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In pursuit of alternatives to heart valve surgery, over the last ten years a number of
development programs have brought percutanecous, trans-catheter implantation of prosthetic
heart valves into commercial use in the European Union (EU) and into pivotal clinical trials in
the United States of America. Initial clinical experience in the EU was directed toward patients
who had critical aortic valve stenosis, but were deemed to be at unacceptably high risk for open-
heart surgical valve replacement. In several thousand such cases, utilizing both balloon-
expandable and self-expanding designs in two separate programs, percutancous heart valve
replacement (PHVR) was shown to be feasible and possibly competitive with surgery in selected
patients with 12-18 month mortality rates of about 25%. Grube E., et al., Progress and Current
Status of Percutaneous Aortic Valve Replacement: Results of Three Device Generations of the

CoreValve Revalving System, Circ. Cardiovasc Intervent. 2008;1:167-175.
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of the 11%18@60 tr}leb Lu?d ttlslsﬁeS e %%n%r IA(lvalgtgéeeqursgl, 1h%|t{s u Inq\el\rl?i rcalmg‘ Pe%l EOV\%I’ din
cl osi ng and cpening oparati respec 2aSt “one eibodi ent t he

bi oconpatdridh 6f the Thin@: d1BA LA @dlalbatgm@flthte mfanwlﬁxmenﬁd)w dndctth dfhiee infiaRatiad t he
distal end of the franme resides substantially adgacent t he abl um nal

sur f acerefthetiserabveapien implapted. clhet ispie neerlyanhERet rehdesRGELHBRCHBT & ti ssue
mat eri o I f ne
T oo AR 000 90 A6k LRSS AR EATE ok Rt Rty
not comnfoadts whceh thei vadile is partlaoe complehdy tlossde. The\Machrnent points may comprise a

2012/ 040643PCT/ US2011/ 053120 én ac orda ce with at | east one
embodi rRHRI Hsuturesipat g utsd tQ atachd fam@@ raneshest (xthey sy detrigeotof

ci reunfigreihi, %h&ﬁ’ascaq oht 8RB 1%&&&&%96&%#&%& §ak@9 rings. In accordance with
at | east one enpodi nment, the frane can be a wire loop with axial |oops

formng a sdﬂmnkﬁmﬁmmnea&memmwnhs@udeembﬁbamedﬁashepmpmenﬁ@dmnwak t he
frame incl S a proxi or ereln at st,, some a na
ur f acePgTEHEn B M Plag R Sttt o fin, SRS UL EEI atbel honSBlesfer o.
In at |\egsl vaRe I&TROBYRAY of xRS A @adhﬁoﬂc-d YR of ttic ValRlsRERIbe@ Reteh @
patient is provided, conp r|3|2g frame including an abl um nal

surfac ereelwelrrﬂartn@ht@é,tmetéﬂd@nﬁ xicgadeseﬁb@ lgreinpbsofprewide mrdranscdibstesl edge of
the fr amn anttatl% do'f ?t gve%gtg?he 11 r10 Ven%%a%)é;(@ile :Q}ém&&% conldul?ygﬁl f]lfo%?ﬁ{[e IBV\GQr ar eas
e fTrane I s

of circunteren I'scontinu

col | apsiodly ensaﬂﬂlgaﬁmhﬁﬁghﬁleaﬂﬂtmaw @dufsaearh calsinaaimeirefor del trivespyd vane
a single Iayer of a bioconpatible nepbrane material nmounted to the
abl um nachgprPvsdevise wowld b advaniagequslyrcsigasd i bedamtin sivss Wihderee sifeetive

| eaf | ety RRE TN vAIR (Ve Aeake % ﬂ%ﬁ&ea 0§ s@tablEBHhis purpose. Alternatively, the

condition of right heart failure may be treated in part by interposing valves into the vein system
farther upstream in the venous return flow, such as in the subclavian or principal iliac veins.
Accordingly, in at least one embodiment, an implantable prosthetic valve is provided for
controlling, at least in part, a flow of blood, comprising:
a frame having an abluminal frame surface, a proximal end, and a distal end, wherein the
proximal end is situated at an inlet end of the frame relative to the flow of blood when
implanted, and wherein the distal end is situated at an outlet end of the frame relative to the flow

of blood when implanted, the frame having a tubular flow path through its interior; and

-5-



two areas of circunferential discontinuity in the frane. In at | east
one enbodi nent the leaflet portions are attached to the frane at | east
al ong curweaofrven@3imenbers formed by the distal edge of Ptmﬂlst(llammlamd

correspondi ng.to the.radi uy darles f the eafl

o oL east st RS Rt WO S URE BBl dfvEan iRt

mat er i alndiag cRROE Qdfdce, an interior surface of the franme. In at |east one
enbodi ment, the frane conprises a netal alloy substantially configqured as
tubul ar st er¥haieiRtes intarier é‘ﬂrf40§é?§f coHsuCHBHETARE At situgted caterighthe sy of t he
frame i i I I

Ci rcunffga(r}%yn&%al ?y m%hﬂna%gey F%}lt"%g‘%% ef[ﬁ gf%%eﬁ%ﬁpg‘gp@@? %Eﬁﬁﬂgq{ah"ﬁm ar
stent neirbe fullyloph dosiaist, thamtemmdtfmferﬂf th@ﬁsshe&&mtsmrmnmmxmr@ﬂhe pebudron of
t he fr ot i ncl ude bi ocorrpat bl e. rial. nounted to its

| uni nal qu?gﬁpéﬂa M YRS 1SS OB SO %ﬁ@a AtioR he

bi oconpati bl I t he
i tal edge ST ChE F, ARk TR lerPRATRAS x@%}ﬁﬁﬁiﬁnﬂﬁ?%gﬁ e oS of

t he frawepiigmgher includes a distally extending stabilizing franmework

conprising a pluralit |aII i ent ed,.support nenbers tha e h extend
From o ar ot Ryt iebidhaty Slifubndhet gt Bt B R m o e s
two ar eag aQfistsll dnd WIHRS Rathd, Abhetlif qerﬁarﬂwstcmwﬂm@em{ é@aﬁdam@a@t adapRatioone
enbodi ment, the prosthetlc val ve further conprises a plurality of radial
supporttralﬁéﬁb@m@rdﬁt‘@m@ndlect| ng the axially oriented support members. In at
O RIS LR AR Sl B bR SR SR L BB e,
wherein the Wreé ge U oax ar ed W an axis o e’ va and
wher ei rplﬁﬂaﬁtwuﬂvelseueadets svheid argbt{tﬁ‘éi uit@hcalshﬁuv:ef&Tth@blee@npaaiblmaegﬁt@ﬂ‘al a
guide wire such that coaxial alignment of the distally extending

st abi | ibetwRpnithemoxBrd crd pf Bie ff%i gndethe digtay and plgthg Arains respdys radially exterior to
2012/ 0408 43RG YR8 PLE ﬁf’éjl%gnéjepl oynent. In at |east one enbodi nent, the
wire guide conprises at Ieast one of a ri ng and a tube. A et hod of
prepari ng a percutpatedtiymintt obatmchatiteted prosthetic valve is al so provided,

the method conprisin unting a single |ayer. of a bioco i ble tissue
material to an alPUMER éﬁﬂrﬁlé%)faﬁlva lqaﬂawsaregweqpérat@eﬁwgﬁlmpen PPN such

that an int qh'aneaﬁWnE%ﬁl%o@lfménlﬂﬁlema‘?ﬁé)é&%ﬂsgé Qn&e'tﬁ aléy Hﬁis%hh@ﬂy &%%1%‘& a@
proxi mal end of the trans-catheter deliverable frane and a di'stal “end

the tranbuleaténnemigel naretst end ealmelimesiadesxinad paitioy oéfttedrinoy intlodena
substantially acent .the ablum nal, surface, of. the trans-catheter .

del i ver'dls dn F‘P% ong gmbodiment s PERIMYASEIHUHPC %‘ﬁ@e FRPRBESATCHEVCTERr i ses
conpr esgg -ag% &NglirE " InMilagt deenibAnGctatpietifil fetiby 6f aRlfRinld AR dedd faRtickhe

bi oconpati bl e tissue material nounted thereto, upon a delivery catheter. In
at | eadn abhestemb@mbﬁémentﬂﬂe lm@mwdlmumfﬂertlaél@mpnﬁlmm Fpitdenst e t he

trans- %ﬁ o%%rﬁ ntctil?l | ‘yuecre?s 01 curn ﬁléyﬂyt 18 Fln u%c?ﬂrgtq as?logeé gs(ﬁglelqta} (%staﬁl
nmount ede ereto I n |en °ast ' Bne & nent T h

t r ans- catetier fraed in\tﬁlrdabm bir Bo® AR aslelscoamﬁmey\wlth |tlli’e @bxineaehd Giteerein
enbodi nent the nmethod further conprises nounting the trans-catheter

del i verthpVeo i mpke Rt of RriabstinHisa eBpase axediyorieatcd MrQirctimant el leHemst o on
a mandr FIE%”“ t hod of
constr ue?%qorﬁibm%ntg}éo@%rﬂg?l%hgga %M\gleggg?%{/llyﬁhlogﬁ&ﬁ %Q conera‘??rg?ng

at t achidogpaisingae traptatnic lolf eirommferaiel asm’aélal ajntlhmtﬁwdhltheaq)ﬁalm @icndl expandabl e

frame to forma._tr ns Catheé"?f{é deI rabl.e E&osthetlc val ve, erein an
enti r e NTRIEEHINS I%Entr Faxt angem mﬁ%t B B MG RB PR AT SERZIS & i s | ocat ed

