| NFUNDI BULAR REDUCER DEVI CES CROSS- REFERENCE TO RELATED APPLI CATI ON

[0001] The present application claims priority to U S. Provisional
Application No. 61/031,266, filed February 25, 2008, and titled

"I nfundi bul ar Reducer and Rel ated Devices," the entire contents of which is
i ncorporated herein by reference in its entirety. TECHNI CAL FIELD

[0002] This invention relates generally to the treatment of cardiac valve

di sease using prosthetic valves, and nore particularly to replacement of

mal f uncti oni ng pul nonary val ves using infindi bular reducer devices.
BACKGROUND OF THE | NVENTI ON [0003£1Natural heart val ves, such as aortic
valves, mitral valves, pullNFRANDIB AR REBUGCEBRBVICES ves, often becone
damaged bly di sease in such a manner that they fail to maintain blood flow
in a single direction. A tionin eart valve may be stenotic (i.e.,
heart | eafl _S J 5 PQ&CAQIO%’ tant (i.e., Keart | eaf | ets(are
\r/]m det opeln) . [bizpt embdm&eﬂ]tapﬂﬂicm cddiosprionityatod]. Hidirevisitnebapiliortion oough t he

eart val ve I t, for.pt ke } on of bl ood
hrough t he BBy R, 26 28 bd AR Rk RIHE Roiod BRSO e Ty
noti ceabl y ilgyiks,” thb entireiconter® of whick kdndogmrated oGO0y refarctseds ity &Itiyedy. pr ost heses
are well known in the treatnment of heart disease to

TECHNICAL FIELD
[0002] This invention relates generally to the treatment of cardiac valve disease
using prosthetic valves, and more particularly to replacement of malfunctioning

pulmonary valves using infundibular reducer devices.

BACKGROUND OF THE INVENTION

[06003] Natural heart valves, such as aortic valves, mitral valves, pulmonary valves
and tricuspid valves, often become damaged by disease in such a manner that they fail to
maintain blood flow in a single direction. A malfunctioning heart valve may be stenotic
(i.e., heart leaflets are closed down) or regurgitant (i.¢., heart leaflets are wide open).
Maintenance of blood flow in a single direction through the heart valve is important for
proper flow, pressure and perfusion of blood through the body. Hence, a heart valve that
does not function properly may noticeably impair the function of the heart,

[0604] Cardiac valve prostheses are well known in the treatment of heart disease to
replace malfunctioning heart valves. Heart valve replacement generally has been
accomplished by major open heart surgery. This is a serious operation that requires
general anesthesia, full cardiopulmonary bypass with complete cessation of
cardiopulmonary activity, an extended hospitalization stay, and several more weeks to
months of recuperation time. For some patients, open heart surgery is not an option
because of the critical condition of the patient, advanced age, co-existing infection, or
other physical limitations.

[0005]} Recently, there has been increasing interest in minimally invasive and
percutaneous replacement of cardiac valves, typically by way of catheterization. In
minimally invasive procedures, a catheter is used to insert a mechanical or bioprosthetic
valve in a lumen of a blood vessel via percutaneous entry through a distal blood vessel.
Typically, such percutaneous prosthetic valve devices comprise an expandable stent

segment, a stent anchoring segment and a flow-regulation segment, such as a ball valve
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repl ace mal functioning heart valves. Heart val ve replacenent generally has
been acconplished by major open heart surgery. This is a serious operation
that requires general anesthesia, full cardiopul nonary bypass with conpl ete,
cessation of cardiopul nonary activity, an extended hospitalization stay,
~and several nore weeks to nonths of recuperation tine. For some patients,
open heart surgery is not an option because of the critical condition of
the patient, advanced age, co-existing infection, or other physical
limtations. 520&5} ;Te]centjlrg ther has been_increasin |nt erest in
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segment, e etzf }m?}a?r@@ ereig by ‘H?r{?? ?CE‘ replaging? PUMENAEX i4¥dabl e

st ent portl GHithiaSre@R8 @fladlinteslixpastte thigbla@rniialh@aly wlals m@mpdbh a0of a

t ranscat het del i tem, [ 0006 th ific context of pul nonary
Vaive. rept adaloREstnd BivE papmeR on et obeocase] 0100671 A
and 2003/ Olmd/%hkndnayhalfve hl&tbxbatxda'cm;etheb@Ibozﬁﬂocox&ptéssltmahwameed herei n by
ref erence, Cri l.aci ng.a {Pul nary valve w enoys val vul ar
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arti cI es r t.he Pul nmnar y, oeffer, et

al . JournaI%f Q’f{}cﬁﬂ& ;ﬁ) Ob q?gnglégﬁq? %Othlr(l)qforpegateél oTel ﬁﬂce 1581 Izl1664 1669 and

Tr anscat het enhrmtm:ﬂemnemfpu&nmmvab'e\iabzbelmpimﬁasiltmphcwnaﬁ@s| tion,

Bonhoef f er rat ed
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Per cut aneou§1@&1ﬁmnblr89 -1V $Aargl 3pRd-at i on in Humans, Circul ati on 1189- 1197
(Aug. 23, 2 [ alves is
not avail ab%gebﬁ?]o a?@&&fr&'bﬁ?ﬂﬂﬁ cee}r(f% %%m% r@%l%ﬁffﬂ?%@ﬁs nﬂﬂd&ﬂaeye‘ratgggt%ﬁhéel y harrow
size range ofighhbencitfimeitdng tsvéhp rgleyrbmagrowisizg mingsof avglablevalved ssgmelts h t ypi cal
si zes avai | @me@ns%{ é&aHlBlet Qltﬁtygicﬁ@%&{va@ﬂcblea&% tggd{m?etei S998k Yetpg tunatel y,

many patl ents I’eCIUI rng pu nmonary. val ve rep acenent are
[0608] Unfortunately, many patients requiring pulmonary valve replacement are

adults and children who have right ventricular outflow tracts that are larger than 22 mm
in diameter. This could have resulted, for example, from having previously undergone
transannular patch repair of tetralogy of Fallot during infancy, There are other causes,
however, for an enlarged right ventricular outflow tract. Thus, venous valvular
replacements, having an upper limit of 22 mm on their diameters, cannot typically be
securely implanted within these patients.

[0609] Thus, there is a continuing need to improve upon the devices available for
heart valve replacement, in particular those including venous valve replacements and
pericardial valve replacements, and even more particularly those that may be placed in
patients with irreguléf right ventricular outflow tracts (e.g., right ventricular outflow
tracts that are larger than 22 mun in diameter, or irregular in shape).
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adults and children who have right ventricular outflowtracts that are

| arger than 22 mmin dianeter. This could have resulted, for exanple, from
havi ng previously undergone tansannul ar patch repair of tetral ogy of Fall ot
during infancy. There are other causes, however, for an enlarged right
ventricular outflow tract. Thus, venous valvul ar replacenents, having an
upper limt of 22 mmon their dianmeters, cannot typically be securely
inplanted within these patients. [0009] Thus, there is a continuing need to
i nprove upon the devices avail able for heart valve replacenent, in
particul ar those including venous val ve repl acenents and pericardi al val ve
r epl acenent SSUMMMRYOFIHE MOYENTION t i cul arly those that may be placed in

patients wi t{h(}fﬂg r el Blesdnt SNt BlobideuhMhdiBitiriréRerldeAtds BsdiForepladingght
ventricular outflow tracts that are_|arger than 22 mmin_ dj @er, or
@%&5 ulaht
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i nvention prayi-desvitaiide QbkdfedReMAErcaENbER IR fetef Riplhelibakiany a _
mal functioning heart valve, and in particular, a pulr narg heﬁggﬁvalve. The
i nf undi bul aranpigntiscite wikipioreasr g pedse The ATKsE uE 2tiggs Iy s Eerpanfaplgand

transcat het gf,yd ARLAMA kP hdt Cophidni@ BRHO BviceSirt Brd¥chdlinfly OfpaiiRile withe heart.
The devices are at | east partially self-expandable, and havg?nndularity,

such that segiPeEsieothr segmentsof the d&Viets o Prefrepblye thg aRwndibuley frdnees Bvieiitid% espect

to other seqiRptSdiRfhedrbealbleH 2GRN ed BpBERbEkNINe iR Vo, Ustdixhiplarand geucer
devi ces include a pericardial heart valve or a valve nt qf. bovi ne

. : . Huse nme
j ugul ar vei rimplagied g ght ventricylas puillowHpctfperemple: HrdfitghdOWERE St ul ar
out f | ow t r acdontehPhie® ¥RAMRE SresdnDin@éifivé Etes NBWAMEde, othel colBpsikla vavgland may t hat
the present inventive devices may include other coll apsible valves and may

be i npl ant edPeiiPiaRtebin oHiRRNgIAMECH! Sike 1d8° P99t he body. 100111A benefit of sone
ermbodi nent s [é11] he ABRSRNYE sbriy/ @ddRIbnts Sf he plesdnhipvelfivh ekt tRYicHices da by er ed
Iroush & coL 1oLl s bl £, BRELOTL 2 00 R G TR 2
mini m zes t hanbo i basetheticvidte. Dellverast Meiaes without whillbn edrimizks e f or easi er
O el Bl S e 04 B ATRL BT ol o . Pr oo

devices,

| [0012]  Another benefit of the present invention is that modularity of the devices allows

different segments of the devices to expand and move independently, Thus, the devices are

able to conform more closely to an irregular implanted site. Certain segments of the devices

may rotate with respect to other segments, and the devices may shorten and lengthen. The

devices are also able to move within the implanted site during the cardiac cycle, and still

conform to the implanted site. As a result, the devices are more effective.

[0013] Another benefit of the devices is that the devices may be collapsed and

repositioned after partial deployment or partial expansion. This is beneficial if it is

determined during early stages of delivery of one of the devices that the device is not being

placed correctly. The device may then be re-compressed and moved to a correct location.

[0014] Yet another benefit of the devise of the present invention is that the devices are

easily explantable. The stent portion may be peeled from the wall of the implanted site,

collapsed, and the valvé and stent may then be removed from the body.

