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_THE | NVENTI ON Continuing Data This application claims priority aMdép?3&
US. C 119(e) to U.S. Provisional 5 Application No. 60/088, 184, filed June
5, 1998, and under 35 U S.C. 120 to U S. Serial No. 09/035,981 entitled
MECHANI CAL VALVE PROSTHESI S W TH OPTI M ZEQ CLOSI NG MODE, fil ec”mmm' W
1998, whose disclosure is expressly incorporated by reference m Wm
to its parent application, U 'S. Serial No. 08/859,6530, filed My 2Q¢6+997,
now abandoned. 10 Field of Invention The present invention relates to an
inproved trileaflet nmechanical heart valve. Mre specifically, the present

invention relates to a t IMPROVED MRCHANGAIWBFARVINABVHE t h i nproved flow
characteristics. Such a malgl gr]slcal heart valve is useful for 15 surgical
ACKERaIND

i nplantation into a patient O THE INVE Nﬂ%ed or diseased
heart val ve. ‘ﬁIﬁQE Con5| derati ons There are nunerous considerations in

t he desi gn and nmanutac ure of a 20 nechani cal prosthetic heart valve. An
i mportant consi defThis aptphcanmkmlblsmonpalndbr 85 THS.6f §119¢e)raflEB. Riosisiomed i n

th th The mat | t b tib b d th
e S gt o Y B s R UL R B o e
coagul ation geQgeys Q)@/Gafs §8h%nﬁ{19@ﬂlEGHAﬁ1$AL'F}FA6(‘ tVFiiRGS’FHE@@JWHhF onmbosi s

(an aggregation of blood factors, prinmari elets and fibrin with
entrapnent ofORIBMIZEBrCI2GSEN @ MODE, fifededareh 6] waﬂau»hbmgdimiemmé mrexptesstlyuct i on

t th t.of it i t d Al I
o G e R Sl o v
carrying veS@g)g)jgggg €188 VB té@%eegl rcunmst ances hi nder proper

val ve operation. Numerous erl al s n tested for such desirable
bi oconjgati bility. Several materials are commonl y used for making ~e ~

L6~ ,~ -2 cog&, (rici EI I é avail able prosthetic heart valves (materials such as
stai nl ess st 0 L alloys, titaniumand its alloys, and pyrolytic
car bon). Anot her %@%kéi@ﬁt%{/éh@ioh@elh@?t@ﬁﬁh&lﬂ?o@é&%@ﬂ&f A&ddhRaieatt valve.
mechani cal prosthetiC heart valve is the valve's ability to provide optinmum
fluid fl ow More specifically, the present invention relates to a trileaflet mechanical heart valve
with improved flow characteristics. Such a mechanical heart valve is useful for
15 surgical implantation into a patient as a replacement for a damaged or diseased heart

valve.

Background Considerations

There are numerous considerations in the design and manufacture of a

20 mechanical prosthetic heart valve. An important consideration is the biocompatibility
of the materials used in the prosthesis. The materials used must be compatible with
the body and the blood. Furthermore, the materials must be inert with respect to
natural coagulation processes of the blood, i.e., they must not induce thrombosis (an
aggregation of blood factors, primarily platelets and fibrin with entrapment of cellular

25 elements, frequently causing vascular obstruction at the point of its formation) when
contacted by the blood flow. A local thrombus can give rise to an embolism (the
sudden blocking of a blood carrying vessel) and can even under certain circumstances
hinder proper valve operation. Numerous materials have been tested for such

desirable biocompatibility. Several materials are commonly used for making
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5 performance. Mechanical prosthetic heart valves often create gmo&,,
~turbulent flow, eddies, and zones of stagnation. All of these FZE nvean
al so give rise to thronmbosis and thronbo-enbolisnms. Biological valves (or

bi oprost heses) enulate the formand the flow pattern of the natural heart
val ve and thus have better fluid fl ow pentormance over conventi onal

mechani cal prostheses. Such bioprosthetic valves do 10 not require

| ong-term anti-coagul ant nmedi cation to be taken by the patient after
inplantation at |least in the aortic position. These two thronbus-generating
factors (nmat&@mmatsialyadaitibit prosthetididdaiclables $hhtefihls 3uch 4 stdthiepRdtedt, i N
conventional nechanical heart valve prostheses. Thus, patients who
currently redupmiim abexshiaienium ankisy alloys)apd pprodgioeshan)r equire a conti nuous

reginme of anti-co nt dr whi ch n.r Lt 4 5 Dl [ pr obl ens.
The use of anti -cgg(gth%a %nglggﬁégnfrhg‘lf gg%ﬁ%ai%ﬁgig‘ilf‘?ét}fléesc’% rrﬁ;g%g{r}% rawback of
mechani cal hgktheticheae: ANRSS hfé&%%e\mﬁﬁliﬂyqa?ﬂfv@& MtinfurR ifRRT Aewheses.
However, bi ol ogical replacenent val ves suffer from problens too. As

clinical expesricsmercen Meghagicalpresthetisrheaartevaliise htien erghtezaneseaf tutbhlent flow,
l'ife-span of {s. 0O t ort.. B e of.th r [ erioration
of bi oprost h%dsdzessj Lrﬁ“ﬁ%}? eg&t‘%%n é%% @%ﬁheﬁgp }F%anﬁf%lszggg%%ggg}é’gtrggg%ddi tional
maj or sur ger fhronyldsisPandithmtpodnbalm! Bislopidaltagved €6 opraftedtB dthalateune of a
mechani cal prosthetic heart val ve concerns the head | oss (pressure drop)

associ at ed wiorm and éha,/Bow patterniof theawtnraldieart yekvgesd dinsihaye beter Shnid Bewc

ej ection or (i ic fiLlli . [ [ . i , Sone
ead | ovs 1 oo RRRgsh boritiqlal Pelibica Bl SUPY BRELGNRSEREERT

ef f ectipve or hdtiréguirr6mg-tkmidng-dsegllamt malication$é Betaken be fetpariahtvwdteds conpar ed
to natural valves. The reduction in effective orifice is caused by the

sewi ng ring implenation atdenskintthe pertip positei Flese twe thyomgpe-aenaraingpetatsi on of

the prost het {.rﬁaté/rgallée/ Sﬁeﬁgﬁée tglp%' éh@raﬂ%g%tzés% %Iee aér{;'@fﬁsﬂ%li%/ & QN8 A0 RYeaf NE

