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TECHNICAL FIELD
[0002] The invention generally relates to the field of transcatheter device closure
techniques for closing an opening in a tissue and more particularly, to occlusion devices for
- closing anatomical defects in tissue and methods of closing an anatomical defect in tissue.
15
BACKGROUND
[0003] Defects in tissue are often combined with an opening in a tissue such as in the
blood vessel wall and organ tissues, like the septum in the heart of mammals, for example,
patent ductus arteriosus (PDA) as shown in Figure 1.
20 [0004] Figure 1 i1s a schematic diagram showing a comparison between (A) a normal
heart, and (B) a heart with patent ductus arteriosus.
[0005]  The ductus arteriosus is a blood vessel that connects a baby’s aorta and pulmonary
artery while the baby is in the womb. This connection allows blood to be pumped from the
right side of the heart straight to the aorta, without passing by the lungs for oxygen. After
25  birth, as the baby breathes on his or her own, the pulmonary artery opens to allow blood into
the lungs, and the ductus arteriosus closes. Typically, it takes about four to seven days for the
ductus arteriosus to be fully closed after birth.
[0006] In the event the ductus arteriosus does not close after birth as it should, a condition
known as patent ductus arterious (PDA) results. PDA leads to abnormal blood flow between
30  the aorta and pulmonary artery, two major blood vessels that carry blood from the heart. If
left uncorrected, patency may lead to pulmonary hypertension and possibly congestive heart

failure and cardiac arrhythmias. It affects approximately 40 % to 50 % of preterm infants



25 birth, as the baby breathes on his or her own, the pul nonary artery
opens to allow blood into the lungs, and the ductus arteriosus cl oses.
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[0010] Given the greater pain and morbidity associated with surgical options, transcatheter
closure of PDA has gained popularity, and complete closure rates at follow-up generally
achieve at least 90 % to 95 % in most studies. In addition, transcatheter closure is often done
on an outpatient basis, which allows the patient to go home on the day at which the procedure
25 isdone.
[0011]  Most of the available transcatheter devices comprise non-degradable metals such
as gold, titanium alloy, nitinol, stainless steel, a combination of these materials, or one or
more similarly non-degradable materials such as Dacron or ePTFE. The implant device exists
inside the patient’s PDA permanently, which results in unease for the patient, as well as

30 allergy and long-term toxicity risk. Metal-rich devices are also related to problems like

friction lesions, perforations, erosion and thromboembolism.



achieve at least 90 %to 95 %in nost studies. In addition, transcatheter
closure is often done on an outpatient basis, which allows the patient to
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2013/ ORPBEIBCT/ SG2012/ 000252 3 [0012] I n vi ew of the above, there renains a
need for an inproved occlusion device for closing an anatom cal defect in a
ti ssue that addresses at |east sone of the above-nentioned probl ens.
5SUMVARY OF THE | NVENTI O\IJMOBLX a first aspect, the invention relates to
an ccl usi on device for OEEHBININTEONCt in tissue conprising a
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a) a proximal support structure comprising at least two arms;
10 b) a distal support structure comprising at least two arms, wherein the arms are
adapted to provide anchorage for the device in the tissue; and
c) a waist portion adapted for extending through the opening on the first tissue
and connecting the proximal support structure with the distal support structure,
wherein the scaffold consists essentially of a biodegradable polymer, wherein the
15  proximal support structure and the distal support structure comprise or consist of
polycaprolactone (PCL), poly-(D,L-lactide-co-caprolactone) (PLC), or a mixture thereof.
[0014] In a second aspect, the invention relates to a method of closing an anatomical
defect in a tissue comprising a conduit connecting an opening on a first tissue and an opening
on a second tissue. The method comprising:
20 a) providing a sheath into which an occlusion device according to the first aspect
has been inserted; ‘
b) moving the sheath containing the occlusion device through the opening on the
second tissue, the conduit, and the opening on the first tissue;
C) moving the proximal support structure of the occlusion device out of the
25  sheath through the opening on the first tissue by using a delivering means;
d) deploying the proximal support structure at the front side of the first tissue to
close the defect from the front side; |
e) | withdrawing the sheath to release a portion of the waist portion of the
occlusion device in the opening and to release the distal support portion and the remaining
30  portion of the waist portion in the conduit; and
f) deploying the distal support structure of the occlusion device in the conduit to

anchor the device.



adapted to provide anchorage for the device in the tissue; and c)a wai st
portion adapted for extending through the opening on the first tissue and
connect i nyot2hss/qedzi mal support structure with the di st 2CTSGREAND252
structure, wherein the scaffold consists essentially of a bi odegradabl e
pol ymer, wherein the 15proxi mal suppogt structure and the distal support
structure conprise or consist of polycaprolactone (PCL),

P bhn fBaksy, 20 fiaCapan Bl 6V aEh thElebho 8L o alioKLHGSH WOALE BleordBB1AT | 1 @

secon Spect, e invention re sI'ng an anafo

def ectthé firdk abpestorca Mmethiptiasédiding t6 tvkebdndCaapea bt €16siag aepal didedddr shfnitr St
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10  heart and (B) a heart with patent ductus arteriosus (PDA). As can be seen from Figure 1B,
the ductus arteriosus remains open, and the opening allows oxygen-rich blood from the aorta
to mix with oxygen-poor blood from the pulmonary artery. This may strain the heart and
increase blood pressure in the lung arteries.
[0018] Figure 2 shows a perspective view of an occlusion device according to an
15 embodiment of the invention in an unassembled state.
[0019] In the figure, an occlusion device (500) comprising a scaffold (60) and a delivering
system (100) is shown. The scaffold (60) comprises a proximal support structure (40), a distal
support structure (20), and a waist portion (30). The proximal support structure (40)
comprises at least two arms, in the form of a plurality of spokes (42) outwardly extending.
20  from the middle (41) of the proximal support structure (40). In the embodiment shown, a
proximal occlusion film (43) is supported by the proximal support structure (40), whereby the
proximal occlusion film (43) is expanded between the spokes (42) of the proximal support
structure (40). The distal support structure (20) comprises at least two arms, in the form of a
plurality of spokes (22) outwardly extending from the middle (21) of the distal support
25  structure (20). The waist portion (30) connects the proximal support structure (40) with the
distal support structure (20).
[0020] The delivering system (100) comprises a delivering means (101) and a sheath
(103). In the embodiment shown, the delivering means (101) is in the form of a rod for
removably connecting to the proximal support structure (40) or to the distal support structure
30  (20). As depicted in the figure, the rod comprises a threaded exterior surface (104) to engage

with the threaded interior surface (not shown) of the proximal support structure (40) or the



depl oying the distal support structure of the occlusion device in the
conduit to anchor the device. 4 [0015]In a third aspect, the invention
rel at es twouss/@b3van occl usi on devi ce accordi ng to the PCTSG2apees2or a
met hod according to the second aspect for closing a septal defect or shunt
in the heart or the vascul ar system 5BRI EF DESCRI PTI ON OF THE DRAW NGS
[0016] The invention will be better understood with reference to the
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according to an 15 enbodi nent of the jnvention in an unassenbl ed state.
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15 [0025] Figure 5 shows a perspective view of an occlusion device according to an
embodiment of the invention in a mode of use. In the figure, the proximal support structure
(40) of the occlusion device is moved out of the sheath (103) through the opening on the
aorta wall (201).
[0026] Figure 6 shows a perspective view of an occlusion device according to an
20 embodiment of the invention in a mode of use. In the figure, the proximal support structure
(40) is deployed at the front side of the aorta wall (201).
[0027] Figure 7 shows a perspective view of an occlusion device according to an
embodiment of the invention in a mode of use. In the figure, the proximal support structure
(40) is deployed at the front side of the aorta wall (201), and the position of the proximal
25  support structure (40) is adjusted such that the defect is closed from the front side of the aorta
wall (201) by the proximal occlusion film. |
[0028] Figure 8 shows a perspective view of an occlusion device according to an
embodiment of the invention in a mode of use. After the proximal support structure is
deployed to close the defect, the sheath (103) is withdrawn to release a portion of the waist

30 portion of the occlusion device in the opening, and to release the distal support portion and

the remaining portion of the waist portion in the conduit (202).



[ 0020] The delivering system (100) conprises a delivering neans (101) and a
sheath (103). In the enbodi nent shown, the delivering neans (101) is in the
form of awoadidime3renovably connecting to the proximal SappserRo12900232t ur e
(40) or to the distal support structure 30(20). As depicted in the figure,
the rod conprises a threaded exteriorgsurface (104) to engage with the
threaded interior surface (not shown) of the proxi mal support structure
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denotes a patent ductus arteriosus (PDA) condition, whereby
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the distal support structure (20) and contacts the wall of the conduit (202), thereby anchoring
the device in the tissue.
15 [0033] Figure 13 shows the view of the occlusion device at PDA looking from the side of
the pulmonary artery wall (203).
. [0034]  Figure 14 shows a perspective view of an occlusion device according to another
embodiment of the invention in an assembled state. A loop (351) is attached to the scaffold
(350) via the distal support structure of the scaffold. The delivering means (301) is in the
20  form of a rod comprising a forceps (302) to removably engage with the loop (351).
[0035]  Figure 15 shows a perspective view of an occlusion device according to another
embodiment of the invention in an unassembled state. The forceps (302) is disengaged with

the loop (351), thereby disconnecting the delivering means from the scaffold.