{0015] A further benefit of the present invention is that drastic failure of the devices due

to fracture of one wire or a few wires is eliminated. Since the stent portions of the devices

are comprised of a plurality of wires that are independently connected in a plarality of



di fferent segnents of the devices to expand and nove i ndependently. Thus,
the devices are able to conformnore closely to an irregular inplanted
site. Certain segnents of the devices nay rotate with respect to other
segnents, and the devices may shorten and | engthen. The devices are al so
able to nove within the inplanted site during the cardiac cycle, and stil
conformto the inplanted site. As a result, the devices are nore effective.
100131Anot her benefit of the devices is that the devices may be coll apsed
and rep03|t|oned after partial deploynment or partial expansion. This is
benefi ci al iqeatiqns testhe Sbee fapre Faetureiohgnectira o 2 &ayiess dggs nekPauRhY VBRI one  of
t he devi ces gthadiotethe device is not being placed correctly. The device may
t hen be re- congressed and noved to a correct |opcation. [00141Yet, anot her

benefit of 1$M6HeyAsElldirthertensfitolcme smbodiments pf heinpensipn tSH}éat defrHess are

easily expl aplahfe féﬁﬂﬁes%a@mowptﬁé bdvRs 1B E&@te@@s%{g%ofoﬁwﬁztfbﬁex\ﬁﬂblb of the
I npl anted site, collapsed, and the valve and stent rrenmoved from

the body. 1@6@5@@W&WH@P€%@H@WEGWW%&S?%gseﬁﬁfwlﬁ%/@ﬁlareaﬁiep 10 drastic
failure of bpheostevices due to fracture of one mnre or afewwres is
elimnated. Sipnce the stent portions of the de are conpr.i sed of a
plurality of0k os ARt tigfebbeneit @b mpcmbegimeH gﬁ’cf’%lsé]‘ab&'gfi%‘i“feﬂ?%f

| ocati ons t encldde nfagbikils ehaf arramm;&rmﬁax pre@nOthrofbesidhiditaér idcré8yoMbdies does not
cause the mhole devi ce tg fail _% %A still further benefit of sone

embodi nent s e MRt 5k mafripls 2 ﬂ@*ﬂ@Vﬁ@@?rﬁﬁVmgﬁﬁTﬁﬁ?{P tures that
al l ow t he demn&@§mbmﬂmkdm@a&QQQM£¢mgukéuoroscopy for exanple. Fluoroscopy
Y be Nl Pl RUGESTERL clyLhe, detices 25 KL B8Ol oL st o
t he devi ces ailfdingabnetod atdiﬁxvih@ﬁﬁtaﬁ&yof a later-needed prosthetic valve. Another valve may

be delivered percutaneously to the inner lumen of the device that is already implanted.

[0019] A first aspect of the present invention is a prosthetic valve assembly. One

embodiment comprises: a radially self-expandable stent configured to expand to bear against

a wall of a native body lumen; and an implantable prosthetic valve, having a diameter, the

valve being mounted inside the stent; wherein the diameter of the stent is greater than the

diameter of the prosthetic valve. The stent may comprise a plurality of wires. The plurality

of wires may comprise a material having shape memory, or the plurality of wires may

comprise a plurality of different materials. The plurality of wires may be circular in shape

and include a plurality of sinusoidal bends. The sinusoidal bends in the wires may have

different sizes. At least some of the plurality of wires are in a nested configuration. At least

some of the plurality of wires are in a point-to-point configuration. The stent may comprise a

middle portion having a smaller diameter than at end portions thereof, and the valve may be

mounted in the middle portion. The stent may comprise a middle portion having a diameter

and end portions thereof may have tapered diameters in directions toward the middle portion,

and the valve may be mounted in the middle portion. The middle portion may be cylindrical

in shape. The stent may comprise a plurality of wires attached to at least one piece of fabric.

The middie portion and each end portion articulate with respect to each other.

[0020] A second embodiment of the invention is a prosthetic valve assembly comprising:

a radially self-expandable stent comprising a middle portion having a smaller diameter than

end portions thereof, with the end portions configured to expand to bear against a wall of a

native body lumen; and an implantable prosthetic valve mounted inside the middle portion of
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include materials that are antim crobial, prevent thronbosis, and either

i ncrease or reduce tissue ingrowh. Such materials allow the devices to be
better secured in a vessel, and decrease the chance of rejection of the
devi ces. [0018] Mbt her benefit of the present invention is that the stent
portion may | ater serve as a |anding zone or site for inplantation of a

| at er - needed prosthetic valve. Another valve nmay be delivered

per cut aneously to the inner lunmen of the device that is already inplanted.
[0019] A first aspect of the present invention is a prosthetic valve
assenbly. One enbodi ment conpri ses: a,radiall¥hself:ex andabl e stent

- configured ths E50pathg steat BaRomREs a1dyralEy ghyireso fhepIpalit e WHERR™ THEH 4and an

i mpl ant abl e Ry BEdiftGet MalBals "B fhgaldy Of RN be bl & shepdrail Aghuaeant ed
inside the stent:; wherein the dianeter of the stent is t han t he
f

. ( re?tqr
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Wi r ?ﬁ - Tlhe Qx:Jd&[c@anl]Eléé aQhatéMal RS inEBNap6 SRRGIYS Q“lhé-cﬂaﬁﬁol ! ﬁfdnﬁ#na%;ﬁeﬁe ﬂ'@e:ﬁ?apet mem)lr Y,
or e plurali of wires nay conprise a ral, of different materials.
The plurali tdyan&?/erwﬂggcﬂﬁw%@déherr@dqﬁaporr*ﬂf ﬁ%a}é&éﬁfﬁlmﬁﬁ ¢ H’iﬁ"ggﬁ ity of
si nusoi dal ReRRS ThING: BhPHESiHak pRANGS nited iRchot KeR IaRynbpive ditfbfier ent
sizes. At |east sone of the ﬁluraILty of . wwres are .in E &esaﬁ? ¢
confi gur at i e magdlg pogiqn agd gach gpd E%OWQF"NY@‘ TEPeRhtY EAEh ging ) ‘gt some
poi Nt - t 0- POioRthe pRALIIHDO vALk @ in 4 hted beiifguiativh. COIGALH sBe af ik flitatitypdireon
having a smaller djaneter than at end portions thereof, and the val ve may
be mount ed #Ff PREOH WA FYLEMBEC™ The stent nmay conprise a middle portion
Qavi n?_ a di t&w@: 2 (r:i ?{Pir@&gtaﬁdﬁﬁdni: GI{I:!ie ﬁrhenza@éetxlﬁws hamethl étii:pelgedssdhbifret ers |t E

irections towar, e ortjon, an val v e.npun in the
ni ddl e port iCBﬂP“sPFgéaFﬁdg:'}V é"“g%%?‘i‘dﬁ ° gt C ’%@Vﬁi%ﬂﬁp?@atfq%?aﬁ Eape " ThE stent
may Conpri S@agiveoldy Riich thodtenedn@fisitt Artinality bOwisds; drdasicas g pece obfabiic f abri c.
The m ddl e port] and .each end portion articulate with.r each
ot her . [0026?ﬁ&§g@8ﬁﬁu ﬁ%ﬂﬁ?ﬁ%ﬁ?aﬁ?*?ﬁé“fﬁV@ﬁ#ﬁ%ﬁePé%égﬁ?§§?§%%?%9va|ve
asste nbl yhco ﬁﬁﬁide&hdﬁﬁzﬁt;la\r}iéﬁsgl:taéﬂ)l%lraﬁ@![oﬁw&mmtdn@m tndhridualthmzfa@mg ;ralt hm ddl 3
portion having a er. di,amet e n_end .po . : e en
portions cor‘?f’i%ﬁ?sitg‘??%‘qg’fﬁgﬁ 3%61(5‘%1%“5‘?' né‘%ﬁgﬁ t &éé %gﬁl%b?(@% n%("t%g body
I urr;s n; an]g i&cxitdﬁfpiri&tﬁhas?ﬂt@ ;ﬁmeﬁt:tp lo&bdnds u@ﬂ@mmémnfm%tlj@imﬁ% wireddIlee -
portion o e stent. e sten npr i 2 res. e
plurality ofplwiﬂ%gﬁ?%v ‘%%%%Pi asréeStgé %?q’gié‘g%?%nym 8?7 &8?1101&)8#%ntdﬁ \t gl’nl 6g:as. The
plurality ofcombinetsonrieredieTi ploulitaof Witessivapemprg aimpddrizbleavingshape alempyy. of
bends. The bends in the wires may be sinusoidal in shape. The plurality of
W res may c%' : . ﬁ V& shape nenory. The end portions nmay
have tapere éﬁﬁ&%ﬁ# g]ﬂé 'Ins toward the mddl e portion. The mddle
portion may [B82ty| iThepicseat inventiemypibe fier etplained val releiepeilethea plurality of

wires attac Qgﬂenhéh BAhurt £ flreinTRe RhRES: 9fefdFARII - likERemBlR dréughitiicon and each
end portion articulate with respect to each other. At |east sone of the

plurality ofsevers ¥iewaragd phetgithest ed configuration. At |east sone of the
plurality OfloowsLeS FiG €1 IsR plrsROfivRtvih Qo BRinfindis @R rbiodrabvieain abdRBideA t hird
enbodi nent of the present invention is a prosthetic valve assenbly

with the present invention;

[0024] FIG. 2 is a side view of the infundibular reducer device of FIG. 1;

[0025] FIG. 3 is an end view of the infundibular device of FIGS. 1 and 2;

[0026] FIG. 4 is a side view of an infundibular reducer device, in accordance with the

present invention;

[0027] FIG. 5 is a side view of an infundibular reducer device, in accordance with the

present invention;

[0028]  FIG. 6 s a perspective view of an infundibular device, in accordance with the

present invention;



conprising: a radially self-expandabl e stent configured to expand to bear
against a wall of a native body |lunen, the stent conprising: a plurality of
wires; and at |east one piece of fabric to which the plurality of wires are
attached; and an inplantable prosthetic valve nounted inside the stent;
wherein the plurality of wwres of the stent are individually expandabl e and
conpressi ble providing the assenbly with nodularity. The plurality of wires
conprise circular wires having a plurality of bends around the

circunference of the circular wires., The pluralit of V\nres may be in a
nest ed conf |{§Q'r’rg£t| ﬁGJr‘SéS‘%‘I"?W"ftﬂE?‘%P@W%Sﬁ‘?ﬁeé‘ﬁﬁﬁt}| o#dor a conbi nati on

t hereof . Thegogdoyr alAiGys i9in siti RS ofBY inE@APLRLS®vide SEI@S.iI6ahd avi ng shape
menory. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00221The present invention wll
be further in 'tih{ reference to the appended Figures, wherein |ike
structure i | i ke nuneral s throughout the several views, and
wher ei n: [OCIB(HIlFI G With tefrancp@tiepeginipasying Mr«s;‘wlwmm hlietmdzpbmhalarer educer

devi h 2 d
T ot t e FfeRGARaRe Hih Dk EouBRGRER lgheRy TN i i efRofapi® 2 o1 €°
vi ew of the relafed deiides hlardlsclescd,dmghif anEIs@ﬂstédlm‘thblﬁulﬁ{)leelﬂBQCﬁhﬁts 4 is a side
view of an i bundl RUhAK.l SONSEN (RN H0sa° ARIURIAS LG osent