exteri Qﬁrcﬁ&fér@ﬁm@@lsh‘&ﬁtﬁﬁt %MBT@P@M&B :pgl%.tlﬁg |dafBgioPliR @MH%%EQQQ&@ frame
when | eafl et portions of %, bi oconpati nbrane material are in the
val ve' sngpeslandveradiklly opend pmckomtwcard in|ghosaitg dngagpening@penboairpsectivahelnmet hod

further c ri ses,.asso tin i oconpati bl e st het.i ¢, val v, kth a
cat et APPSR B RERARL RoeSRniss Bt Aum B SrBE fRerrumel dRkon e
del i veraalltge ¥iglaVend oF tRE B¥ind @skiddd dtibstariallyaljabdhe Hed®haNBalfur AR 6f the &8k
nmenbers within the inner flow channel of the valve. That is, with the

except ilont lspstione eﬁ@ﬁﬁmsﬂmetmlhwwglmtlblﬁawemdﬂat@ne dps$ vet comsete bumengliseifeesy cl e
I's not o‘%nlrlee%{n%g & e{t%n f) Xé dn%?nthg f.pur?a%g Iaf Eh%%lo n}/pecl%lblle tﬂg Iﬁ&%lrlalf | ow
channel evoi 0 I oW Channe fruct i ons at l'east” oné
enbodi rdeat nota:opfa@s;t hmimﬂ surfactsofahd hretner val ve i ncl udes a flat menbrane
sheet interconnected to a frame. In at |east one enbodinent, a flat

menbr ane sheet is interconnected to-fhe abluminal surface of a franme using
a plurality of sutures, wherein at |east sone of the sutures are applied in
a buttonhol e suture pattern. Vari ous corrponents are referred to
herein as "operably assom at ed As used here| n, operably assom at ed

Y oy o . a e a4 o - o



WO 2012/ 040643PCT/ US2011/ 053120 enconpasses enbodi nents in which conponents
are linked directly, as well as enbodi nents in which additional conponents
are pl aceaohetnvmadidt he two | i nked corrponents As reEWSh@n 3120 " at
| east one, " "one r y n "an en- ended e ns.that are
ot cony undProeraean g e ons Pt edmp e AN 35S 5! EQRLARE e
expr es sjoafsuct of cﬂr@@&Ereﬁﬂﬁlﬂéorﬁgaﬁd@ﬂﬂs&dﬁl/ﬁi@&aé ﬁﬂ@&l B coidakse Whith O ledst "
"one or nore of A B, and " "one or nore of B, or C' and "A B, and/or

C' mearfgicAmbogrent.ghe frame calcb%m g, logp with apial @Q@% framingse wipott forRseh her | B
and C togghler. fF tféastBOI?e%%b% E]Q%gttjﬂg Frame includds% Oéfﬁ)?]ﬂlall" ﬁ&@oﬂ : whe'sr&%tt b

means at sone I'ndefinite or t'm nate pol nt exanpl e, as
used heosicrof thesfmmmnabsmfabe bf thﬁ@&n&mﬁblbdmm mgludehetiker shmatﬂacalbémereto
following or at some indefinite or det? nate poi.nt. of tlnefollcg‘:ging
the prior adp at least one gebpdine nér%gaﬁte‘ﬁé ‘@fofﬁ@b?t%%%lﬁlqwléﬁtﬂ?&%’l e set
forth ignfhgindttached figures and in the Detailed Description as provided
herein and as “enbodi ed by the clainms. It should be understood, however,
that this Swﬁmgimb@@gmtalﬁmmal surfact extbndihgbetspert praxmdalexdigo df therdtagneof

t he one re present. inventjons, is t.meant to b

oot v conelitn ool SR ER Tt il triet RudTilaron By thee wltty Baometer n
islare dﬁ@dﬁﬁf&&ﬁm dQMoﬂtHﬂﬁ? i9fheqrahd) @M¥rediink frantt i BEI1AsIbIE thdeGRRBRSand

obvi ous i nprovenents and nodifications thereto. Addi ti onal advant ages

of the adrpiséfar trany-satheiondelivery:badome readily appar ent fromthe foll ow ng

di scussi on, art Iar when taken et her conpanyin
it ot ot " e i e Y B B B ERRRAF R ABferth hbub 38§ HERIRARA Mrfacq of,

above anglfiatbes faraVamagesionk, wiadréiatse Rt Porims arcddtliotfad Withshoft 1ERe one
or nore present inventions, a nore particular description of the one or
nor e prté@é‘ﬁffas|0ﬁ9’é9ﬁm%ﬁ§“?]sdlﬁ<‘@ﬁ§@#léﬁm®e fiamgr ence to specific enbodi ments

t hereof whigf, @[eg? #3%3&%6&%% e d&ﬂlﬁt? PQ%@ aﬁﬁéh‘@'fi@&ﬁ{)o dg[mesi’c%ﬁs{j?ltltﬁ%e one

appreciated th raw ngs y typical e ts o
or nor euprodsenmic mambatslfmmsedatndhadstaﬂ hégeedfah@frmmb ahd clrecspoimndingl &y thd rddiatiyt i ng

i n scope. esent inventions are described and expl ai ned
with addiven gﬁ’& ‘gaﬁ@épg%@??%ﬁeéﬁ‘éﬁpﬂet ail through the use of the acconpanying
anbodi ment o & per S ANCaeTy Qe Ty Sl e ber S HE Y AN o ane

i |1 ust rmatwded to aa mﬂeneesilrfaos pfihoriante gn a Bajtona ceibdéineing viat franc voreprish at he
frame s u'tgleaqloy su stantlaﬂy con gﬁrl]rg &5 tubu Wsr%eliltr}nelirilbqe'r. In at least one embodiment, a
proximal portion of the frame includes a lattice to which the biocompatible membrane material

is circumferentially mounted entirely upon the abluminal aspect of the tubular stent member. In

at least one embodiment, at least some proximal portion of the frame does not include
biocompatible membrane material mounted to its luminal or abluminal surfaces. In at least one
embodiment, the biocompatible membrane material extends between the proximal edge and the
distal edge of the frame. In at least one embodiment, a distal portion of the frame further

includes a distally extending stabilizing framework comprising a plurality of axially oriented
support members that each extend from a distally extending frame projection situated adjacent

the at least two areas of circumferential discontinuity in the frame. In at least one embodiment,

the prosthetic valve further comprises a plurality of radial support members interconnecting the
axially oriented support members. In at least one embodiment, the prosthetic valve further
comprises a wire guide, wherein the wire guide is coaxially aligned with an axis of the valve,

and wherein the wire guide is configured to allow for a coaxial passage of a guide wire such that

coaxial alignment of the distally extending stabilizing framework may be facilitated during valve
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1A; Fig. 1Cis a top plan view of the frame shown in Fig. 1B; Fig. 1Dis a
si de perspective view of the franme shown in Fig. 1B; Fig. |[Eis a bottom
per spect iwe 20i2¢mo@B the frame shown in Fig. 1B; WO PCT/US2011/053120

2012/ 040643PCT/ US2011/ 05312 . ig. 1F.is a side elevati vi ew of the
rame. BN MER Arg b s marimsntah ive Hide e it e8! Bl s %
"unrol ltgek. or flat projection to illustrate the geonetry of the frane
nenbers; Fig. 1Gis a side elevation view of another enbodi nent of a

frame suit ed sthad af pesnssing p dRTCUiRErws Hansheathoirinkenthetiglvahiedsralse grayidsidet ed
in an "tﬂé‘@%{ﬂoﬁ%" ﬁShsifng ?ﬁodﬂﬁﬁé &G f%”la§/é%.oif'a'b'i’§ttohﬁtaﬁl?1te %‘%s&‘?ﬂé’f@ﬁél% 9{3. the frame
nenber s; I g. |9|HIS a sSi eeevalglon view of the Trane shown 1 n Fig. 1G
Fi g. llhblsniaalsopfapd afie trarsveadfetdrkielivaratte framewoch thatagintetidr sirifgre ofdhe s a si de
pers pect}ié%%lp\gtigyg tlosfsuet l’?lgtef‘ig,l rgteweser;loamg}ogii?nall:legd ofl tﬁ;e trans-catheter deliverable frame and
a distal end of the trans-catheter deliverable frame resides radially exterior to and substantially
adjacent the abluminal surface of the trans-catheter deliverable frame. In at least one
embodiment the method further comprises compressing and crimping the trans-catheter
deliverable frame, with the biocompatible tissue material mounted thereto, upon a delivery
catheter. In at least one embodiment the method further comprises implanting the trans-catheter
deliverable frame with the biocompatible tissue material mounted thereto into a patient. In at
least one embodiment the trans-catheter deliverable frame comprises a stent. In at least one
embodiment the method further comprises mounting the trans-catheter deliverable frame and the
biocompatible tissue material mounted thereto on a mandrel.

In accordance with at least one embodiment, a method of constructing a prosthetic valve
is provided, the method, comprising attaching a biocompatible membrane material to a
collapsible and expandable frame to form a trans-catheter deliverable prosthetic valve, wherein
an entire interior surface of the biocompatible membrane material is located exterior of the
abluminal surface of the collapsible and expandable frame when leaflet portions of the
biocompatible membrane material are in the valve’s operationally open position. In at least one
embodiment, the method further comprises associating the biocompatible prosthetic valve with a
catheter.

In at least one embodiment, a prosthetic trans-catheter deliverable valve is provided that
does not include one or more biasing members within the inner flow channel of the valve. That
is, with the exception of the membrane during closure of the valve (when the flow cycle is not
antegrade from proximal to distal through the valve), the inner flow channel is devoid of flow
channel obstructions.

In at least one embodiment, a prosthetic trans-catheter valve includes a flat membrane
sheet interconnected to a frame. In at least one embodiment, a flat membrane sheet is
interconnected to the abluminal surface of a frame using a plurality of sutures, wherein at least
some of the sutures are applied in a buttonhole suture pattern.

