WD 2011/ 096896PCT/ SG2011/ 000049 OCCLUSI ON DEVI CE FOR CLOSI NG
ANATOM CAL DEFECTS FI ELD OF THE | NVENTI ON [001] The present invention

gener al | y“;&#(m‘,@)% de0 the field of transcatheter devi Cep@f/é’éiéﬁﬁouuou
5t echni ques ?

et nods.of “DCELIRINREMEFORPLISRG ANSTOMIBALIRE RS )

INVENTION" [2] Defects in tissue are- of ten conbined with an opening
in a tissue such.as.in the 10 bl ood vessel wdll and organ tissues,:

li ke the septumin the heartFQELnnnmeEINVENfﬁaque atrial- septm
defect | (ASD) and patent foranmen.ovale (PFO). as shown in Figure 1. .

Figure la norna a bet en the r t.atrium (1

JREB 1 P B ST LR g Pt
(3) start sechiiqedsOit dlovinyan Gpédifsint & Essu0ahd h@réi]baméiﬂaﬂ)}”l@o atdlbsior ddvites
two chanbers, | eaving a hole in the center cal]ed 15 ostium secundum

(4). A seéisrrdosseomﬁﬁmlseﬂefﬁ%lsctsmsﬁd(Isythoels el ¢lasing agy agapBisalofel sqﬁén
right atrial,esi de of the septum prinum{(3) ‘and norrnally conpletely -
covers the OStIUﬁ]SECUﬂdUﬁ1(4) and, thereby resulting in a closed :

foramen oval e (6). However a cover age results .
in a-hole (an openi ng) peﬁthWHf) @gh%&sﬁﬁﬁlﬁ{)ﬁe direction - -~

(left-to- rlght or right-to-left), also known as an atrial septal. o
defect. THO0Z] aDefeetk mepsualaxdeﬂemboxﬂb)neds wahsan ayzhingdn aenasmdsunhﬁesm(tﬁs.

An exa of, _such trial.se efe S K
Even 30 ePORSYRF AT R eyt bR B B e dftimgle
foranmen oy@fabseptal @éradt r@ssb]gesmmelm h’(eaxsapmle (rPFot)es §1Tarmsn Fibglnt’e:é JRgirega
as a one-way (right-to-left) val in a (o) ood to™ ~
fol | ow frshﬂ“fsmgﬁpa ésst?h?hweir)thssghﬁsueﬂﬁlaaﬁfef@éﬁfg aEYFASki ng the [ungs -
in utero. ‘At birth, changes in atrial pressures |eads to apposition-

of the 25[|H)6ptaurnfg)ﬂ'pl fetak de‘m:ipmegt ‘ahe sct;eumpnemumg (Happente nghdawdvcamds

of birth. ver a al.so.called PFE .
Cermi s 1 BPABEAROLBAGRE Aire AT TN MR DrE e & PE[ERALY Sitprscaled
shownis n Git@et SechifdunfBD. Ac&ort sepfud, szﬁtum Sefhdam (Hngets tadevbiepron the
defects that are diagpqgsed in adult h the majorit

whi .
are Secuntighh %8P, si¢ep SEBOYM PUELTE aﬁd t“HB“‘iﬂg’g‘f‘B‘PP(iﬁFlyt %@e‘Fd g qstium

oval i s). J&ﬁndﬁ?@@%@&l%@eb@%@ﬁﬂtﬁfgﬁn alc®sedRedmeddvar (?%%&ér@:ﬂ@ime cases,
dyspnoea or fatigue and - subsequent norbidity includes ri

vent ri cul lcomplstepererperresily in ahelada omsmsbwermﬁemsﬂalwcww A gither gjgection

Z 522}(896(@%@@?@@6 gf%;ntf fé)gl 9?1139 ﬁm&’\ﬁp as ah atifP septaI defect. This atrial septal defect

20° s 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 openmg foramen
ovale - remams between the septa in the fetus, functioning as a one-way (rlght—to leﬂ):- -

. valve. This openmg allows blood to follow from rlght atnum (1) to-left atrmm (2),'

_ bypassing the lungs in uterg. At buth, changes in atrial pressures leads to apposition ofthe . - .
25 'septa. Complete sealing of the opening happens within hours'of birth. However, a-patent
" foramen ovale, also called PFO (8), remains for about 25% of the total population Th'is'; o
situation is shown in Flgure lc. ASD accounts for 25: 30% of cougemta] heart defects that‘

are diagnosed in adult hood, among which the ma_]orlty are Secundum ASD (about 75%,
located in the region of the fossa ovalls) The assomated symptoms are most oﬁen'zﬁ'-; .

30 exertional dyspnoea or fatigue and subsequent morbidity mcludes rlght ventrlcular'f:

dysfunction and failure, atrial tachyarrhythmias, or stroke. Clinical significance of PFO is

1

0sing an opening in a tissue and.nore.particularly, . .



still much debated; however, even a small, untreated patent foranen
oval e can cause heart- related difficulties such as | abored

br eat hi ngv\%zo'iﬁﬁ)’ﬂgd'ﬁem respiratory infections. Oher pedical,nioso
condi tions, such as m grai ne headaches, have .al so been associ a‘%e

with a PFQ.,PFQ i |.s0 consi der ed ossihle risk factor for stroke
B sust o mi el Bt BE st e, B led iehd iR ehoFat hEHE
cl ots.  Theglge€ ldefisulTay sicBr 48 laBoré@ ibiétiang of wbaegntertpiat@aSafettdm. Other -
circul ation '_thr_ou%_h_ the PFO without being filtered in the-l u_q%s. DR
[004] |n gediseheonditionnrsehes BpgTrBRderdichasdbavasocssn GFRRR AT E AT Gh, © -
sur gi cal ?’!F@Si!s'%iﬁo %&%ﬁde}.{dmahia%ﬁrfa&&%pﬁr&k%&gﬁtemwan_ﬁmshpsag.s&%@tr'._ '-
therapy 'normally conprises the admnistratton of aspirin, -~ - -
cl opi d&gr éhe( itenniak formatiqui of bloahdlots. dpestodeteImayolgenieveingaad salgequently
Warfarin (Coumadink.,,: i j (o] nNet. .1 pRLove. dity-to a -
conf c_)rtabﬁz'aeS |n§§g1rc a?\tﬁ)l}l/gﬁﬁoﬁgétlgggggsﬁﬁ lﬁoel,l??olens’g% (f)t?r mﬂéﬂng r,. Surgical
closure can be done safely and achi eve ._.extrerr;lggl_ low nortality .
rate. But [§04] dbezeneral trestmenimptionsaiaeinde anticepguianhmeadigaioaxsurzied clospreand -
circul ati ' n et j egl .
Secundat r PEHPEE! sHB"SREE Ble ShABMERR BaLG AnBl) Mabipted Hhe
car di -ovas adrhmistratidre o¥ easpirion clopidoprep (Bentr aspirkb anh ctldpsdogod t togetbonend -

under the.' qui.dance af .f rgscope and trarises ageal s
cehocdPa SarER iR, MReARa R AR RRIR S somiratecteprad pmd
patient cofpl icdiRe the aRK Jfambedlity,eSurgREY clod@e daf) Mz doeesatily rand Lachizné .- -
occluders for ASD. .and/of PFQ closure are general I-% made of -.a -matail-.jj- _
frame (_spé{:tfqﬂil-%lowmﬂﬁﬂiéy &fte- Nt it flgres bqquw]gm%@)eaww e@’)ﬂ‘i‘g RBEFEACHN s
(speci ficalrdiatdl sYRER. TrBRLyITh@ oloshRC 5RO hnd Efféel ive HoCSehAUER ABD ih .
patches used as inserts; The netal ... frame. usually has the forni = .- -
of an unbPEPI Ahemteaistinie tefa paieutyisevs ergdievenlciatenientiop (PChrprosedyre -
wai st ., The, occl. ar Siet VireOl figd f NERFdEShe Nnd Rransesophageal
trans:l?umgrtlc?aﬁ gﬂggyh,d&\}\%i {(JIII?‘IH# s' bl agggmg{d? he ASDI PFO | oca_ltain%eﬁ{.)p ’f] en -
t he devi ceshosardiogephy(IBiE)t Ghe mdmumtinesASBIREY allnge bettdr potiot coppliance - .
and/ or. echo&:laagtgrir%g:irv% t'%o 25[ 006] After the ASD/ PFO defect is closed
by an occPUaér ™ & ayer of ingrown tissue -will usually cover the
device and,- will thus close the defect. Al though el egant and snart
devi ce defl0§hsTheameinraEantrosiudes dorodPRgnder RECglosurexegengrelly wade of 2
excel I ent ,f (SREFHTBNE Hade of RitFSERE RlsydtReticnBnRBR BRI RN
body | eadgg%glﬁjgﬁge(?%g{ﬂgﬁl@eﬁ%%%?tgrtgnl%tgx?lcjzﬂpx. rlﬁtsl?ﬂll l\/?at al .-I??)c ge'vi c%s-
are akgso mafiabEpblysterpPatrbe os PTFReor gollaganomattix patehes, uspeas wsertsi dhemetal - -
er osi on:-3Q. and 't hr anb: i s Furthernmore. these devices made af - - -
et ol dnd e Remy o R Gty BRI ol ¥l s 87 SneC i MR Yy o
the |eft adetallinwaivth Taé otdudets st gmidllyfalded ang tstreedcigtof DtradsHeminat sheath, -
E,;F\?énfggggchligfp z;cgcl'l %?Cghehi%H/PP% ﬁgc%tslgn.lfll?elnut En vf?:eesr gr%tcﬁa?)ﬁ)?/g(? tct1 %ga{l't the .
ASD/PFO under fluoroscopy and/or echocardiography. '

25 [006] After the ASD/PFO defect is closed by an occluder, a layer of ingrown tissue will
usually cover thé device and, will thus close the defe;.t.. Although elegant and smart de\;igc f
designs have bé:en achieved ov&ing to metal ﬂexilbﬂ‘ity and excellent modulus,:perménént o

- presence of metal in the mammalian body leads t(:) é_llergy and long-tenn tdxicity riék._
" Metal-rich devices are also related to problems like: ﬁ'iction lesions, perfo'ratic—afn'sf, _efosiéjn'_' |

30 and thromboembolism. Furtl_lermore, these devices:rﬁéde of metal and synthéti:c f_abfics .

may obstruct the trans-septal access for the left atrium, which is of significant impo'rtar'lc-e

for the fisture treatment of left-sided heart disease including percutaneous heart valve repair

2



WO 2011/ 096896PCT/ SG2011/ 000049 or repl acenent, arrhythm a studies,
and therapies (e.g., pulnonary vein exclusion and left atri al

appendage“%&ﬂgﬁg%g% [ 7] Considering the above com"nentﬁc,_rl,g%:!0 S000049
t heref ore an"object of the present invention to overcone “t

some of the above-nent,i r.obl e of .exjsting occluders and t

o ovi de. aflt HPPEVTE: JEDGRDR SOHEN BOINTErifE R I L B 1 gt
tissue. S%\ﬁegﬁga'bﬁSJIQjVEMI ON [8] ‘According-to a first aspect of . .
t he present appl | cati.on, an occl usion device for cl 03| ng an

Connoct§ ngpF s Eiidelng RS - e PGS BRORTHLBP ﬁﬁpﬁ%sﬁu”%&ﬁon

devi.ce I ned giesone gaadst e 600D rab@steflﬁer@foné‘d)ﬁ%bﬁhﬁ g eRibting Pechdersaind to
support structure comprising at least two arns; - .a distal support-
st r uct Br ePrOidsAn ltsigatie qcelaél?n fendcedprelosingap opehing in'a {5y st portion
adapted for extending throeugh the opening of the .defect and
connecting 15t he 'proxi mal support structure with the distal support
structure 'wherein the proxi mal support structure and the distal ’

support structure are of asw Y OF Bl rI.N‘%JEN’#lQﬁ?] According to a
second aspect, an alternative occlusion device for closing an -

anatom cal defect in tissue is proyided, wherein-the anatom cal

defect colfi#8] sbecomting o Gpxst AEpeslonh dher Pisgek apPlisAtions | aleooshifion dryige for
s' de of a %Elﬁ%gﬁ athBEuc%Pﬁéfé&hH@]sgiﬁ\tk Fovﬁd%@lddﬁiﬁﬁm Ritani cpemifh cbhrBetifda

a sca? mpriising: a proximal support structure conprising at .
| east 10 wo frantradde @ddn gk sidg ut‘)posms?hetmclyslendow ingludes agcaffeldspmprivies . -
arnms and a d| %t%lgz(gccl usion fil m supported by -at | east two of ‘these
three armg. a wai st portion -adapt ed for extendi ng thr ough
t he openi ngapfoxhﬂﬂsuig:foﬁcstruantt coomprisiog atilgast tveo. ggmexi mal support
structure w i stal ort structure wherein the proxinal '
suppor t sfrE@Fu5@P8%S%°Ef8°§‘5E15%%6@FE wgtam%taﬂfe are of a polymeric
material .- awa@P mpi\@@aptsal ﬁﬂeitatd&lgtthtdughﬂ&p@eﬁmg af tetdefedt ofd ohasting
an anatom cal defe in a tissue, i rovi ded consisting of an .
openi A% conWéé’quHaa éuPR%?ﬁt%ﬁuﬁeeW‘é]hg‘eglsbagé‘ﬂl’?gft&guﬁ‘f“ea ti ssue. The -

met hod Coa?ﬂér'eﬁletﬁe ﬁfoxﬁﬁ;{l%hﬁﬁo?t Qfuchi@arkt B8 istal support structure are of 2 polymeric =

" material.

. [009] Accordmg to a second aspect, an altematlve occluswn dev1ce for- cIosmg an .
anatormcal defect in tlssue is prov1ded wheretil the anatormcal dcfect comprlses an
20 opening connectmg a front side and a back side of a. tlssue The occlusmn dev1ce mcludes - -

but is not limited to, a scaffold comprising: ' -

- aproximal support structure comprising at least two arms; , _

- a distal support’ structure comprising at least three arms and a distal occlusion’ ﬁlm -
supported by at least two of these three arms; and - ' ' :

25 - a walst portion adapted for extending through the openlng of the defect and. connectmg
' the prommal support structure with the distal support structure ‘ o

: wherem the proxnnal support structure and the dlstal support structure are of a polymerlc _

material.

[0010] According to a third aspect, a method of cloéing an anatomical _defcct in aftissue 1s :
30  provided consisting of an opening connecting a front side and a back side of a tissue. The -

method comprises or consists of the steps: -



WD 2011/ 096896PCT/ SG20111000049 providing a sheath into which an
occl usi on device according to the first aspect has been inserted,

nmovi ng the,o Elﬁ fb'l)%h%n devi ce through the sheath to the §bi‘/§?ﬂif11/$0|i]ﬁu
y .

anat om cal using a delivering neans, -
proxi mal support..stru e of .,the occl usion &vice ut of, t he, sheat
Phrougn t o BEvidite b SRl s siehoamicebitplvict abihsdig f s, iy HORE' ths
proxi mal supp@mtingfte@icture at the front side of the tissue to close:
the defect fromthe front si de, W t hdr awi ng t he sheath to. [e

o

the wai st ~pofoVs th ogchisiopdenics tappehdls death

di stal-“suppo he wai st- portion of the .occlusion device
at -the backhgm%gaélkgﬂﬂgﬂlg?ﬁsssue and depl oying the distal support-. .

fh?@lteeﬁéﬁaﬁ@mawa dqfestby

st r uct ar e -of mpkiagdbe | uekioal dlaupprtestatt:tumef &l a@@momaﬁe\d@f et off thecshoﬁb y

t he defect from tissue, --[0011] Alternative - -
enbodi nent s ‘\‘ﬁi‘qﬁ ‘2 EE%%‘F Sé&et&ﬂéetéfs? %atures of the present 15 :
i nvent i.on -ar @egl@dng tltée;dommal b@pdﬂpmndefu atcthaifiont sidel ofitel tisode onelose the -

appar ent fromthe follow ng. description of specific enmbodiments and. -
non-1imti nggq%fﬁ‘érﬁﬂ“é %‘I‘miiﬂ‘ée »present invention. BRI.EF DESCRI PTI ON OF :.

THE DRAW NGS“ﬁtQ%%hgTﬂle sh@afﬁrﬂé irQBasWithd wlaﬁt beribe o fuRS LGt ddidehin the =

reference to the detail descripti on when consi dered in conjunction -
with tiBe nonnpﬁnmaandghfe&ratﬁtﬁueno@mruphénda@eo\r@wanymﬁgomhawrcﬁg%on fonest -
Figures la-c ta, (b) septa with an atrial.septal -
def ect (ASD) t}é%gx%él?%ﬂ%g&\{}ft @patent f oramen ovate (PFO). .-
[0014] Fi gurée[ﬂossllrg)ths disted snpriont siuetpse affthe beshgop deyive nt thplawembd&f@:tt o

an enbodi nen 0?138 %Qgec(t)?rc Llﬁe i %g|0§&6q1$%rl bed herein. [0015]

Figures 3 a- para i6n steps of the occlusion device . -1
descri bed herein. In these Fi gures, the occlusion device of -an " - .
embodi meni0Wakakerpativenemeedimers 56 ovelkiae olier Hserctss 2wt featwres pf) e ﬁ)@sent' |

syste . d%ﬁt}on%uae%cﬁbeﬁhﬁ“ﬁwa&pamﬁphﬁﬁﬁg afld VAl B Hppiteft it Cthe

descr| _
following description of specific embodlments and non-hmltmg examples of the presént :

?

invention,
BRIEF DESCRIPTION OF THE DRAW]NGS

: [0012] The invention w111 be better understood with reference to the detaﬂed descrlptlon
20 when con31dered in conJunctlon with the non-lumtmg examples and the accompanymg.‘ g

. . drawmgs

o _ [0013] Flgures la-c show (a) normal septa, (b) septa w1th an atr1a1 septal defect (ASD) and - _
(c) septa with patent foramen ovale (PFO). ' o

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

25  the occlusion device described herein.

- [0015] Figures 3 a-d show the preparation steps of the occlusion device described herein.
* " Inthese Figures; the occlusion device of an embodiment described herein is provided with - -

. parts of a delivering system.

[0016] Figure 4 shows an embodiment of an occlusioni_device described herein. -



WD 2011/ 096896PCT/ S&2011/ 000049 [0017] Figures 5a and b show noul d
sets used in the fabrication process of one enbodi nent descri bed

her ei n, Shihdsigur e 5a shows a nould for the waist p@f,géﬂﬁ,@,ﬁag

Fi gure 5b shows m)ul ds for. the prOX| mal and the di st aI sup or

structure their_respectjve fi ese r

" show f‘@f%gbf&tmn SHIE bR Gsels wicBEThe, BRI pILAHEP ofte
descri bedchBsdingnt dek@ibed hén%m? v Mgumaehom tnlo0M, foﬁhg twrast pbriishans -
the proxinmal su port structure and the pro§p_ occlusion film £|ng
t he manuf §EULE PR GHWD croaddspior he prpximaping, t F%ﬂﬁleﬂmeﬂ%%feﬁﬁé t
conblnat]gg Qkive Bfnd¥@bRbespor tion and the proximal  structural .. part. -
whi | e Flgurg o6d -shows™a conpl ete occl usi on- deV|ce as descrlbed above.

0001 Bt L WSS AR, S0y (e
weeks (t h@es%ﬁ@édehep@iﬁ Figurd 6 BiBws tﬁ@@%@ﬂ p&!nﬁﬂ F%%r&lﬁshf)wg ; \(’)br&)ﬁﬂlal su port L

degr adati on of copolyner + 30% 2} . original; ( week; (c)
week; (d) stmojyse lagd tl(xeeproslmeéei&glua(m )ﬁlm upseKbe mapufagigEng: pogessi bpingoin' a

7Y i ;D8 M B 8P o uBitoh AR SRR P By

weeks (t hparswhileFigaJre Gdshd®s pogmplptd 02Asid davicess deschbdd abboaw t he
degradation of PCL + 30% BaSO4: (a) original; (b) 0 week; (c) 1 week;
(d) 4 ehﬁng]( &mﬁ TWRE KRy (1{& degradbifdes oﬁfnt}e c§%§rrﬁerb@d) driink® B0 week,

[0023 ur e ows the nolecular weig loss during 12 we
of degrad |lmeb#(dhﬁm€1§o(°}3r?@6k%éfhd?m@sﬁtwpﬁihb@ahlfb@nhsed in -

occl usi on devi ces described. herein. 20[ 0024] Figure 12 shows the ﬁasez-'

loss (in prroEREaes soff il th&'d@gﬂaétloﬂrdﬁb@}mlsiﬁéﬂ AGOY2BaSOq: (a) orlgma] (b)
0 week; (c) 1 week; (d) 4 weeks; (e) 8 weeks, 12 weeks (the scale bar is 10 um)

[0021] Figures 9 a-f show the degradatlon of PCL: (a) original; (b) 0 week (©)1 week .
15  (d) 4 weeks; (e) 8 weeks; (f) 12 weeks (the scale bar is 10 pm).

. [0022] Figures 10 a-f show the degradation of PCI; +30% BaSO0y: (a) original; (b) 0 week;
() 1 week; (d) 4 weeks; (e) 8 weeks; (f) 12 w'eek_s (the scale bar is 10 pm). -

. [0023] Figure 11 shows the molecular weight ,(Mw)..lossvduring 12 weeks of deg‘radétion of . : -
some polymer candidates which can be used in occlusion devices described herein. -

20" [0024] Figure 12 shows the mass loss (in pereentege of the original prbbejf during :12_ ; '
weeks of degradation of the polymer candidates used for the measurements of Figure 11. "

[0025] Figure 13 shows the storage modulus variation (in MPa) 4t 37 °C duriné 12 weeks -

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

" [0026] Figure 14 shows the stress-strain curve of: a copolymer of polylactie acid and :

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

- [0027] Fxgures 152 and b show the stress relaxation of a copolymer candxdate and several
blends. Figure 15a shows the stress relaxation curve of 100% straln and Flgure 15b shows .

the stress-relaxation curve of 200% strain.



weeks of degradation of the polymer candi dates used for the
rreasurerrents of Figure 11. [0025] Figure 13 shows the storage nodul us

vari ati on at 37 C during 12 weeks of degradat
pol yrer candl lY{?&g}ﬁused for the neasurenents of Figure b%ﬁ{m}"mﬁ%ﬂ%]

cci o and A0LT ) 48 0RD CPUR. P Ebord nEME st e o f

Fi gures 1%c§u§(5}dd@1&m§we§chge§]§dfﬁﬁs rel.axation of a copol ymer .

candi date and several bl ends. Figure 15a shovvs the stress rel axat| on

R LR L e e e e o

a-d.show s;ev;%@bplsylﬁaﬁt@is a.test of the depl oynent procedure of an
occl usi'on device as ‘descri bed herein. [ 0029] Figure 17 shoms an

atri al oval A |
o R BB bR b SIS TR 8o SR R s
of an enbdeicribat hevéin amsteaihl (Biputenl Srsl)awmmseditesﬁé wbﬂaﬂngmenurb aRigusd”um h
(Figufe 18 t he wor tructure (Figure 18b) shown
on the ASB?%T—‘E? gS%{ﬁ%&H’q%ﬁl PHLME *ﬁ 0031] Figure 19 shows a L
photo of a puncture of the right atrial wall of ,a Yorkshire swine .
duri ng- suf@msiyFigh@a32hows glphetow aglnoetereand thé- nighy aimhgell of a Moekshit¢-swine

sheath (tge .arrow i ndicates the 11F sheath across created septal . :
def ect) uSBd"& V&%l oy the occlusion device across the created septal -

defect in the Yorkshire swine taken under fluoroscope. [0033] Figures. .

21 a-dOsh cwosle Fﬂ@n@silfbwvws raagésa fmageen fdbg L by slaath (ho swetriedieptesghe 11F -
embodi e msh 0S %ﬁea%éﬁ g%ald(ﬁ\fécﬁeuégg tof &glo?ﬁﬁes ?&rlusio?xvcfémcle Woss tﬁt): created

device in’s rrow 1'ndicate occ
devi ce msctﬁhaﬂ dsfeetahhl)e,Yesrksiaﬁehwanb\takmenidadmecdﬁee created sept aI _
defect into the left atrium (b) proximal support structure advanced

out of t heyERPRtes FICHAN kA qlﬂa} i;y #;}%F&GB?%E GEﬁ!@yrﬁér{t%oééaneC@f §§

t he occlu3|on d vi ce anchoring); occl usi on devi ce deE .
(see -ar r owpbedinterthefatrh odlusiir dewice eindhe (miysenleipveorfivanta)fdemics Hed Qatwtﬂle .

ar 1 WG| ”ng&iétu?dﬁ &ethé’?ﬁ 'o‘[’?ﬁ hedhc gﬁ}éh%%vﬁ ?ﬁ Im%ﬂ%mtghgr@a&oa%glﬁi’fcégg ‘&ﬁ%%rtﬂét-.

i nj ection enonstrat ed ntrast 1.njec I's in _
t he bl ackcr&atedw)ptalkleﬁatéh]ﬁoﬁhglgﬂaﬁnﬁm (B) mroximal sipport fsth'mmlraad:\capceml ctuesfthe .

Y T T T N .

t he occl ugdyaul deomm PS5detdepyed (sa8lhraoPPadahenn WithGawnNiRc(d) deployment .
denonst rat ed no | eak (contrast i I’lj ectjan |C§%1 ndi cat ed ba t he bl ack - -
arrow); afaishesh (BRiEq. gepynindicpics dhe ggghision dgHice PosiioBly T ’BPE%%P%SCOP%“, -

occl ughon uﬁl&\ﬁbﬁ BerAGBirhie@ R leak 2EHnB AN AYHLI0S WIhABRE bPTHE BldcR armw)b : o
dem)nstrat ed no | eak (contrast injection is indicated by the Iack Lt

arrow . " [0034] Figures 22 a and b show fluoroscopic tests of two embodlments of’ occ]us1on-
devices of the present inventjon-after one month: (a) occlus1on devxce “DU2” (whlte arrow '
indicates the occlusion dev_lce position), radloopaque contract injéction demonstrated no 1
leak (contrast injection is indicated by the black arrow); and (b) occlusion device “DyU3” .
25 (white arrow indicates the occlusion device position), radioopaque contract injection

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

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

~ bubble test of the ocolilsioﬁ devices “DU2” and “DU3” TTE imége after dﬁe' mbntﬁ’ ,:: L

implantation for “DU2” (a) and “DU3” (b), respectlvely, bubbles in the rlght atrlum (RA) N
30 - for “DU2” (¢) and “DU3” (d) , respectlvely ' ' ' ‘



[ 0035] Figures 23 a-d show transthoracic echi ocardi ography (TIE)
i mages of the TTE bubble test of the occlusion devices "DU27 and

"Din"' ter one nonth's inplantation for "
(b) 'sv(# %gﬁ)ﬁﬂﬁvel y; bubbles in the ri ght atrium ( Isé@)lff&%w

DU2" respecti vel

2011/ ogosé@g%]rf%%%%ﬁtﬁo’%@w Wﬁﬁm#@m%mwf accérlsm&ﬁvaeﬁfam%eéogﬁ)c |

exami nat i QA @kc SEDUS QP rigR G AES WS disc 6RIDIRE MitheleRfa; ﬁﬂl{lA;t
ri ght atrium ((I:R’A) I.]gmsc of (%5® in ?ﬁe left atri Sma(rLA hﬁ

RA di sc ofRA gisgof | ﬁ%@ the gight atripmnuRA) R, (Ahhd diep) of DR sl th ?eﬂ

in the leff ftrlum(LA) [0037] Figures 25 -a-d show the histol ogy of
the. healing tesponse to the "DJ2" (a and b) and "DU3" (c and. d) .

occl usi on devi ces as described herein. [0038] Figures 26 a and b ShOW-

phot osSof [43ThRigates 26 ecd phow the disslempyf t sEﬁalmatsgf@PvS&tt%w ‘AU Hgandb) -
starting é‘%‘% %?E* %%Sd%@c)us%dje%esté&%e%nwaﬁei-ahant ed after one-nonth :

(Flgure 2 mbodi ment. of the occl usion device as described . -
herein. 10[ 0039] Figure 27 sho the resuylts qf a_ copol :
degr adat | 6¥P38I Fige§it¢ ¢ aRd & b or gt hotos) @A pjcaming, rede bR <oy, (SEM)

expl oded BELPREBH iofehe it8Ming HimCETROOERM In@ o Ttlﬁ’heﬁﬁ&@%kpl&lté}:ﬂaﬁlﬁvdﬂéemonth -'
according to the second aspect of the invention including parts of

the del i véFigwg 26pxefamembodimentafthesichpiondoyieeas describef bgai] Fi gure 29
shows a perspective view of the occlusion device shown in Figure 28

in 15i1hbs pemePigart X5tsBb®s the PAAR] of @pﬁl@nﬁﬂd@moﬂl&sﬁﬂ bizwogRd in vivo.

perspective view: of t he rear end of t-he occlusion device shown in

g:c g,t" Lg éfgé(f(ﬁﬁ] Fl&ﬁ glllof éxptl cf%d gsggiqgraqgéjw o@ﬁmgﬁn?en LSS IRIBET. |

per spect i devivd schﬂfmg fvethi rsedoudlaalgect bét}dehvaneoy irsstirnparts ﬁnhaﬂelombhgd :
state. [004 %ﬂp{ttg‘ure 32 shows .an occl usi on device of the which is
depl oyed & &PCHYSIP OVEE e def ect . [0045] Figure 33 shows an

occl usion device of the second aspect fromthe back side of the . .
def ect whiH1] Bigue9cheds apempertitie vicwfofthe o@u@ndi@metshowm@rl?egwetmen :
del i vqgl ng. sXshEmy ! t§m3253hown inits disconnected state. :

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

- the distal support structure. -

. [0043] Figure 3] shows a perspectlve view of the occlusmn device shown m Figure 28’5

20 mcludmg the dehvery systern in an assembled state. -

. [0044] Figure 32 shows an occlusion device of the_séoond aspect from the proximal side "

| which is deployed at a model of a tissue defect.

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

25  shown in its disconnected state.

[0046] Fi 'igures 34a— f show the deployment process of an occlus1on device of the second :
- aspect at a model of a tissue defect, Figure 34a shows the occ]usmn dev1ce 1nse1“ted mto -a :
: sheath which has been positioned at the tissue defect In Figure 34b, the sheath is pullcd |
" back to release the proximal support structure, whe_rem the proxnnal soppo;‘t struc_tore ..'E

.



[ 0046] Figures 34a - f show the depl oynent process of an occlusion
device of the second aspect at a nodel of a tissue defect. Figure 34a

shows t heap&@llpﬁkgﬁ device inserted into a sheath whi cpc.{:}ﬁémlm&laﬁged

positione e tissue defect: In Flgure 34b, the sh S pu

Ceor e LaRerunS i Tk SURB bR a L B S by BN

i ts fol degush@bskithd Qleh‘&%f%f&éﬂﬁﬁ:rﬁi&iéﬁ&ﬂth@proﬂngﬂ' stq)paftetrﬁm\m tﬁeeﬁont L
step of pulling back the sheath of the catheter_to anchor th '

proxi mal &idppbihe tissue defects gengrallytke ek giium sideoln PE%F%Ws%@SwSéB% step
general ly,, fﬂ?ﬁh‘ereﬂutll a'kck”tt% Shfler ¥ refbald e f H&H‘i]?taﬁs‘tﬁl?&ftg?%ng@ewﬁf&ﬂe .

of further e catheter to release t

suppors’ sﬂ1stabtsmppert snirmcﬂuee pitematiaily tredovems pp atst original shapee Imffigwna bie ahé v -
recovers ts or| e 34

e et nr ot ipp STl s BD fosob el hPI Sl st g G Ehpe R Robning
tissue OpgdiniBe f)idkrﬂdehgerﬁﬁmk{ thd ﬂgnt afrmesiat bya PhRe. Figgtet34asmdwmemcpoﬁf .

a PFO. Figure_ 34f shows the steB
af ter 'di sESHRYER A gehvering syatem atten discnnectipgdrifora th tta %‘PP‘?)“ Feie

the deplo Ete@ﬁe &?gyﬂgﬁldﬁﬁmcg@i& Q8vicel 0 DETAI LED DESCRI PTI ON OF
THE INVEI\FI'I 47] "According to a first aspect, the present

i nvention refers to an occl usi on device for cI05|ng an-anat oni cal
defect®in tissue. In the context of the present invention, an

occl usi on device is a catheter-deliverable device that closes a hole
inthe wall of a tis3ETAILED QERS@RJPTSONrOEiIHE IYYENTIQN -septa of a
heart. Once in place the occlusion device is rel eased. on both-sides

of the defggy Aéc@fﬁnﬁ%‘?o ﬁeahtpeanéletﬂa@seﬁteiatayss ré¥6:6 &1 5h QBCIEEIH §viol bt
be kept in-place b oyed proxi mal ort structure and the

depl oyed dpsingn wpp@ptl d§feﬁh’@ttl§$l@ Iny the S‘@é?’it@é hy proset ipYeaERRy @8 ogluER h |
support Shé&&tlyﬁ%ﬁthétgﬁh&% BRIy le‘i’l‘?a% cfd estahﬁ)leof}het'ﬂe RANGFAIRS el 1R a hole y

openi ng fromboth si e occ usion device thus can function as-a -
per manent o26pehing |im e septatofstlazgru Omfimealdsedﬂye wluexontdqwcmmbdwd@n bphle :

occlu5|on i ver e

o o1 o PSR SRR Flean a4y B8 o bl et By RE S b
occl usi onbydehﬂ d@loyedt}hexffnat stippastpenictues apd Itlﬁaedepb)&d afiftall silppbnt clrucare, ;
conprlse a QXi ort cture c risi ar ns

di st al t“’esmﬂﬁ% Pf%tP‘? i SHgPadt S Fs ?%8’1 g&’ﬂ“b Sl M??{mg
portion C@l@i&@@ﬁd d}ﬂnihgﬂ'roﬂ{ oth §Bbs. TUP BEIIsicH dewizk UK cab ﬁﬁlﬂﬁbd eh;ea ShrSbe@nt
support structure

filns20| nimmiang ﬂ@ﬁﬁ@)ﬁﬁ indhet bodyialenthppraspdured g oeiptien deifssanthoeretlsn e

and/ or t hg. Qi bibh: vIHPREMbASHE MELiHE Bss08BefSMP PR MePb@X fbdxapled
di stal.-‘occlusion film [0050] The" scaffol d, that neans one or nor e of :

the proxi ort structur he di st al R
p [5%48]%pocclusmn device ofethe %n‘st aspect compnses a scaffold WhICh can comprlse a
L proxnmai support structure comprising at least two arms, a distal support structure K
comprising at least two arms, and a waist portion connectmg the proximal support structure :

25  and the distal support structure.