DA e oo S8 HTEA <6 el SRR MeciellobTudy

i nventi on; e view o ucer devi ce,
i n accor dance angitdriic tdqmons other than the mfundlbuium, such as the right ventnculax outflow

tract and other locations in or near the heart. In particular, the devices allow for
prosthetic heart valves to be implanted in the right ventricular cutflow tract or the
infundibulum. The purpose of such devices is to allow replacement valves, such as
pericardial heart valves, for example, having a smaller diameter than the diameter of the
implanted site (e.g., the right ventricular outflow tract) to be implanted. However, the
devices generally disclosed and shown may be used for other purposes as well.
[0032]  The devices disclosed are beneficially configured such that the devices fit
well in irregularly-shaped anatomy. The infundibular reducer devices of the present
invention are preferably at least partially self-expandable. In addition, the devices are
modular, which means that different segments of the devices are somewhat independent
in their ability to expand and move. Thus, the devices are able to conform more closely
to an irregularly shaped implant site. In addition, the modularity of the devices allows
different segments of the devices to move with respect to one another in order to
accommodate the movement of different segments of the implant site during a cardiac
cycle, for example. The feature of the devices that allows for the modularity is the
plurality of wires that comprise the device. These wires are preferably independently
connected to one piece of fabric, for example. The configuration of and the material that
comprises each of the plurality of wires may vary in order to provide additional
modularity of the devices. As a result of the modularity, in particular, some segments of
~ the devices may expand to greater diameters than other segments. Segments may rotate
with respect to other segments. Also, the devices may be able to shorten and lengthen.
Thus, the modularity also allows the devices to better fit in an irreguiarly shaped implant
site and move within the site during a cardiac cycle, for example. Thus, the devices are

more stable in the implant site, and are more effective. The better contact that the device
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present invention; [0028]FIG 6 is a perspective view of an infundibul ar
device, in accordance with the present invention; [0029]FIG 7 is a side
vi ew of the infundibular device of FIG 6; and [0030]FIG 8 is an end view
of the infundibular device of FIGS. 6 and 7. DETAI LED DESCRI PTI ON
[0031]Wth reference to the acconpanying figures, wherein |ike conpanents
are |l abeled with |Iike nunerals throughout the figures, illustrative

i nfundi bul ar reducer and rel ated devi ces are discl osed, taught and
suggested by the multiple enbodi nents. Al though the devi ces are called
“infindi bul ar reducer" devices devi c may be .us in anatomc

| ocati ons otl}?éwﬂeHﬁﬁmﬂlwéthewﬂﬁ!aﬁ%ﬁﬁﬁmm%ﬁ%ﬁ %%X?"FFS 1§ip Slt?/é‘%f i cul ar

out f | ow tracﬁre@ﬂgpgﬁmldrgﬁmar@ma tHellie@ée. Near the heart. In particular, the
devices all ow for prosthetic t valves to ed in er|
ventricul ar 88331 ov@}‘f’re%‘g?&“ﬁ?m &9 IRESERt SRR es“’f‘h%&"b%%’é‘“&’ft gew ces
is to allow dxﬁmsﬁ@eﬂmnﬁmﬂﬁdemwmﬁwme pscipehhtadigdioatd 1ha&rfblldm&1ig\/c&8aﬂed or
exanpl e, havj i er t n t he site

r di te
P o e torn Ty e SOBR TP Ssernd fhsone sh b ERRIEFS T he
devi ces genenal dpypretia Ghdm@ersandihe pawiblesayd pactitsest thojresohtientiur pos es as

well. [003 e devices disc ar e, fici con ured such t hat
t he devi ceszlh):{] e‘?rﬂnglfc’ﬁ’vet@%&?qf %ﬂgﬂg’%ﬁlﬁ%ﬁﬂg%ﬁyd n’fnundl bul ar
reducer devi a&&ﬁ’d@xﬁe &hl@thpms@mnvémmn@ dhown.aTles 1ﬁﬂ1ﬁ<ﬂlﬁ:ﬂahh(§ucatde%eaaﬁlﬂ partially

sel f - expandabl e., d| ti s ar e .nodul ar J. C ans t hat

di fferent se"@ﬁ’é’ﬁff@ a8 ?’??8“‘%@\7 PR gﬂ" Q%hwﬂa'gb’%lxﬁgﬁoq%gehel r ability
to expand ar(dzsimlb\:iﬁrIG'hms t he devices are able to confom m)re closely to
an irregul ar d.i 9 t he

devi ces al | i ff é’}f?rqyébé’gar‘éﬁ{m? efmteﬁgglﬁé’vef%émy f%“pﬁﬁ'&gfé Ehmr estect to
one anot her u;mcaﬂfed;eandexpaﬂatﬂﬂwdaﬁe;am&]‘aodyﬂmmmchasfthdmﬁfnétbehm sdgnent s of

t he i npl ant o i f f th
dovi ces. ¢ navidi ea e ing Bl i iR fost PReP I Prp RS il 48, 1, 1"
conpri se t heediewd diemetdites eecmc‘r@ktrgﬁdmpxeef e’ﬂableyxca mﬂepémiecf@ﬂablyconnec_t ed to
one piece Of cﬁzgékqie‘xg?n%?%ﬁy,p &m%fg ﬁ%@&fﬁ&%&%@%m@df% dgx];]ceaﬂﬁrﬁ ge mat eri al

that conprises € vary 1 n order to provide
addi ti onal rmdhphmientlwexpdndtﬂwajﬁwre@md deneierries sﬂconmatm dispdigt.and ty, in
particul ar, sﬁ&n&f r%x%@%%ﬁe%ts%a r&%e%tﬁ'r&?&:tm &Rqugd/&%a\%'é %tdg{;lced' amet ers

t han ot her seghents d respect to ot segnents.

Al so, the deI\ﬂD@eslortayanbéeng&ble Swh @h@rfarénomaﬂdebtww@ﬁw dﬂ\h@sloolﬂﬂ@ﬁmdul arity
al so al | ows fl A4k ar Y sRaRRdc P! ant site
and nove w tth?ﬁevgggb‘gl%f%wﬁﬁ ?aélygaa cycfng,\,gi fog" exgg’p gl'hus t he
devi ces are awifteav sactibl e in t he i npl ant si te, and are nore effectl ve. The

better cont 8[66365 hatln 'E)plgr tG%g iséi@expandable and modular, the stent 105 is preferably formed
from a plurality of wires 115 that are shaped in order for the stent portion 105 (and

specifically different segments of the stent 105) to have a desired expanded
configuration. The plurality of wires 115 should allow the stent portion 103 to be
compressed to a patticular shape and size, and also allows the stent to regain the desired
expanded configuration upon release from compression. The wires 115 preferably
include a series of sinusoidal bends around their circumference, as shown in FIGS. 1-3,
which allow for the compression and expansion of the stent 105 with minimal force. The
shapes of the wires 115 may include sinusoidal bends that resemble a sine wave with
rounded apices, or the wires 115 have a zig-zag design that resembles more of a
triangular wave form and with sharper apices having a smaller interior angle. The angles
of the wires 115 may depend upon the diameter of the wires 115 and the material
comprising the wires 115. Other shapes of the wires 115, beside those shown, having,
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has with the wall of the inplant site, the nore stable the device is in the
site, which prevents paravalvillar |eaks around the device. 100331The
enbodi ments of the present invention described below are not intended to be
exhaustive or to limt the invention to the precise fornms disclosed in the
foll owi ng detail ed description. Rather the enbodi nents are chosen and
described so that others skilled in the art nmay appreci ate and understand

t he princi pI es and practices of the present invention. [0034] Referring now
to FIGS. 1- an i nfundi bul ar reducer device 100, in accor e wth the
present i nvéﬁtq"ﬁﬁple’ldéf"é%walpesﬁ?éef A IR ORPTS O aphces, @R S8 ORIy %tﬁ‘ﬁﬂ?’oo conpri ses
a self- expam&gﬂtsﬁ@ﬁﬁonportl on 105 and a repI acenent val ve port| on 102
(visible in FILG 100351TQ f.undi bul ar dycey device é}‘i agfﬁ"’
preferably d¥Rgh es agh of theplygalt “€Fet°’e85’\§|pée‘if hetoalar B shrg WA Pe to fit a
deS:c Ir ed bodypdsy _Ill_%lﬂrc\és? \fitier @tfipdshe doﬂ&ﬂ?ﬁteb UMﬂQf (;ftea@l dﬂﬂgﬁ%umemﬁ i cul ?r

outflow tract,. e dev S, prefera sel fexpanda m a irst
reduced di arféreal! 5(*63@’eé’@gb’dﬂ“‘e{rﬂsﬁﬁééﬂmﬁ‘g}ﬁé?@?e“‘? 8 %ﬁi s al so
preferably rRpgdindd the thde ¥REBEBEN] HywevEsank agltenﬂmeddha‘ti}eremstefsegrrent s of the
device 100 nmgy i pdependent ,egﬁgnﬁl froma f|r reduce d| neter to a
second enl ar§&d ! th EREedpne HogiPpe ee‘ﬂ‘?“% ?fﬁ’ﬁlﬁ'@e L with
respect to wmgehﬁb&ifmﬁdilertogemu@e the devi ce 100 to shorten and | engthen.
Such nodul a e dev %hgg r%,00 aI ws t he device 100 to

of
fit in an i r[zlmeo’éh g@gam Hflﬁ < HRsY @arﬁun fe right ventricul ar
outflow t ra@trbumfh@ﬁ)c%}ihdh b igeiutobdabende(of etﬁatpherpdalak discarseld mhmde))loﬁthe t he stent
105 is preferably. fqrmed from uralt haped in
order 1 or -t REeL B pCliE e Ao et bRt b 1 sl e 2B e o e
stent 105) a0 afea\wéamadiesit e 1es<(ianaip@intem+pbmgwnﬁguramn) TAnIsenpltlm*lalthet y of wires
115 shoul d al Io rtlcul ar
shape and s P8R} H?}ngﬁ ’g’(‘)ﬂéﬂe \/\% l?"ﬁ srte%tn OgF ﬁerrmeld ai Iﬁmt ﬁcntaﬁgesaf%g expanded
confi gur at i enapieadi.cl, ehetisgcdfigmipayyt Babb omntenﬁia&ednmwmﬁﬁt guijaedner abl y
! nclude a ser es:tlcﬁ% a gingllé Q\Ifu(:jeam qx%\rr]edéff%e& uﬁixbérp 8% Sip ug(!n&acf HEHd?E:%’Lﬁi%e%as shown

in FIGS. 1- év,lres e conpression an ex ansi on e stent
105 wit h mi midrbrefons, &es thathad! ofltepewesadf ad;h@nwzrﬁsnaybﬁvermyerlaminuwe si nusoi dal

 2ig-zag dBSPEmAfufioh R EtiCootbblladon R, ARLERT, il o ibRS: 110, TV
shar per api beth cbmigumgom is nwd degice. i Ttealiffegent mm@mamfﬁh ef tanyiressl 16fsuelhas wires 115
IRy SePen, WU Rl o}, AR Uy By b 5 o

dlstm’out;on to the anatomy at the implanted site. For example separate joints will

distribute the load more than those that are connected, such as in a point-to-point

configuration. The different configurations of the wires 115 may also allow different

movement of the device. For example, if a sufficient amount of the wires 125 are in a

nesting configuration, the device may be able to shorten and lengthen.

