; €3e66TR>6LT i ATRI O VENTRI CULAR VALVULAR DEVI CE a BACKGROUND OF THE

| NVENTION 3 1. Field ion The present invention is in the field
of heart wglys;#{ ost h@%l%@ﬁlmwmw‘speci fically, the preseptTiiRYEIVGHON IS
directed to the repla " e atrioventricular valves with an

anatom cal | y desi gned m t%801val ve. The present invention is also directed

to obturators and sizers to neasure tHle g host's val ve annul us di aneter and
sel ect the appropriate size of the prosthesis, to a holder to naintain the

prosthesis during i ARIGAVENTRICULAR VARVEBAR DBVIOH T urent o

determ ne the locations for suturing parts of 1 ~ the prosthesis to the

papi | | ary, nuscles of t BARKGROUND BF THIPIRVERMTIONOf Background Art 13

Repl acenent of the diseased heart valves Is a frequent operation in ~a

cardi ac sur gerMield’sf the Ikvé@wbn heart val ves (aortic, pulnonary, mtral and
~5 tricuspid) function essentially as check val ves operating

" hermodynamni cal | y Il presgot diventionat i thenfi¢ld dffteartumbienproatieses Mbret he heart,

allowng blood toi 7 flowin a downstreamdirection and bl ocking flow in

t he opposi t epesifically,gbe pecsentiinventipnis direrted setheaeplapement ptthicon i s

inmpaired either through 19 narrowi ng of . the valve or regurgitation. The

nat ur al rﬁeara{cn@‘éﬂ%%tﬁaxs walyes Wik atpanftemiGadly clﬁasﬁl@déam?galﬂ&t Thas. The

of the | 611 PR PSEORAR Pg KBS0 ARSIBIOTR 2 SRS R BESHR PR and oim | ar
[ ted.]| t 0f t : k. Th
' oventt i darar e PR AR R BB LTS o covera

large |eaf| G}‘iﬁstgéseié{itya%cﬁﬁér ) ﬁ@ig@éiﬁQﬁ%‘ﬁfbsﬁkﬁm&né)ﬁﬁ@aﬁﬁtibﬁﬁaﬁ val ve

annul us and "hel heir free edge w a conplex variety of tendons 26
cal | ed cherdae mhentirin@dnstfdhen® ddieiinethd IWcatibhef@antlrmy partsc! es of the
27 ventricles. z8 The chordae tendi nae are of two main types: those

ext endi ngt f theprasthasietopthpipapdtayy msclesofithe phieifir ee edge or margin of the
| eafl ets are called . WO O1/9771 PCT/USOL/ 19602 2 "nmargi nal chords" and

t hose exiZzndimef Pessmption qfdpadkgreundrdgtl es to the 2 undersurface or
ventricul ar surface of the |leaflets are called "basal chords." 3 Anong
{hese bashl chor dePlaGgmeTafiths disgaseddhoaricvalyesie qUSNEQRFAHOBADI | | ary
muscl e an he under e of .,th terior al |leafle

to. surf ac a . mt I t, clpose s to
s base 1 n PRUSRFPIEE Jim i KO rmytiedE VAN (20Hico o0 Baney il s
"princi , e S Lt ’ " ey r i . ds serve
d}offereﬁ'?gfunr?g?%%g}s@nfﬁgnH%%%%‘lﬁg&%ghcg?%q;gﬁg eéggﬁﬁgﬁﬂﬁﬁﬂ?ﬁ}ga@ npet ence
of s theat rihQyastiroheidtian with u@?m@ﬁfdg%ﬁ@hwt@é RedrB & 1oWiME blGoPREN tO
allow for 9 the passage of blood, the leaflets are separatéed and the

mar gi nal 1zhdials ianelowrstreain diltotionqushisbokiag fidve ipthessgposite ort he ventricl e
closes the valve by i 1 bringing the |eaflets together. The margi nal chords
becone t &4t upstreamdirestignnln diseassathiafundtionde impaired either thiaughsed heart
rupture or elongatio f 13 the marginal chords results_in prolapse of the
@r}ék?? valve 0f regireianeRglispatyral isas valves @r¢ PEMERCY ghe

| eaf | et s 1§ o RATEVIRG
i TN AT T e

above- dodbr | i) AT G AFER A BERTER whadleth SBa R AR, o0 B

recently,as fake 8511RbE é@!ﬁ%ﬂisﬁﬂiﬁf cﬂés?ja%‘fﬁseﬂ’eﬂ'iﬁfoeﬂ%% enfaﬁﬂfe%ar&ed- 2

surgery, when a diseased atrioventri ar valve nee (S:i replacement, th&=i
whol e m be glulmpparatrutk Bise gxioverslculsvatvdiqnitial Atbirlcekpidandvé®r gi nal™ and
22 basal chords. However, recent experinental and clinical observations
have 23 ghowonsishof smiemaldargenigafi¢ts of different $iye attachedant liheinbadeetothen t he
"papillary 24 nuscles and_the mtral annulus is essential to preserving the
punpi ng 28 a@lyeanmilus aed hels atitheis freeadge veith acompllex variops of éerPems acenent
with

26 called chordae tendinae that are inserted into the papillary muscles of the
27 ventricles.
28 The chordae tendinae are of two main types: those extending from

29  the papillary muscles to the free edge or margin of the leaflets are called



26 Preservation of Chordae Tendi nae and Papillary Miscles. Annals Thoracic
27 Surgery 1998; 45:28-34). Therefore, relatively recently the art has 28
recogni zegdoliss7lged to maintain annul o-papillary continui tereiideep! aci ng
29 an atrioventricular valve, but attenpts to do so have net |less than full
30 success. w0 01/977-41 PCT/US01/19602 3 t Proximally, the valve

| eafl ets are attached to the annulus. Zhis 2structure is not rigid and
changes in shape continuously during the cardi accycle. During diastole the
atrio-ventri tiahffinANtHor 8 RRCOBES eteh il -oxﬁrtﬁéggﬁﬂﬁi@hﬁls@festtb ¢hd ar gest
possi bl e di ameter to all ow maxi mum bl ood fl ow sDuring systol e, the annul us
area i s signuhdesnifthye oedkittculabevdaioef thedédftatance cdlledsbapsddhopdsd!
facilitating the apposition of the valve leaflets. In this7description of
the prior 3ar Anamag theseibagal abends two tickér dhoeds areaattached theatheens

"proximal ", "distal" "anterior” and "posterior"” are used i n theanatom cal
sense. " Proxbagillarsnamssle-andsortbapndersutfage akths) anderian wifral deafind slofed,

"distal" neans.downstream. "anter,ior’ means closer, to.thellsternum and
 Dost or i ob - HoithBeR tauDe Thigrel AUl Ehess ADOTR Ve reh dAsRIFdal 1 unct i on

wtnspecit | conBaair fnliorntoaed” Elblden Hl B ROl R R R 82 S gery

for Acaui redasyabiihai:ibhe CARPATNANARTA! o REIRS AU NpIRR F 1-23).

Althoughzgthe results of thi's surgery ve been shown to be "superior to

val venr eplzac gieeatiovehRicll tvalvdsODding AR #e RilV e ® dllow f&pl acenent ~
sinperative. The standard repl acenent” of the nural and tricuspid val ves

i s19wi t h i t ks pamagaol blodpthelieafiete atdresgiasatedlahd thesarginabehaads apr ost heses
are2onot anatom cal, i.e. they do not reproduce the normnal

atri ovent 1 cslagk2 Duang sssstoleisihelirgssuee i thglventiéele gloses thesealve by al |
positions, be it si&gﬁi d_or22atrioventricul ar. The nmechani cal val ves used

for repl abendrngingbedealielnsogathsr. (The warmpalehosds beroms b ent ri cul ar
| . 24Th iall i | apl e .bia:. i .
ber | car di 1 2 SOREE Scicotiel HraRehn ratBEd B8R Sithte PEPSBERIRY efspi o
| i g : T . . o .
Fihg not ™ n b6 Eina o8 o B RRIRGRTST e (B PRl eI R 2N 02

and the bjp- %e%bhggﬁ%ﬂweal%%{&ﬁﬁcﬁﬁcﬁ Th?ibqﬁﬂ%hioﬁi’s kdiatheesgy apt al | ow

for the normal chan h29shape and size of the atrioventricular annul us.
This rigi ¢t yheleatlees duning sisdslef ardherseft sherBrtmadl wes dofing llee pri or art
has been shown to reduce the WO O1/977-~1 PCT/US01/19602 4 1 efficiency
of vent ri tal avhdlagatdiancyde aadfelfilhihefunctadn vhmamtamisgitheeavtesallt o 2 nuch
hi gher pressure and stress and has a lower flow velocity than the 3 other
heart val Vks gepntpyrofstheeentriqlessl acement carries the worst clinical ' 4

results and prognqsis.in terns, of .durabili.t d t hronhoenbolism 5 The
onl'y anat &hi cal | yﬁ'@s@@‘(@b‘fﬁ}w{“’%‘i Rifefions € e SharAine 4IAIde WEHE5ORRY  al
honmograft, In_t.hi se,.dhe whole mtral vyalve,appar s froma,7 cadaver
i's transprantuélmf%%eglﬁyﬁg f%re%ﬁ %%gxgntpﬁgiag’va \& rgp.la N g%&a@gpggerggﬁepl acenent
W th Honogy afff" | S ' @RGas : By 1 gan Mtral
Val ve All ogr aPtS_ls]f.gkiﬂ’ %Bl%_orgtcﬁﬁatg/&. * Bglricd al‘&gv (o eée%@é‘?%%@@ 29- 30) .
Thi s procedurghdls nhig@hapsahtig wisf é)dc@dﬂdtind@lﬂﬁlgnﬁ}% leafl&s dhé sna}gﬁla@ bhd |
controversial. Probably, there are not nore than 200 cases 12 worl dw de. ~3
More cl os#d y basdtchordal Hpwdest, gemait skperdhental urd clinide] observatipmsilmaedi um
have al so been designed and tested, nostly experinentally, in 1 s the prior
art. | n 19564 shawp that mgpniginirgihel continyitpeaatachmenthategen thespamslismol e
Mtiral Valve. Thorax 1964; 19:526-29) described a mtral valvye 17

prost hesi & naAesclss angbthsanitep] gpnplus ibessspilpldoiRraseryng tha RYEWIRE two | arge 1
s anterior_and.two simal |l er. posterior |eafl veral stri of

1 for 1 bi 5 - acgofof enpaiss Wik st FBtehiareRegeéemBiii ched bet ween
.each pair,of 3 t e a0 4 Le .Lnto two
bundl es W%fl?c rfrgséﬁ g\ﬁeélgggggﬁgr gd'ic‘gt(?l (Sﬁ) [#%eén[?gl%%dlﬁé%}{lﬂﬁnﬁg%F'e’gpﬁ%ggtg%ﬁﬁlé cul ar
length of of higiftedy TO8005:2BIRHA TWRTefBI, YElaHvEfyAeBeh e lRPREs Margin of the
anterior and 23gp steri’or Ie%jl ets to or oVi Xery?jtéabi I}ih_ty to the valve. The
aut hor i mps ankesbmided tHesneed!ty enaifitainenddlbligipilbaryoatiduiy wikenheplasigf t er
surgery and the other was 2s reported alive 6 weeks after inplantation. No
further i pf orampdtiionemmictlir vahé, bathirmps to sloasodhdvabhet le@vthian fiB68 Hol def e,
et al. described two designs of a mtral valve 2s nmade of autol ogous

peri cardi am spapesSxperi mental Approach to Mtral 29 Val ve Repl acenent with
Aut ol ogous Peri cardi um Journal of Thoracic & 30 Cardi ovascul ar Surgery

| 968; 55: 873-81) In the first design, two separate WO O1/977-~1

PCT/ USOL/ 19602 5 1 pieces of pericardiumwere trimed to reproduce the

T oA o e Y - oa o a2 - T, | a2




" peri car di imtheeiotgmiit

4 represent the chords. These chords were attached to the control ateral s
papillary nuscle in an X configuration. In the second design, preferred by
6 the aut\gregpsiyo simlar crescent shaped |eaflets were s¢RARei/edoPy the
two peri caro?l ar chords attached to a |long suture that was passed through
the s papillary nuscles and left ventricular wall and brought into the left
atrium9 close to the mtral annulus. 3The idea was to control the correct
|l ength of i o the chords fromthe atrium by observing the |eaflet closure.
The authof s ~ i P8RIKAIGH tHe VBKIeTHANEY AM ¥Blchedl 1o thdaumlng 1R out of 34
calves. 12 In 1989 M ckleborough et al. described a mtral valve nade of a
13 rect angl stakchhrovs net figid ol canpesviregipgd cantimishsty dotfingnbe sadiweed to form
4 a cylinder. (A Sinplified Concept for a Bileaflet Atrioventricular Valve
i s that vaiqycki. ldurAngdiastelPdbé htrm-yeNtiselae adowivs bacomes duanlanbndar di ac i 5
Surgery 1989: 4: 58- 68.% In this device two triangular portions of the m

¢ largestinagsiblfodigmeterde allow mrxpeamdead o0 be 1 s

7o 32F3efﬁa§ﬁg«‘?§?§%’8&2fheﬂ%s°' EStrehes pARIBRILY ToOd Pacminecity ,eril?é’ and
| Weor i et Bies) _
That of M ciddndy ol an BRTEGNEE APt of 0 ¥ BARYE Yooy and

Sur gery: t - St i i . . t.& Surgery
1995: 60: Shad goyPHE of FRpi! E ARGl e drig R e ARIATHE U o
together {o tbARETEBXEMUPT U@dtalO hididM 2Rl "wBRefioP arkid¥d iRkhe?S
circunference to be sutured to the patient"s mtral orifice. At the other
2s extremt yamforhivel semze, "Prexireiti mieansgstyeamt’iasrfar af blolbd fpew icar di um are
27 excised resulting in extensions that are to be sutured to the two

papi | | ar y0 2scangsuleds 'distal'bmedns flewasirean) \aateriord sneans cliesseio Bhed in this
design to 29 accommo the varying dianeters of the mtral orifices of

k]

gt e Y %
the diff et enttemyny POSLETTPR cMgARG $IPSe 48 thepRIPEed favorabl e results in

b 30 i WO O1/977-41 1. d i Ru i CT/ USO1/ 19602 2
08 Pt onil e 476, chesthmyon @ popmal furcy @B SR Mol daltipE Bils (hT! (vl 3
at ent . L STy s ¥ e a3

