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Background of the Invention 1. Field of the Invention: The present

i nventi oRye 8/@uf® generally to intravascular devices forpdy@abssdscertain
medi cal conditions, and, nore particularly, 5 relates to an intravascul ar
flowrestrictor for reducing bl ood pressure down stream of the |ocation
where the flow restrictor is placed. H Description of the Prior Art: In
the normal heart, the right side punps blood to the lungs, which is a
relatively easy task, while the left side of the heart has the nore
difficult job of punping blood all around the body. As a result, the 10
pressure in the left ventricle (punping chamber) is generally about five
times that in the right INERAVASEULARIFLOWRESTRICTOR | eft ventricle is
t hi cker than that of the right. There are a_nunber of heart defects in
which there is excessive bl oodBaakgypund efifBe Invemdion \any defects t hat

i nvol ve holes ing;the septu I Q t f | essure
| eft side of thel'hear 1ed of th Q%tpdn.?g%esﬁggeehfﬁfgﬁ@ﬁ)gr efes%hllgés?aurygéul ts in an

15 i ncr eas ejrivistflaPd&sdey f6r iedatihg Certdigiikdiodl Gotditiens ahd)anore phrticllerdy, to be
punped to the Ilungs. The body's natural reaction to this is to constrict

glr nadr ow t helated o inteavasdudariffow reptsicton fersredyring blepd pressure dpwnsireanhpl excess
ood flow. ,Over .a rio f ot t hi arrow ng of the pul nonary
arteries ca&eelgcaé‘o{lﬁ"f%@f& F%ﬁwﬁ%ﬁt T Lﬁﬁ%ﬁary arteries due to the i-ncreased
wor kl oad, whi ch geadspildii@deéihk Privr A5 & OiF ndfmalltRar| thodighysidy i es 20
whi ch further reduces € blood fTowinto the lungs. There Is less and | ess

| ef t toI Iri gpﬁmphblnbd tytheflurgspwhich istaoretativelp aasydasks while therlefe side ofithg heart
eventual |y e.resistance ,i ch.th h h ' da, €., righ
to left sh F&ﬁhﬁ&%ﬁéﬁ@_ﬁl?ﬁPEE‘HPHE%S]%"’&ﬁ@%ugg%h%ﬁﬂ%\r@;%%%%?ﬁear (rzl: gegse
and ylgt i mat }éésqré ﬁ?ﬂ{lﬂﬁw tr'ic‘i’é"’(ﬁ&ﬁfﬂg\:hbﬁxﬁé‘ﬂ)ﬁ Qéﬁ@raﬁ?’ﬂ&ﬁﬁiﬁ% ands b rems ed

henoglobi n Fevel s 1n the ood 25 0of  the patient. 1t is the damage caused
by pr ol ongedightientitie, yndjheewdlbofthelefitveatriclegetiicker thanthasiof tietright.at e repai r

of cardiac defects. As _children with 's syndrone _have.,a prgpensity to
devel op pul rﬂmgremameapﬂaﬁa@&@mgﬁm tf‘ﬁ@ 1§ %Psqxﬁélloqcﬁf(lgw ?%ﬁ’%
‘lungs. Many defects that involve holes in the septum allow blood to flow from the high

pressure left side of the heart to the lower pressure right side. This results in an
15 increase in the pressure on the right and causes too much blood to be pumped to the
lungs. The body's natural reaction to this is to constrict or narrow the blood vessels in
the lungs in an effort to limit this excess blood flow. Over a period of time, this
narrowing of the pulmonary arteries causes a thickening of the pulmonary arteries due
to the increased workload, which leads ultimately to closure of smaller lung arteries
20 which further reduces the blood flow into the lungs.

There is less and less left to right shunting of blood into the pulmonary arteries,
and eventually the resistance is such that the shunt is reversed, i.e., right to left
shunting occurs. This process is called pulmonary vascular disease and ultimately
results in low oxygen levels and cyanosis and increased hemoglobin levels in the blood

25 of the patient. It is the damage caused by prolonged pulmonary hypertension that
generally prohibits late repair of cardiac defects. As children with Down's syndrome
“have a propensity to develop pulmonary vascular disease due to the fact that they tend
}"to have larger holes in the hea‘rt, fewer small lung arteries and smaller airways, surgical
repair is generally carried out fairly early in life, although timing will vary depending on
30 the exact heart defect. |




to have larger holes in the heart, fewer small lung arteries and snﬁhgmﬁ
airways, surgical repair is generally carried out fairly early in ,

al t hough i m i1l vary depending on 30 the exact hear 2 5 MAY
2006 WO 8@@%’1@ PCTI US02/ 38943 2 For exanple, in the caésceﬁgéﬁégegr‘f?ri cul ar
septal defects (VSD), especially where there are nmultiple openings, it may
not be possible to surgically close thexefects. In the case of neonates,
they may not be strong enough to survive an open-heart procedure required
torepair nultiple " Swiss cheese" septal defects. If an infant with 5 VSD
devel ops synptons of congestive heart failure in the first few nonths of
life, less traumatic palliative surgery may be attenpted. Palliative
surgery reduces ,gﬂmg f Winkd) Qufects PVSENL éspecidliyemheneler | yi ng
cause. One such ggffl ativ?l%}fréecﬁér]rgfn‘&ﬁ?gg%ulﬁmgary grtg)y ?PA bandi ng. In
the case of théRDyre BAltiEle dpeningsnit meg et be pessiblestiosurgeally closethsdigiectsolt t hr ough

the pul nonary artery, preventing excessive shuntin 10 of blood fromthe
left ventri @eé%%‘i’fiﬂfﬁﬁftf’%é}}edé?@'g?(géﬁétrf’%emuéﬁfo MVF%PB.“'F?‘W[ he case of
an i nfant OP{&EQ&U}Qr kg t&e&)ﬁ%??gﬁﬁlggﬁgﬁ%gé@t taP Elefeed! 8f dninfafi€with