[0039] Preferably, the plurality of wires 115 comprise a material or materials that have

shape memory characteristics, such as a nickel-titanium alloy (Nitinol™), or other similar

inert biocompatible metal or combination of metals. In one embodiment, the material from

which the stents are made includes approximately 54.5 percent to 57 percent nickel, and a

majority of the balance of the material comprises titaniur, as such percentages are known in

the field of medical devices and surgical implants (see ASTM designation: F 2063-00, for

example). In the prosthetic valve 100 shown, the stent portion 105 is preferably formed into

a desired shape and made from a framework that comprises a plurality of wires 115 made of

Nitinol™,



for exanple, different shapes, angles and nunbers of apices, are also
contenpl ated by the present invention. 100371Each of the plurality of wires
115 is preferably circular in shape, without free ends. However, other
shapes are contenpl ated. The ends of each of the plurality of wires 115 are
preferably joined using a crinped hypotube 116, as shown in FIG 1, that
surrounds the ends and joins them However, it is contenplated that the
ends of the wires 115 may be joi ned using any ot her possible nmeans for
attachment (e.g., gluing or nelting ends of wires 115 together). 100381The
wires 115 preferably include sinusoidal bends ar o%md thgi r. c',%curnc erence.
Each of t he [&HALsoftdarosHblade devise WP femcladpaniwalicyof wireschja oW AMBE) of the
Wi res 115 i el deS.oAridReN fe@MUnadiak ¥hstidulA€ tRRiiFaent @fateBials hayhave 115 may
each contact an apex of an adjacent wire 115 S:S.e._, }Q oi nt-t%-gmtnt

conf i gur at i differenpytreagtheand raypontibre il of thsdree- Ee"ial”ﬁ]c?’ f®o) 1 ow, or
"nest" t ogethghid Bfhtidiks NBImAGRLA G s0BBWireOt IFakpakingid £REzef éra8mall@ nesting

configuration). It is_also contenpl ated, howeyer, that j acent, W res
within a si f§Pstcaben eeriuies hhY & o Prmpite e W@eﬁ%‘gﬁﬁgt i ‘%‘?l‘?ﬁg%'?oaféit’f%‘%nds and
api ces, and dohierief Riisial kR % Wik Burdthhdifd the Daveairiasr e dediqaderwi r es may
have either a point-to-point configuratio

) [ n ﬁr a'neSti'% confiﬂu%aii on, and
it is possi isfebiliegthe e Meagphils deieptipagtions 8 e daire a9 Nares A% 982 devi ce.
The di f f er eRtors ARGHIOMEREAL R Srdef fof 1he emd Fotfond onforts hofescldshlg tqibe mfatdiny- poi nt
configuration and the nesting configuration may result in different |oad
di stributi oRfths ipplantainstin at the inplanted site. For exanple, separate
joints will eliasfri bué suiahe dfeads NBroE dévin oo hag slsd hat ddfeencanfipratess. such as
in a point-to-point confi gLLrSati n. The diffbere .cog%{l/gursa&i ena%l%hdghe
wires 115 miyr SREBleas Bl LFmay Save dE e anpbet ot pEsoRal Pads o RN o i f
a suffi ci entor aERYAds Bfay HilRr. WHeearyha ostigarationsaof testiten §1 Confdogiibets tothe t he

devi ce may be l.,e tQ shart and | engt hen 00391Pr ef.er abl plurality
of v res 11 3gRpict e 20 P BPsapeg BRe A1 S PR ey R ke P
char act er i StsingBer afmphtidebayebenttiffleethant thdsa wiith berals hosmg(Idiger anplifidys, Tovs, teher

simlar inert bioco i ble tal or conbination qf I Ly one

enbodi nent , cf”l"fgg"ﬁﬂf’g&atg‘f WF?Solﬁg’vﬁ% iwc?ﬁ 2§ g PERSAP gwg?sgl?famgéﬂ}e%%afebgles.

appr oxi mat elcympdsity thewireritl 5hay 3l bpesried it orddr ekeintribatedo adesapdmodularisfolt he

bal ance of the r’rﬁ@gri al. conﬁrci ses titanium as such percentages are known
in the fiel d°G6F° nedPEHF RSV EEL and surgical inplants (see ASTM

desi gnat i on:[0682P06ThOGired IS of shawphtapprtioh 0 fre pfaxdihdmped, soafigmediadd shown,
the stent portiqn is. preferably | ' 0SHRG:s dgsmade
froma fr anél\[ﬁg'?ea S‘t‘%‘ggaté SHpr ﬁg%lg“ ghprflﬁsﬁgﬁrglﬁ% fh%éegm??ﬂgfééﬁ%qnaﬁg%ofs ngtt i nol Tm
[0040] It is Socissedniral liren dé wicwenbd@es preplpemgokevalye phitien 9% F1GA).\wighega 115,
with different. wir 5 Y LT fld alve. fol RaRak! beWt ar, the
di fferent rrg’tmélp? ulg@%n‘%e?/n’ﬁgé\}%g{gliaﬂ%gevgitv&soﬁg%ﬁo s and mal ocpﬁt ?]i bute to
nmodul arity dfolediel creprosttetic Fves anezialsh be usgdl fofthe sent petipn Hit bayingf sizpandyi res 115

may resul t ivaﬂ?pgg,mhcg;ﬁ@g?&%s%%pggqia%%ﬁ RloRkiOgiy PG, 3 iRARdsake di amet er

than ot her one enbodi nént nay include a nore stiff
or rigid w reclysicmenf fhalrepflasemertt aaly pasdonsiferibigsemterpplatpdingtany af hofeVicsh of t he

device, in qgagl, ﬁscﬁ%@&i&éiﬁgm%g%%g\éﬂéw&s sV 8 AMch Bont Vi@ RAEbaN0st i ons of the

device may include wres nmade nore flexible material, in order for the
end por ti ond0843] corlreferblishewisesddplhe tverign aﬁﬁé?wl"()‘hmf Yesirgd BHPUR: at i on
site. [ 0041]81#}% aRd HERL b fedb Ri indMdiRSihdil R sitdd $HHRYdiG whlhabBy. ThiS Shethad 6f

[

different con urations. o . .
manufacture is preferred because if wires fracture they generally return to their earlier

configuration. Thus, if a wire is formed in a flat configuration, it will generally return to that
flat configuration. The straightening of a wite in a device may result in failure of the device.
Therefore, an advantage of embodiments of the invention is that because the wire 115 are
preferably formed in their shaped configurations, if fracture of one wire does occur, the
fracture will not result in failure of the device as a whole.

9



For exanple, the wires 115 may have different nunbers of sinusoidal bends
or the anplitudes of such bends may differ. The varying configurations of
the wires 115 also contributes to the nodularity of the device 100. For
exanple, wires 115 with sinusoidal bends that have a smaller anplitude may
be stiffer than those with bends having | arger anplitudes. Thus, the
configuration of the wires 115, as well as the nunber of wres 115, and the
material conprising the wires 115 may all be varied in order to contribute
to a desired nodularity of device 100 for a given applicati [ 0042] The
wires 115 ofl0%4k sﬁhﬁﬂmﬁBW?WBH”f@@mékﬁmbﬂﬁﬂé%?ﬁﬁ?“@ﬁ&ﬁ ‘@%ﬁ?? ¥ ed and

al i gned suchghfigh d8cGRA! frétbrably KB exkrhelly AR HeRibRIAE ﬂnﬁe’ﬂﬁo&@ﬁtﬁ’&ﬁtyﬁerﬁ he stent
105 along its Iength. Such a central [umen 101 commdate a repl acenent

val ve porti gAosurfapgsap 103@”@%%”&‘?”@”%%%@“}“&%‘]?&? fa@%‘fer?n &P car di al

heart val ve,1n@lengthlethe Qt%tlp@al@i%h BbLcav Bk ¥Gustdd@k d@reasDhEvarflig s nithiet 6gi cal or
prosthetic val ves may al so be used in the stent portlon 105, having a size

and shape t Agges LBl Phwerying the prrangenabelawies |, AREISH Ve Fic 3

i1l ustrates diefehiifel USthORiraf116 Aed greﬁg@eefr@mmyaisv@ dpOrstddaBovk02he i t i 'S
contenpl ated that any of the devices shown or sgr ged her n preferably

i ncl udes sucTPIEng BpgRE dipsisnt 103 belerepbits ol S@G’?“ 1 the wires

115 of the ichy.Md BRdiRGRohBaINBRN csh d1fdehdflasd Hyﬂiﬂo&iﬂg&iﬂﬂaignﬁigar@&ta%md al so
preferably i ncI uding their desir Thi s met hod of

d Si nusm attern.
manuf act ur e TP PEFRYSS g F@Eﬁﬂ%ﬁ? yip oghEE lﬂ?a@t\,\ﬁ?ga ﬁéﬁ‘?mdﬁﬁe%"al ly return to
t heic roearli ea:lofaaﬂémgalaﬁﬁh irdla pm:ml | bbdy sie w;fr@ndeﬁm;?é o effafabnaef | at )

t t ti . T
A
Ther ef or e, qmempvamha@epaﬁfﬂ&rﬁbmdmmm stdnt 103easishwvaniniFOG Jisodehat because the
wre 115 are f er.abl rme 817 sha onfigqura ns, if fracture
of one wire® a‘%t‘?@ﬁ?’xv]?cﬁgaqga‘%eﬁ# Wﬁﬁm‘ﬁ%ﬁ’qﬂ%@fﬁ Ry % Tre of the
devi ce as a hoinglas. shapeQOUid] iﬁh&nateélwﬁ\erpﬂw st n0Ae m of expddeddenpaiells#00, of the

construction_an S .,nas
extrenely g(%‘i‘fmgffd c)?fr;%q“?"i @mcgli‘dr?%ﬁg’il o?tg}t;lggf }ﬁa{)l én\?’%pg @{nﬁg% "surfaces, a
| ow profile shdpenTmminitﬁmdmarlalsmal_dzamtﬁrﬂyttitsprefma;bitsgm@aetmﬂglﬂmsmdmron The

