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25 Surgical valve prostheses are generally constructed as analogs to this central portion of
the native valve geometry involved in the opening phase of the valve cycle. This approach to
modeling the replacement valve prosthesis is enabled by the nature of the surgical technique: the
replacement valve is sutured into the valve seat under direct vision. In contrast, a percutancous
stent-mounted heart valve (“PHV”) is typically a construct in which the operating valve

30  membrane leaflets are mounted and confined within the tubular envelope of a collapsible frame
for effective transvascular delivery.

Further, in order to preclude valve regurgitation, the base of each leaflet must lie in exact
apposition to the valve seat to form a seal, a condition that is difficult to satisfy without

implantation under direct vision. Even then, since the diseased native valve would not be

35 removed and its axial geometry is often distorted, it may not be possible to seat a PHV exactly
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geometry that mimics the natural effect of the sinuses of Valsalva - an effect that prevents
25  downward displacement of the leaflet free edges under closing pressure, thus distributing force
along the lines of leaflet apposition rather than focusing it at the points of leaflet attachment to
the frame.
The first of these goals dictates that the inflow to the valve, similar to that of the natural
aortic valve, encounters then outwardly displaces the most central portion of the leaflets first,
30  with opening moving progressively outward along the surface of the leaflets. The second
suggests that the cross-sectional profile of the valve sinus/cusp formed in its central portion by
the free edge of the leaflets, like that of the natural aortic valve, should be approximately
elliptical, and that the cross-sectional diameter of each cusp should progressively decrease below
the plane of leaflet apposition, like that of the natural valve cusps. One or more embodiments of

35 the one or more present inventions answer the configuration ideals with a robust balance of
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30  conical shape according to a flat folding pattern, the substantially conical shape is further formed
by joining opposing sides of the substantially conical shape along a seam that is oriented along a
longitudinal axis of the substantially conical shape. In at least one embodiment, the two or more
cusps are attached along their seams (which may or may not include the apexes of the cusps),
such as, by way of example and not limitation, along the axial centerline of the outer

35  circumference of the cone, to an interior portion of the lattice frame along an axial flow direction
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30  embodiment, the membrane sheet is an unlaminated single layer of material. In at least one
embodiment, the membrane sheet is a single layer of material that does not include any
reinforcement, such as reinforcing fibers. In at least one embodiment, the membrane sheet is a
single layer of treated pericardium tissue. In at least one embodiment, the membrane sheet is a

single layer of a synthetic film.
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corrprl Sd%%vn@trg%tla&l rt%c%s oft Heq}{tegf‘é{? thl% 'aﬁ'éi eﬁﬂ%to@ degg{rﬁgtu Sar%%‘l&écﬁé;veﬂag%rtex

N accor dance W t east one e ment, the bioconpatible
rrenbr arfelds omarradiedy pnivced daedctivanamal fixaxd tpehd taaméi famd bichubat the vaceofddnete
W th at.Ieat on enbodi nen t he hioco nbr a 0es not. co rise
et IR BRI R ERC ?@é fncghde %%Bﬁf%gﬁ& dprppon at the
bi OCOW%EﬂtE) 'c@rr%ﬂﬁ’dhﬁ@%o FQRBY oieSisSurey N8 dofdaiBE G¥ithalt 1edsNoRCEAPSRRERL, Wd h
at | east one enbodi nent, the seans of the 15 two or nore integrated cusp
and0l eahedistab| dechsstanc ventiess alreeﬁe@dchb dhra mmframedfg' aftachricst obt flooy af
t he val ye. ast Q the two_ or
|t egr dt Bamels BT s T . Notse S8R JEREPN TRharima, hiTrt PRBRER ¢ o
a ci rcgﬁf)ﬁﬁﬁ[‘tdp@ireé?@rﬁp entiRf subb@ntiatyt ddhecal KRR i8!fe1a8d dber BAS tadPal RO tHvaR Of
their stal downstream edges. In accordance with at |east one enbodi nent,
t he twolisetioppprd pttached ty e inmgs pordind of dlag lagtcerfpinge dInseqcaedapee yithrag lmsit @n,ehed
to the e fr
axi al fel%% d% érngc I gf% o (%%%ggt?er& lsngOlyg&%P Tﬁ?@@?ﬁ%ﬁ%@?&/ﬂrﬁ ﬁﬁqtlﬂ?t alfeh one

en3adi reep is @otitadSkadnk efire imf@eittlly anecatd | fyonh aplagiat Hhd 6f atpichsithiedf tﬁe begr t
val ve is provided, conprising: 5




a lattice franme; and 25two or nore integrated cusp and | eaflet structures
attached to the lattice franme, the two or nore integrated cusp and | eafl et
st ruct ur esoeactnsewapri sing a flat sheet of bioconpati bl eCrarsbeianessshat i s
folded .tq,include a ile lLeafl.et, |aye nd.a cus 11 | r, wherein
ot e BRI Pl Fefrntybffioia o Slaii o PR beh Py oBfins PR o

Cr 0ss- sRedhbefiag cakRa aaf infegedls Pk, NismitNACR cHBRIGRSRS JTRIpMtONLEald yuffr om a
distal end to a proximal end of the nobile |eaflet layer. In 30 accordance
wit h atacperdanceowih afhendt Ak embegdiancatsthe it (foldingepatiesn 1o pakyaenyl sadanpkides
outsid e | et | aye r i I .
enbodi re}eé(n{nd }n[éh d@ﬁ%gp%&gﬁ?ﬂ%naghg r ﬂr?los 6? lﬁdt?%gﬁ%o%@neqﬁ&bn\@&j} &Xﬁefnrqg&gc%%%g{? ﬁtglgaﬂ i des
of ®he aits@rdwidm drayeial dhond atasieaent dfithacanp danbe lutitd fizind enat torferm a
enbodi nent, the nohile |eaflet layer iin the clgsed position a transverse

cr oss- sECHMbHENAl¥ARTMRIFC SRS Ié)rﬁl%?qsg‘flaﬁegy@& 6 Pthe da RAHBHBANGR | y
froma ﬁ'léa‘é%ne%&d%n@nt?é Qﬁia%ét Pdl‘ géali%étclﬁ?f (;m&):%o?nﬂaﬁﬁfel BEmbAUE s atlabhed
accordance wth at |east one enbodi nent, "the nobile leaflet [ayer and WO
2012/ 082956 2RCT/ ABR0hA! 0620801 thedattigs Prawel tb foray erscdingeath Inrcegndancedvitustp

and leaflet structure are a.single .continuqus piece of, biaconpatible

monbr angit ond ehtbgatiiey 3h sfist Bk SRl ang e85 G hus sl ol aies o et

i nveNnt i QRS dubs@nitaMe bonfihRe at adb@lks RN tndRl| eln Skéstainteewithadt RAs one
application for a variety uses, including inplantable valves other 5 than
pr ost hesnbodiaents the Alacempaidele snamhbighe/comprisas prosassed onennestisodicresdiunatissuen
SchonJﬁln%%t o'1r82r1]ﬂceawnltliE Qtt &S %'%18 dm%Héi%le%E c%heI gl(agfcqlﬁr%f)atlst}lé uplcet W enef Hes %B{ 90%] nr?s%ta to
a lattice raneg to rorma valve con I‘gur e or ITnplantatron itn a Vv cul-ar

syst emt@fated figub.Nin h&coRlad¥é Geicth at Meist BhE PhiboeiindiyS theabhidcdrBgdtibes nEiniitgidur e
conprising: a flat sheet of bioconpatible nmenbrane that is folded to

i ncl udeorDHSS 3 synthetiq waterialy eln acgorgdapceawithy ap lagst ene) ayladimegpe thei ssamp of Eigsp
walils | r.i Yherei ' |, e is
ot oo giop i BERA BT thePIoERARBPONAER PE oML Mobgah uEh or S

| eaf | etofshe udterr b accoplaessetth aubattanici catbogdirhidraf the itwo ac amrd anegrated ichspaind

| east qne_ e dj mrent, the bile leaf] et layer and the cusp ] |ayer of
the | ntleagﬂeé?@aedcﬂ%%%ﬂ? i et Fdchar e aafﬁ@uﬁl?%rFW&q@oﬁk%tqf\rlﬁ%oGglcﬁif@é‘@ of
eaf! 1 QB&land vEPMIABNSHe t he

bi Ocowpﬁédgggteleqar@r BRfn dNIRGCHLARAERnWdalh Bligdseaf]
bi oconpatible rrenb|Pane conprises a synthetic material. In accordance wth
at | eastmbpdenentbthdi tmendr, moteeinfogtatgt atspchndulspl@fdldee afrhettires tareiettanhed taithcher

conpri ses. at. | east, one conm ssure tab. In accordapnce w.th. at J.east o

oo aned e S P o B e uBlsent B8RS RERAD ARy iERG PR
sl ot wiyapjen a nenber of the lattice franme. One or nore enbodi nents of the
one or nore present inventions are also directed to 20 nmethods for formng
t he inventi Ve ageardanse daticatilesetonreqrabagimeny, suirpiscabeier. Percpinponeshy ineplantables .
Accor di ngl.y..: thpd.of formn n.integrated cusp and | eafl et fol ded
struct LPrrgSﬂ%{%lrcahueg% Vlai‘[r%f%éS ﬁo?lrb%leg?nctoglm &"¥al ve havi ng an axial flow direction is
provi ded, canptticeifagic; iradl ding a flat sheet of bioconpatible nenbrane to
forman integrated cusp and | eaflet folded structure according to a flat

f ol?@i ng pat ti&PPr Me puegiaisd cusy BdrHlpt ety attaghirg Hythe stics fgpadhe P efs i n
the fl h i Eﬂfﬁﬂﬁi n : ' - -

separ ata[%1 ?113 %%%%% éﬁfﬁégﬁ ﬁ gt ay%u%%u?%g;g%ﬁc gosnﬁﬁ%ﬁlé \Qf)ggﬂ e?lgegp q}tfh%gécﬁl?%aélﬁ) }3.6'[ ed
cusp anderhiaht diat fsdbllied te inclich wrmeobiler c&tat trydamokea wasphvat lah @ashe@imewith the

enbodi nent., the two diagonal fol.ds are angl ed at hetween out 10 to 80
degr eesm‘?t?lk?n]xei‘fﬁﬁ‘é laygr dp afq?%wi dePERR ia‘c}Ff‘.nSYﬁ‘r’igﬁ‘aﬁfe\%ﬁ'%?éiﬁ%‘&1 W PP et CYs@a8tISohace

embodi nRBtesds gofBEAIRAN HEINETGSANRI RES Hholifhldnd F she ARMIZasAM 164sPIEl

fol ds, wherein the cusp wall layer is further formed by 30 joining "apposing
medor arecedandeonish adicastemt cntbodfmengt thadss el dyce isslocetad radidlydsutsikoof the

t hat, .| i ent ed, subst ant i al llel_ with th ial flow direction.
Th addrels g BT orEauRHGRc Rtk B imat e R wal 18 b Rt
et hod Bfmddpyijdiging a?bgsﬂﬁgl gidbebethe cnﬁjfs Qﬂillﬂlal@?ﬁuzﬂbﬂg b ¥pdrantiakbkeordicestiaehd ¢
ed, 0

heart valve is provi conpri si ng: ding a plurality of integrated cusp

and | edf#sepng enpedimsnt; thermelaty lealiat hayien irethe #lasgd position a transverse cross-sectional

length of the mobile leaflet layer decreases monotonically from a distal end to a proximal end of

35  the mobile leaflet layer. In accordance with at least one embodiment, the mobile leaflet layer and
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35cusp and |l eaflet folded structure of the plurality of integrated cusp and
| eaf |l et folded structures WO 2012/ 082952PCT/ US2011/ 064989 conprising a fl at
sheet of Wpaormsa¢s2bl e nenbrane that is folded to forn1acwusmnam@98ﬁing to

a flat foldin the c ther f or

S opoat nC it Db s iRbFh e S, PR s bRCHe kS e roirb S hB T e
and | edfid@imfabbradcmbmnet ure of the plurality of integrated cusp and

| eaf l et folded structures to a lattice frane, wherein the two or nore

5i nt egr at ed Alulspst g inveafipeof s QREIOTSMPIFCRIATES IMCBIQEC 2RAVEL HERET PG KgSD
their roIneqtd ‘éﬁu&ﬁrae”@a% t%ﬁgh%ﬁfotn' £ alafEE dds %@pﬁ@g?h@&&%‘?ﬂﬁ%g Ghly

par allé1 to an axis o I ce rane onponents are
ref ér r etlart probeed heasviloger Atdoydiaglypin atledt ondsmbsdichehgraad fn stitoearbaditipn,
associ at ed" refirs to éonp nents that are_|linked t eth r |n o) erable

f ashi orf H¥eBréR OUUSBIE 0% ATHNMORT LR p ST SamFelol [iled Valve
di rect 'c%nﬁgéfe&%ﬂ mffﬁan%[ﬁ%ﬂ% gﬁ:@ééﬂa{r@ Qt&n‘@?'a%ﬁ@lgq%fgf&%g tﬁeq@ﬁe%l%a%ueg $hd

pl aced between the two conpo ents used her el | east
one, " ﬂaﬁét@MKWmB@pm@amdg"and/or" are open-ended expreSS|ons that are both

t ct t F h o
cxpr ossi ons Ot heLH GG B e B0 ST EmaREF Pablig et yer

'0Ng Orandoy Suspfwdll ld%er aRkbrém "the QDG Rall MY R i9HividedBaloRE aGea@NEnd AheBin ad/ or
C' means A alone, B alone, C alone, A and B tg@dther A 15and C together, B

and C trogfatenleaflet drycAls ®nsinEoUS atndgi@pw@s the cusp walldpywushaartbo diteasaicd cosp e
resent enti.ons. are set .f the att hed f res, and
D cor T dgt Y S AR & huts ity ek o RshREBSS ik 3 AGRL O eBodifinss thq |

shoul d Mebilendef&t 1@5ae§i,anfd0twewagp whahlabydrhéfSthSuntagiayeddasp aﬂatleﬁwﬂtsauauﬁl dre Qf
t he aspects and enbodi nents of the one or nore present inventions, is not
meant tEhe JONHNEGUSG PisKe r ok thigqomnatiblen memprargnky acegidanzgt Wath ehdeast one

| ny “t | QAR fﬂ'eso%c%ﬁﬁ)‘lnﬁ'@rrﬁé@bﬂaﬁé %ﬁﬁp&g%r S%ﬁl%qc BY, éér i QLcoPi L Widh

ski inthe art to enc ass obvious i1 nproverrents and nodifications
t her et aut least one a@dl@bdlmemtatheadwgim@igasp ahd idadlepstasant funthoe bMErisas dt llcaseccame

readily apparent fromth oII ng di scussion, particularly when taken
t oget héPTIRIEHIE K& &Eé&‘}%‘;ﬁ&? Mt &téwtr@ge CrRdEReRBER BT RE EPTTHEUIHANNGS

25T0 T WohRBlired ki dnboihP§ sRPQYRiIPNRRbBSST RIMAA8RS. and features of the one

or nore present |nvent|ons a nore particular descrlptlon of the one or
m)r e pr esentOnnvemord Ambpdinestsdel td dwg qrehercepresent mm@pecnsf are aém:)éldwmhtos

r eof h.ar.e i.llustrat d in the appen ramn It shoul d

ecﬁﬁ%ﬁ‘f fon fo g Iy ’r’(&sVabVeeﬁud8§ f@ﬁﬁ@ef%.aé ar d %%F?%Pﬂ@nb?le@ﬁ%tsone
or nor %d%ﬁtﬁﬁgl%r_ 4 eed SR rang A BtdghREEERheandatafl® fBdcd Snsdt@@retudd M 4n Ng
of its scope he one or nore 30present inventions are described and

expl ai rnewlamtable vl havorgin axpalcilaw direstioanis peeided) comprasiegi fohding a flat sheet of

biocompatible membrane to form an integrated cusp and leaflet folded structure according to a

flat folding pattern, wherein said folding includes making two diagonal folds in the flat sheet of

25  biocompatible membrane, the two diagonal folds separating a mobile leaflet layer from a cusp

wall layer of the integrated cusp and leaflet folded structure. In accordance with at least one

embodiment, the two diagonal folds are angled at between about 10 to 80 degrees from the axial

flow direction. In accordance with at least one embodiment, the method further comprises

forming first and second cusp wall folds, wherein the cusp wall layer is further formed by

30  joining apposing membrane portions adjacent the first and second cusp wall folds along a seam
that is oriented substantially parallel with the axial flow direction.