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

a distal o_chusio-l_l film.

- [0050] The scaffold, that means one or more of the proximal suPport structure, the distal
30 - support structure the waist portion, the proximal occlusion film and the d1sta1 occluswn-

film, can ‘be made of a polymeric material. In an altematlve embodlment of the ﬁrst aspect L
8

retrieving the verln stem " -

049] The scaffold _can_further conprlse occlu5|on;-



30 support structure, the waist portion, the proximl occlusion film
and the distal occlusion film can be made of a polyneric material.

In an alt ' nbodi ment of the first aspect,

2011109688‘@'@%’ ’%’gygll/ 000049 the entire occl usion devY&Tl%%zﬁl%wU%de
of a polyneric materjal, The | terial can _
non- bi odelficaIHIA F° loBldﬁﬂ’éﬁFﬂﬁ %’@ Qﬁc‘i/ yIgHe E’&E%‘F‘&/%E‘P p"lyf’ﬁb‘%ﬁatqrﬁl ¥

the cont ey gfa ﬁdﬁem&regeaeasle bf\bﬁsa@gmablebb@nieemopagﬂmbl odegradable- . .
polymer". refers to a polyner material corrprlsmg one or nore polyner -

t t b d f | ] ‘
oo PSSRl B T’ STRME kR, ot R e iR e e
can. i ncl Ugiers Balh pBlytheR BlatdriaNtdrBidtistng, orﬁQJrWri@bﬁl?ﬂ@ 5 cABpofiet el cannot be

chiorid

urethanes), poly(ester uret hanes% vin pol yal kyl enes, .. .
pol yet hy| Emmoved dfaph decalizedyarepy )hynea@@!lateocqﬁmvéﬁﬁw éhﬂéméei of mpp-

acet at e o0 e n e -
For o b oqolitiiipie pAUAGE oo hERAEORNCHL B IHIRIPEEIETAMIE bIRRHRNE
conpr i si ngrethagesyy pu:ly(estgol yncthanesmr’rmﬂysnmﬂc}ﬂtmde canlyblé(yb‘mml @ph'btghylene '

df I
S e ey S A L T, S N iy

by a. Cell, be broken down. |nto conponents bg -cel lul ar machi nery
such as | Jt963bimdke mtasyofihe me@ernysuvantnqmethe e “ redqr&fad@éﬁpobéﬂ%éqferﬁme
or di spos a

2 ey AL B L Bl M S8 it
nci n- enzr reatoived Iﬁydra)loyavhzsd m@abglahymiogmi matahobit peessSuiuchbs . @sorptlon A

condi tion rratl hydr ql s' for exa | '

exposur e %‘F ‘8936‘8%64‘? 1 tcé"?{ ei{o a\]?(\% &P By 8 r%‘e’rrgg bip %?ne%é)na it H; :

?f a l yso&ﬁﬁiﬁméhtls lfby dehlgaﬂ hheaee) lsutihaa’s lgiogamed dnel)y h)?ﬂlilielydeg‘raad&t detin can'. |
ragments typically induce no or litt eor r cel |, ov

pat hol ogi &#er AP s digpase (L HitIRPL & CG%FQ ot o Herc eilavg qes of.

ef f ect$ i Piodegradd¥iby BrocedsEORdhde/ahdyRidsic focﬁﬁéﬁﬂ @:&yﬁﬁtl@hﬁﬁ@]@é@dﬁﬁﬂaﬁon and -

pol ymer . rraterlals are known in the art, ‘any of which are generally - .
sui tabl e feductipgeSyitblerrenditens T pr-eayatic IBﬂerl}‘Pég frresanple; ipglada gxppsure -
Exanpl es gf+, Bﬁ{%ﬁ‘&%& hliRlia oS RN S 43LAH rstarebﬁmba fiegF 84pkkemd fEd uAe
.aliphatic¢ po ers, ? ()ar nino aci , et her-esters)
poI yal kyl mtresellaiaaloagaaslle) p’ﬁhq/éfrgrw@son ﬁzﬁn@m wnqﬁlﬂm@m@ﬁé@e organ or .
pol yort hoest er e e Vi B
cont ai ni ng%laorﬁer 8a gr l'jl%l)sé)?o ?can/r?)Ces 2 (fx‘?%lé ?%ﬁéh cfv%rllql%&s%rhogﬁ%gﬁg\;e%eseﬁects in
pol ycag bowas.es natural | y-occurri ng bi odegr adabl e poI ymers such as.
chltosan col l agen, starch, and bl ends thereof

> _[0053] Various examples of biodegradable po]ymer materials are known in the art, any of g '

B which are generally suitable for use in the occlusmn device’ of the present mvent1on )

- Z Examples of polymers that are conmdered to be blodegradable include ahphatlc polyesters

| :.'-'poly(ammo a01ds) copoly(ether-esters), polyalkylenes oxalates, polyarmdes :

25 poly(lmmocarbonates), polyorthoesters, polyoxaesters, polyamldoesters polyoxaesters -

containing amido groups, poly(anhydrides), polyphosphazenes, polycarbonates naturally-

occurring biodegradable polymers such as chitosan, collagen, starch, and blends thereof

~ Examples of poiyortho estei’s include a polylactide, a polyglycolide, a polycaprolact.one;:a _. ‘

o polylactic'acid,': a biodegradable polyamide, a bipﬁegradable aliphatic polyejsﬁe’r, and/()r’;'i. )
30 copolymers thefeof or with:other biodegradable pdlymers such as 'fhose mentiehed abdve

Illustratlve examples of blodegradable polymers mclude but - are not 11m1ted to . a g

' polylactide such as poly(L-lactide) (PLLA), a polycaprolactone (PCL) a oopolymer of '

9



Exanpl es of polyortho esters include a polylactide, a polyglycolide,
a pol ycaprol actone,- a polylactic acid, a biodegradabl e pol yam de, a

bi odegr ad fb bd phatic polyester, and/or 30 copol yner g4 ?@%ﬁﬂéouﬁ%
wi th ot her egradabl e pol yrrers such as those nenti one(f

IIIustrativ | es bi abl mers ing | ude a f
i ted « GOFRPRaE: (3 Ll HE R ey RTAICE RepPrittragt bt
pol ycapr ol HIBQPLGA. B yifid @karifles diRopol hich can be used in th
2011/ 0968?%&%?@1 (5)5%’/ 000049%6;0 11orE:)Iflji\fja‘?:?t onepoymersV:'gtlc ?)%1 ﬁ?fa °
acid ( PLAPresgit iveatiomghide C(tw P&B’@Fﬁ@bmaﬁ%i(l’ﬁt)W‘b??}&’éﬁﬂ%?é‘)d (PLA)
(PLGA) . N@lﬁﬁngﬁf?gl l?q &%}9&1:500&94/ oY GEI5S 9phd C. %a“ob%ou,%eﬁlﬁo%“eﬂ._ "
present inventio ncl ude copolymers of pol'ycaprol actone (pga) and _
pol yI aét'j or 20i-d5q P Ay ahpmxmgiteiyﬂgl%clﬂ Vi 80Pt cofS0dboerta Sopoldergaf .
555 A 5: 5 or 20, 5 or -
ppr o] maPERg e i AR LR i i ios Sl igbput - 504,
pol y(I act’iide)50emd1poky Cloy 20k sdeh, drRipfadkinkaity 29 %,msg;tﬂoc%t B3Ies, 00 B0 etr;t_"
of about - 50 10, - 50 % 15~ 50 % or 20 - 50 % or _
appr oxi e 0B ag copslymer QoRoSH8Y, or 50 % " based on the copol ymer
conposi tion. [0054] The proxinmal support structure or the distal - -
support steasd] The praximadotuppart pproctireldr i rdistslusupport structnete pe rbd'élnsdpport
from each other. co ise.thre okes twardly extend

from oo st SR Ereaeity ol cafbofe” BIFG R JPEE 2t Sofe SHOSF Bibbeary,
arms.  The c5eAkifS fi6Athb ridde HEGE Qb halt dABHTE btAfRATe BIAS aWichdl tRaGHNDITIET.
so that they are arranged | i ke spokes in_a wheel or_an unbrella.:

Al t er nat i SRAKPS cimie @agRaied e&helbeneo«wﬁé@tt&fatlbotaern%odmtéhgveeﬁ ppAngef dike o

exanpl e agh@ieBin £ GHEdIR an bﬂlbmghf:\ﬁaﬁsevetw %@#B%réan Bk rcaﬁteutre@ & aMibBe ; g
fol dabl e and 15 can, thus, be adapted to' b ol ded .at their inner

ends of t Kectign.for examiple 4 joins section.dnibathrasesshespport TiHerEp gan heneldgblegnd
can bggf. OlcQFQhﬁsn‘ﬂ@agel)})\' O U WRE A Yheir! infor, e'nﬁ's Bpﬁiecgrﬁl?% Lo %s%abﬁé@ﬂq a

wai st ‘port1don of a romt e wal st porti an alternative, .
j oi nt secthath. Therelg thmaregrcah by fdaivinered 1t mg@ﬁh@tdlvathntﬂheedlmcu@l ofthe ;

spokes of th ort stru e but e,
P one e RENPR A e ot borfBh AT BF ettt r BsEh SEHE
20r esi st Hltt@?altyelﬁbatﬂedlﬁigetﬁbﬂ \@i8l5 the[a005br §pofés€oﬂ‘thﬁ‘hquomfstrmtm s cm)then :
limted a e support .s ruct 1.e _can ose ef ect -
exampl 6, - RO Jletedin Banetatt Hionst Ag Merave-t SimstEn fodapit dae

each QbheEeSthfgﬁm@h@icath@sﬁnts of t he support structure fi-onboth .

sides of the tissue. Ater natlvely, in case the support structure

conpri ses | usi.on f. er tﬁ
m);ne ar ns [&gsfgﬁgmémbetrﬁe %Tr];pioso?(tef‘ ! ’ggcafu?neg Cah u%ppor%rgﬁm&gr 8%? °1°‘°le thg :

a distal- ﬁei@btuBcbIQanﬁtplemhe defegteat lbw elbyed tiyrpresgmghmtlsems apadist ga}ch otherr1 o
conpri $i:n not ris occl usi on or -the’
G et al Sl ieencer B PR Bom PR e tam B st Of (i but ARcaRivle”

arnms or S@&@@the%hﬁﬁﬁﬂ%&u@tw&omﬂms@ an G ccldsiorfilnd R MBNbRF ofdRk €5 indige 2
nunber - of spokes in the proximal support structure and in the distal::

suppoRB. ‘s OF BOTLHES @A fPTBEs thresugefh stoc %PFW@H?“*‘PBQJ‘UP@GE@] lsrﬂémfslemtl
of the argpy Cp%e@te@f 1h SnSB8EL A Ja¥mdnt K6m tg%?haa@daglpﬁstgueae%rpm@y

ot her er OSS 'se SucC as square, rec exago
oct agonal ttmrprmlmhgwmrthe da@tahmommunemcarhmd@dmtbekarembt limgeproes tnd -

appl i cati g s cgrhs%Bkets hseucﬁ 49 Q,O‘ar, 4, g,%,”f% g alctgsnor spokes. The number of spokes in the

proximal support structure and in the distal support structure can be the same or different.

30 [0056] The form of the arms or spokes is generaily like a rod having a rounded or any
~ other cross section, such as square, rectangular; hexagonal, octagonal or tl:'ianguzlar. .

Rounded means in the context of the present appliceﬁon, that the*suppdrtingi irtea‘_ns t:an '

10



WO 20111096896PCT/ 8G2011/ 000049 have a circular cross section or an
oval cross section. The edging of the arns or spokes can be rounded.

[0057] | na@]ﬁhgﬁﬁs %nbodl ment, the outwardly extending %@Eﬂﬁﬁﬂﬂﬁﬁgkes

formng t ththerespectlve occlusmnftlma
occlusion structure. Disk-shaped neans in: &ﬁ cont&ﬁt of thlg .
appl i cat i GAvehEEcy go%p‘é"’t%”ﬁ"?l CIOSS SR 8RS of HiE AHBHOIPE esipam

curved |ikgrgmahe! | . Thus, the disc-shaped occlusion structure may be.

in any form between a di sk and a hal f- shell. 'If the support stnicture
and the jon film! elnahalf shel |, they | ook I|i
unbrel | aoiﬁtéﬁf@cﬂtﬁ@@t gbad hFBHtj*fafcthsFﬂatd% S AHER0K ‘f%“[’péé%qeﬂteﬁ

this regaggh thd\@sReGw df,%ius@ﬁ e 21 R -shhpdd fe8lsioh Rnichfe. qmt%be@twmen L
present. 10 application, be connected to the proxinmal support

st r uct Bir efheraontestefithisepplistionthel g shape is liknw ereuiandiskypisan alse bacwypd.
As an alt ﬁﬂ@gtshe\fleghgs tt]neh 1¥t§e4hg%éﬁgoccﬁlfsmh Qﬁ"uéttnle H}ﬁ%einfahg%rﬁ?ﬂet\ggengi ued.
| ami nated or  sewe e support structure. general one or nore
fil ms canatoka hzﬂ’ésheﬁslftﬂhaauppm(strmtur@mdl thsomtusfoml fitm aFoin achadfryhicd, thew\bpk

t hr ee; an_ be d o r.oxi.mal support
struct ur ell{(%a%um@'ﬁﬁ%ﬂﬁwog??‘%cdﬁ léeebll%{llg S‘]’gftrPogmp‘art i (F:) 5I ar .
enbodi nent of the first aspect, the proxinal .support structure can be'
fornmeéd t ofSREIn thist regaide thy cpmxnaal ershisioni Bm far, inghe vontep ok genpresant
one Cutiy au r
b oo AR SYFEBERS e A PR Ut B A0, AU S
t hi ckness filrd e tiebygupp@an strmtegrmd duyalfematmdtqoﬂaemelmﬂg oﬁ:thb ﬁkn,d:he @ilra(can be

conpri sing, t roxi,mal su of t structure and the .proxi nal _}'
£ T can BmedaaRigtes i sePHER i sBtsrt s J0 SFFeicing o s e 46 B8
occl usi onyfedla8theQrodtifgl ddoRisioh HlB.EFRexkmple, thiv] e, GaBUDENE @aNBEprodided
t he distal support structure in the sa manner as described. above

for the pPBYierEXiaalyaRqrt SfictiEs iddampgied sgFe, the filmor the
films- can be wel ded, glued, |am nated, or sewed to the distal .
suppons$ -s{005ef Imraepahlcumbimbahmeiu&)f ithet Frgr apd:oy, theprosiial tsuppoﬂﬁafuanqalcen ben ‘
one or t consecuiive, st ressi 0. The .proxi mal
The i st aforge gestin Ptk (B el seBhSER U8 ab oSSRy e T 40
the proxi s@tse@ap@aé% B $rleGlapl e ispoithg rﬁhaﬁiﬁlef&tmﬂ@fthe&hﬂhamawrﬁl @tthe
the front side or .the back side of the defect ti ssye, o
respect i vE8Ing butrhwing 3 fgher thicknpsh Jiberely.p lt’tﬁ%ra}llég’p@@&ﬂf’é‘“’é%ﬁﬁﬁlﬁmn disc
struct ur eompRirg0dhd 4 Wﬁ%@drﬁ%‘: QAP BfDrbhiadal b&fusion! fnednehgasily -
fromone armto the proximte armand can be spanned between-the. arns
or spékesformed.er natively, the proximal occlusion filmcan be.spanned: .
over the supporting neans of the proximal support structure, thereby -

f or mi ng 't [pa60l Akdshamedirt distel béusiodr fikh, s the thbetidef erctodrrﬁlmst b be o

front side of the tissue. [0063] Similar to the proxi.mal %I usi.on

film thecammeetad tote) dikplonppart MFeche dx iSSP HIBenaY ﬂ%crét%%ﬂ 8¥e tf%éhe )

di stal SupRAHal SLEME WrkenRE: PaNeREpkh AR €tk k5t 18 alimercal R wéiBEd, ?hﬁ@
of the'disStal’ support structure, thereby form ng t he di-sk-shape
[

st r uct ur elafrapates), @5 isergedt wahdéfsé@ﬁumm@trﬁtm@r%%hot icare be fintegyally fog@eé for =
0064 ion can be freel '
Eidj us%ed ﬁegmg)gggﬁnﬁ]&gi%g@ee&%gbgﬁb{gﬁﬁgt to be cl osed. I>/n

addi tion, the di mensions of the prom mal _portion of_ the .
[0061] The proximal and the distal occlusion ﬁlms are adapted to be disposed together

with the proximal support structure and the distal support structure at the front side or the .
back side of the defect in the tissue, respectively. The films are supported by the téspectiv_e ' -

~ Support itructure.

30  [0062] In a further embodiment, the proximal occlu$i0n film can extend betweét;_the art_rts
of the proximal support structure. Extend in the coptcxt of the présen:t applicatton meatts j
. 1 1 . . . . L L F



occl usion device and the distal portions of the occlusion film can be
adjusted so that the . device can be Placed in and pushed through a

cat het er Wﬁdﬂj’mﬁ;gﬂ; has a working. size (d| aneter) of paesErdiMooos
portions in the '"working structure which is sufficient for closing.

the openi nga o %A o old mSeR usdadh b d betweén the -
¢ ansoat heri BEfine BN GonflodeimtYeith oS arfy and can bo spanned between the
mm The diaanetoerspolkds. tAﬂtenmnmlmShorprdzambesqlumoreﬁlmmndlmslmme.‘r ogér thae -

, |_and.the d | fi -
R R R A R s

about 12, stri@urefr digking e 8efadtiom the fienfyided ke tisees | usi on film has a Joc

di anmeter of about 12 mm and-thé distal occlusion filmhas a ' dianeter:.
of about . T 'd'at depe h f. i
ceal oa® THOVGESiohDE e PRt RSN g b ot i Bun BB (ALK el
st ruct ur e thadnk lo€ tieki distall suﬁptﬂ’kstﬁhmﬂ@d' &hrbucspmmed bethveel or duer &téaqnmedfthe :

sueh that a defect can sufficie d. Suff|C| :
means in tREAl SBPROGYATUSHITE, [ erﬁtfyeg’éﬁ‘%’gltﬁ?/éﬁg‘sg fiﬁHFCtH’fet { %’Q%;ti_?q %%d%f
the occl u$0mhggg¢kcﬁddd}ttﬁbt@gu@pem ng, the liquid flow from the -back
side to.the front side and the |liquid flowfromthe front S|de to the_"

back d | bse f -
Aded MU NN SR
nmeasur@ t Rkielolf ghe (ﬂiféd Cb/\bé Hosdgtn ﬁiﬂ]tmﬁﬂiemnel{sﬂﬁﬁﬁf thEngoxiaCporeiss obihe

t he occl usi on filns- resent) of t Iu3| devj ce,.can, be _ at
| east .abo@fclygion é@lc"@@d ‘E@dls@é)l’o%’eﬂs %“38’8" ugen 3[}@6@ %dJ“S_'E‘Z‘bS“bWF‘o\E‘F

bel ow 500 deigd carft 80 pladad in 3P puAe® thrdBh a k8Micted 8fbathl 44 hdsBD woklbie B )

as .long as the material has a suitable 30flexibility to be folded

into the ddiemetidithnim portorseip|thy werringpmewaruwbich foodBgient for dosing el .5 :
support S'i)g%ﬁﬁpéij rfgr (ﬂ{ 9 il B8 s tﬁﬁ]aﬁucgrpﬁ) %&a&&{eflglhwaﬁle%?ecf: Qﬂﬁfl# s g

connect or or Connectl e respective support structu ,
with tike mermdmplt@ﬁom T}wﬂuﬂ@ﬂa{s 06 68IBPIETILBARGLH/ O OUdiampter-of the -
connect or Il%a x1rhal d tl?dfﬁgfgf (fdclulg%n%}tnglc n bf.p b%u '7'(5i W?O %rgdi(ﬁrnﬂ% %0

t he proxi ruc ure: | ec¢tion o

wai st por tmm,nzo 1i1ﬁ9617§:an|b% mmd&lrﬁh@chleEMge dfhbowallzstlmnmt Iroomecaxmmbple, tie -° -

tube, sUch as po c.tub ema P ceive the .
foint of - PrraupR GREhIPT Bl i ¢ SemetseoLaRer Fom SOt SrehodcRERn tu'ita -
to recei vaidnfferjo®hut 06 minflerhdidsdnitker SepRas bn Blelsieloff kiR defMol HeSedled Tak -
end. Thus,_ the proxi mal support structLre and t he distal su '

st ructfr e SEarp b@‘%@ﬁﬁeé?e&‘f’@mj"tﬁ’i‘% 1o¥hseed sevetis "P’fqeﬁ\‘/?/a‘?‘%tﬁ 5{;15]’%‘1

respect i vgdructurlhgldum B Sadhed Bﬁh%ﬁﬂp@ﬁéfe&t éa&lcéu%&élt&aﬁb aesead@amdmhp;{?
be inserted into the wai st portion, sueh being inserted into the -

t ube wi t hclohesl mathsgh theheortest of tmreasohwé@rtt@a tha aftge ingertipn of Gsacelusion -
[ 0068] Th ng
of the’ de?e@?é %%Odggé#nﬂ'{%hﬁ%mqgg fjatoggpt ed[th gt Sga?tlostg%g“% ﬁlggggg _J]@_.:
t he openi figwdfrors e fioent sidass the beclosidgéof the akoscﬂnmdmge:amm fomgerite abpemédg .
t hi ck ess The |aStICI n be. u n.met hods, sych, -
e & IS o eaDlg By ST ob it e v SO R e g Hilla -

t hi ckneSSﬂOthhﬁohgharumnu@nd the like. The waist portion can have &
| engt h: of between about 1 and 10 mm for 15 exanple, about 1, 2, 3,

G amoror 0SB v8kakd e SRR B PRTHLEN GER: RSN 8 L a’ta.
_(I)_hg V\g_ﬂg lehstGaboilt 10, 20, 30, 4mt5ﬂ 6ID 7(3( 80, 20, lm? 21:[101(1)?}[ ];'lmﬁ)).lf 'z.eltf)w S?ge@OQ’-l@ﬁ‘,n _
of a tube%?é’aéi)ra §§%ei%é§0 é&gui”d) I@é g ‘f‘ﬁ A HF at&?%r’ﬁ?él Sugﬂlg]ﬁt

8 gg 3@ 0@3){191]@57 0 lﬁ fQﬁed Qltolﬂae sﬁbaﬂﬁdurﬂgﬂ@de@lo%,em%ré&duﬁ 21, 0.23,

[0066] The proxunal support structure and/or the dlstal support structure can comprlse a §

connector adapted for connectmg the respective support structure : w1th the walst portlon -
' 12 ' : ‘



200. 35, 0.40, 0.45 or 0.50 nm [0069] In alternative enbodi ments of
this aspect, the waist portion can be a solid stemwhich is glued,

wel ded or“;‘f%g%g)g in a simlar manner at the respecti,é/ﬁséid?p@[upg can

structure I'n t-he occlusion device of..the first aspec

be sui tabl. are,se pai t he' devi ¢ different,
pol yrer | T PEPPAPE oL SR b2 Py Ceip ruding e Bygi's eETR i PHaRve:
of the nmayRfal flppodt Sudhuds irUNE Biredtibe o PihE Shaisppsitib@n of .the occlusion.- - .
devi ce can be made stiffer or nore rlgld than the proximal-or distal

support s he 0 c usj on o
D SRS POt P a6 ARk BBl e e el e AR B
havi ng spgemfddeptedicicoess o jsuecbs mb@tom@lmuppdﬁ sthii;lilré i@ ieprokinial eyd -
of stiffness required for |ts function. For ex

enbodi rendnd Heresalpdhe jaiph abfhyr dstab sunpeE SERCRHe Sam it ﬁhseairfmse Thys, fthf‘er |
than the {afo&ﬁ%a‘?%%ﬁ&ﬁ%tn‘i@tur& hed A8Y idfal sWShd0 sl @R thePQINMERE By joint
materi al's can al so serve to alter the biodegradability of differeént
portions ginnt:«tt@ndedhmwmhpqmvm,crespﬁ@mebfs dlbe Jmmtswféhqun@nt &lructures can be -

Seareset gl AL LBl ot G LA RN T

porti: on carrddfehenanmﬁaabnneetbd@cﬁt}mapnloys;mkec materl al which degrades
slower than the material used for the proximal and distal support -
st ructgir e Gifisitledn B onGd BB Yokl He8she We Akt and
riski :11% ([;{m}gllﬁhcwﬁgtg%sageé% te Ogné:d ﬁ%uéligl ror% %ﬁe S|pde %\fﬁ’ft he d%cf glcl:t :
to the ot by ths] E@zdaptddrtodhetlmbohipkmm at thhepeting pnewsbotlastivecnough to .

proxi mal s st re is than tiffne :
B o el supBRRotp® b Soehite MkRses! TROGRIRAT icah HOERRN ) Gmmon -
differ ent mﬁ&b&@ sLﬁ:hSa,s the niagenulselﬁujmﬂy,fthemlat tin@dne@sémswjl giighpenstof the -
structures terial .is differ t.he c eri '

o Lo b Blop it A ke The e AR I S FBEh JoErEen BT & bt i Tor
than tde pakpletbsut 182,63, uah, @, §,1ve0di Ginal. THeRRRY porfdd mtwaetub&@nigoh :
10 this difference in _Youn rmdul us, the stiffness of each

support stiEmetenpeadaaA-spe P’%t%e’%ﬁﬂ'&’ﬁ PRIt Oefa GG §- % RS> Qs9e?(9f 1'clhé2 o

occl usion) deyisC¢ st g, %aqts' hig0RED. (CAh, ARESHaVRRKRES o@rth@aﬂaetmh@wspe&
has beéen. anchored at the fronf side of the defect or not

pol yner i cpcmamens ml the formhef ptubri sasl besbasysesnt absutk 068 @pé OSQrmmg 8?1' example
exanpl e, I fy @b t a N
nor e partl cu étomlb/e%é?ﬁg’gg”?o@f)eg%loe;m@ ?)ff'tﬁ%sl %Igg Ogtétoazegeﬁw T
about 2t5x10‘35t(b4€labdﬁtor535m&18nPa or ‘about 2x108 Pa.. The pol.yneric ‘
material of the distal support structure can, for exanple, have'a -
modul us rgﬂ!@ﬂ 18f a@RatHe &gﬁo&ﬂelﬁp%?tthﬁ-ggpeaatl% waiét bortib®Lsh Bkl skl Y_
bet ween about” 105 to about 5x107 Pa, between about 2x105-to about -
2x106 Pa, whichigglued, veldedar oqno@:t@i]marsmﬂﬁé MERBU dF the mespetive RePPeESITUG iGN |
device of the first aspect, the entire occlusion 20 device can be. -

made of .a|0pob)Ekd SccliBlof dbvbe oﬁth&ﬁrsaasbb@dem@bit@lmlpﬁpafe sfepar@ﬂé(pwt;dé .
a fully bio- aradabl e occlusion device. .That neans fhat the - "

mat er i al sobthe Reviemom dideent eabmagrisr fglcialinte shaciicalbe wrivt dign roguired L
made of: a ro‘?wgﬁgro% aefmt%rhﬁskancs)%é w@eé @frﬁaﬁ @ffthpb&mﬁﬂr&dﬁélcﬁl be

polynmers Tn I's enbodi nent, e materi a device can be fully:
bi oconpat mbditestlifed ot armre figid thaaaﬁplmomml mmltﬁﬂdpm strusburgoelythaiocelision .

hort t ew. 2bye
16 14, I1 8%“3{5‘”%,3\/% ?}é, i’sé’ OE&IE?%’/?@ ﬂﬁs&é%[lﬁg%]z {}15\6;’9 ?F"t%y

Uﬁ FDA f Obthiahlﬁlg spét‘.&ﬁ‘d(;ﬂh&:kg@p@l siuclathat)&ts;:h pbﬁdﬂegfga‘lb[aﬂill&y{n@byﬁlmser?uﬁﬁch.
the npbst conmmn ed and. prom sing.bio adabl e mat er s.of . .
e 0ot oo B Bttt EOAEEMAL, Il SHPEdeRLE SHrBon SRSt be eiheprtion,
be tak or gg) ﬂecétl%ﬂﬂﬁﬂﬁlevﬁlﬁlmo'i‘h&ls%% J@QQQJﬁfldgeﬂl iffdRnf %@lﬁﬁ@rlc iﬂ@béﬂé_(l@i:an j.

t he | oadi ng and P Kment of the occlusion vi ces 30.usually .
- also serve to alter eblodegradablhty of different portions of the occlusion dev1ce to result B

- in' a sequential degradation of different parts of thepcc]us;on de_vmg. For e_)_(gimple, t_hq .
13 . .o . Lot t -



14 WD 2011/ 096896PCT/ SG2011/ 000049 sel ected according to their
mechani cal behavi ors. Meanwhi |l e design shoul d be taken out in a way
to make f age of the material properties. The
fllnlsectﬁh%ﬂ&ﬂ&%ﬂ% occl usi on devi ce can generally be %gﬁgéﬁ?ﬂ&ﬁﬁw

blodegradabl on havi ng suff|C|ent hysi c and nmechani cal '
properti eSafHR % s RHPBUYY By b BRI e é’ fa pyBetic Q’QECF’GIC‘E"WFQS

of the Ocﬁegh?deg@lo%}”t}ﬁﬁ R mhfdBal dsbd ?61- tﬁéﬁx%ﬁﬁnal%ﬁlsél E%Mﬂ%fm&u&a?ﬁs e

material-can include, but are not Iirmted to, -pol ycaprol actone

(PCL), pokguldessii ime pJQSl{rplgA)he defrot Yithgst aisking 6 ferthen preseaci afdodin Goid yfrmn o
(PGL- PLA 8?@%&3@6{%6’8%&’ yggLl de (PGA), poly- Ll actide (PLLA),
C

poly D-la yl"act’i de- co- gl ycol i de copol yner

(PL&A)., poi actlcaC|d yet hyl eneoxi decopol yner s, pol.ygluconate, . ..
pol yhyér o@am} Ijxrcaltaelqbe h#ersrlﬂeeseef%mwgn@ésmﬂ ﬁﬁr@pty{eezﬁrmaerdb%tﬁ? :

pol ydi oxap@pe.s %Ethé"dggﬁ?’su Amrecehigoc%ﬁnfoqr eeewe Heded fqém'

[0075] . Most . bl oabsorb olyners aval nane y polylatic. -
aci ds. (PLA:)ffer@olryaIapﬂis)badiyomg( Btﬁe)remrtﬂlckmls;dsadtihe Supptg't 3str0¢turtes alfi the - .-
(PLGA) howe AR di spl a sim | ar hani ¢ :
hi g Youndoter bt O oin e R e Pt P G gk gt Soopo B el v
Sonet-i nes higheerigym@ﬁﬁussthmhe Do Lynmie ena‘tmambf e[t RuppRitestiuoturd, g to
cllnlcal cation_where highl radable materlalﬁe

are réfui F%ﬁgﬁ%aﬁ&a%aﬂ Spuigodylgs tz"e eﬂ}chtq‘%& HEIPEPY SHHEHULEP cal

depl oy mentqiuéBiesseh thab QuiiSthe e Eﬂe%hluﬁ)ﬁ ﬁéﬁ&' 188 pﬁa@t’itﬂnb‘r"‘éaﬂ&h&d&&w«hether '
properties of polyners is blending wi.th another polymnmer or .. .

copol yner Pregtitiafievies hay §ase enchared shthe diont sideeidhe é@fe‘rteaeotr ange of
properties, including good mechanical 20strength, bioconpatibility,

bi odegr ad g7k The potyidery m@t@ﬁﬂ&ﬁlthd ﬁrﬁxuﬂ&ﬁl bfpoitaleSutehan) ox @ﬂni}ﬁe]thave a
material's for medi cal appljgcati Is_far. exanple '

candi dat e™PAUUE ERPGRON AP %lt%ﬁbqﬁﬁyw 81932 C: rs PRRPHITY 39“'8?“ Bhoxt -
chaings T h@xlroa%j‘aﬁétﬁq@mﬂ,n?é’twégn Rkt $007 B-4oduPGkt PP AlbAE Bk IR, The ;-

faster than either hono- g ynmers. The rate* of degradation |ncreasesp.
with the polymeseeatsrialpfthe distakpPPPYS StH@UIEEEB] HTierampit da Yo pigdplus range -

23degr adabh gk A0 b SpARTAP ke 90 PhbrePLhiduu RO A0ARAY 16U iRy
ARge Wi F :

degradati on rate is sti W t h|n an 'suita In PLA: PCL . -0
about 90; 3010/ P&Osesmeenmbm@ 2’ ttd ehduaxief Pa,bmabout 10° Pa. .
[0073] In one embodiment of the occlusion device of the first aspect, the entire occlusmn
20 device can be made of a polymerxc material, like a. b10degradable polymer to pr0v1de a |
' fully b10 degradable occlusion device. That means that the materlals of the above: g
described scaffold and film section can be made of a b10 -degradable matenal partlcularly
- of bIO degradable polymers In this embodiment, the material of the device can be ﬁl]ly : __
- biocompatible and can, for example be absorbed by the body w1th1n short t1me ofa few g

| 25 yearsto several montlis, sucha524 20, 18, 16 14, 12 10 9, 8 7, 6 5 4, 3or2months

- [0074] Approved by US FDA for other vascular apphcations, blodegradable polyesters are

the most commonly used and promising bio-degfadab]e materials of chéice for blood -

A contacting' implants. They ere biocompatible and can be tailored to degrade within a wide .
range of time h‘ames. HoWever, the loading and .deployment of the occlusien devices

30 usually involve drastic deformation and the polymers behave differently in terms of :
_ mechamcal properties (e.g., much lower modulus, stress relaxation, and the hke) compared

~ with metals In order to completely replace metal i m the occluder de51gn ‘the polymers arel-: A
14 | o



1. 80:20 - 60:40. Furthernore, PLA-PCL copol ynmer has good nechani cal
and bi ocorrpati bI e properties. [0076] A list of exenplary candidate

pol yners J¢n the follow ng Table 1. The 30 res S
transition errperature (Tg) and.nelting tenperat.ure (T?T?%t%i\?g“ g@%

det erm ned b tial J SC 3
2011/ 0065 et HKSrPesiing 14 /1SR BN Brtfsio %E f(“&%{ﬂ“ﬂ‘i%ﬁgl‘é?"“gﬂl\%%m .
Eiljcrj?l:)chfg gvéa}fto Blaﬁ?\ﬁﬂ%d%ﬁntbé@oﬂth@nﬁtehﬁl%r@ﬁéﬂm‘éZTﬂé%QfoPeC%el\ﬂﬁrﬁ&lﬁmn ofthe - .

occlusion device can generally be made of any b10degradable polymer havmg sufﬁc1ent -

.physmal and mechamcal properues for being spanned over or- between the support -,

5 structures of the occlus1on device of the ﬁrst aspect Such a polymeric base matenal can ..
- mclude but are not limited to, polycaprolactone (PCL), po]ylactnc acid (PLA),
a 'polycaprolactone-oo lactide copolymer (PCL-PLA copolymer), polyglycohde (PGA), 3
- poly-L- -lactide (PLLA), poly—D lactide (PDLA), polylact1de—co glyoohde copolymer"

: (PLGA), polylactic  acid- polyethylene ox1d_e copolymers, .. polygluc,o_na_te, D

107 polyhydroxybutyrate, polyanhydride, polyoho_éi)hoeéter; poly(amino ovcids)',‘

polydioxanone, cellulose, collagen,_chito‘san or copolymers thereof.