| ength of t or n n [ ust [ rying the
nunber of w a&i“ 1#8‘3“3? fen% mlh |‘zé%,ga‘%’%%r@%ﬁé“@%@%@%%ﬁ%&% of wires
115, and/ or akamammﬂgamtgrthmhme eri@,;amnneémmfs tot dilowai lesss a pdromofdheaniddingenent  of
15 ool | ap o Rl RS REIR o INE /Bt NS RO 8 RS0 Viath> Dt veen
condi ti on/ céagi agwl\&ﬁ segmeniant batisojupdaradind stig e ltch»GmSthgS@h adesi gni ng a
Certal N N oo YNy 82 A0S Blc RS bl R0l Gy |1 LhTS vy,

a stent ma ored for insertion into a particular site to

provi de for prdythetirontve 409 embwaqedrpﬂwimmd@mw of theendgyortivae loyal ve 102
that is att %r}ﬁ}%ﬂ{eﬂc {;am%l:l@%%e 28ed :ﬁ?ﬁé@&x ﬁtb%ampa‘? ofthn, to'f‘@vaﬁ@e'df expandabl e
stent 105, as's one”exe can be

descri bed agnajorgiesiés; having ahb@megfrrdegerélna;ﬂet Obeﬂtﬂqplaqﬂ’m@Wﬁb’Ph%@“@%pe (which is
achi eved V‘h%nttﬁ%%z&ﬁe?é%fﬂ@@n rt'id?is 4D, %@@Hbg;%@ndﬁﬁ 1P bidd e xrnded
configuration) includes a m portion th i s gener al I%frcyllndrlcal
in shape. THipsgduehthet theyrinarespe Izﬂenwegﬁamm@mwdpwaenﬁ 130 s¥tenddFoabl y at

| east sli gh&ﬂexma&l@bénﬁsn iﬁaﬁh& E&?gléﬂdtmwes@ﬁarenﬁd?%%ma okttt fidile advant age
of the mddle portion 1 havi ng a smaller dianeter than the end portions

130 is to afthedniddle p%es%%éa@m Pending errde fsted BV dBRCEDEI00f the stent

105 to hol dd@éireﬂfeh%hﬁfﬁeEt@rﬂ'l@?%@x@'ﬁvnﬁfé{hﬁﬁfaa&rstl on (not visible) (e.g., a
val ved segnent of bovi ne l%u ar vein) inits central when such a
5]

repl acenent [Q#4fk e Bé?%lﬁod%?s otoay the Wgher apnft W’éﬁ%‘t”é’f“‘i‘al"%gfs‘tr}ﬂ@ Yitfen in

whi ch the pnosiielhidddabiien 180niofiet @ A06w Mlearadios The: hak ggid idtinarmdaer of the
end portions 130 allows the prosthetic valve %00 to.be secured.in place in

such a tubulf‘grex%‘?%%\r?ncrﬁ}se%ng}élﬁ/‘é&"eéﬁﬁ I RPEOR PanayRstit APeEerdraRPEer | ar ger
than that ofnd fiepdreit AegaRRMentwalv@oDintthsdmict €00 t han the diameter of the end
portions 130. The end portions 130 are al so shown to be flared, such that
they increase in dianeter from where t hé? end portions 130 extend fromthe
m ddl e portion 125. The angle at which these flared end portions 130 extend
fromthe mddle portion 125 can vary dependi ng on the desired maxi num

di anmeter and desired length of the stent 105, along wth other factors.




(0046]1t is also possible to vary the nunber, configuration and material of
the wires 115 in the mddle portion 125 in order to allow the stent 105 to
be nore rigid in that area, for exanple. Increased rigidity in the mddle
portion 125 may assist in better retaining and supporting a repl acenent
valve 102 in the device 100. 10 [0047] The areas of the ends portions 130
that result frombends in the wire 115 on the outer edge of the end
portions 130 are referred to as crowns 132 of the device 100. The number,
spacing, and anplitude of the crowns 132 can vary the nodularity and al so

t he st abi Iitéyof the device 100 in an ingalanted site.. The no spaced out
the crowns 18%7hr e The geasef hesnds portigas (A0 kat raseiciresm gends @ B e Hd %Bor ti ons 130

of the devi Gg JLAPedehR@iH: BYERKHRS 1 RORE RARIAtES crIRRY 1 5H drfier @tite 100.
configurations, nunbers and spaci ngs of the_crowns %e%\b 0048 ye crowns

132 on at | &8 numhes spacingnandeRRlings of thn@owso 3p Farard &8t t achnent

| oops 133. TheuRHiPOSEs ®bict 160 iAbhh ARMARAL sith.ODRSnckSspated oupthatibasdhizhe devi ce
100 to a delivery system The | oops 133 preferﬁ)bl y. do not_inpede bl ood flow

i
t hr ough t he 2 gxamplry the mege Srbleue thgead egterad ‘Efﬁ%ﬁd"i’lﬁ"e%qoo € 133 are

attached t 0 jfenfid IREmPRtet MEnyQUiiREn: SoHf{pdBoR] nunbers ahdipacings 32 the The
attachnment | oops 133 may preferably resenble belt | oops, however, other

shapes are @&W’é_r‘r%ﬂ-at ed. The attachnent |ops 133 may be made fromthe sane
material as ey i ¢ TheGows 13218 al 108PEnT3 e ¥BY p RN BE@efstablycempdeer i al , for

exanple. Oher materials for the attachnment | oo 133 ar | so. cont enpl at ed
by the preséHchmaudeaps &3 TheRpese of thse ﬁﬂtﬁ%ﬂppﬁ;”df E’ra%a"?‘ﬁge (zetvfcgchrreﬁ

| oops 13 ar qob by Latedy apics. anetddps 136@RIatiEN o @ ifpede Blowd flew ihmough ci r cul ar
Shepe 1 o TRl 19,5500 SESPARAER e R R, PO o
Such a conprgsses seeoé Hghy @b 3pr Bherratinentlbbe\s3 mheprefewblysestdblet 0 be
the. at t achmdfk eBpentesd: offersPainee s ARt R I sy ot em -
that the devhde rdR0hdd@ine BRtefikilaa Cideid 120 obthe bepaif3 sug homprisasitment | ops 133 i's
el ed *1 nf GHEBLRE R ckpe s rart Bl el BB .03 et hods,
and havi ng abhempiagd dptk picsentiibatioRhs®e@r01. 1005011 n the devi ce 100 shown
in the Figu r[&?d’f)} t h%n gar}gcu a?,rtltle! Eﬂaa‘m:ll'e%%) 108;%“3%% threaded onto another component

(e.g., a wire in a circular shape with free ends) of the delivery system, which allows the

end portion 132 of the device 100 to be compressed and attached to the delivery system.

Such a compressed configuration preferably allows the device 100 to be inserted

percutaneously. Alternatively, both end portions 130 may include the attachment lops

133 on crowns 132, One example of a delivery system that the device 100 may be

attached to by using such attachment lops 133 is described in co-pending patent

application filed on January 23, 2009, titled “Infundibular Reducer Device Delivery

System and Related Methods,” and having attorney docket number P27272.01.

{0059] In the device 100 shown in the Figures, the end portions 130 can be

particularly articulable with respeét to the middle portion 125 when the wires 115 used

for the framework of the middle portion 125 and end portions 130 are not attached to

each other. For example, the end portions 130 may be able to rotate with respect to one

another and/or with respect to the middle portion 125. However, it would also be

possible for the wires 115 of the middle portion 125 to be attached to the wires 115 of

one or both end portions 130, thereby limiting movement.
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particularly articulable with respect to the mddle portion 125 when the
wires 115 used for the framework of the mddle portion 125 and end portions
130 are not attached to each other. For exanple, the end portions 130 may
be able to rotate with respect to one another and/or with respect to the

m ddl e portion 125. However, it would also be possible for the wires 115 of
the mddle portion 125 to be attached to the wires 115 of one or both end
portions 130, thereby limting novenent. 100511The replacenent valve 102
preferably included in device 100 is a pericardial heart, valve or a

preserved bd¥e | d§erenlacsmsnhvabre 10harefepbly igduef indseics K00 inapesaval ci t ed

Bonhoef f er, 1@irt dlve 2R PreddVebovih judhlar Jeﬁfcﬁ"t&ﬂﬁfé&iesc%&ﬁﬁ thé@B&Rlcgedr donor
speci es may,_ however, alternatlve %P|O yed. Preferably, any

col | apsi bl e Rpahqedferyghal igad Tewe, ot E‘b t%lféﬁ?%%?fé’ﬁ?ﬂ%ﬁ%gwaoz (exanpl e

seen in HG }ﬁ)vef@)élt&ﬂatfvelﬁz%'@@mfﬂb%@ @réféﬁﬂlji‘taﬂy aﬂlam@famln&ylbea&dddl ng
bi ol ogi cal nmaterials and nmat erial s i ncl ude

nmers. | ary hiol ogic
homograft, art3&hr aﬁvcthpf%@wsarvaWS 1%(%@1@%@;*%?&6 %ewgbecf@mﬂﬂsﬁm% vel |
accepted and;aﬂaylaﬁxhateﬂausqmlmfg BilogiON kidRrials YR y@ersd Byl ey PRldgiaar di um or a

conbi nat i on ther of Fo exaqr;%) Iyrrers i n¢l ude e anded TEFL
pol yners, ydg BOFRPSy ﬁﬁ# or XgpaetAfty gﬁ ﬁ%@gm ﬂn%%W%Wﬁﬁ? s t her eof

CSjloma eﬁagpl e&llafécepe@bxamwnytfmﬁgwag olrgg Sﬂﬁﬁcbrlpﬁgfélbﬁzr&ﬁzﬁﬁﬁﬂbr% nventoiO on( \6/:/[1 e )
escribed in U Pat ent Nos 719, 7 and 5,4 424 su to X IC
are |ncorpoP&W@ﬁmﬁﬁ QL phpr %?@*%ﬁ%@?msf@b@%??ﬁﬁhﬁ F%g% YIRFEr ve portion