In addition to the foregoing, in accordance with at least one embodiment, a method of

forming a transcatheter, percutancously implantable, prosthetic heart valve is provided,

comprising: folding a plurality of integrated cusp and leaflet folded structures, cach integrated

35  cusp and leaflet folded structure of the plurality of integrated cusp and leaflet folded structures
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use of the acconpanying drawi ngs in which: Fig. lAis a plan view of
a flat sheet nenbrane tenplate for the formation of an integrated cusp and
| eaf | et fwbdet/seysacture in accordance with at | east onecCErdsodile4y89 of t he

one or nore present.inventions,;.. 2012/ 082952P 2011/ 064989 : Fig.
TR0 AR PR o o B Rpar R e B ST RIPLEF IR Hormting a2
(proxi et Yol padialwherautinacdspols Rrthel BededByjoane sipshgaidsrofakeeudp on
of the tenplate foldings illustrated in Fig. 1A thereby yieldi ngi a

conpl etdRNg hwgh and dttaghing a3l integratest cwselaagdeaéler R dagh gructrrg of the plyrafityselge
per spect.d Vi di reachl. al r . [,.an t

B s anielfyol S bAC TR TRRLE e RUGPRY § Rlick FuEMFRBRERE 00 Alporg,
i n Bi g.intkgated cusp afd BafldtDolded attuabies greccaak atidchtdplopd itisdiateypaoars paadsity ehevi ew
di rected downward (proximal) and radial]ly outward of .a further partially

f ol ded e IR aﬁH@Cﬁ%S&Eﬁ%@ﬁY@ﬁ%@LW&H| ir1ake RBISGE™et r uct ure shown i n

Fig. 1C  variousofhpoh&ntd %reafbf@{)egit feheroh! aisq‘%e%h)ahssBaﬁteﬁd’i H@hded herein,

perspective view directed downward 10(proximal) arid radially outvvar(f of a

f ur t her“opanmablyadssgcifted’tl exfers ep sioorpooénts Hieati an¢ digked éxzethes pn apdrabkafaklaon.f aldded

structure shown in Fi.g. 1D; . Fig. 1F is a.nodified versio f the.

| nt egr £PSUERSS SRR RERF 8 WhishFOERSERIE A RSH AWRCPh s atemhedyneniin ¢

sang styhish h'dlcﬁti@rthicU&ﬁ&ﬁeﬁﬁ?ﬁ?Riaeeﬂﬁwe&ﬁhe%Qﬂﬁké’& ddnpont@R. (di stal) cross-
e

15secti on schematic view o distal end of a three-leaflet valve in a

2% ¢

cl osed oper ah$ wigdpwsdin ‘@hlcast one,” ‘faing or gre,” ang|“and/gi care eperapistcd exprepsions

sheet qﬁ{&b aliréa Poethtc%n ulngttivee a]:n rdigé'ﬁgctfvg riﬂp%i)érgﬁorg f Fo"a‘rnefarrrl{[ggeg rga?‘ghe& tﬁéJ 2 Rr%s%gonls eg,[]‘ | et
fol ded structure I'h accordance w th a east one embodi nent 0 e one or

nor e priegseshe bNASM 4NS,” “at least oneFdfUA, B, d5CA ‘Phanr vi@Woo A, Y tanamt hede & at
sheet nenbrane ten‘&lgate for the formation of an 20 integrated cusp and
F

| eaf | etmisloded BsoF crnd 64 B, ankieyr dameanswi elonat B ploast C glagcevispdiBrigether At he
ong 50r r@to%éﬁggga#g%%{h%p% A’,B and dﬂc%eﬂl%r.' s a plan view of still yet

anot her 1l at e tenplate for e formation of an integrated
cusp and | ea¥dr&iuskeolbdéithents afchaipesdnt iveatisrdane sct orthinathe heahtd Gperes and in

enbodi nent_ of  t he one .or nore present. inventions;. Fig. 5Ais a pl Vi ew
of anotthePstiled E’ﬁ%?éﬂ’“ﬁ%r%r%m@ldﬁ‘irﬁﬂf% éndops £ Oq‘ls% ﬁ%i’t nclgimsy Jt iSﬁ?ﬁgrQﬁ ed

cusp angdbRafoliholQlefl&fatshiks WokdthBy idBeLER RAANRCAL ¥F thb adfcclseABlenHdBiments of

embodi ment of the oné or nore present inventions; o
the one or more present inventions, is not meant to be limiting or restrictive in any manner, and

20  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
25 To further clarify the above and other advantages 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 of its scope. The one or more
30  present inventions are described and explained with additional specificity and detail through the
use of the accompanying drawings in which:
Fig. 1A is a plan view of a flat sheet membrane template for the formation of an
integrated cusp and leaflet folded structure in accordance with at least one embodiment of the

one or more present inventions;



Fig. 5B is an oblique axial top (distal) perspective view directed dowward
(proximal) and radially outward of a partially fol ded version of an
i nt egr at e\dO(zuBzmsa%d | eafl et folded 30 structure prepar e@Cirrusaciaosedance with

t he tenpl at ug_axial . to

(st oerigof bl oblifle i on disaRtbiraSils oSl R i AL e o
of a f umthediapardutahidyof al ﬂwédvle&ﬁﬂbﬁuihemheéthgﬂerné@@ﬁtad@df kS [eeraypl Ge | f@&ﬁh@@t
fol ded structure shown in Fig 1?[)I an view of the

i nner  (Uluytage in Fa&dé*etthwbya/l@léml @mg}etﬁ@lm%at@éﬁgsmddea ohPldrkitiugiieir e of

Ctructure o NP Sotoronoes e UBEI b IbEE A EoafuaRt B e BT Re R e

t enpl atieitiahpsldedvdrsign oﬁﬁqe(lmgﬂatetdhmslemﬁbl@ﬁﬂ@memlﬁlatftrshOWdeldF(gomm ssur e tabs);
Fig. 5E shows a det ai | perspective vi ﬁw of a.folded co

Fig. 5F shovdallpdt ahabliqure 3 qp bfiste é’eéili’F%tiVe(‘élﬁ‘vaﬁ%‘ieﬁ‘gmds A 4 (IHPXW@
devi ce a%BQMal'l}noé@aﬂi oﬁﬁurther %artlzﬁl 1fdvarstorPbBRe }ﬂt@g@ﬁt@a clfs tanﬁ']@iﬂ@:@folaé(fit

sheet nmenbrane tenplate for t mation of an Integrated cusp and | eafl et
f ol ded ssturtwot shoevniin Fag dék, dance with at Ieast one enbodi nent of the one or
nore pr esentFl Z]gntl ons; an vi ew of st

§h

t
oot hor o7 i ER 8 iomer qbligs GEE! 1 (iRaDr B aReive ey dredtd AT BYAE: o

cusp artgrdxﬁﬁalb @ﬁd tQlifdgdofivarcs s Burthdr &l faneasd Verkidnajf th@ﬁﬁé r&8& cusp and
enbodi ment of the one or nore present inventions; % is an

obl i qudeafkit &ldedyructire skawn indrigpdt i ve vi ew direct ed downvvard (proxi mal )
and radi al | yFl%lult rd 8cfhf dezesllrrs}olnaolfJ e gl?egnae[gd \c/ﬁasr Sln(ar]eacﬁet ?(ﬂdef(ﬂttru[%{ aL ?1(1:I Wit i

and leaflet f TPUcture prepare accordance W shown
in Fig.FigAE;15Fi g. 7C is an oblique axial top (distal) perspectlve Vi ew
directed dowmmward (proxinmal) and radially outward of a further(dgsrtrtlally

fol ded versifos HP it same stragipee ad %lﬁ‘é’pShQWéi indig EE. #lengiadths fpctdisted) SHStm i n
Fi 95 7 n schern%t'l:d Hew O'Ptﬂel (}@tgln . af%il{g e?)féa%iet {90 { d'Jr a&@gd)ogglf%'ﬁﬁg %ggllﬂ&? vi ew

di rect Eaddpovmwar pr oxi ma out war d

partially fdiged 13/e|p$an0ﬂewfoﬁMthentf‘mQSMeemmuﬁmeamdlpﬂeeaffdneﬂleZﬂiifmldtdmobf an
structure shown in Fi Fig. 7E hows shal | ow obl | ue to

per spechicgR1ssd %W&Pdtl??él%&l@?d @t&mﬂ&ﬁ]% apgor it leps oparm aﬁnngﬁnr oF dhsg
cusp angel O?Q{&rgbréél{t%leﬁﬁgnsof Fig. 70, F| g. 7Fis a plan view of the
inner (lum nal) aspect of a conpletely folded version of the structure of
Fig. 7D yi eldgnyisanplamtegr ¢t yed acetbgr fiat dhéat afendtrarfeakaipbhtes for tlxt {ormatpereplzane d

5221&‘[?6%9 @sﬁmﬁtag é?)ag@ i}ﬁgg %t&rgqmcclor%daﬁllc WiZhAat(I%gl(s(f %%E ie%oagﬁaetnt OIP The
onge or more present inventions;

Fig. 4 is a plan view of still yet another flat sheet membrane template for the formation
of an integrated cusp and leaflet folded structure in accordance with at least one embodiment of
the one or more present inventions;

25 Fig. 5A is a plan view of another flat sheet membrane template for the formation of an
integrated cusp and leaflet folded structure in accordance with at least one embodiment of the
one or more present inventions;

Fig. 5B is an oblique axial top (distal) perspective view directed downward (proximal)
and radially outward of a partially folded version of an integrated cusp and leaflet folded

30  structure prepared in accordance with the template shown in Fig. 5A;

Fig. 5C is an oblique axial top (distal) perspective view directed downward (proximal)
and radially outward of a further partially folded version of the integrated cusp and leaflet folded
structure shown in Fig. 5B;

Fig. 5D is plan view of the inner (luminal) aspect of a completely folded version of the

35  structure of Fig. 5C, thereby yielding a completed integrated cusp and leaflet folded structure
9



not yet folded outward); Fig. 7Gis a side perspective view of the
outer (ablum nal) aspect of the structure of Fig. 7F showing a conpletely
fol ded veweizore/osR95an i nt egrated cusp and | eafl et f ol dedPstrruseeinnes9py epar ed

com satraneg pbelsgrdatfe ST EmBlR i bl Bigo D ATHF I SRUOF by fosga <

pl an vigwmkstdabsyaner (lumnal) aspect of a conpletely folded version of
an integrated cusp and | eaflet folded structure prepared in accordance wth
t he tenpl at dighghoms amlegpil peaspectiys viow 2f gdoldsd permmisspi1at:064989

Fi g.
71 i | VA t ; i . f | d
Jarsion bi A SRl DGl LRR) HThOBliby ARARGha T RCOMRL ALY (AL f

accorddarigesivith the tenplate shown in Fig. 7A Fig. 7J is an
oblique top (distal) perspective view of a conpletely folded version of an
5i nt egr at ed Féa sl aiep @ity BB ¢ ISERG[‘ e pinsdampltg ?L?réﬂ&f‘c aRIEONA™ h

the te megﬁa?edsﬁfgig”&nh NedFlcd f?la&i structure il la8corddfick Svith 5ORaR DS REBLHMS Y bE e

directed downward (proximal) into the cusp space of an integrated cusp and
| eaf | etontorr dexie ptesend inveetignsgpar ed i n accordance with the tenplate shown in

Fig. 7A; 10Fi.g..8A is an.oblique top (dist er spective view of.an .
embodi ment  JfEa7A it TIEE Vi<Pank Hior! ABRihi i Sbdit BETIRT e gl U SRR ded
i ntjggr ajred istegRtANGsh 8Ad |@HcSloldéatsH&Bredn Hesahindead el 18isd onét@bodBchfof
side elevation view of the |attice frane shown in Fig. 8A Fig. 8C
i s a sitbeort @vaelicomcsghianvettionsie | attice frame of Fig. BAwth a

superi nposed..pl .15vi ew of raci al\l y_outer aspegt of the completel

ol ded i ogro o ic UL BBIHE il FRh peri¥Rls ARGl doVRnRERYBAEY, ¢
an obl iggderadiligl ot of at@irialRefEpartnpnvotwh Ghtegitcdssgfbddlcaflet folded
three-leafl et valve in accordance with at | east one enbodi nent;

Fi gs. SKusiHEe IRPHEG N dgsoingeydhthedpmplgteshawndn Fig 3 di st al ) per specti ve

S gt erpi ocd Foreue RPREIGRE 8 (Bolyr hESeh sty Bler TP FERoBl

comm ssadeadialbysoutward of a further partially folded version of the integrated cusp and leaflet folded

structure shown in Fig. 7B;

Fig. 7D is an oblique axial top (distal) perspective view directed downward (proximal)

and radially outward of yet a further partially folded version of the integrated cusp and leaflet
20  folded structure shown in Fig. 7C;

Fig. 7E shows a shallow oblique top perspective view of the outer (abluminal) aspect of
the partially folded cusp and leaflet structure of Fig. 7D;

Fig. 7F is a plan view of the inner (luminal) aspect of a completely folded version of the
structure of Fig. 7D vyielding an integrated cusp and leaflet folded structure prepared in

25  accordance with the template shown in Fig. 7A (excepting that the commissure tabs and apex are
not yet folded outward);

Fig. 7G is a side perspective view of the outer (abluminal) aspect of the structure of Fig.
7F showing a completely folded version of an integrated cusp and leaflet folded structure
prepared in accordance with the template shown in Fig. 7A (excepting that the commissure tabs

30  and apex are not yet folded outward);

Fig. 7H is a plan view of the inner (luminal) aspect of a completely folded version of an

integrated cusp and leaflet folded structure prepared in accordance with the template shown in

Fig. 7A;
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Fig. 9Cis a side perspective view of the lattice frame shown in Figs. 9A
and 9B with a superinposed plan view of the outer aspect of the conpletely
f ol ded ir‘wegnmz&sebsausp and |l eafl et structure of Fig. 71pCZAR2@1/0808¢9s a

d f d
i evs of t ndibundy CBlpefe B TEAUE b &keeleY § inr Bl b hSnRRa TRGAT
fol ded mt@gﬁwdaéﬁg agdgfRNbliapithturs tp[rdfﬁfddrlﬁsa,cc@ﬂﬁlnce with the 1ate951dvﬁ1 an

oblique axial (top/distal) perspective view of an assenbled three-|eafl et
val ve dB#pising the lattice frame shown in Figs. 9A and 9B and three

T2 o, SR AR AR P ARG o g

enbdédi Merpsital cushendnieflet fotdedstiurven prapasddaseceordettcheitie the ﬂeﬂ@laﬂd ehcavn in

i mpl ant abl e prosthetic heart valve having a frame and two or nore cusp and
| eaf | et 1%t7r4rctures 35mounted to the frame. The frame preferably conprises a
| attice of t Va2 é%ﬁ’)q];

nmet al mesh. '?Igli}sdp@gﬁz YSP%%?EGV?? gﬁ%%dlﬁges mé%g a ne{dhiﬁggégd%eraﬁpae to
open andtegratslequsp hed dénflep fadéditngtuae fooapetddoni asgordaozevitin ére teophiteshonitt i n a
frarre.oblf.n ,at_ | east one enbodi nent, the nmenbrane preferably conprises a flat
sheet “Ocessed mammalian tissue menbrane that is folded into a

subgt ant i al | Big CORIE @k o§1|ﬁﬁiéeto§‘{§1@tra9 c}jwsp%@tl\% Yibatoffaal Ghndimattt@ranattRe fathd he
ensui ng descrl ptions and reference ures it will be seen that, when

appl i edor moaning thetveed thesimgleapiece fOIlrtedflmearaqﬁﬂgi ¢ush tahdll¢aflct stsuetures ilﬁhd%m@b@p
shape %ere%‘ inverted pyramid with a rhonboid base. On rel axation of the
folds as  occurs naturally with a flexible and pliable nenbrane, especially
when the nmermiga®isiassidyseation vidwef i sdtichRaae SesamaFis st antial Iy coni cal
in shape and wi || be described as such in the ensuing descriptions as it
nore cl osel Wig®G B vdeplevationerigins dienattice Hrmepsd Fe&sfzﬁ rifhgpapeinpescedlame
valye. Y a
poridat g oL s R BRcFhrRptd e ARSI ATERR ARPRNFIRNG MAOKIEEE 2
transcatipetler placenent. That is, the substantially coni caI shape

associated w.th the flat. foldi patterns used to forml eafl
descri bed hdiii $Pdp [2Bpbigpe éﬁlﬁE%PB@ﬂ%t hPEIDEtyS WY PhaR aéaqm@%f 83% tafsteq

prior ts%lderlhra%w&éﬂcggvlﬂlodt Iaist GheCRidatRintt 0 an advant ageously smal |
diameter, thereby facilitating transcatheter percutaneous delivery of the

vaI ve wi t hi rFigs. Pelt aren?B aﬂérm/osilffsmeahoblalulewxmb (tpp/alistdhaepsmcsvef vewhef ahgheed
t WO st ant i oni ¢

oi ni a riented sides,of t | | sha

o Pl wtulels P SeBGRom s it Sh AR e gy iR e AR
substaqufmtgtyu&@@gm{ln@n@@«@omﬁﬁ@u{cé@bgr nore integrated cusp and | eafl et
structures are affixed to an interior portion of the lattice frame al ong an

axi al flow 20gi ¥eet ¢ side pprspersive aliare ohHg lattiee figmetrbpwafin Figsd 94l andPB weth a
di stal, % rpﬁcg ?% n Vlg\g of ?he équ 0 as?gcs[to?nﬁe ?0' et%Pnfo?cﬁg 1§tegﬁ?edaéugb%n@EeahgaSt

an out et e 'Slpst an

of the stactuetist pbugi ments described herein have a nunber of different
features and characteristics_as conpared to other conmerciall y avai l abl e
prasdt hetic HaardD it vids vigwoef g dstfireirange shew in Bigs- YhvBodiPRenith sipegmposed

1 nscohleL o uPand gasavely, LLADLABG dhe BobhE P IRS Al
four siadddecadlrdstnivinabs;faodns an i ntegrated cusp and | eafl et structure.
Fig. 9E is an oblique axial (top/distal) perspective view of an assembled three-leaflet
valve comprising the lattice frame shown in Figs. 9A and 9B and three identical folded
30  integrated cusp and leaflet structures.
The drawings are not necessarily to scale.
DETAILED DESCRIPTION
One or more embodiments of the one or more inventions described herein include an
implantable prosthetic heart valve having a frame and two or more cusp and leaflet structures

35 mounted to the frame. The frame preferably comprises a lattice of substantially tubular alloy
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In addition, at |east one enbodi ment of a transcatheter, percutaneously
i npl antabl e, prosthetic heart val ve descri bed bel ow conprises integrated
cusp and Weaﬂizﬂlszstslzructures that are attached to a | attipce/dSe@mmceB9 t he

ci rcunf er nt| 6}1 ?ﬁ“c”set er 1o ﬁeatt' ong1 cornrﬁligondl L0 thre 0t commi Isl Oesg
such | dRsiE] NS, the P@nag‘}dh 8 s aE AgFRErepy erEahoR PERan

att achrtﬁa’febyafprbhamfguspﬁma@omﬁg eghal wheaf metntt® Hkinf hafmts s Itemnone
one-half to two-thirds of the axial |ength of the nenbrane portion of the
val ve. embodiment) thegpembigage petferablypesanprisst aofat sheetafspraeaseademammalian tissue

per cut %&%‘1%11%/ tHaFB'f?@tg&‘ﬁléﬁﬁ i ﬁ?%l%]?ﬁ% t(:&lrlpﬁ%flépe RLYRingp %rhaft @%lég:%eﬁeﬂls in

t he open position, ayer ‘apposes -or trically
freé to appdaehd essufng desaijitivas dnd wit@oedcnpesit e»hl} bt (seetnhthau mhediagpléddyto a

radi al | WO 2012/ 082952PCT/ US2Q11/ 064989 | ocat war d structur uch
as at %)ié’fleeéﬂéﬁ rafgy g ngvéﬂlpgfya?é\‘ ltoin g eysgrs; 696 ’{ﬁ’IT %“Qf# pﬁfrﬁ@l‘f&’ﬂtf‘lace
frame. rh@mﬁ&d' St dﬂn?eleﬁﬁﬁ%“dfeﬂﬂ% fold@ és f&llrQ%QerzHBzSWiﬂth A1 AR SMEHRE

cross-sectional length of the nobil | ayer "and the cross-sectional
ar ea ofmuh@anusqspsmaduswbpla(tl@ dembwrs‘:els hydrmdorthe:allldpyslfaporlvmdmesdsmiahtudhd to

pr oxi mal en of, the ra tjon of the val ve. ha ener

D oper B! i i cad e SerPahed Sy sihel A ehpion § g dese

emhodi e senrtmeaﬁlbab&%lelneaifﬂh@kuﬂpaﬁ%e@ﬂsnbh&aelva%dl ately outward structure
for the full axial length of the |eaflet &cusp wal | layer, frame, or other)

are a si ngl davatomobusalpe eenstroet emakeqrib@ﬂ elcin providsa e pershianeersbodetivatableat

t he base of each cus i Rroxl tent .10 of . t.he
| eaf | et ar? h@v%i‘?’@h erélgﬁ}lelgl Smal %meetFms b ac Frceahl%n? fpaﬁemen%hbrjglne P oﬂ%ehe

frame lsabét@[a&ugfmldah 8hder @sudsﬁlae@ rwluﬁltheeﬂatefaﬂdlﬁg ttérac higedto @6t e flRBMY ane
to the frane at the distal end of the cusp. In addition, at the base of

each culspcriberdcrain elipyy rennstalction pemyalye thay RGOSR AAPTIPISO TRIFOICHPIE® o
h
on & eﬁoszﬁﬁ'&etogo Sdvafild oqlrssrﬂe %l dﬁhﬁgéreﬂlg#e%?efaﬁﬂ{a ﬁ%;ﬁfa%loc]%ggkneg%g &%36&

genera per pendi cul ar ow axis o he va
menbr an:&htveryt dfetht rnatwe withines qsaaﬁiehmn Tlteesub&tanmﬂmt@ﬁmtshape Esxfueﬂhbr €drmed by

transverse fol ding at the of the cus st .one
ermbodi ARIHNE tavomwg{ r%tqnae ?' ?tﬁ%téﬁ héP@}CﬁP%@%ﬁ 0§%§ Sa%m EPrangt

cusp a“ﬂ'oﬂge@‘idn%‘itu&hﬁlu&&y BFtﬁ’é’f‘s@l‘B@t’aﬂnatlgﬁ CRARRPShAR. Sl“l%et%voo& EBR £ at@di %ushj

j oi ned at “one nmore axially orient seans. In at |least one erbodine
al | folamé leaftet seractarearaee aﬁmade@ammltbmmep@agmmﬁtﬂm lazaAtfrdnmlen@he astub Ggvent

of ne.or présen i nv i ons. does not ne ele such
PG obahg, PEES AN iR OERCEr TR v Gty Sorhifar SHECRE b

One Or SUBStEntROK b A8l Hhpd NBndBITBAARE oSBLRIIF ofMRE SEB4RINtialY cdB@I shARS edge.

enbodi ment of the one or nore present inventions does not include any

har dwar e shdpingr feraref Hikayagions e@lbomea@h@@cmbﬁdahgrelpdmtvb @nnwshbar ed dieriente
| eaf | etf AQL ets agd cl?araét t1m§ ”Pc arec? ?o D & dd' ergfa l?f avalFat%fe rﬁ@tﬁe? %% Vnets of

t he one~or sen Irnventi ons daoes no

| eaf | ethr&)(@rhprpattlbzﬁ;t bhasmbedionrgt dhetransdsthedt, ipatdujancouspl Rhdarhtsle L{m‘)ﬁh@cm i al
di stance separati ngb t he conm ssures_at any point bel ow (nore proximl_ than)
t hedcorfrd sighe deagded Aelqve sampiss adis palyigent! shectipemiyirec Bavipg more thea dpwr

I nvent i oNS A ShidiAbrh %! ngéagrﬁed cusp and leaflet structure.