Eehol Doppt er s sEE S I PRt Do iBRIGRR ShictBe bR’ Quacr i cuspi d s

M Ural Bioor @shitsbs (DAY Rl i K950V BHed) bpApgdanterior, a o

smal | er posterior and two eveh smaller "comm ssu eaflets are sutured 7
t oget her 150 Valviilé Difeases Advanees prOxidim) Surizeiy, 4998 @: ba3juslihesst o the 8
patient's mtral annulus. The distal extremties of the four leaflets are
slit 9 and fteheadtsdof thisssuwggarylimavedeon showndae snpemor tl valiat are sutured
together 1 o into tw strjps that_ serve as chords and are anchored to both
papi | | ar /7~ replssaead, theestoriopeos, the yalwe fteromakes bsriiagemant to sinplify

its 12 i tion. .Thi.s bi thesi s i clinical trials. 13 Th
For egoi gt cURBRABYE The TR gEbAFementsllant maira] e B AL as 1
! r VPR SPaFe R !
b ost hosd ARCTGHRRT PIRECREE b ol AN URUTRer Rl B8R B couse tne

16 geonetpy pbt ddiforifalli@. tHE d&‘hoﬁ’x%hie’@défgé tﬁé‘g%@élif’abng 8 t‘??éu%?a“ the

geometry 17 of the sigroid val ves. ove- Ive known mtral

val ve i s desvgines. @fsuallg, psingle dedigh dvesedtor ﬁﬂ?%@ﬂioh@,aﬁélft%igrhém drhey are
stentless. 9 Also, all of themhave a proximal circular orifice that is
sutured o t#wioRentpriilantTie mechalical valvesaised for vdplaeement tdsesdbl&nown pri or
art designs have signjficant differences 22 in the distal or chordal

appar at ug3t haeithen dhe gigonid aop thaiatrie-vandriedlauvalve®3 chordal systemto be
attached to the papillary nuscles, ckl ebor pugh's 24 and Deac's del s axe
basi cal | Y4a cyl i ndB¢ cemmersiily W&uﬁ% p-progihgses gre pgrc(ym%pléperb%r@g& ightly

trimmed down, Primarily.desigped f tyucti .. the 1] f
Sur ger y, el ssoul e o8t EhoaRea il RO bt plepsfnt el 1 ng

the natural upkeoo ) gl Bk AIERLAL ShiSSHARS XS 20 PRI ARAlR! chor ds

in continuity w ets an erefore tructurally stronger

than the )5epasRk enddhafisen CROFHEMMbre VBRNLARE YN aBidBRDio-prebHedisr ' s and

Van der Spuy's nodels are rather conplex and in
28 are mounted on a rigid casing that does not allow for the normal changes in

29  shape and size of the atrioventricular annulus. This rigidity of the annulus

30 of the replacement valves of the prior art has been shown to reduce the



WO O1/977-41 PCT/USOL/ 19602 7 i Hol defer's design, the chordal inplantation
technique is difficult and 2 unreliable. Frater's design is a quadril ateral
val ve. |tywhH@poeggnts an attenpt 3 at being as close as posgirAlsgi/igos he
normal valve, which in fact has six a scallops (one anterior, two

comm ssural and three posterior). However, s none of the above descri bed
val ves have basal chords, which as notgd 6 above, are a constitutive part
of the natural mitral apparatus and are essential for the systolic function

and propey g;@mﬁ%ﬂ% Fveni§oMEPRfcRbA: B%CM'\&}B@%E VoI5 e iVENEL LN (b

accordance w th thé present invention, a mtral valve prosthesis 1o o
conpri sesza giubHIheghtt pradsyird BAP Stireds il Ha@ra%v@e)‘\@lolv@@élb@ir?;théfﬂ%epros'f hesis i
~ is nmade of a flexibl'e nmenbrane of bioconpatible synthetic or autol ogous,
12 honol ogousther hbamt eabiesgitsiprostlresicaeplicethonteariies fiicosbieslisical r ect angl e of
z 3 this nenbrane is trimed so that two substantially trapezoidal flaps of
~ di ff er eAt wisulis and prognwsisisdearms offderahdiilrand dhfdnalpeenabalissonf i gured for
the is larger flap to forman anterior leaflet and fqor the smaller flap to
forma 6 posterio hPé’&IX apatgmigally dasigned mwe\?éraﬁw&eﬁéhm@&yriééh% the two

I | sides.]j f th bov.e f d j oi ned h ith

st ﬁi; ¢ o 61 omiral BTaeait i P 9% A WOBIE iRl A bt e S hg Al

St Lont s Do arGURBRIS Eieh T8 3R RERGIHON (y' 8 AL YRR 0 L s o

bands thaly URMBI.{@ifent B HORIOERHTE HnkheTRYURY ghidly sbe e 1bon nae of
val ve. t he al 22 si

the mtral e suture o ater €s of the nenbrane can
correspond t end M rhidNtitralvalvet Ao ﬁft@.rAﬁrop?BﬁuﬁﬁyPPHE@ﬂi\MVé eaflets or to
the center of the posterior leaflet. The extremty of 24 the two tissue
chords i stor eDisaase;d 89%i4c20-30 . eThspro@edurens wchhickBy siyffitchlt amd #5 pl edget or
by folding the extremty of the nenbrane on itself Two strut 26 chords nade
of bi ol ogilcaresyits genstilbsontsaysraiaby Rrabablys there arenet meredhaar304) cases ext end

bet ween the basg af, the prosthesis and the extremty of both chordal 2 $
bands. Thé I@’r?ﬁfq‘f"léF' these strut chords is inferior to the maxi mum | ength

w0 8T1/ %9%}2‘3”‘3&?—? BUcHR cfGs oAl g Bl ot B ?Zaiéhxf e’
R A e S S e e e S L B ey

of ~obt ur afsor thedhRoPABO TR 984 3 dePTSphp fCEHTJINBlPAhRRABAIBALRBeRbud he m tral
val ve prosthesi’s of the invention. ?he obturators are plasticCs rods of

varyi ng dicamdVhkols Mitral Vigive. Bhoraxr®éd; 1962 4-29) deseribed amagel tvalviche patient's
tissues) and a flat end. Conspicuous marking s identifies the dianeter of
each obt uVat prostimsis mgde @b itwatpairns of paeces lof pedcadiumeshapedhabiatolsrghe si ze of
the 1o prosthesis (as deternjned by the sizes) is introduced through the
prost hesi Zaptegqqrépattwgsgp rpastesior deaflots| Siveralastaps o i W‘b’@gne chor ds

have been sut.ured ~ 2 to the il sgl e d.the prosthesis annul us
has been ¥ut ﬁhgg@ch%eﬁ%s‘i%r‘?ﬁ '[%?tgP 1%?3,{%? @uénﬁmﬁwgﬁww galeﬂwegaér gtt ures are
then tiedw t e (.S i teking the
annul us 3 tﬁ%ﬁﬁiﬁ iag‘ﬁttﬂé%ﬁfe;‘ffﬁ{éﬂ?@s&%‘?toﬁgﬁ{eezi‘@t\é\(}mk"g’?%‘ﬁgﬂ‘gg b 19 4 by any
rigid stryct wee aRcHborBté ee dlsééﬁua@emﬁsélé@l AREAENEHLS]RbtH Hethidesent
invention is also ~ 7 provided to maintain the prosthesis in place during
its inpl art ahiyton thitwl was sitaketbarouad ess epparahbigimoptirsdrierioydddder of a
dianeter slightly smaller than 9 the dianmeter of the mtral prosthesis. One
end of th cybsteder léafletaipeprosidemstability o theadaler. Theawther implastedve as

handl e for the surgeon and the other end z|I of the cylinder is flat. The
mitral pr¥st Hasivalvesintitorpatientsy ongdirdy b0 hpwrszdtensnegery and the albetwes t hat

“the extrenmities of the chordal ,bands protru . . .
25 reported alive 6 weeks after implantation. ?\?o further information on this

26 technique is available.

27 In 1968 Holdefer, et al. described two designs of a mitral valve

28 made of autologous pericardium. (An Experimental Approach to Mitral
29 Valve Replacement with Autologous Pericardium. Journal of Thoracic &

30 Cardiovascular Surgery 1968;55:873-81) In the first design, two separate



23 beyond the end of the holder. The mtral prosthesis is held to the
hol der by z4 a band or bands to be renoved when the holder is renoved. 25
An instr rising a convoluted |loop of wire, or a i ke
configura |3%P9ﬁ@pprovided to determ ne the proper pointsggﬁﬁggégﬁﬁﬁent z~
by sutures of the strut cords to the chordal strips, and of the chordal
strips 2s to the papillary nuscles. 295The rel ative sizes of all the
conponents of the prosthesis are related 30 to each other so that a series
of di fferant pRicg@oPpOseHARAT vti€ ldid! Bprotiige theMAtibPddd pbsedikS01119602
Ot appropriate prosthesis size is determned by the patients mtral

annul us. 2 Thdtrahlehfleisomith Yheipbiseab bel suhdded po dsd iIngsalsarfulu €Ty fsent
“invention is 3 stentless, and is bileaflet in appearance, but when cl osed
under ventri edgesrof-thd twodeaflete weir¢ trirakees intoetvepsteips doc eaclf leaflet tant eri or and
three posterior s scallops. The chords are in continuity with the leaflets

" and readi 4y senreyend theochardshdkesechards wespaitached taitke rentralgtengle of their
it ral 1 eiial PASHATY BYISGlo I BK SPR BRI RBe T e Berandie B EXSPURAPYval ve
oot o windr o W ARy B AhdrdeeBr SRR Thltfort Wert M- RRAD s PP 1 81
e ext 1 orh t PelpARRIRAER rdobbd 1N 0l ture 81 3 Bpo i itgUbE! 21, Det meen

the extre ase o 'eafPets. This

di stance igs %Hﬁﬂﬁa@%rﬂtﬁ@fésbﬂﬁ_lbﬂ%hﬂioﬁﬂé’r WAl WeeBréupat ieaftht @ifi hefies and the
extremty of "'the chords. At inplantation, to once the basal chords are
taut, theyw delosetioshd mitrbhanmwhugi Tied idehawadstotoontrel thescatdatl@gtiveyond t heir
correct distance. 16 Brief Description of the Drawing Figures t7 Figure 1
i s a schetmat ithe diergs &rom plag atriyni hy obseryingstheileaf]let slosune 'lgl@&uthm@ heart
cavities of a manmmal show ng the natL:urzGi‘:a mural val ve tqe val ve 19 annul us,
| eaf | et s Hnd rePRItShd MaxHRYNharVivah oF 2 dags m pre qu Veés-di agram partly

cavities heart after

in cross-section, .of t 2 t heart f.th
exci sion & the mﬁlQ%&BMc@ berougugt . 9ec SQPHBR&%aﬁﬁfPa © ﬁﬁul us and
papillary e Fi [ ti i . |
O oss- seeti oncBreiod Yoy Sepfeadh STURERAY RULETha Rkl 1R
val ve replacgtyindlr.a (At %é}?ﬁ&l @éné@%? a BHeYBeSAHdRnthulhieanl ve of the
present inventi‘on but "'w thout strut chords. 2~ Figure 4 is a schematic
di agram par tthyt Maik4i9s Pusfdid-Papiliafy Viecled éntamitye deimabCatdigs showi ng the
mtral valve of the invention including strut 29 chords. WO O1/ 9771
PCT/ USOL/ 10 GRuirg@y1l 989pk58-G8.) dn ¢his deeivattivo tdbagulanpoganisiof the
cross-section, of the left 2 ventricle showwing with dotted lines the |oss
of geonet Iy \HeERaRlwATEIreBORed AL BYaNMdRIHIDS OF RErieHSHWE 10 €i npl ant ed.
Figure 6 1 Su %Qg ?g%ﬁecpgﬁiﬁgrryaglluscqgsr.t'fg tﬂenpr%rsgr?tsifnsleelﬁto}"(s)Tc’nogvtlec?g%, this

19 valve has never been implanted in patients.

