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RETRI Ew®bi7236L F EXPANDI NG SHUNT 1. FIELD OF THE | NVENTI ON The present
invention relates generally to a device and non-surgi cal PABURaIdD7far

per cut aneously shunting certain arterial systens, venous systens and

ow braf 11 e ahunt 1 dovtce. suttabl & for non- eur i cal cr ear on (WNBIIAN
communi cation or "shuRETRBEVABLESELREm&NMN@%mB?Stati on, R8s

portal vein and the hepatic vein using catheter te i ntroduced
t hrough f he jl‘fl%f i The device made in accordance with the invention
reduces the |1 eﬁgmmﬁ&g%n of the shunt and is retrievable during
t he delivery ﬂeﬁﬁ@s‘éxg{-e- The 10 device is particularly well suited for
del i very through a-¢atrettion iglatesigenerally to @ @Wmmdm%ba%itﬁbmf

Wi t hi patient's

pati ent 'perdutdng HRitiS %ﬁ i.n a vessel or organ hin the
body, 1[. BACK ND (!]:é/ Ismeﬁlsvxl’?f@qﬁaﬁb’ﬁwa@ﬁmmm&@gmdevi ces

are @seM@rﬁPadiChlady,uheqb'r&ahtiﬁ{/&ﬁ taiy intravascul ar devices,
such as ccatheter.s and gui de w re?ﬁ%ng‘f}“r}é%l}gg"dp?ﬁaé‘rwg deviessuitgblant i ng
devi ces "8 UFzieql ereatipn ohia Pommwinidation dr FaliiN betvidd ﬁ%%{gﬁéﬁe a_cat het er
may be y ; sel iye coronary artery wthin v r system

BRAbA AR donoh Sty . h 3ty
wher ei n th? shurit 1 eSPP&Y P@?aﬁgmem:a}gg eathatanedchhiqaBeingbdghdijdewi re may
be usedthroughethé jugulagveiau i, ice.to  far exanple, an interior chanber
of the pa jent'jsf@heaft. ggre{ll%lv%g oafd%:}%'g}f:c%aﬁ%‘?ﬁ @ﬁ@é@st@nrreducemui re a
commni@&'b%bﬁﬂdm&pﬂﬁdhcblghﬁaﬁ&ﬁénﬁ‘i Bid &liinS e I f "such a

b §ﬁ{e¢é g

conmpni gR4deq8 &ﬁc@o exi ﬁt ent . or jnadequate in Size, i)nﬁ?fe‘,’&’rw,ura- The
communi cat 1 onPo Sy ¥l shited fos sdeliveny thrdwghlaoanherat Hiahe i foQiRefldf | €f t

at ri umlbeationén fHeGatiesitd i [ rocedure may be referred to as a Rashkind
procedyre or an egit’é!ri al ﬂggg}’eon-sg%%ﬁerﬁ%ﬂnf‘ivﬁﬁseﬁl‘?@%ga@omhinthbqiaﬁaﬁ% tend to

decr ead®d¥n di aneter. Hence, there is a need for a non 25 m grating shunt
suitable for positioning within a conmunication formed in the atri al
septumy Gt h shunt may include delivery of the shunting device
to anot]:ker g%@%&@&%é‘ﬂﬂ%mﬁ TIONof the patient. At tines it may be
desirabl e tq;vfifer‘jaﬁéec&r reposition the device after it has extended out of
a distal end of ‘a’devi ép‘ﬂn%qlféﬂ@ﬁ.arﬂmépv&iowuiddimp&e&iu&éme for the

shit | Rgrtgia\inteeyatulRAesRES ' et ,retrievable. 9 MAY' Z003 WO .
01/ 723 7sé§ng/ USQl / 07763 SEE‘E%%%‘S&%%\?PQ&U%WH% e be used td deliver eat i ng ;

speci f Hpg fleviensdo ispeific fataHoR Svithin ' scul ar occl usi ons or

sone og@ggedqggta 9. Wi t hi n an i ntor mﬂlm%g sg!E]%l[‘:’\7valyy°.afe?f\?‘f1 14 calbgferimayi t at i on

i nt ended, a pa ?@ﬁfe °r°@&zn%aﬁemwiﬂﬁpmmmﬂﬁtsy§cemgrﬁng%&{gs stemc
the por

shunt debirB®) AtternRti @y icatjon or shunt between vein 5
and t?{% hepatic vei 5’%@%&3@%&%"#@%&@9 ushé tqdelivat a steinfingnd hepati c

vei n dViRsdai fagexample, lan intefiaf ShniB: i 0. The shunt. between the portal
veiyn aé&ﬂ Iﬁgagaisi c vein preferably sﬁ%ﬁ%%@ﬁ%ﬁ\ggﬁﬁﬁ' ?fg?@nafﬁrmsrﬂfer di anet er
gr €at er SL han CEREC A TERre s eemaninicativh betvesensthe right Strfl&SAddd0 Snd,Or the
shunt ilﬂgldﬂ&Vdoﬁﬁnﬁlﬁcgftfoh%XmLOd%e in.the veins to avoid rotati oA Hd

| ooseni ng from the vel ns. PR or fiadequgte Ipgizedtypicaliyveacinaggfishsioh O Provi de

a shuni figated by pessirghebalveh QAR el LHSts ta the shape and thickness of
Hﬁfetéf%loﬁ’g%gh%&]{,aum&g Srightafrinm oThianchor i ng

t he d§f ecg. Al sol,geﬁt he shunting devic

each SHECOHCOIY Gf?ﬂedéoaheRmehﬂﬁmpﬂj&ded}odrntgtﬂgl%%ho%@e arterial system
venouglegé(ggmca@é%a%n.d Th[a\ i nventors of the present™i Bt i Hime not
agjlare of a retrievableid Odecreaspinrdipmgtesh Bence,ghee\vi afe&lot ke for

p&Y cumigrating sldet suablk - nnegting arterial systems, venous systens,
and/ or organs. Thus, wfotpﬁg%lﬁoﬁgﬁﬂlﬁln?aﬁ?m@éaﬁl@ rmead th the utrial

non- i SAPRYNy Other wbds chaphnnli Mgy ifcBide BY: nting device. The present
o C&Y@glél:orf[ﬁgtshﬂl g%@&ﬁﬁ%a@fﬁbﬁr ent to

inveglglje%q qdcg{rnfssais t.hese and ot her ne
t hose” ki 11 €t P4 FRgion of theqatiantr eAfitanesit mid}ebalassibRlth W0l ofie Present
| nvensdsaibn HMMRYGAE i1E JAVENL O '

. out of a distal end of a delivery catheter. Hence
1t would be desirable for the shunting device to be self-expanding yet retrievable

T ‘.

*G0ooo1* -



20 I't is accordingly an object of the present invention to provide a 3 May 2003
reliabl gyoop¥sskpvabl e, lowprofile, self expanding, shunpipgsepyiAe:

wherein the device is suitable for connecting arterial systens, venous
systens, or organs percutaneously. The device of -the present invention is
preferably forned from a continuous tubul4r netal fabric and includes two
opposi ng spaced apart “discs", patches, or retention skirts interconnected
by 25 a central H@'ﬂ%FleVlEa%Wa)'(bPQQQUIYFdaiqrmgfsngaspbnﬁeabwhﬁmldlonglﬁdmg gt ough
and the cen £r nenber includes a centrah]@ age i.nt erconnecting the bore

of each dPSEPIHDERICHPHOTUHYPSLT Sameq USEon At @Wﬂéﬁ%@m@w of
one disc ﬂﬂﬁt%ﬁﬁnﬂﬁro‘il%ﬁngéd rari')ﬁné}ft?rr%é/t g(i at sﬁ{} 1 I uré}%lpflgese

i ntravascular devices froma resitient abri €30 of

resi | i ent pattiosysdmio shumtr(@IPSY 1o ppovidée 8l esmmuhitcition e st Bétwfeéxbfﬂecpd}?ell%lﬁ or med
by brai di ng 9 MAY 2003 WD 01/ 72367 -3 PCT/USOL/ 07762 the resilient
strands t #dthekepatic veis; (In erder igintgrrennectthe porist wiinlend lephti¢ veinsnt dpeming

e brai e Ret dn R VLR SR botuhch B bodl febpet OB tr tne
nol di ng %&f@&ﬁly%hoﬁlrd éﬂpﬁﬁ@bﬁdjhiﬁrﬂﬁq_ﬁ& Wiamet rﬁ-ﬁaﬁte} it Hﬁrtg)r gﬁlgp%%@%g éﬁr. cin

the heat treatnent is sélected to substanti a

its def orthedeisattis d%imbletfhethhehﬂntinrgdaﬁiﬁetbtfunﬂﬁbdéﬁhrﬂl@vélﬁs fearpdigd from
contact with, the | di ng nt and will substantially retain its shape in
the def orfptation OOEFFPé“g:) VE®Bric so treated defines a relaxed state