[0075] Most bioabsorbable polymers available today, naniely- polylatio acids (l’L'A),
polyoaprolactoue (PCL) and polylactic—co-glycolio éoid' (PLGA) however display a vel*y
~ similar mechanical behavior, with a l1i_gh Young’s ruodulus and rather low elongation at- *. _
15  Dbreak 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 tunmg o

. the properties -of polymers is blending with another p'olylher: or oopo]jhneri?ation;

Copolymerization facilitates a broad range of properties, . including good 'mechanical '

20  strength, b1ooompat1b1]1ty, biodegradability, ~and processabﬂlty, which makes them
excellent materials for medical. application. PCL is for example a good cand1date to
toughen PLA which may increase the flexibility of PLA ¢hain. The random copolymer of -
PCL end PLA (PCL-co-PLA) degrades faster than either homo-polyluers The rate‘ of

- degradatlon mcreases with the increase of PLA content in the. copolymer The fastest :

' _25; degradatmn rate is obtamed when PLA-PCL is about 70 30, but. the degradatlon rate 1s st1ll

- within an su1table range W1thm PLA PCL of about 90 10 - 50: 50 more particular of about

780120 — 60:40, Furthermore PLA-PCL copolymer has good mechanical and blocompatlble e

properties.

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

determined by differential scanning calorimetry (DSC).

15



PLA- PCL Copol yner 70/30 1V1.62 (Purac)1l5 112 Table 1: Bi o-degradable
pol ymers and their thermal properties [0077] In case pure PLAis too

stiff, it ywafibesdeended into the PLA-PCL copol yner atpegg&mhoth@di 0S
to adj ust the Young's nodulus within about i -x 104-to about 1 x 107 .

Pa at 5 WW
x104," 4 x_104, 5 x, 104”484 ess than about 1 x {

5 x 106, »pA 1038 (Plirakpe. modul us is too |l.ow andsda hi- gher rmd]J]Sus iI's

desired, blends with other nononers or filler e,)Jécl usi on (such, as,
e.g., net ALGASUMBIVIELH (Pyark s such as sul fat chl or.i des H° the -

i ke, org i Oke(: ) are useful, althougfpthe degree @b stress . -
rel axati O%E{L?Agré at qdr?“trltj n in the pure PLA-PCL copol ymer. 10: For .

certain cPLAdMEE SopelymenHI3(:E/ 1t62e(Phisk)rs or t he pokes wher e- Haw _
stiffnes: - -
be -a good TepleilbRio- d’dgeadéﬁlepelynlem@néﬂwmtquablabmsers of the polyneri c"
mat erial can be adjusted to the specific-use of the ocecl.uder -part by -
general methods outlined above. The skilled person knows mechanical -

tests for testing the stress rel axation of the resg%ectlve polyneri.c
mat eri al s [07] In ¢ase paisrPlek dnfooestifly § agn dwrblendediingo thes PhA-RGd copolirey at - -

descri bed @uﬁrﬂﬂpt&a@wt R078ngR0 ﬁloésﬂhg@tthﬁgabt&el Rag# wmﬂprxotovtﬁaeat

pol ymers, “pl-asticlzers cou used e contexf of e present
i nvent 50n37"”q§J mertemartme}aﬂygwmeﬁrail hlgpun'éarw & s1Bs3 ariﬁe 4a<dld)e,c§ x.00%end less

pol ymer t erl, 0 i y/
e YT cur g bt 16t kP Ao Rk R A Sebt e s o Mol g pigher
devi ce of lﬂohelup ﬁsﬁ&@ir'ed lmefﬂltwlﬂmthannmoefﬁeﬁ abﬁuerl (IMBEnoh m&wﬁ@s 0d.8.s setal

transition terrp e no uI i ncreas -
el ongat i oR¥es, Ei‘i‘ ﬁ%?“cg%iﬁﬁgitest alo a‘?s‘f {he ike qsgﬂaq,?ﬁ?rs ine )aarﬁéllsfifﬂler

material  gfhough tl%jdldgﬁée dtherefBlefak ftbntie @E@fe'tlttl'}bilein tﬂ_dT})urAVBLAKBQMo olyrner -
pl asticizer can be used in the polyneric material as |ong . as t

pl ast i18i zEpT PRGN elEnmsHaCHOTIghnas ﬂw st ¢etha iseRkes ests o ltheﬁﬁpetdt highy
The plast ipel;ga mxe@n%e € Qﬂe%B&IPﬁEf tla!neoe £8RRGgRibh. Wlﬁ%&%b‘physmal
However, due t t he afmount | astTcizer used co to

the entir sapoeiprsnefstbe pblymepiamiatarial canske. @dJu%teqoth@plsmcz@ uge thmyclthe*

d f t fpo o
The 1 pvenPioS SRR pRRol{ SulERbebe el SoRufrblihs WRNRAOR T fr

used i n t hstiggy deesdtesd relfeenammuf theaies;réet,lve ]lemerlc materials as it is, for example,
2011/ 968 6PCT/ 6201 83? gut ar.e i gl ted to triet hyl citrate.
(TEC) 1> pofiPsin 2 Il%lﬁ%g §n$ %sﬁrﬂéeg% r“%? Ryl ene glycols (PEQ  or

pol ypropyl ene glycols, propylene-glycol (PGQ: glycerol, di :
et hyl hexy[@GBbEareﬁ(debng {Heaptr foamasics @i tie Ieélmtrh,eklwlpﬁ?mqoaldeﬁwseétl}ﬂl tbﬁt _

T P SR i PO AEARS i s g 00

gl ycol / adpqﬂymexamatzknpbﬂoyseﬁtnert a@d?@ﬁnﬂﬁ@é)ﬂ&ﬁﬂﬁht,}o Mae rpmrmgula,ﬁy,vtbc glasucrzer :
percent ..

" which can be used in the occlusion device of the present mventlon can preferably lower the .-
;20:,' glass transition temperature Tg, the modu]us 1e mcreases the elongatlon at break or'f: '
h changes the crystalhne behavmr of a polymer materlal or can adJust the me]tmg _
temperature, Tm. Any known p]astlclzer can be used in the polymeric matenal as long as
the plasticizer provides the polymer with the above-mentioned properties. The plasticizer '
may also be blocornpatlb]e especially non-toxic. However, due to the small amount of -
25  plasticizer used compared to the entire body mass of a patient, use of a plasticizer that may :
. have some advérse effects on the human body is also within the scope of the invention. -

. Some illustrative examples of plasticizer that can be used in the present inventt'on include, -
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termnal nyristic, palmtic and stearic acid ester functionality.
O her exanpl es of plasticizers include epoxidized butyl esters of

I d d, i di I 1 d oil Mol

ol 1 Exandotih %%%f'yauiif’éhe' Gl yeol s nel ude | ow. not SEUPEET RN,
R A RN S R g et LIS
IIlTustrati moﬁxim@d})esoﬂ %lﬁ%yﬁh@t QM&%' %rcﬂ:!yléﬁé" glykdll %Pd?)" @%nﬂ' Y& -

di propyl ene g@ycol or tripr ehe t'oo nane onl S
[ 0079] Thethafhstyledipate p| a@uqcmlaﬁémq)s n 21e|thﬂh%mlpbtmlaﬁes g(m@tﬂplntbalate), 2

ko car50ehOSin AR, SASH SR ROLHTRRIRES, EhoE st i, -

the steoradg- ba.nylemmglljrccdmﬁipmympolyésners(d)mﬂ ZQﬂOd‘dW)mtmmumﬁg ldhs/elght percent ..

invention, the plasticiz can .be corit ai;ne -

ol yrr i oStion, VAR o et diidn e Brggionsg e Ot xRl of ©

- 25 wt % r@&@ﬂ&ier@mclu@é%%ox%m@ﬂﬁﬁﬂ edters ATin¥éelooilaB@y heid; epm?alz’éd Yinseadoilt -

5 - 25 w% about w% about 2 - 20 wt % about a - wo% -

about 4 - OPEPRBFYA ST EXEIDICD 0! pRlvglyERscE Vel inqlidg rgw \mlaw{ar dffﬂ&hﬁe__

pol ymer- ZW nhedlnds! Kavinen Mk Bf b ?nga%outtmoa&%'aht o - -, 6000, about - -
rs’c n'g 9, 10,

pl astici z an ‘for exanpl e be about
12, 13p 1700 }950@01 abagt, 1065 ~ 2400, or @Qutwd% ~h 208 I&nstxtahgﬂ mngﬂ@s oicludhe.

SR PSR T AL OB R Y SRR AR

sel ected bn@mfbhe proxi mal ‘support structure_ t he. proxi mal .occl usLon. .
film 25 the distal support structure, the distal occlusion: fllm

and the v\% ’ﬁ’f?cr b8l 1%%%?3% Sﬁi{t iR Gt 1 eﬁé?ﬂﬁf bBhdeh &ich that the -

t her apeut| y active ent I'n the-co text of *the present .'
i nvent i onbloﬁb@radwifnpowmmr BipteTidl malhta}nsantdllmm@gatnsﬂtYQ@nleg ais|uge,mpelndng .

t her apeut i.c or |.. ag f :
pol yn@g cgor{pexa“ﬁ’l on urm‘i% %‘%rp%éa 3 d %Xfrﬁ ?%lgo’r por aItnrTl e %ﬂ%cﬁm%@gbdg tgﬁd;
W re struaiventes, tle ﬁﬁsthfzavnﬂebdmtgamahhaom ogall uﬁd& prflymzrr msteridlhén an

Sui 1ot o PEPSH b poRb MV o b PSpRlr GRS HERen BEM a2

Vari ous exasphsst #nokuee; abot 5ar% wot, abbii 6225 m%, about 2 - 20 wt%, about. 3 -

antiproliferative/antimtotic agents__ WD 2011/ 096896PCT/ SGZ 1/ 000049. -

i ncl udi ng2A&ktts APog Aodie iy’ B RAtas- 30 WE%, basrden Biedly {eiedt of the polymer -

yi nbl 85t I Beteri BE1ihS WithShe e thO AR IR BlastidRAEd é&%ﬁéxample be about 1, 2,
epi-di podophyl I'ot oxi ns et oposi de, teni poside), antibiotics - -

(dact i nompch.r$, 6aGts, ﬁo]r@fdﬂnlﬂ;))l 7d§uﬁbr2§b2%ﬂﬁ; orRSui uihiasadrpnedsy Welght Ofthe y

i dar ubi ci S, mtoxantrone; bleoniycins, plicanyci n-
(mt hranyggsﬁsﬁg%g&%%lg%ﬁlﬁ enzymes (L- 5 asparagi nase which

systentlcallx met abol i zes L- aspalaglne and deprives cell.s which do.

not have 1480Lkpet plisnatiye sypboriRany of thiferdclusin "dexigs of fhe Byt aspedt, one or .
antiprol | Eng ELEHEHREA BbhGhe BloHAhABPAGRBR, HiHoRmaNbiRLRMIm,

nmust ar ds as nech ret 1am he, ﬁ/'c ophospham cl e.. and anal ogs,
mel phab: anthec;mtdrsamtsttu):tur%ttmlﬁmhw sign filrd, andtthe/tvaist portiereean, be made of .

(hexanet hx agféﬁm&@rgﬂg ey gt Tonal es7busul fan,

ni I’OSOUI’ eas (cannu

- [0081] In the context of the present mventxon, the term therapeuracally active agent o
generally means a therapeutic or pharmaceutical agent which can be mixed into the-
polymer compo:sition,'or impregnated or incorporated into the tube and wire structures fo

30 provide drug-containing tubes or wires. The therapeutic agent can be any therapeutic or
pharmaceutical agent suitabie for use in drug-containing materials for occlusion devicés.

Various, examples include, but are not limited to antiproliferative/antimitotic agents -:
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10 (BCN1J) and anal ogs, strdptozocin); trazenes-dacarbazi nine (DTIC);
antiproliferative/antimtotic antinetabolites such as folic acid

anal ogs (nethotrexate), pyrimdine analogs (fluorotiragi )
fl oxuri di Wé) 2HPOEt ar abi ne), purine anal ogs. and. rel afﬁ#/%%f%({ﬂ{"gﬁs .
(mer capt opuyine, thioguanine, pentostatin-apnd 2- . . . . .
chl o odeosHdBRoaHHal ProaiPuE) 35 VBFhEHINcC Gk dYRNEIDE YBRTERed |
(cisplati Qinokuthl PAMAL] NdpidipS RBRYIRARIRE (e 41V Hb U @éhipddident AfliBiotics -
am nogl ut ethn_m de; “hornones (e.g. _es_t[ogen); ‘anti coagulants (heparin,
synt het i c(dagtamyeins(a¢tinomynis Dk deapotubikinhdaxerabicin anchiderdbiciy); anthracyclines, .
fibrinolyti s ich as_# i , EF]E] Ctivator, . o ol
st rept.oki ﬁggéﬁgfﬁﬁé’up%ﬁéﬁﬂggeﬁéagﬁ? ?lp{&lg? el'e 9‘%@&(’:’& g{é%g%g%l?ier?;zymes {L S
di pyr i slanmdpesagibepiidcgsyetemiallg mdtavalides Lanspamgige atddeprivesndells ebicbtdompt
(such as preveldin);. antiinflamatory: such as _adrenocortical .. . . =
S0st er o dBEoBIL FRRFEY By ETUSAEE WPGLPBE GRPREBAD: T BRITCyE entimitotic
predni sol ARGlatify @cﬁ@%ﬂcﬁ@tﬂ?ﬁ‘{l@éﬁ@ﬂmﬁ@ (@lﬁ'tf_h,astrﬁdcﬁﬁﬁdtﬁﬁ?ﬂli@é}Q:yclophosphamide e
bet amet hasone, and dexanet hasone), non-steroidal "agents (such as . .. .
sal i cyl i-canslci @nalessi v dnglphudane . ghlogaphucilly) * ethylepimingsi nsighemgthylmelamines -
derivati vgs, i) ; allcht S8hRara s BSE NEr RG4S (cAEhfine -
(such asﬁ%ﬁé)nﬁ?t%{lwg%ﬁﬁeag}ﬂ]?ﬁ@?@’ aan%i] ggtogﬁg%#, ‘_Het_.erqa_r ;I_(_-a_cet i'ce
aci ds1q su(BCNE) t ol andt i n,anglbgy, of estaaptozacid), ket trazsngedacarbdzining | pr 6PTIENI ¢

S L PR S U e i

enol i ¢ aci

pi r oxi canpyrisgidmxisaaloys (fverourdeilf Azon@ineansl cptyphied); paticeanalogy and related .
nabur net O{l}ﬁ{ ,gol d Conpounds. . (such afa aur.anofin,- aurot.hi ogl ucpse, 5
gol d sodi B#HY%RBSonal C2PIORfos uppHEYERYES( suc PSR | 0sp8PT ne,
tacr ol i Mug1drbHeoxQenosid{BhirmBise}); apRMiGhN) cocrdidAtiinOPebmiflexes  (cisplatin,
nycophenol ai e 30 nofetil); angiogenic such as vascul ar endothelial -
gr owt B f aearlaplatiplharpcarbadien ARy S WIHORAG t YPinpglgethimide; ipEmoRes (g8
donors; 5 S8NSE:H Q) u i ' ' F ephibh&Q83F -
The t her Z%Eeljﬁg‘?@’ Z‘gté%ag%lgﬁgpg%ﬁ?%ﬂl r}@ﬂ?ﬂ@%%&%?ﬁ? stoE%t: i _rbr.i?gd 3
to, a drutrombin)arftbrbplytic agentn (sushiasi tisShe plesmivpgena aetivator,gpireptokinase and .

2011/ ooceuse BB B RS~ S A A fldiaie Wdoml dbcigman; -

fact or, - aartinggatbr{;antisecredry (fueh fag beeveldindpantiinflaanmatoryi sush @b iadrencortival -

agent, an_anti-thranhoti c .agent n_antim-crobial- agent. an ’ :
anti- A ra?terﬁljlént(?‘_)rgg)tcihemlﬁ?g?’apgﬂﬁ?%?%ésﬁgﬁt ,PrEs He,a%qrf:&qﬁ;)goenre t eRERIE
agent to inBRYRYEnisbRng ettlaifho®ink.c bétambthssoheaknd) gesmatasane),onon-steroidal -
preventing thronbi, for exanple. Heparin is well knOV\Q ff)r 5.,
ant i coagudEsPiSPPchrig splisylip s deaualveD o-gr BPHHY: RATBETIMAGNGAT degfrptives (ee. .

cardi Ovasﬁé{aﬁfm@@%ﬂ GRiolORSd inddn@Rcdld ShNA{duVIe a8 TheHidiRRIn, shBfdac, and
exanpl e, heparin can be included as an anti-clotting factor,. . for = .
exanpl e bstodslashdibstgraseyli ppatisgueids ngush asnteimeris <liglefanas, otndt Htorolac), -
In sg?rge' e %ﬂ%n(%enﬁ% sat-cgi]g {S ééﬂ %%\;gtﬁé}lﬁ%eﬁ, EI% gggﬂ????hr o%o%llp:lc Iﬂ!(;}?%g(SlIccf’};llng53 o

for exanpmefenardio -dcit;| and enedirfenaarie anid), dnotit taeds (@chsasepitoxisagan¢nexicam, .
mol ecul es_such-as clopi.dogrel . .triflusal . or. analog salicylic.acid = -
Gor vat s veEngpudSasee B, SentiblricopdfS iepombroBR™ ffh Xhpfiidsl (B Jas
exanpl es gframfinandurothiegledse) igelddrsugivar ehisinalate)mismuadbsippressiteedsuch as .
rapanycin paclitaxel, and evoliqus. [0084] Anather exanpl e of- L
e salogpsie, fasiin FRes AT ct oG HEAPaE) S e b gl B | Ty cophenolate

30  mofetil); angjogenic such as vascular endothelial growth factor (VEGF), fibroblast growth

factor (FGF); nitric oxide donors; anti-sense oligo nucleotides and combinations thereof.

. [0082] The therapeutic agent can particularly inch_lde, but is not limited to, a drug, an

~ antibiotic, an anti-inflammatory agent, an anti-c]ottihg factor, a hormone, a nucleic acid, a
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15i s the conmpound known as el arofi ban
(b-[[[(3R)-141- ox0- 3- (4- pi peridi nyfl propyl]-3- -

pi peri di nw(; ﬁ)g{@%@él ] am nol- 3- pyri di nepropanoi e aci d, ﬁ@ﬁ%}({;{g%ﬁ@%uw

RW- 53308)" an arof i ban.anal ogs that are described in 1 'onal.
pat ent application \W2005/ 087266, [ 0085]. In, this context, it.is noted
that the aFﬁjﬁ‘e_(?ﬁg]#‘{iﬂe%ﬁ%aq 859‘”5!&?4%= -%%;'@H‘B :%O_E ¢ B ?‘E@S“r FSPRPR ™ it
one or ”D'izf‘oli@é?&ti/dﬁea[ &, BRAQLIRS bR apOR, ACHMELORalREHC en GANVIRE aent, a -
smal | -20- organi c nol ecule, a protein-or a fragment of the protein, a -
pepti de orhemathestpsivic agdng oy AoranbishypRIensise agped to TRaroye tha seghng pffect, the - .
organic r l e e £ Nndovidi Calr! ¥zanfl§oo n: organi a0y o
nol ecul eng%)a%g-i gﬁoﬁ%aa;d?légs?{lﬁ%\g car %oﬁdra%g%a ?gbﬁtgﬁaﬁ?lefsce)r‘%gll ;lfﬁ%%rtl for.. ..
mor e t Ban anticorgul& ion ahd habbeen wssdiio préventddgitingin mapyacandid eseilarappldations. ..
in the range between 100 .and 2%00 Dal'to}rilé. Qr .beheweerf 0 and %0%% -
Dal ton, tHaf" BBETER% FHPOCHRCT nEF G RIfe BP ] F8" RECHITIE 5Bl Crptine -
term " pephichR, fRSexdmpl BEbENBInkYdH Eirddnatigd @ Btd thedsuifape Bt ithite pelymenic * -
ol i gopeptide with 2 - about 40, 2 - about 30, 2 - about 20, 2 ::?1t --
15, or z, magkialio preyidesmpstis eedibipersmratiblity. The peptide may be a.
natural lly occurring.or synthetic peptide and may conprise - besides . -
the 20 .naulmsa] Inyso@eGibot gents- @themvatiodsthe alti-slrbmboticcdrdg can, for example,
non-natural |y occurring,amno acids. and/qr am nq acid gnal ogs, Wth
o ot af n ekl ne,p) Rk 81 PR B0 EIRE R FHIF pTY ROHoPRREh defusil of
Conpri ses e sdiaghc 48d HPAIVRE ol arRsleRUaRh atNBruBinetd throadin. Dudrative | -
| ength protein or a truncated. form for exanple, an active.fragnent. .
| 1] ust r at EXARRSSafpATeantblestenalicedig areneiroligms, Her called TaRMCitPiclitrXelp and -
ant i bodi eg, iRt her binding proteins S . S

[0084] Another example of a therapeutic agent t}_lat may be used in the polymerié matériali .
15 is the éompound known as elarofiban (b-[[[(3R)-1-[1-_0x0—3~(4~piperidinyl)propyl]:'_-3‘-

pipefidinyl]carbonyl]amino]-3—ﬁyridinepropanoic ' ﬁcid, (bS)-(5CI), RWJ'-53308) and

elarofiban analogs that are described in International patent application WO2005/087266.

[0085] In this context, it is noted that the drug (therapeutically active agent) to. be o
incorporated into one or.mqre polymeric inate_rials- of the occlusion device can be a:.sntlal‘l_ :

20  organic molecule, a protein or a fragment of the protein, a peptide or a.nuc_iléic 'ééid Sﬁcﬁ;as_:
DNA or. RNA. The term “small organic molecule” as used hgre:in fypi(;ally'f denotes an’
organiél molecule comprisiﬁg at least two carbon atoms, but prefe.rabl).,r not mo‘ré“thlan 7 or 3

12 rotatable carbon bonds, having a molecular weight in the range between 100 and 20_00
. Dalton, or between 100 Iand 1000 Dalton, that optionally can iﬁclude one ofEtWo 'mé;tal :
| 2ASA :_ étoms. The term“‘peptide” as used‘her'ein typically refers to a dipeptide or an Qligopepﬁide ] . '
o - with 2 - about 40, 2 - about 30, 2- about 20, 2 7£aﬁbut 15, or 2. - dbout 10;amino acid_E:;
residues. The peptide may be a naturally occurring or synthetic peptide and m'éy;co'inpri:se; :
" — besides the 20 naturally occurring L-amino écids — D-amino acids, non—néturé_llyi';
occurring amino acids and/or amino acid analogs. With “protein” is meant any'na'tura'lly':

30 occurring polypeptide that comprises more than 40 amino acid residues. The protein can
be a full length protein or é truncated form, for example, an active fragment. Illustrative

examples of proteins include, but are not limited to antibodies or other binding protéins .
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WO 2011/ 096896PCT/ SG2011/ 000049 with anti body |ike properties (for
exanpl e, affibodies or lipocalin nuteins knows as Anticalins(r)) for

sel ected tors, growh factors such as VEGF (
gfagl /\%t%ﬁﬁ Yar§ E#ui‘fmouo.u

.Endot hel i Factor) and simlar factors. for -transm

signal s, a ar therap utic ot eLns,.or cardi es_and
active fr%tﬁ‘re ’E tf}h(ﬂ(%&:roquheﬁ ‘Ho?’??ﬂﬁi:% %ﬁquhcﬁr%rpﬁ ﬁ’?‘rﬁlﬁlg ?m WER®
cardi ac hexfmaam:*} T8S QelBAEATRBR SreBiptdrile siindh OhABRESucass SBATRN(Vagular
peptides: as defined herein, if t he have | ess than 40 anino acid

resi dues BndatheliebCapyith Engtou) and sigy &@Mﬁ)@mtr@émgté@mewé&caﬁﬁwwhr e
the 40 antﬂ%?ag@ﬁtc rBFeﬁfsQ) Qntiac U an&{%g an meﬁ’t% tﬁ@é&'o‘?‘ﬁ?ﬁﬁ*’ﬂ’rﬁ{es or'.. .

therapeut i c agents can e peptides or as t .
nitricsox pdaprohEmmpi; ebsuwoh candzk dbonacs (thm Iheumres of thclpm:lvrrsm @ameither . -
anti-sense DNA .10no i f tar i Sto .
ont 1 of o5 POROENE e Gkl (FRE AR R D g SRR R e e S B
vector, fehoukKeH¥R) polyfdptide tsb@’eﬁﬂﬁudﬂtﬁmdlofe&ﬁé MU&irmh@Taeidnretslhaés) i Burtier -
be produced In such_a case, .the nucleic acid ng F;\ b% n -
that pronBtEY %)feﬁﬁafﬁ’@&ftsFW@f hEraBie PEERI O P PAPERGS P }?}ﬂérwﬁb‘«tset A
applicati gn MlcO%Xidt! F3dmp fe@rof%@l@w &id %Q)@é%@l%s %dlu(feh&hﬁp@ﬂﬁﬁtﬁﬁnké’ DNA .

active agents mentioned above can be used al ene or in any

conbi AGt i owlechles Gb¢xpressivh of ptrrgataenenateld eontrolied) pr tespding Fqﬁemcecﬂﬂfhehe‘
i nvention [ e
i ncor por a? %‘; %ncélb ? %%?%& "%@JP ¥ ﬁ%lﬁée%al Hé) oF acigé?ﬁp%hﬁ@aﬁily "?J:th“’:éeﬁ’r ggﬂlrt t#g‘?lgé‘?
the like, bm@edmeﬂ himo]daugsedthe&ucieic anmloea.;seuﬂrelﬁyr fnpxetbut thatblaromntes grophy
di stributed,wthi f the - '
t her apeut ﬁ%aélrw E@f’rﬂtfg "gid)“é%f'nq gppf?ed a%‘?%‘mg@t h‘ﬁ%g‘g? SFFmple: the 20
pol ymeri’c material is not limted and can be as high as wanted as-

| ong as. t tlwsgh@«khtbqapepmﬂdﬂeracme agénty menpiesied rAbpvaraaebe aped dlepreer & pyy
the glass I r
ot ader SRR @RS GTRE RIAG Atk 18 (B e RErhAUREIR Wbl o
t her apeut t}maahahqncaktgt aotive dym@intaineld atbhe dganh carhise 1dcqrpnweteg firtto thﬂprﬂmr pnﬂtgrmbr
Mat eri al contains : . the 0 ab ut 35

t her apeutf’%ﬁ IPV%PPWEQ}%}@%W%&%F%@ “S‘F{e%’éﬁt dJrﬁ)F Eoeﬁgl oL A RBTIR nee‘fl chgi
to 35 W Yemifornly BBirib6t¥4 ofithih theopdiPmerkbate, 25 or 30 wt % base: d. on the
wei ght- of the polynmer material that contains the drug:- In this

context, |[daeh ' ‘ I |

re: ther a 08T TARRMDO RO uhBEAdY BREARLIE 4 htFbaR BRERed AR

a pol gorer polpnerié alatepih! tsheot flinkited and dahdevasrhagl; af wanted asbing, asathe phys1ca1 o
anti-restenotic d an_anti-infla r o
ant i - t hr oR9BEHES aﬂtj% pgl%‘e‘{ BEEERL ISP %éYaS%%gsdﬁo?renetmp e¥at1%rﬁ and the SR
0ﬁ0| usi Onme%dﬁgltﬁﬁp@eﬂﬁrepﬁreﬁﬁf @d»@i‘s@l}?ﬁﬂf’eﬁte&el}n&ﬁﬁﬁ@mbbﬂm[mtshﬂlegmmmt Gﬂthe‘;f' '
the proximal support struct i sta ort structure; S
wai st porthie@ﬁe“ttcﬁ]iy RS A q‘?ﬂ‘é‘?@l &Bﬂrﬁ Y"F‘ﬁt’t H‘&m?rs’t’aatf’“%é@t lﬁ@f‘%‘ﬂs S
filmcan gerpedtSRay Be uf b about 35 wt%. The therapeutlcally active agent may be present in S

25 . an amount of 0.1 to 35 wt%, 1 to 35 wt% or 1 to 10, 15, 20, 25 or30wt%based onthedryf".

" weight of the polymer material that contains the drug: In this context, it is again noted th_at K
* it is possible to include more than one therapeutically.active agent of the same or different 2
type into a polytner material of the films or the wires, for example, an anti-restenotic drug -

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

-30-  [0088] .In a further embodiment of the ocolusiotl device one or more elements_ sélected
“I- from the group of the proximal support structure, -the distal support structure; the waist - -

-" portion, - the proximal occlusion ﬁlm,'or the distal occlusion film can -oornprisejje
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WO 2011/ 096896PCT/ SG2011/ 000049 radi opacifier deposited at its
surface and/or blended in the material the elements conprise. For

exanpl e, W Jﬂﬁlj gpacifier can be present in the proxi p@hs%@g]l,@'g@gal

support structures and the wai st portlon of the occlu5|on

otal s, el eRpa b LAl Ble PRSP f b LRGPt

salts or 1Fb1S Bdnipld) hiassgispadifak ca@tsap%t@n i pﬂfxﬁnmhd distdl b@shottatriibtess
exanples. In the present embodi nent, BaSO4 can be used for radio- . :

opaci ty. P theavaist persion pfide padlisipedevicber - can be i ncorporated into the
polynerlc material by solution casting in an anount of .nore than -
0.1, 0.2, [6vs8] @he‘&adﬁp@mﬁé‘ dan fob. rample Be aZna&enafB uﬁlud&gﬁnetals meta] oxides or .