hi nges whi ch¥ena ve's 0 move between an open
and cl osed pesitvabr présibéseer TR, pativntsokhd Ogrently réceivedrmechadichEiRdrt vabg i s
due to the geonetric djsposition of the valve's flaps with respect to the
f1 ow of bl ooRrosthesisfeqhire Acentiieieragime of asieqagulapt drHes whishcas sgsyll in
deterigrati . bi t ahi L ' . de i on in the
dosi g and nagngbRBIAR: T2 S oS ARhilih drfesAHRERE, oGRIRKER] Bhto

mechani cal pdrasbhek ofanduhanicalirbi &alvb Prdsthedewhet doniparal with bioprastiests. f et | me
equi val ent to approximately 380 - 600 mllion cycles (i. e., the equiyval ent
of about 15 year sHOWeYss; jological xeplacerpentyialves puliisrieam problans Wpadsslinisat he
geonetri cal Ls | Ve | 20 cal G ristics
of the mat erié@l%}slglﬁbseglf? Jl?%cagﬁ, g@ﬁ%?ggﬁ{a'%lgggvzﬁq\t\}g' ﬂg@ggﬁ?{ F@ qtfgpﬁ‘lﬁ%ﬁ?’lgze

| eakage i s a$lwe. iBypouscafthe progicsgie dppertoratidrnyofddogpsthess,tbeyusitgnt reed anbe
(backward fl ow of bl ood trl{gough t he val ve during operation, and otherw se
known<8s dyn%Riaced wiaeay)addHipnal major sygelage (any flow through the val ve in

the fully cl osed | : V, I I : of
regurgitation is g?%ngg@?b%%%%{étibﬁelﬁ% %@ngng‘?aﬁ%gga\éﬁﬁ%ﬁgﬁ}e?ﬁ%@gch cycl e,
and is 1 S oprosthetiohenrt wAhercoacqras theriead hss (presspreabopletssariated with tlon t he sane

1% (1 Saing A RS b e e Bt S Bl el 5y o
| eakage cl ea&%}mmeﬁ fh wﬁdaﬁiorn_apae%ggglg,rs%ﬁl& HRAd 1438 i aavitabliifdebt isShRdréid to

| eakage, on the other hand, 1s typically caused by the inperfect mechani cal
seal i 3§ of tthe rgdvotiohit the effadtive ontfien afepof theapechaniealgprosthetic IkArtiBatvewse
static | eakage al sp causes the pheart, nysc] e Jo.work.harder, it nust.be
Caken i nto. COMURISE BRBRE: VNYoRe 1HE YOG ST Bra Rk b s
prosthetic Nhgag {niedliy SonvERGoral19 SedireBBSNRRLi S Rkal RAbH bR theGROGhAR VaRleveS has
not been taken into account in"the design of conventional ‘nmechanical val ve
prost heses. Whthe thiblness ofth2 vaivatheusiog,@sd by tiee Miagesevinels emabde thevalvetshe

natural aortjc V%lgﬁe is already nore than ,90% cl osed. ‘%n ontrast(Sf

convent i onal #RS Flshio mays et WpEsannea and closehpositione ARQHRSTRORIT Ot erpst
fully open. Fromthis alnost fully open position, conventional mechani cal
val ve leaflets abruptly close with the large anount of regurgitation. In an
aortic position, this occurs at the very beginning of the diastole, and in
the mtral """~ ~'a~. ~~r Cc~,~~ -4 position, this occurs even nore
abruptly at the very beginning of the systole. In conventional nechani cal

| eaf l ets, the nmean closing velocity of sone portions of the |leaflets (at 70
beats per mnute) is on the order of 1.2-1.5 m sec, whereas the highest
closing velocity in a natural valve is 0.60 nisec. Rapid angul ar cl osing
speeds create




5 cavitation in mechanical prosthetic heart valves. This high cl%iqu s@gfd
increases the intensity of the inpact of the l|eaflets upon clos r“&ﬁhi

t hus, generates sufficiently |large acoustical vibrations to cause

di sconfort in the patient, damage the bl ood (enbolisns), and generates

m cro-bubble formations in the bl ood whicfi may be detected by a
transcrani al doppler (HHTS - H gh Intensity Transcranial Signals). 10 Thus,
conventional mechani cal heart val ves suffer from several disadvantages.
First, conventional nechanical heart valves fail to provide optinmal blood

fl ow charact geadlob£s dublexthe peOmyRRIdiPRISiNBE RNaGR s RNtV RENREtoRthe OW
bl ood to stagnate behind the valve leaflets, thus creating the possibility

of bl ood cl ottfownef tilepd hose | ocati ons. Al so, conventional nechanical heart

val ves may not prqvide optinum 15 . openi nd closing ti.nes (e.g., tines
whi oh_proper 'y ot ane R R i iRaney  GE Progr e shE Set b RT possi bl e, i n
the past, 10 b{pRssAtdes dhlasilfty AVn6hRE 8cHstiekdtionGs tRf dedighahd hthuiti¥€ofpren

usi ng a nmechani cal prosthesis. Thus, with the use of conventi onal

mechaniscal hezchanredl pessthetinbedrt valivec Adeerheniazidprevibtisdgeritvalvoshedldt y may be
directly or indirectly linked t.o the valye prosthesis ordi.ngly,
there 1% a ndBopSredmerrioLifinaran i Rubprovarel - FEERGER:  on
into a pati ?@&cl%_ hRr Quivaest biadoRy eslyédrOW CRAGARBE Blel riddhaRicalMifBiiMk ZeS

bl ood clotting behind the | eaflets, and provides nore natural opening and
cl osi ng behavélated tothe genmpRivalaiesipapf thevEalR Bwvelkasghemeghanical Rlearprteristias
invention is ?h{eect ed to%ﬁﬁtn i nproved nechani cal heart val ve for surgical

i npl ant at i on® 6“%6%%“1 whi ch substantially elimnates one or nore of

the prgpl ens or dicraduaB!tAg9sveauBity fb thittmieilokadé fs-also iportthd Izakapd -S An
obj ect of the present inventionis to ‘;()row de for "an inproved nechani cal
heart val ve womrerally ¢fimprises raghegitation trackward flovpef bleed thipighrthevalve derng

i nproved flow characteri,stics, Another object of t resent invention is
Lo provi de 1 SPEAToT B SUEHVES KntREk EpeRRt Eikedh Sl REERS G RV

i npl ant at i on thrbtigh the Rakvie @i theViilE BloBddhatitZoRy. IvRe BORRAtIb@I vERES, BhdABount
clotting behind the | eaflets. Another object of the present inventionis to

provide for a@hrdgHgitgtionlismtddsaini®e af theswlume af bleod 8owidwsingisech ¢Yste. prd 5 a
N
:0?2 \r/ ?SZS Fgg lh]ﬁgem'(lrigmltioh edyrlami@levRagePthuk BPIBISe3tat PAst aBb@ 9P AkaleE owithec h

order of several hundred L per day). Thus, dynamic leakage clearly puts undesirable

stress on the heart muscle. Static leakage, on the other hand, is typically caused by the

imperfect mechanical sealing of the prosthetic valve when its flaps are closed.

