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septum septum secundum (5) ,FIELD OF TIPE IRVEINRION the right atri al
side of the septum prinmm(3) and normally conpletely covers the

ostiums d her eb n for n qval e
(6 " PondBt1 e SiieR RuertioR aimebnlyRlas 1B s gl oF ediepuelr Ak AEtes,
openitg) tpehhigues mg:ld:sing)dm cb;ieﬁWgnﬁ agisbiesinddibRCiartidularRS td beddstondevicgdt
or rlghtefto Ieftg al sg Fovvn as an atrial septal defect. This atrial
septal ddPERPsingangtupical defesty iRB¥YAdum ASD (7). An exanple of such an
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formation of the septum secundum (5), an opening foranen ovale -
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[003]) Defects in tissue are often combined with an opening in a tissue such as in the
15  blood vessel wall and organ tissﬁes, 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),
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birth, changes in atrial pressures |eads to apposition of the septa.
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[006] The main current occluders for ASD and/or PFO closure are generally made of a
metal frame (specifically made of Nitinol or Phynox) with synthetic fabrics (specifically
made of polyster, Dacron or PTFE) or collagen matrix patches used as inserts. The metal
frame usually has the form of an umbrella on each side of the opening combined by a

30  metallic waist. The occluders are usually folded and inserted into a trans-luminal sheath,
which is placed at the ASD/PFO location. Then the devices are deployed to seal the
ASD/PFQO under the instruction of fluoroscopy and/or echo‘cardiography.
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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 (i) a scaffold comprising:

-~ ahead tube positionéd at an anterior end of the scaffold,

- atail tube positioned at a posteridr 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
(ii)  afoldable 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,
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fol dabl e _hegheRQbhé §ofd ddifvErif AR laBapted 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 deliveriné 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,



section of the occlusion device out of the sheath through the defect
to the front side of the tissue, WD 20111075088PCT/ SG2010/ 000476
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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,



25[ 0018] Figure 4 shows an enl arged perspective view of the posterior
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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 portibn, 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/PFQ) 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.



(ASD/ PFO) nodel . [0025] Figures Ila and b show the fabrication
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weeks (t af7.,l ; ; f :
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scale bar is
(d) 4 weeks; ( 8 weeks; (f) 12 weeks (the scale bar is 10 um).

[0033] Figures 19a-f show the degradation of PCL + 30% BaSOy: (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/PFQ) 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/PFQ)
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.
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weeks (th sAl/6 is 10 gn). 15100341 Figure 20 sho fgeﬁjloluounﬁ
nmol ecul ar vvel gL 5?@M/\) | oss during 12 weeks of degradat?glr-l of sone

pol ymer C[@thdfi%fés 36 B u%ﬁsiwwrspﬁﬂ&gég B8P af! Ib68nefl of ng oeaﬁcﬁe@fufme

i nvention Figure 21 shows "the mass [oss during
degr adat i pyesentf invéntiop ol sheath (Cignei2da) and pagbydinfalded (Fegune2tb)r enent s of
Figure 20. [ 0036] Figure 22 shows the storage nodul us variation

at 37 C quodi]Figute ¥ Showsof pieflo @egrpaﬁiaﬁﬂe%ﬂm @trR® WAITRIF af 3RMA ALBRg
used for the nmeasurenents of Figure 20. [O Figure 23 shows an

atrial sepiggry-def ect/ patent foranen oval e (ASD/ PFO nodel for in
vitro depl oynent tests. [ 0038] Figures 24a-d show several steps of

the ing Vi[tl(lﬂ]lﬂﬂ%iré DY sirhwsaflibRep Y Bidturddf thé guidewire] Wilafor 8&YiKea 1F sheath
depl oynent at atrial septal defect/patent foranen oval e (ASD PFO

25nodel . FHSYE PO @I%aS%amw)a Itpwsms that thp madsloeh REGtwastsuggessfully
occl uder c&&tédh%ﬁgpféfﬁmng%%wme%dtd stof'tgmm sria,p dc%n'bra cfeﬁl%yécr'
vitro testin ure” 25b" shows a photd of eoc int
wor ki ng Shﬂoughllnpéléshetaﬁe left atriumside in th_e in vi tro t esting.
WO 2011/ 075088PCT/ SG2010/ 000476 [0040] Figures 26a and b show. X-ray

i mages o |!om ?iﬁ&?&lm%d ®fsha® tRE BébBBInLSf dnNEnRUESER b tm\&ahgleﬂ dkVice
sheath (Figure 26a) and partly unfolded (Figure 26b). [0041] Figure

27 sHéws desqsibed bergi, yhersickighie 29 shews a phote during die fiushingorittasyriage Ard
during S%ggé ng s‘ﬂ&%ﬁi deﬁhaij!éfo&ﬁm%%\éﬁc@arw K|l ¥te191' cture of the

gui dewire at or ath across the tum (pl ease see
arr ow) ans that the nodel of PFO S ,successfully creat ed.

After ret[{’?ﬁf@rﬁmﬁ ﬂ’Féé’\RPﬁOé’fél}?cPrElP?d&f'mgF“C?-he occl usi on device can
be depl oyed through the 11F sheath. 100431 Figures 29a and b show
t he debulj®d45hdigutesahl aedrizboiv mMBudrosbpy hpictareg lofisthe degloyinest pebcedise rafbad

ot nge ot oo ERin IR Seimeut catinblone ptiRwdRmiis et e
del i viari ngclayson aevicd Qehdd sdel Grog v pabiadsoud op it Dl Fodhelth@ngn@latadg dhe
devi ce. left atrium; (b) secondly, the anterior portion was folded and anchored to the left atrium
© wall @lease see arrow); (c) the 11F sheath (pleélsé see arrow) was pulled back to release

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 acclusion 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 septurn contacting the left atrium (LA); (c) back part films of “CL3” in septum

8



[ 0045] Figures 3la-d show fl uoroscopy pictures of the depl oynent
procedure of an enbodi ment of an occl usion device described herein:

(a) First Wo J]P/% terior portion of the 15 occl usi onPgﬁgb%ﬁwéqg_llﬁase

see arrow) was pushed out of the 11F sheath and |ocated in

he' o (ShiBBRE Bt i BT P RALSATINRDTLOLER ORIt

see arrov!/):ﬂ\mmrrp@ﬂA)ed back to rel ease the posterior portion of the
occl usion device and it was then folded; (d) The depl oynent was

succeededogi i pusys oSGl 8Pkl RO IKET0lARR3AYS

were retrieve back. The nt was co d an
and fol deﬁdldd‘SLBUéqcmdddevclcdaaﬁ((pﬂtbamsaltemvarltmw) was anchored to the
septal defect. [0046] Figures 32a and b show fl uoroscopic tests of

two ersbodpos) iFimiés mcahalﬁlsﬁmv gﬁdfbwzss méxmn%a%ls&ﬁf(sm) 8hRrvation
nont h: (a) occluder " occl uder "CL3" ures

33a-d shothe ﬁﬂ@ﬂ& @#raému@c%a er |ﬂ@igﬁblp explyrerR) fter wng e@ntbf(thwee 36bE0P5
bubbl e t egte 0f4iG: ?ﬁtﬁLUc?dl@stn \(l{cg%gsc %hc&% d"c3": (a) and (b) TTE
s I nplan

i mge af ter one non Ion and "CL3",
respectively; (c) and (d) bubbles in the right atrium (RA) for "CL2"
and "CL3", respectively. [0048] Figures 34a-d show a nacroscopic
exam nati on of occlusion devices inplant ed: (a) back part filnms of

"CL2" in septum cont BETAILETNPESCRIPTEONIGRTHRANVENTIONONt part
films of 30 "CL2" in septumcontacting the left atrium (LA); (c) back

art f|| ! 7 .
Pont Al | TR0 Actbriing @ AR by e S bhistH RIS SORO SRR, cposing
sept um ccantmatomgpltdw&ct af tissat rwhich (:a.nA))e a{lﬂiﬂé&@]o b‘e guiheled 3fta-dslehtbvoft he
hi stol o th aling.r onse t 2" and .b). a
hnd o) oxafhistfh IR arihe BRI L it eBriom S0ty Rl gtied e cabeert,”
show photdaﬁvaﬁbis daﬂae ngt elossst 4 hele lih GicowaI0 pY a (1SRN lilbs asedh itgnsepta éfhe
startingfil ‘%‘Féﬁ{s“)&f the fi Imexplantedater ne nmont h

(Fi gure 368 e epE 1RELGEERS DB PIER ObibE Ffepigom the
her eijg. Qﬁéra% h@o%@@ﬂﬁma%ﬁr thitEpredYNMdnbbth sides of the opening keeps it in

place, thereby closing the opening from both sides. The occlusion device thus can function
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.

9



10[ 0051] According to a first aspect, the invention refers to an
occl usion device for closing an anatom cal defect in tissue which can

be adapt e@véﬂj pg.’ ba{%c' uded into a sheath of a catheter. Pb’PIS&HﬁOI&B-WﬁeXt
of the present |nvent|on an occlusion device is a

h h. | h
{rssue | IRARE PR B Beaf B REar e ol Mgl Fovmer”

occl usi orreﬂevuocwpolgneaheﬁﬁﬂobmnbmgbns |od&8)r@faolyiﬂer dﬁlﬁ[ﬁﬁ'&ntﬁ ftlQiimil’ﬂﬁt b&5
sheath and f ol dg(gjml n such a magner that pressure fraom sid

the openi™RGOXEeiem; 4 1qcalizad rea CHYEHRY &Y oMy 36'8{’?1
si des. Tham@preh W'n@ﬂ-bﬁj&j\é?‘a@aﬁl@%&yﬁé& EdHNBd 5 Q81 frBmPAE RARY Eorls¥Rh2 BF

that stays in the bOdY ter the procedure. The occl usion device can,

howevér mlwtb@eusm ¥(pthern virethaneset Herdyesterr @F%@ﬂﬁij t i redypenydeieredes

outside t 0,

first aspf16 @i rrpl’ | 55 g tgregl%?l % %I %ﬁb lyl%l %)?ec H@oﬁﬂ%‘%ﬁybggé {gér‘fl.fh%
[ 0053] | rantdhglohol | ow ng an enbodi nent of the scaffold is described.

According to this enbodiment, the scaffold can conprise a head tube

posi ti 0“61605%‘] I@ﬂle%ﬂﬁt%it’ &{th@ﬁgsegt inbERioR B R UbioFeghdplel ep’@féférb gngd

at a posterior end thereof, wherein the head tubé and thé tai
tube are mbmﬁnlmatmai mgmnamelqnecﬂmrowetnwm@scomdnmwaf carbe gompletely
ot her

T f
Co e e neGrd iAot 16aT LI pEATREE e BROARhISANE: FRPRGLBE
[ 0054] THéicdegttiailel tchapowneiarsn,owherortakanr apotﬁy taheclhedae Hrobe, dbive ingo |
tube, and the eng I n ans, can he o yne terial. The
ol yirer | COMRPRTaPS SH1BE TRehGRBn 1 GdegiPAsratiaBon) SBP e GRas & b
pol ymer aiydenRe t}iﬁt&he celWad GelthéOrébQBRRGIJoSEIBOVRNOA QA daRORRIc elff&clt(hﬁ
cont ext ofy t he present |nvent|on t he term "nan-bi odegradabl e

pol ymer " therellss Examples of \hiedesradatian aqoceé?ﬁpw@#ﬁgn@ﬁ%atwra%w ABYRAYG

compoye nth%/dltohﬁﬁs Sﬁﬂﬁ% D ERIRYE B0 cBndiRGR! fhZcsh- éHz?ﬁ\at};W hylRbIIN0)! fhe
processes, i. by bi odegradati on. Various exanples o

n]?n bi odfg@@ﬂﬁbﬂ@luﬁmﬁwrg of bigdegsadableanaternl 1 water #e tgmperptussoansiant af)
5
pol yvi hy PR Eenan R EHNE orgh O TEP AomrRR) B REn e RlcaR fidkee no

pol yvi nyloadigieadrean prodell ce'teﬂydcbmr@adwlc\glcraybroacs&tsaaaesedrtd/ sugh owverldad @6 6thet n
t he conte t of fgﬁgéiﬂpresent I nvention the term "bi odegradabl e pol yner™

refers tc? ot Waferial conprising one or nore pol ymer

conponents that can be conpletely
20  [0057] Various examples of biodegradable polymer materials are known in the art, any of

which are generally suitable for use in the occlusion device of the present invention.
Examples of polymers that are considered to be biodegradable include aliphatic polyesters,
poly(amino acids), copoly(ether-esters), polyalkylenes oxalates, polyamides,
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 biodegradable polyamide, a biodegradable aliphatic polyester, and/or
copolymers thereof or with other biodegradable polymers such as those mentioned above.
30 llustrative 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

' , 10



10 renmoved froma |l ocalized area by physiol ogi cal metabolic processes
such as resorption. A "biodegradabl e" conmpound can, when taken up by

a cell, i&;ﬁbﬁ)ﬂo&om i nto conponents by cellul ar micpbf/ﬁ&%’w/ o576 by

blodegrad such as Iysosones or by hydronS|s t ha e ce S can

ei ther reuse or dispos wi.t hout _si nlflc ct.on. t

cel s Etipnebv B qiimen op i edie PRl i icatid iEa)
non- enzy nigdving anldbydayide odry&it f alivok dat60(%1, sands P/etiucﬂa %mo S0 g blse- 50 %,
condi tions for non- enzymati c hydr ol SIS for i ncl ude

exposur e Y25t SHefr FoHPrxImae r@oa%’ 8%%%@ 2 ﬁ%e@ar@r@pawawaow
of a Iys%@ﬂacﬁae)eandtphg(glpé(ﬂaeﬁdm@@rhaorngaaaegwc%)lde doiRerl 99 LB6lATS 05D 9,

fragnments typicall uce no | e organ” or cell overload or

pat holSogi tat 5%?’/0(1@35@5%6% 506, o approximaiehiadd U 26%\@10 Y%atetos er 50 %,
effects i ] exanpl es of bi odegradabl e pol yner

naterialgﬂg%gMﬁheéﬁ&Eﬁg{coxgg ,&gny of which are generally SU|tabIe

for use in the occlusion device of the present invention.

pol yner s [OA2R] The dead ibe qan Baveran yer dhiaserieyrof dagse éhanplcl, Jdl laa= |l|§hdt"1 é 5
pol yestergg 10?' YQg-gPSn”zQ]daﬁkéjﬁﬁm 3@%&(@%@ @Sﬁmb Olgyad ¥ R S5out

oxal at es, yam pol'y(iI m nocarbonates), pol yorthoésters,

pol yoxaeslt %msn Thel walk thickoesstod the hqndlfghthatesheen@‘e tem &b &l 013 rQ34 dhd,dbb
group, paly(an i I n

0Cury JRRPRY 3352, PILUBTERINGALFR cEBRE MR Sl o ens
col | agen,ofskelicath fubardn b Berdsert dboneh6, ’Eeanspk 85, Qﬂ-@m,lzybnnhb%mher )
include a polylactide, a polyglycolide, a polycaprolactone

|yl I | iy Rh
pol yl acti gy o3 eaﬂ%edaqnad@@ %uepp%ﬂmeﬁefﬁaéﬂegq%{ gﬁgrvgé% ijphaty ¢

pol yester, or copolynmers thereof or wt abl é
pol yners 25hc2tﬁ és3 2026, b mrnand ttsathev 4.0, 3. 303 14,13 Usk2,athi, 9, 2Ra%B Inys, fof
blodegradabl

) mte to a.,pol.yl e
such as poﬁvef ?fdgyn?@ityﬁlﬂn&&e gﬁ aéFéﬁ% uP 01 6%Pb%Er
of palsycacp4 mhmmtcbteas hRCLY, andlmpl)w 0685 0.z, (aslndn,(d?idﬁt)ar e;cum;ﬂe a’cmnobwrmn.

of pol y(lacti de) cand pal il alycol ) 41, (RECAL s Yres oPes! g, £P9WL0S.

of copoly
,2011/0750&§E§T/SG2010/000476 present'invention i ncl ude copol yners of
pol ycapr ol act one (PCL) and ponIactic adid (PLA) having an glycolide

oMot Shodfi gt v nBPcalney ngral Rollovpoggndth ndgnodirtichy i hayé o

copol yne rthﬁﬁdqﬁlOin%bﬁCThed ﬂt)-ezﬂmﬂ imetiof gnywohdjdadd cRIhGAxt Bavd rghienis also
glycollde $tent of about or 2

30”54 200r TSI A SR GYTRSOloNe WhoAh Bssauahe teuBeeas e by epfiuor o

copol ynmerc1&R e sihi 8 cad QQE&LchEhefmaﬂeatdLm@e %amhauawagb @t §r reference
di ameter of nore than 1. 1.8 mm

and | ess numeral 319in Bigs?). éit@.matzveaf ttze tlzrea@edlmtegonofrth? heraérmwaﬁﬁp adingsed:t
1.9 mm Téaa tﬂt roa Rig %@%g%cﬁefd tohtﬁe head ntuéb@y ﬁmnh%]dmmetrnanmﬁt éan be

0.2, 0.3, mm and | ess than
0.8 mMm mdicrl@rofébharhp&cetuabbm cRckwigeunthe Iength of the head tube can
be between about 2-6, 2.5-5.5, 2.5-5, 2.7-4.5, 2.7-4.2, 3-4 mm

[ 005935 Tt]@oslguﬁ ahala@f &ﬂﬁbdx’tﬂ&ﬁ R 1Rl ebeClafi R £ 6y IRfrigAr o1loh3fbd 2Rd can

have a tapered mtenor 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 rhechanism, 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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3, 2.4, 2.5, 2.6 mmand less than 4.0, 3.5, 3.4, 3.3,
, 2.9, 2.8 mm for exanple about 2.7 mm The wal |
|t

2.
3.0

i ube can be nore than 0.1, 0.2, mm
Vﬁ; ‘W&fl’ 1.1, 1.0, 0.9, 0.8, 0.7, 0.6 thin ds‘fm}é““g”% le

PouL 5. S A0 g o VBB S A G, AR B

be-a cyl itaillnibedly rimhi ofvart anieclarkayisei mmﬂﬁemain@y mmeadmm oﬁthe tall

t hr eaded teri.or d erior ste

Fod whi o HePscan S ciungd i TRER dePloptoelon b A bR S el By

be att achgg-distkive rdsmadd tag &mcnaﬁmtmftammﬁkapmoa@wisyﬁﬁn and can be
detached off the head tube by anti-clockw se turn (cf. reference

e & J08s3 ik g b b I AR Her e d SRS 19 R el 36 RO

t ube by anatadliwith malwiss, 4. girNitiasldviesdashke seddahe dhobd inthigurbead t ube
by a clockw se turn. 25[0061] In another enbodi nent, the head tube

carn, oS 2 AN 5L el Pl A0SR e A ST BB RE S

t he head ‘engyzebbfe’ampanslin tig: domtexteobﬂ'le tapphqaum thihihe engagirgimeans cbe extend

attached g0 t.he h t uhe by ans, of .a,sli fit. cha S f or
el o 0T Hnd b 8 B SN0 3 2 155k il LB i s tof e I
head fioubeadaiiom Sthe lefigapingekibadicak bt a3l ok Hl%xiBCeCﬂnB@bérrbudl@‘dé aevifle aGbhi, bed
herein, the tail tube can have a threaded exterior surface (cf

r ef er enc SARHEET 4F thedie #s jopz gp Hisreagegngmgans)can g engaged & ihoigil diregtly
depl oymenj bg Wodns A 13&1&1%%9@&"1@{%@%9 88004 Ane & ReoBbAE SATH, bsh
the tail e by means of a clockw se turn and can be detached off

the tail htaum resjangplan sirgilara ar glitipticat cosk sdchen.tand gan Maveer sierdtiuaioiched pe

t hr eaded t C

depl oyrrerﬁ(:a ﬁl%{)ée&)@ggg utrﬂg? t'[g{g heegyémg ﬁﬁgm?%ln?ﬁu %{%ﬁe@%g@gﬂfﬂgrﬂ@l - 8'1tb (Q)%Igvt\}l Se
t ur n 1&nd scafiolihdorampiecbly afifinating, glaink, sewbne dowehdicg.ockwi se turn.

5[ 0063] The head and tail tubes can for exanple be prepared by dip
casting qt)OGSheTﬂE”eMﬁ%{dngE@fs%ah% HAdel b TRE @Jlmé’"BBliﬁnen@ nfhterDist ds"RE head
W res, .as the mandrel” as shown 'in Figure 6. CE The engagi ng neans
i s adapt e‘ebet@f the taihiyhe apdescabed heforean an gmbodimigat, ttl@r gngaging means can be

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

1
2,
iC

2.2
3.1,
kness
| ess

2.
3.
th

an
a
2

[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, i.O, 1.1, 1.2, 1.3, 1.4, 1.5 mm and less than 2.0,
2.1,22,23,24,25,2.6, 2.7, 2.8,2.9, 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 portioﬁ 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 delivei-ing wire directly or via a further external delivering member as

described in the second and fourth aspects of the present application. 1f the delivering wire

12



"engageabl e" neans in the context of the application that the
engagi ng neans can extend fromthe head tube to the tail tube and can

be | ocked W Shihiseesf ree end at the tail tube. In 10 aggditésndie

engagi ng nmeans can be a rigid-or flexible nmenber such as a wre, a

d. C ¥ : ‘ . .
engaged af 4162 F 1 fhealiifbe, oo 3PS anh e RERAY AR oTSA0E fEe Rl
tail .tubaubellfier eamgplyibygnakiays kom intb ehewire.dwcase tod emds of dre delivaing wire

t | i | el liptical . tion, . and hay
smoot h, 6t e e Biid he fusy i delieut wirg il Have o8 (064 oheanbich
be conneekesd i tHehfireb@@of the €aiPfubk NEhelde G hiteHal JafbeakaPRlyeherB%uture

| am nating, gluing, sewing or welding. [0065] The engagl ng neans can
be nade ofir& Prée%félnﬁowom%%we@ra@a?lérqrgmg egtadable nebawers u@@re@r cxareplesapf

tube as deagiddegdabas EBl?hnef'snfo?@heemoﬂi SR Msion tdeGic8I SR a%a@%tﬁﬁ&@e

integrally forned wt e head tube and can be of the same err al
as the hderdphtalate and exfraie6dl Hibdegeadgblgipotynreesifos theawseiin oaelusisre dgplices are

enbodi ne r f | | 0] Indrical r and _can have
an i nar Vg ey bF B8 EleBhe T S Nfel QA% Gl fRRLERD vl
0. 6- 0. 7 iy fieklpmdiaaldeseribabiok thie. defivenng Wineinothé atatetiaBnetin qh alsbh®e used
engagli ng m%ans can be 1m)re than 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
.1, 19 2 asihegutuie atenalg 1y ang | ess than 2.0, 2.1, 2.2, 2.3, 2.4,
2.5, 2.6, 2.7, 2.8,
A [0068] The delivering wire can be made of any surgical suture such as non-absorbable or

" absorbable sutures. Absorbable sutures are made of materials, which are broken down-in
tissue after a given period of time, which depending on the material can be from ten days
to eight weeks. They are generally used therefore in many of the internal tissues of the

15  body. Absorbable sutures were originally made of the intestines of sheep, the so called
catgut. The majority of absorbable sutures are made of synthetic polymer fibers, which
may be braided or monofilament. Exemplary polymeric materials of such -synthetic
absorbable sutures a various blends of polyglycolic acid, polylactic acid or caprolactone.
Non-absorbable sutures are generally made of materials which are not metabolized by the

20 body, and are used therefore éither on skin wound closure, where the sutures can be
removed after a few weeks, or in some inner tissues in which absorbable sutures are not
adequate. This is the case, for example, in the heart and in blood vessels, whose rhythmic
movement requires a suture which stays longer than three weeks, to give the wound
enough time to close. Other organs, like the bladder, contain fluids which make absorbable

25  sutures disappear in only a few days, too early for the wound to heal. There are several
materials used for non-absorbable sutures. The most common is a natural fiber, silk, which
undergoes a special manufacturihg process to make it adequate for its use in surgery. Other
non-absorbable gumres 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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2.9, 3.0 nun, and for exanple about 1.5-2.0, 1.6-1.9, 1.7-1.8 nm
The I ength of the engagi ng neans as described herein can extend over

a 25 Ienghn)ﬁﬁﬂﬁ dlrectlon of the tail tube which |sP@pg@ﬂH@Qﬁp@

guarters, two t -or half the length between the wal st portion

and the Qgﬁgéﬁly%g egcr:ﬁsgﬁl%'g 6@%%@3&0&%&% &Jﬁ‘ﬁﬁ%ﬁgdrﬁrf‘d O@Io@fé%rcﬁn)aﬁﬂler

shown in ures. I'n case the eRgagi nmeans 1s.d wre,
it can beaosbmdegradabieisr bjo-Hdegradabtewiasmatedall dsdescribed whowecambermds t he
head tube into the direction of the waist portion by pushing or

30pul I'i nqogo] trhe df&ﬁle&éf &f 'tﬁ@dé’Mv@@ Wirk 841 by bQlved 8.28anU 4, AWK INA
del i veri ng nenber described i'n the second and fourth aspects of

t he preséms, h@wb‘rm&il & 0.3 mih orchspmplerabory O (BDSW/0).
7011/ 075088PCT/ SG2010/ 000476 is sewed to the head tube, the one end

or bokh ¢ omLm‘ ah Nftedfefi®e EMPodiMesS \WRHe Cunt B BERRrihxIREre EH b@ XD fer
by meking a knot into the wire. In case both ends of .the delivering

Wire are c5EWRlE ane tife tERAIONHIE, MeIRSSPATHE WIS VB BRYIGHar cmbiorimenh yie
the for mygfiefinb QAR coMhrSEs GRMNw é%vﬁf&ﬂ 0B fSHi. 85t BEurSthdt Mo Egtf dof 2

tube. The sew g nmateri a can e any po yneric suture 5 wre selected
f r om non-delihverieg rvdttatdneextendolirou dbg bekddbbe pad mfosnvmbpglwm@xmpérdsn@f

non- bi ode da l.e po [ or in cclu nyl on
or "ol et e PO PEICoC e ol B 5o BB ARKSR 065,
for tibe m@ﬁmgrﬁrcﬁﬁdiemad)mbdm/uhewnahea PGA, PLA or poI ydi oxanone.

course other polyneric suture materials usually used in this fleld

and as dE&(ﬁZ] ?béjﬁfrﬁ{ r &l il iRE hélﬂ:ei%é Fbﬂagg:i Qé}ﬁﬂ@& »@1’&5 Bbifi 636 Chd<OHt AN

al so be as t e suture mafer e delivering wre can
be made odil arbg adr garc sktepditinirtbe sirettions of e hémslo hibaltbefoom abisep. Babthes

doun 1 n ¢FBR0Eea 5 B8P 815 b BrguS Feeiied igheds HsaR e et

nateri al tigdthebeop-foniied édliveayswire cai rgh*te the el tuﬂ'&‘lﬁyheedi&:cﬁ@ﬂ@ﬁ‘ the taj) tatseed

ther 611; or %y im%mrr:;agt;/ m(?xfmgt t?lg e}u? ote tE'lg ?oop ﬁ'n Lé?r%ct%fn away from the head tube and in the
direction to the fail tube. Thus, the part of the delivering wire between the tail tube and the
head tube will be shorter with the time of moving the end of the loop in the direction away

from the head tube.

