VALVE MOLD AND PROSTHESI S FOR MAMVALI AN SYSTEMS FI ELD

OF THE I NVENTI ON [001] The present invention rel ates
woOowaks®o nol ds and prostheses for mammal i an SPSTABE06/003495

general and nore particularly, to a valve nold based

on QAIVEMUEDH ANTP PROSTEESIS FOR MAVOIATLIANSVRFEMS

formed therewi th. BACKGROt JND OF THE | NVENTI ON [ 002]

The listing or discussion of a prior-published

docunent in this RIEADICRTN INVENTION necessarily

be taken as an acknow edgenent that the docunent is

part of the state of the art or is commobn genera

Koow gdge tpm@eht GQGHARM Srldtst e FaReN&RDY and prostheses for

i ncorporated herein by reference. [003] Valves in

memaniThalieTs pEstems it @eneralvend vagreerattivalorihi i ai valypgnold

R A

pulhepeaiti. val ve. The treatnent of valve disease is to

either surgically repair or replace the damaged val ve

Wth a prosthesis. The two main types of valve

substitutes are nmechani cal prosthesis and tissue

val ves. The mBACKEROUNESOM THEINVENTIONI

prosthesis are their structural durability,

avai l ability, easy surgical inplantation, guaranteed

OORPURRCéistng 6X CdikbeRionhafody paist-pubkstedr RRbGRenT g this

mai n drambacks of  such nmechani cal  val ves i eed

f or spasifirabion;shguidieotnaceesrily b takemes prds a\ﬁr@’q’%ﬁ{népy that

ant , t sk.i0

B e 0 S

SI gkmdiwledm Al clochohests, lisberkraref hetibyd becerporgted)chexnih by
qxlents living in areas of the world where drug

FEECTty or pati ent

ava
[003] Valves in mammalian systems are one-way valves that maintain the
forward movement of the blood. The largest valves in mammalian
systems include the aortic valve and the pulmonary valve. The treatment
of valve disease is to either surgically repair or replace the damaged valve
with a prosthesis. The two main types of valve substitutes are mechanical
prosthesis and tissue valves. The main advantages of the mechanical
prosthesis are their structural durability, availability, easy surgical
implantation, guaranteed competence and excellent hemodynamic
performance. The main drawbacks of such mechanical valves is the need
for maintaining the patient permanently and adequately anticoagulated,
which entails the risk of thromboembolism or hemorrhage. These
problems are most significant in children, women of childbearing age and
in patients living in areas of the world where drug availability or patient
education is suboptimal. Finally, such mechanical valves tend to be
expensive, and therefore beyond the economic possibilities for many

patients.
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education is suboptimal. Finally, such nechanica

val ves tend to be expensive, and therefore beyond the
weeeTadsmo possi bilities for many pati ents. [ 004PCTIBI006/003495

the years, advances in tissue val ves have been made,

064H DvRs tHel e RNEnEdOM B Vlved B Befle 4R, Ghdlilling
and honograft. These val ves can either be stented or
st evalivess snaden froim Hoycing s boeng apericar &gy cade homogeaih  These

st ent.ed eij t her.,por ci ne _yval ves_s d A t I.C
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bg Fepi@iealente were Pletdd eitlsdrgicinOvelves gnppirteahby a metallic or
advant age of these stented tisgsue valv over ) .
me cRgRTE gleny gr g@gnp@ema]quwe@&%smor@éw pdrstaflig e plastic

ant LieRagubak i 9BnifitaRt HilvAnize agl Aids30eeated tRBEE Dalves over

tissue valves I's limted durability. H gh stresses _
haveebemricdlovaldeslio gt Heeyede @obmepf eparmgingns aaicoagulation.
nmouRi i ng.area {1 n _thes lv T £, 12 .
(7 o Lhe B 9 Ref B 0 s e B0 b 86 ¥Rifly. Hlieh
tr eﬁ?«l&(iewihhhe beeit dswidaloygehardgs of tos rigitl wicnlimownting area
netallic or plasf{ic stent _wth cloth flange for . .
Sut 1 e veleg: 1 Tee et avigelyied dispap elve 1 the porcino/bovine
bi 0p5RRIEN Breatil RO SlRGMalRLFRE iaﬂh@@iﬂp@%ﬂe@lr’vvitﬁisﬂ a metallic

have a limted durability in younger patients. >
sucér, plaltic stergewith a it £lange| forprlaging itpket thenpatienfoy Ehese

65 ars of.age...[ 005l Th L [ L.scl L Tornd
u. Sya Par e ﬁit{bufé.os% %iigl%l%ﬂtefe%r%a%%fw?gu luglgg’ % 0 s%dgp%hmlted
bi ollegibiialy ini galefgabicate, Akaulhy thedr tee dn sgpitallyetimited to
heart val ve for_repl acement that closely resenbles the
nat Pfdents pheve 9 yetis oG8t i ssue val ves are made from

B i o AR B e

Ui Sgue MALNER BvEzi ol NBlsub iBeHBraR! ¥8Fois d Reoh@ehuted heart
I mmune response fromthe body. However, the val ves

pr ovalye dori reptarevrendibat closdly Degembled theenatiive valsat Aadelogous
gino 1%%1135% E%g\;reg’ afd emgid(feff.'rgﬁ’q thé opg@ernl%’sa%gmc acﬁ]ssrugqgh& €can be
homologous or heterologous. One significant advantage of autologous
tissue valves over other tissue valves is the lack of immune response from
the body. However, the valves produced in accordance with Duran, like all

_ stentless bioprosthesis, are difficult to work and can require on the order
of 50 - 60 minutes to implant. @ The Duran mold has a pronounced
curvature along the side to be sutured. In fact, the curvature of the
mating surface of the cusps is described in Duran as an ellipse defined by

the equation x*/a®+y*/b* =1, where ‘a’ has a value greater than zero and

less than 22.0 (0<a<22.0), and b’ has a value greater than zero and less
than 14.0 (0<b<14.0). This highly curved attachment line requires the use
of three continuous running sutures — one for each of the three cusp or
valve leaflets. This method of suturing is not only clinically demanding,

but also time consuming. Thus, there is a need in the art for an improved
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of 50 - 60 mnutes to inplant. The Duran nold has a
pronounced curvature along the side to be sutured. In
woéaai7/046d0e curvature of the mating surface of PO®IBUSESI3495
is described in Duran as an ellipse defined by the
equat ks FhesitiSifed & havNidgh Weercomes one
gré%%g?Q?ﬁé%mggg%xghggfgégmthaﬁﬁ%%agw?g§a<22.O), and
' b' oriasrenofithk aforgmeatiened Heawhasks. and | ess than 14.0
(0<b<14.0). This highly curved attachnment |ine
requires the use of three continuous running sutures -
one for each of the three cusp or valve leaflets. This
nmet hod of suturing is not only clinically demandi ng,
but also tinme consum ng. Thus, there is a need in the
art for an inprovedaortic valve nold and a prosthesis
formed therewi th which overconmes one or nore of the
af orenenti oned drawbacks. SUMVARYOF THE | NVENTI ON [ 006]
The present invention relates to a valve nold and
prosthesis for mammal i an systens using an inproved
design. la one enbodinent, a nold for formng a
repl acenent tissue valve includes a first tenplate
conprised of a thin film polynmer having three
conti nuously linked cusps forned thereon in which the
first tenplate includes a first |ower undul ating side
that is longer than a first upper side. The nold
further includes a second tenplate conprised of a thin
film polynmer having three continuously |inked cusps
formed thereon in which the second tenplate includes a
second | ower undul ating side that is longer than a
second upper side. In one enbodi nent, the first and
second tenplates interlock to acconmodate a nmenbrane
i nterposed there between that is to be forned into the
repl acenent tissue value. [007] O her enbodi nents are
di scl osed and cl ai ned herei n. BRI EF DESCRI PTI ON COF THE
DRAWNGS [008] FIG 1 is a perspective view of one
enbodi nent of a valve nold tenplate designed in
accordance with the principles of the invention;