pul nonary aftery, surgery I ered t o0 dangerous, but pul nonary
bandi Bg My SDedekiops syngtoms lof sopgesitwecheast failneiinrtbe fitsh feve mogths of tifs, Ishaice a
restrictive band., around the pul nonary a%{jeé%lia't hus reduci ns? t he bl ood fl ow
into the | utigematigpplliative Sageryimagbe HEnmk R A @F%"P@e own
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hypert ensi oﬁf@gﬁﬁ %gggﬁgé}eﬁcf bg%&m%ggl{i erl n cg{ljér%g ir@%l Su%ggyétmg@ﬁ%n hsol e may
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open- heart surgery, still requires a thoracotony to expose tgle Bul nonary
artery so t resistance émblopd dowihraygh thecimepgary ariery RICENLRE SEFFISYHEUEH S onar y
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previ ous volunme. Pul nonary artery blood pressure distal to the band is
reduced as gulmonary artery, surgery is often considered too dangerous, but pulmonary banding

may be effective. This procedure requires the surgeon to place a restrictive band
around the pulmonary artery, thus reducing the blood flow into the lungs, and

15 preventing the need for the body to form its own restriction. If successful, the normal .
development of pulmonary hypertension may be slowed or stopped, and surgical repair
of the hole may be possible at a later date.

PA banding surgery, while less traumatic than open- heart surgery, still requires
a thoracotomy to expose the pulmonary artery so that a constrictive band can be

20 sutured around the pulmonary artery. The PA band reduces the diameter of the
pulmonary artery and thereby restricts the amount of blood pumped into the lungs.
Such an operation may reduce the blood flow from one-half to one-third of its
previous volume. Pulmonary artery blood pressure distal to the band is reduced as a
result of the volume restriction usually to about 50%-70% of the pulmonary artery
25 pressure prior to banding.

While pulmonary artery banding is less risky than open heart surgery, it still
carries the usual risks of surgery, such as bleeding, infection, pulmonary embolism,
heart failure, etc. The special risk of the pulmonary artery banding procedure is
making the band too tight or too loose. Ifit is too tight, too little blood will flow to

30 the lungs and patient may become blue. Ifit is too loose, it will not eliminate the



result of the volume restriction usually to about 50% 70% of the pulfmyasys
artery 25 pressure prior to banding. Wiile pulnonary artery banding is
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congestion of the lungs and will not protect the lungs frominjury and
pul nonary vascul ar disease. Thus, a need exists for a non-surgical
procedure, AMAbEdtohSf HiRSfingds AR n6t procsdt theliings Fonpipee dnd psimonamy! vi ng
pul nonary artery banding, for restricting blood flowto 5 the lungs in
patlelnts gawalscujarabsegaml tal cardiac conditions which may cause pul nonary
vascul ar di sease_such as, for.exanple. .|l eft sided o rome
%ere f1 ow _resﬁ}i“{st ? ORRd exsts for 300 SPWEC(?FPW@e W‘T&V\V}P%ﬂ&%g@%%é‘?% Iglrteri es.
e present ' ; ﬂdaryg dlin redtfidtinaf
produci ng p%%ﬁg]wgéhgrg%g%?m%? a{n#\dgﬁchestd., b SUI\%Mg&RY %ﬁ;&%@lm%ﬁl\ml%\l 10 In
accor flance the fungs irepgitestsdaving woregenitalcardidregonditionpwhich awy causgdpirgenahat i s

adapted to be pl d and d withi | '
£ ansvascul Weciras Fich 55 Ipcermatt I pi R Spefie TR, £
lungs, |ivefe rctigx?srh% pﬁF&Pfﬁﬁ) t‘lhleﬁndiﬁﬁﬂbﬁma@r ARkib@ PBhdhreseiRivediondevi ce

made froma plurality of nmetal stra that are braded into a woven netal
fabric havi meetgthat asddwithen thearishk of sdigetya proghding paintor darge 3dr hfithechesi.

cl anmpi ng nmenber for securing _each en h tal fabric to thereb
?ahher Lhe strands and inhigwlgg&ﬁo&&ﬁoﬁqﬁﬁ nds. The woven net aIy
abri as an ggﬂn Epm]? I | : ;

rest r1§c't ion in :ﬁﬁ go VEs<e %tﬁ%gﬁée%lﬁgg’gﬂgégigﬁ%ggﬁf ?Sﬁ?%tﬁliaglr? bei ng
general |y i sdaptedhiame piced afidarvtiortd skithbd the vagmubnl systenissing a tiansiiasaras

di nensi on and outer dianeter and hayi n% at Iﬁaft one Iurrepl
approach for restricting or limiting blood flow to the lungs, liver or other organs. It

comprises a collapsible medical device made from a plurality of metal strands that are
braded into a woven metal fabric having a proximal end and a distal end, each end

15 having a clamping member for securing each end of the woven metal fabric to thereby
gather the strands and inhibit unraveling of the strands. The woven metal fabric has an
expanded, preset configuration shaped to create a restriction in a blood vessel, the
expanded preset configuration being generally in a shape of a round disk of a
predetermined thickness dimension and outer diameter and having at least one lumen

20 extending through the thickness dimension of the disk. The disk, formed from the
woven metal fabric, is deformable to a lesser cross-sectional dimension for delivery by
way of a guide catheter routed through a channel in a patient's body. The woven metal
fabric has a memory property causing the device to'return to its expanded, preset disk
configuration when unconstrained.