[0073] In another embodiment, the engaging means can be engageable at the tail tube

20  directly or by means of a lock. The lock can, for example, be a flexible end cap having two
* crossed slots in its center through 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 meahs_ 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 section. 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 em_bodiment, 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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15 body. Absorbable sutures were originally nade of the intestines of
sheep, the so called catgut. The majority of absorbable sutures are

made of s Bet ool ymer fibers, which may be braidedp
monofi | ame Xﬂ% Exenpl ary pol yrrerl c materials of such SynﬁIS?ZOIUIOOO-HG

absor babl ?sﬁuf'ﬂrﬁ 223 Ml 4R glﬁ'lefgerlQJe&glﬁéCWS'fS ). ?P PQ'z @ti.F
acid or caprbdlactdne. Non-a sor sutures afe€ géreralTy ma

mat er i al smwhindimare partictlanieofdboht Zmeh. by t he 20 body, and are used
therefore either on skin wound cl osure, where the sutures can be
renoved afobeq] 18 tfl@‘félmt‘gsthe%]daﬂless@%rﬂ ﬁ%ﬁcﬁﬂe& S’lh‘?lﬁtailnT}i‘é"'f(ﬁEablc sectlon
absor babl e sutures are not ad e&ate This is the case, for exanple,

in the heaeerdingdoian apihodinsné of Hiesfirsivirpse can wompriss atdeashtinee P&tjons: dbea

i Co o a e g G HEAEabAed B, VAR hiheBiol oty B PR

make abs cmﬂda\ielng adapteduto bealispdsesiapgesiaar with tbcnhqadautfeenvttdsafytm,t s:tieof thardkefect.

for the und heal T er ever al rials us

- abeor DRee0rd offtccal be g Todafle FliEon, Shigh s Borinsrieq foane endiof fhe til
whi ch undebgaeBbéngs mtealto MR RSO EBerDWIAE B Stail QubEedt ¢hd t;acﬁct,wtﬁe
for its use in_surgery. QO her ‘non-absorbable sutures are mad

artificialefect H@Péhqu H%@W;}’ﬁrﬁdﬁ}?t@%m"ﬁé!%% grough thwnfﬁmgtqﬁétseéieﬁeﬁy
or meyy Nondhue &%E@%WE& ﬁl@%ﬂﬁ@lethlaﬁ'd por6h LA M fdable. tail portion, The
characteristics. 30[0069] In an enbodi nent of the occlusion Pdevi ce,
t he deli v\ealstmgrthmw cl ivartsagerblortwedn the/head poitionabd thelaibpatigu pfithe film(s)
fSUt ur-es, J 0 %é;%{EB ef a r P nld tg 'I_Tl}emn%o& th Hf %ﬁ#o rn%ij ({r{ngg]ed] i%‘]t}te %1918 tube
rom poI y(ap i oxanone ound*
non- ant i gadiatthe otier end\A@tIﬁaOehﬁ/o(ﬁﬁ&G&Bﬁm‘ bnsmo:bﬁvie@:&ﬂw&epgnt mheni ¢ and
elicits only a slight tissue reaction during absorption. However, any
ot her no I i L bed
Sbove oot PR RUBREGont phieniantRIaR] fu § A8 ERAAL T 109 oFGREL i
bet welén Cfoeemlﬂtmlwougtmﬁnns Zxteadids OcB5en Hetlwed tube.apd thenwaidt pationm
for exa o) 9 ] n t
enbodi Wﬁrﬁgr%g %‘é'ﬁ co(nll:e&g %ljavggrl?%t% J\%%génjtcz]iét g ?J"Zt%ag% 4 k%&fﬁ”ﬂf gre
one, two,providek In armther embodinreat, sipapamerermessuch as ﬁ)rpamhple,umm&re to eight
enbodi ment_t'he deliveri W e conprises., evvlre ich.is.in |,
Form Tl areehs oo S 55 B ifopt e aGrr b pianidsd infha s
the head Heddporfibhl iding Sdgient g iMiieCddnGaNofRE follable paFbd tHANtH2RIWEEN
the head tube and the tail tube or at a position behind the tail

t ube,20nhdlFxiie SRANER Gt theofRlding sprERNt e SRld tthe paré of dhq amy betwep Gheofoldipe 5
further eghagitaRMihe htemam@@ i dhe rd'ir@&ldﬂ' dJren<Rit ﬂéﬁvéeh)tﬁéjfomlﬁé]sééﬁ{eﬂt :LtdEtﬁe

ends at the tail tube and can extend in the direction of the
tube to f%%*?hpaﬂlo@@é the i This candiod pxamine, bedend bomeatsod adbinger paetats?tthe

two eye- P t t.hat, t d
del i veri ?\dgl%w&% ca m%é ;ﬂ%ﬁij étéﬂa (éatiﬂ?lt ItﬁEteOf:sj{lﬂF ec |t8r§im€f;t53 Lfﬁ@u{f‘%feﬂ?
t ube 15 Hiexihelitmsingf further emg)otiheere,rtﬂe 6dfldinp eegrmpcmrbet hflexdblegaini am bingy
from he heda Fube andl hjg tltﬁ o 10?'[8.” ube Thug(5 the

part Bf & CeHeraRF 852 Feée 81%95‘8 Bt tAemetsril G i mn P 4R gRRoqimp

wi Il be sheeingcanwhive tWg thieBEfodf, dFaMbradifféienteddgmeits,t &ieh ladfppted rtotfble a

direction away fromthe head tube I n anot her enbodi nent, the

engagi ng SAERFY of £AC HJsb ATy tatah?‘l"iéh‘t past of ths@rmmegt toghe headoportign

means of Ridgd6Ked U‘tﬁeﬁﬁ@gftﬁ@@r’m h&¥t (Ceh@WRlseporin.2 f1exi bl e end cap
havi ng two crossed slots in its center through whi ch the engrai ni ng

nmeans ext in the f of .t he occl usi gn devi ce desc

noner n WA sy dmrprisBe Folfanls frad, Srds faadarios e BRErLmbe: outioEnt
the ta@i | dutbersf fidhgesREtsitih\WaiioRahe fGIRA sEnfentEMRAth b eid Rive Bk
to closely | ock the eng)@gl ng nmeans to maintain the folded stat of the

occl usi orfamer @edifferepleBiagtioning meekanism Fh long g Khe foidable heads partione ean be
fixed at the front side of the defect.
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30 opening of the tail tube. In an enbodi nent, the engagi ng neans
extends through a hole provided in the mddle of the wall of the | ock

t ube and i perpendi cul ar to the tubul ar openin ack
t ube. The%éﬁ%ﬁgﬂg.can have a | ength of about 1-5, 1- gC@EGﬁl&@’du?@\D
2011/ 075 ; 000476 1.5- 1,5-3 -3 nd an outer

i amet or 8{ feits Trogtte Ftcpbfln dapSodtydes b ¥ Bt egiidol1, 39 of hofk i fos
parti cul aexampie teabento 2ighmarmhd) Gxdhding bdneeshothk auil mebet hvel thel @aibl portion
section ishdescri ed in detail. ih.e f ol dabl eigsecti on according to an
enbodi mentMEFN SN 14TMs FOBRTEER B LUAINB iTgmFlle 18t0NCEBROMRFYE R 4TS EC

The '5 fi Hﬁbvia&r.tlh @Rothét ¥R ditnen) | RE3D b e mMdRAENRO§Ch A8 for%lhn‘ﬁ?]e! fhree to eight
connected at one end to the head tube and beling adapted to be

di spoSed aBghatancanf theee FrurHbgdsikiseenaor eiglt armgpan be gwvisied imthedelelde |

The secongy IO b I jid td [ Gl d
o ono. end BPHeRo ThE A fiudn RIERE,sEghdl nPBK'bie Wil b o RRETHET
wi t h t he samielstrictibee aatl cathlbe iaddofsthel sand matesals e$ thetarm el fohiingisegments of
can be a i rtion..extending through the opening of the defect
10and beit}é\%koz&arbgeﬂbeea%p%@f)%en t he fol dabl e head portion and the

fol dable tail portion. The waist portion, which is arranged between

t he head [B®78ilpan gmbodiment ofithe peplysiapndayicetdeecribed h¢rein, therare ceroprirsd tied
at o e t } t

Fube S 0 FAAINELEEboBlort 15 1229 RERUIE TR 1n TP IEBHAhch ch B onelCARe
connect ediring chin de tagahged uimeeach @Ehed in Bhearfnet dablle ¢ngaging midanoisz paitioned

i nclude, ,but is npot restricted t t wo _or e arns, .15 for,.ex | e
to two t PSRN e A I g e RS MokE BB BPEL I Ao HE ihere
portion whahgddb@aecdn the Mead Mifbel &rIStha WattdjoRghrs SYERMMN, elgl) iANBe occlusion
enmbodi nent,. two arps_are provided. | n gnother ?nbodi ment, three or .

mor e ar miCVISE SRV It BigURsR ARt E0° tamRerniguRfigh ot HiEHO AR carhReRigsent in
threes f que foldableaail fbrtion SEHE BeclWiorPldite d@idibed RBinPe provided in the
fol dabl e head portion. Folding segnent nmeans in the context of the

f ol dabl e iLon,that t rm,is 20 flexible enough at, the foldj.n
Cogmant - B0 Okt e, Ve RN seifon i isthmbofasent rafide> Say it idlee
t he head tb,udiR drhfindrl@ldé foemed §iha elicet-like it bebedenaRnhdadauleOArdi tAg tail tube
segnent and, the wai st portion, of th This can, for exanple

) , b
done by PBAHENgCOBGEIed e head fubsrand iae il gy vip g Taktieng 2ad Awpeond end of

flexibl e pREA0dN sdclioh.Mile RAdablOectife 0PI SRIARAI &N fetat WohiphitEBhe or
flexibility. In a further enbodi nent, the folding segnment can be a

f I exi28l e M&F Almp forged im @ shees like deamobetwpen ha eadbiude aed fhedpib fberhen thal
as the n%l%El%l@lseafont RCurdbiaLd. | Wne A fS1a IO QELTRNE foldBE R ’Eé%ﬂ-.?leﬁ@‘{ge

two, three, tour, or nore different segnents, each adj'usted tb fold a
segnent okclesiom devies mtpldcedstarpain the tissuabf opattehefgpatasingfa ddfiect,ahenfilmesct

to the head [t bei. folded to th art..of the arm next.t

wai st poreh 8h O eb Aot paf o} e 8 e Mie kR B otbabie
conpri se tiihpordamevhetaibtke waist gorftibe canmaiathimistfeens of fol di ng segnents.
In addition, the folding segnents of each arm can have the sane or a

di ff t han i « I l. '
0115 ] IR TRNEPSBL 1 08 D LA € 0 R L
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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WO 2011/ 075088PCT1SG20101000476 [0077] The foldable tail portion can

include, but is not restricted to, two or nore arns, for exanple to

two to eigﬂ;ﬂﬁﬁgg extending between the tail tube and Eﬂ@bﬂﬁﬂﬁﬁu%

portion wherein each arm conprises a folding segnent. By

enbodi ne odi nent h

mor e ar et b ST ¥afs Bi8HuOREip ol FRAT I SRRE L R pst T aens

three, f Ctha[t m fiienenfoldid state @ @i, follableihgid pétiom, the admshan be @ytugked as Bhdve

fol dabl e .t ortion. The arnms and the f gnents in th

f ol dabl e ‘t‘é § G‘BB‘FP'PS'H *l?ét‘i‘gtfa‘éfeaftfﬁé?“ séf)’ldﬂblte%'i" ?fHOEé‘H“ ﬁgﬁl‘é" i

the same pigiresd 2 ﬁh@saﬁhé HfheddofB ngﬁfﬁ'l%nf&ﬁtﬂé s GATEING sRf sdvBf digh dalioee

head portion. [0078] In an e di ment of the occlusion device

descr iShe & F&I bf: pr@wet iarthesfoldghisrtaibpertipmof the oedhesiangleyies descrbeihgsein (¢fon

can have @, %ﬁ )ke form In this enbodinment, two sheet-like arns
ged on

can be arr each other in a manner that t he engaglng neans i's
p03|t|oned bet ween the t rnms. | n other words, one or filns

forned i d0084 fpepe Iemedlfrt?mmt%er @I%bteatrgecp%qw@nths rfeldﬁ'éadalt H%Oart'ave

the wai Steaﬁpfobl' %sa§/h§rgﬂ"@ach fnfeompriled & leﬁﬁ)ltg‘é%rRQtt deMoGA i RN 2.0
Figures 7a-c. -The Sane conflguratlon of the two arns can be present

in 15t he bIe taij l t|o of t ccl usi on [ escrj bed
norein (BB e cofisar SCp aBplichiar, 1 BE1RoniR of it DiapiEsecton, Le. the
enbodignertbldhble hegesortidt thd B1dable thil porti6Rl ahidthe WAt Ebmﬁﬁ,_r@nfb'e'n'iﬁlefo@ fHyes
in a sheet-like formbetween the head tube and the tail tube and

bei ng corifRAAte Portiong,Hshigh san b sempmsed (afsepapte filmp beipp naderqf the samgyor
and a .Sefd@@éterﬁ%tatalg hfie tﬁt&.@btueaﬁe?ar'tﬁauseme?é,%&',%?laﬁ uﬁe@{;araansoctftﬁéte
occl usi on device can conprise one or more filnms forned a

sheet - | i Keldalde sedtionvean rbet $aombigdegradsbleagrobiodagradable polyyeer\on exapelimer as
fo'dablecﬁ&ﬁﬁ#@?%h%ﬁﬂnﬁghgﬁqndﬁﬂqﬂlﬁBg fol dabl e section is fol ded,

for exa usion device 1'S placed near or in the tissue

of a patlent for closing a defect, the filns can be fol ded at .
speci6i c 084 Eor sramplsy it cam hesyjtabledo prsparsiseraraie Barts the dewics figm digferent

fol dabl e Bg&de]n@%étb Als t Richl)% Q&ﬁu%hétre@%&' RHoGRA LB ﬂﬁg:hﬂtfeh{als For

form 25[0 In the context of the pres |nvent|on o
sect i on imstdngk,dhelwaiseporkon ¢fthe fohdableciectinnl can be otadostiffar onmore rigid thantthe

whi ch '
o o ERAE S 8 Bl BT DRSSl AL AT AP EIBNIBI o
state i s thd Elmeex:pdttleﬂtk bmmfkhm@aleabtmeetcuom Troef a tchatimmood ik @n shl@ﬂ which The

part 287 R Rk e bt ST ort e R et ST RR R 9 o Dielst

these Fi goftRh. THISSs ﬁnlédltﬁ‘lynﬂéﬁjﬁtf(?ﬁe fottebfeqteambﬂcetaﬁeemoﬁr&acthsm‘velnd@mm-
[ 0081] In anqgt her enbodi nent, the fol dable head portion conprises

three or Sh¥d ames.-g. three to eight, arms as described beforehand,
wherein they are arranged in such a manner WO
2011/ 0750603 His2EmEntféad 66 tHehmtlutibe devigadisatbedteren aml hown] indhgded n

t he cent of the re.arnms. That nea that_in_the unfal ded
it o of Teior BATA A BRSSP FicB(oh AP aie O A P i SBe QB
in the em@alfmﬂbr o AGre Bls aafaﬂged/\blt Badh dth&. TRIIabd or BRad AiRRY tdnoke
which is shown in Fggures 2 and 3. The sane conflguratlon of the

three, f&§%d toffprpp thedfpldable seetign. Iéf"g%t)r ur fgrscare Bsedy the cogaginganeng seme

i((r:‘f t hle:i 5315939 &a :Hl‘né Rﬂi‘ié 61 Bimd, EHRGGLHSH 108 HRY! HE B3 He &S Ba & N

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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[0082] In one enbodi nent, the fol dable head portion and the fol dabl e
tail portion have each four arnms, wherein each arm conprises one

f ol di ng SeYR lt],,q@fi%shown in Figure 2. [0083] In the cop&ﬁg&zo%%ohﬂg

appl i cati on, ree portions of the fol dable section

f ol dabl e | | e and .t h

portion, lﬂg tD\I'oe el th?@;e}lcﬁ#i?ég) gggar a eé 5'55 ’it%ngﬂns At @ﬁwggm"ated at
conpri seckpaﬁﬁspcpﬁdsr&ters‘emeds bei ng made of the sane or d| fferent
materials. The material suitable for the use in one, or all

t hree por,

bi odegy adCgeh i se, B drhdiE R 5 shalbg A kaiF ol ‘pélt’ﬂﬁ%%f’f@ﬁ‘*n‘?a%
and t he tuavdllytnobprovisd Md]mcﬂ-:’ﬂc ofthetmpd Blms, t.e.mthebmiddleilinabktevetmthe head

prepare separ t arts he device fromdifferen ol ric

ot or ool 958 SreCnE o] ol pe g Ste e Beris i Prbpies PREFL Tsitvp pemore
nat eri al .filner Thad $h<aAs ehat e enBpimk At icam befindehed hetwtak|tke G iadd tean
be made stiffer or nore gid than the fol dable head and tail

0or t 1 ons 1@vertHEs i fhedpiddlediieirirpen dieagaab heitsil b 45 SEPWILES Freple in

form t he g dRREH: sSRISh RUtigRE 74.he fol dabl e section froma continuous
filmor sheet; whichis 20 divided into the three portions by

cutting me, filmparts to forma head, tail, kK or, wai st )
This is ﬁﬁ‘iﬁﬁﬁhwﬁ Sptech s BarlE Areehates BT RS Bont Rfrote
each ibav@eigvand |tzlxﬁb§ﬁi%ﬁ§dv}ﬁfd‘f¥olds[ 2R8pbvided thiago®ninedio oPfhd Rfdable
occl usi on device described herein_and shown, in Figures 7a-c for

exanpl e, PPRONF-dihg 3pis Perionicambe mAde ieh thas thiseartion 1At Bxidabls. This cagfor
exanpl e, e&éﬁﬁple &%cﬁn@ﬁ&eby TJQHé a sﬁﬁcﬁﬁtﬁnth@ téﬁé n?su?ﬂt{}ﬁ@‘?fk d@@fl@:ﬂ&lhor

ot her. Thus, or nore | e can b€ use ormt
" section. bwfusmg/@ddationfabﬂlmsarramgechatéhww ponm a@dgaggﬁgedrﬁumncan be
positioned in the mddle of the filnms, in the case of two filns, the

engagi ng (0033 méa@n%@mcdedn haiahass f6lb|ﬁ>l@hcddeﬁ>‘iﬁor{ ¥ dompiBe theke or
m)rethan one filmis used, for exanple, if two or nore filns are

ar r arkged TNe aish €8t Hse toreight prsnthecte l%sqgeteate@f qagly afmm & thgtfoldplle heashe
end 30C0'§Bﬁ@h%§n bo I&CQ{é head doHRm &R@eemﬁ]&;aégﬁ%& SInE Hﬂ&l:g%ﬁﬁ‘letaﬂn

the tail e and at t e parts between portion an e head
portion dmdddtion, ke aem capoemprise, a fibs pﬁ@dtqnm%pdm/gsbe&meen\m spanned over at

2011107 SBEPCEIGROATHONAY B Hoh LRl LR 8 DT ML s 1 oo

nore f can eci fic por
or sewed befn@ed&e waistgpaston amlnhe)foldmg mgfnehrmf atle oﬁttieanged‘lmsnolﬂmkl film

ot her, the weldi cqnnect i are ual Iy not. provi ded the m, dd| e

of "R ¢ RerEn e DR et e HisRisand T Rree hEBcae Bt e Hou e e B
tail tubehe &fieh that the engagi ng neans can be positioned between the
two or nore films. That neans that t he engagi ng neans can be inserted

bet ween t(@:sg}’ﬁt chﬁﬂ@étlgeanlo ﬂodﬂﬁen't N %JH t%e?oel(ljn%)ﬁ]ee talF Al goﬁoé\#e

head and as s or exatrrpnl e’in
i n Fi gur eomprise three or more arms, e.g. three to eight arms, the folding segment of each arm in

the foldable tail portion can be located in the portion between the waist portion and the
25 middle 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 portit)n 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

enlargé the tissue covering effect. . -
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[0087) In addition, the connections are generally not provided in
t hose parts of the foldable 10 head and tail portions where folds
are provi ded to al |l ow the folding of the fol dable portlﬁngc(gﬂe wai st
portion c P HEANREE such that this portion is not f ol dBbl"&%? w%r%an
for exa hi eved, sufficiently mat.er

ot o orlpBeon s oGRS g toRoR o e vt Mosnd Sif borhb o
the wai stcop@kibé mﬁeeaﬂdn&}elaﬂﬂs felox @tfed foedi @AM, ARSI s 6T each arm in

enbodi ment, in which the foldabl e head portlon can_ conprise three or

15 nore éh?réold@@taﬂtwﬂéee foldableghgad Jropion apcberlgrated tp the gartion hstwesadhe
armin thﬁalét&g%hlaﬁd biRafidBRIof 'tti%rhn?naﬂlk@?rl!h@?\% ShlbbddImelis dQng; tPibove, the

bet ween the I'st portion and the mddle of the arm tion,

arm can compmansemprife 4 frimp pettioorextendiog detwgehor Wned)ovapatﬁasich portion af

| east a of th s, such .t hat il m Qvers
at T cast T rBCor el Gk MER o (T A BIRs B ol et dfe Rai
segnent qlortemcindothe tfbidirgr segmerdihd Seaehtaf aha larhs, I1m a{)mrﬁoldahlede ad uked

to COVGrfIQthls ue .an o cl ose é@g def ect Ie st fromthe fro t
side of tAGaRELY P°“‘?'bg§§f © FRIATBIGHYES PYFUOT A B pef @ sBvst Hsue @

whi ch t he)dseliraldrect taim tl'i%ofréﬂtckﬂieca?hﬂ tROBREK §ife b HRedeBict. MPHIR A omensg
three to eight arns, the folding gnent of each armin the fo

tail Por texishd oxer the fql@eatsefdwnnth@ [REca ebplcewr%bmé@rre%metwmﬁ)&ablﬁdmd @m

and t'he (26 &hggEﬁ$%en& qarm In addition, the armcan conprise a
f|In1port|oﬂ exten et ween or spanned over at |east a portion of

t he thre r arns such_.t hat filmcovers at | east the portion
bet ween tﬂ@'&ﬁéﬁ%% %b%laefttﬁ@fftgf Periysier glewice dsperidsg thegminyg \%e film

arns. Thigsrfiatdaf®alp réalaeal bRl afsarbvbethuwﬂst éfértﬁﬁ)’?ﬁattrﬁ@ﬁnE kb wR Mpd
to close the defect at least fromthe back the defect. This

fi | m por tPRBIPNIBD cpyer agepftor ehe qrgar%wawrpqmowrgwéltwnﬁw canirever parf of
port uen o thel dhtife §dad Yhof P.ﬁ Hoth . g%fnhml}ﬁﬁ ofde! tﬂ@ﬁi# Pseﬁfoﬁ @Q%QM@& at

the folding section to enlarge ~tissue coverin
2 011/ 0750s8sepf g&xail porwi004le ﬁlr[l ©OB0A tan geldr t ipam of Dlnthmmmh taihportion and

f ol dabl e rtion._and t ble.tajil. ortl n conpris
three or ﬁg?gnﬁﬁ n Cover arrgeﬁt odtgl lrea‘rwraﬁg' pp T‘tl'eonf 0 d‘fonlrgseggﬁ r?eﬁ‘lnhf’)rf
each ar maitemnbtive, fmdasleathjee“lmamhu_mnd ptdvejeﬂd):i thaltlead peréidn ped thie @il pation)€he

| ocat ed | t he rtion be en the, wajs orti.on _gnd..t he m ddl e
e e i e £ B a6 p b TS e Biom Sm oetoreera e iy

conprbse agy bf thehl tail @ waist F6tebR BanRl WEEHd @harkRaANRELIRMStioa!l | east a
portion of the three or more arms such that the filmcovers at |east

of the alfiP2Pfit 4PEThI RS s RRLAiRE B 0 e Rl Sn S AR Hip

of the a ead an
These optcnmpﬁi:edf ofl :nﬂpnblel @ndastiasilybdefoiseld maraivlerAst &lﬁ bel Serived dtvtn tie

{1 the. { FUFH 37 PYAcine FEEBARPIBFCR ol esmeagou i U, PoFH BoE v o
be cover ggldfay stegﬂemes:nes& m{Rh rél sipdtehel @B A OFilrk @bhzoﬁ%aﬂ A8 waii phion.

ent ar ged Thus, a sufficient 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 segmcnt;