[009] FIG 2 is another perspective view of the valve

mold tenplate of FIG 1; [010] FIGs. 3A-3D depict one
wenhoduemnt of a singl e-piece nold tenplate PCT/IB2006/003495

i ncorporating both positive and negative tenpl ates,

desi gned in accosUMNEARY OF IeE PRNVENTPION of the

i nvention; [011] I'S a side view of one

enbodi mrent of a valve nold tenplate designed in

aﬁf@@ﬁ HANRC BraMehd ihbEntRsd NelRbL 004 Fd10e iA¥RNELANprdstHedls for

G IS a cross-sectional view of one enbodi nent of

topnmmnbbam cirsteanp baingsan imprendndesisn iln aee smbwdipent, a

with ri.nci pl es of the I '

o drR LS prePlackhiEnt ML e shdal aChd {cBnplate

det esmiipriced ba S:hilreflhﬁl Iﬁbl atl ihyaeﬂagvtﬂiwe comitiniuowaty dintted gusps

to gne enbodi nent; g ﬁg Gg 6Av epi c vascul ar.
pr ofarmesy ¢h B 1 WhI ®dihtn mﬁ? %é“? Rt Popirst lower
[ 015haflafing Ads tK&R feRhedr {Hhe Qrﬂrgﬂﬁﬁﬁéloﬁdget'l’ﬁ?ﬁold further

pericardium and one enmbodi ment of a val ve nold of the
i nvardadas;a Mnﬁoe_mplaxp @pn@r@e@ iof e ghignElemedihaehevipg three

a process f as

o a° KRRl HEREE e RSt afn, L AHERAT fiorly Bipplate
DESGRIRIds @\ debnd W driaidril ARy EMBORhMMsNdtgdrOthah é3neond upper
aspect of the in e tion reI es tq a no

for ) .
r epFidiéemhtongaf b s b e t%%‘ﬁns% gﬁenm%%tes interlock to
CO”%EJO%BB(P&R(% 'epmteprﬁ)rgﬁg Eﬂ@e&ﬁ&eﬂ%ﬁ@&ﬁe@ve’éh&'ﬁﬁt 65 €4 BE formed

aortic or pulnonary) valve using a bi ol ogi cal tissue
nenbﬁamher@ﬂ@hﬂ@@ﬂﬂm§UpaahBht s own pericardi um either
aut ol ogous or porcine, bovine or other mammali an
d@ﬂﬂ&é?@muanﬁmdumnésewbdwchEﬂdam&db@h@@bsgﬂper|card|um
decreases the incidence of immunol ogical rejection of
the valve. [018] Another aspect of the invention is to
provi de a val ve nol d design where




a conical tube is anchored at a wider end to the

inflow orifice, and its smaller or outflowend is
waizmi7raédoy anchored to the walls of the great PesaBi086/003495

In one enbodi ment, the nolds of the present invention

conprises t i ' | @Ft BRawiReisg the

nmol di ng sha%%%?%@g sar;%%mch the pericardi um

to formthe valve After the pericardiumis placed

?&?%]Epft}t He;d o ok B! géce}{ré ARY 86Tt bie (BMRd@LESRE ofhe valve mold

| at eperi cardi sandw ch can be trimred or cut to

t hetemppateples@oed $h zaecadanerwidh be prinnipdercofdhb dalvansion;

the | ateral aspects of the trinmmed pericardi umcan be

j[0091eBIG 0P it dnssthbopéspentivetviem of tlervalve gwold témplabashli1G. 1;

(inflow) orifice that is larger than its upper

(oLl FI03. sAiSD depicl hae basleodimeht of armiyxgtaapnee@ porid template

t he base of thg Q§MIV3{ ile t % f%/orl ice

hasneRREERn oReth PYSTYS o8R0 oreaHsh Pl h s iRed

fr 68.:64088e Hith Nk HeNipl st fiRSinSentite t hree points

joining the three slight curvatures nmay correspond to

TofL] FF@e AB0fIL SS SRwPbE Bﬂ@ ANIRNLeSt BER walvé A8l tthlate

general 1nplantation tine of a reconstructed aortic

val desigrsidrig docerdanee Fithi the prinsiries elthsiinventionil d t ake
about 60 m nutes. Recent animal trials show that, when
(161 2FI@d4Bris acoosdsartional ﬁhWtqfemprthqqm@gt of tophand bottom

t th t t.
al | GO R RE, £ BB OTRE" iRy ReehPleRY of, e

’(usllnagntbbﬂ)l ogi cal nenbr ane) to be suture around the
native aortic annulus and the conmi ssures (out fl ow
]E[Dlﬁ] Q. lsBJtlé'r@%}ﬁﬂ:og&aﬁBl ot & pérs&h)B&1@3Mév€ (Wahl s1|zleﬂ nged to

or exanple, a Ustitc Using this app

i rrpql%tnrmtneof}hetwmo rmsﬂqegeéwgwefm%lénﬁwé@g&e Qne Sné’edlmen’“
m nutes or |ess. Reduction in i antation tine
ADFEL FTGSr 640 dopie SceaeeTlor FapTHORGR b AT Firbodiment of
V‘h'ﬁl@ﬁ% A;&t.itical variable determ ning the outcone
of every cardi ac val ve surgery. [020] In another

gpg%f gggptTA or 7Bndg&gﬂ tthé) rbrfe%té’cﬁ](ﬁl Yot O£ pghcélnﬁum and one

embodiment of a valve mold of the invention; and

[016] FIG. 8 depicts one embodiment of a process for forming the vascular
prosthesis of FIGS. 6A-6C using the valve mold template of FIG. 1.



enbodi nents, a valve nold tenplate nmay be a
3-di nensi onal geonetry which, when fol ded and sutured
woaod7oaeénoa cl ose-1oop, resenbl es the geonetry 8ETAB2006/003495
native valve. The attachnment |ine of a tenplate
depirgned 11 PESCRIPITON'GI THIE IXEMEINRY BMBOBDIMENTS
i nventron may have a slightly undulating edge. [02I]
Anot her aspect of the invention is to provide a valve
'fohd] dnsd Q%}etcp ?F thd thtdRont H18@s GHSP oM e repMi&nent valves
fol ded, create three "bul ges” that resenble the native
val ved sinstueentadps . for theneonshvotioneint the meseating geom of a
cusps_ar i nked, conti nuously in_that e iS No. .
nar W%‘gn{fmorao et ngi)m%%rﬁ’ NG 8%‘%%{) ase%gpogtwla%gmssue
t hefentiaat Ofwihe as RBharpaticnlt’ cow lpdridesiigims efthwe autologous or
i nterspersed, connecting strips between the_cusps t .
pr oPPReEs; |bgvingr e ether mamaralian BEHiEHE e 6%&%%@1‘3%6“6“’%
h eaﬁﬁto‘l’@glo\éﬁ ggﬁcéﬂzﬁuﬁqetcké‘asfe? Plle ﬁfc_i&eﬁ@e Qﬁfrﬂlﬁ%ological rejection
However ,~ t eart valve nold design may simlarly
i ncbiide vialteer sper sed connecting strips between three
adj acent cusps. [022] In another enbodi ment, there nay
H®18] darother depect dithy iavertiva isdb prowdela oklvenmoldadesign where
nmold which  is usable fqr suturing. ,Thu n fol.ded .
e dAua! ¢hedF Aasfued: ol mutideh Sdatt; BisoHUfEPy GRS and is
val y@allet Br RatLeRNeEt isNghisinid1Bs aheorsditttrihegwhié We&he great
t he cusps.  [023] Another aspect of the invention is to,
pr oVesgelsa Ipgmeembnidmgatitha mplfs pf theanes et ivrereidon comprises

SN B0 O LR 0

orifice i s nore
t hasatdveich dhgt perafardiven \al foremnidledvaiven ghfttie thppericardium is

(out%ﬁ:ﬁo rifice. I.n another, e dji.ment ., .a, val ye nol d
os Pl ST ek D o W0 W® GBerBheniulpe b6 MBnfiate-
t hr perigaditim addndeHeRe anObe thinimaliver sutippetheObppiopeiate size
[024] I n anot her enbodinment, a tenplate designed. in |
accaryanchape+ iy pee embodiment, the lateral aspects of the trimmed
pericardium can be joined together to form a truncated cone with a base
(inflow) orifice that is larger than its upper (outflow) orifice. The base
orifice may correspond to the base of the new valve, while the outflow
orifice has three slight curvatures corresponding to the three free edges of

the new prosthesis. The three points joining the three slight curvatures

may correspond to the three commissures of the new prosthesis.

[019] The general implantation time of a reconstructed aortic valve using
Duran’s 3-dimensional template would take about 60 minutes. Recent
animal trials show that, when performed in accordance with the principles
of the invention, the implantation process is simplified by allowing the
inflow orifice of the reconstructed valve (using biological membrane) to be
suture around the native aortic annulus and the commissures (outflow
orifice) sutured at 3 points of the aortic wall using, for example, a U-stitch.