5 . metal salts, such as gold particles, barlums salts or bismuth glasses, for example but are :'
not limited to these examples. In the present embodlment BaS0O4 can be used: for radlo- ol
opacity. In the films, the radlopamﬁer can be mcorpo_rated into the polymerlc mater_lalv by :
~ solution casting in an amount of more than Q.l, 0.2, ‘0.3, 0.4, 0.5, l.t), 1.5,2.0, 2.‘55 3..70, 3,5, '

"~ 4.0 % (w/w) to less than 50; 45, 40, 35, 30, 25, 20, 15,10, 9, 8,7, 6,5 % (w/w) as long as =

10 the films are provided with radio-opacity for making the device visible by means of
fluoroscopy, for example durmg the deployment procedure. In the films, the rad10pac1ﬁer :
- can often be less concentrated compared to the support structures to avoid any affecting of ;.A '
| ‘the physical properties of the polymers or copolymers. In other parts of the occlusmn B
. device, for example in the waist portion or the proximal or distal suppoft structures : théf. o
15 | amount of radlopaclﬁer can be mcreascd because a hlgher stiffness of the waist portion or'j :
- the support structures is suitable and the v1s1b1]1ty of the ‘occlusion ‘device can. _‘,
simultaneously be improved. For example, the films of the occlusion device can be-
B solution casted -or hot-pressed with about 4 % (w/w) BaSO,. The BaSOy4 also enhances
stiffness and non-stick-iness The waist portion can, for example, be made of a copolymer
20 with about 40 % (w/w) BaSOy for providing good' radlo opacxty The same can apply for L

. the prox1mal and the dlstal support structures.

[0090] In another- embodiment of the first aspect, the occlusion device 'étidition'et]iy
comprises a dellvermg system In the context of the apphcatlon the term'. “delaverzngf;,fi
system” means a system which is sultable to dehver the occlus:on device tor the desu'ed_‘
25 - place in the body of a sub]ect like a mammal (mcludmg, e.g., primates mcludmg humans .
rodents such as mice and rats, and ungulates such as pigs and the hke) to be treated The
. delivering system, however; does usually not be part of the device maintaining _m the body: '
~ of a patient, but can be removed at the end of the deployment procedure of the occlusion /

- device.

30~ [0091] -The delivering system can comprise a sheath and at least one first del_i:veriug'";'
L means adapted to move the occlusion device through a sheath for loading it into the sheath.' Z T

o The at least first delivering wire can b"e. removably connected to the proxiuial s'uppoﬁ :
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- 4.0%(ww to less than 50, 45, 40, 35, 30, 25, 20, 15, 10, 9, 8,
7, 6, 5% (ww as long as 10 the filns are provided with

r adi o- opagk;M,L@k&gaklng the device visible by neans oﬁfﬂhuﬂggﬁaﬁpy,
for exanple éurlng t he depl oynent procedure In the fl?

radropacrf e can of S tq
structureg %u%v0|gwd%§ a%%@gﬁlﬁﬁﬁO éﬁ)%ﬁglca (%%ggg%%ies d?ﬂ@ﬁ%é
pol yrers @émmﬂ(ﬂoyrnﬁk&wclhﬂmoﬂéme 4Rt tl& (QEIU'SIBE devicd hisibeen pkmm(med Tierat -
exanple in th st portion or thgaP8§X|na or dlsta

st ruct ur edeast {gfedelivering meRge FAD PSR PRI eérce&lgﬂugtlet etk gremple ;

because ab?!p@ﬂ'lﬁé1t%ftﬂfefp9&§1§al%dbi"@yﬁﬁh§1k1mltﬁe'd2§al%dthe support o
structures’'is SUItab e and the VISIbI|Ity of the occlusion device. can

S|nultane%ﬁ@ Y £ rovegg exa 3 f|| .of the cIu5|ond PR
devi ceScahdlé it Yf‘r'mﬁ eaﬁsrcégl &d 9\5\‘ S IFTON2 ¥ ERyted. -
BaSO4. | They ﬁe%%nﬁélssapmh@ﬂe@se ﬁ‘blefrétQ%b?{Bénﬁ&fdeﬂlb(IdﬁHﬂ@Sﬁre Hagorma -

wai st portlon can, for exanple, be nmade of "a copol yner 20 with about ;
40 % (W' w}ooeerseung roughélia RIPKGhBHROT atwrasursplééhq Jpadingwirg a8 legth Oﬁlﬁplty

ot hoy DBy SRS S SHAROK P REHER e SA03BbI bl ot

:addi ti onaténe m@nﬁﬁcé@deal vering system:ln the context  of the R
appllcatlon the term"delivering systemi neans a syst em whi ch is

sui taRpe t[609§F| Tl‘(eefoarﬁthg “Ql‘éCdaH%Qﬁ‘ad@%f‘aﬁ? sﬁl%léahﬁatﬁit%ssh&ﬁﬁis nonPAtA&®able or .
the body of a subject, |ike a mammal (including, %gc’h pri mat es
Athach a8y

i ncl udi ng abfortablersstures. Abﬁ@a@:ﬂt 8utylge Areaade @fémgtﬁtaalr parokeydpynds =
h .
such as pidseang: 4 F"F’?,A hé&fah diQinRe whichYeBhaipki\h fhe ARddridPEdn iR 1 Rays

however-; does ‘usua ot be paf e malntarning In ;
body of atqoa:ghtewtqks.b'ﬁheyczan gowreralymoed dhaeforchin eany of the hgenelplissyeseii the -

procedure of the |l usj on devi.c 00 e, l. [ verd t can
Ponpr i e 2o0h HEnRTG SRR EF Sikent PRRe be PRCRISHN TGl IR LR
nmove tbe ofghtuThe magtﬁtty Of abdoriRbBhsuturshaathadeosf dyotheiiogoliyted ﬁbﬂs,t\lﬂmch :

Connected it BT aore e ERBrHE SRS CRER S Heboate

struct Ur eaorfabR stubdsabe $4H0RO blendst JTpolydlyRolid@0i® \pa Bllactie @cﬂa Of b [BRERS
that it can be renpved fromthe occlusion device after the.occl usion

devi ce: hablopabiprpably sutwrere svprealit mpdsfimaterialy whish atrsot mstabalized bydhe

nmove the gogl Léﬁ!i%‘e QE‘éﬁ' ﬁleretdté Q:Etﬁé} sl 8kif NGk él&Hilr@Xﬁ{ERJ fhe QYurBHbdd BE
it at the proximal by pushing it at-the di stal end. [0092] . The

at ‘| edst m@vreﬂ rfer d&lw we¢1<’|5ngr imsams e distss a0 Phisdiabepriiblesutanp ooy | -
connect eda&%ﬁﬁtg eT18£ %)ihg@gse Si"dp B&h#p]és tu{ fh%t}}égﬁ an&r 91 lggocf @%&Y&aw}%s%rhythmw o

cohnect.ed e 1 oading nni ng E
proxi nmal sopeoerit rsqtrmbstajsmureltiihmlinetdys)amgeg tlvanr mraesweerksl tooglvt:ohﬂ:mvorund '-

can be. adapted to . be renpved fro imal, s re, .for: .
ot e BB RS Cube TS Srdghnd i R Rl MR ARRR G UG hpatie”
| oadi ng - Wniteres dRapiRanmdshlph faklagi)nes edly Sulthty ®omidotd 1Rsl. There are several . -
non- absor babl e .or absorbabl e sutures. Absorbabl e sutures, g (§§Ede of v -

mat er P2 s MAHT il Usvdeion Pk Ehfothabls Shires; T saost rpiEon itq RASyT oyhich: " -
time, whi GhycfeRenddsI ﬁﬁnﬁﬂ&uﬁ?% &Bbééé tocrﬁﬂ(etlﬁacfeﬁ@d% i‘o@ﬁts V8 shigeSi Offer .

weeks. They are generally used therefore in mani/ the internal-
ti ssues :ohon-lesorbable shtry arenadsraf atiifisial fibers dikewe s@rwiegﬁsmalneveh%tdwlq% g

the i nt eSiaesa by ARARR hald 18t CRLAR o Rl patfthnec i ORARLLLY OF

absor babl e "su ynt Ic potynmer fibers [ ch - _
[0094] Since the loading wire does generally not come into contact with the body and 1s
30 usually completely removed after insertion of the occlusion device into the. sheath of a.
catheter, the loading wire can be any surgical suture as described above and does not.lf '

Co necessarlly be bio-absorbable. Therefore, in one_embodtment of the ﬁrst aspect,‘ polymeric. -.
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may be braided or, nonofilanent. Exenplary polyneric materials of
such synthetic absorbable sutures are various bl ends of polyglycolic

acid, pol Wr%g(f}’réi@]ﬁ%%l d or caprol actone. Non-absorbabl e ggf/%{%:%?l,&{,&g

general |y materials which are not netabolized
body, rand are u ed therefore ejther d closure ere the -
Ut eo. CHTeR DS PERD I erbp* I e Binder DB aBR il Be buledts
in which ghsagbabbawest 00es1R0.85, r&rwademamﬂahr Sorl ekatple 00368 (EQl a
exanple, -in the heart and in bl ood vessels, whose rhyt hm ¢ novenent

requi res NyomwireikgiRRIHQGs8uelonger , - t han t hree weeks, . to giveS the
wound enough time to close. ther organs, like the bl adder contain

f1uids whignespeRie aksardnaidvicesot theegbode I8RBE AN ﬁmmﬂlcympng‘eewzgd&msmbe
too early for the wound to heal. Them are_several' materials used_for..

non- abBor pddpied te Jousedhe lopding i andobengtide the Joadimevisg thrgugh the shepth. The
whi ch. gﬁsesr&%%n JeSRER FHa gawéﬁ&ﬁﬂrehagwﬁr:ﬁ)qeﬁa HaQardBlcerot the patlent _
adequate or its use in surgery her non-:absor babl e sutures ar.e

made Of abpiwkverj aly dthéverfshe hfokeemputioppd oplybedgraq@ble;mmdeeradaiw @qumer__:. o
these nay o y. .hat, hay ti a h e S
char act er € engp Cou@o?fgﬂﬁeﬁg: Pih Qﬁ& f@gg’?}nbe Q‘@ﬁ?@ {her%&dceeﬁl %P& P}%tan y-'-'-:?-_‘-
cone i nt omatntbif it ivflexible keopbdy bandertal B0 aﬁaah bya cahutreThe ;ube emlveeajijf' :
after insertion of the occlusi.on.device .into t K
e Do e P A 2 B TS B s h s p BBk N peine p apr

above andggeger BOLLIWVE Q]SS 8Mmivhy1.0E. Divkr, abwsbah,l £.6-IThefmg ior exaniple St -
enbodi nent of the first agﬁect pol

2011/ 0968b6Pam, SEEoan /o cgnsiEy ef & %Q}’&rp 5a§5n1§=+%r9 Thfuras Gooh- 1bEmhsf€H.j
The di am%ﬁ‘ing@éaﬁoﬁﬁlb%‘ﬂ' ng wire can be between 0.2 and 0.5, between.:
0. 25 and between03and04nm for exanple 0.36 'mn(e.g.. a '
Nyl on w re | i ke PDS sut ure) 0095] .The occl 1§ i.on .devi ce .
t he above 0&3&&5 c%‘r‘F ‘fsfﬂnt &"erlcecﬁ%lﬁf'@%r éoﬁ'lﬁlﬁfe 21 §5pds %ldﬁﬂ?gedmlaﬁs Q@H%e
the | ggidi fgoNd HEIHAALE tfeaditlicsle i’éh@xdrﬁiﬁéi'Hbga\ﬂeﬁlﬁyﬁﬂ{t(lu@@ad@ﬁedaf@e@lsh the =
The gui de tube can be made of a pol ymeric material which not

hazar douso¢cbisionHievisa tyidnihe disialsyinort shivgtugs thequebthe sheaths Blieemﬁ@ﬁﬂlr Qfﬁg‘d
non- bi odegy pgfga@n £k c%l ege[ngqﬁa&el Pa} KREHIBLRAL @losbecawrréd Bifto 4SBEkth
tu e mat e

for the gul ial of the guide tube can be any

materi al ofa catherte Bingler b the ahonegnidegubre hpwewer.tthel demeanant maﬂmbemaée
cat heter. (o] I

o sost oo o B HER: SRR 9RO MRENGe NG, U TP o
about 2d.. OafBreQmmnonéd ﬁdh-&odegradhhl@-ot bﬂadegqadﬂal«ﬁpdlymemmtemis caldbrp lugsd for :

about 1.6 and an. er ane er of, about .0.5-1..5
oo 0. & 5ih TS Per Bt rhRG el ST b AR o0R] LY SRR ad % Rsduihie o
IcglmI furth Poly @8 Bidhse a@mf Bélo Bl clbdf&rdéﬂ@téfgﬁﬁbout'ﬂﬂ :sstsm%dnsiszmm 2tr- o

elivetiri neans can or ex e e a upe 1O .7
buch 1 e Bednics - fiawsder et Rsshrar. SEppo o te, pLoRt §3__ £
the sheat fyy, He1 S®LI0.RH. 1%mtﬁeeﬁ%e41@mamohﬁ;be can be of any. - '

material- if it is flexible enough to be |nserted into. a sheath of a

T SO R T R R %ﬂ

t he pati egdclusldaWRVRE ca MyttHt Beprade zi i‘bﬁ‘re&ﬁloﬁrﬁc P@idvabRednnected to the' distal -
non- bi odegr adabl e or bi odeg rada% ymer, naterjals .coul d he used:

for the JEPeN sERttueyphe remeral wye Cearfowbaéocrrbwﬁesuﬂarordb@e %da‘-rumﬂ :
made of -ag E-t”st?l% S
di ameter OPJ ﬁg%hosﬂlﬁgﬁga%mnne%&lfb fhe d@stﬁ-ggﬁ) cﬁf'e @f‘th@‘ﬂétﬁé\ral m#r]e is L
f or exarrpineloap(futm,th Santhe ahdteéntm bmeﬁrmﬂdﬁfarmleﬁh%ﬂlsab@unpoﬂ gr@t%@nﬁﬁ‘]’ ,
(17-1,3 - f or 0 ]

Cor ol i b PR S B ITRAE cBRO heefbO e ORIl Pusvaty -
occl usi onc&@&ete@ r@ﬂﬂvefdw{ftdieléplﬁjaﬂp nhmcmsmtdmlewai theidetect, emreatdvyl wrre ;;

_21

L can be made of. any surglcal suture as descrlbed above for the loadmg wire and does not
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support structure. The retrieval wire can forma | oop running through
the distal support structure to be renovably connected to the distal

support sty ﬁﬁﬂ@%sm&lf the retrieval wire is in loop fopm, (l;}()lﬁ@gmpe

adapt ed to‘%e rem)ved fromthe distal support structure, ?or exarrpl

R S s S M RO e

t he def eCtyire h&h@@h{dbﬁ\é@tbre%érﬁb&@@d tﬂﬁlerM&thofWeﬁiéfieglvﬁﬁd caf bk BEveas
descri bed above fok the | oadi ngﬁw re and does not _necessarily be '

bi o- absor Bafmé 0-5ThelveenP.85 and0.ahdebrass fidasd0-bmm iy sqpple Ofogam(es. a .
POl YT C A6 Firs HEDPBS IMUIORSY. (e SefiB WisUahithe HHASShARBLEToent -
the retrieval wre can etween O. 5, between 0.25 and o
bet wees.. 0tbeandprévent. it th@nwnexamq)leetangl@*admmg ehegdempmwnbmmmdleelqﬂtbe e
PDS Il 4/0Q utur(f% The retrieval wire can be housed :in the . U
depl oyrrenf’ lt?boél ﬁr event that the wires are entangl ed during the
depl oyment procedure of the oeclusion device. 100981 The occl usi-on:
devi ce of [4088] fThesecchusppacdevicarpftthe tfm%raswmwi Surthes campredey albﬁedltlonal
means of- the d

ol bl Gl B AP (R SRR AR £ Lo Bl FBke
means -andirchdingpthé atriadsk ynpficy ddﬂdrmgmears\aad e opionaity Ixemdcti:lretneval wire -
del i verl n ans. 500994 The above descri bed occl usi'on devi cé of the :
first @sp F?f@l‘t? YHYE & 4bove described delivering systemcan be -
prel oaded in a sheath or can be prepared for preloading the occlusion .
devi ce. al999heTletliorerdengibsy srelnsieh devits of dlico fiest tﬂaleec‘def}ﬂ@}l?&ﬂte above .
procedure.is p el I i [

B Package R R i inesF B tap be pletaa i BLaR o B BrirBil B hrpltind
carried otHe dayluﬁmydwwae:ﬂtth@dmivemme&m sa:srtlydm@rametdaploympatqka@péuwm h

t he occlu5| VIC uff|C|en sterili,zed. An

convent i oA 1ch Pli‘elr"i‘ %ﬁccﬁ‘r‘sﬂ)‘ﬂ’eé@}é‘? ]SSPrgylﬁfiféfhg %%‘(‘ ”%IE'I")@))CM Wéi've
st eri hizakieQRzeiNTHe ﬁéx@t&dﬂmce&ﬁ@ Slgdd diit 2§tan® Go@rtidnal mee@mellm @rthe -
device wi th or w_thout the. deI|ver|ng steB)cart be seal ed. |[} ¢
package -aBtFkegfervity dhe Qeclpsion degicn oy BREFNY S HFdETE PRWBI P 35‘7“’}(2

usual I y: feéﬁvemahyteﬁﬁlﬂhtﬁ %ﬁﬁ:’essgs-rg BMYhO9xRE (ET @asiliddtion Ml £ Mandard
tenperatures. The additional purging Step can hours or. nore,

such as 6ET® st@ilizatiomgpuch.JThejopclugign degice with ozzmthzut the deliveriag SKtema cry)
about 16 BOULSeq J{m%fctgg/aa d! flerd Ber SO @ﬁ&ss% B%mt £6 daRsAl7 e
occl usi on d8&%1 ce i ST provi ded 1h a sterilize

Accor di ngusuallp fslkm@dobyasc}ﬂétml ERe mmelsemtf Emgns atoamblelﬁtetﬁmpcre‘fuaw The .
aIterhatll usi on device Qsin n l, defiec

tissue. %ﬁﬁ’(ﬂtaﬁburtglgg steH(ganph %‘H’trs or r51 sl%(%}g?s %nniag eﬁgice ﬁs%bfng g’vzzbei
of - t he. segmndura,sqa@@talllyaabsmtrmd taturst (Thérh&r@d:mbmemtmdiﬂwt@étl@fﬁrst atsper,t the ‘
first aspect and, ‘thus, all. definitions and explanations made. vvlth
respect ' t 8CUROIRdeyice 13pwd¢d ‘Ia‘raé*tetrljt'féeds%?ﬁ]éagl ©n the second ‘aspect.- Ln .t .
order to avoid the repetition of such part's which are identical ; onl yiio
t he di ffe[(miﬁﬂsAmrdd@ té iar sdcomb ;ae;mtct dhe pd®sm$r inyentionnrefdne tg cahl aimagw: n.
greater det hat ans.t he occl usi ce. of th a f
usual By cﬁﬁcttgéc{?e heE g’g osing, 1 anan%%gloge erra’tnetrlsl&é? s}& ccgd’gg & ‘ona 31%?6% :
f unct i onahppleaion! &= celdsion dame ¢Mhd seenidshpadid simélar fohtbe omnsmlctmlce of .
devi ce - of the first aspect. i s. need| ess ta sl

hat 3
2011/ 0968Y96FEY @@%ﬂflo@%@é‘ %ﬁsﬁt&flﬁé EXRIBHRRS F‘%‘d“’ftBFeSPF\‘é tpjt %f‘m :
aspect c Oﬁ%@ctbﬁe APLRIint Be LHBRn@ %§ﬁé€!§ TR a8 b GOoiTthé h@eﬁﬁtﬁp@ﬁs@ﬁ Hﬁﬁﬁ

in the sa manner and 1 n any conbination as in the occl usion device :
of the fi whichaspidentical oulyohqdiffereness & theifiss agrept are describadeindlcciglewing in |

aspect,.co f, o
P ecrty o R R ARl LA R oy PR i
conpri si ngandd p#BSt mblbeas, anarsriAyd additdosd alfurctohal s feaurés Iandeamppptm:radi .

' I.'I'- embodtmcnts as the occlusmn device of the first- aspect It is need]ess to say that all -
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25 WD 2011/ 096896PCT/ SG2011/ 000049 pol yneric material can,
anal ogously as in the occlusion device of the first aspect, be a

non- bi odegy@eabbwss@ar bi odegradabl e pol ymer or copol ymeper/dda1 @R
pol.ymer .- materials as defined for the materials-of the first aspect

can be usgq dﬂ%@%&@t%@t&%@r@%ﬁ% Pwm&hé 46l Go BRILERRA dRFict VP
or nore spo es outwar exten rom-t pr oxi mal
support stheisedond @spast mhtm samelreemger dandon amyneombiirtios poidhe centusiva device of
connect-ed_at tthelr i nner_ends wi th edach other so that they are S
arranged MORESIERSRLs in A wheel . Arter natively, the spokes can be
connected to-a middle section, for exanple.a joint section.  In both ..
cases t he[MapHoFhe gtqhtsdx:tnuderimnf b@ ﬁ@bd@htﬂseecamdmpaws a hcaéfolcmv}é@iaptﬂed
to be ;olded at their .ls r?tjct t he ar s, asgew nseta%stfa Lo 0
sheat h?. 10" MY by O HE APRE" SARTHE ‘f°8tpcﬁ‘8§g r%w% IY° or dispeort
i.e. int hteucdjré eahp:@hg)it ledde thaed Srimspmd tal distaloscchisiay ﬁlmosmppdaﬂed\w 8t1east
portion,. &?ﬁe rei nforcing nenbers are. $r0v1 ded at { ‘g‘%om mal .. .
support stwcu thesg threm ermsy ARS & &I ROFERILTOnTHRR K RFOF AL FHEPRR FEREAYB AN |
t he wai Sttlﬁ%[sidl@%po%ﬁ-ﬁ&hﬂ& the reinforcing nenbers can be fol ded RN
si mul t aneousl y an alternative, a joint section can:be integral [y ﬁ_ :

provi ded W t he a kes_of .t he support

struct ureIO%% 'ﬂlﬁ 5%8518}68%#3%%8& 2 ROXMAL SHRAPTY Srufty %aé'é’rocfzﬂ\e Blétal g
fol degpi nb‘@p@h)&trﬁétu@ﬂaﬂ@ﬁﬁidﬁ Alprdxialpasd isan ovdiesidn fiheynashse (ermpgired
to the joint section. Therefore, .in one enbodi ment thi sjgg)art of the ke
suppor t . sSFUEEFg e thise SRARTHMSohe Shp Sin siie SRbKFRRAVE QF therg g or canbe

[00106] Thanslastvel tol R, tous ok Wiokdlirths G2 theGRFRVH st@ciuft ee, four, five, =
six, or nore spokes outwardl’y extending froma mddle section.in the

ddl f t.st t 20 t t th
e, ana. WPATRORSeRBH BERRRRonEY e e LR bGP or el B

can be copifgisedeiffordifieicansFer the Heisforen@ nidhiitdrs Bems istitubld m,rsnexgﬂat e-
a joint sectiqgn. The support structure can  -be_ foldable and. can, thus, -

be- ad&bt ether $atdyf off ehedPHRKIRA] UPPITH SERCtURSHERD B Usph Thegelpfprong means
i nsertabl sddttmnguyaha Q@tst}engﬁtb%tn%tme abdMBriAg MEnchiam oD fel R1GQCHN MR ¥hedT .

outvvardly, i.e-in direction of the waist: portion or away. fromthe-
wai st por prpeswal A!ﬂeafPf thedpfest-+ Apgoading/ do 2a grehodimenscthe gRInfaping gneans are -
integrally F%ﬂmte%ﬁ&iﬂgr frofh tfd énﬁeof%maﬁf &B%%xé’ﬁf %Bﬁae%féﬁ%rtﬁe o
structure ne are ded I'n"such a rmnher that tlﬁey can b

f ol ded. i ndwstahbt;pport smn:Wafr th yheaprot el p:m;shlsmorﬁlmstpeowcbw dhe acmnéchfed_
to the.joint. ctlo ref n

suppo?q sPrlpﬁlgt P'éPP" g‘{" J%F 551}11:%?“2 %HS"EQ aﬁrﬁeéta ST eglg&{ g,
30[ 00107] wdlded, rou xbeed, axt tlger proxinal a@:tlus[dnnﬁlheat zaposhtmmgaeaseehhbe senpqnmftthe :
structur.e can cl ose the def ect,. . For a the tissue -
2 PRO ( a<PoRGH) SRR Groqhisp e qaidgle SR aRe 15 'BF GOBY PeEH UL ﬁagOtﬁhe- :
over | ayi ngnbddsastR, ANdsShaiandiudedseslo R difks o@ﬂféﬁbr&ﬁﬂ@lrsuppbr{@ﬂﬂﬁzre

WO 2011/ '096896PCT/ S@Oll/ 000049. of the arns of the su T
st r uct ur edrereinirasd oy the wadorgingngans. I8 spethergrhodimant. by égstathe tteFvéeen the L

def echs i Spf OfenfiRPP Lﬁ‘ﬁn@@alﬁépbé 6}a§'g§1h@1\§ﬁ‘ th@nﬁkﬂnun]t G)ametéﬂ%fstﬂpﬁgfe& to"be. ;-7

structure can conpri se an- occl usion fil his case, the umber:; -aof: -

arms can élosstuldéheligianosds ghoatener dgpaltth éhqdn@mnmt dlmﬁr@fﬁh%dqf%ttm waigh -

4 T mOre, AL Of SRAIRRhE e HhiFbak SERRAIH BTGk e é%eqat%al o
" hole ofthe ASD or PFO defect. -

[00104] The sceffold, that means one or more of the proximal support structure, the. distal ;
30 | support structure, the waist portion, the proximal occlusion film and the optional distat
. occlusion film, can be made of a polymeric material. In an alternative embodimment of the '
- f:.second aspect, the entire occlusion device can be made of a i)olymeric met_eriai. The :
: ‘ Y , _ . :



5support structure can support a proximal or a distal occlusion film
respectively. [00108] I n anot her enbodi nent conprising or not

conpri sin Len films, the distal support structu de,
but is no%KF /E%%Eto a support structare with-3 to 8 g?ﬁgé%}h@ﬁ&1es,
such as 3, 4 ok S.i.n

f
he pr ox mabMmee MRS e oy P Be S Riien AEvie BREE a2 ASRA P by, -

to 2 tOo: 8 padeBra@ibls PP kRIegradtblt dﬁé‘—l er &b copolybner, 1Phel sanfy (ﬁyﬁéﬂfﬁla&hals as -
spokes and can be the sane or ¥erent as in the di stal suppmnt S
st ruct ur e defipgd fe%@e@’fat%@é’fihﬁafﬁs@sﬂﬁch%an‘@“@ed 4 arms, can assist in:
fast ‘unfolding of the distal occlusi.on . filminto its expanded - .
wor ki ng Stp0IBEHTRe @fd:@halth% p6lit Sstrbtufel PO EdmyStist LoloUSIE mioSe GieKe® YRtk adly
of the sheath. Unfoldin t he distal support structure can. further - .
suppor fed eptgndiag figmethe HE‘FFB?)E %mvm#aﬁtuépqrgﬁmfcmw phide 4 Jgastityo arms. The

facilitat %péﬁeec YihbAg at%ar lnt.nér Qidb wﬁaéac}%smesoatmﬁheﬂée arranged. hi;(ce:;; |

deploynrent [[00109] :The form-of the arns .or spokes is generally -l BEE
.1 od - andpakes ith avwehech oA leamativelyy theaspc'kers qahebeororhentédotd e aviddle sedtiopqifor -

f| rst asi i ect The usi:o i S r-;;_;
cs. vas” deSiped e FRATI Bt ol PR RSt HE e AR
enbodi menlbe adiyted ac beiSolded dlemeﬁ:amm‘r mﬁeoﬁdmonmsaspmcmsemblemd'@sa Zﬁeath :
proxi mal- d/SYé i stal s t structures Whﬁ']Ch can, co

D AL o B BBl D St € 3 TR Pipp i -

with the waiph dpQival &dm 1He i RARANTHTERE reibBRIMRINSInbBEakd Savided at the -
corrprlses a holl ow tube, which ' can be a flexible hollowtube: In this

cont ext ' PraEn#) BPPaFh AFACtITRahe s Fisr RidgbleriAwardive g diseiamahifevay
a sui t-abl ‘[f; ﬁfgﬁuxﬂﬁermfl‘?ﬁe &m«w—eﬁg nmmﬂ%mhpg f&aecﬁélﬁﬁhmbﬁ% At fM@rmative, |

enbodi ment "having a flexible Rollow tube as the wai.st portion, -t he
proxi nal an@nnbsectlmacan bt integelip pooidest to g ey rveticiip ages eTomabes efdhe puppert

CoMeSsO" s8R 3 Agl°hL Sl ACPATAEOI HBp 9108 sl o

wai st por toutmfdljr hethe gositieth miherectbemﬂetcomﬁzcmdao Etx&amesbctlm titherefisrer inaink e

into the ho 0 wai st porti.on. ejther f :

e ot ot Rbo SHgt R Rl of BE sl PuspBO I Rrplenif sl A RSt es”
connection can: be fitted.by a quick-fit 30connection,. a screw ‘
connect i ofi00166] 'ﬁhgldlataheuppepmetmeown qommpaisel threey foury e, i s grqre pokes

el i ng. 1t RECEAFY BREP KNS AR BN B dhinle NS RSP BB e Doty

The wadst aptetat tastahee bend oxdmeccénmeasd artbieit maugkd witleeasp etiiendl hefspekiee
defect ~and -. can, therefare be 0 the tissue thlckness at -1 he

openi ng oFa%B%CCB’E‘e%F(g?ttt;'%gérWSﬁaﬂid% azf&]g%lmﬁ%lgfl %0 FFPRIEAdC BoEh oy TI“?Y- ,
t hi cknessegppotthieuahn@sdan 6k &‘Mdmmaﬂalecaaguhugg uaedd:iyemmﬁmdemwmds HBIHICdEhdaS -

the material elasticity, nge rraterlag% kness, the: IfJ J;Lckn o
of the 5 phEE aERdo PRdtrtale ifhe shertls THETD: B 4WR ANDE PG HRHRIZOr |
bet Ween a@@N\Iardrﬁrl@ B WiredtRh oFXRTWAIS, poRRASr ajﬁaya‘ron%%the%alﬁ poﬁlon7As gn oo
9, 0 nun e wai st, portion can be a tube having 'a dianeter of: - .0
about 2@ 5 altggnative, mnmtfsmtm@mnrpﬁente%&npmm@d tegether with theaigts, qy.spokes 0(5 S
1.1, 1.2, 9 By I o
L L2 h(])ef s'ﬁpﬁ&éstr%m?m *T}he? ks Jre ézlmﬁdedjagrsﬁc@n Ilﬁasrﬁlleﬂﬁ%ah?ﬁég 4R tJe folded -
t ube, can nimrdigt(we@rlwaﬂdmmt CneOﬁ:vsami ®h€r6 they afeoconazaerd e thﬂajmlut SeOtIQJE
0.06, 0.0z, 0.09,. 0.11 15.. 0 9, 0.21

0. 29" 0: 20 Teyeige. ip S Simppginignt, Bis kb sibom gty ?n%tag?éedaﬁ"d‘ef%f high
wal |t hi-ckielssicaf stihe connectors of the : proximal and distal- support
structures are adapted to the inner dianeter .of the waist portion so-.