20 Because static leakage also causes the heart muscle to work harder, it must be taken
into consideration in the design and manufacture of a mechanical prosthetic heart
valve.

The closing mechanism of natural cardiac valves has not been taken into
account in the design of conventional mechanical valve prostheses. When the flow

25 rate across the valve becomes zero, the natural aortic valve is already more than 90%
closed. In contrast, conventional mechanical valve prostheses at that same time
remain almost fully open. From this almost fully open position, conventional

mechanical valve leaflets abruptly close with the large amount of regurgitation. In an

aortic position, this occurs at the very beginning of the diastole, and in the mitral



regurgitation and closure volune to thereby reduce the Vbrkloadzqnhpgeag
_heart. Additional features and advantages of the invention wll be "&dt L¥-
forth in the description which follows, and in part will be apparent from
the description, or may 1 s be |learned by practice of the invention. The
obj ectives and other advantages of the ipvention will be realized and
attained by the structure particularly pointed out in the witten
description and clains hereof as well as the appended draw ngs. To achi eve
t hese and ot her advantages and in accordance with the purpose of the

i nvention, agosaid0 ehieeccandevih dastk ¥oidBa ¢ hil the JerydRg RN RIERIf M/ sy8ivRO dinment
relates 20 to a rotatable leaflet for a prosfﬁetlc heart val ve whi ch

i ncl udes a nednveiomal macheaidahlpafletadhemeamdlosingiveionigy eispenespartionsesf thaind

nerer o neeRer U P R0 PRER TR o 8 ch B L T2 A bk BB hae
| eadi ng edgeciguhé 208citPintdWarhhPydivd'g Oﬁﬂ)%(séwlf{éjﬁﬁ aﬁ@@si&é‘ﬁ%&dsﬁ&éé’c@ce

general |y defines a convex curvature proximate the Teadi ng edge surface and
a 25 cbdncavecayitatiert ummeeqhanicalproshetivhenrt yalvien g Thid heghslosuacspecd mgrdasesshe and

d wingl t it i t f the |eafl.et
Fact it at 6 pinuERhb! GF e 07 bR et IR Slefistandy etneHirtendles
Anot her exenRi@l¢ogsieaIiiBRibnd B AhRdié@nork & HeHatignt! @ahdRtthd Bloo@n early

closing prosthetic heart valve including a main portion having |eading and
trailing ~{embolivms)-and govierat® raigepebuhhl¢ formationsrid thepleod whithgnayebe sur f aces

ting the | eadi d traili in the i
ST oce 09 netdearsr.f il Shoneaftgs ik REERy THERb M SBReblo s ur f ace
to theptrailing efgye ssveRGohalRéchdticalHERE vawsfsfaﬁer ﬂ@rﬂgé@érhlydi%fvhﬂt@gesa

convex curvature proximte the |eading edge surface and a concave 5
curvat ur e prBixstneoneentiomal ma¢hainivgl eadrfevatves fzibw. prévide optamal Weabfidwwi ngl et

portions are,situated pposite ends .of.the |leaflet to.facilitate

ot at i on of SHECHEiFL odn Py R LR Rnce] Seer AP b P St sl e ne
leafl et to rgdhitcetht Q¥REdeallct) A% drelfind the PasdTbilifl oftflolNSHiARh BHosdack flow
of blood through the heart valve. Yet a further exenplary enbodi ment

rel ates to nieedinmscAlsgconsientional meshanical bearhyalves mapenatarerdds pptimwnng an

annul housj ng. havi,ng. an i nner circunf.erential, surface an | east _\one
earl 80 d o poRBirieatsile BTG i ER Blaery SRE I Cuf PR Bimif Bkebab o
of rotation hahyefbeahpORble, IO HHelgadiNtd Rpducdthb fRACHaRR tdrisAYY dH W@l t he
heart valve and a closed position in which blood is prevented fromfl ow ng
t hr ough the Yadet whempsieg a meehaniead prasthiepis) es withrthe usepfroonwentioadl ng | eadi ng
and trailing . 15 surfaces and. i.nner and, outer surf S._connegct i t he
eadi ng and PrarrAp el e Rt MO SRR ReeRb oY nBS kY,
defines a cosnadireili\iked & the @ave peostieeidi ng edge surface to the trailing
edge surface and the quter surface cgener ally defines a convex curvature

proxi #t e the | eafirsnydivglyethers is adsed iy ap impiayad ecehanjead heat pvkfdrat e t he

trailing edg | . 1 | : i ted on
opposite end@l%éﬁt%tﬂ@quogﬁa;t{enf{éﬂpggﬁ\?@ea%ﬂéﬁ%\%gt@g{ﬁﬂg? &'?eﬁg{lﬁségﬁ Pgﬂtu.%gin ot her
exenpl ary enblodd olettingrtehiridethe teaflats padhpovided merrmayirall (pehing apd okisingt | ¢ heart
val ve, the valve including an annul ar housi ng having an inner

ci rcunf erentP&RVi®r f ace and at | east one leaflet disposed adjacent to the
inner circunferential surface and capabl e of rotation between an open
position in which 25 blood can flow through the heart valve and a cl osed
posi t2én in which blood is pSEMMARY ORLTHE IMVENTIONUgh the heart val ve.
The leafl et has closure neans for causjng the leaflet to rotate tqQward a

cl osed position ppresrdinglysthsdiresens @yensionys diresied o o9 IBHEVER MRfsgRNiIEHdeHE ar t
val ve.

valve for surgical implantation into a patient which substantially eliminates one or

more of the problems or disadvantages found in the prior art.