25 DETAILED DESCRIPTION OF THE INVENTION
[0036] In a first aspect, the present invention refers to an occlusion device for closing an
anatomical defect in tissue comprising a conduit connecting an opening on a first tissue and
an opening on a second tissue.
[0037] In the context of the present invention, an occlusion device is a catheter-deliverable
30  device that closes a hole in the wall of a tissue like a hole or opening in the septa of a heart.
In various embodiments, the occlusion device is used to close a hole in an aorta wall for

treating patent ductus arteriosus. Once in place, the occlusion device is released on both sides



20 enbodi nent of the invention in a node of use. In the figure, the

proxi mal support structure (40) is deployed at the front side of the aorta
wal | (20IWO0 2pBAAZI9EI gure 7 shows a perspective view of &OTSGRIVYI@I2 devi ce
according to an enbodi nent of the invention in a node of use. In the
figure, the proximl support structure (40) is deployed at the front side
of the aorta wall (201), and the position of the proximal 25support
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a waist portion adapted for extending through the opening on the first tissue and connecting

the proximal support structure with the distal support structure. The term “proximal”, also
referred herein as “tail end” or “tail” of the occlusion device, refers to a location that in use is
closest to the opening that is to be closed by the device. The term “distal”, also referred
15  herein as “head end” or “head” of the occlusion device, on the other hand, refers to a location
furthest from the opening that is to be closed by the device.
[0039]  The scaffold may further comprise occlusion films. In this embodiment, the arms
of the proximal support structure may support a proximal occlusion film. Even though the
arms of the distal support structure may also support a distal occlusion film, a distal occlusion
20  film is not required, and is generally not used in the occlusion device of the first aspect.
Advantageously, an anatomical defect in tissue may be closed by an occlusion device of the
first aspect without the use of an occlusion film, or with only a proximal occlusion film.
[0040] The scaffold of the occlusion device consists essentially of a biodegradable
polymer. In various embodiments, the proximal support structure, the distal support structure,
25  the waist portion, and the proximal occlusion film consist essentially of a biodegradable
polymer.
[0041] The terms “bioabsorbable”, “biodegradable” and “bioresorbable” are used
interchangeably herein, and refers to the ability of a material to degrade or breakdown over a
period of time due to the chemical and/or biological action of the body. In the context of the
30 present invention, the term "biodegradable polymer" refers to a polymer comprising one or
more polymeric components that can be completely removed from a localized area by

physiological metabolic processes such as resorption. For example, a biodegradable polymer



side of the aorta wall (201). 10 [0032]Figure 12 shows the side view of an
occl usi on device according to an enbodi nent of the invention in a node of
use, wherweongwmgaeat t he PDA defect. As can be seen fromrCrIs&26i2900282 t he
arnms of the deployed distal support structure outwardly extends fromthe
m ddl e of the distal support structurg (20) and contacts the wall of the
conduit (202), thereby anchoring the device in the tissue 15[ 0033] Fi gure
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poly(iminocarbonates), polyorthoesters, polyoxaesters, polyamidoesters, polyoxaesters
containing amido groups, poly(anhydrides), polyphosphazenes, polycarbonates, naturally-
15  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.
[0043] Most bioabsorbable polymers available today, such as polylactic acids (PLA),
20  polycaprolactone (PCL) and polylactic-co-glycolic acid (PLGA) display a very similar
mechanical behavior, with a high Young’s modulus and rather low elongation at break
values. Sometimes these polymers seem in a pure form inappropriate for this clinical
application where highly flexible biodegradable materials are required because of the huge
expansion ratio before and after deployment. One of the most practical strategies for tuning
25 the properties of polymers is blending with another polymer or copolymerization.
Copolymerization facilitates a broad range of properties, including good mechanical strength,
biocompatibility, biodegradability, and processability, which makes them excellent materials
for medical application.
[0044] In various embodiments, the biodegradable polymer is polycaprolactone (PCL),
30  poly-(D,L-lactide-co-caprolactone) (PLC), poly-L-lactide (PLLA), poly-D-lactide (PDLA),
polyglycolide (PGA), polylactic acid (PLA), polycaprolactone-polylactic acid copolymer
(PCL-PLA copolymer), polylactide-polyglycolide copolymer (PLGA), poly(trimethylene
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bi odegr adabl e polyner. In various enbodinents, the proximal support

st r uctRATBON CABPE St ?albl%iﬁéliﬁéﬁlile gobyrreruiselistos ahavendnstarions embedimends, tthe
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[01341] IStci%)grlérﬁéq rgl|Soa g@gﬁgf‘iff{he%ﬁ%ﬁgﬁgg@géaﬁr&& and "bi oresorbabl e" are
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degrade or breakdown over a peri od of tine due to _the chem cal and/or
bi ol ogi<RIsioRc EYiRe ofORpIESh FAYCaRTRlacioRe ¢ Bt ekt Poly-(Dhle-lactide-co-caprolactone)

(PLC), or a mixture thereof. In various embodiments, the proximal support structure and the
distal support structure comprised in the occlusion device consist of polycaprolactone (PCL),
20 poly-(D,L-lactide-co-caprolactone) (PLC), or a mixture thereof. Polycaprolactone (PCL),
poly-(D,L-lactide-co-caprolactone) (PLC), or their mixture are particularly suited to form the
proximal support structure and the distal support structure due to their mechanical attributes
such as flexibility and stiffness. Poly(D,L-lactide-co-caprolactone) (PLC) refers to a
copolymer of poly(D,L-lactide) and poly(caprolactone), where the appropriate weight ratio of
25  poly(D,L-lactide) to poly(caprolactone) in the copolymer may be in the range of about 1:1 to
about 9:1, such as about 2:1, about 3:2, or about 7:3. In one embodiment, the weight ratio of
poly(D,L -lactide) and poly(caprolactone) in the copolymer is about 7:3.
[0047]  The proximal support structure or the distal support structure, or both support
structures may independently from each other, comprise three or more spokes outwardly
30 extending from the middle of the proximal support structure as the at least two arms. The
spokes may be connected at their inner ends with each other so that they are arranged like

spokes in a wheel or an umbrella. Alternatively, the spokes may be connected to a middle
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number of arms can include 2 or more arms as long as the proximal support structure can
support a proximal occlusion film. The proximal and/or the distal support structures may
include, but are not limited to 2 to 8 arms or spokes, such as 2, 3, 4, 5, 6, 7, or 8 arms or
30  spokes. The number of spokes in the proximal support structure and in the distal support
structure may be the same or different. In various embodiments, the number of arms of the

proximal and the distal support structure is the same, and contains three arms each.



5pol ydi oxanone, cellul ose, collagen, chitosan, or a m xture thereof.
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m ddl €,¢ formed together with the proximal occlusion film by hot pressing in one or two
consecutive steps. In one step, the supporting means are formed of the same material as the
20  film, but having a higher thickness. Thereby, an integrally formed proximal occlusion disc
comprising the proximal support structure and the proximal occlusion film can be easily
formed.
[0055]  The proximal occlusion film, which is supported by the proximal support structure,
may be adapted to be disposed together with the proximal support structure at the front side
25  of the defect in the first tissue.
[0056] In a further embodiment, the proximal occlusion film may extend between the
arms of the proximal support structure. The term “extend” in the context of the present
application means that the film extends from one arm to the proximate arm and can be
spanned between the arms or spokes. Alternatively, the proximal occlusion film may be
30  spanned over the supporting means of the proximal support structure, thereby forming the

disk-shaped structure for closing the defect from the front side of the first tissue.
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structure s t he sane, and contains three arns éach

2013/ mmgqucadag@gcfgrz;tc@m@gﬁg th¢ respective support structure with the waist portion. The
connector may, for example, be a joint protruding in the middle of the proximal and/or distal
support structure in the direction of the waist portion.