Using this approach, the implantation time may be significantly reduced
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principles of the invention may be nade of a

sufficiently thin polynmer such that it is transparent
wabkbowuengo a cl ear vi ew of the biol ogi cal nenbr aae181W0&003495

thin polynmer design may al so allow an operator to

ef f 6£80 éﬁhﬁtésrdr%g. Bituctidh S $pldRation time directly reduces the

pericardiumtenplate sandhﬁch to a desired size ‘and/ or

shapaxdicFpubporaryihyphss timepivhich igesiricatwyprisbledasermining the

once., Moreqver ol ymer valve nold nmay

the.thin film
al s8"RBER 8Vﬁ’§’r$8rﬁ’§§ Vgﬂvc? Sé‘lﬁgecf&r ines that effectively
e (th o trinlcutkfashion th nb ,
CHF bl PR tasielt fha R i1k Bifpr 4f e previous

t he ofBsafechtg £ aNRLTY molh G;_eiﬂib'ﬂa&eaxﬁdﬁtﬂeaﬁsipaﬁﬁéﬁsiMIQgeometry
allows the surgeon to easily_ cut through the sandw ch

wi t Whidi, swbes folded sad paured tactorp o chsploan weronhies the
asp .
t onfrap Sy REF BBV, The pRokAKEPRnR oFh BefloRt BEkigned in
( posedordeiceegath thy pengpkses tle tinee®ich neasiloval a slightly
geone&r ofé%ﬁe i nt ended reconstructed val ve. [026]
StiPP'ﬁ%@Wﬁ 84spect of the invention is a vascul ar

P hesi s construgt.ed. usi a nold t | ate as :

RloBl) e ey 0? @ﬁ]n‘fﬁeﬁg? i ﬂgpﬁ%ﬁ?‘é e Pyl fagen that
FI GincludigPitktee 2u¥i VhilleMheherol@, i freate3tHidE™5hged! that
geonetry whi ch, when fol ded and sutured to forma

cl otesentPe the setiye valveffethyen gotnsy b one auybodianenys these three
val . fal . - ' ' ~
s s S ok B BB P kgl SHERr otber fat
nat totmeetihy edtaipt dupaeatings plsem.| tHealwbdofotk, Beanbtvelyet inald, designs
in this epbodinent, the continuously |inked cusps 11
do REY® RAVE-RITES \iSPREFHinE AR PROYSEr 1S CHabuderPpRge flat
CUS Bfeadlth rdbaves ek & tIRS pFRtIRERM S dalve tBRRY inbfid *Rt of the
areas for suturing the heart valve to the aortic_ root
of Ppadepfat ifdeweveroshe hepreselee melk dgsigacmasntimilagly giclude
to . ] ; . ol

nmt%%s%e}ge% d%)‘éﬂ%%%lc%s?‘té%s%%{:&geq} tﬂrﬁﬁgg%cérgtmds}ftﬁn

und 'ng e I'ng to one e ment .
aﬂ)%bi‘ 85 another embodiment, there may be a narrow band only at the outer

end of the valve mold which is usable for suturing. Thus, when folded, the
three cusps may be formed into a reconstructed valve with no connecting

strips for suturing between the cusps.

[023] Another aspect of the invention is to provide a valve mode design
which, when extended, exhibits a fan-like design in that the length of the
valve mold along the base (inflow) orifice is more than the length of the
valve mold along the upper (outflow) orifice. In another embodiment, a
valve mold design of the invention may be designed for a three-point

attachment of the valve’s upper orifice.

[024] In another embodiment, a template designed in accordance with the
principles of the invention may be made of a sufficiently thin polymer such

that it is transparent allowing a clear view of the biological membrane.



enbodi nent, the undul ati ons of side 120, as neasured

by 'd', range from0.0001 mmto 20 mm and preferably
wonod7lesavange of 1 to 15 mm The slightly unduPariiBz06/003495

side 120 may enabl e the production of a re-constructed

val ygistihad bﬁm{k&a&ésygxﬁn%g WIS alloW s dplefadl 86 effs‘&wéuemm or

of the attachnent l'i'ne (corresponding to side 120).

t hecutethrongh the tnedicerdive-template sandarichdesudesiret sizp tand/or
or B, P SR RIS A Bl Do e
I Nt €Hih Uflhe @obrméi-rvalge a&aoid hears alkot mch:td(,amlar]amgs and guidelines
rep nt. v tructed wth .t te 10 Mo

VG PRSIl (6iSR STA! BME ol PR RS HoRadifraibrane
| | N&Snp IQ€eQ§a§§1v$1@1t1' H&Wtegﬁ H#:e valveC aIYld NS atddNBd RBe desired

sutures which i1s clinically demandi ng and tine
congeemietgy. [Tbedhin mndiransnarsat reid allaws dbe siregepnto easily cut

Icgg uaté%ngh Wsatu{]qvglh V‘PP‘II ché dﬁeﬁr rﬁgca{l & d1?ec f ion

Fi fee ruc In this

8 35 B REE RSB AR B o it

an dt}wﬂtlﬁéd?pbﬁtéé bébsthefmiledemakSpbeisive/nekatigs)eemplates of the

enbodi nent, these threa s .are renovable afte

i npﬁalﬁpaweﬂa geemefrhoithe 4o ndaci FREOnBERE\E VAR t he
patient's diseased valve cusps the base of th

o[_\s)rzﬁh il naotber sanselecef; dhe hél\ffmc’én fis g aaéﬁa’f"? ap gRposthesis

Th ¢
e SAGARLGPITLE 3Uh Bl RIS ek s

out Ice my t e suture uAth a pledget to

mf?%ek‘qufngs &0%h Itﬁe %L\Lesb @I@rnidL ofe ?ctp at %ﬁ téin 100 in a

ssures? Tn' one e di frrent, Iete y stentless
pr osmﬁsnaonmlygémenam ivehielg xblyercﬁﬂdeth gndrmlttmwldl fonfyrmus close-

t he |nflou/ tfl ow cor 030] It $ urt
o’ 99Br PTG T EoRHRrET Ghi B0V eyt ¥ b e, the
useghred cﬁﬁﬁhua@él¥ QhRedt dhisps aqoodidaﬁeetmje@t‘@ulglé@ft tisdtomBdmble
to sandwi ch and torma patient's perlcardlun1to be

us ethearagivee prledndhreacuspe val viould boendstofistentn this
of @nﬁbdﬂnen%, lt}%] %ﬁ‘uﬁ&&)slf hinkbe chgﬁ@ habeiol Q0 ahengnt I%?pmal

connecting strips between the cusps which have heretofore been used to
provide flat areas for suturing the heart valve to the aortic root of the

patient.

[028] Moreover, the attachment side of template 100 (which is side 120) is a
slightly undulating edge, according to one embodiment. In another
embodiment, the undulations of side 120, as measured by ‘d’, range from
0.0001 mm to 20 mm and preferably in the range of 1 to 15 mm. The
slightly undulating side 120 may enable the production of a re-constructed
valve that is nearly circular. This circular feature of the attachment line
(corresponding to side 120) of the re-constructed valve may be
advantageous since it enables a more effective suturing technique to be

used. In particular, the technique of multiple interrupted suturing can be



attachnent line is longer than a length (LI') of the

tenpl ate 100 al ong the opposite side. This produces a
wobamlouémo appear ance to the tenplate 100 when PATAB®06/003495

extended position. This al so neans the sides of the

t enpked & afiacle aWebhcdtﬁéhmwvbyomtfladte@ﬁ@ﬂf—‘tdﬁnplaﬁe sO@mWIVIolds

F 1..In i ment, e fan angle_g may var
f r oﬁ% Yol @‘rg glj“?’ & (ng %‘Bbﬁi‘i”c ar %@FE@M ﬂweg,ngﬁq?y%atmg
enbekld WBObS corfttn bk raha s&ﬁme%l i L&w&a{maﬁ&g@ and
from about 1mmto about mm [031 Th engt hs LI

andtipze egnsparpgat e 100 wi II depend on the size of the
valve to be inplanted. In one enbodi nent, when used as
aA928brIn; @ermmbbdumnpt, aveortihgalverahsidicatstith thef prih@ples of the