Z ~ i~a~~J e~~~.~ A further exenplary enbodinent relates to a mechani cal
_prosthetic heart valve including an annul ar housi ng having an ih8ek5Y co.2
circunferential surface and at | east one | eaflet disposed adjacent to the
inner circunferential surface and capable of rotation between an open
position in which blood can flow through_4.he heart valve and a 5 cl osed
position in which blood is prevented fromflow ng through the heart val ve.
The |l eafl et includes a nmain portion having | eading and trailing edge
surfaces and inner and outer surfaces connecting the leading and trailing
edge surfaces, andnfdbjéc ofihd pseseniidvetitidglieto mevide inSpuile@ndRadpR0Si t e
ends of the leaflet to facilitate rotation of the leaflet, and first and
second | eaf | Bearpyalye fossyngiqaliineplantatagn b @ patiepopbichtrsovidesimpseveddldw r st and
second wi ngl eltés‘,él N e§pecti vely, to facilitate rotation of the at |east one
| eaf | et bet wS&HTHE SPen and cl osed positions. Each of the first and second
l'eaf | et pivot strugbtHef sbieBdfbtesrestht invehoH BROpRVIdIDr BXIgRELAD from the
inner circunferential surface of the housing and adapted to contact one of
the wi gl et pechaniesd heart valee tapenrgioatiimplantetionintd 2 pasient whick mindhigss g
proj ection extendi fromthe inner, 15 cjircunferential surface of the
housi ng and Bﬁtﬁﬁ?‘gggﬂ}o %]ﬁlf’g&g b(?ﬁg’ddﬁc {eﬁgetﬁﬁ ngl et portions in the closed
posi tion, whereinandghes bBiS 1Y flefGt inRBn@diis & provilel BYaPRh:8¢éd on are
configured and spaced fromone another to increase flow velocity proxinmate
t he one of t Wechamesl bearpwalvé fomdmplaniatipn infor Petierd wdrigh myldemmnﬁcﬁﬁe-g,el ates
to a nechani cal Qrtosﬁ}hetic hegrf 20 bvgl ve including an annul ar housi ng
havi ng an i nHEFe B EUHPEP AP A S IESEY End def i ni ng at | east one opening
througly t he annul amofie¥ sbjeet of tiprdtent RASAIGNS to ?ﬂfvh@tfoﬂmm@d«adj acent to
r

the inner circunferential surface and capable of rotation between an open
posi tion in wechani¢sl beatt valve far dmplantatiog nte Reatied mhichaprowidaneduces osed

position in which blood,is prevented. fraom fl ow t hrough the heart val ve.
Bhe o5 1 eat 1 BiufePoRate sonlte REGRICHR sherrer i B ShE R RS o
portions situat ed AQ@itRRROEhfuEsQAE adPintddes of BBfihRintib wilkbe kdtifakeid @eat i on of

the |eaflet, wherein no portion of the at |east one leaflet is received
wi t hi n t he atescaption whichdpBewsngndin paywilbbaenparenb&omethn dessaipbporer ey t he

wi gt o por t PEfkahat B Ee bPloe ARERE P2 b BB e S84 B A Bb el oftRE "

relates to aifReiGwiRbe Ralized MdQAEhingd By Gt hRtiuée pRACIlaNRhdiBtedidiinBt Ve
i ncludi ng an annul ar housig{g@havi ng an I nner circunferential surface, and

at | east oneWrisgndescrigtion asdelaime hereaftas welltas éhq anpendeg) drawimger enti al surface
and capabl e of rotati ! I I.ch. I fl ow
t hrough the heart tpng]c @gvgﬁggggﬁ{él ngsgeergﬁg%lst?ﬁ 8#1 ?mnaéﬁgfd\c%ﬂé%ngg%pg Orsg\%/sgnt ed
from fl ow ngtielinvstgion] dseenitdidd andlbveadlyldeasclieay, be txdnmsihtyd@sbodimearnéljites| osur e
means for creating a tendency for the leaflet to rotate toward the cl osed
posi tiZ8n suckP & Frigtablp deaflebfor aprosthedighisary Nelve whichdnelydes pmpigrpariion haying
initiation o f r Vv LA .
exenpl ary en%egg?%ért}? In(ralgfn%teggé ?%?aggﬂeagﬁgﬂ}ega d glgtgllr%l/l-r %?‘Jf)ssc?)ﬁa&glrn gsﬂ{lﬂg?ﬁhgg heart
val ve, the vahdeailingledgt sugfaass, ahereirbthe hres surdach gendrgllypdefines arconvex

circunferential surface nd, at | east one_l eaf| et dispgsed jacent to the
i nner ci r cunfeVaws éPmsth‘T’ ﬁé@@géﬁ%e% %F‘bthﬁfra’rlwgéfi%F’}“g"é?\%éﬂ"eéwt%pen

i . . _
Posi (i on i1 Witk eaaaty e AU RH AR BROPAL ) FatBa Rt frbopants
val ve.25The | eaddag¢ cumaturedeexisnaté theemilivgt ddge omidoe xareifingbandr sesorfdowingleeat i ng a

tendency for the leaflet to rotate t rd the ¢l gsed position such that the
leaflet is sBBSIoRHEIuRGdonRROsiE ?5}48&?\{}?6&6%4?&9 Fretlitaie pBiRtBE ORI Ghitot

bl ood t hroug It is to be understood that both the general
description aag\glg?sr]gﬁédéntshe glg)s?sbl | ow ng detail ed description are exenplary
and expl anat ory ardottee exent imem veldies foua tdreable ol ko eardf- t he

d I Adhotitee e ethodi ¢lates foua tdatable Yqpiflanfol i - th

i nvention as cl ai ned. BRI EF SCRI PTC{&C]\I CF_THE,DRAW,NG? Ihe agcompanyi ng
drawi ngs whi Elpsme@TesRetgdsart valvpinslidiae & main pejEpn having leading and trailing



25 'under standi ng of the invention and constitute a part of this

.specification, illustrate enbodi ments of the invention and togethErrrqwt
the witten description, serve to explain the principles of the |nvent|on
In the draw ngs: I~ 1,!Ir ~Yn ~. S\.~ ~L~iv -9 Figure 1 is an el evated