25 [0060] In one embodiment, the waist portion may be a tube, such as a polymeric tube, like

a stem adapted to receive the joint of the proximal support structure from its proximal end
and to receive the joint of the distal support structure from its distal end. Thus, the proximal
support structure and the distal support structure may be connected by joint connection to the
waist portion, respectively. The joints of the support structures may be adapted to be inserted

30 into the waist portion, such as being inserted into the tube with the end of the joint not

connected to the arm or spoke.
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one step, thé supporting neans are forned of the same maferial a$ thé 20

film G, rdvom@Santm glheiltetrmmknmbgdlmm&r@byls agpect.rthe graist pyrtlfoorrma,dbqou oxi nal
occl usi i SC r t.h r Oxi ma t structure and the proxi nal
ocol usPf e fERTe s Rung ke ol hepiis R B AR e MiPE sRBPeFonPPeH m

Whl ch duscawpported by the proximal support structure, may be adapt ed

to be di siaosed together with the proximal support structure at the front
si de 48862l helncvéfle@q embpdiments; the proximal fEpperoesstya, the tistal Fepposhisagiure nt

f
e L R AL o P e B R od Ml ™
appl i catbodimemans whieli thdecdffoldnie Xomemds frbmo theosunea polyieric hateriall ivitedr€ ar m

and can_be spanned between the arns or spokes. Alternatively, the proxinal
occl uROGNE PIACREP S B8 I8 plich et e%rm?lﬁ@gs dpsetian ﬁ@lﬁ@ar@ldoﬁoma@ssg%x. mal

LD i1 LR, M1y Sl I i 55
2013/ Q392 RPhf BGRATLH 0O 208 2ice from different polymeric materials to specifically adjust
20  the required performance of the maferial. For instance, the proximal support structure may be
made more flexible than the remainder of the scaffold. Using different polymeric materials
may also serve to alter the biodegradability of different portions of the occlusion device to
result in a sequential degradation of different parts of the occlusion device. It is also possible
to form all parts of the device from the same material but having specific thicknesses such
25  that each part has the flexibility of stiffness required for its function. For example, in one
embodiment the support structures or the waist portion can be stiffer than the film portions of
the device by adjusting the thickness of the various parts.
[0063] In various embodiments, the proximal support structure has shape memory. The
term “shape memory” generally refers to the ability of a material to remember a particular
30  shape, such that, after being forced into another shape by application of an applied force, it

assumes or returns to its original shape when the applied force is removed. In the present

context, the proximal support structure of the occlusion device may elastically deform in



12 [0057] The size and the formof the filmsection may be freely adjusted
dependi ng on the size of the defect to be closed. In addition, the

di mensi orwoab13tiesopr oxi mal portion of the occl usion deviPce/SGayi2lveo2azij ust ed
so that the device may be placed in and pushed through a catheter sheath
and has a working size (dianeter) of ighe filmportion in the working
structure 5 which is sufficient for closing the opening, for exanple in

t he se t t
usuar 1o RHsElo 4T ot B8k Al Tlbns el s AU ol Pl PR o8 S5
deV|ce6fﬁwapphaﬁﬁmﬁJaneter of the prOX|naI occlu5|on films nmay be about 70

nm 60 nmm may be provided in_a. size range
of aboEQP6iﬂz t%y femnﬂg therﬁcéff@lde@i%ﬁﬁﬁsé’n“%l%blﬁ%g@ﬁ%ﬂe Btangls; 816 davisamas a

di amet gy o E absorBZ8 t)}T lﬁﬁe b(%(ﬂl Qrttﬁfﬁeéh%h ﬁ:ﬁ@%@%sfegﬁ éag? t(ﬁ ‘sgd%rzﬁf Sdifis, def ect
to be sea Slze o Xirrat ]ﬁ

st r5uctslrch,as Qh,cﬁﬂ di8,b1£6 adar a6, &8¢, 6 batl aodéfm@tthsmay be suf f| CI ent ly cl osed.

The te sufficient]ly osed” in the context of the present inyention is
used t@%@scrf‘?feaqlt‘%‘nédﬁﬁlpﬁfﬁ‘f’in@tmétor%é\“? ePLyIEER lasigizers MR bsasPdisitotiedevi ce

into agnaRetMhe éxlagenlt'lfl%rﬁilohl oMl Qaert ntt»aﬁts Iﬁe . O%lt,tttﬁ%éer thtedSto g and

the liquid flow fromthe front Side to t back 15 cl ose
openi ng)lymnr matdriah e sofen chser toeiﬂr,lprbm ﬂexmdpyel\/bvye patiicularlyj dwr plabticizar any

ot her sed i,n heattorrea re he liquid fl roough _an_openin
05 Thish oot e T e aeS i e o e BT prneting relorab IOHEr BEIER, on
depj CeraBitionGemperatur§ tRORHUIES, i 2Phcratlles 4@ el atlgl(l) at Brak, &} chibe th80,
110, 120 pm but bel ow 0, 450, 400 350, 300, 2 200, 190 18 170,

160, 18@stplhingdehaymer efsa phiymenteateridl onpen adimgt tlabmeltmgémnmrhmq; Tro. 80ybe

fold d he .d d h I
cuppor P pea i SR bt e a7 A BB PR KRR B JEREHL B Bty Pl ™

connecthehoBaaRtath the ab&mnemtdna@ pfd?éﬂ[@Sp%$th&1§dﬂ BRETdlsoBd Bi6EdhSatitld, h t he
wai st portion. The_ connector or exa be a joint protruding in the

ni ddl eeseﬁcmlbenprmwowamued? élteaf’fm%lhplp@tﬂltt csftnleﬁéwﬁeumd qomepaged wcthPon of
t
the wrﬁt%ggg 9% ?f%ﬁ}émﬁpl 99%@{1&9&1 ggtr}]tta% IS LaRRAEIRB TR @

suc a polyneric’tube eas o receive the joint of
t he prloxnamﬂodyuppleasmtﬁtxruhepwfmdfltltfrmvémopr oxXi mal end and to receive the
j oi nt i st port structure fromits dist end. Thus, the
pr oxi n@p éup “Ele l tt?‘(ﬁ"é‘ag’rﬁ’ st‘}fé’lf%ﬁtlgtzﬁll T@hﬁ"ﬁb‘?"’t u%earlﬁélt’%P’@s‘?PMmﬁ‘é‘tlon
conneciheddby bhilaat rfo@nﬂﬁ%a% Ttl‘?etﬁ hecmtes Tﬁeljt I8 ke tc¥ | ¥uchThE

joints of t’he support structures apt €d -t 30into the
wai st pdydthdene glycdls @Eﬁbpngohypmpytead gl}wbts ph:@ytanbglwot tP@hglyeerdl, afi-2t he

' d h
Lo, ARGNEFREFARG ¢ RbESHAR o penfivg <Opiorutnidibts |or GRESIERHE  on « he
first dicpsotoxyRhthalie dlﬁgﬁor@@am@tcﬁgoﬁ&lytmﬁhlhtes sl b eplnesihahte! NS-

opening or may be el astic enough to accommodate different” opening
t hi cknesglere leh@l/ adipe a¢id mplyemly(lﬂ 80-2dp MW contaipenidnw enghtpadecns tesmingd t he

mat er It%glnﬁ caggllm(i ic Xl’ld thaGrtcn%l relst%‘rI funchgrifarll? S()thgrheexamplcl,s of plasticizers include

epoxidized butyl esters of linseed oil fatty acid, epoxidized linseed oil or epoxidized soya oil.
25  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 150 — 2000. Illustrative examples include diethylene glycol, triethylene glycol,
dipropylene glycol, or tripropylene glycol, too name only a few. The amount of plasticizer is
not limited but is generally adjusted such that the biodegradable polymer material maintains
30  mechanical integrity during its use, including for example, during the storage and upon
deployment. In some embodiments of the invention, the plasticizer may be contained in one

or all of the polymer materials in an amount of about 1 to about 30 wt%, or about 1 - 25 wt%,



5 thickness of the tube, and the like. The waist portion may have a |l ength
of between about 1 and 10 nm for exanple, about 1, 2, 3, 4, 5 6, 7, 8, 9,
or 10 nmwOhe13me®e portion may be a tube having a di ameCerscaérzabesz 0.5 to
2.0 nm for exanple, about 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3,
1.4, 1.5, 1.6, 1.7, 1.8, 1.9, or 2.0 m®mm The wall thickness of the tube, if
the wai st portionis in the formof a tube, nay be between about 0.05 and

0. 17, "o 2P Ay 350t gl Do S afdn P by 823 o
mMm | natajut 21-128tW 96 aBoIRA DBHL%, sout Bi-20a8PE G abdihte VB0 1% psdstd on tiedtybe a

solid stemwhich is glued, welded or connected in a sim/lar manner at the

r espectpight efigisopalymer matatiab . In[lowewith fhe, abovsw sheopmewmtRinplasticizees paoiarnal
suppor t i gt al Pk t1HS 15-a h .5 i on of
t he sc%’%a?'ﬁl%&%r%e&{tr%t g’g’r’gfl’?yg’f%?guhg’olm"llﬁi gg’un%qg’gzlégétg Izte7’ ?%‘?@gﬁn@bgggﬁgnts in
whixh éhéryseeiglitalfdhe espeetinegdolfymermiategiakane pol ynmeric material, where

pol yrer grocessi ng, met hods such as c&%t | di ng, .i n‘jatecti n nol di ng and
conpr ek¥9P5h i 8 Aljeralv pembedimentyok Berpachisioncdgvicen of thenfist pepestang ot

embodi ?e[ Sembits g?)fctp& froH t‘h@%‘r&i{nﬁl Q%‘ﬁBﬁrs’?ru . %F@ﬁgﬁ?‘* %c&ﬁsi&:ﬁ?ihﬁ?%ie?e

fromdifferent polynmeric matéerials to speciti ust 20 the required
per f or dmsfat supdort bteuateeeandilthe Faist ipostianoey bdengdeondi armhaternigd pambprisingiat ur e
may be_nmade nore flexible than the remai nder of the scaffold. Using

di ffer@ﬁ’fapﬁlgf%?hiélai’tbver?&te’étri als may al so serve to alter the biodegradability

of 1 i T foRbeNt BOtHe! Qiitexloftthe REChFIVeRHEE HhE Rerhf “fRPdpelitidallytactiO8 URBA Al
degradation of different parts of the occlusion device. It is also possible
t o f organgtallypaeans agherapratid @v pbanfaceuticahagentiwbioleay benitadt intoathic pglyspezci fi ¢