Various components are referred to herein as “operably associated.” As used herein,

“operably associated” refers to components that are linked together in operable fashion, and
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Fig. 1K is a bottom perspective view of the franme shown in Fig. 1H,

Fig. 1L is a side perspective view of an enbodi nent of a nenbrane sheet and
its attacwoent2/i4e64d frame in accordance with at | east omeTarsbadiossnd

descri bed herein; . Fig..2,. is a sinplif.ied distal end vie f an .
erbodt RONTBr e syt Eyp e ERgPe&Th G RS AR TS e Bima s o
two di syiabh ¥ddiesial b@rﬁp&le&lfsadf@Fnem Baive@nhe hwe dihRell @moaxhat el y 180 degrees
apart; Fig. 3is a sinplified distal end view of an enbodi mrent of a

2% &¢

frame ill ustHasCAGCRcE). At lowst pBdat osry reeres vad dprd/en” asherenomded grpressiang | y
. Coa Lot o . )
E?;'_ '4%&%5 bAMR R LTS ahara%]%}%ﬁ@é fif ?@Pegfo% 'P%PEféngplg,geﬁgﬁgfﬁs%@%%ﬁ#ns at

I'S a perspective vie an enbodi nent” o emat1 c rame
havi ng logt onnef A sB ahd 0z ait lcast dnic ey, kr @it ‘lone or siond eff 2B ald GUPeor drs;
Fig. 5is a_perspe ;,ia]\n/(?“vi ew of an, enbodj nent of a schematic of a fr

bty z

amg
havi ng BYEi%Rall: 8t at Pot edmeRer i AiioRCriagioar: Seigpart nd B (Ggetho 9. 6
is af Iaglwcc{g,ggﬂlelgflg &dghfgﬁﬂleﬂfor%?@%ﬂd‘@%:diggﬂleﬁn_ enbodi nent of a prosthetic

heart valve as descri erein; 7 is flow chart of a nethod of
depl oyi ng amsewssddicreent sahctangrosinhet sanhadefinitadnisddsniege poiped tree.ebo;

S REWR B R R AN
necessajriat Yorh@ind6@hie orPEd A OFSERb FThMllowing the prior act.

Various embodiments of the present inventions are set forth in the attached figures and in
the Detailed Description as provided herein and as embodied by the claims. It should be
understood, however, that this Summary does not contain all of the aspects and embodiments of
the one or more present inventions, is not meant to be limiting or restrictive in any manner, and
that the invention(s) as disclosed herein is/are understood by those of ordinary skill in the art to
encompass obvious improvements and modifications thereto.

Additional advantages of the present invention will become readily apparent from the
following discussion, particularly when taken together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarify the above and other advantages of various embodiments and features
of the one or more present inventions, a more particular description of the one or more present
inventions is rendered by reference to specific embodiments thereof which are illustrated in the
appended drawings. It should be appreciated that these drawings depict only typical
embodiments of the one or more present inventions and are therefore not to be considered
limiting in scope. The one or more present inventions are described and explained with
additional specificity and detail through the use of the accompanying drawings in which:

Fig. 1A is a side perspective view of an embodiment of a percutancously deliverable
valve with the valve membrane illustrated in a closed position;

Fig. 1B is a side elevation view of the frame suited to balloon expansion shown in Fig.
1A;

Fig. 1C is a top plan view of the frame shown in Fig. 1B;

Fig. 1D is a side perspective view of the frame shown in Fig. 1B;

Fig. 1E is a bottom perspective view of the frame shown in Fig. 1B;



Enbodi ments of the one or nore inventions described herein include one or
nore devi ces, assenblies and/or nmethods related to prosthetic heart val ves
and to prwethetd4e64bl ood vessel val ves. A prosthetic heaPCTuskeia/053120
accordance w.t it | east one enbodi t described herein can, be.sur.gi.cally
Mol anted. duenas iRl AlenSEse BF PhmEaGTs B e B Gl e fidaeh

i mpl antfadrh®R depicdvh bR Finrb e Ttfia€ PlojecEB t@illusP4te Ry HReHicH® B Sheatarhdre
prosthetic heart valves - 10 - WO 2012/ 040643PCT/ US2011/ 053120 descri bed
herein}hﬁv@ﬂ&pplication for at least aortic and pul nonary val ve positions,

| ncl uding_f g5 St NGt YAl RIR Sy BRhaH SARBHIAL ¥oP raf Nefe g ment s
have appllcatgon to e vascul ar systemand 1n particular to the vein

syst emexssion, edusidthcvyEadical frimy ihdapect@hintanC uhailcappt flagtdjoctioncot he
branch veins &f t he body and the extremties. The descriptions for these
devipe§”%$%m% Fé&@?@@f?ﬁﬁ? MYBCPFhe descriptions and specifications
provi ded forgit gy [dWEM LUGHRANMS BNEE YR dhBRhanablg; heart val ve devi ce.

In at | east ohe enbodi nent, bioconpatible material” is nounted to a frane to
form an i npllagtidbs etqprst wewi of thetame sldwrein lapdiihen at a later tine, the

i npl ant abl e prost.hetic heart. valve is i.nplanted.within a patient, such as
by way of a ér dut ANSES Pty REIEehBe BAPEarPYB/Y FikotHan Sm The'

per cut aneoustiy KR A1RR SerfiRRtite VidW\OT thSfratb &mtrﬁi_nffq? ipypl antation into a
native (orthotopic or ectopic) valve seat of a patienf. Once inplanted, the
prosthetic H8artL isalside pratpeetsva Gew of an ameodiment dlowmembising sticch8a®is at ed wi t h
the patjaims NEREhnin L ONNOSATIRLY Blonmollou: aad pupshaptially
preventing ack? I'ow'or - valvut"ay regurgitation. R erring’now to Fig.
1A, and in gagar dangapmidddisthl dRiaséw onen eMbediFBNGf a Riné MusamimleRtive
prosthetic heart valve 100 is shown that includes a frame 104 and a single
| ayer rpsasieanel hadistal pogs ofdwenligagbapasitivnsdfanmerel cetions lecatpd Mpprosimatplyet |

Al or &4y all of the membrane sheet 108 is |ocated on the
exteridg%ggggg%hnlﬁal side of the frane 104 between the proximl end 112
and the di stiag. >nd sidhplifaidd diktel dndariew b04n winboditieet ofad frent daktratig: @tativen t he
operational |y |1y open position and.in y case, at all pojnts of

att achr%e%ﬁﬂpn%ﬂétﬂp rﬁﬂtagﬁ{l%‘?fefobrr GEHB PPt tsA fergiscHeD IpFiks L0ximateli mral
(upstr e RRL hpfp/ Margin of nmenbrane sheet 108 that is circunferentially
attached tg and reésiding entirely upon the ablum nal surface of the frame
104. In at |Bgstisarerpattodi nenodf an bebodimentofe: shewiticl@B frame bmneg vpttbnab t he

frame 104.by .a plurality.of.sutures. 120. I n at | east one enbodi nent, the
pl ur al i5?6;}’1162}%“8’&EYGFIS%’O%%BEFE%“%%F?P%&%UPR%@S’Of attachnent, axially concave
to the di st atigend alpkbspettivienged bARRemBbAREGNE S JchaiBiBIMDRLSe Bivihd Bptidmalre’ s
di stal edge interconnecting the distally extending frame projections

124a- ¢ .stabilizagon framewardeih rashal suppartsal t er nat e ways of attaching the
renmbrane shagt ¢R3 Ay Uik I ATEndQ 3r IR RE S S L RidERe e 3 LRARES . n8lly
adhesi ve, an nchorlng ring, one or nore ary S, clrps or ESndihations of
t he forege RR@escribed heBih; What ever techni que of attachnent, the |ines of
attachment by which the arcuate proximal basal nargin of each leaflet is
anchor ed t o fige/ lérﬂ%‘é‘ﬁl@“cﬂf@tfﬁﬂh@‘g@%de@ﬁoﬁl%aﬁ srabrdinent af g mpsthetichieed velve
force kﬁ%@?rﬁ%&%&%hpgn&h? leafl ets along these lines while in the
operatlona(iy cl osed position. The securement of the leaflets in this
manner i s adigrt ageohsmaitiv & alieghshsesgunendppinaabl aheatiedivass ddseritadr t i ¢
val ve osLtloqr ver, these lines of attachnent also act to seal the

. re
pr oxi mel*TPAEEP a?rtﬁl\/&@il L R cusp to the frane and are critical in the
case of aortfie ¥akigs LiRlorRERLLLM, toggRUSe some portion of these arcuate
cusp margins are likKely to be disposed - 11 -
DETAILED DESCRIPTION
Embodiments of the one or more inventions described herein include one or more
devices, assemblies and/or methods related to prosthetic heart valves and to prosthetic blood
vessel valves. A prosthetic heart valve in accordance with at least one embodiment described

herein can be surgically implanted, such as by percutancous, trans-catheter delivery, to the

implantation site within the patient. One or more embodiments of the prosthetic heart valves
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WD 2012/ 040643PCT/ US2011/ 053120 "above" (downstrean) of the aortic valve
annul us and wi thout anatom c lum nal contact to the outer aspect of the
val ve at wbizg1¥@o@B. As such, those portions that are diPspasedtiossizhe

