WO 20091049677PCT/ EP2007/ 061116 SHAPE- CHANG NG MEDI CAL DEVI CE, KIT, METHOD
OF PRODUCTI ON, AND METHOD OF USE Field of the Invention 5The present
invention relates to treatnment of disorders in the heart rhythmregul ation
system and, nore particularly, to a nedical device for tissue cutting
and/or m gr ¥ARY UMD the tissue, wher ei? the cutting aREFEP2OMYYEEE| ng of
the nmedical device is actuated by a swelling 10 of a swellable materi al
conprised of the device. The invention furthernore relates to a nmethod of
produci ng such a nedical device, a kit of such nmedical devices, and a

met hod for trsHNEEIgHANGEING i MEDTtoTS DEVIBEG KRIDUME™iOD b PRUSUETToN, The
circul ati on ciNbiMEEHoDNOFhes®wody is controlled by the punping action of the
heart. The heart expands and contracts by the force of the heart muscle
under inpulses fromihe bheant tegr@igggul ation system The heart rhythm 20
regul ation systemtransféers an electircal signal for activating the heart
muscl e cePl s. Thehpreageialinvenddeni salatee| tecttrieeamenhpef ses t hrough the

heart starts disdrdersi neathd alediadenythaVvebsu RO QTS shB@chi 8R4, atddim the

atrioventricul.ar .no_dLe t he_ bund 5 and thereafte read, across
Trticuldrl

arti ] Aéﬁi Oﬁ EL%'Z f’ t é'%g
the ventricultdr mUScre fhss EVENTTAll §SWhen tHe Witghal CPehtheSiHeT
myocyt es speciigivazaddi hnonl she dritssaet | shereie thesclugtdebl amilfdr contract and
create the punpiragihynetione olediR@iheattcésee f@atlh b¥he shectimigcal
i mpul ses 1gre I ansﬁqe&;ad by sﬁoe%l 3I I¥ 30. ad(gptfed cells. Such a cell wll
create aid discharge e%]oetél}ﬁ'egl Ay EPTPRESTRI T b FETECBy ing ions in
and out of tHaveatkonAfpucannage [relates| bd nedneariadt ofepdodycimg encal at ed
di sks. These [dingks cal eas@lde,maMyianes Whth medelt bewieksctiigal inpedance.
An activation %E)’\?/% otenti atl 35 in a cell will propagate to adjacent cells
t hanks to t h&9"6RS Eﬁﬁdﬁﬂ%ae B9 EHED AtE&PESF R ed di sks between the cells.
Wil e being at the enbryonic stage, all heart nuscle cells, the myocytes,
have theigbility tBagkglithPF thaNshebnte M 20091049677PCT/ EP2007/ 061116 2

The circulation of blood in the body is controlled by
the pumping action of the heart. The heart expands and
contracts by the force of the heart muscle under impulses
from the heart rhythm requlation system. The heart rhythm

20 regulation system transfers an electrical signal for
activating the heart muscle cells, |

The normal conduction of electrical impulses through
the heart starts in the sinoatrial node, travels across the
right atrium, the atrioventricular node, the bundles of His

25 and thereafter spread across the ventricular muscle mass.
Eventually when the signal reaches the myocytes specialized
in only contraction, the muscle cell will contract and
create the pumping function of the heart (see Fig. 1).

The electrical impulses are transferred by specially

30 adapted cells. Such a cell will create and discharge a
potential over the cell membrane by pumping ions in and out
of the cell. Adjacent cells are joined end-to-end by
intercalated disks. These disks are cell membranes with a
very low electrical impedance. An activation of a potential

35 1in a cell will propagate to adjacent cells thanks to the
low impedance of the intercalated disks between the cells.
While being at the embryonic stage, all heart muscle cells,
the myocytes, have the ability to create and transfer



el ectrical signals. During evolution the nyocytes specialize and only those
cells necessary for maintaining a stable heart-rate are keeping the ability
to create and send electrical inpulses. For a nore thorough explanation 5
of the propagation of electrical signals in the heart, see e.g. Sandoe, E
and Si gur d,w82009806yt hm a, Di agnosi s and Managenent, RCTEPIHTILLIG

El ectrocardi ographi ¢ Gui de, Fachnmed AG 21984. The heart function will be
inpaired if there is a 10 disturbance on the normal conduction of the

el ectrical inpulses. For instance, atrial fibrillation (AF) is a condition
of electrical disorder in the heart rhythmregul ati on system In this

condi tion, peédgatuierlarrdorade- sPyhS GYeda§arar e iMHAGYatfng nuscl e
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will be tran Erat cal eart”. When nore than one such
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20 contragt tg the Wﬂa%%ttlbﬁgafaélédtﬁﬂa:aa beghihy iheatk, hehete sde rhyt hm
is controlled fro e sihoatrial node. f ationyis a very
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popul ation oyer t{bgsage of 65 suffers fromAF. 160 000 new cases occur
every year in the US and t nber ase e e,US is
estimated to be afduntFa3 tni PPFg]norbe“FlgLolns ﬁﬁgh% the%relf:gowatrl al
fibrill atbondistanbamporananhet ppimal W@apns@ie@q GrlesttdpRe premature
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S rior vena cay O n n the inferior
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orifices and rlelqsﬂeleldimesyaﬁzesvclnl M@S coraidirhe Panatgigedpdl £§5tround t he

orifice of t |n‘]ﬂ£ §%dl%rrlQuhﬂpﬁﬁtyln\éeknﬂsﬁh:egpéﬁntﬁﬁéﬁﬁlﬁﬁtsoDhCtlSEbteS are
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ce of, t.h
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Atrial fibrillation is a very common disorder, thus 5%
of all patients that undergo heart surgery suffer from AF.
0.4-2% of a population will suffer from AF, whereas 10 % of

25 the population over the age of 65 suffers from AF. 160 000
new cases occur every year in the US and the number of
cases at present in the US is estimated to be around 3
million persons. Thus, treatment of atrial fibrillation is
an important topic.

30 Typical sites for ectopic premature signals in AF may
be anywhere in the atria, in the pulmonary veins (PV}), in
the coronary sinus (C8), in the superior vena cava {(SVC) or
in the inferior vena cava (IVC). There are myocardial
muscle sleeves present around the orifices and inside the

35 svC, IVC, €S and the PVs. Especially around the orifice of
the left superior pulmonary vein (LSPV) such ectopic sites
are frequent, as well as at the orifice of the right



In the chronic or continuous cases, the atrial nuscul ature undergoes an
electrical renodelling so that the re-entrant circuits sustain thensel ves
continuously. The 15 patient will feel disconfort by the irregular heart
rate, sonetimes in formof cannon waves of bl ood being pushed backwards in
t he venous W6 hen the atria contraﬁt agai nst a cl BEEEP2007/061116
arterio-ventricle valve. The irregular action of the atria creates
standstill of blood in certain 20 areas of the heart, predom nantly in the
auricles of the left and right atrium Here, blood clots may devel op. Such
blood clots may in the 1Left side .of the heart get | ogse and be taken by the
bl ood st reamIEEHE PRI GHerE i (BPEYL esI UGB 1 8afBRyEL i n for m of
cerebral strakeclAB b$ 25tcormiidaredel ocheica rejigmadasseroéd sin ke, whi ch
i's one of th%ctyogﬂgsEi@%%%:d&feql%%?gﬁréggﬁyg re—ent-£9d3¥’tlrnge§§%r%rle a few
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The princi pl E6F €r grehte@Pn FedEART| 30 1@ dRPrihéahis ¢+ fSugh t he
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i npul se . fromachkécsi adathe dAtmederestehestanrdvviddt pifchlapd nodeseraadnt he
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basis of atrial flutter_ and a_t.rl%l f'bp”aﬂ%ﬁé J ﬁ'gorac Car di ovasc Surg,
1991 101: 40@3358?3‘"%% G i8n TRAT & | SHE R Ate SE0REBs b %uri ng pati ent s

from AF Eh 9@o%soflerd@ patheenrt giajbowesess dthetivivke, opeialt i on dmeploifcat e t hat
many suture ldnaes;hauer i@ dTBEeoblens today.

Today, there are a few methods of treating the
preblems of disorders to the heart rhythm regulation
system. Numerous drugs have been developed to treat AF, but

30 the use of drugs is not effective to a large part of the
patients. Thus, there has also been developed a number of
surgical therapies.

Surgical therapy was introduced by Drs. Cox, Boineau
and others in the late 1980s. The principle for surgical

35 treatment is to cut all the way through the atrial wall by
means of knife and scissors and create a total separation
of the tissue. Subsequently the tissues are sewn together



30 and requires that the cuts are conpletely sealed, which is a demandi ng
task for every surgeon that tries the nethod. The operation is tine

consum ng, especially the time when the patients own circulation has to be
stopped and repl aced by extracorporeal circulation by neans of a heart-|ung
35 machi ne.wadhetsosmerit al ity has been high and the real | pCy@pmoT/@dubt s

remai ned in the hands of a few very trai‘ned and gifted surgeons. WD

2009/ 049677PCT/ EP2007/ 061116 5 The ori gi nal Maze operation has therefore
been sinplified by elimnating the nunber of incisions to a mninm still
resulting in a good result in nost cases. The currently nost comonly used
pattern of inrgeshons herlb hvalfibdonazieldsue, (yBeck ¢eeyot haveckher net hods

of isolating pheiestoPicraih8s Nayeardisn Reenrdeyel meﬂlarlgcent I y I n t hese

met hods, the actua tting and_sewi ng of .tiss has

met hods for KRHPHY ?ﬁ gné’equlg ¢ ‘%sdfone ﬁgﬁlba\a/to 3.‘ ?B!EI Ag 0 t he

ti ssue, insteddiopelssstarcy thheeby stemldhp #@angcwpmﬁlt@ﬁrcéﬁﬁl A9 n the
Maze pattern Lo, cheatehd Hsionnt b euahrenheant madionallkerdamages nyocyte

ti ssue cannot transfer, signals an nd fore the sa result may be
achi eved. St |tlrle""H‘1‘%m'ch‘é%tu%zi§§“""’f;8“%%%?3«3%?81 t;Egﬁd the Hear? 15°¢Fbpped and
opened. Furtkepiathenenerafy theuecaudlasa ¢ pbysasel whantasdntrenl ed to af f ect

only tissue %Q%‘é: s 1o Mpdest raved. + Adarae cpumhes @it idevibeeselave now
e

been devel op u5|ng varj ous ener sources for destro |ng t he myocyte 20
tissue. Such @6 cBE PaKiNF& ﬁPﬁH%E%I %L Hreaqiefity® Je%seq’%y, as di sclosed in

e.g. US 5p938epGBceosntriler omwavesndedt ivs disduer wi bk erranidigy fuReeent | vy,
devi ces have t&%‘éﬂlﬁeélfd%o%% fokeCatdetals Rrsndi del dyerhokchbphcr adi o
e

frequency ener rou venous and or rterl

this has so f& eﬁa‘dﬂr]r rﬁl’tuegdb?uéé%gt%émtdot £f H‘Bﬁsﬁsessqyaﬁtcﬁgsfﬁk&%n and
appl i cati on ektepecgyitwsd wdlidothatefddé steenpsppadase beerptheporaets Furt her,
devi ces usi n%fcg%l g af tissue have used expanding argon gas or hel i um gas
to create terrperatures of -160C. Usjng an_30 instrunent, wt ti ssue

can be fibzen andlHekt ryfEgsary to W%@Nl?ﬁ%ﬁh%fattrﬁ@ 85ftet f) %’%ant as
the present appl tgativn idi salrapes whdn adegradapkeate ssuwe cogeihgrdevi ce

confi gured for Lequeing yndes! tadysional df ansbysiarh ighidifgatheti ssue.
The cutting &EFT o 0 e bi odeg ada

impulse from the sinoatrial node to the atrioventricular
node, and the operation was consequently given the name

20 Maze. The cutting pattern is illustrated in Fig. 2 and was
originally presented in JL Cox, TE Canavan, RB Schuessler,
ME Cain, BD Lindsay, C Stone, PK Smith, PB Corr, and JP
Boineau, The surgical treatment of atrial fibrillation. II.
Intraoperative electrophysiologic mapping and description

25 of the electrophysiclogic basis of atrial flutter and
atrial fibrillation, J Thorac Cardiovasc Surg, 1991 101:
406-426. The operation has a long-time success of curing
patients from AF in 90 % of the patients. However, the Maze
operation implicate that many suture lines have to be made

30 and requires that the cuts are completely sealed, which is
a demanding task for every surgeon that tries the method.
The operation is time consuming, especially the time when
the patients own circulation has to be stopped and replaced
by extracorporeal circulation by means of a heart-lung

35 machine. Thus mortality has been high and the really good
results remained in the hands of a few very trained and

gifted surgeons.



35 tissue cutting device is e.g. actuated by neans of shape nenory
materials. WD 20091049677PCT/ EP2007/ 061116 6 Sunmary of the Invention
Accordi ngly, sone enbodi ments of the present invention preferably seek to
mtigate, ah) &)Eqwgr elimnate one or nore deficiencies dlsadvantages or
issues 5 in #%7such as the above-identified, singtG"BRGIMeLL

conbi nati on by prOV|d|ng a nedi cal device, which changes shape by swelling
of a swellable material when said nedical device is inserted into a body
vessel and/or the heart. According to enbodi nents of the invention, there

is 10 provided a @ﬂé%miﬁaﬂ Q«Iaz%%g)bggtimwtth@%e@‘aflétba@' in a new

manner. Thus, a sim./lar_ pattern | -pattern may al so be

achi eved accdﬁ%ﬂﬂﬁj ﬂSdtHYse%kﬂ&qﬁ%%ﬁgr heohetRe: aft 1Ry SHeRSiW &1 | cases be
required thatmialimeyt stbil thesulhdeqg Eh- aagé@ﬂrrqxuitnademoéﬁAmna&pect of the
i nvention relaid %u&QeH‘EQ{zCIFE‘A td%\ﬁlrrﬁlglrx?gn{légﬁln}féjg[geqr o%d!dﬁ&fzglé’ry%% red

signal transmssion in a vesse dj ace e heart an a heart
ti ssue by |scﬂ%ﬁ%eﬁgMéF%c¥¥¥c egyfdFagdl t on thereof by cutting and/ or
mgrating into sabdh¥essethahrd/odr ikbsatitng Sdidl ctedpial s2ledadwe also
conf i gur ed fq;ee%uagbggf)g@g/%ce@taft Fﬂa}%ﬁé’%&%@l‘o’&% | e ShARE:, The nedical

device conprises a swe i s  capabl € of ac uatlng sald
change of sh&p&tirg W8I $9HIT iaf EABEHP Nt PWRFe rteﬁlﬁﬁ?@rbféﬂwwson
said swel | abl@ratielisy. npdAnet kenlaspekts pforddigaynuenidoseptaties to a k| t

of shaneyghanglng . 0edL cal davl e escas depey | Hed erebnyfofesLeatimal, o

dlsorders in m T egul at1 on r|S|ng said
shape- changi rﬂj—’ Feailéay H%vﬁft%éﬂazﬁhpéﬁt%é%ht%a?sfe@tﬁl Bstegidn Vidispugiid a

second 30 deldneenhedrshapel . whey dianatybe deydee: ivlskhe Ehfisét shapefaas such
di mensi ons as_.t aRE %ﬂgﬁd&ggngiggeregg% gg p05|t| uT{thbglige vascul ar

system and ﬁ%§}e|n evite is ca Hangrig shaj
subst anti al | pahevedeohidl shape Wﬁ@ﬁtl b@%lt*’ef@j bsﬁ opengddesnd edhgdsiatiton, whi ch

strives 35 tcst@pgban@ﬁ@roﬁé}a;d [ $uh:@hger tﬂf@redélgydlsaag&@rh@s ddeevessel at

t he desired p05|t| mhere th% kge Wi | q§cone eddeqzlnto t he
afu controlile 0 ect only Tissué
tissue surroufi |ng KeRESs

destroyed.
A large number of devices have now been developed
using various energy sources for destroying the myocyte
20 tissue. Such devices may use high radio frequency energy,
as disclosed in e.g. US 5,938,660, or microwaves,
ultrasound or laser energy. Recently, devices have been
developed for catheter-based delivery of high radio
frequency energy through the venous and or arterial
25 systems. However, this has so far had limited success due
to difficulties in navigation and application of energy and
also late PV stenosis has been reported. Further, devices
using cooling of tissue have used expanding argon gas or
helium gas to create temperatures of -160°C. Using an
30 instrument with a tip, tissue can be frozen and destroyed.
WO 2006/122961 of the same applicant as the present
application discloses a biocdegradable tissue cutting device
configured for reducing undesired signal transmission in a
heart tissue. The cutting action of the biocdegradable
35 tissue cutting device is e.g. actuated by means of shape

memory materials.
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WO 2009/ 049677PCT/ EP2007/ 061116 7 the desired position and create fibrosis
and/or create scar tissue in said tissue in order to prevent it from
transmtting electrical signals, wherein at |east one of the shape-changing
devices is adapted to be inserted to a 5 desired position at the orifice of
a pul nonar ywoeon0i967t he heart, the pul nonary vei n adj a®SHEPZWI/B61bIS f i ce, or
inside the right or left atriumand at |%ast one of the shape- changi ng

nmedi cal devices is adapted to be inserted to a desired position in the
coronary sinus, and wherein said 10 nedical devices conprise a swellable
material which is capable of actuating said change of shape via swelling
due to water absorPaftarnofsihg LREEPEA® material . Yet an aspect of the
present invention netetEindlsy,asort habddimanteabiethe gfretiesdr ders in the
heart rhythm.,15 r IO, e [ - ical ' rising a

swel | abl e naﬁé??%??g%ﬂ%&#%?%%§§cg%%?iQ?ﬁgﬁu sg%fi%gﬁ%h%ﬁﬁg ?gat device in a
temporary delsildBipashapne tHr GQgR ERELGERIGHSEr §9§Fgﬁéq?ﬁ§?ﬁa0506§59%%sel
adjacenf to Hﬂeth@?af%ﬁnﬁﬁﬂﬂ ﬂintﬂetﬂﬁo¢§%mdeﬁ§aﬁhem4rmﬁngﬁyjdmméhlabye
material to 20 swel|. absar bi. sai [ I

contri buting Ctoggéﬁalﬁ.b?ﬁ/ngb% e %] ﬁé‘%e&ﬁ% e’{‘%delscf?eldid%ﬁﬁ%'e\%%h f‘f%%%[g?%i d
tenporary delshepeybghayl Ming af expanbeb feliakeréd! sHape 396 damedi eher
expanded shapgyiext eadingemied eash heyend wseut endger fiace nebrsai d tissue

and/ or 25 vessel, _thereb reating.cuttin tion nf i gur, of .cutting
said heart ti ssueA‘éﬁ%I?(gjrry%gﬁod eg‘%agl@%%%%lfgf %%ecr?%‘é(%?%lgdr?ﬁ g_:;t(r?%f:{enés action
confi gur 88 f erconiigedt & nepsssibd Lisdi e8| cdiebinge thiebokate he@tt #pddud? and/ or

ﬁai d body ve%seile;ﬂ ﬁaﬁﬁ@ﬁybﬂg_@ucbngi?ﬂ%@@iﬁa&&e&hgﬂm thé ansd g3iten in 30 said
eart tissue and/or sai 0 vesse cutting said heart ti and/ or
sai d body veé’?&%eﬁg} %y 5 %tehgcﬁféﬁ?%%lac Qreddo o Y & R ﬁ%ﬁgggfe.

evice confégure re
Anot her aspediowetretrheit meentniosninetil esraes FenmseHvdred Hradpadingubs medi cal

device, the npthod GopPrisi-RGtkRen38rst@pge of : - providing a swellable
material __\WO 2009/ 049677PCTI?§EP 007/ 061116
d

swel | abl é°mat eri af"i AERFE F‘ﬁl13%%?%%“%%ﬁ%ﬁ§ﬁ?eﬁp%%%ﬂggng%ggC%ﬁhgsired
si gnal transmicssignred fobaomyueésgehndelacshisigoatl herdramitssing/ on a
body vessel adjacent to the heart and/or a heart tissue by
isolating electrical propagation thereof by cutting and/or
migrating into said vessel and/or tissue, said medical

20 device is configured for cutting and/or migrating by
changing its shape. The medical device comprises a
swellable material which is capable of actuating said
change of shape via swelling, in embodiments due to water
absorption, by said swellable material.