20 US Patent 5,344,442 and an article by Deac et al. described in 1995,

21 adesign very similar to that of Mickleborough et al.. (New Evolution in

22 Mitral Physiology and Surgery: Mitral Stentless Pericardial Valve. Annals
23 Thoracic Surgery 1995;60:5433-8.) Two trapezoidal pieces of pericardium
24  are sutured together to form an inverted cone with an upper or proximal

25 circumference to be sutured to the patient’s mitral orifice. At the other

26 extremity of the cone, two semicircular portions of the pericardium are

27 excised resulting in extensions that are to be sutured to the two papillary

28 muscles. Three different valve sizes are described in this design to

29 accommodate the varying diameters of the mitral orifices of the different

30 patients. The author has reported favorable results in about 30 patients



5 opened left ventricle showing the mtral valve prosthesis of the present
6 invention inplanted in place. 7 Figure 7 is a top view of the first
preferreqvg Qi yent of the s tenplate used to construct tpleg/dsoi/igh2
prosthesis of 'the present invention 9 from bi oconpatible synthetic or

bi ol ogi cal menbrane. zo Figure 8 is a top view of the second preferred
enbodi ment of the i i tenplate 12 Figuée 9 is a perspective view of the
first preferred enbodinment of 3 the mtral valve prosthesis of the present
i nvention; 1l4pérafdd @ Rdmkfiad Pl an view showing the suture points on a
Teflon or s I'ike predget; i6 Figure 9B is a perspective view of the first
pr ef er red 2enbodi nEiY Pateidt 5405667 antd Liino 2! al. deedilpos quadricudpid natralystol e. is
Figure 10 is a perspective view of the second enbodi nent of the z9 mtral
val ve prost hpsisthesis made pf bewime penicerdiiion (Intraopexgtive Epdeerdsla pl an vi ew
showi ng the suture points on a Teflon or z t |ike pregggé in accor,gance

with the decBeaohiammier Bplaatieniphe Stentless, Kikardally Supp BEWIAIGe vi ew
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orifice. @ FhgHést’ difrsl soRlha) TheWisedl eRitehiféy onbetiogekhfamdrt slinssi st t he
WO O1/9771 PCT/ USOL/ 19602 11 surgeon to determne the location in the

pati ent' s opaphd fastyomadimie sixurde of thdrenmd araterdial thati qre sstuwed tbgethesut ur ed.
Figure 13A is a perspective view of the instrument of Figure 13. Figure 14
i s a schetfat intodivagsteips theaserve ascheordssandsaretanghoredftothiosh papillagy vent ri cl e,
of the prosthesis of the inyention and an obturator or. val ve 6 sizer
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val ve progihesis gufd f;&??%ﬁ%%%e%@ fﬁ(feiﬁ&go& SHowsthatt ﬂﬁ@%‘%@gﬁ?ﬂf with the

EMBCDI MENTS ~ i The f g specl n, taken 1n conjunc _ _
draw ngs, 142 rgital vBWetﬁ}oétBBSd%rlﬁfs%ég%ﬂ t?éﬂﬁ%’t}féqﬁi'g% Aimb&eoPisEevalvenvent i on.
The 13 enbodi nents of ‘the i nvention disclosed herein are the best nodes t4
cont enpl aied prysthegesidexiphedlin tier lacethiel decades. This is pediips drcauseahe onmer ci al
i 5 environnment, although it should be understood that various

modi f i cat i©ngedmetgnofithe aatuabmitsalectlve ishannidre cpmpderethenshe geometrpr esent
invention. i7 Referri n,g now to_the draw ngbfigur s, Figure 1 is a schematic
8 di agramtdf of thesgmdivakess ddeaheverdeserabeth e knawaPItEl §ieg t he aorta
1, 19 aortic yalve 2..left ventrigcle 3, mtral val 4 and |left atriumb5.
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the aorta,d. sHaenes mightbakicai tral valve 4 has two nain leaflets; a larger
. 2 icél (
anterior rr(?‘t rpal Peapﬂet 6 24 and a smaller posterior |leaflet 7. The bases

of the leaflets 6 Hofeverailfese knawngaidit Gedifies e Agnifica disfeberitei| e t he
leaflet's free edge is held by the 26 chordae tendi nae, which are attached
to the papil liatle distallceshdfial Gppardfiscthatstomdd tendipoad tbribe nd@ralhe mar gi nal
chords 11 which are attached to the 2s free edges of the leaflets 6 and 7

and are taut chordalgysips ol e attephed 40 thepapibanhmuselgs.| Migklichormghatt . The

chordae terzdi i nclu the.b chords 12 WO 01/.977- t.|
54~ Gnd Deac’s modd%ls are bagiscghy a cyrhnﬁer or a cone having its lower or

25 distal part slightly trimmed down. Primarily designed for construction at
26 the time of surgery, these two models are simple but they are far from

27 resembling the natural valve. Holdefer and Frater’s designs have

28 pericardial chords in continuity with the leaflets and are therefore

29 structurally stronger than the separate tissue chords of Van der Spuy’s

30 model. Holdefer’s and Van der Spuy’s models are rather complex and in



12 PCT/USO 1 /19602 1 which extend fromthe papillary nmuscles 10 to the
ventricul ar surface of the 2 anterior and posterior leaflets 6 and 7. The
basal cor i de the strut or stay chords 13 which are isul arly
t hi ck basgﬁ)gﬂ%?gs that stretch 4 fromthe papillary nuscl%%ﬂggﬁ?%&%he
undersurface of the anterior leaflet 6 s but also reach the annulus 8.
These strut chords are taut during the mhole cardiac cycle, playing an
essential role in maintaining the normal geonetry 7 of the left ventricle

3. Wth respedldefristfestid e ohdrdalingSianatidh et @geeﬁ gggisc;ugtté t their

purpose is to illustrate the valve prosthesis o i nvention
_and the mennamreliablisi Featet’s dedigh 3s AQhiaddiRtdralilPOS B repreReMsiafiaitfehpt

absol utely accurate anatonical depiction of the heart. This is indicated by
t i the freqatheingeserlesecas passitie td Hetndrhmd vhlve, dihioli imgfchss dischematic” or
_ 12 diagranms only. 13 Figure 2 is a schematic diagramof the |eft heart
cavities aft sfallops{ongiaptariasxtve comnussuralandhibres posteridr) aphawemens. After

t hi ti I the mtral I 8 t ill I 10
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anterior 6 and a 22 posterior 7 leaflet anchored to the mtral annulus 8
with a sutgre 14 apdck¥iande Stk e p%seﬁhﬁfv@ﬁtioﬁ,adlﬁﬁuaﬁvéw@pﬁ&tﬁsist he same
material (pericardiun) 24 sutured to the papillary nuscles 10. An inportant
di ff erenceo f comprises asimgle sithry meaitier dimtifsrradaio ldufletsl eFhgPrdshiegises t he
i nportance of the basal 26 chords, and has no replacenment or equivalent to
the natural d% moadeof adlexitde nxsmbrage sfibiorvoawyatidle syrhefiv er dutoligeuef or e, t he
left ventricle 3 .is left, 28 unsupported. 29 Figure 4 is a schematic view,
simlar t& Fihgmiegaus or hefgralogays ssBei Ag form the presthessy y eecdangle phie present
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portion of the annufus or base 18 of the prosthesis. he 'schemati c view

of Figureis osusiorieafbardfahd nafdl $d19e. 2B tHeGprésthdsi¥ theltwPBlle@lsidebe nat ural
mtral valve 4 closed during systole. In a s normal mtral valve 4, because
of the présendshoibovefamedimembraie 48 joinbé t@dtiedrt witkatsutasltaforsml | 19 is
supported, mai {;t aining the normal geonetry of to the ventricle 3, as shown
in solid 1§ ns¥bsiARtiaNy apénvarteddrinsatast canghaxinga circulapasatsugpesed 20. I n a
di seased Ftate W houﬁIth unctbi oning . strut cords 13, or in i2 case of a

mtral eli)rlgSE sstnat fsifQ;be ddp the patisngs valyreanmarlys, padersealiesr 13

Il 19 i ' i SRl d. | at | | h the 14
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wal | 1S showinfidhBeidd BAsinak S thoHifafvdle TASREARE hEayl Bit-ghovi ng the
eft ventricle open wth 1~ 1ts anterror wall [atérall'y displaced to the

right. The visRigsDTIME nit@hbrane SaR 86irbspnd tBURE 8% tib8. of the affietibRhndal Ve
prosthesis of the present invention is inserted into this left ventricle

3. The vi By giosterios ésafidieontu theicented ofitite posteri@olehfled, oThe/eftkaniy ofr

| eafl ets of the prosthesis and the suture 14 that attaches 2 t the base 18
~of the pr¥st mastwo tissucheharids isaeinforeedusitl adfeftdng Damrérent likd kythete vi ew al so
shows the leatlets 6 _and. 7 tapering intgo two chordal strips 1S and 23 16
and that #hediedesos by dpkting q grdreapite of the mambpans e itself.pIpia starty nuscl es

.24 10. The hitherto desgribed onents or, .parts of the prosthesis
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29 of the membrane between the prosthesis base or annulus and the exiremity



2s leaflet 6 close to the anterior portion of the mtral annulus 8. In this

29 fashion, the physical continuity between the papillary nuscles 10 and

the 30 m ulus 8 is maintained, ensuring the correg-rase of the
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prosthesis of the present invention can be constructed fromflexible

bi oconpati bl e synthetic materials suctg as 4 pol yuret hane, or biol ogi cal

mat eri al such as pericardium pleura, s peritoneumor gut submucosa. These

bi ol ogi cal BFTRE ANGALHAB cBErdl ForakisebAIRURe tAIRLBHPYE IR triiRaRIO! 0gous

origin and treated with state-of z the-al-t chem cal or physical nethods,
or by such reine@danofbé stssttieededmphidty becauretit islymited dg\vke oipateri n fut ure.

“In the preferred enbodinment, 9 the mtral valve prosthesis of the present

i nvent i on3 i dengitleofithestret ¢hmds.t o aut ol ogous or het exol ogous peri cardi um

treated with glutaral dehyde, as 1 t well known in the art. Alternatively

" the prosthesis caf sgeorgatiesfof oturatorpard alae graiided fatuserdusing) ogi cal

menbrane treated wi.th alcohol (or like 13 solyent) int nner descri bed
in publi sﬁednnﬁqntaﬁﬁniozéhq Brtrghcyalve pmsa@%‘pfltﬁsm ey @ﬁe@%ﬁw 29,
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and the ngnbjdapgfied e ERMErioT ehbh Shfurgtere, is zo trinmed to the size and
shape defined by the tenplate 21. A variety of 2 ~ different tenplate sizes

are made pn accorDariag iiiplantatieh amvBhiraton oho sizé tebak dhesizbef theze of the
prosthesis to the patient's nural orifice. Although 23 the tenplate 21 is
one pi ecaoi tproathebs (epdetepmirmd by thewsizbe}lis introduoss! thepugltptheffiragitesinat
correspond to the anterior 6 and posterior 7 mtral |eaflets. The zs
overal | Baseafier the prosthesssis inmlace; apd themesraang ehards haye beargsipradne
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correspongs _ 1 BB [ f npl ate 21.
The angl ggbe%n\?%lgg@t E}éﬁg a%&b Olﬂg%ﬁfﬁ@&?ﬂg%%u%ggggggéﬁ?ﬂlag?gﬁ?@si de 25
(correspandi pgsttesish@hizhtaes h@fﬁk@@ﬁyﬁh%/@igié@&ubﬂﬁee.bfise 23 is 2 _
approximately 85 . The angle between the | ateral side 26 (corresponding to

t he postasi or | eafAlledldey) forrthe tirabmesth2disiaf thp presntnaientyorts alsd shoul d be
under stood t hat urg}g;e_ of the tenplate 21 is to allow the, shaﬁimng of as
bi ol ogi cdll ypmye&si ainigiptthe peosthesisoinrpleereduting gaimplanjatog: r n zitral

Corme o 101 pBhMbEE et BUSh oot ShEr SRR TR 5 '
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wel | -known in ~3 the art. In the preferred enbodi nent, 4/0 pol ypropyl ene
sutures ape hskldr add pheefl go thatghe extrbmiticat effthb chorlias baid trddewi t h suture

forns a truncated ~s cone with its wder base 18 defined by the base 22 of
t he t enpl2at ebeyiondithe epdwifitbéholsler.eThomairal prastieesis ishald tr theihoddasbyt he
patient. The | ower %r apical i7 portion of the tenplate includes extensions
27 and 224whi &Rnd 9F bardyteshe removed when the holder is removed.

25 An instrument comprising a convoluted loop of wire, or a body of

26 like configuration, is provided to determine the proper points of attachment

27 by sutures of the strut cords to the chordal strips, and of the chordal strips

28  to the papillary muscles.

29 The relative sizes of all the components of the prosthesis are related

30 to each other so that a series of different size prostheses are available. The



1 s described by visualizing two essentially sem circular cut-out portions
27a 19 and 28a. In the prosthesis the extensions 27 and 28 correspond to
the free ‘%"%?ﬂi of the anterior 6 and posterior 7 flaps pefq/lsgpidess s. Due
to the shape o t the tenplate 21 the heights of the leaflets 6 and 7 in
the resulting valve 22 prosthesis are not equal. The height of anterior
leaflet 6 is larger than the 23 height? of the posterior leaflet 7. Between
the two cut out semcircular parts 24 27a and 28a, there is a pillar-Ilike
ext ensi on 2@pplugiriateptdsthdsis sivets dstemminbd byehe patiedtfromasaltamnohss. chor dal
strip 15. The two |ateral sides 25 26 and 26 of the tenplate 21, one

cor r esporidi righe: anatoraicabiyenorrect mital proshesiaed theprasentgnmertiamist he posteri or

| eafl et 7, formthe second chordal strip.16. The_ 2s .en 30 of the tenplate
mat eri al dwhistgnt %@épé%ﬁe@ et aPpRYERSS. bat Whew olesedgmden veririquiari gened i n

order to formw denjngs i.n the nmenbrane for 30 suyturing to.the patient's
- papi || ary* miSEFUES 11k sn the dppeatant oZ o auleri aid dhteeyipststios 7 1
PCT/ USO01/ 19 ' ' ' [ t of
The tonpl &t ooy TAE ehdBaie blont Bl iy M e I Bl e Sl e O o

the £ embl @ gFhe hboklIErapLEAREFL e SERNCERALof hER (RIckUhugifnddIes are made

of doubl e a ende ene or PTFE (CGore-tex). These strut chords
13 ext end; s ihy@HdIPOPErBomts atm?ibﬁsﬂfgﬁ@il Rrébleihia mhol depaistmitad 15 and 16 to
points 32 in 6 the md-third of the base 23 of the anterior |eaflet 6.
These | ocat ilamsogmaé 1@plaekined bamhstatamecmitralFrajue prosthdsi inghlondativhe t enpl at e
21. In the mtral s valve the doubl e-ended sutures are passed through the
chordal bandshith i9 tadetenming the logriondn thepapifiart musplgsehere thevgheidser i or

|l eafl et 6, and tjed. The_lo di stance between {he t oi nts 32 where the
strut ché?d?"ﬁ@h?é“%rﬁgémn'efiterr’é% i4rep ,anPB“f\qﬂ’e LB correspondi ng

to the anter.or lLeaf]let 6.is 1 LOXI. L e 0 koes Iiamet er of
t he pr os?Leslflgerﬁtﬂflh tﬁe E?S.al ‘fﬁgrqzs?%t%%ogﬁt{{’%?n kl%eo?)gger@ é?@a e&i‘%ﬁ%"?ﬂ% engt h
and are preﬁfﬂ t 4 iy : ﬁﬁcﬁ% t rosthesis (
1.08 x D?P e t(iirl?sbt%l gﬁggt ete\%g%%' ﬁ%ﬁ%&%;@éﬂ%}m gﬁ%lﬁhtehlgﬁ%ﬂaase of the
prosthesiis twetdeB@ Y ledfiet Bdsel Hﬁdkﬁ@é}iﬁ@ﬂit?hf thefchdifs. 2Rk embRitdticn)d
posterior 7 leaflets is called "comm ssural height”, 17 indicated on the

t enpl at e iby dérive the bavalIhardsTdre iengicy dof ncadlowstheuhaxgimaldhiosdsltd bes short er
than the "comm ssural height" 33a, and therefore in the 19 resulting valve
pr osthedbs suteredtheyond dhels cadectatistantd.y curve the anterior 20 |eaflet 6.
The extremties of the two chordal  strips 15 and 16 extend for a 21

di st ance 16f appr oxi mat eByiefdpesaetion of fee pyamingifiguiekchnent 31 of the 22

strut chords 15 and 16.. Again, this,_ is best illustrated in Figure 7,
showi ng 23 the t eFigued s sshgmpiic diagramy partly; lﬁtcgosﬁlsqcﬁ@ncﬂgﬁhgjiﬂﬁstri ps 15

d 16 2 i to.f f . imtely 10 ide. Inth
ot ef or r od® 2 BRECA ISR BT pTHEY SoSrRBe: AerdeEr gl BF Wltare of Tefl on
felt 34 i 25’%?‘3‘5522%%1}%gﬁ?’%g%”?‘{i%e-t he extremty of the chordal strips

with several ene sutures. The tenplate 21 descri bed above

is an esggntiall yFi?g[&lrtalzaaséyéﬁeeﬁe&id dialfien Rl $ i 86bsSFBAN TR the left