In addition, at least one embodiment of a transcatheter, percutancously implantable,
prosthetic heart valve described below comprises integrated cusp and leaflet structures that are
attached to a lattice frame at the circumferential perimeter locations corresponding to the

30 commissures. At such locations, the length of the secam that forms the common line of
attachment of the cusp and integral leaflet to the frame is less than one-half to two-thirds of the
axial length of the membrane portion of the valve.

In at least one embodiment of a transcatheter, percutaneously implantable, prosthetic
heart valve, when the valve is in the open position, the mobile leaflet layer apposes or is

35  geometrically free to appose its full outward surface completely to the immediately radially
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30 transverse fold or reflection of the leaflet |ayer along the
substantially conplete circunferential distance separating the comm ssures
at any paWouohmmmMn(nDre proxinal than) t he conmi ssure PEW&B%NONBHBQature

For al I, enbpdi ei n derstood.th

renbr dAETRPRUFERLIBEES POUE A WAGR ol of Porep a6 R "Gt of e
| eaf | etistticd¢@atedimgl Léastvmdefbrﬂilﬁﬁlﬁﬁ&ltt i Pardidsed |pakitioNhe transverse cross-sectional
2012/ 082952PCT/ US2011/ 064989 nat eri al types that may be used to formthe
nenbr arfengheéthe mabily lepBeidayesmad dhher@pimiastiond @rqretfifhe AesPSHRES SPRET ACHRISEhe
cusp or,, i e i r f
b1 ccomat T Bl R B3l Eh 8 i e P mELBNE b ofARE THYE (Th
synthetis,gchérattp tegirofdre delIdbhb ad weBughn as/eﬂail' pEamid)) at | east one

enbodi nment , the nbr ane et is 5 tissye preparatlon process
that yields & ‘Ftegf?tte?nenﬁ piligienpythe Jrlmlagq gt Z@W@t ndrit doragitely yoytyardys e
in a prasthst i thf P %%’fah?éng[h QF{HeVl&Et?é? (@us?e\%tﬁ 1&5}%{ V@amd N SR QAL 4 Qfno O

2011/ 109450A2 publi shed ept enb 9, I's “i ncor por at ed herein gy
referenmeUmAmBmumghfthHHEHbrane sheet is preferably a single piece of

mat eri al , ne sheet.forned of a urality of. pieces of material my
o used ' sud Shiuphigrergprind o thopud sl stierush Ykt iy 1 e Fiosk progieh oxtent
conpectdhe leaflet), tﬁesmm;fehﬁﬁﬁl RtenPbPH B cntBTARS mShbHAk @6l (HRERMOTs 168G 10
the upstreamor flowinlet end of the valve, and "distal" nmeans situated

near orthe ceenferantiehextervafsttedmensrof tthomeabranst toghe fismet 4t dhe disted endrief ghe
conventj on rther.,a in the descrl tion,aof th vari gus l.ded
struct arahel gl Fruf B Bl e B et bR R R O AR G bR S P
are terimRdor Phoicpllane ®f 4 TrircHn$drahtial i i s]’ingl@@lafnb H@Jrvep(b‘f i folldiflg GhatOfsi eeeadliyon
of said elenment within the conpleted folded structure satisfies the above
def i ni tHe&Pt‘éldlcElaR nihs dlovpds of the ypkyckfoddiag o5 thegnerabrapgito the fiagyets less than the
"trans tion and orientation
n 1§he E{gﬁ eert81{6t 1%kt{éﬁﬂ‘@tﬁaﬁ%&éeﬁfl‘glduﬁ%}qﬁé&1stapgnd 6ﬁcu§tl§o§p onne 1 hat
structur aI piotr keb g ronef erabodad e, aquacttleailctvzalee déesegbed heain edmprisat aenaeppRasises
a space closgqe ward the Lomer (proxi.mal ) direction and open to the 20

upper (YPREA et SHEStHEE, WheeHetherprpsiae jsylened thngrea a@olmrteﬁtﬁtpglesqrr Wetur es
of the zopil @nén?&if ée%hlspolrnt 4t0Ra Q)n% kb%lﬂoﬁﬂhéﬂtl Al 'f@l'a@ran&'sgﬁn@'afe folgcg YaPival |

portion on"the radially outer sid ‘cusp" In the present invention |s
t hat stscgmtntse descri bed as haV|ng a substantlally coni cal shape.
herein,, the "nobile . leafl let” .nmeaps t hat

| di
o e £ s o @i of e S e e S AL PR EP TR AR kil rslOE. aaab%y
exanpl eleitbifd) shétad/@pp6rt infontlclS isPehnihethd ntem&l dfahd eats elminay@rsupRtesne or

radially inward toward the central axis of the valve [unen. Wen the val ve
i s operiherg, pomelsmfbhfr elené>a¢nee&he¢ta>d\éprew¢/re@t leaﬁmleleyntz@dtmmt@f éhmom/\alymﬂreom

t he centr re| mall
| yer~ rians PCRias A ol Pikfdel IR yardyare 150l 350 PR A g a1
mobi | e ﬂo@t&fﬂ@ﬂthé aibile ldaﬂetspmﬁore@memmnirale a portion of the cusp wall |ayer

30 noves during operation of the valve. |n other enbodinents, the cusp wall
| ayer remai 18 dBnaat foaph gng ﬁ%%dlnentjat thegOrspel BOFHRreENtt Eensigny gloes not

AS m‘;seqltﬂ% ehllchildf " FUite ‘t@alé‘iet | ﬁgﬁ{ a? rﬁl@n%‘aﬁ’lepgl‘otél?o sut){%ﬁltfaﬂgdggmp ete

rane structure that resides r y outwar e Cu
| ayer amduintfiercmibidistarce atparatingathercomanidsunkse atearnyr miembelows(nroad pedxluytalcﬂhas)est
to the Lrane of theothree | ayers conprising the nobile |eaflet l|ayer, the
the commuissure tabs.
At least one embodiment of the one or more present inventions does not include a
30  transverse fold or reflection of the leaflet layer along the substantially complete circumferential
distance separating the commissures at any point below (more proximal than) the commissure
tabs.
Nomenclature

For all embodiments presented herein it is to be understood that a “membrane” includes

35  suitable materials for forming the cusps and leaflets. Accordingly, with regard to particular
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35cusp wall layer, and the cuff wall layer. The cuff wall |ayer remains
substantially imobile W 2012/ 082952PCT/ US2011/ 064989 during operation of
t he val vewo 2012/082952" f r ane" as used herein neans a substamﬂuslmlyloﬁubﬂl ar

Ther Ty aBlalOhe ul Pel sty o Torft B BRPRE shfTt Sl DopdhoBlipfi i ©

pi ece Qﬁerﬁ@tfaﬁé siedet @tmitd e dusp b@te}aﬂs dripsd itRdend opxprodai gte 1256 Sheal ye"
as used herein neans a frame with a urallté of cusps and/or leaflets

at t achddoconyragibls. membraee, psaatents |ﬁfiﬁ‘éntm%mé Rsricahiym | dsfucetos isnthefic

I nt egr d e, at
Is a rr:dtl% %Fﬂg%ltgfec@a{e A ‘%QCHTE%Pﬁ col | g;aglliﬂts{eggéngﬁl@%ﬁ%gt é, suﬂgﬁn&%%t !
const r uaidenfrymbee tigkalei ptepmﬁhdnhpmugsis thatcyitkistaelcafer mutkenleolusliyableosteenycr get
site within a patient, such as the gortic valyve. 10As used_ herein, "cone"
or " corflUEHtYnios e 1B SeRISSINALC &rapdsathely %&V?P@Bh hogBr edye atlhe oinBtepbioftWPn
the pr %1'1)%54% ﬂfblltsﬁ'@d St Sécfﬁérﬁﬁé% 9,2011, is MRorpeRted1R&h By refdRHLAN AR A
coni cal™ neans resenbling a cone or a portion thereof at some point in the
practi cht mesebrade shpet st pm&ruble a/vsmgletmecesp%mafelrlel pr opetbranet shaet fommed of a

transverse,.(t on a ectjon, generall endi cul ar to t he
b re S e IR Arbieded of Sl sl yish 3 SERERT it o Peare et R i

st rgct Wr€cidhetiog operati onaI I y cI osed posi tion decreases nonot oni cal |y
noving fromthe |evel of the |eaflet apposition to the proximl end of the
val ve. Asgsagsldein eipedxamal”tmagang rSItmir:@ nparadt @oser 'to thapapstreamor eflapa indet

| eaflets, " " L .ural i

end of the al e an t‘allstﬁf” rhga%f lsﬁua%e nea]r %r g].'oggrltg I‘Ehe c?ow sﬁe amnsor how outtle{ end
four, of nore va et's. Accor val've w nor e

| eaf | etsf'thd vl&l Ci&ﬁs Sonvahtich Mﬂf&ﬂﬂhdr\&pplhdﬂaﬁﬂtﬁé &escﬁpﬁ(@i Mﬁth@ﬂvhhoﬁshfbﬁ%dkﬁﬁéth&t S,
a valve 20with four leaflets, and a valve with nore than four |eaflets.

As usedlraends .ﬁmelabraﬁlaw@mfgls fegen scanatspand feld dincsy thet praterawd spradmel off of
mat; r| a‘ldls‘i’allorﬁgt Ql]algoglt o'n o?fcen{aﬁhﬁj bPhifkl ﬁ@@?thin%g C§Mpf%‘?&it oI sﬁﬂ&ﬂre
Iy| ng on separa anes, out |nterru tion of material continuity.
As usedatidiiting al:a)vé(deﬁpﬂtlehe Lilodvds®) @he e said el‘eniedtsngte(rmsd dhgial) “hreweise” dthe
angul ar, 25 ¢ an e of the_planar axis at the line of fol

appr oxi WHEWD{Franigl &8@’?%@6 its pepitipp apd %@t%tt?ag@@fw@?tpg @Neapprox. mat el y

parallel pl %@ﬁséﬂ“ﬁer&ﬁe as‘lé'aﬁ?ﬁﬁl'eé}{bstha{ Strhdtu@P BERoh B £ vANE T MidA0toCH Rl
with each other at IeaSt at some point

leaflet that encompasses a space closed toward the lower (proximal) direction and open to the
2

o

upper (distal) direction, formed by the joined and/or continuous structures of the mobile leaflet
portion on the radially inner side and the cusp wall portion on the radially outer side. The “cusp”
in the present invention is that structure described as having a substantially conical shape.

As used herein, the “mobile leaflet layer” or “leaflet” means that radially inward portion
of the cusp that moves during operation of the valve. For example, when the valve is closing the
25  mobile leaflet layer moves radially inward toward the central axis of the valve lumen. When the

valve is opening, the mobile leaflet layer moves radially outward and away from the central axis
of the valve lumen.
As used herein, the “cusp wall layer” means a portion of the cusp that resides radially
outward of the mobile leaflet layer. In some embodiments, a portion of the cusp wall layer
30  moves during operation of the valve. In other embodiments, the cusp wall layer remains
substantially immobile during operation of the valve.

As used herein, the “cuff wall layer” means a portion of the folded membrane structure
that resides radially outward of both the cusp wall layer and the mobile leaflet layer, and where
present, is radially closest to the frame of the three layers comprising the mobile leaflet layer, the

35  cusp wall layer, and the cuff wall layer. The cuff wall layer remains substantially immobile
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As used herein, a "cuff" means that portion of a valve structure that lies
radially outward of the cusp wall portion that in sone part

ci rcunf erwotzbnzl/dswsenconpasses at |east a portion of thePBRASSIM1HE498Lt Ur €
and actgs to |i nh ftat may pass retrograde around the cusp. As
used her'&i's PPHEgHNY rvgvemeans the site of union or junction between

adj acent cus49$‘framef s udcdafck@h Sncand stisteXh By Sibalr ne@hbee ehdt\heldy o flasity of
portions of the adjacent integrated cusp and |l eaflet structures that are
coi nci d8pRs %td/QTH@‘d?Fﬁ gty vty plipaniies thafreme neayris avie labseer sslattiss cut Bomap
2012/ 0 r nt egrated cusp and
| eaf | e%@%ﬁgﬁ{apﬁég%gyﬁggéPﬁ?%ﬁthat e &rfl(g% st I% Elggxt)mgtécordance w th one of
t he 5pat t er nsA dedee’l Badedh eeretﬂrneﬁmlacfedné/azhtha ﬁlmtaﬁgr@ttcetdps@mirbramﬂeteafaméd -
Fol din Pattern No. 1 Referrin ﬁner |1y to Fi.g ﬁA 7K.. each cusp

enbodi rtBfetoof Inghe rrﬂsegtrlar@aww%%i Shefid seaflétarip ap Wbt oF adelied B biEe n
Is as §%?ﬁlﬁdt€r‘e| wd fréﬁn& & gocﬁzﬂ‘%s QQhdiaPEgie RRIHLER c%l‘l'a lﬁb‘%ﬁ& %%dnﬂhl:;]%
perpendicular to i1ts longitudinal axis. In one or nore e odi nent’s

i nt egr aueld amslmtstrlzmdndyebef Helivestd theoughey cuthetar peicnignéaslyetd 4 taypetssitei eitlen of
menbr ane ad| Iey reali.zed by folding a flat sheet of nenbrane froma

cl osed pﬁBF‘?}g BAHHRIC Y pat tern fol ding results in apposing seam | ines
al ijgned al ongg ﬁsfé@'hrere@ﬁ(' @bnd’ ﬂt}gtcbmcéthmn@fe@ememfe@ cbit &l f8Gor herebb dsontt t he
10 general shape of a cone with the joined seamtorm ng the "spine" al ong
whi ch tmentemﬂwm@@tcglusn@fthwémc@sqaect of the tubular frame. It can be seen
that, when f& SC hoe]rerr?‘ drt}/stanpr SRy OB &llGng tfggm fittgrcgner gsul toﬁ Inntlthtereg‘%l y in
a cusp shape Y HAT 157N mver%e‘)a yram el £ r ool d’bhade 1N

f 1 exi bls@meploiratih eherpradiican@e df$heCsmt@fd-ﬂ@Wﬁthttﬁb @e&iﬂ?@%irWy&hét&th@ﬁﬁh@aﬂse ﬁtnatpe
On relaxation of the folds in practical use a substantially conical cusp is
real i ze# ArEPlaPHOL Irstipm ARTCraBLPRenISErta thawgripel #owes ther valtra crasasraional e

conti n t t r sp
oi Qtas g%ﬁp Oe\é\%reo?_ar& ofosléttggtf&%rle 'It]rg ﬁrﬁod\k%ratroﬁﬁlgﬁ cl%%.% %&Etﬁ%n@é&re\ggvésor%rgﬁot&n@al&u

r ect anguéwng fioat the heet oﬁthamaﬂameapq)esrpbmtoeth&@ﬁbmmalsdmdwﬁ tlfe()\t’al‘td’le formati on of
a single-piece fol ded val ve int egrat ed cusp and Ieafll The, pl an Vlit W‘Nt:s

shown with aWUses BIcinnatvq ahMase leafictsac et af Moke &d Vf«‘atatf}ﬂtt
fol ded léﬁftetsz’cbrrﬁoﬁ%l%dte%trﬁ@aﬁs wd, rtﬁr%@ foBP ?'ir?d?@@al'v@ |AFRR. U@c@@rcﬁﬂ’gl? Q). Va%\%

wherein a schematic of a valve in distal axial view is shown, and wherein
t hr ee cuglpsvardtt moicicefipts] intledéd evavamaethsivoueafleis, hivalviehveittf theerelcafhets, a valve

coll.ecti desc illustrated in the present
ap&ol ca‘t”l\{lbt?){‘ lﬁaﬁgt,sn a%Y@EB@Oé%%aBtf S‘%Pgssed shapes may be enpl oyed

wi th alternateudeIndicigl apabldaigNsmdaas ERNALHIE G d B4tNALE sSRRPEST nadtetidl unigijonal
features of the valve cusp and | eaflet, and conplete 25val ve.