t hi ck .such 25 that h t has.the flexjbility of stiff
g TSR & fneerte SER Dot s M Btk b glaRt cdhadiRiRore
st r uct fhe@peic dchice Wadns ts fedeht &b €cafinBOn $hd prbkimdl Baludibe filih] m portions of

t he devi ce by ad%#sti ng the thickness of the various parts. OQGBI In
var i oul906%bodT iethempeatieagenbriaiiie agli phesaneuse Pﬁ@b%ﬁ@cﬁ%{@ab?@p‘}as for The

tefan” r . 1 he N . rial t

et 18 oI pind BB tor oBBR RS VARG Bl Ap RS Brd e 1y
shape Inypitappbi aniprdlifeativaantapipbticedgéms dacluding assunak productst diich Sast Oirich s
original shape when the applied force . is renpved. In the ,présent cont ext,

the prystlalds (& ydrtlasting ¥ingrgings apg iprelbing).oprciganeh eepadipodapixtiotoxinsy
def or m.i @S a e " an t 50 %
S R ok Gl e
t he scddxoaltdcihr e esdembical)) yarthradgdinasabhioxamtrené,altdeomymnsieplicanyey,

foy, ex | e, he absorbed by the body within short tinme.of a few }/earLs to
schfer SRSHENSD) SEL BHOTY s chabines (& aspataginse wDich ysiegicly el ES 17 | %
or 2 npphiginel AU abpidfes Al SWARE dN PRI RBREFacRy ohSymRlsYABNRIr own

pl asticizers may be used. In the context of the preéesent” invention,

" pl ast #sphragine); gatiprodifdrgtivedantisitotic abelatingergauld sucht as ritrpgenymustardat(sichals t o
ool bt RS b AL O P husb SR 7
pref ergald yméthy¥aieldnifed| @8%amethylmelamine and thiotepa), alkyl sulfonates-busulfan,

25  nirosoureas (carmustine (BCNU) and analogs, streptozocin), trazenes-dacarbazinine (DTIC);
antiprolifefative/antimitotic antimetabolites such as folic acid analogs (methotrexate),
pyrimidine analogs (fluorouracil, floxuridine, and cytarabine), purine analogs and related
inhibitors (mercaptopurine, thioguanine, pentostatin and 2-
chlorodeoxyadenosine{cladribine});  platinum coordination = complexes (cisplatin,

30 carboplatin), procarbazine, hydroxyurea, mitotane, aminoglutethimide; hormones (e.g.
estrogen); anticoagulants (heparin, synthetic heparin salts and other inhibitors of thrombin);

fibrinolytic agents (such as tissue plasminogen activator, streptokinase and urokinase);



10 transition tenperature, Tg, the nodulus, i.e. increases the elongation
at break, or change the crystalline behavior of a polynmer material or can
adj ust t hwormeiddiedy2t enperature, Tm Any known pl asti ci zecTsepotamoeszd i n
the polyneric material as long as the plasticizer provides the polynmer with
t he above-nenti oned properties. The pl@asticizer may al so be bioconpati bl e,
especi al Iy non-toxic. However, due to the small anpunt of plasticizer used

conpar e nt paj us | agti.ci z t hat

may aglglpg%r:r%paés]n eﬁseASe Sgprﬂ-}é/ f’h&%oﬁ?tan “logé}hmies g g)do%lr et[i”h (%Dﬁlm §@ope of
t he i nygithiglitory] QBG&LH® ashéluat fb@é\ﬂeltﬁn)emﬁmmﬁnﬁﬁtor@' aath ak Zaﬁfenbb@hc&lan be
used in the present invention include, but are not limted to triethyl

ci t r at #eordsc) (CQsdsa)al kyTtisere, gI @%P%O@Eﬂiﬁ adreispaehy PEBISgIgpeo| $- {ﬂP‘EG) or

pol ypr S &ne RO .4l ¥ 4

et hyl h%)%}qygﬁlg%g OY di g}:?ﬁ c]%% pat té‘%wlgl STt hﬁg hé‘%kgt‘gﬁtt’ %%hagenoggtemldal
(di%oct ydenht ('sablatae)sah@:lmymd) ldexydtipet lead. adspiringti pa@nﬁﬁrydlﬂﬂh@aﬂ@vanves (e.g.

di i sononyl pht hI at e; n butall benzyl phthalate, 1,3- butylene glycol/adipic
aci d p¥idAsEpeRhen)7msol @b Mﬂﬁe%ﬁﬁ%{}%uaﬂgs 16uteiag hindpmethesin, tsulindaca and

nyri st I t h gRi.es of
pl asti %:tlgg%l? ﬁéﬁ?}‘i"ﬁagag%%x I zedéhb sdtoFrﬁ g{,gﬁd&'&%ﬁ)éflﬁﬁiggﬁml%) ?‘ngpt?éﬂam d,
epoxi dacdéd(ducin Sieeliumofenoandeqmmadvese;darﬂhmmlml dcids2uelx asphefenandic peidy ainky | ene

gl ycoI s | ne | ude 1 o) cul ar ht .conpounds havin of bout
20" st teatte: D aBRIEc 7605 - CH06S BERETIOGIOx 8800 PaRYAHaAtS: 5300
abgut éﬁ%hentg%oné)l h&&ﬁﬁﬁ@éﬂevﬁoﬁ)%moﬁﬁdd (&ﬁ&&'g@atﬁhﬁgfﬂy |aﬁfb%119él¥1€6’§e old
triethyl’éne glycol,” di propyl éne glycol, or tripropylene glycd %

only asddawn TUhemal Mnnmofunpstmmseuvz etsupks aﬁotcyblospctrent btat:mhmuge(ﬁa{él%y

adj usted,such t hat the bltﬁdegr adabl ehF %’t #erl al mai nte}\tj

mechant BT FaRAmYEiP) asqthgPitbe THEGEPhEROIRS dnpfstiby AREQEsRlt Suctyds |Vﬁ§°u‘me
St or agendaiililPSawae PicB THGF)] fib8 st gﬂ%ﬂ@ﬁllfmt(ﬁcm) higc bXIMEAbAOS; adthe

pl asticizer may be contained in one or all of e polyner materials in an
anmount segfe align pucieotidesang rordinagiogs thereodbout 1 - 25 w9 WO

55 GRF STty FRRIRLECRERR 1, PRt SRoptt lf BB el M 2R3

W % admibioti, an 2ativMhflemmatoapagént San adtd-clotiing Bieerda borhbie, drouched gbid, ef the
polymer nmaterial. In line with the above, the anount of pI asticizers, can
for exkpide peclplandactor, a growth fagfor,ga ligands forga cpf] suptace pscepior, amgantisg | 23,
25, 27 S ti erial.
[ 0067] 7 er i, AACEH MmO MEenf o Blirk ool SREAT ol Go BT e o
aspect qheowehemtpeunc elgeﬂltemmratnsarﬂehﬂmdedswe agerithe ipnpxvertie seapipgrdffest,rthet ur e,
gﬁ} prox occl usion fi t he tdl stal .support structure, and the wai st

gpg)é:emareprgyenémﬁélgrgmbw OLGPMI%i ng a therapeutical ly active

agent [0b91 PO6H] thiy ddhgextORiLXdte®@fhat g m@%@t&tcanp%ﬂté 2bnt tdBe ifloMorated
"t her apeut| cally active agent" general ly nmeans” a therapeutic or

phar rrammmn@:at mege pelywnishmatasials of rthg edclbsion devise podyyber dogposidtéiona or
i npregnat fa r, i nco 1t)edt i nt the scaffold. In various enbodi nents, the
t her ap%rutv Eta kR Hﬁ’é s h&eg ent as a coating on the proximal occlusion

film [00080] Tiaetht ttaﬁtameut ihe in@aifion Y then advig!t ReiaRe ieanOs thRhaidEedt i cal
2 eSnt ghlélrlglgcbelugcgloglgent which may be included/mixed into the biodegradable polymer,
impregnated, dispersed within or dissolved into the biodegradable polymer in order to
provide a drug-eluting composition. The term “protein” is meant any naturally occurring
polypeptide that comprises more than 40 amino acid residues. The protein may be a full
length protein or a truncated form, for example, an active fragment. Illustrative examples of
30  proteins include, but are not limited to antibodies or other binding proteins with antibody like

®”

properties (for example, affibodies or lipocalin muteins knows as “Anticalins” ) for selected

cell receptors, growth factors such as VEGF (Vascular Endothelial Growth Factor) and



15 use in drug-containing materials for occlusion devices. Various exanples
include, but are not limted to antiproliferative/antimtotic agents

i ncl udi ngwvoabiw@Ek3dgpr oduct s, such as vinca al kal oi ds (e. @CTsGabl2a8425ne,
vincristine, and vinorel bine), paclitaxel, epidi podophyllotoxins (e.qg.