Alternatively, the tenplate 21 2s can be curved so as to inmpart curved
surfaces 210 hdwet édvities 6f thachedrtaifter Recidion ¢ttt nhin@] Malveappsalye in their
| ongi tudinal, transverse or both directions. w0 O1/9771 PCT/USQOL/ 1902 17
1 The degeeeshoiwiogthamitrel ainulheandpupilony Ris¢les.t he | ongi t udi nal di nensi on
is 2 preferably the sane as the curvature of a sphere having_a radius equal
to the 32Bength oFigiHe %tsmchémcﬂsagrmpaﬁmcrpaa—%ﬁqtl@nsﬁ’? e lafong t he

| EZLSFSE Zrzil%r?%%ééf%iﬂﬁﬁw 2 @%@%@5@‘38%@&2%@&%5%53%{&135hhof the
23 ' . 3) ¢7.0.5 .
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_the Antergorzcljbﬁg let 25 = 0.51 x d + 10 (nm io Height of the Posterior

Leafletf x D+ 10 (nm ~ 1 Height of valve = D + 17 (m) 12

Conmi ssurgl  hei ghF%ﬁﬁ@ 453 schenfafiR)didgtatd, phANCH (850EMon] bfithedbftr ds _at
base 22 = 0.4 x D (mm 14 Length of strut chord 13 = 1.08 x D (nm 15 Were

D = di amegerhéaimtavifies Sifowinirthe mighl ealpe of tieivention itcudiagetmt 6 Fi gure 8
di scl oses another tenplate 35 utilized to constrict a second ~ preferred

enbodi mer othdrde. nutral val ve prosthesis of the present




s invention. This tenplate 35 is simlar in many aspects to the tenplate 21
19 descri bed above, and for this reason it needs to be described in | esser
detail. 2q,4\,s¢4bgt antial difference of tenplate 35 fromthg-tg8Rl@Es 21 is
that 21 instead of having flaps corresponding to the anterior 6 and
posterior 7 22 leaflets in continuity, a flap or surface corresponding to
the anterior leaflet 23 6 is situated10n the m ddle of the tenplate 35 and
two flaps or surfaces that 24 jointly correspond to the posterior leaflet 7
are |ocated adj acEigure® fsfheschbﬁﬁﬁca_‘iz(ljgrhﬁlppamy ih@okesebtion ef thetlest! val ve a
suture 36 joining the two lateral sides . 26 of the nmenbrane (corresponding
to the twe svadscl2Shamdng Gvitif dothed lisesthaiessbf @omedtsy when aemittdhan in t he

- first embodinment and js located in the middl e of 2s the posterior |eaflet

7. The suBurprogthesis wibout strut cherdsds spplaniade vi ews of 29 Figures 9 and 10

~ for both enbodi ments. The angl es between the base 23 30, of the flap for the
anterior Heaflet BIgiTe @ ke shsumatio fiegramo PAIHAIESSHFCatisR, Of 0 OL/ 577- 41
PCT/ USOL/ 19602 18.i .fl ap.for.the sterior Jeaflet 7 are 160 whil e the
angl es betsvve%l?lenteaéeﬁé’?@g“ée }aowngqu?lgﬁgmfagyai[vgéorﬁ P Péth REFYEt and t he
| at er al Siédeﬁwééqxgrgﬂné?an[tgd{n@g@ee.c“ vely, of the tenplate 35 are apps

oxi mately 90 relative 'sirzes 4 of the flaps for leaflets 6 arid 7 of

Lhe extensions 27xRnfeBisGPihRARANAIRG st ReidhiRadifboliincht big 15 and 16

and of the strut c s I3 are simlar to'the 6 previously described

enbodi ment arghslse yed\ib ¢otstbedt ahe mikel gobthepistdfabe pfesthicinesutgmsi ons 27 and
28 for the chordal strips 15 and 16 axe different than in the first

pr ef er r ed 9enfiodi biecomplatiblehdymtlestivosti bishigi¢di eyerabmntor red 9 of a strai ght
strip apps oximately 22mmin length and 10min width with a to slight

wi deni ng 4t t hei r Figire. 8 isgaiop vinw ofithp scasmdiprefasrask emabodimans oL 18 and | 1 16
of the second preferred enbodi nent is best illustrated by the tenplate 12
36 that id ugeéﬁ’l?'@ formthe nmenbrane fromwhich the prosthesis is nmade. ~3

I hi di . i . fol.ded i I 1 I he 14
L1 S0 e 5 B R RO SR TR
of i's_t henchaiedala vk BRSaRsSUME pl Ul indfnl car di um The ar eas i d

corresponding to the sew ng areas on rane are delineated by 17

dotted limes on tFapir W & & phkh ABd showdhg hakitefe foiaRdorBa Teflod ke

rel ati onshi ps anong the paraineters of the second preferred 19 enbodi nent,
as refl ectsedlike grbdgatenpl ate 35 utilized to formthe sane are 20 provided
bel ow. 21 Length of the base 23 of the anterior leaflet 6 = 0.50 x [err] x
D (mr) 2Z6Lengt h BiguneddBiseparspestiviehaepost the ifirst preffrtest eibeditne®, x [err] x
D (mm 23 Height, of. anterior leaflet 25 = 0.51 x D+ 10 (mm 2a Hei ght of
post eri or'7| egfvEngipin-a gloged pogstion dyringysiale.Hei ght of valve = D + 15 (nm

' z6 Conmi | height.33a = D + 5 ~ Di st bej. t chord
130t bagk (33) PEHFEIER AR e TaTh ob e b RGeSt ORES D ()
29 W = ) t hesi t its b 3
prostﬁtragilsg s@awl%é%@%%%%g%%ﬁﬁwp%ggz Eislgzrg 9I i: aazgrgz)ec?i ve
view of the first FRieecroes £phalieRthofing tid\ohd fothis\@H ¥ FABABENESI S 4A

of the present invention. As 1t can be seen 3 the l'ateral sides of the

trimed renblikepredgecihamordaicoadith dgadcoend wréfbrrad 4ntbodimend, suture 36
resulting in a two |leaflet valve having a |arger anterior 6 s and a snaller

post eri or227 | eaf | BigureidBiissanperepeativetshewmidhe besing prefatedd ned 6 by t he
based 23 and 24 of the tenplate 21. Figure 9 also discloses the two 7
chordal 8ri pabedime shewing ittia avdesed popiteareduring systoleed to the anteri or

Figure s %A df scl BERMrea s aran e tivg e ot B sign e oideacs pitnbe -
extrem tigs Olecli8nvention, the holder having the mitral valve prosthesis attached to

26 it by bands.

27 Figure 12 is a schematic diagram, partly in cross-section, of the left

28  ventricle showing a mitral valve sizer used to determine the diameter of the

29 patient’s mitral orifice.

30 Figure 13 is a plan view of an instrument designed to assist the



to chordal strips 15 and 16, affixing themto the anterior and posterior t
i papillary muscles 10. 12 The perspective view of Figure 9B discloses and
depicts tRgpsd#@d | 3 valve prosthesis of the present inveriues@gseen
fromthe left atrium5. 1~ The valve has been sutured in position with
runni ng sutures 14 between the ~s base of the anterior leaflet b and the
patient's mtral annulus 8 and the badd ~6 of the posterior leaflet 7 to
the patient's mtral annulus 8. The suture 36 ~7 between the two sides of
t he menbr anesurgedtmdeiennine the ledatian. inthepetagnits papillary muscleewbersed
position showing a,large anterjor leaflet 6 and a posterior 19 leaflet 7
~with an aﬁpe&ﬁér%@éd%ﬁhﬂ’ﬁ uld hespweed7 38 and 39 sinilar to the 20

P g o of or Fleir £34 160 nBp8Sine Vil GHIE indnlrdel RIGERECIL S Vi e ©
oo orerts ! ! _ :

ety uct Bt t Pk SRR M CnBRE aarich, Pty TUBG. SR BFHIRR,

enbodi ment shQwicien oFk%l%s&ekfs dat ihRatisniaaenshiddied aaral tag/d Wo

| ateral sides of the nmenbrane corresponds to the 2s m dpoint of the

posteri or ¢l egizeresf Figuredd; asddfordiveiding ednsiristing st diirgirsnetusesdhemde for

pl acing sutures in the extremties of the chordal strips 2s 15 and 16,

af fi xi ng thetyitg thehsitares al o thertdisp of ther prastheajsidnidahy patiewtf esnmlus. 29
Because the second preferred enbodi nent has a shorter suture 36 than the 30
first, its8is | essFigus 1p isp sahematicabisgrepeshawiagdhe gnpleateshmityalpr ef err ed.
WO O1/977.1 P /US%ﬁl%gz 20 t The perspective view of Figure 10B is
simlar t8 FY%F@T SHY IYIIRL S¥F8%s the second preferred embodi ment in a
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L1 di scl asessas hohtifie A Red BiBbailebBr ROPRLEN iffedith, STHE tral val ve

prosthesis o present 1 nvention during Its surgical insertion. Because
t he prostiespmbodihémsof e inv@nfiblidkclaiet Merdiitaré thetsedt Hlodes hol d the o
prosthesis while suturing its base 18 to the patient's mtral annulus 8 and
t z the clhaor dehtentplatpd biShe mavehor for ichayjpapontids inventioh és a cohenéwiader 40 is
a 12 rod of the appropriate diameter corresponding to the annulus or base
18 of i3 Wheenyireument; eEhpegh 8 sbpuldiee wrdasstopdithatanriovs madifpatsnse of

mtral valve 14 grost hesi s reﬂﬁjr s a specifig¢_sized holder.. One end of the
hol der r okt 4629 b pgsomRRshed WHI fhgarahaiers of teirkesenh TIRBUANL 2l val ve

prosthesis while the i.6 surgegn (not shown utures. it to the patient. The
ot her endIs]42 IS rkﬁﬁ%‘&gf‘f’wgoﬁk?oéfaw%ﬁéw oﬁfg’fge lgsat%ilgmé.lcThe hol der 40
i s introduced; o | f ' j t hat the
i stal on of e boEithdfhaf ks bifindt o yRAATE MERHEE, | e
chordal sfor i perticovane 21feft PERFEIRD: nidal RENRNatdRfEAFuALS OThehgithag! der 40
and the base or upper end 18 of the 21 mtral prosthesis is closer to the
handl e erm 4¥abk 4 peanha therumddiredtionahfoR2o friheforigendteerilodd fmt thdhe mtral
prosthesis is tenporarily attached to the 23 holder 40 with bands 43

si t uat ed ¥l odeft algtuny § intesthelgftawdtridloSe The adtic yalveoperatitsthei ps 15 and 16.

