigha firso dgliveringonsuns of e drlivieting syriers ys adaptedas

‘ h | us; ' i '
oo T re BRI o SRR e dROLER aPRERR BES 1o RyifE IR postdf hriflfoudalfe !

occl usi ogectlen ig@ piRflionhe tHelfforiekide HIAIHE tiesieO The HRstpdetivenig nivtdgNis Mnthis he
occl usion device 10can be retrieved conpletely when the device was not

depl oyedembodimenica delaaringged (2 brextqndomo O%Qéﬁf) tadl mbe of thrspccisian dsviceoxi de
(ETO stergli i ' | ‘ i done
St Tan® TH R B8 1 bite KL BES SR AATROMADARe FURGHER odfiRliEd 1

syst ens hewdaube dhe deliveringeaod eanrbefnstrtel/donneaéd ine@tpthehead tuba EM)thyanslip

conprising the occluder and the 15 del.ivering systemin t andar 10
steriqi  HEPRReRHARCHS Lot én g}@emre?qnﬁsw S4imsnb JdaLFER ot BrasBr STz 4TC f or
si x hour g, pd | Qued Yo Hl‘é!'&!aﬂgutfg(lbﬂe\?/llﬁapc[gl‘?ﬁlsf)% PO N188dCRHs! P ANS cakd

hours. [00197] Post-sterilization ce culture conducted both in house and
at a contasdgtberremened fromabf thidwsd tutet (10hby pubingdtinway drop thesheaidtthbe. dloevant

standar drse'mozv%[thg g{gl?derig)g( ?&P bel)lh‘o_m {h% l}/eiah rtuq)et the tpiosr}lc:iof;Jl ggth%et%gg ([!u%tei should be
fixed. This can for example be achieved by pulling the delivering rod (21) away from the

15  head tube (10) while the head tube is hold in position at the anterior side of the defect after

it has been anchored at the anterior side of the defect. Anchored means that the foldable

head portion has been folded at the anterior side of the defect and, thus, the head tube

cannot be pulled back through the opening of the defect.

[00166] During the deployment procedure, the foldable head portion of the occlusion
20  device can be anchored at the anterior side of the tissue defect. The delivering rod (21) of

the delivering system can be arranged in the occlusion device, as it is shown in the

embodiment shown in Figure 3a, for example, between the two sheet-like films of the

foldable section of the occlusion device and can extend through the tail tube (12) while it

can optionally also extend over the lock tube (13) which can be arranged, if provided,
25  behind the tail tube (12). ‘ '

[00167‘]‘ The occlusion device of the embodiment shown in Figures 7a-c comprises in its
scaffold a delivéring wire (14) in loop form (“loop wire”) which is connectéd with both
ends at the head tube (10). The delivering wire (14) does not need to extend all the way
down to the tail tube (12) in the unfolded state of the occlusion device. However, in the
30 working structure shown in Figures 7b and c, that means after the occlusion device has
been folded in its working structure, the delivering wire (14) can extend through the tail

tube (12) and the optional lock tube (13) which can be arranged behind the tail tube (12).
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[00199] In vitro degradation [00200] Pol ycaprol actone (PCL Mwv 80, 000,

Al drich) and PLA-PCL copolynmer (IV 1.62, Purac) were studied in vitro for
t hei r degwedativwossBehavi or. Four configurations of fil nPCSGeot®se4ed: Pure
PCL (200 imthick); pure copolyner (200 pmthick); PCL with 30% 25 BaSO4
(200 Am WHenkoxtehidecheCraRigh M tavi tuble BIQY0RR SpHoraB And1Bck Miitsek)1 3) fiel dehiveie

prepared by solution casting and all filns were tested on a

t her nogr #ieret) ¢an berraggecdrdiferthapt the t@hwﬁélz)ﬁatomlﬁ@albvmt\ibmkockéwhee@ﬁ) %8s
| h
o5 1A i AR AL e ThIE (b0 ol Bchihcan Hiheich By KSRGS

i ncubat odelisteridg waref (04) échmdktﬁbe @amppl i ng was conducted in duplicate at
different time 30intervals: week O, Week 1, week 4, week 8, and Week 12

eain hat NUISFbBCsEbeaival e RGN 1RaPLBuM It F G RLphoRigep

The ori gahnkployaRal Wikr (22x \smewmn Mldol wnrea%@p-f&mﬁm et @{folﬂed%l/at@fof the
i mrersion, the fil msurface becanme snmooth (Fi gure 16b). After one week, the

film \/vaso?“d%?ﬂ sguice, The gleploymeny wirer g3 faralitatenthet ﬁ@l%@émr@@@um@ 9 arge
hilly'l F d and
nor asod g fed ot gafl *%“‘r oV RAT S bdlfied ) ne Wyt g WIS BICOLAMIGED 2"

occur r eddagee m(am bm&veemdttheﬂbmamgommhmhahm thedslmnng ﬁthUdSeﬁh HeGidade

[ 00203] Fi 17a f show t he de dation of ,copol yner, + 30% BaSO4. The
BaSO¥ paf? f glaq bath fan be engaged gt g\sgw?&wet b negd p @ée &t afigethsdeglayment of m
(Figure i n O ,y,\ﬁ&ﬁ r re
nor e and%%cgl@gnr%wé%eghgsn t glgétfggg&@%?g% gga}tlt?;ﬁ & cg é\/\ﬁrﬁ;\é &Fﬁgﬁé ntt®
copol yrrewnctefyomdbd derrmrmgt Wererba/rpulhhgst begand tof the degloyhentpwirg.nEhuss the ace,

| i hol the. fil 17d) .. Ney BaSO4 ticl
ran 09 B8 e Carl, PRk etk o BOm e JeEriah Yeictt M et e ale, o) ©°
After 12h9@ekhe dellferfitl WRE Bnd!BSthe Ukﬁlgﬁn%tt»hlréjﬂﬁpoﬂl%ﬁﬁby {heirBiieeal Wike.

15[00204] Figures 18a-t show the degradati on of pure The fil m sur face

remai ned i ntac one week., .Figures th urface t he
or 1 gthal IQUEPE e i EiEbe ((h4Rh Bdnaveddniottie da iy SR peabube QRECabrhce
was conpggzadii ¥hbd @lfz%l_?o BOME BN LEAMN Thé blfék sﬁé‘bf the. thﬁé‘o@érQﬁé délWeQth%viert ween
t hem (Figure 18d e margi ns becane deep and wi den wth degradation and
t he cell glM@nge@arWMmbmrwdweobﬁmeam loé thirseeindsdé¢lyering gnedns Aot
structur Fi e.l8e e | ar,ge cells disappeared and were
di vi ded (Fa‘h‘{(wc}‘ %ﬁla{h F%%Yaér ggﬂ gg??'rs,;nl‘éﬁd [ 00205] Figures 19a-f show the
degradati on of PCL + 30% Ba504. It can be seen that the

[00170] The delivering rod (21) as the first delivering means, the optional deployment

20  wire (22) and the optional retrieval wire (23), all of which are means of the delivering
system and not of the occlusion device, can be removed through the catheter. They are
shown in the embodiment of Figure 7a and can easily be drawn out of the sheath (not
shown) because they are removably connected to the head tube, the delivering wire as

engaging means-and the foldable tail portion of the occlusion device, respectively.
25 . [00171] Working Example 3

[00172] In this embodiment, the occlusion device has the same structure as described in
Working Example 2, except that the occlusion device has, as the engaging means, a
delivering wire (14) which is not in a loop form, but extends over the tail tube (12) and

goes through the sheath. In such a case, a deployment wire is not necessary.

30 [00173] After the occlusion device has been brought into the correct position and has been

folded into the working structure, the delivering wire can be cut with a cutter. However, in
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BaSO4 particles were nore dispersed than in the copolynmer matrix in the
original state (Figure 19a). The degradation process was simlar to that of
t he copolWyOep1H073B% BaSO4. 25 The BaSO4 particl es becamBCHSGE01ANAV4TOr
segregated until they eluted out of the film |leaving many tiny pores on
the surf giealtdrhgiveasnblodiméehtshespatdie clitespasto b€ irttvduegeintd teghadtheSudd,a 1 and
4 weeks. Then new BaSO4 particles surfaced with degradation (Fl ure 19e).
After 12CWEBgmaapistnot peesspary shepayusking | Wighytwg e19sying yings Mauchyay, 1@ ot as

st 1 08 o0 5O BOBEIROVRABL EaP b 2oris 4T GRR Ry Eﬁtﬁ P8 gh

(Mn) of dmaleasiniud dracal due dlyqahllingoan dneraad porhile shendediveesg edredii4)gedn geanaireat i on
chr omat ogr aphy 08] Mwv | oss of four types of filns was plotted in
Fi gur? 2853@5B5W¥%%%‘G% éﬁﬁgﬂéenerally faster than PCL as expected up to

week 12. PCL starts to show rapid degradation after week 8, while copol yner

di spl ays [ngadwelkadEsdapleeni ng pattern fromweek 1 onwards. PCL starts to
accel erate on degradation rate after week 8, while copolyner shows a | i near

seem to IOEPRE: Y PelBRYS e BRREN Gy Biareh Bl cProchPed 1B Mpyfrs "

[00209] Fassipleds shelpi2ddalt wmebﬂm@ 8e]i\€b$1$ag%fyst§m|rﬂ§y Bé t@:ﬁo@ammwe@w nt
was neasured after the sanples were recovered fromthe PBS and freeze

dried. [tozelyermg wiepbtseocrlysinpdsvicehy aspecifigkngderhich allpyvsthe ramaiang el as

and 1§ ne b uepRRHIR §Bs 25 QHREIC oy A FERSRTTE rshaldy BOPE, 01 G 20

nmodul us change was al so conducted at each tinme point at 37 C. Al sanples
wer e i mmiddEal Workinghkampledat er for 20 min prior to | oading on DVA. DVA
runs were perforned at Multi Frequency Strain node from25 Cto 100 C for
copol yne{odagsgth fdd r@teﬁﬁﬂv@%n@o&ﬁm@ﬂt Gof Q{e Ritbolfiraf fié§cﬁ§ed [ﬂoaﬂléﬂkm
mechani cal property is closely linked with the nol ecul ar wei ght of 0
(co) pol ykamples, dmg@@&atqnodtvmedgn dspegviderbivatb @ goodvasibihity er@EOTQSF@Qb’dOIr esul t
i n nodul ys_| qss of Y. modul us ,change surpgi sin did
ot et cHRePRE gEdh e i g R ar ARy D00 SR VRLP SRR e 22
Most 18 i kKphdted bt tH® Was paftionail Ghbf tHesoldableWestidmof te ARRISIIACLESideq@ieast and
is not substantial enough to decrease nodul us, which nmay be dom nated by

cryst al | pefi Figureoia). ﬂhsrebry@ﬂwtsrrén@b 96Nty ofhgrvaishBartion o Ifdablezggction

can be increased and radiopacity can be provided to the occlusion device.