19



100911 In alternative enbodi nents of the occlusion device described
herein, the filmportion can be provided or spanned al so over the

wai st porti.on. means that the filmportion can co f
or the enh(ggj 6@1@‘{” portl on and additionally can cover¥§fl?)§2@%)%’m%

or the e ead an tail o te tivel

O e o g 30 IR bl R el ] G ol il Be 5785 i
pg{jtl on Q&Pemvgéén he piae bf the d@ﬁect}th@e&l@%td tn idalitionpthe tdira¢hsionel of the foldable
addi tion can coyer. a of or the entire waist porti

cour se, ad pyrtion e otihe éqqﬁ%kﬁq #d portion Ok e aerlusipy p?ﬁ‘ffo&ubﬁﬁdlué‘eg so that

provi ded th& dbhee bpask fadeliip @n@?ﬁ’sh&ﬁ‘%&@éh' a BAthdidrOReath BEd hhd MMuRALAG QR
can be provided to cover also the waist portion. Thé film portion

provi ded (divmeahef the falded nostsans 1n thel workingesiraetuigor¢. jin ther £pldpe stateadvhieh
o .
enhance gggﬁft@gehl gde'&@sﬁdgo{hﬁe ?Sﬁéﬁlfo {?r@%@ ‘#&’e’b&%&ﬂn Huch QetrﬂﬁE%HéheQP

device d fore e’ co I sed
flexible qhwsediladeﬁectaﬂshyll)dbdsoa chabiee:r whup o dD mrAsThnadlainetettemf the dcélnsion

(e FL U o O Sy PGB SEREN S 6 pib RN oS W

st r et chedomigd Tsfa&sf¢ahfﬁep@bdm o ma60 hliie, mnnﬁi, 4peﬁm; S0 mm, 2D thiSr ch be
sufficient high flexibj Ilt\é of elasticity of the film portions

mat erPal Hf%‘”ﬁ@e’dl'e‘ﬁs‘{‘%"%%tlﬂ“ 18nip eahedgiong estmplpathe |f?1H?b¢%P%qdowrmn hasp

the fol d'd‘;ﬁn&éﬂﬁ%ﬁbﬁt%n%aﬁ@kﬂesf%ldaﬁlg‘%alffﬁérﬁéd Bds aSdisBAEL dF 2686 138mm. The
adj usted within the filmportion such at the flexibility is higher

at t he ersizectf ththbolded heapportipe andvHiecsizei of threfpdded hail pertion pep Beedapisd Suehd
whi ch I
ichis hzgv}ﬁeﬁef@ét ﬁtal?%u ﬂenﬁi P;gosba fﬂ%.‘ggfg%%!a filarks Sn ’Eﬁﬁo;ﬁ&‘? ofqhst

portion. r .exanpl e one ecreasi ng
t hi cknes sprcsbntt ingentiah @hat aften fnsertien foif Itine p@iusmnrﬂdvroanntbm apEnsig, perliquah

to the f 750 /. 10/ 0004

26 Sana oL BRI R sids Ve cuam 587 ZHRE AL T RGP the et R T e DS
freely aci;jd¢sdfelﬁh ¢leqed RPerGe cin Hoflengar be obsfentchﬁfoﬂeif;ﬁﬂﬂe bpediRcaipgaghy bn
addi tion, r‘rﬁaloeg ol{?thefoldaﬁql e?ﬂw@&%i n and _of the

f ol dabl eaf‘&io et Hsedrin fhigarde aregeire edigyld 2 3Pddt&ed so t hat
t he devi ce can be pl aced in and pushed through a cat heter sheath and
has a wor[R094§ Tae tlecknsss( afi theramer gndaff thehBini portiens, piopreseon of ithe foldeble head

wor ki ng structur i e dn their folded states. .which is suffici

For i os;h itAions,or iy S Pahe Sclion BLAR o Edeyidh ok b p et bl 1,

t Lang@at Faet h@,riﬂf, (Beﬁ”ﬂbl% SllkﬁflfBOI naosuao byn ,h'@ﬂ balod.lhﬁimt 800, @50 U4ZO(I, Q5e.BooMm
The di aneters_ o e occlusion_devices, t he  di anmeter

f ol ded pc?r‘;ﬁ i b 40 ﬁ%a‘éoahﬁp EReastIgng aﬁng’retfl‘?iﬁéa hﬁsf‘rfél“i‘b?‘f 6‘1“%@365 to
states, Gadinef MRuctlfe BIMtheSH¥M andOa Mab@ﬂ%&ht}?’% B8 folded WHnP fthe
can be 10 provided in a size of about 10- 16 mm ‘In one exanple, the

f ol dabl e deplRUYMPHPSAURas a di aneter of about 12 nun and the fol dabl e
tail portion has a dianeter of about 16 mm The size of the fol ded

head por t[069%] amdnd Bieb&ii@ent aff tlﬁéﬁ@ccﬂ&idﬁaﬁvtcalabco@alhg tOthe st Npechdadetibel
such that a deéect can suffici entld%/ g’ ﬁ sed., -Suffi ci ently cl osed
means5i n hefadn, b ivaist Psion ran BF <y dricaly BANTYS e sch 26 erolY e BP rof

the occl ygik @hedsyd &R df MelfoffAbRARR Phtioh BRd bAkHbf tHedfoldaB thil PARibA€an
back side to the front side and the liquid flow fromthe front side

to the baeKixeilder etampieby Wekling wsbwing thecams Ifmthpowgeépo@enolbsa@raheman%r
|
XA & BhySERARIAL PLARRPLue BLBE R SRR ARl o

the arnmns oanadch)abthemﬁhé hcbllmpmbe ca'mscewé thp deideythent afeandwndftivd dxgagmghmnis

a0 8 L 0 BB e ARl e RSSOV e car

.- [0096] The wals't 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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20 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 gm, but bel ow about
500, 450, 400, 350, 300, 250, 200, 190, 180, 170, 160, 150 gm as |ong
as the m&{ﬁ@ﬁil/g{%ﬁfaa suitable stiffness to maintain tgg}vség &5(}647% of

the arns bl e erX|b|I|ty to be fol ded durin

ot L e PhPeis ot ppptips OGS olte Mhaiey st e Adfostell By ey

portion GadhdiR sacle¥s thednaeadl, eld3atily)Whd miariabBtedknas, e PadllyiRkhésstofike
To this tube, one end of the fol dabl e head Eﬁ’ftl on and one end of the

f ol dabl e teg anathetlikSnThfa\ﬁalﬂémfti%éan havsra lengthnof Betygemahoyt hgnd L0 gingi fag
the arms &onbReuiaf B2, @Qf t5i Q. slsnoamoﬁ«ln& efrhe%'isvgoﬁe#em bENEabe hi\ing an

wai st portioh can be a sheet-Tiké tube, rms in sheet formare

lai d 6n dvnsh digntetar of Bhisadtobowb @5 016e0.22h8 B di0d. 1t ha, tiépl-bylnermm bt ant
and the ng dyr,i e,depl te B, e

occl usi oﬁgﬁggﬁa@eabngggrﬁi ggdg‘%e?gi %Q f(%gé?)éﬁg 8\7\2 92?’(3‘%”'5’1 |3§Irjl f%’:'}a]t%agiéﬂe
fornmed tabexttlefrd.0f hodugh. 2he nﬁmélfhervgallahlckims dfaﬁlembeaﬁmec\amst ;tohum is ire

adapted to e tissue, t ess the en el ast

enough t 8 B 269 2 BRSSAEHear SR OB LSBT SILPE dhrcanbls sbout
openi ng tonsc bese 0%, 0.091@.19! @33'03!5 ¥0.1c720.10€0.26 0153, e@sbazcommm mebls@ds
such as the material elastici ty the material thickness, the wal

t hi ckfesd-4% Oﬁﬁ@rpée@maﬁﬁ&wvﬁestmown iy Hethg doray of ghestdike dus: wa\ﬂ@cla'ess

| engt’h_of f b W@ﬁrhu%ptﬂuﬁepjené’éqgn HR &0 of ﬂBreeﬁﬁ{Eplhs@d 1@%9%&%1& he Bolddbie
5 6, 7, or 10 'mm" The wail st portion can be a tu having an 5
i nner- dlamitoer of at |east about 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1,
1.3, 1.4, 1.5 mm but not nore than about20 2.1, 2.2, 2.3,

12 95 [0@7@ in tgle becldsih dedidd of theQirSispadn Gt dafbe SHEBRI 16 prdpatélseparfte Bars

nun. The wall thi ckness of the tube, if the wai st

porti-on |0§ th% félﬁébI? Sestiont ofathgygachigion device yfiem  differenle PofeaRe MaHA to

8 gg 1§8d fgecl;lgca“g]ad%@trth@ U’gﬁ@peéﬁggéﬂcggg ﬁé’mﬂer@a@ IBOQ #ngyanc@ ?t%?wzagr ion

100. 40, ofas enclugioRGlemee can be madevatifer qmn@neargld than thet fvédablﬁrhnaéfané tail

sheet -1 ke § uber therielmt Irﬁ&r{@%sf?he f?)id[agféfese%qeolel. ]Oﬂ'} '1"\9%% 1ylsda éﬁgsﬁlbl%% 8(8517]

n
1.2,
2.4,
1. 6-

one or reloﬂ Phe hi's sect

In the oeﬂlpuﬂs oﬂhdﬁ\ldacbdae @btidrher dﬂtltesetnne&mehsu,on|dtvncaﬁorbehcsumeabdtmdl but
prepare arate.parts of the foldable i 0

vy oot PERB PRk So it 2k e, oot oo s epdbitfy o TrBar o fog

t he r@quiitsdndtionf E(Brr@tﬁﬁlﬁleofn bitCeriiidaneém|the iPpoit BELANERS or tHeewxigx lﬁ:ﬁ'tlon
portion of the gcclusign device can he made stlffer or nore, ri

than t he crbIbgaifter Hadthanieldale) hegdrandoltl Retiemseots therdayiset Using Fieent

fol dabl e %%@@natéﬁa"&eéawa?s% sebvk th §lt&|t§@b189§§é£bﬁi d); ef Jxﬁ'&ﬁh%dmmr&ffth@f
t he fol dgble section or of the entire occlusion device fromthe sane

mat eri al obelusipmdpyige tpresilt inca seiuehiind sleradatipntoft differentapants pirthe pealusione
f1 exibi | 'n%%agr o%téx%{?gﬁﬁ&err‘%%hél%eé W th%qvilétts%fnﬁ‘dhc&dn% mFaﬁﬂfa&%S%EfFera

in one e I'ment ort structures I'on can be
stiff2er tpbammbma‘teriauarﬂ)ich dbgadlesefmsiertthad thpumtemhlsed)fortthmprdemﬂ end distahg

di fferent ric eriagls can als r ter, the.

bi odegr addBitr Relie-cliit e SRdefBrinABsGE o find el Bl Gebinge fgher
result i pagagespRayflald fagbacialé onholdereitlid eeter.parts of the

occl usi on devi ce. For exarrpl e, the material used for the waist

portion ‘iﬁﬂbsss)gr} &?%” g‘:}c%ur ﬁ'é)lferl lusgnglgpxggf }%1% flmtag ?lthg\hdﬁgoc usion

degr ades use
support . levide ca Be nﬁﬂe &f@mnﬂ;dner&smhtenalnhhe alhﬁmegﬁdatﬂe q:hleméeftceptowde a

\c/imelz Qoélﬁt t cfulf)fiilé)?(gg cﬁa € occh?s:osns %gﬁcg f That d%legnlswhgt ftl;eoga?er}l%lss Ioge;hé) fabg‘.bee
-, described scaffold and foldable section can be made _of a bio-degradable material,

paxtieularly of bio-degradable polymers. In this embodiment, the material of the device can
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[0098] In one enbodi nent of the occlusion device of the first aspect,
the entire occlusion device can be nmade of a polyneric material,

i ke a bi r e polyner to provide a 30fully bio-
occlusiongﬂggﬁ gﬁa#hat nmeans that the materials of theggﬂéggng&ﬁfm

descri bed s ol d and, f ol dabl sect an b

D o ooy el bRESEPIRIC Siaan 61 SrPIS e SRt RS bty Bk shartime gt
this enb%:@(ﬁc:?&ars t\Rverat mbnthd, séth 45, i’y e 5Cabr 3 Mbhths.

2011/ 075088PCT/ SG2010/ 000476 be fuIIy bloconpat|ble and can, for

evoral AP EPPER b 5 d0r dndt e 3ol BighrRlal e FipE R e °

Approved thy mést cbimbaly GdebeindViacRisig bidpRigiadatile Mnderidl oflepsiad @y Wlood
pol yesters are the nost_ commnly used and ron15|n$ bi o- degr adabl e

et er iSal SOBRCETRMAN G ThEY S5 PIOBmEgHilsard Fi heaiior Lo dogrsl i a wide

bi oconpathfieeoffhe GRiIndIe HodlelQr &k fonlqggih@%pWyH@htnoiath‘é" SRIRARVRES
tinme franes. However, the | oad |ng and depl oynent of the occl usion

devi ces ussualy ylvavodWICdd@fgmna@om@drﬁhatp%nnqﬁdrebm pidlerently sin pemasy ef
di ff t
011" el SEGPRo R (TESRGO e RRBDES SR cfon, L Y Bbmpares

order t o wittmpktatselnyordepd ameplatelyakplace rhétel m(tlmd Qudhldcrcﬂ;sngg,rthe pd:igmers need
pon n e, carefully sel egt or.di ng to .the

Pochal P BB Sialfy e edti Ao ihE RS nisal S BHowa RS e detien shaugs
to nmake fyelthken@ubint £gey Rf mikedunadhtagt opthRRRtérial propbitics bk itRIgaddN e
ASDY PFO occl uder according.to the flrst aspect the material  shaqul d be

adj ust ed AR esbides F“&FO'&WH toa g-fiTsh espaeiche mmalsrial thaldbgadjusieddo the

fol dabl e ;3egtid pI-Rhd-filE nfReiEdnist]. Ahededt Cfie @aaab@@&%ha.h bytﬁeeocem@n qéwe@y
bi odegradabl e pol yner havi ng sufficient physical and 15mechani cal

propert i e8nfgsneraldy g mededablasy. binderradatye | porrdr chayigesyiieienti physisah agsb
sel eclzed ., fLoMm 1'(;)&%%990@@@ ;dgpﬁ, QhcHPP 4 QﬁleQs(étrﬂﬁ& 1R QM,F selected

polylactlc acl act one- y actic acrd copo

(PICL PLiA fompo themegrduyp pmnylgﬂlqg:odf i delychirGayionpolBGL); | paliylacke: (m¢A1)PLA)
pol y-D-1 ac

Copol yrerb o SRR PO B RERT cedlf SOMBYDE: LA OBt SRR ©
pol yhydr Qkybmyr@ﬂﬂ-lmidﬁawhydﬁb depol pal-Mptides piPOESt)er polpgluydnate n@‘GA),
her o (OUSHSVBRRERFAEE of BABFIET pF bre. BRIUFS RS, B BRl4g TRErep
pol ylat i Ccoa@lyﬁl.érsﬁ Bb]@hydrsp)bﬁmé a&l%rﬂw&lc(epge)yp%@hoester poly(amino amds),
pol ylact Ip%ly%?ox%ngngocell]glo%g Icollagen ChltOSa?lV;ﬁ(\j/ E(r)pocli;ngee‘ls itah)ére%f
[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 moaulus and rather low elongation
25 at break values. Sometimes these polymers seem in a pure form inappropriate for this
clinical application where highlyl 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
. themﬁeicellént r:nafé:rials for medi@al application. PCL is for example a good candidate to
tougﬁen 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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very simlar nmechanical behavior, with a high Young' s nodul us and
rather | ow el ongation 25 at break val ues. Sonetines these polyners

seemin a I nappropriate for this clinical appli ' ere
hi ghly fl ﬁ#%ﬁqgﬁﬁpﬁdegr adable materials are required bgégggiel'l‘l@@(’%e
huge expapsiqn.ratio before and after | oyment. One of the t
pract i cald%&aﬁﬁtloégﬁnégea?cérw*}h HenforeRss ot gggr ‘f‘%éeé“ 8 B5f crj & e Tastest
bl endi ng deptalatdnGhlees oi@iydRherPPL A PTY ¥ EBGIt 7813006t ¢ Bk ragtis el
facilitates a broad range- of gropert i es, includi n% goo 30

mechani cavithip pe syjtahle gkt LA G of aboup B4 2 4850, merg pagicylar of about
pr ocessabygid Y0¥ iFufh SRISFS PLACPEEXGRINRE halBSGS hadhanicArandBlcEAbatibl
appl i cat itgon. P%g_x\(?s Por exarrp?‘e a gooayrgangi ate to Etnouggarr1]en BLAb?/\/}]i%h
may i rcr qagpertidse flexibility of PLA chain. The random copol yner of
PCL and PLA (PCL-co-PLA) degrades faster than either honopol yrners.
The rate [94101Y\0 20 A1 6P CAFRFH SRdd¥ POOMHELR i8 SRWAIAL he Roll RERETINE 1.
with the increase of PLA content in the copoI%r_rer. The fastest

degr adat i respeetiviessless transiden wHwaraprra(TR)ang snelting temperatioe (Tyax bavgdeen
degr adat i | Sieab dksly d R . SUJ range wi thin PLA: PCL of
about 90:@%"5%@’338’,@#0“&%1 %W#%%ﬂ?“aﬁ'ﬁ%#f%ﬁt 80: 20. - 60: 40.

Furthernore, PLA-PCL copol yner has good mechani cal and bi oconpati bl e
Sproperties. 1001011A |ist of exenplary candidate polynmers is shown

in the fvﬁmwmwm‘ﬁm—_ame
(Tg) and_nelting tenp f&til’e (Tm have been c@t er)?n' ned by ja

di f f er entAld 1&x38(Pung) cal orinetry (DSC). Materb@ls Tg (C Trh/6C) PLA

Lv2. 38 (%{Gaﬁgofgg1&17.%2%_(%]‘3%9/‘20 V1. 7-2. 6 ‘( Pugac) 52 120
-PCLMw 80K (Aldrich). - -~ - 1 60 62
“PLA-PCL Copolymer 70/30 IV1.62 (Purac) 15 112

10 Table 1: Examples of bio-degradable polymers and theii- thermal properties

[00102] In case pure PLA is too stiff, it can be blended into the PLA-PCL copolymer
at certain ratios to adjust the Young’s modulus within about 1 x 10° to about 1 x 10’ Pa at
37 °C, more particularly more than about 1 x 10 2 x 10*, 3x 10*, 4 x 10*, 5 x 10* and less
15  thanabout 1 x 107, 5 x 10%, 1 x 106, 5x10° 1x 10°. If the modulus is too low and a higher
modulus is desired, blends with other monomers or filler occlusion (such as, e.g., metal
oxides, metal salts such as sulfates, chlorides or the like, organic fillers etc.) are useful,
althoﬁgh the degree of stress relaxation is greater than the pure PLA-PCL copolymer. For
certain circumstances such as the film portions or the folding segments where iow stiffness
20 and high flexibility are required, the pure copolymer can be a good option. Thefefore, the
physical parameters of the polymeric material can be adjﬁsted to the specific 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 énd described in Example 7.

25 [00 103]' " For adjusting the ﬁerformance 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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f|IIers etc are useful, ough t egree of stress relaxation is
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such as t fllm ar ne re lLow stiffness
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mat eri al can bg tg(j{’ustedbé&,)t he specific use .of the occl uder gart b

gener al fOMR8E § FHEY {ass el Patisnt, usg of &rRIBHICizRLINE! max hany sor

tests foradt&sd ieffdets R el IRS%an’ XAt 1180 wathid R E&%)Qﬁ‘tthé/ﬁ‘n&‘ﬁhéﬂm%rﬁe
materials as it is, for exanple, "shown in Flt%res 4 and 5 and

descrithedllysirativaensmples of plastixizen thakean becjsedsin thyypresrat inuprtioninghade, byt arhe
vent 1 oot Rl AR Ry AL (TP P rk B A Bk o oAb B lhe
(PEG) or polypropylene glycols, propylene glycol (PG) glycerol, di-2-ethylhexyladipate
(dioctyladipate), di-2-ethylhexylphthalate (dioctylphthalate), dicyclohexylphthalate;
| diisononyladipafé; diisononylphthléte; n-butyl benzyi phthalate, 1,3-butylene glyéolladipic
15  acid polyester (1700-2200 MW) containing 16 weight percent terminal myristic, palmitic
and stearic acid ester functionality. Other examples of pilasﬁcizers include epoxidized butyl
esters of linseed oil fatty acid, epoxidized linseed oil or epoxidized soya oil. Examples of
polyalkylene glycols include low molecular weight (MW) compounds having an MW of
about 60 — about 8000, or about 100 — 6000, about 100 — 5000, about 100 — 4000, or about
20 150 — 2000. llustrative examples include diethylene glycol, triethylene glycol, dipropylene

glycol, or tripropylene glycol, too name only a few.

[00104] The amount of plasticizer is not limited but is generally adjusted such that
the biodegradable polymer mz_tteria] maintains mechanical integrity during its use,
including for example, during the storage and upon deployment. In some embodiments of
25 the invention, the plasticizer can be contained in one or all of the polymer materials in an
amount of about 1 - about 30 wt%,'or about 1 - 25 wt%, about 2 - 25wt %, about 3 - 25
wt%, about 4 - 25 wt%, about 5 - 25 wt%, about 6 - 25 wt%, about 2 - 20 wt%, about 3 -
20 wt%, about 4 - 20 wt%, or about 5 - 20 wt%, based on the dry weight of the polymer
material. In line with the above, the amount of plasticiiers‘ can for example be about 1, 2,
0 3, 4, 5 6, 7,8, 9 10, 12, 15, ]7 19 21, 23, 25, 27, or 29 wt%, based on dry wc1ght ofthe

’ _respectwe polymer matérial.

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

or more e€lements selected from the head tube, the tail tube, the engaging means and the
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WO 20111075088PCM=20101000476 pol ynmer material to soften it and to
inprove flexibility. More particularly, the plasticizer which can be
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steroi s ?oms cortisone, ocortisone, prednisone, prednisolone, 6-alpha-
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30 agents.(such as ‘sal_ilcylic acid derivatives e.g, aspirin); para-aminophenol derivatives (e.g.
acetaminophen); indole and inde_nc acetic acids (such as indomethacin, sulindac, 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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nucleic acid such as DNA or RNA. The term “small organic mo!ecu ¢’ as used herein

typically denotes an organic molecule comprising at least two carbon atoms, but preferably
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15 In an alternative enbodi ment, for exanple, heparin can be included
as an anti-clotting factor, for exanple by blending or inpregnating

into t of the polyneric material to provi r
bI ood bi ogﬁ(ﬁ%’j Lﬁﬁﬁ'l [ 00108] I n sonme enbodi rrents of Pﬁggﬁ;ﬁ'%@t%ngn
t he antl-throrrb i C dr C for, ex e, be sel dfr
or gani ¢ M QRUF bk 19 SBld S PO PSS, R TR o
salicyli cheteéest oY hN(ﬁQOME&Daan ,orPbetivednn 1601ahd 4900 iDaltgh,Nao bptichaRyrizam

or any conbination thereof. Illustratiyve exanples of an
ant i - r esti8flyds en%%tjwamétaé Alogysi tery) ‘pgplidel Iaéd‘s‘?da'beéﬂ?émcﬂlé’cqeﬁr%l%ii

and evol i letﬁytldg Qpﬂrp&]gﬁﬂﬂitﬁ% rwﬁxﬁﬁm&t £ 23 2bb8 rBQF?UEBdE@bd) » %Bhtvlg or2
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known 5as eﬂmbﬂﬂtﬁnnq peif [rpgidRyp- The peptidepay3bg 4-nahwpaly occurring or synthetic
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nol ecul e, a protein or fragnent of t protein, s)lt I.de or
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in the ra( uh%ﬁt ﬁm@yp @ﬂ&%%@@ga'amma £AHE P %g&s&ﬂﬂq%oﬁgms

Dal ton, opt I ona can i nclu one or
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“protein regléuea')a@ﬂ&h&rmamaregmlclawl@&gdﬁwrItmaﬁeedlymtsldag bE ndé%pbmes
nore than 40 am no aci d residues. protein can be a full length

protei n dckh as thenRHAefor matrigoxidsy Eé@e’&ﬂﬁﬁ af nugleiq agd apeleelgsrigglpgs sense or
Il usgyr at
ot o8 SRRSO QIR SRR e B DRI b g
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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 agént (or 2 or more théraﬁeutically
active agents together) in the polymenc material is not limited and can be as high as
wanted as long as the physical properties of the polymer material, especrally the glass

transition temperature and the melting temperature, are not adversely affected. In some
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Furt hor. SRBBRERPESt sl vpie B G 10 P mdeir g et aing e
nore radiopacifier can often be less concentrated compared to the head tube or the tail tube to
avoid any affecting of the physical properties of the polymers or copolymers. In other parts
of the occlusion device, for example in the waist portion of the foldable section, the
25 amount of radiopacifier can be increased because a higher stiffness of the film is suitable
and the visibility of the occlusion device can simultaneously be improved. For example,
the films of the head and the tailjportion can be solution casted with about 4 % (w/w)
BaSO;. The BaSO; also enhances stiffness and non-stickiness. The waist portion can, for
_ "examplé, be made of a copolymer w'ith about 40 % (\ir/w) BaSQ; for providing gobd radio-
30  opacity..