Ref er r isherpatieg f tfeldRiggor erasefido isubsestionsdeasbelyinigt hn sepdratssplanase batrvddionent

of the ) i ventlons dotted lines 101, 116, 117, 126 and
127 reﬁgtge%gﬁtlo%n??{ﬁatggﬁtcl%gﬁn% ‘folds or creases applied to a piece of

menbr ane t o A9usadahdrert Iae‘tcoatptetetfbllrdﬁlgl’?aﬁeaﬂvbromlﬁgar(td abdvay wherdioltié aggwhr
lines 116, 126 and 101 is initjated inward (with convexity of the surface
di Shosedangy phHicaplpgar anknrty theolins af fHdingdnapaIoxiRatelyolS degren vich thak e

whil e 19} d3idds/ 1:2Ngh }éﬁc@z‘i@ﬁ%&'ﬂ?gﬂg%y#@é 'a}‘rdotﬁfe"‘ﬁfbgec(t%ﬁ *hré?q{]vﬁﬁih&%m%}

surface d| sposed rad Fomthe central axis of e va

| unen) .ov8ilping contacki with cahseiser aelcastiaesimt paint. of the various sections of the
sheet tenplate in relation_ o each other apd to the valyve I
or et at1 o iy UEH BRI CRHE S B HDTHRn S F ik o Boe e ?ﬁ%ie i puomert®
oper at i @M Ofush Ml Kfide it W domd Rkt d’h%ﬁﬁf?&@ﬁt'rdlby én%éﬁbébs&% 1§a§§§5§mon of the
orientations as on initiation of the folds. The "inward" and "outward"

codPentdusmstripyurt lang acts to limit flow that may pass retrograde around the cusp.
As used herein, “commissure” means the site of union or junction between adjacent
cusps and/or leaflets, and by extension, collectively those portions of the adjacent integrated
cusp and leaflet structures that are coincident at the union or junction in the completed valve

structure.
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WO 2012/ 082952PCT/ US2011/ 064989 definition will be followed throughout the
descriptions of the various folded geonetries presented herein.

Ref erri ngwegaizmsmsti g. 1A aline of di vi si on by cutti mgﬂl&i’ilﬂﬂib@&! ed at
102. Cutting, a resul ts d d 125 that w |
separated by il Rgthiria TukdeRPRaSh SHadGRES PR AMed e, BPE A womiB e

as thelfbldlaasﬁ hdcordaabeiwh bed bathi atteRageabédiieeigh the fol ding steps. Fold
101 defines the central axis of symetry of the leaflet pattern, with the
concav&addadeVs g Cuppandibeaflel; BoldinoRattogrNotlowar d the frame and away
fromthe ce lwe—-u I S:

mai nt enancer]g&{’fglé>T<]'g§eﬁer(21 F%lélsgflﬁ %k Eﬁ{ﬂ dClFBce%hb;O;a %ﬂ%?%fz%lt mie%rét&fcusgc%nsdsar y
to Beaflba&’letfsmnemr@ldemﬁ)ed sheln@ﬁ ised athuahytﬂmteﬁemabn@mehaised)m&tngf ai raxof

t he val VE %1?}5 e 10Fi Referring now to Fig an obl i que

axi al lwe)peagﬁcgbéeq ity longitedingraxiy. JHOE Rimosr anbe By Bl Intsemed

| eaf | ety gh bMEIHRE: h3lekS ﬁ’eﬂ"% fﬁ%@@ ﬁ%ﬁﬁ@kf’eﬁ:@@f fRhethe HSRadNreh Al
structures 130 are typi ca nted to a frame to form an operating héart
val ve. folthee ¥ ifletslekt 6 glembﬁnﬁiroum redased pdhygnngrtter(p ridwei pagtkinyfpldamg rasalds @l | y
outward, w.th suci}PIS V|e IIutratIE a L{%tantlall olrrgl tedfolﬂ%e?d

| eaf | et?PAAU"E 4" ?%%I{%PF HAf* @ %iné"ths f¥ ?rgé?lfﬂé OSe giret’s 4
seqpi ongn&hl ﬁia%e o|f/a\ c@h& Gv‘&ltlﬁt?h@(jb'ﬁlb&) BedPh férﬁﬁn%ﬁféms@in%” faRn@ivsh t @ﬁe%tslll
and 121 formt d right halves of e distal free edge of

mobi | e thpemar a&pgctprrﬂnq t@hul@t frame. lterah bescen thelawhicn &irdicd @f aﬁm&@ehmmb%e
fornms nd | ayer nmenbr an u rd of t first ts. 112
and 122" ‘S%:t%r%res ¢ ma‘“‘”t‘/a’i1 AEhEE ey ]Sﬁlsoarn ‘the ‘pe% NSl 1¥” Qlot“he"%r% A8 it

i nt egr avigitla €lasiple, phabl@dicalbrahef isébbh@ﬁielflt(lb@s@f)stﬁﬂifally@bﬂ@ﬁlaéh@ﬁe QisiRelaxBton of

| eafl et structure (that is, approximating the open l%l(geratl ng paosition of
the | edht dolfs ip Huacticghwur 2 15ubstantiallyapgibesd quap 19 Pealizad WiEteinithe missgBebifco

aodeagpenulogsl o RteRlbeSSEhhan, Ui hegheunit, b b iRy
126 andafl]i’e?empdinaslgle\pmgrrent 122 25 The left cuff wall secti on 118 is

bounded by fold 117 and edge ments 113, 114 and 115. Th ht cuf wal |
section 128 Regfe%eaﬁa@&o@gf c'l‘ FyVISHPTEdgeaapdfit shocs me ﬁlﬂplfﬁs 00

| nvar d i heliNGordthe %a%ﬁ' oF&/si &%ﬁé’ 1PRck ToIREd GhilE u’ﬂ@éﬂateﬁ%%ﬂ QAP le%@t gid plg 1O

posi tion outward of the cusp sections 161 and 171, respectively. In
radi al lwew liasheun fothm ofew hé tload g et eurfiael dediasey mdnahlryem(mghpme folded and

1 1 1 ft | f.l et
O A 0 e *RERG a0 RS kR N Bl uRE WS R phel e i
FO' ded (NﬁhlVe@anQJl@uz MY shoREHI QARE Qvherein thredehpk Wlﬂﬂm’%@ﬂéltl@aﬂ%'tsg&e sh&wARAthkPthe

obl i que axi al to&@ (di st al ) perspective views of partially conpleted
f ol ded frasag thet celtrgtively gomn ghosyrdvn. Awrdescyibed@nénl@wrd@d ipytheEprgsent BoplagationD

di di
Gopi ct 15T PIAPLE, g A Rl By B NP Y G PO HE,
execut igncrafe ilkgndteRpirRs ant dlelitgsl feaMQ@ﬂB{eO&?&SaﬁgTdddﬁzﬁ)ﬂét[ 06 9&Gplete

25  valve.

Referring again to Fig. 1A, and in accordance with at least one embodiment of the one or
more present inventions, dotted lines 101, 116, 117, 126 and 127 represent the position of folds
or creases applied to a piece of membrane to form a leaflet structure 130. More particularly,
folding at lines 116, 126 and 101 is initiated inward (with convexity of the surface disposed

30  radially inward toward the central axis of the valve lumen) while folds 117 and 127 are folded
initially outward (with convexity of surface disposed radially outward away from the central
axis of the valve lumen). Since folding causes re-orientation of the various sections of the sheet
template in relation to each other and to the valve geometry, final orientation of the fold lines
within the structure on mounting and operation of the leaflets will not necessarily retain the

35  same orientations as on initiation of the folds. The “inward” and “outward” conventions by this
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Fig. 1C shows a perspective view of the inner aspect of the tenplate 100
after initiation of the foldings and cutting at 102 resulting in left and
ri ght cufwowal2osgeseti ons 118 and 128, respecti vel y. ThePcutustoiemomddges 115

and 125 se te g t and ri ections 118
and 128 B Tishc Rl & BBt ouehob g FerMPBud o g cirout ol R P Pae ng
at 5 ]plcgseaf@dhé&?nresul ts in the cuff wall sections 118 and 128,
respectively. Distally situated ﬂWI th respect to the blood flow direction)
edge segnentRefartidgagainitoFigs 1anhe liggof diyasipn by uitigsis indcaipdat 2. Gtingepy  as
pr oxi medqhy. t 2 f I 118
bna 128022 ElE R EboSHARBER TRk 127 RRCR: Dlpekdlfy By QIR MRkl R
subst anddigad bfythpetmetael adllabicled & thbe poeifibh ahd @xiestatbn ngvathteughlmEifgtdln]gD
shows the cus nd |l eafl et structure 120 with the folds 116, 126, 117

127 at S5 fiokk Hldlesnes de sgRiTd R Sy BICHH of e Igpf Paften ey th étt?ocqnpamsu?
mobi | e Jregi g' 1®h ﬁ&ﬁ%ta‘aﬁ‘ﬁl Joll%v%%%%% tﬁ@ﬁ%@tahé{ %l;v){y bt ﬂﬂ@‘d@tﬁ?@@ a B ?%edéalé@l
and 116 and free edge s grrent 111 on the left, and folds 101 an(? 126 and
free edgecsdipidnd] aRistom thhenamitegiunce FHhxdsl s_‘ymﬁ‘nar}dofltﬁ@ felded t:dmtludztr butghnot nt o

app05|t|on on t war.d as ect of the.integrated nd ong a
S| e A SRl AP Behontring it Bien Bt Rt dRgh of SR Y ST o

cl gge tfhg shgpe of the single-piece continuous conical integrated cusp and
| eaf | et . Referring nowto Figs. |E and 1F, oblique axial top (distal)
per spect i ve Réfeiingapwato g)sltBaml |0h11¢11ye worpvR(didalh pbdpettivesiswaric: subakneallyar e
shown. The. vi Vi b and are d| c downwar d

Cpr oxi euirys e RSP oS SR Solvlsif RS UTHERR reate

20r eor i st @ekssisgetypicang naatcd an s ﬁahlchb gomt £ efdr@ingeheambiver) of the
tenpl ate fol di ngs | E shows the cusp and leaflet foldi n%; substanti aI ly

conpl et ed foTltﬁ\ﬁ@WtOﬁLEg 1g t 1B istdiseated slovwipinverd (rrexigeHi ambragigheytwagds wish such
appasi tap i fﬂ%ﬁﬁﬁé’ra l%s;ellnglﬁg{l %&%plcetéa%léeaﬁégﬂw atg&ﬁrbes% |u¥ gﬁf‘th%ﬁhe ¢t§ &ﬁagg

si nus space orners for med ends
116 andecdizdntal egappsaad staicandf ig. daheftrteecduion ofitic temiplates foddings sSceh@&nand

128, t ly. 25 d | eafl et t
rul - B 2] e e DT B A RS g G S B SR GETREion
adj aceniy e RENANIRRafdiBHiAL al B3 Anatlz/é thfinsdfecBhd I.£RF beieRordRouR¥ATRK Rle Of

he nmobile leaflet portions. Wien further attach to the circunferenti al
val ve fﬁratrrezyltlt hegeentoridrandt é2hdorntihg the eestddfyes nofrginhef Hebolter wedf pthe

portions to the cir um‘e ential, inner oundar of the ra C dri cal
Daie htshged Rl £ B RS Gy PRARTRS R sk Y HE0E b Rbhilh
30 Refgprdxng ht® Eh@ b Sitisi 6t tHeBlesdn, tiad ehh@-llQ/fHE It& 113,
depi ct a? t))(utatvﬁ}n@t“h th)e CB?f I\ﬁAg/a ] slectl or?selldg)Btan%ég%lZSB redticetc)iﬁbset

ci r cunfasddad iwll aemsm@ 122.om t hat of leaflet structure 130 shown in Fig. 1E
More partic r i t ica I t f the v a
fully cir cu##h%rlgﬁ fousp Qv%ﬂ fs?cqg)noll%l %andeIa b ettoécgglglr Tl flg n(a e%e%rﬁeftﬁei’n

l'i m t edTeudht wadpl war tehtltnewl tsltﬁﬁu@dr@nfbtcarl% rm&szvratyd @dg‘e@égﬁlurttqtzlzonal
advant ages. Alternatively, an additional pie

2022/ 082952 P ek zoifivelb acrsion dl 8 i hewndsd bafafyldobl ingeedgecreerans dd dnt japndy
around f pe ﬁ{ét ht%gtmm@écu%ﬂrl&é“tfb&}ndteﬁ%g\éfgr&é I192t7f £I?d7§dg%%egr%nt§%2§‘ gRakddng

cuff to forma Darrier agal nst atio
125. Inward folding at 117 and 127 cause these cuff wall sectlons 118 and 128 to position

outward of the cusp wall sections 161 and 171, respectively. In radially flatted form of the

completed folded structure (again, approximating the open operating position of the leaflet), the
30  edge segment 113 will appose to 112, and edge segment 123 will appose to 122.

Folded Valve Folding Sequence

Referring now to Figs. 1C and 1D, oblique axial top (distal) perspective views of a
partially completed folded leaflet and cusp are shown. The views provided by Figs. 1C and 1D
are directed downward (proximally) and radially outward, with such views depicting the

35  reoriented segments and sections of Fig. 1A after partial execution of the template foldings.
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Referring again to Fig. 1E, the apex 133 (proximal tip) of the conical cusp
and leaflet forns the |ower (proxinmal) end of the seam 132. In at |east one
enbodi merwQ 20tea82gsex 133 is 5al so attached to the circurCenseeiitabioboundary
of the vaIv .an val ve frane.. . ferrin n q . Fig. for .ease of
et erence ¢ Halat SRMTAPERPRIye viey pC Ik M0t R ighocet@o4 iR G o
t he pags, thalf@laglgwahb duttir@Pat( i2stedlling 1036t I8¢ trighn cvffevalDiectibas distad 1eRd of
a three-leaflet valve in the cl osed operating position, The three cusps
with | gafncetieclnr dhsrgiires edeasi Mg 4 hnarg seadratod el gngapvish ithe Isfigrnd gight cuff

i ndi cat f usp
and | ea a[ﬁ {}:%tl I%Elcltgguhlrﬂgq?gg)g) E}Nﬁ? ?&gﬂlggdct)gﬁ :ﬂ{\%ﬁmvat t &vagﬁr ee- p@&?{ ﬂilﬁg ?t;me-
mouist ed 17andel.27Suduls én did adhmahtssctone 108iahd adl frrat;pechaerlyt y)lstally situaltealr (vaehc h
folded integrated cusp and l.eafl et structure, uter seam132 S
al i gnedeWePthtole’F‘ebIBPél Hopalrecti sHar el dpdd 23&% Wow F?ﬁ iong hEd ind
att aChnﬁ@t aPvell BEpioR! Iﬁlaﬁl Ih(ade@ e&§e7 QtstIQStalﬂﬁ 199'0@%6%% b1 8 o MR LY
the sanme attach ma% or’ exanpl e, by & si ngl e knot r line of suture.
Advant alg&oas BpSftmmed Itnassvptﬂep@mbtn sthleadt maeenbayginpmef sellbaanmedlyl perpowicilar, to
axially orlr&?{ nber that align to the seam 132 for part or all of the
full axPafe etVﬁ ®valve. Further, said axially oriented nmenbers may
advgnt ageoustiy. H@@E&bﬂh@@hﬁﬁarﬁflemt%ﬂﬁ&ufeofzosﬁﬁlyEﬂe%lcﬁrl(%t V161913 ehdN 87 af N
Fig. 1G at pornt A an illustrated n& oI|2|ngasuture knot is shown
to 20 denpismedipie Sﬁ&@tofapomnhqto@ kTmng y leftivadhrighlemabily lgpHsisseetiensubly and
engage 1t2'§e 5%&5&1”‘9 SoundQ bt *%etdss'tél pid F16 d AL e LRSI fl'on tl}_?qaﬁl S
secti on, wal 10°8et and fhe cUfte war FUsetEon of 2ac joIning
cusp artﬁldlsa@t Iaﬁtt 186 b€ Frde edgéwgn@hemommedeght ablds hus afill 127 afe thB€brought
conmm ssure. Referri nﬁ still to Fig. it can be seen that the fol ded
i nt egr drernpasiHonRy the artwerd aspest etjtb@ uwégrawﬁiewswaﬁﬂ@élewmg @ A Iingt 13%ce

C i t - ol l.-om ng
cont: gurir? SRER il BE iphoP SR NRARH,OF RATEH Abse TRIMY T b Sink R 00
apposecbohﬂnttdme comgdﬂtmﬂegmtddeduslﬁ nekelceflge segnment 121 of the adjacent |eaflet;

(2) the portlons of the Ieaflets st oxi nmal he free edges,. thu are
al so apposed’tHFTMgrAY e Fddntl alicﬁniﬁgt OB{% %’H%lbto@sédétt‘l‘lé@ﬂ&?%“’éleo‘él?\‘ib0 a

oper at i QPstardth@l g%)ﬁ;&&&y RMddNGsy @ﬁd’ l-élaﬁét e IhEa T Phd PiRws ?Ml&&)b}l Rgs. d1|]§{uﬁ1|

30edges 112 an he cusp wall sections are appo to the“di st al
edges oOfff atgedicagtdd wmwaéc(t)rmall}ﬂ)?;a@nmdmﬂs outwsqde@\tlthvslcy viFg$ depliciiag Ve
Pat.t.ern Variafion ) ) . e n ow t0, Fj nd i n accordance
o 2B aerat s RmeBRindssrsions otFig! TA ShRLG RN dtaBinuds 1iet Bna T ormi s ¢
200 that is mel MRS ﬂhé‘b’ﬂgi aﬂdﬂ@&ﬂdt@‘@lﬂﬁ%%b@tﬁntﬁa‘ﬂy%%ﬁetedr TRl Bie3R400re
contains folds 201, 216, 2 217 and 2 that correspond to folds 101,

116, 1260 vtlilvtlwaarm@@dqw@ém@z ROISUSEOA OB 498 and 12/, thes feeing/eksneralhd
are dis nI|k 1,k N I n xecut | re e

enuner a({%glc?gpﬁlﬁg ap oISl ug% patlt%r r?f hi%sFIq e@ 14t Cg%% Po]n‘n e(ﬁt% gﬁstt%renggﬁé%lé Ht6

same diaadetxy areV\@ppﬂBecBwlaﬁd@&taahddecﬁthB Slﬁ.ﬁﬁ|v{/aﬂ @ecsm§e1d8camtt 128, Repastiveld.
val ve | eafl et coaptation, the nechanics of are nore tol erant_ of
pr @ssurketiveatadiaceRbeysarnd lentlgr shaistirenia mylﬂbl@a%tttV@tV@dth@(fO%iad ¢goinggs fgrm the

parti C;jhtgétﬁﬁ ibitifeithe aPRLLE %E%H Ql15 16 XAAUA o Tgﬁg%ﬁ@?ﬁl&@ f@é@#&ﬁ{p?e? of the

di sclo e| n-are 1or ena Nt purposes an not’ erpret ed
as |i mrnohn@ lbir[éetqaoapmsothhéum:liealattscheithe tlexarmphdercstid haive firane ahcfsaspmecme
wal | dIS out 60d ree angle to the horizontal xi.s) of
the gerlePsi t%ﬁ ’%ﬂq Rl el metiaps tm%%ntfﬁﬁttl%ldﬁt%ﬁﬁo of the
rect an%h@all?@&ﬁrﬁfrﬁap&al\% E@me,:'tﬁlslfghﬂ@i% vaRRUEaftt? cHIRBIRERs at cach smular join.