102 is att a%@@eﬁﬁ poly@hylerd] fdlyt@sthang, and €drsbimions tRiref NShd¥kamsleSof) t he

central | unmen, of e stepﬁwggrtlon 105, and is sutured._or_otherw se

attached wi CFRIFePE valvss] in the, BreseRt {reennen 417 dTeris? My B ENPtired to the
wres 115 amgiorsd e 5f43b824; isdatd tOoit mlcatamhco%@ted@feﬁﬁfb feicednd et hod

for attachi e cenent alve ot e ortion 105
are al so cogﬁgﬁgla&ﬁ%mghﬁmE@E?“mﬁ@“HFg@U§ Bb§ &ﬁ@f é%%ﬁ ement val ve
gorti on 182 rti:tsineﬁll‘l@f &6 phb lyermesmhexom& stént Parfiort 108, diit GhhuRrdd @k biherwisk25 of the
evice and i centra 101. [ 005 st ent
portion 105 aP?f&}?‘ﬁ‘ﬁ‘@gn R &t 1(@52%“%’818 fign 1%“?Yobeéummé It‘lc)%%‘ﬁwuﬁsaﬂgrl al, etc.)
t o whi ch t handlbrrtesfaBridl 2810€ tha klemClos.dOther rhbuh@ughne\MHd(ﬂsr athehingithees 115 are
woven. The fabric sed f e sten a knit, for
exarpl e, or SRR REPBiend 1 B 5 pation B PGP ERET ISy | ene
( UHMAPE) , CG&tstdéEﬁ;ssd&rabethb rdpﬁxcerﬂ'&h&vﬁiﬁqforttbnﬂﬁﬂrs@mthtdy psitiohacomat | bl e and
may i ncl ude ,a rent areas of the stent

er .of rent f in.diff
and/or in I3§é?§&bpgnﬂé hmé?w° 8°68%ﬁ g?ed that the device 100
may i ncl ude [0054le thanznﬁﬁ&pLémemmmoﬂmbnﬁthﬂ&mo@@ﬂ&ﬁhfﬁbnéthiﬁ,port|on 120
of the pres Ln ti rovides. ¢ t1L.0 n P .t i ndi vi dua
wires 115. %ueh’ vh\}fl t\régés]’ éﬁgmgvrhgc\ﬁé%t‘g% 3239%% a{tﬁ%ge a%‘rr?ugg ;‘)x% r %Iiﬁge%iefg?s and nmay be
woven t hr ougte vidven. niilhectiebrad 126 msegt fivethevitene cant eagphlyester Anth dorasfkartiple,@rat t achi ng

the wires 1 gﬁr&e&i‘ﬁe ﬁ%&lﬁ%}%ﬁ@ﬁ uﬂa’i‘%ﬁ%{ﬂ&ﬁg&ﬁnw ?360&% Prthe VELY I'to

2 mmalong t a si'n S or tures, the
whol e devi céke Jbe fabrin A0 shewidibg kidcotwhtitde andanayrinciudp anhmbes of differenli r es 115

preferably %hgs :QB Pﬂg&cs%?ﬁfegts prl?l -ifgééﬁﬁﬂqyﬁgﬁé‘éon%fmp%h wre 115

i s i ndependent ric
that the dev1ce 100 may include more than one piece of fabric 120.

{0055]  The fabric portion 120 of the present invention provides connection and
support for the individual wires 115. The wires 115 are attached to the fabric portion
120, and may be woven through the material or otherwise attached. A benefit to
attaching the wires 115 to the fabric 120, and with such regularity (e.g., every 1 to 2 mm
along the wires 115), is that if a single wire fails or fractures, the whole device 100 is not
rendered defective or a failure. The wires 115 preferably hold open the fabric portion
120. The movement of each wire 115 is independent in the fabric 120 and also limited
12



12 by the flexibility of the wire 115 itself and by the fabric to sone
extent. The fabric 120 may conprise stretchable material, such as a knit
for exanple. Alternatively, the fabric 120 nay be a non-stretchabl e woven
material, which would restrict the novenent of the wires 115 nore than a
knit material, for exanple. Thus, the novenent of the wires 115 is
dependent upon the choice of fabric 120 naterial as well as the nateri al
choi ce and shape of the wires 115 thensel ves. 100561The confi gurati on of
the plurality of wires 115 also affects the flexibility and novenent of the
stent 105. For exanple, the wires 115 may be nested, as in _the enbodi nent
in FIGS. 1- %y therfleaibilgnefthpwirnt Ltitselpendhy, thefgbricrio pome StBb dits&brc dHbwn in FI G

4 (di Scusse%a?%l){ﬂpﬁse st EnaBR S 2851 C AR PN kAL foPEkable OWRerh@ive FDIhe fabtieXi bi [ 1ty
of the stent 105 than the point-to-point confi glur ation. The nested
\1

confi gur at i dR0 may bap sen-sitetchible wever epiesial. whioh yeuld eesinghe BAREeRHY % ngt hened.

The anmount %ﬁe@@%ax@e'i’na!hQ%Waﬁﬁal?—ﬁa?exaﬁfp%at'ﬂhﬁ?tﬁ% RRvadindbshe @Res abso af f ect
the flexibility and notion of the wires 115 of the stent 105. This nested

- confi gur at i dndependepiaipog the ghojeemf fabeie 12() materiah ag well 45 e uplqraheofce nh ¢ he
device 100 apgdelLpfe Wbl 15 thefmsifved he device 100 longitudinally. [0057] A
poi nt-to-point configuration, in which the apices rl;?aey %egfogq.ec%ﬁd
t oget her, f dP056k anpihe confizeration o dhe nhgglitg abvigesd > piatieP B eHieFPtY 8 t he
devi ce 100. JREmELtQF e steft 105.0Rdr ckBnlel IR wired @V3 @8y BeQfRstéd, @xinlihee enough to
apply to the right ventricular outflow tract, . whi chbi }s?g%ui te i.rflggul ar, it
may be desi rEgodientis Fiffe I ppraliged pringtogroin 45 duthe ebadment shoppn K16 oo
connect i ons 4 (fFs@xidivklolyy. e rbfigd @aNEERi0hA00wEyr M6re AbLbiligX ARl sent pr ef err ed
in order to allow the device 100 tqQ better fol l@@%‘v the var,i atl"ogﬂg%i n the

|

right vent ril0ffhar theweinf-tnpoint senfigmaten. othe gestadHopligTryge meyalsey cycle.
Such f1 exi bidelitd/100M0 bhghotencl a1 118hened) | Thealmb@wof Sumdssin dtetveirds ngs,and

| engt heni ng of the device 100 W thoyt straipingt devi 0 t hroughout

t he car di ac cEpEnthe prjjierar ",%S‘? ‘Ef}gllc & ‘ﬁ‘t‘}&ﬁ?ﬂaﬁ @8‘9‘1‘1&2@%""&"5 gfsf‘?]f eesrﬁ pt

appl i cat i onsps dirkif sésealcodFRtdbsofhe ¥ir@Xil Bhalks ifls inshe roecdbitiiyrefche The devi ces,
therefore, nmay be configured w.th an nbi.nation of wire types, materials
and confi gurdﬁ%F‘b@,an H‘egfaé’gfy %“@e&gg?b@q?%mﬁgaéﬁr ed amount of flexibility.

[0058] FI G 4o68TpWS spsithepoianddafiznaion, iafvhidhehempesenty bemvemtiodn.

I nfitndi bular reducer dﬁ%/i)ce 400 i s.sho and E8.y e\i%_ve portion (not

S Male]
vi si bl e) ando%ter doRexumple PRSI e s PR AR E T esxébélr&ﬁot)ltgura ity of wires 415
and fabric 4@@refol)én sapehand dedad 10guleaible@nough takpplyde thd Gight ventdiclérer ent from

t hat of device, 100 (F . 13 i.ncludi n .di ff. n , mgpe, and
ar r angenent OB%OW tfagé WE?%.‘S W%}W%lgﬂgﬁagr?gg%gg&em\}mgc{i‘ﬁe?né)gar gﬁ{tgc? fhe
conponent s afi5 gauipeiat-tbadint bomentiens. Fdxdolitppihe deviced 09 tray bw forexpeamieli ng

conponent s %crefg'r:r)’ed in order to allow the device 100 to better follow the variations in the right

ventricular outflow tract that occur throughout the cardiac cycle. Such flexibility in the
device 100 would allow for shortening and lengthening of the device 100 without
straining the device 100 throughout the cardiac cycle. However, it is contemplated that
for different applications, different amounts of flexibility may be desired. The devices,
therefore, may be configured with any combination of wire types, materials and
configurations, in order to provide the desired amount of flexibility.

[0058] FIG. 4 shows another embodiment of the present invention. Infundibular
reducer device 400 is shown and includes a valve portion (not visible} and a stent portion
405 that comprises a plurality of wires 415 and fabric 420. The shape and configuration
of device 400 is different from that of device 100 (FIGS. 1-3), including a different
number, shape, and arrangement of wires 415. The discussion above with regard to the
components of device 100, however, also applies to the corresponding components of
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devi ce 400. For exanple, device 400 also includes a mddle portion 425 with
a generally cylindrical shape and flared end portions 430 that include a
generally angled portion and a generally straight portion that fornms a
cylinder with a dianeter that is larger than that of the m ddle portion
425. 100591FI G 5 shows anot her exenpl ary infundi bul ar reducer device 600
of the present invention. Again, the shape and configuration of a stent
portion 605 is different fromthat of the stent portions 105, 405 of the
earlier described enbodi nents,, including a different nunber, %Pe and

ar r angement 98¥icad0p o Eorgxampleisizidget00 ajsp inchdesarpidile gartiamdieavitya aeﬂ%a

correspondi R@iKACA MO LS Mkedihe %&QMBM}@tﬂhclﬁlﬁratgleﬁﬁiﬁiylaﬁglad ﬁﬁncﬂaﬁﬂl}l cable to
t he conponents of stent 605. Stent does ,not e kude end

portions 636g?fr?éﬁﬁsfﬁs%htgoﬁl%%t@m%w nflegng%glﬁ@ﬁfe& o lget 4t he i ddl e
portion 625 .of ihd nliddisSpoeidaogdbment , the |nner | umen (not VI si bl e) may be
configured such that a val ve havi gnq a snall.er diane 6 (? fl}gew ce 600 may
be secured ilfP3Phe Fitheshtirepthersy @?‘FB ar pequger m@ PY PSS r at es one of
a plurality pgegeg@m;émt@ﬁr Apdif) rn]ge ﬂzﬁ;ﬁtmﬁécﬁﬁgﬂm&rﬂﬁhaﬁeﬁﬁmhm bweis Pm&antt

i nvention. er prefe odi resen vention is
vt ce 700 SO Phoe e Pogons Ottt st rnerteterspodinere i 705 vt n
a mddl e poutffetunt midibed Skpt W zeﬂdgemﬁttdfmss §130 Howdkr, tAsdesdiipion atiohe end

ortions 730, 740 are differe devi ce 700. En or t.i 730 has a | arger
R ameror | ok REappaEE SEpoRs e SEr PR gsERitRe L Tt o °

confi gur at i osmpdnels Plutent 603, Bkt 603Nhdweeerpiodeniot hrlide edporivas 638rthdtn di anet er

cont i gur at | e Aciees Wb eyt e ool o Pufor Bt InbRePBPe e such ¢ hat

end portion tkEe?.ﬂleﬁ}urreﬂ dmpm&ibiepmayu&ohﬁgdr@tsaaaﬂatmm Havirtganl s;naﬁasr Vi ce versa.