[00178] Alternatively, also the other portions of the films could be made of a material

comprising a radiopacifier to make the device visible during the deployment procedure.
20 [00179] Working Example 6

[00180] When preparing the head tube of the occlusion device according to the first aspect
by dip coating (cf. Figure 6), the mandrel can have the same diameter as the deliv_éring rod
used in the deployment procedure as first delivering .means. Thereby the inner diameter of
the head tube can be adjusted suéh that a slip fit connection of the delivering rod to the
25  head tube is provided. The diameter of the mandrel used for preparing the tail tube can
generally be a little bit larger than the diameter of the head tube because the inner diameter
needs to be adjusted such that the delivering rod, the delivering wire and optionally the

deployment wire can freely be passed through the hollow tube without blocking.

[00181] Example 1
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25 be seen in Figure 18. However, it did match with the in vivo results as
after one-nonth inplantation (sw nes have hi gher netabolism so conparable
to three wonvh#7s088hunans) the polynmers retain good i nt @gmriSGRo@ndodeanough

| oad bearing quality for its function. 1002151 Exanmple 5 - In vitro

depl oyneqﬁo]tsg‘sq)chgQa{;L[)pﬁﬁQBBPCT/ SG2010/ 000476 [00216] This test ainms to
verify the fol ding and seal i ng nmechani sm of the design based on a

0 o AsEBR® Rtian sl g oG Hasthi St itor 2B Pt OB SRickbiereing |

atri al ?H&Hﬁbn b RS&RPIGL tM%bVoutFH@xrftR&dﬂ@Hed?gxPé@ GRS nARTESRe 194, ”PH%ere&ﬁnglEse to
the right atrium and the latter as 5 the base for a h|n copolynmer film

(200 Am) imihe hemplsbcﬁnmthﬂ wdldwgamlmth.eT VASDItRIEAG Ims dedre u[tﬂﬁmaa]llyT\Meidcxt dwmsi on

devi ft i t d wh
went £ hr STBR kTR 20 Baee Cgphe ey PRGN VARE et he
front pardca@én ﬁ&eﬁ?ﬂﬂ@ﬁ gesadctutd 47 Mﬂ@ﬁd@Uﬁsnﬁﬂty%ﬁeloffludrbﬁoﬁfﬂmgﬁkeqnﬁ) al | oned

tounfold inthe le O atrium (Figure 24a). The flattened filnms were then
f ol ded. b%‘}fﬁ 4i E%ﬂ back Ihe depl oyment wire and sat agai nst the septum nodel
(Figure }i t-of the device was also released fromthe
sheath and unfol ded in the right atrium (Figure 24c), which coul d be fol ded
agai n an{085) FHe aghitutzt whh diratweded beteveoh théubaelephdmnﬁﬂﬁeﬁhﬁxy(&w)lshﬂeg t he
depl oynment 1 ube, and hol di ng t he depl oy t wire ure 24d). The occl uder
desi gn weé%\me@ggv gﬁlmsa*&%rmcm v P%P%%ftfwqu: 869&2921199 Fimiife
pulIwndgmk&rmgg%meﬂ%kﬁle%fes@ﬁib'em'gﬁre {R9218] After the delivering
systemretrieval he device positioned well at the defect |ocation as
shown in Fi ures 25a and_ b. The photo (Figures 25a and b) shows a good
seallng ‘E@g f dgvi left atriumside as well as fromthe left
atrium side. 20[00219] Radi opacity test [00220] X-ray visibility of the

occl uder (@187 entd ithé Hel@&ﬁﬂgtwiﬂ@%-beﬁﬂhﬁé) 0ias diell| dIRAAS TRAE tHeCHelivieriR WAe at
Nat i onal Umverng h Hospital, Singapore. A standard acrgllc plate (8 nm
¢ \20a)4{ 2

t hi cknes@enbthyeugh t %aéitabe st Rnq (il (exifRd quigefthe fail tghe, t ntﬂh&\i\gbﬁlilftk)
were use P,

exarr nat 15 e AR B O4JeBRe Rird e acU Wb RHE e dollOh P he il o,
[00224] Tibve aad ahatter filshvworra mdodadHigure aela)ohamStt;eda\mm vinehe diledregleadies ed by
t wo Iayegls of ghantom and inside the sheath. C ear device profiles have
been cap nder the X-ray, ow ng to high | oadings of BaSO4 (40% at the
occluder's tip (head tube), waist and | ock tube. Good X-ray visibility
ensures (0188 "The tvished dévitey wadl thien Jolded iray mgsivorkdsl Si0RARE i Iggat edtmehons

the X-ray inmages of the occl uder device of the first aspect. In
as shown in Figure 13b.

[00189] 4) Heat treatment of device

20 [00190] The heat treatment was applied to the folded device to release stress and record a
“shape memory” effect for the folded/working structure. The flaps of the device were
pressed with 2 élips (Figure 14a).. A Teflon paper was inserted between contact of device
and clip to ensure cleanness. Heat treatment was done in a vacuum oven at 55 °C for 24
hours (Figure 14b). Then the devfce was able to fold easily into the correct position once

25 the occlusion device was deployed out of the sheath.

[00191] The heat treated occlusion device was then prepared for being provided with the
delivering system to prepare a kit of the occlusion device and the delivering system which

will generally be distributed as one unit.

[00192] Example 2
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Figure 26a the occluder is in the sheath which is already placed in the
hol e of the nodel. WO 2011/ 075088PCT/ SG010/ 000476 Fi gure 26b shows the
occl uder wbi2eti/a7sospart |y depl oyed in the |eft atrium duPCmgGine/o8t4ep of
folding the fol dable head portion of the occluder, thereby closing the
openi ng [00093]t Tige Heliveriak rsystains talsistih® @T23shedatha (Hok 8h6wn), |delivéiiy (RIS{A),

[ 00224] Animal sel ection [00225 The ani mal s sel ected were nal e Yorkshl re
swi nes, EAMERENEERRS (2H0and sRNRYNGEYiEh (23 )heeryuditached ttndhejagrlugionpdayice si ze

to humnﬁm?wmﬁk I8, lvz@tgﬁowmerm 3 ang’&r?pkgg,g% 18 FlShiL b £l I ntract

research organi zat I ngapor e e stu was appr t he
| ACUC of a btainddss avite E’E @ 066l mmhiThe retnmnhgmmcwhudémsdagadutﬂh Buguteo(PlDSeIIlO

first aspect .of t appl.c tlon wer e tested, "CcL2", " ". CL
st ands f@(ﬁ) @ﬁ'é}&gﬁgﬁt’b? ¢ deRlQygRntobE sy @ B’éﬁg‘é’et %Cb 6I6ée’3‘“kt“flﬁ‘cg§r

| 00ks  si fapiAfmdr® wikGhRd thé Rt aPwlraRbRgMhrobigyever, the swine with "CL1" died
due to punctiure of aorta during creation of the ASD PFO nodel . [ 00226]

Creati on of ASD PFO mpdel 15[ 00227] Pre medi cation adm ni stration [00228]
The ani né0894ethe dediyeringsysiam wag sennegisd daihs aselusior devise prepared un Examplene

Thoy. wey b o B UIERI B0 skl (AEhicr sn Sl A Pl Sbmp it 07 5

_?:J rogcg: i cal c;(c![nhfspmr cilttw@mnﬂ(lh@(dﬁﬁﬁe]nn@l"wstam mﬁatlhg preset mee&amﬁd thei did@ll?ldﬁ day,idegt I M
coc r se& were br e ani mal. preparation

oo e Beretigvi (rIFRD WA P ERYIEen o RYGieBy e b e e TasioRRy ver o

then intubated. The surgical site was shaved with electrical shaver and was
cl eaned [WO195)vEXamgpleBe and hi bi scrub. The aninmals were placed on the
ventil ator throughout the duration of the sur gery 25[ 00231] Sur gi cal

pr ocedur @05?&2%%1'1&&1‘9 Qf@é@qﬁzaﬁobl Pé‘ %e ggd W?somaage'aﬂ surglca r t%glsl M at

the star e’ proceaur FeSpiratory rat

t ranscut waedeie 2XugeTockdedp ddspital, Sindapory. dDémiEes a&hﬂdekéﬂdntdedaém@c@swﬁfse
nmoni t ored t hroughout the procedure. For cardiac catheterjzation of fenoral
artery, Y& sed rlmheafﬁmpgthsalgt ehthe PEgeRtHRYRTYAN SAMPRENS thmoqelisier angyhe

2011f5075&@§€gé m% Q004hd8rd ETO sterilization pouch. The sterilization procedure was

conducted at 37 °C for six hours followed by purging of the ETO gas for another

continuous 16 hours.