;S:or%x%rrjé’fle]ln%ﬂ%% ke #ge{ti’g)}% %lalﬁel ﬁ*g&ﬁg‘}}ngﬁ% s fgehion, the

apptesicatezd cél’ﬁaatnaiyhbe dugp®ited avElyotheerfd @by &he Bwo cables that
Iar%%ﬁr dependi ng on the size of theval ve needed. It
1

canBARFIRA cirelaniflavy 2pgr oytfeyerrifigessplatheoprosbagsis In one

h ol a
Isgcr&ggﬁgﬁgedﬁt F%%‘%%rﬁi ?éé}np{ng?dg}abge{) g{ Elf@a%féu&e h Such a

destafisedfteoremoy. dét}}@opmembt@smmvme tﬂt@syﬂhwba& of the
u r.0|f|ce That ol gt s

ugggyhn 5 Bl tsﬁguregp@ Q’r?erﬂah\?gmea%mt ﬁgsff op 1gfe three
t hecmmﬁmm poinpos6ft the dohe SHGH sutiRwOLiBek in'&?tth@ﬁ%@ sutured
the t npla 100 is fol ded pomtsAand

t heVd hdotthe Babentioiasy Horval hegAnd e Paiigris own
B a S

Chr é“éﬂ%&fﬁéﬁt P ot iRt WO RRUDIcRy Slepklafs prosthesis may
appbeeshieeet bheuttingrapidapuling outrblye ndlomaael odtflaw cords.

sufficiently thin polynmer such that it is transparent
4088k ghenld| fuathey ibevappirediateduibalt dbje ctaﬂnpmmilﬂ@mf FIG. 1 may

B0, 30, OBEAS 'S B MR b o s
t en@ﬂlchfcﬁ’in aatie@dls petieavdodmith %ebis@ﬂ%'s@ﬂiplé@ﬁﬁh@%@rtm valve.
Gocl B SmbetRtng Al Ce d SaePehdLEs obshatinlat 408 gleng the
t ha&tt&é}ﬁnent line is longer than a length (I.1) of the template 100 along the
opposite side. This produces a fan-like appearance to the template 100
when in the extended position. This also means the sides of the template
100 can be defined by a fan angle 0, as shown in FIG: 1. In one
embodiment, the fan angle 6 may vary from about 10 degrees to about 60
degrees. In another embodiment, the difference between L1 and L2 may

range from about 1 mm to about 30 mm.

[031] The lengths L1 and L2 of template 100 will depend on the size of the
valve to be implanted. In one embodiment, when used as an aortic mold
template, the final diameter of the valve will range from approximately 9
mm to approximately 35 mm. However, it should equally be appreciated

that the diameter may be smaller or larger, depending on the size of the



menbrane is evenly spread, with virtually no air being

trapped under or above the nenbrane to ensure conplete
wonemiogend of the nenbrane, and that there i s ROT/IB2006/003495

over | apping or crunpling of the menmbrane within the

val velvegiegdednyit nmy ehwerite afstéthizeddoblaper (ev@allethédds such

the tripmn .oces ca e readily .gbserved to all ow
t ne g TR e Radaitn 57 T Budek el f seominnds.

T, e 100 .can, be factured from a_nunber of

oAU e PR 108 o BREl FrdeFege i@ o iyee-point attackment of
pol yied hlvereuph! YREGPY ITRRE is PROINES e 'S CPRhY AN HESysable to
and other suitable plastic naterials. I'n one
enmbatpgethe zeplgrenteat 1Gdvaray the topneft tlot womchissimal pasts. It

i ni ' i or u her form ng, or ,
oy PR 58 BB T e, B S
enbodetyeiticreliyhbedoning fthk sapel yoiee of altwehidd. tesmiateind ¢

f ffici ly thin filmt |
T FRPREECIE YA Fiogiou e gb du B mOIR aLhashan Clpisn
b d di to the desired geonetry
0551 36 Hee ammperinisng than (EBRINASE00 t REVp dinado of a
di sghpieRe iy thiM ?)ﬁf&n‘ié?‘oéﬂch%ﬂaﬂ h:?tfs ?E%Es%;a?éréﬁ %%%hgat B8er view

menbr ane al ong e peripheral \
t enpfl hedhiolpicehmemderane Gidlhdingl dutblogons pertardaumpwhen it is

) i Qs | | di us .regi ons. 35] ILn yet .
norhad Vsl BiBreen! & R ORI F RV b ke oteby b Algpagviow of
maythenisiblogtrairatdchBigm eanblerd bhistbliches bbhdentfeefdlid 8l olds may

ui de t he rgeon to triin/cut/fashion the nmenbrane
g an‘B‘WC{?ﬁ’é‘ ﬁfﬁ’ et the wargeenndiogld ieplehieedo t ensuge that the

desj ' :
e bty 3R RO DY DL e e o
t enghoae dho @eembrane tocspoe edmeplebotirathentnef hefmamlbeane, and

(P ELDSORE YL LS8, Rhpd e T AERBLE0R i
showaiye nfvdd piyt ino@einenpbitle MRtHIAAATENS 4&IRE ThE tAKEning
process) can be readily observed to allow the surgeon to make any
necessary adjustments. Template 100 can be manufactured from a
number of plastic materials, including high density polyethylene,
polypropylene, polyesters, polyamides and other suitable plastic materials.
In one embodiment, template 100 may be manufactured using an injection
molding process or vacuum thermal forming or any other plastic-forming

process.

[034] In another embodiment, the thin film polymer valve mold template
may be made of sufficiently thin film to allow easy trimming, and yet rigid
enough to hold the membrane and to be molded according to the desired
geometry provided by the valve mold. In contrast, the mold disclosed in

Duran required the operator to trim the membrane along the peripheral of
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connected al ong hinge 140. [037] Each cusp 110 is

designed with a cusp angle g forned by lines 130 and
wa3asn7/0kénoone enbodi ment, cusp angle g nmay rangeCTABING/003495

approxi mately 100 degrees to approxi mately 160 degree.

Pr oggrvated Ffﬁﬂ& Qbmplats NehicHSRad ] EfTbUN {d 1At utdiatangles
the three leaflets of the heart val ve are nol ded and

as saninl seall nadivs veglomte with the i nvention, these

| eaf | ets shoul d contact each other to properly close
t{685h &arytet valother enibodingngs tthe i thimp Hélwe polymerhyalve mold may
enbodj nt , he three ¢ S ar ont i nuUoUSs

| i n’l?tgjdl en A A0S h%l?‘g ' ééjegglse 8 ﬁ%‘%gl Effgecﬁigglg p clfa%gé%r surgeon to

di strafitat/Baihiae ntHehendhispae 13 dwiched OMdtwiedn Fte valve mold
[038] FIGs. 3A-3D .depict one enbodi nent of a single
pi elednlatps|tathe dosirechgRometBor por at es both t he

mal e/ f emal e (positjivel/negative) tenplates of the 3- )
d0agh Sefrainegesiin FiGof ilwérateddn gee R enele-pioce
val - 3C j ' < pj t .
SacHEpECope M oo BEVELAOLSRIEERL! QRpERyfoseiv
depientsiatdseots thg Balipiensiont ke gpdmetery 3@0tlieningended reconstructed

substantial |y, cl os posi.t.i on. ther than requirin i
t wo 3R v ?tfu SPOWRY etg‘g pRPSIPEY %g}ﬁ%tengpgs ngatis n’ptn?%lpgdg ° are
t hecqaesdidnetg Bingel14e, 3A-3D sinplify the nol di ng
process by renoving the possibility that a positive

t[08%] M=LhR¥p 120RY HeAyRSd Withedahdp/endle Btbahed by dinleen30 and
than a negative tenpl ate being put over a positive

t end3t 0 posombyhianentngiw snale € manprrgedronrRpEgximately 100

opt | . . : ” e
o0 AL 1y LIS L B8 S A i ap ange
( powill iershineghht vhy thraeaflats sfidhe henrFivGive 3r¢ amdded and
3D. In e, enbodi nent, t e.stubs 1 | | ow t
o bR ST Ay BB P BT e e eiop RS gl contect
SUCEadSotHEF b PrdpeflytdiattiE heait RdeSdurihy dsddslicdiphase. In this
further be appreciated that the male/female . . .
osinppdiziend e cusps 110 are continuously linked in that there is
(p gthd ey
essentially no spacing or distance between the cusps 110, as shown in 7

FIG. 2.