t hat P he .vai [ W' s |

of t hég Hidéﬁz or 5 %Ifﬂnéb aﬁg%‘fng)d{ tsnﬁgﬁmftgé]?s l ﬁg%% “[ aﬁta'gli)eng %" %{] lﬁé@tﬁg o

j oi nt S - of d¢oe. BannesbRl i thestigsae dbfactgen PEOaas tlvevr in Fig. 1c), the defect can be’ B
.: closed by press:_ng the overlaying tissue ends of a PFO defect against each othe_:r by‘me_ans-, :
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15 length of the waist portion, but |ong enough to be connected with
t he wai st portion such that the connection does not be di sconnected

during op%{ Jlﬁ&;ssJaOOllZ] I n oneenbodi nent of the occl é’{/ﬁ&ugﬁ%h&g
i t

accordi ng € second aspect, .the occlusion device f

corrpri‘s_es deliv stem SimJar. a 1 i.r st '
ol ver Tt S timbatoRe sSbRl et et B ardes o8 e st AT S iiee
whi ch r emgkng @rorteraenﬁ’l@ afl Q\fﬁﬁias Shteh in'Fig N®), RRpPbrt bidecnRB Lt MmprRetn -
can be renoved at the end of the ‘depl oynent procedure of the L
occl usi on ogdvsiarefilng. dthisxjaser e npaibeyefrarmg casine ladn %awne@rrﬁm ipdheproximadt -
oneflrst I \ %%SIE ol I
t hr ough a’ egt ﬁ{‘&t aad;rﬁg(gtg s hgleégglyngio al%ﬁﬁﬂq{‘t‘ﬁéu%?t uﬂ? .181‘?g as the

del i vebi nguppesssucans coesuppood prcamal@bhyﬂlstabncxémcmﬁlnnrasp@tlmlmxr mal
support,. structure. 25 Renpvably connected in the context of the C
i nventi on t hd W
LTVt ur o (EBOPLAL R inc pAMlnbR GRBRSSE S bPrdsRK: BBbn THRRARL disal -
depl oyi ng smppoatstmtteretqassmcﬁeblﬁu nati liteitedftora spparpstaictime with 3boc$yarm5 oa .
patient,

occl usi on %Dtelﬂ‘?f ég beggg’gdrer'gc Ibg;qugc r%’ggllu%ﬁpgéquf Sahatﬂ?r ré?il%ﬁl .

means can supPpe s strh@m@cuah ihs, td1evs|rm>el1m|ited RE2 ‘r DB sﬁﬂcesumjmst’: 4, 5 6 e

structure of the occlusion_devjce throu ‘he shea h or .out of th o
Sheas 0" Togcha Srorbbs A R b thersaipe on it Pe Retre i SteathsbiSyy,

pul I'i ng OMhP U HfMbré thad B abhE el iR kareREst ih Fast ﬁﬁ'ofdhfgﬁiftlﬁﬁilétéﬂ&fcblﬁﬂon .
means i s engaged at the proxinal end of the occl usion

2011/ 096856PTIY Seerendaopakng sgusg after the digpksuppets a'@wﬂtfﬁts %BbV?lettGBe
in the m grré' SeRACURRIIA otfhﬁe qis{sdr %hpp%upaﬁrc{urétcw%ﬂreﬁ suﬁ]@ﬁe& B§ Jamgl W
tube of t wal st porti I'n one enbodi nent of ‘the firs ‘
del i ver i nghapeamesory metemhﬁsﬂ@amnbe facilitaty thh reshvering ife its em@ltsﬂlype after -
conne(i[éeddé O)H;'e%tm ddl e section of the proxinal support structure. -
Theé ro np or ‘exanpl e; be engaged by neans of a quick-fit -

meChani sm'or ‘by a screwi ng nechanj sm [00115115 The sheath can be a
hol | ow: pol 889 Ehe fape ofthagrretionspokrs dsgenetally fike e eé&em%«rvaﬁheorém%fefm
and the: fi¢ gt i firk FHh oEAMNRLAIMSGh R DoV B the
cat heter . ?{)ﬁlt g%lht'}g%dng&tl ofé% usglg(}%bﬁew 8e 1{55(1) the ti ssug)rdef ect o?,"
the pati emmelﬁimnﬁ]wasrﬂcaﬂ@@ﬁertheﬁtﬁbﬁmnt the delivering system -
conprises a second delivering neans r enovabl y connected to 'the dj stal

suppor t SLcr £6]UknCa FeheaRiNoBENdD tHB\clitien UEGics! AR Jeohe Bspddf aéllides . .
the sheath or to nmove it back into the sheath. The second del’iver i ng:_,

means 2@ anpioginal gagfos st supptib SEHANEE G pRISEPTRINISS Gceqniestefnadiated cler
with the g&r?l%ghltggﬂ@&gﬁéc ivd f]l.gjﬁ&l‘t' LSudiE Q4@Hnd Q%s%ﬁ" In gﬁheerﬁ%ﬁﬁﬁérﬁlthe L

and t he. con tion o depl oynent tube can t he sane: as
descr i bedwhist partien tqmmseasb@lﬂw tube; whigh @Mtbemlb&@holbﬁrd@bh ﬂﬂEﬂtlS CCthﬁeit .

depl oynent e ;,
connect' ngﬂe?r‘}eg? : eans t% }Pgséné) 4 E&uc)ié]%o%%%g%m Ma@%ﬁﬁ%‘él{n % aq?lﬁe s
di stal .- subprbeﬁdu@ bﬂﬁt’tdﬂdﬂﬁng)f[n t}ieeammhmmt dmvrdg\al ﬁceubld: thoHdw suberdsdtie mamt
the occlusion devi ce: r end. a.hollo eftllube havrn

e codSu Bhebn IRy bOSiTd Bada e A b SR er R b BonB e X GRS,

threaded iihessi HhoBdt liGBE plodru@ing a8 ahémiddle otfhh@ etgniloidey didhlesi Pfjort é": ?
t he di stal support .- structureby a screw ng anism This €nab

t he secur &reshie dethe diregfon ¢fdhe aishpertion. %b@nwﬂf%cqnﬁ@t% @readapigd to- Be: ;E '
devi ce dupj . fgt R HOHS® HibeIrARE St orF&r cIReR MRhEthe lieal o R SYRRAI |

tube can be usee?i]ﬁ or novl ng the occl us{J devi ce through the' catheter -
to the end pbthiethollowdhibe. He this smbedlwented;lne conneasion asan \be | fipted thiyi & quick-fit .

0D O 5 ERE R ) e, BB AR

€. . the' bestréngthened by using a bonding or gluing agent, or by welding the parts together.
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right atriumside. A further alternative use of this second
delivering means is the repositioning or retrieval of the occlusion

devi ce, i fw@201€0284¢t 1 ONi ng procedure or retrieval procpaik€oh 00049
necessary In this regard, the second delivering means can be used to

pull - }Q hlfw ipo%ons RRR ﬁéartacektéﬁ&uﬁéugmgt Bl%n?d SGh a@e&randr..

devi ce . |n or t e cat eter. 30 Therea e occl usion: -
devi ce cana:a@iwrefoﬂe@edadgﬁ@@dhanssua thidoessett thecbppuisi oi ofm benelastte etimgblt@ R

def ect” or an eved to a.new
2011/ 09688EPERReEs AIRPSHotPEOTEEHaare Shaft i Wil commen. -
further - cenmfoue @uo?h a%qby mwrnl éluhxcnf,/omemm €hicltew, i Wil tmgmemmhe L

can ‘be made of a ic.material. Awre spring is, ge
flexibbe tl@ﬁo«ugnhe bkeoéfhea@tSt Mlﬂ%@@%%ﬁ?ﬁ@f@%ﬁ%@fl ab%ﬁ §1Pﬂ@fpdf0r o

enough ‘'to celus eyi .
[00173)  AcoiiflelaBfudts) U3l T 90K 5 e 10 BB THE ek DOFER AEDLORDE hiVng 2

anat oni-catliathefee of about 4.5 fosk® e, rfor exinmds, about,0. bl hd- hds, tGrint{hd I d; 2, -
an openi ng 3c?r21n(=1\(‘5t 1’159 1% f rSOrit %eﬂ ﬁ{ﬁ‘g ﬁle%ﬁhthﬁﬂgssodf tﬁe tubte %H@ V\}aﬁ‘.t :

provi ded. FTh thi§” contekt thé efm - Closing an T
can nean. gortisnligincihk ftmneaf aeutte, odn be batmeenhbuun Om)éeamld d)fSOsmoi;\ fa‘ example R

bur o) 0% b R0 A, Be¥t LB LB Do BB B U3H TR Bl PBan0

10 of thepisgvend, o5 G hBEShd Miemeleannd dhe PAIDIHGhAY of tikhoAkddtdr§ibOhe
whi ch an occl usion device according to the first aspect -has been

i nsert ed, Pﬁﬁ#?ﬂ@nqﬁ@wb%@PW§NBHMH§VFE@kPH$6®§W1Fﬁ§d§H§5¥Hf@ﬁ“Pﬁ%P%¢@% -

of the ang g Gd) ffit%ftﬁ&tmaypou@dm Q‘hé‘lqut'h' M e \Gal ITBARSess BPHE RBnreb@rs are
proxi mal support” structure ‘of the occlusion device out of the sheath

t hr ough t hdaptidfsuch thao thet fotal ﬁemoﬂt oishaih jofitstaidhe Fuwedorsds got largef ghan the. |

fr ont. 1 atoogp A ¥pEpdeEy %ﬂ%@?‘&?ﬁ%ﬁf‘h‘%“eﬂn%art%%ﬁ%“h 2

wi t hdr awi tigt tlhheomieetadd’does not be dlsconnected during operatlon

E ;;:_E _ [00112] In one embodlment of the occlusion device accordmg to: the second aspect, the
occlusmn dev1ce further comprises a dehverlng system Similar as in the first aspect, the .
o dehvermg system does usually riot form part of thé occlusion device which remains at the |

20 defect side in the body of the patient, hut can be removed at the end of the deployment

procedure of the occlusion-device.

- - [00113] The. delivering“systen‘l can comprise at least-one first deIivering means adapted to |

i:f: move the ochuswn ‘device- through a.sheath, and.a sheath In one ernbodlrnent the ﬁrst )

. dehvermg means can be a ‘rod removably connected ‘to the proxunal support structure

25 Removably eonnected 1n the context of the mventlon mea.ns that it can’ be connected to the
L proximal support structure for loadmg the occlusmn device mto the sheath and for

. deploying it at the tissue defect side, for example in: the body of a pat1ent but 1t can be '

removed from the occlusion device after the occlusion device has been correct;ly

lpositioned. The first delivering means can move the occlusion device or the proximal :

30 support structure of the occlusion device through the sheath or out of the sheath.

Movement of the device can be accomplished, for example, by pulling or pushtng it at the

o proxirhal' end. If the first delivering means is engaged at the proximal end of the occlusion '
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to rel ease the waist portion in the opening and to rel ease the distal
support structure at the back side of the tissue, and depl oying the

di st al Q\Rffotl /§(}6ﬁ}6cture of the occlusion device at thﬁcﬂé‘éio?moﬁﬁb

defeet to ose e defect. fromthe back side of the tissue

rlght atrlum .RA e context of, the present tion -
t erm * movidRgee He@%%thé‘ilighg? Vi thop iPythe ol Eﬁ %ﬁﬁgﬂ’&a SURPR% Ftﬁ%?ure l
structurea@dthgqhgm‘nglﬂel@et@%@go%nt hei r di stal support portion »
during:the insertion of the.occlusion device into the sheath or in"

th t he t f.th t to be treated
e, Peos T RSt B i VRSl BB Ro RSl WPRMAR
through t gn b¢ ﬁvﬂiovaslyciemwctea he thd BRIdR, settion f the plokimaTeaport Shattutd) The

sheat h-goes_thrqugh the opéening while the.' 25 proximal support -
struct ar ef‘?‘%c%\f‘éfdex@@? eobe teﬁeags%é&tmpaw of ﬁél"!s“ﬁéfﬁtlﬂecﬂ‘%m%ﬁl Oméf & $EHYING

side OF ~ thenfefgct ‘while the proXimal support structure is noved out_ '

of .the sheath. [00120] I'n an- enbodl ment of .the nethod of. thi s aspect,:

t he proxi n e dist ort, struc roximal . ..
e Lo Bl e heedhcnt B e BRRRE powmgre T A R
occl usi on gkitdTaid tﬁ@)ﬁg@l deREHBGhedht Thd BReallf 82 BRInSHBPGh oS EdthidirUfog -
and the distal occlusion filmis noved together with the distal = .. = -
suppor t stplixering ghe occlusippgavicr]to fie tarrstdeet eftbormtivaint of the et hod: of
this aspect, the nethod can optionally , canprise steps of retri.eving.
the oagl U§HCANEIBY hrkhed UWmbdkirhdhe, ﬁlh&fbhherﬁlfg tyerncabhptses safdeend dbieveAfly
WO 2011/ 096896PCT/ SG2011/ 000049 X ga pgort str cture has beeﬂ C
rel eased. TRABNTIIYRecAnRect§dy O %ﬁa ?‘Rpofth ST i2th 1 2daRiph &¢ fmove the

struct ur e BasifieadviEL igasidimRahess dmw Rgvd it Bk qy@hthmqaeaef BRE s@bnd
the distal suppor t ructure - been rel eased-at the front side

of the deﬂ@lwrmgﬁ@am@pb@fa ckelowevﬁ tﬁge pdrated dp PYdy the gedypianedavicy yvith the
compri se jiy Be %@@%@e%&lﬁa m%xémet ﬁﬁatﬂc?hy%ﬂ&a@%ﬁh Gfie %&ﬁgcai bRt the

sheat h_of ter an ng a new occlusion device-In t e next. -
st ép. 11Thaﬂepimmt tilbe oare bertho damens deimbcd ffot He fiest mbpeetalInon pltrenative

occl usi.on _devi.ce_, necessary, a o 0 S d | '
used and F]ﬁlg ddmﬁ?t %rl’Fe n?p CE?H'T(')cclz1 e ubreecaﬁeeedg ]Pe %)p(%&rge%\éa ?gﬂq}ﬁe i [‘%8?23] -
In a furt h@fneamgod:bmbétt whi‘chtmadziﬁned th bs mnctvablyh@msb@qfﬂ af theedistalestipport

t he occl usi on deyi.ce can ¢ e.the ste :

A AN R R A e SR e

the proxi p@k est/PRENdw BiveBalidg @ thesHealextehior dirfbahndsthp Rotrectiel memwre,amf
t he occl usi on device back 1nto the Shea%‘ﬁﬂﬁlg\/ﬁ@anatl ve|

retri @9i nhavsrathreaded injseior sHrfarete B8eEas) e WitHee %fég%aifatal sipport.

del i veri ng (EaB$y GABRGGIEHABNENCTHE ShlesIHPRRe BhAREM6 BNt BediOyrhdht
ei ther -the total- occl usion device or the distal support structure of :
t he occl ugxbgnwmle\xh@e:cblawn|dwwetdv@mgwbatdeplomemopmfdur@ Fer gfample, the -~
W Lhin:t hﬁepft@ﬁ%(e%t A’ d3h bk Wedhor LS inTRRD O H R RSk Qﬁoegf{hu%a@@ce%vehse;

of

-+ position of the tlssue defect Altemnatively, this deployment tube can be used to deploy the P -
25 . folded distal support structure and to arrange it to the back side of the tlssue defect e.g the ':;'
© right atrium side. A further alternative use of th.IS second dellvermg means is theffzi- N
repositioning or retrieval of the occlusmn device, if a reposmonmg procedure or retneval ﬁ o
procedure is necessary. In this regard, the second dehvermg means can be used to puHA:E' )

" back the distal support ‘structure or the total occlusion device into the sheath or the ca_theter. a

30 | Thereafter, the occlusion device can again be deﬁloyed at the corrected position in the .

~ tissue defect or can be retrieved to be replaced by a new one.
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the first aspect in a transcatheteral closure of an anatom cal defect
in tissue like a septal defect or shunt in the heart or the vascul ar
system S ct can be in this Context any defec}

but bei ng%fﬂll @r%r%gt?ed tp, atrial septal defects, ventrlcu%gr sep aI
defects, patent ductus arterlosus 0 at ent for 20[ 00

The depl oy4fAT] Phetcernidrdelisiry Zipaptan caBued GO T S *sakle
which i S GRXGH %éh%nh@hﬁ&’e@%ﬁn&f thitErid)f £ $8RlspfifyRREARAly flexible -
conpri ses in 1%ggartllcul ar enbodi ment thl ch is sh ovvr?plnlrilyFlrggureyZ exh .
steps’ of Emsghtd bneastinbisertedrig,a catster.dnhisingi¢ epogh t pushiile oesligiondgyice - -
optional I r e occlusion-device of the first aspect (as*_
shown-in étéﬁ]terésg’jy’ét&gpggltlér{s] of the delivering systemdescribed’ .
bef orehand, and then retrieving the 25delivering system:In the - .
Fi gur e52, [QM&S]pAefséam to ¢ thirdespact veaethed o hielosing; ars ansfomaipalidgfogt inrptissue |
met hod, ASE4L :
general Iyﬂ1 ?gﬂ;ph%f g‘gsb%@%%{' B?t%hwﬁh%d gﬁédﬁlé(cg[n?%k%fﬂ% Dev%ny}qjaej?glhggfa
prepar ati tssue is provu{e@OI‘nZtﬂijs hintextydhd tesmoialodizngi aearsrmmibe deséntinetean 2 h
the deliverin e.30] 0 g W re 0 -
e 1) SR PTRATg it Dok S Gt ek PObn gh Wbl
descri bedvwabe\Rfdrs £ &gsusd bithid® eheatistit dasl b fregted rmiecmlm ftthd ehirdfadpect
exanple in_the formof W 2011/ 09 896PCT/ S%% %1/ 00 0 bel aI r eady -
| oaded0i nohtheruention qomprises the sisphet BPVIdRE & sheath 1tg iy Pé‘ev(%)
can be regnyalhy tCORIRG ALk ﬁast s&nQﬁs@ﬁw%oﬁagoser&cﬁ&wawe&tmugmﬁe
occl usi an device. This can for exanPI e be done bﬁ anchoring:the wire -
by usi ng slwetly B the i efhbie sapetomicahiigioch By Waingt a dehariss mepranEAYRg the -
poi nts. : } 1A ShdaBflnk R the GG -
tube 5(11 prop S‘G%S‘%% J“%ﬂm?fég%%h(%ﬁ%e&% S0 hﬂrﬂgﬁ ﬁ?thecnlts’?héat h.(14 Q‘i :
during thdlelﬁmlesltle ofiths tisue (¢.8., leftraeriendiod), r:laﬂoylsg]mmrcmmsh yopast Struchine

| oadi 10)

t ﬁ?sl ggn tﬁ%lg‘fmtvsé(f %qF%eﬂst‘%’%ﬁu"sﬁr e%ﬁg%%er & f?q{tﬁldg’lmé} r M‘ﬁ%ﬁ’\éﬁs B?ahh

occl usi Ontcdﬁlehs‘eethé h@lst p@ﬂomg: tive bﬁer(irﬂg)e)ndan deltdse tigudistel supet §thdjure at the - -
ted t t h Ix

e bk shor e e puE iR s B¢ ARG HSeds SR gl

(14),  whi iR dhhemi@palifag t\bis tﬁé@éfe&%mnbmeaadwwdfenh thdﬁﬁd)(etgh&lgfhhﬁ&hiﬁ ’

(14). Then the guide tube (11) can_be renoved at this step ?I el[l -
t he i nsermr;ns;g%fpntext of’ the present application, the term “moving” means elther pulling the

20 . device at their proximal structure or pushing the device at their distal SuppoTt’ pomon .

during the insertion of the occ]usmn device into the sheath or in the prox1m1ty of the tlssue .

ofthe s_ubject to be treated.

- [00119] In the step of moving the occlusion device out of the sheath and through the froht DS
. 31de of the tissue, it is elther meant that the sheath goes through. the openmg whlle the :
‘2.5;{' proximal support structure 1s moved out of the sheath or the sheath is at the ﬁ‘ont 31de of ' " 5

. the defect whﬂe the proxmlal support structure is moved out of the sheath

[00120] In an embodlment of the method of this aspect the. pr0x1mal and the dlstal support :j
. structure can support a proximal or distal occlusion film, respectlvely In thls case, the o
proximal occlusion film is moved together with the proximal support structure and the - o

30. . distal occlusion film is moved together with the distal support structure.

- [00121] in another embodiment of the method of this aspect, th_e'method cah optionsl_ly o

.~ comprise steps of ret:rieving the occlusion device out of the sheath of the catheter af";er.'the' o
' ' 30 ' '



[00127] In a next preparation step, the retrieval wire (12) can be
renovably connected to the distal support structure and housed in the

depl oynen it is shown in the first picture of
wel | as |h” g§9§§) ri ght-hand side. 15[00128] 2) Infs’ée:rlhl ?ll%8®?29]

T et bR B B PEnTaCHERb R SR5E i e P

begi nni g sidoh tthetd@é Ok 1BBén BB befdieS hh@trﬁi%ﬁt tirohghoviedddiet toh ehwvaliistd] -
portion.and the distal support structure e cat heter sheath (14)

used i.n:t rEpodmYe e beemrelsesed pbthe draiyidet the dafecht Hhegtepart Fejrigidngthe -
for heart RO EmARR! LFBEONE Sk AUl AbnibPAIAN off dithe

the .entire evi ce insertedinto t eat h
t he | oadi sheaiti oeth(e b@t)heitcamdommgﬂme\e@cdqunuI:1¢\u¢wgmethe oerd stapd Thit rmm;s ‘in

| oop-forned |o | f not i de tube (11 n
&7 o t anedds bRt P aE e s e iIEY oh o ichyp BElesot A qekhsb”
The prepaldedicOfdisifl terusebaidaie dépiBiicatipbaddard ieedstb atdpestidiyganhi ch can
25be put:into: another catheter sheath or directly used as catheter -

Chorenrt cANBAE] BBy Bl eh Bl Bp SR P bR, BB bopypion .

t he end ofdeilbec&hﬁﬁiphse( thd)stepd’dﬁ}httmlmﬂgt}rehetnetaymemm hblitngape stieaidy ib 0 '

be . closed, .that_nean e shea van cr t he .0 '
o0+ h0 T RETE BNy e BOTE SO S BT SH D HRO PRt SRR S
filmare pheRNEBndRvIEaBadkEnBUES Skt ARUGIR NG tmemmtgdtapmnfbmmled
side. WD 2011/ 096896PCT/ SG2011/000049 [00132] 3) Anchorjng [00133
The occl uPoby Withirawingdhe %o%éﬂaar%%wrm%te&etﬁ dhe distgl t“ﬁE" Bl
si de of Qe HPeBiNg thyto@%@auﬁdn H@chd&pﬂhgmtsuﬁﬁb@testfuh?n}e of\fﬁlecchlE'ﬁn
proxi mal support structure been rel eased fromthe sheath:(14);

t he suppordaVlsqlvasrktﬁubéh@bﬁﬁthtgs open, for exanple, springs 5 inits"
originally unfol ded shape due to .the shape nenory property of.the

mat er izl gfo1nBEI:SHMRO WithBithe!SovE Aefidnish of e rrked to ﬂﬁ@ﬂh@&cdllﬁlﬁorpdem@eﬁﬁl
occlusion film Thereafter the sheath (14) and . the %etrleval

(12) -are K frst apeettae taracatistoral slospreeif, a aatoniieal deleicR tsHS lrket%eptal '

unf ol ded: geRX dt%hmﬁlhmerﬁea&t)f Hl%h/%cﬁla?%@ténh%eﬁtrapd%fé@hmpﬁé:hﬁﬁﬂsQBntE*t'aﬂy M
have been -anchored at . front sid ere(yfsea ing the defect
(¥ [

from the fefoett msludlag,oltuttbheggepiwd M@tr@éﬁﬁé@lt cts, ventricular septal defects,

patent ductus arterlosus or patent foramen ovale:

- 20 .' [00124]' The' deployment procedure of an occlusion device of the first aepeet which is .-
B covered by the third aspect of the present invention compfises in a particular embodirnent
. . which is shown in Figure 2 the steps of insertion, anchoring, ‘optionally rei)ositioning, -
- seahng, Optlonally retrlevmg of the occlusion dev1ce of the first aspect (as shown in Flgure o
3) by means of the dellvermg system descrlbed beforehand and then retnevmg the
25 dehverlng system. In the Flgure 2, the procedure is descrlbed on the baSIS of an m vu‘ro
| method, wherein an opening in a tissue (grey) is closed The method genera]]y comprlses

~ the following steps:

:f.

~ [60125] 1) Device preparation

R [60126] The occlusion device can be assembled with the delivering system, iie..with the,'.; .
30 loading wire (10), the guide tube (11), the retrieval wire (12), and the deployment tube.(13) f

.~ as described above or can still be provided in a preloaded state, for example in the form of :
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10 position can be checked by a respective "anchoring pull"” at both
of the sheath (14) and the retrieval wire (12). If the proxi nmal

support Sﬂﬁ&ﬁhﬂhﬁ_ﬁas been anchored at the front S|de,Péﬁ§Gﬂ@9Mﬁ&@ng
pul | feedbac eIt when t he prOX|naI support structure sit :

tot t he f f .t :
o b1 on Rk S Pl df s P &8 s BoeeE A 5t e badm&\usgﬁt}gm e
Figure 2 Irémdxablyhenﬁmwenh progel istgport SRAGKADGT the oaemm ddvive. Thls can -
[00136] I'f the proximal support structure is far ex reI o
wrongly, farexamBlyhedions bhatlchﬁuseéhf YiFF B B¥ing Wsd%h?ﬁgg Smﬂhes Béf‘@ﬁt K
opened be&)@ftﬁnt‘a@‘ﬁngﬁt g&hts AF nbd, thB%oRMIWitON 09Lan Ed’ﬁls@%hﬂl@'@@n@@ﬁﬁb@ef-. :

shoul d be‘repositioned due to another reason, the sheath (14) can -be .-

20hel g5l n(bdsf‘i’ltswhnwhelleadmwneflﬂi) dvoughithe ehe@m)m)c@mnséhmwﬂmbstak In-
| -
haac . PSR Sl S 58063, 1o RERLVRL Bl 350 HESRRGHR 17

repl aced: whdvn. a{dmelomb wsn ba ddevedc fomntle thigure 8b aﬂmlm)au thg lsﬂt einie(cﬁtth@ o

3) of the-occl usi ce can b er f a 1001 SR
[00139] " |P°<§wé°na HSr ﬁfﬁk’ Fiag 35 @?ﬁe&d&ﬁ@gm ohipe t(ﬂIe) f’%\; |thwrPé1mal -

(12) in p@@pbi’t%ﬂuétﬂfi RS FdWhDE ptgeeeﬁnmstgumeme((iﬁ)hasbeelmoh;plae mRSbd
the di stal support structure an he di stal &elusion filmwh Eb.i

still 9ol éteeuahﬁh@ sheathi{d4) whild the loagmewira(t0) hes begp asertqdhinto the Fhep (1
rel ease t R, t he e
di stal occ 82?% ?Qﬁﬂk{p@(mﬁﬁirghzg?ﬁtﬁ#ﬁggghﬁﬁ%ﬁgﬁﬁgﬁgT%g%rt|on |s'ﬂ:r
brought w thin the opening and the dist Su rt 30 structure is. .. "
al lowed t 012 Infnext PERAEHULIER, theeHicv e cary B rempxaly Gonnsgied to
nmanaged b)'headlstMQuﬁﬁ&ﬂétQ&@g@ ARCR 6 QﬂﬂfeQﬁQﬂg&ent&%d b it @NEhoRinGindird ﬁrs@f: :
e :

the material and respectlve stress int fol ded state or by -

shape mendicirpeofgireilas weil af mefigws ghcighiandiffort structure material’.
[ 00140] The distal support structure automatical ly opens. its- folded
par t s 2sucfpoibsyt 2)tlheertion : . .

- [00129] The loading w*ire'(IO) is used to- pull the occlusion device in a folded state -into‘
.and to the end- of the sheath (14) of a catheter begmnmg with the proximal support :?_- |
structire, followed by the ‘waist portion and the dlstal support structure. - The eatheter_ o
e ' sheath (14) used in this embodlment can be, for example a sheath usually used for heart o

20 " catheter applications like an 11F sheath.

100130} After the entit'e occlusion device has been inserted into the sheath (14), the
loading wire (10) can be removed by pulling at one end of the loop-formed loading wire. If

~ not yet removed, the.‘guide tube (11) can simultaneously be removed from thé occlusion

g dev1ce at this step. The prepared occlusion dev1ce mserted into the shéath (14) whlch can =

' 2'5::' be put mto another catheter sheath or dlrectly used as catheter sheath 1s shown m_:E; .

o Figure 3d

[00131] The occlusion dev1ce can thereafter be gulded by pushmg it w1th the deployment :

| tube (13) to the end of the sheath (14) which can be shortly behind the opemng to be .

~ closed, that means the sheath (14) advances across the opening so that the prommal";ﬁ '
30  support structure and the proximal occlusion film are prepared to can be pushed through

.- the defect to the front side.
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di stal occlusion filmseals the defect fromthe back side of the
tissue. Alternatively, any 5 other unfol ding nechanismcan be used as

-long as gfubpRedst structure can suffici ently be unf p¢fed03Hodobs! S
shown in the Figure under the item"Sealing". [00141] As shown in

Figure 2, port structure closes the opening fromthe .
back sidé{%{#}%:ﬁ%f%%&_f#’ [00142] 6) DeV| ce Retrieval 10[00143] If the
di st al s,‘up&grt structure has, for exanp accidently been released

behi nd ; 381 peqlypiosy ¢gyios cap rbatPUMﬁQIO&gh th?ed@ff%m the fentsfde; gfgthe

el et M b il Y8 AR UGS b s
occl usi onbdmmek:esedaﬁrmnb&efshnaﬁe(dtlb&mlsuppwtcstmbter@peagsmp(en,@r wrnp!n pEyinghe .
bcol usPon By R Rided Sidhe 456 4T IR hdeaip b il A T el BRG
}Q gﬁo \o/l:lol O‘,ﬁ%ﬂh sfuCrar b tiepdby Strefb ks 8@airoxiial dechision flm. Thé&daAk} thé)sheath

| [ 00 I f o
sati sfact 614, ané ﬁ’grr%tg‘gﬁsl é\?%l(?q%ﬁr‘é&%‘ik’)ge@ﬁﬁ%’ggoﬂﬁfg&éﬂ arefpaﬂed baé?;fé}ﬁﬁll "Qe 3

by pul li ngnﬁide@'ﬂ?ox%ﬂﬂ sﬁ{)potrﬂ@m&%}er dn8 i rtﬂ‘hﬁﬁl dctRbion iflmithve Seeh Qn&}ﬁ%a%j_.':
form Afterwards’t he d oynent tube (P and the sheath (14) can .also. . -

be pul [ ed thealient tsigley talterﬁbwealallgl thpd@ﬁegt %@mzhﬁ et sidg oﬁ/@msp@uxyygtl@ﬁmm;f :
to | 2%
oy redh SPSAES S PAIRNL st Sl AR (8 PR B
structur erqmmal dird (52). Thihe brmhalwptmraﬂdlcninehﬁabﬂen 9nazheredf attthﬁefrdmfw

respectiv 00146 d ocedur u3|on di v

of The. soisyinchamEopl fretncR 3 SHCE M, Beagob oo f irRe S Se ki e
present i fysBht e fioongdd ofelke tissie. 2 . particul ar 25 errbodl nment shown in
Figures 34 a -f the follow ng steps: a step of p05|t|on| ng the sheath

i ncl udi ng C i e %f%%r

Fi gure 34£(§d1§‘(')] ﬁll' oﬁ&t%%tifgﬁép?%}(%%n%ngog(l]fg%ostrupﬁ n% ructur ﬁeL %118 %lﬁlé oen% -
si de a$ tﬂfe%lﬁfo«adﬁnmorqag’rl ing the sheath .back until - the proxi mal_
support structure is released (see Figure 34bh), anchoring the .

unf ol ded WO%LI]%'R%EQH gyt structure at the front side of the defect

(see Figure 3 ploying the 30 distal SUpport structure at the
28(]:_ l](_ / Sbgg@é&kﬁﬁgg l()I1|'t|stru urteqse fo%%%gt}u?le rglease \rll.rtrclmgly, I%or exam\pqg is :

. not pushed through theé’ opemng, but has been Opened before the defect, or'if the p031t10n of .
: : the occlusion device should be repositioned due to al}other reason, the sheath~_(14) t:an- pe L
20° held in position while the retrieval wire (12) can be moved back, e.g. by pulling action, to

force the occlusion device back into the sheath.