The bands 43, tgnporarjly affixi the prqsthesis 2s to the haol der 40 are
made of ndt ePP&ﬁEe%P?f ‘Jll‘h hI?P‘?%@“&F}{?Ie&Yé’ﬁ“’é@e?@ﬁ{W gee darihgor et hyl ene

nventt o7 S TR T o & ReaAr e it et e dior MBI RE b
SUrips 15,an,4G 401 Batieflash AARHId Bloks B3R R30df.6 ey bands 29 43 and

. the holder 40 are reno e'suturing is , bu ore the 3o

suture 14,4 0 atthehdPlo! BB mitralhhhiilis 87WHid'he Rafléies free cdke M BY B
PCT/ USOL/ 19G02 1 Figure 12 discloses an obturator and Sizer 44 used to

. det er m nexd hehardlicaentfine Sivhidbeardiattashedro the gapiiiary htusohisildntTid t er hi s/ her
di seased mtral 3 valve has been excised. The obturator 44 is also a rod
simlar tw tledordoeaendinvedntlods tlse matginal dvrdedt wiiehl arenatfiiched ¢o I, but has
no hol di ng bands 43. s A set of obturators 44 of varying dianeters axe
construct2fid dreerasiges afitheyleaflets & and diand eretaut dovingspitoleomaini@inng f er ent

atient's mtra rifices. )
P 29 the iea ets in contact. The chordae tendinae include the basal chords 12



Presently, obturators 44 of 25, 27, 29, and 3| mmdi aneter are s

contenpl ated as adequate fox a wi de range of patients. The obturator and 9
sizer 44 {% dMhhQduced through the open left atriumb5 therl,d'c}pﬁgoqu&ﬁd 1o
through the mtral orifice of the patient to determ ne the dianeter of the
11 mtral orifice 8 Once the actual dianeter of the patient's mtral
orifice $ 12 has been determ ned the é%propri ately sized mtral prosthesis
of the 13 present invention is selected. The obturator and sizer 44 is al so
used for i4 vahichtestendufrpmsthe papiltany nsisdlesdili todle vehigularsurfageoétiie? depi ct s
an obturator and sizer 44 marked "27", indicating is for the surgeon that
the di ame? eranggriorangd posteriaineatlets § ardyin The bagpl cordsiigchudg the At Qe ose an

Lgﬁf L?’gf 03 mier S@r%éeigfvzfﬁiﬁg a%%ﬁ\?éﬁ%g}cgﬁ%r}agﬁégf Rl hboS it 15 and 16
: i BEA _

convol ut eh dRedBE PP Riaty SRl 403 Rs Mbel Bitnec B MRS | 2

pl aced agal sl el (Al oA 45 TheS! bR BAIPRL! AL dRind 18 wig! of the

resected md-sc op O e posterior leaflet. The 23 gth of the curved
upper parg %rﬂ_ﬁc%@@Ieo?lagﬁz&gebﬂ edsetiaf rold & HaditBingig the ntintah@epmetgnt ' s
mtral valve orifice (1.2 X D). The curved portion 46 includes 2s"a
downwar d ext ek dett 4éntidleB. Nﬁrithtre%ecangdhe dokwitty figures iteshoutd/eel portion 26
46. The length of the first part of the extension 47 is approximtely the
27 measur ed ubtadwhatrtheif putospas iceillustrate the alverprbsibesis Af thapresphi nt |,
extension 2s 47 bends_at an angle of approximately 135 and extends further
for 29 appr okveatien gnd themmanaeeof ysing itndt ot Aheingrpose tQBProvige ¢l ose t he
wire 30 | oop.

| ocati on n ibsyiyt ?%’%?gﬁﬁg%?%%gﬁ?li‘&%ﬁiéggé&?hgg’ﬁ; i 'ﬁrr%fibd r%ﬁ%’ab\here t he
-dal kA waad 16. Th
di stal - or T poliE R Prdishe K 8% bt baEufe GAREAR arBeLofingie TR0 OO0 00

(not shovn) m?f]ﬁﬁgﬂ di stal part of the chordal 4 strips 15 and 16 shoul d
be sutured to e paprllary nuscles 10. s A set of instrunents 4S, having
the af orgsai d di nBRairesisiedchbidtictdiagradi of @eilef hanmehvisiediagteet ers (D) axe
provi ded within the scope of the invention. s Instead of being made of a

| oop of wi#r esurgival exssionradithe Ahobamitthbappardtes.fier thss epexatiomionlyj ect, for
exanmpl e as a_nol ded plastic object, that has 1 o substantially the same
overal | dhapthegsittal anpplys 8 anskibeinspillary spusslesvhl iwmain apf gig shomm iBi nilar to
Figure 4, is_.a diagr o he |l eft, heart cavities.~2 where the mtral

prost hesil§ ofilf ﬂ‘gu%r i lealio i dheride tepdiigediaE e eRATRtRd. A TR\ | of
ventricle_3. tremtie stri 15 and 16 of the 14

h f th hot dal . X
mtral pﬁgstKéﬁggggfﬁﬁﬁeén%e‘ﬁﬁgﬁéﬂ%@zQg?sgﬁqsﬁlfgelsﬁgﬂﬁlﬁs%ry nmuscl es 10. The base

~ s 18 ofiqthe mt rst [ . to the
mtral i 6180ri fi cng“({P 3t)%e pabﬁlgﬁt%?h@?ﬂ}%ﬁﬁg%ﬁ%@aﬁ%ﬁ%ﬁg 13 under
tension. 19~ Betguser tadtmiéit i she nSurdliRitfl QaRR Withbdrivardia] stent | ess,
there is a is danger of constricting the patient's mtral orifice 8 and the
annul us @0 bstsetlds8 pi8sthésis h&hiy mebthesissnahbe somypewbat dimikwtinres 14. This is
avoi ded by using an 20 obturator or sizer 44 of one size snaller than the
nmeasur ed 23i zeordiguraorpto therprasthpsis of essinyention end basiamanterivg 6iand st r oduced

t hrough the mtral ifjce 22 8 and held while the, sutures 14 are tied,
thus eli r?iznaP?SﬁE)“?rhiifﬁ’%§ F‘Bé?qrﬁ@ t%&ezl@“&;ﬁ‘élﬂ‘ ust W@tﬁtah'sélt'ib’f&s]é1 BYO t he

Tt kod © 287 R B sl0Rl BT £ hnd 18 ot S farie wiie il WhAME L one. o 2o
|1 " th i i i i 15
T oL B GRhU A farPBBcA . SHE b ol R O e 10

wi thin the |gfsemanbéio R thaehid aesgg% @?é&[@égxﬁg%ﬁanééo%e%w in the

cl osed position and sutured at Its mtral orifice 29 8 and

its chordal elidrdpsantthaantd feplfement bregivhlent ietheaiatgal stsutRapds thaty 30
nmuscl es 10. The two strut chords 13 extending fromthe papillary nuscles

WO 01/ 9?7274 1aeGhowsoasI D HOFigiGeil. 1 Therefotes thealeft viditridle 3his lefit eri or | eaf | et
6 are al so shown. Although the 2 prosthesis only has one | arge anterior 6
and a sneBl evnpwpoedor 7 |eafl et

29 Figure 4 is a schematic view, similar to Figures 1, 2 and 3,

30 showing the mitral valve 4 of the present invention in place. The bases of



3 when subjected to the left ventricular 3 systolic pressure, it acquires
the 4 shape of four leaflets: an anterior 6 and three scallops 37, 38 and
39, siml\gpopotRthe normal configuration of the natural wcpnabyyabye. a
TEST RESULTS The mitral valve prosthesis of the present invention is

stentl ess 8 because it does not incorporate any rigid structure and can
therefore follow 9 all the natural no¥dnents of the left ventricle. Its
orifice adapts to the to natural changes in size and shape of the patient's

mtral orifitbeadterion@ ansdepasterierd? Wafletsyayedeemgutuned d# de ths kostishen bl ood
and the pF oS eeneisi, 660 b v sbeidal bends TRehio Bort Peer atiddach evi ng
 becones. kel Pesutiimt ™ B iy vl PR Ry HBafu SRS e ¢ hat
prosent | Aveiitioh et lighhAR e Som ) oisBeBb by U Er B © 2 o

anat om cal, CRALAGH Sith! AShebmhidBs oF LK V8 8f 18 frodhokisl ve. |t has a large

anterior and sna posteri or flets of ~9 trapezoi dal shape nade of a

single flgxible nepbrainithatichsofFighee Sdliotsahe kbeta i dndathe abitic ce and
mai ntai ned in position by the chordal strips of the 21 sane material which

are anchoredviloe Qhmpepaindetht natyrapinitralrealvad clased duitieg 3gstolesinhaesi s of t he
present invention like the natural valve also has two strut 23 chords that
mai nt ai n @ndeorncainsiteuh vatusrk ibeaanseeofabe presenes obihesbiath chords A3, tithal  annul us

and the papillary nuscles., 2s, Although the val vehgrosth sis of the

i nvent i on Shalsfhearngelar walll) Beupparted, mamiaining the 0eEMeLEFURFEE8Y o nat ur al

my becortd'r ecioniiedaa e to Vs i RSk uBgs B Py 3 Hxbtfh S Reiapfet TS 1" e
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PCT/ USOL/ 11.96 he cardiac valve o e present invention can be

assenbl ed;by o4& ﬁ%&ﬂ%@v&?ﬁd@ﬂm@isﬁh&ﬂ%@@é&@ CordE i Revaitithlar pati ent' s
own tissues such as pericardium The patient's own 'pericardiumis usually

nost readisl ywall4l %iéaiot aipgorecttlandisolishRived bstbrallyasashewn byt thes preferred
that the prosthesis be 5 prepared in a specialized processing | aboratory to
assure qual i tirectont ofthetpincebasahernomePla.aTho npsuppested|lpft gdtrmamlant i ng of t he
prosthesis in its holder. 7 For testing the mtral prosthesis of the
present iYivemallds shawnwedotieddsngst ruct ed with porcine, bovine and sheep

peri cardi um as dei,cri bed. aboye. It has been t ste%t botu{il i 2 Vi t ro.tﬁnd in
Vivo. o ¥n VitaotTILE § 5 Aenenuie uawshoRing e enels S opem Wit o

| : N C . : ti
sutured 11 plaabiegt LGN ditosBB U BENE  he L HERERm, Y RT D aced

in arig fhatyahim 1 aly i td G4 at
i ncr emsnt{agl B?%lygﬁfggﬂg%%%g: %@?@@%@ﬂg@ﬂ%%tﬁ gfgtsﬁ%t lgl?gflltg?h aspect of

t he prostpesising@sed b ithiy 06 vigntHlOBs Gheadewa @kciddes theohsesior 6pRAG 4 aken.
The anpbunt of mtral regurgitation 17 was neasured at each pressure |evel.

The two |maf pestsrionidlaps, ooletflets of the prupehesisedid the stiure A ahatattzsbes es bel ow
50 mmHg and soon the posterior ii 9 |leaflet acquired a three scall op
appear anct sihf base 18.0% the pragthess to,thevaitrad anpwing 8 of the gatienty sSthighe vol une

annul ar st uf B alspShABE Telearets Sand RgapsLith b AL S Rd Bbser ved,
Mrar varve SalSThispis e RBRSHIS uR: el RO Mo ity SIS 20 oy
I mpl ant at §,0n19NtGeShiffiio d3BEEO coifherds BE hatts BPARMIBSMRsiR B mprise
' 25 one single, unitary piece made from a biologically acceptable membrane, as

26 described below. The view also shows two strut chords 13 extending from

27 the extremity of the chordal strips 15 and 16 to the base of the anterior

28 leaflet 6 close to the anterior portion of the mitral annulus 8. In this

29 fashion, the physical continuity between the papillary muscles 10 and the

30 mitral annulus 8 is maintained, ensuring the correct geometry of the left



27 endotracheal anesthesia, a left thoracotony of sheep through the fourth

2s intercostal space was perforned. A rectangle of pericardiumfromthe

sheep 29 v@gof#sected and treated with 0.6% gl utaral dehydepépiss@Resd NUt es

and then 30 rinsed three tines in saline for ten mnutes. This treated

aut ol ogous WO A /977-41 PCT/USOL/ 19602 25 pericardi umwas then placed

onto a tenplate of the appropriate sizé (orifice 2 dianmeters between 25 and

29mm) and trimed followi ng the edges of the 3 tenplate. The two

extremities winttible Jeri cardium were joined with a continuous 4/0

pol ypropyl ene suture. Two strait chords made of 3/0 s pol ypropyl ene sutures
wer e t hen2anchor elihe mittabvalxe @rosthesiwopthsrpsasit invesdionsante extrenity of

the chordal strips. The extremties of the chordal strips 7 were then
sutured t@ 8°%Smﬁﬁ&£9vbﬁe7ﬁbg}§éﬁ%mpﬂ@eﬁw§ HednatedalssueB st r uct ed was
then placed into the prosthesis. holder 38 shown in. Figqure 9 11. During the
Ctine gf cénsP&QfEf?tg?PegPr%ﬁ(Qomcﬂ%atepﬂat&é{“aég? B,en‘f%gméfg}éﬁ Ras to pl aceg
under total - di I r - LE RS td the 1 ~
ght atr unpAimeBts SR SHbiRECBR% THERE ictb B e A b et

vent ricl e gl 2aWofsHous CREMBIYRS %y%te@ﬂogaiﬁﬁpﬁgm d"@Eat6d 5th stheoped and 800
m of ~3 crystalloid cardioplegia infused info the proxi mal ascendi ng

aorta. The | dfdtar chémidaiondbysipgingdthiols cardiy éuvh thethbdappessiege and t he
mtral valve orifice 1 s neasured with the appropriate obturator and sizer

44, shown si ntrBatguens tHat map be ldevelopeg its firtinter din thapvefemad eotaslimest,y exci sed.
The mtral valve 1 ~ prosthesis of the present invention was,{hen sutured
in place, 5% htheamitralt prosthesiseaf thapresqat myentien i made oM GUBCT The heart

defibrill ated d the i h ) ned of f - . Si.mul
R RIENE S AN
Epi di j . Th hest
el car o, <GSl P AT ReRlT0sRLURSHLARER B e roRR A The ches
control npdi P@ﬁbz&ﬂiurﬁ%‘r‘rot}i"é}"tﬁr@fo%ié%i’%&n&a%e Heafealwih akichobGtagas di ographi c

study per fornmed one week after “surgery. 24 All but one animal survived the

surgery apd wekent)[iafisdaiahaer H&cﬁb@dﬁ@ﬁﬂb%eﬁ%l‘iapgliézﬁ{tﬁrmm studi es. The
one nortality (1D'949) resulted fromthe 26 suture between the base of the

prost hesi Bt a@8/6G0967npuislishedamnDécsniodr 292000, inbesporatediihecdindyand creating a
massive mtral insufficiency. This animal 2s was the reason and origin for
usi ng an bt vefgrencein the mtral orifice before 29 tying the annul ar

sutures as shown ipn Figure 14. The results of the 30 inplantations are in
Tabl es 1 16 4) ighyey7 disc oqﬁ@:wt@seﬁaﬁqééweéz@ coneiigh Hiearss Besferrede | ef t

the one ¢t SMRgdiREMCG e 2nafmERireL Mo TS PRl Rroskibel of B AFPAGH et s
ransval oi afchnC OCRAAGE SRR GF SHULAC o BRIGHAATRUmbEMATERY L (1 e
area (5.2{ C??@(cedﬂ%ﬁﬁx@t@hﬁ:l&t‘érhhﬁrtﬁé hfé@nlﬁfaﬁé,gftﬁ)ﬂll@%n%ttg@ fidlredys val ve

prosthesis o he present invention. O 1Table 1. Henodynam c

dat aNo. 2| IVéigintriekidathe etieaard dRape defined B thPidngsiaterd. A variety of
gradi ent (kg) Si ze(beat s/ mi n) Pressur e(nmHg) { nknHg(r r unHg) (mg) Peak
Mean 1385452 FRdfaeobicatilaietias/ ¢ nprieds ¢50rlanc6 8dthahe 3 &igiop3o
03594437F2711662I Zztinl 370l fl 34591237M27116821 39201 10821,77