2 carReter § nt o, RUGidbAAPE R U s SIRERRE s horniicaty’ 0"
wi || appratjiss © ths ahapéwmtmmlmequﬁe ddfectBise Sthérmhuﬁ@ Aévide sHdmild théjQS' red
shape of the device. Additjonal I%a the mold may include cores and/or cans

3

to adequamesny foranghoringresh eadiof burﬁﬁmthpam@g@simglmrmnbﬁmﬂgueﬁult hout

any limt N n i rent. of the resent Jdnvention has a .
speci fic 53ha|c ‘}Fﬂé"{fgﬁ %gs?%g{ Sreap ﬁrﬂy%’r‘ﬁ"f sqfthedate FUDYSHAR 25 7Y Arare of &
syst ens, m&muslesyaf-eﬁyandm%aﬁﬂﬁﬁg deViey suBt¥ B ercfﬂaﬁ %'Helhré}g ion, one
enbodi ment of the present invention is part urted for

cr eatlPng connecting artpriak systems.ateapes systemo andby stm CI[‘lmb,lmﬂthoult llnhtwlqmr; ef erred

enmbodi ne t.he de i S construc roma net fabric havin

oToral e e 8 pERY ke hon FRARKE SR rARIE, B ebls TBRak Sebov Be of i | o

conf i gur 3irbst BREnii 6% haaiRSses HIER and Bk xﬁb{i il BETR %)rpglfen# &ethhggé’ Ice to an
vvr ng recov e

end of a delivery device or guide wre devi ce
af ter pl akilledrin)the g drahe niredeva the qtnsmptmsalofﬂﬁpmseht&ménﬁmdl stal end, and
clanps or neans for securing the nmetal fabric attached to each end. The

clanps inhibit unraveling o 0 configuration of the

preferred enbodi nent has a $‘é¥‘ﬂ§‘éﬁ§ﬁ .m Iudl ng two enl arged

di angper porti e ion di.s ed bet wo enl arged

di arrE{)er por t ﬁ)ﬁ c\%?%er egﬁ“{hn éﬁ?flﬁrpf‘i?‘&? ‘i’%tc‘?lpﬂ‘?i’ eé)‘ﬁg leageway

ext endi ngekievibleloWprIfle) sehLy: xg)ﬁﬁcﬁn%)fsh@ﬁfh d@vfucé %e{eﬁpﬂléﬁeﬁeé W Gfdpfl amet er
odi nen

pOI’tI ons. In an alternate enb of the pr esent I nvent i on, a center
axi s of dr cammseting arterfalisystems) mnge&isydicmsecbrengqnmp&rcmOusiyoﬂﬂﬁetevideﬂm a

center ax{s of tthe cent er getrq[: ﬁ{gf %qégatrvely, t he cent er axi s of each
of the onhSPReePtdREERES pitiebRdoma Bun apyfulisdbiy el fbme and

1 ongi t udi fe » t ent er
50" por £ datbdebnd SHdshly Ptecipat WBGL pA OB To R e ibisSbnbctFe B

di anfer a}:nnntralcmembﬂy Each “disc” includes a bore extending therethrough and the center

ry

member includes a central passage interconnecting the bore of each disc, thereby
providing a passageway between an outer surface of one disc to an outer surface of the
other disc.

When forming these intravascular devices from a resilient metal fabric a plurality

30  ofresilient strands or wires are provided, with the metal fabric being formed by braiding



MO 01/ 72367 PCT/ USQi / 07762 9 MAY 2003 -4 be |less than a separation di $tMaNge;
bet weenwe dipri@al vein and hepatic vein, fox exanple, thergRkogaskr Ng a
taught interconnection between the portal vein and the hepatic vein. |
Wthout any limtation intended, the use,of the device of the present
invention will be described wth respects to creating a transjugul ar

i ntrahepatic portosystem c shunt,5 (TIPS). Those skilled in the art wll

D (TIPS nose  €f

appr eci attBe fgssient szands o pregic & wailisptanateriali Rhis hraidnd fabijc isshersdeformed teever al
ot her appl| [ | i ng..fo xaml e:, ;shunting t or.t.a, and. pul nonary
O R R G L R )
cyanot i ¢ Hegoeatitddin donict withSBE §itface YRHE mdidihg bRk TN e[ tEn oPfthL"
ductus arteriosus during devel opnent; and/or connection of the ga 5t adder
to the bdheltimoangtempemtus ofithhhdd tredthentip sedented tb apisstaltiatly cantebraidetihe

t he device of the Pr esent invention may be positioned

common bile. Further, V¢
within a f%‘é‘tﬁ%ﬂltsdger?@aedt%atPeM@étb&heaﬁﬁ% st thefabic istremened fiomycomtasieen t he

l eft and i . . u t.his.identi.fication of

sui t abl e"ﬁglg{s%g?&]taﬁ%e%é’é@{ér#ﬁmgﬁ@%ﬁ%&&%ﬁhﬁﬁﬁﬁ§’[ﬁ%\?g,eh{rﬂ’&geﬁ%tﬁi Iled in
the art vhelbraiged fbrialse tieaRl defiieteielai6d fthte P& nRHRAFIvide WEIRhICAA YeS NOt
limted to a particularly 15 specialized use. , In use, a guide catheter is
posi t i onetetgher errrpande and deployed dirough dxatheter snic b chirate] irepatiestts baatyd of
the catheter i.s,adjacent a.desired treatnment site fqr treating a

physi ol odi"@&] Ské%?fginta}i%‘(ajﬁ?t will appregiat f&‘%ﬁ geavities oftheppeldgmustmirrorthent i on

havi ng a Jdesireehepdbidd € A4S : ' jnto 1he | unmen
of the cat heter'.lBél'qk)le 261§gi§€i ?ga}ﬁgﬁg%gﬁﬁﬂ?g’%gr@ﬁ%é%ﬁ%%ﬁ dut the

di stal endequatedy furpothe desieed shape andawissagesthere thretighi.n t he rel axed
configuration,_jt will tend tqQ substantially return to its relaxed state

adj acent the tYEBeYheRY ligyitation apfendedyenesabodinant of the presertinvgniibn hasea

physi ci a [ . ey . oyment throygh radiographs or

B her knoRue i e MR 1 GNP VR Lt Ao e O B0 B do ce

Wi t hi n 't kyst¢as,ioe otganshBogeratspliyi without lifliRhtionSone etfbodthfetidTthd Srasbgn el eased
fromthe clanp and renoved. Hence, the present invention provides a self
expahdi niveptien jsgpatisulariewell suiied fospieatingartrangingelat intrghepatia pososyiternjes t em a

venous s / . Whi | rovi.ding an jnoward tension _between the
connect i %%In\?'essegl ﬁ %t;eﬁ.tg(li g@%é&"@&lrt’ttﬁee&,v %eﬁ%cﬁgﬂcéﬁﬁ?m@éﬁ?tﬁgﬁlbpé’ having

par ti cul aplytalitylof veavieh esbthlastradled. | FiRS dévich BRI BWISSe MnfidiBatibke tO a
desired renote 30 |ocation in the patient's body, wherein the device nay be

subsequefid ipcludes plampg thatjallew attachmens ofihe devivetotanend pf o detiesryaleviderdrevabl e,
sel f exp i shunt i n evi ce.havi ng oqute [ 72367 PCT/ USOL/-07762 9
MAY 2003°% "%{:ﬁw‘gﬁf"r‘{bﬂ S‘rg‘f‘fe%gfglﬁdfegg%%‘fﬁ P&‘Fefﬂggs g’é& ‘fe’r’ff@élés Apgoyimal,
f eat20 esemghd4listal 8@ nakl ; ' ' i/ |

e B8 0@ cldal}s GHRSEMor SRUARL IR Bothl|hbrRCEARRCd E@Mg#gy

apparent to those skilled inthe art froma Tev

det ai | edenteddeiclampsrinbibitinsaveling of thednatattfahicrrdhe configueatjonnaftthe prafeirddt he
acconpanyi .cl aj and draw ngs i.n whi-¢ch i ke nunerals in the several

Vi ews re%{rgﬁgwegt)ﬂ?sseasf fl Ggrigtption ‘\éaP%Pg Bosenigread dismefer portionandNcs