[00137] The occlusion device thus treated can then be replaced with a new_occlusign s

s deviceé and the rg-anchorihg_step (step 3) of the occlusion device c_aﬁ be'perfo_mied again, ;

R [00158]355. seaﬁng :

25 [00139] If the anchormg 1s satlsfactory, hold the retrleval wire (12) 1n posmon and push
: the deployment tube (13) slightly against the dlstal support structure and the dlstal.jf?
occlusion film which are still folded in the sheath (14). Withdraw the sheath (14) ﬁthher to L
release the waist portion, the distal support structure and the distal occlusion ﬁhn from the o
sheath. Thereby the waist pOI’t]OI’l is brought within the opening and the dlstal support -

30 structure is allowed to spring automatically open. This can, for example, be managed by a .
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di stal support structure is released, while The fol ded distal support

structure will be recovered into its original formdue to
shape- ne ts (as shown in Figure 34d), anchori ded
di st al sgg%%%ﬁL@?Egﬂcture at the hack side of the. def ecﬁgﬁl%@%éﬂ@\&ﬁbi n
Fi gure 34e i

).. and retrieving the delivering system(s Figure 341).
| nFi gur e safficieptrigidity gbihe mateinl apf tedepestiye §¥rlpﬁéﬂgﬁed§9%%g¥ gﬁape :
whi ch cou - éét‘%f‘ef% i i } met hod, wherein an .
openi ng: i r@?o%fgrggéﬁ%fg%&?ps C Og%%ﬁ?ﬁdgfﬂé#}gﬁt‘éﬁali he following the -
present-inventign i s described in detail the folloQwng non- .- . -
limiting B B degp éwnogtes_tm@repwg@ﬁtecaﬁ?ﬁw@ﬁ% i ﬂ?lgg%%ﬁ ey fie: .
these embaiMgalissi i Q&alsﬂh?'d'eﬁ:@t BEMSAE bXRONFe SIS HiddueMRdihibRly, @y

and equi.val ent enbodi nents of the QCccl usion device,mhenAconsiderin%-
t he abbye other mfbdingdaerbanipm icambepset laglong ae Hie syppor] Sewe] cameutfsicatly be
[ 00149} | Pgure. 4., SR 1 AR 0G i, @n devi-ce of the

first aspgré OHtlﬂg a%ﬁgs\l%fb‘@n %ﬁ%gg%lggﬁ&a%%@ ed for.the use as an

ASDY PFO occl uder. The occl usi on device of this enmbodiment conprises a
proxi mal $UAbr Assshpwa iy Fisure et distalistppoat HrSRIreralosesdhe QRSWIE Tem, they -

in-disc-1ikg SN JPHANe Both structural parts are integrally formed, | -
wherei n the spokes of the proxinml support structure are whiite due -

to their hi‘ﬁger'_ aroynt_ of radi opacifier. The 1. occlusion devi cebf-.:'
this embodf ?ﬂtﬁ)faﬁ’ﬁ@&i%“#ﬁgrises a'wai st portion (24). connected to:-

the proxi mal support stfucture. At the othef:site of the waist =~ = .
porti ao ( PeD143]}t Hehaistahbuppup ponttust kascoucranpgetehidentiy bden aelddssd: grhind -
occl usion fi in disc-like form (22) .is nnected tqg..the 20waist . - -
portion %‘J_egc‘rﬂegteﬁr o Hhahaieans %t%ﬂ“ﬁ?ldf)gfﬁg ﬂ?%%tr ﬁ’& irﬁﬁe‘fa;glrggﬁ)oc %Pe -
proxi mal- apebdibickNe.gi bypullii@acmdhskhikolidlding theaheath (16) dh pdsitionsTharetiythal
parts including the distal occlusion film e been adapted to . be
posi t i one@CqiHQR dayice|can be Rreqd hack (g ,the/ﬁ%atbﬁ%%aﬁ*ﬁ@s the 1 Ofélbfpﬁtheﬁ&m 3
or "def eciyl) gRNEppd1dHruct@by hatif. (TRAYN, . thé BEMRAII Kk carl 16 réfilsed Withea new -
proxi mal and di sPal “ends of the occlusion device are shown in Figure
4 in thei podiysion dexige gadithe deplpyraent prosedhie fa SaTEsaEY it Her hei r wor ki ng
structure as when they would seal the ASD/FFO However, the ‘ :
di sc-1i ke [(@naea) Therentrvdl dlidsliedringtsyssrh ur es are adj usted such that they .
can be folded into a sheath and can be. delivered to the .defect via . .
transcat-h¢ ogedure, : rishe a SRQLovEg tALS

enbodi n‘enﬁ(ﬁ? ﬂglr fosg% Esifagn Iévslatése lﬁglg glﬁsgetlgﬁéﬁ%ﬁ%og%e%g% th: ecl) gddoﬁ o

30 vi si bi kxdmyplé, byfpullingasaepnd of dre retrievidl eiined 1)t iflitda st loppadtfbym. Afterwards ..

r adi opaci ty,, t he pr.oxi and, the di stal support ruycutre of the. ..
occl ug i Ong%ﬁp@gﬁ%ﬁbeﬁgﬂﬂgg%ﬁ}ﬁ@g (ﬁ)tcﬁn %5(2&113 %lgeﬁtrbgc K 55%%% aelfrl?"r"(?tS of
Thereby, crdidipasig syskas alieanlcpvetti drdiution deeicoac it gbldel dexkingestructure

- locked by means of the proximal support structure and the distal support structure provided -

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

o t00146] The deployﬁeht procedure of an occlusion .de_:.vice of the ﬁéecénd a.;;péct'which is IE::'
.. also cofefed by tﬁe thu'd aspect of the presen'tr ,i';'lyention corilpriées_ 1n a partlcular -
25 elﬁboﬁiﬁ;cnt shown in Figui'es 34 Ia_—f the following steps: a step ozfpc')sitioﬁin:é thesheath ' |
. including the folded occlusion device at the tissue defect (see Figiulre.34a),j deploymgthe

proximal suppoit structure at the front.side of the defect by pullil_fg the ,sheatﬁ 'b‘aci_c untll

' the proximal support structure is released (see. Figure 34b), anchoring the unfolded :
proximal support structure af the front side of the defect (see Figure 34c¢), dej:o_léying the -~

30  distal support structure at the back side of the defect by pulling the sheath ba:ck until the ..
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WO 2011/ 096896PCT/ SG20111000049 [00151] Alternatively, also the other
portions of the filnms could be nade of a material conprising a

radi opaci WW@so1l/fvshike the device visible during the deptpyaRMoon04e
procedure. [00152] Exanple 2 - Fabrication process [00153] Thire .

F%Ah;’g-scgie%%‘rl]ys tst?&dén?%s ﬁgﬁﬁ«%hg?«%rﬁréa tt@&%lﬁ&{ 9 stil's%ﬁé?—i s ﬁ%m&@ﬂfﬁé g
occl us: ?nraevergcgmé@ itk tongﬁehmldldmnb sh@efrft;anﬁptefﬁ‘eatsI(ﬁ@stﬁfxnﬂaﬁﬁglureand) :
generalty be a chi.eve X-ray Vi si bi a S
o ess: ng. RSP H. iU ML ECuRPAIE Yaicbped o kRt fofed biciadhon .
device..:: T H@ﬁﬁi% & chf faaen | L
this Fi gu?%u%jgg 1\/b§lﬁd zetf or ('t)lj[ib gérlese Sl%%ﬁ%‘gn E{g%agt ed 3sﬁiufg:]hliﬁt ﬁlggu%t ﬁe th@ o
proxi ral gderloymeat grapess is siapplbect atsg mdsluwbwbcsrﬁetdsfor@ﬁamﬂmbewﬁes anjg ..
fespectlv e on arid the —
respecti vgﬂé&n&-ﬂ@ @g%gls%w?% Enuérgsgu%&lraé %%st&ri\ Fi gtl re 5a and
Figure 5b, respectively. In Figure 5b, each noul d

respect i vEMAEcndhe fulowing the psFons dnyeptimis deseahed ’@rdéti‘\’;lé’é’ tbotq}tawmamn- -
ext endi ng f -
pokes. " BB EARIE R el i BB Rl £ARRe Bk Lm0
wai st portheosklklahpensm thnews crevaralf n@dﬁ"tcetmm/amdm@eaielmmﬂ@dmmi@@lﬁ the .
copol Mo I B tion
oA e A YR corlitd R BRSO R BloroHS IR RIpRRL L0
[00156] 2) Fabrication of LA disc (20) [00157] The LA disc (shown:in:
Figure 6b100é6ﬂp]r3¥a§mlelt he proximal support 'structure‘and:. 20: the |
proxi mal- occlusion: 'film The LA disc was mol ded. in a foour-spoke . -
const ruct éﬂﬂ@tﬂ(l‘ﬁﬁh@uwa@% Bab&imenasf atsectifsivn deplels @F thiec fies sspaetcis ishowiof. -
0.6 M wi

Copol yrrer Wi B Boh e dhe e B3 SPGB FER ! i B

]E lhe f Ibl lm ?ﬁﬁ&d]ﬁ@ﬂtogon{p?i@eso'& 9tdek§tc1£l rsuﬁ%\ﬂ Etﬁlctu]:g' itetRE Qhithad pldRinal %&1@9&,@
exi bili SO 't can
15  film in disc-like form (20). Both structural parts are integrally formed, wherein the spokes

of the proximal support structure are white due to their higher amount of radiopacifier. The .
L occlusio'n device of this embodiment further comp_r-ises a waist portion (24). connected to
the proximal support structure. At the other site of the waist portion (24), the distal support E
et - structure together with a dlstal occlusmn film in dlsc—hke form (22) is connected to thel o

20 waist portlon (24). The prox1ma1 structural parts mcludmg the optlonal proxunal occlus1on -
o film, the -waist portion, and the dlstal structural parts including the distal occlusmn fi Im ':.
- have been adapted to be positioned into the leﬁ atrium (LA), ASD/PFO tunnel (the r
“opening” or “defect”) and right atrium (RA), resPectlvely The disc-like proxnnal and -

distal ‘ends of the occlusmn device are shown in Flgure 4 in the1r unfolded state, Wthh ‘
j Zs_f means they are in their working structure as when they would seal the: ASD/PFO
o However the dlsc—hke prox1mal and distal structures are adjusted such that they can be ) -
3 folded into a sheath and can be dehvered to the defect via transcatheter procedure as

. described beforehand.

- [00150] In this embodiment, the occlusion device has also beenprovided v_\tith a gooct |
30  visibility m fluoroscopy. For providing at least partly radiopacity, the proxinﬁal and the .-
distal support strucutre of the occlusion device. have been provided with BaSO, as .-

radiopacifier. Thereby, radiopacity has been provided: to the occlusion device.
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25[ 00158] 3) Fabrication of RA disc (22) [00159] The RA disc was
constructed in a simlar manner as the LA disc PLA-PCL copol yner

(W th 30%RaaPtdecues used for spokes (cross-section of p8p8&AMAMES X
0: 8nun high) and pure copolynmer film (cross section of 1l6mm: 200ptm :

) Soha R RS e bRl g i

porti an' ardmprsihg dirsliepacifieOtGizke Fientelicy vistbde duaing thepdeployoment protederef or m
of a. stem and both discs were thermally fused and connected and a :

conpl et-e C herein was obtained as shown .
in Fi gur egﬁﬁfﬂfﬁp‘&’@? atﬁ?%i a@fgﬁ‘[brb&sg ‘St em) - and Fi gure 6d (conplete .
occl usi.on_bdevi ce) . 0162] The thus preggred occl usj on .device ¢ .

be | oaded [P} Bueﬂ’éaﬁ RC&scoaexeﬁq Hendaysiibg bighosh Aepres of Hexfyltyence it has }‘. |
respectsi ve; grgéééééféd £ xa}o?tﬂate[rfapéo6§)hstﬁa@tﬂe'&cﬁsmn §EﬁEé Il tﬁgten%dnnem b
procedure f ene oxi de (ETO sterilization of the devices
and assocnIaffedntsnah@ QfaBaSth@Ials govesallydreadded MachitocK-r@evistyilitp §peiionacity). -
Si ngapore., Pevi ces n . © I e
For oo it B &GP B G4 B ASICIHEL 10 nfisbd B ReRih ASRoTnd ol
occl usi-on sde\at;edomthte@ruchsﬂgefshﬁwdﬁﬂ Hignae SN thig Fignie, |the dosd andst grefsing is . ¥
Steriilization: h, The Sterilizatio rocedure was cohduct ed at 37 i
2 For S HOFLSB] Feivibh Rt Gnte crot PP GUERE SO HBR PokES

conti rhléouﬁesia@ctﬂ'@}sllr The Wil 165 orRne twasd Goktionzaidl B8 r&pkdtive Ul A Uh@ RA disc -
conducted both -in house and at a contract research [ab shows_.that the

pr ocedur e staetptes are shpwhinekigurg 4 andskigyrg abdespectivsiy B TigEsebpsash monld s |
vitro testi fel=YoNe 4 168L .

Pol ycapr ol a@%gﬁt@%(dé@&é%%@@oo%pris% c}?% Z]élﬁéﬁag#c)iwlgﬂgr ‘ﬂggi‘fg Q‘{/]nrréet@‘g( v .

1. 62, Pur asiidlpef enestfithi moulilnoficaeh st foelthEtfmekQS degr adat i on behavi or .

Four configurations of filns wer e tested: Pure PCL (200 gmthlck) '
pure copol[ yOBH) ﬁmrlégﬂohmf%)st d2bn P4y h 30% BaSO4 (200 pi mthick) and
copol yner vvlth 30% BasSO4 (200 |t|n t hi ck).. FI|ITB wer e prepared by - -

sol uti@n and fil rfe L& ste awrre
anal ys1 ﬁ%ﬁn?g éS?rpé’nf%af%t)\t,t\g tg%l VEhe coﬁ W] ntgttg%AlP%‘ .
(W' w) bef Qbﬁ)quh& wiflh $0%BusSOg STt fﬂdiﬁhnensﬂon)bflthmwaﬁspcﬁdoﬁ wlam déanester of -
imTersedl e buffer solutio PBS) and stored -in - an )
i ncubator ! I‘.L%g{/@@@ 2h %é’ﬂj gﬁs conducted in duplicate
at different tlthe intervals: week 0, week 1, week 4, week 8, and
week _12_ [[011156}9?) &bamuon@féhehscr(@ﬂ) m croscope (SEM exani natl on o

: '- [00157] The LA disc (shown in Flgure 6b) comprlses the proxlmal support structure and'é . ._
20 : ‘the prox1ma1 occlusion ﬁlm The LA disc was molded ina four-spoke construct PCL (w1th

30% BaSQ4) was used fot' spokes (cross-section of 0.6 mm wide x O.Smm hlgh) for'j:" :

enhanced anchoring capability and pure copolymef film (cross- _section of 14 mim, 200 gm

' thick) was used for thé film section of the occlusion device. This material has sultablc

> ﬂex1b111ty S0 that it can be folded well.
25 [00158] 3) Fabrication of RA disc (22)

[00159] The RA disc was constructed ina 31m11ar ‘manner as the LA dlsc PLA PCL : ‘
copolymer (w1th 30% BaSO0s) was used for spokes (cross sectlon of 0. 6mm w1de X O 8mm'j: 3 )
- high} and pure copolymer film (cross section of'1 6mm, 200pm th1ck) was used for the ﬁlm T

section of the distal occlusion film.
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WD 2011/ 096896PCT/ S&2011/ 000049 [00170] Figures 7a-f show the
degradati on of pure copolyner. The original copolyner is showmn in

Figure 7a ter 1 day of i mrersion, thefilmsu
smoot h (Fi QCE%?D% After one. Week, the filmwas roug ]Z%(g%"% Mqur e

7c). From there urr. man e hilly lunps on the film
surface (#@‘gﬁﬁk%mﬁﬁm Vt'ﬁ’r% rt\%r%dg%g&ﬁ‘bed and increased with’
degradation (Figure 7e). After 12 weeks, the large lunps occurred :
agai n and [mHtﬁ\‘l\]eEmalij'ldm Waisty partiac [srsthea[hnheafe\eﬂﬂn (ail Jothedisd) welt(lbdﬁlm]ly

Fi gurés’ 8a-f show the adati.on of c % BasSo4. T

part | or oo N AL ConnBee LR oA ST R A5t PG i PP B
(Fi gure: 8ghowiDul Figred e (Lnedke tacHeDfoadhd tste), antl ITagUBa 34 c IE:ﬂeCdceHlsmn .
were nore and nore segregated on the surface: 10 (%:I gures 8b & c) When, .
the copol $&efe)degraded. Then the particles began to l'eave the . = -~
pol ymer- surface, leaving many Niles on the fil m.surface (F| gure 8d)
Newer BaSéPGOIﬁﬁI Theties préfuedtt aphsnedtvie dahebes balaic mtovaeshedthas described
degradatl % nued ( ?ure Seé Af.ter 12 weeks, the surface was . -
filled w e@%vset;%'éﬁe FeroEvRdliveriRH YIS Fi gures 9a-f show the
degradation of pure-PCL. The film surface remained al nost 15 intact -
for one W§e63FEgample 3a- Stegilisation@osdouface i'n the original - state,

after 0 week and - after 1 week. After 4 weeks the surface was . o
conposed t I r R
bt hoon '« ASFLER, BRE YRQE RPDY Mkl SR he el bl SR ke roos
degr adat i enas donk atﬁbndétck&neHesmtebémmcdefEemeeandtredﬁvnetrdehmmgtmtems o

O DA BT HE a0l R b0 Bl PP b SIS B
[00173] Firglidésg: ﬂ:tea:}ehvaingWyktlem itl eg stanatimtd Eﬂ‘()o&terﬁ?ﬁhhorﬁﬁ&chaﬂsmstehhzaeam o
be seer that {he BaSO4 part d.th
copol yrer PHREEIIS % W?@g@ﬂ t;glhgé f(\évt:esé’fegcr’]‘%%t ﬂ%&%ﬁ%@ifmg%gpﬁgﬁf@ g5 B

pr ocess’ Wagothdriohtatuoli®14 kads. of t he copol yner- + 30% BaSO4. The BaSO4 ‘
particles becane nore and nore segregated until they eluted out of’

the film (EAVI Jrany ti S:Ur- Fi.qu ,
e o Che R GHEA Al SR RBL Bl BB G e lfifad OBt
BaSO4 par labchess gt thapidedurt tonddigs avdthrélovan( famglards. 10e) .~ After 12

weeks the filmsurface were filled with tiny holes but were not as

deep as tiwfgn%%ﬁpﬁag%né,ﬁ% gdﬁ& (g@%ﬁnloo [00174] Mol ecular_

wei ght - wel ght (Mv) of each sanpl e . o
coIIectedfrﬁ I e ROi Nf S was tested on geI perrreatlon SR T
chr omat ogf ﬁ{ﬂetﬂa—eﬂt@—%n/ 096896PCT/-SG2011/ 000049 [00176] MN T
| oss of: four types of filnms was plotted in Figure 11.- Copol ymer — =~ .57

degr ades {fi168JaPolycabenddctmet(REh NPEISOS0LAldeich)ombd . A-BCTvsefolgiaer (BV 162,
after

3 opi 29s ERBRY LR EC RS e b PheaBR Rtk SERRINARE cagms
starts’ t oneeCRbed:ah e PCLO@Q0 aaihicky, it opdiyner (\EB@lﬂnﬁthmkbu PEL with 36% "
COpOl ymer B?lg& (200 pm. thick) and copolymer with 30% BaSO4 (200 ptm thick). F111ns were
: : prepared by SOll]thIl casting and all films were tested on a thennograwmetrlc analyser
; (TGA) to ensure that the soIvent content was less than 1 % (w/w) before the m vztro tests _
25 ' Then 1 X lem casted ﬁims are 1mmersed in phosphate buffer solution (PBS) and stored m
: an mcubator at 37 °C for 12 weeks: - Sampling was conducted in dupllcate at dlfferent t1me .

mtervals week(} week 1, week4 week8 and week | 12

- [00169] Scanning electron nticroscope (SEM) examjnation
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a linear. Mv loss throUghout 12 weeks. And BaSO4, as the physical

I ncl usi on, does not seemto inpact significantly on the degradation
pattern o mers. [00177] Mass |oss [00178] The f
filns aft&"&@ggﬁ’%%%ne poi nt was measured after. the sa @iﬁmhﬁtﬁ)ﬁm?

recovered.fromthe PBS and freeze drie n i ncr ease
mass | oss {40470 ]tlﬁéurﬁtza'f shoys threlesadation d’“’éFsl"é‘B]é edwgg@ﬁi:qpﬁggger 15

(Figure léjowARdp fn a'ﬁ'ef"i SROYY BorhBEiGn, ShE 3 @iflcd bagal dnicond.
[ 00180] l\/b(?ul us ¢ n test for st orage nodul us change -
was al s0 Gbgtuedb)ad%m oeamreek,l theﬁ;bnlvms rgpgteaza® (Figure Jekpres thearan, there -

B g T

100 C f.or redogd ameiiwﬂeageeckwith Idaga@anﬂnZBxgﬁrd D)6 A fier f1@r wEk, thastaugeflumps;..i
[00182]. The ne hanlc F R is cl sel I|nk§p g the nol ecul ar ;.
wei ght y: oPCHITE T‘@H’é’ wee @I(}}‘f%f boeayHesee D ol ecul ar:

wei ght | oss should result in.nmodul us IoSs of the polyners. However,. .
modul us c Mg ngrpsr |88-|fm_l;by this diegaatiativat ofh cegodynoke gt é@‘VOBaﬁ@h eThd BrSOs .y
wei ght loss.. . This is .shown Fj 13.. ..Most y, ecuy

et gt 1 o8 tele e hECRR Treh Aot SEgorend dtririagEe sl BBl Bhey

enough t owdecs Eagradatish kisBaS fticlesayerb enode ammmbmdsemegaw sh a]hd stmfatey; -
for 'PCL;. for the copol l oss in gl can ,be seen-

i gur 40 13(Flpwssotie i O phaR dhe RO e KREeie 1 He% LhFoPe beY Pesade P e
one- Month 6lgi{ﬂE1aQ&I?atceoféa&1ﬁ%"'rﬂaﬁr§l ﬁtﬁé@eotﬂlta@%ﬁmr@t@&otmmssa)cmar BQ$®4 .

to three I'n Rumans) thé pol ymers retain good integrity -and

enough | opaftitlesithiem gprparsd; anythe ewrfice vhen the dqsrﬂda?@oatawuw MR8, After 3f .
00184 Tt toroapin T
[ 1 Ag Rr%k? t]ﬁEéer %Qgﬁ%cﬂ?gﬁ?%e%%lgig (IEI%SL}‘B%QI or ‘this

appl i cati on LA-P
rati os and the Young's noduli were determ ned. hy nst :
201110968 H9be2l Bgwres Ya-bdewabe dessadation o ﬁ%‘ft Bel- Wmﬂw ’teﬁla‘élet‘vgtf“ ,
cel | of 1ﬁ%et\|ﬁﬁton@ \%é@ﬁdh@gr& Qlceshgtv e s tihef o Ista®Q URBNB Reek and - -
limt). I ms were cut 41x5 mm si ze and grlcglped with an ‘

ef fecti vea%ﬁldgfeeeke&@@tﬂ wtekstwr(fm wasSomBosed of leian chiyseathomug-bke “cells”
di stance) ., airPLoleBR By Sl ein (LR R AR AGEAK SellicVae r\é@%@wt&a with -,

Young' s. -no uI us ¢o e obtarn e (Frgu 14)
degradation and the cells were separated from each other like the classic crystal structure _

pol yrrer at ceftai.n. o

- (Figure 9e) At 12 weeks the large cells dlsappeared and were d1v1ded into many smaller. :

205 cells (Flgure 91)

o [00173] Flgures 10a-f show the degradanon of PCL + 30% BaSO4 It can be seen that thej =I
BaSO4 partlcles were more dlspersed than in the copolymer matnx in the orlgmal state_gi:
(Figure 10a). The degradatlon process was similar to that of the copolymer +30% BaSO4 ‘
The BaSO4 partlcles became more and more segregated until they eluted out of the ﬁlm -

25.': . leaving many tmy pores on the surface. Figures 10b-d show the respective surface state _
:.: aﬁer 0, 1 and 4 weeks Then new BaSO4 part1c1es surfaced with degradatlon (Flgure JOe) g : -
N 12-w_eeks the film surface were filled with t_my holes but weré not as deep as that_en

' the copolymer matrix (Figure 10f).

- [00174] Molecular weight loss

.30 [00175) The molecular weight (Mw) of each sample collected from time pbinte was Qtes]t:efd. -
on gel permeation chromatography (GPC).. o
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[ 00186] Young's noduli of different material conbinations were
calculated and listed as shown in Table 2. No.Materials Young's

Modul us ( Joklj.e copolyner 0.92 2 Pure PCL 166. 10 )
with 30% iRy lli? Copol ymer blend with PLA (80%§%fp;§o¢@%@?6248%
PLA) 5. _' l00176] Mw loss of four types of films was plotted in Figure 11. Copolymer degrades

: geuerally faster than PCL as 'expecte_d up to week 12. PCL starts to show rapid degradation '

after week 8, while copolymer displays steady chain shortening pattern from week 1 .. ...
' : | onwards PCL starts to accelerate on degradatron rate aﬁer week 8, while copolymer shows :
5 . a linear Mw loss throughout 12 weeks And BaSO4, as the physwal mclus1on does not

seem tor 1mpact significantly on the degradatlon pattem of the polymers
(00177} Mass loss

[00178] The mass loss of ﬂlms after each tlme pomt was measured after the samples were ©

, ' recovered ﬁ'om the PBS a.nd ﬂeeze drled

10 . [00179] An increase in mass loss. for the PCL ﬁlms was observed as degradatlon : -

" continues. (Flgure 12). And copolymer ﬁlms show a more steady and linear trend

[00180] Modulus change

. [00181] DMA test for storage modulus change was also conducted at each time point at
: 37 °C. All samples were immersed in deionized water for 20 min prior to loading on DMA
15 DMA runs were performed at Multi Frequency Strain mode from 25 °C to 106 °C for
~ . copolymer based films and 25 °C to 60 °C for'PcL based flms,

_ [00182] The mechanical property is closely linked with the molecular wetght -of a 3- :

‘;.—lf (co)polymer As degradation progresses, molecular werght loss should result- in modulus
loss of the polymers. However modulus ehange surpnsmgly did not match the degree of
20 _ molecula.r werght loss. Th1s is shown in Figure 13. Most likely, the molecular- wetght loss
o oceurs in the amorphous region, and is not substantial enough to decrease modulus whrch
| may be dominated by crystallinity for PCL; for the copolymer, some loss in modulu_s can

- be seen in Figure 13. However, it did match with the in vivo results as after one-month

: ~ implantation (swmes have hlgher metabolism so comparable to three months in humans)

. 25. ‘. the polyrners retaln good mtegnty and enough load bearmg quallty for its ﬁmct1on

e [00183] ExampleS

[00184] As pure PLA was cons1dered to be too stlff for this apphcatlon 1t was blended

: into the PLA-PCL copolymer at certain ratios and the Young s moduli were determmed by

Instron.
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5 Copol yner 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 Taky®281098939' s Moduli of polynmers and their bl p@ﬁggﬂ@{,&,@@@?]
Al the films did not break at t-he maxi num el ongati-on limt. of

equi pment s, t
not reach ﬁ%gﬂsﬁéea ?ﬁga%ggﬁ%g%éﬁfoag%a@ lfffoo l\hﬁt 8%%?1 nEer étitP ggn( gg

i m) \(Ijmeﬁstbﬂt?llianf &irit) Walke ibne vtelﬂeimutlm'Z@B}éS mllm $[ﬂea@tldng1ppled with an
extraordin exi v%lch i s hi deS|r th ccl uder
oS! on of Hriveigesee rombdl S P Pores ORI BraRPs SR e ST et iRy
in hi ghesiuYeung Jﬂotteadwc&&e [fPﬂrﬁeI@'the Ymﬁgmeddermruoumfbm&uﬁab@ ft &oh -
i ncreased trenendously with the i ncreasi ng - anount of PLA Siml ar.
trend Ps epaple(gradhg BaSO4 and PLGA bl. ended copol ymer. . And ‘the.
excel Fent ‘stretchability of nore than 1200% el ongati on was stil| N
observed 0186 Ehing® MElulbbLMEErent ﬁm@@ﬂ;&%nﬁtﬂaﬁm WeleadRhlafed dn@sikied as |
were al-so conducted at 37 C to study the.polyner's mechani cal ‘
behavi or Sherindght?ant strain. The sanple was rapidly stretched. to
the required length (100% and 200% el ongation) and maintained for 10 -
mn, W thnNde stress recorded gfeaifiynction of timne. Th@o.;n%ssth,g@Mgts_
ﬁre SEONIH in Figure-15. The rSilts .denote that the PLA—PCL(M;Q,(? ymer
as the .

2011/ 096896 PCHUSWPPIMRI0049.

Pure PCL : L - 16610

2
3 Copolymer with 30% BaSOq S 085
4 Copolymer blend with PLA (80% oopolymer/ZO% PLA) - 5 -
5 Copolymer blend with PLA (60/40) R S 66.54 ‘;
6  Copolymer blend with PLGA (80% copolymer/ZO%PLGA) 421
7 Copolymer blend with PLGA (60/40) o 53.47

Table 2 Young’s Moduli of polymers and their blends

10 [00187] All the films did not break at the maximum elongation limit of the equipment .
B (results not shown) For example the copolymer ﬁlm did not reach the breakmg point even o
C-at thé maximum stram rate (55 rnm/mm) when. total strain was more than 1200%,
. dlsplaymg an extraordmary flexibility, which is h1gh1y desired for the occluder deSIgn of ':

+ the first aspect. PLA-PCL copolymer blend with PLA resulted in hlghest Young’s medu]_us P

15  among all. The increment of modulus also inere_ased tremendously with the increasing

. amount of PLA; Similar trend is observed among BaSO4 and PLGA blended 'copoiyrhef .
7 And the excellent stretchability of more than 1200% elongation was still observed among

ail other blends

' [00188] Siress relaxation tests were also conducted at 37 °C to stud}t thei 'pol):rmei;;e:::“ ;
20 . mechanical behavior under constant strain. The sample was rapldly stretched to the 2
: required length (100% and 200% elongation) and mamtamed for 10 min, w1th the stress B
~ recorded as a function of txme. The test results are shown in Flgure 15. Tl}e results denqte

: that the PLA-PCL copolymer has the least amount " of stress relaxation during the test :

-
?
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period, while PLA blended copol yner shows the greatest percentage of
stress relieved within-the first 100 seconds of experinments. So the

pure PLA- %ﬁﬂ YJTET - resenbl es an el astoner nechanic ﬁéﬂ?@ﬁ?ﬂ&mﬁbl
e

t he candi ynmers, for its |low Young's. nodul us and

po

rel axation ti 0 Invtro depl

[ G03001 TREsh Ot ik JRsTED Chedyhrr-upba e eried TRtk Et of Bt aiyha
profile | Rifhé Aeat by gefoo@s%%}g@hﬁfemsaﬁ ﬂsﬁﬁﬂelmgdpesksg&ﬁﬁadeieﬁbw b
16a). The front end of the LA di Sc was. ensured to be at the tip of '
t he 11Fshelstmermgahagically pmong all mh%cqnﬁ@aw@@mr&ofaa ithdpvpyYiosng’s mpdulus .
seen, Wi ed by pulling at one end of it. Then the LA -
di sc. was: %%ﬁﬁg&%l%&gé:{?ﬂ@‘él ng the deploynent tube attached to the RA - a
disc (Figures 16¢c and d). The deplayment tube was then.piilled baCk
sl i'ght By {1891 Byamplederlzpyira dendoxement ftr et ri eval wire for LA disc to

anchor on the septum nodel. \Wen the operator felt enough anchor.i ng., . ‘

]Ehe hRA dgrtﬁmgmhabs@usiﬁi agﬁ&dmy ipdestbd ng lfshﬁ:aﬂijgm l@eyd@fﬂtiyed hefile into a - -
urt her e de nt tube retrieve et -
eyl Sigaroo b G eie o Arociter, FeSeane Ge b doa /155 HOPE eBibbf 08 Lihdke

consi der e} ens%%ahe he ADIHE t@la)ffmec:ﬁ 187%hEMh BNGuEays). n%ts%ﬁ@emeabam wire - )
f eedback .on . anchori ng qubto its streéngt-hened. spo ol nt

st ruct ur els seen, vymmgﬂ]lewm\v Ypblﬂm&équ?@ 0 |0rfr¥effh?m€ﬁ LA msﬁwaﬁ Reshed- -

occl usjon _.de hj nt...| eqav e I .
of - gagbbet \g/\t/e\g%\]ﬁg ﬁg%bg'lq?ﬁt gﬁ)scs an rr%?)h}ahesggt g%]c W%gﬁﬁggd %gmmg o
pot ent i al deglaianent tube wastiemiprded backeliginly uoralloweelglappuﬂﬁg offtb¢ eetri¢val wize

than 0. 15 al so,neans_an 05|t| Vi
osult 1A pRE f BRndt BCoTRERn AbATVER s Rk B B
descri bedRiaegiet was alo $ltaded by pughingthe deplbymait Itw.gietﬂn;thm"dhe‘ Jépluynichetube
elasticity, the cross sec &%g or the Ie th O the

Al t er nat | V@ {hen feigeved comp and fhe f?é“% e was g epd %h‘?ft@l‘e’ﬁ%@&ﬁg‘&}?@:

st ructyr ege@ dad Bhserch Ys hthof kS SutidlediRSintli gale better 3perh@tp1Redback on -
Exanple 7 - In vitro deploynment test at a ASD/ PFO nodel [00193] Thi's .

test  ai nsAHOBS, OMIng tad Sé@ﬁ}&tﬁﬁ%ﬁpoliﬁdf"%téﬁ’!‘?tﬁ’@ méchani sm of the
desi gn based on a pol ycarbonate (PC) septal defect nodel whi chis
shown i n. fiogo1jeHdwevelhéorisepta thinner than 1 mm, the occlusion device shown in this

embodiment leaves con31derable amount of gap between the umbrella discs and the '
- septum, gwmg rise to potentlal hazard for thrombus formatlon in the gap For holes larger

20 . than 2. 15, mm, the. gap also means an unstable posmonmg which may result in. mmor,: '
res:due shuntmg Altematlve occlusmn devices as descrlbed herein can solve these' _'

: prob]ems by slightly modifying the elasticity, thc cross section or. the Iength of the walst,;;
. portion, AIternatwely, the disc-shape can be mod1ﬁed such that the support structures hold

the occlusion device in position.
25 [00192] Example 7 - Ine vitro deployment test at a ASD/PFO model

. [00193] This test aims to verify the deployment and sealing mechanism of the design _: .