25 Another aspect of the invention relates to a kit of
shape-changing medical devices as described herein for
treatment of disorders in the heart rhythm regulation
system, said kit comprising said shape-changing medical
devices, which each has a first delivery and a second

30 delivered shape, wherein the device in the first shape has
such dimensions as to be insertable to a desired position
within the vascular system, and wherein the device is
capable of changing shape to substantially the second
shape when located at said desired position, which strives

35 to a diameter that is larger than the diameter of the
vessel at the desired position, whereby the device will
become embedded into the tissue surrounding the vessel at



or the material i ?r?éhl&ftpg&t

a heart tissue by isolating electrical propagation thereof 5 by cutting
and/or mgrating into said vessel and/or tissue. I n anot her aspect, a
met hod of delivering a medical device in a body tissue is provided. The

met hod conprises providing an endot heliasation agent for said nedical 10
device, del VOPPAPThe medical device toja target |ocatf?GHEPRBREEE i ng said
body tissue at said target location with said nedical device and said

endot hel i asati on agent, and anchoring said nedical device at said target

| ocation by a |layer of endothelia pronoted 15 by sai d endot hel i asation
agent . % yuse an endaqt hel i asati on
agent for anc or?%sj%gﬁgédo tllO?fe\‘F71|h§:ie8£|(£‘gl df btr?)sségeagd/pro?/l aa%& 20l n the
cont ext of tHE3Fr éééﬁ‘ﬂellmlér@ﬁdoﬁlsﬁhé tererdessnvglol PrgvYerel Ht dsramo vol unetric
eXpanEI on of t&a@f@h@ttﬁtﬁ%’ cu%@lﬁaaglmtsg@nﬂs WairRireiDUER BhSHY el wat e][ m;]ly
e.g e wat er_,abspr rom t ood of e coni ext of the
present |nvent| o%ﬁ ?% gm“?S Suef T abf & rf‘-}}%&ﬁ% "%?e:fa A %3 ffat eri al
which is 5apail§lsér©¢1 E@@ﬂeﬁdﬁh@‘ﬁl tBeverukics Pt ke pirangeany il 1000%er el ati ve
toits dry Sh@t‘i@ty\hﬁ}ﬂe expased ovehe savdddmg shest odesced bad heep, and
preferablyt swellﬁblei%eralal I|msn Ietlo expand its voI nme in the range
of 1-500% sucﬁ as? &hdV By n%ﬁ"eeﬁlrsé &PsEb? tf}het pI“aange of
5-100% suchchsnfiiomndiizgd, dsyrecdess grpnteguitrebfesssexipahdicon of the

swel | abl e mageckakqg @osgltlldih &ﬁnﬁﬁeoéoﬁoﬁaﬂﬂ%lh@sat h¥8 d1etdi% @ra)tdSt ate when
exposed/&g t he sweil I n‘%otest descri bed h ebg E gre{erab .in the range
of 1-25% Suchi®9s58! 29909%°9 FOFRELESNE eHE e Bresth "YW f%n, the
"swel | i ng t esebPabbaststartofatiegsaaldgczanpss azfetséapeevga swADling due

2009/ 049677P@$/ EE@@Q?&@&&&%% vel ygea émta@lar mftapeier, before swelling
of the nedi cal deyice or R%erl al to be tested, %’h{é}fthe medi cal devi ce
i

hT AT FRESPhL® FE° £6r 2one week
at a fixed tespkrdtive tnshitokens P§ QD idensotini hyeehsari schygshini oned.

I medi ateby abLeiatish %t\@%ﬁﬁshﬂgugaﬁé&%ﬂt e vRaE aBBhSE: diSyrgasured again

and t he chan% hz }ﬁfl cul at ed tcpe context of the present
i nvention, tF&%tef |r%ad;[err(}61lc EU&%IIF‘? FOMREES1PD %?l%e%gl ith§ of a
mat eri al - medical device in a temporary delivery shape through the

vascular system inte a body vessel adjacent to the heart
and/cr into the heart; allowing said swellable material to
20 swell by absorbing water, said swelling at least
contributing to changing the shape of the medical device,
from said temporary delivery shape via an expanded
delivered shape to a further expanded shape, extending at
least beyond an outer surface of said tissue and/or
25 wvessel, thereby creating cutting action configured for
cutting said heart tissue and/or said body vessel, or
creating migrating action configured for migrating said
medical device into said heart tissue and/or said body
vessel, thereby reducing undesired signal tranémission in
30 said heart tissue and/or said body vessel by cutting said
heart tissue and/or said body vessel by means of the
medical device configured therefore.
Another aspect ¢of the invention relates toc a method
of preparing a medical device, the method comprising the
35 steps of:
- providing a swellable material



10 which exhibits a uniform three-di nensi onal expansion by swelling. For a
uni formy expanding material the value of the expansion in one direction
will be correlation with the third root of the volunme expansion. For

exanpl e, at a 100% vol unme expansion the length of a wire will expand
25.99% 15lwobdvenment ext of the present invention, thePCEERNOHNIESt r opi C
swel ling" relates to the swelling of a raterial which exhibits non-uniform
expansion, i.e. the material has a higher relative expansion in one

di rensi on than in another dinmension. Anisotropic expansion may e.g. 20 be
obt ai ned using certain production processes or using certain fillers.

It shoul d be enphastzat fyaengheat@rsiieldehpri 5eke Findiong" "gAEFRised i n
this specifigathen ésntakerd eospesidyitdhengeeseades afnadt ated features,

i ntegers, 25 steps.or. conponents but_ does n e t r n or
additi on of 553”%?1%*%1 ot hér P"f’égt ‘ﬂ%sesse?l iar(fltjg%g?é, E('gstl%lges h%%g?rpgﬁg#?g or
groups t her eef heBri ef i Sasc bivptisohabing IRl SDrtawradsP BUPRESE Cand 8t et
aspects, Feaipyr egangy aduani-agesr ofindiich erbed vesdsl eind/be | nvention are
capable of w I | be apparent and el ucidated fromthe foll ow ng description
of embodi nent'sS8F t he present invention, reference being nade to the
acconpanyi ng dr awimganotiherwaisehcBbR: gnethods o4 dehbveiting v 8gdérat he

transm ssi on @t igkect rd alaSicgRahs 14 ghe ibearnt the Wdthod comprises
20091049677PCT/ EP2007/ 0611 i 2

6.10. . . Fig. is_a schemati. iew of a
pattern of cEHEOVAGEY s@heenéjfo#‘ﬁélﬂﬁ%ﬂo%%qengc%%?d??’\lg&tmc?dtlﬁg\iwaze- procedur e
for treatlbng divsoededsl tvertimg hbarnedinalhmevagal be i drtan@ttem 5Fig. 3 is a

schematic vi qW-9f; g, sidgldddredgpat i € b AL ¢ak@hBgat osd e taget! | | - procedure,
wherein the heart 1s seen fromb conprising Figs. 4a

and 4b, is a SCRERERELYY ISRCy %gg%gﬂ%deé’ﬁdﬁggrg%je%?ée conprising a
ring-like 10 estibubéli®sation agent, and anchoring said medical device
at said target location by a layer of endothelia promoted
15 by said endotheliasation agent.
In an aspect of the inventino, the use of an
endotheliasation agent for anchoring a medical device in

body tissue is provided.

20 In the context of the present invention, the term
"swelling™ relates to volumetric expansion of a material
due absorption of water. Such absorbed water may e.g. be
water absorbed from the blood of a mammal.

In the context of the present invention, the term

25 rswellable material” relates to a material which is capable
of expanding its volume in the range of 0.1-1000% relative
to its dry state when exposed to the swelling test
described herein, and preferably the swellable material is
able to expand its volume in the range of 1-500%, such as

30 5-250%, and even more preferably in the range of 5-100%,
such as from 10-70%. Some designs require less expansion of
the swellable material, e.g. in range of 0.1-40% relative
to its dry state when exposed to the swelling test
described herein, and preferably in the range of 1-25% such

35 as 2-10%. '

In the context of the present invention, the
"aswelling test" consists of measuring a parameter, e.g.



Fig. 5, conprising Figsf 5a and 5b, is a schematic illustration of a

nmedi cal device conprising a polygon-like structure; Fig. 6,
conprising Figs. 6a and 6b, is a schematic 15 illustration of a mnedical
device comprising a spiral-like structure; Fig. 7, conprising Figs.
7a, 7b andwwgfmpg“?Téchenatic illustratign of a nedica”kaggggﬁmﬁﬂ rising a

slotted tube; 20Fig. 8, conprising Figs. 8a and 8b, is a schematic
illustration of a nedical device conprising a braid-like structure;
Fig. 9 is a schematic illustration of a nedical device conprising a bi-ring

including a fj.f S - j.al ] al:. - Fi g.
10, conprisi#Ol_%8é$@%%§ggﬁﬁzﬁaggg?éké.%c eﬁ%fﬁ%ﬁgﬁﬁgg?%g%#gﬁmb Cglrredica
devi ce conpri®VA§CacFi Fredatigsdal to beprgpteth TEgRpEPRiTRANs. ha, |1b
and Tic, is aesdhenatithe Idatstriatli 08 dficubamed dal adevseeoionpri sing a 30
ring of biodegr ]§m$¢ eri : - bj dabl t; and
Fig. 12 is a?%gﬁggg%gc [ E%??%gfgg%,%%g%iﬂg%??ggggeg%gggg%ﬁﬁ%?sgﬁggé mai n
body conpPi sii¥g28 Rohf stRithial elagat éf i BenEmnes-efanediate kafital) she
material. Won2008£R4D6AMRAEE/NP200&/ PHddid k]l ildeimabkededessdirptangn of the
i nvention the §R€RESURQQ%§$%$§58&.the present invention relate to a

nmedi cal devi ce configured educi ng undesired signal transmssion in a
body vessel adjacefit e tapatiesr oL ahe rroeathégrentierudhsy tegdl ati ng
el ectrical prapagabpon dwhandelg byetatés ng M @hvellghgtdNG indfit@rsand vessel
and/or tigsug, 3@l d mBdical, devige i s conflgured.for Cgttéﬁgaa%nggor
m grating by Cﬁanglng RS §%ape, wher erh sal nealca% device Conpri ses a
swel | abl e nat@eLAlnghikdr ias vpd feaphyl expAndacuaetagishi thevadge of shape
via swel |ingtdueekparedil iabeeeptioaceiosalid swel bablel sl iakn the  IN
the, cont ext o LS, B ESSERLASN,  DE LS TR LUt ng, and o gygrat on
devi ce i n whivehume expansion the length of a wire will expand 25.99%.
15 In the context of the present invention, the term
"anisotropic swelling™ relates to the swelling of a
material which exhibits non-uniform expansion, i.e. the
material has a higher relative expansiocn in one dimension
than in another dimension. Anisotropic expansion may €.9.
20 be cbtained using certain production processes or using
certain fillers.
It should be emphasized that the term
“comprises/comprising” when used in this specification is
taken to specify the presence of stated features, integers,
25 steps or components but does not preclude the presence or
addition of one or more other features, integers, steps,

components or groups thereof.

Brief Description of the Drawings

30 These and other aspects, features and advantages of
which embodiments of the invention are capable of will be
apparent and elucidated from the following description of
embodiments of the present invention, reference being made
to the accompanying drawings, in which

35 Fig. 1 is a schematic view of the transmission of

electrical signals in the heart;



afe bRl e e .

15 it penetrates through the wall of the body vessel and/or heart chanber
where is has been inserted. The expandi ng novenent preferably positions at

| east a portion of the nmedical device in the tissue adjacent to the body
vessel and/or heart chanber where was originally inserted. 20A | esion
creat ed by wheowmshsal device will be healed with fibr@3/EPREFUAI16Whi ch i S
unable to transmt electrical signals. ¥Aus, it is preferred that the

medi cal device is capable of penetrating sufficiently deep into the tissue
surroundi ng the body vessel or chanber, where 25 it was inserted, to create
fibrous tissue which interrupt the coupllng between cells that transmt
erratic el ectricaFigi ghdlssa pRheBARlerbed REnesPaEte e 9ih¢satiBA, said

medi cal devi g@skSeant | GRUQ UL WADL d@yER\tfai €b i Be Qanabire ook ddse
penetrating the ¥§%%€Jnt%§s%%g%ng/?% gea ea&'sgﬂgtﬁﬂjﬁéﬁﬂﬁtﬁghd body

vessel . S cal Ice e I's structured
and arrangedswetﬁerlnserted in a tenporary del i very shape through the

vascul ar gystemipi®, & tlQad)é 35h¥rsset Adweent tompheriheapktaadhor into the

hear t d sub tl t b d t h d
Lompor ary deProarg 4R apb Vit B oLk bari ey R agr Yt reart O S

2009/049677P@EEEP2©@7H®8E&KB 12 shape to a further expanded shape,
ext endi ng at |eaSF1@eM@anﬁ@rQHEﬁ§ ﬁﬂ@ia@% @hdsabf vesselchandtoe tissue, in

order to create cuttin ion for cutting sai.d tissue
and/or said 5@39 Eégg%ﬁk %él? ?8 ?Yﬁﬁ%ﬂﬁ?mgf the |ndgﬁklggkéthe nedi cal
devi ce may, whencitréas been |nserted inits tenporary delivery shape, the

be nani pul ated torpghange fo; W%Pleaﬁgtpmrasray adlal BMET ¥s sawmetnatacfl nal
del i very shape, which will

gb ﬁég to a change of cﬁp o OElsald
i nal 10 del aPS CEREHER A bR BAnCot 8 COEPEas A HaVdoP il Lher
expanded shapgruexteadi ng at | east beyond an outer surface of said vessel
and/ or tissue, |nF9édeg tébﬂ%&%@&ﬁgctﬁééfﬂ%aa%huolbcofﬁléﬁéaﬁ@mﬁeiccuttlng

said heart tissue and/or said 8%¥ ie I n_ot het enbodlnenti %he 15
tenporar95dePﬂ&€?§r§EHﬁe(ﬁéatH@ A éﬁ#%ép?p§ﬁﬁb%g @ SPLratplifYitting
and/ or nlgra&nﬂMcnayebe performed continuously after placenent of the

medi cal devi ce, umeﬁ fdd}e;ln%*ﬂaeemsp%twenaaa jbie devi ce is
acconpl i shed. The change of shape which nedi cal devi ce 20 undergoes may

be any chang@qﬁﬁm§ﬁaﬁel19¥§ﬁQ§@éPPe8 c%éﬁﬁ@‘@@ SRYPES | CPFEAEPoRt and even

nore preferredodtsed task,al expansion, e.g. towards the wall of the vessel
or chanmber, where %Es.mﬁﬂk&ﬁbrqgihgeFﬂﬁ§.Qﬁ?%nﬁn§ﬁft§9-a schematic
illustration of a medical device comprising a braid-like
structure;
Fig. 9 is a schematic illustration of a medical
device comprising a bi-ring including a first swellable
25 material and a second material;
Fig. 10, comprising Figs. 10a and 10b, is a schematic
illustration of a medical device comprising a filled tube;
Fig. 11, comprising Figs. 1lla, 11b and llc, is a
schematic illustration of a medical device comprising a
30 ring of biodegradable swellable material and a non-
biodegradable part; and
Fig. 12 is a schematic illustration of a medical
device comprising a main body comprising a non-swellable
material and elements of swellable material.
35



I n an enbodi nent of the invention, the nedical 25 device, and particularly
the swellable nmaterial, is so arranged that at | east one dinension of the
nmedi cal devi ce has expanded in the range of approximtely 5-500%rel ative
toits pre-swelling state after having been incubated in_isotoni cé{;hosphate

buf fer at 2WCHYMBAL week. 1t is 30 prafierred that thePSHERRYECH& i ce has

expanded in the range of approximtely or exactly 10-200% such as
approximately or exactly 10-150% and it is even nore preferred that the
medi cal device has expanded in the range of approxi mately or exactly

15-100% such as 3 i . exac. 20-80% el ative to its
pre-swel ling stat eﬁe%%dg%%%gé#%ﬁP%%%%g%%ﬁﬁ13 I n some enbodi nents
of the invention, SPHe Preadisigaitsi a§ ShatrRrafetthdnyeatéar He\atee tor at he

swel | abl e manekiiaks d6vids dmfistiaka. fot r@udlingouhaepigé@rdeshdihat the

medi cal device,__an .particularly th wel 1 abl terial,_ 1. so arranged
That at | east i it he oPvh et el B S BB, Ehe heat® /2K 0 %ot
appr oxi maPel @ deaskati$§usIBOCHPLELAng veleetjicalppaopagitiony HSeareaft er

havi ng been ib@cuha]g@ﬂgiihd/ﬁﬁt (ﬂﬁ'ﬁ%alalﬂﬁépﬂ?&cg Eetie] Qﬁs@él291€d/f&g one \r/]veek-
Again it 10 i.s _preferre t nmedi cal devi.ce s.expanded in the range
of appr oxi nattéLlsg'ugf %?(h(gtrﬁgeyﬁfﬁflzgs&c}[% %a%c Onoélgtuﬁggafofe%%%ﬁnv% di nensi ons,
such as appr gxidfarerjgrrtiaady ¢heooisgo tarhape. i shevein nbria preferred

t hat Ithe ng%gicQ@V%@ﬁ&@%&?pﬁéﬁd@d?lQwémﬂl@%@tggigggﬁ@%m&'y or 15
exactly 15- uch_as_.appr.oxi mat or exact - orelative to its
pre- swel %?ng c?f%?i? ot acv%%emgxsgﬁgi %rﬁar'f%e a(iafclsi‘ég? ong Y ]Tfﬁgoﬁu& at

| east two di rengbbas Prefruatdeny ofompiil sewekladilsl mexpabslon, i.e. expansion

of the nedical deyjcend owadstand tAL GideRodyv2Aryessethaaldrn@nd/ or the
heart chanber, wa ,

al aq. an The rregi.caj,_dev,i ce agg articul grly .the
swel | abl e nmat PE&DY | 4R ERREG CE8RT | GUr st ke Pgaﬂb%’éats% 952t Hhie
medi cal devi ¢e teactesandingnmevenanexpansiomsdicehedenhge of whilkbur - 3
mont hs, pief grabbyet Patdle H13REGH0ERd #HaY1 -0fl the body vessel and/or
heart chamber where is has been inserted. The expanding
movement preferably positions at least a portion of the
medical device in the tissue adjacent to the body vessel
and/or heart chamber where was originally inserted.

20 A lesion created by the medical device will be healed
with fibrous tissue, which is unable to transmit
electrical signals. Thus, it is preferred that the medical
device is capable of penetrating sufficiently deep into
the tissue surrounding the body vessel or chamber, where

25 it was inserted, to create fibrous tissue which interrupt
the coupling between cells that transmit erratic
electrical signals.

In some embodiments of the invention, said medical
device is a tissue cutting device which is capable of

30 penetrating the vessel tissue and/or heart tissue adjacent
said body vessel.