Device 700 aglso iklu trat ur.al |t of fferent can rations of
dovi ces. ar e eBReb it Svish oy mev S sPulli il iblenn e BB EIES het (e

val ve or i nfltmittitésinent 7 goatigiof cefigoetions thitwee gmesphtedibyWentésont may be part
of a deli very system One exenplary such delivery system is described in
co- pendi ng HOR- pflow sional patent application titled "Infindi bular Reducer
Devi ce Del i W69 SyAhﬁhera)mjeerleaﬂ)edimhmchthdsr;egenhimvmtign ddekeat 70fumdyey P27271. 01
(Mr10066/ US I Fxﬂg r

ref erence |)ﬁ“|§{3§ %gtﬂewge%ﬁﬁcyudg&f ?t%gg(?rgo ar 3%12@6 %‘@&Ei‘% aﬁ#%ﬁe pr esent
i nvention nend mnetzdnagﬂéﬁé@ Asshgw Hhecend pbritionsr 30, w@aerﬁlfﬁﬂsﬂnhg d&Vlf:Fa&Oenl ng
means. A Pl dh@bddidh £ rhOPRed @in ALY R0 795 inh }p@faam I, end (for

exanpl e, Crowns o east 'one orf the en tions) of the
i nf undi buI anesteddonfiguration. Bl ogtion 740, @nmﬂ@r@mﬂs@@hﬂw nakiamsier fgn Aedans.  Such

| oops 14 1 r f “@(}%ml e fabric
used to for%gfsgg??m% dhﬁg%géniﬂ%nfﬁgﬁeferaglsnﬁg%ﬁ}gﬁ g??vg:%ﬁﬁ%%?}%%ops 133
resenbl e bepwangebipen irplenteiionsite suphtbat el nOl‘ao%T’%’rﬁrPﬁmﬂﬂﬁﬁ%f&@c@wﬁo as to not
| mpede bl 00ghofd gy, SRERebASERLAG) HEANSRES ESIlaRPS: dfiSeAl e al so

cont enpl at ed the present invention. 100621Bel'ow 1S a description of

addi ti onal mn%wnwaf devicas ¢p eentqmpiatedcyhuaeseptdnpation.

[0061] The prosthetic valve or infundibular reducer device of the present invention

may be part of a delivery system. One exemplary such delivery system is described in
co-pending non-provisional patent application titled “Infundibular Reducer Device
Delivery System and Related Methods,” having docket number P27271.01
(MTI0066/1S), filed on January 23, 2009, and incorporated herein by reference in its
entirety. The infundibular reducer devices of the present invention may be fastened to
such a delivery system using a fastening means. A plurality of loops 133 provided on or
near the proximal end (for example, on the crowns of at least one of the end portions) of
the infundibular reducer device is one example of such a fastening means. Such loops
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wi th any of the infundibul ar reducer devices described above and or other
stent - based devices that can be used in the sane or different parts of the
body. 10063] Another feature that can be included in the device of the
present invention is to include silver in the stent portion. Silver can be
applied to or included in the stent portion in various ways. For exanple,
silver may be applied by using thread inpregnated with silver in the stent
portion. The silver thread could be applied near where a replacenent val ve
is attached to the stent portion. The silver thread could hel p prevent

excessive tissue ingrowh, which could ne ely affect_the tion of
the valve. DP %P’&Ylé"eg e ?ﬂf’é‘a*ﬁ@?’\ﬂ%m‘ﬁ%?‘?? H’ﬁﬁ%"“ﬁ“t‘?ﬁﬁ e p fl’%g of silver

woul d depenciedp3, Rrofddy, ﬂaeQﬁt&dhﬂi@htbbdpls cm @@ﬁﬁ&ﬂﬁk}bo@ﬁ amﬁdld nodaitathur at i on

needed as the_device |s accept ed b
i ngrowt h wout SiEnHsad e iiey aFB’r“"éF‘é‘ﬁ tg’ Bertfﬁéenﬁlﬁﬁe egdeﬁaootp%rry, but

i nhi bition agfs3 g{eq%hgrﬁ@hﬁiﬂecb@tﬁepfeieﬁdnveﬁm SI | ver may al so be used as an

anti m crobi aI a whi ¢ yent infe 0 T, portion
of a device 8362 he%ﬁ esl“ﬂ??@ﬁt“? tong| o f?Pé‘PH%éeagh‘??ﬁ % szt\}’&mcth%ﬁ egnat ed
thread in | aggiadng aﬁthmﬁnﬂluum RAidepNicad dsdribkeibyvd mddeviabogent-18664 1Anot her
pur pose for u5| ng silver thread is td{ui? §|Ive rr? be vi ewed under

2

f I uor oscopy.9eTReidhat ganebedisqd p fhe fapie o garﬁﬁ ®hen seeking to Iocate
the val ve undes) £ Uabisclyrofing cae iidcdidig tientiios ofsbdyseguiementiondat i on f or

depl oynment aor d rin ocedur, 0651Y anoth |l e feature
of the devi ¢&"§ d‘?ﬂ eﬁPB@éWE{WWéﬁtﬁWﬂcﬁ“& 2 ﬁiﬂ nnd ﬁé“ﬁﬁ%%@?n of
radlkopaque r}?ﬁ%ﬁﬁﬁvmﬁﬁb\e&s@.ﬁﬁér&x@c bevwmy?mgpgccﬁ)mmgdp@due nar Ikler or |
markers in the s attern o ocat e ally aroun
the ends of "PREER: 2‘1%\78%63? i BBtFnttpﬁ’ZiOEfew ngver%d%%cghlld b p?%‘ﬁ'lq%* be appli ed
directly, wiviterd mkp}aaemehtmabrach attached myike sant prtier Thesive:. thlieﬂi qaidthelpul ar, such
a ring could all eas ent i f.i.c val ve
portion of tqﬁeévelatgﬁess;év SSI{% wh1 c%l 131 a?l@gy aﬂ%@%ﬂe?ﬁﬁlc%n f%ae

B5&Rt T Nventl on uor oscopy for
nmoni t ori ng aabikoDisgutseten thedrehb oyttierind peowenttations of silverivpuld dspendossi bl e to

have a plural) t% gt}cglr{) afn%sm on nece%'szﬁp %q#e%_lahggtdt? TatidH negcfeﬁggﬁﬁlglldé(w@eqﬁal l'y spaced

al ong the Ie"i?&’f € va pose o e markers woul d be
to locate thecep&ti‘hmheésmedlalhkyiyﬂﬁt ﬁﬂmmghwﬁééqd@n@d@emwﬁmtméf future

prost heti ¢ ﬁ e par f:nt’s ane(&})mf "ouPRES10h bt %é’wt‘ﬁ@&llgbp@esfr& aﬂing sfieim@pagHR t hread

mar kers on t on at vari [ ocat1 ons particul ar materi al
t hat can be webdg aasntmnptaﬂ:ab@autuwhlnlahdhémmvsmaifmﬂali| "ﬁwﬁaasﬂtf%mﬂl‘ﬁ’r"f@abl e.

Ilgofg 1 :a(rer‘;[) gn&{ugg L ROSEIRY 1GvehBA 4k Fucfle LR sifRY infRegRlted Mifta@fA8&RINs| NVENL ON

where infections are likely to develop.

[0064] Another purpose for using silver thread is that silver may be viewed under
fluoroscopy. Thus, the silver may act as a marker when seeking to locate the valve under
fluoroscopy for monitoring and/or subsequent location for deployment or during other
procedures,

[0065]  Yet another possible feature of the device of the present invention is inclusion
of a pattern of radiopaque markers. An example may be including a radiopaque marker
or markers in the shape or pattern of a ring located circumferentially around the ends of
the valve portion of the device. Such a ring could be applied directly, with ink, or thread,
or tape or other means. In particular, such a ring could aflow for easy identification and
location of the valve portion of the device of the present invention under fluoroscopy for
monitoring and/or subsequent deployment procedures. It is also possible to have 2
plurality of bands or radiopaque material generally equally spaced along the length of the
valve portion. The purpose of the markers would be to locate the valve, especially
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materials into the fabric used in the stent portion. These materials can be
used to enhance tissue ingrowh. The purpose of tissue ingromh is to
secure the device as well as help close any paraval vul ar | eaks. Sone
exenplary materials that can be enbedded include, but are not limted to,
col l agen, hydrophilic materials, gelatins, albunen, or other proteins. The
material could be put into solution and the fabric of the stent portion
could be soaked in the solution. The stent portion could then be stored in

saline and post-sterilized to vent destruction of the.materj.al in

SPUt o at don et B un e Bt BETrediete viRes BRoR AR PIRh or

pofss: bl edf eadaﬂﬂe?]dﬁpaqd&ehxdﬁm ﬁﬁer?iﬁzi mh&erppaﬁ@m?tvhmgﬁchﬁnglsj Snd hF addi Ej i on 01;]

a felt edge on the devjce. The t edge wou refera e ated on the
oo of s pongla el Bt cot B e e e M AT e s P g T |

to the edge [0066]t O ¥erHnbthér gobsiseiRatueat dstdbviend tHelpraaer dskstion Thte efnbéd  can
facilitate rapi.d ingrowth of .tissue due ta.,ts porous nature. O her areas
of the stenf™ S%g%%n‘éflsegnkﬁ? %{G%POR%B‘%{V © %%?a?shcén{ﬁ]%‘?ﬁeé’r%m anount of

i ngr owm h i s eflabcenBarsgaswthy Themirgoadof tiRapihtyovik &l td kyutkitlesieeice mgvdinvt h on t he
edges of the ent portion re the sten orti ant.act body, w |
aidin fixaff %’ﬁp ‘g?setaﬂ’épag"fvéimlya\?ﬁaﬁeFf)m%?’gg’gﬁpﬂfﬁta}afﬁ%%ﬁa%%ee sbf:"lﬁd‘l’gs provi de
strain reli éfclukle,bm drdrsottietied tderlagen, kkdephiie nhitcdalg guletsediburhdd)@8] Fur t her
enbodi nents f the pr.esent invent.iaon, .are ssi bl .V i.n

cor mroabn 1 £ 905 PP gl ol B RloSoRAR RO R i SR SO bl e
mat eri al mayould by soaked ipibe soligond ¢ sted porGoresninbirthen beisosadan salige ovit h of t he

endotnel | U i 16 SRRkl o SRSET BN Y ity b, 9o51 o0

porosity arehgpossstirilentf or the fabric material of the devices of the present