I sonetric view of a preferred enbodi ment _@f a nmulti |eaflet nechanical

heart val ve according to the present invention with the leaflets in the
fully open position; Figure 2 is another elevated isonetric view of a
preferred enbodinent of a nufti-leaflet nechanical heart valve according to

the present iedyeqkfaddy, ¥hd nbhnd Sadr serrﬁces@oﬁrbcﬁﬂgﬂlenea%ﬁgtmtrfmggrécege?: i's
the el evated isometric view of Figure 2 in accordance with the present

i nventi on wi swrfades wlwmnelnemnner suhfecd ganiegallyldofneh pemivex ourvatBigfiem the i s t he

el evated i sonetric vi ew.of ordance wi,.th the 10 present
Cnvent on w ePRedee SitEe 1 i 1tk e BRSSPSR T & top
pl an view of dafifdsef @nvS0cRVRAM- fFBRinAad the léﬁ'dfﬂg'e'd 8alrfRk AR GRAALal heart

val ve according to the present ‘invention with e leaflets in the fully

open pdsiti onprvEiugepwxinits the tralingédee suifasw. dﬁrsaarrd@f:emdwmgéa’rmgmomente of a

fti-leaflet. 1 hani cal t di t
Wth the | eafled SHORSIT NPT RD BRI S0 SR NG o B pkhs [0SR B0 EoBHEp!
view of a pref&nd edn&rrmcroﬁwhr@ftheleaﬂ&ttbr&ﬁ@ftb\%rdrmS@aIpeehoh?ﬁbr toval ve
according to the present invention with the leaflets in the fully cl osed

posi tion; 20swstantiel Back Sloav eihloadhthpdugh the beariofalve. pref erred enbodi ment of a
rruftr-leaflet nmec al. heart valv or.di,n oth sen i on
Wh the T eafl ots tehe fthef ERFpERITRERRT CHAGE S Mot bd PR EER on
view ofg a prehre/ge vavh B arPémfﬁld?ll'rBhémé ﬁ@«hh%%zm %@harvuﬁﬁtmheﬁrshrw@ ve

according to t he present invention with th | ets renoved
and at least one leaflet disposed adjacent to the inner circumferential surface and

capable of rotation between an open position in which blood can flow through the
heart valve and a closed position in which blood is prevented from flowing through
the heart valve. The leaflet includes a main portion having leading and trailing edge
15 surfaces and inner and outer surfaces connecting the leading and trailing edge
surfaces, wherein the inner surface generally defines a convex curvature from the
leading edge surface to the trailing edge surface and the outer surface generally
defines a convex curvature proximate the leading edge surface and a concave
curvature proximate the trailing edge surface. First and second winglet portions are
20 situated on opposite ends of the leaflet to facilitate rotation of the leaflet.

Another exemplary embodiment relates to a mechanical early-closing
prosthetic heart valve, the valve including an annular housing having an inner
circumferential surface and at least one leaflet disposed adjacent to the inner
circumferential surface and capable of rotation between an open position in which

25 blood can flow through the heart valve and a closed position in which blood is
prevented from flowing through the heart valve. The leaflet has closure means for
causing the leaflet to rotate toward a closed position prior to substantial back flow of

blood through the heart valve.



25°Figure 10 is a top plan view of a preferred enbodi ment of a
.mhufti-leaflet mechanical heart valve according to the present invention
with the leaflets renoved; Figure 11 is an isonetric view of @Epﬁéﬂehﬂéd
enbodi nent of a nufti-leaflet nmechanical heart val ve according to the
present invention with the |eaflets renoved, rt2-~-~r,.~~d~~2Z-10
Figure 12 is a partial cross-sectional isonetric view taken along |ine
12'-12" in Figure 11 of a preferred enbodi nent of a nulti-I|eaflet

mechani cal heart valve according to the present invention with the |leaflets

removed; Figure 13 fufthé exefpiarp B@bodintht fRlaadt t¥aetéchhnitdlProhistici@ativalie
preferred enbodi nent of a nmufti-|eaflet nechanical heart valve according to

the present ineluding ayannmlagbeesingihavingansinger cjiscamierential guidtcsrand @t kLA eaE nent

o oot ) moeltef Bl byhRallshe TREPOREM AT hrpGlord SFERLIH QIR e
enbodi ment opetdebead bfdn dddftion i WhidH Blbod &af i@ tHIBEIHAME Biddrt HA%E kndval ve

according to the present invention, Figure 16 is a front view of a
pref er fed enblosidasitionfin avhichllped isfpseveatedifram flowirg through dhgactavalteear t

I d n ' lon;:. Fi. 17...1 ' f
bref o ed_embBAIAGRGREE 1 B LB st pLetbd sl Rt it don

val ve accor damtbortér @bﬁc&rd@ﬁﬁé&ing veclehdifg andl®aiihg vl shefabds, anddRist i Vi ew of
a preferred enbodinment of a leaflet for a multi |eaflet nechanical heart

val ve accor dpesgnd wingiet portéansiituatad emppensite Endiafahalsafles ta facilifaisiraiation elv of a
Vet ve accor atRdeoend fafebf SeccRieRter BOhirbisersiioable i PRl EdER
sectiaoal Vi 68 ahd§dcbal® tingléts reget@velf) tb Sacaitste 96EtiSE6L the BtleastioBw]dadlken
along line 20'-20" in Figure 17 of the
between the open and closed positions. Each of the first and second leaflet pivot
structures includes an inflow projection extending from the inner circumferential
surface of the housing and adapted to contact one of the winglet portions in the open
and closed positions, and a closing projection extending from the inner
15 circumferential surface of the housing and adapted to contact one of the winglet
portions in the closed position, wherein the closing projection and the inflow
projection are configured and spaced from one another to increase flow velocity
proximate the one of the winglet portions.
Still another exemplary embodiment relates to a mechanical prosthetic heart
20 valve including an annular housing having an inner circumferential surface and
defining at least one opening through the annular housing, and at least one leaflet
disposed adjacent to the inner circumferential surface and capable of rotation between
an open position in which blood can flow through the heart valve and a closed
position in which blood is prevented from flowing through the heart valve. The
25 leaflet includes a main portion and first and second winglet portions situated on
opposite ends of the leaflet to facilitate rotation of the leaflet, wherein no portion of
the at least one leaflet is received within the at least one opening during rotation

between the open and the closed position to provide for increased blood flow

proximate to one of the winglet portions.