In some embodiments the medical device may be is
structured and arranged to be inserted in a temporary
delivery shape through the wvascular system into a body

35 wvessel adjacent to the heart and/or into the heart and
subsequently to be subjected toc a change of shape, from
said temporary delivery shape via an expanded delivered



25 nmonth, and even nore preferred in the range of 2 day - 10 days. In
sone enbodi nents of the present invention, it is preferred that the outer
di aneter of the nedical device, when it is maxinmally expanded, is in the
range of 10-50 30 nm preferably in the range of 20-40 mm and even nore
preferred iwo tdogrosvsarge of 25-35 mm Sever al typeSCOEPERENGIHD] e
materials may be enployed in enbodi nent$2of the present invention. It is
preferred that the swellable naterial is bioconpatible and 35 preferably

al so bi odegradable. The swellable material may conprise a swell able polyner
and preferably a hydrophilic, swellable polynmer. WO

2009/ 049677PElrpEP200 A (BILher 19Xt d SHRBE) aBr BNt Et r89SEonprise a

pol ar non- chaegedd pal Wikl ragdl 0acé tofMaynicoFREESE #nd/har gedspel yier such as

a polyelectrol yte. Exanples Q ef ul, .pol yel I t lic 5
ac!od)y(PAA) 8ﬁ§eﬁo‘f‘§/(car§%%‘atref F%E%gﬁ?%)%JCtF}gﬂ%y%gé‘ggér‘?%é/afgousrd)%qﬁ%st@?h)e@ﬂy |
bi odegr adabl beantl tirsreegpedpal Pyiprieddr vegsel. Exanpl es of useful

non- char ged swel | bl &mROlBBESNEA € &0 throhyiehtydgneng yeakal PEG) ,

pol y(vinyl - pyrrolidone) (PVP - hydr.ox opyl ) net hacrvl ami.de (HPMA), 10
pol ysucci ni na&r“pdl3vihyl- éftc%%i(‘)l?g%élnstlgr%g?egnl (r:%sl 31%0 82%% vatives
such as et hedsloveestsdrape, the bPRGHag lehedadyaphange tiral LEsis

bi odegr adabl ¢cnBYP: £f f&h1S vakfoshape tetaliahbe &81erdar emegeyheniexposed to

the body. HPMA ol.igomers up tg MW ar ound %0 gaDaear rorI'nOtsa]i% - ggni zed as

forei gn mol e&’ﬁllgsb‘gnﬂ%a?ﬁ§ﬁfie ?oapgéasngt%é) b8d§™ W HERD SRR abaITE

i nterferebcedeSiaecheshaged véer tai erpeidad dediversd atlianss teeag.

hydr oxypr opyle,cehd 4l Os8hRke s8ksO, biadegradaht e1edhe rwehbabheopedymer may

in sone enbodi nents e.g. %]0 conpri se rcgriol érrer it Oggary conprise a bl end

of different SPEFTRIGE GG ¥e ng MDA & 1EPBEs- 1T ikRSE ISPy freFe! The

mat eri al s of ciheidevics caccondiggred Bonmsuetbodi swid hiapay sappeet the

cutting and/QBdVBEréﬁid“%d%gf%@Es@ﬂyaﬂ{Q&%%%Séﬁboé&ébnﬂalﬂw@hanCing a cutting

ef fect ORSth%emporary delivery shape is the final delivery shape.
The cutting and/or migration may be performed
continuously after placement of the medical device, until
a final shape or position of the device is accomplished.

The change of shape which the medical device

20  undergoes may be any change of shape. A preferred change
of shape is expansion and even more preferred is a radial
expansion, e.g. towards the wall of the vessel or chamber
where the medical device has been inserted.

In an embodiment of the invention, the medical

25 device, and particularly the swellable material, is so
arranged that at least one dimension of the medical device
has expanded in the range of approximately 5-500% relative
to its pre-swelling state after having been incubated in
isotonic phosphate buffer at 20°C for one week. It is

30 preferred that the medical device has expanded in the
range of approximately or exactly 10-200%, such as
approximately or exactly 10-150%, and it is even more
preferred that the medical device has expanded in the
range of approximately or exactly 15-100%, such as

35 approximately or exactly 20-80% relative to its pre-

swelling state.



25 device, such as providing a faster continuous cutting/ mgrating and scar
ti ssue creating than devices of other, nore inert materials not enhancing
any cutting and/or mgrating effect by the nature of its material. In sone

enbodi ments, the swelling property of a 30 swell abl e pol yner ma}ﬁl be rel ated
to the swel VEBPR8% Yner itself or swel l4isng- pr onot i ng /ER2(gdo1116
incorporated in a polyner matrix of the swellable polyner. The

physi cal swelling due to water absorption is often attributed the enbeddi ng
of water nol ecul es between polynmer 35 chains of the swellable polyner. The

pol ymer chai ns negﬁ E&n@eenﬁ%cﬁ'ineﬁ?g H?ytllf%“’:ﬁx RN kgh%ig%ls%ci ation

el ements or capabilities tointerfere wt ydrogen’ bri onds. Due WO
2009/ 049677PETFEP2D977 080 1% 1ot Bethral efeEcte T rReySPol &P ¥s xati on
forces betweentpeliylerishaidnsirgr etbeduced or isol ated. Macroscopic this

effect may cause I f_ Stif ' e ; uge, . ol n me
enbodi nents, swel }_ibéla'%&%p%lsyongresgggiégg%%ré%g c;ecr%%slsn8 %ﬁ% (g%{l\/\%eén a?‘%e

pol ymer cRai R&LtACBLABEY t i reaidildelhixiated Widr dishiski aregngrd thdtavoi d or
delay the di ssolebktityo liddisisnel babtke prdgiril deRisenexgdamodintent s,

Char ged hydr Q:%@ l Iaﬁ %OJJ?! Sro%%m%ﬁ%?ﬁ”&? g£aectaﬁ.lg} %—%Bogoh%ggetfvhee t%srmtl C.
envi ronment inside Phe ﬁf’ fmer an erefore yi‘el'd "an additional "expansi on
ef fect by osrdti 8Tpres¥sut e Tiétef sfeeporgetsrthesnytacpbiieedoiymer segnents
of sonme enbodiskeBhsc Mo $isea tes mtrife reht ezt <ty Receasek sWwaddimg tvol une or

if the volunme is_ 15 restri.ct.ed.by the | ymer structure pressure to enhance
rechan oo and BERRRERERAIELT S P EeRe A o bt LR RLE B G Pre
i nvention theasgel PabdreyartidrEtgllvand/ exathky shiel208B| enperyimest dd¢i tional |y

conprises a swelikkbg- PrODindigiadd] t ke ddegpmixdimAge 1200 Pramitiing

addi tive may.,e. g..conprisg an inorganic additive and/or, an o 9a iC

2ddi 1 ve. TRAECUETT | o gt GHSTT RG-S 115/ Ty 86 &R° ABTHE Lnus
creating a | dealikcy hes dexrantdgd annthe whede rdadrirrgxwinepelmtar . The

swel | i ng1pr obicRyyadsi tdose, nR-hbasbashtox {135 o6 abéNDy d-0eal |y basic
environnment @% gtgggc ér¥%§Mg£%~swelling state.

The expansion in at least cne dimension or at least
two dimensions preferably comprises radial expansion, i.e.
expansion of the medical device towards and into the body

20 wvessel wall and/or the heart chamber wall.

The medical device, and particularly the swellable
material, is typically configured and arranged so that the
medical device reaches its maximum expansion in the range
of 1 hour - 3 months, preferably in the range of 1 day - 1

25 month, and even more preferred in the range of 2 day - 10
days.

In some embodiments of the present invention, it is
preferred that the outer diameter of the medical device,
when it is maximally expanded, is in the range of 10-50

30 mm, preferably in the range of 20-40 mm, and even more
preferred in the range of 25-35 mm.

Several types of swellable materials may be employed
in embodiments of the present invention. It is preferred
that the swellable material is biocompatible and

35 preferably alsc biodegradable.
The swellable material may comprise a swellable

polymer and preferably a hydrophilic, swellable polymer.



water. It is furthernore envisioned that the swelling-pronoting additive
may be pH neutral, thus not affecting the pH of the |ocal environnment when

reacting with water. It is preferred that the swelling-pronoting additive

30 is bioconpatible and preferably al so bi odegradabl e. In sone

enbodi ment svotooedeiTnventi on, the swell able material nRYTEBIHPIILES a
polymer matrix m xed with one or nore swel | i ng- pronoti ng additives. The
polymer matrix may e.g. be a non-swellable polyner. 35The

swel l'i ng-pronoting additives may advant ageously be used for controlling the
rate absorption of water and thus the rate of swelling for the swellable
material . | nSupp 2000710435627 PETYEP2 00 COTPIESE62 DGh MORT S RHAETE t he
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t hereby agcekeral e(tdre degr adatiQspaanidt pand) cubary yaddwerthydaoligsiss of the
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t he swel | i ngbpdgnet imqagetebolic interference. Starches and certain

cellulose derivatives (e.g. hydroxypropyl cellulose) are

also bicdegradable.

The swellable polymer may in some embodiments e.g.

20 comprise a copolymer, it may comprise a blend of different
polymers, or it may comprise cross-linked polymers.

The materials of the device according to some
embodiments may support the cutting and/or migrating effect
advantageously, e.g. by enhancing a cutting effect of the

25 device, such as providing a faster continuous
cutting/migrating and scar tissue creating than devices of
other, more inert materials not enhancing any cutting
and/or migrating effect by the nature of its material.

In some embodiments, the swelling property of a

30 swellable polymer may be related to the swellable polymer
itself or swelling-promoting additives incorporated in a
polymer matrix of the swellable polymer.

The physical swelling due to water absorption is often
attributed the embedding of water molecules between polymer

35 chains of the swellable polymer. The polymer chains need to
be polar and may have salt-like dissociation elements or
capabilities to interfere with hydrogen bridge bonds. Due



In a preferred enbodi nent of the invention, the inorganic additive

conprises a salt or an oxide of calcium 30 Exanples of useful

conpounds are shown in Table 1. WD 2009/ 049677PCT/ EP2007/ 061116 17
I norgani ¢ additi ve Reaction product Ml ar vol une [g/ m)IJ’C Reaction A/R

Comments Ca¥®A¥MYT  |nitial swelling material
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to this effect primary polar fixation forces between
polymer chains are reduced or isolated. Macroscopic this
effect may cause a loss of stiffness and increase of
volume.

In some embodiments, swellable polymers may comprise
cross-links between the polymer chains in order to provide
maximum hydrophilicity but to avoid or delay the
dissoclubility of the swellable polymer.

In some embodiments, charged hydrophilic polymers
segments are able to change the osmotic environment inside
the polymer and therefore vield an additional expansion
effect by osmotic pressure. Therefore polyelectrolyte like
polymer segments of some embodiments may use osmotic
effects to increase swelling volume cor if the volume is
restricted by the polymer structure pressure to enhance
mechanical and dimensional stability.

In some embodiments of the invention the swellable
material and/or the swellable polymer additionally
comprises a swelling-promoting additive. The swelling-
promoting additive may e.g. comprise an inorganic additive
and/or an organic additive.

The swelling-promoting additive may be an acid, thus
creating a locally acidic environment when reacting with
water. The swelling-promoting additive may be basic, thus
creating a locally basic environment when reacting with
water. It is furthermcre envisioned that the swelling-
promoting additive may be pH neutral, thus not affecting
the pH of the lccal envirconment when reacting with water.

It is preferred that the swelling-promoting additive
is biocompatible and preferably also bicdegradable.

In some embodiments of the invention, the swellable
material may comprises a polymer matrix mixed with one or
more swelling-promoting additives. The polymer matrix may
e.g. be a non-swellable polymer.

The swelling-promoting additivés may advantageously
be used for controlling the rate absorption of water and
thus the rate of swelling for the swellable material. In

cal ci um



-> Ca(OH)2 33.68 101% strong al kaline reaction -> (CaC3) Sol ubl e
CaHPO4

WO 2009/049677 16 : PCT/EP2607/061116

embodiments where the medical device does not contain a
swellable polymer, swelling-promoting additives are also
responsible for the swelling action. Another advantage of
the swelling-promoting additives is that they may change

5 the local pH of the swellable material and optionally also
the medical device and may thereby accelerate the
degradation, and particularly the hydrolysis, of the
swellable material and the medical device. In this manner
a cutting and/or migrating effect may be enhanced by the

10 degradation.

Examples of useful inorganic additives are inorganic
oxidesg, salts, or surface structures such as clays. The
inorganic substances may be dispersed in the polymer
matrix. The polymer matrix is preferably made from polymers

15 which have elastic and tough mechanical properties.

The polymer matrix may e.g. be a biodegradable
polymer. A number of useful biodegradable pclymers are
mentioned in WO 2006/122961, which is incorporated herein
by reference in its entirety for all purpcses. Examples of

20 biodegradable polymer matrices are e.g. randomly
polymerized copolymers of D,L-lactide, lactide-caprolactone
or TMC (tri methyl carbonate).

The swelling effect of the swellable material
comprising a polymer matrix comprising a swelling-promoting

25 agent may be caused by absorption of water by the swelling-
promoting agent and/or by chemical reactions between the
water and the swelling-promoting agent.

In a preferred embodiment of the invention, the
inorganic additive comprises a salt or an oxide of calcium.

30 Examples of useful calcium compounds are shown in Table 1.



46. 59 Initial swelling material -> CaHPO4 x 1120 74,50 60% neutr al

al nost no solubility CasM4
WO 2009/049677 17 PCT/EP2007/061116
Inorganic Reaction Molar Reaction A/R Comments
additive product volume
[g/mol]
CaQ 16,79 l Initial swelling
material
-> 33.68 101% strong alkaline
Ca (OH) 2 reaction
-> Soluble
(CaCO3}
CaHPO4 46.59 ! Initial swelling
material
-> 74,50 60% neutral pH, almost
CaHPO4 x no solubility
H20
Caso4 45.99 ! Initial swelling
material
-> CaS04 74.21 61% mild acidic, low
® 2 H20 solubility

10

15

20

Table 1 The swelling potential of inorganic calcium

.Compounds. A/R is the relative volume expansion between the

starting material and the reaction product, based on their

molar volumes.

Silicates are another group of useful inorganic
additives which offer swelling or expanding properties in
combination with minor toxic properties. Silicates e.g.
Clays or fumed silica offer physical swelling by aligning
water molecules between intensive charged surface
structures. Natural or synthetic layered silicate
structures offer a significant change in volume due to
their high surface area and their electrostatic charge in
the presence of electrolytes.

Clays are also useful inorganic additives for
reinforcement. In order tc maximize swelling properties of
the resulting swellable material, the clay may be embedded
in the polymer matrix in poorly dispersed, non-exfoliated
state and higher contents above 7% into the polymer matrix,
An example of useful clay is Bentonite (see the European
Pharmacopoeia 4) where 6 g dry Bentonite expands to 98 ml

via suspension in water.

pH,



45.99 i Initial swelling mterial -> CaSO4 x 2 1120 74.21 61%mld
acidic, low solubility Table 1 The swelling potential of inorganic
cal ci um Conpounds. A/R is the relative volume expansion between the
starting material and the reaction product, based on their 5 nolar vol unes.
Silicates awe2emotdser group of useful inorganic additi PES/BRMOGPE1GI er

swel I'ing or expanding properties in conbPfnation with minor toxic
properties. Silicates e.g. 10 Cays or funmed silica offer physical swelling
by aligning water nol ecul es between intensive charged surface structures.

Natural or synthetic Iai/ﬁered silicate structures offer a significant change
in vol ume due to fhevellakye s@reate! FERAFA Fhei ?W%]'r]e‘d‘ﬂ"éggﬁf’ftbn%harge in

additive and a polymer matrix may be prepared by
] compounding, which is well known process in polymer
industry. The compounding process is typically based on a
5 twin screw compounder which is fed with weight dosages to
realize granulate and powder (filler) supply. A suitable
additive to increase processability and final mechanical
properties of the compound is for example stearic acid. The
content range of this additive is typically 0.5-7% by
10 weight of the filler. Higher contents in the case of
stearic acid may be used to modify the polymer with
additional hydrophobic properties. In the ideal process,
4 the filler is already pre coated onto the fillers surface.
ﬁ In addition or alternatively, other tenside-like
| 15 additives, which are stable at the processing temperature
of the matrix polymer, may also be used instead of stearic

acid. The compounding process needs to be designed for

minimal moisture contact. Technical solutions to achieve
this goal starts with providing carefully pre-dried

20 ingredients, the use of dry inert gases to isolate melt and
mixing areas from the environment and may also avoid the

typical cooling of the compound in a water bath prior to

granulation.
The swelling forces created by the inorganic additive

i
7l
3|

H

25 may deform and expand even hard and rigid polymer matrices
like PLLA. In order to reduce brittle behaviour of the
polymer matrix, additional additives like clays may be
compounded into the polymer matrix. The content range of
this clay additive is between 4-10% relative to the matrix

30 polymer content. The inorganic additive may be incorporated
into the polymer matrix in the same compounding step as the
clay additive.

In an embodiment of the present invention, the
swellable material comprises inorganic additive in an

35 amount of 5-40% by weight and polymer matrix in an amount
of 60-95% by weight, and preferably inorganic additive in
an amount of 10-30% by weight and polymer matrix in an
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is between 4-10%rel ati ve to the gat ri x 30 pol %ﬁnﬁr content. The inorganic
Jie

additive may°Be™fRCT FHEHTES PHEPY NeS Py FPRSS B PR SRS -
conmpoundi ng shepkaste hehicd agvaddeteves effect.ln an enbodi nent of the

present inventionghd hg,Svelhabhe ot el igly CARR’ L8RS HOTPaoadditive in
an 35 amount of 5-40% by weight and_polymer matrix in an anount of 60-95%
by wei ght, aRyIpPBFET NS edPg&Ri ot a%‘ﬂh“?% ai8A SRdumToMet6530% by

wei ght aftl pdahgokebbat rdometimas found as a colloidal gel in which

water is the dispersion medium. Hydrogels are
superabsorbent (they even may contain over 929% water)
natural or synthetic polymers. Hydrogels typically possess
also a degree of flexibility very similar to natural

25 tissue, due to their significant water content. Depending
on a degree of water—insoluble segments of the polymer,
which may be realized by chemical cross links or water
insoluble polymer segments this hydrogels offer lower
volume increase (or water uptake} and improved mechanical

30 rigidity.

The hydrogel typically comprises one or more hydrogel
forming components. Typically, at least one of said one or
more hydrogel forming components is selected from the group
consisting of a swellable polymer as described above and/or

35 of natural polymers like a chincline (lecithin), a
liposome, a protein, a nucleic acid, and any combination

thereof.



WO 2009/ 049677PCT/ EP2007/ 061116 19 anount of 70-90% by wei ght. Such

conbi nations offer both a useful swelling effect and a sufficient integrity
of the resulting swellable material. In contrast to shape nenory pol yner
designs, designing 5 the polymer construction with swelling inorganic
addi ti ves ewahbmspis%wr heat treat and shage t he pol yner @E€IIEBRPOZD61116

t enperat ures above the gl ass-transitionPenperature (Tg) of the polymer
matrix in order to realize maximumcrystallinity of the polyner matrix. The
Tg of the used 10 polynmer matrices is preferably significant above 37C in
order to realize nore ideal elastic nechanical behaviour and hig
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The hydrogel typi @@élarm&hﬁeﬁgora@yqur oL a&ﬂi@@@ Hyolmiageeaponent s.
Typically, at |east one of sai d nor e h form 9 co opents is

sel ected fronerfAe BFotp RO Pﬁg lé%glé S aﬁﬁggﬁ%}@ﬁer aSPELEER bed
above and/ or i3%ectona¢airian pel-greby thdeicelcRiinbki peeqtiastiwiibnpPl ax

| i posone, a pf,Qk @finc e SHiLl %io%oa%g,o:@ﬂﬂmaé}sé canhi ARdmh o1t heveeks VO
2009/049677P%Tg§$?ogg/é§%mﬁae for crosslinked hydrogels is the Pro/Peg™
family from Neomend.

In an embodiment of the present invention, the medical
device is biodegradable, and thus capable of dissolving
and/or degrading once it has been implanted in the body.

20 Useful biodegradable materials can be found in WO
"2006/122961.

In an embodiment of the invention, the swellable
material contains a pely(lactide) /poly(ethyleneglycole)
copolymer hydrogel, which e.g. is commercially available

25 under the pame Polyshield® AK(03 - AK08 from Akina Inc.,
West Lafayette, IN, USA. Other useful biodegradable
hydrogels are e.g. Pro/PEG ™ by Neomend which is based on
crosg-linked PEG and Polvactive™ OctoPlug NV which is based
on a PEG/PBT copolymer system. Both examples are hydrogel

30 families allowing customization,

One or more useful monomers from which hydrogels can
be prepared may be selected from the group consisting of
acrylates, such as (BHCM)butylhydroxycyclomethylacrylate,
(BMA) butylmethylacrylate, (DAA) Diacetoneacrylamide,

35 (DMAA) dimethylyacrylamide, (EOEMA)
ethoxyethylmethylacrylate, (GMA) gylcerylmethylacrylate,
(HBMA) hydroxybutylmethylacrylate, (HEMA)



20 Some useful hydrogel form ng conponents are preferably able to
forma gel-like consistency when m xed with water and typically have a high
hydrophilicity and/or water solubility. 5In preferred enbodi nents of the

i nvention, the h%drqgel form ng conponents are cross-linked to infrove t he
coherence aWQ2YPHBAAI Iy al so the elastigity of the resiHYERYRYMt0gel . The
cross-linking may involve cross-1inks by coval ent bonds and/or cross-Iinks
by polar 10 interaction, i.e. ionic interaction or hydrogen bondi ng.