30 Referring now to Fig. 1F, a structure similar to that of Fig. 1E is depicted, but with the

cuff wall sections 118B and 128B reduced in circumferential extent from that of leaflet structure
130 shown in Fig. 1E. More particularly, depending on the clinical application of the valve, a
fully circumferential cuff wall may be unnecessary, and a valve with a limited cuff wall with

less tissue membrane mass may offer functional advantages. Alternatively, an additional piece
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10 Fol ded Val ve Pattern Variation No. 3 Referring now to Fig. 3, and
in accordance with at | east one enbodi nent, a plan view of tenplate 300 is
shown forwe 2bi2aB2@heet nenbrane that contai ns the pattePaTaAB010/06498Yy. 2

wi th added sections .that extend_.the.distal nt our t.he structure en
conp ecdaritpet AR5 Mhsed SRRty OunEOR B Bl FHEEEREIR R

| eaf | etfr&Rcol had Sscakheoeieeh Birstaarierghinseyasatirregurfidationg 15 a pol ygonal
or curved free edge in order to increase the contacting area of |eaflet

apposi ti on iFefeaingeagainge; g, bbethgapen 13 Aderoxingh din) wf thgeomdgad ccysp arshicsflet of
the cu I } ti e - by
rabr ool BG5OSR AN G Ut iy FEE LRI bR P AP ENTFS 2

al | 6w fado dtraclielas eldk @rcamfbyntidlibobndaoy obthetvalveendwhier fraalel of the cusp and

| eafl et assembly. to the tra?g and for Ievathng the cuff wall "above" (nore
distal to) tiHdCHMgREWIP By I der ese aﬁﬁg%,r@eqed © Strurdyre oy Fig- 46 15 AR SRy he
effecti I i i [a] 2 g P " ext {rons,
bei ng. drgt o1y T oL g 1APERIGE LS (15 (RRED Bl GRect DRIy of i iR

wi t hi n thive-léatet ivelrefinghe closed apetiatn@lpoption.i dimeaghreehmspamythdptflanatd showen
folded radially .outward al ong 312-313 an 22- 323, f.or ex I to w

ar ound TEgng e SR PRl S fil copRBet iRl o SHTBY BHVA bAE
31899 andid3dSdicyiaRdVusp BEd RUEIET strRRlrtTBO@hd &S RBPbsiAbn Widid § FBe-YMABEEFrad&When
attached to the frane, they potentlaI¥¥ i ncrease the strength of the cusp
at t achrmeunted valve. Refrgrattaeiunents ark optted fgr cBritst. enpl at e 300 cont ai ns fol ds
301, 316, 3 317 327 that correspq to folds 101.. 116 6., 117 and
197" respectitsny e HebdiEisEaRt FRI Hale kbt Sl ety Rl s
are t heyigigee 5EGBBRNMrSmS intntRed Y4 eudBhabi@do pbimided dtta0Rmb® dfiee fals 1 ERioUr es

di scussed in the precedi ng paragraph, as with tenplate 200, tenplate 300 is
desi gneld’t 8nd orthe soisodeHdEMcHaaber by e samasttachmaat.dpr cxgmniy bychiiegle knat

nmor,e di stal.l ' i f [ - '
e Spat s o sEhPEARRAGERNED) P AL byftosd 3hd FulnB ey ShroRORRARY cPin R
appl i catricatedafierhbyes vtalt wbgn fhéhcaxandBe foispahomal bdthedull ugial comet vfatht valve.

di sposed at about a 60 degree angle to the horizontal (short axis). of the
gener alfTUthey | oo adly Qs I’WayFéBEPé]EPg@aII % R 0Ia5T &PICB?IS . 4

WO 2012403235286 ihb'Sé@id/ 064989 Referring nowto Fig. 4, and in
accordance with at "l east one enbodi nent, a plan view of pattern 400 is
shown for a lhlEig. dheet poertbAane iHustidtat laap panhb@amg3@0sutexcleptt i hdibwnhe®

ext.ensi pn "tah" secti.ons,412T and 422T are distal extension f the cus
DS B RosHET 47 & SRS Kiphe S Pyl batE e b el e ale SenrmiRe
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Folded Valve Pattern Variation No. 2

Referring now to Fig. 2, and in accordance with at least one embodiment, a plan view of
a flat sheet membrane template 200 that is polygonal rather than rectangular is shown. Template

35 200 contains folds 201, 216, 226, 217 and 227 that correspond to folds 101, 116, 126, 117 and
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20 The exanple is shown for a cusp cone wall disposed at about a 60 degree
angle to the horizontal (short axis) of the generally cylindrical valve
geonet ry.wbabhas29%al ve Pattern Variation No. 5 ReCerus2eig/os4989 t o
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In addition, conpleted folding at 516 and 526 al so forns triangul ar
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cusp wall sections 561 and 571, respectivel sections 5

. The cusp wal | 61
and>57 114 rbeethmsmbrapsos die Jampisia 58 @ﬁ@%ﬁ?l% SPéaéIét YHectllonrd 929 hid
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circunferentially apposed to the I nner ’su nerall'y
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el ement o of ﬁ‘é%ﬁfgo{) s 58 ARy M PEe eSS N TSI AP Aran

por ti ong Qhe ffRr Akit@l) pofIE &Y tBfaplate 100 of Figs. 1A-1G, except that (a) the distal extension
30 areas 512T and 522T are added at the left and right margins of the template 500, and (b) the

lower quadrants forming the cuff wall sections of the template 100 are truncated in template 500
to narrow cuff wall sections 518 and 528, the extent of which is defined by the length of cut 502.
These limited interior cuff sections are still used for frame attachment along the central seam
532 of the cusp and leaflet cone, and the distal extension sections 512T and 522T are still used

35  for attachment of the outer cusp wall to the distal edge of the frame.
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the frame, so as to align with the seam 532 for attachnment, such as by
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With specific reference now to Fig. 5B, a perspective view of the inner aspect (that is, a
view directed radially outward) of an initially folded structure 510 folded according to template
500 is shown. The central folding along 501 is initiated after cut 502 is executed as shown.
Foldings along 501, 516, and 526 are depicted as initiated radially inward (out of the page) and

20  foldings along 517 and 527 are depicted as initiated radially outward (into the page).

Figure 5C shows a steeply oblique perspective view of the folded integrated cusp and
leaflet 520 at an intermediate stage of completion of the foldings. The view is directed from the
central axis outward and obliquely downward into the cusp space showing the formation of the
outer wall of the structure, that is, the cusp wall layer of the subject cusp. Folding along 517 and

25 527 acts to position the extension sections 518 and 528 outward of the cusp wall sections 561
and 571, respectively. Completion of folding then will position folds 517 and 527 in an axially
aligned orientation in apposition to each other along their length. Folding along 516 and 526 acts
to position the cusp wall sections 561 and 571 outward of the mobile leaflet sections 519 and
529, respectively. Completion of folding, which radially collapses the folded flattened structure,

30  positions the cusp wall sections 561 and 571 in apposition to the mobile leaflet sections 519 and
529, respectively. In the final folded configuration the structure embodies the integrated cusp
and leaflet in the open operating position.

In addition, completed folding at 516 and 526 also forms triangular two-layer sections,
562 and 572, respectively, that are designated as “‘commissure tabs”. These commissure tabs are

35  bounded by the corner folds 505 and 506, folds 516 and 526, and the free edges 511 and 521 of
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tenplate in order that when folding is conpletely executed, the fold |lines
617 and 627 and the 25 seam between themw || be parallel to the central
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600 and are disposed in |like 15manner in folding execution, as are the
t enpl atf@s’é@eplfg}?s"ag‘f?c?uéﬂ@%‘!(?ééﬁent s simlarly enunerated. Fig. 7B

shows a per sPRCldf4fin it@‘@i?.fsﬁ,hﬁ th® %?Bex(ﬂo‘éﬂ‘gd’iﬁhlb PRRRACLE B duBS vl Fa%rélj liye
fol ded cusp and leaffet structure 7 of tenplate 700 after initiation of

t he priaxtinpiah tipl dST706,5222Bre Mrojected2bowntdr ddstal to nhatides Dl 20dndep 22 (shmgviy Bl
assj.sts.in | gni the | ef right sections of the 2 ruct ur but is
ortne il A H4 B Pohenitaonants AopRit SREuTnst uh ettt T aeh
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t hat converge at the apex 733 of the cuzf can be appreciated as | ater

f or m ndocaeptonelly apldeh gutwend ladapgr S 12 path §2d atiespasxelnsaroned ¢hesgistabicles et thons
1o gl A R 00 5 0T g SRS e =
apposi tthefratn@, antihe thbidpewdleaddiehs (where the cusp wall sections are apposed to the inner
25  surface of the frame) through the interstices of the frame. This optional configuration provides
for increased strength of attachment for bearing downward (proximally directed) operational
loads associated with the valve closing.
Completing the folding associated with template pattern 500 places folds 517 and 527
into axial alignment. Once in axial alignment, apposing folds 517 and 527 are joined along their
30 axial length to form the seam 532 that closes the generally conical cusp structure with the
extension sections 518 and 528 situated outward of the cusp wall sections 561 and 571,
respectively. The cusp wall sections 561 and 571 are thus disposed outward of the mobile
leaflet sections 519 and 529, respectively, with the cusp wall sections axially and
circumferentially apposed to the inner surfaces of the generally cylindrical frame.

35  Advantageously, for each valve cusp and leaflet to be mounted within, the frame may contain an
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t he opewonupiesuat tahg apowit yetdnlded) of templatchs (leihenbstoeiatly flaitgned Tm cBrpyietvad
folding at 716 an 26 _al sg for t.ri angul ar .two-| ayer segtjons, 762 and
772 ¢ dopllmoey o FasDane HOVT Drdred e e Ve B a0 Mushts

compl SshA sBaksscah 8n AIRUAHEFa Yo 1tHE c&Priar sck bl 61QRd 3N ad O de%&'téﬂisfo?m and
726, and the free edges 711 and 721 of the nobile | eaflet sections 719 and
729, r asprases vlallystraponias paithyseparpted sridribecxtonsingsectin Afdnd 528 invegwletely
comm ssyre tabs, w i l..be ed . at 705 and.706 sp.as to..positi.en bo ayers
of 't he TTAFaC AR M4 47 Fpo 3 £ B PR B B REmB R N5 30 Wk it 3

Wi t h t heilifford she/ful sdueh HRSS 3D foe Bitetnear Rl thehxibly bRienteéefibmaimeaitess. Ohet he

val ve. When the integrated cusgﬂlo and |l eaflet structure is nounted within

t he frah8ht scpprationdenaciod betvices trlds ¥ lainnidss2d Icxpenes) thel cSRGHoOMILPf Himmphile

appasi ti f j tan i f an

e Scerirs s b il o m A R F SR TR A A SIS RRA

Thus ndwehinedhe tisp veadsrcs@isr® 1taad $7) acspettieclyyobithieviceaf | et | ayers and t he
|1 layers of adjacent fo]lded cusp and |eaflet structures along a

li ne coiRIdEHYC PtornVarelen Nab 706 that fornms a conmon seam for

15attachmenty, S46HaAS RYthSMt Hﬁét”&m%mb@&n&ﬁfﬁﬁi%sér&o&@bé i 6RGN.PLAGHeANd
to the franme formng the circunferential margin of the ngnbrane portion of

the f 0't6’1§ﬁ1a€6!1§(ﬂ) @Bdislsaafldrab tehpl@UW00 xcept that thé Busp dons RANESINBIPR 'RBKRAS ke
view of the inner (lum nal) aspect of the partlalpy fol ded i'ntegrated cusp
an@ovalased §réddcdfuhe gérdtaldf réctaniglnk éenffl@tc 300 agd alifdhe umbilanchflceaddtiohs arc
structure 720 is depicted in nearly congéfted state of folding, except that
t he corffedded by p RBLy2ow o Rerved extonsionseciign POhef thpdicg gdge- apex 733 are not
yet folded qutward along fold |ines 705, 706 and 703, respectiyvely, and
that the axiHi® SWAR YRASPLORS VAl GAME EHUHE IPEs B, anele ralgting iss

717 727 : At th t (di : ti th wal
Cayer IpHE’ psnaDoRtelbor A8 et Sl LhosPElettle isoBE ERRPHIE phins o)
the |i ngspibleinadider/Bat WRAPMMihD ift@tpletty @RQutéd)the Abld 181es 397 and LY lafd tiRf
these tabs 712T and 722T nmay be optionally folded outward al ong 712 and
7225 r espadietwednythemr wilhbe phwelldi tor e ceagel afis pheher gsagrabled valve. Liswitchéhe

t i nal t he, f : : . th
the tr SRENRsORstry RSP Shnd PELOATRMPELE ARG IR BB RhLPPLER SRR

t he frahe)oddhhasodf &ensidit ebstdle®sandl 6231 béinarprallEhits teptiami@lse axis of the
configuration provides for increased strength of attachnment for bearing
downwarddsqpteskyates-| y directed) 30operational |oads associated with the

val ve cl 0si N template 600 contains folds 601, 616, 626, 617, 627, optional folds 612 and 622,
30  corner folds 605 and 606, and cut line 602 that correspond to folds 501, 516, 526, 517, 527,

optional folds 512 and 522, corner folds 505 and 506, and cut line 502, respectively, of template
pattern 500 and are disposed in like manner in folding execution, as are the template sections
and edge segments similarly enumerated.

Folded Valve Pattern Variation No. 7
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Compl eting the folding associated with tenplate pattern 700 places fol ds
717 and 727 into axial alignnent. Once in axial alignnment, apposing folds
717 and ARQ2ar2d8pwned al ong their axial length to formpChaSs@ansd8® t hat

cl oses the rally conical u tructure with the extensio ectjons 718
TnaS5e ot e ARE SO AR AR AT Y ol bk iBe 4R B e R SRR s
35r espafitidtaeddy - ReFheing uperifedily moactol aps7 A Glplanelichrdfs dndeier &dneplshe §003€chown

outward of the nobile WD 2012/ 082952PCT/ US2011/ 064989 | eafl et sections 719
and 729hatrig siguilar ite, emplatgiopf, huhavityasgectian pf dedeven@resimal) nyidipgiportion of the

ci rcunf | all d i > r Y .

oyt nar'y agi i ek RE S EF s IF obBPEEs S RRERRY IR BE APl

| eafSl etfomhritictapee dfahbeorouldped aisp hEffectivety,fthameidiiay poeidimi of e eltemwiit or
elements that_are axjally oriented and span a significant portiaon 5of the
axi al IS6HHM G e/ 4 YoMLY EeGien; tgricmplate @(ﬂ)etos%‘hﬁ%‘t?@tz‘?qtﬁﬁn%?dt B flifent
as by Sdétsﬁ‘éd 1@9%&1%5 tielide s"égﬁent U-v, wlﬁ&lgin thFn $hAWEN& tRb kbW %i%lﬂﬂi@ a%%%fd

perspective view of the otter (ablumnal) aspect of the partially f
cusp artble bewfdhepedstusp otayrbe t@0atod by éotgingtae U7U0 (except that the triangul ar

comm ssure tabs 762 and ,77 nd a 733 are.not . vyet folded,an hat t he
il seam 7a3t6C R 0 1T p o RaT e ERiER, d Seenf eREn ARy Bt 7o
thalp shewmet bev ino®r 2&bRGte B tdiR DaBu&t IHCEHEA] TQth dhenc e ald xaaR 732
will be forned on the outer face of the cusp wall sections 761 and 771 as

fol ds PURctard altowingrfer incrsaspdtcuspganheeluinater agposvalvodiagictongnd femgileligtihe,
wi th the extgnsion ions. 7 7 I al i.gned. . The outward
estemglra%teﬁ)tg con alnrséf%}dgzsll,e’%l% t7£] 571%5@1 gp‘%1 n &?goé%s ’Pﬁ ! fha

(ablum nal) face o secCt’i on are showh

bet weercolhe fyldt 768Rad ahedthfioddiesgond @NRIdED01 16b&Ta6e6 C, ®30r ptivhal fodds 612
general |y coni cal cusgai al orng the outer seam 732. Fig. 7F shows a pl an
vi ew ofandHe2; pntkeorpeiialgia®ls duheRa. respeethely, oif demplpter @A andedye dispesegnin like

| eaf:l et ruct ure 720 npl.a t 00Q. .. u 7 i e in
o aonpi st dp g Ryt RERLCLE B R epitht 4Bl e Sk e SRR
772 ar eennoicrayel f ol ded outward along fold |ines 705 and 706, respectively.

In addition, .the apex 733 is not fold outward. The radial]y.20Q flattened
form shown dilgesB tSE%W§ér@?%ef%ﬁn’f’ﬁeﬁ’u‘?ﬁﬁ‘?dﬁn% ging r?_tsﬁ?qt&g t{‘ﬁ }I’clﬂ%lryn&%?dane
l'ine seguenh§ 1@fdt ?tlﬁr@hresﬂ@tdfotﬁlﬁlpgaﬁée 7@)(51%ft@tpﬁl'i‘tia%agrcﬁftth@%rig%’i?h[[ fo0dy Pfe, 708,

val ve cusp and | ea ) upper nost (di stal tion of the cusp

wal | | alldr 727 bed @it dmsardrfoldaipsaldd® TO hassisiPRTal@gnmgphe jafcanaldriglis seeiond ios thad
t the |i 712 d 722 h in .Fi 7 7 d 7G ti |
bolh bR B P et Rt RUBE Torntyibn P e SpearBe a5 A oo BECRIEN srSitte o

25 appasitd tRNogetatio ®f MROIIR:. TBaUIPbsiESE bf BB Foldd thad B6hvERR at HIRSHAR&3Y @) Yhe Of
the nobile leaflet |ayer. These tabs 712T and 722T may be optionally fol ded

out war ccusp 6y by apprapidicd 23 later fpyadng g bycrlappngniavor ligerdirigngulaeengs asfthe kesp
frame to., iLe..upo h [ | um.nal rface r ane re they my
e att actiba S ERD00h A" Pl MG aBHE 10T AL ATt % (e
i nner  slesitiaaehotusphealf saatiens 141 aldghy it hiewhiit & sid Besppofitibh o, fth@n®bild baflet
optional confi gurati on provides 30 for increased strength of attachnent for
beaPi ngCefRVAP and PEOXEPEFIYEDHI rect ed) | oads of val ve cl osi ng.