Fi gure lcdp$rad bﬁwgé@béﬂm@ i i | cordance with
t he present i%‘\s}gnti on; Figur e&l‘lzﬁsastafgzﬁsle f?%ﬁ%&egﬁ%{g‘gﬁg@gﬁ%ﬁh Ce\l}?rgg/ of the
medi cal plertion énadidesiaepassagewa extending betwBbrgal dutek suffh@WTRash bSthe tiigle

el evgtional view of the nedical device of the type shown in Figure 1;
Fi gure 4° %fgsdg&nﬁt@p%%nsr onal side elevational view of an alternate

referred shuqti A iR-accordance with the present, ipvention; 15
Igi gure 5 is aﬂi %{ggﬁq@gﬁg \%ﬁ‘gﬁﬁl en? ﬂg% RIFATI Ry eRRR Ege’H’Fr W%Of?géaﬁﬁ’mfi n
Fi gure 4hehDwged BainstedpBdiohi & ofBREkHRYbntS ﬁtﬁé/@en%é};@gﬁa&_ew of an

alternate preferred shunting device In accordance w esent

i nvent i ofltermatjval, the center pas of edch o theienlarded diatieter pextRins Rl bevalimedl an
alternatﬁ grg{erreq shuqééng¥%evi e in accordance with the present

i nvent i GHOPSEICEAG angitydinal &naﬁawawbmffﬁfrpwéh@mmmw peenisf t he
typ o] ! i ¢ ol Ch 9.1 to l.an view, of. the shynting device
of "t (bR, Flthial o schurdhtyfadab Bl GR o G0 lFgi{Yinarr Pothos e
shunting "device of the type shown in Figure 3; Figure 11 is a parti al
sectional side elevational view of the nedical device of the.25 type shown
in Figure 1, shown partially extending froma delivery catheter; Figure 12
is a partial sectional side elevational view of an alternate preferred
shunting device in accordance with the present invention, having an

occl udi ng nmenber extendi ng about the’ central portion; Figure 13 is a
partial sectional side elevational view of an alternate preferred 3 0
shunting device in accordance with the present invention, having an

Y v o Y b1 .




MO 01/72367 PCT/USOL/077G2 9 MAY Z003 -6 Figure 14 is a parti al sectié)nal '
side el svawi/miedl view of an alternate preferred shunting pdayisegobis2 MAY 2003
accordance with the present invention, having an occl udi ng nmenber engaged
to an outer perinmeter of the shunting deyice; Figure 15 is a sectional side
el evational view of the nedical device of the type 5 shown in Figure 2

t he planar surface of the enl arged

having th |.a exten%-i}on . bov% \ )
di anet er %8&?? A SERdy é‘%i%’ch gtwgeg @ Rarta) yeingansl hapiatiosvein, forexampis; al
devi ce of t : ' | . ' he cl.,a ext endi ng.abqve the
pl anar su}l%ég%g of t %e erﬁhg%%g&g{egtrlre E%ggtﬂ%‘%ﬂ??allvgh%‘ilﬁ@q‘ﬁg?%vﬁnpart i al
sectional si deWitheutariydiigitatish évesded; e WRHFER degyud SPth%‘;pfréééﬁt ﬁ,}ogxﬁ%osnh&l"ﬁ‘ In
= .

Figure 4 having the clanp extending above the planar surface 0
enl ar ged 8 derstiad widh rasprsts;to Fregling 2 t@nsjugalap anttahebatieporntesyslentié dlaunt

el evatg4 on ' of t.he I cal .device of the type shown in Figure 6 having
the cl garrpag; F}a ﬁ’laofforsi% slgﬂ%%”%ﬂ%ﬁmlg ﬁ%?re%‘&ﬁ@e*et%ﬁfsxwf@e PriseRigovemionmegier
porti ons; b&iugai ' 1 ' | gl eyat i.onal view, of the

nedi cal device g}gﬁ%ﬁ%ﬁ?@g@gh&éﬁkn?%&#cgﬁggoéé)%%ﬁ%‘gs\ﬁf’ ,m%l%é"‘rﬁ?r@ﬂnéndi ng

above t hepgimnay asteryftadizrake blood SokewbRN MHAVBE tFefuifea Hyv nt'§ 20 is a
T her iRty S ShalAE

partial sectional side elevational view of the nedic e 20
type showf¥aPAigsagenigal heart dispass; cyanaticdnfantsmapmeluite 4 patentdubels at@iipsus

t het er : 4Fi is. i al . i S| | evational vi f th
o car alSdkdetatimbd. SRR EhifeiSE SR Sadfer o B bometbrmasents evith g
above 0t hewjdeaprad opérable caticet AietHR VoGt bile AFRHRL:, RRY JAM? EI%‘E’%{}Q an

occl udi ng, nenper extendi ng about the central portion; is a
partial S‘@¥entignmaydeqesitipradawitlin alseptabdefott tolreduediut alot diiviege 8 t he type

shown in Fi gk hayi t he, ext epndi ng abaove the planar surface of
the enl ar%‘ggm(ﬁen zf#é?e&%ep@ﬁtafl%ﬁlg&ln‘g’%ﬁ%&g‘ﬁ hg%i @d&wgghéﬁisédenéiﬁgagemﬁ 0 an
i nner wal duitale L8 of et et '%%I%ﬁ,i hal ,sectiqpal side
el evati onal vfew gf q?r%&%rlggiﬂ%éahggésvﬁge 0 & @’83?5‘%@%@%6&?%’{1 gure 14
havi ng t epecwthatheddiceef dieopresenh imvehtion is sotlineal &f a phrGicularly

15  specialized use.

In use, a guide catheter is positionéd and advanced in a patient’s body:such that
the distal end of the catheter is adj acent a desired treatment site for treating a
physiological condition. . The medical device of the present invention having a
predetermined shape is then stretched and inserted into the lumen of the catheter. The

20 device is urged through the catheter and out the distal end, whereupon, due to its ability to
retain the relaxed configuration, it will tend to substantially return to its relaxed state
adjacent the treatment site. Once the device is fully deployed, the physician or user may

' confirm proper deployment through radiographs or other known non-intrusive means of
observing thg position of the device within the patient. The guide wire or delivery

25 catheter is then released from the clamp and removed.

Hence, the present invention provides a self-expanding, retrievable device suitable
for connecting an arterial system a venous system and/or an organ while providing an
inward tension between the connecting vessels or tissue. F urther, the present invention is
particularly well suited for delivery through a catheter or the like to a desired remote

30  location in the patient’s body, wherein the device may be subsequently retrieved. Also,

the present invention provides a retrievable, self-expanding shunting device having outer



9 MAY Z 1/ 72367 PCT/ US01/ 07762 enl arged di aneter portion and L
an occlﬁ’gi%r%)ggggnber engaged to an outer perineter of the PéjfTGr‘ﬁOi/ﬁHWe@%%Ua
Figure 24 is a partial sectional side elevational view of another

enbodi nent of the present invention; and56 Figure 25 is a top plan view of
t he device shown in Figure 24. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENmChosiagpogsms tand aemtral passager ?h&dﬁ&d&ﬁtﬁéﬂfééﬁ@@bﬁ&%ﬁs' [[Quement s
to self expandi ng,. retrievabl e shunting devices. The enbodi nenagé%efftﬁ?ﬁ | ed

herei n aPSSEHBYHREAn gl becomg madidy apparen te shoreatkiilied or the xerfRim e Yewdw hRose

in whi ch g @b WRLULES f the_i.nventio y he 10 incorporated and are
not intended to be 1&&?§SﬁgP“%Péﬁ%Hfa%eﬁeﬂﬁqﬂlmegﬁ%cmumctmnmmment

i nvent i oacqntpahdias chiRe k8 Sn SR Qe iy d.sel f expandin

retrievabl e shurgtlgng devi ce 10 hat%ﬁlﬁéﬁggéfll CS?%%%%WCIW@EP’FE’HT #rtouse in
cr eat?ngc‘a‘T%SP%Fb{lmngar i ntrahepatic portosystem ¢ shunt. The shunting -
devi ce 10 includes two "ﬁf&ﬁsoart enl arged di aneter portions 12 and 14

i nterconnected by a ceritid GCRIPTROY QB EHE PRABANGSe two enl arged 15
di amet er portFgis 13 . The cent orf.ion 16 includes a-passageway
18 ext endi ng bfegt ween ag}%gs %é%mer{lgvgggaggﬁgn%u% n%?‘ewg;saeeq%anéﬁmﬂagw