The cross linking may e.g. be achieved by oxidation (e.g. using peroxides),

hi gh ener radiat i ) in C I chem,cal |inks
crgated m??hhggkg%&%ﬁ?¥$%ﬂ%%§$g%gk’né%%é)ggg%%%!gggﬁga?%yg%% e3@%§| process
15 step). AnTekaaprELi®rakichsSPRAkBETnYER el 1(EMPhe Pro/ Pegm family from

Neormend. | n giateghadi neatyieftd;haMprpseathyIenen, athe sedical (pdevice is
bi odegr adabl e nd th apabl di ssplvi an degradi ng once it has
been inplantggogﬁg?ﬁ%ﬂﬁggffﬁﬁo%ﬁéifﬁfgﬁﬁ%ﬁégggdagﬁgihaterials can be found
in WD 2008/ 1729gibutyrakrasmsudi(MBnt NoY inhkeynreeatrsn; am@ angkel | abl e

mat eri al contamBsnat poh Y{Ha@dsde) / pol y( et hyl enegl ycol e) copol yner hydrogel ,
which e.g. is co rcially available 25 under the_n Pqgl yshiel d(r) AKO3 -
AKOS 1 o Akt | TECE et e oo ” g KA B Ve TR TBeS88Y) Aaabl o
hydrogel s ar @reigniPrdPEGIh4sy i NeoRedpvifinsh Tibasedt i erldys useAked PEG
gn?hPol yac?l E@T%%ﬂg@éi@ld\ﬁ\/g\ﬂgl ﬁ_B*lcgﬁié)ElSl%écp"fo% BE?:&E@J {@{gasyrrer syat1 em
0 exa es are_nyar oge mlles a ng.custom zatl on. e or
more usebhl - monont? S TERRH ERERUPETH ©CAiend Hr AN T Ty be sel ect od
fromthe grospeddablstnatpsfalacppbatess wmcpragiore acrylic based
( BHCM but yI hydrexysys) amatdny laaer ybat exndBMAobuhyl peh by | acradrat e, (DAA)

et hoxyet nyl EERYPSE JAHB " CLURE BIFLerot MERTEaeP At oF (AHLe
hydr oxybut yl methhptagr it aaw HEMAYiaWD G00%0486A7PCTY ER20G7D62116 21
15 fine tune hydrogel properties. Another advantage of acrylic
based hydrogel systems is that they can be realized in a
fast and of cause alsc one single chemical synthesis step.
Acrylic based hydrogels can directly be synthesized by
free radical polymerization, for example 2-hydroxyethyl
20 methacrylate (HEMA) and ex-tocopheryl methacrylate (VEMA).
The hydrogel containing 20 wt % of VEMA and 80% HEMA is
showing an equilibrium water content in the range of
hydrogel networks at any pH. The swelling follows the
Fick's law, indicating that water absorption is controlled
25 Dby diffusion only. The values of diffusion coefficients for
the VEMA-containing hydrogel are lower than those of poly-
HEMA in any medium. Surface characterization of the VEMA-
containing hydrogel showed a decrease of surface energy of
the solid owing to a decrease of the polar component
30 mainly. The application of fine powdered Xerogel (Journal
of Materials Science: Materials in Medicine, Volume 10,
Number 10-11, 11 October 1999, pp. ©641-648(8): Resorbable
polyacrylic hydrogels derived from vitamin E and their
application in the healing of tendons), a commercial
35 product based on this polymer type physically loaded with
Vitamin E, showed very fast and positive response to

activate tissue regeneration capacity.



hydr oxyet hyl net acryl ate, (HEA) hydroxyethyl acrylate, (MA) nethacrylic acid,
(AA) acrylic acid, (MVA) nethyl nethacrylate; (MPE) nethyl propanic acid
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vi nyl butyrolactam (VP) N-Vinyl pyrrolidone; and any conbi nation thereof.
Such nononewe 2@8m496779. be pol yneri zed bg t he radi cal i c POT/EPZNGT/Q61116

pol yneri zati on mechanisnms. This is typi al | y used for synthesis of the

mat eri al used for contact |enses. 10l n preferred enbodi nents of the
invention, the swellable material conprises one or nore acrylic based

hydrogel s, which are well known for their use in soft contact | enses. Since
there is a huge aPp@umtolofthgc ReNt ECRRMHAICTSER| B2Y RE MRSt it8l BUEsh be used
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The hydrogel _.containi 20 wt -% of VENA . 9 i i n

equi | i bri um WaFE l%%?ﬁ]? %ﬁoulpr? ¢ ﬁ?é:er%%b%ﬁo]’?’%%yggé%gl ﬁedtl r ng%? ggﬁy pH The
swel | i ng fol PowsibhblFiek tovhads naekelianylekasy Wekes aawséhption is
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t he VEMA- cont ai ni hydrogel are ] ower t.han those. of. pal yHEMA jn any
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Materials Science: Materjals in dicine,. Volune 10, Nunber. -11, 11
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product base%r%@embfymi W hokYPeo PhY:SI aal iy beaded, ity Wrbastped, showed
very fast _an

positive respqQnse_to activate tissue regeneration capacity.
WO 2000/ 6396 FARETFERTG G0 1’181%20 orhe ?%gfﬁgaﬁéﬁTipo‘%’e&&CﬁﬁnS%r]%e may be
used to buil didkegedesuts egmehesbihbdd Hoartédef kittheys uaed] dxergsghadabh e
hydrogel systems,since fiey i0f LatahheyRassihichi tygifi e penanated inside
the body thrqugh LR AEReYs LE Yilient.
It is furthermore envisioned that photo initiated
20 polymerization may be used inside the body and even in the
presence of blood flow. In US Patent 6475508, which 1is
incorporated herein by reference in its entirety, a method
is described that uses PEG (PVOH) polymers, to provide
water / blood solubility - flanking with PLA cligomers to
25 provide water lability and tetraacrylate termini. Eosin may
be used as photoinitiator to be excited with UV light.
Another way of creating hydrogel forming polymers is
the chemical modification of polymers to polymer derivates,
which is a well know process in the polymer industry. These
30 modification techniques may be used to turn polymer chains
towards more hydrophilic or even water soluble
characteristics. An example is the modification of purified
cellulose to yield hydroxypropyl cellulose, which may be
used as a hydrogel in medical products, such as the medical
35 products described herein.
In some embodiments of the inventicn, the swellable

material comprises a mixture of collagen and a further



5 O her materials which offer double bonds or other functional groups |ike
chi noli nes provide polynerization possibilities towards nmacronol ecul ar
systens and the ability to be netabolized. In sonme enbodi nents the
invention it is therefore 10 preferred that either the nedical device, or
only the swlOI2aB0&Sht erial, essential |y consists of nmeREFEYOHAS ng
degradati on products which have a nol ar weight of at nost 30 kDa,
preferably of at nost 25 kDa, and even nore preferably of at nobst 20 kDa.
It is particularly preferred 15 that substantially all of the degradation

products canb fi.ltered out  of the bl ood e kidneys, and.excreted with
the urine. ;%IS %dvgkrlﬁ a%leogls W ERTT €9 Hcllay% g)%poF‘VuP?oﬁ? or effect on

t he pati ent. amlﬁgbﬂarmdt@rmﬂl@ élﬁvlitgpﬁ dlqlfﬁ&{ﬂrpﬁoﬂo FPhiti ated 20

pol yneri zat | On a1 88448 dd1giadent herhosya mtileweat@ 4 herqiesence of
bl ood fl ow. US Pat ﬂ%(g§4h75508 V\:hl%h i s_incorporated her(gl n by reference

inits enti ré’tfi1 °g* edléis?cﬂ BedofhaI%Stuasné:se EG m Iyrrers to
provi de wat erdecrghedug sttt iafy an ﬁﬁaﬁw%g‘:%qthOPLﬂléW%ﬁ)mr@rtl@lzg

provi de wat ercdiaBiybht ¥n@nslyd etrhaach y! aﬁeeieaﬁpmémforEgiéﬂdm hecased as
phot oi niti ator toBge eX|ted w th her wa %&creatlng
y

hydr ogel f or Mg Fy}ﬁ% R tﬁ?eyéfgg% %gtfy%ocﬂef% C§P| g 13f°Po
pol ymer deri \afngs, tohsehilils oldklbeknevwprdadss -i Not heapbol ymercdurgust ry.

These 30 nodiif 9@55@&&@@&%%5%@&9@ tsad e e PR yirer chal ns towards
nor e hydrg philic_or even sl ublg ch acteri st E n]é@? ds t he
modi f i catPon Q&FCBEPFF?@Q‘: qjii’legséuPS VP W&P&xyb e &?8 whi ch
may be used amyabhydpogelzad wigdi cebpproductiss m@hoascahesmloaly 35

products des CHy’ %ﬁ@mb@é?' cE‘roéé“ l%%@n@”@ﬁ?@'ﬂl r@ﬂib’%r@‘ld&:ﬂ?dé ”Vﬁﬂifdrprﬁorhge
swel | abl e mat éri

g ses m xture of colla E a}{eurt er
2009/ 049677PEFFE 2667’? PAAPBFY a1 5% &1 tsh8 Maret9dl s may be any
of the other swel Aa@tleematsaﬁual sofréagennederiterisl RAAEAcglldysn which Bl ends

of coll agen Watshogyér%chl scrrrfo%ltl%.l@ag.@mfa{%’ﬂra%qlledSHShPﬁ%e@an for

i nstance be realized b decr easing the ﬂueous reaction m xture
conpri si ng cGY&gERSan EP\?A&‘.r BRSPS AR Ry I O BPRA MY i M Er 180l uabl e
polymers to w ekdlastyyidsagelg codlbbes tager HMAdbiendsched stod uldre col | agen

\%fﬁnd PH 3. R LRASELON AR SN0 BhLESeNC e, SdlikShecause dhenehnterfere
- allows growth of endothelial cells on PET wvascular grafts
20 without major implication.

HEMA/ccllagen blends was developed to combine
mechanical properties and degradability of poly(HEMA) with
biccompatibility of collagen. In the form of a hydrogel,
the blend has been utilized as a drug carrier system that

25 target damaged tissue while releasing controlled amcunts of
the drug. HEMA/collagen may be used as a material in some
embodiments constituting at least partly a medical device.

Another group of type of hydrogel comprises PVP
(poly(vinylpyrrolidone}). PVP-comprising hydrogels are

30 reported as favourable substitute to silicon based implants
and have been used in breast implants. Hydrogel filled
implants are water based and does not show negative body
reactions known from silicone oils. The hydrogel comprising
PVP preferably has the capability to pass the body without

35 significant metabolic interference through the kidneys.

Hydrogels comprising hydrophilic cellulose
derivatives, such as hydroxypropyl cellulose, are also
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10 el ectrostatic charged functional groups. This polyner blend may be
optimzed with respect to its biological stability by chem cal cross

i nking with glutaral dehyde, which fornms coval ent bonds with primary am no
groups of collagen. Another useful collagen blend is PAA/ col |l agen which 15
was obser veglpamepmdif i cation | ayer applied to PAA coat edTaEREfvacasis The
surfaces are exposed to collagen resultffAg in a cell-supporting collagen

| ayer being attached to nonbi oconpati ble materials such as PET. This
surface treatnent allows growh of endothelial cells on PET vascular grafts
20 wi thout mmjor inplication. HEMA/ col | agen bl ends was devel oped to
combi ne nmechawseéal prdpare icepahhd A gremsiinGt ¥nothe JPSAHEMEROWEt h
bioconpatibi@&gﬁigicéﬁﬂlﬁgyyiivbnré feg mof a hydrogel, the blend has been
utilized as a drug carrier systemthat 25 target danaged tissue while

rel easing controll ed anmounts of the drug. HEMA/ col | agen may be used as a
material in sone eddealiaferths epasifiwtdmppdamehbases para liyvanaediical devi ce.

Anot her grouR;@f LypPerOfadurdrede! wEonPrd meenRYPr6 Pohy (addiylcRYKE a1 done) ) .
PVP-conpr|S|§% h drogehgﬁ%re 30 tegorted s favour.abl e %%P%}Itute to
silicon base FW%P%ﬁts HAVE" beeh Ted HOHeBFeast® i HICAHES. Ty '5hel
filled inpladisfareniwafemshbasddshodidoes het cohowrned s Ve mbbeg teacti ons
known from sichi.CoRge@ideht sTheth¥drogele comr kst ner PR dyelaibalh ehas the

capability to pass the body thout 35 si.gnifican tabolic interference
t hr ough t he EF&nB§%V“§WHF%b§$%tCBﬂb?i ﬁﬁfﬁ??ﬁ?oﬁﬁ#%ﬂ%agngﬁPg eanid
derivati ¥es, comphets, hymdl oniypr 6pyly cediudwosbe arepalsb thgDinvention

2009/ 049677PCL/ ERRQ074L 061116 124 Hsef . and are capabl e of degrading in the
body wi t hout significant nggﬁtive respons t he specific

. Sone. of
embodi ments of t he™FHIVEHTERLI8IN 1¥€ dﬂ}ﬁged SErT R RS LPEF P etbe to the
acconpanyi ng teasiningsimeHtiss iildiventaoed niay thieowevenparel renlodivéda s ni srany
di fferent forg @ngr?{léﬂr‘”t% pat 191@%%%2}?%&”%%3%%%%&@. 1 the enbodi ments

set forth herein; rather, these e nments are ?FOVIded so that this
di scl osuft@ wArRYHRIE hotidifgRUBRET S 07 &It é158n8 STt ul Iy convey the

scope of the invention to those skilled in the art.

In some embodiments of the invention, a medical
device has an elongated tubular shape, e.g. if the medical
device contains braid-like structure or spiral-like

20 structures. Normally the axial length of such elongated
tubular medical device is at least as long as the diameter
of the medical device, preferably at least 50% longer than
the diameter, and even more preferably at least 100% longer
than the diameter of the medical device. Normally, the

25 length of such medical device is shorter than 1000% of its
diameter.

In some embodiments of the invention, the medical
device comprises a ring-like structure. An exemplary
embodiment of this is illustrated in Figs. 4a and 4b.

30 Here, ring-structured medical devices (40) comprising a
swellable material (41) are shown. The swelling ¢f the
swelilable material both increases the ring thickness as
well as the outer diameter of the ring. The ring-
structured medical device (40) may be inserted in a

35 delivery catheter in a longitudinal, temporary delivery
shape (not shown) and locked into its final delivery shape
at the target area, e.g9. by suitable restriction elements,



The term nol ogy used in the detail ed description of the enbodi nents
illustrated in the acconpanying drawings is not intended to be Iimting of
the invention. In the 15 drawi ngs, |ike nunbers refer to |ike el enents.

In sone enbodi nents of the invention, a nedical device has an el ongated

tubul ar shal/@2¥YITT ¢ {he nedical devi cg contains brai BEVEREYE6HE ure or

spiral-like 20 structures. Normally the axial |ength of such el ongated
tubul ar nedical device is at |least as long as the dianeter of the nedi cal
device, preferably at |east 50@6Ionger than the dianeter, and even nore

preferanly at|sast 100910009 dhanthe, o) ol ery of sUhecpedioal edevice.

Normal |y, the I"engt vice is horter t
di amet er . t eIQSléﬁﬁEYe%%@ﬁﬂﬁﬁhﬁ?roﬂmP%%nF?R%ﬁﬂ|%ﬂ@ eERaNARJF ¢ ot deV|ce
conprises a riingt kkpastiedcdnae:, Angexanpl o ya eathedi membrofettds i s

illustrated |aglcf/logs %1? g{@tl??gt A?f(%e?eéﬁﬁ}%@gtlstr{ Yl urﬁggnggjrfas!tadrecw ces

(40) conprising 'a swe eria are's i'ng of the
swel | abl e SnateEaaIdipEt AUE ne? euiedd ipFe apfingi L hiwkiides<dy @ot| ik t he out er

di aneter of tdil/foirn@igFaeed i ig-sighueher edl e £alhedeviseal (40)cHmpdie
inserted in a,3 dgll ggy S. th?}%J |g_a | ongi tudi nal, tenporary delivery
0

shape (not sﬁgﬁ% and |ts final delivery shape at the target

area, e.g. by suitable restriction elenents, WO

2009/ 049677PCT/ EP200 7% 86 134 6i rgfi asit¢ Rgasha ﬁhﬁ;aidtruelaa@ede&xé&ﬂa& the ring
i's releaigd E{Oﬂ]th deliv ry cat@e&gr fog%daplant?tlon and_expands to a

first exp nded sha Vln% * ﬁab Y Yeftect © a%d?h EareS|I|entIy
Aft er |nplanﬂﬁﬂﬁu®§ Fh@ ¥$$ﬁfﬁmqﬂ d@ﬁaﬂﬂfgléymﬁuwﬁlﬂ?e@uéttée@Qhﬂﬂlﬁhy and wil |

ultimately cuWarigetoaapg/ o5 JsHiat adst hm@gfuélmezéw ls8apk . tisheoﬁfff&sel or

chanber where it een inserte ant | he .
ri ng-struct ureds ﬁga?&g¥ 19 %ﬁﬂh%ﬁ?rﬁagﬂﬁgm?g ?%% éggﬁfaeﬁn ¢ epgH del i very
shape during aondignserionrahd oglf dkdingthe wrseli usieacheSorme target area

to obtainsit sifinal czleizlaﬁrmgsha;a@ té\an@eIté)céirﬁisb'tbbb)ihé§ é&i'ﬂ?ﬁﬁrt t he
medi cal devic

a_strai o] uration and .the ve usi ng
T form 15 11 (BAGREAS bt Hrpalaar e8eFy o Mesdt o A L5 EEORBH ot 1
obt ai ni ng it iftitaaly del harerrys shapee AA3hl terovet ive o6 the find+4ng |s havi ng
a wire (43) igt-9preuead flaida rdewcazt ues uged 1%@1%@59*(1@?{& i keA0)439nd

inserting the wire (43 hr ol e erforatin e ot her end of

thecringd b uroeny s dho toul 48l chartrat i 46) T8 inidacy PR b hetEhda gr & ho

medi cal @évi ceriogerbérmedical device (40), thus tying the ends of the
medical device together.

A medical device having a braid-liked structure

typically comprises at least 2 wires which have been

25 interwoven around a core. Commercially available braiding
apparatuses e.g. Fine wire braider K 80 / 16 - 1K, Koérting
Nachf. Wilhelm STEEGER GmbH & Co. Germany can be used for
the braiding process. Once braided, the wires may be
shape-set by performing a heat setting procedure in a

30 standard convector oven or in a vacuum oven at a specified
temperature, such as at temperatures in the range of
approximately 40 to 120°C as for certain shape memory
polymer wires nut not limited by Tg as for those wires,
while fixed on the core. After the heat treatment the core

35 will be removed and the medical device will be cut into a
suitable length.