[038] FIGs. 3A-3D depict one embodiment of a single piece template 300 that
incorporates both the male/female (positive/negative) templates of the 3-
dimensional geometry of the intended reconstructed valve. FIGs. 3A-3C
depict the single-piece template 800 in a substantially open position, while
FIG. 3D depicts the single-piece template 800 in a substantially closed
position. Rather than requiring two individual and separated valve molds
or templates, the embodiment of FIGs. 3A-3D simplify the molding process
by removing the possibility that a positive template may be put over a
negative template, rather than a negative template being put over a

positive template.
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sides of single-piece tenplate 300 may be hinged from

any of the four |ateral sides. The tenplates 300 of
woehkas/04@B0 and 3C, which are depicted w thout tRET/IB2006/003495

optional stubs 150, may be secured using one or nore

CloBIP TheHihPIS REcIHETRIIASIOT R JPHRNWAIISSRMLHAS JBRBSS inter-
as woul d be evident to one skilled in the art. [040

! . [

FI Glockingdepivét s matshizg vitaksof 180 sj ¢yl ebatbnplhe e m@ﬂa{female
desj N _AC: e Wt e -nr kel pl t

i nvg%?ﬁg'ﬁ./nﬁg%&g%);dsg@ SC)dlﬁéms\n Ow}lt elr%'pngt@rg' 4%% ?lfslda émama one
t enphbbdimdrtGthdd stubst 180 ombagr albandthei saeanbrane to be firmly
crosssectijonal view of tenplate 400 .bei used t

san#iie éeﬁﬁ?&rﬁwgemawt TR #aferipe b _é’f%%aléﬁg progess. It
ones g Bt b&BIr8d8tcdlthdtStHd estleMahheal$HsitMe/negative)
obtai ned fromthe patient in question. This nmenbrane

may sidae of sénglemiecehieanplateo 390 deey dadhivgadireheany of the four

bet nqa. n e : | At :
anc 150y HideETT L PforRs0EPEIRAE S e o SR, Hihcted
al omwgdthout therepdisral etdd01 50 ayayubel eeqywed liesirgr @at ovembre clamps,
process by bein bmerged in a tanni ng sol utjon,. suc

P G or BRer o b Fas roaths Bg g st bf Adstt b one
menbkifeg if e adthi S treatnent nmay be used to render the’
tissue tenporarily nore rigid, thereby inproving its

WOHBRIFIL, LA HRdikan BRIIRG BEROERAN9ADI AL d0tY de'@%ned in
mol di ng_process. In one enbodi ment,” the nenbrane 410

i s necordaagef withy the erigiplenef dbe depetionnglownoehembodiment,
concent.rat i on. of .t he sol uti,on.044] Aftier .th .
rontiranleoh 400 e i PlePaia B TG, 4B, o6 hRhic] bapgy i g rose-
be tedtivhalviwo of) tdrhiplaéel 400 eing higed enphadweihdd natitkane 410

420. .However, if where the tenplates are not of t X
r eqUitied Igﬂgpf@ngﬂa?ep‘.i‘f i Qe,orie%?@ﬁmeﬁe@emaaﬁ i trest
t hegselMARum %@ﬁﬂg&"ﬂ‘(ﬂn tthe p%ﬁf@ﬁﬂ\'hp Hﬁgsﬁ(ﬁﬂ}o‘l‘ﬁ{benéilrﬁ)rane may

may all be trimred to a spécific si'ze and/ or shape.

Thi thexob¢ dtretedisdanto place and sandwiched between a female and male
template (e.g., template 400 and 420). Thereafter, the mold templates 400
and 420, along with membrane 410, may undergo the treatment process
by being submerged in a tanning solution, such as glutaraldehyde, in
order to properly treat the membrane 410. This treatment may be used to
render the tissue temporarily more rigid, thereby improving its
workability and can be done before and/or during the molding process. In
one embodiment, the membrane 410 is treated from 4 to 10 minutes,

depending on the concentration of the solution.

[041] After the membrane has been treated, the excess membrane 410 may
be trimmed along the edges of the templates 400 and 420. However, if
where the templates are not of the required shape and/or size, the
templates 400 and 420 themselves, along with the sandwiched membrane
410, may all be trimmed to a specific size and/or shape. This would enable

a surgeon to use a universally designed template, yet still be able to tailor
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a surgeon to use a universally designed tenplate, yet
still be able to tailorit to the needs of the specific
weoabi7@aénool n this case, it should further be PCT/IB2006/003495

appreci ated that the tenplates may be nade of thin

Pl agtdy Cthgaﬁ’éeﬁg o@ tBQ 'sfa&iﬁ@ Z)a@i@nﬁ .nen ansletasef i essuld Farther be
approxi mately O. After the trinmn

pr ommwsciatdte thaWotlteo @@epbﬁess n@ﬁy bhemede rafcidhin i Mgsic paying a
e atta th h
v Qo pETHE Brde? oF I, 0'5{?“%%“?‘5 e my be.

A, kR LA P00 B S0l

SUthynﬂldH ®eeaftackddc o i ol &ihbﬁlﬂar t(hdoﬁ‘dt tﬁeogmdsi;hetm valve.
tissue will slowy regain the consis enc of, .t

SurTb‘?}ﬁGﬁ'ﬁﬁ the geplacemaert heart valueanapheis eﬂdptﬁ%{';he aortic or
S@Bl?ﬂf lr&e G 8L, 1fcﬁslﬁ'o‘i?1ré erﬁﬂf&ﬂneﬂp hdgorRf uéﬁl@ a mu1t1p1e

retest in two test groups of sheep
f i risttexyuptenl swtsringstrecesni tOnqgsr ioeplhntede th@au@%om etlssue will

pr e%]gYV y:{']esggtﬁﬁ Sﬁqaﬁ%t 8?%{’ #Ztl‘@gﬁrt#g&#gql #gttuﬂ L@ will function

| NVEIY hermalldiRna@abdig veliefathienwas pl aced in the
pul mronary val ve root. The valve inplanted was

q085] MAHEQf thé heveRRhakbMLlst@b i B tbsl ©0aps of sheep. The

pericardi al heart val ve nade of the sheep

perﬁrﬁér gnoyp, Wes eestad math gorppthetiesvaliveh “B?erf 8‘%@6 the sheep’s
% ?Aégﬁpx)gxgcarjd%msﬁ h %feﬁreﬁ%?mbc;dﬁﬁeﬂ%fvt@te%e mold of

sheep I n nnnary position and
s he‘dpa invention.i d‘hecmmtmntedn@m msdﬂ@tmsﬂl lﬂmﬂ@r gulpymg:g valve

Af t [ 1,
Ancrant: £ QbR FBHREET qREb R g it SR, o an

St UgitoBdR0NE hevivhddiAloMedrt aatxaadk & the %hsw € o@mﬂémmémm

after inplantation. After six nth e.sh f . th
pul Frsatadyfor hminetes Wit bydiered @wrgw@tlwg g?ghfssﬁtﬁaeg’foup:

{ ?Zt}ﬂs ¥ %%sctﬂ@%?t%ﬁtm\@éﬂe%% 1n%ultﬂoﬁ§n‘f_'%’iét)s?ﬁ8ﬁ'afn'dcﬁ 6 sheep

was 4 her e was
no uabonhicqrosrtronpauiw abxdibpnlniawicy byhasst etdramplaat, @ll valves
pli \?vgi'ee 11%?rgedlzg:eﬂf competent and no regurgitation was detectable. The
hemodynamic study showed very low transvalvular pressure gradients
after implantation. After six month, the sheep of the pulmonary implants
were sacrificed showing promising results with competent valves. At time
of sacrifice transvalvular gradient was 4.5+/-1.9 mmHg. There was no
valvular or paravalvular leak, the leaflets were pliable and thin.
Histology showed no tear or rupture at the Single Point Attached
Commissures (SPAC). Subsequently the SPAC valve was implanted as

autologous pericardial valve in the same manner in aortic position.