di anmet er pyssant investich? and 14. The shunting device 10 is preferably made from
a tubular netal fabric including a plurality of woven netal strands. A '
clanp 24 is af'8¥ered asectiomehside tlevatinmil viewref thle rhadichCdeviddarayrhohi bi ting
unr aye! | §gwifin g?,tal fabric. At |east one of the clanps 24 15 adapted
for 20 coupling®o the end of a guidewire or catheter for delivery to a
pre-sel ect ed Figtr@ 3vik h Bide eldVatiBdd Vel | ar ."fabric" is formed froma
plural i tl%/' of wire strands having a p?g etqlé%#ing%e‘ge‘?‘é"’l %ﬁ%e&mrs?‘%mléﬂi on

bet ween ¥8&edtr ands. Those skilled in the art will appreciate that the pick

and pitch of # r.ai de i res y, be varied dependi ng upon the 25 desired
density of tk?telE‘Tﬁggtlf EP“%H@%CHﬁmqg%derwaﬂenﬂa@emﬁan alterpatelprefditeah def i ne
two set shoitingskoitk inhdbrdaatadi® l.ly“spiraling and overl appi ng
strands, with the s_trancrzls 0 Wétﬁéhegg{%%ng%%ed] M hand™, i.e. a direction of
rot i on, opFimire 8 is atwp pidn viee dﬂth@éhlﬁﬁh% dERice 6f’tﬂb‘]lctﬂ§eh§chﬂ%iiﬁ Fig

known in
the fabric i ustgﬁs g tubular braid. The pitch o e Wmre ﬁufea%ds (1.e,
the angl e defqE%° kit BEEA septional sids elsvatioralwicw cRnaitmaepefisdof t he

brai d) ghehtindePics kn Mo e, (1.e..the nunber of turns per unit 9
MAY 2003 WO §1/72367 P@%@%%ﬁ@f@&ﬁ&?ﬂa as wel | as sone ot her
factors, sucHiguse 7 isn partidlagctinalkide s1eQMbON S5k LML Al RE2Ld, the size
or dia er. of. each wire in the braid, and the S’F%nnea?kg':ﬂagefp?%’ére raid are

all i npSTHEERE devicein acpondangegwith thermyesenbinvientions ant properties of the
- devpge. For pfg@[:g:)g , r er..t he pj.ck .and pitch of the fabric, and
hence the greater t%ﬁgbﬂglrlagﬁ%gfqerrse@“ ing device of Hapstyips shown ineBigine,7; t he
stiffer the Bigutectiswitbp plad.view 80thelshAn@hEaL d{yg i Of peach wire of
the braid, the stiffer the device wl | b%. ﬁ%ﬁ?’?g’ea Egé?‘@%flg\éreéénsi ty
will also pr (tipa betigmadaiiel of the e!mmingvder\@céwﬂhe%e%sag iﬁ{"ﬁj G wi Il
gener al g;y enhance the tendency of the device to occlude around t &
perimeter of the device. This thronbogenicity can be either enhanced by a

coating of aFigledTioh Bhitial #36Bhal sfle ARHRAal view of the medical device of the
25

type shown in Figure 1, shown partially extending from a delivery catheter;
Figure 12 is a partial sectional side elevational view of an alternate preferred
shunting device in accordance with the present invention, having an occluding member

extending about the central portion;

Figure 13 is a partial sectional side elevational view of an alternate preferred

30  shunting device in accordance with the present invention, having an occluding member

engaged to an inner wall of the central portion;



.10 by oat | of a lubricious, anti-thronbogenic conp usingya
A it il

t ubul ar forma device of the present invention, a br ai
about 4 mmin dianmeter having approximtely 72 braided wires is suitable
for fabricating devices capable of creating a shunt. The wire strands of
the tubular nmetal fabric are preferably manufactured fromso 15 called
shape nenory aFigoyesl4 i ageviial sectipnabsiderellevdtanmialiview of awalteansté pregerradnor y

al | oy, wherein the shape of the_ device may be.degendant on tenperature or

may be nehinERg devder maceerdancsowith thepressnt veptiom byee angrshdingraembeur i ng a
device froms e nenory .al loys. to.be.i ndependent of tenperature changes,
the all ofgg?%%gtaf)‘ %‘é%@"%%%&iﬁ%%ﬂ?‘é“‘?%gﬁ‘g% phase change which will cause
the material USeRaves g JRehsial Gde 2fevamial Q&Wftﬁé‘m%bﬁfae%é'omeft%ed by
heating the matérial above a certain transition tenperature to induce a
changg i rshoWe ipFiaee Afhaving thatlampadxtendimgatiolve tial glagr susface of the ehlacgeddown,

the alloy wll "renmenber" the shape it was in during the heat treatnent and
wi |l t endliaBetsEReIHENShat confi guration i ndependent of tenperatures |ess

t han the heat #.reat el ; . i.n om.so. doing. 25
Wihout any | 1 HERR R = RO iel g B RO M AL nd G RSRE 5.

sel ect ed Hjg@@3chaSimphe CRitg) Sttbidin® hbevedd plahatiasimet If ¥ dkepstbdia@sRansi on
alloy referred to in the field as ELGELOY, nickel-based high tenperature

hi gh- st r gregftdns; super al | oys" (including nitinol) comercially avail abl e

fro for exampl e, nes L nternatj gnal, under. t.he ade na HASTELLOY,

i oKB9 - based HORE e TaSA oA SrtEpal S0 tlotAieanl Yinkoh b meckiarfareesy By

| nternati MLt gud it idp R Rland) exibddifg 85ve HeFilem: ppleess- st eel .
The i nmportant fact orlglin% choosi ng aangéﬁtablgérrat grgfc formrtfa%%ai\;\nmfe strands

i s-that tehlargdédrdiameter pbrtiomassui t abl e WO 01/ 72367 ~ PCT/ US01/ 07762 9 MAY

2003 -9 amount_.of the deformation jnduced py a .nmol ding surface (as
descri bed bel anmgq‘sgwa{t@éﬁ@awp %&%@%&%ﬂﬁ%ﬂ the edicakdavigerni the n t he

f ' : ; ’ ] | 1 oy,
N 71 (knovis Sovl Tty il S8 oL S i RORe el RHARERTEELY, O, of

ni cked 5 ephigdd diametempartibnspy al so i ncl ude other mnor anounts of other
nmetals to achieve desired properties. Hand|irng requirenents and variations
of NiTi all oy HigwsdS isppartal scqtiopshsidecleyatiogalviews pithe medicplevicsafithanl | oys

5 991, 609 HePa B ¥ty AR b oy cltonding SN N ISR REREPHE B, 20 r i n

by ref er eakegeddismetes pbhidnsse of shape nenory NiTi alloys in guide wres.
Such 10 NiTi alloys are preferred, at |least in part, because they are

comrerci al | y dignieA is apartiaksectional sidrelpvaitopak vievapithe medicaldevidelofke t han |

ot heg . knQwn ape nory all oys. NiJi | pys.may al.so be.very el astic and
are %%I d ‘oe %@“‘%Bﬁ%‘“_&ﬁs?ﬁ@ﬁ %ﬂd&%ﬁ%%&)%g gg?’iacﬁbve_fﬁfgth%tfrast icity allows
a device of 1 Buh@vanta@arta sédiodalsiddelvatioffthew onthe Bldtahl RRiRlrele -

depl oynent. 15 en form ng a nedical device in accordance with the present

i nvent i ofypesshowppindjgirstld havisigabel clampoaxtesfding dboveathe planard suifaby ofthé s i nserted
into a nol reby the. fabric defor t.o general | onformto the shape
of the o selers e hoTion Htitavined Chuedroinie o ity eibhite Soed | nat
the net agm{@&r;i c deforns into substantially the shape of the desired

nmedi cal device. Cores within the cavities nay be used to further formthe
20 skipe of t Righrel22iis awiatthil sectionalcsddd dleetiondlndeveofthe aiedichiadenlce ®f #ier ands of
the tubul ar netal, fabric _shoul d be secured to prevent the nmetal fabric from

unr avel i ipe skopmdmFigure lidayingghe slamprexdgnding abaws the plnerewitaee ofdbe ce may be
used to segure t.he ends_of t wire strands. Further, it is to b :
nder st 0SB igREF Dt by b n R RE e Fsked b s vl e ends
i n ot her {NeyshiraPP&itioas by sol dering, brazing, use of bioconpatible 25
cenmentious material or in any other suitable fashion. During the nolding
procedure, a rfogule?d ichearia sentipnhlesiqeodevationaldiew bfthamedieal devizs ofthet he

tubul ar braid prior_to insertion into the nmold to thereby further define
the ¥ dityRy Semndadigwe 1¢havingdhe samprxtending ahoveibe plananyefaee ofghe al r eady
been fixed by a clanp or welding, the nolding elenent may be inserted into
the lunmen by manually 30 noving the wire strands of the fabric apart and
inserting the nolding elenent into the |lumen of the tubular fabric. By

usi ng such a nolding el enment, the dinensions and shape 9 MAY 2003 WO

011 72367 PCT/ USOLJ07762 -10 of the finished nedical device can be fairly
accurately controlled and ensures that the fabric conforns to the nold
cavity. The nolding el enent may be forned of a material selected to allow
the nol ding elenent to be destroyed or renoved fromthe interior of the
metal fabric. For exanple, 5 the nolding elenent may be fornmed of a brittle

e - " e . e o




.Ssubstantially adversely affect the properties of the netal wire strangs,

For exagpl@s2igye nol ding el ement can be forned of a tenpgr@isdiRmes stany 2003
pl astic resin which is capable of 15 being dissolved with a suitable

organic solvent. In this instance, the al fabric and the nol di ng el enent
can be subjected to a heat treatnent to Substantially set the shape of the
fabric in conformance wth the nmpld cavity and nol di ng el enent, wher eupon

t he nol disnprasddismeterporiine apd haying awcédrmnmﬁrm&édo AP Outes psoimetert .