Fol di ng of t it i : [ j ' i,
J Oi nledgal ongﬂqg'htélé;gﬁg%:i Eﬁg@%g{ﬂ?’ﬂta%é 1(IS %gﬁle%ﬁré ‘gggngfﬁlg;fg%:#g?g{seg%aﬁ%d g%ﬂer ally
coni callcafies (726 bt arcintracdiatchstideeo fexvhmpigioarvfsiecfaldings. Th8 viavd is7dtectedffroeo theed

outward of the cusp wal| sections 761 and 771, 35respectively. The cus
wal | sé@Pﬁ@r?é“W“"&Wda“fiﬁ’shﬂH%lﬁf ‘{f;Wéle‘?‘% H62 the P fRE S ?Wt%etﬁ ination @ﬁf‘f)eet

outer wall of the structure. Folding along 717 and 727 acts to position the extension sections 718
30  and 728 outward of the cusp wall sections 761 and 771, respectively. Completion of folding then
will position folds 717 and 727 in an axially aligned orientation in apposition to each other along
their length. Folding along 716 and 726 acts to position the cusp wall sections 761 and 771
outward of the mobile leaflet sections 719 and 729, respectively. Completion of folding, which
radially collapses the folded flattened structure, positions the cusp wall sections 761 and 771 in

35 apposition to the mobile leaflet sections 719 and 729, respectively. In the final folded
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WD 2012/ 082952PCT/ US2011/ 064989 sections 719 and 729, respectively, with
the cusp wall sections 761 and 771 axially and circunferentially apposed to
t he i nnerweunf2ases2of the generally cylindrical frame. ARdvamst@agoows?y, for
each val ve cu d lLeafl et folded structure to b ted wthin, the
ranme. i) ediis hS GRuke sreBr S tafui e a8 AT ERH §° 0¥ dborififres pan
a signigosigiant portion of the 5 axial length of the frame, so as to align
with the seam 732 for attachnent as hy suturiﬂ% to the frane. Fig. 7G
I

?hlt)\é\sda per s\Bétbtrilfﬁ%enf@ EnFies 7Pneomspleted folding sk %ndaﬁﬁeaéqo forms Héangslapreeel y
com ot elithy, 082 WBl A5 ERURR KEUATHE HRlichIE ot MEoRBHGIRCLAL. Theve

7005 i rconmaisduye tdbatateb@mhdéd bintheTdorserviiokiy 105 ah@ 706 fall éuTRI€ @rdy7260 akd the fde
t hat shows thﬁ aiganer aspect of the sams,structurg 720. The.c ntrghd&e m 732

i s seerfdsf® Uhe Bt er! PALR gottiRdoriRpegbgns Skt enona”76xpasitycy7 IV er
depi ct edrf Qe %‘T@%&?e@ ofd 7E! pald abhiksaR ﬂ%ﬁmlbleyfoﬁfsﬁaa& ?b?dan A8 & t
extension sections 718 and 728 inconpletely flattened an olds 717 an(? 727
i n ef f gotitwelbpthclepgs ef thedagpasityardrof dmdcuap mghirsections &l ahd 7k redpectivielalwitheam

line 73 r ac nt.to the jally oriented frame nbers. The 15
Sl ot e flis RO et amaeuBllo s v S50 Gh i o, TR dhe nigarsied 2usp
cenper pantaRetweQlrct RendRid Rith@aht tanld, @85 eslagd saameRb t48 1s achedZlong

depi cted behind the cusp wal|l sections 761 and 771, respectively, in this

vi ew. fold 705Angppasifierniowelda’ (i efnen/idigecof canppcinpmniary eosprissuretaly et el y
fol ded .integrated._c nd | eaflet structure. 730, of tenplate 700. Thi.s, View
o subdl RS ol FROR g AR L pRl R S T b B P it e
tabs 76ginamd rhéBilanafitolides aatiia tyspowhMatgtrofoftdigacentsolddl tuspesid adet/61
and 771 along corner folds 705 and 706, respectively. Additionally, the
apex ( riOSEUBBOXIPRRIY 16r ¢aiefder ohkothof sRAPELP s Jormss fo FramonatRarl Ifgr
out,war t f.ol i 7 i nt s 0 itk
Fadral ryeffthy B8 B0 cbhiifie e PERIRERRRb bR ath e Mo IEUETBRROREAY, |
apex pahatirdidXctchaal hargm effthamichdrae gortionne tHS bl d&i5kis and/ bafiétowsacargpl an

view of the radjially outer aspect. of the conp|etely fol ded integrat cusp
and | eaf | et Fgg-rUBtSh?‘éfs ?Wﬁwctﬂw‘a@ POAnCTH r%%%&?nﬂcyog &ed%"dgﬂg’s&ﬁ?%_ of
the tr 'iﬁﬂégfé't&lf c&gm%Weestﬁl@Qﬁe 768 o Rdnfidi 7%)@?‘|I:ﬁ€‘e§§a§é‘d‘c én'&%aﬂé?%%r%élthf‘e In

apposition to the outer surface of the cusp wa ections 761 and ,
r especti20eab yepivied|ie nchidy comyplesdt sigthed foldinghiescapo diat ittencanomishee talgheTq2yangy

cu | ayer and to the ane, alternativel t he i S ab 2
0775 T oS 551 bR FEME sp Ryt Talrd P b e oae SR THES 345 0B 383 g%
this VigyectiRlPang thdkiusial dcdih 982 & not BBCrh&d b thefdppoRtidPofiBe $8647 EarRind
attached to the outer (ablum nal) surface of the frane. Addi tional ly,
t he ape®7(nost proximal) portion of the cone-shaped cusp is folded radially
outward al on he fol i 03 [ bet ween in U h Kt on
adi al 1y outald Pl Bl OERE G e BRTHE kyeB 16 Hhsh9ob "BiBRR AT
apex poi2nf afSprojdtesd dboes (dtpidaltibeths ¢iaes 712w d3RZ3ghowOn Figs. 7A and 7B). All or

2012/ 082952PCT/ US2011/ 064989 The apex portion of the cone-shaped cusp
thds conpergar &f these tepspd 24t andered May ki eptigaalis fddedautiygrdsipng i7hg aBhd 2kay
be sim t i i it i [ i

st ur by SRS, A by Sp RS FbRo 1S 0 by @l BRI NHERE of e
franme. frame where they may be attached to both the frame and to the cusp wall sections (apposed to

t he

the inner surface of the frame) through the interstices of the frame. This optional configuration
provides for increased strength of attachment for bearing downward (proximally directed)
30  operational loads associated with the valve closing.

Completing the folding associated with template pattern 700 places folds 717 and 727
into axial alignment. Once in axial alignment, apposing folds 717 and 727 are joined along their
axial length to form the seam 732 that closes the generally conical cusp structure with the
extension sections 718 and 728 situated outward of the cusp wall sections 761 and 771,

35 respectively. The cusp wall sections 761 and 771 then are disposed outward of the mobile
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Fig. 7J shows an oblique top perspective view of the conpletely fol ded and
formed cusp 5 and leaflet structure 730 with the view directed radially
outward awo 2dovespsed (proxi nal ). The cusp and | eafl et sPCEAIS01R/06498% hown

with the free edge of, th ile leaflet lay in the jnward cent.ral

posi t1 arelshy sty 08 (re Sewstlistaitil® ShosQub ol ntrigrS ottt Roret
the valgeum@athtelly apposcdThe aRMhA&UIsarfh@ls of 6ZhAangtnérbllyarcglif@iaCt f8men
radially aligned positions directed outward as woul d be required for

passi nCOREMEMHSBUdRr eachtintegrated sasand fpldedsigriltsiryctyessiodisagounied witpin, the
Fig. 7 : ' ' f.1t ' - i c ded
and. f or E g Sor 8 PEAGREE bl Yemeh e Mg 3 B B S P b B ok S
(pr oxi rdlthe axidldengdie of the fraspase as bhudigawsith thadednedB2 &ir asthehmednti aeby sutshioywo

W th thg free edge of the nobile leaflet |ayer sections 719 and 729 in the
i nt er me8f #8%i nwar d position corresponding to the partially closed

operating 13R9Sti LpfvsOf sHalGwVdbiYhe k@f@;ﬁ%otﬁé‘%e%ﬁ%@ﬂ@teﬁga'bﬂﬁﬁiﬁ!ﬂ? a%@ct of

depicted with"the free edges inar state corresponding to't
t ypi calthd @haiallprioldtd tousrs aed heifior sineturei@A ¢fytdmatatd 768 (eivept thaptlentriedgular t he

body. . The, conmi ss taps 7 and 772 ar epi.cted in radially

Tt e opBuSCHES AP? 8R4 % B sk 2 d g RS CER Riuh bhel S netn

t hrlgugweﬁl_j&h@dlgp ThRPAERSs IcBmplchitint2Plty FAeSTIINRA ROwE tRdineMatRbt bRtHd Gene
Frame ig. 8Ais an oblique top perspective view of a netal lattice
frane SnOctuesy 724b i egtralmeem BE wiklebssiotgee opitee euttnfage @f ithet eupp aradsestieps and
| eaf | et Str re f e ing.,.description in aorder to faorma . .
three- 1 G A VRl 7 Sl Jd QO hiTRAC OB S ol Lot Tigp e b ofiing it 4

and 25 thfireeRngivh akttionor718nied 7P uinlsi fgo RESd Thceagar (dbliehels fasdbplthe
slots for passing suture and/or portions of the fol ded nenbrane structure.

Each noupRilenlgatiefrseotignsi Bl1% #ndai 2 Aranthomnapriwaen Henyat sepsatedplds dutad Eeam
of ;ane isicngl.e-.pi C : f and |l eaflet structure
73 (3 Thb%%&lgg%rg ee%%%eog%[ﬁg ‘@&g%ﬁa@ T gﬁglo ﬁgﬂlge.ﬁﬁ%gﬁtﬁgggmﬂ natural ly defines

t he depl oyedrignitF dpersat plagvidivastfeheinnof (ltinemal)adspert ad terfbldgd afteg@nted cusp and

inplantatjon in the body. The strut ers 911 30 are aof specifi¢c length
and or i€t SITBruECo/ e nemplasg paffery 8953%2@%&]2 dindFRisisA dh sfomnigied o0t o a

smal | g RifRS Rkecpfing that 3 cdMiinistie (TRUTED D PR Se %?yé’cffsld@&%w&é%d%wﬁ%' thd
spaced around the Circunferential course of the frahe and the length L of
t he ar dinfes GAP tahe Oéntespeatifvelyhén addinon,rthe bpex 93 ist wottfhbkled emtveardoThe haslially

| t ing bar 912 i i mat.el |t i /3, T .
et PrediTRne SR wE afeh dnd RBRSHL FBfesfy bl bferhSiortip Clisoine e el
fol ds 7%QBmamd af@breal s%@ﬁﬁﬁr@%ﬂh%Fémgp&ﬂﬁlgcﬂdsﬁMﬁf&gmv%@ o8 hdcalbt, t he

portions of the joined cusp wall sections 761 an '
2012/ 082952 PaTheSpRemiays 49i8el) portion of the cusp wall layer, the extension tabs 712T and

722T are projected above (distal to) the lines 712 and 722 (shown in Figs. 7A, 7B and 7G),

respectively, below (proximal to) which the cusp wall sections 761 and 771 lie in radial

25  apposition to the mobile leaflet sections 719 and 729, respectively, of the mobile leaflet layer.

These tabs 712T and 722T may be optionally folded outward along 712 and 722, respectively,

around the distal edge of the frame to lie upon the outer (abluminal) surface of the frame where

they may be attached to both the frame and to the cusp wall sections (apposed to the inner

surface of the frame) through the interstices of the frame. This optional configuration provides

30  for increased strength of attachment for bearing downward (proximally directed) loads of valve
closing.

Folding of the template positions folds 717 and 727 into axial alignment, joined along

their axial length to form the seam that closes the generally conical cusp structure with the

extension sections 718 and 728 reflected outward of the cusp wall sections 761 and 771,

35  respectively. The cusp wall sections 761 and 771 then are disposed outward of the mobile leaflet
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771 extendi ng between 705 and 706 of the folded cusp and |leaflet structure
of appropriate size when nounted within the frane 910. Fig. 8B shows
a side pewepertdisyes2vi ew of the frane 910 with the view eemuse@d/ 064y8e he

axi al mountin ar . The .axjal bars are shown wth | e [ or sl ot
or paceriatieh e 28 e Ehe ondR R S PSR halge LR T PRl £°
enabl e gRaufGcRINt iapgol thetfeolided cusclndf! @af | @hetllyucyidion t hhmet he
frame. Fig. 8C shows a side view of the frame of Fig. 8B with a

super i ipbeaESpIEH » 9ranchaly psuspaad dsafiet Bldehstaspecto ksfmewmbed wihineths|fiame

f ol ded j t \cted 1. [ 1. e
cusp v SR G sRHRRL AL LB ekl WiEnRE aHEBE P flo i BoniChor E
t he 510 dxianegandfl thictfeaniedo hy te uligh esthithe dans 73X furpktechnidnt appl susiihgne the

| ocations are shown in Figs. 8C, 9C and 9D shown with an "x"; however, it
is to H&¥nhderstood that the | ocations shown are exenplary and not

limting.) ’Lﬁ%t msﬁo%}dokglg%écﬁvé RERToF (W |o|11te@q%lﬁﬁﬁ1?atl)leas H5 1Rt &ﬁ'ﬁgl&ﬂ%t@ﬂ

sutures for attaching integrated cusp and |l eaflet structure to e
frane dahleeussed] Icaflet sowtire A0 detcabsthibtheandnglit® @meniselrd éabsf 16t analgai2nst

the outer, surface of the c 5 1. 1a al ong, carnper .folds, 705 and. 706
for mouit HEehL P Jow HHOHRCherr Eanl S0 BaBriboraigd Brn Thor HEnai
axii@l | YeoRfpl@ndrsly 6 3y 2V o fitht ishSwd @ROfReMbdpBett dtethe QRRL araahar ¥20. ot LaGalof

t he adj acent fol ded cusp and leaflet structure 730. (Adjacent conplenentary

commi ssa@ 13808 seeni on &k dwer tcaof the yusgavall sewsians 6tkadddl and inderiethédotby
suture, for example. while also,attaching t. he radi.al ly overlyd ng,st4qut
rorber Mis Pl of oo RS hARBLEP o YIS LRG0 e VL PRSI

t he cuspcomaplbtcEetiticabd add folandl 7 4dd aomid &fgeciDlly|l @nlptat hepostRat dindngighalner se
of this view) to the frame 910. The other suture points depicted attach
only t Hbatcigeps el fingl ppwp ling17327fpr paghmeeng i thoyaxigllyf praghteds fiame TRetRbRss sl 1.
At RO [ i1 i ' [ r st [ ile
edr R, st e EibicRh (BRE AT BRL Y24 R0, AP THREY Surkih HRE)
of t he mgelcalkafig freeaddiescgmdnts 7 al aad 72r dgdctby bthied fiied ded vddbsagtiond 76 1hand

i ntegrated cus?, 5and | eafl et structure endows the valve and its leaflets
with sthi@ntgsPectisielya8ithistiewand resi stance to stress damage at suture hol es.

Fig. 8D shows,ajy 99&&99?1@%% JriRPiALS Lt HRRSREMbicYGy Y818 Rfcdrited cusp
assenbl ed thr%e- | eafl et val ve conprising the frame 910 and three identi cal
f ol ded andtlegflcaseractungsf? Oarfdemekhtd €Q0. Sthiueitwrie sur3owially 308 of iag. 730X captt thethed

within the. frame with the i C red an,.axial, 30 ntin r 912A.
TheOs arthf Eiskb S potbin s s e B i TRl Ry R 2P PP o
struct uree Z&D'@(meﬁbgfcohﬁr VbR 705 S8EM06 trfipBethRey. f AddTBo9, tHé tabet iMoot er
aspect of the seam 732A, cuff wall extension sections 718A and 728A, and

cusp wdlrpxigwebt pastien P61k eeng-shang cusp is folded radially outward along the fold line 703

(between points U and V) to the position radially outward of the joined extension sections 718
and 728 such that the apex point 733 then lies upon the seam line 732.

25 Fig. 71 shows a plan view of the radially outer aspect of the completely folded integrated
cusp and leaflet structure 730 of template 700. The outwardly folded position of the triangular
commissure tabs 762 and 772 can be seen so that they lie in apposition to the outer surface of the
cusp wall sections 761 and 771, respectively. While they may attached in this position to the
underlying cusp wall layer and to the frame, alternatively, the commissure tabs 762 and 772 may

30  be positioned to point radially outward (out of the page in this view) to pass through a slot or
space in the frame to be secured and attached to the outer (abluminal) surface of the frame.

Additionally, the apex (most proximal) portion of the cone-shaped cusp is folded radially
outward along the fold line 703 (between points U and V) to the position radially outward of the
joined extension sections 718 and 728 such that the apex point 733 then lies upon the seam line

35 732.
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vi ewed through the interspaces of the frane 910. The seam 732A is aligned
to the overlying axial nounting bar 912A to which it is attached along its
| engt h. TWe 20r8e9s¢l um nal ) aspect of 35 the seans 732BramaSZ@20648Y t he

cusp wall segtions 761B, 771B, 761C and 77 of the ot he : :
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are showfiring thisgoxtipn ofithafoided sysn andoeafigs sBustuee to tha fi@meixi al nounti ng bar

912A in th LEW. l,al f ' I t
ecti ons. 719ACand bE8A SPRafE0pBria it G oRHE PaB Ry RN e BRI
shown ] iandtiéelen ﬁtﬁ[ctwh'e té’\B/O lvizﬁﬁﬁthd Wmﬁirfmﬁbra?ﬁgjg &uﬁzﬁa}r? lahd ﬁbwwaﬂmlpirdé@mhl&?f Iiete':1 s
r own I n central Ly appos cQa SItiLon correspondln 0 e
§| gqu Ypepad 5%@%%@40%% i OB D sk BeF i obipe aretulodratles THRT il mupkt
i nteri Qenfrd) paog% R8RS poh @l %o AR 8B ALy GHS @&&ﬁoé/&@tmgemaosﬁfoht&w&N@a@ﬁwd
d | Tet s 0C as they fo

716C of cusp an eafle ructure 73 rmthe | ower (proximal)
boundary of heecoramissureusps 7621 @8l 072 ede IdapictedeinFrdly aligned pé§igonsodirechasing

an oblique axi al p/ di st al erspective view of a frame 920. of desi gn
fo recatbgudn ottt et e Do Ssoehr ity T SPAES my3 auihls oves
mener sPks3 i n order that the tabs are secured and attached to the outer
(ablum nal) aspect of the franme. This approach to nounting and attaching
t he commi ssufig Hélshowabmeerﬁmtww@w@p tg@ sogke-peca ¢tvenpletghy fetdedmnd formed
comm ssur es rnng.val ve eratjon. to.he ant a usly dgjstributed upon
Che 1 e Il B N T AR RT SR A IR hSE B
that diTiRCiUsy ahetlaEles stri@ulcaafkh@ls withhihs el \of tiedobig 1daflet ldyskscefions
tearing7of the materjal at points of suture penetration. The franme further
conpri s&9 adi73P ipdhmmtesgediaiesinganl positionoigstespridingetodbe padiplly losed qrpating

j oizi n tions 761 and 771 along folds 717 and 727. The
fréﬁe %ﬁ%&ﬁggyggﬁ%@%ggéﬂg'plurality of 20 strut nenbers 921 that otherw se
form t he netHle hahbirae swiictilas te@oed with the filcackgeroiant ictag edb atatcOPressoriding

align with and attach tg.the axi al outer seam of one.single-pie
6@%? i

e
conpl et'@ithe BBICRIRFhANAT plofistRamendpnen iy hrr By drated ¢ pher ipelanigg in PROOner

di ameter D Ofpd ARl he 62 Gnd 772 ke de '%teﬁmhnr%giféﬂ?lallif\én bo&fsnst Mfocted
depl oyed and operating dianeter of the valve assenbly after Inplantation in
t he bodptwaideassvould beenipersl B2 passing htmsthewighi stoth engpdreamd a 26itdrly elsignddon
to ergjt radi al col |l apse and conpression of the frane to a snmall dianeter,
e. g0, 3™%m The nounting bars 922 are near to equal |y spaced around the

i nner auk@UDiEeeptanl course of the franme. The length L of the arc al ong
the inner circunference of the frame fromthe center of the nounting bar
922 to the ddat®h iphntabdiqed tepeperspastivg iviey bhe agtal fagicgpprex P hifen movefing t o
(pi x ¢ Hhu fi.n L,al so fine ransver.s i reunf erent.i

i st andbf of JE TSRSy g 21 ST skt S S5t SRR e ERIEI SRR
extent ifforddigo pafit 4 tince-Rbfl¢thaljeoThe datidspmpeibds Selatalionsf st ndmtbersdl1 and

ext endi ng between, 705 and 706 of the folded cusp and |eaflet structure of

appPopriiiee axiglly Origic mRMSng Pl i ¢rch wuthy helppamber. slaty dopassing byt #ihobar s
922 t.ional.l i : il / : t t

of t he oo et PRIGU AR S8 AAKHEE. Epfh PobflnAgk 011 1 ik Wifh i ARATRY
depi ct abe bxial3duté sgam AFAnO Eingke-fesd cognaetelyl fohiedrhd figniedrcasPaR] eaftdt suttrea

hol i mal
oe ne%ro t"ﬂ?e éllzlr?l)e(tler ofe trlllcei otp%n frame, e.g., 19 — 35 mm naturally defines the deployed and

operating diameter of the valve assembly after implantation in the body. The strut members 911
30  are of specific length and orientation to permit radial collapse and compression of the frame to a
small diameter, e.g., 3-7 mm. The mounting bars 912 are near to equally spaced around the
circumferential course of the frame and the length L of the arc from the center of the mounting
bar 912 to the center of the closest mounting bar 912 is approximately equal to (pi x D)/3. Thus
defined, L also defines the transverse circumferential distance between folds 705 and 706 ,