[00197] Post-sterilization cell culture conducted both in house and at a contract research

lab shows that the procedure complies with relevant standards.
20 [00198] Example 4 - In vitro testing and degradation

[00199] In vitro degradation

: [00200] Polycaprolactone (PCL Mw 80,000, Aldrich) and PLA-PCL copolymer (IV 1.62,
Purac) were studied in vitro for their degradation behavior. Four configurations of films

were tested: Pure PCL (200 pm thick); pure copolymer (200 um thick); PCL with 30%

25 BaSO4 (200 pm thick) and copolymer with 30% BaSO, (200 um thick). Films were
prepared by solution casting and all films were tested on a thermogravimetric analyser
(TGA) to ensure that the solvent content was less than 1 % (w/w) before the in vitro tests.
Then, 1 x 1cm casted films are immersed in phosphate buffer solution (PBS) and stored in

an incubator at 37 °C for 12 weeks. Sampling was conducted in duplicate at different time

30 intervals: week 0, week 1, week 4, week 8, and week 12.
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on the inner thigh. The nuscle | ayers were carefully separated until the
fenoral artery was exposed. The distal portion of the artery was |igated
and a 7F wheatin7ss8 i nserted into the vessel. A proxi nalPCriSgacwreo4mas nmade
to secure the sheath. The sheath advanced into the aorta, follow ng which a

bol us of memr B Ean¥iRgee]ddflof GiiCfbscoRUB BRM ckamimtibhal access, the second and
third ribs were identified and an incision was nmade. The right atrium of

LT o pIRREY Bl SR RESH it BeRURh of B et reb i ORAnd SePabESt i ( 32)
as showngidvd i) ¥igRire 16a. 1OREA34er TQay 108 Rinnidibti eha1in WatacBWREAHE &Fhobth @

dilator of an 11F sheath, foll owed %y the 10 sheath (32) as shown in Figure
27. Aft etFigire 1$hpatftervomntweeki e tflm wagioughiagaionfigomnt deaskromethica onathere

injected to confirmthe, location of atrial .sep i,ch hen punctured
by a1 ong Bured ot easSn S el ey e 0 Radl s PR PGS <
free val tedtdiChnt thopdddéd vithOddoradafioil QFipube 186)¢ Adter aROWesls, tielakdd angat h
was then gently advanced, after which the needle was renoved and a gui de

Wi re wasOfGiied @gdieand hetyeem thememeny erapkirganbesepr®igse kbel was then created
by pushing the 11F sheath across the septum therefore estinmted size of
PFO was U3) PighredM7a8f SiRjw Wﬁ_é%rﬁ@étioﬂnopf:oﬁdﬂﬁn?r':@ B as®),. FihdOBERTLOPY
(Figure 28), the guidewire and diTator were retrieved, |eaving the 11F
sheat h apartiplgs cait he ictearlpfseenr em thedsupface 06 the prégind diloddrigere pli7ey ng o1e00235]
Oper gt i opal cedure anpd I ts,. %0236 Devi ¢ rel oadi.n 00237] . The
occl ﬁési o‘ﬁe%@f @g@%@é&@gg@e(@%r@gﬁg Wgrr? #re rd se re%?%rseg’{%ﬁeoq’s%ﬁﬂ’%%?

After chetigireg 17h& %) idehUhe copdlg@er tygraded! Mbedl@vd paticlel degal fakase @e t he
films and tubes were flushed caontinuously usi naﬁa syringe I1n the saline to

ensurg tH@lyﬁkﬁbﬁp’é%ceaﬂ?aé(&ﬂeﬂl%r@l%o%I"éﬁ_t &l sus ‘?/léﬁl.gufrh TdF We%%w‘taﬂd
dobubbl . BiriEfEs Sl Bed B, ikl SnER i oePRuaHEh conh U (FieGridt AJ MR e

gently i b2 evetlse titlustheaw is fildédngith Heepdedles®igung) 1 V)r e t hr ough t he i ntroducer,
and then the delivering wire was kept noving until the head tube reached

the ?&J: st ﬂiOZﬁE']dF%{lrets hIQBanF sﬁJ\'& Q‘ltlé] dggjagé{lb% g’P })ureTpe LS tﬁ@t ﬁln?@grtgceev -}e%?airlné?i

almost intact for one week. Figures a-c show the surface in the 0rig1'na1 state, after 0 week

and after 1 week. After 4 weeks the surface was composed of large chrysanthemum-like
“cells” with clear margins between them (Figure 18d). The margins became deep and
widen with degradation and the cells were separated from each other like the classic crystal

20  structure (Figure 18e). At 12 weeks, the large cells disappeared and were divided into
many smaller cells (Figure 18f). |

[00205] Figures 19a-f show the degradation of PCL + 30% BaSQ,. It can be seen that the
BaSO, particles were more dispersed than in the copolymer matrix in the original state

| (Figure 19a). The degradation proéess was similar to that of the copolymer + 30% BaSO,.

25  The BaSO;, particles became more and more segregated until they eluted out of the film,
leaving many tiny pores on the surface. Figures 19b-d show the respective surface state

after 0, 1 and 4 weeks. Then new BaSO, particles surfaced with degradation (Figure 19¢).

After 12 weeks the film surface were filled with tiny holes but were not as deep as that on

the copolymer matrix (Figure 19f).

30 [00206]) Molecular weight loss




30it were flushed again using the syringe. During preloading, the filns
were squeezed in to conformto the space of the sheath. WO

2011/ 075080RCI/EEB810/ 000476 [ 00239] Devi ce depl oynent [POUBER)10PhE70F
sheath was taken out of the saline solution (with the occlusion device

i nsi de) pUROTNTRE htecdiar o@idhy (MW)Dftehéh dahipls beldddrediot hinlegbihe evaspeséd | oned
previously across the ASD/ PFO nodel which is shown in Figure 28. The device
was pushed geliesmeationchromaiagiaphy (G he 9F sheath and then the 9F sheath
was renoved. [00241] Under the fluoroscopic guidance, the device was pushed

forward [gu208EMil Fossherafolir ek loftfiithsh@adplonbs irMigdrbeof TogalRhRr iRaMAder ti on

of the occluder was out of the sheath and in the Teft atrium The position
of the f eenwralpafastendion P&k asraxpected up ewedd! dPidustanisiokbpwoapididegradationai st

(Figutre . | o n a fQr S n . | t filjmto
r ecovger ? %@}? S‘Q‘Eﬁf c‘)’?11 ggdéospn\@g%&béﬁgﬁg}fngte%?y tcﬁégsﬂ‘g’gé&‘ﬁ%%#‘gﬂ ?}%c iq%ﬁk olf t he
films. ThewadstFEIL stahetd adceleradd o Begradutidakhte aheade¢kos twitle dopdlytrier BBgwaer e
fol ded again to their working structure (the first half _ of the Lantern) by

wi t hdr aw? digeth¥ v dossvtroughouti lewedkisg dnd Bagf)s, a5 sl pbysicph dnclesiors ¢loga 0t hen
oo ; ; | M + ol ver ;
S oot PSR el RhEll HRHL A QA AN e, I 0] 19

and pul | I ng he sa 1t manual l'y and
al so observed under fluoroscopy (injecting contrast nedium. Wth tension
on the dé0208F Magslgss e, the sheath was pul |l ed back and the fol dabl e head

portion together with the head tube was released in the right atrium After

5 Se@@ndfo&fw]; TThéM{a8¢ RYE 6V fifnhd Fter QA GRE pBire whS Rh QYRR bt thERANSIS Ivetdre
shape nmenory function of the filnms, the tail and the 20 | ock tubes were

advancedrdspvered fiongthe BB Schad| fregredtied- ube, thereby folding the filns of the
foldable tail portion into the working structure. The |ock tube was

advanced 4] ARBHIHAR [ESHHAANSE HRSHECPEL WihE Rydsndbsepleddad hRbrailiGord i |
were folded to their nmaxi mumand "clipped” the PFO firmly. A gentle "to and
fro" not cortinnes. (Fighee 29! And copadymén fdmssboweadnerestaady engbséar trend.acr oss t he
PFO nodel, which was al so di spl ayed under 25fl uoroscopy (Figure 31c).

[ 00243] i cenment was unsatisfactory, the device could be
oggg Yilds&h @

retrieve erformng the followi ng steps: Hold the retrieving wire, and
t hen g)ush the delivering rod to unfold the filnms. Push the sheath forward
(wi t &5 hol®02A3] PMA rtest fpestornge ipediyus; ehapge mias alsoLopdpgtedyat each e peint gk i nt o
t he sheatho.andyr, e Lce. . Al oYBRAAt he
depl oyma?l? %ag"ssgl??%% %{%{Hy{l&?ﬁﬁﬁgjgmnb%fi %ﬁ%@gg g%ﬁﬁlgg&\?\n{oﬁ ﬁ%ﬁ% r I'n "?‘he

f ol | owi nPMAqueseere petforingedait Miutte Fidquseicy Swhihanedk fpmd2$ i°Cetoi Y POdor

depl oyme g(t)po %gr ba\é\gi ﬁ%‘sla{n%72550°8(,85%1(-{ °%G?09 %%!Lol())aggg glms.

[00214]) The mechanical property is closely linked with the molecular weight of a
20  (co)polymer. As degradation progresses, molecular weight loss should result in modulus
loss of the polyrhers. However, modulus change surprisingly did not match the degree of
molecular weight loss. This is shown in Figure 22. Most likely, the molecular weight loss
occurs in the ambrphous region, and is not substantial enough to decrease modulus, which
may be dominated by crystallinity for PCL; for the copolymer, some loss in modulus can
25  be seen in Figure 18. 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)

the polymers retain good integrity and enough load bearing quality for its function.

[00215] Example S - In vitro deployment test
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and |l astly depl oynent tube. The final fluoroscopic test is shown in Figure
31d with no shunting across the septum [00245] After the device

depl oynmerw0 20H&7888mal s were all owed to recover as per PEDSGEHI0/000356 nki | | er
(Ketorol ac 1 ng/kg) was administered IM For the three animals, the first

one (" CL{bo216]i Bidls ebst hifG tB’Eenfwm@Ifolar@aatddcsaamﬁécmmmh b UsIgh BEd Oh

aorta The depl oynent for the other two ("CL2" and "CL3") were successful.
For " CL2* polygarbengte s(ﬁ@&tqqpqahde@ﬁbém&éhéﬂm%wd&lwn it diguie A3efkheainy werm wher e

the ent | ASpAR) SRARTabRENNERLATIL n3P oR GEHe YR SRR B

procedure was pertorned srmo ~and suc
f ol | ow uespetvagcThe ﬁonﬁerllﬁbﬁﬂaﬁdceﬁfmerheaiemlmtmfng}mhtrﬁm und tipolatieraasi mal s

were wel | and i ned wei fo sacrif | t he aninmals we

anaest hetf 28ge gcﬁda fiie cap % 5@@ @Swné}nwl L@aﬁ%mné%‘@éﬁébe BySD/PFO

fl uoroscgpyeand contrast injection in the left atrium Residual shunting
was al so assessed by transthoracic echocardi ography (TTE) in conbi nation

with an E‘Bl tated saline contrast nmediuminjection (bubble test agure 32
shows t hD2 58t Fhedeslesian deviee iof the firgragpecs tas firsh inssered dntfedte 1 i isheallbal ed.

[00248] Gl%can t&oﬁi Sthe I gﬁ%&ﬁl@ ﬁofﬁ}%‘gﬂﬁfblﬂa ﬂl%gglai?ﬁe TD_rHE‘ the%%gﬁﬁﬂd

"CL3" n cl ear ure and ure
res pect [ ufeﬂhy)com\plmsecbﬁhhs' asb pmrﬂnhdwntvﬁsthe Rheati anld atlewsd tds)ubfmlldsm (H=Oleftwer e

0 it R b R S NGt >
"CL3") . W02APkar bRkt de sé‘ﬁtﬁﬁ' mbdYi ¢ ?{Hm@,f) ﬂ&@ﬂ%ﬂﬁﬁﬁh@p%biﬂﬂe%v\é@\@z@arb

conpl ete autopsy was perforned in bo animals. The hearts and adj acent
vessel s aley elaxpl fomabe shedthrandi unfelded orthe hghtatosm (&gead4s)cehish colld beevi ce.