25' 792946%%2929#%’61“3 s izp1abins proghents to theppticnt/s yutel eabresAlthough

S e TR T T N
Pressure 4,3 IdBs et cbrrd§Pidd fothd antdrfot 541 Sosterfor? inftral leaflets. The

| 25 overall base 22 of the template 21 corresponds to the base 18 of the anterior

26 6 and posterior 7 leaflets of the prosthesis. Thus, this base 22 is divided

27 into two parts 23 and 24 corresponding to the bases of the anterior and

28 posterior leaflets. These two bases 23 and 24 are at an approximate angle

29 of 160° to one another. The height of the prosthesis corresponds to the two

30  equilateral sides 25 and 26 of the template 21. The angle between the



NJbc-~-HCOVON OITable 2. Echocardi ographic data (at operation
day) 2No. 1DWei ght SexVal veHeart Rat eBl ood Pressur eLVEDDLVESDEF (% Pressur eEQA

Gawkmﬂgg ) (M) (nm) Gradi ent (cnZ) Mbeats/min) (n' ~GHedo1/19602
Mean3185452F2012380/ 4038. 026. 558. 382. 69

14. 894285S45M2990100/ 7038. 925. 771. 175394437F271 021 08/ 4. 834. 923. 462. 555. U2
35. 37491237MR79690/ 4535. 624. 858. 721 . 045
05. 37592946M9l 0387/ 4634. 022. 265. 065. 11
15. 95869493 1a&54dl sid628 (eardsponiiy ®ahe Bﬁterior leaflet 6) and the base 23 is
34. 159791 741M2712088/ 4437. 524. 564. 655.
75. 241 0895 nEetowEely$Es. The a%lf bzgvemsthe lateral side 26 (correSpondlng

L R R o et R Bl 2

Syst ol Di 1 . Elect E 15 E f 2 f A 0
R I
Tt
2855M291 2080} 035 pRA AR 2 lﬁéeﬁl%nsma&%aﬁse@paﬁma@ 857, 413.76 15

4912M27114Consci 0us41 029.654. 374. 49 26

S929M2 9120 Coresik @i 1B edsiand dhd 4dgles arSpref@ithMeoiBiderad optined @o 227. 360. 817. 29
38 Mean27. 8l 13. 638. 426.062.475.29 2 9 LVEDD: Left Ventricular End Diastolic
Di amet er 8o adBBiplishehis praposé.cilowievenyaggtond and modwﬁ@aéxonﬁpf HIseEj ect i on
Fraction 12 EQA: Effective Or|f| ce Area 13 MR M¢tral Regurgitation EQCA G a
(cm -) of 9S. nZemetIs asrpeswble agdemwathin thesscope of the mven 10n as long as

10 the resulting mitral valve prosthesis is substantially anatomically correct.

11 After the membrane (not shown in Figure 7) has been trimmed, the
12 two sides 25 and 26 are sutured together. Suturing per se is well-known in
13 the art. In the preferred embodiment, 4/0 polypropylene sutures are used.
14 The joining of the lateral sides 25 and 26 with suture forms a truncated

15 cone with its wider base 18 defined by the base 22 of the template 21, and
16 which corresponds to the mitral orifice of the patient. The lower or apical
17 portion of the template includes extensions 27 and 28 which can be best

18 described by visualizing two essentially semicircular cut-out portions 27a
19 and 28a. In the prosthesis the extensions 27 and 28 correspond to the free
20 edges of the anterior 6 and posterior 7 flaps or leaflets. Due to the shape of
21 the template 21 the heights of the leaflets 6 and 7 in the resulting valve

22 prosthesis are not equal. The height of anterior leaflet 6 is larger than the
23 height of the posterior leaflet 7. Between the two cut out semicircular parts
24 27a and 28a, there is a pillar-like extension 29 that in the trimmed

25 membrane corresponds to one chordal strip 15. The two lateral sides 25

26 and 26 of the template 21, one corresponding to the anterior leaflet 6, and
27 the other to the posterior leaflet 7, form the second chordal strip 16. The

28 ends 30 of the template material which correspond to the chordal strips 15
29 and 16 are widened in order to form widenings in the membrane for

30 suturing to the patient’s papillary muscles 10. The two strut chords 13 used



0JJi. cOON OGrJl Table 4. Echocardi ographic data (1 nonth post

I npl antation)2 No.ID Sex Val veHeart RateBl ood PressurelVEDDLVESDEF

(9 Pr essug,@) q{;\ﬁl ent EOAG adSi ze(beat s/ m n) (mHg) (mm) (M) (e dosA%ehef MPeak
Mean3 4913 M 27102Consci ous45. 629. 564. 736. 97 25. 504 5929 M

291 26Consci ous37. 722. 671. 484. 75 25. 7905 Mean28114. 041. 726. 168.1 05. 86
2.05.640 6 LVEDD: Left Venfiricular Erié D astolic D ameter 7 LVESD: Left
Ventricular End Systolic D aneter 8 EF: Ej ection Fraction 9 EOA: Effective
Orifice Ajeainlihe MRtravhhal of 6 iiintiahia@@nvt farboftie endelate\® Wit/a9e 7. 41 31 |
VWHAT IS CLAIMJD I'S: PCT/USOL/ 19602 2 1. A stentless heart valve prosthesis
to be used fneverthelessshawaneRigofe 2, Sipdiisgrsed ontthd tenapliatd 2L ar val ve in
the heart of a recipient mammal, 4 conprising: s a single unitari;&t;ody of

bi ol ogi caBly accebt Bisiprefsrecdersbedimsné the stnbehorde AB e madsfidey

menbr ane. for S HORAV oD e R (o GRRciar b B T AR bteRdnt i al |y
annl us. corr BSBORBTTIEST 4t thechtretn SRS chordel a1 e B e B3R e
annul s of ¢ S LR BE R VnsBa3ReRMe bnderioPlogtL ) THbse RAAGRREE 25 an

anteri or anduRASiho¥irdt&Pbh Figh@ tiaysEstvs thestehiplag 212l nthe mitde form of
the anterior and posterior leaflets of the i4 natural nitral valve of the

heart of thevileeithé dotibleadgidicdaturesrimeanssat ihrdbugisthiewhiobdal Handsi g t wo
narrow extensions at its second end opposite to the i6 annulus where the
i nverted ®onend 6ried; passedtthamghtthe basef ofrthe ategior ¢afldt B, end sigdi dis
substantially configured as anatom cally correct cords and ~ s adapted to

be sutureld t distancedmsveenthe Hinpoiatsod2 whereibgstrupehends 13xre gfaghesht , and 20
confi gur ot aFEPPBGATRI oflic 1655 A3 SOHRERAE HHEI G-It Rt ot 22 strut
one. end slins ARRTRRrTY B Bt o St B rbEEERL Bk B0 HREL Scona
end subst ant k@b lsyyt EnbiHs 134k Sebdaldbn R GnA ark BEpRKIBARIP 108 mm

14 times the diameter of the prosthesis (1.08 x D). The distance between a

15 mid-point 33 at the base of the prosthesis to a point 33a at the junction of
16 the anterior 6 and posterior 7 leaflets is called "commissural height",

17 indicated on the template by the arrow 33a. The length of each strut chord
18 13 is shorter than the "commissural height" 33a, and therefore in the

19 resulting valve prosthesis the strut cords 13 naturally curve the anterior

20 leaflet 6. The extremities of the two chordal strips 15 and 16 extend for a
21 distance of approximately 12mm beyond the point of attachment 31 of the
22 strut chords 15 and 16. Again, this is best illustrated in Figure 7, showing
23 the template. Distally from the points 31 the chordal strips 15 and 16

24  widen to form a square of approximately 10 mm per side. In the preferred
25 embodiment of the invention, a matching sized square of Teflon felt 34 is
26  attached to the square at the extremity of the chordal strips with several 5/0
27 polypropylene sutures. The template 21 described above is an essentially
28 flat surface in the preferred embodiment. Alternatively, the template 21

29 can be curved so as to impart curved surfaces to the flaps 6 and 7 of the

30 resulting mitral valve in their longitudinal, transverse or both directions.



2s respectively, whereby after inplantation into the heart of the recipient
26 the anterior and posterior leaflets of the prosthesis collapse during z7
systol e awg di@yima plurality of scallops in substantial sipgd@oimeef a 28
natural mtral val ve. WO 01/977-tl PCT/USOL/ 19602 32 1 2. A heart valve
prosthesis in accordance with Claim1l wherein each 2 |ine configured as a
strut cord is shorter than the total distance between the base of the
prosthesis and the extremty of the respective extension. 3. A heart valve
prost hesi s i Theck@idtesfQurvhiuie 6F tHetempMie2eiif the BoriftRR AGeh@bRiNg the
truncated cone includes one suture along its length in the axial direction,
t he sutur e | preferebly tduyesdmee as tie anvatard of a rohateig Dradivaédet fo the. A
heart val ve prosthesis in accordance with aim 3 wherein the nmenbrane
consi sts &sséenathof thestrusiapeddati bl e synthetic material. 10 5. A heart

val ve prosthesis iin accordance with Claim3 wherein the 1 ~ nmenpbrane

consi sts éssenti aITIn}S‘F agfug]itelabiepshiphpEoBE dhe prigmeterstal the first prefgrres heart
val ve prosthesiis. 4 n _accordance. wi th C ai wher ei.n t.he 13 bi ol ogi cal

mat eri al o% t%ﬁgbom})ﬁﬁér?@ecg?dgh Itﬁ‘ﬁ‘kag‘]? 5?1 2866%2016‘? YSAG %‘%ol ogous
origin. ~s 7 r&iﬁ?@%&lo‘é@' ve prosthesis in accordance with Caim1l wherein
the 1 s menb}pane ormng the truncated cone includes one suture along its

| LS e ! . oo Pt
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substantial halves of the 1 s posterior atflet. 19 8. ear

prost hesi g i n deagihdanite basé B4Gf@hé@c73t¥ﬁ&ﬂ@hﬂeﬁ(’3ﬂ%2£0.5§&bﬁ%® (ARSI St s
essentially of bioconpatible synthetic material. 2i 9. A heart valve

prost hesi & i n accor ddatght wif thie Shtdrior Leaflet 25 r 0.5 x22-+riénfmme consi st's
essentially of bioconpatible biological material. 23 10. A heart valve
prost hesi ¥ i n accor digieht of the Postarier d.caflet 26 i @.hé x02 Hl®(wyi)cal naterial of

the nenbrane is of autol ogous, .hponol ogous or 2s heterol ogous origin. 26 11.
A heart vHive prosthesis in jﬁ%ﬁﬁ‘éﬁéﬁ"@\/ﬁm“'ﬁ(@ wherein a 27

bi ol ogi call]y acceptabl e reilpfor.cin S tached to the extremty of
WO O1/ 977H41 PCT/ USOL/ 1960 Q@\%ng%%gl }ﬁéﬂﬁs% hﬁ%ﬁéﬂgﬁons wher eby sutures

attachi ng{ he ext enﬁiﬁaﬁcéﬁe&%@n%ﬂgﬂé&hﬁ‘?@e’%ﬁﬁﬁ £ oY X?ﬁ&%@rt of the

reci pient have a relnforced base. ess hear prosthesis to
be used for the repl acemengngh of sHuFGR{GA 32 NIERL M (rhaY! ar valve in the
heart of a recipient mammal,” 5 conprising: a single unitary body of
bi ol ogi cald y acWherbDe= diamabs@iiibf ¢he ieixdlblatveprodires storfbager ed
substantially in the shape of an s anatomically correct mtral valve, the
menbr ane féorni ng &igure 8vlisaleses aadther templated3% otibzédhto copsrusubseemdi al | y

an 1o anpulus _at its first end, said base formng

circular base formn )
annul us cbfr && H@Fir?gnlf‘lfhm?ét o theimitrad (valyeosidiesis of Wae pEegeRt of t he
i pi ent d fi d d, adapted i., 2.f turi i.,nto t ] |
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heart of the reci g eibstaiisl difrerdiBeBY 18td 34 frénﬁtﬂe”téfggﬁitefﬂrig‘.tm two

narrow extensions at its second end opposite to the an us where the

inverted gondnitsadaf hawiap fldpsRotrespdrdling tstheideridit®@and posterior 7

22 leaflets in continuity, a flap or surface corresponding to the anterior leaflet
23 6 is situated in the middle of the template 35 and two flaps or surfaces that
24 jointly correspond to the posterior leaflet 7 are located adjacent to the first
25 flap. In the resulting mitral valve a suture 36 joining the two lateral sides
26 of the membrane (corresponding to the two sides 25 and 26 of the template
27 35) is shorter than in the first embodiment and is located in the middle of
28 the posterior leaflet 7. The suture 36 is shown in the perspective views of
29  Figures 9 and 10 for both embodiments. The angles between the base 23
30 of the flap for the anterior leaflet 6 and the bases 24 of both halves of the