35  approximating the circumferential extent of the portions of the joined cusp wall sections 761 and
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WO 2012/ 082952PCT/ US2011/ 064989 facilitate suture attachnment of the apical
(nost proximal) portion of the folded cusp and leaflet structure.
Fig. 9B swowsizdsedspetal |attice frane of Fig. 9A in thePsatS2@ans{8Tti ve,

o e T Bl RGP eIt e PG el R IR Sy 0 SPb R 4 b

922 Wi then BORREd WhRisaH: ph@ap ovoew of the outer aspect of the conpletely
folded integrated cusp and leaflet structure 730 (of Fig. 71) as npunted
within the fliantB obowy s silsrsaeetitcevieweofithe Aamenslfi wih pea viswncontrscd ow thean

I nat f 1 i .
ol oned ol FBR a2 Phe HEPERTHRL shiwT At nolChSngl® BoPlor EEHR. aged 2
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from w@ﬁﬁ?f‘%ﬁ@“@é‘ﬁ?ﬁ’%&%@ﬁé@% the frame to the outer (abluminal) side
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joining of adjacent comm ssure tabs at the slotted nenbers 923 is

denonstHaeed IPnstrivgl Wi anAfx’t hewapsrc dl is (torbstundessdodethyt b tleentions shayen are
conpl et el al ded i.nt egrate us Jeaflet .20 structure 730, .the i cal
por 1 ort PPl JRPh S The RN i IRA b R HE ey Ry R

(nost p‘bﬂé&t'tdmin% felldd aftedrited axdpadndedfiet btagetiako SdranVhen Rnesent, a hole
near the end of the axial nmounting bar 922 facilitates suture attachnent at
this point. The commsgure gehssHPvnda’ & ¢ fplded floe ppajpstitheauist synfccerafhe cosro
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vi ew of the’outer” aspect o circ enti | acent conpletely
f ol ded 705ttegr tot@s ac usipllpndeitedifdaet alohg it tanphswiflBOw canglciBdihry dbldFi0g.of Tik) t o

denonstrate their rel ationshj ps as nounte ithin the frame 920. An exanpl e
Sut ur o ACERy IR Cupt & el isgru%tﬁff‘vvﬁ%-s{dﬁ%m?@nat%}@ arpfCOPHBISEBRTH RS ur e
fol ds 70pitandor QGr#.) IR |s@a‘ﬁ?|his QAostheundl ftachsd B9t k¥, @&S@%méalgamﬁé ralso

at t achnent _of t he deI es of the conmm ssure tabs”762A and 772B to the outer
aspect atthchihg td emedatly pocryisg senomember dht ohtheItanie 880, euideberabyd affoiesl sheof

t he .mat erial avoi sut ur e .penetrati.on ng ,the |ine f fracti in the
o R T BT P e Pl B wrob S R o5 GReare oy o
attach Wﬁi@txﬁew)'rﬂﬁtﬁé%z_ﬁné’\@h 0. BRABBer &ﬁ&reaﬁtﬂntz ?c%ﬁic@erdeat@bh Q)lﬂfsd theP&Bp tvhel ia@&e r
surface of the nounting bars 922A and 922B, respectively of the frame 920

and at tAdihédl by theuevgrlemg ameistuesagmppis 911. At no point WHbinctbamitsser eparatbe
762A and,772B.are .be _unde a i n S hrough .t he
2 A P B 2 000 B3 PR MR S e e

15
4" Tromw thin Sp

(‘abl um gaatinuity\67 R0 bR LA8RY TeARCTnbicZQN A4 8P tisd fbddcdndtsizal ofable Altairgcd 0bsd and
706B, respectively onto the outer surface of the cusp and_|eaf| et structure

whePe tandyeafles saedtasiradows Hisg al vrednd Eolsaets Mathgisneibt durpbiliphand yeaivnesither

923AB Jihe Hondser spaces of the frame 920, to the radially
under | sslﬂ(r%gés (%)alli}'ga%rgggsspecthO([)é "the cusp wall sections 761A and 771B,

respecti vel yFig. 8D shows an oblique axial (top/distal) perspective view of the assembled three-
leaflet valve comprising the frame 910 and three identical folded integrated cusp and leaflet
structures 730A, 730B and 730C attached within the frame with the view centered on an axial

30 mounting bar 912A. The suture attachments are omitted for clarity. The cusp and leaflet
structure 730A nearest in view is seen within the frame 910, with the outer aspect of the seam

732A, cuff wall extension sections 718A and 728A, and cusp wall sections 761A and 771A

viewed through the interspaces of the frame 910. The seam 732A is aligned to the overlying

axial mounting bar 912A to which it is attached along its length. The inner (luminal) aspect of

35  the secams 732B and 732C and the cusp wall sections 761B, 771B, 761C and 771C of the other
30



5Fig. 9E shows an oblique axial (top/distal) perspective view of the
assenbl ed three- |eaflet valve conprising the frane 920 and three identical
fol ded | rwegnetosebseusp and | eafl et structures 730A, 730BCan$20M306198¢t ached

principal |y, within the tral s 0 fra but with the comm.ssure
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f olided QusRl BiFcd Bafdeet 20 structures 730A and 730B are al so shown t hrough
the interspaces of the franme on either side of the near view. The
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the fol ded cusp and | eafl et structure 730A and sections 719B, 729B of the

f ol ded raessproamietelydplded and farmedreasy doBleatet stotnre 61 {The innek disgpaderr gihthe
sides, r tivelyjof,the near view (JThese |abels 1: d for rity.)
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boundary o € Ccusps. te exanpl es disclosed herein are
provi ded thoframoathecegth [poff tho assalamgiths haddr cirodmfaecnichtoé ther fedred fram the weritemng
the scope, of the claing. For exanple, .angul ar val ue hown and/ or descri bed
her ei n Oﬁrﬂg«e et b 95‘2_6% st 5Pl OB 4hd SIPHCP THEU H R 32 I5GHPPEORUNA iﬂﬂag?s

i ncl udgd; ks IFNBMHeFh&d, D aRs deRRSEthekidnb®dsd BirdueRhliaWilthn RPRARE AL Rds
circunference length varies with the diameter 15 circunscribed therein.
Ac30r di' gl and 106éf i appreemmstingnthic nercumifarent b ewfcac o Uthic pgripme ed gke rancdaddp esdl

dj usting.th f the |eafl t | i ght th h
cbe. | SRt ge Al Tdhen e bRt 705 GBS PRAR teaREd Rl Bt ffrob R ol "
| engt h petopeiare ek b EIed ®ihinkhé framdjopst ment depends upon the di mensions

of a given valve in production, as well as the dinmensions of the given
val ve' s conpdisestialemewitftesbars 922 optionally contain holes and/or slots to facilitate suture

attachment of the folded integrated cusp and leaflet structures 730. The frame is depicted in

35  Figs. 9A-9E as having axial mounting bars 922 ecach with a hole near the proximal end to
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20l n still other enbodinents of the one or nore present inventions, the
percut aneously deliverable heart valve may include various ot her
confi gurawbanaldswsusi ng di fferent variations of the pol ygmmspaumemq SO as

to incl or,_ex i nner_.sealin cuff f i

cont 1 nuttiGtest Sty EgPuReny AP b G TEPHLDO s E boqrPln b T P i bnd Frape
enbodi ngfatsire. t he percutaneously del i verabl e heart valve may incl ude
different configurations by adjusting the 25pattern and fol ding technlque
such as t he EiaglR sbewy He wetpklagitg frame gfiFicadd Wrtba same pergc@iveehit with the
apposi t 0 be specified. The present
|nventng§9ﬁ§§&%g%gn%gﬁ %Pé%ﬁ%tegg%g%%ilflc fornms without departing from
itssspirit drigedSendwsal sidbpeaptaiviesti¢ve sf thehfearde 920 chacked whatié aeial soanting 0
be considered .in all respects only s illustrative and rictive. The
scope drer D gmﬂ% snegoscd plRe vish PE theayterfgpecs 06 g @tekypﬁﬁﬁf&éa tegfasidrs
rather 030 PYealibeshRiITE0% e C?l?%%'n%hnte%! hitFRARO FImEMYBNo GRARUEHD IR L he
meani ng a range of equivalenc the clains are to be enbraced wthi
their srebpenshlps betweerTthe t@/neAcmr exmppde pmtas:emtten’mfwnattaofmslenu N shawinolibe cusp

enbodine S, | ude. coppone roces fe nd/ o

eppar attl S fents et BT tadqudie ShBE BBt REREYH Shbe dRTtRppand
vaqnousmgaﬁgq?4ﬁﬂﬁ§nnsy@%9 hlgati ons, and subsets thereof Those of skill in
the art WO 2012/ 082952PCT/ US2011/ 064989 wi || understand how to make and use
t he present Th@\/@mmwwraft?ﬂér7@r@ér7s7t2aﬁﬁdit¢1@e tuhderpioed enthading deos prssed through The
pr esentthe r‘é%%ts 0(%5 ﬁoﬁla\gv{t nS[Pe cen?ra'l n}?an%%f tl%entc almlfg f R rooyergabrlgnfg% ST esanadnd
processes in-t sence 0 ere notPaepi ctedand) or erein or

in var IfBLdi%dExlcﬁﬂgbml ARIM B, hespeatvely oib Ukl Baket Burfdee o@bﬁ@@@@ a@lfd 1sat¢dn strthe®e as
may have been usegvgggfreV|ous devi ces or processes i mprovin
C
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description. ore s n I nten nlt t he
| nvent i7n dnd 17herckmrcnvels. Thnf adjaclt duspcandd edleh etrwdtires bﬁtltehhre%dezé@@wﬁige are
Det ai | ed Descri t|on f0L6exaan vari ous features of the invention

gr oupedot éb%\tflﬁé?r ¢larignd he JOIREIRL TS AN ETREISPEE thlpveatdhie sloded 6‘?61%'16%3% ?sni ng

t he dlsghgsg&gedﬁ$p$ ¢fgt hod of disclosure is not to be interpreted as
reflecting an intention that the clainmed invention requires nore features
than are expkiehskyicale@idseprokim@acten] it CCRaplhety foddedtihtegfatdd awp ra.gd tlafictns

fl.ect ts. | in | th I f
FoPlgor e Bk 7 SRR Shiinm et ~FRTMPe piope 851050 el e dousy
I ncor pQhRkeprokthal) thd 6f BRL AlidladolRme 1ap1ORONWhHoh thlesBAC A Kol @hdarshaBAd Bg tan
its own as a separate preferred enbodi nent of the invention.

Mor eov eéxial missaghe bird2ddealifafssisoirodttachmentay 8hs point-has i ncl uded descri ption
of one or nt rtain n n i fi L] Q08 her
Vari ati ons ai ToaneyE et el M THuRE BB Sy oh R VaRER g
(e.g., msmbay J9R8ABI Wit 4 helpsﬂimbbsean@ei@pewvedgewofoﬂ hb)eeoutar tdipecdr bf ot er
under st andi ng the present disclosure) is intended to obtain ri

whiZeh isermdacafiallyr sdtacte cm‘e@m&ffisd trtse&rﬁféd expleapd peaflet stragiurep ﬂégﬁé‘;@g
al ter najsgp t&tﬁgcbg%e @ns% elr%wﬂ\sﬁéb‘% itrﬁciﬁ(ﬁfeldr §Rthinf H@Cﬁéﬁg%zof ébggs

or steps to tho | ai me er or not suc ternate, Interchangea
and/ or cagqmipicaduant psﬂtemcfdmmmshmémnmhoms Sutae getschonens bEfhe canmislcius@fcxbd;semS

Prg{ te Ie::] ianan’ﬂmz gtwéhte (e)\lfje[l ofn the s ot 1% notabﬁ)ug ée%![y Rda?lgielrcgtttaechglre t 0 ttheenlt:)éjl 1€ OP ﬂ?g ect
commissure tabs 762A and 772B to the outer aspect of the frame at points removed from the
30  free edges and folds of the material avoids suture penetration along the lines of traction in the
slot and enhances the resistance of the structure to tearing at such suture attachments. The cusp
wall secams 732A and 732B are aligned upon the inner surface of the mounting bars 922A and
922B, respectively of the frame 920 and attached by sutures in this example.
The commissure tabs 762A and 772B are to be understood as having been passed

35  through the frame slot 924 from within the central space of the frame to the outer (abluminal)
32



WO 2012/ 082952PCT/ US2011/ 064989 CLAI M5 What is clainmed is: 1. A
transcat heter, percutaneously inplantable, prosthetic heart valve,
conpri si NyO 2012me4sece frane; and 5two or nore integrate#Ctaspoiancioiear | et

fol ded s d I i f . Lth ' d
cusp. anthd WGP LER B S AP B SR bl onls” S T CpS gpicaer ©

bi oconmaiutfalewieRhange tahaéheld u1d@! teleid chb@nionaksdr bathnehhé GameahdberloagaB and
a cusp wall layer, wherein the cusp wall |ayer |ocated radially outside of

t he nobindethragh)the intergieaces affhie Waeedl2R, torfbe sagsadlvignderlyiag outar gsigegt ofee cher med
by j oi nj ' ' 0 - cusp wall layer along a seam 102. The
transc%ﬂ%%?%?e@%u@ggggEéfeﬁﬁél]%g?lght abl e, prosthetic heart valve of Claim
1, vherein thig 9Mahows nmrebliqgnt egiadt(ee/dsp prpettoaf vietr doihdedsahislod tthices

are each attached along thejr r ective seans t he lattice fra . The
tr anscaf é’P,Vep“&n%imsﬁ’rge@GstJWn? 50 &ﬁéé%qe_s,lnggk ﬁ)é@qdcm%gé%tﬁf HIR BIbICaBE; m
2, Wher P td1e7 3982780 R4 50 € MEchelbrideHall P il RUAREANLA! 4YnBafAle] Bl £ O

an axis o attice frane. anscat heter, percutaneously
i npl antwaith the qonosisdvet tabs pessed invednye emEnt@hyaddpacknt lafierght paird §62Aat728n 621B-of

Fol ded. CeF ueBuTetor tndough BF s 375bedr GG anE BT Snal et itme Gt
st rigct U B ONPRESARI 9INC A lredfREER . IR/ IAY iPEAEIEPH kiBted FRADEANE AR EHd al .
5. A transcatheter, percutaneously inplantable, prosthetic heart val ve,

conpr i suhge att@hmeatstarcemiticd fer clamy. t wo or nore integrated cusp and | eafl et
fol ded str Uty c%ssp ahd ?ecal%leeg st'%'uoct&rre]eBbétftali’tﬁe%t Enr A% istsggn within the frame 920, with
the inner aspect of the seam 732C and cusp wall sections 761C and 771C in the far view. The
cuff wall extension sections 718C and 728C are depicted as folded onto the outer aspect of the
15  cusp wall sections 761C and 771C, respectively, but within the central space of the frame 920
and apposed to the inner surface of the frame. The inner (luminal) aspect of the seam 732C is
shown aligned to the outwardly overlying axial mounting bar 922C to which it is attached along
its length. The outer (abluminal) aspect of the top (most distal) portions of the seams 732A and
732B and the cusp wall sections 761A and 771B, of the other two folded cusp and leaflet
20  structures 730A and 730B are also shown through the interspaces of the frame on either side of
the near view.