00250 d hj stal ogi cal t 2

Vet ostoB G 8T, GACH UL 10095 4 FPESPAm RBIBLY T BFng e ang
"CL3" i sdepsient YubR ah® hoRRAE t@(@%lﬂf&bnﬁnwﬂ% (Fsr@r@%ki}lsﬂ%‘ od@ud&e&esngn
i mpl anted: (Figure 34a) back part fi fol de ail portion in

septim cﬁi\QtNécQﬁShgfombll(tFlanr %;atlsfabt)orbf rr@ﬁwelwasmeeﬂa The Rwlbﬂrwebl%mhmsmu on)
of "CL2" WE)]?( %&%& ont acting LA, (Figure 34c) back part filns (folded tail
portion) 1/ 075088PCT/ SG2010/ 000476 "CL3" in sept um contacting RA
and (Figure 34d) front part filnms (folded head portion) of "CL3" in septum
contacti WQZL&l Afeots3elBering destrmerstuwieb thatdegice amditioned PRY wathef defatty

seal ed. [There vepe no. f actur h t he,Logs of .the .l ock
Cubes. FoPRIGE ADain B Zhia hotng PR Bieh e 2r BEE BA RS kg, °Lh
wer e congebﬁﬁge}egulcwmmeln(gﬁt @ﬁraasmﬁéﬂe&s dz)ellaecﬂrohhmeoémetrnum slgewere at | east
parti aI l'y covered in (Figure 34b) or not covered for "CL3" (Figure

34c) @@gﬁﬁei'dq@ a gl i stening surface |ayer and through which filns
and % r the uncovered filns, there are sone thronbi in
t he |nterI|n| ng of folded filns. Thrombus can al so be found in the fol ded
filns col@8224] Xyay hisibslityfodtlee dcalualer of the first aspect was tested on a fluoroscope (GE,
Innova) at National University Hospital, Singépor’e. A standard acrylic plate (8 mm
thickness) plus a slice of pork (with skin and fat on, about 5 cm thick) were used as the

phantom on top of the PC ASD/PFO model. A normal examination procedure was

25 performed and X-ray videos/images were taken.

[00221] The occluder show remarkable radiopacity even when being covered by two
layers of phantom and inside the sheath. Clear device profiles have been captured under
the X-ray, owing to high loadings of BaSO,4 (40%) at the occluder’s tip (head tube), waist
and lock tube. Good X-ray visibility ensures good maneuverability during deployment.

30 [00222] Figure 26 shows the X-ray images of the occluder device of the first aspect. In
Figure 26a the occluder is in the sheath which is already placed in the hole of the model.
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10[ 00254] Hi stol ogi cal exam nation [00255] After macroscopi c exam nation,
the septumtissues with devices were fixed in alcoholic fornal dehyde for 72
hours. Thwohsitwobsgi cal sections were taken fromthe ri got/Ssadioloeds7é atri al
wal I having the device and septal myocardium Tissue sanples were enbedded

in paraf Fignre\@ab sio@isitid boeERE Whhasl pardly @eplogedRthvd dfhath eifedueing thdstapof
eosin. 15[ 00256] The healing resfgtonse of occluders of the first aspect

after onéldinatthe fqhdahl%ﬁaﬂe@mqrso he eeclnder thgighk slogmg the ppendng fromathe dgfy | n
Fi gures §t’?1%n§‘?§ for "CL3". It can be seen that the occlusion devices (40)
stinmulated m ‘grom h of inflammtory cells (60) and there are sel dom
signs of bleeding. [00257] The occluder of the first aspect of the

appl i cat {(0228hExampldet frepivhidests ng response 20 than conventional double
unbrel l a-type occluders. The latter design stinulated nore and denser

i nfl agmag (Rf2?24E%mrﬁal%@Qcﬂ&{j to sone bleeding. The difference of the healing
response may expl ai ned in the closing nmechani smof the devices. The

design.of the occlusign device according to the first aspect has soft

fol ded f 190285} dhe|apunals eleptady we Malael Okalire AYINGs s IR MR dn- OREKS i | s
in the | Inrfoheh R ipgkness
of the sgje%%@%%dstg %t(g tl?iéagsl!q‘giﬁpg%r{)ﬁé@?ct%gﬁoﬁﬁgg@ﬁ{gy\g%%ﬁﬂﬁng tggl?rﬁ)gé(fl rst
aspect chm reeprecdinical montrant redehrrhexrgamizationsinngingapare Bimad stully md)tlomzll whs on

exerted onthe pta ca The u unbrel | a desi gn s a stiffer
ot ruct ur apvebBrane aCHR” o gt Pieob e Fhfeecaie pdbhidiss cosine Talte even
hurt 14 he apgls ecﬂ%? tlﬂ! SPAREGOP FeMERBed NPank D “diL3CS“CENSr-all Y. CRVRdSs 6y

adj usted so |]€ mcreasetheforce if the septal i$ thicker than the 30
st em | enghimesé Iiahwrrddesnge ocSludehbeaause ghet fadded staentire elogks sighilag tdesucgna may
have nore,sti atlo on the, sept al nd.led to o) ammat ory
col o1 s FaBler st eyt 3 SRR S of B Y a0 labBrnBt Forid suER o
t he och Uieh@6n Qﬁme@@mppgrrﬂbm to the first aspect is self- adj ustable to

t he thickness of the septum because of the specific folding mechani sm of

t he speci f] | uder | Therefore, the healing response can be
irrproved[@d#ﬁf)?ﬁéatb%?ﬂgébﬂ%e%mﬁ{egf the first aspect. [00258] Degradation
exam nation of the filnms [00259] M croscopi c exam nation [00260] A tiny
pi eces of [6022/] Resmedicationoadntihstretigyd ant ed devi ce after sacrifice. It was

cl eaned with ethanol followed by deionised water in an ultrasonic bath.
Scanni ng ] M 0 r for
t he expl nt eg #P%mvl\ﬁ? I%%geogg{‘orl tlﬁg Wg{agéd Q%e iéltr%] Qggg%uﬁgraép% @afhﬁfe 36
shows scahd pfeeﬁheﬂiaﬁai vath Ab@nat(am m”g 3f ddymmmft@sergmdy. dhey svere lammfmd:q/
rough (Figure Sg and the g%tlmex anted is snoother and porous,

consi der Q¥eighh OH‘Q:B‘P?S%‘&S'@H Ot SWiggvadat i on and fl ushing away of BaSO4
particles (Figure 36b). The debris on the explanted filmcould be either

bl ood cl| pao22ap8arsehl piopatayioho the filmor sone partially disint egr at ed

pol ymer itself. 15[00261] Example 7

20 [00230] The animals were sedated with 0.5 mg/kg IM TKX cocktail. After sedation, they

were brought to the animal preparation room where an IV drip line was inserted into one
ear vein and they were then intubated. The surgical site was shaved with electrical shaver
and was cleaned with wet gauze and hibiscrub. The animals were placed on the ventilator

throughout the duration of the surgery.

25  [00231] Surgical procedure

[00232] Antibiotics (Ampicillin 10 mg/kg) was administered IM at the start of the
procedure. ECG, heart rate, respiratory rate, transcutaneous oxygen saturation, tidal
volume, and end-tidal CO, were monitored throughout the procedure. For cardiac

catheterization of femoral artery, the femoral artery was exposed through an incision made

48



[ 00262] As pure PLA was considered to be too stiff for this application, it
was bl ended into the PLA-PCL copolyner at certain ratios and the Young's
nodul i wewe 2datesissned by I nstron. [00263] The test wasPdose20motono4as | oad
cell .of 100 N at a loading rate of 55 mMmimn 20 (fastest equipnent limt).

The fi | nBn WRSiBn&Uhigh NTHeL s SeRava@odaghil Bpegdaratddrunad tirf femiotdl uRegange
|l ength of 5 nm (to ensure maxi num st retchlgﬁg di stance). Stress-strain curve

was pl ot expesed dde diistd)| Beriieelethe Hée%wmh&at and @.gFébeﬁtm@é ingsrted HEQ theor
each sa 4 r cted
37 O TR Bt s PO AL kgD L SP L el ThE ShefiBatch fif e
strain. ddre, sdloptieg waichratmilad of Ieparend wlemdnjeoteﬂhe required | ength (100% and
200% el ongat i on) and mai ntai ned for 10 min, with the stress recorded as a

funct f L. n S vver e

Ut onyfosh o GHATS, TR b A S S B SRR 15

(NPa) 053mawm$ﬂghozm&80m%w@mme@ﬂg&ea Rpusseaon suitee (91 )aaasznm e PCL
before atrial puncture to secure hemostasis after insertion of an 11F sheath (32) as shown

in Figure 27.

[00234] The right atrium wall was punctured by a dilator of an 11F sheath, followed by the

10  sheath (32) as shown in Figure 27. After the sheath went into the right atrium, contrast
media was injected to confirm the location of atrial septum, which was then punctured by a
long puncture needle. The needle was moved forward careful to avoid free wall puncture
and/or aortic puncture. The dilator of the 11F sheath was then gently advanced, after which
the needle was removed and a guide wire was introduced into the left atrium. The PFO

15  model was then created by pushing the 11F sheath across the septum, therefore estimated
size of PFO was about 4.0 mm. After confirmation of the PFO model on fluoroscopy
(Figure 28), the guidewire and dilator were retrieved, leaving the 11F sheath at the location
of created PFO for the occluder deployment.

[00235] Operational procedure and results

20 [00236} Device preloading

[00237] The occlﬁsion device énd delivering system were taken out of the sterilized
package (Figure 29a) and immersed in saline solution. After checking the structure
integrity of the device, the surfaces of the films and tubes were flushed continuously using
a syringe in the saline to ensure the bubbles attached were completely removed. The 9F
25 sheath and introducer were also flushed in the saline as well. Figure 29b shows the

debubbling procedure.