"supranpul ar” .position af.ter inplantation can.be subject to high pressure
) ona Bl ed 4RA by o fiielon R RO pE BT kB e Ry A REEE R
turn | eadcfutal AeftR aaddiselNcdNVaE c§ OO Binb&diffeniédlaveapphidetidro. thd higcelaeci fi c
formof |eaflet attachnment provided in the inventive valve addresses this

pr obl erfystRatangdrip padicular o theMaia guepme Whrn rericehin srplsdhydiare pridiculsbsi t i on of
the le i i t At At ne
enbodi ﬂaéhﬁ%atf{&ﬁgp Eﬁr}’?% c:ﬂt‘{/eﬁlgf% tfg%[buordgsahggbgéat tac lelshah? %%S@P@gﬂsg?}s%g%br ane to
t he di sieadceatieuwdficetivady piooited o tHehlesdipsioas aebgecidicatidng pkdwadeel footherinsamtivé or
each arcuate segnment 144,  a conti guo,us series of "buttonhol e"-techni que
sut ur ePCISERIRART LD IEHaDIs hgRRENEI¥C 8FViStit ur e i nter connecting the knots are

di sposed to jhie Qé{to%%ﬁi%&h%éﬂﬁ'bi&d&hfgﬁﬁﬁle%atf@ag ISTRBRE DRy a S (SR &

configuration advant ageously inposes a snal i asi ng effect upon the
| eaf | etimpéangablisprokbetoplerastt vabreahihd/theh eselitqpdisic, therimplantable piosthetielgrartd/al e

particul ar teri.al types, that be used to formthe nbrane sheet, in
bt 1 east TBREMEHH TR hSUTAIPAND SHEBTCH B Hor FG RET A0S or | eaf I et
por t i ongedhBfisid hePeRABMBORELIMHANGHIE hbaY e4lve Rattat fhinpRiRAoh A6 a
menbrane, such as fixed nmanmal i'an pericardiumtissue or synthetic

bi oconprtive(asthetapes prdctapioivalis sePPER patientaOnice #gplanied, therbegiheahcart yadve
menbr ane_sheet | de fr a tissu [ rati.on.process . fhat yields a
loat | atonat b rogp st fo dhtidba s SRURPARRADARI, MARATPa Mg orgaf

pr ost heflbad flevarsd Sedshatilly el éntppaatieldear valviabvegurbhetigont ent of WO

2011/ 109450A2 fpu,bl i shed on Septenber 9, 2011, is Incorporated herein by
reference. Alefoisagronge Fig drerpdin acsprlapse wish at lapth oa¢ prahedimept; an

al ternat]j i nt: i ’ nect ed
SR L T el A R s Bt R T e
sheet imcrabmhaighoet 1@y euchods achiscongiagiblcl taklieymbmbmge sloaes. Adltoe sulastantibhly all of east

one enbodi nent, the rane sheet is an unlam nated single | er of
mat eri & ?nneﬂlbaétnewga%%gbﬁ%l% o RS ECTioR ar %}%ﬁ@ﬁg Hg@egfragleal i BsGVeEn ayer

of mat §hi Bloxiilend ¢S afi®ihc! FGAINAG 138 f IR AR BRMBRLn the Y&Re RRERIRL Arhé NY
fibers. In at | east one enbodi nent, the nenbrane sheet 1s a single |layer of

t r eat edbpgstiooa hydfullpnopers peration andah ahg asse ab ald pemtsodiattectiment h&herenilastaldle sheet
is a single | ayer of nt hetic fi.l The.frane.104 may incl ude a
bat Foormas ettt aRlvs P Y i hubtita] Gergeem MR AR LTS mEgPrRE M one
or nor e[ 8ftha iskduntrsRansliygtadhd P a5 GEsidRg BhtireRAlpon ShAANARS] SifrBRE of fiebal t
chrom um bi oabsorbable nmetal, and non-el asti c bi oabsorbabl e plastic, such

as pol yiraes | fedn aplsisiging saibodeecnt.tthemembrmngshgaid P8 Is eonnewsed /i tox EAGALE4 As
further_seen in Figs. 1A.1F | t | n di.nen he onetry of the
franme lbélzf1 @P ra;h%'eo%%i 4 ﬁenc}hfh%aﬁf?ei%%%bgl & %ﬁl{rigé urlrﬂgjf aﬁtu;t/urgsggogln%ﬁsre\é franme

proj ectduentdl 14 af atladiican akidiPA Concdid ® thO Bifstad) bl 1 GO6F ths frd@s Calomethe fitine
exenpl ary purposes. Accordingly, alternate configuratjons may be used,
i ncl udiMYness pps figme s digtal edge ytersonmcting B stathUsgondingisane projections

124a-c. It is to be understood that alternate ways of attaching the membrane sheet 108 to the
frame 104 may be used, such as staples, an adhesive, an anchoring ring, one or more bands, clips
or combinations of the foregoing.

By whatever technique of attachment, the lines of attachment by which the arcuate
proximal basal margin of each leaflet is anchored to the arcuate distal edge of the frame act to
distribute the force loads acting on the leaflets along these lines while in the operationally closed
position. The securement of the leaflets in this manner is advantageous in a high-pressure
application such as the aortic valve position. Moreover, these lines of attachment also act to seal
the proximal basal margin of each cusp to the frame and are critical in the case of aortic valve

implantation, because some portion of these arcuate cusp margins are likely to be disposed
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and expandabl e percut aneously deliverable franes that include two, four,
five or any nmultiple nunber of distally extending frane projections,

provi ded wheorgmbdsgur ati on in conmbination with the abl umtma]slzgawssmmt ed
single .l er,, rrbr ane e dat cl.osur.e of nbr ane
sheet - 10BVELAPRIRURRRY L BR ol P TIRS AAE FahaN s Bif Dfe tonll o B o cor
bei ng |dﬁlﬂér&l§1§&doffﬁb&§l,vefahﬁt$sﬁleﬁéﬂl A eethi thobdportibiis thid dre appoRaiiatie t hat
configurations shown and descri bed herein are for purposes of _enabl enent,
and t heisepraprilarg ppeifipm plcrdamanitioatcrp hs sytieinte e erangmmionddctedpirpiedsed by
the cl e

proj ectibreen {35 Reft e thd hefi BRRE AR bl Eafl ity SR AR
104 as dpplvefunaioa. Tice sfpecuﬁlclfblart ef kehdstuktectoficnit bfbvlmmtbn drenséeet val8 when the
flow cycle is not antegrade from proxi nal tal hr ough t.he val ve.

Ref er r j49gresess this pepbisTy g*at JIASCH S a.Cﬂnsaﬂuqnéaet XHREIOF potifien ?E@ﬁe 104
has t hriegdhhrdnt iRPShtd L. Frverted “v” menbers also referred to herein
as distally extending frane projections 124a-c |ocated at substantially
equal angul dn atllegstame e&bafjnmetnt fthoplusdichobiuhers 810 athaehidi shaleaietdnehil@and tot he

f t | f th tall t di f
o s A i ot oF RS ab R e T ogheR 6 Shel Hrry Bk msRt an

ext endi g, it@&Rmﬁt@ﬁ&f@ﬁe@gf‘%u@t@ﬂﬁdl@ufwﬁmh@@ﬁnﬁ%s 120 %her@ﬁptﬁé gégihgéan ofl st
| east one enbodi nent, each inverted " menber or distally extending frame

pr oj ectltl‘@rpomleiémg theskntsoare disposadeg Iﬂeee@,ltqréabhtrmealpﬁ@rﬁa@e @ﬁrthepemtmnet hbis

i nverted ei.t her side fromt ot her verte

rorver St erEa aen < Eifer i §ihpRe R bR O RS R i MR E S e
t he |n\@refaeldnan/ycmmgl$loﬁerve as attachnent |ocations for the nmenbrane
sheet 108. In at |east one enbodinent, the "v" nenbers are integral parts

of a genera|wha¢g9&bt0epaé%%ﬂ4rgmtemléyp%thq¢mw@eﬁe%@rf@ﬂewm@raeﬁé ftdt al
frame

that - eanfograbarodhiit fchBhbinEMERNERATAT: 0 SR MR A ELAED, | .,
cusp; amd-p2gcet Simgleilayer siteea;bﬁtaomambmfmaabﬂané esath at ﬁxmin’naramehttmpetrtcercﬂmmt al
edge of .the frane. gn st one, enpodi nent , pr oxi end 112 of the
frame 1695 YHevBdsdc IOE%THPt‘t H‘éterlﬁhﬁggﬁ RPTHE MSWS&?% igeatythgy i ent ed
r ecessi aabrhA0 sﬂe@t fsfh?adferf?dﬁ?%%&e%‘i@pa%dtfoﬂ?@&ssb@tﬁt"ﬁglﬂs L&y Qtéieﬁ%i ofmost
portions 140 of the frane Wth further  reference to Figs. 1B-1F,
in at |ssdslle smengtnivotidurentify Ibheseelnmlmesthaﬁ tfapsehthgtet Helivierabdy haad valve. Midwber s

arelocatdb r.oxi trat el o0 90.d art, an

ot of ex ST G VELAOWERASEA SN fibed G 8 e ST G054 bR iRy o
exanpl acfrchcBOA IthbiBH @t ipRdFerr@p oﬁ@emoferbrﬁmuﬁ&ﬁﬁrﬁta? afteRPb v @y compiicth 1F,

the struts 126 form n? distally extending frame projection 124a are about
50 degrdesliapdsectionhel megibranc shedt gernqgtegvp dereh heerdighowy iegh ven for pur poses
of enabl ene LN

limting. Clrih a?gggloﬁeg%ﬁgg%b%éﬁh% 881%% %Sg%ég tlﬁ%l r ?%ya ufe@s Sug)r%%né\nﬁ%l n the
scope dfonidgen@REnAEridID IR atltHs ond emwcﬁﬂlbhtoﬂﬁ:.meﬂi@ane sheet is an unlaminated single
2012/ 040643PCT/ us2011/ 053120 Referring again to Fig. 1A cusp or

| eaf | etlayssof msfrsiak 2ot lepsigne eaphpdimegyt, theetea%rmaheeﬂs ¢ Haglsdarcsof apiaral

di stall a

ci r cunt' Sy SR AR Audd AR AR GEL RN S s e B BT e B dfepbogiment,

cor r espgbathetrbrntahtadad siogleddyer eafrtatd poidardina tik@Rakcatilenst oree emaiasdainraaﬁ sheet