profile of a preferred enbodinent of a leaflet for a nufti-Ileaflet

_mechani cal heart valve according to the present invention; Fig S;.,_Z_'!,lnkes.) a
cross-sectional view taken along line 21'-21'" in Figure 5 of Ltgr) efletied
enbodi nent of a nufti-leaflet mechanical heart val ve according to the 25
present invention with the leaflets in thg fully open position; Figure 22
is a cross-sectional view taken along line 22'-22'" in Figure 6 of a
preferred enbodi nent of a mufti-Ileaflet nechanical heart valve according to
the present invention with only one of the leaflets which shown in the
fully closed posi Stiflf; furthdrlexémplary emBodimiéat retates;to a mechdnibdl @UAE cB3ingS an

enl arged cross-sectional view taken along line 21'-21' in Figure 5 of a
preferred enbttheiabeast valvenille valyeiariudingrinsinaniar housingdravinggnianeiccor ding t o
the present invention with the . leaflets,r ed: Figure 24.is a graphical
Fepr bsont at i SRGRebu et 4 el ShE PR e C A BiisB At ey %

muf ti -1 eaf | etirolBafepdkiapdurfieasdid ae?hme oBERMidH Be@wech A peRHOSIEBH i WHRAL i on i N
the aortic position at three differing heart rates; Figure 25 is a

gr aphi dal r eploedenn Hpwahroygh thechepd vhlyerad eslased positier sy whigh blegdds ment of a

mufti-1leaflet nechanic heart val ve.according. t he present i.nvention in
the m tral pBEVERERoa bnves tyopguiR BeRLaRe " Fae RenOGaBUE B gt e RBTs 1"
Cross-sect i Offlnd/fofbretiting h fndémeyfbOhe Seaflbt Wbl oWatbihe dIRAEd Boi&f fiched
enbodi ment of a sewing ring for a nufti-leaflet mechanical heart valve
accor di ng t othahthegeaflet kst subsiertially shosedprion torthe gL bark BFw PHBlOPREFERRED
EVMBODI MVENTS SORth%E%n%g vi,ivll now be made in detail to the preferred
enbodi nents of Cthe pr% W¥nvention, exanpl es of which are illustrated in
t he aci@onpanyi ng o &l Bgemplas/ eneholiabiR relaied td & mechAiaous eaty-closivigbiithetic
isonetric view of a preferred enbodi nent of a nmufti-|eaflet mechani cal
heart val ve Aedbydyhdhe wlvyhiackdimgananpwaeheysing having anHangresepmfasentigl ¢ he
fully open pQsition s fil r . h 0 As
Qlijfe%.gie a3 i%a@f%ne%a eg df\sﬁgsefllag{‘%% tﬁﬂ%}lnﬁ%}%ﬁcﬁﬁfetr%lﬁﬁ&/% ’ia((j‘%

illustrated in"Hyure € nuftr-rea chanical’ hear

gener al |y i nghdigigabRbf astatibrabetveetbaepehGositiod ifi Mhashahb&l dmaidvettzodghQhé as
used herein, the termannular is taken to enconpass any conti nuous

surface). Théeabydyhepdipgosadaiosidien in which bleed iswresented feagnflewing thegugh
f ] i | b . 1 . h B . |
surads i s Medisle e TR anBEi R SRS wih BBl SR EHEL GRS 1

housi ng 105 kadeddyrfecthe deufiRvV® ooitd fotvasd tht elasd pbditi@esuchniaxhglesflétans 120
around its top surface, as well as six openings therein (called w ndows
herein) 125 &vrstantially elppadhprinr 6p thetinisigdon afbac efhlpod theoyghithghpart
projections l30.extend fromthe inner circunferential surface of the
housing 105 into the blood flow path F. p.r,srn~" L g ds ~ Lout -12
Housi ng 105 rmay b#& isanisd undetsesbdahatebogh the@ietlerhl desonmftin dboee,rmtielid al .  For
exanpl e, housing .105 nay, be ¢opstructed from any bi oconpatible tallic
mat eriZ) ,  suéHloydng Astared descrptionare expreRleend guplapateryAng pre m&m@ﬁ@ 105 nay

2l 50 De_ oS biide ks ABlankiéH o bt AFRARGH A nigani © material such as.
BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings which are included to provide a further
25 understanding of the invention and constitute a part of this specification, illustrate
embodiments of the invention and together with the written description, serve to

explain the principles of the invention. In the drawings:



5 pyrolytic carbon. Furthernore, housing 105 may be constructed from any
_bi oconpatible polyneric material, such as a bioconpatible plasti@ Jvgiarial2
In the preferred enbodi ment, housing 105 is machined froma solid netallic
rod. Like housing 105, the leaflets 110 may be constructed of any rigid
bi oconpati ble material (netallic, organi@,. or polyneric). In the preferred
10 enbodinent, leaflets 110 are preferably fabricated frompyrolytic
carbon. The leaflets 110 of the preferred enbodi mrent have two conpl ex
curved, non-parallel surfaces. Figure 2 shows an el evated isonetric view of
a preferred enbodpigeitl Qfn @1Vl isdnfafid GlewBIGNANRBA eliB8dimeHBdMLmAREOr di Ng
to the present invention wwth the leaflets 110 rotated to an open position.
Fi gure 2 al sleaftas meecbandeal hgarit value aecatrding tdthe pessntrioesntioe voth the lepflaty il 05
which facili aﬁg? rotation of and retains |eaflets 110. Each leaflet 110
has two wi ngiP&tEDRELPINYPBY portions at the ends of each of the |eaflets)
with a main portlnguﬁlﬁi@%@memg\va%@i%m&ﬁc VWWBF £hRfeIRA enfsdldirRéhtiofh| ow
projections 130 (at | east when the leaflets are in the closed position). In
addi ti dn t o mhli-kaftetimdchanicgrhepr vaivenscording ththepiresgntlioBergios ovittathet hr ee

cl osing projec itons 200 si.>tc wi ngl et guide 20 paths 210, and six w ngl et
gui de arcs 2T8ICUTHEAN PERPFUBN, of structure of the heart valve of the

preferred embodi nEghreWis ¢k S188MdRotmbBicveal beFgudindeordhceWitpihet s 205
wi thin the housing 105 may be informatively compared to the structure

descri bed i npresest inPeantéon with thededfk3s @1tBe filliyathosed positompor at ed by reference
herein. As shown i.n Figure w ndows 125 coppnuni cate with the blood flow
through the  hear (HEUVES forfiowttd SoEErB AL G ENEERE Ab SS0Hma ULt Wndows 125
al | owibhl 0od {r@sehnt BWeREIOSTRh tHREeAREKIn pdria1RE pBkiBor05 and substantially
wash the leaflet pivot region in both the open and closed positions. This
washi ng hel ps to ﬁgwtﬂ1;3artep.inlaevnﬁvooﬂapme&gwdteintmdbmntnﬂaméuwmﬂgt ets 205,