et oposi de, teniposide), antibiotics ([dacti nomycin (actinonycin D)
daunor ubi ci n, doxorubicin and idarubicin), anthracyclines, mtoxantrone,

bl eonygj & jcagyci Lt ci.m; ] t L ) .
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cel | s MétioRedandadtiveaynidits tRRBE L prétonsyidsh@Spréprohbehdned i sagpasrdpicne) ;
antiproliferative/antimtotic al kyl ati ng agents such as nitrogen nustards
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abci xi ; timaratory. antisecretor such as brevel din); .
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derd vat | . 1_nop. o | i n cetl (o (such as
 mifomat g, i ofer BHEAALRPAE Mg by el BT AE RR a0 R D

t ol mettoruse dt tHeqlobymaeric et foefoan thaedclusionyddvicepirovdrivus einbsdiranes) tiksdrug

i buprof en and derivative;)h anthranilic acids (such as nefenam c acid, and
mecl of igAamogensepdly dispased withy erdigsolied 18 hehipdsgradahie Radypss, sugh that drug

Pheny| S /05 mLekion dlent NRidaZ Qehnt IRPHITRIAD eghe%ieqsecqué (such
as auranofin, aurothioglucose, go ¢ sodi um t Hi omal at e ;I runosuppr essi ve
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15[ 0070] The t herapeutic agent may particularly include, but is not limted
to, a ¢hcomposinomreattiinstof polyarer gompoyngslimmivat ory agent, an anti-clotting

factor hor a nucleic.acid, . a peptide, a cellular factor,.a growh
t act ort002en (R A eraPeut Gy b e o™ RERRA a0oRa G gt 5455t i a¥hgen
an antdonibiQibaahéreofid &y polwRetmbiefThiCdfAlis @mbagRidnt ofthedfdntivh I Ble d@RME, a
chenot her apeutic agent, or an anti-hypertensive agent to inprove the

seal i rif the thegapeuticadly agHsapgant (Qrloetianate agents tegethinr) gthe pebymisiric maeridxanpl e.
0071 ‘ it ‘ | ‘ tt
R T o s S
devi cemampialp@sgecibllygthe aglis ok ishionategiperitre fandt the , mélting asipératurg nae toer eof .

[0072] In the cgntext of the invention, the term"drug" general]ly nmeans a
t her apishyerselyopttesteds dn s ssmbadinenigcthe appush ofdle therinsuficplydaciviegentat o t he

bi odegy PRy WGt dFTRE FAYRIEE thatdllaP BRY 86Taifth tY Jkeff, o Bdato the
biodegra%gg+e ﬁ%&yneéhin orEePﬂEo atctlaf Bfat Shilad £he{;dﬂf%§%ﬁﬁ9ac%
30 35 wt%. The therapeutically active agent may be present in an amount of 0.1 to 35 wt%, 1 to
35 wt% or 1 to 10, 15, 20, 25 or 30 wt% based on the dry weight of the polymer material that

contains the drug. In this context, it is again noted that it is possible to include more than one



provi de a drug-eluting conposition. The term"protein" is neant any
natural ly occurring pol ypeptide that conprises nore than 40 am no acid

resi dues.woheiymeisei n may be a full length protein or aPCTsGeea®do2dorm for
exanple, an active fragnment. Illustrative exanples of 30 proteins include,
but are not limted to antibodies or 1@t her binding proteins with antibody

| i ke properties (for exanple, affibodies or |lipocalin nuteins knows as
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b| odeqt)am]bl eTHeahytiopicifiéf ey falrexgmeleltic zomatehlaeniahﬂd@matd&bhetam@km%r may be
blodegraded within the boqﬁ in order to avoid any del eterious effects
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enbodiawesists @f batiemi suifatet (BalO4)THe tlerfilmg, the radiopacifier may be incorporated into
20  the polymeric material by solution casting or extruder mixing in an amount of more than 0.1,
0.2,0.3,04,0.5,1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 wt % to less than 40, 35, 30, 25, 20, 15, 10, 9,
8, 7,6,5 wt % as long as the films are provided with radio-opacity for making the device
visible by means of fluoroscopy, for example, during the deployment procedure.
[0078] In the films, the radiopacifier may often be less concentrated compared to the
25  support structures 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 or the
proximal or distal support structures, the amount of radiopacifier may be increased because a
higher stiffness of the waist portion or the support structures is suitable and the visibility of
the occlusion device may simultaneously be improved. For example, varying ‘amounts of
30 BaSO4 may be used in various parts of the occlusion device to enhance stiffness and non-

stickiness. The proximal occlusion films of the occlusion device may, for example, be

solution casted or hot-pressed with an amount of BaSO4 ranging from about 0 wt % to about



25 of the therapeutically active agent (or 2 or nore agents together) in
the polyneric material is not limted and can be as high as wanted as | ong
as the phyeizesloipiseperti es of the pol yner material, especirasiGkyi2tohe@sgl ass
transition tenperature and the nelting tenperature, are not adversely
affected. In sone enbodi nents, the amount of the therapeutically active
agent, based on the dry weight of the polynmer material that contains the
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be i nproved. For exanple, varying anounts of 30 BaSO4 may be used in

va@5i ousopael suppprtstiEcyE:| usi on device to enhance stiffness and
For odibicr Thoukd BBbGtidR, pRIRLRLEhebe T3 150r, bitfeREE W A RN ™
rangi ngruttueenTheaut Mayworbipiise @kf@béps to engage with the loop connected to the distal
support structure. Figures 14 and 15 depict such an embodiment. Referring to Figure 14, a
loop (351) is attached to the scaffold (350) via distal support structure (20). The delivering
30  means (301) is in the form of a rod comprising a forceps (302) to removably engage with the

loop (351). In Figure 15, the forceps (302) is disengaged with the loop (351), thereby

disconnecting the delivering means from the scaffold.



19 40 Wt % The wai st portion may, for exanple, be made of a bi odegradabl e
pol ymer having about O wt %to about 40 wt % BaSO4. Either of, or both the
proxi mal woadotdma23d2st al support structures may, on the eChSG262md)25zont ai n
about 1 wt %to about 40 wt % BaSO4. [0079] I n another enbodi ment of the
first aspect, the occlusion device additionally 5 corrpri ses a delivering
system In the context of the application, the term"delivering system
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structu res 14 a 15 depict_such an emhodi nent. Referring to Figure
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[0086] In a second aspect, the invention refers to a method of closing an anatomical defect
in a tissue comprising a conduit connecting an opening on a first tissue and an opening on a
second tissue.
[0087] In this context, the term “closing an anatomical defect” may mean a surgical
25  treatment of a patient in need of such a treatment, or may be an in vitro method where defects
at tissues outside the patient are treated. The method of the second aspect of the invention
comprises moving the sheath centaining the occlusion device through the opening on the
second tissue, the conduit, and the opening on the first tissue; moving the proximal support
structure of the occlusion device out of the sheath through the opening on the first tissue by
30 using a delivering means; deploying the proximal support structure at the front side of the
first tissue (for example, the aorta side) to close the defect from the front side; withdrawing

the sheath to release a portion of the waist portion of the occlusion device in the opening and



WO 2013/ 012392PCT/ SG2012/ 000252 20 [0083] Si nce the delivering system
general ly does not cone into contact with the body and is usually

conpl et elwonremmieid2aft er i nsertion of the occl usion deviPCe/SGaea/00éps2 sheat h
of a catheter, the delivering systemmay be forned of any suitable
material, such as a netal, a pol yner,2iceram c or wood, and does not. need to
be formed of a biodegradable material. 5 [0084] The sheath can be a hol |l ow
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on a second tissue. [0087]In this context, the term"closing an anatom cal
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(0091] The method of closing an anatomical defect in a tissue comprising a conduit

20  connecting an opening on a first tissue and an opening on a second tissue using an occlusion
device of the first aspect which is covered by the second aspect of the present invention
comprises in a particular embodiment which is shown in Figure 2 to Figure 10, the act of
insertion, anchoring, optionally repositioning, sealing, and then retrieving the delivering
system. |

25 [0092] In Figure 2, the procedure is described on the basis of an in vivo method, wherein an
opening in aorta wall (“first tissue”) is closed. The method generally comprises the following:

[0093] 1) Device preparation

[0094]  Referring to Figure 2, the occlusion device (500) comprising a scaffold (60) and a
delivering system (100) is shown. The scaffold (60) comprises a proximal support structure
30  (40), a distal support structure (20), and a waist portion (30). The proximal support structure
(40) comprises at least two arms, in the form of a plurality of spokes (42) outwardly

extending from the middle (41) of the proximal support structure (40). In the embodiment



30 using a delivering nmeans; deploying the proximl support structure at
the front side of the first tissue (for exanple, the aorta side) to close
t he def ecwofzommizive front side; w thdrawi ng the sheath POTSekerr®e02a2 porti on
of the waist portion of the occlusion device in the opening and WO
2013/ 012392PCT/ SG2012/ 000252 21 to rehease the distal support portion and
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20  [0097] 2) Insertion

[0098] The delivering means (101) is used to push the occlusion device in a folded state
into and to the end of the sheath (103) of a catheter, beginning with the proximal support
structure, followed by the waist portion and the distal support structure into the sheath (103).
The sheath (103) used in this embodiment can be, for example, a sheath usually used for heart
25  catheter applications like a 6-8F sheath.
[0099] After the entire occlusion device has been inserted into the sheath (103), the sheath
containing the occlusion device may be moved through the opening on the second tissue, the
conduit and the opening on the first tissue such as that shown in Figure 4. In so doing, the
sheath (103) advances across the opening so that the proximal support structure and the
30 proximal occlusion film may be pushed through the defect via the sheath (103) to the front

side of the first tissue, as shown in Figure 5.