Once the disn | epent .is substantially dissolved, the netal fabric can
be remveﬁ?%}ﬁﬁ&tﬁ@ cg%’ll ent. 20 Care should be taken to ensure that the
materials sel ol 24 RpitNRoiBafbing RVATEALG] Bf AR FRitk di ng
t he heat treat m%nt vvithogt Iosicng ai tls gﬁape, aYtl | east untelﬁ-f t elFsl aptggof

t he fabr ipredeatinvertioneand For exanpl e, the nol ding el enent could be forned
of a materi al a nelting point above the tenperature necessary to set

havi n \ Lell
t he sRape of tlﬁguWf%lss%m%{’“ﬁm(’f@?ﬂW@ﬁ@%ﬂﬁlﬁge%i nt of the netal
form ng the strands. 25 The nol ding el enent and netal fabric could then be

{omper ot ur o waukd R PESERIPTION RS PRERSIRRBENBHIENT 1o ol i ng

el ement, ther Is o i i 1 hi tal.,.fabric.
Those. ki | I'ed e TSR i bniiB BB Breu R0 Al b B TRbRLain
nol di ng Jétriev&ble shuiting dewises2 ThpefibbignentiaeRiled hérbia f@intaed 2y bé fakehfasd

more conpl ex shape is desired, the noldi ntgﬁel ement and nold may have

addi t i onaeprgssniativeres expmplary ofheseriy which thinimpropanants ofithg igeshtion may be

PCT/ USOL/.077G2 - 11 r angenent ui. i.f.a siJml er sh is being formed, the
ol o ay SRPEOPist a5t 8 s e lmither vRirioe, S Bortehios T onhy PREhapes
of those jpamtisn Wirbvides QP%a&ﬁ&@lm&; QbtsE salf-Bpahfis SBERS able §h§3ﬁ§/iﬁg5' red
medi cal device to which the netal fabric will genéerally conform 5 n the
t ubul ar Weuicd, 10f that ds raptieulanlys wielh snited forefsoimertating axeuisingnlar gotraltépatic t he
wire strands formng the_tuhular Qraid wl]l]” have a first predeter.m ned

el at © ve BOPEITSRIC G, R g dpgeHbnglugeiisp spaged pRt eRigtgesrdigmsten i s
conpr ess j i 1 PR : I t he
i 5 confor 12 Ak ARl R orkioRed P b porfp e Becilthe B¥EYINEET |

t he 18| atdianecter pentivas i1@randf 14. HEhevdentalgiortiondls iatluldser pastapewhgl8 exteidihg 10

change. en the nold_is seppl ed, the netal fabric wll generally conform
to the W:QEBY‘?% outgresyrtaces 5‘5 HJ%%?@F%’P“ arged digeter nostiensyb? #rfl 1heThhape

menor I , j j ' el ;
cont | yuf SRaRaT it 163y plorfniTtde Hond EUIvGe: B0 SAREAGARE SPERry of |
devi ce t owdven pastabsiraddsoudclamg a4 Besteschat todatie butst eid of meail ifataic) thawbEe.

The rel axedq configuration_is generally defined by the shape of the fabric
15 when ARUPEEIIBRKERRG F el fpricy Atkesons ob the damps dfrig adapied der of

t he | d . | al: L. -l |, | C. I rl. siti oned
Wit hlﬁaﬁ) aC%riesg%?? ggh#&‘f&a%a@e{]w@hog%n[&%ﬁo?gg]%\%g {goean%rgésg{%%?osﬁt%c}’%”%h? o the
mol di ng sputiédmce of the cavities therein, the fabric can be subjected to a
heat treatnment while it remains in contact with the nol ding surface.

Sui t abl e heat Thedubwhan{ fabriet issformes fs6maipluralisy ofiivire strandsdiavingiesi r ed shape
20 are well, known jn,the art. Spirally wound nitinol.cqi.ls, for exanple,
are usedPriiex eﬁ'el%t*ver%-beinéaglogh‘é\‘/‘feég“,e Sﬁﬁ‘lf‘ﬁ Larboslerfkq“%ar’r?ﬁbe ‘Fﬂ@“ﬁoi l's
commonl y EinRothaf 1hsd BitcH dFMSLIRIdePWIBEMW hESariedt dhORd

know edggﬁ%&i lst S fo?iépg(r:rri ngﬁin? tinol | nesuch&g\é‘g\lli ce&'lsr,1 sdgp?%pgq*gﬂﬁ% need

t o 035 i ntesirpdedensity pfiithe fabrie. The tubelapfabeichismetalotrandswhich idefiat teaketsor t he
nitinol fabric preferred for use in the present invention. Briefly, though,

it has b&LFSS parallghaensrllyispigalingandoneslapping strands; with dha stwds eégrees

centigra . . . centiagrade for i od of ut o 30
it s, el diageb i £ 3o F bR Rl Bt BF e b sof Bl s g
will tenﬂ:’ab&ﬁi§Rbo$vh€inftﬁé)fdb9iciiﬁdds&$agﬁlﬂ)hm?graﬁit.af[ e, i.e., wherein it
conforms to the nolding surface of the nold cavities. At |ower

t enper at ur es, Thiepitehaaf the sdterstmandst(i.ethevirgle dedineld betwben thedatns rof (lee wire about
1 ho at out ,350 _degrees ntigrade) 30 and_at hjigher tenperatures the
ti rre%/\n I Pn‘fa??ﬂ%og@e?%aﬁdséﬁt .ch.?(, ol {fabris@ estbe suaberAl tams per 9o degr ees

centigrade). These paraneters can be varied as necessary to acconmodate 9
MAY 2003 WO 01/72367 -12 PCT/USQOL/ 07762 variations in the exact conposition
of the nitinol, prior heat treatnent of the nitinol, the desired properties
of the nitinol in the finished article, and other factors known to those
skilled in this field. ’ "




Instead of relying on convection heating or the like, it is also knovx@Miﬂz[]ug
the art WO B33y an electrical current to the nitinol tepChembiitisz|n tA e
present invention, this can be acconplished by, for exanple, connecting

el ectrodes to each end of the netal fabrig. The wire can then be heated by
resi stance heating of the wires in order to achieve the desired heat

. treat ment } R I, eed to heat the.entire nold
to the des]ie?%d(}} fld;g“ %érseog%%&? aeﬁ{))ﬂg{géf# grragtk%erq&grlrbc? PEvgresEmployed Mg fbuary, i ¢

to the desbmiddtheaimear dianteter of BhMirdRiBE b@dicﬁ,anmhéh&ﬂa&éﬁ{;ﬁpk%rﬁﬂ%%ﬁ hods
of nol ding a nedical device froma tubular or planar netal tabric TS
further deSwertpedn datepigingranuemher NGimoriahbpioBertidsedithd devbe.NBot bearik !
fabric ax 41$ g{eaghure%%ﬁn |£% et¥§$n 500- 550 degrees centi grade ’
substanti a g%’sef I é‘glﬁ bbe fpricaapd hence dhelgraater she densiyafatie vatent i ve
posi ti gn ceRhdY iRt {BARE fabric {0 the nol di surface, Wen