and thus reduces the |ikelihood.of formation.of a |lo I cl.ot .or
Chronbus | n e eniedhest ViR MY N AluSkaitn ViR IdRERS RuBTos ray
be nmade any @bﬂ%@siﬁaﬂ; size which allows for appropriate structural rigidity
in the housing 105 and optinum washing fl ow through the wi ndows and into

the | eafl et pivotFigegits atopplaneiqy ef @preéuredrepdwidimeent of aimdieafleps ar e

triangel ar in_shape . 5 Al though ,housi,ng 105 may be in_Aany. anpnglar
shape *the nOESRAREE B PSS e R VRS T B By aRL S ons
115 and t hr edog@peésiioporti ons 120 around the top surface of its
circunference, i._e., a scalloped arrangenent. These concave portions 115
and convex porti ofigureois glbgitom plaeview ofadireferred ﬁm@odlﬁ@nsqﬁagmégn-leaﬂet

i npl antatio V; r esl s, i i | opl.ant ati an, e i .ng
(see Figur e%géhféﬁglf lgera Hev%gi\}rlfpal (é%dlilh%qgtt ]]t%JaIgcrﬁ%gt lno% ?tﬂoél \glltﬂl'!tl glr% l(e:ﬁ?ﬂre(%:sul\#ftg‘?gdr’%fge of
housi ng | 05.cldded positigeon then stitches through the tissue and through the

sew ng@ring to attach the valve in jts desired location. |[f the surgeon

i nadvéPt ent |y pl akigyredhis adottapyanvicwnr! aqireferpd smhpdimsat efremubulsaflel 105,
when the sti . ' : . Of [ j

the i spl acel apTicR eR ehackbrdltl 0 WFBRATER B o REHRIBAICHR o BlnyTCUe
portions 120opehipgsitiohjrere is little opportunity for a suture to be | ooped

over the convex portions 120 of the housing 105 and_thereby inpede the
openi ng and cl osi Hgus isadottenrplan viewiqf a prefgired embadimentola Byt ri ¢

view of a pr ]%QH i e [ﬁ?*{ b . i eﬁsex% | ve
accordi ng toﬁ%ﬁ{eah%glesengg? nve%l?rlﬁgnrg Wi IJF%@?{HI&’%? e{ sm?ﬂ{eg q e ﬁ?lv}{‘g} cl osed
posi t2eén to preveRgufl 1006 afiboplah Ricowugla prloteried @ibodimhene of Amudddasfiet housi ng
105 al so includes, six |eaflet capture projections 300 which help to_prevent

the | eaf| et smeat@nicabgagsialig aseardmg tp dheorretent inyentiorevith gheleatlats iegoved;
structures. The effectqiv L 0S| | . V, i et may
be defined by thgﬁgﬁ%rlc} 3 ﬁ%sl%zdel?lgca fqg’t&ia rel:ﬁegg%g@g?%ﬁéggﬁaoﬁgh#\%?@étt hat in
t he pref err etlechniibiedl heaftvalveheceddtigdo dlie @bsdneivesticn itb therledfetateinoved;ose to
an angle of about 30 to about 40 with respect to the inflow plane of the
housi ng 105. Wth the leaflets 110 in the closed position, the angle or
pyram d shape of the closed leaflets 110 al so channels the flow t hrough the
w ndows 125 of the val ve housing 105 which results in inproved washi ng by
bl ood fl ow across the back of the p,!~~! M1 1. Gss,~~ L~V~



-14 winglets 205 and conpl etely washes the | eaflet pivot region. Again,
~this washing helps to greatly reduce bl ood stagnation behind th emﬁngleﬁs

205, and thus reduces the likelihood of formation of a I|ocal blbod ¢l ot 6r
thronbus in this region. Figure 4 shows an el evated isonetric view of a
preferred enbodi ment of a 5 nufti-Ieafl ejgirechani cal heart val ve according
to the present invention with the leaflets rotated into a partially open
position (50% open - half way between the fully open position and the fully
cl osed position). In this position as well as any position in which the

leaflets 110 are BfgutecEsSis agﬁhlail BHds¥-s@RiBhal iR VeWakari1e8s1ihd1 €2 hacik
surface of the leaflets 110 and through the wi ndows 125 to corrRI etely wash
a

the | eaf| et Piguest111a@f aprgfeond embodiment ohenulibiealet médhgnigaldivariyalvel ps to
greatly reduce bl.ood stagnati.on bhehin h i.ngl ets.205, and thus reduces
the |ikeli ho%cc?%df“_’% @rtﬁa{’%swtweﬁ%wﬁ d _@8@&%?"6’?‘?"8?’ thronbus in this
region. Figure 5 pgufe 1R aRiéR-skétRINaPRlan FiedlsRhShoikink B frefdelian view of a
preferred enbodi ment of a nufti-leafl'et mechanical heart valve according to
t he présent aBbodimentdformultitlaafidiendcharfital heart malyéaccordihy toothepresenti t i on. As
shown, the open l eafl ets 110 di vide the blood flow through the val ve 100

into several TYF%9ct f1ow paths. Main flow path 500 extends al ong the

central axis of Ve 1U0Qa sifeiJi@w 0Bk BreférténpstidnfeR QT adéMlct Ririangatied by the
open leaflets 110. Note, as shown in Figs. | and 2, winglets 205 of
| eaf | et's 110leaBetrrcheringlihent vglve aoenrding teltheprasest inkentiongaf | ets 110 are in

the 20 open posit{on. Thus, .in this positio S d a n n position,
bl 00d 1 ovs { hr oulieuth s ipeted Tl e e frhSaims Aol aPRiRAT S '
regiong redugiuipleahe: emhahiohl ichit vafve ata@iiak t®thePresehOiadetpagul ation in this
G £ er'i g oqui r chiEHISSLS FhdeohsHa: ofd RRETES ambedneILor bRaldopt BT od
iffering require , Te
enbodi nrent o t n.. effective anqgl f about. 75 to about 90 with
respect to tﬁ’gﬂ?tr{%c W‘%%gﬁgnggfvfﬁ%cﬁ%lggs%{g%leféﬁen H‘éené]PPECti ve openi ng angl e
of the conpl ex curiett 1EihIeH vigayofiepredRired eslbbdintciEotdREHetdbr 4 Amiltl-eaf et in
its mddle section. This opening angle, coupled with the unique contour of
the | eaf| et sleafietangchanicsldears valvameearding sutbearesent isventioar to the natural
bressate 2L ooHgue fY S eBigin ek dr B ol TREFGURREN B o 0RRL B B
when conpar eltafiétieciasitaldRan alve QBIrdinR chtRipgakntigdetionpl ves. Figure 6 is a
top plan view and Figure 7 is a bottom plan view of a preferred enbodi ment
of a nufti-| eaf| eFigHicihisiadep pise xiaw oka pefesied sriodinens of pdeafelon amudti-