1 s extensions substantially configured as anatom cally correct cords and
19 adapted to be sutured to the papillary nuscle of the heart of the 20
reci pi entyw@hw,2i; two lines of biologically acceptable nornp@hg@naghe
material, the 22 lines configured and positioned as substantially
anatomcally correct 23 strut cords of the natural mtral valve, each of
said lines being affixed 2~t at one englgsubstantially to the base of the
truncated cone and at a 25 second end substantially to the extremty of one

f th t i i i i th
S0t el dr ot hndubfor HOp6SERGEIcRE! Y eIl SRl 8Bl b cR BN HihASEED, LG,
 the respect | v ERUENSHR e pINGH QUCRTHa R HHIGH9B0mdagher eby af ter

inplantation into the heart of the recipient the anterior 2 ‘and posterior
leaf l ets of trbspeptiostyhesile walplap3s ﬁamppﬂ)x‘imte)yQOaﬂd“HeQ'EIHtﬁe%iZﬂsur ality
of scallops in substantial sinmulation of a natural mtral 4 valve. s 13. A
" heart val v mfdbe Haps fo1i leafiets @r aiviiT of Wict dxtEGsaiom 2P andh@Beiorrespandivgbr ane
formng the truncated cone includes one suture along its length in the

axi al dirett itadhe eperdglistuips 150ind; Hyandebtheestrut khorgdstid argsimilar todtbeer f or s

leaflets. 14. A h B hesi s i . i th O aj wher ei
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L A
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reinforcing %Qﬂ?mtﬁéﬁﬁi gf’éfgﬁgd Eﬁllbbﬁfm t.rlﬁ'{hfsycn‘i’éocﬂn{%ﬁi?ﬂw?%e %mtl%lfar y

ext ensi ons whereby suturées attaching the extensions to the’is papi

nuscl e of § hestheardight sthip@ppRMtiRiatly 20aMe ik 1t had Q0fthR 38 Svidtbwith ahear t
val ve prosthesis in accordance with” Claim12 erein the i ~ menbrane
formi ng the tslightatidchingaetliencéndicAguir tissishupe ofltheghotdal bempgtls dod ~ s the
axial direction, the suture joining together two substantial halves of the
i ~ posteribr leafiths second prefesredembodinientisprestilhstiated by thedompdatce with
Claim 16 wherein the 21 menbrane consists essentially of hiogconpatible

bi ol ogi call?2 met@thaals wyedAo faym dhe msmrbrane fromp ydich the testheds syBadeori gin. 23
18. A heart val hesis in. i th. d.ajmdl7 in the 24
ext rem Ly Tof Bt SROSMETR Ru SrigR 7 BRF seeroRinaEh LOTa BEISR Rt of ogi cal
25 membr 295 "ﬁlﬁh&b&i St ’c‘ﬁ?rheg& LPf &ﬂlttcﬁ&ﬁr&‘ifﬁd Bﬂ@ré&’sé At BRPAd G Y

6 1% I'n

nmuscl e of e hear reciprent have a re orced base. 19. A
tenpl ate GonfhauheriARMRARAPS GHuBIR ISR dePicarlifi®C ITRGarkhe WO 01/977-41
PCT/ US01/ 19602 35 1 trlﬁ-lrgi ng ofua fﬁyge;{i blﬂg r(r:%ntl)rane inathe shape of the

tenpl ate, 150 cofSHbHEingan tBe sERINQHres d)ﬂtlﬁﬂh&ir@@éﬂeaéﬂe)ddﬁ@émedﬂ)%/
atrioventricul ar heart valve prosthesis to be inplanted into the heart of a

reci pi ent 1mandatted lites drethel tatnplate 2ipraindi Idgof Figures 7 and 8.

18 The relationships among the parameters of the second preferred

19 embodiment, as reflected in the template 35 utilized to form the same are

20 provided below:

21 Length of the base 23 of the anterior leaflet 6 = 0.50 x © x D (mm)
22 Length of the base 24 of the posterior leaflet 7= 0.50 x 7t X D (mm)
23 Height of anterior leaflet 25 = 0.51 x D + 10 (mm)

24 Height of posterior leaflet 26 = 0.37 x D + 10 (mm)

25 Height of valve =D + 15 (mm)

26 Commissural height 33a =D + 5 (mm)

27 Distance between strut chords 13 at base (33)=0.4 x D (mm)

28 Length of strut chords 13 = 1.15 x D (mm)

29 Where D = diameter (mm) of mitral valve prosthesis at its base or

30 prosthesis size.



a a surface fornmed of two substantially trapezoidal bodies laterally s
joined to one another and formng a unitary body, each trapezoi dal body
having a Wwodgl7ARd @ narrower base, the surface further ha¢mgor1960f €e

prol ongati ons extending fromthe narrower bases of the s trapezoids, one of
said trapezoids configured to provide in the trimed 9 flexi ble nmenbrane an
anterior leaflet of the valve prosthesijg, the other io of said trapezoids
configured to provide in the trimred flexible i 1 nmenbrane a posterior

| eaf | et of, th i 53] i i t
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" accordance with Caim19 wherein the w der bases is of the two trapezoids

are joi ned i nthahgdral sileappthexirimmhed ymenibrane have beerjdiredtadiether widcaor dance
with Caim20 having a substantially flat i ~ sur face. 1 s 22) Atenplate

" i n accor dahceurgical sChuae@do2esltivgny atwoulcaBet wlveé hadngladags®r anteromfl at e

configured and adapted to serve for directing the 20 trinmng of a flexible

menbrane ih R asERgiergrosteariordepflel: el hediameserraidhe arosthesinistdsiingdl | v
substantial ly correct ri ntrjcul ar heart_val v rosthesis to be 22

i mpl ant ed 9 n%(’é’ tgﬁi?aﬁ@a% aﬂ‘?&g Orféié‘? Eﬁr’éﬂlater&nmg,“rleﬁ’eﬁts‘é clgses ME¥9 si ng: 23
a surface for f I ub ngi 4. zoi dal
Bodi e, eden Bpriehaf 850 1537 ol VasPRe ahbls 24ALAR PV s Ro o ARET O G
of the | arger | Bad¥lest f i -RMHAl i ons
respecti veE?y pﬁfi@ﬁ?ﬁgggﬂst an%ﬁsé%moo%&:?@g t‘?% S{tﬁrqgcg&genlgf ?o r base of
the | argerg t Rp@#Rlseyh PréfeitedintoddbNEidcing suberes itHeadx treniBed &1 ther- t |

PCTI USO01/ 19602 36 1 trapezoids, the larger of said trapezoids configured to
provi de i o t fohorddl stmpeelb ahd 6 pdfEixienticanto the amndréori amd postdricet of the val ve
prosthesis, 3 the two smaller trapezoids configured to provide in the

tri med flexipgspdlargmvsoles ).posteri or 1 eafl et of the val ve prosthesis, and

said s extensions configured tqQ provide in the trimmed flexible nmenbrane 6
cords to Be sutur ekhaRebpRetivapiew alFignee PB @sclosis amddepicis t}tq{@‘ﬁr@ci pi ent .
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cylinders of the rods being of different dinensions and i4 adapted for

measur i ng 1§ heofthapettetiopledflee 7Tnvikd pativiiisunited] anheluddar Thofutuge 36 mamal ,
each rod havi ng conspi cuous marking to indicate the 1 s dianeter of the
cyl i nder. 117 &twegn thet tvad sides dEthe thembiariediorfgriara enneiioshowni diearalval ve
during is operation of jnplantation into the heart of a manmal, —each hol der
conpri si ngs 1 18 M theelopebposition showing  lrge Anterign ipadlet B @BAR® RIRETITom whi ch a

pendlc o¥iendeyndc U1e 3 BTELELS. L S LERRECH Y8, R ADSafe e o0

atrioventrjcul ar I f _corre g z2 dinension tenporarily attached
toit. 23258.4@62% %?f?"r’ﬂ?ﬁgﬁ&z‘ﬁ@go or’determning locations in the heart
of a 24 mypmal reCFitgxl'rB.Qoals FigekHect e er‘engPﬁIehs%%b?cri] fed BAAAImBANds and

base of 2s the prosthesis is’to be sutured, eac trument conprising: 26
a body hayp ngofathe wiitell viRR§roftBEdis 60 (HmeBéhtant &iin) A denpivediabayel y 27
1.2 X D, an elongated portion extending fromthe curved upper portion, the
WD 01/ 977281 this embodiment has been constructed with template 35. A principal

24 difference from the first embodiment shown in Figure 9 is that the suture
25 36 between the two lateral sides of the membrane corresponds to the

26 midpoint of the posterior leaflet 7. Figure 10A discloses a second

27 preferred mode for placing sutures in the extremities of the chordal strips
28 15 and 16, affixing them to the anterior and posterior papillary muscles 10.
29 Because the second preferred embodiment has a shorter suture 36 than the

30 first, it is less likely to suffer dehiscence and is presently preferred.



37 PCT/US01/ 19602 i el ongated portion having a |l ength of approximately 1 D,
said el ongated 2 portion being joined to the curved upper portion at an
angl e of \Q/BW@ Xjgqately 3 75, and an extension, extendingpichsopesdz from

t he el ongate él portl on at an 4 angle of approxi rrately 13 5 thereto, and
having a length of approximately s 10 nm where D represents the dianeter
of the mtral annulus of the heart of ghthe mammal to receive the valve
prosthesis; during open heart surgery the 7 curved upper portion
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t he bend determ ning*t ocation tor®suturing replace rut cords to
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val ve prost heiustedrigsysiolee Bt sutext 3®joimiagnhetwsd sides ofiged post@fot he | a heart
ofthe recipient mammal. . A As.As.AsL.AAT.A

. AYr . Ash Abeaflam 7. aﬁdAhre@a@aﬂapstm3%9Ethksp.os@morAadxﬂﬁsthlc}Asr A A A A
fAr As. As. AA3A A . Aas2%b % 6

5D b! | vql g\ (erme \rjl@a}léra EH]SQ&Q}SC%QTBQPE%FEEW@Q‘P@@P@@% wndera] ca] cal caU] ¢
aJcalcaV]cal ca Bi ca] a] ca] cRa 35) 6g
LT # #r $$820 ssu X’}lsﬂ 1 E ZU] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca]

cal cal] cal.gal caV gqg&aé ffxlscﬁls%%%ﬂe%%\ﬂt%%ga LR W gloRlepbead cal ca

Wn-}---.5557;

1 Eaﬁéf g:ﬁmﬁﬁ a]F %g’ %?fﬁ e fﬁ%ﬁ%{fﬁ]ﬁ@ 5%&?}:45’1%@}&&10&] ca] ca

YNg NNNNNOGRSH ey ﬂq\e\pfbith]ash% i\i@eﬁ«ié&@)ﬁ Edsirhurkeiddehaab weicald ca] cav] ca
] ca] ca] ca] ca] ca] cal] ca] caV] ca] caV] ca] caV|ca] ca] cal] ca] ca] ca] ca] ca] cal] ca] ca
] caU] ca] ca prosthesis while suturing its base 18 to the patient’s mitral annulus 8 and
ffffffgggggghhNhCh} hhhhOi 4i hili1j6j|jj!k%kk|vgkf [ Uke [ UU] ca] caU] ca] cal] ca
] caU] ca] cal] ¢lag cleandebsteins/ls tocthe papdlary auiscles c e dwldeardloialacal] ca] cau]
ca] cal cai cal cak

L18l: 1111 Fmdad ﬁ’@%WHBBQE&IWGQ%WPWEM}‘W&%KWPE@]C]rdféiﬁ‘]’ d8wfca] ca] cau
| ca] ol ob] oA M RENP Y IRG] GOPI LU ST 040 oL U] EaPL A Ea] EUT6a] cal] o] ca
nglSJ]M%#?J%)(Z:iJCE?rSQLg %Jgﬁachﬁ]]%%%]asﬁe f c]sgé% glla]cga %ﬁ %?}@ ﬁ:gﬂﬂcaq cal ca] ca]

ca] ca] ca] (1753U]t@ﬁ1]1ﬁ§16% %x% e 4?13}63%%]1 6 g3l 95‘1% Xétﬁésﬁs while the

f hi TU wr mhc] XRzt oV] cal ca] ca] ca] ca] cal] ca] ca] ] cal ca] ca] cal] ca] caV]c

ajcajc™a W§ C’b&r oY @Mi sladwdl) siftareVlictoah¥pafiedic ecathepsM 4B #afounded

} xrmhc] XSV] ca] caU] ca] ca] ca] cal] ca{)caU] ca] caU] ca] caU] cal] ca] ca]ca] ca]ca]c

aU c a]cay cdpcaatﬂd:dz&h@ge ] thajpradthesid cﬁhc hV]cbaHGas mtrqduced through the
GKQ@SUXeh| wgl f a\ V\X/] ca] ca caU] cal ca QA caU] cal caU] ca] ca] ca] ca
U] ca] ca] cad)] cujfeeng repthests ol } Bd stal @ e prosthesis,

L
O cal oo caf cAaeisty B8 B FRAGTOREER) ARy ERPEERUSRA B P e 0™

21 mitral prosthesis is closer to the handle end 41 of the holder 40. In the

22 preferred embodiment the mitral prosthesis is temporarily attached to the
23 holder 40 with bands 43 situated close to the base 18 and close to the

24 chordal strips 15 and 16. The bands 43, temporarily affixing the prosthesis
25  to the holder 40 are made of materials well known in the art, such as

26 polytetrafluorethylene (TEFLON®). In this fashion, the whole mitral valve
27 of the present invention is held in position while the surgeon sutures the

28 chordal strips 15 and 16 to the patient’s papillary muscles 10. The bands
29 43 and the holder 40 are removed after the suturing is done, but before the

30 suture 14 to the patient’s mitral annulus is tied.
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3 valve has been excised. The obturator 44 is also a rod similar to the mitral
4 prosthesis holder 40 described in Figure 11, but has no holding bands 43.
5 A set of obturators 44 of varying diameters are constructed corresponding
6 to the different diameters of the different patient’s mitral orifices.

7 Presently, obturators 44 of 25, 27, 29, and 31mm diameter are

8 contemplated as adequate for a wide range of patients. The obturator and
9 sizer 44 is introduced through the open left atrium 5 then introduced

10 through the mitral orifice of the patient to determine the diameter of the

11 mitral orifice 8. Once the actual diameter of the patient’s mitral orifice 8

12 has been determined, the appropriately sized mitral prosthesis of the

13 present invention is selected. The obturator and sizer 44 is also used for

14  another purpose, which is described below.