- based on a polycarbonate (PC) septal defect modet which is shown in Figuré‘ 17. The in o

-+ vitro 'ASD/PFO model has two holes of @16 mm on the right atrium. wall and atrlal_:z_,;

| septum, respectlvely The former provides access for the device to the rlght atrlum and the
30 . latter as the base for a thin copolymer film (200 Jum) with a 5x5 mm wmdow as thej.:;

- ASD/PFO model.
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1. vitro ASDI PFO nodel has two holes of 016 mmon the right atrium
wal | and atrial septum respectively. The former provides access for

t he devic J ht atrium and the " 30 latter as r a
thin COpOWOIﬁIFL%?r% ?200 Am) with a 5x5 nmm w ndow as tbéﬂg%%?@&&tﬁ
nodel . 96896 PCT/ SG20 0049 [0019 The occl e
oF the 11 TUISAE Bk pecsions device GFJbedradpes 5 s s dy HLONESES
t hrough t Qidhivadnt t}ﬁ‘éﬁghatbe Y}@}lnt atl@dcl v&a’lleofmgﬁ@m%liel((ﬁg%rﬁaﬂ&ﬂ’)erwards -

Afterwards the front part of the ‘occlusion device conprising the
proxi mal - heplpent trag tof mc@swnoﬂeme cpmpsising theoprexima] SHpppTt|SHIEINK @rist139

was pushe roXith 1%%%154381@:2?& d%@ﬂw?%}é&h@djo tcbfl’tlft]sr ﬁtegh'aﬂd §11(§]\p&f OQIntfold in

at ri.um; The un I'SC was n anchor ed agai nst t ront S|de'
of thes optheellaftnagrnhy ’Dkusl lmfjebdck dishevaseher enchbredi agemstnﬂiesﬁaint a@aqusthe :

the septum m)de ni,ng art 'of. the, devi ce o releas o
fromthe- Qh@éﬁaw ga e e 15 W@l Mg hEndy 59t ‘Eﬁ’i’fm% ‘%T lﬂ?(fi ?g‘he*
deliveri n&n&ﬁﬁhgw et tueeaéaice wiab @150 GElbassd GRnCdeisEetvasd Rasided angd rigat | -
at 10 the defe | ocation as shown in Figure 18b. Thé photo shows a -

good seal F‘h’(yﬂtesult fromthe right atriumside as well as fromthe .
|l eft atrium side. [00196] Radi opacity test [00197] X-ray visibility -
of the -ocploassjonfieate dﬁw@fmg hatelri retevals feaicclsion desitedtas p:mtloned well at -

fl I t Nat V. ty Ho t
. S0 ahor Bebieg pies s ihane b T (i TRABE) Mg st pebios GepBPR S

(with ski BeRngtnfRbidoms wabaUtord iRt hhﬁtﬁ)smeere used as the phantomon’ .
top of the PC ASD/ PFO nodel . A normal exam nation procedure was - .- -

per f or med (&3%6 WS“ mages were taken. [00198] The oce¢l-usion
devi ce- shb ] radi opacity even when being covered: by . two.
| ayers of phantom and inside the sheath. Cl-ear device profiles have. -
been capt (08871 X-r@0 visididly eheXoechpionodiving ebthei Gt I%{)H@g tgqteRamCH

(40% at i a i =
struct ur eél oro? %8% Kéﬁ Sslf% agﬁaﬁ%lﬁﬂ ®inive ds@tgr%fﬂ g{té] gmgﬂgréj A?Etatdea?qu“'gﬂg (’5
good mnepla&r(ahmhltmykmbas)lphg ajﬂpbofpmh(mm&kﬁgqndﬁ‘atgm gbdi SSdmtABckt) tve%re :
X-ray .i mages of the occl usio he f| St BsPest s

t he occl uﬂtegﬁs&b‘-‘\ﬁ gtof%m}rﬁ éh"'g‘%%ﬁ%‘? dpl Aa rea(ﬁfap ggglagmcgd -
t he- hol e. @hs pdiyrmebantodehy vifitogiimeges Slzrestakes the occl usi on device _
which is deployed in the left atriumand the right atrium. t her eby

closing t i Ng..{fr.: By b

tests [ Oog%i?ﬁeme%%@lélgﬁggﬁ%r}tﬁ?gﬁg%g% ﬂ@ﬁ r[la%?a%%rs se %gv(\:e‘r' el e

Yor ks hl r etvm/vlaye:s ofqmpntoml avgit ipbige B@ she@D. Kipar device profiles have been captured
20 under the X -ray, owmg to -high loadings of BaSO4 (40%) at the occlusion devwe s t1p ',' . )

‘ I: (proxnnal and distal support structures) and the wals’t portion. Good X-ray v131b111ty-
o _ensures good maneuverability during deployment: : : :

[00199} Figure 18 shows the X-ray images of the occlusion device of the first a'spe(':t.: In i

. Figure 22a the occlusion device is in the sheath which is already placed in the hole of the -

25 model. Figure 18b shows the occlusion device which is deployed in the leﬁ atrium and the e

. r1ght atrlum, thereby closmg the opening from both SldeS side.
. {00200] Example 8 - Inn vivo tests
: [00201] Ammal selection

- [00202] The animals selected were male Yorkshlre ‘swines, approxnnately 50 60 kg _
30 weight, because of the similar heart size to humans The animals were from Innoheart Pte S
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wei ght, because of the simlar heart size to humans. The animals were
fromlnnoheart Pte 42 WD 2011/ 096896 PCT/ SG2011/ 000049 Ltd, a

pre-clini ct research organi zation in Singapo y
pr ot ocol &‘353 ggbobrﬁgo@ed by the I ACUC of Innoheart Pte Lt%ﬁlsfgﬁ?ﬂajb&g

occl usi-on_devi ces .accor di to the first. aspect of t |
vere testé& gfa?t pIFv%mlﬁ%]t i fétﬁ%"faha%ﬂ‘? %Hgﬁgore g%pm o tas
stands fop ;Peveahethhm@cefdeeh@a e tididan d@elﬁﬁblﬁeev&cfb@ awatdihgiedhe first .
structure of each disc portion | ooks |ike an unbrel B

Cr eat i on- 8FPeASIEFIPHsAion 1o tstef abtvel R BTSN SRARY é?lré” g DU
[ 00205] - Thyy & %&%g ([:)WFGIQ [}(rﬁlﬁlelld odc’ﬁﬂ&t béc‘ﬁ@sectﬁé’%nﬁﬁi‘ee rsGrubtif of each

proceduie at . pre-medi-cated with Aspirin (400"
ng) 3 E}ayQISfapomnﬂ@kshkwlynbrwﬂey were al so fasted 10 oveér ni ght from-;-
6 pm one-day-before surgery. 1002061 Surgical preparation [00207] Fhe’

ani matl s OQO§]eé@etaﬁgn\Mg§Dg;ﬁ) Wiakp | M TI'OC cocktail . After sedation,
t hey vvere brought to the aninal preparation room where ‘an |V drip 11:

li ne was i@grt d into.one ear vein and they were then i.ntubated. The
sur gi cal LM%@M&@H—% W& rical shaver 15 and was cleaned " - .
wi th wet gauze and hibiscrub. The animals were placed on the - '
vent i | at o{002n3]oTighanimals werel keptionat. lofst tie daysrhgérg the procedure at the facility

and pre—med1cated with Aspirin (400 mg) 3 days prlor to surgery. They were also fasted .

10 _ . overmght ﬁ'om 6 pm one day’ before surgery

- 100206} Surgical preparation
t [00207] The animals were sedated with 0.5 mg/kg M TKX cocktail. After sedation, they
were brought to the animal preparation room where an IV drip line was mserted into one _

. ear vein and they were then intubated. The surgical site was shaved with electncal shaver '

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

 throughout the duration of the surgery.

. [00208) Surgical procedure

o [062091 Antibiotics (Ampicillin 10 rng/kg) was 'adrhinistered IM at the start of 'the
| ':iiz - procedure. ECG heart - rate, respn‘atory rate, transcutaneous oxygen saturatton t1da1_"
20 ‘volume and end-tidal CO; wer¢ monitored throughout the procedure For cardtacﬁ-
: - catheter1zat10n of femoral artery, the femoral artery was exposed through an mClSIOIl made "

- on the inner thlgh The muscle layers were carefully separated unt11 the femoral artery was- ‘

- exposed. The distal portlon of the artery was, hgated and a 7F sheath was mserted into the -

- vessel, A proxrmal llgature was made to secure the sheath The sheath advanced mto the

25  aorta, following which a bolus of heparin were injected.

- [00210] For atrial access, the second and third ribs were identified and an incisioh was
- made. The rlght atrium of the heart (30) was exposed ‘A purse- strmg suture (31) was made 3
- before atnal puncture to secure hemostasis after msertlon of an 11F sheath (32) as shown -

- in Figure 19.
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[ 00208] Surgical procedure [00209] Antibiotics (Arpicillin 10 nmg/ kg)
was adm nistered IMt the start of the procedure. ECG heart rate,

respirato ranscut aneous oxygen saturation, ti ('a‘_,_], ol 049and
end-ti dal w&éﬁv{ggrae}ﬁnom tored throughout the procedure or(\’(cafr}

cat heteri f .fenpral -arter th al ar )
Chrougn ozl i e aRRonal HEF Shrersighatrbat f R GRS ‘ﬁ?eyrtée
caref ul | y ssapara) ad shtvd In Eierel1OMARR} 1R hektd WS iR BRS@eht afifien, tostrad
portion-of the artery was lLigatecl and a 7F sheath was inserted into -

t he vessglﬁle dja wrsdsdeered tof gog i the legatiomelipirial sertwmywhick Wés SRR RuneIThbya
sheath.a f whj .
wer e inj- ec cc}ﬁqutgggzl%(ﬁl IQ]?I(;IEC xgef[%?llh asélgdcdgg\gﬁ e sgfgloﬁ’d ?eﬁ%lgﬁm el L
wer e i denend/oedrénphnaturd. be dilaor ofdls Mweeatﬁlmas thegy gentb{tadwmebfaﬂt:mhlch

heart (.30), was.exposed. ° rse-stri n sutur e or
e o e R R e Rl EHAE kR bt b e MRS B R PR 0. -
sheat h (32190d315wzﬁhﬁ&?ﬂcrﬁhtb@bfb®hﬁg th@llﬂ@heaﬂ’ﬁcross the septum; therefore estxmatedﬁﬁ .
2011/ 096896PCT/-SG2011/ 000049 [00211] The right atrl um
punct ur.ed S8y 04 F40 #ebAdu 4 mpm FAleetonArmation] Rhvibe B tRde s%ﬁla 9{05(09@; .
as shown R frkauy, ?he]g%ude%fnte%hd Hﬁ‘ﬁoﬁb&@?&nyﬁﬂtle'&mﬁh&mﬁ EHe@thlat ﬁ'ferlbdémm -
cont rast %la was injected to confirmthe 1ocation of atrial. septum
whi ch 10vasOftreﬁECbBFi@thIrtb@IOWdafdqp@ﬁgl%tunct ure needl e. The needle was -
noved forward careful to avoid free wall puncture and/or aortic-

punct ure. dazggldob@,ta%nﬂfprbmuﬁelfmﬁﬂeﬂw was then gently advanced,

after whi ch the needl e was renoved and a guide wire was |ntroduced ,
into the I g t;J\quuml_ebo PFO nodel was then created by pushing the o
11F sheat h %?os-s—%sh%—seﬁ%m therefore estimted size of PFO. was _

about 4.0 nm After confirmation of the PFOnodel on fluorosc, opy
(Fi gur e 2600214)nBheyedchisinn dsvisn andifelveor sywsmeweretlinstinelen qus af F}ﬁr@tftrﬂeed

11F sheat f t ﬂ%% .
depl oyrrenEJ &%%et g‘idz%jq%peér’&;ﬁ (;)ér%ﬁ';l1 SB@%@@dﬁﬁ%Panéi ]H% %] Lé %ﬂt o\fltg%
pr el oasli nge\{@omprfa’dq:eoﬁﬁwloudumn filesi and tlmdalatqionrtwcmrwersﬁsslemcmmously o
flrstlytaken out. of .t eril.i.ze aeandl d_li | 4:0€ar -
sol uti on. "AF% &rYERELK ﬂ’ hme S Pﬁ%%bf% 4 S%r“{“ OO’FPF%? € é’{\h"‘c%:‘ié‘ Fh{é &
surfaces. @lfeaﬂmheasml ﬂi&hﬁhmfthé sabina pedutidie Usiag She padihg oire\irseaed inuhdnguide :
conti nuously us ringe in sa nt.i| | es att

wer e corrpF‘@’F’e'hj’? of H%% Ve aSQIPa‘L?H Hll?\gg Effagb Tfhf”h??‘? ]uﬁ‘oP 8V‘§%Wiahe
sol uti on. phisdang, Haelobdiad vig: Wil ke t1ﬁ%ﬂ’&h@@ﬂ Bist Mprogimiall @upportuffuctir@nd .
occl usi on-devi ce was | gaded into the 9F sh . _Then_the ocgclusjon _‘;i '

devi c&® wagrogimal egelpgon RlEn) ves dreat e distel qnd °e° H@ 9, sheash. thedoadmeyyue was -
(proxi mel rSuRReHont HeUCA Wik, ah¢ d@ﬁr%émltuﬁec\%w%tﬂ@vaﬁ W if) WRSoI1RARA t8E - - |
t he distal: end.of the 9F sheath | oadi-ng-wre WJ .: -renpbved from
the LA di scclusiimaleiop lenipredrnto thetfiF sheath. T@t#leaéh’amd deivicg in § were ﬂmhp@)w :
t he occl “ﬁéx{i’é‘thggifu%% entered into the.9F sHeath. The sheath: and
devi ce’in iished agal n using the syringe. [[00215] Devi- ce -
depl oyirent 25] 00216]  Fol | owi ng t he above pr-e-surgical | oading, the: 9F 3
sheat h wall0RbdRevdeadoploymenthe sal i ne sol ution and inserted directly - -
into the 11F sheath which had been positioned previously across .the”
ASDI PEO el 6)( FdligwiigsSthé Abewrdpré @hrgickhBadiag, the |9Bn;he!a1v iw@e takas otth&6m the

pushed by the depl oynent tube.into the | ]F she fro e 9F sheath
and t hen §%e geldraand Rsgtededirrty. mtf’o@‘ﬁlfﬂ ﬂ”r?é Q]qdoger%s%ﬁfo(‘}e :

gui dance, ?Eebf‘oug SUEBE A SPUSHTR ol P‘{g{u@s 16 Bnd f@ e occRBiBAWByiEE Al thbif\ :
n |

di sc was released fromthe sheath a nthe left atrium (Figure - -~
21a) . Thepmslned by the deployment tube into the 11F sheath from the 9F sheath and then the 9F o

. sheath was removed.

[00217] Under the ﬂouroscoplc guidance, the dev1ce was pushed forward in the 11F
: sheath until LA disc was released from the sheath and in the left atr1um (Flgure 21a) The
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WO 2011/ 096896PCT/ SG2011/ 000049 depl oynent was paused for 5 seconds
to allow the LA disc to unfold, the device was then pulled back and

anchor ed Q,ﬁ%(ﬁ%%me atrial septum by w thdraw ng the ﬁ@f/ﬁd:ﬁéﬂom(%re

in the deploynent tube, during which re5|stance can be Sense

manual |y the positio ore ( ject ed.
cont rast - ?@%P-‘émin (”Eisgﬁl?sggﬂn%}“ ﬁo f’@ ﬁe é‘& r‘?gwf;e Vaphen -
(ensuri ng pafedifitk 6fd AMYGRE Bfainst tHRQHS s@}inhm\bslsvmﬁfamgawrédmwal wirbén R4 -
di sc_was" releasedlntherlght atrium A gentle "to and fro" notion

on the retepleviaentyivbe duingr which reugance %‘sf’? isgsed cpgwally rad pho nestien, -
whi: Ch Was aéﬁd%h&gl ﬁf%g djﬂr\iﬁlﬁec A WBhPRE le(nF El@l%ﬁ:f[é‘ 2?13)@‘5/1&&9%&% tﬁgr .

the sheat-h ce-gone._too left atrirum :

vvher e “Bhe deflognerit tebedensuciag hade‘ac@mdm‘aﬁ], yhetséefﬁh mab éatshéltawn'lwﬁéli gkedte o

t he devic etri d 0 |
the retri g\lfélwa\ﬁnriﬂ)gas\é@qh? Ia&‘l' rﬁ%'e %ﬁﬁ‘wfrﬁen p@sﬁh e’fegljlglfi;%mii; '
sheat h f Omymred b Osebr@e Cosition. §t20ss Cohel PE® ihbdels hbiichhwas! h&odéﬁplmdwaﬁder
t hen pull ed out- of the eat h and- was repl aced by anot her new deV| ce~'-
in a new éllﬂo’?ﬁ‘é)é’bf 2igpeatl ng the depl oyment procedure. In the -
exanmpl e of "DU2", this step was not recessary, 15 because the

depl oynent00248] Eat‘imjaac;ttmrlyF shefPHA] oﬂdhgund toe ddqpintmythefrﬁﬁ akEsm where the '
sati sfactor t he ri ev ved. b ul.li out

T3F e rotisdoniis g foriiERny b e rres e Btird ORI Yl reieel
depl oymenty wdellowg Ekfaby fhbldﬁfgom@qratﬁévﬂesué tin iffe &&0YIndnD tEoegumetheﬂ,d
with no | eak across_the septu \){00220%0%(After he dipgﬁe deF) Xm% -
t he ani maPyshirg dediLF sheagh f%’wﬁ'@éﬁ gice gle dryicedpigetas sheathpd g Aey! st :
(Ketor ol .a?uhéﬁ%df%tﬂ@s?leﬁﬁ Thdd ke %;{mea My ahGfie2Adw &mcerm it At Ok kRt ;.:' |

and sacrifice [00222] After a non .
wel |. and g@nem thedepinymengpmbpedares Hrthe praneple 91‘1@% Hl sfenpsgnot necessary, o

anaSt q§t| 28 &u %}q: ﬁ?e‘ﬁt &8s &9%&58;1 and | eakage was checked- b.y i

f 1 udr oscopy a trast 1njectron’in the left atrium Resi dual

shunti ng was also assessed by transthora0|c echocar di ogr aph ‘
conbi nati 6$P24Pk Whan thesiep oy mpntauasisaidsfacsomr e retrival Wike #a ?éegfq%q]{) E‘ﬂ)‘ﬂ

test). Figung o% %léh%esth%d Reds huﬂﬂyavﬁ%mse& by raﬁeafé;noamcbftth@ dBfiOyment - >

rmdel s were well sealed. Figure 22a shows :t fl uoroscopic test of
"DU2" af't &ybe; Tlmélahﬂmrnscans resuly iy opn iy Fgﬁm@dﬂfﬁ@ 19lpRK acEnss ﬂB@sptum _
[00223] The echo test results are shown in Figure 23. Both "DU2".and

(40)00220) AGerste Bevideabloymend e ahinald WwiguliewaBm rasdeiisqist profidbl,
respectl vel%}( Vihen contrgﬁ(t medi um was |R)Lect ed, dense bubbles (50) DS
ver e 28en Prikilise(etosplee Angikghyps jdminisigredd ubble was 45 WO T

2011/ 096896PCT/ SG2011/ 000049
Lo '[00221] One month follow-up and saorlﬁc

: [00222] After a ‘month of follow up, both amma]s were well and. gamed welght Before S

;. 3 sacrifice, the animals were anaesthetized and the dev1ce position and leakage was checked :

: S by ﬂuoroscopy and contrast injection in the left atrium Residual’ shuntmg was also 5
25 | assessed by transthoracw echocardiography (TTE) in combination- with an agltated salme 5

- contrast medlum mjectlon (bubble test). Figure 22 shows that both devices were mtact and:i :

i the PFO models were well sealed. F]gure 22a shows the fluoroscopic test of “DUZ” after -

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

o [00223] The echo test results are shown in Flgure 23. Both “DU2” and “DU3". (40) can be -
30 seen clearly under TTE (Figure 23a and Figure 23b respectwely) When contrast medlurn |
- was injected, dense bubbles (50) were seen in the Tlght atrium (1), Emd no bubble was
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found in the left atrium (2), proving no right-to-left shunting
(Figures 23c for "DU2" and Figure 23d for "DU3"). [00224] Device

macroscop' ﬁ,q Jg!w%tol ogi cal exam nation [ 00225] Af%@f/sézollﬁduﬁ@ly
i njection hana5| a solution Val abarb, conplete autopsy wa

per f or med |n both a The hearts, an Vess » B
Dbl ant ed o 1 by EfefRrt ) RevE 3t bl ShEEmRIrERES S mEh0" ana
[ 00226] Ng@hgbsmgbf:“wym nation results [00227] The gross ‘pat hol ogy -
for "DU2" and "DU3" is shown by macroscopi c examination of the ‘
ocel usi on i mpl ant ed: Figure, 24a shows the RA disc of ."DU2";.
Fi gure 32415(%?% *‘—‘E'FFQBE‘A"&?“?&“ IHolgeica Gﬂl"eat?ﬁ-‘c shows the RA disc

of "DU3": and Figure 24d shows LA disc of " £00228] Both devices
wer e i nt-afe0225idAferes éethvérle]eqct@nfcrfamthmessa eqlufdanﬁgle

DU2", ~hal ves of .b RA- and. LA dis 2
et neeh oRETaRe ¢h BB A b et § BBl WREE AL IR BB
t hi onbi - C&ﬂtliﬁégrsseippeaﬂatﬁelﬁﬁthgdaﬁce 15 For "DU3", the RA disc has been.'
conpl etely covered by a thick gli stenl ng surface | ayer . (Figure.3c);
however’, i and the septumis.filled with' -
t hronbi @%ﬂaﬁa‘%g Rlbifatich ¢ A disc is covered by endot heli al .
tissue: 100229] Hi st ol ogi cal exam nation [.00230] After macroscopi ¢. .
exani nat i {92 zﬂh@leﬁﬁlsmg’f’l"gg@ D% podi PP i SR@W% ¥ fHagrgs¢apiogyamination.

al cohol i cf @1@rs%&eﬁﬁrm@wéesrmgl%nla@us@ureﬁms shdvid Bk @91 gal o?%ﬁ’mﬁgﬂi\@ﬁ-@o
taken fromthe right and t atrial wal havmgthe devi ce "and
15

sept alo rrydmrSdh@htA diss ofi DY AHliguse Rée shosrsisbe BdddisnopaPES f,md\ﬁég@re 24d -

serially fained with hematoxylin and eosin. - 00231]
The heal i %g’%sel%ggg%%ﬁgﬂ"%ccl usi on devices of the first aspect .after
one month'in vivo test is shown in Figures 25a and.b for DgZ" and.in |
Fi gur es ZEIQZAWQB‘HhFjSYICGWTG iptact an these ssEnNe Fastuich or dapess o Flleosé?l?l‘?,se&

(40) sti malataeh MRAGEAS ot RWAd 9fA 4i8dd! aﬁ‘@@@}e%Yanﬁ HL % eB0betwlBifeach of -

hi gher magni ficafion shows that the I nflammtory |'s were densely:.
| ayer ed cﬂms@ﬂxdlahhea@empm(ﬁmps 240U8'b). Berae @r‘vmblecasme@l glrﬁslcbgaps

i ifﬁécgptéoﬁilﬁl BRI, B AR AR B 5 1 By ARE e e

. (Figure 3c); however, the gap between the LA disc and the septum is filled with thrombi

and only one quarter ofthe LA disc is covered by endothelial tissue.

[00229] Histolo:gical examination

3": j [00230] Aﬁer macroscoptc exammatlon the septum tlssues w1th dev1ces were ﬁxed m O
20 - alcohohc formaldehyde for 72 hours. The hlsto]ogmal sect1ons were taken from the rlght__. _f -
: ﬁj:;__and left atnal wall havmg the device and septal myocardlum Tlssue samples wereﬁ,g_._. .

ST embedded in paraffin wax, serially sectioned, and stained with hematoxylm and eosm

l [00231] The he_aling response of occlusion devices of the first aspect after one month :in _
vivo test is show.n in Figures 25a and b for “DU2” and in Figures 25¢ and d for “DU3”. It .
25  can be seen that the occlusion devices (40) stimulated moderate growth of inﬂammatory g
~ cells (60). The higher magnification shows that the inflammatory cells were densely

A layered close to the devices. For “DU3”, there were some signs of bIeedmg
-1 [00232] :Degradation e;:amination of the films

~ [00233] Microscopic examination '
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[00234] A tiny piece, of filmwas cut fromthe explanted LA disc of
t he " DU2" occl usi on device after sacrificing the swine. It was

cl eaned \M“t mfg followed by distilled water in anpé'frséﬂgﬁ&bt%)
e

bat h. Scanni ng ectron m.croscope (SEM exami nation was conducted

Cont rol - HGAMATEyHBEE S5 it b Bl A R bl e,

(Figure 2@aJice 308 shirlf@ingUné avRe.at Was cRARAPIRE &hidb fAlWaE boMisted hategh.
and had a_nunber of crungles nostly due to the hot .pressng process.’

Pore for mift PBMltigseniabalh %emseeépcgﬁs nigrogesps i (SEMD $xgunatiqn wapeonducted .

degradat ot o
degr adat | OOt frcARBhyneh 3300 ADU RGN HarEl Al Bk PL ORI ws
measur gd_tinat GRGtaug ﬁhmﬁlafa@dwtsmothhe(ﬁlgurvQﬁa)oThle‘ghtastafacgnﬁerm| itiorh - -

week  4-:(Fi Vi yQ de radat | week».i
B or « ninangaryire e ThF S wisbat st SnlEnn TRu Pt b R bt
vitro (weoioc&)s P3R SorinatidiDehé Wisd Usbsé@ed ah@ris h&ﬂimdeﬁkﬂgﬁaé@ﬂtl @Jhdegradatm
envi ronhi ent in vivo. 15 [00237] Exanple 9 [00238] Ir Fi.gures 28 to.
33, a parﬁl&‘t}?gpb)enbodr nment of an occlusion device of the second
aspect (400) is shown whi ch has been adjusted for the use as an- . .
ASD/ PFO o(mlmﬂeMoleIiﬂerwe: htusst on- devi ce of thi.s enbodi nent corrprl ses a
conbi nati on of .a proxi mal support structure (501) and a wai st portion
(502) V\h [ | r r p )

St ety o128 B MGRGhRL igie (VD) P P timrlo m SEERS SHDTISZ oo
smal | st r imeasyfedaon @E@ bmisccunpafadl with thér giproklesraddtionmesuls rabwr?cﬁ‘sﬂ (Fsa.moa?)t

structure,are sho re t he [ :
in light éls ee);/cpect en LR aifiatgo Ys Wrt% ‘gdvgek Jﬁa%)? ﬁ]g% E(%)?)E}ﬁgr cgﬁlop(az%b?l%]% :
the pol Y Maégratacibni o nhd |cb1ml3anﬂ melvd:ead (weekt B Thislds encselgztduentoofa hdnsher -
pr oxi mal 3 $) r.t structure whi ch can be folded in The direction O - -
t he wai st ?% G HONIEIIR A i n Fi gure 34b). [00239] ‘The occl usion:
devi ce of this enbodinent further conprises a hollow tube as: waist"
porti 6% (HIDZW]CBmmdeéd to the mddl e secti-on of the proxinal support
structure. At the other site of the waist portion (502), a neans

(520) for [guekg m@égttr& :!8%@‘305 5axﬂsumrb%d(r%%fmcfu%nla@n& Sthé BRond
connector of the ﬁort structure are provi as shown in

30 Fi gur e2Pejt (44Hds sluwwshlé hpen adivgted fRidthe s aétantz‘h%D/%Fﬁsocelsés) Thy
the proxi gRlysPRQsde St rm@tstﬁjlstn@c&ﬁp%;s@gtseo&%tmlonaovf'angrosuﬁmuw

of not m)ret an the maxi mum .o
: - structure (501) and a waist portion (502), which are integrally formed (500).. The prox1ma1 .

20',_{ support structure as shown includes two armis (501) comprising spokes and a small Stl’lp of '_I
B an occlusion film. The Spokes of the proximal support structure are shown i in dark grey o
wherein the occlusmn ﬁlm is shown in light grey The two arms mtegrally formed by gk

s lammatmg the spokes onto the polymer occlusion ﬁlm are welded to the mlddle sectlon of _
L the proxnnal support structure which can be folded in the direction of the waist. portlon ‘(.EES | _

25  shown in Figure 34b). '

. [00239] The oc¢lusion device of this embodiment further comprises a hollow tube as vtraist :

N portion. (502) connected to-the middle section of the proximal support structure. At the

'-: other site of the- walst portlon (502), a means (520) for holding the remforcmg means (503) |
» and for bondmg the connector of the distal support structure are- prov1ded (as shown ‘in |
30‘ ' Figure 30). The reinforcing means are welded at the arms (501) of the prox1tna1 support

" structure at a distance (510) having a maximum of not-more than the maximum diam_et_ei‘ of . o
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WO 2011/ 096896PCT/ SG2011/ 000049 the opening of the tissue defect as
shown in Figure 29. After the occlusion device has been anchored at

the tissugyglafigadssost Ne wai st portion (502) and the rei pEpLesdIPdIRANS
(503) are posi t| oned in the opening. The length of the waist portion

dj ust 3
(S08) oo AR (S BB LoblS, BEE A SRR S LB e
support staﬁahotedrae tl(di&%ae) defe®, mmtm_r. portiah ($02% ahdidie reinfleciog niches @eﬁ)eare

as shown in . Fi 32 and _33) tq clpse the tissu defe 0 .
(The occl uBPBPTIR A e oBeiing ﬁ?ﬂ@ﬁmflﬁgwaﬁbgorsow ab%atl%f R dmsor -
struct.ur e geoRskintal Bebpott Jt@%r&&kﬁ&e(&éﬁmd ﬁtnﬂlteaﬁ'diilt $1d8lan@QBd HHhsOSY the . .

film (551):spanned over. an " those spokes to forma flower-liKke

di st al S sugjstal SuppOFtUTIghIES %ISa?éa)sﬁemdtqﬁedse)the Pk dilephthesdefiishfas shownin - -
strAucture LSEShi essection in the formof a hollow:

t ube at’: F}é{z’ﬁéfnd%% esésgre \INe % such that they are fol dabl e The
m ddl e - sectl on i ntegral corrprl ses a hol.l ow tube (552) having

thread at l(?lt2§01e121tee9qcmsm§@fetlaee (i pbodinent BaschdistgbenPRpet piryghue ﬁ%‘FSFSHﬁB
connectin r e
comect ngr guehekel G9E) i s asoqah el overpaactseatay 08k GBkanse
t he hol't otfortmzbéowstalﬂ;e diptdl $vppory Stl'hfrtmde&jShOMmemlf’éb E@r&l@telesuppmt SISHHWA
in Fi 2 I t I o
conpr 8es Ml Bl SuaRe  ARnth A0Sl S hoIBUARRE b (HERR ok are
del i veri ng/elmdrbmh tbﬁ&ﬂéy ﬂalﬂalbﬂ)leﬁ@a@addlasedtmn nrﬁegbﬂty/\mmpnsEs ghmlkw@ﬁlbe -
Ther eby, ation. the di st al. ort struct wre duri.n S
depl oynen?s%s) HoE. & e‘iﬁleatatf%le t@ﬂo Ps%ﬂhe?:'tl ﬁgentgf*%eds E%R%’ bollow .
del.i veri nﬁoxﬁ‘ﬁé’tﬂ% dmiser (H13bT G1 @éwﬁ@ﬂ@mﬂﬁg fikaris 00y thsaeetswtggmreabp The -
(701) fromthe |stal support structure can befﬁmlltated

| ocki ng. MEMHSFHISEEbEHARY es Hieginms dpmptst ah thenholtoge fabsi @nd) f"ﬁ’ob%lf' o

As shgyn t}{t-edaw tttt@rlélsurft&e(n&edhbwerm Bh. DU5 UG RAGIRSE Y df@hd M1 support
enbodi ment of the QOccl usion device of the second aspect conprises a-

pol yner i ¢ fusthee compriseng foeling megibey in Faicheprotbdiae Imeppy pﬁ@mﬁ@hgehwm&e

t het T o
o rotr1 el RphoBEi e iapeRs: RIAHIGHIA M i THERBRS soBroRLEUERA
occl usi onsuppeitctructufd AR 2] thbtdepbymemdprews tan bayveided alldtdecqmﬂcﬂulsl tbﬁ i

d b d difi X
doscr | boa BErbREhaRRE s e Bl i EEQC S AR RADS o0 Sy

aspects.  HQR«4d] suiﬁb‘tﬁt gbewee daskd fapﬂllami ahd lexamgnhethynigang slofwnt hefigore

al ternati 6 occl on devi ce design of the-first and second aspects

of the- apé Fncaé]t‘? <R that the general concept of the pi- esent - -
appl i catl onto repI ace the current pernmanent .netallic devices - G
was: sti ccéaeal] As shownmm;aznmmﬁgsmmmmw fhiﬂesnblodsndmseﬁhe

accorrpllshe tl|| u bi.ode radab material s.t o pr :
occl usi.on %Vf%le V&GS tﬁ% %ﬁ%’?gtoce 5‘3& cﬁ Whi e WH%\APrmggfopggﬁlh% the ¢

response. sddofd delbietng afeamcia lthes canlietetamd (I'@Sbeﬁl'fg usbeé af rodshousing Hes orshs i 1s

aspects: al so decr eases thronbo j ci.ty, increases, endothel |on
mi ni mf2es a‘ts?né‘S?dotoe‘ieBt?VBH&fy“P@?g&‘th’ﬁ’%ng msens Al éaes%@?qymmhaf @@.053 S‘%di
i nf | amrat geyjed €sponses conpared to conventional doubl:ie unbrella: .-
occl udérs. [00244] The anchorlng and the. sealing functlons have been: .

successf'u i.ev elithi.citi .deince a | i o
Firet: and WA dE SEsit o R aeb gk prfehal S Bt fghSy
scaf f O-d_ &} deadshéhddRMufes delcribed Hetorélagd doiythP@SLILiEN danebskffabe fikeion -
stabl e.SS has _been .. shown for the device of the .first aspect by

the aboveS¢ANd/ASPEtE-ésts in ani nal . ‘The . TTE 10 bubble. test' shows = -
that there are no Signs of |eakage fromthe right atria (RA)-to.the .-

left 3bri p00243Y) The sistive adesdriptian andeagedaplry paalonfmlgs @IEerhahﬁeO:ﬂJeluBmg device e

00245] - The ,in-vitro de rad ion studies an st-nortem
[ ] . design of the first Emc%J secon aspects ot'l t?le applﬁ:atlonp shows that the general concept of ‘; : )

j the present application to replace the current permanent metallic d_evtces was_.s‘uccessﬁ_J_l._‘ -
s , " ¥



15 [00246] In addition, the nmethod of the third aspect nakes it
possi ble to achi eve the above- 20 nentioned results with the

occl usi onydeyh ksl the first and second aspects. Mrep¥ég20iiRoosy
met hod of the third aspect allows not only .an easy -deploynment of the -

occl usi On’[‘ﬂg\ﬂ %Eee%tac oqne;%h%%%l bgicl}tlligfng t%l%y %egsasdat)l%%a AGis tg gp r%rfdeao&cl%lp%

t he occl usi'on devi ce, wou ry, or _
an acci dedevtesdagh gy ABDIPFO occ_ludé‘r'sawhfﬁl dhofna gesd h@lxﬁgﬁreépehsé eTHeafesign of -

cl osi ng an anato cal [ ti ssue conpri si ng eni n

connect i n§°AFILIRYIEY ﬂgt% tan %eeondsasa%ctsﬁqp soyd qcreérgeagﬂ Fﬁ%geﬁ‘ puBpTERses
devi ce CO@M&%ﬁhﬁtl@&@ﬁh%l%SQ%?é L% rea%tl&tsoéﬂd@cre'ﬁéé@ﬂﬁﬁﬁncﬁeélb@taﬂd e
COITprlSlng at | east tV\D arns, I sta Ug port structure conprising:

at | eaBt tMlemaratyy ran@nse%thnmamd tpom‘lieetﬁpre egnftsellaoeckiders.ng through
t he opéni ng of the defect and connecting the proximl support :

struct Ur € [WZMH Tﬁl@arﬂh&i@' and @Mﬁﬁngsﬁlﬁéﬂ"ohs' h#ve been successfully achieved with the L
.j. : K occlusmn device accordlng to the ﬁrst and second aspects The spemﬁc structural de51gn of 3

: : :the scaffold holds the dev1ces in a satlsfactory posmon and keep them stable as has been .
- ; shown for the device of the first aspect by the above- in vivo tests in ammals The TTE .