[044] The second group consisted of 20 Merrino sheet in which molded
autologous aortic valve prostheses were implanted. The valve prostheses

were constructed from the sheep pericardium in less than 15 min. In each
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Hi st ol ogy showed no tear or rupture at the Single

Poi nt Attached Comm ssures (SPAC). Subsequently the
weRAC/Malove was i npl anted as aut ol ogous peri caPdir/aB2006/003495

valve in the sane manner in aortic position. [044] The

Sec(g%g’ g{let & e SH8Y 1O otdl Med Bip'i‘@stﬁgﬁgtwe{srhﬁ‘m&&@d in less

ol ogous aortic valve prostheses were
i nptlemt 0. niinetesaluséngrastive pudmorswy dyRsss: uc feicardigh echo

t he,sheep pericardi umin | ess.than A e
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cardi o pul mppary bypass. i car di echo_denonstrated
wel mingyy keledicahionelhriodetie esdlets: t ﬁkﬁ?at gfer pR&yfpcidence, the

r egyr giciat| ; | o Wl
S e BRI RS i Vel g e

I eaﬁhp]lalatatﬁjimmphnfqme hynelding agdedged atfside wimhe gortesat SPAC,
were relia ncho o the gorti |1, JAft
chafi§y i’%‘ﬁet‘ﬂ%‘y"ﬁ%’ﬁina?# g?égnoctc'égﬁﬁl qlmelepcl%})ll\l@salcﬁjF 9 Sgrcond group of

ple  Shdwed @vefall hxcallertaraultSPKat appemr €o be as good a
di sruption of SPAC occurred. Inplants i ! this second
gr oepmmRraiplde p axmdbHle girdten) Prasiespt-ent Pesiet s‘g%%’tes’ the

ap pg(ﬁ'%léﬁs%upé:s @éxfﬁ%ﬁﬂﬁaﬁté}pm{ec.cﬁ'ltilcxv&ﬁllaviiﬂﬁglélﬂ) ¥@ M€ In this

prost Ses. | n e A-Series, the comm ssures were
| Npheridseonatornvemanissiue wad founilt The st @resatt thegomppissure had

this series, ,one tor,n conm ssure was_found. The. r

ot DY CHTESBITE Hp SRR A RGP HEOMaR e Hd o be
wal hncHor6d satt Whe fre@flod@ss Sdontthisk@tendinido the portdaediatl leaflet
at the free-fl oatiag comm ssure and the pericardi

| easiraetuze Rt gkl wactsgf (this lncgbipnat Dk o fﬂ‘&‘éa&qca‘??wes« the
Due; 1S ] NCA e ' tl i ;

t hel%glﬁa%ln%tgodir {e%hvva c%fat?]llga :cghg{?ﬁ?%te ﬁg};lr ﬁ%ﬁ 4 Oas%?ﬁ?gé the 40
ovesutairp beciyepledged puidsf oftthe aguia: dubSedyasarlieint the rext series
t he next., series (H-series) all ¢ i sSSures .8 fou

to 'Sfaﬂ?éc"fd,l @ Iﬂlsr%r?seg)rege ofl?) uréﬁ??gé] r g‘f i%ﬁ%ctgﬁ%ﬁh enoo Whrs or

aor hiteratidnk ofitltk Ad1eichedll 6ad théperi@atilleafldda 5]
Accordi ng to another aspect of the invention, the nold

N5 A R6:FRRE Bflanother aspect of the invention, the mold may be prepared

together as a kit that includes a sizer for accurate measurement of the

diameter of a valve to the correct size required of a valve that is to be
replaced and/or a tanning solution. These sizers may be any design that
fit inside or across the valve root as long as they are capable of
determining the diameter of the valve that needs to be replaced. One
embodiment of the sizer 500 can be seen in FIG. 5. In this embodiment, a
round head 510 is attached to a handle portion 520 to allow it to be
quickly placed at the valve root by the operating team for determining the
valve diameter of a ready made valve or the valve mold of the invention

needed for preparing a valve.

[046] Referring now to FIGs. 6A — 6C, depicted is a prosthetic pulmonary

conduit formed using a valve mold template (e.g., template 100) consistent
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together as a kit that includes a sizer for accurate
nmeasurenent of the dianeter of a valve to the correct

weizaE/mequi red of a valve that is to be repl acedTaBmbe003495
a tanning solution. These sizers may be any design

t ha\t‘fltill {hd gﬁh@ﬁ)lé%r o RO $SvdrtonY AlTN Epdrfietilaas FIGNGAAdepicts a
they are ¢ I'e of determ ning the dianmeter of the

val peosthedic pe]emrmatrm twerdnitp 60 e, Whieh éhﬁo‘&fiﬁ%mﬂ@falt shaped

i e n b1 El
rouﬂ?}lﬁ‘%g’cﬁ ?fﬁbrllag att ﬁnc? 4 reﬁ tﬁ%&g]g gla%o {ETB ggha%gf %181@ 610
al | @i Waytthabit veilli fsigh)a \pisaﬁlard gazhftl ke cahdrgt ﬁ@atmawommauy
operatlng tea et e th I d
R R A PiS o i HETFRRB $BIo T R R et i ACbicts

neegedntp Em}%&iﬁ&?e,rﬂtrlﬂ aavé’l%d/ Bondi 820 Refvitiith R é&&dhbﬂal strip
FI Gs. 6A - Ellcte IS agmosthetlc pul nonar

c onoﬁpetrldaodlmard 636 ﬁg baew gitirwedso the bagst Afttae (vg,lv@d conduit 620
Q Rtwit hofh
| nEREE GRS eS0T EAT TN Bolt" 5 Bis DR Sondiic ity then be

eplrcts a prost
pul maé&tccﬂmught ericul awbirtiovt mca vdnteeﬁzeu wpEr part may be

shaped perl ardial fla been th
o R R b0 e mosPe R 28 PROvayY (e ey L B Rirther
| ncﬁéu;ﬁeésafhe%@%&meﬂmf GOBctire 6500 WiBYh GRAY BB/ of the three

de sinus bul ges that correspond to _each val ve
cusputuFbGrs@Bin élpﬁ eoxiaweilheThe vpbsrneonduif 620 wmay eptionally

conduit 620 d S
oor s PG, WU 080, STtk VoRl) Shiping o, o o e
val fiade saR@UWukp& 2BirlIgn Q‘IGhGCIdepﬁ:tﬁﬂlﬁh valhed tawhiit §20 of FI1G.

of the val ved copdui y..t hen ured, to.the ri
venbPi whem viexads frem )ith‘eng dir Pe tltﬁ’e%}i?p%té’rp f’)fap?m%f}g% 630
sut %%4n§ q vhﬁ@r Pl %Edinﬁfoﬁ% theSigHt&¢h s INr outflow tract.
described. FIG 6B further depicts the placenent of a

S['&ﬁ; &16R0,7 i ('57@ 'ﬂ@%ﬁ_lc@et}%n ent@fadiios bPrRentifish Ssetkwsesl one
in the aortic wal he val ved conduit 620 may

opt meadllr%/eﬂta)f e @Wﬂ,lmoldﬂg@gf Beoinysifier asid a/nlesq|of hprvested
correspo 1. Ng h
gt eoThe IR Resplf {LRE, A End tR . 710 is

F Gposfmoned to be sandwmhed between the individual templates of the mold
700. FIG. 7B shows the pericardium 710 of FIG. 7A after being trimmed

and treated, and after sutures 720 have been placed at the commissures of

the valve leaflets and passed through the conduit wall.

[048] Continuing to refer to FIGs. 7A — 7B, unlike the three continuously
links cusps depicted in FIG. 1, the valve mold 700 includes a narrow band

or other flat connecting strip separating the three adjacent cusps.

[049] FIG. 8 illustrates one embodiment of a process 800 for forming a
prosthetic pulmonary conduit (e.g., conduit 620) using a mold template
designed in accordance with the principles of the invention. Process 800
begins at block 810 with a piece of harvested pericardium being

sandwiched between mold templates of the invention (e.g., templates 400



6B when viewed fromthe Z direction, with the strip of
pericardium 630 form ng a wi der base to accommobdat e

woheo7rougiod ventricul ar outflow tract. [047] Fl @&8T/IBM06/003495
7B depict the interaction or orientation between one

enhgl @ﬂ?} Ofhére¥ kY CatlBlotlk 7820 Ghet PEriddrdRAM | @Niridntbdaand
pi ece of harvested ff)’&“ cardium 710. Wth respect,_t
&
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have beegﬁgl aced at the comm ssures of the val ve
| e RSFisaE i Myassed through the conduit wall. [048]

Continuing. to refer to FI% 17A- ﬁ1 unlikethe{/gqueel
£0pR) Al dhlagky 839, ruduresspay Beghlatesiat Fhgrammissures, of, lpg, xalve
molyd,3Q drﬁc}i)ééggcf 0B8R TRV changt Raloltheted dqfidistant pomts at

connectin separating the three adjacent cusp
[ 04l sEm@tulﬁﬂar .Iitustlloat dhechdinemsienatehered parlp&ré&ls%dp may

800, 1 or, f n |
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accwsdam}%-rmtalﬂbudmaml nci pl es of the invention.
Process 800 begins at block 810 wth a piece of
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tenpl ates of the invention | ates 4
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it Mk forma