25 The device is adapted to be deformed into its lesser cross-sectional dimension
for placement in a catheter where the catheter may then be advanced through the
vascular system until its distal end is disposed at a desired release site, such as beyond
the ostium of the main pulmonary artery or into the individual right and left pulmonary
arteries when treating pulmonary vascular disease. The device is then made to exit the

30 distal end of the delivery catheter and when unconstrained, will lodge within the




20 extendi ng through the thickness dinension of the disk. The disk?§fMay rigld
fromthe woven netal fabric, is deformable to a | esser cross-sectional

di mensi ogyd Qo74ELT very by way of a guide catheter routegdfiQyedss channel
in a patient’'s body. The woven netal fabric has a nmenory property causing
the device to return to its expanded, preset disk configuration when
unconstrained. 25 The device is adapted 40 be deforned into its |esser
cross-sectional dinmension for placenent in a catheter where the catheter
may then be advanced through the vascular systemuntil its distal end is
di sposed at a desired release site, such as beyond the ostiumof the main
pul monary artery or into the individual right and left pulnonary arteries
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conditions as I's hereinafter described and clainmed. 5 In accordance with a
furthey feature @f atdoedince svithi aofartherfeathes dfdhe inmensionpthe dpllowinterinraif thghaped
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DESCRI PTI ON 45 ]{\&ﬁ : -ﬁp& AnbaeRg). of the invention
w | | becomebciigg)p()iarenﬁﬁé%g ogglggi%;(cg‘ 11"l e ?fﬁﬂggéq%rt fromthe foll ow ng
detail ed description of a [DESERIPTIGNOETHIWDRAWINGS al | y when consi dered
in conjunction with the acconpanying draw,ngs. in ich: Figure 1l.s a
perspective vi ewQtherfeaigresasd iaéY"élt%EﬂPf:'iP W@W%Wﬁ@oﬁc%sa T %F‘i’ thgse
restrictor ipn.ts ex ! Ah&wink! ' f Yib&himeht t he

devi c d:of Fisg%e‘i“it?le%g%ﬁga}?eeﬁg [ sgéigfsélhgdegeesbzgfge{nl%% eﬂ\%l{rgé\?veo t he '(’jevi ce of
Figure 1;  especially when considered in conjunction with the accompanying drawings in which:

Figure 1 is a perspective view of a collapsible medical device for use as a flow -
restrictor in its expanded state;

Figure 2 is a front plan view of the device of Figure 1;

15 Figure 3 is a side elevational view of the device of Figure 1,

Figure 4 is a rear elevation of the device of Figure 1;

Figure 5 is a side elevational view of the device of Figure 1 in its deformed,
lesser cross-sectional dimension state; and

Figure 6 is an anatomical drawing of the device of Figure 1 installed as a flow

20 restrictor in the main pulmonary artery of a heart.
DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a percutaneous catheter directed treatment of
patients having malformed vascular system structures, such as shunt paths between the
left and right side of the heart, transposition of the great arteries (TGA), transhepatic

25 portosystemic shunts and protein-losing enteropathy following a Fontan operation.

As is illustrated in Figure 1, the device, when in its unconstrained state,
comprises a disk-like device 10 having opposed ends 12 and 14 of 2 predetermined
expanded diameter and a hollow central portion 16 between the two ends. The metal
fabric from whom the device 10 is formed comprises a plurality of wire strands that are

30 woven or braided into a tubular configuration and then heat set in a mold in a manner



Figure 4 is a rear elevation of the device of Figure 1; Figure 5 i 5diNi}$
el evational view of the device of Figure 1 in its deformed, |esser
Cross- segg @@h119i nensi on state; and Figure 6 is an anat ggra@o2088saM ng of
the device of Figure 1 installed as a flow 20 restrictor in the nmain

pul nonary artery of a heart. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT The present invention provides a percutaneous catheter directed
treatment of patients having nal formed vascul ar system structures, such as
shunt paths between the left and right side of the heart, transposition of
the great arteries (TGA), transhepatic 25 portosystem c shunts and
protein-losing enteropathy followi ng a Fontan operation. As is illustrated
in Figure 1dedchibedliavilSePateiies)123)715 to Curtio Amiplaz, ibelcatenteof whiohpre ses a

di sk-1ike device 10 havi ng opposed ends 12 and 14 of a predeterm ned
expalnded di aﬂr@bﬁmcamraéefhgw ®Entral portion 16 between the two ends. The
met a fabric fraqm; . Vil | §,of SOLAN A SES, s of

Wi re strands tha e{%&%{’%\l}gﬁe Zﬁagétg?tﬁ@g@%{%&guafﬂaulg?%ggﬁ F%%P%n and
then heat sgte profetabifpfodimedframeumetal o2m&ali¥y 200k iV Ebih3edlieht 480 which can

PCT/ US02/ 38943 5 described in U S Patent 6,123,715 to rtis Ampl atz, the
contefts of bepatirested torsubstantially se asissisadeshaps infosthe woer fabpie. Thugydle.ri hed in
the ' 715 patent,, 1.J4€, S 0 Y : ' [,
preferably %q;%gwcﬁotﬁ#ébeﬁae%cgbﬁﬂ%rﬁse@é@fih%bﬁ%ﬁ%@ls lgﬁtdl%g %‘%’?Ihb@géh?%%t and
whi ch can %o ReERaY, d nickal-beketl Gightembératurg High-seingth "gesdr attey"shape into the
woven fabric. Thus, the netal strands may be a cobal t-based, |ow thernal

expansi on alcbmynecaialiyoavijeblesfrom Haynes lpteseationgliunder the trademark "Hastelloyi h

tenperature, . high-strength super all oy .co [.Cl j L firom
Haynes | nt el”f‘F%FgWS‘ﬁ ﬁ%ﬁtl%—gptaplﬁgﬁw,gawwal%g{ggﬁeﬁa{ I%%e%\(a‘;t]‘floé@g\ll] 1(-8]6%3115 ed heat
treatgpl e alddmpany 46 velas 4 BEBborRIRIE Seadey of ShiflefinitéddN Thesdingitrialsl4ll
Conmpany as wel|” as a nunber of different grades of stainless steel. These

nmateri al s alekhibigaisirttatie ameurittof deformatinnrindused sbto pleeed io meld gaé qubierded pl aced