10 bubble test shows that there are no signs of leakage ﬁ'om the right atria (RA) to the left

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

- [00245)] The in vitro degradation studies and post-mortem ex-plantation made on the -
- devices of the first aspect confirm that the occlusion devices of the ﬁrst: and second aspects_ :
. have a good mtegnty and mechamcal strength. Therefore large defects can be securely; '
15 . sealed with these occlusion devicés. Furthermore, the- occlusion devices of the first aspeet
: show minor thrombosis and foreign body reaction .compared to the currént occlusion
" devices having .a metallic structure because the desig:n allows the reduction of the mner K

 structural gaps.

[00246] In addition, the method of the third aspect makes it possrble to achieve the above- :
20 - mentioned results with the occlusron device of the ﬁrst and second’ asPects Moreover the
) method of the third aspect a]lows not only an easy deployment of the occlusmn dev1ce at U
- the correct pos1t10n but also the retrieval of the occ1u51or1 devnce 1f thls would be_lz

necessary, for examp]e due to an accrdental deployment
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wherein the proxi mal support structure and the distal support
structure are of a polyneric material, and the stiffness of the

proxi mal support structure is higher than the stiffness of the distal
support structure. 2. The occl usion Eaevi ce according to claim1,
wherein the scaffold further comprisS@™Sproximal occlusion film
supported by the proximal support structure and/or a distal occlusion
filmsupported, by the distal support structure .. The. occl usi on
devi co abcor di NG eEiogiPi Yoo BIoiee b HAPHESA defish i fisgh smergpe an
t he pr oxégBalngSieRRQng St fFdif bl ndh DatinEias oPh tiSRIEEhS ROKESoR UEVIBE Ediprises
extending fromthe mddle of the proximal support structure and
connect edlscatfoldwantprisiiger end with each other. 4. The occl usion

devi ce according,to anyone, of claips to. 3, wherein the at |east two
arms of t haepraf{glgaélsu %%Sgﬁcu%% FUERGT e %trl%aSE ﬁhrloe 6t nore spokes

out war dly gak@ndipport kfrattutet@nipridihigat sttt adstaal support structure
and connected at their inner end with each other. 5. The occl usion
devi ce accoVaishportign adapted for gxtendingrilongh thepenige of e defestiand iconnecting
support st : Srflhst a; conprises 2 to 8
of said sd%gggghﬁgéﬁﬂﬂ%poccluéﬁgﬁﬁgggggimg%%ggh#ﬁgm%o any one of

cl ai ns Iwheein, thevpsrxéinal dupporstrsctode dndethe dizkal sepposiugppotire sterafct polgmarie
adapted to he fqlg%d. th%iL inner ends to be ins rﬁﬁble [ to.t%_tl
sheat h i"Ratgtiglhand B¢ SaRRgssPIdhe SIRxHmAlSEPPH StrPoHrean dighie thapfre hiingss of
di stal sypRRI sSifouchuERar e adapted to be folded at their inner ends
to be insertable into a sheath in either an inward or outward

di rection. 7. The occlusion device according to any one of clainms 2
to 6, rein.the proximal. occlusion fi.l mexpands, bet the arns. of
the proximal  ThppeRiaet Firisigorting B oDl RRAS n RO B R e s
any one DproximhiMeectusich filmWigp&titdd biiehélipsd:analoS§ipasi Qichiré Mhespandistal
between the arns of the distal support structure. 9. The occl usion

devi ce awshs@pAgm syppeedddhe fistdl sppportistiuetuss. wherein the proxi mal
support structure and/or the distal support structure conprise a
connector adapted for connecting the respective support structure

Wi th thed.wai STheperhkion.device according to claim 1 or 2, wherein the at least two arms of the

proximal support structure are three or more spokes outwardly extending from the middle

of the proximal support structure and connected at their inner end with each other.

4, The occlusion device according to anyone of claims 1 to 3, wherein the at least two
arms of the distal support structure are three or more spokes outwardly extending from the

middle of the distal support structure and connected at their inner end with each other.

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

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

6. The occlusion device according to any one of claims 1 to 5, wherein the arms of the
proximal support structure are adapted to be folded at their inner ends to be insertable into
a sheath in either an inward or outward direction and the arms of the distal support
structure are adapted to be folded at their inner ends to be insertable into a sheath in either

an inward or outward direction.

50



10. The occl usion device according to claim9, wherein the connector
is ajoint protruding in the mddle of the proximal and/or distal
support structure in the direction of the waist portion. 11. The
occl usiop devjce according to claim10, wherein the ist portion js
a pol ymefic t 9@'0?%211 %cheo%cepwgow %ﬁ@@f&&@f%zﬁt@eﬁ@ therogimal
clai M lodcfusich ﬁmllfl@;{p%}llg‘s Eé’t‘rﬁe&ﬂhb Fﬁn@&ﬁhé‘ﬁfo%ﬁnéi‘%\ﬂbﬁcﬁt itfuchpde of a

polyneric material. . The occl usion device according to claim 12,
wherein the polynmeric material conprises a non-bi odegradable or a

bi od bl | . 14. Th | i devi ce. i t i
! T hTion, et ASErORE o ThErore ot SR 280 1) Bfhetdin B¢ ik
consi st | @h@forP@hysHpahdeBewcRthY heLI T thelaRiaN aRRsH.strigly est er

ur et hanes), pol yvinylchloride, polyal kyl enes, pol yet hyl ene
terephtal at e pol yvi nyl acetate, poly ethyl ene-co-vinyl acetate and
nylon. 45. Thg eebisitsi duvidtertdcordiraCioangiong df @ldiingilnio 183 whett eienprokienal
bi odegr adabl e pol yner is selected fromthe group consisting of

pol ycapr BPReH gHEc 51(,1/0{)&1&‘3, distal | ppeLt Gtrpgspg) comprise a connector adapted for
pol ycapr CL | i - copol yner),

Dol v yoa T Ge PR AEs st R Re Ve aot i de (PbLA)

pol yl acti de- pol ygl ycol i de copol yner

(PLGA), pal.y! affd ea@ufloR UeyRE Nycaria itdl QEARODY RBIcRoiP thy SoHEQAR B a joint
pol yhydr oxybut yr at e, pol yanhydri de, pol yphosphoest er, pol y(am noaci ds),
pol ydi oxaranding de theunisidés ofcibE Ipsayémalard/aitlistalsmpport sByuctiedn dlag dlivestion of

devi ce q%g%%%&n 19 claim 15, wherein the polyneric material of the
pr oxi mal suppoP SPructure has a hi gher Young nodul us than the

polynmeric material of the distal support structure. 17. The

occl usi oy devifie RELYH! f8ide agéo?(!liﬁk 18, clmrl%i, yiidP&in PRE YR fortion is a

mat eri al of the
polymeric tube.

12.  The occlusion device according to any one of claims 1 to 11, wherein the entire

occlusion device is made of a polymeric material.

13.  The occlusion device according to claim 12, wherein the polymeric material

comprises a non-biodegradable or a biodegradable polymer.

14. The occlusion device according to claim 13, wherein the non-biodegradable
polymer is selected from the group consisting of polyurethane, poly(ether urethanes),
poly(ester urethanes), polyvinylchloride, polyalkylenes, polyethylene terephtalate

polyvinylacetate, poly ethylene-co-vinyl acetate and nylon.

15.  The occlusion device according to claim 13, wherein the biodegradable polymer is
selected from the group comsisting of polycaprolactone (PCL), polylactic acid (PLA),
polycaprolactone-polylactic acid copolymer (PCL-PLA copolymer), polyglycolide (PGA),
poly-L-lactide (PLLA), poly-D-lactide (PDLA), polylactide-polyglycolide copolymer
(PLGA), polylactic acid-polyethylene oxide copolymers, polygluconate
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proxi mal support structure has a nodul us range of about 107 to about
109 Pa at 37 C. 18. The occlusion device according to claim 16 or
17, wherei n the polyneric material of the distal support structure

has a m)d s, range of abou 05, 10 abou 07 ,Pa at 37
occl usi oPtO éi T bg%%tfadi né"’[ 1d§ne cPIOi gsmheester; o 1129%(9\]1]‘8?0@ n aBWé)

or nore 5&1@&%5@5@@%11%@9 cf)ﬂ%&tat‘l@cﬂi't&)éh”al support structure, the
pr oxi mal * otcl usi on the distal support structure, the distal

occlusion film and the wai st portion conprise a therapeutically

active aggnt . The2foclubith @&/ideltb6rdindend i cledmalcs; Whetdi) tHeQpolyraéri8 hlfterial of the
wherein the therapeutically active agent is selected fromthe grou

consi st i Prgxiseal suppagpstrugiira heg dhighercY oug madylus thﬁnélrﬂmlﬁnwca@éwal he

anti-clo hormone, a nucleic acid, a peptide, a
cel | ul aral%{apgléj}?ﬁg%cr%l\%t h factor, a ligand for a cell surface

receptor, an anti-proliferation agent an anti-thronbotic agent, an

ant i m cr ppi al TRSEMusi A bl B 1@“@@%&9&1%35@9&&1%& aRBEMUS the

and an anti-hypertensive agent occlusion I ce accor

to any oprexiial shgpontstrlictuge B4, a mbduled angmef aoutrbd’so ebarte At Ba ste37e°tﬂ ed
fromthe group of the proximal support structure, the proxi nal
occlusion film the distal support structure, the distal occlusion

film antB.t hellygapesluspor davins &@ewﬁmgste cpimatf @rphhwheé@ndqulym@ﬁc aatgrial
surface @ﬂgé st Psr?p %Fc tru@tu} as a & raﬁ mﬁl’ftefHS Yo %l?o]orﬁleﬁbsl?a at 3% C.

The occl Usi on deviiee accordi 1 ng £'0° L';lar e ereln r oxi mal
support structure, the distal support structure and the wai st portion

conprise a radiopacifier.,  23. The occlusion device according to any
one of tHe clHieReclusion deyicerageqrping te@ﬁtsppepﬁelaanuérq t%rwh@elgw?@m%?

sai d Occélé’rﬁbrgg' sORVES q:rq[?[ge Eﬁ)?(ﬂgal ort %trué:tﬁﬁe? thd I%X rh S&ccﬂﬁio'nvglrrﬁ e

means adapted to nove Us| on device t oug
sheat h. di2dl supyeriosuhersiepiha evitdeoabesondifihy, tand cthai wa1213 porstiosr eimmpriseea

at |east_one first delivering
therapeutically active agent.

20.  The occlusion device according to claim 19, 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 antimicrobial agent, an anti-viral agent, a chemotherapeutic agent,

and an anti-hypertensive agent.

21.  The occlusion device according to any one of claims 1 to 20, wherein one or more
clements selected from the group of the proximal support structure, the proximal occlusion
film, the distal support structure, the distal occlusion film, and the waist portion comprise a

radiopacifier deposited at its surface and/or blended in the material the elements comprise.

22.  The occlusion device according to claim 21, wherein the proximal support

structure, the distal support structure and the waist portion comprise a radiopacifier.

23.  The occlusion device according to any one of the claims 1 to 22, further comprising
a delivering system for said occlusion device comprising:
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nmeans is a |oading wire renovably connected to the proximl support
structure. 25. The occlusion device according to claim 24, wherein
the loading wire forns a | oop running through the proximal support

structure. 6. The occl ysiqn device according to claim23 ar 25,
further Eonﬂﬁf’%ﬁt (v r@tu‘i!“‘gléfe’fl%éﬂeéa%ﬁf‘%eqo ¥ move dhg H‘é‘”'?’t‘%%{a A C%%f%u%hﬂ
to guide thgechpagigng wire through the sheath. 27. The occlusion

devi ce according to any one of clains 23 to 26, further conprising a
second del i ¥gheathg neans adapted to nove the occl usion device by

pushing it at the distal support structure through the sheath. 28.
The occl usion device according to claim 27, wherein the second

delivering mepmsodchisPntRRice ¥0&REink Y0 6laim 29, wildinAESAUSIsPOnSIBMt 88livering
according to any one of clainms 23 to 28, further conprising a

retri evalnegysiea aagingapirsrcamyaklycoanacesd:th shaproxiaal sumedrstrusirdict ur e.
30. The occl usion device according to claim?29, wherein the retrieval
wire forms a loop running through the distal support structure. 31.
The occl28&i orTigestchRioacdzdicdiadehrilidged aiatth 3Q, whbemeths 1dddtngr wiré if@iila loop
wire can be renoved by pulljing at one end of the retrieval wire. 32.
The occlgpiyg thiayelt e Reedmal e sipsfisne of clains 1 to 31 provi ded
in a sterilized package. 33. An occlusion device for closing an
anatom cal defect in tissue conprising an

26.  The occlusion device according to claim 23 or 25, further comprising a guide tube

adapted to house the loading wire and to guide the loading wire through the sheath.

27.  The occlusion device according to any one of claims 23 to 26, further comprising a
second delivering means adapted to move the occlusion device by pushing it at the distal

support structure through the sheath.

28.  The occlusion device according to claim 27, wherein the second delivering means

is a deployment tube.

29.  The occlusion device according to any one of claims 23 to 28, further comprising a

retrieval wire removably connected to the distal support structure.

30.  The occlusion device according to claim 29, wherein the retrieval wire forms a loop

running through the distal support structure.

31.  The occlusion device according to claim 30, wherein the retrieval wire can be

removed by pulling at one end of the retrieval wire,

32.  The occlusion device according to any one of claims 1 to 31 provided in a sterilized

package.

33. An occlusion device for closing an anatomical defect in tissue comprising an
opening connecting a front side and a back side of a tissue, the occlusion device comprises

a scaffold comprising;:
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openi ng connecting a front side and a back side of a tissue, the

occl usi on device conprises a scaffold conprising: a proxi nmal
support structure conprising at |least two arns; a distal support
structure conprising at least three arns and a distal occlusion film
suppor t et HHrogimalsyRRort HcHYe FOBRESRAIEASEIVRAMd  a wai st porti on
adapted fo i . i d tq;qnd ;
connect i mg: {Ee B S O S A LR Bl e T LR osshusion fim
st ruct ur e sipporedbi dtdegst Oxi ofthessdlppeontmstandict ure and t he di st al

support structure .are of ol ric material, and _the stiffness of.
he’or oxt et Pt dfited ffeleraing RBE Mraperie S frgnPoragtine
di stal supfehbloxPhilkabps® struckite withehOaGtay shppartd@vtipie according to
claim 33, wherein the proximal support structure further conprises a

pr oxi nal whereinube prexfimbinsuppor sirneureandtthe distal Iseppart stustuae aee offa pelgmeric

proxi mal_support,.structure....35. The occlusion device according.to

Cl ot 3R Ao R PRt Cor ¥ Pronil®, SERe BRI afef R e B els or
st r engt hap el khshopr Macrigd. support structure. 36. The occl usion.
devi ce according to claim35, wherein the reinforcing nmeans are at

| east two reinforcing filnms each extending fromthe end of the wai st
portion i Chml S i ]

pr oxi mal 3’2‘30 c rﬂﬂsﬁ (g%ﬁ?{bﬁcﬁ{eggs %gcrolt:r&e]igg g(%/ él%:ﬁ% 3 ‘sé’;wng&%#l tﬁ%é%%ﬁ%g i%lr%%ﬁ% s%%ﬁ }L)urr f
st r uct urfarther3dompdues acpilonBnanoodRigionefilac soppdited tyothel aileasd Gwo vime eifrthe
each reinforcing filmis welded at the arm of the proxi mal support

st ruct urloRMal SUPOrt YRRt ween the center of the proximal support
structure and the mddle of the arm 38. The occlusion device
according to claim 36, wherein the proximal support structure

conpr i se¥s. t wdl'lreedaefusioni duyidei densrdingite ddtists Ace e fimden comprising reinforcing
reinforced fil is.nat larger. than the xi mum di aneter of the
tissue JBPAEELOrS ggth?rﬂggglecﬁgg SlB’é’\?HC,sgung@éeordi ng to any one of

claims 33 to 38, wherein the arns of the proximl support structure
are adapted to be folded at their inner ends to be insertable into a

sheat h igp, an THWRHsfin" & tdeQRcordirtlo cliif 9 GINeéiANh AN BRIRE ARALY A8 at
to anyone of clains 33 to 39, wherein the at |east three arns of the
di stal dewpdwp reinfercingr Bl eachoertensiingrbog okl ob thowapigt posienevilichdgs

froma m ddl cli o f the. djstal s ort .structure. ., 41. The
veoluai onofietrd B e sl spPors Skt BB BisiPhL LI g SupnbEs bvithe
arnms of drhe ofltitpRbxislapp@pbristruttatair e are adapted to be fol ded at
their inner ends to be insertable into a sheath in either an inward

or outward direction. 42. The occlusion device according to any one

of claing 33 }Q §dudflPuelibe talagorﬁfngxfongllaim 36, wherein each reinforcing film is

welded at the arm of the proximal support structure at a position between the center of the

proximal support structure and the middle of the arm.

38.  The occlusion device according to claim 36, wherein the proximal support structure
comprises two reinforcing films, the distance between the two reinforced films is not larger

than the maximum diameter of the tissue defect.
39.  The occlusion device according to any one of claims 33 to 38, wherein the arms of

the proximal support structure are adapted to be folded at their inner ends to be insertable

into a sheath in an inward direction.
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support structure and/or the distal support structure conprise a
connector adapted for connecting the respective support structure
with the waist portion. 43. The occl usion device according to claim
42, wherein the wai st portion conprises a hollow tube and th

connect of0-conphf sedugion deviehageardieg pr gionerhelaims $héo A9 dﬂlllf'éelafth% fideast

proxi nmal t

e st potFitanh cRl R ISUBRRE bk E R il RSOk Bl Ay ekl rom
of the vamsddlpsgctionof theddstal Bhgprtstueairan devi ce according to any one
of clainms 33 to 43, wherein the entire occlusion device is made of a
polymeric material. 45. The occl usion device according to clain144
wherei n t he polynerlc mat eri al conprises a naon-bi odegradabl e q

bi odegr afhbl e J}ﬁﬁcyhséwn deye appadimgde gay ne abdlriars 3ctostt Nﬁ'@f@élbﬂt?l @inﬁnof

45, oiher G i SunRfr BhRARGRALARNEROLY Fiicd B R GRECHTORY LG IO H,

consisting o ane er urethanes
urethanesmmamnhpuhmyMQHWmﬁumeunmmﬂﬁahaymenes pol yet hyl ene
terephtal at e pol yvi nyl acetate, poly ethyl ene-co-vinyl acetate and
nylon. 47. The occl usion device according to claim45, wherein the
bi odegr a#fabl elhgaioghmsionidsvise Iaeqmédg to amy eneeofgtadmp 32 41, srtiengin dfe proximal
pol ycapr ol aone CL |c ac

ol yoapr GPRet onacfe ghaef fie' aBFY BeRl SrerEramsin 3 5pBRSiRg gdepted for

pol ygl y cenhe@ing ke vesp @ﬁwsdppba@tmaare(ﬂ;ﬁﬂae,wmlpwnw actide (PDLA),

pol yl acti de- polyglycollde copol ymer

(PL&A), pol yl acti caci d- pol yet hyl eneoxi decopol yner s, pol ygl uconat e

pol yhydr4sybulheradchisipal deaivk ydedrdimgpo klaph e pivhestrethe padi gt (partionomaipilisgs a
pol ydi oxanone, cel | u] ose, collagen and chitosan. 48, The occl

devi ce a]E‘Q]S?”df“rl?S apd 1 WOIBWGK’BPO%P&F??B& Ballewy Jomt piasmiding igrfbe &Idalﬁr‘g

el ement Sprﬁﬁln?a@ tagd/of rd(i)éi'ﬂlt stﬁ?%&‘i %ﬁ"h&ﬁfe PR UifecBbl \OE U Graist Eﬁ%l‘tﬁﬁt z‘uﬂnﬁémg
pr oxi mal® occl usi on di st al support structure, e Opt| onal

di st al oxlepieditobe i’nustqu iatedthe hellovaiube of thret waist ootaqor.i se a

t herapeutically active agent. 49. The occlusion device according to
claim 48, wherein the therapeutically active agent is selected from
the gr ouﬁl c onBhieseqehigions deyicgraggording taranyimstafclaigy 38nkoi 43, hcesiinthcopnyire

agent, @foh&bﬁ%ﬂﬂgd%ﬂffﬁ ﬁlw&pﬁrgﬁ% a nucleic acid, a peptide,

a cel | ular tactor I'gand for a cell surface
receptor, an antl-prollferatlon agent, an anti-thronbotic agent, an

antlnlcroblal agent, .an anti-viral agent, a chenother peuilc agent ,
and an ahri - Wep@%%@q,éley@grﬁccordmg o claim 44, wherein the polymeric” material

comprises a non-biodegradable or a biodegradable polymer.

46.  The occlusion device according to claim 45, wherein the non-biodegradable
polymer is selected from the group consisting of polyurethane, poly(ether urethanes),
poly(ester urethanes), polyvinylchloride, polyalkylenes, polyethylene terephtalate

polyvinylacetate, poly ethylene-co-vinyl acetate and nylon.

47.  The occlusion device according to claim 45, wherein the biodegradable polymer is
selected from the group consisting of polycaprolactone (PCL), polylactic acid (PLA),
polycaprolactone-polylactic acid copolymer (PCL-PLA copolymer), polyglycolide (PGA),
poly-L-lactide (PLLA), poly-D-lactide (PDLA), polylactide-polyglycolide copolymer
(PLGA), polylactic acid-polyethylene oxide copolymers, polygluconate
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50. The occl usion device according to any one of clains 33 to 49,
wherein one or nore elenents selected fromthe group of the proxinal
support structure, the optional proxinmal occlusion film the distal
support structure, the optional distal occlusion film and the wai st

porti on RAMBIGrewbAEtTaE opaehrnistdrideposinobiphasohoesiers ur fREdasRy or acids),
bl ended AL e rise. 51. The occlusion
devi ce a@g%&f ?ng %’ogegﬁ%is%aggfée\ﬁmqg@gﬁlﬁ& 'e proximal support structure,
the distal support structure and the wai st portion conprise a

radi opacifier, 52  The occlusion device ac ordln to _any one of the
claims 3¥to E&eoqcmw&evw@ﬁ?qrémﬂdoanﬂepw flrimy 3o Envhgringgepr more
occlusio i o, b8 B

adapt ed ét1ol(;1%lkf@‘[\k/§glte e occrﬁl}is?ig Xgﬁlw S@Bﬁr%ﬁwﬁ&éﬁ%ﬁgﬁlwﬁaﬂr{ ngl??kelglg%lﬁn
53. The offlo,ubé distal eupmet stomtmd_,l thg optiowd] distal 52 ¢clusdoe rfdimg ahd ¢heatvalsepstion
one first dellve is ar d removably connected to the

proxi nal %ﬁBF‘tt I?%IEP%PY Ctlveggfe The occl usi on device according to
clains 52 or 53, further conprising a second delivering neans
removably connected to the distal support structure and adapted to
nmove t he4$bccl’lilm ovrleiwi devichmougdingHe Shisntif, sheren mlm/éierapeb‘@mklm avtige

t he sheat h. 0 usi on devi.ce r di

the secoRibisRIraE A ErorE it S B, B2 abhifHd el fripliPERdlaly
connect i pGnfRMADAI- @lbttingsfabtbf) a hbfinonkhe QfMdidlatidN adepties feelnnst fgtokOa
cl ai m55, wherein the distal support structure conprises at its rear
end a hoBPwi fask, akigang far eneetladisbrce Xeeapiasy as ginfigaseliferatipn agggf, an anti-
occl usi €, abded k e t
momber. QoS B BBt Bubl Ao Shu el HARLA ol ERPARK' gl
t hr eade chrkdcinl anviciypbeersivetdgentdi st al support structure. 58. The

occl usi on device according to claim57, wherein the holl ow tube of
the distal support structure conprises a |ocking nmenber in which
protrudigyy MeARS,BuRndRYice Acddi@ink 9 arPoh L85t GRARS8 D0 U9, \Fv}ﬂ‘éréﬁl d?lfefortxﬁlﬁe
di stal support structure fromthe“second delivering neans.

occl usi ozlerents sdecied bodi thg gr@;acpfytho ma)mrmbt%v@pnm sB8cthne, BB qptmualcm'dmml

t | d. t h f cl t.
T B BSIBAC e s EPsonRod S ionitivs o mrBRed At oD RO GRS Haist
back si dgr@dn SorhpSRULradcPaBIfiSHdpdsitdieat Sts@RHa&S and/or blended in the material the

clements comprise.

51. The occlusion device according to claim 50, wherein the proximal support

structure, the distal support structure and the waist portion comprise a radiopacifier.

52. The occlusion device according to any one of the claims 33 to 51, further

comprising a delivering system for said occlusion device comprising:

- at least one first delivering means adapted to move the occlusion device through a
sheath, and

- asheath.

53.  The occlusion device according to claim 52, wherein the at least one first delivering

means is a rod removably connected to the proximal support structure.
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provi ding a sheath into which an occl usion device according to any
one of clainms 1 to 59 has been inserted, noving the occlusion device
t hrough the sheath to the site of the anatom cal defect by using a

delivering means, _noving . the proximal support structure of_ the

occl usi o?fg devleoesligsios devies aerording ¢ clsingh S 1y Tefwdhericompmising, 3 pgcond
si de of [ I t

Front si vshng pisns rERbAY Bfndcl BRZAIE pBH Anhe it e oo kidGe
wi t hdr awthagctlhgos Hedtdthranghehesteathtdréo wmivs it haok tnt@me@heatt]ne occl usi on
device in the opening and to rel ease the distal support portion and
the wai st portion at the back side of the tissue, and deploying the
di stal s¥pporTheseaclisian devixfe atch@dingcﬂouéziinn%ewhec@nahe sdvend delivening aheans

defect to close the defect. .from.t he back.side f tissue. 61. The
met hod at &A% ﬁ@ WIS SPFRE ARG EOmPPRES &CRIGrENG MEHDRT g*s“pr hrough t he

opening while the proxi mal support structure is aned out of the
sheath. 62. The method according to claim60, wherein the sheath is

at the fggnt "ﬁiedgccﬂ)ﬁsﬁrh@e\ﬁil@é s&br k& clahf 337 WHlerERh (15BRAN buSdoiuatithRe
is moved out of the sheath e nmet hod according to any one of

cl ai ns 6@muiseat ifsyeartead admﬂpmfgbmlgavuma Sreadedpxtederfueiathg t he
occl usi on device out of the sheath of the catheter and using a new
occlusion device in the next step. 64. The nmethod according to claim

63 wher e37M t NEhesdRRsn dedlceia¥drdighgtth 1206 I5Us 58N wiereirt the GORTMCLIS L SnehnttRr
steps of withdrawing the retrieval wire while holding the sheath in

pOSi t i orPOEQPTfS@“r a dhrspdedainterion spifese) teegngagfopothe tarepdpdt iptlovage &f the, distal

di st al Bpﬁﬁ H?&&gcture of the occlusion device into the sheath or
conpri ses e steps of withdrawi ng the second delivering neans
connected to the support structure to force either the whol e

occl usi on device of the distal support structure into the sheath.

65. The 38t hotheaaehisttnnpvice aeoyrdingetoadiainl 51, vehebéin tiee Bdllowhdeaifithd tigtal

anatom cal defect in a tjssue s a septal defect or, shunt in 5ra§
heart orSUPRYt %%%ﬂeacm@y@%seqﬂoc %m%@rﬁw&w Fetrydipg Meeaps Pravidedonghe
to 65, Wagr&hhd Sfas&Pidtwidebfiche 'd?stz?leﬁu 61@@3{1&9@ kD& f%ﬁlégond delivering

consisting of atrial septal defects, r|c sept a cts,
pat ent duednss arteriosus, and patent foranen oval e.

59.  The occlusion device according to any one of claims 33 to 58 provided in a

sterilized package.

60. 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, comprising the steps of:

- providing a sheath into which an occlusion device according to any one of claims 1 to
59 has been inserted,

- moving the occlusion device through the sheath to the site of the anatomical defect by
using a delivering means,

- moving the proximal support structure of the occlusion device out of the sheath
through the defect to the front side of the tissue,

- deploying the proximal support structure at the front side of the tissue to close the
defect from the front side,
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- withdrawing the sheath to release the waist portion of the occlusion device in the
opening and to release the distal support portion and the waist portion at the back side
of the tissue, and

- deploying the distal support structure of the occlusion device at the anatomical defect

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

61. The method according to claim 60, wherein the sheath goes through the opening

while the proximal support structure is moved out of the sheath.

62. The method according to claim 60, wherein the sheath is at the front side of the

defect while the proximal support structure is moved out of the sheath.

63.  The method according to any one of claims 60 to 62, further comprising the step of
retrieving the occlusion device out of the sheath of the catheter and using a new occlusion

device in the next step.

64. The method according to claim 63 wherein the step of retrieving the occlusion
device comprises the steps of withdrawing the retrieval wire while holding the sheath in
position to force either the proximal support structure and/or the distal support structure of
the occlusion device into the sheath or comprises the steps of withdrawing the second
delivering means connected to the support structure to force either the whole occlusion

device of the distal support structure into the sheath.

65.  The method according to any one of claims 60 to 64, wherein the anatomical defect

in a tissue is a septal defect or shunt in the heart or the vascular system.

66.  The method of anyone of claims 60 to 65, wherein the septal defect is selected from
the group consisting of atrial septal defects, ventricular septal defects, patent ductus

arteriosus, and patent foramen ovale.
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