[058] While certain exemplary embodiments have been described and shown
in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the specific
constructions and arrangements shown and described, since various other

modifications may occur to those ordinarily skilled in the art.
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vascul ar graft at block 840. [051] In one enbodi nent,

the comm ssural sutures may be pulled, thereby
wonveriueany the |leaflets into the conduit. The BATAB®S6/003495

may then be securely tied outside of the conduit wall,

formng a three-leaflet valuAIMS052] Process 800 may

then proceed to bl ock 850 where an optional strip of

carqlun1 be sutured to the base of the val ved
biistclaign ch the right ventricul ar outflom1tract
|f necessary The | ower part. of the conpleted valved

conduilt | sArIQ%IVO? frrgng atrspléae%n‘t ﬂ%s% Y© COmprising:
ventricular outflow tract, I, %_the upper part_nmay be
sut ur edins terplage orpREipd ofra o Tlmoagly ey haviagthagen

t%ﬁﬁﬁh@ﬁéﬁ eaedi. ﬂg@%ﬂ%&%&%&a @ﬁé&m bed @Rfisthown, i n

e acconpanyli ng aw ngs, It be under st ood that
sincludesrb durshiomtes vndelatirgdige thatis ﬂmﬁcu veanh famtiuppdr side;
rﬁgtrictive on the broad invention, and that this
[ ntion not be limted to the specific constructions

i

d t h
ot her CrAGBH R BoC Bt o PG ReTReH R PE Jhee
Sééhhlnﬁgué,l? ke d Rukp ot tMh@abn | whédedh BELG degondltenfplate

nmold for formng a rep|acenment tlssue val ve
cl@n!pldp% psgeong lpvvleg pndalptingtside b s kaagepthan & ppeendynper

Qﬁ ymer having three continuously Iinked cusps formed
ereon, wherein said first tenplate includes a first

| over s gg%naéaug Gy 51 {D3ha betnbIBIAGENRR @ debdifttnodate a
upper 'Si a second tenplate conprised of a thin
fbiibpale/imterpoasd tiert betecenonhére saitsingnilirake ik @Uuspormed

formed .t her eon, m@ereln sai d second tenpl ate includes
antutaif gep R IS Y si de that is |onger than a

second upper

2. The mold of claim 1, wherein said membrane has a first lateral
edge and a second lateral edge, where said first and second lateral edges are
joined together to form a truncated cone with an inflow orifice that is larger

than an outflow orifice.

3. The mold of claim 2, wherein said first and second templates are
to be trimmed to a desired size, thereby enabling said first template and
second template to be usable to form replacement tissue valves of varying

sizes.

4, The mold of claim 3, wherein said first and second templates
further include a plurality of markings usable to guide an operator to trim

said first and second templates to said desired size,
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side, wherein said first and second tenpl ates
interlock to accommbdate a nenbrane interposed there
woebomasnonher e said menbrane is to be forned i RCO/IBANE003495

repl acenent tissue value. 2. The nold of claim1l,

wher eidh saiTherrolidrofickilal vehdretisdaid &irertempdageraingcend

s cond, | at er al e,,Where said first and second
riFe%ﬁ@@gpﬁﬁgg¥%#ﬁ%BLWgég?%@?éFﬁmforn1a truncat ed

cone with an inflow orifice that is |arger than an

outflow orifice. 3. The nold of claim2, mherein sai d
first and second tenplates are to be trimmed t

desir el si Z&e mpldads lerfamhqxgnls%l@ﬁm@méwndﬁ@cm
tlssugk%gﬁgggh h@%f%?ﬁgﬂpﬁggéef%ﬂgﬁk&ﬂﬂh?g&§ﬁﬂk1alm

3, wherein said first and second tenplates further
include a plurality of markings usable to guide an

oper at-pr t Q‘gterthi%? gﬁ% d %&}reg&?,rssa?ﬁ? p0g t%%[mvéw second

sai d desired sSize ere n sai
ftemmlateeﬁmpt}mrendndie ere onchore nﬁleﬂbdnﬁg etubsupkbl: to secure said

t t her a hinged.side. 6. The. pold of claimb5,
REE el AR P R Sed st d Biist e ar o
formed froma single piece of said thin film pol yner.

7. The nold of claim6, wherein said first tenplate

and second, t enpl further. i nclude one or
i nt er 1%cki M eg%ﬂ@ﬁa@&m%w@w% figgliaprsepand lower

tennbiatifs @ﬂﬁs %ﬁ&?ﬂgs Le mldﬁlrﬁldnnwﬁﬂ Vﬁ’] gﬁlltlg&é(bin@o more than

position. 8. The nold of claim1l In sald first
dﬁhngecond Iomer undul ati ng si des each has an
undul ation with a magnitude of no nore than 20 mm 9.
The nold of claim8, wherein said first and second
| oner

9. The mold of claim 8, wherein said first and second lower

undulating sides each has an undulation with a magnitude of between

approximately 1 mm and 15 mm.

10.  The mold of claim 1, wherein said first upper side and second
upper side have a three-point attachment design corresponding to three

points of attachments for said membrane to commissural posts.

11.  The mold of claim 1, wherein the difference between a length of
said first lower undulating side and said first upper side is from about 1 mm

to about 30 mm.
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undul ati ng sides each has an undulation with a

magni t ude of between approximately 1nm and 15 mm 10.
woheo7raéodo of claim 1, wherein said first upper PeTaB20861¢)3495

second upper side have a three-point attachnent design

cor r egpONdig o] bf¢188n ROWALRIR thetdpdadenani 31k veReds a

menbrane to comm ssural posts. 11. The nold of claim

Prosthetievalved contifit bavinga brsewsifice dhplitdargesthanpy upper

b I dul.ati L d . . _
B T
1, wher ?rieg Q‘Fg%é‘ﬁ ﬁ!g%ﬁ%{rﬂp %]etc?]%& ot ge MEes! WhBrein eaﬁ}é1 tof the

pr ost ving se oritice t

iffrst @hdISEcohhabldRempheats Bavd flree cirtinwuaisiyelinkahelisipt formed
being formed of a pericardi um nenprane.that is, farnmed
Fhevaermneilpger BRdulBERE RSt RSP AT e grresbrpdiag fpper

%fidéshsvhtafé'iﬁ tth?ﬁﬂ étedﬁgé’éjcdp&%oﬁﬁ LR @SpRdrHideMn@&he lower
cont i nuously T Ee cusps formed thereon and | ower
undiull tinggides cesespoat] tatke basegmifiachan correspondi ng
upper sides, wherein the upper sides correspond to the
upper temfiétalonga peranétewef therfist and mgeoziddesld templates,
correspond to the base orifice, trinmed along a
per i metitired it thecdmmidsuaedofdbrenlvoledfletnypding egmmissural
sutured at the comm ssures of three valve leaflets
d%WW@SC i ssural sutures, and sutured along | ateral
sides of the perjcardi| n1qgaprane sn as to.forma

S

vasculFgfured glonglgter SRSTIPFUR RS RPERRFERps to form
td Ssddg1¥@bN€e conprising: a first tenplate portion

having three continuously Iinked concave cusps forned
thereon, wherein said first tenplate portion includes

a first lower side that is |onger than a first upper

si de, f1§.”d WhEERI By ﬁﬁ'gﬂﬁé LreplacOWeht §5AR Rave Sorhphisihe:

set of undul ati ons;
a first template portion having three continuously linked concave cusps

formed thereon, wherein said first template portion includes a first lower side
that is longer than a first upper side, and wherein said first lower side has a

first set of undulations; and

a second template portion having three continuously linked convex
cusps formed thereon, wherein said second template portion includes a second
lower side that is longer than a second upper side, and wherein said second
lower side has a second set of undulations that correspond to the first set of

undulations,

wherein said first and second template portions interlock to
accommodate a membrane interposed there between where said membrane is

to be formable into said replacement tissue value.
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a second tenplate portion having three continuously
I i nked convex cusps fornmed thereon, wherein said
weeowrdetenpl at e portion includes a second | oweCTABIIE6/003495
that is |onger than a second upper side, and wherein
sai d gsgconfhd QWRI of &6 NRSyiRerSRELNE nS@hbi@ihe UE W Bt 0ftral
that correspond to the first set of undul ations,
whge end asacandtlntarel edge, sheoneriddirpt andserops lgfesal edges are
Lnte 36C0 r r
pBp e Y § hsfad TROP 2 b BRE B rger
$hénel ah opLAGE bEfite.t | Ssue val ue. 14. The nold of claim
13, wherein said nmenbrane has a first |ateral edge and
a second | ateral edge, where said first and second
| ateral edges are joined together to forma truncated
cone Wt h e mdid eelaint 14 cehéreat said firslr gut sdcoad template
outflow orifjce. 15. The nold of clajm 14, wherejn
Partdons arstusghle tedotam aeﬁléﬁ%n%&fetliwﬁt‘f@i}f?é Of V&ryjag izes P
val ves of varying sizes by
%%##?ei?ﬂh%ﬁ%g%?%sgbgggﬁred size. 16. The nold of claim
15, mhereln said first and second tenpl ates portions
further include a plurality of markings usable to
gul de N OREL &) ?c{ oft c(i)altrrl; lng x%ﬁél%u{ dé atiuépgn& Q&%ﬂg tem [pldtes
tenpla ‘e portrons to said desired size. .
@britbad forfidyr intlade b plesldy bf merkingsils able tp gutdecnn ewrgator to

said s, cond t tion are coup her
arigmerid thsh ‘gn%"ﬁé%erg‘gfa te-Rartignsfo ‘{: %SF% ®wher ei n
said first tenplate portion and second tenplate
portion are formed froma single piece of thin film

olyner. 19. The.npl.d of cI m, 18, n d f t
?en%lé?e pbhe meld aidaine dgny %%ﬁ%?%@ggﬁé I At 4Eﬁ?$é§and