[00100] 3) Anchoring



delivering system (100) is shown. The scaffold (60) conprises a proxinal
support structure 30 (40), a distal support structure (20), and a wai st
portion (0)2013hes3opr oxi mal support structure (40) conpriPSESGat12l0e@s? t wo
arnms, in the formof a plurality of spokes (42) outwardly extending from
the mddle (41) of the proxi mal suppgst structure (40). In the enbodi nent
22 shown, a proximal occlusion film(43) is supported by the proxinal
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occl uOFHPETEREH a¥itR dRe PReURE apd it Bistah surpasb g dy allowed p spiing

cont aini j is u j he
coCond idieilcifly B06] KRR e PHRE i Kt bR PP pleiSe RGN SERRnE 1€, | ot

shown rigidiBi gfitle material snd dlod reypedtive sifessith thel @3Jedastamnarely abapessietmboey

openi ng so,.t ha he proxi mal support structur d the 30 proximal

OB SRRt R i BPR o o Sl i TRasPa: Dies i SuBieh YR6%7C 1o 1 he

front astddgatiRhlly Hsenk it $61déd Fatiandas ISV ih thdddBHLR tPandhBPHAQEvi3e. Anchoring
[00106] 6) Removal of delivering system

[00107] The delivering means (101) may be disconnected from the scaffold by unscrewing
the delivering means (101) from the proximal or the distal support structure. The delivering
25  means (101) and the sheath (103) may be pulled back to retrieve all parts of the delivering
system and to leave the occlusion device in its folded working structure locked by means of
the proximal support structure and the distal support structure provided at the front side of the
first tissue and the conduit, respectively.
[00108] It is also within the above definition of the invention according to a third aspect, to
30 use the occlusion device of the first aspect or a method according to the second aspect in a |
transcatheteral closure of an anatomical defect in tissue like a septal defect or shunt in the

heart or the vascular system. Septal defect can be in this context any defect including, but



23 [00101] After the proximal support structure and the proxi mal occl usion
fil mhave been pushed through the defect to the front side of the first

ti ssue, tWwo 2praane3val support structure nay be rel eased fPromsGrine/osiesat h
(103). The proximal support structure nmay spring open, for exanple, to its
originally unfol ded shape due to the2ghape nenory property of the materi al
of 5the support structure, and, thereby, unfolds the proxi mal occl usion
film Jhis 1.S: i ot ed: i ' : ' ul | ed
back. Uirels PR Shal SRR Y RERAZ R AchQR, IR drckdelerchud

occl usirgnatdnt forathavevddeen anchored at the front side, thereby sealing the
defect _fromthe front side of the sept such as thgtt hown in_ Figure 7.
[ 00102POLY Refiss rvieption W%QWMG,SCI?@"@%@ FiesoBHtabbhBe gEetised dh Wevi ce
shoul e 'ifép&,}q tf he- hel g i iLhe the
del i vccaiarb??\hg&rr(\E::)f(:;)tég}I f 101 tr(r)té;@ %@Qﬁrr%vlé . ac ,O e. gll.pﬁlggg’pﬂ?tl %br?gﬂgi‘%%‘? ﬁ%c\f@ghfor ce
t hé odeireisi Thusidei exmnipdekthe nermst Toeonmphisangh, "iitledinggdtchntabyng "hete. Bhall be

redepl oyed upon repositjoning. [00104].5), Sealing 15[.00105]. If th
anchor i cxRanglyelys nélc‘f’gi“g}l,t llr%éatg’ﬁeé‘flﬂ}t’f’ﬁé’éﬁj’ the t?ﬂq‘tst?d‘ka%ﬂrqs P’E‘%Sﬁnpfodeﬁlel ease

the Wajesdin BEVE bR R84 ad BEmE 0P UBcripHAR A nSt StUEhitktfon! hRMHNLIsSRERIA R Shown
in Figure 8. The waist portion is brought wthin the opening and the distal

supporin the nsecefisueh itegma|and wespressiorspef exgludingamt ¢qpavalgntoplihe deateies whowm
Figure 9.. This .can, for exanple,. be mana y a sufficient rigidity of the
o |81 deneiitEd O Pauisl RIS bitit B e et tredods bt iy s uistieor y.
20pr opeititih @Be 8fopehst the SRRGEbIY RlaSHBR OrusSitrsUEhII R fRfcedtddd thal BRhAIghtBE
support structure automatically opens its fol ded Barts and is deployed in

the cdnerent inventer hes beere sproifically Jigdassd] byspr gmbedimgalsi st ppigoray st em
00107, iV | may. he_ di f ffold b
Unscr asathiS, REbEHR LA TANRa P e HToB8; PP REARS SRR nEsp i EBaRERA ' ¢ ™Y

supporbe skontel t By tHéwe dkellddvar thiegart, 2mdmgansudhl ibjifmadotidend headtionc 108) may
be pulled back to retrieve all parts of the delivering systemand to | eave
the ocOntiderse s/ Vabin the peopeOf IR MVEMIW- ng structure [ocked by means of the

prgXi %bg@jppﬂ{é ir&%ﬁﬁ’cﬁ% Hﬁsebééhddégégbigi%h?ajdl ldH@%BeﬁéaﬁlgCﬁéﬂéiﬁy %5%:5’?3@7 at the

front "si of the tfirst tissue an e condui t,” respective It is
al so wiardoiver speciabadesubgénanict gronpiags fdiEng mithit thengaedo rdiicivguteoalao tibrin d
aspect, taq. 30, use.t hg, occl uai o% devi ce of .the ftj Lst aspect .gr a net hod
accor diaHPtBe inyentian Jhe Belydes the genenq disipiiqhertdhe fnvenide, with grprgiiso or

anat orfegativedsthfftion Rl zUy!sbRcmsER RIm 4R &ahs Feg R BB of Whdth& or not
the excised material is specifically recited herein.

20  [00111] Other embodiments are within the following claims and non- limiting examples. In

addition, where features or aspects of the invention are described in terms of Markush groups,

those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.



heart or the vascul ar system Septal defect can be in this context any
defect including, but 24 being not limted to, atrial septal defects,
ventri culwo 2espti2d92def ect s, patent ductus arteriosus, oPCPp&GROR/DESANEN
oval e. [00109] The invention illustratively described herein may suitably
be practiced in the absence of any elEment or elenents, limtation or
limtations, not specifically disclosed 5 herein. Thus, for exanple, the
ternms "conprising”, "including", "%ﬁ%g@h ing", etc. shall be read
expansively and without limtation. itionally, the terns and expressions
enpl oyed herein have been used as terns of description and not of
limtation, and there is no intention in the use of such terps and

expr es$i onsAgfocslusiogdieniedny cloginr i avatosniegl defet i HEWCCOMPRISINE & pepduit
described o : o) b [ (o]l 1,0

nodi ficati o%osrﬁlgéﬁed 3’3 s%ﬁ@gl Vi ﬁ{ﬁt rﬁsts "r‘FZ aé%%%e%%?%ngg?érl\'/sééralo{nfloﬁ&gf’althﬁed.
Thus, it shoedlwbidredavibarosipones 4 fratforl ddugpriping: he present invention has been
specifically disclosed by preferred enbodinents and opti onal features,

modi fi cation and\APTOZNY SURROTE HEICIUG EFPIGHES B FeIaRer ei n herei n

di scl osed may be I i r ch
nodi fi cati ons angf€§fr§fagtﬁgjg%§ Sg?i %&gﬁ)&%{éﬂ%ﬁ ? %dsgtééﬁgrfrﬁi %h?’%g{j%’%%ggs %I;é this
i nvention. adEp6Edltd@rovidearchvmge forthddeitraarthessoe)j andd br oadl y and
generically herein. Each of the nagrower species and subgeneyi [.oupi ngs
Pal Ling wiihin the yanepodoppdineilir endpb e tieorsrngRa the bt essl. Thi s
i ngj udes the gengid Gondeshifg tRE hRRirRA shipfort SMRRAIE WAhhE Bistal BEEPOrSuRture,
negative limtation renoving any subject matter fromthe genus, regardl ess
of whet her whengot thehgcaglipli saistnessentadllyi of g gueddgrasableypolgmict,eethéreinethe.

20[ 00111] O her_enbodi nments are withi.n the foll ow ng clainms and non-

T hi i ng exbiid RN EE Il R et BPGR, Sl ST R At i on
are descri bgélytdprélacone QPCMRr koIS DOL ospRle-dohaph1skddd) e@LO), tdrea amixtive! |
recogni ze that the invention is also thereby described in ternms of any

i ndi vi dual We9ér or subgroup of menbers of the Markush group. WO

2013/ 012392PCT/ SG2012/ 000252 25 CLAI M5 1. An occl usion device for closing an
anatom cal defect in tissue conprising a conduit connecting an

openi ng. on &hé bedtisidr dovies andrding apelninng, oheteis drosdffoidsfittier ¢dngpriesal usi on

devi ce conprises a scaffald conprisin
rrpproximal occluston film supprg?'ted by tl(:i]e proximal support structure.

3. The occlusion device according to claim 1 or 2, wherein the at least two arms of the
20 proximal support structure are three or more spokes outwardly extending from the
middle of the proximal support structure and connected at their inner end with each

other.