'n amold artlgi arsl léf%{ra?tgcti ?e(iinperature for a prescribed period of time. So-called shape memory

alloys such as Nitinol are especially well suited to the present application.
A tubular metal braid segment having a predetermined number of strands and a

15 desired pick is cut from a longer piece thereof after clamp rings are crimped onto the
tubular structure at predetermined spaced-apart locations prior to cutting the strands at
the outer ends of the clamp rings. The crimped clamp rings are best seen in Figure 5
and are identified by numerals 18 and 20, respectively and each may include an
internally threaded bore, the purpose of which will be explained herein below.

20 Once an appropriately sized piece of the metal fabric is obtained, it is deformed
to generally conform to a surface of a molding element. Placing the fabric within the
mold functions reorient the relative position of the strands of the mefal fabric from an
initial order to a second, reoriented configuration. In the case of the present invention,
the mold is generally cylindrical and of a predetermined length and diameter so that a

25 braided device shaped within it is of a size allowing it to be placed within a tubular
blood vessel, such as the pulmonary artery. After the braided device is placed in the
mold, the mold and device are heated for a period of time sufficient to cause the
tubular fabric, with its clamped ends, to take on the shape of the mold. The heat
treatment depends primarily upon the metal or metal alloy employed for the wire

30 strands and the time and temperatures are such that the device takes on the shape of



to an el evated tenperature for a prescribed period of tinme. So-cal Ig@ R\?mg
menory alloys such as Nitinol are especially well suited to the pr Q

appl i cat {0341 gbul ar metal braid segnent having a predgigy '05'/?1?45‘””*)” of
strands and a f desired pick is cut froma |onger piece thereot after
clanp rings are crinped onto .the tubular structure at predeterm ned
spaced-apart |ocations prior to cuttingghe strands at the outer ends of
the clanp rings. The crinped clanp rings are best seen in Figure 5 and are
identified by nunmerals 18 and 20, respectively and each may incl ude an
internally threaded bore, the purpose of which will be explained herein

bel ow. 20 Once an appropriately sized piece of the netal fabric is

obt ai ned, ifheiggoldeformed to generally conformto a surface of a nolding
element. Placing the fabric within the nold functions reorient the

rel ati ve positi offhode desieing ndditiosal oformationendhe metbod forrfabrinating thedlow al  or der

to a second, reaqriented nfiguration. In the se,of .the pre t

i nvention, TeSHEURB SVIP"S"%‘E‘FIEF Pt JOVEIHOT R 284 r%ﬁxae%?o tge&’%@%%gﬁ% ned | ength
and di amet ef) tgﬁ)[bt hat a 25 brai ded device shaped within it is of a size
allowing it 8 be pl aced within a tubular blood vessel, such as the

pul mogary art er yIn frmarg thé devicenl O ede dempoecylindidahmeld (ot shoven) arefittedt he ol d
and device are heated . for a,. period of tinme.syffi,cient t use, the tubul ar
fabric, wi tHreegh thehraided fabrigbeforg t?%@ééefaﬂ?fsrfga@ﬂélb ed?°1§~h§ﬂ}?8| > The heat
treatment d 1TRE ! t IRk ttlenPdtbD XhEHRARYERAf OF t he
wre 30 str%gggar%gwﬂ%ég%t%eﬂé%ﬁge&tégg%@gﬁhergésa are seﬁch lftjghat t he device
takes on t hgithhppeures, 43 ab22/Mid 24 F6rnwe BRugH MiclhdACTI BOdVERSME8 6 t he nol d.

Those desiring additional jnformation on the nmethod f abricati t he
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followi ng the heat treatnent_ step, the device js left
two lumens through the thickness dimension of the device, a greater or fewer number

may be formed so long as the effective cross-sectional area of the apertures provides a
desired pressure drop there across.

15 To inhibit fluid flow through the restrictor device 10 except by way of the.
lumens, it may prove expedient to include a non-metallic fibrous material, such as a
polyester fabric, in the space between the two ends, being careful so that the fabric
does not invade the openings defined by the apertures 22-28. It has also been found
expedient to wrap a PTFE fabric band 30 around the periphery of the device to inhibit

20 tissue ingrowth. The use of band 30 makes it easier to retrieve the restrictor device 10
prior to the surgical repair of the defects.

In treating patients requiring pulmonary banding, the device 10 is first affixed
to a threaded distal end of a pusher device, such as a cable or an elongated guidewire
31, to a threaded bore on one of the clamps 18 or 20 and then drawn into a tubular

25 loading member used to load the device 10 into the proximal end of a guiding catheter
by stretching the device longitudinally to thereby greatly reduce its external diameter.
Once the device, and the pusher device 31 affixed to it, are contained within the lumen
of the guide catheter which is indicated generally by numeral 32 in Figure 6, the guide
catheter is routed through the vascular system into the right atrium (RA) and then

30 through the tricuspid valve into the right ventricle (RV) and, then, the main pulmonary



with apertures, as at 22 and 24, formed through the end 12 of the de\i 4 2006
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device illustrated in Figures 1-4 is showm as having two |unens through

t he thickness di nension of the device, & greater or fewer nunber may be
formed so long as the effective cross-sectional area of the apertures
provides a desired pressure drop there across. 15 To inhibit fluid flow
through the restrictor device 10 except by way of the. lunmens, it may
prove expedient to include a non-netallic fibrous material, such as a
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al ternati velpgadt miluhe ri ght pul nonary artery (RPA) or the left pul nonary
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t
he reach a point where surgery to correct the septal defects can be better tolerated. At

this time, the device 10 can be removed by catheter technique or surgery. The fabric

15 band 30 covering the periphery of the device helps reduce tissue ingrowth, making it

easier to withdraw the device 10 at the time that the septal defect(s) are repaired.
Without limitation, the tubular braid used in constructing the device 10 may

have a relaxed diameter of about 30 mm with a pitch of about 50° and a pick of about

72. With such a construction, it may be advisable to include a fibrous mass within the

20 confines of the device 10 to improve its occluding properties. We have found,
however, that by increasing the braid pick to include up to 144 per linear inch, the need
to include such a fibrous mass is eliminated. The braid itself is sufficiently dense to
obstruct blood flow except through the preformed openings that extend through the
thickness dimension of the device.