A nedi cal device having a braid-liked structure typically conprises at

| east 2 wires which have been 25 interwoven around a core. Comercially
avai |l abl e brai ding apparatuses e.g. Fine wire braider K80 / 16 - 1K,
KOting Nachf. WI hel m STEEGER GrbH & Co. Germany can be used for the

brai di ng prwoesms/io49exrce brai ded, the wires nmay be shapePSEEPEYI/HaI60r m ng a
heat setting procedure in a 30 standar d2Eonvector oven or in a vacuum oven
at a specified tenperature, such as at tenperatures in the range of
approximately 40 to 120C as for certain shape nenory polymer wires nut not
limted by Tg as for those wires, while fixed on the core. After the heat
treatment the corBh®57ifid [usgd ferpWeRl Rhfd HLRE RESFE "eVICCBPHFF be cut
into a suitakkellsrpd hatdWDa20004 0496 TARET LERRDOTE D Iz 126 Thie wire used
for the brai %iwgglggfcen?asc rﬁyilgorrpri se swel |l able material and may even
conpletely cOnsist o SWel T apl e material. The cross-section of the wire may
e.g. be circul ar, Tl GvEfiss-seet apyud brtheomidfymay Herd shsp&isartabt e for

bL aid-1i ks sbiuC] Ufe}?@taﬂﬁl@&degﬂmpmt&iﬂ ahapdvant Bgseusoeubrhng- ef f ect

t he cross-section of sonme enhodinments of .t i pve onprise at

| east at a pgl;i(feoﬁt%lfc%%réesdevflcgraejéu Ostoéjr#ﬁgl ¥ %%arq{;;c-ag%\ég cutting form
ori ented 10 icnttheg dekiaasd chet PAYP FiHpiiosn odi pere i Y osireRéSnedi cal

drert\;i g_e, e.g. t}'c['léd%ﬁlréﬁ/tﬂiﬂ Wakdsohptide rdﬂ;gea_laapad geshoalondei ere | n sone |
enbodi nment s the present invention, the w.r nt ai NS _sever ayers, an
at | east one%ﬁﬁﬁ? %)h%“ﬁjésg:fané&ﬁgi?'soga%@r S95En P‘g%r v cfc:oﬁ:sn} S gte%_elsiv\el | abl e
15 mater 18l , iat theadesiafeshgusai ndynseatiions dineceddn dhdtigerefaget of the
wire may essemthakbl Yo CPNSIS 200 yNORrwavRld Eblrea Bl g i Haped medibAlsone
enbodi nents, the nmedjcal devi edrra% ,ésweltJ[ thhre% dirgrig_snisnivoerrll%lilo', ?hg. bot h
radial |y and98§fBngtt uscﬁrrf‘?alef”%? FRIERT S0 KOs BAR T e 1T s&Vef a
directions. Bueet cottrircorstveusl i baverst kadshapéeatt tdne dedegal device, the
degree of swehbi-Bg8r Bk dsf Her 88tenth Airhf e6aBL s g r&ctdvensapliesvel I ing.
The wires _used in, context of thﬁ grese t. invention Ztﬁ te\r/ogl cg!ﬂl ¥hhlave _
cross- seé?i ofaredi frbnston€2ssuehoas REilandfer 10T h YHe $Angs 8F 8" 1- 1
preferably indayhe ofnge ofire. 2af. Ssemyiadidd eveaisbral moeferwablybler t he
range of 0.3;0.68,MN

In some embodiments, the medical device may swell
three dimensionally, e.g. both radially and
20 longitudinally, i.e. at the same time in several
directions. Due to the construction or the shape of the
medical device, the degree of swelling may be different in
different directions of swelling.
The wires used in context of the present invention
25 typically have cross—seétional dimensions, such as a
diameter, in the range of 0.1-1 mm, preferably in the
range of 0.2-0.75 mm, and even more preferably in the

range of 0.3-0.6 mm.

30 Useful target areas for the medical device are e.g. a
body vessel adjacent to the heart or a heart atrium. The
target area may e.g. be an orifice of a pulmonary vein in
the heart, the pulmonary vein adjacent said crifice, the
right or left atrium, the coronary sinus or the superior

35 or inferior vena cava.



30Useful target areas for the nedical device are e.g. a body vessel

adj acent to the heart or a heart atrium The target area may e.g. be an
orifice of a pulnonary vein in the heart, the pul nonary vein adjacent said
orifice, the right or left atrium the coronary sinus or the superior 35 or
inferior veW82&M?77 W0 20091049677PCT/ %%2007/ 061116 27PFHERSHDSHiher
enbodi nents of the invention, the nedical device conprises a polygon-Ilike
structure. An exanple of this is schematically illustrated in Figs. 5a and
5b. This medical device may e.g. be inserted in a 5 longitudinal, tenporary

del ivery shape (54) and maiauatedihghoo! 4 ol debixsr e shape (50') a

the target area. C device conpri Ses 1 ndents owng it to
be fol ded i nt%H GG FHHhCE THRIRFEGESSaR BEVYE@ Tk SFruedhtal ma form

fitting (see &kan@lleFbg. thad 14 Jdlena®ekhDUyi 1Bl fdvialtedebhveiys Stape. After
t he insertiogi%p%gth@hi qhgylaHj%@V.themgogg.onlignuctu ed nedical device

. . =] 1Ce lserlre 1 d .
will be formed and fixed I'h the target ar e nmedica evice is

preferabl y adjarstidydinati ttenameny dréigesyethapof(SOheandrget area (e.g.
the atria). Gueapuhatdd edi cals devinteqbasvdean dmager ted: ) nad tgndinal
delivery sha}:{%3 1L LS, reh$r%pliﬁp{erggomg Q%n%%g%%hgllgl ce{% , and wi |l
start smellinglﬁy.aﬁsp btlé% 0 wﬁte?. i< éﬁvi5|on88 ?E%t e nedi cal
devi ce accor dildgwiog20t sbrrerenisddicfeansoot rdlevdanveAbicomedbgakonpri se ot her
structures swevids Aagl &l dorttaivChUESrman; ©f1dPseied, 497 o2 Bane-shruct ure.
In yet aqgthe(}eﬁbogtnenitéﬁffgyi hgxgggkonéhthe %étngdkﬁal.devuge conpri ses
a spiral -T'i ke st ra&tare. y shape. € € lnsertion

and the manipulation, the polygon-structured medical

device will be formed and fixed in the target area. The

medical device is preferably adjusted to fit exactly the

geometry of the target area (e.g. the atria). Once the

15 medical device has been inserted in its final delivery
shape, it is preferably overgrown by endothelial cells,

and will start swelling by absorption of water.

It is envisioned that the medical device according to
20 some embodiments of the invention may comprise other
structures such as a circular structure, an ellipsoid, or a

bone-structure.

In vet another embodiment of the invention, the
25 medical device comprises a spiral-like structure.
This is schematically illustrated in Figs. 6a and 6b.
In Fig. 6a a medical device (61) comprising a swellable
material is inserted into its target area (60) (e.g. an
atrium) in its temporary delivery shape. The dotted lines
30 represent the walls of the vessel or chamber of the target
area (60). The medical device {61) may change shape from
its temporary delivery for to an expanded delivery form
{(not shown}, e.g. by elastic self-expansion. The medical
device will also expand due to the water absorption and
35 swelling of the swellable material, thus obtaining its
further expanded shape {61''}), where it cuts and/or
migrates into and/or through the wall of the target area.
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This is schematically illustrated in Figs. 6a and 6b. In Fig. 6a a nedical
device (61) conprising a swellable material is inserted into its target
area (60) (e.g. an atrium in its tenporary delivery shape. The dotted
lines 30 represent the walls of the vessel or chanber of the target area
(60). The nedbwsabsssavi ce (61) may change shape from it @CrErmoremysdel i very
for to an expanded delivery form (not skbwn), e.g. by elastic ,
sel f - expansi on. The mnedi cal device will also expand due to the water
absorption and 35 swelling of the swellable material, thus obtaining its
further expanded shape (61"), where it cuts and/or mgrates into and/or
through the wall of the target area. WD 2009/ 049677PCT/ EP2007/061116 28 A
medi cal device acgofdiinghll @es9rE £rhOdiigNts obmé @nﬂdmmhitenoﬂayhdae
positioned in its _tenporary deliver hape ,ar f iLvery shape at
the target aﬁBgengh%%Ignbg%hﬁoﬁfFl %%éogpéﬁ% o?ﬁé ré%ft ﬁhlﬁg heart or

bl ood vesselshapemhrcit$1ﬂum@éuéeéUY¢IYufhﬁﬂﬁ éf FBed@%MQQ%jar?ﬁe feelt cal

devi Cg gag l”a%n Qeatf,]ﬁl.ﬁ@d otroaﬁ§rp@19ﬁ|ei rﬁé}ta@feasn@nﬁl@ﬁriﬂejfﬁ %&bﬁdshapeh Thi's
expanded delivery._s e n starti, oj nt_ for e rther
change of 10V ?ﬁﬁ%@ H£ C%hgngésﬁ?e§ﬂét€nﬁr g%s %%ék%ﬁfF?ng %%d/or

m gration actedncah daiide msyugheo be ﬁqngﬁﬁe@o Fhrazhaige® éP shape fromthe

tenmporary de|e'x}6§f1&e§ hape Ji0 shBge expandedpdakibyeayl shane siayef aay exanpl e
be actuated b ring function InCOK@Hﬂ éFd in_fhe qul%a%fdeV|ce an 15
i nfl atabl e art PBr ﬂﬁ&h&&ﬁFélﬁﬁlPSBﬁt /8¢ SUShApe TSy %6t fect . When

the medi cal dewpee wisigositengredfi shapalayiovédeposhe | oH-tdmg AR5 expanded

delivery Shagﬁ r&@ﬁoéVﬁéﬂfdaglﬁﬁ¥a§&a££ssdaﬂiotBe eHL {0 dew eBahge
t ransf or ned 8 e expanded deli vered %P%%e to t he fq{th r extended 20

shape, at Ie§§tSB%P?I?“F%éﬁﬁbt?Bp?ﬁ%r%ﬁﬁﬂ hape e H8§i cal devi ce
conpri si ng aexpbhnatd|dde wimuchape nay tqi @ahmylprbﬁnﬁqﬂmaﬁﬁdnba dire. The

wre is wound gt Bgnﬁuﬂ:&‘?fn inbb¥gdr 20k afd %h%h@&;@@ﬁtde‘iﬁtceushﬁg a 25
standard_convécfof oven or in a vacuunlov%ﬂ at a_s t enper at ure.

After thédhedtfipbabhefnd/ve espendplpie f@ é’ﬁ‘B\f/eﬁn‘gn‘Hr taheq i cal device
will be cut imemorg sfifdabl éhleenghll mediqrlcalelvycenis heogidngeedf in0a- 60 nm

The used mnr%e%g¥ag 8%&3%%.Fﬁ9 %hr§§sQﬁ&%?ﬁ%@dd@?Q%éqr%%ape, thén a

further sone e e i nvention, the nedical eV|c§ qgrlses a
sl otted tubeSWEALENG 1AY |SfSitat éaduFP%i}tttl?la dOBIGHAE 7 ETARSEPHFERd t ube
cont ai ni ng swebhabhe emdardeal del2yehas diegr itnsehteflimther extended

20 shape, at least partly thanks to the swelling.

The medical device comprising a spiral-like structure
is typically prepared from a wire, The wire is wound
around a core, fixed and afterwards heat-set using a

25 standard convector oven or in a vacuum oven at a specified
temperature. After the heat treatment the core will be
removed and the medical device will be cut into a suitable
length - typically in the range of 10 - 60 mm. The used
wire may be one of the wires described above.

30

In a further some embodiments of the invention, the
medical device comprises a slotted tube. This is
illustrated in Figs. 7a, 7b and 7c. A slotted tube
containing swellable material (72) has been inserted at

35 the target area {70) in its temporary delivery shape and
an expandable balloon (71) has been positioned inside the
slotted tube (72). The balloon is then expanded (71') and



35 the target area (70) in its tenporary delivery shape and an expandabl e
bal l oon (71) has been positioned inside the slotted tube (72). The ball oon
is then expanded (71') and WD 2009/ 049677PCT/ EP2007/ 061116 29 actuates the
expansion of the slotted tube into its expanded delivery shape (72'), after
whi ch the b¥O2BYA4MEY be removed. The fipal change of sg%‘fﬂ%"zﬁ‘ﬁfo 1i{he
further expanded shape (72") is at |east partly actuated by 5 swelling of
the swellable material of the slotted tube. The slotted tube nedical
device (72) may e.g. be nmade of a tube of swellable material, wherein a

pattern is cut I a a water jet simlar ¢ ing tools. The
pattern is de%sﬁtg%gggt gh%eg%(aﬁlasﬁg\zg{gpg E%’%‘l ggrttteodnéc?%gl ﬁg%)%\ 1 expandabl e
st ai nl ess st egragdedt deheepatahers ddy ' havai talr ivbdshf shasbaliaabimeyf or a

gesi red _eﬂoabrm Qlémb&é{iO-Tﬂ?efiirﬁm @!ﬂhﬁlyboﬁfoafjhalﬂée i$1|tf@t ted %ub@ll deedi cal dab
evi ce wi e_approxipate ne sane procedure .as faor a oon expandabl e
stent. The sleé{tptaglge@u%%aﬁ)es %7r2:af§ré'gl ?tog/%?sgfr V\%rt?g 6‘%3%&%@&@“ al cells,
before it Sexpaieddibg ehethe my€ldabhe pargetalarcdfathfhelphptdnta.on may e. g.
be performed usi ngnhansextsdnalurkones: ceuCiedisca (hah! Ry ag helemaqhf ter
fixation 20 ar}d oyer gr oyt hW 'tr}])lendo%hel ig cehl | s,. the nﬁgi cal. device starts
to swell and Oexﬁla 42 A assseer%t?l a&emﬁl CEtVer al"Yarobnk? ?/rrbelsuscélFul if a
medi cal devi ¢sicanpr isseny an wrelr dekuerusianilay cotbéngnpdbaks edFhe25I n sonme

enbodi ments @fattiheni Dyemdd Qfhed R BRALEBANEAYILR iGOTREI £6Sa dIRjd- | i ke
structuriD See E\Iﬂ,ﬁ'bg‘ﬂfor a sche tl? i]lustration, where a tubular braided
structure”is a SHHHEHETS RECSEr BETUr e EPEAFTRUREA%) conpri ses

€
swel | abl e matveriighsahdrins suigebtled far &tdesimqyetexp@naien ¥8B0)o. Thiet s

tenporary deljinp@EY 80808 o TN dRAbEaEqIEYHE QBB ali Oliel NSE aCE. @pand to its
expanded deliver .sha%gy(tlr}lo ue to its own g%gﬁtl C properties, a
0

t shown) d
shape nenory FEFFEELTE HFE EoPUREST T NG DY %X Re T¥al force e.g. by
a bal | oon toependebieeseehtshdpe. s3btvheéntitie imegiredkradely crvestaamlia t o
change shgpe oy @RubERe1 SIPUANY, dBkir¥BE Vi SRR 4R Byt Qﬁe?i‘%ﬁfqeﬁd el i very

shape, the swellable material may start to absorb water an
target area.

The implantation may e.g. be performed using an
external force, such as a ballecoon catheter. After fixation
20 and overgrowth with endothelia cells, the medical device
starts to swell and expand. An assemblage of several
balloons may be useful if a medical device comprising an
oval structure has to be implanted.

25 In some embodiments of the invention, the medical
device comprises a braid-like structure. See Fig, 8 for a
schematic illustration, where a tubular braided structure
is shown. The braid-like structured medical device (81)
comprises swellable material and is inserted at its target

30 area (80) in its temporary delivery shape. The medical
device may for instance expand to its expanded delivery
shape (not shown) due to its own elastic properties, a
shape memory effect, and/or due to unfolding by a
mechanical force e.g. by a balloon to the delivered shape.

35 When the medical device starts to change shape from the
temporary delivery shape into the expanded delivery shape,
the swellable material may start to absorb water and
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WO 2009/ 049677PCT/ EP2007/ 061116 30 swell. The swelling results in changing
t he shape of the nedical device fromthe expanded delivery shape to the
further expanded shape and results in the penetration through the wall of
the target area (the dotted line of 5 Figs. 8a and 8b) and into the

adj acent tiweueawn49s77 Overgrowth with endot helial cel [PSTHERYOYPHLUYe t hat

the medical device will expand into its3Purther expanded shape in a desired
way, and that the cutting/mgrating action 10 will be performed in the way
i nt ended when the nedical device was positioned. It is furthernore

envi si oned that nedical device may conprise at |east two structures
sel ected fromwehé - gFloripsva JdoasFSERAES of £hergdngt Firtihade &1psP§gon, a
pol ygon, a spictakal add¥aid framskhet egdodnhe] delfiveledsiafee toandeconbi nati ons

thereof. In so enbodi ment f_the inventiQn, t i 2Q _devi ce
conpri ses a %iuggpegv\%ﬁaarb eéisr?glfa r%i g?giaynedgn&ét%eggngﬁ%g%{relc%a,ﬁggi d first
swel | abl e nattérioabhhelve ripldi Pfetbat tav@e iafgacHabacielrist ildd<t Rdn t he

second naterimlys. The secyl nmmbeihed twy aljseche aisywd) able material or it
may be a non-swellable material. The first swellable material 25 and the
second material may be | ocated adjacent to each other or at separate

| ocations within ohergeaditdalwvigbyeodotmieial cet l§weeY atlsaineaterralband the

second mat erialy;ipRY davecdififiar eRpasat Bscofi cswelktRgr antbamedt baepéore bend
or otherw se .chanﬁe t he shalpe 0 di cal, . devi,ce 30 whenc%g%act ed with

f e .
water. This confi REEHHR I S\A@Pfia%F%tn% S HAY Be tided 6 88t uat e t hat
cutting and/ erildi geapeofvmed dn thet ey nediesgleddeber ethg meghi cédbodi ment  of

the inventiongtibe REdi itdevkae conprises a bi-ring, said bi-ring
conprising the first 35 swellable nmaterial and a second nmaterial, the first
swel | abl e material expanding nore by swelling than the second materi al,

t hereby creating atbendivghassoceatedisioned that medical device may

comprise at least two structures selected from the group
15 consisting of a ring structure, a polygon, a polygon, a
spiral, a braid, a slotted tube, a filled tube, and

combinations thereof.

In some embodiments of the invention, the medical
20 device comprises a first swellable material and a second
material, said first swellable material having different
swelling characteristics than the second material. The
second material may also be a swellable material or it may
be a non-swellable material. The first swellable material
25 and the second material may be located adjacent to each
other or at separate locations within the medical device.
The first swellable material and the second material
may have different rates of swelling and may therefore
bend or otherwise change the shape of the medical device
30 when contacted with water. This combination of swellable
materials may be used to actuate that cutting and/or
migration action of the medical device.
In an embodiment of the invention, the medical device
comprises a bi-ring, said bi-ring comprising the first
35 swellable material and a second material, the first
swellable material expanding more by swelling than the
second material, thereby creating a bending associated



WO 20091049677PCT/ EP2007/ 061116 31 wth the nedi cal device. An exanple of
this is shown in Fig. 9. Here the nedical device (90) conprises a second
swel [ able material (92) which has a | ower swelling expansion than the inner
first swellable material. When 5 exposed to water, this conbination of
first and sWOGHYO4RET | abl e material s cayses the medi calPdEERE6YE to bend
| i ke a heated bi-nmetal construct. For a ring-structured nmedical device this
nmeans that the outer dianeter of the ring will increase due to

out war ds- bendi ng. 10Multi-layer wires may be prepared using a stacking

principle of f. {-ring. medi . device e.LS. i -|layer wre
whi ch conpri svgs%%atebgﬁﬁégg%{@a O%?Jﬁgtg'sﬁl?%%&ele@(ngogkﬁé% %:%n%gﬁ: i nlgl a | ayer of
a second mat éfiidal 2-t Rere i g meRérrAbrevheg et1l coxpanirh M@ sy swel | i ng

than the 15 sseondohatestétialt hepebyhceeaidNa acherdsnglasspci ated with the
wire when the w.re.i xposed t. ter _lt pr rr that the |ayer
of " the socond harSibh) BXEPER (RplR Fleod [ /B BEPRELEHI L, Wil | 1e,

havi ng a hi ge*Pogsduresvatiie tay6r coroipriiqy oif SWEELapt@ 2argt eri al nay
e.g. contain seke16h18DMLsHER]lls BYupEONBd NEAGRNt Sevice (9Mheadd theadl ayer of
the first swellable naie 'qa'-m%%%&t éoﬁ‘s”f'l'lét“.g’ .otrhg yol Ure, ghange creates a
systenatlc defO(natlon p Jhe Wwre or e nedl Ca 5ey ce contal nl ng 25 i1t.