4. The occlusion device according to any one of claims 1 to 3, wherein the at least two
25 arms of the distal support structure are three or more spokes outwardly extending
from the middle of the distal support structure and connected at their inner end with

each other.

5. The occlusion device according to claim 3 or 4, wherein each of the proximal support

30 structure and the distal support structure comprises 2 to 8 of said spokes.



a) a proximl support structure conprising at |east two arns; b) a

di stal support structure conprising at least two arns, wherein the arns are
adapt ed twopnmwilg®2anchorage for the device in the tiss®ReT/S&nei2/000252 c) a
wai st portion adapted for extending through the opening on the first tissue
10 and connecting the proximl supporids structure with the distal support
structure, wherein the scaffold consists essentially of a bi odegradabl e

Ol YITEE:. o "MEREbl1Ng, BLAK NBLrAUPROLE GHJ iR PR fertintheurdt BPEL!
structure conprise or CONSIS capr ol actone (

pol y- (D, L- | prokimiet-sapparaprehac aanwplellitépe faldedattheit iiner emizrte dk.inskhtaBle The
occl usi on device according to claim1, wherein the scaffold further

conpri ses ailf dxshgeih 180‘%!1}’@5 B rinwaIdnps gpsEd direstion, kad ghearmaiof she dsital
structure. r?y} s%ﬁtlui‘?él%rhdqgt\éh 4& b@%fﬁ%ﬂ'art‘%éromﬁlﬂaéﬁﬁsltoorfe %ser\%ﬁ’e{ &l at he at

| east two ar port ‘structure ar

spagkes out V\ﬂfedﬂh}ﬂne)thﬁ’nﬂuﬁ@arfdr(ﬂmutmdmtlrddicm. of the proxi rral support
structure and connected at their inner end with each other. 4. The occl usion
devi ce according to any one of clains 1 to 3, wherein the at least two 25

arms of therll St GHERALL ac%Btcﬁx?é g{ ri% USRS (B PhFBAKAS 2 YRl ¥

extending fromthe m ddl e of support structure and connected at
t hei r i nner distatl suppott mmrmanmdaptﬁd'm@rmdﬂ asihoragddor the deemeridithe tissmec| ai m

3 or 4, wherein eagh of e proximal support. 30structure and fhe distal
support st r GLPUENERRendaE hnt e lhe st suror gt b ERR S
depj ce accopdichgddiowany one of claims 1 to 5, wherein the arnms of the

proxi mal support structure are adapted to be folded at their inner ends to
be insertable into a sheath in either an inward or outward direction and

the ar of he ista ort.structure ar.e.ada d-to bef | ded at ,their
nner Ends Tt Behielieer Bkl ab Shiabn Arrr ENERLR 2n Wi BecRoxialar
direction. Jheusaachiuséangeddt®eertthe affi HO0the proximaloiPprt sehu@s 1 to 6,
wherein the arnms of the distal support structure are adapted to provide

anchorage for the device in the tissue by outwardly extending fromthe
m ddl ey of t r . ti 0 I | .
ock uston dlgh Bbiidin SUABEReePAL U MET SHEREPAR |08, RGP TE bepyRt
proxi mal ocalppsit @ﬁuétuieraxﬂxméthdaistmetsmmﬁ dtivetuae odmpifise deormecist addptalifopor t

structure. . . . . .
connecting the respective support structure with the waist portion.

10. The occlusion device according to claim 9, wherein the connector is a joint protruding
20 in the middle of the proximal and/or distal support structure in the direction of the

waist portion.

11. The occlusion device according to any one of claims 1 to 8, wherein the proximal
support structure, the distal support structure and the waist portion are integrally

25 formed.

12. The occlusion device according to any one of claim 1 to 11, wherein the
biodegradable polymer is selected from the group consisting of polycaprolactone

(PCL), poly-(D,L-lactide-co-caprolactone) (PLC), poly-L-lactide (PLLA), poly-D-

30 lactide (PDLA), polyglycolide (PGA), polylactic acid (PLA), polycaprolactone-
polylactic acid copolymer (PCL-PLA copolymer), polylactide-polyglycolide

copolymer (PLGA), poly(trimethylene carbonate) (TMC); copolymers of



The occl usion device according to any one of clains 1 to 8, wherein the
proxi mal support structure and/or the distal support structure conprise a
connect orwadapreddor connecting the respective support PETISGe120e0252t h t he
wai st portion. The occl usion device according to claim9, wherein the
connector is a joint protruding in thg mddl e of the proximl and/or distal
support structure in the di recti on of the wai st portion. The occl usion

devi ce acco of pport
structure, é%g&gfosl ugpjo% ) témaenaﬁ e @arr%]{%teéoe(tleti) armLIO%H
integral ly dopolyagbrs Thff op@llyla?zuen dﬁadu @10 orpdilyrgpiodactstie ORCDS Gindioi 1 to
11, wherein the biodegradable polyner 1s selected fromthe group consisting

of pol ycapri¥ a@tﬂr@ﬁ@ykepesyrbo%FW(l\éﬂL-noadwttfea%pelasﬁh&eaepéﬁé)wppimers

pol y- L- Iact Qrﬁg;

pol yl actic ac?%}g%ﬂ%% ?0’8’9%%’% act &{0 I ? ﬁ‘?@’g’gﬁ gtc?fjo?é)rﬂ‘ém?%a PLA
copol yner) ,acﬁxﬁb,yﬁoayzdid»chaop@Icymklymbold&eﬁmhabmanc( lixtes thppdéof(t ri met hyl ene
carbonate) (TMC); copolyners of 27 pol ycaprol actone (PCL) and
poly(trinmethyl ene carbonate) (TMC); triblock copol yners of polylactic acid

(PLA), 130l yﬁ?e%@él@%?&%@v&? Qkéoréfﬂg/ {8 ar%p}né(e( B?'c'i’@ﬁ@yl' ?cf‘%CWhQ&'ﬁ?ttﬁé waldC) ;

polylactlc aci d yet hyl ene oxi de co ynmers, polygluconate

pol yhydr ox yfmutign a:baslstpcﬂsymmh}}yi rafde ,bi(pltdqudlablspixnigmbe rseleptod yffami the groupls) ,

pol ydi oxanone, . cell yl ose, collagen itosa xtures there The
oct st on cRsisEnsopayiproacan BrIoPob Bhaadtiqator o RUPED (EHD) e st
poypt i on CO%I?ISIa@tWﬁUL@l)l Mol D fl’ac‘ﬁtié’?ﬂ?LA?%l?gl?&HlM@?PG%' sayaekid sQan the

group consi sting of polycapro actone
pol y- (D, L- |(é’étA)depokycmp}agﬂoawcly@)ctlePLz(c)d gopelymet adPCHE (AL Lcapolymer),

Dol ycapr of A GRCIBIHARREE POV RRE SPUTRY pRANBERM G SR thabler thve)
pol yl acti deco@eiyxﬁqﬂlrywlpdﬂﬁzagﬁﬂwtm P(CIE)-%) ,pomtr%éthymé hytngtes aThaat e)

(TMC); copol };msrs of pol ycaprol act one L and (trimethyl ene

car bonat e) tfivlack; cendlyness k ok dpedylgetier sacv@lf Byl @e @pralzanc@ne PIAL) and/or

p chaprol bonate) (TMC), and
qutures t erg(gﬁmétﬁﬁgh%%%%{tgﬁ?y@ %:féd.rgl‘(i:{%lr ?lﬁeég 0 any one of clains 1 to
13, wherein the proxi mal support structure is nore flexible than the

r emai nder of the scaffold. The occlusion deV| ce according to_any one_ of

cl ai msl4L t of Besocolisianedlqyigeaecaiding featnys oot Flaims {de dlz’ewhﬁ@ms?]il&ﬁgmh‘ﬁ}%r y.
The occl usi E ‘{t'gﬁ?ut@g&?%fg fekib1e tlﬂn@h&&%nd@?%‘fﬁle%&i}?@dpr oxi mal support

structure e ornms in response to an applied force, and returns
to nore than 50 % of its original shape upon rel ease of the applied force.

occ usi.qQn ice according.to one of ¢ a wher ei n, one or
omenit St St et g St eHatest 3 18 b tRIThrEH ma
occl u5| on fgu Port bihetbte habhapt BR@kJry St ruct ure, and the wai st portion
conprise a therapeutically active %0 agent. WO

2013/ 012392PCT/ S&2012/ 000252 28 18. The occl usi on device accordi ng to claim

17, tehe E)hgera eLlJélca|r|_F¥ a tlvle g n s present Fl o tIF‘%?OH t he
pr oxi nal occkf uSioR ¥ T Ocdr o %r\% b (sl ] F\%Ppt 8 SHY 17 or
18, wher ei relidncallyh@sfofgdlin eddn¥e &CAd ¥shlied force, and returns to more than 50 % of
25 its original shape upon release of the applied force.
17.  The occlusion device according to any one of claims 2 to 16, wherein one or more

elements selected from the proximal support structure, the proximal occlusion film,
the distal support structure, and the waist portion comprise a therapeutically active

30 agent.