108. That si nce the .nmenbrane sheef@lo is situated exterior of the

franme fgﬁmep‘;l?@nﬁd‘ Y 5t Slflﬁlén?‘l‘xﬁéﬁﬁaw‘ﬁ '8Bhs 124a-c, the absence of
framework, ITHat0ad 16 b ShcRldeQtA8bork é’;&ﬁﬁdeﬁﬁe mdfpal. tAft&hat?veBQ iid @AmOf 04 he
distally | ocated menbrane sheet 108 all'ows the abl umi nal | y positioned
menbr ameaysinektic 2080t mowmfwtsylfa:npmdeg aMotymunh amtlhd)lowaméﬁtsmt@él tdteltval ve 100

valve. @A poRbSbbif fsif i abhRiRuc PR RERayiasih b Re Bk AREr "
por ti ongplyld@@iided Iﬂféﬁtaéoepél?méﬂso&%otlﬁﬁoﬁ/a%bﬂ& momhﬁeagéeenpthgt he- apstﬁ RERagf

framewor K ¢ircunferenti between the distally extending frame

proj ectdng ﬁmbyéweené thegl ge@tmtriy loé thedzmet 048 the dintsl qrzieb]ﬁcrn@f inchide fippdiaidysheet
108 to c r gy Fi in the

cl osed ef)(oem %igofﬁd%et ]%ullo}lqcl[lg]t{%afga’p%zﬁtb |a8%§ §%§8{eﬁlcs:g? Onl ﬁil&%n? %fﬁfolrnt erior

f1 ow chasm@larppurdpossn A&onﬁh@lwalw@atb%nﬁé\mmmrﬁ@} tye ugeh,emvlatﬁng cdb&psitiie!l udes
a bioconpatible nenbrane with a distal (downstrean) portion/margin that is

attached to the ablum nal/exterior akpect of the frane 104 at at |east two

or nore points (at or near the apices of the distally extending frane

proj ections 124a-c) corresponding to two or nore valve | eafl et comm ssures,
wher e| n the free edge of the rrenbr ane sheet 108 bet ween t he p0| nts of

e . oy T " Y b1 Y . Y .



WD 2012/ 040643PCT/ US2011/ 053120 132. For such a configuration the nmenbrane
sheet 108 needs to extend proxinmally fromthe distal end 116 a sufficient
proxi mal wWoOsbevmaess30 as to provide a sufficient seal agatmﬂrs2011/053120

hast 2300 SRR B e R R el AR Rk i hPio, Bt ¥ o i RS P

pr oxi nMeduntbict 6£dik@MNy eitﬁﬁﬂm% €ilaf@ ptréy estidng rbyidb@1RdnfifEafiil @inbifitehSEat i on
or the valve seat forned between the abl um nal surface of the menbrane

sheet 1b8 a@rlmmlledlta@efi piggledaper membyancsheefJO8 arppammapdntes inpawd dows ppthe
ext ent Iﬂ% bk @&ﬁ&é@éﬂ&r@én&?&&ﬂ&&o ?1&1 d SERL LR Qﬁ%ﬁﬂ(}&%a' ve 100

agai nst e na I Ssue east one e t he
menbr arimpsneslt Tltﬁ)r8 thege skzrlmﬁ 1ﬁﬂmmdwﬂh@p|ﬁ¢‘0m(e rmt cadigp@ratidns sifovirhendf deacribeli04
so as to nake a continu i nner/ er vvrth n the proximl end 112
of t he IRFARBCTBHPUIPASS GhERALETET é&a% %ﬁ‘pa "EPai ORTEHBIRGIIREIOS PV 2
uncovergdeRpniie yirr@a%n%h%@&n QA A Md Brddithl IRMRAIR Aididilenadd! {1 onal

structure. By way of exanple he pr oxi mal can i'ncorporate ot her
st r uct yrajlectednsBAd-s arqspacei apgrifaramddhocirhookedcd ofthe framej 104 tas epigropioate to

effectiyve .sec rerren of the inmplanted valve, Such confiqurati Qns have

PPl | I L Ip o P e i B oSOt b DeE i S roporeditedids T pimal

i mpl antigiyised) tsbh@StheSMRRA, as the mtral val ve. In at | east one

enbodi nent, the nenbrane sheet 108 may wap around the proxi mal edge of the

frame 104 sdReferring st ikeFigschht! Fninoudeastronsrambodimet, tharjremevh%rhrarrthrm

pr oxi nma|. af, .t he frame 4. That the vaI \ require
Phe nonby Eherdhudt ibafed " Exrsnfits abatheity | A% SRl naf ARt °ar ' e
frame IfSjcchonanaic 1@@edmmsmeaﬂﬁe@tal A@llﬁ&ustm&emmﬁmrew{ dt¥ied a1ghdidi ng
to the proximal end 112, and indeed, the nmenbrane sheet 108 may wrap around

the prohstaeandddgef imgrane {0 Aligmataclscad ofithessalistslhpgxtongme frame it h
refer egag&ie%ﬁ)qf'n%& t% dqtﬁ?rsfogrﬁs GlRvabis g%le%’%r%ﬁ ﬁ{lj%{)&%l 8%’%&8!& ropéfw{’n 3104 s

depi ct | at projecti trate t
frame ndrtventsnuolkéocptafucital rzactcoddlﬁgl@r At wSMnetehﬁ)oﬁrrmm, éh@lzﬂnﬁzbrtedrév”pr oxXi rral
end 112 and di stal end 116 re r eadi.| yégﬁrparent t he areas .of

ci r cunfesabgrios distally s indpg f %%prfeztl% a7% 151 300 Bk AResteRTeh At fegroint af apex
ext endi fpghd m&%edowrn@&ﬁr&@smiag% StheEAGN TSIt EUTTEF G ih et <82 QU IR &ty 132

i ncludes a pair of general’l rcuate side portions 144 that, in at |east
one enbbelidwmhend lkﬁ:d)ﬁlueframcdﬁéaheat(leerst ord abbatiment, theendirest 4 ewdibofs sche

f h Lative to th nf i gl di tinuity 132 Th
o cuat & apRmay Repiehs B (e SrEn e ariUe o of 4 Ot cBbbdtisRERe 5 e
| eaf | etmempdas Q‘I"éQntte?rall patd sfanBncng afduatct@nRE@slioRbd s fradé AlchibeRUHeiIRS the

margin of the leaflet cusge al ong which are borne the forces exerted upon
t he cl chitel fravad dgedctwarnitee dinelly e&ﬁen@tlg frame pagiceleme d 2toc sheh thpicagh ercgiige

l h hi | fl
Dot onbat i e P b AR 8% 5B Bl BRA D) BB 0ab R EHI & (|

of bi ocasprailtl RerbrabE &de dissa @8gsofahe fagheA Mt atlpoyn ohéremladsdlmehm&ie p’i&}ﬁlﬁﬁﬂ of
the frame. As noted above, to attach the single Iaye -

2012/ 040843 %efﬂesfmqlQfeeilﬁée%rﬂsrlaﬁeu%ﬁrréeﬁwqrésa theuglheméﬂr@abrﬂle %reaed
porti Oﬁ 6%416115 ?&LH&E@&E%WQ& a&@ﬁ%%a‘?% @eqltﬁ fb’%ﬁﬂﬂ%&& p%ﬁ{ gg?ﬁgéfthe

"butto e -1 ni que sutures erein th segrrents 0
i nt er cdramect@4dg t he knots are disposed to the outer/ablum nal surface of

(e o aney 5SS SO OYERL o0 Sekan aacpul v | IRoses Al
the inverted “v”’ members are located between approximately 40 to 90 degrees apart, and more
preferably, at between approximately 50 to 70 degrees apart. By way of example and not
limitation, as shown in the example depicted in Fig. 1F, the struts 126 forming distally extending
frame projection 124a are about 50 degrees apart. The angular values provided herein are given
for purposes of enablement and for exemplary purposes, and are not intended to be limiting.

Other values are possible, and such other values are within the scope of the one or more present

inventions.
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Referring now to Figs. 1G 1K, an alternative enbodi nent conprising a frane
104' suited to self-expansion is shown is shown. \Wen conparing frane 104
to frane w04o12/didsBerences in the frame structure are appansaeLl/oseever,
both franes and 104' _haye circunferenti.al djsc i nui tdges 132 that
subst antt al 15 ETResHE RrlD RSP T h P O e, Pt LB oSt ¢ e
menbr ange spaeed apBdistARt fiendihg G@mt Peoj BRIBAE ADE-8 hBRire dAH8cillsrlp icirdain@dential
exterior of the frame 104', incl udi ng at the frane projections 124a-c, the
absencdispnfipghiesabi2dn thfrapa P4 sebstangalr castaspend tp plaslogation gipeatiet pejitions
portio L i g : ! |y
Posi 1 oaaire s ey ot B T P B! s R PRI e
val ve 10€frataen 04 hecluiogy acihelfeaniesprofettiant i@ga-adthefabsomcp b Damakotkoindérailal

through the valve. Simlar to frame 104, the | ocation of th

i r oun B Aler BRSE BhEIMRAT PR PAEon P%ﬁrda%ﬁélnleaate%mﬁaﬁmnﬁéﬁ% 4Pp atlows
portio + : V., : of
e D e R e P R er B ) FES FERiPhe DS e

pr oj ectvabresl 0024langhé flofrcxote 19 Get' anteighapiadranh proixeadlite tlispd thrpegistht 28lvec of t he
menbrane sheet 108.to close radially inpward. 0 sim to frane 104,
cach o etripGr Wi APVaPBRBRE fanoyeriaayndi gtlst Boioms | Fa-GaRHENT 1085 cuat o
si de pané 808 106*dcdali@tof thdaRbndc@ATanRRR R TRAGh RMtially BE&WdseR dRagave (in
relation to the distal end of the franme) shape relative to the