porosi ty A . ‘ : Lhe pr
S ot ng o 08nPL RIS pAARRI S, LA M, Ol ARG ks MeSE, Dovi e
material, sothichsdidonte devigh Nhsifeltedzamovidippfrabbobeyiecaterion ke CEaHIMABE) |

pol ypropyl e : i i i f sl i Ng usi ng
t hread rradeggﬁsﬁnglogﬁlgw{?ﬁm 3%9%' rﬂ;%qul%gs%_g}@tﬁgts%}t ﬁy%%%ﬁggggdnﬁ% erials.
The mat eri alissupingwwioandirenibesis. Jhe &g Geflitate rapid ingromdlnef tissus\lag rits For

exanpl e, hy ?@M@&.étﬁ&%@ﬁgﬁ%‘l %en@ﬂxa?i?%kd%%faimﬁ BGyddR Fhdie @b the 16

i npl anted valve portion to D prevent excessive tissue I ngrowh which
coul d af f ecmagipamnfameni & mnadwih kaoipgceealyinsired. Readckealydissictiegosibve and t he

concentrati gR@bqRbEh Abn POHLA vﬁﬁfé%téﬁpﬁﬂﬁérh%ntg&é @ Bo®f whinhii i ti on

necessary as well” as the duration needed as the device i'S accepted by the
body. It i sfikatiepfithe pent t4 halp pieyryt wigrasionauvel! aserayisisiain ilist framiear eas

contacti ng tdgidaith gRlseanNalioiXe1and i nhibition of growth within the valve
portion. The purpose of using a hydrophobic material nay include reducing

tissue i ngr YRP¥ asFimder e‘%Pé’d’}*’é‘é}E?@? PERbRBEYPR 2re poile BB e PO pt i onal
feature of phResMIRS B ordsity 8Ntht A6 Mdd RENS&SRel B sbfiBpermeable material
may, for example, be desired to enhance tissue ingrowth of the endothelium into the
device. In other cases, the fabric may not be desired to be permeable. It is contemplated
that all levels of permeability and porosity are possible for the fabric material of the
devices of the present invention.
[8069] Another possible feature of the present inventive device is adding a
hydrophobic material to the stent portion. A hydrophobic material, such as Ulira High
Molecular Weight Polyethylene (UHMWPE), polypropylene, etc. could be applied in a
variety of ways including using thread made entirely or in part from one of these
hydrophobic materials. The material would not need to be applied to all thread,
however. For example, hydrophobic thread could be applied at the margin of the
16



enbodi nent shown in FIG 4. The wires 415 in the end portions 430 can be
seen to have a point to point configuration of the bends. The purpose of
such a configuration is to keep excess fabric frombeing in the path of

bl ood fl ow through the device 400. Particularly, this configuration is
desired at the in-flow end of the device 400. [00711A further optional
feature of the present invention is to add a weave or braid of structural
thread to the stent portion in the area where it contacts the val ve
portion. The angle of the braid or weave is based upon providing a firmfit

for the valve portion in the stent portion, but allo for, expansi on at the
rate of subéf@ﬁlzé’fﬁfi Y@‘@IW@H’“QW%I?V%gﬁ?%silV?\t%W@Wd’\gﬁm?lg,aﬁ?%g‘est ent of
the present g,QuenifRvalRY TREdGRRR iBahevahelahd 8% PaRéitagoheSetkdapon t he
choice of materials and configuratiqon of the wr ot.her odi nent s,

s. |
the stem mayvayld dependupersthy margiy of SREDIBRR T9EFSSRLES aﬁlg’ﬁq‘é‘aB% ’PEB‘gaﬁbafo assur e
conpl et e expRNEVRE s abddpR 611h8 BoB MO likePihat il RgithviiESouRRYe @eigl fosie VP3SN,
for exanple. For exaone, 1t may be desjred to have, the end rtions of the
devi ce sel f -2Eepeaviatiehopatiers apsiemypuidniabifon efiggmvth iR the AG° PREVal ve, s
bal | oon- eXpaﬂ%@%Dxip@se &Q@Jﬁﬂﬁrdpﬁom&lﬁt@rﬁmhﬂf adubihRiuddpaisdrvngevtfas t he present
i nvention may not be renoved once the replacenent val ve portion of the

devi ce no | OffYes repues heRdosisuch as after a significant period of time has

passed sincqei#p! aningthbQiptionth RaflQMIfER phRynt idvertios e/ sééh i theandi ng zone or
| ocation where a replacenent va i npl ant ed

! | ve, be, i r cked. .One
exenpl ary va&mpedipgafisheyn inFiG A %Y‘i‘t"g"yé\ﬂth‘? tpﬁlémfﬁ'ggé?ﬂdgﬁ SR e devi ce
is the Mel odybive orpns 6aiiRehisn JPdieBRARI Thi/Rip@e ofmces yfipaiondsnioc, | nc.,

N neapol | o M TICERS s Bl bt B B MEMRE 9L, vl v S
wi thin the paagReBiy,dny@aibweiciayiseed af be htfivw eel dfthctdedicpstdsent i nvention
Fepl acement BN co P aorRouv e pavlafru ni BT e Ao i by
Wi th ref er engemiceirs Gitesaas the slomchortiontisthe lres ehdre it Fmtncesribd valvegiogivhosur e of any
Per oin | s nevaRyet ikt BErar Btw By e apunen ik FREFEALnELL Epdnpd on 111 o0
descri pti on iafe sexevfioasbunallesysierenpgisive at thomteof subsdgyend balumidiéantst andi ng onl y.
apparont 1o Pabe. dkfrHegTboRnEns oy Tor RER BhAR e aEb S A cobbitly . T (e
enmbodi nent s seisxpandiegibased dpon thedbpior ¢tfinmprialsend ¢hbgwaopet Bk witse Ionvent i on.
T SRR P e B AR AL S DB kb L1
| anguage of tbheuelcaipiste anentitre Te qushva bohtdimet, theoisrs nay coaprigedE 35N,

for example. For example, it may be desired to have the end portions of the device self-

expandable while the middle portion, including the valve, is balloon-expandable.

[0073] It is contemplated that the device of the present invention may not be

removed once the replacement valve portion of the device no longer functions, such as

after a significant period of time has passed since implantation. The device may then

serve as a landing zone or location where a replacement valve may be implanted or

docked. One exemplary valve that may be implanted within the present inventive device

is the Melody™ Transcatheter Pulmonary Valve, made by Medtronic, Inc., Minneapolis,

Minnesota, U.S.A., which is a bovine jugular vein valve. It is contemplated, however,

that other similar devices ﬁay also be implanted within the present inventive device.

The device of the present invention preferably includes a stent portion that is able to

expand to surround the replacement device.
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CLAIM5 1. A prosthetic heart valve assenbly (100) conprising:
a radially self-expandable stent (105) configured to expand to bear agai nst

a wall of a native body |unen; and an i nplantabl e prosthetic
val ve (102), having a diameter, the valve (102) being nounted inside the
stent (105); wherein the dianeter of the stent (105) is greater than

the diameter of the prosthetic valve (102), wherein the stent (105)
conprises a plurality of wires (1 15) which are circular in shape and
i nclude a pIurallt of sinusoi dal beng and wherein the stent (105)
conpri ses a W78k e ThoPrerghinepie) has 50V ReFraesrbad v eiesest @ FVeRhn at end

portions (13RhodiMestsBEreofMie EdiRe &‘i@dld‘é@re(o}iQr%/)pateﬁts,rmtéﬁiz@ﬁhdaﬁoﬂshe m ddl e

portion (12 ) prosthetic v asse of C mhereln t he
plurality o@w?@@sea B?m?:l&ﬁt‘}}e‘? %‘aﬂé‘F’éW%ﬁ‘e é{\}’i"ﬁ@"’@ ﬁéér 3. The
prosthetic watweegspewiiia @Ecngh@uaamkxamﬁmm@weme&dealwowﬂtﬁM Of WI ires (115)

conprise a pluralit fferent terials. het ] al ve
by o Utk oy Nounnermirs S rass e idernned st ol Sl 75) have
di fferent sibzg e@arenﬁto tmaeslmleas:i fhe tut aaawahny&hﬁ@sm bymade i6 kml m 1 wher ei n at
| east some of .t res 15 i.nN a neste |gurat|on
6 e o o et el anel YRy ferpring g ite Som s e esion, dBG Beo of | the
plurality okcape bEthe brbdn} inddnon shoald poi betliniied pOthddtrucons ti@wﬂ&ti ihex@in,

but ohly by the structures described by the language of the claims and the equivalents of

those structures.
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7. The prosthetic valve assenbly of claim1l, wherein the mddle portion
(125) has a diameter and the end portions (130) have tapered dianeters in
directions toward the mddle portion (125). 8. The prosthetic valve
assenbly of claim7, wherein the mddle portion (125) is cylindrical in
shape. 9. The prosthetic valve assenbly of claim1l, wherein the stent
(105) conprises a plurality of wires (115) attached to at |east one piece
of fabric (120). 10. The prosthetic valve assenbly of claim1, wherein the
m ddl e portion (125) and each end portion (130) articulate with respect to

each ot her.
CLAIMS

1. A prosthetic heart valve assembly (100) comprising:

a radially self-expandable stent (105) configured to expand to bear against a

wall of a native body lumen; and

an implantable prosthetic valve (102), having a diameter, the valve (102)

being mounted inside the stent (105);

wherein the diameter of the stent (1053) is greater than the diameter of the prosthetic
valve (102), wherein the stent (105) comprises a plurality of wires (115) which are circular
in shape and include a plurality of sinusoidal bends, and

wherein the stent (105) comprises a middle portion (125) having a smaller diameter than at

end portions (130) thereof, and the valve (102) is mounted in the middle portion (125).

2. The prosthetic valve assembly of claim 1, wherein the plurality of wires (115)

comprise a material having shape memory.

3. The prosthetic valve assembly of claim 1, wherein the plurality of wires (115)

comprise a plurality of different materials,

4, The prosthetic valve assembly of claim 1, wherein the sinusoidal bends in the wires

(115) have different sizes.

5. The prosthetic valve assembly of claim 1, wherein at least some of the plurality of

wires (115) are in a nested configuration.

6. The prosthetic valve assembly of claim 1, wherein at least some of the plurality of

wires (115) are in a point-to-point configuration.
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7. The prosthetic valve assembly of claim 1, wherein the middle portion (125) has a
diameter and the end portions (130) have tapered diameters in directions toward the middle

portion (125).

8. The prosthetic valve assembly of claim 7, wherein the middle portion (125) is

cylindrical in shape.

9. The prosthetic valve assembly of claim 1, wherein the stent (105) comprises a

plurality of wires (115) attached to at least one piece of fabric (120).

10.  The prosthetic valve assembly of claim 1, wherein the middle portion (125) and

each end portion (130) articulate with respect to each other.
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