15 Figure 12 depicts an obturator and sizer 44 marked "27", indicating
16 for the surgeon that the diameter of this instrument is 27mm.

17 Figures 13 and 13A disclose an instrument 45 designed to

18 determine the appropriate location in the papillary muscles 10 of the patient
19 where the chordal bands, 15 and 16 of the mitral prosthesis should be
20 sutured. The instrument 45 is a convoluted endless wire loop that has a
21 curved upper part 46 that is placed against the mitral annulus 8 of the
22 patient at the level of the resected mid-scallop of the posterior leaflet. The
23 length of the curved upper part 46 is approximately 1.2 of the diameter of
24  the patient’s mitral valve orifice (1.2 x D). The curved portion 46 includes
25 adownward extension 47 which is at an angle of 75° to the curved portion
26 46. The length of the first part of the extension 47 is approximately the
27 measured diameter of the patient’s mitral orifice. At that point, extension
28 47 bends at an angle of approximately 135° and extends further for

29 approximately 10mm where it turns at an angle of 90° to close the wire

30 loop. The bend 48 of 135° angle indicates the most proximal location in
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the papillary muscle where the strut cords 13 are to be sutured to the
chordal strips 15 and 16. The distal or bottom end 49 of the instrument 45
indicates to the surgeon (not shown) where the distal part of the chordal
strips 15 and 16 should be sutured to the papillary muscles 10.

A set of instruments 45, having the aforesaid dimensions relative to
differing annulus diameters (D) are provided within the scope of the
invention.

Instead of being made of a loop of wire, the instrument 45 can also
be made as a solid object, for example as a molded plastic object, that has
substantially the same overall shape as the above-described loop of wire.

Figure 14, similar to Figure 4, is a diagram of the left heart cavities
where the mitral prosthesis of the present invention has been placed within
the left ventricle 3. The extremities of the chordal strips 15 and 16 of the
mitral prosthesis have been anchored to the papillary muscles 10. The base
18 of the mitral prosthesis has been sutured 14 but not tied to the mitral
orifice 8 of the patient, maintaining the strut chords 13 under tension.
Because the prosthesis of the present invention is stentless, there is a
danger of constricting the patient’s mitral orifice 8 and the annulus or base
18 of the prosthesis when tying the sutures 14. This is avoided by using an
obturator or sizer 44 of one size smaller than the measured size of the
mitral prosthesis. This obturator 44 is introduced through the mitral orifice
8 and held while the sutures 14 are tied, thus eliminating the possibility of
constricting the base 18 of the mitral prosthesis. The obturator and sizer 44
shown in Figure 14 is marked "25", indicating that it is of 25mm diameter,
that is "one size smaller" than the obturator and sizer shown in Figure 12.

Figure 15 discloses the mitral valve prosthesis of the present
invention in place within the left ventricular cavity 3. The prosthesis is
shown in the closed position and sutured at its base 18 to the mitral orifice
8 and its chordal strips 15 and 16 are sutured to the patient’s papillary
muscles 10. The two strut chords 13 extending from the papillary muscles
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2 prosthesis only has one large anterior 6 and a smaller posterior 7 leaflet,
3 when subjected to the left ventricular 3 systolic pressure, it acquires the
4 shape of four leaflets: an anterior 6 and three scallops 37, 38 and 39, similar
5 to the normal configuration of the natural mitral valve.
6 TEST RESULTS
7 The mitral valve prosthesis of the present invention is stentless
8 because it does not incorporate any rigid structure and can therefore follow
9 all the natural movements of the left ventricle. Its orifice adapts to the
10 natural changes in size and shape of the patient’s mitral orifice during the
11 cardiac cycle. During diastole, when blood flows from the left atrium to
12 the left ventricle, the mitral orifice and the prosthesis orifice both have a
13 circular configuration achieving the maximum possible orifice area.
14 During systole, the mitral orifice becomes smaller and "D" shaped,
15 considerably reducing the orifice that has to be closed by the prosthesis.
16 The mitral valve prosthesis of the present invention is also
17 anatomical because it imitates the general anatomical characteristics of the
18 natural mitral valve. It has a large anterior and smaller posterior leaflets of
19 trapezoidal shape made of a single flexible membrane that is anchored to
20 the mitral orifice and maintained in position by the chordal strips of the
21 same material which are anchored to the patient’s papillary muscles. The
22 prosthesis of the present invention like the natural valve also has two strut
23 chords that maintain under constant tension the continuity between the
24 mitral annulus and the papillary muscles.
25 Although the valve prosthesis of the invention has been described
26 and is primarily used to replace a natural mitral valve, it could also be used,
27  with only such modifications which may become readily apparent to those
28 skilled in the art in light of the present disclosure, to replace a tricuspid

29 valve.
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23 mmHg.
24 In Vivo Tests
25 Mitral valve prosthesis of the present invention were tested in vivo

26 by implantation into 8 adult sheep. Under general anesthesia and

27 endotracheal anesthesia, a left thoracotomy of sheep through the fourth

28 intercostal space was performed. A rectangle of pericardium from the sheep
29 was resected and treated with 0.6% glutaraldehyde for ten minutes and then

30 rinsed three times in saline for ten minutes. This treated autologous
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13 crystalloid cardioplegia infused into the proximal ascending aorta. The left

14 atrium was opened through the left appendage and the mitral valve orifice

15 measured with the appropriate obturator and sizer 44, shown in Figure 12.

16 The sheep’s mitral valve was completely excised. The mitral valve

17 prosthesis of the present invention was then sutured in place, the atriotomy

18 closed and the aortic clamp removed. The heart was defibrillated and the

19 sheep weaned off by-pass. Simultaneous pressures were recorded from the

20 left atrium and left ventricle. Epicardial echocardiograms were also

21 performed and recorded. The chest was then closed and the animal placed

22 in the recovery room under pain control medication. Four animals had a

23 transthoracic echocardiographic study performed one week after surgery.

24 All but one animal survived the surgery and were transported to the farm

25 awaiting long-term studies. The one mortality (ID 949) resulted from the

26 suture between the base of the prosthesis and the mitral annulus of the

27 sheep dehiscing and creating a massive mitral insufficiency. This animal

28 was the reason and origin for using an obturator in the mitral orifice before

29 tying the annular sutures as shown in Figure 14. The resulis of the

30 implantations are in Tables 1 - 4.
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1 WHATIS CLAIMED IS:

2 1. A stentless heart valve prosthesis to be used for the replacement of a
3 diseased atrioventricular valve in the heart of a recipient mammal,

4 comprising:

5 a single unitary body of biologically acceptable non-absorbable
6 flexible membrane configured substantially in the shape of an
7 anatomically correct mitral valve, the membrane forming a hollow
8 inverted truncated cone having a substantially circular base forming an
9 annulus at its first end, said base forming annulus corresponding to the
10 mitral annulus of the heart of the recipient and configured and adapted
11 for suturing into the mitral annulus of the heart of the recipient, the
12 membrane further forming an anterior and posterior leaflet configured
13 substantially in the form of the anterior and posterior leaflets of the
14 natural mitral valve of the heart of the recipient, and the membrane still
15 further forming two narrow extensions at its second end opposite to the
16 annulus where the inverted cone is narrower than at its first end, the
17 extensions substantially configured as anatomically correct cords and
18 adapted to be sutured to the papillary muscle of the heart of the
19 recipient, and
20 two lines of biologically acceptable non-absorbable material, the
21 lines configured and positioned as substantially anatomically correct
22 strut cords of the natural mitral valve, each of said lines being affixed
23 at one end substantially to the base of the truncated cone and at a
24 second end substantially to the extremity of one of the extensions,
25 respectively, whereby after implantation into the heart of the recipient
26 the anterior and posterior leaflets of the prosthesis collapse during
27 systole and form a plurality of scallops in substantial simulation of a

28 natural mitral valve.
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1 2. A heart valve prosthesis in accordance with Claim 1 wherein each

(0]

line configured as a strut cord is shorter than the total distance between the
3 base of the prosthesis and the extremity of the respective extension.
4 3. A heart valve prosthesis in accordance with Claim [ wherein the
5 membrane forming the truncated cone includes one suture along its length in
6 the axial direction, the suture joining together the anterior and posterior
7 leaflets.
8 4. A heart valve prosthesis in accordance with Claim 3 wherein the
9 membrane consists essentially of biocompatible synthetic material.
10 5. A heart valve prosthesis in accordance with Claim 3 wherein the
11  membrane consists essentially of biocompatible biological material.
12 6. A heart valve prosthesis in accordance with Claim 5 wherein the
13 biological material of the membrane is of autologous, homologous or
14 heterologous origin.
15 7. A heart valve prosthesis in accordance with Claim 1 wherein the
16 membrane forming the truncated cone includes one suture along its length in
17  the axial direction, the suture joining together two substantial halves of the
18  posterior leaflet.
19 8. A heart valve prosthesis in accordance with Claim 7 wherein the
20 membrane consists essentially of biocompatible synthetic material.
21 9. A heart valve prosthesis in accordance with Claim 7 wherein the
22 membrane consists essentially of biocompatible biological material.
23 10. A heart valve prosthesis in accordance with Claim 9 wherein the
24 biological material of the membrane is of autologous, homologous or

25 heterologous origin.

26 11. A heart valve prosthesis in accordance with Claim 1 wherein a

27 biologically acceptable reinforcing member is attached to the extremity of
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1 each one of the extensions whereby sutures attaching the extensions to the
2 papillary muscle of the heart of the recipient have a reinforced base.
3 12. A stentless heart valve prosthesis to be used for the replacement

4 of a diseased atrioventricular valve in the heart of a recipient mammal,

5 comprising:

6 a single unitary body of biologically acceptable non-absorbable
7 flexible membrane configured substantially in the shape of an
8 anatomically correct mitral valve, the membrane forming a hollow
9 inverted truncated cone having a substantially circular base forming an
10 annulus at its first end, said base forming annulus corresponding to the
11 mitral annulus of the heart of the recipient and configured and adapted
12 for suturing into the mitral annulus of the heart of the recipient, the
13 membrane further forming an anterior and posterior leaflet configured
14 substantially in the form of the anterior and posterior leaflets of the
15 natural mitral valve of the heart of the recipient, and the membrane still
16 further forming two narrow extensions at its second end opposite to the
17 annulus where the inverted cone is narrower than at its first end, the
18 extensions substantially configured as anatomically correct cords and
19 adapted to be sutured to the papillary muscle of the heart of the
20 recipient, and
21 two lines of biologically acceptable non-absorbable material, the
22 lines configured and positioned as substantially anatomically correct
23 strut cords of the natural mitral valve, each of said lines being affixed
24 at one end substantially to the base of the truncated cone and at a
25 second end substantially to the extremity of one of the extensions,
26 respectively, and each line being shorter than the total distance between

27 the base of the prosthesis and the extremity of the respective extension
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25 membrane whereby sutures attaching the extensions to the papillary muscle of

26 the heart of the recipient have a reinforced base.

27 19. A template configured and adapted to serve for directing the
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10 of said trapezoids configured to provide in the trimmed flexible

&I
. S:
&I

11 membrane a posterior leaflet of the valve prosthesis, and said

12 extensions configured to provide in the trimmed flexible membrane

13 cords to be sutured to the papillary muscle of the heart of the recipient.
14 20. A template in accordance with Claim 19 wherein the wider bases

15 of the two trapezoids are joined in angle of approximately 170 °.

16 21. A template in accordance with Claim 20 having a substantially flat
17 surface.

18 22. A template in accordance with Claim 20 having a curved surface.
19 23. A template configured and adapted to serve for directing the

20 trimming of a flexible membrane in the shape of the template to construct an
21 anatomically substantially correct atrioventricular heart valve prosthesis to be

22 implanted into the heart of a recipient mammal, the template comprising:

23 a surface formed of a larger and two smaller substantially
24 trapezoidal bodies, each of the smaller bodies joined to a respective
25 lateral side of the larger trapezoidal body, the surface having two
26 prolongations respectively extending substantially from areas in the

27 narrower base of the larger trapezoid where it is joined to the smaller
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1 trapezoids, the larger of said trapezoids configured to provide in the
2 trimmed flexible membrane an anterior leaflet of the valve prosthesis,
3 the two smaller trapezoids configured to provide in the trimmed flexible
4 membrane a posterior leaflet of the valve prosthesis, and said
5 extensions configured to provide in the trimmed flexible membrane
6 cords to be sutured to the papillary muscle of the heart of the recipient.
7 24. A template in accordance with Claim 20 having a substantially flat
8 surface.
9 25. A template in accordance with Claim 20 having a curved surface.
10 26. A set of obturators and sizers comprising;:
11 a series of rods, each rod comprising a cylinder having a blunt
12 end, and a second end from which a handle extends, the diameters of
13 the respective cylinders of the rods being of different dimensions and
14 adapted for measuring the diameter of the mitral annulus of the heart of
15 a mammal, each rod having conspicuous marking to indicate the
16 diameter of the cylinder.
17 27. A set of holders for holding an atrioventricular valve during
18  operation of implantation into the heart of a mammal, each holder comprising
19 a cylinder having a blunt end, and a second end from which a handle extends,
20 the diameters of the respective cylinders éf the rods being of different
21 dimensions, and adapted for having an atrioventricular valve of corresponding
22 dimension temporarily attached to it.
23 28. A set of instruments for determining locations in the heart of a
24 mammal receiving a mitral valve prosthesis where chordal bands and base of
25  the prosthesis is to be sutured, each instrument comprising:
26 a body having a curved upper portion having a length of approximately
27 1.2 XD, an elongated portion extending from the curved upper portion, the
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5 10 mm, where D represents the diameter of the mitral annulus of the heart of
6 the mammal to receive the valve prosthesis; during open heart surgery the

7 curved upper portion determining the location for suturing the base of the

8 valve prosthesis, the bend determining the location for suturing replacement
9 strut cords to extensions of the valve prosthesis, and the end of the
10 approximately 10 mm long portion determining the location where chordal
11 bands of the valve prosthesis are 10 be sutured to the papillary muscles of the

12 heart of the recipient mammal.