25 While the device 10 is preferably molded so as to have the configuration of a
thin disk or a right circular cylinder, it has also been found desirable in some
applications to have one of the end surfaces slightly convex and the opposite end
surface slightly concave as is indicated in the side elevational view of Figure 3.

While the device of the present invention to this point has been described in

30 connection with its use in controlling blood pressure in the pulmonary arteries for



confines of the distal end of the guiding catheter 32, whereupon the ey mgs
10 springs 5 back to its normal unconstrained state where it becones | odged
Crossw sg, | sel ected pul nonary artery to thereby r ri l,pod fl ow
fromthea’rdl%gﬁﬁgl\eligntri cle into the lungs. Blood flowis %?ljltr{/ﬂs%%/?ér;# ted

t hrough the openings 22, 24 and 26, 28 forned through the thickness

di nensi on of the device 10. By appropriagely sizing the openings, blood
pressure in the right pulnonary artery (RPA) and the |eft pul nonary 10
artery (LPA) can be maintained at a |level that will not result in synptons
of congestive heart failure. The device may be left in place for a
sufficient period of tine for an infant to reach a point where surgery to
correct the,sgRisg slth6sdrs vaRlab disbRb teestitdkle ettty itnay alio be tisedein t he
device 10 can be renoved catheter technique or surgery. The fabric 15
band 30 coveaﬂryiggphteotbgrmgi/i@lw@ﬁdwfﬁ% Newberas havipg:a hesgldegect KaaWasi ngr owt h,

ot eot(s) anammeppsion o Gre Aner G AT i Monds ] Plockilfe 207 7

const ruct i ngefhed 4EM £ DaltGor RYtdIns" dr aSbkaXsh tHbreEdatled @fblagout 30 mm with
a pitch of a%out 50 and a pick of about 72. Wth such a construction, it

may bé& advi seftbstomy”.i focd balloon séfitbitomy awathstenivithian unindated ballogmrat s dist#l t he
device 10 to inprove  its occludi ng properties.,. ave_ found ver, that
by i ncreasi ﬁ@dgﬁgsegwgprgoﬁlpec‘{@sg arisgfﬁteﬁ‘(fg‘g anﬁe‘H'X‘fo g’ﬁﬁ‘e?ﬁt'niﬁ?bﬁl@g’ﬁfe t he need
to include i EPfoulef af o BHifRina e aFiRPscBud Salicl SIR) Forafh
sufficientl 3@5??2&5 I%I%Hqu?gt r uctdgglagggggﬁi%%lvqeigept ® hrougﬁ the.%raefegr med
openi ngs t haivaleXinto thetlef atripm. t Fiee ballbowlsibasinfited argl withdrawnHearingthee. 25

Wi | he devi 10 is, f bl y. nol ded . h h fi i f

2 thin di siai septemgnit e phledbark e 1okt S, Jhe FPIAEE Rl e PR AIAVHEL] ¢ abi o

0 SO aPRhi,CALIPRS R bR oo Moy ol S51Mh SHIThaFRSEbbEN! |y convex and
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t he opposit ce s oncave as Is Indicated in the side
el evational vi ewTHe devig bEthd.prédéid iavénkien devbeenpibyddte more pestiseiyroostrol on t o
this point has been described in _ 30 caonnection mﬁﬁh,its use in controlling

bl ood pr essdhebiopd flaw thiaugh the tparin the 3taal sepipmy By soropting p SOWEHEFENE 110
PCTI US02/ 389 31ce with appropriately sized lumens therethrough, more precise control of

oxygenated blood flow to the aorta can be realized. The device 10 can be inserted into

15 the balloon-enlarged opening in a manner similar to the procedure previously described
for placing the device in a pulmonary artery.

The device 10 may also find application in treating patients with portal
hypertension because of transhepatic portosystemic shunts. This condition may lead to
ectopic varices and gastrointestinal bleeding. By decreasing the blood pressure in the

20 high pressure portal system, controlled level of occlusion of the large hepatic vein can
be accomplished. The procedure involves passing a catheter through the right internal
jugular vein into the right hepatic vein. A needle is then passed anteriorly into the
portal vein. The tract is dilated and the device 10 may be inserted and used to maintain
patency. "

25 Yet another surgical procedure where the present invention finds application is
in the fenestrated Fontan operation. One congenital heart abnormally leaves an infant
with only a single functional ventricle. The right ventricle for delivering blood to the
lungs may be non-functional. Dr. Francois Fontan came up with a surgical solution in
which the vena cava carrying blood returning from the body is connected directly to

30 the pulmonary arteries and thereby oxygenated. Many patients so treated, however,