[00115] 1t 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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10 el ements of the head tube, the tail tube, the engagi ng neans or
the fol dabl e section can conprise a radiopacifier deposited at its
surface and/or_hlended in the material the el enments conprise.

exanpl e, Hyfe? Fﬂﬁlgﬁa0|f|er can be conprlsed in the heaﬂBPﬁE@wW%the
tail tube, or. | t.he aﬁngiand fI|F%£ i ons o@ t he fol dabl e ectlo
[00114] ﬂ?&'“?‘aﬂ ST M A gRedttyy Thege fnears galled upig pakers A ESIGV ﬁ@“

but not |drpiili@iwitR a highPari®in®bs radiiphéfiers Xfofl @BampIB hBdut 9819, BaSOMGihiRShe
gold particles, bariuns salts, or bi smuth gl asses, for exanple In the

pr esent emﬁwaw“eﬁaﬁthe peebesIor deyios are ras gravided vl HragioRasifir or provided with a
filnms, be incorporated into the polyneric
naterlal vgso‘ﬁ@?§ﬁ£§ﬁ§??ﬁg in an anount of nore than 0.1, 0.2, 0.3,
0.4, . 0,.1.5 2.0 % 3.5, 4.0 %(ww to |less t han 50,
45, 4(5‘ dﬁ“lléb In 3l foélw"iss thel@f- ivgrings sysem giccasding (/B Saonfl HiBechof i
films ar &ppRdhiiBh O\.Vi'ildﬁg Mdribeli a1 @etfiPAR the E&{teﬂa@ e b 1c51t§:)ﬁ' GRe term
vi sible by means of fluoroscopy, for exagg during t epfoynent
pr ocedur edelivering éysrqm”rmfﬁ@ﬁmsmgn orhichHe suitabletto delieer éhem;cluslh@ device of the

radi opacid Le Al

tube or (e e e AniEolaR (OBERLE Fhie MR flphl [RAuRE %
properti qmnm?esnhéucﬂmg inmarss, mdenispuﬂhyasamsc ahdratd, laed upgulates soth hhpigs and
ochQ®|oq d V|§%b for exanple in the wai st portion of the fol dable
secti P ) of radlopaC|f|er can be increased because a
hlgher stiffness of the filmis suitable and the visibility of the
occl usi orl08lV] Jbe dakivesingnsystemeon bi adapsed tepbeoinelided-into axcheath ef a chibeter

Cbour o o SplFA At O FRL LU BRaf A A0S o RSB el

non-stic k]‘haef'ﬁst delivaringanains par bé ahapedng phshrthe rerysion, ddvize mdegmme aheath

copol yner for OVIdIn 00

Soopact Ly (ARSI heed pon{al P RCRTIRE 5B s B Eortahe FRRE3 A the
wai st1spordpeing, 1keRatsad défect, for Elenpl@iThe spnt idelvdring Mdfs &dn b adapted to
sheet-1i ke tube congrlsed of. two over |l ayi i provi de the

fil , WO
50111075008} SEDUED B0 MEVErSHET G5 MSrhedb pedo HIBH theAigube b Joved

These fi lgBin@Nke KRk LkRd ovBletissuBr kers and they can be provided with a
hi gh anmount of radiopacifiers, for exanple about 40 % BaSO4, mhlle

t he ot her of th cclu evi.ce e not

e opacioRAB! T St b Pedia RS ael5vRE sl PorEhElA B8 Seqthf dpsber, e
[00116] Iff¥sttdeBvéringl rﬂwnagart beadeiwefm |r6tge)&¥rﬁii1@gﬂlﬂﬁ%ﬁrtﬂé fag thise dolv@rds the
second aspect of the application will be described in detail. In the

cont &t dead beapipiecaieiusion evere: Bidrpeing irFpeYabhy cagsrigfio fhe ga, tube.

system lefl{éhsby She Héli\@ﬁh ? ré@ceﬁlxeédld’@fhetﬂéﬁd Al d5the Bc&ﬁ%{brp Bevide M’b%gﬁ 'tl'ié t
aspect to the desired ace I n the body of a subject, |ike a mammal

(i ncl udi rsfeatle tgthe t?)'ﬂﬂnﬁi‘?e"éhﬁ dedivadng pdheadiggma enpalymercer mefainiodeThd
t L 7
The. der | Gt LE! 600 SHED iiindhl AucARliolc Sy b ikl i £ 811004 e, ftnd,

a cat het efu-amdllcy rﬁerNsAb alddy dare:asltape meerfidry gl yohedr ise ehat e hmlm;bamgembr

| east._one ond ver ns. The figst deliverin

ndaptisd vUTHEERHhEIE L B ATRRLR oo i R e PR g Ait
t he head sperthe@eliadringhéd ¢l Aok GiagRer bOiboun0.3- M fint, 00130, Qimrh, F0ES- OJBQﬁHh
side of an opening, ljke a tissue defect, for exanple. The second

del i veri ff-Rddne G%B‘?C‘BEY b0 e D ispsed 19 PuslhutB% entife Sleyigg into the
directi oghgjth&nﬁom%gtﬁ%@mhgt@{gég Wehihe tail tube to be noved. agai nst
the back side of the tissue. [[00118] In one enbodi nent of the

del i veri en1ac ordin t cond asp ect

ol 1 ver | 0 THRNE B BoBumem G et hechiondnanne eano b SErenG RO Fan baye 2
t ube jpowandaddinRtedr Siffde htikeendffadifethe G4l tibE OhedRhd &t iBNAdRRAUMS a safe

renovably connected to the head tube. Thereby the delivering rod can
engagement into a threaded interior surface of the head tube. The threads are adjusted such

that the delivering rod can be attached to the head tube by means of a clockwise turn and
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0.6-0.7 ram especially about 0.65 ram which is used to push the
entire device into the sheath and to reach the opening to be cl osed.

1001191 | S"‘?@d%@a chl ment of the first delivering rreanngi,@&%w%OHﬁﬁ

deliverin have a 30 threaded exterior surface

facing the tai hread at its en nabl es a_safe age
AT | e et e o e, hACBbe Tty ahanie e e 4G (hb e A 5
adj ust ed Augihtl88! the hﬁeﬁhﬂ}.' daMQJre|aﬂﬁ:sfeﬁ@u&ﬁ&abﬁﬁe&feh@&ﬂ%d‘oﬁ Qarl be amﬁéd to

tube by neans of a clockwi se turn and

2011/ 075OB%WF'SGZD’EW@@Gﬁ%a@hﬁowlwﬁbﬁﬁw%w detached @8ithe hed tuRe bin
anti-clo od. Alternatively, the threads
can be a justégf HBJkﬁﬂ; %?’et{fﬁgéd\ﬁ%ﬁ%o?}g rod can be attached to the
head t ube Eé@neans of an anti-clockw.se turn and can_be detached off

the héad [PUAF8] by anathes smbpdimegt st thpidshveringsydsmdsecribed ingren, g fediyenng
5[ 00120] b cﬁp&t Qﬁ{ovmgglh{@@@ﬁ t@thelHega %e'b‘{r%éa'ﬂg oﬂ{%iél?m ffeeitdnisRE G hat

herein, the delivering rod can be renpvab connected to the head

t ube by ReIns th@f the end phHthe delivesiop sed @mthqhmnoneéthg hearhiube hre adivgted sughhe
deliveri t o)

that t heggﬁ‘(it g“’e%?l% g‘%egglrl&)gl}\edéetl e %%ﬁ%@b .Li’%g" qd ﬁ\% H%el%g(ri 2@%2’
into the rimaﬂott aJshxartmuslnmgﬁscmf the déloetingrlintoghd (hrar.aombf thbdead tube and
deliverin od.into the.direction of the hea

ol et BRtrieg ot Svesmeans 3o thols g ores, el Al yeng dry s sy
rod.i nt 0 bablevR@ChirR1 66 allhy B6ini A8 hasbé. ' THE bR £thB @ oW WoBndritAEk&B tube

t he- hol l'ow cyli ndri cal head tube can have a conical shape such, that

its cros$amBets oienifel thige sirdrihstgts GoRseiop it thearenipg Hévqrés 1he daibtube kan

the crosg;gReihhPhedtost Stibh Bt BE tib la@thlewh fubOho VAP f?ae@meftslpmbte f@r
tail tube.” O course, to inmprove the fitting nmechani sm the end

the deli mewﬁs«hgo imaroya the fiiogmasshanism, e ook de delixpang trohcantaizo hqve a
fits 50 t Hﬁc@ sgqgl;ucﬁhﬁaeu iy w;gna' o il Ha Qfoféﬁ'@ ifd q&t{ﬁ@hewmﬁg In

addi tT on to ove conica e or In tea |s S
i nterior additivhe theabbwewbmcnirshaﬂeearemt@dloﬁthmsﬁhaphehet unp:nof of tlhe head tube or

del i veri d. or .hoth ¢ ed surface to,increase the
T et on Wepddicdlor MRaib e AR ride MELEIEH FHHSER oRned §ifRE B IndRase
del i veri nig: fieasisfoedibetweeh textaiiphefackke a depl oyment tube. The 20
depl oynent tube can be nade of a polyneric material which is not

h d t f
hazal doutol 3y KR By MabRYKER: cAYoP SBAYR! N aBEE RO R
for the dlepibmwmn’ubet uc’mebe ‘ﬁh’de mitaepolainemf maltmatie«rhiahymmm hazavdous afior ke

t ted . int f
"Lt het dRtenty o st P b TS PRI PeRShooR T sEr Al Pe Sicpgaasle”
usual |y I]Sa@ﬁ)eﬁfna&nfalsoﬁhmtﬂealsm)fqmﬁé deplc%a@ﬂﬁhe a&e&nﬁa'rﬁ:ﬁ otfutwiebm:wnagt
an outer dlane%Fr of about_ .1, O-

1.6-1.7 rfpge o8 éépémagser&gefuf is ﬂeé?q‘?rﬁﬁ“’é’ﬁé t awﬁgﬂ%@ﬂnwrﬁ]éhfa@. %"é’}et%«r
about 0. 4l adhe callBE a@yPndkicl HBMowCpoPyrilert kR u9Ia119 fad® o8 a BTBstablRGolyrie,

can S|nultaneousI¥%be used as an housi ng of t first delivering

nmeang5 [ Godrssa Ph ﬁlh@mmr@émutqsfdlqm%ers%‘@bﬁw ld%ﬂawén Ag-heaps, 1448
depl
epl oyment  t{ip erﬁ@é%%ﬁauf%ogé glaggﬁﬂ?gd iéél{lfr‘% ér“di&ﬁé‘t@r @ttabbﬁtso £19

facing the tarl e uged t
r enovabl ynmp@mﬁ-édlmtrh@ 6d@ B Imog naemt. 7-0 et The h@etcam kimtultbesouslfy b’ehlaect @i dn

tube has . at .its fﬁ é %r surface a respective thread. Thus, ‘the
t hr eads. APBSIngPhias Brtd Bﬁ“?%ﬁ?the depl oynent tube '

‘ [00122]_ In an er'nbodlment 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

30



WO 20111075088PCM=20101000476 can be attached to the tail tube by
means of a clockwi se turn and can be detached off the tail tube by an

anti - cl ockw of the deploynent tube. Alternativ J

t hr eads cﬁ%&%’gl’%ﬁpé&sted such that the depl oynment tube g@r({sﬁie"qg?upgghed
to the tail .tube,b ans, of an anticlockw se turn and can b

et ached 8 P plEpd BRI Ribs 35 08k §f £ Sogh e ik and i Fesifad off e
Sdepl oy masit tubt B¢ an h&lDAU3SHwidh @il the@dpldigneny Gib e 16EE0 Elly| tfle tHeaals Qirhigy
enbodi nent can fiw heé onprise a depl oynent. wire renovably connected
to the dé‘Flluc‘}'@FliSHﬁ‘ thptitee daplqymenbube tasy Rsrfittaehed d@ the;tail Fﬁ%béﬁ‘@é%‘?fgmﬁﬁﬁhs

is in thedcRiiBeMimdind@hh b8 dbiaehed dffthe TAE nbE R MERD bf WiclRKk&RB thf of the
housed in the depl oynent tube of the delivering system 10[00124] The

depl oprenleplaymentdelre. be in a linear formor can be in a loop form |f
the delivering wire is in loop form it can be adapted to be renoved

from.t he [geRbPTHE QLliterRg sydt@h a82AdiRE €0 aRdthdWnhbodfindk cai Curef cethprisea
depl oynent wre. The depl oynent wire can be any surgical suture as

descr i bedeplgymentivire repevaly renaesteditothe deliveres wirg gbtheocepsigmgevice, if the
depl oyne i s 4 :
bet veen O SEedR " RELIRRL: et sy THORHOIR O T B oo

| i ke .PDS thd depl@ymreat tubedf the deliveBig Histendel i veri ng system according to a
further enbodi ment of the second aspect of the . application can

furthgr qul'_?ﬁe.@e' lﬁivr_hérﬁ\&ﬁl-e &!rf‘ﬁ'e ﬁﬂ&h‘i‘ﬂéﬁ%ﬁh o_trhﬁntb%iih al 14B§ f&m.tIPehe
scaf fol-d of 'the occl usion devi.ce ancUor the tail portion of the

f ol dabl e dekivaringnvirstis imleop &amy iicambejedapted to Beeamayed &pmi the d¢plewmant tube,
could, f i t,: :

Tl ts 1R By DRUME S on tnd B ERBYBHIRN witd! TFe deplofiif ik BnoRS
anchor ed any sutgical chtiablag desdribe¢ aboveo forothet dudivérigl afiee The aliarasterobf thve
occlusio evi ce. .For aml.e. kR on di H,, L triev W I
can 1 or mAsPIBYRER i bartBE R Een b7 885 £ RRRIATRY o Pk Befy iRy b
sectiion of30ihm, e exdnsple0.28 exn (g aMNdor wire liky DS\ 4/0 setare).be a net al
wire or can be nade of any polyneric material as discussed above for

t he head } : 0 i V] i
of Cthe. 8128 rhe bRERE slsftn ER0RHA R A driodfhert BEw sbhg BSRECDE
as the déipd epplisationniare fusthet loempmder 3 estakval wvire anghforqor ststhnttail dalre b the
made of an rgical suture such as non-.abhsarbab o) orbhabl e
Cotor oo el bR S e iiah Hefots R, BTV TRIaRCS! e ol BREeR G the
enbodi mewtclhdien d@lidel Bua a reniavel windcdidd, FoN\slaiplebe @ed)fif the [dBBoithed tfbe
suture. The dianmeter. of the tal. wires or, of the 30pol yner sutures
of LHE Bt Mo YRFin i BIFHODATGHAEYT BRETiSTal QUBLETOIS: U SHAFIGH 5.
0.45 MM QldaH10 1l poRiosP eI fBldbble 3BR8h P tiROodtWBRion device. For example, in one
embodiment, the retneval 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 delive:ring system such as the deployment wire or the retrieval

' - wire,: if -presént,; can be made of any surgical su'tufezsuch'as non-absorbable or absorbable
suturés;describe:cl above for the delivering wire. In an exemplary embodiment the retrieval

wire Ea.n be a Ny]on wire of a PDS Il 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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WD 20111075088PCT1S&20101000476 [00127] The delivering system
according to the second aspect can further conprise a sheath adapted

to i nclude at Ieast t he occl usi on device of the first t and the
first and “RLOHYEE i veri ng nmeans of the delivering sygﬁ?’@ﬁ&“ﬁ@%’f%]

In a thir he. present a ication relates to a_ kit .
conpr i o1 MG PRE Ths SshVerisRiSREM pEhRRe fo tieororral pectofon, Rihes pupprise o
aspect angdedthadpRAS ifldsde dt bt Belocd8sidmGevideIfanR Afst hépRctSRAARE! first and
aspect. The kit can be preloaded in a sheath or can be prepared for
pr el oadi rigeanddelbvseing sieans ofehe dddivariee pheMdel i vering system General |y,
the kit is provided in a package which can be sterilized. The
sterilizgpon2s] e thied @gpect, alle preserd)applidatie PyIgB it Bt afr@;ﬁﬁ&fg @s bong
as the packa%e with the kit is suffl ciently sterjlized. exanpl e of

such ‘Gonvesribgharelusion deyicejof thefirstaspest arade@g aovedlegaribed éﬂéveasw EIETD)
sterilizahd QRoddlasPedt! PRGE S prefoatidd 1hzaasthbz§lﬂ oP @A He prEp& ek kdr ;}réoadlng
seal ed in a package and then over at | east hours purged w th

about 37 tig; oagtnsien|dgvice Bmd)medlebgﬁn@adwmr@erne@ﬁ@ {hakifiih grogidedinee g@;kaaft '

anbi ent. (ABELARRy e G0hh 08 karPH B 5 9 SR Lo R8s ks

especi al llgngadsabet pﬁbﬁagmmlsthe'khes aifﬁmently sterdized. eﬁn‘oexbmmafmf snth &.(ﬁtvhlﬁlonal
thir pect., .the kit is vi ded. i ste ilized packa I n
he W0; SR utomaryisises Feliiteiiian Bty Sefliaih  a SRSHERErct feERian
del i veri pgudmans kRUS Beatdl Mbﬁpa&h@geemﬂaﬁaf oveedt thadti /B Gurpedi with ETHCE at
second delivering neans such as 't he_ above descri bed dePonnent tube

In addi t3Bet #heC-apdply delevehdy rdditiqnal, HTQuinveging Pt el Robrsedt AMbIcRE
depl Oyﬁeﬂémﬁéﬂhﬁré Orlieraﬁéﬁﬁﬂﬁalbh%ingts’?&) JaQ@% S%uﬁé‘o'i aRréieeteiiieand, edio, 12,
during the 20 d o:%/rrent procedure of the occlusion device. [00130]
Accor di nd4t ¥, al8f Zh 2 Spwrst esperiatbrabout Bt hawrsshhetgfern, inreae gmbediment of
defe cting a front side and
a baglE ?ﬁélé?f Eshgt%ie} |éﬂog@8€|{hdé)§&n'£gf’ﬁl s&'gont ext, the term

"cl osi ng an anat om cal an nean a surgical treat rrent of a

patient ilP013&kdn fre lgl&eﬁtha tbirfLa%mgnfhe&ep@mewetu%cqwcm th gk drbiyering

where defgahsaith ab 'tlﬁesdb%% déRribel &dieridRd R theERbofPdelNEridgd ﬁ@é:ﬁ@ucthse
met hod of this aspect of the invention conprises the steps of

provi di ngheaaboke deseribert deplgymednt fbe obcadditjonn thgaabpredeseroaddetiigval gvirgrean
first as

the th 1 3E 20wl feOEMbHREN b3y Bl B hat oS e AR P Blthedl il ne”

t hr ough thplogher piocedure hEths ictdusdn ddve:eanatom cal defect by using the
first delivering neans of the delivering system pushing a head tube
of a scaf[(\jﬁl3ﬁ1 ASbhr@hg k8 f&ﬁﬁ' édﬁéc?rb HEKS £ EF ABGhPar flafAitA dBREGNRAIEILN
of the foldable sectiron of the occlusion device out of the sheath and
t hr ough tchEpfisiagan gpeinpeonnpriingjaskerd sidegindjarhgck Ride fod pdigbieds peqyeiled. In

i cct T ontsFol R e e thite OF ofoh) P PR E iiep bt e ot e

ti ssue byatiedirs nefd daftvach a mshtrmbat ovei begannianige netleldosieere Hefede heddsues

o ohls R g c3h bR et et A RIS bl GHEER St BF O BaBies trege

of the tlsﬁepyefpraﬂdm@mvsh&ghiln@whwhlantouaesm déviie® RRE6THIAGIt® thedRMtiagect and
agai nst ‘the back side of the tissue by neans, of .the second del]vering

means of atdeHverggysierert thy sespad é’ﬁl?@ccbmf aikg afiibe thirdyaspret haks Pesgonserigs:

and | ocki n&lﬁ{ﬁle%ﬁeiu@éhQfevfée\mrseg@thetslﬂ@atﬁre@ttmlwf t@l@faﬁasmicrapmfweoy
back si dg he tissue In the step of pushing head

OL af slcgﬂmogdmﬁrs&mvm rugﬁn@nf ﬂ@\ﬁebweer@sdyﬁemmtts ibg @ Imdatﬂlbpof asqaffotﬁf
the 1,9 t%glh% &a%% b;?Heé?ée #n'a%hf%@tx%%{egd‘p&ﬁ& 8Fth9;1’<ﬂdzﬁa &J&ﬁﬁ{?ﬁg@ Qf@%%n

t hr ough e fron Issue
sheat h padsses omtmmhngﬁmenthand plenughgthetionesiddef tholtidale| folding thefolihbleo heaind

portion by moving the head tube of the occlusion device in the direction of the front side of
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conprise steps of retrieving the delivering systemout of the sheath
of the catheter. The 15 step of retrieving the delivering system can

conprise the steps of wthdrawing the first delivering S ‘
renovably“gbﬁﬂg%“@ﬁ to the head tube of the occl usion ﬁgﬁg@%"%ﬂﬂ*m

removi ng t he, second delivering means by withdrawing it out of the

cat het er . thE dis3us3)y meang pfithio Frsk ABBTIAR fteaps to; dleserthe Helgciofromthe front tide,

aspect, awltkR@®ing tRESRAIOH felt@sOfe! Wil PbrEtRY inChe GRENIRE afidilel BElaBI! tail
if, for exanple, the foldable tail portion of the foldable 20 _
secti on hesstierc e derhagk iside pédhe figsueagnsldmoying she 98 dnbe ef dwsenglugionrigyige

during th t.. e T 0} t:] .0 o e
used, “f or iEhURBRR, B 9F Tt e BIP e BROSE el LBl BRI Bl b he
rel eased duligenigysyswent toefoldrtha tfoldabtde tailf partien aelockingg theroctlusion dades att the
met hod can _conpri.s re-anchor.ing. step, for exanple, wherein the
sheat h aﬁﬁmFﬂgggﬂfégﬁHF“ tﬁa%59$ @fP%h&re held in position, the
first delivering neans is noved forward to unfold 25 the fol ded head
portion aif@1ildn thestamohprshing b hepk hiberafedsdaffoliladfdhe gctlhsion dédehiral a

1520, POr gyl B R RS B0 AT A

unf ol di nghstugp tieafiomesidzonibtha edsus iths Rivhedimgnt that thai shedth passby tamphsthef
t he second delivering [ osition. This could be done if the
secont! dethe)Bg i%g'e %ﬁﬁﬁ@%&aﬁeﬁm 70 e hsa “Wa@rwsgeq Pt dhe.sheqth or
tip and- tihe sham RYBRY frbnthedd &f (B0 aeRPeThiRdihY faldiblt hedd p&aioh bt tHRGead
threaded tail -tube.. In this case, a retrieving wire is not necessary.
WO 20111078088 peshesepofthothodlie 1001341 I1n the retrieving procedure,
a correction of the sealing procedure can be carried out, wherein the

met hod of [00182] e wht Embsidaeit bilikiehmethodngdr ihie Sspacts Aid @sdthodncat opticblly
the sealing procedure. In this correction step, the first deljvering
means i s %319&3? ﬁt%gﬁe W&fﬁfl%ﬁ}é RRvEBE sRiene %mer%eﬁbaféhwtfe%- Tge
retrigvi ngepAbfr RtridvingPthe Y€Merink SsysteMteah LoHiphied thel s BT WitIRIrAARE kS HRD

device and to pull back the foldable tail portion of the occl usion
devi ce i rilelverig meansatemonally rroaneetadelse thei hrgdttHbe Pt peclpvien daviee and

referred r@ﬁgx\/iﬁ% éﬂefseé'ﬂ?idrd‘émé‘éﬁéin%ny\bf @%th g\g[{lgsi?&ﬁ of i gahEEONd

del i veri ng neahs can be a depl oynen ving a thread at its tip.

Then, the nent tube could_be connected via this thread to t
t hr eaded lﬂ’gﬁ% ?%Bléoﬂef‘de figpegt Pﬂgﬁee'mt\? °%§%F‘B‘§‘i‘a“d‘ﬁp?ﬂ"é\ﬁ @@ownﬂﬂg\mﬂge
the tail dedhsioRQeviRagR S ied Dt &, fof e%w,ehel@ﬁ%iec{amb&gobefm%@ad_me

pul | the entire occlusion device back into the sheath if the closing
pr ocetfur eseeftanchas acqidentally beerusslcasedo has heow released sranghyduringdhe depdeymest
be used. J bhSei g4t 0 I Nictal t :hod
Lo Use. i e aua R otib il o b R bl W RO RGP
syst em ofoftthefibrsciomelezsp aaongly in the fiant sidé of He aphning. asthisaass, theamethod

transcatheteral closure of . an anatom cal defiect in tissue Like a.
- {
septa] de o Qo C?Pges R Fs-anctioring step, kR ex%mple, wherein 'the 'shé am!l 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 fo:ldable section of the occlusion device again. In an alternative embodiment
- of thé’fc—aﬁcﬁoﬁng procedure, tﬁé,unfolding step can be combined with holdiﬁg the tail

~ tube by means o.f the second delivering means in position. This could be done if the second

: deiivérihg means is a deploymen:t 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.