ci r cunfestaadingdrang prometivnul Mp-cradlpws thelsafleimotzme 12panni Hy mérderaposhacons 144
form 11)08|tionﬁ§e9fdi‘"i‘t tiqulgrrgent of the leaflet nenbrane to the frane; and 2)

t he proxima Padi aﬁllyy outernost margin of the leaflet cusp, along which are
born the forrgsrrgxepiiado BRONAL ethe Rs&tpdseas, eeSeaflet portioAs 1 T8 Eebslbove,

al t hough, t he enbodi nent shown in Fiog. | Aillustrates a frane 104 incl uding
t hree dvighinthe intexios Aayws§amnchpelugiesjod dha vhee h0 Accordingly) thevalxe 0@ ingludser of

di st al | y.: i -0 ect.| V: Vi i n

ol anto iy SR Rt B B SR 0GRl AR BEH B M IR s,
By way abftunexaligxterjorasgbctofithe frafneri®@daeatricast tvao & @orchoidtofatar heanie dpasdsg t wo
di stallg gxt ndi ng . frame projections 124 that ({ire posi ti oned at

subst arfb'? SI1aY Giicheing i Eq RFOSHIHYS 78261 ERIESBING Bl QRS MOTE VR B idFence,
then t%rﬁ&hﬁ%ﬁﬁes‘f‘%&f@itp@le@fe@éhg@@ thSBn il Yshe ANBS Wetit h S EFERSBFNOW tO Fi g.
3, for a franme having four distally extending franme projections 124 that

ar e posittacloned constitutsuths thizateigd dfjthePalse {pallets ontcadleppnraonsol28hcahatonefrantst her
around the frape.s circunference, .then faour cusps | d be,provided.

ot o 1 it BRI iy i S BGRB8 RS GGty er
menbr angitshraehto B@ped Pesifidd. ust rat ed singl e | ayer nenbrane sheet 108

i ncludes substantially straight edges. - 16 - WO ' -

2012/ 040643RCT! lgssiong cobgdipenHovitondhe lepfictat 282 8tc in Meiomso dopitian,, the he
distal fr e h penprang deaflet partion h a.non-Linear shgpe.
pr of or i TS S loFRER, TAPERNoutSotndRey kA0 AR R of LR ERims TR
shape dhcladipanadheldistaiyt dxta@@ity fdmapiofectibne liddad, UK &oddih@nesihdrofiéheondnidr of
the free edge of the |eaflet. This effectiveléextends t he coaptation

mar gi n %nantegrade. e leplicts daffareextendsdglyoutverd rog) the umenned wdve i us,
reduces the pr r i I 'i\é"‘ﬂ?eﬂn v i:

cl osed and iIﬁﬁlr?ge\ﬁ/ge{so‘ﬁte %@b&&ﬁe@? ?%ég%%fsng 9%]1‘6 %géréltﬁ ?%’gﬁggczlfl ng |%1£§?locgh¥t§9{n§g

Ac cor dithgbperatingeleafédgporsibapEx8af@lis dxteidrabfunahs tarte ftame f04oand hey be

correspondi n dge of the fl.at eet nbr ane bef qr appi ng, and nounti ng
of the %@%uoglagrogwﬁ a8t pories PRE 1 P@ﬁﬁaﬁli%ﬁﬁ of hegfaril one
embodi NBRtrmath B, Bl GEHRIE NERt P8 §N8 nBERRLADEx®XE 8RSt aHe8hc entire
circunference of the frane. The menbrane is then gathered infolds or

pl eat s aaxrd lagthaeftbe framctlRé fromothic wedtal (cnd[1é6 o i prafimphendf rldndMee as to
reduce the effective circunference of .the nbr ane t he proxi mal end of
the 1 r dttEafriaian TSP orRL SRS, e TP Reger (T RcoTH S ¥ SRREM and
of the ¢Fikd AHhihNRE] §RMOE aNBc TR 1 04Sandeid dittREdikil aRPPIFRhdtRtdhbaxallum nal
aspect of the frame for secure attachnent, the |leaflet free edge of the

menbr ariong the Rblugninal surfgesyufieigntlera pesvideeatielpogione Addane suph thitéhaeigi nal
| ar ger e%:pﬁ%‘h“ﬁﬁfe%'b?a'ﬂ%%geeﬁbétoh Xet {Fm% d?gc]égt?ﬁuifg%s ip e fFtL 16k el ERER °£sf each
r g eafle g

| eaf | et e eédge and the area of "eacC or a given radius o rame,
and i s luged pbrtioas | DR-OVE moaingaradiditg tiveind aedp@diad thyoughrthd fige disabmtiuities
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shapes may be used to achieve variouktthree dinensional |eaflet shapes in a
simlar manner. Accordingly, in at |east one enbodi ment, a prosthetic
trans-cat heter deliverable valve is provided that includes a nenbrane sheet
formed into a tubul ar shape, wherein a circunference of the tubul ar shape
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408 interconnects the axially oriented support nenbers 404. The
stabi | i zavDamdmesm@wor k is | ocated distally of the nmenbramasstiess312@8 t hat

is att eqd. to the frane .104. Ref er rd ow to Fig. .5 .and i
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provi ded. At 604, the nethod includes attaching a bi oconpatible nmenbrane
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bi ocomp eart valve or prosthetic v ular val've w
cat het enitralThev&04 step of associating nmay be preforned at a different

| ocation than the step 608 of attaching. Referring n to Fig, 7, a
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those skilled in the art w understand that with appropriate nodification
(e.g., tbhamgicdf4t Rbatiasbevave &0t doesinotanioaihctrhanbrenhsivol HiPtoaksndhas
applicatiaon to, a,percutanepusl |ivera bl ood yessel, val ye. At
70a,  carhopel? S eBRSHEALER g o Mot TRANE A S R e

gui dew dgx@ndprtid@ Ry idciduod thdgroriAdIenaf 12 heddh&Raste mealbegctdhadt 1108 may
targeted to receive the inplant. Thereafter, the percutaneously deliverable
heart walaperovnd thaprosiminl eded Fntoitheslupaedaticrsd tha frampd04:al ve was not nount ed
upon or oth A ociat e wi del i ver h r. at n ture, then
the valve i SV EhaSsBARERAR T dadl oAbt LR oG8 ALl BN Wikregery
cat het gn “amadllednBdtpadjs&ibnvib tillistra@ the &metryWD tROE MO MoAZRCTINISZE 53120

differences of the frame 104 at the proximal end 112 and distal end 116 are readily apparent,

with the areas of circumferential discontinuities 132 observable between the distally extending
frame projections 124a-c. Each circumferential discontinuity 132 includes a pair of generally
arcuate side portions 144 that, in at least one embodiment, include a concave (in relation to the
distal end of the frame) shape relative to the circumferential discontinuity 132. These arcuate
spanning side portions 144 form: 1) lines of attachment of the leaflet membrane to the frame;
and 2) the proximal/radially outermost margin of the leaflet cusp, along which are borne the
forces exerted upon the closed leaflets. While the leaflets are attached to the arcuate side
portions 144 as by suturing, the mobile leaflet portions and the cuff portion of the membrane are
preferably continuous, formed of a single sheet of biocompatible membrane disposed around

and upon the abluminal aspect of the frame. As noted above, to attach the single layer
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covering sheath coaxial to the delivery catheter. The prosthetic heart
val ve assenbly, including its lunens, is preferably flushed and prepared in
t he usualwbastwmm4Bor standard bal | oons and cat heters tirat/useomos3iecont ai n a

bi oconpatible tis 708, the carri catheter or balloon catheter is
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of illustration and description. The foregoing is not intended to limt the
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Moreover, though the description of-tthe invention has included description
of one or nore enbodi ments and certain variations and nodi fications, other
variations and nodifications are within the scope of the invention (e.g.,
as may be within the skill and know edge of those in the art, after
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WO 2012/ 040643PCT/ US2011/ 053120 CLAI M5 What is clainmed is: 1. A
per cut aneous, trans-catheter prosthetic valve for inplantation in a
pati ent, WOrpryEiag: a franme including an abl um naCTasedlamssiext endi ng

bet ween,a proximal end of .the franme..and.a djstal end of th r ang,. erein
the 1 r e RE%dh MPlea S RRe Sohdiianl SERREN S HelielseiR o Ghraby Bia b Pl B
del i vernon-1aRear shape. Préfclin€gi0yRatn Mle@cdfics HY€ cdm@li€ hbiAlinedB ik eat ih @hd dhape of a

abl um nal surface of the frame to forma plurali téqu val ve | eaflets,

wher ei rPagboenvith ecntisd a¥ip o cytiptprccdiensd torle Berserorhe freg edeciod shrdepfiateFhial
oo vt B L€ L A Aotk apdudh JIG LA
poi nt s radiustrtdchsriietpresamnd ophhe vénedctinp dealetisraid wienothe vallve & dleatilaatis are in
T an: CRVHBES IR SEHAENo IS SeHinei plpsare. SHERGRBt Fe: Fotgmpbabes for the
leaflets are cut from the corresponding edge of the flat sheet membrane before wrapping and
mounting of the membrane upon the frame.