06 L6 QR %n?f @?51%1dnr§1%rcbﬁﬂéﬂ'%ggeﬂlé‘1b§loﬂ§ @t}hﬁgéd)mde

secure sai tenpl ate portion and second tenpl ate
portion in an interlocking position.

18. The mold of claim 17, wherein said first template portion and

second template portion are formed from a single piece of thin film polymer.

19. The mold of claim 18, wherein said first template portion and
second template portion further include one or more interlocking stubs usable
to secure said first template portion and second template portion in an

interlocking position.

20. The mold of claim 13, wherein said first and second set of

undulations have a magnitude of between approximately 1 mm and 15 mm,
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20. The nold of claim 13, wherein said first and

second set of undul ati ons have a magni tude of between
wapprroMéoat el y 1nmm and 15 mm 21. The nol d of cParmB86/003495

wherein said first upper side and second upper side

have @1.t hrge:- peidf cdialtd) vertrebesiid firstoupres potedindgsecond

three points of attachments faor,said nenbrane t
BERFR S98PaVS BOBTSS-POB. SRR AT TPYA OGO R
E?ﬁgﬂ:g bf %ﬁécg?{é {225 MBB8A nforh19R8E Ro bmaAidhrhl pats.| oner

e an I rst upper side is fromabout 1nmto
about 30 mm 23. The nold of claim 13, wherein the
three continuously |inked concave cusps conprise three
adj acgqt CANCAYR G PERMALEHIYifbr oo bBhRIGREIAEth of
connecting Strips, an ereln the three continuously
khidiadt townareside asd said divpr ippertdides fadpabent 1 sompjerbout 30
cusps separated by second interspersed connecti ng
fPip. 24. Anold for forming a replacenent tissue
val ve conprising: a first tenplate portion having
t hree adj acent concave cusps separated by first

O e oo CELEY 3t et BT DEFSR el
\%;]ﬁj(%v{a Rakpd SrhHREEIhrbdadiaseriti doftaverREps Sésteatedris first

erein said first lower side has_a first set and. a
seteosbrsehpinmecting strinsnahd whegeintthe shras) copBRTORTR Jidked
cusps separated b ' . 1 T PR
SPRTORIPBY reuPrreru3E S Reh hah IR RLARCARNEE by eond
PRfckésptsédedmidelingsageond | ower side that is |onger
than a second upper side, and wherein said second
| oner side has a second set of undul ati ons that
correspond to the first set of undul ations, wherein
sai d Ditr st AansldTecRpshineapbplheematt tigne viahteanohgrising
accommopdat e a nenbrane i nterposed there between where

sai d geEhE fsplate hertie Haolnpilree bijagemstadotcaeptiape nepirated
tissue value.25. A prosthetic valved conduyit havlgg.q
M{gsbiﬁtﬁm}@rqq@omgct}rﬁﬁzws formed thereon, wherein said firs

template portion includes a first lower side that is longer than a first upper

side, and wherein said first lower side has a first set of undulations; and

a second template portion having three adjacent convex cusps
separated by second interspersed connecting strips formed thereon, wherein
said second template portion includes a second lower side that is longer than
a second upper side, and wherein said second lower side has a second set of

undulations that correspond to the first set of undulations,

wherein said first and second template portions interlock to
accommodate a membrane interposed there between where said membrane is

to be formable into said replacement tissue value.
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than an upper orifice, the valved conduit being forned

of a pericardium nenbrane that is, forned between
woiowto4emnad second nol d tenpl at es, wherei n eachPof/iB1ve6/003495

first and second nold tenpl ates have three

cont i rAfous |Aypiosthetit xca]wqmlscohdnitddwﬁma bape arificd thaiis larger

upndul ati ng si des hat ar e r .th es ondln

B Sk O, b valReT eosd b Bhutl (SRR e
Uﬂ@ﬁﬂm@ﬁéﬂhﬁqsand the | ower undul ati ng sides
correspond to the base orifice, trimed al ong a

per i Ngb@hedbetit@nifirss hin@Bebona el tERIpILES %&%ﬁﬁeach of the
sutured at the conmi ssures of three valve leaflets

ulirsh gnd sreanskmeld temiplates have ﬁlereewpmleaomlm rlugﬂﬂedtcemsl formed
S{if¢ nog.nci R%egqg{g%?#gﬁgpr oS e%gg 161 e‘f“% g cor ﬁsqond%ng upper

vascular cone tic v con
ciidesymdizreinhibicaippes aidds cameimadrtalthe ubpélesrlﬂdieeamﬁﬁfbeldwer

t hr of t ardi ym nmenbrane at three
RGeS st spiteepots s thbots wdlia: ¢ val ved condu

of claim 25 rein the pericardiu nenbran

furt h F%@?@Fﬁ@gﬁ Perimgtes g gﬂ?‘? ’f?&@@%%%mo d templates,
peri car di to sai d hase orjfice. 28. The prosthetic

Val veduEidatibe cormiprssol Upies ke lenilohn Sengrepmpissural

| qutaARf hegred to be sutured to a manmalian right
ventricul ar outflow tract and the upper orificeis

conf i QuUEeddtBole1-34 Eéﬁfés Bf’tlf% &%mﬂ@%%ai to form

trunk. 29. The prosthetic va con
wheaselarsand. | ower undul ating si des have undul ati ons
of no nmore than 20 mm 30. Aprosthetic val ved conduit
having a base orifice that is |larger than an upper
orifice, the valved conduit being fornmed of a

peri c&6di uithe prosthetic valved conduit of claim 25, wherein said

commissural sutures are passed through a wall of the pericardium membrane

at three equidistant points.

27.  The prosthetic valved conduit of claim 25, wherein the
pericardium membrane is further sutured with an additional strip of

pericardium to said base orifice.

28.  The prosthetic valved conduit of claim 25, wherein the base
orifice is configured to be sutured to a mammalian right ventricular outflow
tract and the upper orifice is configured to be sutured to a mammalian

pulmonary trunk.

29.  The prosthetic valved conduit of claim 25, wherein said lower

undulating sides have undulations of no more than 20 mm.



menbrane that is, fornmed between first and second nol d

wo 20BNk ES V\herel n each of the first and segeRdghRkMos495
tenpl ates have three adjacent cusps forned thereon

separated by interspersed connecting strips, and | ower
t i ndul38t rTgAsp'rdﬂslet:h atlvadeohduid dqavingenbaser aréfqedibdi glarger

per sides, er, .si.des caorrespond tathe

B8 oy cu i Tea Y RO TG Sdion aapericat b
GRAEmMBSAMhat &t he base orifice, trimed along a
perineter of the first and second nold tenpl ates,

sut ur gglmadd ]Sé%%e@ﬂ FRLSS &Rl nidd %&nmlcé/se w@a&heéa%h of the
usi ng conmmi ssural sut ures, and sutured al ong at er al
14

Sfinst end second melditemplintenhaeebites adiaseniscusps dormed thereon
V%%%ﬂt@& b§ %‘t%rspersed connecting strips, and lower undulating sides that

are longer than corresponding upper sides, wherein the upper sides
correspond to the upper orifice and the lower undulating sides correspond to

the base orifice,
trimmed along a perimeter of the first and second mold templates,

sutured at the commissures of three valve leaflets using commissural

sutures, and

sutured along lateral sides of the pericardium membrane so as to form

a vascular cone.
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