15 the heart or the vascular system Septal defect can be in this
context any defect including, but being not limted to, atrial septal

def ect s, r septa] defects, patent ductus arter] |

pat ent foW%ﬁi‘@@gﬁ f00136] In an enbodi ment .of the ﬁét’g(g%?%qug{-’ﬁe
fourth as ﬁi‘}é hl&ﬁ/mt hod can be used for faC| litatin he cl psure [gf
a patent @ﬁ By they Bt vingprogsdures asaapTHoR of the,tealing, provere gaft Be carge
descri bednefRérsinafe niehddSeitihe WARTHEADedt Brth@ adrippikds' £ BorddctibN&tep of the

fol dabl e section is. anchored at |east at a Eortlon of the septum
pri mum i reegling pregadug: fi thim cofreetiva strpathe fapidiclinsingancaps isthelthingfositign and

head por tth? E’%cﬁféd Egﬁ/eﬁﬂﬁ gr%gﬁseoﬁﬁérhétﬁ%lﬁ witd CJP?BFe@QnaQ gn'séhstto dnl?&d %g@%ﬂfﬂ%

secundum o eart oynent procedure covere
the fdur tdccmsipadtvioé aridhte n@llémelnthmfnﬁdelﬂe tahpor@én cbthp oedesor device mto the
particul a

i nent _t he ment.
P e Bgh HER renentnd b PR hrRteP B oefited BV RLAT Bidodnd MRS
concept qfregehe rt]nmzrsram@mt deliRer@il medhs cdmbe E&Iebmgm@mrmbd Bsngd ah&lr&idleﬂStsQifp
i nsertion oring, optiona reposi tion, sealng, optional]
fetrieval e @ﬁéealewnamw %H %%C%mefftﬁ%vw. this thrgad,tocthe ghreaded tail Bbe tre
deliveri ﬂ&f&&iﬁ@éﬁu‘ﬂi oéc'ﬂl%w’?:%@ﬂ:@ b3 SRR th@'?éil fub€and E'a%kﬁvﬁﬁdE"ﬁM@broQédLﬁ@e
delivering system In the Figure 3010, procedure is descri bed

t he bisi scogkd alsp beusedtte publdhdentire \let*,ﬂioﬂ éem@csnntaﬁh%wnhnétheﬁﬁosmg

R s e SR A Lk S AR
fol dabl e head’ port| on and the foldable tail portion and ha

del i veri rl§01351 &t g 8lsgmgthin Hg ahevsrdetintion W%ﬁth@%%?séltﬁ/o‘i%ﬁ’mﬁl@é@e fhe

foll ow “Qhéh%?ﬁspe&%&% déh)ze%dﬁt%m%ﬁﬁ@&%ﬁd)&bpé&%ilﬂr%]knTA’thé)ﬁl%lé &
devi ce can be assenbled with delivering system as descri bed above

or can stinfa|trapgcaphetsrdl gloguieof an prasoroigaledefest iy ssud e asepigbefestor shumt in
form ﬁf thhéar?&(i% %s@lglalt {the Sgﬁt}bf&f@é R&fbe 1r€ﬁnsféoﬁl%;:t %ﬂg%e%éc[ ﬁ‘ltcll.ldl
del i vering Lver rod, can renovably connect e
to the heiaml btungemfhmltﬂd mccatrud; |scpta1d®fec¢£ vehmcalaseqnﬂddefecm) patent ductus
depl oynent, wire anﬁ%orf retrllew ng wire can be housed inside the
second déI"FURMYP %grawl A% s in this enbodinent a depl oynent

t ube havi ng an inner dianeter |arge 10enough for housing the
respect i V8¢146] & an pbadioEntf tlllm@er?lp@ oﬁthﬁe(fmmmwsy the sigihed cambe used for

del 1 ver | Nl 2@ Mosule ) IBRLPRAPRAE S, VAR HELahObRedlyre

cat heter Sh ath usua
appl iawat iasndes¢ritied tefore can be used, wherem the head portion of the foldable section is

anchored at least at a portion of the septum primum in the left atrium of the heart and
another portion of the head portion of the foldable section is anchored against the septurn

secundum of the heart.

[00137] The deploy'ment 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 occlu$idn device of the first aspect by means of the delivering
system of the second aspect, and then the retrieval of the aeliveﬁng system. In the Figure

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

ASD/PFQ. As occlusion device an occluder described herein is used which has two sheet-
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| I'F sheath. The occl usion device can be guided by the delivering rod
to the end of the 15sheath which is shortly behind the opening.
[00142] 31 6Anchori ng [ 00143] The occl usion device util iéeg a _

"pul | -fol 3O HUNANEsm t o achi eve anchori ng and seal i ngP PSERLPH R

T 3 N R LR T N
fol dabl e RgagidaFitd Lhkn 8and OTiRUhetRdd gdneraflPeathprised iR TolldWifg if;t'kabsm or

the filnms of the fol dabl'e 'head portion can, it necessary, be allowed
to unfol front side of the tissue, for exanple in the left
atrium (CLi[R ,3852$W for exanple, to totally unfold the head
portion of the filnms. This unfolding of the filns can be _
acconpl i dAetBI] fTbe cedangr devigeycamctenasseriblechapth the delrvgrnipg eystam jag desgrbed

t heri qi di of the fil erial, | | [ t.al nf

t he s'%’eataitl'?x‘éenar £ %"estélg bg]é{;%§%en ~atpﬁ%8£%§nsft#ér@1él é%ll}%%gplgstwif%nﬁ] g#\gqﬁhe
del i ver i ngcotling to chetthiodhaspeyt. wit dirdt hie: iepdaiverng mearnsee.gCadelberipgitddedan
back to fold the fol dablﬁ heﬁd Qort'on such ihat he filnms of the
head por tIedAMAKRG COHSieAdP Bl e?f&’&ﬁf theyp4< %}0“4;‘3"%&6% 2 jegapd step, a
[00145] Ideplobeitertie RAR/LE QNreievintewire| dRlteehsiféd iieRE Sefdldeddi®bling
wongly in the |eft-atrium 30(LA) or the position of the occlusion

devi ce sHogng Which épiisihis grkadiment a derknmrant fubedwying, an ippsr diameter large

2011/Q75Q388 f‘ﬁ@,@- _/ﬂ%qg Bitdgaheath and the retrieving wire,
optionally v%q‘;l_ot e %’gp oy%ntl ‘W rre, can be held in position and the
delivering rod _can he pushed forward to unfold the head filns. The
re- anchorlﬁwoktz)ejéﬁ%%p 3) of the occlusion device can-be perforned
again. [00146] 5) .Sa. 5[00147] If the anchoring is satisfactory, the
del i ver i 60¥4a}l Byquslieg lted deliveringpoidtalee, theheclusihedthice eam txeinsérieglintoya

w thdrawn to rel ease the fol dable tai ortio er.e t he | St

bor £ 1 on G St el Hicatatlc o pohea 1R appifeaifhg e an

f ol ﬁabl e 1tlaish?amrrh%e0¢"ccmgmn deféié:e ra:em];es $aidyd b?lah@klélﬁmﬁgg F@i tontheledld iog tﬁehg

right atrium (RA) .for out s, for exanple. The delivering rod an
aﬁ\/r?}wses?mﬁ&heﬁ

the del i PB4ty {7d|thgORFNIAEt he depl oynent wire, can be hel d
- [00142] 3) Anchoring

[00143) The occlusion device utilizes a “puli-fold” mechanism to achieve anchoring and

sealing at the front side of the septum. More particularly, when the sheath crosses over the

septum, the delivering rod can be pushed forward so that the foldable head poftion appears

20  out of the sheath. Then, the film or the films of the foldable head portion can, if necessary,

be allowed to unfold at the front side of the tissue, for example in the left atrium (LA), for

about 30 s, for examp‘le, to totally ﬁnfold the head portion of the films. This unfolding of

the films can be acconiplished, fof example, by means of éhape memory properties or the

© rigidity of the film material. 1f ' :the films are totally -unfolded, the sheath and the

25 - deplayﬁient tube can be held in position and the delivering wire, optioﬁally via the

depidyﬁiént wire, can be pulled back to fold the foldable head 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,
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10 position. Then the second delivering neans, for exanple a
depl oynent tube, can be pushed to nove the tail tube into the

directi on?“péﬁhp@sl;@ad tube. Thereby, the filnms of the LQJﬂg&RH(ﬁo&ﬂﬁl
eTo I'ng

portion o abl e section are folded into the wor

structure ho in Figure 6, optiqpally,a |lqck tube is .

1 il t andb SRR auh e Fttmeq it B Bare b, detRamentovire oten by held in
nmechani sosi#ien tafdthd Sdiveingd MR dal beWWukiedCRAVAE t& NERYE theticall MBmS.aTHe re-
tube or 15 alternatively:at a |ock tube. Due to this engagenent of.
the del i \aseharinestapdster Heofitkn aachgioatdeviee candegearmsedageile bott om of t he
Figure 6 can ‘be maintained even if the delivering systemand the
catheter[hmmm]Bgsaﬂmgthdramn. 1001481 6) Device Retrieval [00149] If
the foldable tall portion has, for exanple, accidently been rel eased

in the | tr] in st h i ' c i
posi t Fon 100 7F e Bl 5 sGflseieorky et R LSl BE plilich, '
entire dehealk.cadbenlighithewithdrawnab relbasefthdé dalidble taili porpion twiherebpfthd veist
fol dabl e section, of., the occl| usi.on vice can b ul.| back into th
Sheath agRripedns Al Sau e e s detrs Tre B PtaRe e Bl patiPagen. I
agai n. ThiegeskRY) beLalRIved & BnfoRNinBe FigReXi s (RAY Fdr bber Feq forgample. The
successful . 25 00150& 7) Retrieval of delivering system, [0015 | f
step 5 1 elslivering rad and theidstivring Wirg, optienalli ivifthe deRIpEmERt VYitse can beheld in
depl opeRosifibf Orii the daEorldelil SitigNRealid, t6r &aMpRS: Je?i(fyi‘rfe}iﬁqbe,fc% be pushed
exanpl e, by pulling. at one end of the IoocJoed depfoynment wre and

pul | i ng ite mnye thenpil eubgentgdhe dizectioppbipabead ubd Lherdyy, e filmeef the foldable
and the . C ] i t

ol i vor i g SYRCEYE s SPgffl Bdof oy ptbed B B BT nacile, s Soflfy
wor ki ng Sigure 6y optidnalik e dodiytube snsmoltaneieslyepupherk fewardp if thé éaildmbe e nang

wre at the.tail tube, opti | 1y..via the | ock tube. .

2011/ 075088 msehTP OB I o PELATE ROt SUFIRGE (el el dne or
i nvErntsi orhltbﬁlaslﬂﬁesp i gﬂiﬂ:ki tﬂbelden@i to thtﬁhﬁ@@ef‘rﬁhﬂ @N\ﬂhegieﬁlﬁlé’frrﬂgi \aird, i tRg working
Wor ki ng Exanpl es and Exanples. [In the Wrkinpng Exanpl es, the .
st ruct ur StuelEFcgIgn the Bottpme of theohizhe g can Be "tal‘féa‘f‘?cf §‘fe“a'g s gelivering
descri bedyatmhad theQhneRYRiRIbeBRWithavAr enbodi ments. O course the
present invention is not limted to these enbodiments and the 5

skilled ows several nodifications and equi val ent enbodi nents
of the oﬁ@é%@?éimﬂﬁ@n consi dering the above detail ed
description of the invention. [00153] Working Exanple 1 10[00154] In
t he embodP 15theipldabie tdibpottignhas for exomple, acridrntly bsporelepsed methefeft
the fjrst aspect. | hows i can ' r .

aSoy A0, GSRTR G b 31 Be3ly it SARCE S PR Bt RENA R Blh e
head t ubepullad badkl totunfidd #recknsird ddvécel Then, dregigisng the foldablantad groetioinyof the

provi ded wth the he tube as scaffold. The fo] dabl ection.

Conpr | Sedol Ao HECtoB A SFeka 5t io0m0F BT HBk np e Her R el g
from t he shga prédeBuledfsRE SVah B rédfeate® bpdipMhiyeiehNstgAEd tRIepdard vatiE
folding segment in the mddle of the | ength between the head tube and
the wai stthg¥alingis susegsflol dabl e tail portion simlarly conprises four
sheet-like arnms extending fromthe waist portion to the tail portion
and emch [beas0pg) RegictDbodi¢liycargsmtam (t he fol di ng segnent is shown in
Figure 4). In addition to the f.our arns, the foldable tail portion of

the fold . SeELi ' i ses.a fi ‘ Py
gz £ HRANRL ¥ HeptbPiiedt QUL
20 ar s 1OSIF SEREF S BT & Shufucidey BoRABAEL e RAMES, B Yeplbliien e
the fol diang tisegmiavingokireeshberetrieved doeexaniphe b iputing it bjl‘&)encpdrthelaopcdj
? olr ! te;Lﬁ,dfelgf_oyr%\élef\trwitrehgndfp%lllﬂllgr}lgoust.e gngwarsds?]?e &etplc’y%egp t%Y)Ver:-: tlllendell:ilv unrgerog' 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, 0ptionally'via the lock tube.
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[ 001551 The occl usion device of this enbodi nent is conposed of head
(for the left atrium, waist and tail (for the right atrium

portions, Wiﬁ%ﬁws be p_osi ti oned into the Ieft. 25 at F&Hgbﬁot[%ﬂﬁ

ASD/ PFO t uhn "openi ng" or "defect") and right atrium

Chown 1 n 01531 I B ol Bine EeenSinvBien (i fhoeaieg i o By ot b ing g o

2, an. expimidag Werksie Ekhnfley iaflV Bianipl®. 0€ Ghe!WaRindeRkAepled, théeuhitial
aspect of the present invention and conponents _of the el i verin

syst em acensant pithe geelmdonsdryise s thefipleaspech s deparibsd atland of sovsrl ipatticulap
shown. d;rﬁbf FI n?f{?'fé & m&me%&%%t 1ﬁ%tlﬁllé Q%io?ﬁmﬁt@@tcﬂlﬁ&%ﬁn%ﬁ%nﬁs‘%d the

front si e tissue conprises a t ube :
f ol dalsl e skidled pexson k9avy eFE0S sRATIcHERG 1204 @Qm&lentrﬁmhoriumr@mfsﬁhsmdgslm

four Sepl e@ntcg tv%&u?&rns deﬁ%ﬁ‘% aaP(?‘%b Cakle$ e? 0}1% ) |Ogltﬂef1¥1 enl?gl f-front left

atri al ns I('127 1b) (see

t he enl arged vi ew of the conponents of the left atrial patch in
Figure 3). The filnms of the arns are nade from-a polyneric nmateri al
and have a folding segment in the nmddle of the arms to separate the
5 arns into the half-front and hal f-back left atrias filns
(127-1a,b). The folding segnent -is nade of the same pol yneric:

mat eri al ,[0153]. Wierkimd Exdmpleiln t he fol ding segnent is thinner as in
the ot her parts of the arms. The head tube -has a hollow interior with

a thrgad Pﬁl"sﬁg‘gfl = HRerhtbdhm dr? ShaleP O%Wéurésogtc( 30 OC%EJSIOIII di%glcgﬁrtuﬁgﬁﬂs{‘g

nmeans of rrng system whi'ch al so rea

end, can aggecaistshane evhich cambe hdjasled folp ehe(ukd @s d:) ASBDIRF nowlhwlek Viihs @c¢lusion
and 10be det ached off ead t ube 1 ant,i -cl ockwi se turn
of 't he ddlitish bits Aitpodiient Siypgnistd § fiead fuce) o Wit e o4 G0 IRE R Ereitty
for cl osinigné feegafygrévillédowith e hoartbs aiRaf®dldi TR fbidable eectioipompises th
tail tube (190-1), and a foldable tail portion consistin

f f .
separ at o (i FlOARH 490 BRHIBIOLY FREY kR FSRHPAING 020 Therhegd fute e waist
atriajs f 'ﬂoﬁﬁ)ng Wadrethacttiith haldne l?@l@iﬁg rs!:?ﬁ@nt inlthe ﬁ{lddlé‘bf thi: lléﬁﬁth(tﬂeﬁ)?eeﬁbﬂe

and a right atrial filmportion ( see the enl arged vi ew of
conponenthsadbfubg aad thegpiaistpariie. T;batfelﬁal?lﬁ tarh w@ sijilarty gompgiges tf%esheﬁés
a hol | ow,fyl, HE BOOHS, Ao BnE L FRHCEhALPhA e S RS
so t hat tlﬁ% hﬁg *t&?dl fnﬁbe ?g%s a%t secon ver| ng rrean% °
deliveri rsggmgrst(ém foimmg: hegaiesd ishsiovwa tnhFlgau&efH Imtad;htlm taathei foyr emus thean
be attac t.o. the tai ckwi.se turn, and.be
det ached 19 ?blf ﬁaél Roﬁl?" ?f th%Poel\da(b}e se:ct:L 3n compnses £l m portion spanned Over e four
20 arms in a tube-like form and extending from the waist portion to the folding segment of
each arm, wherein the film portion can extend a little bit over the folding segments as it is

shown in Figure 4, for example.

[00155] The occlusion device 6f this embodiment is composed of head (for the left
o atnum), waist and tail (for the right ‘atrium) portions, whxch will be positioned mto the left
25 - atrium (LA) ASD/PFO tunnel (the “opening” or “defect’) and right atrium (RA),
' ‘respectwely 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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20(190-1) by an anti-clockw se turn of the deploynent tube (315).

[ 00158] The occl usion device described herein in greater detail
further conprises a hollow tube (113) nade froma polyneric materi al
as engagi H@yﬂ’éﬁ?fféo%l ch is integrally provided with thEC?f%%H'IQ’%QG
(110-1). The engaging neans is further adapted to be engageabl e at

t he | ock Hortipf) cdnaiserg af fapr separatd @ammiviich: ¢ap headiffereghiated im0 -hajf-frong left
shown in Fi t fi I

nas tvo Ariddlifis {2705 ahARAEbE 1R SRATIAL (B7LIRTHCR o AR Pey it
crossed slootpsndnts tiethe asft el péttlein FigereoX)c Theifibms déthecarmb ase made from a

folded into its workin tructyre as is.shgwn in Fiqure 5. 100159
The. depl dyREMTE T34 Poteih lPe SBamen 31 e b ofdh¥ s i epaite e
enmbodisme meintb e RLCHHR 200 hdbasieledf athehIRsgSEM a bY; metﬁueﬁng s8gmeént i9d
housing and as a second de|iverin 30 neans. The pl oynment, tube
(315) is m3de,gf thessapr g %rmiﬁersqlrgtwg ﬂl%“&'é"ﬂl“&l&%fﬁldme&@e% léﬂﬁmieﬁés

sheath ( rlf?tthes&ﬂé‘i'g)an%f M{%'al-mésrh@ ll‘nl:-id fd8e RACKnAINRG, AfribH FARR tﬁﬁm %réﬁ’so

t he sheath etrieval he occl usi on device is needed
20111075088 BETA DOm0} mglo(zw@ E[SO'UitGE]lVGM}gMWﬁgS Ef(EmpiebV@ﬂB@GS_t@D] whwhtlhe
enbodi ne Fi

ot oo il k46 UL 6Rach®s &n e TElUTION AN CBRL i M ans
occl uger beriﬂcbﬁ:bbffsh@heaiﬂembeel IdF 1)t thyi sn emti}okdckmm twro b rthes depldyament rod
copol yner $®| ms of about 12 nun x 50 mmin its unfol ded structure.

The occl §?8n. device of this enbodi nent is conposed of front (for the
left atrium, waist- and tail (for the right atrium portions, which
WI Il be p[@%lfﬂl dhedghtratoaltpateh|(£6Q) fort ¢lpaimg mbﬂ)efecw@mlmmatcmsidélof@hmsue

" openi ng ef I.aht, fi I
wll be fo ae%atgﬁtnt'%e@\?\grl .“ﬁg S %dﬁi(): E%Iea?dgng SPS?% o\f |“\gf i a%g B %hd
c) to seaﬁhmmewmmréennaxe@ 4 Galf- fiomt Eg@u&tﬂallﬁ]msqdzﬁbﬂal amletpﬂlfet;mbmight

steps are. s ccl.usi on V|ce sh i.n Fi 7a-.C
hol s nguid e BT P Gt e R Fen UG bf SplReefciifhugt e
section a:meB&nfsrdTrt\Iﬂe Sgtetrdf pdtdieintHigse e) amé taflnGhHAs AGiollow cOBkdri¢sl tabe
devi ce at e front side of the tissue nmeans _of pushlﬁg t he

f ol dabl e Shepsgendohasiothresded exenoresfacs R tlzﬁ&ttheofiepcl%@l@hét&te APhas sacemthg

it by mMOfeigerindenddaask thé‘l?&n@ﬁﬁ%%féﬁ whichSatsd Has b igeslicl St e Af efdd)€an
tail tube. Then, 15 the fol dable tail gortlon ‘of the fol dable

section e attachet sethsiteib tube (130=1) widh & elog ise turgl epd be detached offt the taglube h
and f | d s e direction of the
head ?ubg%q)pe%&%g%g C?ﬁ'gée?%gtogg‘gm hl y&?@%’%&th si des by neans of

the folded filnms. At the_ bottom of Figure 10, the occlusion, devjce

accor di nd09'$8} Ahe ogelysioncdevice deseribed hespin in grealspdgiail furthescomngises Jpllovhg
structur Qut{]er @ tn'%‘iefffo?rm p§l'yﬁln%né ﬁhateh@l As%gag%gcrhwn@ vARG it IReARKHHGed0

in the ri |cture occlusiondevice is not restricted to
this par tWIBUmahe@rmb@I(ldﬁﬁt) ngwmmﬁnsnbmrmﬁtaiap@déo b¢ emaﬂee@&atghﬁ

Cenorsl | JadA2bA RAEANLS o 5 oPfidelSuRFat Ll doepish oA G lE Ere o] oDk 1
errb]?]g!glmé nﬂz&]edﬂ"sa:eﬂ:cn&c))lﬂg mdiervat . a:1d ha§ @\@d@ﬂ:}sse'ghﬂcétg lo’fj\ls.*lt gr;gagmg m;e:hs tchle be put
Seal Ol O B rORSEbE (PRe TS o b BeAESh AT HEeES e i

t echni calwd‘rld,ﬂggur@mreﬁs B_;&,ﬁm@a{mgﬂ%j he occl ‘usi on device of this
wor ki ng-exanple wi Il be explained. [00164] Figure 7a shows structural"

detail s C sion. devi nf ol ded st at
Seen 1 o Ps8F e LS R S Pl by 5ot BOU BCp R TR s FRppasRR e,
part of tdaelusios ldu\sibco of devpresent invehtivns aenbodihvasihg ahdas dedecorry deligering
(21) whlchlsth irst del i verin g
means. dep oyment tube (315) 15 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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30 neans of the delivering systemof the second aspect can be
removabl y arranged at the head tube (10). At the head tube (10), one

or nore f gof the foldable section can be conn t he
enbodi ment as s#kwn in Figure 7a, two filns (11) extenlgt’:'{.'@&md'"ﬂ)UHa

sheet -1 i 011/ 508 PCT/ SG2010/ 000476 form from the head tube
(10) to ﬁﬁ%“%ﬁf"? "gkb%]z’(aﬂ'} ere they are respectively connected at
their ends, for exanple, by |l am nating, gluing, sew ng or welding.
1001651 I[ﬂ0ﬁlg|1n ¢he7embudiment sbowh oavtheeFigmees t7e-afan toselusion ideeird ngth;'yﬁrtSEm

of the secon t he e n

o the aosroLisRRRREbnichah B ySIRERY IR Use af AP ARDIFTQ SEIE Tnd SoRANR

t hr ough alesiteaf thisenbddim@n colpprides tma@og@mérlfmﬂs of atiche1Z mhdab0 énm in its

secti.oninﬁéﬁg!osition t the.front SI t(retlssue (Ie’u %r },

del i veri hgfgesdruryrg The peclusg fcﬁé?ﬁ 'aerae? TPERY; if GorpRRged of front (for the

ext endi ngeft EtHaH? hwdienk @dli (fS4RE right a&mﬁnpﬁ&hw wﬂlcﬂwn%e pB&iflortcdiftd Qe
(0]

t he head tube he occl usion device and being renova Iy connect ed

to the hdefy atrivoe (Lﬁrhe‘\%Ié/IPF@eWM@ (e “apaminge of ndefeerddandorigitcataem (RA),
/ I
into/to tr@s?ea%gr dtTHQ? rﬁlg‘%]ll Qé( fflded 1'nR) &19 0{11!:1;1%3 : ver t(bsoﬂlog'g tf;‘%llrésn.?b

t he presen at nmeans that t tng r
be i nser taad c) totseal ttieA BRBEFCQL ube (10), which can al so be a cap cl osed
at its tip and can easily be renmoved fromof the head tube (10) by

pul 11189 ifbo wwnfﬁ@mw%\t&%%w%mmpg %%H@wﬁlﬁﬁ—tﬂ@bécﬁ%fdnr!ﬁv&é’%&vﬁml)

fromthe head tube the position head tube shoul d fixed
Thi s can in Giguessdaysl inclpding disi fekdem Q:fyh%@ldab}?dle@%ml@en pﬁ&eﬁwgatﬂ@aec{lgxlyt

avay fr Or{ﬁ% H?rﬁjs%e ol?%qlsgﬁébﬁg(agl%%ori}qﬁ'te}le ec?ﬁ%oﬁ%?ﬁﬂcé Hhfe | §ntr3gdeq>f bk tissue

position a ant erior si ect after it
anchor ed bgtm¢dne oalpuﬂnmg)rhesfntdlablefheampomieh a@od .theAheskd onlea outeafintbe shath drine

f ol dabl e rtion en, f the an or

def ect adiomeheY mofibelBs e Hee RickiaRRsis dERRREldkohf Subhot hiben.