The commissure tabs 762A and 772B, aligned and apposed along folds 705A and 706B,
respectively are shown centered in the near view in position opposite to the axial mounting bar
922C and cusp wall seam 732C in the far view. The key mounting configuration of the valve

25  commissures to the slotted frame members is here demonstrated. The triangular commissure tabs
are formed as a result of the folding of the membrane template along folds 716 and 726, and are
comprised of overlapping layers of the cusp wall section and the mobile leaflet section. Thus,
with passage of the commissure tabs from within the interior space of the frame through the
frame slots, both the cusp wall layer and the mobile leaflet layer are carried together to the outer

30  aspect of the frame where they are attached. In addition, the interior aspect of the commissure
folds 706A of cusp and leaflet structure 730A and 705B of cusp and leaflet structure 730B are
shown where they mark the segment at which the commissure tabs 772A and 762B are passed
through the frame slots 924CA and 924BC of slotted members 923CA and 923BC, respectively,

and are tethered thereto.
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two or nore integrated cusp and | eaflet folded structures each conprising a
flat sheet of a bioconpatible nmenbrane that is folded to include a val ve
cusp accowdizo/wsewsa flat fol ding pattern, wherein the vaCraSeuspodsso f urt her

wner i n t e Vo B RRRRY i BES of et ARoNEIREIRER S PP ERR 0804

each atdugs hedllcaflengrutiied 730/ 8REGIctivE TIWH) 738B B8 theofoldee cugt dldcCRaflétatRctue @
direction substantially garal lel to an axis of the lattice frane 6

The t r ai?9Baarpekeyn opdrcigitand sigdf sidesypeshpetishyeof the asarnaew c(Thews labels pyettesk
Caimgy . wherein two distal, downstream vertices of each of the two or
nore int egraty'd cusp and |l eafl et 30fol ded structures are fol ded over as
ver 5ex f ol dsTHendiatal &idk addiys ofitllahtte dholeitd l1cafletande fshoved ih ahd benttadltyt appesddr anme
such t hat thg vertex folds of circurp‘erentially adj acent. | eafl et.s

p gEhe

e
adj acerFOHIs) ROPitiQR orisdRdineofo theatipyrd AspYIs POsHIR OpbicnY Ve Jiiedpaith ng
to | eafd gl G0 PR aAsgékCiterior to the ¢ sésé além'tciéﬂ BPaAAL PRI LLf RS Sl RAGR Yeh¥ure

i npl antabl e, prosthetic heart va aim6, wherein the two distal,
downst rBérk andet toBcefscuap end iloadldt stouctire 7B AB tabs ¢leeyf foamehdiovatr (rokmend} bowidary

35al on n alignment with the vertex folds. WO 2012/ 082952PCT/ US2011/ 064989
8. Thegqfraﬂé%%aé% HEeP&r, percutaneously inplantable, prosthetic heart val ve of

C gigm 5, wherig t@m@la‘(@éia%iblésodimld;&dQlefé'i@éfferfﬁfbvidb@ﬁrre@@mem%hipp\ﬁ%osteb@nd’@ﬁa\ﬂe
cusp is folded over in aradially outward direction and attached to an

i nner pwt b orerofetedws linaiting ¢lee scopgref the claims. Bor cRAmpte; amgdartvaditcs shown and/or

per cut apeauysl.y. i npl ant ahl e, .prosthetic. heart, valve of C.aim5, .5 rein the
Prac 1 QRS he BRI e B OG a FrER Snss RulfF b ik aB s Rd0RTp
when t hgveudgini. S nmounted, extend circunferentially outward froman axi al

line of attachnent of the cusp to the lattice frane so as_to form when

joined and attBereekitiesl Bohe 85 URIPREFCES EHERAETP6R lenstls vaies ety s shiamejer
cusBs, c?feufngér?&ﬁaihere‘iﬂ?“%&ccolr{ﬂﬂ%l Al G 'I?Vtﬁé;fv'aﬁv'e' shalffHIBLGhE Hﬁ@@e%é yeurt
a y |'e, prosthetic”heart valve

10. "The transcat heter, percu ous i npl anta

of C aiaddfess ddjustingrtbee renptheofithateafled filkenglgp ad beslightly 1¢sltygohakdgnidngth eif tice s
extendi ng portions that, en.the _two.or nore jntegrated cusp .and | eafl et
fol ded ¥bP (¥4llires: dse %ﬁ@f‘e&}r%&lﬁ‘éﬁr&lﬁ [ b ehREV S Y% GOREHPUFSom 148

axi al 14gnRufdnt A REITEPSN Uhe UNRKIR 6O al B&ch AllVcCh i;‘fcﬁfﬁ%tiéfp A5 vl fomp a
circunferentially i nconplete sealing cuff portion associated with each
cusp. dimensions of the given valve’s component elements.

20 In still other embodiments of the one or more present inventions, the percutancously
deliverable heart valve may include various other configurations by using different variations of
the polygon pattern, so as to include, for example, an inner sealing cuff for the valve that is
continuous and integral with the leaflet structure itself. In yet other embodiments, the
percutancously deliverable heart valve may include different configurations by adjusting the

25  pattern and folding technique, such as the angle of the cone and its surface area, or the extent of
apposition between the leaflets may also be specified.

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,

30  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,

35 including various embodiments, subcombinations, and subsets thereof. Those of skill in the art
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11. The transcat heter, percutaneously inplantable, prosthetic heart valve
of Claimb5, 15 wherein a separate tubular cuff of bioconpatible nenbrane is
attached wo zan/(BBaser abI um nal surface of the lattice PCaIMS2010/06498M a

sealin u e transc thet er. cut aneous

ot ost netfcdsrynd, e do gpigs A IES Bla Bl (FRtRh ARE IRt lB d hE rSut b o
and exphagdable and conprises a netal alloy substantially confl gured as
tubul ar stent menber. 2013. The transcat heter, percutaneousl | ant abl e,
prost heti c hEr Presanty dsntion.jitn wrlovme@r@bqshmﬁ@s,bu%&M%apml Fogheand

conpri }?ﬁce@geg(:%%ﬁg JE@@HE@' bf‘rlteﬂﬁr Fgfa‘r(fégfé'tﬁ@dt aRGME: detscrlbed hdiin -BPve 3 _FI‘I(&IS .

transcdt heter, percutaneously 1nplanta prost hetic heart va

5, herepbvodirthentbhaeofnpaiudih@innboiabamee ddashritinscamuy bevedetii asdideid ptre\aswse
15. The, transcat heter, per.cutaneausly inplantable, prosthetic heart val ve
of O aidfVises 95 PIRTEVET K- h O THIBERVRE PPHPEARERACRISH INEoTHS? RS Eedugimerrapt of
mat eri 3hynlementation}6- The transcat heter, percutaneously inplantable,
prosthetic heart valve of Caimb5, wherein the cusp seans of the two or
more integr éf@ofomgsplgahsbuls@af bethefintaadn by beenyresnizd éorelau’posnas pEntusttatainong
an axis qf . flo e val ve. . . 17. The tr nscat het r cut aneously
i npl ant® | descripliody t ndls CORESRE iy dpj il tahlm* (g SGREPR T (P dOFRET 4P PR &
i ntjgar atigdosed Rrcdnd 1h aRé E&%%Jiﬁ%d%dm&wmgcﬁbﬁ@n %Ieemsﬁne fyakibhe feadirbaeh et to

a circunferential portion o lattice frane along at |east a portion of
t hei r diveangion @m/\g@vp@am@thgre@ one or more embmélmentﬁefor ﬁlmm&mmexfétreamhnmg the

per cut a(P sc?ousﬁlré/ 'h%) ct CPadbofe dlsc[fr g;%% net, I Q?e g‘t{té&g\clle cd as reElecql an 1nten¥\'{3'1(1a I:[ ealt t he

two or m)relnte ra cus ruc ure are a e tO
the | atdldiged aﬁfehﬁ@ierealhlrbmsie faktuges mmr HOBRPESUY RlitsEmtash cRLdRuhkh adithe

axial flow direction of the valve. WD 2012/ 082952PCT/ US2011/ 064989

following claims reflect, inventive aspects lie in less than all features of a single foregoing

15  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

20  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 steps to those claimed, whether or not such alternate,

interchangeable and/or equivalent structures, functions, ranges or steps are disclosed herein, and

25  without intending to publicly dedicate any patentable subject matter.
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19. A transcatheter, percutaneously inplantable, prosthetic heart val ve,
conprising: a lattice frame; and two or nore integrated cusp and

| eaf | et swouotansesszattached to the lattice frane, the tROTAS20M/064989
integrated cusp and | eaflet struct u(rj@(sjAF@gh conprising a flat sheet of

bi oconpati bl e 5nmenbrane that is fol include a nobile leaflet |ayer
and a cwsp iwalalmdédiger, wherein with the nobile leaflet layer in a position
corresponding to a closed operating configuration of the valve a transverse
cross-sectional ot anwathgtespepeugingOysly paplantgbler rastbetinhnastvghice MBS HmM a
distal end to,a PHAX.MBlq end of the nobile leaflet layer. 20. The _
transcat het er, percutaneously inplantable, prosthetic heart valve of Caim
1019, wher eitwotdnenczelfpegnatcl chispyand lelek fuddddedrucanésadtiayhaaid shallattiot fitahe, thebi | e
| eafl et | ayer. 21. The tyanscat heter, percutaneously inplantable,

pr ost hePPOT FOAF {nteaapige cop e dsHHot g)ﬁgmw%e% dHeh EQmaprisiag f fabshept s furt her

for med BycdnfafibRonaRBARE it S110RSd &f inkRfe & Wifbidaldnet ?%&r andlQNGp FaR G, 22

The transcatheter, percutaneously Inplantable, prosthetic heart valve of
d ai m ddsinwherusp wahi layer tidvatadobiibiby betaide of tHeayalrileilpafket paysi, tandwherein the
correspondi ng.to a clpsed opgrating configurati of the yalve a transverse
r oss- SUER MANA BGERSIPTRHEDIOHT e mrosreatdth o e Cyan vl LEeT HoRet sital | y
frama dista endTHeQra@ls&“tl@ﬁér[Tﬁércﬁﬁ!ﬁeogﬁlytiﬂ?la'imllBlé, Brds@Rfit 8bart AMEE of Claim 1
23. The transcat heter, percut aneousl(%/lél npl ant abl'e, prosthetic heart valve

L

of d aiwhergn tighievoegrrmeréntagigicdeupreard leafldt glded strrturpearg wagh atkeiched glgeg  of

each i nhegrated cusp Satgqhel ﬁ%}‘cle%amzeo structure are a single continuous piece
of bi oconpaetp%ﬁ &° Renbr ane. 24. 1 n subconbination, an integrated cusp

and | eafl et 3t ructhérteankedtheddrt pabinemdoutle idplaatables rdsthatie htft avanaCMah 2e
configured for inplantation in a vascular system of a patient, the
i nt egr aykscia agscamy arceriangd g ardieeiignesubsiapiidlly negallel to an axis of thy lattice frape et

of bi oco tibl t i i . i flet
ayar 25and h cusheuc et PRy oo il B S BHUR B R Fo b AR g
a seamwlameinwinefl @ishedt o€ bivobmbetitleafchdirancdyening at lcastiona uoegaeddugppases t he
cusp |1 _1ayer when the integrated cusp and | eafl et cture is pressed
Subst anEHfk! ?%Jg?dr gpucture of the two 95 Mo leeied ftsPran ebfoﬁ%%aﬁtrﬁftgms CRRBFIETN

the ”Dti'bv'o%rlrﬁ‘o%%{%keé&%(‘ic_ (ibREnGHGAnYBhlcrihpyer of the integrated cusp and
| eafl et structure are a single continuous piece of 30 bioconpatible

menbrane. 5. 2 Gansththceulpeomtineatsly rmphntablai proghctioltearteiatvet brmprising:
bi (}((‘)onpat i blaela{;[rlecreﬁfrra%lré;ea&{)npr i ses processed mammal i an pericardiumti ssue.
two or more integrated cusp and leaflet folded structures attached to the lattice frame, the
two or more integrated cusp and leaflet folded structures each comprising a flat sheet of a
biocompatible membrane that is folded to include a valve cusp according to a flat folding
pattern, wherein the valve cusp is further formed by joining apposing sides of the valve cusp
25  along a seam, and wherein the two or more integrated cusp and leaflet folded structures are each
attached along their respective cusp seams to the lattice frame in a direction substantially parallel
to an axis of the lattice frame.
6. The transcatheter, percutancously implantable, prosthetic heart valve of Claim 5,
wherein two distal, downstream, vertices of each of the two or more integrated cusp and leaflet
30  folded structures are folded over as vertex folds in a radially outward direction and fixed to the
lattice frame such that the vertex folds of circumferentially adjacent leaflets are adjacent and
define a degree of leaflet apposition at points corresponding to leaflet commissures.
7. The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 6,

wherein the two distal, downstream, vertices are fixed to the lattice frame by attachment not

35  along an alignment with the vertex folds.
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27. The subconbi nation of C aim 24, wherein the bioconpatible nenbrane does
not conprise a treated tissue. 3528. The subconbi nati on of C aim 24, wherein
t he bi ocowpabpizisessaenbr ane WO 2012/ 082952PCT/ US2011/ 064 28%3/UsSeoupb48% a

synt hetic erial,. 29. The subconmbjnation o im2 rein the
hreqrat ed dusp bl st EaprELEuRUFIRPREPM Riskingl AR Pl PERER .
commi ssulie@eih@lertex forming® proklifalsuirees] Mabf ©B6 velfve CLgp Mf@ded vhe iRk Radidly at

| east one comny ssure tab I's 5configured faor eln aging a slot within a nenber

of t he quavarddirestigand attached to gn inngr pektign @f gic ladeadftiadcan i nt egrat ed cusp and
| eafl et fol ded st ' . , ' i-al
eaflet folded s fﬁ#gﬁ‘ﬁé%ﬁ%e?&, b’&&&%ﬁ%g@%ﬁ%@?b&%&%{d gﬁ@y&u%%@@la?ﬁ'rsg

flow direction, co eet oconpat
mentsr anehdrein ftioy flatdol dingt egeat ie gogsiml and idcbafek exteidihg eortiohs that, when alecarsgi ng

to a flat folding pattern, wherein said folding.includes 10 ing two
di agondf hoyhee: | ew%mg?re%twiwpou&\raraif@@b%aw e QrefaiaRR S Stipio the
di ag0nabitolide 6 RA1AolA 0w Ao RRick%nl GRAIRE 1d BHRIpOIAAG Bubhfi HEtibnd Ver Of

the integrated cusp and le et folded structure. he met hod
of f or menghbbtieg tuspegmatiedrat usper Anchinadafitcemffrontirdly @mplst seadingtuffl ai m 31,

wherein said two di agonal, folds are angl.ed, a etween .10 to 80 deqrees from
the axtal 1116w 1ot e Deretafosd S R Rablio S B AR Y ok e et e
cusp anﬂhér&ﬁftﬂleeﬂatffgﬂdﬂ%%a&'&fd{@F)ny%o&fl afll BN dBd extbhdih D BbrtoATMat, SVHRE thOfWT NY
first and second cusp wall folds, wherein the cusp wall |ayer is further

f or med dsynqreiiniegrated gpesindd cafatitelderbstpefuresoars muanted eertendarcumferentally second

cusp wall falds along @ s t.hat .is.orien bstantially parallel wth
Cher ax aif it 8584 D HaMUIR o BT STt RS B Sita R,

per cut ameauSryntialigliadtnalibe sedin@ulorttorn8addiaty@ it ca€lOEmpi Si Ng:
folding a plurality of integrated cusp and |eaflet folded structures, each
i ntegrated cdsp aHi trassgathaters pergeaneouplydmplaatagle, prasthstic heart valvoef Clatedr at ed

CuSB, L SO BRI A 2 A HUGF] o, SpEFRR 1
pat t er surfatresfahalattive feansgtol forrh arstdiag duéi med by | oi ni ng

12.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,
wherein the lattice frame is collapsible and expandable and comprises a metal alloy substantially
configured as tubular stent member.

20 13.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,
wherein the biocompatible membrane comprises processed mammalian pericardium tissue.

14.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,
wherein the biocompatible membrane does not comprise a treated tissue.

15.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,

25  wherein the biocompatible membrane comprises a synthetic material.

16.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,
wherein the cusp seams of the two or more integrated cusp and leaflet folded structures are each
oriented along an axis of flow of the valve.

17.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,

30  wherein the two or more integrated cusp and leaflet folded structures are each further attached to
a circumferential portion of the lattice frame along at least a portion of their distal downstream
edges.

18.  The transcatheter, percutaneously implantable, prosthetic heart valve of Claim 5,
wherein the two or more integrated cusp and leaflet folded structures are attached to the lattice

35  frame at least at a non-commissural seam aligned with an axial flow direction of the valve.
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apposi ng sides of the cusp along a seam and attachi ng each
I ntegrated cusp and |l eaflet folded structure of the plurality of integrated
cusp and weabi2s2950] ded structures to a lattice franme, WROEUS201106082 WO Or

o 2o oA ALy A P S R L RS
paral | el to alttR¥ienef adde |attice frane.

two or more integrated cusp and leaflet structures attached to the lattice frame, the two or
more integrated cusp and leaflet structures each comprising a flat sheet of biocompatible

5  membrane that is folded to include a mobile leaflet layer and a cusp wall layer, wherein with the
mobile leaflet layer in a position corresponding to a closed operating configuration of the valve a
transverse cross-sectional area of a cusp-sinus space decreases monotonically from a distal end
to a proximal end of the mobile leaflet layer.

20.  The transcatheter, percutancously implantable, prosthetic heart valve of Claim

10 19, wherein the cusp wall layer is located radially outside of the mobile leaflet layer.

21.  The transcatheter, percutancously implantable, prosthetic heart valve of Claim
19, wherein the cusp wall layer is further formed by joining apposing sides of the cusp wall
layer along a seam.

22.  The transcatheter, percutancously implantable, prosthetic heart valve of Claim

15 19, wherein with the mobile leaflet layer in a position corresponding to a closed operating
configuration of the valve a transverse cross-sectional length of the mobile leaflet layer
decreases monotonically from a distal end to a proximal end of the mobile leaflet layer.

23.  The transcatheter, percutancously implantable, prosthetic heart valve of Claim
19, wherein the mobile leaflet layer and the cusp wall layer of each integrated cusp and leaflet

20  structure are a single continuous piece of biocompatible membrane.

24.  In subcombination, an integrated cusp and leaflet structure for attachment to a
lattice frame to form a valve configured for implantation in a vascular system of a patient, the
integrated cusp and leaflet structure comprising:

a flat sheet of a biocompatible membrane that is folded to include a mobile leaflet layer

25  and a cusp wall layer, wherein the cusp wall layer is divided along a seam, and wherein the
mobile leaflet layer is continuous and apposes the cusp wall layer when the integrated cusp and
leaflet structure is pressed substantially flat.

25. The subcombination of Claim 24, wherein the mobile leaflet layer and the cusp
wall layer of the integrated cusp and leaflet structure are a single continuous piece of

30  biocompatible membrane.

26.  The subcombination of Claim 24, wherein the biocompatible membrane
comprises processed mammalian pericardium tissue.

27.  The subcombination of Claim 24, wherein the biocompatible membrane does not
comprise a treated tissue.

35 28.  The subcombination of Claim 24, wherein the biocompatible membrane
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comprises a synthetic material.
29.  The subcombination of Claim 24, wherein the integrated cusp and leaflet
structure further comprises at least one commissure tab.
30. The subcombination of Claim 29, wherein the at least one commissure tab is
configured for engaging a slot within a member of the lattice frame.
31. A method of forming an integrated cusp and leaflet folded structure for use in an
implantable valve having an axial flow direction, comprising:
folding a flat sheet of biocompatible membrane to form an integrated cusp and
leaflet folded structure according to a flat folding pattern, wherein said folding includes
making two diagonal folds in the flat sheet of biocompatible membrane, the two diagonal
folds separating a mobile leaflet layer from a cusp wall layer of the integrated cusp and
leaflet folded structure.
32.  The method of forming the integrated cusp and leaflet folded structure of Claim
31, wherein said two diagonal folds are angled at between 10 to 80 degrees from the axial flow
direction.
33.  The method of forming an integrated cusp and leaflet folded structure of Claim
31, further comprising forming first and second cusp wall folds, wherein the cusp wall layer is
further formed by joining apposing membrane portions adjacent the first and second cusp wall
folds along a seam that is oriented substantially parallel with the axial flow direction.
34. A method of forming a transcatheter, percutancously implantable, prosthetic heart
valve, comprising:
folding a plurality of integrated cusp and leaflet folded structures, each integrated
cusp and leaflet folded structure of the plurality of integrated cusp and leaflet folded
structures comprising a flat sheet of biocompatible membrane that is folded to form a
cusp according to a flat folding pattern, wherein the cusp is further formed by joining
apposing sides of the cusp along a seam; and
attaching each integrated cusp and leaflet folded structure of the plurality of
integrated cusp and leaflet folded structures to a lattice frame, wherein the two or more
integrated cusp and leaflet folded structures are each attached along their respective
seams to the lattice frame in a direction substantially parallel to an axis of the lattice

frame.
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