[00238] After debubbling, the device was pushed gently into the 9F sheath using the
delivering wire through the introducer, and then the delivering wire was kept moving until
the head tube reached the distal end of the 9F sheath (Figure 30). The sheath and device in
30 it were flushed again using the Syﬁnge. During preloading, the films were squeezed in to

conform to the space of the sheath.
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3 Copolynmer with 30% BaSO4 10.55 4 copolyner blend with PLA (80%

copol yner/ 20% PLA) 5 5 Copol yner blend with PLA (60/40) 66.54 6 Copol yner
bl end w tWORDBA76@8% copol yner/ 20%°PLGA) 4. 21 7 Copol ynePChHIS&ae10094i6 PLGA
(60/40) 53.47 Table 2 Young's Mduli of polyners and their bl ends

[00239] Device deployment

[00240] The 9F sheath was taken out of the saline solution (with the occlusion device
inside) and inserted directly into the 11F sheath which had been positioned previously
- across the ASD/PFO model which is shown in Figure 28. The device was pushed into the

5 11F sheath from the 9F sheath and then the 9F sheath was removed. |

[00241]' Under the fluoroscopic guidance, the device was pushed forward in the 11F
sheath until the head tube and the foldable head portion of the occluder was out of the
sheath and in the left atrium. The position of the front part was confirmed by the
radiopaque marker on the film waist (Figure 31a). Deployment was paused for 5 seconds,

10  allowing the film to recover to its uhfolded shape by means of the shape memory function
of the films. Thereafter, the films of the foldable head portion (LA films) were folded
again to their working structure (the first half of the Lantern) by withdrawing the
delivering wire (Figure 31b).

[00242] The dévice was then anchored against the atrial septum by withdrawing the
15  delivering wire and pulling the sheath at the same tirﬁe, which can be felt manually and
also observed under fluoroscopy (injecting contrast medium). With tension on the
delivering wire, the sheath was pulled back and the foldable head portion together with the
head tube was released in the right atrium. After 5 seconds of film recovery time for
complete deployment by means of the shape memory function of the films, the tail and the
20  lock tubes were advanced by pushing the deployment tube, thereby folding the films of the
foldable tail portion into the working structure. The lock tube was advanced until
maximum resistance was felt, which indicated that the films were folded to their maximum
and “clipped” the PFO firmly. A gentle “fo and fro” motion with the delivering wire
assured a secure position across the PFO model, which was also displayed under

25  fluoroscopy (Figure 31c).

[00243] If the device placement was unsatisfactory, the device could be retrieved by
performing the following steps: Hold the retrieving wire, and then push the delivering rod
to unfold the films. Push the sheath forward (with holding the retrieving wire) to retrieve a

part or all the films into the sheath and redeploy or replace with a new device.

30  [00244] When the deployment was satisfactory, the delivering system was withdrawn in

the following sequence: retrieval wire first, followed by delivering rod, deployment wire
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1002651 All the filnms did not break at the maxi numelongation limt of the
equi pnent (results not shown). For exanple, the copolyner filmdid not
reach t hewbrenki7sggspoi nt even 5 at the maxi num strai n PaATSGREH/000476 M Nn)
when total strain was nore than 1200% displ ayi ng an extraordinary

f 1 exi bi |éﬁ<i&’1astgjk16}5‘loy1ﬁel|itl @bE.yThe shilefudredcopitetencis | sheh i efipae 14 Wik doi r st
aspect. PLA-PCL copolyner blend with PLA resulted in highest Young's

nodul us ﬁ?\'ﬁh@ﬂ agqrpss ﬂFﬁéeH“HEr enment of nodul us al so i ncreased trenmendously
with the increasing anount of PLA. Similar trend i s observed anong BaSO4
and PLGAopb£3)d&HecBpabyibB HepldRAaH, theanfxaeWeRMllowedad setabid dstpSér gfotme t han
1200% el ongati on was still obser ved am)ng all other blends. 0266] Stress
reI axat i Brinkien(Ketorplas bngke) was Iaﬁglurl@,ten@ IvheFarethg|thrse @amle thheftrsttqm PLA-

peri 6o, okt e) SEACHER BEQ ol P becble T PR AR} o Rt b b imb

stress rﬁjlrlt}ﬁeV(ﬂHel'\vaf'(i‘OLB’thl(f 1‘@15 ”)M@e iﬁscsﬁﬁﬂnm ‘QfL2expernil Fehésh h&boidee pure
PLA-PCL copol yner resenbl es an el ast omer mechanically anong all the

candi dat 8on§3p feensintq the left atrjugnwhergribe ntirgigrigs had &e@bw&aﬁ@ axatresisval ne.

[ 00267] ?fﬁﬁ t nplary part of the
aIternatighﬁ\glgr%%gsf{)}%gen[t%d&gﬂre hg;@ﬂgxﬁ &ﬁh agg@g%?% i(j’ahe application
shows that the general concept of the present appllcatlon to replace the
current [POr4tdrene menthsfollpw-upsanidsaerifiges successful . This has been
acconpl i shed by utilizing fully biodegradable materials to provide

occl s oodeHi ARer §%t%f/ﬁ§w’l69 9&9'4&%&@ WitE GIEIISARMG An Q0 Qi e AB 1R
response. The design of occluders of first aspect al so decreases

t hr onbogsaeiitice, yhe amonalsasers aaaﬁs&tehmd @ﬂdi tbatdmne posinomandkleakdge Wasrcmegkﬁdbody

WO 2011/ 075088PCT/ SG2010/ 00Q4.76 t dd d
o e AR e Quted ircli® 3h B en SREM S HARDEE iR g Ry eon
[00269] dResserBy lﬁdﬁﬁh&facfb@hédahﬂbgﬁﬁ}@eﬂﬂﬂaﬁl dosleRalon Wit argitdted RElideon and

the vast majority of themwere in the device structure. For the occl usion

devi ce aexdasimedivg inigetign (bubblgdestl Figure 32 showhibat bath dpecesowerg intackad gaps
of t f IM reason for these thronbi is that the fol ded
str u{(}fures canll;lluri{'%r?h’veegég‘gelﬁéeﬁ%lf ood fluent dynam cs which flew through them

and reduce the fluent velocity. So the blood cells and plasna protein can
nor e eale%&ieBbﬁsbmbbﬂmtqsh@sslm#raébowm in figwe pdrBethr Gd2(iraad “CL3” (40) can

At -t e IO €16AIE a6 RTRE [Hi Bfte "PCh P P € SRECHADEVER). Wiftn' Ldrflast

material §; “¢an p thef ion o
medium was injected, dense bubbles (50) were seen in the right atrium (1), and no bubble

in the left atrium (2), proving no nght -to-left shunting (Figures 33c¢ for “CL2” and Figure
20  33dfor “CL3”)..

[00249] After a lethal injection of euthanasia solution Valabarb, complete autopsy was
performed in both animals. The hearts and adjacent vessels were explanted and reviewed

for the gross appearance of the device.
[00250] Device macroscopic and histological examination

25  [00251]) Macroscopic examination results

[00252] The gross pathology for “CL2” and “CL3” is shown by macroscopic examination
of the occlusion devices implanted: (Figure 34a) back part films (folded tail portion) of
"CL2” in septum contacting RA; (Figure 34b) front part films (folded head portion) of
“CL2” in septum contacting LA; (Figure 34c) back part films (folded tail portion) of
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[ 00270] The anchoring and the sealing functions have been successfully

achi eved with the occlusion device according to the first aspect utilizing
a pul |l -f ovo-200l15038sm The specific structural design ofPcCrise2ewandsss d and
the fol dabl e section held the devices in a satisfactory portion and keep

t hem st abCg3asn bepsurh @6itasthpRA Lindt(FRuad D fidht Bhit Filin€ $fofdddhead ipbRich) of Ne 15
TTE bubbl e test shows that there are no signs of |eakage fromthe right
atria (RAFL8OIN seetunepentagtingd A-LA), indicating an adequate sealing of the
opening. [00271] The in-vitro degradation studies and post-nortem

ex- pl ant 300233] GO ddvides Wadre Ififct QA8 HMSPRO WIRMIRRS séled. Metd Werle RSRA%Irefave a
good integrity and nechanical strength. Therefore, large defects can be
secur el y o5 & Blansypn thetlpessaingcdf] the ilesk twbes. Fos eadhupechutentheeonegide o€ fadded usi on
devi ces ¢f t fir ct show m.nor thr 0si s d forei bg r.eaction
corrparEed(i}Itlnc}E[8 léhe{:t% 8?\1?“% ¢ rﬁacgplqu'lf{gl i 199 et %pasig‘r @c?‘ﬂf?g’.e OI‘H%r ﬁ‘lg? ds
bet ween taege fat| RBst apartiilgy foovered sindecand ﬁtﬁﬂ@r@aﬂb)SbldQloﬁr@véieﬂaﬁ)rV\h@L?’ bl ood
flowin the tissue Is slowed and bl ood cl ots have been observed. However,

no t hr onthiguigaddcl ddis camering ispeelistsping svstacodayer andcibrughtwhich filmspand fubssie,

di sol avi n S g . .
Syorem of 7 BE Sent SR BRTAbYCIEY fiky, elcrE (b (oRRE A I¥bnid BRREEF (BRY, f
t he four filmasfhechbuneadaa aldo edbsndinghé foldahfilwacovbed dyakesurgitilaerd resul ts
wi th the occlusion device of the first aspect. Mreover, the nethod of the

seco a . . O nly. an easy depl oynent of the occlusion device at
heH, 18Pl Bl o

ror but atso the retrieval of the occlusion device, if
this woul d be necessary, for exanple do to 30an accidental deployment. WO
2011/ 07500286IT ASep 0GR 7 :xansmation,] thanseption tissuss widyidewicésowers fisedan an

anat om ca fegt in tissue ri §ing. openi ng connecting.a front, side
and a bagigos(ﬁbceﬁ)gpa@ewd%s@é ,ﬁmfsei e%52&8%lgi?lusseftg%nsdgsrieégk?%ﬁglaéb? é‘@lhfo be
i ncl udedahdtief catsdledah vidg ¢ @evies  ananstptdlemOSEk UGMO iS¢ Senfl&MekSes:
(i) a scaffold conprising: . . ) ) ) )

embedded in paraffin wax, serially sectioned, and stained with hematoxylin and eosin.

15  [00256] The healing response of occluders of the first aspect after one month in vivo test is
shown in Figures 35a & b for “CL2” and in Figures 35¢ & d for “CL3”. It can be seen that
the occlusion devices (40) stimulated mild growth of inflammatory cells (60) and there are

seldom signs of bleeding.