8 addressing pul nonary vascul ar di sease to establish its utility, i b £ TRY 2005
al so be used in carrying out other nedical procedures. Newborns having a
heart defec as Transposition of the Great Arterie under go
t he Rash in(%mé‘?lggcvedure . referred to as a "ball oon sept O%gfl‘z)i%ﬁ‘ilséé?é’a
variation thereof called a "blade 5 septostony”. In a balloon septostony a
catheter with an uninflated balloon at igs distal end is inserted into the
vascul ar system and advanced into the heart. The balloon catheter is nade
to pass through an opening in the atrial septumcalled the "foranen ovale”
into the left atrium The balloon is then inflated and withdrawn, tearing
the atrial septumas it is pulled back into the right atrium The enl arged
openi ng al | LNGT 0% C Siné BBthisailivagt aorta and
then to theﬁﬁ%@%%gh@v@ce %@{et he %ggfgﬁfba?{rﬁﬂﬂﬂén. can be enployed to |,
nore preci silclide @bdomihal, thie ald anddb swelling tiabesandrabdominal dipcomperta Wheae
septum By selecting a flowrestrictin device with appropriately sized

| unens theréﬂ%@?@ﬁ?ﬂtﬁﬁ}seaﬁlﬂé%?%’éeséWﬁﬁgﬁpa mv‘g‘i?ﬁgsgfgaefig) ‘3?%‘88 flow to the
aorta can bge ’ gcgaltfoﬁ%gthe-@b%ta%ec\ﬁhﬁfel 3t ARsRBuAIEScEARS frioff Me kigh fdhe left

bal | oon- enl rnﬁ opening tn a manner simlar to the procedure previously
descrisbed ide oPtirGica®. t he device in a pul nonary artery. The device 10 may
also find application in treating patients w.th .Bortgl .hq){.gertenai on
because of transfaparesentisyantiey eratis @ minmally mvesive cRtBRtETFASR PRASOIVELR ¢ o
ectopic varice n {0i i I I : I Wala ood
ressure. | notaE 0 Ag R SR 2 el syt Fpfrialdh ERARHEI Ak B

occl usi on offedelteationlte Beftenainirol the voluerratelof flaocthrauigh sheefénestiatiopbypcedur e

i nvol ves passing a catheter thr_ougga the right internal )} gHI ar Vﬁi ninto
the right hepaentingedchision, iwnsayiag Raﬁélﬁsﬁﬁlﬁl@f@&lsa"ﬁ?éli‘qfﬁhlty ¢aEe the portal
vein. The tract is dilated and the device 10 may be inserted and used to
mai nt4 n p&YBPEY. 25 Yet another surgical procedure where the present
invention finds ampplihe@kioMad Beenidesdribed heemsi caiskitrabiendaail mpedattoon. One
congenital heart abnormally leaves an infant wth only a single functional

|
ventricle. Tomplyiwith thegnatant statutéscand de proyise theserskled in He@Havith Bhgs may be
-f ti . Dr. F i t . Al i ti i
Wbt oh the vanamasa neafe o ol e AL PR M8 cBpslitophfifise B8 L OF, LG

directly t0 gpecialized components as are required. However, it is to be understood that the

15 invention can be carried out by specifically different equipment and devices, and that
various modifications, both as to the equipment and operating procedures, can be
accomplished without departing from the scope of the invention itself.

- 'What is claimed is:

20



30 the pulnonary arteries and thereby oxygenated. Many patients so ériﬂw%h
however, 2 5 MAY 2006 WO 03/074119 PCT/ US02/ 38943 9 devel op a condi p b
call ed protein-losing enteropathy. Synptons of this ailnment include

abdom nal, shin and ankle swelling, diarrhea and abdom nal disconfort.
Where drug treatnent fails, a nore aggressive approach involves surgery to
create a fenestration in the Fontan Channel that allows shunting across
fromthe right to the left 5 side of the heart. The present invention

pernitsgiiwgd_rrally i nvasi ve catheterization procedure to create the
f enest r &t+ md to then install an appropriately sized flowrestrictor in
the fenestration to better control the volune rate of flow through the

fenestratiof bycolRbSBRhédiE deddey somprisingp povalityof metab#ignenW O sy npt ons  and
t hereby the degree of 10 cyanosis. This invention h : cribed herein
in congitgavedlen msaldabrid havingdeproxigal ensgndp ﬁf‘?ﬁ“@n&@ﬁ? gﬁ%‘%ea;t utes and to
provi de those ski]Jled.n ] | ffg[g;@me@ép, gok t o apply the
novel pﬁ@aﬁ%f%Isé@r%&a?tbe%‘{)%&cﬁ{ﬁﬁowgﬁgv %‘E:g‘ néél%lh rspeci ali zed conponents as
are required i HOWeMGEink UinfaSeling dfehesichads tsaiddvaveamet#l abrs heyipRARi on can be
o deld fr nd ?1. in 'fTE . . _
carrie y specitically different equipnent, and d Vi Eefiaida”d t hat
var i ousexpmliell ipeesti cordigutatioh shaped ¢ ﬁ‘l‘?éteé‘cfﬁ?tgﬁ’é‘?ﬁméﬁo%dgersa *i"Ng pr ocedur es,
can be acconplished w thout d ' B2l GTE aQfredegminedent i on
its_elf.emediﬁesﬂ%‘?‘?ﬁ&ﬁt‘é’f‘%ﬁ’é@g’%%ﬁgiég@&& CLAI MS; e ol apsi bl e
medi cal , devi ¢ Gavi %gp{ehﬁloﬁl@_eﬁaféeuﬂtﬁhédw@ﬁiqgahmughtthﬂih%ﬂ%ven into a woven
metal faoric having a proxinml_ end gnd %L&Stﬁé end eetg%l] s‘E%}dchs%V' ng a
means f @imesstoniof said disk threwgh which bloed npay b ?f%lﬁn%t Q50T c, thereby
gat her| Qe%ﬁona\ dimension for delivery through a channel in a patient's body, the woven n.netal
fabric having a memory property whereby the medical device tends to return to said

expanded preset configuration when unconstrained.

5. The medical device as recited in claim 1, wherein at least one of the said

means for securing each end has a threaded bore adopted for rotatiopal attachment to a

delivery device.