Alternatively, in at least one embodiment, the circumference of the membrane exceeds
the outer circumference of the frame. The membrane is then gathered in folds or pleats and
attached at the proximal (inlet) end of the frame so as to reduce the effective circumference of
the membrane at the proximal end of the frame to equal that of the frame at this level. While the
proximal end of the encircling membrane sheet is then directly apposed to the abluminal aspect
of the frame for secure attachment, the leaflet free edge of the membrane at the distal (outlet)
end of the valve remains at the original larger circumference. This has the effect of increasing
the length of each leaflet free edge and the area of each leaflet for a given radius of frame, and is
useful to improve valve function, especially for large valve diameters. It will be understood that
various curved and polygonal membrane shapes may be used to achieve various three
dimensional leaflet shapes in a similar manner. Accordingly, in at least one embodiment, a
prosthetic trans-catheter deliverable valve is provided that includes a membrane sheet formed
into a tubular shape, wherein a circumference of the tubular shape is greater than a
circumference of a radially adjacent portion of the frame. In at least one embodiment, a
circumference of the tubular shape is between about 5 to 25% greater than a circumference of a
radially adjacent portion of the frame. More preferably, a circumference of the tubular shape is
between about 7 to 20% greater than a circumference of a radially adjacent portion of the frame.
More preferably yet, a circumference of the tubular shape is between about 10 to 15% greater
than a circumference of a radially adjacent portion of the frame. The difference in the
circumference of the membrane sheet as compared to the radially adjacent portion of the frame
provides leaflet portions that extend within the lumen along lines of apposition with improved
sealing characteristics relative to a membrane sheet having a circumference that is substantially
the same as the circumference of a radially adjacent portion of the frame.

Referring now to Fig. 4, and in accordance with a separate embodiment, the frame 104
may optionally include a distally extending stabilizing framework 400 that includes axially
oriented support members 404 extending from the distally extending frame projections 124a-c.

In at least one embodiment, a distally-positioned circumferential ring, or alternatively, a
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conprises a netal alloy substantially configured as tubul ar stent nenber.
3. The percutaneous, trans-catheter prosthetic valve of Claim2, wherein a
proxi mal worzpiomo@B the frane includes a ring. 4. The pePCUB2E0053120

trans-cat het.er prosthetic lve @f. Claim2,  wherein.a oxi mal rti of
the 1 r adsupbron PAES AR e Ik PR in g Bt 250, By e SR P B s

t r ans- cetechedbelizafbe Staheivotk MaddaeedafistllypbMthe memieie dMedt 108 Akt iRhttaeBEE foQhe Of
the frame includes a lattice. 6. The percutaneous, trans-catheter prosthetic

val ve dfangg Hi4n 5, wherein the lattice is circunferentially continuous.

7. The perc “tfé‘é}&?fr@ ol B ﬁ%ﬁ?grﬁ}fﬁl&e{cc@rdg&teﬁ?tﬂ §et\éas|eb/aqrat%femgoa{.rﬂ3n§,’ anhherein the

lattice is circuntferentia sconti nuous.
alternative to the stabilization framework of Fig. 4 is shown. More particularly, similar to the

distally extending stabilizing framework 400, distally extending stabilizing framework 500
includes a plurality of axially oriented support members 404 that extend from the distally
extending frame projections 124a-c; however, a plurality of radial support members 504 are used
to interconnect the axially oriented support members 404, thereby providing additional stability
to the distal end 116 of the frame 104. In addition, at the central point of intersection of the
radial support members, a small ring or short tube coaxially aligned with the central axis of the
valve and frame may be provided in order to allow for the coaxial passage of a guide wire such
that coaxial alignment of the distal support framework may be facilitated during valve
deployment.

With reference now to Fig. 6, and in accordance with at least one embodiment, a method
600 of constructing a prosthetic heart valve or a prosthetic vascular valve is provided. At 604,
the method includes attaching a biocompatible membrane material to a frame to form a
prosthetic heart valve, wherein an entire interior surface of the biocompatible membrane
material is located exterior of the abluminal surface of the frame when leaflet portions of the
biocompatible membrane material are in the operationally open position. As described above, a
number of different ways of attaching the membrane sheet to the frame may be used, such as by
suturing the membrane sheet to the exterior of the frame. At 608, the method includes
associating the biocompatible prosthetic heart valve or prosthetic vascular valve with a catheter.
The 604 step of associating may be preformed at a different location than the step 608 of
attaching.

Referring now to Fig. 7, a flow chart illustrating the general procedure associated with
implantation of the percutancously deliverable heart valve 100 is provided. However, those
skilled in the art will understand that with appropriate modification (e.g., changing the vascular
entry location) the methodology also has application to a percutancously deliverable blood
vessel valve.

At 704, catheter access is gained to the patient’s femoral artery and a guidewire is placed
through the plane of the discased valve that is targeted to receive the implant. Thereafter, the
percutaneously deliverable heart valve 100 is removed from its packaging. If the valve was not
mounted upon or otherwise associated with a delivery catheter at manufacture, then the valve is

cleaned and rinsed and radially compressed upon the delivery catheter and constrained within a
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8. The percutaneous, trans-catheter prosthetic valve of Caim1l, wherein a
distal end of the franme includes two or nore areas of axial continuity with
t he proxiwalzoam;lomand wherein the two or nore areas of mira]smomsmmi ty

conprise_axia oriente L oj.ections, The ytaneg t het er
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WO 2012/ 40643PCT/ US2011/ 053120 11. The cu eous, trans cat het er
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the plane of the valve. The deployed prosthetic heart valve 100 is shown in Fig. 8, wherein the
percutancously deliverable heart valve 100 serves to properly control the flow blood.

One or more of the embodiments of the percutancously deliverable heart valve described
herein may be implanted into the patient using a balloon-expandable frame or a self-expanding
frame. Expandable frames are generally conveyed to the site of the target valve on balloon
catheters. For insertion, the expandable frame is positioned in a compressed configuration along
the delivery device, for example crimped onto the balloon of a balloon catheter that is part of the
delivery device intended for coaxial mounting on a guidewire. After the expandable frame is
positioned across the plane of the valve, the expandable frame is expanded by the delivery
device. For a self-expanding frame, commonly a sheath is retracted, allowing expansion of the
self-expanding frame.

In at least one embodiment, the frame comprises a metal alloy frame possessing a high
strain design tolerance that is compressible to a relatively small diameter. By providing a device
with a low profile, the implantable prosthetic heart valve allows standard retrograde arterial
aortic delivery via femoral artery insertion, without surgical cutdown or general anesthesia.

The present invention may be embodied in other specific forms without departing from
its spirit or essential characteristics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the claims are to be embraced within their
scope.

The one or more present inventions, in various embodiments, include components,
methods, processes, systems and/or apparatus substantially as depicted and described herein,

including various embodiments, subcombinations, and subsets thereof. Those of skill in the art
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14. A prosthetic valve for inplantation in a patient, conprising: a
frame including an ablum nal surface extendi ng between a proxi nal edge of
the framewendi2z40d43t al edge of the frame, the distal edgeTsduliasiing

axially to define,at |east t eas of .circunferential discontinuity in
et r el 18 0 TG b e Bhespl i R ALk Blap RGeSt 2 For
trans- caidieluey del i very; and a single layer of a bioconpatible
nmenbrane naterial nounted to the ablum nal surface of the frane to form

| eaf | et por tThsriesephidventipn; wevarieys prepodimentsonslugdesprewidingcdevicgs wid h t he at

| east t f 1.Cl i al.: di Nyl i . 15.
The pr c%\? %eg%esgﬁ\t/hgl a\Pgén(rgg ‘dgtgrﬁﬁqﬂgﬂﬁ b%%g?aglta@trrﬁ%&%%\rég P%ﬁhlgcfr 1{1 lr%lg]q@fsocorrpati bl e
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16. The, prosthetic valve of Caim 14, wherein the frane orrpc{i ses aﬂ}et al
al | oy SITHSERMK RTAPISESEHifLIMIEOEES PERRINENCS BEREVIRE fpsrand/or reducing gostigie

pr ost helj,Gery@kMenpf O aim 16, wherein a proximal portion of the frame
includes a lattice to which the bioconpatible nmenbrane material is
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t ubul ar stent. nmenber. . .18, .The prost ic valve of aim.17, wherein
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20. The prosthetic valve o aim 14, wherein a proximal portion of the

frame dovgmtios et groupaddagdteeranonapr mpty-crekpdihendp fas the purpose of ptrearnigning the
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claimed invention requires more features than are expressly recited in each claim. Rather, as the
following claims reflect, inventive aspects lie in less than all features of a single foregoing
disclosed embodiment. Thus, the following claims are hereby incorporated into this Detailed
Description, with each claim standing on its own as a separate preferred embodiment of the
invention.

Moreover, though the description of the invention has included description of one or
more embodiments and certain variations and modifications, other variations and modifications
are within the scope of the invention (e.g., as may be within the skill and knowledge of those in
the art, after understanding the present disclosure). It is intended to obtain rights which include
alternative embodiments to the extent permitted, including alternate, interchangeable and/or
equivalent structures, functions, ranges or acts to those claimed, whether or not such alternate,
interchangeable and/or equivalent structures, functions, ranges or acts are disclosed herein, and

without intending to publicly dedicate any patentable subject matter.
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22. The prosthetic valve of Caim14, wherein at |east sone proxi nal
portion of the frame does not include bioconpatible nenbrane nateri al

nount ed twoizbe/d406Bnal or abl um nal surfaces. 23. The pPro3iusetii®siad ve of
Claim 14, wherein a distal portion o‘;LAﬁﬁ frame further includes a distally
extending stabilizing framework conprrsi 8 a plurality of axially oriented
- 22 - WY i20hgh&rQ643PCT/ US2011/ 053120 support nenbers that each extend
froma distally extending frame projection situated adjacent the at |east
two areas ofl-cir cRFIERBAEIU trassadivtar prrsthptic yakvia doripmphntation irpdabest het i ¢
val ve chomgln@in%‘ 23, further conprising a plurality of radial support nenbers
i nterconnecting the plurality of axially oriented support nenbers. 25.The
prosthetic vafraee ticludimg an ddymindgl duiface exteqding betgean wproxigali cthe of Wheefianer t he

wire guide j.s coaxially aligned wth an axjs of the prosthetic valve, and
wher ei rﬁngﬁé{lwlreéﬁ@é f r%@e,egwﬁqlgmﬂe‘gam%lsépllwhl%ﬁn Cr¥RYALAS a@a%déafﬁé%éﬁ a
gui de W8 cSHeR: hOdkrcqaxi al alignnment of the distally extending
stabilizing framework 'may be facilitated during val ve depl oynent.