t he net al fab(;&iﬁ li%fall)g&r emve(ﬁﬁ{erc%)e&&te ﬁ%ﬁrlr)gl dsfls?’ﬁge \gﬁFﬂf‘?rctﬁng}We&f’ﬁ%f fagh
shape of twiee ofithelbrad, sher stifieptheaevich &iltbk d Hagitot d S3afep wile i a
medi cal devi c(g havj ny a_tgﬁesi red s_lhapel. After tghegl%ga? tre‘g%gne%xs’?ﬁltﬂgofabri c
i s removed PYEHIE Javise Withiagreateravirmsuafase axsay whichamidl generaliyuditianss il | v
retain it i formad.state, .1f a nmplding elenment is used, this
mol di ng eﬁ%@gﬁéf%fgﬁe ev(ij (%é[rgrﬁ)\(} gdcaropnd thepermeis of die deyiqme Thisme required for
the heat tliremibbgehiditycaa bs ehérlenBaR: [ g .the material of
whi ch the wire gftnrlands Qf.eitﬂrl\éerret alealfg%%r%i(%ﬂaﬁ‘gf?g%%gggﬁ}f argggg%&ai‘a?tﬁg mol d,
but t A8 t ibre canling efralubricionse anti-trorabbygemic éd@ﬁmﬂnt%mukﬂg%sﬁia?%}ﬁﬂ t¢ ©
subst anti ?%rlnf aet. trﬁpfabriﬁ.in its deforned state, i.e., wherein the wire
strands afert hieHE ¢ eRPIEhinvantan, 3 tybplardiaidiofabavt 4 mm inl didmectérhaving
gener al | y apokiatateiy b9 1508, f . The 25 required ti and

t enper at u ; gﬁof the heg{a@g@%‘%ﬁﬂtﬁll@g& fggfa;‘/’ né&é%% '1??/"1 ﬁ’@ﬂ&&‘?@fj&g‘fﬂ’i‘%f?e

material Swwd in forming the wire strands. As noted above, one preferred
class of materjials.for forgin the wire stiands are shape nenory all oys,
with nitinol, ABHPURSraqdse Fhefilakl&mras#,al fabrin greppreferahly ananufpctefed fred.sol f

ni tinpsd i 8alléd @Fane e €x Wk rands of the. fabric, the wire strands
will tend to be Ii\ﬁery e ggﬁ{' t%‘ﬁ%%éyﬁg%nuﬁag Fd fiom gsbansmemorgellenase:

this verywherastthe sipipasthieletice 149 be | dpsrRbAS S niRratrPoSiile he ! astic or
[ By heating the nitinol above a certal n phase

pseudo el astic phase, |

transiti o’l‘i‘a{“gﬁﬁg‘ieatt%’?‘él,ndﬂ??@dém teanperatgre)AYhed SRnWACAFng S 8&viBEToES01/ 077&2
-13 struc iLtinol netal wi.ll tend tq "set" the shape of the
fabric anﬂdé?ﬁ‘é‘%{né’@?f%t‘dc%nﬁ‘%Pg?‘Mﬁ IRPTRUTS Fhaness, thgaloystend to haoesia i ons
i n which tehhpgratreidiated phdsd digngdwhicgat ' having a
preseiﬂect ed _shape has_been for%ed, tﬁgntggﬁtgg%a;ﬂ%qgh%g‘ggﬁ%g?F at a
physiH ogfRfgu@ ﬂ’él?"&cbr?%be fixerhby heating themndterial alibvei accertain trabdifiof O

treating |14 IS | ected., Oncg.the appropriate nedical device is
sel ect ed,&gﬁgaﬁﬁgtoel?&o%ﬁ acf %@e lgﬁll?et%%s%o theimaterjaly _%lethfaep,llowessogledi oned
within a bkdoeh, the akoypaill ‘Q&héﬁb&@%{de é-hggé’it%% i{‘?ﬁ{igﬁiﬁ%e%gfﬁaﬁé?éthﬁgvi o

delivery device adjacent the desire reat nent

(not showy! terhtorassumethst configurtien midapmdehtof to@gEfakiby 1650 HGRNRE !h%?f an
el ongat e f'ﬁr’éi le fetal Gﬂaft havi ng a threaded distal end. The delivery

devi ce cah BT Lemperafung, uless cansiiage drongse feimgt hr ough the | unen of a

th £ b, ient dy. t he .devi ce is depl oyed
oo e o Ot ot WEROH TR i ki ARLER s Rl e IR malGiiglt Yhayche Semibby by
the del i emyageonpeensiSigefakebiesiscaloweims 1&@&5@1&%1@%%&%@%9&%“ thin

the pati Z{fléi %{f netal shaft or guidewire can be rotate axis
to unscr &4 #retlekil @X) nigkalibesed ngintenierathwetsigiedtrei gt busallofs (R IERAS -

The cath ui.dew r then withdrawn. . _ By keeping the nedical
devi ce at tg@llpgd&grfngerf ﬁ'@y ﬁ‘@‘%@%%%&%@%@ﬂ% Hayaea Infpretipnalemdgr thet tireledevi ce
for reposiaie TASTELILGVI dicke3- ! he, device is no roperly
positioned. A threaded ﬁéfi%%ﬂie{d%%@%%ﬁé@%ﬁ]oj Sr‘?@!ﬂf‘&%ia Rgee ;NE:QE&OYhe
oper a or bydnipmatiom Nitket, had ranmber d1diMeaNorhAss SEERSs 9RY] Ofhd &&%n?yed

out the ?i ?tal nd, of the )
actor in choosing a suitable material for the wire strands is that the wires retain‘a suitable




' - cat het er WQW¥R¥he device exits the catheter, it will tensct@siogizsserd Uy 2003
“return to a preferred rel axed shape. Wen the device springs back into this

shape, it may tend to act against the disfgal end of the catheter

effectively urging itself forward beyond the end of the catheter. This

[ t hdukf o) Lt i3 i i.tioni f the 25
Govi og 11 LR OB, AAORRIEI I TBY otk SRR BseniaeCimiova abenguch as

where it i suljeiteitptopopretictommsitledbeattredimett. bet ween two vessels. Since the
t hreaded cl anp can enabl e the operator to naintain a hold on the device

. during depl oyneHt thegrelered pmbodimentotheofird steande e Ggade dFbnP 8 sﬁéi:{étﬁl&'nb?f by the
operator t e, proper positiaoning during deploynent. The nedi cdl device

can be col éo(éggﬁﬁ #8w§ta§ “@Hﬁobé’b}ggﬁlséfiﬁPPWtﬂbﬁtcémmMraﬂleg of@ickel 0 t he

lumen of tael st #id md e 9 @S0 ORI ANLAL Q0L LhS, devi ce ey, be of

any shape suitable for easy passage esirad

proper depproperting. Hanilin®¥éqida6EnBGha V9 - EM%% =14 out the.
di stal end,of the cat heterc.flaForenexanpl e%{({}l%é@?ﬁl% o] gﬁ%ﬁ?ﬁ‘gﬁl&ﬁgﬁ ORI have
a rel ati veh§ 2 preépre snshallopsineedmot bridiatusset infietaliHerd, 8. S) Phiches | S

tretched ' itauli nal  axi i 11 ). Thi il d
cont i gur at 1oy S SRR ALA U2 ARt T, e e e ofbicb mcingenportd y

al ong it s lexdia by @eforenby, dideisthe | | s and 5 pulling them
apart, which wi Tl tend to coll agss%ft%rﬁ;@er e?%@ﬁlg?%tsé?gﬂ’cﬂgt%?ﬁs %*Cht he
devi cd0i nTarjoxsowa pepferiv, deivast i mriabiéecausd theglhR@oRkRcAIASYAESId AP 2

cat het er rﬁggrebseﬁc%)one at bhe tinme of inplantation and does not require

pre- | oadi g TS T ahqup handling spcheallops. othan kpowih shaghe wiemsory alldeg! Byed in a

patient, ftall6PsRhy Wishlhel . the surfacg of the wires. B
having a gr e%sty%?y %S?(g eﬁ%@%ﬁ %?‘%11(%'%%' (%ltdgﬁ bguﬂpg{;gla%cegr E)Pseﬂ‘lﬁ@ elgstie’s Iéiswi N
be i ncr eaghsticitynalloyes deyitents théinoemdhit6 reternity latpYestf é?)'ﬂﬁngalﬁgn %ﬁri meter of

t he devicgﬁ&gd ermtting it torelatively rapidly credte a's Ght. It is
bel i eved YRRty ng the shunting device froma 4 nmdi aneter tubul ar

brai difavi ng avypy %in%t 40 and a pitch of at |east about 30
will provide sméii}ét;oent sau#l%gg% dgggé;{%%c%‘%@%ﬁ@ﬁiﬁpﬁswt@WMnsmm. 1f it
i s desi r eappropiiatelyesized pidve of aibalad mevd) 'féb?ictibﬁ:sﬁ%' ta%oﬂig v&#ge'bg, ieg e

ro age e

occl udes, Jb?:ﬁ(?n of a wide variety of known t otic

appl i ed t & etetps de gerprrllycconfarm o dha shaptef the taviiidd widiRrESinlE That an
occl udi ng i e QU h e. partially or conpletely wapped
around orsﬁgﬁrﬁﬁ?ﬁg{dgg\%ecsg%g’%@?ﬁ?ﬁ(f&ﬁ‘ﬁ@@ﬁéﬂ@ﬁﬂ ¢ ghapesof
12-14). Tihe desigadrrasdiclldesics A0Bres WBiAthe SFRAN HWF&%&@M%{,‘% devi ce