[00257] The occluder of the first aspect of the application shows a better healing response
20 than conventional double umbrella-type occluders. The latter design stimulated more and
denser inflammatory cells and led to some bleeding. The difference of the healing response
may be explained in the closing in‘echanism of the devices. The design of the occlusion
device according to the first aspect has soft folded films to close the ASD/PFO model and
the distance between the films in the left and right atria can be adjusted according to the
25  thickness of the septum. So the design of the occlusion device according to the first aspect
can reduce to minimum the extra closing force and the stimulation exerted on the septal
myocardium. The double umbrella design has a stiffer structure of spoke, which can exert
more force on the septal wall and even hurt the wall. The distance between the two discs
generally cannot be adjusted so it may increase the force if the septal is thicker than the
30 stem length of the device. So the conventional double umbrella design may have more

stimulation on the septal myocardium and led to more inflammatory cells. In contrast
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a head tube positioned at an anterior end of the scaffold, a tail tube
positioned at a posterior end of the scaffold; wherein the head tube and
the tail wokeliz7eossovabl e al ong the direction towards amdTaeagiofoo@irs each 10
other, and an engagi ng neans connected to the head tube and being adapted

to be engreab) e aksighef theiokclusibg deviod acdokdl)lg t@thfeqirgkadgb@ct $EEAf-RJutMIPLd Si ng:

a fol dabl e head portion which is connected at one end to the héad tube and

15 the thickness of the septum because of the specific folding mechanism of the specific
occluder design. Therefore, the healing response can be improved with the occluder design

of the first aspect.
'S [00258] Degradation examination of the films

[00259] Microscopic examination

[00260] A tiny piece of film was cut from the explanted device after sacrifice. It was
cleaned with ethanol followed by deionised water in an ultrasonic bath. Scanning electron
microscope (SEM) examination was conducted thereafter for the explanted film with an

10  original starting film as control. Figure 36 shows scattered BaSO, on the starting film
surface which is relatively rough (Figure 36a), and the film explanted is smoother and
porous, considered to be a consequence of degradation and flushing away of BaSO,
particles (Figure 36b). The debris on the explanted film could be either blood clots adhered
firmly to the film or some partially disintegrated polymer itself.

15  [00261] Example 7

[00262] As pure PLA was considered to be too stiff for this application, it was blended
into the PLA-PCL copolymer at certain ratios and the Young’s moduli were determined by

Instron.

[00263] The test was done with a load cell of 100 N at a loading rate of 55 mm/min
20 (fastest equipment limit). The films were cut in 41x5 mm size and gripped with an
effective gauge length of 5 mm (to ensure maximum stretching distance). Stress-strain
curve was plotted accordingly where the Young’s modulus could be obtained for each

sample (Figure 8).

[00264] Stress relaxation test was also conducted at 37 °C to study the polymer’s
25 mechanical behavior under constant strain. The sample was rapidly stretched to the
required length (100% and 200% elongation) and maintained for 10 min, with the stress
recorded as a function of time. Young’s moduli of different material combinations were

calculated and listed as shown in Table 2.

No. Materials Young’s Modulus
(MPa)
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bei ng adapted to be di sposed together with the head tube at the front side
of the defect, a foldable tail portion which is connected to one end of the
tail tubewendiiyssesg adapted to be di sposed together w trCris€20@iobodrabe at
the back side of the defect, and 20 a waist portion adapted to extend

t hrough the | he defect and being arranged bet n the

f ol dabl e heagﬂggﬁlg)(l)ﬁ{lgind the foldable tail portion, wherei n\ogch of the

f ol dabl e ReacPwoP€Lon and the fol dable tail portion conprisd$6ilio or nore

arns ext erpdi bet ween .t tube and the wai st portion a et ween the
tail _tubegangrg‘m‘?_ i“é’fh g@@{ﬁe"%ﬂ” respectively, wherein each E(?ﬁ'?ZS _

conpri ses4a fifdliferIf&HIBRih PLA- (80%op6BAIS20% PIEX) ce accordinrg to claim1,
wherein the foldable head portion conprises two arns in a sheet-like form

whi ch ar edar rGongbangpledcmtb Phar(6040h nanner that the engagi#fgS4eans is

positi oneg between t t Wo. a A 3803, Th OC%};Q%SA evice a rding to
claim1l, \qhesétaqpﬁ?%%r%?ﬁdd%ﬁ Eﬂﬁéa@%gﬁpp ¢ ?i@g@jt hr ee tg'czgi ght arns
whi ch are7ar r(afp@gdnérrm@drmmmeLGmb@U/mble engagi ng nmeans i s posjgjoned in the

center ef—each—ofthethreetoetght—arnms:

Table 2 Young’s Moduli of polymers and their blends

[00265] All the films did not break at the maximum elongation limit of the equipment
(results not shown). For example, the copolymer film did not reach the breaking point even

5 at the maximum strain rate (55 mm/min) when total strain was more than 1200%,
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 Young’s modulus
among all. The increment of modulus also increased tremendously with the increasing
amount of PLA. Similar trend is observed among BaSO, and PLGA blended copolymer.

10  And the excellent stretchability of more than 1200% elongation was still observed among

all other blends.

[00266] Stress relaxation results are shown in Figure 9. The results denote that the PLA-
PCL copolymer has the least amount of stress relaxation during the test period, while PLA
blended copolymer shows the greatest percentage of stress relieved within the first 100
15 seconds of experiments. So the pure PLA-PCL copolymer resembles an elastomer
mechanically among all the candidate polymers, for its low Young’s modulus and long

relaxation time.
[00267] Conclusion

[00268] The above description and exemplary part of the alternative occluder design of the
20 first aspect of the application shows that the general concept of the present application to
replace the current permanent métallic devices was successful. This has been accomplished
by utilizing fully biodegradable materials to provide occlusion devices such as ASD/PFO
occluders which show a good healing response. The design of occluders of the first aspect

also decreases thrombogenicity, increases endothelialization, minimizes the foreign body
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WD 2011/ 075088PCT/ SG2010/ 000476 4. The occl usi on device according to any one
of clains 1 to 3, wherein the foldable tail portion conprises two arns in a
sheet - | | kwof2orm79d38ch are arranged on each other in a neOmSG20t0800476e
engagi ng neans i s positioned between the two arnms. 55. The occl usi on device

accor di ngattondNYandNde@baseh ainhudolbgical, adeinBlammidiéryl eéspamdes t@nparp@r fol on
conprises three to eight arns which are arranged in a manner that the

engagi ngcavanisonakdeydde vinbred oceludere center of each of the three to eight
arnms. 6. The occl usion device according to claim3 or 5, wherein the

fol di ng ARAETNThObedRd@asinthar fidsi Bsgebe hhohdablag HSsbP &iriiafitn iahd! @Eaked i n

the portion between the waist portion and the mddle of the armand the

f ol dabl emaady pb theimoweroinpthiesiesica striubtirg dior ithsnoestuseordilericdh acopeding & thepanned
over at lLeast-a portion.of the three . to_ej [ chthat .the film
covers atf Sinft PRCMSRY Ran bEdptL R S idbe UM BHRS 1o Ereah i

segment gikseetednBif istthe the fdedLStructuresT B @Elakntei A bitRdi MenfdgmicoH g/hich cl ai m
3 or 5, wherein the foldi n(g@segnent of each armin the foldable tail

portion flew|theugh shany andseduse theoHuensvigkasHyt Be theablepd selly prsh plasma treteiy ddl e

of the a f bl [ t - rd fA ' endi ng
bet ween J(S)E{ri(’1 @%gentﬁ% yogé (raglgto‘%l glgs%urg%pglrfﬁ ?%(r}]l%gé? #Iﬁgﬁ{%? é%l tﬁl)]p (Se%}rl%#]%n aagerﬁt; such
t hat t hecdntdiningOmateeinls, abpdcadiyt fdrhthe pfilni i moatetias, wean prdventnvaties forpaation oof and
the fol ding segnent of each of the arns. 8. The occl usion device according
to alfy oMbl clains 3 or 5, wherein the fol ding segment of each armin the
fol dabl e head portion is located in the portion between the 25 wai st

portion HOd70]nEhearbtiben®hngd the saslingafdctidne hhod blednl sacdssfilllpachicasnl wilhie ses a
filmportion:extending between gr spanned, over at |east a portjon of_ the
three tof%HpiAn dgvige astidingrigrthe Hist psneqy wlizangsa pyll-foldanechprisiolThe shecHist ween

the wai s i AN I : r; g ein
the fol d%‘ﬂ%agélg%‘r@qgfmgg%afﬁﬂ’g‘??rmﬁl?h}’%?ﬁ@@t&Sggtbqheﬂétl%ﬁe %%ﬁe?éﬂﬁisg{ﬂﬂ%ecmaﬁed in
t he port patiobehdkesp thhm stablsss psrieen shandby He abodel ireviod tdéskseinanmalndl®80 t he
f ol dabl e il rtion conprises a fil.mpogrtion extending, bet. n,or .spanned
over Tat - FEEdubBfseraRarS G (RS e siEot 8 kot i g ek s (RA) B

covers akﬂ'%%LAﬁﬁ\d%ﬁihgﬁﬂaQ MRARAlIEMAE Spenitfy i on and the fol ding
segnent of each of the arns. 2011/7075088PCT/'SG2010/ 000476

[00271] The in-vitro degradation studies and post-mortem ex-plantation confirm that the
occlusion devices of the first aspect have a good integrity and mechanical strength.
Therefore, large defects can be securely sealed with these occlusion devices. Furthermore,
20  the occlusion devices of the first aspect show minor thrombosis and foreign body reaction
compared to the current occluders having a metallic structure. The folds between the films
at the front side and the back side are areas where blood flow in the tissue is slowed and
blood clots have been observed. However, no thrombus was seen where the copolymer was

in contact with the tissue, displaying good hemocompatibility.

25  [00272] In addition, the delivery system of the second aspect, the kit of the third aspect
and the method of the fourth aspect make it possible to achieve the above-mentioned
results with the occlusion device of the first aspect. Moreover, the method of the second
aspect allows not only an easy deployment of the occlusion device at the correct position
but also the retrieval of the occlusion device, if this would be necessary, for example do to

30 an accidental deployment.
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9. The occl usion device according o any one of clains 6 to 8, wherein the
filmportion is provided or spanned over the waist portion. 10. The

occl usi orwOevilges@scor ding to any one of clainms 6 to 9, palm&GII/DKE6 T il m
portion is conprised of a flexible or elastically deformable material. 11.
The occl usion device according to anglasme of clains 1 to 10, wherein the
engagi ng neans is a hollow tube. 1012. The occl usi on device according to
claim 10, wherein the engaglng means is integrally provided with the head

Lube andyuher gh o iGioRNAAI i BANR, it BRRSIchPTelele D SAchd Liptifind M

direction of etarl In the un rmo

occl usi oaspedmgl cmanednlng adrtgmglda@nd*azblaek side efia sisaeewherelnethgbbclusion devick fsect i on
of the t tubg |s hagf th th between the wai st portion and the
head %t u aptfé to hnclde eﬂfe P§ ?acslhOﬁ% e, g F*&.%@l%lanéﬁvcsﬁ%rgwseéi aims 1 to
12, whergjn Qnﬁaﬁgggmhgpgnfs hol  ow and has a threaded interior. 14. The
occlu5|on device according to claim13, wherein the engaging neans is
20engageabl e at atllmdtﬂd)elpolsmbeemyt ametssionknd of thelscaffilldh i s a flexible end
cap having two cro

its center rein.the end. c I S
integrally pr owad tﬁ‘? P?Fé“%gtaéfi,Pgﬁtegﬂﬁef&} V\fﬁ‘g Sf&if(flg’t Wﬁgem '%E hegq, gbe
occl usi on devi CeyndQRO A tiBe bt ABYabM R0 tied dikdBhioR téards andBRER 0Nt BRhhead
25portion of the foldable section is welded to the head tube and/or the

tai 11%orti on of athes $nsl dabl e section is welded to the tail tube.