I f the bi-I|ayedigiled¢viesddisnngabsatierl ide eutepi dapne¢ike of it ure and

the layer of #ihg geconchdmifyd abel Soaskangad-$enbhay.it faces the vessel
wal |, s bling mﬁhl Bf t@gwnegical qgvic%igép%gdslts diqgg;gf. When a
tmo-laygﬁ wireis B%ggaiﬁﬁf fHECEUTRY PRyFCPARF305tHE T iheiC 1 *a%er may be
made using tpeisamelewtf ithpdliyméng nediebly davjcevi Ay errurlonpat iabi lity of
the two | ayeps—1ayer hBYEHAHA M E8BpRBYed O 1@XLe herobiaifird 1ushng a
co-extrusion process Q& a3ntent 188884, PoNdINg R 9CE88:ia1, the first
swellable material expanding more by swelling than the
15 second material, thereby creating a bending associated with
the wire when the wire is exposed to water.
It may be preferred that the layer of the second
material is a highly crystalline, non-swellable polymer
having a high E-modulus. The layer of the first swellable
20 material may e.g. contain one or more swelling-promoting
agents.
When the layer of the first swellable material starts
swelling, the volume change creates a systematic
deformation of the wire or the medical device containing
25 it. If the bi-layer wire is used in a braid-like or spiral-
like structure and the laver of the second material is
arranged so that it faces the vessel wall, swelling will
make the medical device expand its diameter.
When a two-laver wire i1s prepared, the outer layer and
30 the inner layer may be made using the same matrix polymer,
thereby improving the compatibility of the two lavers.
Layered wires may for example be obtained using a co-
extrusion process or a solvent-based bonding process.
For example, two PLLA-based layers, one of them
35 containing Bentonite, may be wetted by chloroform and
afterwards pressed together. Due to the aggressive solvent
property of chloroform both PLLA surfaces will immediately



For exanple, two PLLA-based | ayers, one of them 35 containing Bentonite,
may be wetted by chloroformand afterwards pressed together. Due to the
aggressi ve solvent property of chloroformboth PLLA surfaces will

i rmedi ately WO 2009/ 049677PCT/ EP2007/ 061116 32 swell and bond together.
Anot her possohioiodsg7i s to align the two |ayers in a fi PSI/EBROT@HEEINg St ep
and apply the solvent, e.g. chloroform 3¢ia the open capillary forned by
the smal |l gap between the contact surfaces of the two 5 | ayers. An
alternative process is to prepare the first layer and to deposition the
second |l ayer on the first hy solvent casting. Milti-layer wires, such as
3-layer w resvwelliandyeand Fogeibsr - ROl POV bhed s tRaft 18P some
enbodi ments ehet bro EI@}@{H liinn‘éeﬂ‘ii:Qﬂ Brskddiese Bayp bendraparvedhasi ng t he
same processes.as e_two- er wres,. | 0 'ﬁ%n_ts

i nvention, tﬁé’lﬁgaii'taﬁ‘"%'S C&%virggog%hp‘ﬁa}sencsh%aggieﬁrg%g%u e, é‘c{.a%fngggby
illustrated itheFegell 10w &Hedveeh. thereonticiswerfaste Hatérs &W°(102) of the
medi cal dgviagye:Q80) is held by a tube-like menbrane (101). The tube-like

menbrane (101) provides the.nmedical device (10 | th st u d the
swel | abl e materia nz%(tleotﬂa%ﬁf"gv%%%e?%elsrr% i ﬁg%%’yé\%igc}_lee (frf%é} \F/L\ng%fﬁpexpansi on
upon cont act andt howderesitiiea fthel sedcenelavey eonphe sbl wiie Lot seheenbeki ng

mechani sns mgnti-opgd herein, e.g. a hole (104) and a wire (103) for ties
the two ends of the fjlled tube (100) .together. The. swel|ahl erial
(102) may e.g. 25"RbhpridE sWerf bl%g%}bv%er%, ESP’%U‘T’% ® é)r{q?o?aﬁg%lr ogel . The
swel | abl éomatereal §4021lsanénvheinpedraneanit efi apme 19HOMAENESgoL
substantial | ynQr ,e8ték €l ¢ Rnsbat affl Biolea=3dabl propdaid alsing the

same processes as the two-layer wires.

In some embodiments of the invention, the medical

15 device comprises a filled tube, e.g. as illustrated in
Figs. 10a and 10b. Here the swellable material (102) of
the medical device (100) is held by a tube-like membrane
(101). The tube-like membrane (101) provides the medical
device (100) with structure and the swellable material

20 (102) provides the medical device (100) with expansion
upon contact with water. The filled tube may comprise one
of the locking mechanisms mentioned herein, e.g. a hole
(104) and a wire (103) for ties the two ends of the filled
tube (100) together. The swellable material (102) may e.qg.

25 comprise swellable powder, granulate and/or hydrogel. The
swellable material (102) and the membrane material (101)
may e.g. substantially or entirely consist of

biodegradable materials.

30 A further embodiment of the invention is depicted in
Fig. 11. Here the medical device (110) comprises a
biodegradable ring (111) containing swellable material
which ring is attached to a non-biodegradable part (112).
The non- biodegradable part is used for fixing the medical

35 device at the target area (113). When implanted, the ring
will expand and grow through the wall of the target area,
e.g. the atrial wall. The non-biodegradable part (112) may



30A further enbodi nent of the invention is depicted in Fig. 11. Here the
nmedi cal device (110) conprises a biodegradable ring (111) contai ning

swel lable material which ring is attached to a non-bi odegradabl e part

(112). The non- bi odegradable part is used for fixing the nedical 35 device

at the tar g¥Q2MP@E6T113) . When inplanted, the ring w | IPEESANGOHAY gr ow

through the wall of the target area, e.g. the atrial wall. The
non- bi odegradabl e part (112) may WO 20091049677PCT/ EP2007/061116 33
preferably be sized to fit into the target area. After a while, the ring

(111) will be _hi aded J.eavi - hi.od b argt 12) in the
target area ?f%gﬁggglg%% esrlzg\rébggi %rgﬁtﬂg{b_&lﬁ% I%%\Elfggﬁl %ﬁe%{s Asfﬁ(%v%m%i n Fig.
12. The nai nvbéd§. (129)rigfe tHild) nwdl tare devadegreded) L asing Bh@ aconike
structure angibScgbsl@awic paren-soe) | abl thdraieiicdl ardhe(megi cal device
furthernore conprises elenments of swellable material (122) between the

wires of the braid- 10 like structure. \Wen contacted with water the
el ements df swel | AErgmmteEbodingnt| o Exgnd nagatiakels hthdipilg- Fiike nedi cal

devi ce expandz2asTel hainhayedical devies efediicgl devidy peopesated |ike
the nedical device of Figs. tB% and 8b. 15 The swelling kjngtic can be
custom zed u irﬁé bar 7 &f's “6r "t ' gesS paarcﬁy or corrpfe ely cover i ng the
swel | abl e mametpaiabndihchmediontr 6bViey Tudhaecress ofmmwttss dempats

swel | abl e maer saki1dtus nAeeeedi N022 P vOR2TRad wents of 2 bheid-

i nventio t he,. medj cal _ devi conprj ses bharrier or_bmtrjix which_at |east
a1y oofer ditRecheRrate uibeRotRht e e B R Rt B ShenaREreBE o 4
barrier arrasgedléble regdrdpilngit heexeres singf maeethe ooradval-shiddel abl e
material. 25hBa30RE &Pl ré@c?ﬁaﬁd%std@@lp.r esRNelin¥ 8Nt 8O cd tof Fipreferred

t hat the ons of swelling.o he swell abl.e material i el ayed in.the
ange of 1 har 1oy PR AT AiPret- T KROBRE IO HIGPEr baF T iR PANGB%0r 1 day
to 3 weeks aBbl-even nore preferably in the range of 5 days to 2 weeks. 30
The onsejgof the swelling nmay be determned as the time of incubation in

i sotoni ¢ phosphate buffer .at 20C that is required,for the nedical device to
expand 1% in at Iqélé%ts”@ﬁell&gnéhg?Bh? @Y Pe FUSEENYFRN eI D P AIRFE | engt h.
The expansi onrshetttcdrme mettdynonedonel @teve covetrhegptiee swellable

material and thus controlling the access of water to the
swellable material. Thus, according to some embodiments of
20 the invention, the medical device comprises a barrier or
matrix which at least partly covers the medical device or
the swellable material thereof, said barrier arranged for
regulating the access of water to the swellable material.

25 In some embodiments of the present invention, it is
preferred that the onset of swelling of the swellable
material is delayed in the range of 1 hour - 1 month after
insertion, preferably in the range of 1 day to 3 weeks and
even more preferably in the range of 5 days to 2 weeks.

30 The onset of the swelling may be determined as the time of
incubation in isotonic phosphate buffer at 20°C that is
reguired for the medical device to expand 1% in at least
one dimension, e.g. in its diameter or in its length. The
expansion should be determined relative to the pre-

35 swelling state of the medical device, e.g. its dry state.

The barrier or matrix may be arranged and configured

to obtain such delay in swelling. An advantage of delayed



35 swelling state of the nedical device, e.g. its dry state. The
barrier or matrix may be arranged and configured to obtain such delay in
swel l'ing. An advantage of delayed WO 2009/049677PCT/ EP2007/061116 34
swelling is that the medical device will be covered with endothelial cells
once the swblomgsstarts and therefore lLess likely to ®ACIERRWHPELIS i n t he
target area before the cutting/ magrati or%action has been performed. 5 The
barrier or matri x nmay have another role, nanely to provide the nedical
device with nechanical structure and nmechanical stability and to keep the
swel able material in place. The barrier may e.g. conprise woven 10
material, préMerabry in Bafedhesinedl cut f9HIERt My Lsnkf I CTE ey the swel | ing
material in phaseheThgl hagisenee oRErive Ay gaksar tongid sheaefertor at ed

pol yner 1 ayen . INg; Pef¢ A1 i0%0BYaFe Yin bc%ep%&ggeegrﬁmoael aagr or
pins. The barriér or mhatiix may arso conprise a _perneable 15 polyner |ayer
or a seni - percwabhe/poINaieon #PELon THES fRSmerrfay®edmay e.g. be a thin
tube, a ngnbrane or a foil. The barrier nmay conprise one or nore

coating | ayers. i ncreasing_nu [.Q i.n i results 20
in a decreasing Qgp%Pb%rerrlr?era%irl f“?gg%}f.’h?@%%;"rer ggée%%%sﬁ%g %ggé%}/easi ng
rate of swel ltiongrovide thgsafedlicadatieVitrs ajidis ngapaeiepl KETASHFEd usi ng
chem cal or phySheahayaROUIs@BPOSEYI O0d Nt heds. the ameknhadi nent of the
invention, the barri er neahl e barrj e..Repneable for

wat er and snElAtStoR ei)rﬁltpsliaar?&é?@%g?f’%P or" I'aFger r'mf(g{é%ﬁilegs? "E&H - per meabl e
barri ers18r e nedpabké, abréfigdadilgiopa osswt 6 25r €55t esentHsi d@2hedreal
devi ces accondicpgthe SQE eRPedieenss Of gihee.nveatboi:ic¥0thenbariker nmay
conpri se Onel&?& g?gg g%ég¥¥¥%?%a%g%forated polymer layer. The
perforations may e.g. be performed using a laser or pins.
The barrier or matrix may alsc comprise a permeable
15 polymer layer or a semi-permeable polymer layer. The
polymer layer may e.g. be a thin tube, a membrane or a
foil.
The barrier.may comprise one or more coating layers.
An increasing number of coating layers typically results
20 in a decreasing water permeability of the barrier and thus
a decreasing rate of swelling.
Useful coating lavers may e.g. be applied using
chemical or physical vapour deposition methods.
In an embodiment of the invention, the barrier is a
25 semi-permeable barrier, i.e. permeable for water and small
ions but impermeable for larger molecules. Semi-permeable
barriers are capable of building up osmotic pressures
inside medical devices according to some embodiments of
the invention.
30 The barrier may comprise one or more biodegradable
layers, which initially prevents or reduces access of water
to the swellable material, but which degrades after a
predetermined period of time in the body to allow the water
to be absorbed.
35 The barrier may e.g. comprise a closed, tube-like
membrane, which contains swellable material in its

interior.



| ayers, which initially prevents or reduces access of water to the

swel | abl e

mat eri al ,

but which degrades after a predeterm ned period of tinme

in the body to allow the water to be absorbed. 35The barrier may e.g.
conprise a cl osed,
its interioWO204%Gbo/ 049677PCT/ EP2007/61116 35 THESHE %8 b di ment s

of the inv

ention, t

tube-1i ke menbrane, which contains swellable material in

he nedical device is restrained in a tenporary delivery

shape. This may be particularly useful for ready-to-use nedical devices. 5
Further nodes of actuation In sonme enbodi ments of the invention, the

medi cal - devi ce copprisgs é&bdcﬁ%ﬁtg%fftﬂé hﬁ{ve%%&‘éﬁ“ QQ%%%O&%”t The

further actuati on conponent rises one

nore actuation

conmponent s sék@@@@dlﬁréﬁ$¥?ﬁ%Qﬁﬂo&B éoﬁ%?%@?%ﬁf(ﬂekéﬁeé¥p§ﬁﬁﬁ?m;qﬁﬂq oon, a
t hermal expangiyobeCpapon@zKlUchisasud ShapeaBFoyusat Reddtal a spring, a

nmechani ca
conbi natio
Fig. 7. 2

actuation

swelling may be a're

un %hdgn
n of an e

g conponent, and any conbi nation thereof. 15The
xpandi ng ball oon and a swellable material is shown in

The swel | able material and the further actuation conponent nay
be arranged traratkedahédédef naatabnshape concurrently, i.e. the further

COﬁpOﬂEEt

HRnaSR. A0 pahaReor The. ARG oh Shapc, £aus

d
rve OW pr 0ceSs” an ere ore%be preferred

that the sweldeaBlce ﬁm@ﬂ%ﬁs @’Fdlf‘-‘ﬁétf one h@%rfd@m@pﬁ:éﬁtemn% _
arranged to aglUatethbe £hangs oaf c&fﬂ?@ﬁer?@ SBE Rt abhyrifes oxampl e, the

further
fromsaig8

tuation_c

t eff6rary

e t he change of shape

Qggfggg%vﬁP 58t?oa$%%9t?%§ﬁﬁég%§gl9v%?%d shape, and the

swel | abl e natcerisdktimy e adappedding et bae t e thisange StPaiRi® from said
tenporary deldow@bMeshapech &sSa@l @hape memory material, a spring, a
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35

mechani

cal unfelding component, and any combination

thereof.

Th
swellab

e combination of an expanding balloon and a

le materxial is shown in Fig. 7.

The swellable material and the further actuation

compone
CONnCurr
shape.
Th
relativ
that th
compone
sequent
may be
tempora
and the
change
further

In
device
particu
compris
endothe

nt may be arranged to actuate the change of shape
ently, i.e. the further actuation component changes

e change of shape caused by swelling may be a

ely slow process and it may therefore be preferred

e swellable material and the further actuation

nt are arranged to actuate the change of shape
ially. For example, the further actuation component
adapted to actuate the change of shape from said

ry delivery shape to the expanded delivered shape,
swellable material may be adapted to actuate the
of shape from said temporary delivery shape to said
expanded shape.

some embodiments of the invention, the medical
comprises an endotheliasation agent. It is

larly preferred that the endotheliasation agent

es a capturing ligand which specifically binds

lial progenitor cells and/or endothelial cells. The

capturing ligand is may e.g. comprise an antibody, a Fap
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30 further expanded shape. In sonme enbodi ments of the invention, the
nmedi cal device conprises an endotheliasation agent. It is particularly
preferred that the endotheliasation agent 35 conprises a capturing |igand
whi ch specifically binds endothelial progenitor cells and/or endothelial
cells. The wapdawddsg | i gand is may e.g. _conprise an an®Chaaieo7/ee1Bab WO
2009/ 049677PCT/ EP2007/ 061116 36 fragnen?? a receptor, or a conbination

t hereof. Useful capturing |ligands are described in WO 00/ 168158, which is
i ncorporated herein by reference inits entirety for all purposes. WO

00/ 168158 di scl oses conpositions and nethods 5 for. produci ng a_nedi cal

devi ce such &gagmelfenta GiecePEPat het | & kriratisnt Bt ¥sRatti x and an
anti body whi ehpteatis Midadndanaesdeshetiald cel Woams f pesl58Thehimhrix coati ng
t he medi cal devi oged thetic i al., h
poIyurethane}n68%§9%§¥%g?5%%g§i%? ﬁ%&%ﬁgqgflgéegggﬁéﬁﬁﬁﬁgtgbﬁggtﬁg?ene

gl ycol . The murppiedmy"bd/dk688ddbickifas SLMYOBEEIRTS FGNBEEPPAPs, such
afS fCO: : agen, ff)'kbpfdrﬁ]kiu@_ﬂr@ta} ﬂled&lﬂﬁl p&@we‘cecambﬁgasmest@w ioe ey bg gonposed
o] ul | erenes ch. ran rom ut..060 t u 0. ti bodi es
pronot e adheF@ﬁ@%eEﬁcf%ggﬁdoﬁﬁgg?glw%% f%n%ﬁ%%%egwgégééfxg§3? e. The

anti bodi es nupibe mad wiitth eheendethedig! e6val aptigen-etther BAtEht ough a

l'i nker nol ecﬁbﬁtiﬂ?tﬂ% nRidiicx1 Gellewimg adhecrpsecd ot henwadical device,
the endothelial cells different%ate ndep &fe£§#e on, t he .,medi cal device.

|
The 20 antibBﬁF@gl y B ifr 8P ﬁ?r?%ﬁ%é’ggonﬁﬁoc Trar® &5

onal” ant1bodi es.
However , 10 he cagéubdss iasttegndot hel veshiticne ggeaes; Bexpewitglikymag Bescri bed

in WO 00/ 168L58p0ksa ot Acrowa1t o ap&horiy medbeahlsdevdies g a tissue or
vessel wall. Fiﬂce 25,in.sonele odi ment s, of the resent %ggeg%ion,

conpri sing afP&hadtel i Bati ofilageht”, THEPHCHP caf T8l d& ey “b&* anchored i n
an advant ageoas bhaycatpdsesl lodc vl barafedehilglr yarderisim apguipEel det ai |,

the anchoring,ofnthe (R Cahedant coodied Rechedy hsndranmt ed by neans of the
30 endot hel i asati on_agent. .Once agchor d iin the tissue g% lLayer of

c . . a
endot hel 13, ERECHRERE Ftc8Ri ERS Pt add 9PV OhT t he D% d%f’iib, whi ch is
advant ageous maf betnixgp aridhothel gaatixngrecbeelenslnotetthiengddred by t he

dynani cs of syrroundi ng Hlgods)asnide dradicabedeyi o ifihgm y 35 anchored

and cannot be flushed away or di sl ocated, mhhch |3 n .undesi fd effect.
adherence to e medical device, the endothelial cells

differentiate and proliferate on the medical device. The
20 antibodies may be different types of monoclonal
antibodies.

However, the use of such endotheliasation agents,
especially as described in WO 00/168158, is not known to
anchor a medical device in a tissue or vessel wall. Hence,

25 in some embodiments of the present invention, comprising
an endotheliasation agent, the medical device may be
anchored in an advantageous way at the location of
delivery thereof. In more detail, the anchoring of the
medical device in the body is prometed by means of the

30 endotheliasation agent. Once anchored in the tissue by a
iayer of endothelia, the medical device is separated from
the blood flow, which is advantageous. A cutting and/or
migrating effect is not hindered by the dynamics of
surrounding blood, as the medical device is firmly

35 anchored and cannot be flushed away or dislocated, which
is an undesired effect.