V\,her(éi n a. 20 passageway_ extends through a centra Vi ce.
t

Thots. Osris’,lqagﬁo the .“awghifmtm c%lﬁi%f_ﬁ'haem:lstdfa%e_ Wh?smb ogfﬂ%deﬁRlﬁx?ﬁae%y -b?
particu or_a i cul ar medi cal procedure. Referring to
Fi gur es = M%%@di%?%é,"%f é°§ﬁi¥ﬁ€ﬁ3ﬁama@£/?®€°ﬂ9m§mpmcmalan;p:ml| sui t ed
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5 of the enlarged diameter portions (see Figures 2 and 3) or may extefAdiAy 2003
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formed of a material having a melting point above the temperature necessary to set the

«Q
o

shape of the wire strands, but below the melting point of the metal forming the strands.
25 The molding element and metal fabric could then be heat treated to set the shape of the
metal fabric, whereupon the temperature would be increased to substantially completely
melt the molding element, thereby removing the molding element from within the metal
fabric.
Those skilled in the art Will appreciate that the specific shape of the molding
30  element produces a specific shape of the molded device. If a more complex shape is

desired, the molding element and mold may have additional parts including a camming



-17_ CLAIMS 1. A collapsible nedical device, conprising a netal fabri&MAy 2003
i ncl udWRP¥2Mural ity of woven metal strands having a preQI/wsd/Eme and a
di stal end, each end having neans for securing the.netal fabric attached
thereto, thereby inhibiting unraveling gfi.the netal fabric, 5 said netal
fabric having a relaxed configuration having two enlarged di aneter portions
and a cegt émaﬁ,l’lgﬂthlagjinﬁﬂ ed di aneter rtions
wherein sa%ng central portiﬁﬁgggﬁ%gggggaﬁg%%g%eﬁgiﬁﬁé%gﬁm QVB@? an
out er suminalwe obpartsivia giversaiold andtherdhapegest HMBE@ WIS dieRfhd Afs devi ce
further havi ng CS%IBIIJapE&g configuration for delivery through a channel in
a pati enfotizely x@m_e oot thg deggd medical devicaity whichithé metal fidrir wilh a cent er
axi s of eﬂaﬁf%&nﬁ? of said enlarged dianmeter portions is offset froma
center axis of sard center portion. 3. The device according to claiml1,
where§ n a cenyhén & itShdar AR5 f: | i ter portions
is aligned with a center %)%iicgqﬁesai A&ggﬁﬁp%ggﬁﬂeﬁgd%@@%@m
accor di riire srapfisifomning thi éatmilar braikwild hawea firsd Fr&ﬁt‘éi*n@ﬁecﬁ%ia@iv@ ’&-@ﬁﬁﬁgn

i ongi tudi nal axis. 20 The

di ameter_.portions are aligned along the sane .

devi ce a‘ﬁlﬁbﬁﬂﬁﬁeﬁgt%t%‘eépﬁm‘?g1,5‘5\@%@“11?:&’@@% eempsessedrflormithaxis, thaifabriznl ar ged
di amet ery; i | ' ter axi s of said, center_portion. 6.
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two enl datyieds sb defotmed e rélatns okisniaiss of B wae §ﬁﬂﬁfs§§§itﬂgm@{£ 7 tween a
portal vein and 25 hepatic vein. 7. The device according to claaml,
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cl ai m 1 resultpehediGhievideNACL phekel i fapriciconsisting of a
plurality of gwoven net al st rgndg.ﬁgﬁ&rﬁéﬁg Vi é@é@%?@ﬁ%&??gﬁ@}ﬁdl,

wher ei n caufigyrationvhieloallowes thei dayidestodte passeit thfouphrat datlidiet drofRESagihe! ow t he
10. The device according

t i said enl arged_di apet “t on.
o o i ArAveEFiort ekt Es R gbaeuAlaR ¥ adhrallsihined bythe shapo of Syt
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device, conprising a netal fabric including a pruralit en net al
strands havi Qgceithphdhularadr pdanhranetabfabitis iepropady pede bndddithad ﬂ%éfec‘i&?“” ng
menber %Hac% to t rretal?r;ﬁbric t hereby inhibiting unraveling of the
metal f ik ipetiebyic gensrally conforming tothe meddisg shifaee efithenatitiss ng t wo
enl ar geghefdird M Bhrid 844 ; ral rti.on .di spased between the two
enl ar ged fc?iugrret ernport%ﬂg)]%g?gq%ﬁé%i%ag@%{tr ellgr Brronfact withdhe

passagemaidingauefacs. nSuitabledsen tratteriterocksina 68 ntfnot Ak tefse%&%&mai)@! ar ged
di aget er %%j_l lons, said 2§V,I further having a collapsed configuration for
del tVer g,ret awnénm pﬁf}éngpql aHnol coidsd for example, are used in a number

of medical devices, such as in forming the coils commonly carried around distal links of

guide wires. A wide body of knowledge exists for forming nitinol in such devices, so
there is no need to go into great detail here on the parameters of a heat treatment for the
nitinol fabric .preferred for use in the présent invention. Briefly, though, it has been found
25  that holding a nitinol fabric at about 500 degrees centigrade to about 550 degrees
centigrade for a period of about 1 to 30 minutes, depending upon the sofiness or hardness
of the device to be made will tend to set the fabric in its deformed state, i.e., wherein it
conforms to the molding surface of the mold cavities. At lower temperatures, the heat
treatment time will tend to be greater (e.g., about 1 hour at about 350 degrees centigrade)
30 and at higher temperatures the time will tend to be shorter (e.g., about 30 seconds at about

900 degrees centigrade). These parameters can be varied as necessary to accommodate



.12. The device according to claim 11, wherein a center axis of at |easf Miel03
of 20 a0 odi/exsbarged di aneter portions is offset froma eentsirewss of said
center portion. 13. The device according to claim11l, wherein a center axis
of a |east one of said enlarged diameter,portions aligns with a center axis
of said center portion. 25 14. The device according to claim1 |, wherein a
rtions are al.igned al ong

i s of h of said en. di ;
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wher ei n wixe danrthen deflmatebloyirdsistprics haitingad e Widdstin atdey/tol RERYE Gk dakiew t he
outer surface of said enl grtgg di aneter portion. H 20. A coll apsible

medi cal Rfebireaiment yhich vq elimingis the-nged 89 begt thy entine mpld to thel desjredf

woven f j i . istal end, each e havi ng
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unr dvel i mgtefifls) Moldikg alenic@is hd niveiods 6BMaldidgédicd) aWiBOf8m HluBiRs or
configuration having two enlarged dianeter portions and a central portion

di sposedlpearmasd fabiac isvBrther descaibed imbhs. Batepid¥a.i5938,55%her ei n a separati on

di st bet the t | d di t t] [ | h 20
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said two enrar_ged di anefer portions, said devi cel ?tﬁ%er having a col'|l apsed
conf i gurcenfaymingthedbhpe of the fabra dhthe nodlding stirfica. When thieanttakfabridys '

15  removed from the mold, the fabric maintains the shape-of the molding surfaces of the

mold cavities to thereby define a medical device having a desired shape. After the heat ~
treatment, the fabric is removed from contact with the molding cavity and will
substantially retain its shape in a deformed state. If a molding element is used, this
molding element can be removed as described above.