?ple gug ? Qe to(ijlﬁbléeii_epdrtimlg Qﬂﬁ@ﬁﬂddBlwseagmtdggled?pkmerﬁhhe Ws@@&ddfe@lﬁplb?&l
ol dabl e head portjon t he occl usi on e e anc

t he ant erffos} tllgﬁggaﬂa,ﬁnq%g ded; bysmeangof grqvinerihg t%} Gdp i a}f?g‘P ‘?eﬁﬁor{‘?tpé‘ g‘F

the del i vgde mr&xsgeamgcme oREniAg FRARDBSIhI siiel b M6k WF IR fAl@MI Fihs. AS the
is shown in the énbodinent shown in Figure 3a, for exanple, between

the two dpéen-of Foemreu | yghe pcelpsion deviempecosding ite thipfpartiralap cabadimsat is
devi ce a@ﬂov@t?ﬂ'l ﬁsxitil?an }lﬁ{ig ﬂ.)trpﬁ'oﬁ‘lathé ﬁ'% de( %%%%ﬁx&ul‘e and ®E backside
u 13 1C

optional | S0 extend ock t can e arranged,
if provi dmdhe g hictdret Helsa, athle ocacbelo(nlﬂvaelm)mv Testheteddel thisi particular

device of the. e nment, sh i n_Fikqur
scaffold® tbaglln}e\gg(l?ol sgevs\ﬁalr %wél \f?i th[lS OF glopa% fhelcfg@BEle%ﬁécts)o Whé g(ﬁ\ffold
connect eGaité toan et Herpved Sfrech thlaegeheﬂd desdnpn()ﬂ(l)f thEhecctislonv éevicegamd itiee

(14) does _not need.tq exte the way down to the tail tube (12)
in the ur?f“EfPEiléfQF s‘moa‘“&?r“std%w@e%?‘a@%n devi ce. However, in the 30

working structure shown in Figures 7b and c, that nmeans after the
occl usi 0rj0Uis3] Fbe barstrvaion df dickedfold and @w&btdabhgmmqnaof theecclufien device

del i ver- re 4 .can xtend thr d the
opt 1 Ghal e don b 150 5 ZE A B 1 05 bl e, fidleaf Retplditor
(12). M&WMS@Z@&@HtﬁQ%?ﬁny\hmmﬂawnm expldifedough t he
tail tube (12) and optlonally the lock tube (13) the delivering wire

14) can d t
(ha) | oo DAl PR b e iterfthy deifoP e dctiBioh We)iolp RANRARGY dufe 2
struct ur eagdn sben fromklegueraen@a@amguuer(douml posétioned) avithreean(etiéy pat of ftiee
tail tube 10016 e 0 nt sh in.Figure.7a, .t he
bl ver: ReiRba ades B i eedineth b cenirnesrarbiqy £ B ruslaefiing,
can ahSo pdiné Bf the HAPRih®§yRteof the sddbhADhspest cah BE BentfvablP@rranged 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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occl usi on device. The deploynment wire can facilitate the depl oynment
procedure. The deploynent wire can renovably be connected to the
delivering wire of the occlusion device and can, thus, extend
del i veri ng'WHEYSMh that the delivering wire can be nﬁﬁBSG%%P@ﬂF75
short that it can be enga ed at the tail tube, but need not be cut

after thdomfPByteReaddpbe HE) b il Whre ey vbere thayjase ESPRSHY T FPNECled Ak

an easy gy fds! ot %ﬁipﬂ? %Mmgﬁfhl OMlRB! seWikgCorwepdihg.ne delivering wire
by pul I'i ng at one end he dep oynment wi re. Thus, the depl oynent

Wre can il ved fromthe occlus vice. The d 0

Fube hondBEoshin i< IR 1o ol REOSAGITents ol (oY arine s e oF Hig-2erom
opt i onal l¥pdchan gt emBY@edd 1R firdOdehy '&h@ of #d ddlivhgng shtenCRAdRRed
noved |nto the direction of the head tu (10) to allow the tail tube

(12) o Beprrdvbe oeshsiansdevich dhrpaghia greath aaﬂ tq geide the dgad prrtion pibe foldable
del i veri ng.rig  Jéblicdul! tHéJfrBHtEm&’@Qf Hﬁé Be %Q%Q%gﬁ %g’?ﬁ@a‘?ﬁ i9%n e

second delivering neans own | n e Figure
del i veri rgibsyisieata ldsle@nng(D@:!LVXl]) eiﬂhadldgthwmhl the talldldb‘( pfl he psclvsien eviet

del i vering,nean | 0

opt | onal HRTRTEa e HepERibs 3 e JERBH ks o5 bohe Eenl Py Rl to e
dﬁl i VeL i Ngadtst. ﬁmealelivmg r@d cinhﬁ hlﬁieﬁbdfsd)rm&ctd@ilnitt)d?g), thehé’adh?bd’(em)wadslip
t hrou t he cat heter are sho |n t enbodi Fi e

and cin éﬁwwcw o the Fopsertimn bmeeﬁdaﬁ)tﬁegwﬁe Oﬁe@
are renmpvapby u?s@ﬁ&laﬁﬁtﬁdletlﬁad heefee@dwhwhean b6 vdal dapeldsed atitd p afd can
engagi ng means and the fol dabl e. taj | portion of the occl usion device,

respect i \easily. bosmpged from afghkheag mhe i) by pullipgiy away fromithe head wbe. To
embodi ”E%m%\ggkﬂe QQIFJZeHﬁ%XCe%‘f)’trﬁglttn?ﬁgatdoc SR BosihEHGE maeeﬁﬁmgeeforulcb&d

in Wrkin on devi ce has,
engagi ng f‘ncedehls eancifor exesnpleibe aghieved ba)pullingche deivanng rad (31) a}w ﬁr@n rtl;le

but t ends e 1

ouch T oeRt e Wk Bie neh Rbehd il bhsfiE s b aRH0r GAEafIE Bidder sl
occl usi orit hiBwWeere ajmﬁd%mhd)amerghtsxderﬁfahe BefedoAneimtedomsartsithat the ébldebi:
been fol ded, i nt,o the wor ucture he_del ire can.b
oot i+ hEsc pevigp hay b ided, & e g S 5 S B el haBd 1o G had i
al t er nat ic\dﬂm@ﬁbﬁﬁheﬂmﬁ&kthﬁ)@ﬂw@eﬁmgutﬂ@mef&aﬁ to be introduced into
t he sheath. Such a cutti ng nmeans is not necessary when working with

t wo erosgxﬁgiﬁwuﬂng\ég% 8 ‘25576?." dece]dure i1l ?oﬁ)dafb% E%f?) po(%Lﬁé l?ﬁe okﬁuﬁﬁ&e

Wor ki ng hent wre en easl
be draawn devite bayn puarichergd at the nﬂteendslda\hﬂ‘ the tntsdine ddfek. Thé kielgremg eod (24) of

can remai s t.he engagi ng neans in t 0Q174] WMorkjng .

anpl o dhe S0RYeA3S syrIGA-EaA v RRaeEY o b SER R CPOCEHE ibohi iR the

descri bednbddW¥nKkRBvn 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 prowded

25 behmd the tail tube (12):

[00167]‘ The occlusion device of the embodiment shown in Figures 7a-c comprises in its
scaffold a delivering wire (14) in loop form (“loop wire”j which is connected 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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Exanpl e 2, the deploynent wire of the delivering system may be.
renovably connected to the delivering wire of the occl usion

devi ce byv@oﬁﬂﬁﬂs{;aisc knot which allows the renoving OfP&R'EEﬁnomouu
depl oynent wire after a specific notion of the respective Wwres, For

| e. 0176] Wor ki | 00177]. | | ' .
erboni ment 36 xRl it AR sl e ooty i ek iR LY Re giyerine
occl usi onwideyi4 earciedengagdarditetutiest tid tall tabeg@2orvdpsibidllyl dt Yhel 18¢ck tube (13) as

fluoroscopy for exanple. For providi at least partly radiopacjty
two smal 11 dow i e Fae g5 Hhus, e fo d siuctes SRiks loRkeduRy ensagteithen

(16) of tmvg,mgq@pgmfgqgg@nnq;e'(me occl usi on devi ce (pl ease see
Figure 7a). Thereby, the strength or rigidity of the waist portion of

the fald ction .cgan be Jincreased and. radi opacit n be proyi ded
Lo thd od TSl sckmBdmert g Anei da e e wisé D Ts phnabered 1o
portions Dfefltiendnt Wi @2} Iwhible carbaigo Bk iR MRbSTdrA] inC@BNINFRHstate of the
radi opacifier to nmake the device visible during the depl oynent

pr ocedur excchigion oisyire1 Thg deplagmentayrse can fpgbitatso theyprploypicap arachgureh&he
head t ub ohe pecl Usi i i ng t:he: fi

o cont ey BAS 4R Bore SE Agall Gk £3k AIRE ks Bl
t he del i Wericagnd oah, thesdexitenditheddiypling wirs suqbrtbatdbieidelivagng wirgtcan be made

del i veri ans, .. Th i.nnet .di aget er he. h t can, b
a ueea Dol M it A BF apPa GRS T e R bl 98 g K PP
25 head tthbecdlssigr danvigte ThisTdnebodinagie aHowoOhn edsy wandl eleasisg thef deployment
preparing the tail tube can generally be a little bit |arger an t he
G et er e i e dotiying Wit 5o g g iR &nd g e OOl Hiieo THE, the
adj ust ed deplelmeRtadiré b ER1lY Ve rérheved FFbm tHeScdRbioN AEViBE THe dRpRMhent tube
optionally the deﬁ_l oynent wire can freely be passed throu R t he

hol | ow t Uigusefitheisiivetieoting ag/ortrdeploymentiise andioptipgslly the retrieval wire.
2011/ 075088PCT/ SG2010/ 000476 1001821 1) Fabrication of filns [00183]
Rect ansgul [80169] Mivs t«i¥ahB8aIP4Ean bOmuvedingy thkdinetnion afahe REHA tpbe {10) eXillow

were placed qn late to, cut oyt the .intpicate design shown in
Froure 1 gt (8L fe ey wamg#wﬁ& S8 O e dishseo b it R e e
Two cut t qia)f ideifi WY depldlyhieas pricEdtrd Yy WREME b H¥ReB | deliV@ingehelrs! (Bt
with 40% BaSO4 (5 mMm x_ 5 mm x 200 p were wel ded to the wai st
| ocat i on SheWR i Ba §igyen’) REthsdeliverige sysigte ussdovi de visibility under
fluoroscopy (Figure 1 Ib). '

[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

A 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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[00184] 2) Incorporation of tubes [00185] The tail tube was first
wel ded between the back ends of the filns (8a). Afterwel ding, the

excess fi LiF,MelRodsut for easy-folding as shown in Fi gpéﬁs(l;m%g%su]' en

a simlar procedure was perforned for the head tube (FIgure

[00186] 3). Suturj.n f device 1001871 Int he del i verj i r 3-.0
Cuture) ihis e embadiiii o scpmatcrihed Bsiia b SperhigTblortie Sl s’
hﬁad t Ebecﬁmh? rﬁi’m‘.‘ns ﬁsit-)lhd‘nnzic&&id'yed’ﬂautvoﬂ{l]ng hﬂ? t@o krobsiewirkh@hichand both in a
t hrough the | ock tube, fter that, the deliverin re went a reverse
way t hr odgep fare #SSteReogh & ﬁfﬁ’éorﬁwa Expenliod. beASa RS ERYRE M T (P9 o

| oop (Fi QHEr?ea]s_ﬁl_ﬂ})e dtdwn/@# bly gﬁﬂi_n@ KB o) WHE t ABiverigdRir®{14) Ren RSRkL

tube. [00188] e finished device was then folded into the working

st r uctSur easfthyg erigaging meanstinghietbody. shown in Figure 13b. [00189] 4) Heat
treatment of device 20[00190] The heat treatnment was applied to the
fol ded deyora]twori@heBssmple4ess and record a "shape nenory" effect
for the fol ded/working structure. The flaps of the device were

pressed. W clips,(Figure 14a). A Teflon paper i nserted .
bet ween’ \é@ﬁ{]’&i%ﬂ of™ VT gv%ne lbcogl?r%e totoeﬁﬂ%eureg%coﬁg%eﬁ\ﬁgéeg?%atm “Working
t r eat mentExagplenBe ddpl@meac wirdod terdetiverdly systb@rmadbdnetiosaliliriconiceted to
14b) .  Thep the device s ahle to fold easi. IntQ.the correct .
posi ti on Bt wzsewrse\ﬁﬁlﬁgpawfé visE Wcésspa%ﬁi/ g allgys it emAwaE Af

[0019] Tihedfadmdnt Qﬁ{é%ﬂe&%kéﬂ'ﬁé'%tigﬁwt%@ré&ﬁ@ctib@%_eﬂrf&mléﬁglef or being
provided with the delivering systemto prepare a kit of the occlusion

a5 one e8] OBSUHE BXAHRRE 2"\ 2011 1075086PCT] SCR010/ 000476
[00177] In an alternative embodiment to the embodiment described in Working

Example 2, the occlusion device can be provided with a good visibility in fluoroscopy for

example. For providing at least partly radiopacity, two small waist marker films can be

15  pasted onto the waist portion (16) of the foldable section of the occlusion device (please

see Figure 7a). Thereby, the strength or rigidity of the waist portion of the foldable section

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 dii) coating {cf. Figure 6), the mandrel can have the sarﬁe diameter as the deliv:ering rod
‘used in the deployment procedﬁre;,as first delivering Imeans. Thereby the inner diameter of

the head tube-can be adjusted sﬁéh 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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1001931 The delivering systemconsisting of a sheath (not shown),
delivering rod (21), deploynent tube (24) and retrieving wire (23)
were attached to the occlusion device prepared in Exanple 1 as shown
inthe Fi IR#YYWd in Figure 15. The delivering rodngﬁgsﬁmé(f’%{’loﬁlﬁess
wire of 0 0.65 mm The retrieving wire was a bi o-degradabl e suture
(PDS || 50918 lgfabriqatiomolfimsThe depl oyment tube was a PTFE tube of 0
1.65 mMmwi th the deploynent wire and the retrieval wire going

t hr ough. momémectﬁhgndeﬁlmsemm@aspgtmmrasngqqanﬁmt @illel 200 hm tmad) Ugdren
devi ce prepared in Exa 1 such that the kit of the pre

i nvent i orPlg6sd OBraéB‘BPIéfan 94 Y “i%‘étrkcf“@ dediamps ToMg ik ‘%‘6%? 'Li’s TB?\“??@&'E'&%

and the dglheiembit rﬁé/r‘éttl‘i‘émé’lﬁm"g'p%m@sr ?%%ttéd‘ﬂlﬁﬁtw&@ultﬂaﬁlﬁn&ﬂ?Wéﬁ!eQnTwo
devi ce 10can be'retrieved coggete devi ce was not depl oyed

in thé comalonansersfilmsonith $@30 B»§P4 B(awprcé lamm@@_%m) mers/wvelded oxthe svaist
ETO
Cone oy bbb ety HASIENSES pROICTRAL 00 AUk B o) iRl e

del i veri: n stem; wer e seal ed.in the formof the kit of the. present
i nventi o BZHL er and the 15 delivering systemin a
standard ETO steri I i zation pouch. The sterilization.procedure was

conduct e0at85p ThE thib kutsei was st sveldeli| lewesbnlie PaElY bR off the fEmET8A)p Agter
f or anot her, conti nuous_16 hours.. 1001 olcii Post - steri |za%q(’)|r}pcell

cul ture CBTIGNEIBHAFEIHAIMS WRSESY farisyfolding g hoyyin Figuze, Sh SAilAE

that fohe Ps&a@;@wa«gp@ﬂmdaq&rmeh&drt%ar?%}eﬁz pgndards. 20[ 00198]
Exanpl e In vitro testing and degradati on [00199] In vitro

degradat i 0] _.Pol rol actone (PCL Mwv 80, 000, Aldrich) and
PLA- PCL J@Eﬁ@%%ﬂ%—iﬁgp—mr ac) were studied in vitro for their
degradati on behavior. Four configurations of filnms were tested: Pure
PCL (200 [PON7 Hite khe deliveaing oyitst Ptk sutpRpovasried ia kot Tira) theidehveaimg, wire

went through the head tube and one film, exited out of the tail tube, then went through the

lock tube. After that, the delivering wire went a reverse way through the lock tube, the tail

15  tube and another film to form a loop (Figure 13a). It was tied a knot on the other side of the
" head tube.

[00188] The finished device was then folded into the working structure for heat treatment

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 thelfolded/working structure. The flaps of the device were
pressed with 2 elips (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 tFigure 14b). Then the deViee 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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25 BaSO4 (200 Amthick) and copolynmer with 30% Ba504 (200 I LM thick).
Films were prepared by solution casting and all filns were tested on
a thernogravinetric analyser (TGA) to ensure that the sol vent content
was | ess WRHIHOBYBW w) before the in vitro tests. TheRCTAGP/QLR76
casted films are inmersed in phosphate buffer solutiaon (PBS)

stored i H00a] ﬁeasalewﬁnnatsysqmeopaﬁn@zméwt ERashoHD, deleveabe 0 (2,

in duplig dt beitse tVRIRK
week 8, SHByRICHEE RO ind T MR (7 S aient [08%%‘115}%8&6%“

Scanni ng pedpersdrin Example d s spew BEhy Figvend anandiio Higuo0 PH The Belineriag radswiast
h h f
show ¢ he .AeSHREAL08r Bl o BYLin AR g DL WAL b $ial£ARRI ML s 11

shown in Figure I her s m Sur
becanme si)tdf GFRY.Bhimen. m’m) depki)tnmnt oute wee ki, PTHE tibel off @ak6s oughwislg alien

Figure 16¢). Fromth ere occurred, nany large hilly |lunmps on
Che fT T teelp s Sk 430 e sty S £ TTEE v educod and

i ncreased with degradation (Figure 16e). After 12 weeks, the | arge
| unps oc¢Q019éHThgé¢1ivelamgisyb®tmwmommdnaﬂ;c wrlasiks dedre repaekin Bxamgle e

160. 20 f sh w_t he de radatl +. 30%
5501, T vih b R, o B prchffin’ Bliof 0 308kHEh Wine B8 Moiinsfing
ori gi nal otélhgion &@w@dhﬁahelulaung Bgstemmef fHe pmekt mf;erdegmd@ul@ﬁon tdvece
Ba504 particles re a segr egat ed, on th surface

(Fi gdPes campy r&tr&)"e FPleily %ﬁgﬁ? feeqwg g loyhiarine £ RITSSEPASitione s
began to | eave the polymer surface, |eaving many holes on the film

surface ((1§5)y Exdnipdle.3 Newer BaSO4 particles then appeared on the
surface when the degradation continued (Figure 17e). After 12 weeks,

the surf a6A ogPBiklicht Sdlidel (E'ng Ps?e%hlﬂmo%sof( Jﬁb Q}é{h%elerQ} as%éc[thQ@ Qi i efses

18a-f show the déegradati on pure ) [ msurface rengai ned
al nost i maadend grlaprkockuSenrs Hpﬂgtai &naperesﬁequmdsclpemcéelwnnnmeystems

I ,
Ot Facs WA LS e VES R Ll o0l WSl I e
mar giths t:lelivweeg sydtemirf Elsganﬂard]IBk‘:{) steilihzatmnrpghds Tlhecsaamlemamrmdum velaesn

the ol aSBTEREIJ ot ol 30 1L SR, B0UF dopRTghPE HBETE oA hg 2 142 s T i

| ar ge cekdmindosseyieared and were divided into many smaller cells
(Fi gure 180. [00205] Figures 19a-f show the degradation of PCL + 30%

BaSO4. i%o‘iéﬂoﬂ?ﬁt §%ﬁﬂzatu'8f} cell Qﬁlrﬁg%gnmf&%dtﬂoﬂ cholfs 9?4;9{ aecgitr%gtge?e%%!lle

than in he ori1gi na ure
degr adat Iabrshpwmmesmepa:se@remdmphetmmhelbvzmrt stetndardsopol yner + 30% BaSO4.
25 The BaSO4 particles becane nore and nore segregated until they

el ut g 0!’60&9%] i 2emple 4D 1n! V@Y kdifin Hdd%%ﬂ}iaﬂ&]{ es on the surface.

Fi gures show the respective surface state after 0, 1 and 4

weeks. P@a ﬁﬁew BaS rt| cles surfaced with degradation (Figure

19e). 2 I msurface were filled with tiny holes but

wer e not as deep as that on the copolyner matrix (Figure 190.

30[ 00ZOGIOWDMeEQlMaXpmAmt@Qt(PCbQ\dw 80,000, Aldrich) and PLA-PCL copolymer (IV .62,
. Purac) were studied in vitro for their degradation behavior. Four configurations of films
were tested: Pure PCL (200 um thick); pure copolymer (200 gm thick); PCL with 30%

25 BaSO4 (200 pm thick) and copolymer with 30% BaSQs (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 lem 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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WD 20111075088PCT/ S&2010/ 000476 [00207] The nol ecul ar wei ght (Mn) of
each sanpl e col I ect ed fromtinme points was tested on gel perneation
chr omat og [ 00208] Mw | oss of four types of jfi m@
plotted in gure 0 Copol yrer - degr ades general |y fas +lg?@én ﬁf as
r srtart how r gl d degradation after

expect ed
week 8, vlﬂﬁ%"tel? Shortening pattern from
week 1 onwards. PCL starts to accelerate on degradation rate after

week 8, vmmﬁ &a’gwtsylrﬁeff sem\t\b: degtadatear ofinrd el yrter.olhgoiginal gopedsakes is
And BaSO4 1}1 f];e e Xg r}l%r Lfsa ?f fijmﬁesr tthg Eﬁ‘ éu?facerrg%%t ooth
8ot a fat {01 )

5|gn|f|can?1vy i'on pattern of t’he polymners

Mass | oss(FﬂgG)EeOmlOiﬂ&hm ms th© filin &fasfrmdgmgamt(ergu&aama) tHrom tp@i o, thvens
measured after, the sa s were re .t he S reeze -
e oS GRS A FEeLady WRbsqadhe 60h rfece TRiEwRI60 prphglumps were
obser ved réduce® ahd Ghadré Q8 Gt deBthstion FF:%MEQ68)1)AﬁeNIQ W6URS) theBhr E'lhnﬂ?
show a nore steady and |inear trend. %& 0212] Modul us change 1 3]
DVA test SFtTestagniaged Respiemimemycrapks can isseeifigyee 8ef)-at each tine
point- at 37 C.. All sanples were imersed in deionized water for 20

m n prior(0oaw3| eakireagl AF N tHaMisgtddagonVof Coprtyrh@r FesdvaBabll.t The BaSO,
Frequency Strain node from?25 C.to 100 C for cqpql yner based_filns

and 25 CPeBibs en pgclepily sepRsrythe jprface ({fdb‘??%mal}f'@mrﬁé%ﬁ it é3l Dprinpeng v
i s Cll(éselvyeek'o'f' kiegkaditioh, fh@EBaB@“ %ﬁHilci%E vy“!?é %I‘e £d ﬁox%@eér@@ﬁt@d)bb{ AR surfaSe

degradation p 1g}resses nol ecul'ar weight | oss should résult in

modul us |(51g§reef b he cpathgnnires copobiesy cdegrades (ihgs tlmmqg@e%maymtellwwhe
di d not e l.ar : [ S '
Fi gure. 25000k Ut g nallPht o b urlsBE Trigltd £1d)ENEDRIBaSO,
anor phous)anegas @Inf.;n appehredsomthie ssﬂb'svt\alnﬂm thé¢ d@wghn tontoieed Gagee 1Heuitisy
whi ch may. nated b r ., for the copolyner,
sone | osslzl"ﬁ sﬁl'g%%ea %2@ Jeeﬁp }’%‘gi{@%}% . However, it did
match with the in vivo results as after one-nonth inplantation

(swi riés HBWZOIhFigneas HRetlagom o @Qgraﬁ@ﬁmpéwpee PeLt Abedilmpsurfase jremained
PUTRS) RS e S008I A SRR A, S
t est V\Daﬂ@kﬂl&lOV%%PﬁTdrﬁ@d@lﬂ@me was composed of large chrvsanthemum like

“cells” with clear margins between them (Figure 18d). The margins became deep and

weekl.