- an engaging means connected to the head tube and being adapted to be
engagable at the tail tube, and
(il)  a foldable section comprising; ‘
- a foldable head portioh which is connected at one end to the head tube and
15 being adapted to be disposed together with the head tube at the front side of the
defect, '

- a foldable tail portion which is connected to one end of the tail tube and being
adapted to be disposed together with the tail tube at the back side of the defect,
and

20 - a waist portion adapted to extend through the opening of the defect and being
arranged between the foldable head portion and the foldable tail portion,

wherein ¢ach of the foldéble head portion and the foldable tail portion comprises

two or more arms extending between the head tube and the waist portion and

between the tail tube and the waist portion, respectively, wherein each arm

25 comprises a folding segment.

2. The occlusion device according to claim 1, wherein the foldable head portion
comprises two arms in a sheet-like form which are arranged on each other in a manner that
the engaging means is positioned between the two arms.

30
3. The occlusion device accdrding to claim 1, whefein the foldable head portion
comprises three to eight arms which are arranged in a manner that the engaging means is

positioned in the center of each of the three to eight arms.
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16. The occl usion device according to any one of clains 1 to 12, wherein
the head portion of the fol dable section is |lamnated with the head tube
and/ or thwotailo7pssti on of t he 30fol dabl e section is | arChsiGeaiownedict he
tail tube. 17. The occlusion device according to any one of clains 1 to

12, wher gj n t ke beclasipw devion acdordihg té ahylahé of sRirhé Onoils viersinl tienfoldubldread
tube and/or the tail portion of the fol dable section is 8Iued on_ the tai
tube. 35talhgOrBen qoMNES ST RIRIA Bresbbke Eormewhich apcaranged An gach ebenidcr di ng

to any ope.of tﬁéﬁw& éitn%é%ntsm}gfsgiﬁ) 'fa BEwRERtheRRL@R of the fol dable

section 1S sewed to t or the tail portion of the fol dable
section is sewed to the tail tube. 519. The occl usion device according to
any one of clajns to 18,. wherei.n at | east gne. of or all of the_h t ube,
the ehd Pube, ‘?{1580%9@% ?iﬁ\gi%%mém%fo PR %Pgal&ves dded ovherrie th folable

pol yneri gingh&éd @(Jmpris_%g’thrg@f% QR laHAL ARidOHE GRaRRA A 4 InMAnEOtha e Qﬂg‘agﬂ{g
clainms 1 to 19, wherein the entire 10occl usion device is made of a

pol yrer i measst ie positionedlin theTtrmtay of kachi dfithelthwéecte esght ermii.ng to clai m 19 or 20,
wherein the polyneric material conprises a non-bi odegradable or a

bi odegr adabl e pol yner. 1522. The occl usi on device according to claim 21,

wherei n ghe nPRe BLAGASH AwRE AcONIMBRD dI&SimS SRS, Geheréifthé RdBpOepmennsf st i ng
of pol yurethane, poly(ether urethanes), poly(ester urethanes),

pol yl@ nyeadh| asmi dethe foldghle thgrd pedionys lgcatadyindhe ppaoadietwigan e waist portion
pol yvinyL ac gt a:8acRP e fhiWldGRE T6ifanit ¥l p%?t%r%o‘?n&xns%s Q)ﬁlll%qjortion extending
between or spanned over at least a portion of the three to eight arms such that the film
covers at least the portion between the waist portion and the folding segment of each of the
arms.
15
7. The occlusion device according to claim 3 or 5, wherein the folding segment of
each arm in the foldable tail portion is located in the portion between the waist portion and
the middle of the arm and the foldable tail portion comprises a film portion extending
between or spanned over at least a portion of the three to eight arms such that the film
20  covers at least the portion between the waist portion and the folding segment of each of the

arms.

8. The occlusion device according to any one of claims 3 or 5, wherein the folding
segment of each arm in the foldable head portion is located in the portion between the
25  waist portion and the middle of the arm and the foldable head portion comprises a film
portion extending between or spanned over at least a portion of the three to eight arms such
that the film covers at least the portion between the waist portion and the folding segment
of each of the arms and wherein the folding segment of each arm in the foldable tail
portion is located in the portion between the waist portion and the middle of the arm and
30 the foldable tail portion comprises a film portion extending between or spanned over at
least a portion of the three to eight arms such that the film covers at least the portion

between the waist portion and the folding segment of each of the arms.
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2023. The occl usi on device according to claim 22, wherein the biodegradable
polynmer is selected fromthe group consisting of polycaprol actone (PCL),
pol yl act iwo2eiidh76@BBA) , pol ycaprol act one- pol yl acti c aci d PCoSG2¢10m00476CL- PLA
copol ynmer), polyglycolide (PL&G), poly-L-lactide (PLLA), poly-D-Ilactide
(PDLA) , ol yglicsaueiiston( ik acqalinlgacdnydere pdklagthsi 6 a0 8f whaemahy fitth poRlonA) ,

pol yl actic aci d- pol ethylene oxi de 25copol yners, pol yhydroxybutyrate,
ponanhWﬁPF&éfﬂd&ﬁ?ﬁﬁﬁ@ﬁﬁ@e £ &faist BATtidPani no aci ds), pol ydi oxanone,

cel I ul ose, collagen and chit osan, 24. The occl usi on device according to

any one claims 19 .to 23, wher Jn t he ric erial the il m of
Ty Dok althr o B brcliioy deden dadrate, B 08¢ REGIAmE gt 3 S0Rtsitha s b
37C. ¢ Z%Onfbﬁls%ﬁiwﬁe&aféiﬂ&hse RGN UtRmAR Riteiaf claims 1 to 24,
wherein the tail tube has a threaded exterior surface. WO

2011/075088PCT/SG2010/000476 26. The occl usion device according to any one

of clainpl.l t ghdBcclidieh BevicONRoAind W fy&IneHEBlasm$ €t ¢0,8¢hdreiathé bigzaghad
tube, the tail tube, the engagi ng nenber and the fol dable section conprise

a t her apagansiap hyllesfubge agent. 527. The occl usi on devi ce according to claim
26, wherein the therapeutically active agent is selected fromthe group

consisting of_a dryg, an anptibiotjc, an anti-inflanmtory agent, an .
ant i 1%| ol i ngTHaoegFsion deyicropreording, e | dug 48 o egplbéb?.%'@ P08 PR r

factor, e%{-é?y é}ot/ﬁ&’i With e he8PAbe Al vher&h!ihe E‘x‘ié MhELRRIxENds Fdm the
erati o

antl-proll n agent, an anti-thronbotic agen an anti m crobial agent,
an ant i -hMadafubagerthe chrecmnmf Hbe amemmbecamgevﬁerelmOmndleamfalﬁed foyrer ofethei ve

t. 28, Th | d di f cl 1.tq 27,
Wher i n Gt drSHE: R SREHISE TaruCroadh ot 4 Roeln i dreceih oh Bt e ne
tail tubghichhenhfNghednith PRABen aGvdidl PoftRindmlliee Bt conprise a

radi opacifier deposited at its surface and/or blended in the
15

13.  The occlusion device according to any one of claims 1 to 12, wherein the head tube

is hollow and has a threaded interior.

14.  The occlusion device according to claim 13, wherein the engaging means is
20  engageable at the tail tube by means of a lock which is a flexible end cap having two
crossed slots in its center wherein the end cap is integrally provided at the posterior end of

the tail tube.

15.  The occlusion device according to any one of claims 1 to 12, wherein the head
25  portion of the foldable section is welded to the head tube and/or the tail portion of the
foldable section is welded to the tail tube.

16.  The occlusion device according to any one of claims 1 to 12, wherein the head
portion of the foldable section is laminated with the head tube and/or the tail portion of the
30 foldable section is laminated with the tail tube.

17.  The occlusion device according to any one of claims 1 to 12, wherein the head
portion of the foldable section is glued on the head tube and/or the tail portion of the
foldable section is glued on the tail tube.

35
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15material the elenments conprise. 29. A delivering systemfor an occlusion
device of claim1l adapted to be included into a sheath of a catheter,
conpri si YO 20Ht076@ast one first delivering neans adapt e®CrsGruslvoi4ie

occl usion device through a 20sheath and to gui de the head portion of the

f ol dabl e18.ect iThe dceludiopodavideoatcaidinghe dmyooie of dmiras 1atot 125 suierdeftee headand

at | east one secgggggeliverlngﬁneans ad%pted to nov Il tube_into the

t t |
di rect i oROGPn(afd ablgRECHP Ly pe3iFd: tRethe dierd (tuhse ardior, %n’ﬁaleﬂi’r%‘b‘hiorﬁélﬂethe

back si dg,@fbid H&tibh 834eGed £Pth3Qail fdg. del i vering system of claim29, wherein
the at least one first delivering neans is a delivering rod extending

through the tail tube towards the head tube of the occlusion device and

bei b ted.to the.head tube. 31. The de]i I t
accort nit o LGP GHTEs-cIchOINE By JBf PRSI o6 e A48T CRERE

nenory et @il of Hehhead tabdithelénddub®)thk iek%gm s, oftheZfdldtbleOdectibie ald oAl
al l oy or shape nenory polyner. WO 2011/075088PCT/ SG2010/ 000476 32. The

del i veri pelymgse amtertidor ding to clains 30 or 31, wherein the delivering rod
has a threaded exterior surface at the end of the delivering rod facing the
tail tube wherein the end of the delivering rod is threaded to engage a

t hr eaded20.nt eTh@bcdudibirdevioé atdredingad ahyilme H33aikidel €Ll o ventrem ydndre

according to any one of clainms 29 to 32, wherein the at | east
10  occlusion device is made of a polymeric material.