3. The medical device as recited in claim 2, further including an occluding fiber

material retained within a hollow central portion formed by said woven fabric.

4. The medical device as recited in claim 1, wherein the metal fabric is
manufactured from an atloy selected from the group consisting of stainless steel,

nickel-titanium, and cobalt-chromium-nickel.

5 The medical device as recited in claim 4, further including an occluding fiber

material retained within a hollow central portion formed by said woven fabric.

6. The medical device as recited in claim 1, further including an occluding fiber

retained within a hollow central portion formed by said woven fabric.

* AMENDED SHEET (ARTICLE 19)




said strands and inhibiting unraveling of the strands, said woven netal
fabric having an expanded preset configuration shaped to create a 25 MAY 2006
restriction in a blood vessel, said expanded preset configuration-being in
a shape of a cylindrical disk of a predeterm ned thickness having at | east
one enl arged | unmen extendi ng throughiithe thickness dinension of said disk
t hrough whi ch bl ood nay fl ow and defornable to a | esser cross- sectional

di rension for delivery through a channel in a patient's body, the woven
metal fabric having a menory property whereby the nmedical device tends to

return to said ~e £i 2. The
nmedi cal devi ce asA%g’glgﬁ%dQl n %%l &Q'R &) Sln gp&ﬂ%ﬁ@?‘?oﬁéé%w@ﬁe sai d
means for iseading agheaality oe‘bchldrmsstanﬂmmaeh\ghdra andept adetand an@f &chonal

att achnent to a. deliver 3. The nedical device as recited in claim
2, furt herendd@viggia iy %%"g’ﬁééﬁ’ ??gdmerféfa rig#Q therehy aaﬁwaﬁm@atrwd@mg?ﬂwrhm | ow

central pof v as
recited i nﬁntgllgk:ﬂ%ft gﬁﬁ\?ﬁl l%el n %am ?ﬁ? B@g&b?a:f)gc?i%w %ﬁ g?% %ﬁ }raglﬁqnan al | oy
sel ected ffoodeliveey trough mdfaaneitm lgaﬁ:ént‘sb@dyﬂndsasg@bﬁﬂy cylmalhedﬂelhsktl tani um

and cobal t-chromu ckel The nmedjc device as recited in claim4,
further | n@’laﬁ?ﬂ %&?%&P "I’tt%‘r wit hﬁt’éﬁ‘?’ae d apertyrg formgd: thiawgh 2hol | ow

central ce as
recited | n al i ?ﬁgsg}n?ﬁeéafﬁé}éﬁy%&%&g%&gﬁﬁ e;fm?sqg%ﬁahn EM ed within a
hol | ow cquchidlnghlbcmﬂoWon abddp prgeai d woven fabric. AMENDED SHEET (ARTI CLE
19) 2 5 MAY 2006 11 7. A coll apsible nedical device, conprising: a tubular
woven netal fabric including a plurality of braided strands and having a

fabric {0 her oby anheron geRBEf Bl fEMRR ihereiRe LA AR obRea| g o1 -

t he st andsendsds ebnomteal fabric having a collapsed configuration for
delivery through a channel in a patient's body and a generally cylindrical
di sk- shaped expanded preset configuration, with an enlarged aperture
formed through & ThohRRGEvHMEReGRR if ORREPHtRN SYBRHRYBMY oreating a
restriction wthou tally

between the first and second ends contains a non-metallic fibrous material.

10. The medical device as recited in claim 9 wherein each of the first and
second ends includes said aperture, the apertures in the first and second ends being

longitudinally aligned and not occluded by the fibrous material.

11.  The medical device as recited in claim 10 and further including a band
of non-metallic fibrous material covering a periphery of the cylindrical disk-shaped

device.
12. The medical device of claim 11 wherein the band comprises PTFE.

13. A collapsible medical device, comprising a woven metal fabric including a
plurality of braided strands and having a proximal end and a distal end, each end
having a clamp attached to said tubular woven metal fabric to thereby gather said
strands together and inhibit the strands from unraveling, said woven metal fabric
having an expanded preset configuration shaped to create a restriction to blood flow in

a body organ, said expanded preset configuration being disk-shaped and deformable to

AMENDED SHEET (ARTICLE 19)




occluding blood flowin a body organ. 8 . The nedi cal device as recitﬁgi ﬂ
claim?7 wherein one of said two opposed ends is concave. 9. The mediddHy 2006
device as recited in claim7 wherein a volune di sposed between the first
and second ends contains a non-netallic fibrous material. 10. The nedi cal
device as recited in claim9 wherein d&h of the first and second ends

i ncludes said aperture, the apertures in the first and second ends bei ng

| ongi tudinally aligned and not occluded by the fibrous material. 11. The
medi cal device as recited in claim10 and further including a band of

' ic fi .' : ! . . nari cal
G sk Shapebeoh S g SodfBha i Bns BEE HO o AESIBATH R il Wy 02,
conpri ses Wwhérkin th8exphndead pragsicbh ICImpiissd tHd experdedi didm@efendoven met al

fabric including a plurality of braided strands and having a proxi mal end
and a di stRgrtiangandashallosneentrabpartign,said expandgd dismetar postiensihgvingisul ar woven

str ands v SAPEEE SR aH B e Glary b P nd PREORERNEIR shilbl Bobtiohaor eset
conf i gur atinclndiag@AREzd®pehiapd 6f Apledetermitiéd sine substahtald 16ss @hni the siae bHAY

organ, said expanded preset confjguration bej ng) di sk- shaped and def or nabl e
to AVENDEDhsieErandeddipmetar pegjons therginvhropgls which bloodgnasy flew.obe wover i onal

di ; IO . Py . h
expanded o SELBHE HEfe b Mo prkhhd e InABati Biige Bl reuliRE 1, 1 00
and a hol | gid egahdal present terfigusatioft vhopameestdinadet er portions having a

dianeter to span a patient's pulnonary artery, the end portions and the
central portion including enlarged openings of a predeterm ned size

substantially | egs Nt .heq si f. khe . ex d i aneter. Porti therein
t hrough whi ch bf‘g‘oghgﬁlﬁd‘f&%ﬁcﬁ ﬁéQ%LS‘ghn cl ¥ Wf%gf??[} %‘%étt%a? g‘g%m%sgh %%ray
property WieseY bbReadaprt §&d rotitionsly feBélving hdeliwrydeviée? said expanded
present configuration when unconstrained. 14. The nedical device as recited

in claim13, wherein one of said clanps has a
15. The medical device as recited in claim 13, further including an occluding

fiber contained within said hollow center portion.