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% BaS0O,. It can be seen that the
BaSO, particles: were more dispersed than in the copolymer matrix in the original state
: ' (Figure 19a). The degradation proe'ess was similar to that of the copolymer + 30% BaS0,.
25 -The BaSO4 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 BaSQ, 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 weightloss




[00216] This test ains to verify the folding and sealing nechani sm of
the design based on a polycarbonate (PC) septal defect nodel whi ch is
shown in FEigure 23. The in vitro ASD/ PFO nodel has two_hol es of

nm on thew(?ﬂmm AP um wal | and atri al sept um respectF@e(ig(gim""I‘t‘t’@“"S
former provides access for the device to the I‘Ic?ht atrium and the

| atter asl082€7hdhgmalequiy weighk(Mwy gheach seppleicpisesoioom timeoints Yassiesedm
Wi ndow as, &&Q? The occl usi on devi ce of the
first aspec nt%k?gva l:fdr:g%t}ﬁ?ﬁ?e)r?ergqﬁ?@) an.l |IF sheath, which went

t hr ough th ht atri wal | of the ASD/ PF erwards.the
front par[f’ t )< IEEn?fa @é@ﬁ’e? of fims,aas ﬁl@ﬁgd’%fﬁfzo #@@H@%&‘i‘%ﬁ?&s
al | oved téénb’r@fl?k‘agtel' fhah I]"@LI &fek ét-:@édaiprtb WLk b UF IS starddth - shJ»U?apﬁdaé zﬁﬁﬁé‘n
films were then f Erfﬂgfu back the deploynent wire an

agai nst  tafler sesgk @mwﬂwetzop@ rdesm)steawecha@rrworfpmgg [pattern gfforp ms,eekl
d |
evi ce Wgﬁmalréoggﬁ sfafts daccélgmet(gﬁbgtt}?ﬁf%ergﬂ%ﬁlép&%kdse%hﬁl@ c%@ﬁ}gggi%ﬁé\?s

atrium (Figure ch coul agal n and seal
t he ot hera Bhge MW lodsehmeghqnmlﬁumeks b@mchaﬂSﬁ)ngistthwePhbemabmmDnt ddzs nand

hol d h 4d Th d 15
s Sacinds Bl TRy adinlS of B HtBo gl B s ol ‘5"

pul | -and-fol d mechani sm wor ks effectl vely. [00218] After the -
deliveriri@020p¢tMass tassri eval , the device positioned well at the defect
| ocation as shown in Figures 25a and b. The photo (Figures 25a and b)

showsioa @OHh 0 TAE infs ro§§bltﬁ1ntsraeei AR tifeQPtint lvdks tmAburbdI ARy itikSs 1ewelre
as fromthe left atrium side. 400219] Radi opacity test [002

X-ray vi Jeesivesed rogy the RBSsnd figersrdrigd. t he first aspect was tested on a
fluoroscope (GE, Innova) at National University Hospital, Singapore.
A st andar{doxnd| Wn éncpdasé Gn(ﬁaMO‘sé‘lif'ﬁH(ﬂﬁ:SBEI_pIiUﬁs avasld)teewed a3 oddgrddatiém
skin and fat on, _abo cm t hj ck) re used as the ntom qn top of
the PC ASSMBREHhteare 21k ’?\‘E)‘{n‘fPé’P{y&?éﬁr'\g%%PB’rﬁ BPEStsady @%\‘Hﬁarﬁ er f or med
and X-ray videos/images were taken. [00221] The occl uder show

r emar kabl [@0212¢ Mgimbistchareeen when bei ng covered by two | ayers of
phant om and i nside the sheath. C ear device profiles have been

capt ujsed Uﬁﬁ@i DMI& tgs't rf@fy stoﬁgée%dﬁﬂs bhSBe |\%Q‘ld&%n@&cttﬁa§t@ﬁc}( f}ﬂe/‘)poﬁltt at

t he occl uder s tip ( wal st and t ube. X-ray

vi si bi i t37 °€n§ﬂrse@p§@wrwms;eém5¢lpw§d ‘d%tﬁli f@gZ‘éierpn mtoad@e[oo@z@é]
Fi 2 dey R
| gure %ﬁg gur’é&g%ﬁetffﬁﬁe’neh%% u%eitféﬁﬁpﬁﬁ!é:ﬂgﬁt}de YR & 6 gg‘%trfgt

aspect. occlu eat whi'ch rea
pl aced i rcopblgmaotasedfilmsrndrdsd€lto 60 VOFGTPLL Bagsd 8BRCT/ SGZOlO/ 000476
Figure 26b shows the occluder which is partly deployed in the left

atrium dyppsyd) e MESRnieh P%gﬂt)ngs tcﬂﬁe{yohﬁék@ Gntﬂeﬁag B%Edlﬁnv@{%ht Rt a
occluder, thereby closing the opening fromthe left atrium si

20 (co)polymer As degradation progresses, molecular wetght loss should result in modulus

loss of the polymers. However, modulus change surprisingly did not match the c_iegree of

molecular weight loss. This is shoWn in Figure 22. Most likely, the molecular weight loss

occurs in the arﬁorphous 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 5 - In vitro deployment test
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1002231 Exanple 6 - In vivo tests [00224]: Aninnal selection [00225]
The ani mal s sel ect ed were mal e Yorkshire sw nes, approximtely 50 -
60 kg wei giy 2 se of the simlar heart size to hu /SGmﬁomwﬁ
ani mal s were rom nnoheart Pte Ltd, a pre-clinical con rac research

TACHC of 1ol duReeBRBR S yenhing late e miTr SRR ekt t

10 first aapcpy»@tbdaﬁtetdlve:) aRpthl défectomoddrwhitiesd esbwmaiPFigure 2€L The in G’
CL stands for Chinese Lantern dem& occl uder because the

"CL3".
fol ded stYIRFEPanedshhas SYGholsy of @16 R op Briright atiughval gnd pgigd septum,

the swin ¥ t f
Lhe Aoy EhedfelyPre nnECbHGed RoRY RGN B B Mol kA0 o] G 1UEFeP

Pre- medi ¢l basa feaithin s:pptdvmgm ﬁ[!m(ﬁmyml‘hetham ISJnﬁrrsn wandovk epthef AFDARFO
| east t 0% s before the procedure at the facility and pre-nedicated
W th Asplrln (400 ng) 3 days prior to surgery. They were also fasted

overni ght from6 pmone day before surgery. [00229] Surgical
pr epar at ¥R 1ZbTbo 2edysiom devien phths fisst aspseldwesefirshiinserted Mmitegn dd Fasteath.oc

COCKt al | wifiht 6oy 56 BPright ol Lo OUINPHO ol ARLARLIPBERBALO"

room where an was inserted into one ear veln and
ver e t heof ithet edpapiresded files was gished out obthaabeatihand dllewedtochrdeldringhe left

h .cl eq Th
ol acdd oATHETERE 2RG; THY PilelEh AR 'OBr3RG, Pidt S iling TS, AK Eplo St ©
25} 20231]mﬁwrngrsmadgamstagesihpnmt1 [n:lir?BB(‘F]guﬁnR‘ﬂ?l ?Hri]d lema(rﬁkrgépm ofl therddvice was
tere a (0] € ce
pgt e, reéfﬂ’ F%F%P‘ilg ‘&ttBe Shte%iﬁ'&ﬂﬁf' %bﬁ“ggt(g}gaﬁ %ﬁ) "Y'%'lc@a‘}o“%abe
vol une, @ddedAgaih idha! sctlel ApBINGt fﬁénbthél* §ide to*ﬂrtﬁélgblﬁuﬁl in08el PB P HAEHIEE the

For cardi ac catheterization of fenoral arte fenmoral artery was

exposed GeRleYBENtdHbs Aed bpldinentigedepigpment virg mqaéﬁ)s@mwwmm@n
t he Ilgneehm gfky ﬂ;rtebmss%@ N Y L AT O;r e SRRAAGH MBeHahishhe

fenoral artery was exposed. The distal portion the artery was
| i gat ed ameckseefleptivghieat h was inserted into the vessel. A pr oxi mal
| igature was nade to secure the sheath. The sheath adi/anced into the

aorta, fedo208) RGeMvtieCheliRelned gﬁt@ﬁ O EBvH | the RV Re | ptlsitioh@d well %@Zﬁéhet%@tr

atrial access, the second an hird ribs were identified and an

i nci si onlegadoragighowmin Figyies 258 end b Jhe mhewh@awes@%) angaly) dwiys segpoda
pur se- st gl g %ééhtﬂh%n{tﬁé%gﬂﬁgr} AR sl?dga%r\fellaaﬁrﬂoﬂ{ h@g@gpést i std. secure

henostasis after i1nserti an 11F sheat ovvn In Figure
27. %002%}0]2113? ht atriumwall was punctured by a dilator of an |
IF s ﬁ%é!%gflﬁ)}ﬁhe 10 sheath (32) as shown in Figure 27.
After the sheath went into the right atrium contrast nedia was
i nj ect ed[@0228oKfray msibiigy bbHthatoccndepfof tdterfirstlaspeepvastestedoin ﬂwamsdobe(GE

puncture t.ure n he need|e

Par et ul - iokmnt NPl M R ST o AR AT PARAE tnm

di | Slt or eHicknass) lalldj aSdrabh puﬂcS(vhmesrkngem fay oﬂ,ChbgﬁtCng tafdcjaﬂvgbﬂllls@?l at he
nee e wasS renove an a re wa i nt roduce IntQ t he eft
atrium ?h@twwm%agrth%%? t“%@ﬁ’%@ gap ?m@ﬁﬁ’i@rﬂmaomrﬂcg%stws
acrogs t RerseREURA XLAGHRESYEnaaed WaRifdn,

[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 BaSQ,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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size of PFO was about 4.0 mm After confirmation of the PFO nodel on
fluoroscopy (Figure 28), the guidewire and dilator were retri eved

| eaving the 1 |F sheath at the location of created PFQ f

occl uder QEpFOAYREREE. 1002351 Oper at i onal procedurﬁcyﬁﬁzuﬂ‘g%f"?s
201002361 Devi ce prel oadin [00237 The occl usi on devi.ce and

del i ver i rijeary bk shanesthe 99%1@ which sy parthedeployed 1 the iefipdwa duripgthg stea of
29a) and ﬁ){)&?ﬁ?%tﬁg@o&ﬂ%léﬁéah%rtﬁﬂdﬁtlﬁeo&cluﬁ&t ﬁfere%P%igingghé Senite T teleft

integrity c | evice, the surfaces of the | ms "and tubes were
fl ushed cadmemmeus|ly using a syringe in the saline to ensure the
bubbl es attached were conpletely renoved. The 9F 25sheath and

i ntroducepoyB| E-ahiple b L Belivsltdsiy the saline as well. Figure 29b shows
the debubbling procedure. [00238] After debubbling, the device was

pushe%ggﬁ@ into Ith OF sheath using the delivering wire through-
the i J%—"‘ﬁ%&%—rlhe delivering wWire was kept noving until
the head. tube.reached the distal end of the 9F sheath (Figure 30).
The sheat[R0223l The\dngmals selg0ied weee enald Yorkshire gaines,uappreximatelys§Q i- r@ekg

of ' the SHESER bidisenthg (MR MarG R BTRRE, ole ROpBENE Rl iehffeaRE ©
LT Sl o st g it o
Cheat . wipBio Vb By e MCHE ot BReteah 10 pre SraeLo ChidehatsPoine 6 4Bt
whi chigh s frioMPedt b thdhipticaibn Wére 16kead, Gem¥IR SRy S hﬁtﬂJZ"nt‘QL?h@LlﬂIEnds for
sheath fromthe 9F sheath and then t he 9F Sheath was remove

[00241] Yrltiegse thpaterp Gg5ig% ospinder hscamspdbe felded glaigthue lopks %5%‘%&3 such a
forward i 1{"%@ L%ﬁéﬁh%&e#%é Ewﬁ@%nﬁ?@@ﬂ’“@@d And ¢4 Bﬁnénﬂieciﬁ%aa sAse

portion o e occl uder was out of the sheath and in the left atrium
The posi tareationdf theASTYBRO npadet. was confirnmed by the radi opagque marker
on the filmwaist (Figure 3la). Deploynent was paused for 5 seconds,

[00226] Creation of ASD/PFO model

15  |00227] Pre-medication administration

[00228] The animals were kept for at least two days before the procedure at the facility
and pre-medicated with Aspirin (400 mg) 3 days prior to surgery. They were also fasted

overnight from 6 pm one day before surgery.

[00229] Surglcal grep_arahon

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; 1w:e:re monitored throughout the procedure. For cardiac

catheterization of femoral artery, the femoral artery was exposed through an incision made
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10 allowing the filmto recover to its unfol ded shape by neans of the
shape nmenory function of the filns. Thereafter, the filnms of the

f ol dabl e WIH?{SBJSM (LA films) were folded again to EEﬁ%ﬁzo‘i‘@ﬁdﬁLﬂg
€Tl g €

structure rst half of the Lantern) by w thdraw n

deliverin ire i gu 3 | 002421 The devi t hen anchor ed
agai net - R L Te Ml e r o Pt e B U s
piJI i ng tdﬂpoﬁh.eﬂ’fjé'diﬁ?ll poitorsafithe hitdrp washigated anda 7€ shedth wﬁﬁﬂﬂa{ddylnlﬁnﬁe
al so observed under uoroscopy (injecting contrast ium . Wt

t ensi on 0ifSthet BRI HEAGTWR {naéw Sl em@%&fw éﬂe%g*a@{?a%ﬁ%v"etﬁéhe
f ol dabl e J3gadoRQihz WhidhQARIRST hepdrh WdEilj&ad. t ube was rel eased in the

right atrium After 5 seconds of filmreCovery tine for conplete

depl oyne ‘geans, pf the shape nory .fynction of..the filns, .the
Lot " e Bor Bl st o Eond T T eI TR e PSS
t ube, - t herRRYTRO it Bgiubh6r the hewst @) Whrexpotedall Rardeatdngtahiré GN) vaé Mmalide
wor ki ng- structure. The | ock tube was advanced until_ nexi num

resi st andefoppatripbpynctugm fcsecrsdiemastass phigrtinieréon ¢f| ags! |esheath §1%) @g shyvn
their mghﬁ}@hﬁnﬁ “clipped" the PFOfirmy. A gentle "to and fro"
notion wt e delivering wire assured a secure position across the

PFO nodel , which was al.so djspl ayed under 25fl uorosco Fi gure 31c).
[00243] IPOZALT, %vg@@tww@h&%ﬁp rﬁﬂgéeidﬁﬁtab?%"y','%tSﬁét‘éJ@?%@%@ddb%
be reafri guesh P2)REhOK N TiduRe 21 oAh@Whaan&tieRent iR me]gr_t@t hfufd, RUARSt

|

wire, and then push the delivering rod to unfold the ms. Push the
sheat h f onedéd vas( ipiectgd foranfing thhlecation of @riahsepiyim.ayhighywasethen pupstuzeddyr a

or all tgg“%%‘lé‘ﬁ‘ré %e‘&lé e %g@?ﬁ B2y ELRARRLAYca ffulrtSF%lv@iﬁeli-eﬁ’ie&Jh punlfaté

devi ce. 1 en t oynent was satisfactory, t .
del i ver i ngd/syadrtepyncsired Thedlilaten of the tl hE slicath was thep sty edvamced; efterivdueh

wre fir fal | owed b L iyeri rod, depl N AT

D011 05l Fatiet i ¥ dhidtiul g a@ﬁﬂd%e{?@ﬁf" telige afffim. The BFO

f | uori@scapide] tvasihen SreatedVy pushibhg gher © Fsheativatiosthe Shptodnj thgrefre estandtéie
septum [002 fter the device depl oynent h jmals were all owed
o7t ecovSPEAL TG " boticr-O i et antiieBees e BFRGRRds eecioseds

admi nj st EF@drel 2‘2? th® il E\erd 4HaR]afon WeRd Birick BE 1&avirgtth© DEF hedth Glihe loddiigd
during PFO nodel creation because of the puncture of aorta. The

depl oynedf created PRE fof the poglygsr degtpymentng " CL3") were successful . For
"CL2", the 11F sheath had once gone too deep into the left atrium

wher e t hqo#235] Opefiatinabprizediieandreddased, so a retrieval and
redepl oynent procedure was perforned snoothly and successfully.

[ 00248] gpﬁgwggpicgg}?p&mngp and sacrifice 10[00247] After a nonth of
foll ow up, bo re well and gai ned wei ght. Before :

sacrifice, the animl's were anaesthetized and the device position épd'
| eakage WBQ23ZhEh& Qgclysion dguice SRl pAelinerng: system sters iakent gub P the istrmliged ¢

atrium RagiduaiShURbAN gnd@RnRlsE® iASHARE Qd1ulYn t ARBS LHRKAG! fhe structure
echocar di ography (TTE) in conbination with an agitated saline B
cont rast integhityief thejdseice.dhe gusttsed of thefims and; tybasev o flyshsdsontingpushoesing
devi ces Vgegyﬁnké"}naﬁ)re s@l%ie 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 s.yfing.e. During preloading, the films were squeezed in to

conform to the space of the sheath.
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15t he PFO nodels were well seal ed. [00248] The bubble test results
are shown in Figure 33. Both "CL2" and "CL3" (40) can be seen clearly

under TTE 3a and Figure 33b, respectively). _

medi um vvag((ﬂ‘utgﬁé—{g%s dense bubbl es (50) were seen in m‘gﬂﬁgéﬁ "50§?}rﬁi um
(1), and no bubble inthe left atrium (2), proving no right-to-left
shunt i ng [P8339h Levicedeploypent ) o and Figure 2033d for "CL3"). [00249]

After a lethal injection of euthanasia solution Val abarb, conplete
aut opsy Vae249¢ he ifesheath Wast takan bured fsthe Thlinehsdution (st l:heljoaclesmn device

vessel s wer.e expl.ante nd. revi r the ear. of .th
dovi e Tide) 5B ianrenabiecy e ife Lo featinnith Jod HG8F SRR R Ry
25[ 00251]acM§§3 EHRSCSIHPE O ET8l R JhaB sKlint Eighr8 08 5Be &b&egﬁ@msmtnmltmy
for. and "CL3" is_shown béF macr oscopi.c ‘exam nati on of the

occl u§| orﬂlaébﬁ:aéléﬁomr%bq%l‘rﬁl@athap f&aﬂaﬁ%&#mﬂa\%f?&w@ films (fol ded
tail portion)-of "CL2" in septumcontacting RA; (Figure 34b) front

part fil qaoimpmﬂek freaflugreschpio nduidiincs, Ghe "devite Sept pushabfidraatd irg tHeAl 1F

Fi gure 34c ack rt filnms ol ortio
(201?1075@!;8%* W b B9a 28 %1?(33%%# E@ﬂt R RL é‘&tqcﬁ]@ggAw%ﬁnﬂ“ of the
(Figure 3fiehkh fah@Mnh t‘Pn@rlEﬁfdtﬁﬁFﬁ trhel ghemioh eadhR Ofrdrit Ot Vas “dohBrmddnby the

septum cont acti ng [ 00253] Both devices were intact and the PFO
was fir mrwlgmpwar@hen cheslmewaist Figiee 3 tasDeployment wap rpﬁussfi ferpseconds,

| 005%‘ ”9311 rr}ggﬁ ic‘;?EL'fo §c%\%§ to 1t ?Emfﬁl%%&‘ l?/a‘fag‘gger ea§ %]lethE‘l‘?a o‘?{rﬂj Qh&lr?d

ilnms (elt were co |gur
t he ot herof shel lme rEeseaftbre alst ﬁtm of thiel fpldablecread ponion GLA" ﬁtnFa) gmre f@dtrb

or not cqvere ure, 34 Th er|n Islenin

surface Iag’f/‘@r%ah’ﬁ"t Wf%"%gf cq%rﬁ gl‘%ﬁ %St AFO%Q S ca%mtge seer?{i Fors ¢ ﬁee
uncover ediefivdring, witd\Eigar@3 b).sone thronmbi in the interlining of fol ded
films. Thronbus can also be found in the folded filnms covered by the

surface Bﬁyfd&!( ThY [a‘é%é Aﬂlas h§rt1 %L]Ql%rgcf“ Ia :ﬁffﬁ The acﬁﬁ:ﬂ rbg V\Qlogg ﬁllt]ﬁu\}ﬁﬁ%

macr oscopl ¢ exam nation, t umt ssues Wt I ce re fi
in allﬁohaie[merhmgrwmd ah'mlsytdbng the sTlEathcatJths saffieeing, sthi¢hogainclzel felf guanualhs and
were take eft a [ia e, devij

r g ice d
sept al r’rfgsé’af’ eﬁvﬁm ds?g[}i:uo?sc % §m\'/\é: Ied eCRB“%?de'Be"a“mga‘r’Jé 15 “RAXS" e
Sﬁl‘l ﬁl I ?/ deRedrin@ ek, t}&rs]?leaﬁh ar:aﬂgﬁileditfa?( htﬁmhé @M&Ahlmheaﬂ@nﬂm}almgethhﬁiﬁ)lﬁZ%ﬁ
The heal ing, response, of occluders of t st agpect..after ong t
T vivo e e SRoteirarsd R Uhh Tt 4By Btfron SoeEPs Ob Rl TG, PuE 18

& d for "Ghnplete ddpldiAnPBy MESTR JFR! shhhemOBEHUShQidn G et fns( the ail and the

stinmulated m|d gromh of inflamatory cells (60) and there are

sel dofh silogkstubgs wire adiapeed tyowsing tWP@WE‘d&?e &erﬁbﬁéolmdmsébe Blpserfttheyf
the appl :;gm5¢1 Naf o,ﬁl st&]erw&@@ thoh@s PERE Qo0 nitR2RaE QRYAREL Al
doubl e unbre pe occl uders g atter design stinulated nore and
denser i nﬂaxamtrweyarme as fedtn whi@dndlgatgbﬂret the &bt were falded @i thdiemerigwnof
the healing .z d.,| »C, i f_the
devi ces. a.?ﬁ Fe”g??gﬁﬁ%?? ?Shg‘%"& u n(q)&% eVl czg ac%gt?%]na’ltﬁetgp'? Ef(laée?alngsww
aspect hasswaf ta fcebdedoditidnmacioss cheo PECH hmdélSD(leElDwmdelbo adispldyled under
di stancetﬁetween he filgs inthe left and right atria can be

adj uted THOEBFAVIE'®E 116¢ 25 t hi ckness of the septum So the design
of the occlusion device according to the first aspect can reduce to
m ni mum t[ﬂ@‘ldékﬂﬁ thecdaygiengjadenrent ueaadlmsmtsfaectdrnulhatdeui@eewa}dt bel refrievedeby

of s poke PRHATERE Dle o5 pE a8 el e e ARE Rn i R GeRLEHE R ¢
the wal | .to ThR@ldihs fiths Publetheshentk RewhidqwithhoRIINERE Fatidwingaite0b ritieve a

adjusted so it _may_in¢crease the force if the septa; is thicker than
t he part or all the films into the sheath and redeploy or replace with a new device,

30  [00244] When the deployment Wa_s satisfactory, the delivering system was withdrawn in

the following sequence: retrieval wire first, followed by delivering rod, deployinent wire
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30 stemlength of the device. So the conventional double unbrella
desi gn may have rmre stinmulation on the septal nyocardiumand led to

nore infl eI |s. . In contrast WO 2011/075088P 476
SR Bl "F@%ﬁ%@ﬂlﬂ%

t her et o, eS|gn of the occlu5|on devi ce accordi ng ITst

b| K f h
e specil asy 3 PSR Rk e et AhBBERRy Roc soBePfab Mg T Mo

Therefor&huﬁt{mgahmailhﬂge;rmﬁponse, can be inproved with the occl uder
design of the first aspect. [00258] Degradation exanination of the

films [ 0}8352%]51 %gfél: 91%%‘39?09 8@%@5}1&@tth?%hlmglg%§g %llde‘detd'tﬁ%{ecgbé?%g PQII aprB 8!:5?

was cut from explanted"C er sacrifice
wth et ha’tmikllfeol(KeMﬂﬂadJymgl/k'gpwas edininBteeed IM. Emr lhletthxas animrals) gehfirst one

Scanni ng 0 m.cr ope Xxan n nduc

Char st L AFCEED S ofShfe PEG el Fron R s b Brr G S Aeha T drglovment
as contr Ghr thEth@f Svo3GCEDowN Ty feRAuERSE. P& tdIe”sthal I F Bgathi Hafonce
surface which'is relatively rough (Figure 36a),: and the film

expl ant edonatogfiser HEP thereft aiupy ehere fieenties dayidedag been elsasedgtrcheedricynl
degr adat i e 36b). The
debris orﬁ19 Jti] e@@Q%gﬁf}}g‘é& gé?ﬁﬁg&e)grg?t gjrﬁllg%ﬁccﬁ@f?g{s adher ed
firn1yto il mor meuparélally di sintegrated polyner itself.
15[ 00261]10 'TQ—&W%%—E@MS%@(%LA was considered to be too
stiff for this application, it was blended into the PLA-PCL copol yner
at ceaot ai[d024d} Ader amoritinef ‘Ptdlmghls, bwthd animalsewee dedlleandi gada‘d:dbyeigms Before

o 88 refiificBohe AREEOPEe Ahdelnined 3fia i devitk popfion it e Gt Plbch ¢

mm si ze apdfigirbgeppyl and t ddnfiikst dhjeeidn itett@awgeathaﬂgtftbsmhaﬁshmlﬁg Gva NSy e

maxi mum stretchin st ance Stress-s in curve was otted
accor di ngj‘F%‘?S%é’Wé%PFﬁbO%‘ﬁﬁ@‘)‘%ca%‘?ﬂﬁ ¥ ( %Bﬁ} i wmmtwﬁ@ﬁ’ ypsitatgdisaline

sanmpl e ( Fcb&ws?m&mn{lg}}@@éﬂ (bEbBIE 81 BLakaDisAbwS B3 bR Aedbel tverOeiee hid
at 37 Cto study the polyner's 25 nechani cal "behavi or under const ant

strailf. TheePEAmedels weee velpsedleg- stretched to the required | ength (100%
and 200% el ongation) and nmaintained for 10 mn, wth the stress

recor ded [60R48] THEBUbHE tedf rebiit¥eare SwndinFigmre 3B Bah “dilLf anénCLITB{4@) cai
conbi nat i ons vvere cal cul at ed _and IlsteSIFa h%wn in Tahle 2.
No. Mat er i 5I5§%l§ 1y "WS‘EFUFEE Wé‘) 33a and Figure 33b, respectively). When contrast

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 (Flgures 33¢ for “CL2” and Figure
20 33d for “CL3”).. '

[00249] Aﬁer a lethal injection of. euthanasia solution Valabarb, complete autdpsy 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 34¢) back part films (folded tail portion) of
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53 WD 2011/075088 PCT/ SG2010/ 000476 1 Pure copolyner 0.92 2 Pure PCL
166. 10 3 Copol ymer with 30% BaSai 10.55 4 Copol ynmer blend with PLA

(80% copolydgy;1,6RHs"LA S 5 PCT/SG2010/000476

“CL3” in septum contacting RA and (Figure 34d) front part films (folded head portion) of
“CL3” in septum contacting LA.

[00253) Both devices were intact and the PFO was firmly sealed. There were no fractures

of the films or t-he'looscning' of the lock tubes. For each occluder the one side of folded

5 : films (either'RAr or LA) were c::dﬁipletely covered (Figures 34a & d)} and the other side
“were at least partially covered in “CL2” (Figure 34b) or not covered for “CL3”
(Figure 34c). The covering is a glistening surface layer and through which films and tubes

can be seen. For the uncovered films, there are some thrombi in the interlining of folded

films. Thrombus can also be found in the folded films covered by the surface layer.

10  [00254] Histological examination

[00255] After macroscopic examination, the septum tissues with devices were fixed in
alcoholic formaldehyde for 72 hours. The histological sections were taken from the right
and left atral wall having the device and septal myocardium. Tissue samples were

embedded in paraffin wax, serialiy 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 cloéing fn'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 fhe 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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Copol ynmer blend with PLA (60/40) 66.54 6 Copol yner blend with PLGA
(80% copol ymer/ 20%°LGA) 4.21 7 Copol ynmer blend with PLGA (60/40)

53. 47 TaH(ﬁ%&gt(ﬂmg' s Mduli of polymers and their bl F?ﬁ?#t@@a@%

Al the f Id not break at the maxi num el ongati on

equi prent_, (resylts .not .sho . For .exanpl.e, the copolymer filmdjd
ot T eacroRe eakuBRy BERP bt e RO e b IR A Spgel s elraniiiek o
i min) whenhitkiead of theaseptunddediseof BRnspb2iBioYolddtigSMkeanizg aNthe specific
extraordinayy flexibility, mhicq,is hi ghly desired for the occl uder
desi gn of°CHEerqesign. thasefre, thehealisg respapis Gppbe impraked with Hepmcaluderdssicn
in hirghesgfﬂy@ﬁyggééeapdul us anong all. The i.ncrement of nodulus al so

I ncreased trenendously with the increasing anount of PLA. Simlar

trend is g -ved apong Bab504 and_PL bl ended copol yner. 10And the
excel Ise-nt[(agﬁiiﬁﬁgé%ﬁf"wg of 00% el ongati on was still
observed anong all other blends. [00266] Stress relaxation results
are showr(00289FMugroscdpic Samination| t s denote that the PLA- PCL copol yner

has the | east anount of stress relaxation during the test period,
whi | e I3'—'”[00?.60] A tiny piece of film was cut from the explanted devige 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 BaSQO, on the starting film
surface which is relatively rough (Figure 36a), and the film explanted is smoother and
porous, considered to be a conséquence 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 :'cl load cell of 100 N at a loading rate of 55 mm/min
20  (fastest ‘equipmént'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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bl ended copol yner shows the greatest percentage of stress relieved
within the first 100 15 seconds of experinments. So the pure PLA-PCL
copol yner wesRsfx an el astomer nmechani cal Iy anong al botRgfandidat e
polymers, for its |ow Young's nodulus and |ong rel axation tine.