5 agent is selected fromthe group consisting of a drug, an antibiotic, an
anti-inflammatory agent, an anti-clotting factor, a hornone, a nucleic
acid, a peptockeni2®2cel lular factor, a growth factor, a PPCcysedof2000242cel |
surface receptor, an anti-proliferation agent, an anti-thronbotic agent, an
antimcrobial agent, an anti-viral agsnt, a chenotherapeutic agent, and an
anti-hypertensive agent. 10 20. The occl usion device according to claim19,
wher ei py t he ' | | 0t ei a

ar out hFact B¢ CEAREHL IR desBithid & GBRN 1 RRERSEE ifbcedfeal REGL Bhls G g

to cl ai m 20is prdyeiiteisna dobnPowiteiprotimabetdedi@dfifni.om t he 15group consisting of
el astin, collagen, fibronectin, lamnin, and m xtures thereof 22. The
occl usion device according to claim?20, wherein the gromh factor is basic

fibroblast ChQr. - ' : ] re
t her eotg.?'1 20915%. esg(glc{l: tﬂcsel %yﬁg}@\; {é’eag‘@:gfgfg%%agﬁ‘?ﬁéﬁ‘ém 8%”@ 1{f]eto 22,
wher ei n oneagent riorseleetedniroins tise lgemipe dofisinimgt b agdeny) af ahtigiofic,0xh n@dti-
support structure, the proximl occlysion film the distal  support
structure, BHEVMKECTYASER 38 A HOEBESRGIVe 2 HRNSpR APEleIr acib o BFRIEE- 8t i ts

surface andifdp! GBREd ! Brobif ABOET b iadnld® 6! §MRA SuGRBPEARBror, 28n 2hti- The
occl usi on device according to claim 23gf wher el n the proximal support
structure aprdlifeneioni sgeat, suppothrosbotictager, apngmtinserohial agemtpani dnitieviral 25.
The occl usi on dev'hce ccor dit?;% to c%ai m 2}3; or, 24, wherein the radiopacifier
30conpri ses?&5Ph @ SAEPRETaRFUtARCHARY PR REENYPERENIYHY 38 -2392PCT/ SG2012/ 000252
291(26. The occl usion device according to any one of clainms 23 to 25, wherein
t he amount of radiopacifier conprised in either of, or both, the proxinal
occl usibn f Theweohiioadeyicepapcoidong toadigios 19,rwmreibdbe tigrapeutsally asbvengetd wt %

5 27. The ocgl usi on 1(,auvi ce ggeor di %ga%t an%r oneD.I?f. %Isgiegs 23 to 26, wherein
the amount OY'R'GHT HPES fPEY gban%rrpi A i CREY aélro, %’(gt h, the proxi nal
support structure and the distal support structure ranges fromabout 1 w %
to about 40 wt % ] i ) ) o
21 The occlusion device according to claim 20, wherein the protein is selected from the
15 group consisting of elastin, collagen, fibronectin, laminin, and mixtures thereof.
22, The occlusion device according to claim 20, wherein the growth factor is basic

fibroblast growth factor, platelet-derived growth factor, or a mixture thereof.

20 23. The occlusion device according to any one of claims 1 to 22, wherein one or more
elements selected from the group of the proximal support structure, the proximal
occlusion film, the distal support structure, and the waist portion comprise a
radiopacifier deposited at its surface and/or blended in the material the elements
comprise.
25
24, The occlusion device according to claim 23, wherein the proximal support structure

and the distal support structure comprise a radiopacifier.

25.  The occlusion device according to claim 23 or 24, wherein the radiopacifier

30 comprises or consists of barium sulfate.



28. The occl usi on device according to any one of the clains 1 to 27, further
conprising a 10delivering systemfor said occlusion device conprising: a) a
del i veri nyormese2®@dapt ed to nove the occl usi on devi ce t rcosghor/ogéesat h, and
b) a sheath. The occl usion device according to claim 28, wherein the
delivering nmeans is a rod renovably @onnected to the distal support
structure or to the proximal support structure. The occl usion device

accor di 9 t?h&é%ﬁd%&lgdevmedrc%ljan{lgihg aqg%hglof ?HHH? ﬁ_;, to % %13 éﬁ‘ep unttor%e

pr oxi mal" suppor ructu neans ’ada or connecting
t he respectiad@®psdfipotdmprised dh Withebt lor tbbeh il pro'ﬁﬁlﬁaIO@dZ:lu&ﬁerﬁlnd axd Gist
according to cIa|n130 wherei n the coupllng neans is a threaded interior
surface of RATHORFapge framshewt0 Wt Vatorahedt 44 Wt %e proxi mal support structure.
The occl usion device according to claim 31, wherein the rod conprises a

t hreaded exterior surface to engage with the threaded interior surface of

t hé dixtal Bluppaidsicat davdxrewrceord‘rngttbanp oa¥ bfralairssIPpp ar 26, stleneih Whieamding of

occl usion devjce according.to ¢ wherein t he coupllng nmeans i s a

| oop conne PR ETE BRI i §UE$;09 ogbpﬂilefltﬁ proximygh support stricture and the

2013/ 012392RGT] 5RO AIAR320 13t b OGR! BMbyfahG9gaccor ding to claim

33, wherein the conprises a forceps to engage wth the | oop connected
to the distal support structure. 35. The occl usion device according to any

one of_cl ai rOV|de n a sterilized.5package 6. A nethod of
ol o5t if-an. Mgl Ak etoTinedo gnE eE O SRS 1o e BOT FOBBRMGEE  ng an
op@Ni Ng on @liveriss S}Iste%§ﬂﬁ sHAGcAMsiORABYBE cOflpAsiggcond tissue, the nmethod
conprisin
w J a) a delivering means adapted to move the occlusion device through a sheath,
and

b) asheath.

15 29.  The occlusion device according to claim 28, wherein the delivering means is a rod
removably connected to the distal support structure or to the proximal support

structure.

30.  The occlusion device according to claim 29, wherein the distal support structure
20 and/or the proximal support structure comprise a coupling means adapted for

connecting the respective support structure with the rod.

31.  The occlusion device according to claim 30, wherein the coupling means is a threaded

interior surface of the distal support structure or the proximal support structure.

25
32.  The occlusion device according to claim 31, wherein the rod comprises a threaded
exterior surface to engage with the threaded interior surface of the distal support
structure or the proximal support structure.
30 33.  The occlusion device according to claim 32, wherein the coupling means is a loop

connected to the distal support structure.



a) providing a sheath into which an occl usion device according to any one
of clains 101 to 35 has been inserted, b) noving the sheath containing the
occl usi orwOevida2392r ough t he opening on the second tissmel/SGhel2moodzi t, and
the opening on the first tissue, c) noving the proximl support structure
of the occlusion device out of the shgath through the opening on the first
tissue by using a delivering neans, 15d) depl oying the proxi mal support
structyye f id . [ t] - t from
the rrone oieOC G bnhERchbn Uty (o 12 15b 33RHRR ERFENL I o,

portion of édagerdithiisd 0Bp deniccrditd thichiistalnRpparg sttidueo rel ease the di st al
support portion and the remaining portion of the waist portion in the
conduit, and 20f) deploying the distal support structure of the occlusion

deviceydn t ST : e device. Th rdi o]
cl ai m 36, \Aﬂger %%2& ned%g(feﬁc\{/gg?@linnée%n%nq’i %deaoerr%%z“rselrr%vﬁb J&Qéﬁgﬁﬁg%tsg%-ﬂ% S’at he
proxi mal supgeRsge. structure or to the distal support structure. 25 38. The
met hod according to claim37, further conprising disconnecting the

delivering means and noving the delivering nmeans out of the conduit. 39.
o0 AT S8 ARG A GRS TErd ot
def ect or sduegening dnheefitsetissue and dihepenaigran asecoud tissue, thd mefliodi¢venpriséng:
according teS %lroaviig?ng %’shé’ﬁﬁ rineti) r\lvl}ic eanS ggcthilasliondggv?gé acicgrd?neg,1 te()cgngldorfero%ﬁz}ir?lg group
10 1 to 35 has been inserted,
b) moving the sheath containing the occlusion device through the opening on the
second tissue, the conduit, and the opening on the first tissue,
¢) moving the proximal support structure of the occlusion device out of the sheath
through the opening on the first tissue by using a delivering means,
15 d) deploying the proximal support structure at the front side of the first tissue to close
the defect from the front side,
e) withdrawing the sheath to release a portion of the waist portion of the occlusion
device in the opening and to release the distal support portion and the remaining
portion of the waist portion in the conduit, and

20 f) deploying the distal support structure of the occlusion device in the conduit to

anchor the device.

37.  The method according to claim 36, wherein the delivery means is a rod removably

connected to the proximal support structure or to the distal support structure.

25
38.  The method according to claim 37, further comprising disconnecting the delivering
means and moving the delivering means out of the conduit.
39.  Use of an occlusion device according to any one of claims 1 to 35 or a method
30 according to any one of claims 36 to 38 for closing a septal defect or shunt in the heart

or the vascular system.



consisting of atrial septal defects, ventricular septal defects, patent
ductus arteriosus, and patent foranmen ovate.
WO 2013/012392 PCT/SG2012/000252
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40.  The use according to claim 39, wherein the septal defect is selected from the group
consisting of atrial septal defects, ventricular septal defects, patent ductus arteriosus,

and patent foramen ovale.