WO 2009/ 049677PCT/ EP2007/ 061116 37 I n sonme enbodi nents of the invention,
the nmedi cal device in addition conprises at |east one drug. The at | east
one drug may be conprised in a coating or as layers within said nedical

devi ce. useful drugs are ciclosporin, taxiferol. rapanycin,
tacroli rrus &’558@2"6%” gl ut ar al dehyde, forgval dehyde, and %&3@38?7{9? 116 enzynmes

i ke collagenase Col | agenase is effective in breaking down tissue and
especially fibrin tissue, which is otherwise difficult to 10 penetrate.
Therefore, covering the surface of the nmedical device with collagenase

woul d particul arl y,spggd éiﬂocﬁcﬁ%e%:@.c’éﬁstﬂé Hﬁié%tt i@hl, NGnbi RS#Ea1The drugs

may be attached to the surface of the nedi cal devicé according to
wel | - known mAHIES oF APTRHhFaPEgSeF o tretfas dévAcEy: BR a5 such
nmet hod i s enbegditngndr dgsg im0 ber condelsédyir s afoapdhyner sas vikdyedrscover the

surface. O GpuLSe, sQt BefeiRtods mry be used. Similarly, drugs preventing

t hronbosis and increasing i n-growh of endothelium on the endothelial
surface aPter penBFREPISH OF USed Medrbdf 26 FRICEPREYbetftifdtdd to t he

medi cal deV| ampabychn dr ugsr cloiwugs, beleohol Englottelal dehdew h Fact or, and
D el S oreBEn (RUO AP L 0: LT 68l Hx&@%s\m&gn%%sattached to

t he nedi cal evi ce surface. S are €.g. am odarone a ot al ol .
25The at | eaicldrEcareg %W%ﬁ%w&nﬁ?lgé‘e@‘#q%p@f”?cté@éﬁ? andich as
col I agen. Thespekialig Afenin rEyshe, avhatgers iotheuohse ghnftulthab it is

el eased i thccdebay. duingdiie cutLlods N . geabing gl tred: cal

devi ce. may be cont barrier matri x that

rel ease of t W@"TlchrBf—F‘é ERfeRISNS SBr HOPH@CPWU&@%%?E‘%%%C!& Hél§ asati on of
the nedi cal devicees sﬁcﬂseﬁéta&atan@eheaseeofm&eiﬁugar fhiyCbagerdadhed he bl ood

flowis preven ed, §§If§cé“%df" Ctgl' g&' 8&1%&@%‘ & 52439 %og'q%’ dg.ments of

the i nvention nmay be arrange e 1 nse nto a body
vessel and tdcr@ﬁms@awe\fm yo%r@é;ﬁgéhlw éow mmpeai/lmgmws)epp@e 38
shape, wher eighchhfedRyd CEs |énbiatc¥dliﬁlbuﬂﬁdg§nﬂl‘@j’ roangadet:omjﬂ@ﬂgez)ﬁhape to

extend at Ielastlgglg IyW ﬂSICdO er hger merer o c():rolufrlsge gthéam outer wall of
sai d vessel fur expande pe:
methods may be used Slmllarly, drugs preventing

thrombosis and increasing in-growth of endothelium on the
endothelial surface after penetration of the medical

20 device may be attached to the medical device. Such drugs
could be e.g. Endothelium Growth Factor, and Heparin.
Also, other drugs designed to treat arrhythmias may be
attached to the medical device surface. Such drugs are
e.g. amiodarone and sotalol.

25 The at least one drug may also comprise a fibrotic
agent, such as collagen. The fibrotic agent may be
arranged in such a manner that it is released with a delay
during the cutting and/or migrating of the medical device,
The delay may be contreolled by means of a barrier or

30 matrix that release of the fibrotic agent is provided upon
complete endotheliasation of the medical device, such that
a release of the fibrotic agent to the blood flow is
prevented.

35 The medical device according to some embodiments of
the invention may be structured and arranged to be
inserted into a body vessel and to subsequently change



5 I n sone enbodi nents of the invention, the nedical device is
inserted using a delivery system A possible delivery system conprises an
outer tube (pull tubing) wherein the conpressed/ or non-expanded mnedi cal
device is 10 positioned. Furthernore, the delivery system may have an inner
t ubi ng ( pushotwbiaeg)y’. The nedi cal devicg is rel eased f PEMEPHATE6em by

hol ding the push tubing fixed and pul li % in the pull tubing until the

nmedi cal device is free of the system 15 Alternatively the nedical device
is released by holding the pull tubing fixed and pushing on the push tubing

until the nedical device is_free of the system For(gggﬁjex Hegical devi ces
these acti on§PeB®r EIYSHE SBGUERTTSE I3P ST EGHBF R LD FEHEF Thner tube is
avai | abl e ascaafué dehR® wior extdypi zallepstt bert Upecuitssivrdahef pl astic or

brai ded stai p| fice YF A0 RaRECL01 thesdeseBkelnygntion
relates to agﬁﬁiﬁ%fégﬁgbé?é éﬁaiﬁ nmedi cal dgvices as descr?bed herein 25

for treatneneadf HisHrderLPRRIERES t rhythmregul ation system said kit
conpri sing: said shape-changi ng nedi cal devices, which each has a first

del ivery and a Seﬁ?ﬂQﬂ&F%&%@&?ge RS +4faer Al Bnt N6: d&iCReliAche first

shape has such dinensions as be insertable to a desired osition 30
within the vdsgérarisyidisemtedndsimereide e def¥ e s Acé’ﬁﬁﬁ&? Bf changi ng
shape to substantéay|yydtenm seapnilsshape oshen Lobat gehldt tsdidgdesi red
position, which strives t i r_that . r . Lha 1e.di amet er of

t he vessel aF%Fﬁ%l%e%?%éﬁ£5%§g§?§ﬁéfﬁﬁﬁ?§%§a§ﬁ%adg§?%%hhﬁfﬁggg %%cone
embedded1f nt @oshbieredud S HPLEUIREE ngEihela/dgsel aystafk "HesPAE8 PBsition and
create fibrogshseaned@inger@ak® s6Bindg) ssue in said tissue in order to

prevent it from 2009/ 04967 7PCT/ JA 1 nsLit 09 el ectrical
signals, wherein ﬁﬁéf%%gfﬂgngeg_g%ﬁ%fé%%ﬁ%ggéaﬁﬁ?ﬁgj%%%?%gg i%gadapted to
be inserted toldidestkedysdsittpbng afizask 396 Préeind P fdenbHAlrY vein in the

heart, the pyhBBAGr¥n¥el Ntradiaaesil Sedvwld iiki €ece 05f ital dgstem.

15 Alternatively the medical device is released by holding
the pull tubing fixed and pushing on the push tubing until
the medical device is free of the system. For complex
medical devices these actions can be done sequentially or
combined. A further inner tube is available as a guide

20 wire. Typically, the tube is made of plastic or braided

stainless steel.

Yet an aspect of the present invention relates to a

kit of shape-changing medical devices as described herein

25  for treatment of disorders in the heart rhythm regulation
system, said kit comprising: said shape-changing medical
devices, which each has a first delivery and a second
delivered shape, wherein the device in the first shape has
such dimensions as to be insertable to a desired position

30 within the vascular system, and wherein the device is
capable of changing shape to substantially the second
shape when located at said desired position, which strives
to a diameter that is larger than the diameter of the
vessel at the desired position, whereby the device will

35 become embedded into the tissue surrounding the vessel at
the desired position and create fibrosis and/or create

scar tissue in said tissue in order to prevent it from



5 the right or left atriumand at |east one of the shape-changi ng nedi cal
devices is adapted to be inserted to a desired position in the coronary

si nus, and wherein said nmedical devices conprise a swellable material which
is capable of actuating said change of shape via swelling due 10 to water
absorption 9P XK Wlel | abl e material . Referring to Fi g8CHERWOTNLIY, ob| ens
of disorders relating to the heart rhythmregul ati on system and the | eadi ng
current nethod of treating these problenms will be 15 described. In Fig. 1,
a heart 2 is shown and the controlling of the heart rhythmis indicated.
The heart rhythmd rol.l: 0 Sl nQat Ll . The
sinoatri al nogd%mfmﬁrtggéﬁis%% e(rgtal’:_'-i g’é?gg%ng}gi l?{c%%ar.l%h%lr:o%g%:%éd t hr ough
the heart walthyphaegnsheraspedenicss éel fdariitittgPeniereEE?d cal Fpat hway.
The el ectri calessirgdabssioldowithghicherekectéréofad mamdnayywrein coordienat e t he
heart nuscle S I | ulita Qpr di. d traction of
the cells in lge%r#é_‘ér Etﬁét??%%an%} r?éééﬁlt Qgg%???g?sea%#ﬁgllgg%%‘hl ggglnrg%ﬁ% on of

el ectri caP 25-henFddésot hidtightierhaadt 25t past ione RE shaoslkaRl node 4,
travel s acr osshaeng gbfiicdY idenidekeiat slgyes ric Weannvedeed, td e bundl es
of H's 6 and r eaf . . r.o entr.jcul_ar e ss, In a
di sordered si elr}gftri‘%gnkgé){gg@?ialglaﬁ%& gﬁg%ggﬁ¥e£%r{dasr’t 5%(_51 F\q}{ﬁgélr n%aeﬂ S outside
t he 30 si noattgddicagodevices rruprdarl edseet brke diatesiathebeck| et ri cal

signals w || gipgsbuebotheceonridigakiianchingdeoheaidpemysel ewselisg due several

ectopic sites ar re the si . .tra 1,.Ssi on . becomes chaotic. This
will be tRe csnegtsr %5%@%‘%% O S e T DR MR AT U i on 35

and atrial flutter. An existing nethod for treating these diseases is
based on isol ati ngekber 86 O Figist @S3] Nt19& deFo1emar 8¥eat soMRrs

2009/ 049677PCJ::T/1E@%(I)107/ 06]1%‘%e49:tt Qﬁ ghec%ri o a|1 .soingréal % st aré 6 in these

ectopic sites t6 prgpgaaY'e i'm e "REAFT WafY tl:'hus, YPhE™h&AT t Il is cut

conpl et el y t Rregddhof oprientermaiicidngtt heeebipd i Hipsserwebhene| wislk fst

thf alnsg1' t '1t§Lr ﬁéﬁs@:r&b@t@; ri&@i%gnﬁlashelbe ﬂléhilf é}cﬁine@hﬁgthi@Si ;)n_ Wi : | be I
eal ed wi i brou i ssue, ich_is unable to transm ectrical signals.

Thus .t he. patif AR SLRENE! LE I B A Rar £ ot 0, SR ER TRy « FRS Hesiton.
However, sincévtthe lLecationllof condredtepi Erem ttde maponbrial wayd e known

and may be difd gyhbat piSELRIIE N @hnshies dbdd8la1NM:aht, be widd pl e
ectopic sites, a special cfutt! rll%glp%%}te n_has en devel oped, which w |

ef fectively %6l 8tsr§p@<é?1b% RS, RuB®athe? YpAPEBP n° Hiifays be

used regédfdl esdlsf foheinpevi fdledtgdati opatimfay .hdhecedpitrstdles in each
i ndi vi dual ca.},%gname_f@ip&&ﬂlra &HeS eGakt cd N6l walA%e 11 PEQSASH A N Vi ew of
the conplicat uttlnlg g_aatseterrl& IE Flg 2, the IYTaze-Battern IS
illustrated. t&l&/\é\?@ﬁ ESGLe GRldantofr BIesly SuLtREeRHE 51
coordinated contraction of the cells in a heart atrium and
heart ventricle. The normal conduction of electrical
25 impulses through the heart starts in the sinoatrial node
4, travels across the right atrium, the atrioventricular
node 5, the bundles of His ¢ and thereafter spread across
the ventricular muscle mass. In a disordered situation,
electrical signals are started in heart cells outside the
30 sinoatrial node 4, in so called ectopic sites. These
electrical signals will disturb the coordination of the
heart muscle cells. If several ectopic sites are present,
the signal transmission becomes chaotic. This will be the
cause of arrhythmic diseases, such as atrial fibrillation
35 and atrial flutter.
An existing method for treating these diseases is
based on iscolating the ectopic sites in order to prevent



pattern is extensive and conplex and requires a difficult surgery. Thus,
the Maze-pattern has been evolved in order 20 to mnim ze the required
cuttings and sinplify the pattern as nuch as possible. Currently, a Maze
[l1l-pattern is used, as shown in Fig. 3. This pattern is not as

conpl i cat edyobassroswetrl d still effectivel g i sol ate the e@CHEPIFIGIES | n nost
cases. The Maze Ill-pattern 25 conprisesa cut 8 around the left superior
pul nonary vein (LSPV) and the left inferior pulnonary vein (LIPV) and a
correspondi ng cut 10 around the right superior pul nonary vein (RSPV) and
the right inferior pulnonary vein (RSPV): a cut 12 connecti, the two cuts

8 and 10 ar oRE EheCBOIGRH FOARRYS veT MV, the8qte 12f’Fferorsr’tltt%ﬁst"%onnecti ng
cut to the cotopagy:si MIchcCleara eatl l@Husomchbehdaft WANS tie the |eft

atrial aPpendagel e . QUlARyhOLL e LOLAEaRoVERa Lo LloVEbeloot e

superior vena c 0 connecting the cut 10 around the right
PVs and the @8t11§8t13%t b?éfta\ﬁéét%tt RBLVAS HEARECIYC IR 38SF FBRFthe cut 18
bet ween the LVEaapd 1deicnVGiallong héelad ghtchl atkerabs atidswe, wahkchand a cut

24 isol ating the 9! ﬂé‘tt trﬂaallsfnegpgfg calV\Q V\g% 04&&77ng EEgQQW 061116

41 Thus, a pattern ex an i ch ectl vely 1sol ates
the ectopic sift &b ﬁbﬁscﬂ:}”é&@leﬁaﬁﬂ%hje‘ﬂb]toﬁ@énﬁyc%%% SHP0cut s may not be
needed. For exaspke, élhﬁ:eoﬁz(hlér ueaael@ft EC ORI ecsbHES sm‘tteenmsyanos 5 around

the orifices of the PVs and, ref re nt. .t e the
cuts 8, 10 afoUAd® tel?t \{3‘\? Iéurt Q%sdlrfn cgg%éegg &é’{]é n% tc)ﬁeng and 10'

t he cutsl8rothereheighs hﬁawuéélﬂéﬁee%ﬁw éaéﬁSP\/ﬂoﬁl“’Ii’ﬁfqlt?é |CH§FéaEI of in
pairs. 10A plplarr:%kﬁyhﬁ t%&p@eﬂemt>§e@)‘ vtﬂlehnadumaéfﬂ@mlcel@esebtbed herein

rrayrntralumnll | ac |t| o] [T 1ike
treatnent witS ﬁ% h?qaltgt)eesed%?1 Opéﬂec st sur%é%’ mgﬁﬁf}rt ﬁglraaasapect of the
i nvention relra'gesdiesta afetthed sbecifieatanaiioss lfsetr%leer%tqpnq RétaRart
rhythm regul %I eacﬁyﬁﬂ@lmlltﬁjang caséredmalpﬁt@éug@ecgamalaram taeswel | abl e

mat eri al met ho insertin h i.cal device in a
t enpor ar y° deI rM\‘?é?y Qﬁo%%g tlﬁ‘r Shgh the R va§ uFa h ga& e%%?ﬁrt?‘ a body vessel
adj acent to tactheartImriti/or 2i ntbet hezdramtttern 18 allltﬁ/ﬁrn@e@ar d swel |l abl e

material to swel |H£k¥e@él_$0ra@ g %i@ént S oh ewel Ijzngtteé dtﬁ%&hgcont“ but i ng
to changing the shape of

rom Al 25 Lerporary
del i very shap@WFalah® e%?ﬁ%ﬁ?c?ééfedaf‘?v%?@dle%gﬁg t59 % rtaher expanded shape,
extendi ng at suegstybeliorg) ameoltibee-parfave hot baku ¢Vvslsigsl dndpsfevessel ,
t her eby 20 to minimize the required cuttings and simplify the pattern
as much as possible. Currently, a Maze III-pattern is
used, as shown in Fig. 3. This pattern is not as
complicated, but would still effectively isolate the
ectopic sites in most cases. The Maze IlI-pattern
25 comprises a cut 8 around the left superior pulmonary vein
(LSPV) and the left inferior pulmonary vein (LIPV) and a
corresponding cut 10 around the right superior pulmonary
vein (RSPV) and the right inferior pulmecnary vein (RSEV);
a cut 12 connecting the two cuts 8 and 10 around the
30 pulmonary veins (PV); a cut 14 from this connecting cut to
the coronary sinus (CS); a cut 16 from the left PVs to the
left atrial appendage; a cut 18 from the inferior vena
cava (IVC) to the superior vena cava (5VC); a cut 20
connecting the cut 10 around the right PVs and the cut 18
35 ©between the IVC and the SVC; a cut 22 from the cut 18
between the IVC and the SVC along the right lateral atrium
wall: and a cut 24 isolating the right atrial appendage.



creating cutting action configured for cutting said heart tissue and/or
sai d body vessel, thereby 30reduci ng undesired signal transm ssion in said
heart tissue and/or said body vessel by cutting said heart tissue and/or
sai d body vessel by nmeans of the nedical device configured therefore.

The step of WOREKMIAY preferably conprisgs inserting 35PEREROGTOEIEEI devi ce
into a desired position in the coronary sinus, in any of the pul nonary
veins, in the WD 2009/049677PCMP2007/061116 42 superior vena cava, in the
inferior vena cava, or in the left or right atrial appendage. The net hod
may further e conprise inserting.at. least another nedical device into
anot her of t ﬁﬁ’u?ap?Ege?PTﬁwqﬁg | FE8d1HBRi T9BHEE BOF Bgéﬁgle, t he met hod
may conpri se dfifsettivagyaisediteal tdeviectopht csidash bBRstheepl urality of

desired positdan$1ikRe§ONEh eiRdicaBALS 9f1 AR d MENhbeNpe tAgdwi hod 10
furthernore qprlseslreséralnln% t he nmedical devige in g t empor ary

del i very sha&% dSFPRELEhe T SETIGRT6F P heS Heth Calf 1§86 RELHE-4%&St r ai ni ng
may e.g. be acvomgl ktbhedruSiary a@afmedecBYs devd,cehiemelfadengifa nxvodegr adabl e

barrier whi chk¥iteshtatfsndite ciedicgal devi e ddunkl $nkeppor anydell very
shape. Once intr.oduced into.th bidﬁ, tgg bi degradgble barrier dissol ves,
wher eby the PSstPEHAETFS b AESEh®” Hhde of “BRapRte AF UK pl ace.
Restrai ni ng réne @Vsomgpnpr idmckeéphpgeddle Fedirddlic20idevead dfmsinde a tube,
which is rempyuedsor dissolved once the nedical device is in place. This is

for exanpl e useful
nRO A plurality of embodiments of the medical device

described herein may intraluminally be placed at the
positions to achieve a Maze-III like treatment without the
need of open chest surgery.

15 A further aspect of the invention relates to a method
for treatment of disorders in the heart rhythm regulation
system using a medical device comprising a swellable
material, the method comprising

inserting the medical device in a temporary delivery

20 shape through the wvascular system into a body vessel

adjacent to the heart and/or into the heart;

allowing said swellable material to swell by
absorbing water, said swelling at least contributing to
changing the shape of the medical device, from said

25 temporary delivery shape via an expanded delivered shape
to a further expanded shape, extending at least bevond an
outer surface of said tissue and/or vessel, thereby

creating cutting action configured for cutting said
heart tissue and/or said body vessel, thereby

30 reducing undesired signal transmission in said heart
tissue and/or said body vessel by cutting said heart
tissue and/or said body vessel by means of the medical
device configured therefore.

The step of inserting preferably comprises inserting

35 said medical device into a desired position in the
coronary sinus, in any of the pulmonary wveins, in the



R e e

when the nedi cal device conprises a further actuation conmponent such as a

spring. Anot her exanpl e of restraining conprises cooling the 25
medi cal device. This is e.g. useful when handling nmedi cal devices including
shape nmenory materi al . The net hod invol ves restraining the nedical

device, it worsmbisgral so conpri ses rel easing the restr a@cueerot/bairgedi ca
device when it has been inserted into tAé desired 30 position, thus

al l owi ng said change of the shape of the nedical device. The net hod
may furthernore conprise eluting at |east one drug from said nedica
device. The at |east one drug is for instance a fibrotic agent. 35The
medi cal devi ceprayol vegTEagRbodn nEe sifardomavEvel §a 6 iaF aadthbeon

conpri se an gpget hel | i3} iagen eﬂ@ﬁﬁ@by accel erating the overgromﬂh of
t he device WD 2009/0 7dECT/EP2 /061116 43 Wit h. gggk lﬂ? cell and
anchoring the ned?%%]mﬁﬁiﬂ By FYRERSGETG T S OT'RE B dy Vs sel and/or in the

heart t|ssuelebst|sngﬁhﬁnﬂma@dcahaﬂevh@e@ﬁa@thepthgat¢%ﬁﬂégéﬂprééhﬁY|ses a
capturingel i %%néegmg@ sRedibheal %"Mr bind$ 12, endet hethad nprogenptesecel s

and/ or endothella t her aspe f _the ione relates to
a method of pPIEGGELRY %?W%HF@&Idag%?%é”“thaﬁgtﬁgdt%%ﬁ%¥ﬁglﬁ% YR steps of:
10- providi ngeaisag| padlteiomst.eri al - transformng said swellable
material into a nmedical device configured for reduci ng undesired signa
transm ssion in a _body vessel acent to the heart a d/or ﬁageart tissue

by isolating el ect?itdre FFER&Y ﬁ?#%ﬁ Therof T8 by ut tih F4 m grating
into sai dovesselhapdéos ddngsuecsThessyelrdialgl éhranedicdl mEyiceginba provi ded
as a wire. temporary delivery shape during the inserticn of the
medical device.
The restraining may e.g. be accomplished using a
medical device including a biodegradable barrier which
15 restrains the medical device in its temporary delivery
shape. Once introduced into the body, the biodegradable
barrier dissolves, whereby the restraint is removed and
the change of shape can take place.