21.  The occlusion device according to claim 19 or 20, wherein the polymeric material

comprises a non-biodegradable or a biodegradable polymer.

15 22. The occlusion device according to claim 21, wherein the non-biodegradable
polymer is selected from the group consisting of polyurethane, poly(ether urethanes),
poly(ester urethanes), polyvinylchloride, polyalkylenes, polyethylene terephtalate

polyvinylacetate, poly ethylene-co-vinyl acetate and nylon.

20 23. The occlusion device according to claim 22, wherein the biodegradable polymer is
selected from the group consisting of polycaprolactone (PCL), polylactic acid (PLA),
polycaprolactone-polylactic acid copolymer (PCL-PLA copolymer), polyglycolide
(PLGA), poly-L-lactide (PLLA), poly-D-lactide (PDLA), polygluconate (PGA),
polylactide-polygluconate copolymer (PLGA), polylactic acid-polyethylene oxide

25 copolymers, polyhydroxybutyrate, polyanhydride, polyphosphoester, poly(amino acids),

polydioxanone, cellulose, collagen and chitosan.
24.  The occlusion device according to any one of claims 19 to 23, wherein the
polymeric material of the film of the foldable section has a modulus range of about 10% to

30 about 10’ Pa at 37 °C.

25.  The occlusion device according to any one of claims 1 to 24, wherein the tail tube

has a threaded exterior surface.
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one second delivering neans is a cylindrical hollow depl oynment tube. 34.
The delivering systemof claim33, wherein the deploynent tube is made of a
pol yrmeri cwoabawa7aiss 10 35. The delivering system accor #cCmgGRaloob@i7es 33 or
34, wherein the depl oynent tube has a thread at the inner surface of its

tip whiche.is prapdchEbidroddveceeitga@ith fordng dnReficluimed t0f25) hbeitei bnd om@ore

1536. The delivering system according to any .one of clainms 29 to 35, further
conpri si flgmants selgetrd Aigapthedead tybse thedail sube; theangpging sreambes apd theetoidableand
the firs : ! Lverl F{g% 37. A kit conprising an

occl usi ogneCQ%lC(?:lg&g d"atﬂgljah%lg{cgggg ai %%eT'to 36 and a delivering 20 system of
any one of clainms 29 to 36. - 38. The kit according to claim 37 provided

in a sterilized package., . 39... A net hod of closin anat.onm cal . def ect
in aiséle chiprrdpsign éiﬁV‘Gﬁeat‘fF?fQ‘%@oﬁlﬁ%t%%d’"}f"T‘Potﬁ? atlg?ra%e“é'ﬁgl%af)té"& si de

of a tisghat i COUMMdSHAY thd§rotpeRsiSfing ops%gianoafabm%,gwaﬁtmmamgwn

occl usi on” devi ce according to any one of clains to 28 and a delivering

syst em aagent,dimgnti-clottimg fan®roé holmoms 2 8udleic3Widyaa pefivislen ai gedlular dagtor, pushi ng
t he occl usi“gn devi ce.thrdoEEh tt]f: sti;eath tlg the site % tthe anat oni cal

def ect b§OWER facter & ligandyior;a, gell SUriaReatvseRipT: (aReATPTOULT AU a8RIhcRR a9y

pushi ng @ayhigestid g, ofn ahtikRfdbl heeitd ad dnfil WA lagedte acthielbotticpdpetiic agée] dabl e
section of the occlusion device out of the sheath through the defect to the
f r on10 si ared arf antinleyertesyveagent.ol di ng t he fol dabl e head portion by noving the
head tube of the occlusion device in the direction of the front side of the
tissue by neans of the first delivering neans to close the defect fromthe

front sigg, Y 3&1dsidh &OSGUCLHRUMOLUNYIUN M claims 1 to 27, wherein one or more
elements selected from the group of the head tube, the tail tube, the engéging means and
the foldable section comprise a radiopacifier deposited at its surface and/or blended in the

15  material the elements comprise.

29. A delivering system for an occlusion device of claim 1 adapted to be included into
a sheath of a catheter, comprising:
- at least one‘ first delivering means adapted to push the occlusion device through a
20 sheath and to guide the head portion of the foldable section in a position at the front
side of a tissue defect, and
- at least one second delivering means adapted to move the tail tube into the direction of

the head tube to allow the tail tube to be moved against the back side of the tissue.

25 30. The delivering system of claim 29, wherein the at least one first delivering means is
a delivering rod extending through the tail tube towards the head tube of the occlusion

device and being removably connected to the head tube.
31.  The delivering system according to claim 30, wherein the delivering rod is made of

30 a shape memory metal such as a Ni-Ti alloy like nitinol, Cu-Zn alloy, Fe-Ni-Al alloy or

shape memory polymer.

60



wi t hdrawi ng the sheath to rel ease the wai st portion and the tail portion of
the fol dable section of the occlusion device in the opening and at the back
side of twe2isysss respectively, and noving the tail PabSGad10tonet76

occl usion devi ce agai nst the back side of the tissue by neans of the second

del i veri3zm neEHRSddiveting sghtdn Wedordifig Sy Sladng 3®oif ®1,dviichéin filgd divieing dod hazor ti on
of the foldable section of the occl usion device and | ocking the occl usion

devi ce at thigpded guicrpy suifacgat therend of the ¢rliverpg red fasingsthe fdl e yiherein g The
t hod '. ) aiqm i f i
w1 o YT Rrif RIdRs HeaddT6 Ehdhet ATHERRA ABP Surkdet BHER e nREM 1

sheath. 41. The nethod according to claim 39, wherein the sheath is at the
front side of the defect while the fol dable head rti.gn and.the head tube
are &usrf»*d ouTh%feI&Vﬁ@n%%é&%?Céf 498 Kt ams d_Pn’rg_, Wﬁergﬁvh&%fea?t _

Clai M8 SthlBedhb ddiVEARMCERTPE cilich ol ephbyih kitRvi ng the del i vering
system out of the sheath of the catheter. 43. "The nethod according to
claim42, wherein the step of retrieving the delivering system conprises

th t f it i the fjirst | i i bl ) ted
20t o't hevheadt 14 B8 GHmE R 6B PL SRR Teut et int FERBVIRET FRE §oBRRGOT o
del i veringyiiB@®mak¥ialM t hdrawing it out of the catheter. 44. The nethod

according to any one of clainms 39 to 43, further conprising a re-anchoring
st epl0 wherein the sheath is held in position, the first delivering neans is

noved 2 r wag.d .unfold.th | a rtign . n [ '

re-anc hg;fst?ng t}’/e é%\vgprﬁ Sﬁ%e’“% 8%03%%‘230 %gaé Sg’gr({ri%h OP pet"ﬁ](tah%f%ﬁ%goéjgf %‘ng%t i on
of the aeglauiicad adlthelifiger suface offi tifewhiel iaedaptedi to Geteagauey intoahethreddeafs 39
to 44, further conprising a correction step of the sealing procedure,

wher ei n ha&ikubet delivering neans is held in 30 position and the second
delivering neans is noved to unfold the entire occlusion device and to nove

back the foldable.tai.l portion of the occlusipn deyice into the sheath
pocis head 0 O ferlSipe Rl foko i Beaniier L e BpE Y kS5 e cfipgoing o
sheath adapted to include at least the occlusion device and the first and second delivering

means.

37. A kit comprising an occlusion device of any one of claims 1 to 36 and a delivering

20  system of any one of claims 29 to 36.
38.  The kit according to claim 37 provided in a sterilized package.

39. A method of closing an anatomical defect in a tissue comprising an opening
25 connecting a front side and a back side of a tissue, comprising the steps of:
- providing a sheath into which an occlusion device according to any one of claims 1 to
28 and a delivering system according to any one of claims 29 to 36 have been inserted,
- pushing the occlusion device through the sheath to the site of the anatomical defect by
using a first delivering means 6f the delivering system,
30 - pushing a head tube of a scaffold and a foldable head portion of a foldable section of
the occlusion device out of the sheath through the defect to the front side of the tissue,
- folding the foldable head portion by moving the head tube of the occlusion device in
the direction of the front side of the tissue by means of the first delivering means to

close the defect from the front side,
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WO 2011/ 075088PCT/ SG2010/ 000476 46. The nmet hod according to any one of
clains 39 to 45, wherein the anatom cal defect in a tissue is a septal
def ect orwehomnto75038t he heart or the vascul ar system 4PCTHe0w®bRI0E Of
claim46, wherein the septal defect is an atrial septal defect,
Sventri cdl awith@fatvalg tefshedth tpadend thduciistportiéreindthesail portipatof e foldableen
oval e. L
section of the occlusion device in the opening and at the back side of the tissue,
respectively, and
- moving the tail tube of the occlusion device against the back side of the tissue by
5 means of the second delivering means of the delivering system to fold the foldable tail
portion of the foldable section of the occlusion device and locking the occlusion

device at the anatomical defect from the back side of the tissue.

40. The method according to claim 39, wherein the sheath goes through the opening
10  while the foldable head portion and the head tube are pushed out of the sheath.

41. The method according to claim 39, wherein the sheath is at the front side of the
defect while the foldable head portion and the head tube are pushed out of the sheath.

15 42. The method according to any one of claims 39 to 41, further comprising the step of

retrieving the delivering system out of the sheath of the catheter.

~ 43.  The method according to claim 42, wherein the step of retrieving the delivering
system comprises the steps of withdrawing the first delivering means removably connected
20  to the head tube of the occlusion device and removing the second delivering means by

withdrawing it out of the catheter.

44. The method according to any one of claims 39 to 43, further comprising a re-
anchoring step, wherein the sheath is held in position, the first delivering means is moved
25  forward to unfold the folded head portion and then performing re-anchoring by folding the

foldable head portion of the foldable section of the occlusion device.

45. The method according tjo‘any one of claims 39 to 44, further comprsing a
correction step of the sealing procedure, wherein the first delivering means is held in
30 position and the second deliverihg means is moved to unfold the entire occlusion device
and to move back the foldable tail portion of the occlusion device into the sheath again and

repeating the folding procedure referred to in claim 39.
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: 46.  The method according to any one of claims 39 to 45, wherein the anatomical defect

in a tissue is a septal defect or shunt in the heart or the vascular system.

47.  The method of claim 46, wherein the septal defect is an atrial septal defect,

ventricular septal defect, patent ductus arteriosus, or patent foramen ovale.
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