26. The pr ostdtoianpeadiblegissfic Ghawirial @Eyntedh &y e ablumenalisnaguif dee fronptd Hew aat
| east Opqgraﬁ{y oaf Vraivréqea%%, g’vhte%?ne an entire interior surface of the biocompatible tissue material
between the proximal end of the frame and the distal end of the frame resides radially exterior to
the abluminal surface of the frame:
(a) at all points of attachment; and
(b) when the plurality of valve leaflets are in an operationally fully open position.

2. The percutaneous, trans-catheter prosthetic valve of Claim 1, wherein the frame
comprises a metal alloy substantially configured as tubular stent member.

3. The percutaneous, trans-catheter prosthetic valve of Claim 2, wherein a proximal
portion of the frame includes a ring.

4. The percutaneous, trans-catheter prosthetic valve of Claim 2, wherein a proximal
portion of the frame comprises a circumferential zig-zag of wire.

5. The percutaneous, trans-catheter prosthetic valve of Claim 2, wherein a proximal
portion of the frame includes a lattice.

6. The percutaneous, trans-catheter prosthetic valve of Claim 5, wherein the lattice
is circumferentially continuous.

7. The percutaneous, trans-catheter prosthetic valve of Claim 5, wherein the lattice
is circumferentially discontinuous.

8. The percutaneous, trans-catheter prosthetic valve of Claim 1, wherein a distal end
of the frame includes two or more areas of axial continuity with the proximal end, and wherein
the two or more areas of axial continuity comprise axially oriented projections.

9. The percutaneous, trans-catheter prosthetic valve of Claim 8, further comprising
a distally positioned stabilization framework comprising at least one of circumferential or radial
continuity with the axially oriented projections.

10.  The percutancous, trans-catheter prosthetic valve of Claim 8, wherein the frame
includes two or more regions of circumferential discontinuity through which the plurality of
valve leaflets of the biocompatible tissue material move radially inward and outward in closing
and opening operation, respectively.
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27. The prosthetic valve of Claim 14, wherein a circunference of the
bi oconpati bl e nenbrane material is between about 5 to 25% greater than a
ci rcunf erwoce120f40&@3r adi al | y adj acent port ion of the frameT/B301Av0sEROOd Of

preparing a E’Frcuh}aeg%gc‘f{l anebld BRSNS chfléf%lsctvha Ve%a @ﬂp‘{ Liw %”ﬁﬁhs -

nounting a single I'ssue Gbl uni nal

sur f aceigdondpatibRMBsEAh Rt SIbetetdnMBE pRixemillead®f slecthanih@id 8o disk end of thsur f ace
of the bioconpatible tissue material between a proximl end of the

t r ans- diametesideyribspatiabl adisgenntbe aplymanad serfage Oéﬁlaa Bme.he trans- cat heter
del i verabl e ”a"ej;}{egj%!r alehesd'tahi Xatﬁé%{;ﬁ{ baﬁet} Pﬁﬁ f%h&&'ﬂh@dl acent
sur e I ver

t he ablumna e’trans-ca ter ranme at all points
of att ddbvveriatiakediskue @atktisleiogs whteroneucpi whahaltswf@ée dfeahé freﬂns of the

blocorrpatlbletlssue material are ip a ful posi ti 29. The net hod
of preparing’a petteUtcEHEBITeYs: frﬁaﬁgatg%tﬁww ett?r‘{j”i‘f Gl W]éef%lfl apcxieRion g,

furt hersuﬁ@ﬁ%ﬂ i B%c&ﬁﬁi}){gtﬁ]éﬁ Srdg it b IRIoR QoﬁtQ& alliffiRit &ﬁ?&&@to?{he%nﬁé( erabl e

frame, wth the bioco e tissue material nounted thereto, upon a
del i very catlHet erA p8Btlithe valet hardmplangatepan k pgtient penguisangeous,

trans- cathete rost hetic | ve of m 2 rther risin | anti ng
the &7 ans. cd sbemebaria gyt Payrobr Thide b hpEoB cer OS L Trier | o
nount edinlhefighiedufbothd fRatd, ﬁfétdlstaledgs ﬁn&m&tﬁ}%chx@iuyptb%eﬁﬁé AdeAt RES GrehadreoUus,
trans-catheter prosthetic val ve of aim 28, wherein the trans-catheter

del i vercatshefdrentime disoenginugesn thedrasms, wherein the 'frame is collapsible and expandable and

adapted for trans-catheter delivery; and

a single layer of a biocompatible membrane material mounted to the abluminal surface of
the frame to form leaflet portions, wherein the leaflet portions are collocated with the at least
two areas of circumferential discontinuity in the frame.

15.  The prosthetic valve of Claim 14, wherein no portion of the biocompatible
membrane material is mounted to an interior surface of the frame.

16.  The prosthetic valve of Claim 14, wherein the frame comprises a metal alloy
substantially configured as tubular stent member.

17.  The prosthetic valve of Claim 16, wherein a proximal portion of the frame
includes a lattice to which the biocompatible membrane material is circumferentially mounted

entirely upon the abluminal surface of the tubular stent member.

18.  The prosthetic valve of Claim 17, wherein the lattice is circumferentially
continuous.

19.  The prosthetic valve of Claim 17, wherein the lattice is circumferentially
discontinuous.

20.  The prosthetic valve of Claim 14, wherein a proximal portion of the frame

comprises a circumferential zig-zag of wire.

21.  The prosthetic valve of Claim 14, wherein the biocompatible membrane material
extends between the proximal edge and the distal edge of the frame.

22.  The prosthetic valve of Claim 14, wherein at least some proximal portion of the
frame does not include biocompatible membrane material mounted to its luminal or abluminal
surfaces.

23.  The prosthetic valve of Claim 14, wherein a distal portion of the frame further

includes a distally extending stabilizing framework comprising a plurality of axially oriented
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32. The met hod of preparing a percutaneous, trans-catheter prosthetic valve
of Claim28, further conprising nounting the trans-catheter deliverable
frame andwoheidmi4ocenpati bl e ti ssue materi al nount ed t heretraseniassrandr el .
33. A net hod, conprisi ng: attachi bj.oc ati bl e menbrane,.material
A T R SR P M S et S ST TG od
pr ost hehé &t @tk Weo aldhesRIiRtuaieremidl dscominity Of tleUFdmace of the - 23 - WO
2012/ 040643PCT/ US2011/ 053120 bi oconpati bl e menbrane material is |ocated

exterior of 2n ablhemirpdhetisurabgcd (deim B feshdr spaippbiag aminrabity o deditl suppaihre
when | ' . I ati . lal are in a fully
open pgfgljp?o%Bl%r%%émgét.h%%ﬁggﬁ% Eggﬁfg# QJ&Q%%E@;@’%H\?%%G?% the attaching

i ncl udes sutasr i ndrichrodih@ronrpatd g lasinn®4riiuaing compasingl wiee guidd, sthateiedge of

t he col | apsibl e and expandable frame {hat undulates in an axial direction
ar ound WiKeg¥es lw%lsﬁﬁéawﬁé&lﬁﬂaﬁu%ﬁ the grasthetic valve, apg wheggdn ther WistIg@fe O ai m

gbeI U1ik BSIFELIPD aAbAo PP BAREA LA B LB S1ERLAPHE! colRlal ¥REARILof the
distally extending stabilizing framework may be facilitated during valve deployment.

26.  The prosthetic valve of Claim 25, wherein the wire guide comprises at least one
of a ring and a tube.

27.  The prosthetic valve of Claim 14, wherein a circumference of the biocompatible
membrane material is between about 5 to 25% greater than a circumference of a radially
adjacent portion of the frame.

28. A method of preparing a percutaneous, trans-catheter prosthetic valve,
comprising:

mounting a single layer of a biocompatible tissue material to an abluminal surface of a
trans-catheter deliverable frame such that an interior surface of the biocompatible tissue material
between a proximal end of the trans-catheter deliverable frame and a distal end of the trans-
catheter deliverable frame resides radially exterior to and substantially adjacent the abluminal
surface of the trans-catheter deliverable frame at all points of attachment and in entirety when a
plurality of leaflets of the biocompatible tissue material are in a fully open position.

29.  The method of preparing a percutancous, trans-catheter prosthetic valve of Claim
28, further comprising compressing and crimping the trans-catheter deliverable frame, with the
biocompatible tissue material mounted thereto, upon a delivery catheter.

30.  The method of preparing a percutancous, trans-catheter prosthetic valve of Claim
29, further comprising implanting the trans-catheter deliverable frame with the biocompatible
tissue material mounted thereto into a patient.

31. The method of preparing a percutancous, trans-catheter prosthetic valve of Claim
28, wherein the trans-catheter deliverable frame comprises a stent.

32. The method of preparing a percutancous, trans-catheter prosthetic valve of Claim
28, further comprising mounting the trans-catheter deliverable frame and the biocompatible
tissue material mounted thereto on a mandrel.

33. A method, comprising:

attaching a biocompatible membrane material to a collapsible and expandable frame to

form a trans-catheter deliverable prosthetic valve, wherein an entire interior surface of the
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biocompatible membrane material is located exterior of an abluminal surface of the collapsible
and expandable frame when leaflet portions of the biocompatible membrane material are in a
fully open position.

34.  The method of Claim 33, wherein the attaching includes suturing the
biocompatible membrane material to a distal edge of the collapsible and expandable frame that
undulates in an axial direction around the collapsible and expandable frame.

35.  The method of Claim 33, further comprising associating the trans-catheter

deliverable prosthetic valve with a catheter.
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