Restraining may also comprise keeping the medical

20 device inside a tube, which is removed or dissolved once
the medical device is in place. This is for example useful
when the medical device comprises a further actuation
component such as a spring.

Another example of restraining comprises cooling the

25 medical device. This is e.g. useful when handling medical
devices including shape memory material.

The method involves restraining the medical device,
it normally also comprises releasing the restrain on the
medical device when it has been inserted into the desired

30 position, thus allowing said change of the shape of the
medical device.

The method may furthermore comprise eluting at least
one drug from said medical device. The at least one drug
is for instance a fibrotic agent.

35 The medical device may in some embodiments
alternatively or in addition comprise an endotheliasation
agent, thereby accelerating the overgrowth of the device



. I'n an enbodi nent of the invention, the step of 20 transform ng conprises
winding the wire to forma nedi cal device conprising a spiral-Ilike
structure. I n anot her enbodi nent of the invention, the step of

transform ng conprises braiding the wire to forma nedi cal device

conpri si ng WOFEY ke structure. 25Thestep of transfRrHFRHTRAYIS

furthernore conprise a thermal treatnent of the braid-like structure or the
spiral-like structure to heat set said structure. The nethod of preparing
t he nedi cal device may furthernore conprise one or nore steps selected from

the 30 group SISkl B a | l.aye . barrier .to the
surface of tr%%%egﬁgg]gg%g%%gc% %p%gg}i ﬁ%&g%%%d_ot?%ehegﬁfg%ﬂ(?%)‘ﬁlcaegelr?t to the
surface of tHéeewaildaPf dehg dwdvangrselsted ey sitmghehbeatli ebtsutevi ce.

Ranges nentioned 8 i8isrgfase tapecthé caldahdlbys3bi60Mfdee the ranges
i n approxi mat | r.Lhe r es W th _exact, bogundary -val ues., .

2009/ 049677P€P?“%|5§88%/%6‘ﬁp1 By 11o8nd gietl SPet A PR TY RIS it ar for
"a", "an" San®ndoaclipk prreEidéert 6ei hel aad athensioghaliabresllas wel |,

unl ess expressly stated otherwise. It wll be further understood that the

terms "includes," , "conprises,” "i.ngl udi ng" .and/ or."conprising,” en used

in this specifi ca%&i %%J?B%eprecai fct hgfp]r%éeseln%e RSt O& é‘”?(laag?%ﬁ%raeér,%tihﬁ\@gger S,

st eps, oper atGforgoderenem Jlecsdloferonppordrt sethgd dompoisipredihede t he

presence or addipki ea:of one or nore other features, integers, steps,

operations, elenents, 10,.conponen nd/ or grqups thereof. As used herein,
o TR L4 FE it

the termPand/ or" i REPRfEL %Ry ° JEHBI ™A ons of one or nore of the
associ ated |i st ed-i teawsfaymliogs sotdesve Bealdef imad¢drial | iney ms MeEddckidi ng
techni cal andesgientbhf Ll RIdTEbrUsdubek@idhdtameting: AT

transmission in a body vessel adjacent to the heart and/or

a heart tissue by isolating electrical propagation thereof

15 by cutting and/or migrating into said vessel and/or
tissue.

The swellable material may e.g. be provided as a
wire.

In an embodiment of the invention, the step of

20 transforming comprises winding the wire to form a medical
device comprising a spiral-like structure.

In ancther embodiment of the invention, the step of
transforming comprises braiding the wire to form a medical
device comprising a braid-like structure.

25 The step of transforming may furthermore comprise a
thermal treatment of the braid-like structure or the
spiral-like structure to heat set said structure.

The method of preparing the medical device may
furthermore comprise one or more steps selected from the

30 group consisting of applyving a coating laver or a barrier
to the surface of the medical device, applying an
endothelialisation agent to the surface of the medical
device, and/or sterilising the medical device.

Ranges mentioned in this present specification may

35 comprise the ranges in approximation or the ranges with
exact boundary values.
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15 nmeani ng as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terns,
such as those defined in commonly used dictionaries, should be interpreted
as having a neaning that is consistent with their neaning in the 20 context
of the rel ay@nsos@isk7and w Il not be interpreted in an ipde@Pimeesions overly
formal sense unless expressly so definef%herein. The present

i nventi on has been described above with reference to specific enbodi nents.
However, other 25 enbodi nents than the above described are equally possible
within the scope of the invention. The different features and steps of the
i nvention may be ch#rbigwrsd hiemedphethe orisigvderoRsrnhait *hds8 "daséri bed. The

scope of thewipwens o iRy thi mhéBdidtHehelappengdethypatkentic) ai ns. 30
EXAMPLES Exa

e 1: Swell able A/ PEG hydr oge | l.abl e PLLA/ PEG
hydr ogel may Y éeﬁ?e$%ﬁ¥§f€l¥ FSF% asogiﬁﬁy 6@9135 ﬁyé /§%26§?f061116 45
40 g of PEG 4006répodyettny ¢he ghyool')inglidesn” appPmndiandsdf 3500 to 4500

is dried gt 4Q,ungelnyacHIPiOF cORSr Ihg, 30 waknludedi irsagyanat obut ane is
added to the vacugn}drjed PEG. m xture i s hgated eé)E‘D 70C and stirred,

5 after neltiSRGSabbYR-SHE, SPSFlgﬁpF%& PLESREGFs O n® BR- T et TaRa tr i ed
at nosphere. DBnitedetsw sipeculogeracight, Rleachpsl yard/actdodepnenbsg, exanpl e

Fl uka 94829 Rol.ygl,- ﬁ@&%f@mﬂ% @hés é/@nden o hadi CHGL3r Taeuse mor@di cal
grade specified PLLA oli goner woul referred due to pOSSIb|e inmpurities

10 caused by °th&%i RFFR TR §?§F8ﬁfﬁ8eﬁF Sit REePBF Yt SYNTRESES step.
U trasoniio trceapnpabhtof addioELgApsp$th&n®qﬁay Be used| tayedut dben nol ecul ar

wei ght furt h%ermThgntﬁ’)’(?g'er rn%‘iu@@g Qﬂ/ rﬁncpfalq eBhb 2R i dH bdseHBdok I eat ment
of the PLA solution be determ ned F%% Viscosity based 15 neasurenents.

An (OH) - end @PéﬁpoﬁeF%ﬁrﬁ%ﬁﬂﬁléﬁeﬁ +187%f i'0F™Shoul d be used to identify a
proper ratio of ol Ugbsesr Sthelral tved¢Dirtdhp anilt tatmPEGredmtdénty, preferably

inarelation of,2M{ BlIAQLLYQFRE {Ords)MAseBEGerein have the same
15 meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
20 context of the relevant art and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.
The present invention has been described above with
reference to specific embodiments. However, other
25 embodiments than the above described are equally possible
within the scope of the invention. The different features
and steps of the invention may be combined in other
combinations than those described. The scope of the
invention is only limited by the appended patent claims.

30
EXAMPLES
Example 1: Swellable PLLA/PEG hydrogel
35 A swellable PLLA/PEG hydrogel may be prepared as

follows.



20The PLLA pol ynmer or oligoner solution is used to dissolve the isocyanate
end captured PEG The solution nmay be diluted by additional dry CHCL3 to
obtain a viscosity which is may be spray dried. The solution is stirred for

| h at room e. Approx. Iml of H20 is added to | r
solution i n‘*@?ﬁ‘%’“@% g‘; destroy free isocyanmate functions. ﬁé}ﬁ%ﬁg(gﬁgﬁ(%ﬁ IS

stirred until it |ooks honbgenous. The solution is then spray dried and
subsequent|ly vacuumdried at a tenperature around 160C in order to 30
reduce the content of residual butanedi am ne. The resulting hydrogel

contains coval enthy grosspid mked Qb@ﬂ?ét &nggﬁa@m&ﬁ@a APEREC (R2).

The hyd I h t t

- R2 N0~ ( o SO St LG BHEESH BF oHLCCENEr FREUES FRErsisel will al
be based on HMgdr.oBgzed hnhd}uamcb’ahetblactami@ iaciadidedt hy| eme oo~ and a
i nor - cont ent:akq YE:209%4 GA9AEEBCTLER20024 QBILLS 46chutanedi aie. Al

t hese products are suitabl g% rel ased in body. environnent. The
descri bed>hy drd§él PEARHE ah+a ‘d?t?f?}?ér% hﬂ'DBPFi]"S PLA 3% g8 tdesired
swel | abl e pr cper tirésd a“ctmpsimer‘é nDdiédetow o ey lbe exighiderl.imnt@oayw re

having an outen ,4i-auef rcf ARREOY rduka 6 GRYAALE QDA A OXILSI On.
SplI ev

Exanpl e 2: Spi.ral _nedi cal device ice may be
prepared f ror’ﬂlFﬁQ K§dr by efrigst WF@pr%é’rS@d 3 Regkawbl wade §ﬂ-§?@ﬁl§l‘ﬁ%d| cal
devi ce has begnasohégatexcatdwld beuptefiteckd nide @e. pbasainte GlnpuritiesThe

i xed to the Cara ary s CRETEEPECaPAE AR, Af She ROAT 0C for ah.
synthesis step. Ultrasonlc treatment of the PLLA solution

may be used to cut down molecular weight fFfurther. The
preferred end point of a optional ultrasound treatment of
the PLA soluticon may be determined by viscosity based

15 measurements.

An (CH)-end group determination / titration should be
used to identify a proper ratio of oligomers relative to
the initial PEG content, preferably in a relation of 2ZMol
PLLA oligomer to 1 MOL PEG.

20 The PLLA polymer or oligomer solution is used to
dissolve the isocyanate end captured PEG. The solution may
be diluted by additional dry CHCl; to obtain a viscosity
which is may be spray dried. The solution is stirred for 1h
at room temperature. Approx. lml of Hy0 is added to the

25 polymer solution in order to destroy free isocyanate
functions. The solution is stirred until it looks
homogenous.

The solution is then spray dried and subsequently
vacuum dried at a temperature around 160°C in order to

30 reduce the content of residual butanediamine. The resulting
hydrogel contains covalently cross-linked blocks of PLA
oligomers (R1l) and PEG (R2).

The hydrogel may e.g. have the structure R1-NO- (CHZ2) 4-
NO-R2-NO- (CH2) 4-NO-R1. The degradation products of the

35  hydrogel will all be based on hydrolyzed monomers like
lactide acid, ethylene glycol and a minor content of



15After the heat treatnment the core is renoved and the nedical device is
cut into a suitable length, typically approx 50 mm The nedi cal device can
be conpressed and | oaded into a catheter and is sel f-expandi ng once is
rel ease at its target |ocation. 20Absorption of water by the swellable
mat eri al ofwoOR@IN49T i s expected to cau3§ t he di anet er PET/EPHE7/4Q1¥Fal to
expand at least 10 mm 47 CLAI M . A nedical device configured for
reduci ng undesired signal transm ssion in a body vessel adjacent to the
heart and/or a heart tissue by isolating electrical propagation thereof by
cutting and/or mgrating into said vessel and/or heart tissue, wherein said
medi cal devi OEtPRERHAMGur &d 1f R EURT I ATAAEF FHrR I DY changing its
10 shape, andewbesed nirsaicddlymedivéabnokavi.ce conprises a swell able materi al
which is capable gﬁe %ésgq%@a ﬁgiifio&é'&a%% ok shargs im ekhi-agcgue to

y swel | a

wat er absorption sal we e materi.al, wherein the &Fldl 8al devi ce
conmprises a FROf{ysPLAviel 19551 8erhfed i e dm®ls Beedndt iit-er s “*€aid first
swel | abl esmaeri al ebard ngradi bleeentudankliritng aclaractharirst iaps othan t he

second naterhggmet?r of gw@o@?db?@“mgQ§%§§n9%HEEQH£FQE&QESH%QUCing

undesired 20 signal tran ssionin a vessel adjacent to the heart
and/or a heart tissue by isolating electrical propagation thereof by
cutting and/ or m gréaplyg 2:nispival dmedissd dandeer heart tissue, wherein said

medi cal device is,configured.fof ﬁéj\;d{é@gna%ng/e%rggjgf@& | NGrPY¥ e ARG SKL1 t'S
25 shape, and wherein sai (T medi cal - devi ce conpri ses_a_swel | abl e, materi al

whi ch | slBapatire Btepetashtimg*3BPHe chargElof 8Rdpeali e PPAGPETR to

wat er absor ptgcaBmByisai X, suehlsabhecdnieriials,. Wheardncit he medi cal device
comprises a 30 bi gfl g SaLA BLAG! DGR (136Nt NEoTd 13l 18ebh bk or
material and a second materiar, 'fihe Tirst swellable material exgandi ng nore
than the secchdngbeer9fll? tiver dbyedr vatiify R Beli #of dd¥odeatedshi Y1 t he

medi cal devi gRat treatment at 60°C for 4h.

15 After the heat treatment the core is removed and the
medical device is cut into a suitable length, typically approx
50 mm. The medical device can be compressed and loaded into a
catheter and is self-expanding once is release at its target
location.

20 Absorption of water by the swellable material of the wire
is expected to cause the diameter of the spiral to expand at

least 10 mm.



48 3. The medi cal device according to claim1 or 2, wherein the first
or the second swellable material conprises a swellable polyner. 54. The
medi cal device according to claim3, wherein the swellable polymer

conprises a swelling-pronoting additive. 5. The medi cal device
according to claim4, wherein 10 the swelling-pronoting additive conprises
an inorganic additive or an organic additive. 6. The nedi cal device

according to any of the preceding clains, wherein the nedical device
conprises a 15 barrier at |least partly covering the nedical device or the
first and/ or second swell abl e mat eri alcualmmseof, said barrier being arranged
for regulating the access of water to the first and/or second swell able
material. 207. The medi cal device according to claim®6, wherein the barrier
conpri ses a tubellikenerkhinr-hndecorr atonhgoted ffostremdt ong thedsesicont

swel | ablse nmBt ghL @l transmissioB: idNg H@%C@ésgﬁf@&jé&&ﬂ di 081 O ANy, of the

25 preceding clainms, wherein the nmedic devi ce conprises an _
endot hel i as3PHOAT age®art tissee Hpelpeli BRI delf Tl bexbrf PRAFaL 9mi m 8,

wher ei n t hetradetheby asat t Dig a@EN! 0 €£0ADG +SEEn@ Tagh Usa 1@ +égand 30 which
specificallgngings endgthelial pr.ogenj t or ggl S aq%#or endot helial cells.
10. The mediedf “HelFae accOr o ng P ot ot ai R E JPE Y CHhetRT 1S at 9

endot hel i asatnbhgagentfos autahyedamd/saidi $batredy day cleangngd oitpg onot e
anchorijpg thereof ifiysaid vessel tissue and/or heart tissue. 49 11.
A medi cal device  according to any of the clains 1-10, wherein the device is
structured and afherRicd Ivlbanedisett edevino ernwolsase ssatwahtilile

subsequent | 5z cbange wheee, i yWheseip & her devi o 15y Séeif@té}ﬁ&rﬁ%@r@f arranged to

5 change sha@g?to extend at least partly outside the perineter or orifice
of an out erSYRAPT B2 AU VRS TUS Nt LafA-F Tir AP TR dRE Shie. 12. A
kit of a plswallilylefmstwpeschang: ngi meth € ahe dl-AeVd SeBcACER S =4 o any of

the clgi:ns 1-10. for atrent, of. djsorders in the heart rhythmregul ation
et omioun BT b dathe o £ SRS L S ddodd B a ] VIR TAALS
swellable material having different swelling

characteristics than the second material.

Z. A medical device configured for reducing undesired
20 signal transmission in a body vessel adijacent to the heart
and/or a heart tissue by isolating electrical propagation
thereof by cutting and/or migrating into said vessel
and/or heart tissue, wherein said medical device is
configured for cutting and/or migrating by changing its
25 shape, and
wherein said medical device comprises a swellable
material which is capable of actuating said change of
shape via swelling due to water absorption by said
swellable material, wherein the medical device comprises a
30  bi-ring, said bi-ring comprising the first swellable
material and a second material, the first swellable
material expanding more than the second material, thereby

creating a bending asscociated with the medical device.

35



sai d shape-changi ng nedi cal devices, which each has a first delivery and a
second delivered shape, wherein the 15 device in the first shape has such
di mensions as to be insertable to a desigged position within the vascul ar
system and wherein the device is capable of changing shape to _
substantially the second shape when | ocated at said desired position, which
strives to a dianeter that is 20 larger than the dianeter of the vessel at
the desired position, whereby the device will becone enbedded into the

ti ssue surroundi g The pegserl adevhee desteedipasiciohatmdl coeale fibrosis

and/ or creajiBes6@h th&SHErLP éfeﬂ Qhél§é§@nans@éﬁf£big RIEYEN, 1t from
transnlttlngﬂelectrlcal 25si gha wherein at | east one of the

shape- changFAPH&IFEe? F¥eh %%dp?%y%%rrnserted to a desired position at
the orifice of a pulnonary vein in the heart, the pul nonary vein adjacent

said orifice, or |n§|de t he r%g t_or left % atriumand at | east one of the
%§%€

shape- clfangi ng nedi a7 HevTeet Fev Rl el Tt Be & 0 Wit ed

posi tion intkhaeseetomaty o huser andnmhises na sawel b -eatorgeyicgs conpri se a
swel | abl e ngggiial,cWhich is capable of actuating said change of shape via
swel I i ng due to wat er 35 absorption of said swellable material.

5. The medical device according to claim 4, wherein
10 the swelling-promoting additive comprises an inorganic

additive or an organic additive.

6. The medical device according to any of the
preceding claims, wherein the medical device comprises a
15  Dbarrier at least partly covering the medical device or the
first and/or second swellable material thereof, said
barrier being arranged for regulating the access of water

to the first and/or second swellable material.

20 7. The medical device according to claim 6, wherein
the barrier comprises a tube-like membrane containing the

first and/or the second swellable material.

8. The medical device according to any of the
25 preceding claims, wherein the medical device comprises an

endotheliasation agent.

9. The medical device according to claim 8, wherein
the endotheliasation agent comprises a capturing ligand
30 which specifically binds endothelial progenitor cells

and/or endothelial cells.

10. The medical device according te claim 8 or 9,
wherein said endotheliasation agent is arranged on said
35 medical device to promote anchoring thereof in said vessel

tissue and/or heart tissue.
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11. A medical device according to any of the claims
1-10, wherein the device is structured and arranged to be
inserted into a body vessel and to subsequently change
shape, wherein the device is structured and arranged to
change shape to extend at least partly outside the
perimeter or orifice of an outer wall ¢f said vessel in

said further expanded shape.

12. A kit of a plurality of shape-changing medical
devices according to any of the claims 1-10 for treatment
of disorders in the heart rhythm regulation system, said
kit comprising: _

sald shape-changing medical devices, which each has a
first delivery and a second delivered shape, wherein the
device in the first shape has such dimensions as to be
insertable to a desired position within the wvascular
system, and wherein the device is capable of changing
shape to substantially the second shape when located at
said desired position, which strives to a diameter that is
larger than the diameter of the vessel at the desired
position, whereby the device will become embedded into the
tissue surrounding the vessel at the desired position and
create fibrosis and/or create scar tissue in said tissue
in order to prevent it from transmitting electrical
signals,

wherein at least one of the shape-changing devices is
adapted to be inserted to a desired position at the
orifice of a pulmonary vein in the heart, the pulmonary
velin adjacent said orifice, or inside the right or left
atrium and at least one of the shape-changing medical
devices is adapted to be inserted to a desired position in
the coronary sinus, and wherein said medical devices
comprise a swellable material which is capable of
actuating said change of shape via swelling due to water
absorption of said swellable material.