16. The medical device as recited in claim 13, wherein the metal fabric is
manufactured from an alloy selected from the group consisting of stainless steel,

nickel-titanium, and cobalt-chromium-nickel.

17. The medical device as in claim 13 and further including a band of non-

metallic fabric material covering a periphery of the central portion.
18. The medical device as in claim 17 wherein the band comprises PTFE.

19. A method for reducing blood pressure to which the lungs of a patient
having a septal defect are exposed, comprising the steps of:

(a) providing a tubular, braided flow restrictor device exhibiting an
expanded state sized to span the patient's pulmonary artery and an elongated, stretched
state sized to fit within a lumen of a tubular loading member;

(b)  assembling the flow restrictor device to a distal end of a pusher

device;

AMENDED SHEET (ARTICLE 19)




t hreaded bore adapted for rotationally receiving a delivery device. é?mm??@&
nmedi cal device as recited in claim13, further including an occl udi ng

fi ber contained within said hollow center portion. 16. The nedi cal device

as recited in claim13, wherein the netal fabric is manufactured from an
all oy selected fromthe group consisting of stainless steel,

ni ckel -titanium and cobalt-chrom um nixkel. 17. The nedical device as in
claim 13 and further including a band of non- netallic fabric materi al
covering a periphery of the central portion. 18. The nedical device as in

claim 17 wherein the, band. i RE. . h f ugi ng bl ood
pressure to which th%"?l unlélsé}g?é Q\%ﬁlﬂ@ﬁ?’m%gﬁ? ﬁ\gqu&lgrggf%ﬁ'{bﬂéfgof‘?{%re
exposed, GAEHbérsnd driviag Shesw edstrict@) deRice intd ithdlugheh WP tHedbading miember f 1 ow
restrictor device exhibrting an expanded state sized to span the patient's

pul nonar y byrapplyingaapulling Earesitpethe proxgmalend o€ the mishergleviceed to fit within a

device to a distal il of utpRaRuselRoR Mkt Wi fdared o 8) » o

MAY 2006 Ighidifig cAtRetef hisihtdrbB@thRlbaligh ot ehel Sifmbidry afth§; | umen of a tubul ar
| oadi ng nenber and drawing the flow restrictor device into the |umen of

the | oadi ng menber () apptiaching the loading mentber tacthe guiding gathetérmal end of the
pusher device. routing a i,de cat heter intravascularly until the
Gi'stal enchBfing 8 gt rbafibiof wit Lh R IRYRE 10 A R T5RB 1 o PRrRBSLF homar
artery; (edrtepf;t aching the | oading nmenber to the guiding catheter and
pushing the flow restrictor with the pusher device to a desired location in
a pul monary artery;(fff) esqslingithgfloweestiicsor devierfram the diseli end of them t he

distal end of. the ui di cat heter, .the,fl ow festr.jctor vVj ce
Sort Cexmacmding tame R it BAwIBUNGLE fevice e xR ot iR S s L or y: and
lodge in the pulmonary artery, and
(g)  uncoupling the pusher device from the flow restrictor device

and withdrawing the pusher device and guiding catheter form the patient's body. -

20.  The method of claim 19 wherein the pulmonary artery is one of a main

pulmonary artery, a right pulmonary artery and a left pulmonary artery.

21. A method for treating a patient having TGA comprising the steps of:
(a)  performing the Rashkind procedure for creating an enlargement
of a natural opening in the atrial septum; and

(b) installing the device of claim 1 in the enlarged opening created

by step ().

22. A method for treating a patient having portal hypertension comprising
the steps of:
(a)  creating a shunt path between the right hepatic vein and the
portal vein; and

(b) installing the device of claim 1 in the shunt path.

AMENDED SHEET (ARTICLE 19)




(g) uncoupling the pusher device fromthe flow restrictor device a?g

w t hdrawi ng the pusher device and guiding catheter formthe patient" M%JWE
20. The nmethod of claim 19 wherein the pulnonary artery is one of a main
pul nonary artery, a right pulnonary artery and a |left pulnonary artery. 21.
A method for treating a patient havidd TGA conprising the steps of (a)
perform ng the Rashkind procedure for creating an enlargenent of a natural
opening in the atrial septum and (b) by step (a). installing the device of
claiml in the enlarged opening created 22. A nethod for treating a patient
havi ng portal hypertension conprising the steps of (a) creating a shunt
path between the right hepatic vein and the portal vein; and (b)
installing the zhevi c&g nRthed R Bedtingpdtidfts 36 véduce probein-TOdl¥nker (ARTI CLE
19) 2 5 MAY 2006 14 23. A nethod f%? treatin p%nts to regg!g?

pr ot ei n- | dollenyingatantpeaneyationsiomprising the stepstadh oper ati on conprising the

f. f or i fenestration j. i cally- d F
hannel; and (b) | na@bi 1| G Ra o e ST orkeEd EOHER SRR on
AVENDED SHEET (ARTI CLE 19)

(b)  installing the device of claim 1 in the fenestration.
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