[ 00267] ' TPt

of the alternal®VBPBECFuder design of the 20 first aspect of“fhe
applicati ch spgedihat the general concept of the present agpldcation
to replace the current, permanent- nmetal lic devices was successful.

Thi s has éeenCS%HﬁﬁqW§méQfA’l%?399-i lizing fully biodegradabl 0%t erial s

to provide ocelhsiA ey @ﬁpggq@cﬁsop@%ﬁ@@pfg‘h ders whi chgshow a

1)
good heal i ng response. The design o rs of the first aspect

al so decr ease€opdiymenidershivigh PUA (60i¢@)eases endot hel i al i zat i di,54

m ni m zes ¢ he~f orei . Xl D940/ 000476
reactions, angglg%@?%a%slg@ql%ﬁtﬁg\%ﬁgé‘?ﬂ%gpgogﬁﬁeﬁrﬁoFamr‘% ory res?)'%hses
conpared tlo cOoptwhérdiald vdidubL@AYaH@ | a occl uders. [ 00269]53H1e
occl uder—e e—fr+st—aspect—has roders r-orrbi rat-—ot—and
vast maj diabley? Ydunghedviodwdi &f polymdreardiati¢ickelesds uct ure. For the occl usi on
device according to the first aspect, the thronbi can be found in the
gaps of the folded filns. The main reason for these thronbi is that

t he fol dgod2sb] KUt tie dHme ald nof brégineethk ifaxihoMOelbAdaaion lighinaf1ihe Sequiphizht
flewthr ough t hem and reduce the fluent velocit e bl ood cells

city. So th | )
and pl asfESPIECEIPELT FoxamRIgdht sPPabymss film gl 1dt seash fredeeakisie nofid even
I nner 5St LY Ghel kRKimd  dtrald rAERSS | AmARRY twHeANdofdl Ntath Wl §hdrd! Ban 1200%,
especially for the filmmaterials, can prevent the formation of
10t hr onbidisplaymg zpektraprdingric Aevibikty, atirhtip dighbadesirgd fartbe pesteden desterbefen
successf ' ' [ ' V] ] ,
first as gilaécftyrsﬁagpéfc?\z/fﬁ‘%wgtg SF@??%\C%E ﬁ%ﬁgﬁggnﬁ%@ﬁg&g}g%s?%&@tJrlﬂgc%ud?sal
desi gn ofambhg alcdhé¢ adaderaerd afheodublsdadinl encsmeed wemémsbously hvetld i ioasasing a

sati sfactory p i on..and keep. t hem st abl e has 0 b he
Zbove | mUnRR dd RNEr s DS Anon AN R REs IHE EShelvaer.
t her @0 ar &ndahs exgpelemfstrerekdbilie of e thae 120k teloalgiticn WwALlItadséhel dirddg
atria (LA{I’ in ic(gsti ng an adequate sealing of the opening. 1002711
The i n- vRHPHeHRI§ASdat i on st udies and post - mort em ex- pl ant at i on
confirmthat the occlusion devices of the first aspect have a good
i ntegrit y0RG6 Hteeshaelaxaibon sesubngtelshoWhen Efgure. Thergeldeeratt that de ReA-

securely aled with these occl usi devi ces. Furthernore, 20.t.h

cocl et SRChAop el Bast g s A RLIE e Ao, dofthg PR Bl FE Pra
foreign bijed epolyngn showpaiccgreitost ipafeeitdpd 0Nbtrae cLlisded vitavihadira 100
netallic str The folds betmeéhégﬁfll at the front side and

cture.
t he Back S&e8 Q?eerF%‘B%m%m@? ethe| B Fn CoRoeYmTs Eesembles anolaomey
bl ood cl gfeshdhdafy RaRAg ANSHE \eeﬂhiddr@pwﬁfe_rs, & & IWTYEN R ncIABRE 96
t he copol yner was in contact with the tissue, displayling good
henpconp&Rl#Aatips tige. 25[ 00272] I n addition, the delivery system of the
second aspect, the kit of the third aspect
{00267} Conclusion

{00268] The above description and exemplary part of the altermative occluder design of the
20  first aspect of the application shows that the general concept of the present application to
replace the current permanent metallic 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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and the nethod of the fourth aspect nake it possible to achieve the
above-nentioned results with the occlusion device of the first

aspect. M@\F@%‘i?ﬁ?i dghe nethod of the second aspect all opéwge%m&moy%an
easy depl oynen 6? t he occl usion device at the correct position but

al so the re%rievah of the occlus%on evhcqﬁ}if
a

i Id b
Fehigh< (g, HeateliGs R ARl “Hla” Fiterima il ® rdlBi el Qmonred, fo

necessary, .
del i very coyedngandl doudaunbellnstamdesevi ce, sai d occl usi on device for
cl osing an anatomical defect in tissue, said occlusion device

conpri si ag%zr%g} YRE WD FHGE Hrli0asBedt 100 tm et g{}?naﬁib%%'éti | gﬁd He st

tissue, n the. occlusion device 1I's adapte e Included 1nto a
sheat h ofmaornitgtdichen weenoh thhelevice bimsiton. Fe\vthe ecahoinpr desds: acCording to the

scaf fal d conpri sing; .10-. a head t,ub osi t.i'on a n terior end. of
e &9 R Rbeck hehorttisan BE AR B e bt BETRY 6. FhE et frath o

scaf f ol d;thesB@irenbi isNRathRathldedogruafuekstdar irfRichce 1 Bload GBIV @i | vatieh

the direction towards and awaﬁwfron1each other, and an en [

means. corlRuCINenER dher and ssics theclusbvalesiivg Sa B blend e8l e eshmpratsin

at the tahh hdtbeasiBNdepobit bondht QurBR! 6 B8CGLAG SUGLRRS! Rinl3hronboli®ladaf! €
head portion which’is connected at one end to the head tube and Dbei ng

adapt ed tcontpiningi gytesiels, eengetaHirfonithdy fidmemaieaalst cane peevenththef fopnatiani dé
of tﬁ@ d?ﬁ%ﬁ%i 20- a foldable tail portion which is connected to one
end of the tal'l tube and being adapted to be disposed together with
the tail tube at the bhack side of the defect, and a waist portion

adapt ed 8020t dheiandhprngand the seabiaaifrgtions hapie bersrsueqessiWly arbicygd with the
ar ranged RaLuEEBevi e LALRRRS the RSP uil?ﬂng”‘gguﬁ-ﬁﬁd-wcm& THeispecific

portion,
' structural design of the scaffold and the foldable section held the devices in a satisfactory

portion and keep them stable as has been shown by the above in vivo tests in animals. The
15  TTE bubble test shows that there are no signs of leakage from the right atria (RA) to the

left atria (LA), indicating an adequate sealing of the opening,.

{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 sr:curely sealed with these occlusion devices. Furthermore,
20 the or:clusioq def.rices of the first aspect show minor thrombosis and foreign body reaction
cornpared to the current occhrders 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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25 wherein each of the fol dable head portion and the fol dabl e tai
portion conprises two or nore arns extendi ng between the head tube
and the wai st portion and between the tail tube and the wai st

portion, respectively, wherein each armconprises a folding segnent,
sai d delivery system adapted to be i&limsed into the sheath of the
catheter, said 30delivery systemconprising: at |east one first

del i vering neans adapted to push the occl usion device through the
sheath and to guide the head portion of the foldable section in a
position at the front side of a tissue defect, and - at |east one
second delivering means adapted to nove the tail tube into the
dired i oh of Ahklineradsysiehe fdroanabdabwsidrhdetied, |satdubeitstorbdevivey fot Agrngnan
t he back sjde qf th?.tissue. .. 2. The delivering systemof claim1l
wher ei n TRIPTEE] GG 1BIRRS.reid P ARYCHEIMBIVEERE CRAPIMFCrTTRG 1Ty
ext endi ngodthyiguiahd taheackadilie toghetitpuaisrelh thehs@hsidtPBeRbe t8dapted to be
occl usi on device and being renovably connected to the head tube.

3. The datluded inima shestheoh anatheiati ang the oedlusion devicgnenwirisex he del i vering
rod i s nade %f a %hﬁgﬁ_nenng. metal such as a Ni-Ti alloy |ike

ni tinol, Cu- H éﬁﬁ%y, e “alloy or 10 shape nenory polyner. 4.

The mel i vering siyisdaeMRGoeitidhedattad @itdiofendofthe Scaffilgrei n t he
delivering rod has_a threaded exterior surface at the end of the

delivering rod fal@ildabe pesitionef af apestgrier @doft the sea{tpldr wheseindbe heash fuhg
d is threaded ' i
o) L E2020 RPN ot SRS RE B oS | BARLInd R R e

to 4, wherein thehajarddeast one second delivering neans is a

cylindrical hollow depl oynent tube. 6. The deliverjng system. of
claim5, wherei rift REAGHSI BFABhCOTISEd; © FP&dEeaéf “@ezﬁﬁtb?ﬁgrﬁdépted to be
mat efsi al . engagable at the tail tube, and

(ii) 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
defect,

20 - 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

- 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,

25 wherein each of the foldable 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
comprises a folding segment,

said delivery system adapted to be included into the sheath of the catheter, said

30 delivery system comprising:

- at least one first delivering means adapted to push the occlusion device through the
sheath and to guide the head portion of the foldable section in a position at the front

side of a tissue defect, and
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7. The delivering systemaccording to clains 5 or 6, wherein the

depl oynent tube has a thread at the inner surface of its tip whichis
adapted to be engaged into the thread of the tail tube. 25 8. The
delivering systemaccording to any one of clainms 1 to 7, further
conpri sing a leistandsescapdedtyetiog meahsaiiaptet td swyte thenteil ddhel inwi the dutestiopef

ol i vori ng O CPRTBF FEAlpfs Wi kbr s RERGT depsbint tapf AR Beuc”

occl usi on device conprising an opening connecting a front side and a
back side of a tissue, wherein the occlusion device is adapted to be
i ncl uded2-i nt ol'ke deliwaring system ehckin ér wherein thaat tregt ansifigpt dpbiypiéeg means is

COrPTS SO 4, AL g AP0 A YHE BB e o

post er i odevidethn@hbeingaemeadtflpkelincedee tethe hehetdbead tube and the tail
tube are novable along the direction towards and 5S5away from each
ot her, and an engagi ng neans connected to the head tube and being

adapt ed_ 30 beng@Hﬁ§¥)§Fegg E&ﬁ:g?ﬁ%%@t %Bﬁl Z,Ewmer i;hit @dglﬁlag }o%l is gﬁg% 3Pa

conpri si ng: a ortion ch 1's connecte

one end ghapt heentvepdndtbit sueh amnd No-dii radjog didet ietindlp CoeZd a0 JeedNi-ad etloe for
with the head tube gt the front side of the defect, a foldable tail
por t1%n SRPEHEMYTXRBN¥®ERed to one end of the tail tube and being
adapted to be disposed together with the tail tube at the back side

4. The delivering system according to claims 2 or 3, 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 threaded interior surface of the head tube.
15

5. The delivering system according to any one of claims 1 to 4, wherein the at least

one second delivering means is a cylindrical hollow deployment tube.

6. The delivering system of claim 5, wherein the deployment tube is made of a

20  polymeric material.

7. The delivering system according to claims 5 or 6, wherein the deployment tube has
a thread at the inner surface of its tip which is adapted to be engaged into the thread of the
tail tube.

25
8. The delivering system according to any one of claims 1 to 7, further comprising a

sheath adapted to include at least the occlusion device and the first and second delivering

mearns.

30 9. A kit comprising;
a delivering system of any one of claims 291 to 368; and
an occlusion device comprising an opening connecting a front side and a
back side of a tissue, wherein the occlusion device is adapted to be included into a

sheath of a catheter, and the occlusion device comprises:
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of the defect, and 15-a wai st portion adapted to extend through the
openi ng of the defect and being arranged between the fol dabl e head
portion and the fol dable tail portion, wherein each of the fol dable
head portion and the foldable tail portion conprises two or nore arns
ext endi ng between ({ihe hesdffoldrengndinghe wai st 20porti on and bet ween

the tail tube and the i s ortion, respectivel erei ach arm
conprises a fol ding se\&?@ﬁ%‘.t'&e_pofW.onqCF]@_a&‘iaPtfe&’é’ES’%/ch?%?F‘@ imo,
wherein the fol dable head;iRakd i GRARE hSRStelivPed §Btht ReArieRherkinkfie
formwhich are arranged on each other 1n'a manner that the engagi ng

means 25i s positi dreed tike wedthe tad tuhe asg movablg lalorghthekditectier dowandg) and
claim9, wherein the L%A dabl e(ﬁgead doorti on conprises three to eight
ar s ich are arr ﬁa%tl An& t hat the engagi ng nmeans is

positioned in the Jsent%e@@agagmsaﬁs tdictian @8 tHeheRd Gite aalﬂrﬁeinfg?&iapﬂea.to
The kit according to any one of clains 9 to 11, wherein the fol dable

tai|l portion corfsrangagabicws the tadl tibe, andheet -1 i ke form which are
arranged on each aqt.her j . I he engagi ng neans is
3‘1§]he atfald%bf@s@&?ornl%??ﬁﬁl %

posi ti oned betwee WO ar ns. %t accordi ng to any one of
claims 9 to 11, wherei m foidabieohehdbpetid@iwhidholst dodRet@iTar diseend tr e Head
ei ght arns which are arranged in a manner that the er]'tgjnatgi ng neans is

posit oned in the heRd bengadapied to bRdisngsed tagsther gat hiedisad dube atribe

kit according to cd&ii@4llrdle depsctWherein the fol ding segment of each
armin the fol dabl e&L % poretdljeoer? is located in the portion between

t he wai st portion -and tahfeldabbbdthe poftianhwehiah ns eovdlettbed td ohadatl f the &l tube

portion conprises a filmportion extendi.ng bhetween or . nned over .at
Ponst *a por b on orhenBRBRes 3 b fisposiise e inGe Wik BoF Al Hedsvhrae
at least the portigmd@iry@esndt he wai st portion and the folding

segnent of each of the arns.
15 - 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 each of the foldable head portion and the foldable tail portion

comprises two or more arms extending between the head tube and the waist
20 portion and between the tail tube and the waist portion, respectively,

wherein each arm comprises a folding segment.

10.  The kit according to claim 9, 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

25  is positioned between the two arms.

11.  The kit according to claim 9, wherein 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.

30
12.  The kit according to any one of claims 9 to 11, wherein the foldable tail 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.
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10 15. The kit according to claim 11l or 13, wherein the folding
segnent of each armin the foldable tail portion is located in the
portion between the waist portion and the mddle of the armand the
foldable tail portion conprises a filmportion extendi ng between or
spanned 18.er Hie kieastordingao tangronefoftdems r wel I, ovtedrgihttha foldatdel edil pértibn
the filmcovers at |east 15 the portlon detween t he waj st portion and
the fol ofRPTEES)HERR toofEldATRS grhiph aregripgged inga mpggendhat %ee%%acﬁ%m@aw is
any one i |.gi,0g segment of each arm
in the fﬁséggﬁgﬁtggée%grr%{?egﬁﬂ\?gfh%ggg%gﬁeléﬂZ?Ilﬁe portion between the
wai st portlon and the mddle of the armand the fol dabl e head portlon

t d 0 d
onet a Bort i DAl Seehbm oa ! biighy VRS G6dRineaerge: henrh Bov e
at | eaStfol&hﬁleQWaH ;p@ﬁlolﬁqts yRadtii Qhé’\ﬁdrﬁén B&%b@ﬂleaﬂﬂsttﬂbﬁlcﬁrpﬁrgl ﬂﬂg middle of

segnent of each the arns and wherein the folding segnent of each
armin tthe dml gubths tbédablqobﬁad pertios doowalsesda i fHnt pertivor extendingebeiween or

e G g ek RN AR b

| east a tpephbitdR b@fwe%ﬁttlﬁkewhlhf ib® akd BB FoldinEgBegtiedt dfleath 6ﬂ“tﬁe o AL
covers at [east the portion between the wai st portion and the fol ding

segné¥nt of each of the arms. 17. The kit according o any one of
clainms 1s.to Mkivwmoﬂﬁng tohdaifr 1 Inorpldy, tvherein the folduigegment cffmactnadl muvhe
the wais 8. The kit accqrdin o0 any one of

to 17, eBler wert%qni 1ﬁ1jl%‘1‘fid| 9 F@O}é@ﬁ&ﬁf‘@f‘e@g (¢ var pstion aélddL iGdle of
el asticahb Yan‘ﬁeBﬁH Rk asmL /%l ﬁJomon &8np ARe ei“fflmaﬁ&%ﬂ'e%anﬁﬁl BetwRElE or
of clainms 17 to 18, wherein the engaglng means is a hollo ube. 20
The kit m@mmdd)wgatt lsagtlagiomidi8of thiechrse ho eight angasglph@mﬂmﬁlm sovers at least

t id 5 th he,.head d wh
oar o RO R RoeR 4 et REHOT R P PR Sed e St S FERRY oo
and wherein, in the unfolded form of the occlusion device, the

engagi ng neans extends over a length in the direction of the tail
t ube Wnﬂdih i sThedlfi a@%’édlﬂéﬁ‘glﬁhﬂ@é@\ﬂéé]ﬁlmhél\%|1§t vibeten e Riding peemrshof

t ube. %1‘]‘ a;lx_H Sn ﬁ’flga%% H%%&rﬁoé%lpggg% JI th%I ﬁ&r{f@n %Ztv}egn %l%’ X\@teﬁ&hgn

t he heacF ubei’s oW an Interior.
and the middle of the arm and the foldable head portion comprises a film portion extending

20  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 the foldable tail
portion comprises a film portion extending between or spanned over at least a portion of

25  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.

17.  The kit according o any one of claims 14 to 16, wherein the film portion is provided
or spanned over the waist portion.

30
18.  The kit according to any one of claims 14 to 17, wherein the film portion is

comprised of a flexible or elastically deformable material.
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22. The kit according to claim?21, wherein the engaging neans is
engageabl e at the tail tube by means of a |l ock which is a flexible
end cap having two crossed slots in its center 15wherein the end cap
is integrally provided at the posterior end of the tail tube. 23.
The kit Bxcor Ghagittaaca@tdingasangione bfichims 77 to120yherkiarnkd endapimghneds is a
portion of the foldable section is welded to the head tube and/or the
tail portallew Hbethe fol dabl e section is welded to the tail tube. 20
24. The kit according to any one of clains 17 to 20, wherein the head
fol dabl e sectjon s lLam.ngted wi.th the head t

ti f t )
Dot or AL 1 afre By AeRsfing £6 Hlalh 16} wLBI ecebting oiqbn s dvcstrily prvided
tail gt ubgynh Wﬁeaﬁhﬁlbg!ahd W&igitﬁg glh%la%lme/ neRss Sftetdsoird® the he@ &fbe in the

wherein the head portion of the fol section is glued on the head
t ube andlimctiomef i tailgube anh wkeraimenftbé gabldedsiooni afrthe cghsien device,Hbe
tail tube. . 26, The kit according. teo any one cl ai 17.t0_ 20
wher e n TiEERE LD I SR isnalr s bRl ol b el W bfich s R e
head t uben@n@emvech iR Wikl papRsd Athehedd@bé.ol dabl e section is sewed to
the tail tube. 27. The kit according to any one of clains 17 to

26, wherein at | east one of or all of the head tube, the end tube,

t he @ngaX. ng Theakis accordihf o huoy dadbeclafnd 1 Do 20,ewkdreia the hyadetube is hollow
35material,. 28. The kit .according to any one of clains 17 to 27,

wher ei n aHd13gAthTEded LR on device is made of a pol yneric material .
5 29.The kit according to claim27 or 28, wherein the polyneric

materi al 22(30npl[l{e§<(:i1:s acacor ?rpg- ttc))I c?zgl%gﬁﬁ%i tf):lre(?n I’e e%ggéig(gj %%ragsd %t%'nga e%l%%?{h'e tail
tube by means of a lock which is a flexible end cap having two crossed slots in its center

15 wherein the end cap is integrally provided at the posterior end of the tail tube.

23.  The kit according to any one of claims 17 to 20, wherein the head 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.

20
24.  The kit according to any one of claims 17 to 20, wherein the head portion of the

foldable section is laminated with the head tube and/or the tail portion of the foldable

section is laminated with the tail tube.

25 25,  The kit according to any one of claims 17 to 20, 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.

26. The kit according to any one of claims 17 to 20, wherein the head portion of the
30 foldable section is sewed to the head tube and/or the tail portion of the foldable section is
sewed to the tail tube. '

27.  The kit according to any one of claims 17 to 26, wherein at least one of or all of the
head tube, the end tube, the engaging means, or the foldable section are of a polymeric

35  material.
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30. The kit according to claim?29, wherein the non-bi odegradabl e
polymer is selected fromthe group consisting of polyurethane,

pol y(et her urethanes), poly(ester urethanes), 10polyvinylchloride,
pol yal kyl enes, pol yet hyl ene terephtal ate pol yvi nyl acetate, poly

et hyl ene-co-vinyl acetate and nonn 31. The kit according to claim

30, V\her n tﬂ'?e IP{ %Sﬂfll?%@)qn eolﬁ? Bé_g?fmé ?’{ ‘&)ei?e %n{ {hgrygh%%cgfﬁ%ﬂ device

consi st ng of ycaprolacto yl aétl Cc acl

pol ycapr1slnmdte©rﬁepo]];51epmlnyita:ﬁ:&li c acid copol ynmer (PCL-PLA copolyner),
pol ygl ycolide (PL&GA), poly-L-lactide (PLLA), poly-D-lactide (PDLA),
pol ygl uconate (PGA), polylactide-polygluconate copol ymer (PLGM,

pol ylsactig; acryl H?'ah’&ﬁ!ﬁ)i 86 &14%! ﬂﬁoﬁ@@%ﬂéﬁhﬁhe BQierﬂ:&‘i@rxﬁ ML niPrfses a

pol yanhydri de, pol yphospRoester, pol y(Cam no aci ds), pol ydi oxanone,
cel | ul osmwmn- lmodiftgfghhleamdlhmﬂdgmmepmym@Z The kit accor di ng to any
one of clains 27 to 31, wherein the polyneric material of the film of
the fol dabl e section has a nodul us range of about 104 to about 107 Pa

at 37 C.30,33.ThEEt kidordifig @ elaiifl 200 whBMiPIR Moh-HibRighRlablé goPynder is selected
wherein the tail tube has a 25t hreaded exterior surface 34. The kit

accor di n@omdhargyowneor@fstlag af rmlmeth@neswolxﬂﬁéereuwtl@nes)opolwfﬁsw aregthanes ks

| ect f i .nenb d
e Por ey ARUbRBrdE" behrfueddl®, hAYERKES . 1o R o R ™oty
The kit akylededtdiginybadcetatd saddhlomherei n the ther apeuti cally active

agent is selected fromthe group consisting of a drug, an antibi oti C,
an anti-inflammatory agent, an anti-clotting factor, a hornone,

nucl ei ¢ feid,p lﬂfsgécbfjcﬁm% & G&hl ¥b a\xrhgrgiﬁttﬁé ?wﬂegﬁ@dﬂm}é&gﬁﬁjfs’sef&c e'd%?ﬁj

for a cell surface rece an anti-proliferation
ant i - t hrtbergotupccoasjetig oﬁpolﬁdaprtﬁacttom (03100} gd)lybagamaqda(HLam,tpolyuapajlactone-

agent enpt herapeyti c and n a ens ge

t¥he BOYISR B R VA G A PORTEP S, B GERIEe (RheHEr RO aside
rmre el qpenias, Spaglmedcade f (PNLARe mggac&fatet h@d}@ad pbHRRtidE RBlykRicbnate
tube, the engagi ng neans and thé fol dabl e section conprise a
r adi opamopobfmedébb@ﬂﬂﬂwlﬁlﬂcuq grid-polyatwleandiisie dobelytheds, ipalyhidronplwyriate,

the el ene'i't (?nrg), poprhosphoester, poly(amino acids), polydioxanone, cellulose, collagen

and chitosan.
20
32.  The kit according to any one of claims 27 to 31, wherein the polymeric material of

the film of the foldable section has a2 modulus range of about 10* to about 107 Pa at 37 °C.

33. The kit according to any one of claims 17 to 32, wherein the tail tube has a

25  threaded exterior surface.

34.  The kit according to any one of claims 17 to 33, wherein one or more elements
selected from the head tube, the tail tube, the engaging member and the foldable section
comprise a therapeutically active agent.

30
35.  The kit according to claim 34, wherein the therapeutically active agent is selected
from the group consisting of a drug, an antibiotic, an anti-inflammatory agent, an anti-
clotting factor, a hormone, a nucleic acid, a peptide, a cellular factor, a growth factor, a

ligand for a cell surface receptor, an anti-proliferation agent, an anti-thrombotic agent, an
61



37. The kit according to claimany one of clains 9 to 36 provided in
a sterilized 10 package.

10

antimicrobial agent, an anti-viral agent, a chemotherapeutic agent, and an anti-hyertensive

agent,

36. The kit according to any one of claims 17 to 35, wherein one or more elements
selected from the group of the head tube, the tail tube, the engaging means and the foldable
section comprise a radiopacifier deposited at its surface and/or blended in the material the

elements comprise.

37.  The kit according to claim any one of claims 9 to 36 provided in a sterilized

package.
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