20 The time required for the heat treating process will depend in large part upon the
material of which the wire strands of the metal fabric are formed and mass of the mold,
but the time and temperature of the heat treatment should be selected to substantially set
the fabric in its deformed state, i.e., wherein the wire strands are in their reoriented
relative configuration and the fabric geﬁerally conforms to the molding surface. The

25 reQuired time. and temperature of the heat treatment can vary greatly depending upon the
material used in forming the wire strands. As noted above, one preferred class of
materials for fonniﬁg the wire strands are shape memory alloys, with nitinol, a nickel
titanium alloy, being particularly preferred. If nitinol is used in making the wire strands
of the fabric, the wire strands will tend to be very elastic when the metal is in its austenitic

30  phase; this very elastic phase is frequently referred to as a super elastic or pseudo elasﬁc

phase. By heating the nitinol above a certain phase transition temperature, the crystal



25 21. The device according to claim?20, wherein a center axis of at dma
one of yyaigd/@sd7ar ged di aneter portions is offset from a amax:2s of sal
center portion. 22. The device according to claim 20, wherein a center axis
of a | east one of said enlarged dianeter _portions is aligned with a center
axis of said center portion. 30 9 MAY" 2003 WO 01/72367 -20 PCTI USOL/ 07762
23. The devi ce accordi ncﬁ1 to claim 20, wherein a center: axis of each of said
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eter. When e device exits the catheter, it will tend to res1l1ently return to a preferred

relaxed shape. When the device springs back into this shape, it may tend to act against
the distal end of the catheter effectively urging itself forward beyond the end of the
catheter. This spring action could conceivably result in improper positioning of the

25 device if the iocation of the device within a channel is critical, such as where it is being
positioned as a shunt between two vessels. Since the threaded clamp can enable the
operator to maintain a hold on the device during deploymeﬁt, the spring action of the
device can be controlled by the operator to ensure proper positioning during deployment.

The medical device can be collapsed into its collapsed configuration and inserted
30  into the lumen of the catheter. The collapsed configuration of the device may be of any

shape suitable for easy passage through the lumen of a catheter and proper deployment
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_ and permitting it to relatively rapidly create a shunt. It is believed that forming the
shunting device from a 4 mm diameter tubular braid having a pick of at least about 40 and
a pitch of at least about 30 will provide sufficient surface area to efficiently create the
shunt. If it is desired to increase the rate at which the perimeter of the device occludes,

15 any of a wide variety of known thrombotic agents can be applied to the device. Those
skilled in the art will appreciate that an ocqluding membrane, fiber, or mesh niay be
partially or completely wrapped around or within the device to further define the shunt
(see Figures 12-14). |

The Figures illustrate several embodiments of the shunting device wherein a

20  passageway extends through a central portion of the device. Those skilled in the art will
appreciate that the each embodiment may be particularly well suited for a particular
medical procedure. Referring to Figures 1-3 and 15-16, the shunting device 10 is
particularly well suited for creating a TIPS. In its relaxed, unstretched state (see Figures 2
and 15), the device 10 génerally includés two aligned discs 12 and 14 linked together by a

25  hollow centrai portion 16. Without any limitation intended, during the formation of the
device 10, the tubular braid (in the region forming each enlarged diameter portion 12 and
14) is partially flattened (see also Figures 9-11) to reduce the overall size of the device.
Those skilled in the art will appreciate that the flattened diameter portions 12 and 14 may
be curved inward towards each other to provide a sealing edge.

30 The clamps 24 tying together the wire strands at corresponding ends serve to

connect the device 10 to a delivery system. In the embodiment shown, at least one of the
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varied depending upon the separation distance between the two members to be shunted.

The particular configuration of the shunting device 10 may be modified to meet
the particular needs and applications. For example, the embodiment shown in Figures 4,
5, and 17 shows the central axis 28 and 30 of each enlarge diameter portion 12 and 14
respectively aligned but offset from the central axis 32 of the central portion 16. Figures
6 and 18 show that the central axis 34 and 36 of each clamp 24 need not be aligned in the
same plane. Figures 7, 8, and 19 show that the central axis 28 and 30 of each enlarged
diameter portion 12 and 14 may be offset relative to the other. Figures.24 and 25 shows
an embodiment of the shunting device 10 of the present invention suitable.to shunt a
septal defect of a patient’s heart. The patient having the septal defect may also suffer
from high pulmonary hypertension. For example, it may be desirable to create a shunt in
the atrial septum of a neonate with hypoplastic left heart syndrome (FILHS) or with a '
transposition of the great arteries. In such instances it is desirable to create a shunting
passage 52 to allow at least a certain amount of blood to pass between the chambers to
accommodate the high pulmonary hypertension. In this manner, mixing of pulmionary
and systemic venous blood increases, thereby improving oxygen saturation. Those skilled
in the art will appreciate that one or more shunting passages 52 of varying size may be
férmed in thé shunting device 10, to attain the desired amount of shunting. For example,
without limitation, _the approximate diameter of the shunting passage 52 may be slightly
greater than half the diameter of the central portion 16. Depending upon the
hemodynamics, one or more of the shunting passages can be closed by an occluding
device later on.

Further, as described above, a portion of or all of the outer metal fabric surface or

inner metal fabric surface of the shunting device 10 may be enclosed by a biocompatible
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to apply the novel principles and to construct and use embodiments of the example as

required. However, it is to be understood that the invention can be carried out by
specifically different devices and that various modifications can be accomplished without
departing from the scope of the invention itself.

10 What is claimed is:
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' "$IL0%& A)collapsible medical device, comprising a metal fabric including a plurality
of woven metal strands having a proximal end and a distal end, each end having means for
securing the metal fabric attached thereto, thereby inhibiting unraveling of the metal fabric,
said metal fabric having a relaxed configuration having two enlarged diameter portions and
a central portion disposed between the two enlarged diameter portions wherein said
central portion includes a passageway extending between an outer surface of each of said
two enlarged diameter portions, said device further having a collapsed configuration for
delivery through a channel in a patient’s body.

2. The device according to claim 1, wherein a center axis of at least one of

said enlarged diameter portions is offset from a center axis of said center portion,

3. The device according to claim 1, wherein a center axis of a least one of said

enlarged diameter portions is aligned with a center axis of said center portion.

4. The device according to claim 1, wherein a center axis of each of said

enlarged diameter portions are aligned along the same longitudinal axis.

5. The device according to claim 1, wherein a center axis of each of said

enlarged diameter portion are aligned with a center axis of said center portion.
6. The device according to claim 1, wherein a separation distance between the
two enlarged diameter portions is less than a separation distance between a portal vein and

hepatic vein.

7. The device according to claim 1, wherein said means for securing includes

means for attachment to a delivery device.
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9. The device according to claim 1, wherein said means for securing is at least

5  partially recessed below the outer surface of said enlarged diameter portion.

10.  The device according to claim 1, further including at least two central

portions disposed between the two enlarged diameter portions.

2D 10 1. A collapsible medical device, comprising a metal fabric including a plurality
of woven metal strands having a proximal end and a distal end, each end having a securing
member attached to the metal fabric, thereby inhibiting unraveling of the metal fabric, said
metal fabric having a relaxed configuration having two enlarged diameter portions and a
central portion disposed between the two enlarged diameter portions wherein said central

15 portion includes a passageway extending between an outer surface of each of said two

enlarged diameter portions, said device further having a collapsed configuration for
delivery through a channel in a patient’s body.

12. The device according to claim 11, wherein a center axis of at least one of

20 said enlarged diameter portions is offset from a center axis of said center portion.

13.  The device according to claim 11, wherein a center axis of a least one of

said enlarged diameter portions aligns with a center axis of said center portion.

25 14.  The device according to claim 11, wherein a center axis of each of said

enlarged diameter portions are aligned along the same longitudinal axis.

15.  The device according to claim 11, wherein a center axis of each of said
enlarged diameter portion are aligned with a center axis of said center portion.
30
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and hepatic vein.

5 17.  The device according to claim 11, wherein said means for securing

includes means for attachment to a delivery device.

18.  The device according to claim 11, wherein said device is formed from a
metal fabric consisting of a plurality of woven metal strands.
10
19.  The device according to claim 11, wherein said means for securing is at
least partially recessed below the outer surface of said enlarged diameter portion.
20. A collapsible medical device, comprising a metal fabric including a
‘15 plurality of woven metal strands having a proximal end and a distal end, each end having
a securing member attached to the metal-fa;bric, thereby inhibiting unraveling of the metal
fabric, said metal fabric having a relaxed configuration having two enlarged diameter
portions and a central portion disposed between the two enlarged diameter portions,
wherein a separation distance between the two enlarged diameter portions is less than a
20  separation distance between a portal vein and hepatic vein, said central portion includes a
passageway extending between an outer surface of each o‘f said two enlarged diameter
portions, said device further having a collapsed configuration for delivery through a

channel in a patient’s body.

25 | 21 The device according to claim 20, wherein a center axis of at least one of

said enlarged diameter portions is offset from a center axis of said center portion.

22.  The device according to claim 20, wherein a center axis of a least one of
said enlarged diameter portions is aligned with a center axis of said center portion.
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10 26.  The device according to claim 20, wherein said device is formed from a

metal fabric consisting of a plurality of woven metal strands.

27.  The device according to claim 20, wherein said means for securing is at |
least partially recessed below the outer surface of said enlarged diameter portion.
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