i nvention w L I Lt an. . .. Jn the
preferred en%g%%thn]genc{h%%tgﬁgfeﬁggﬁ ]]v%,? gcof{%bb)é? g‘se %?%ﬁgﬂﬁiﬁf@%@%@%ﬁ pat hs
500 and 505 crespectionadiewshioolededls, i n sone instances, it nmay be desirable

to leaye a small gap between the |eaflets in the closed position. |t has
been dscovered thigtreirgicrosgaectional Yiewdakeaaang linsr20mPHor Figuse 1 €of ®akage,
tends to i nprove eféﬁfe{j UBBAE SNt Of £ 3R AGHES hﬁx‘it&fe%ﬂe@mgchanfc%% s the
harnful effects o avi tation y 1ncreasing the cavitation threshold) at
t he traili ngvaw iaoslingio thberdseafihentosturi ng cl osing. This small gap need

not be continuous_or constant along the intersection of the leaflets 110.
It may be a gap WhiBEFF 71siS@icasssecionghyeydp é*ioqgalblg b3P2tvie T pate 110 and
get progressj Lahd HPUS) : b S not ed
Phat o very B L e R e R B CRing R (P pe i s
shown 2bn t hepriesgnt ienticduwith chenteafldtsiint the fully) opekipgsition;9 i s a bottom pl an vi ew
and Figure 10 is g top, plan view of preferred enbadi nent _of a
mufti-leaflet mech#Hl lsﬁéaﬁ)sts-ss%ﬂ%f&ew?lsﬁnﬁgmgﬁlr{e@-gfégEr&ur? kAt i on
with the le i i i re on 20
housi ng 105 efef:rﬁd?e é‘%°?.ﬁ‘?a‘§¥§§a#“ mé??a@ﬁg%% &ghghﬁ%ﬁg\%l %acg Idﬁg;t%lti%. As
shown, this piesent inveatiomwithdal aieofithf leafletpvhjoachownsn tadnlly bloesl cl osi ng
proj ections 200, six wi nglet guide paths 210, six |leaflet capture

proj ections B¥MOMnd six winglet guide arcs 215. Figure 11 is an isonetric
view of a preferred enbodi nent of a nufti-leaflet 25 nmechani cal heart valve
according to the present invention with the |eaflets renmoved. As shown,
each wi ndow 125 is placed just above a wi nglet guide path 210, the w ngl et
gui de path 210 being defined between an inflow projection 130 and a cl osing
projection 200. Also shown in this figure is the sewing ring receiving
portion 1100 of housing 105. Although in the preferred enbodi nent sew ng
ring receiving portion Ar~f 1V E-~"uF ~ L4i UL



-16 1100 is an extended part of housing 105, other sewing ring attachnent
~arrangenents could be considered. Figure 12 is a partial cros%ésec%voHpb
i sometric view taken along line 12'-12' in Figure 11 of a pref®erréd ve

enbodi nent of a nufti-|eaflet mechanical heart valve 5 according to the
present invention with the leaflets renoyed. As illustrated, inflow
projection 130 includes a non-uniformsurface portion 1205. | has been

di scovered through testing that additional wear resistance may be achieved
through the use of this non-uniform asymretrical surface on one side of
the inflow project d@“" ABQ A%enldrodiBdrES-tbtidhav Rk S B Aline S€2G1iRTFiaKE f ace
on each leaflet 110 (provides for surface 10 interface contact rather than
poi nt i nt er f Ao apmftmet mbddiganteof B3nulti-leaftat oxshaecdl hearaivalpe ascovdieguothe t he
housi ng 105 of a preferr of a nmufti-Ileaflet nmechanical heart

nt
val ve accor dpﬁderitdn‘feﬁgo‘b?”é@éﬁbpeﬁh?féﬁet‘?%vr‘?d Al t hough differing cross-sections
coul d be consi der Fféuré M is*h%r%}ﬁ&ﬁ "réﬁé’seﬁ{éﬂeﬂ biEe gyerf@rrﬁé}{w QF QipRderiRE Z| €
cross-section is utilized hown, housi ng 10 15 the preferred
embodi dent i nmbgdimﬁnt@frwmugl legﬂ@emqhomcalz}@ertarglvmb¢orémg$@vher;gesenhg

t 1 th f d enbodi ment
Conver gos. | nivEi BvnererBe BpSHOR Rk e A28 Fow Separ ation and
turbul ence on therjdutd 9949 gispfgéalfréﬁegéﬁiaﬁsnepfﬂerwrfaﬁﬁmre@f%%ﬁw ough the

open val ve. The convergi ng nozzle al so reduces the pressure drop or
pressure gradmnbodiment @@smuheleaﬁet\mecdhanmigaehﬂwah/bdc@ﬁdmgm\ﬂhemrwgh t he open

val ve when conpared. to oth heart yal v h have a ,rather abrupt or

bl unt shape HHPPWE’ 'i“ﬁg?BWr |p8§1t18f‘a{%é arfﬁffgli‘% fHAES: e housing of the
pref erfped embodi rrﬁr%tur@@élslanﬁrcﬂ;é@@e&mﬁw BORERG L b stgusesz ﬁwﬂlcmlmuﬂa?e@%
pressure or energy losses and flow separation through the open val ve.

Fi gure 14 |sp@f@r@eemboeiwn@ft@apmmwmfoemommmt mﬁclatnicehhdaettvamo for a
mul ti 25 | eafl et nical | eartt val ve according to the present invention.
The pr ef erreaccé’ﬁ%B%ll @ﬁ#’re&?” tREM8Y%f | et 110 according to the present

invention includes a winglet 205 at each side of the main portion of the
| eafl et 110. Fi%l;ée 15 is an isonetric view of a preferred enbodi rent of a

leaf l et 110 for REFMEEDIRESCRIPFEQNLF JHE PREKE ENBROPIMINTD the

present. i nvention he mai ortiaon es, inner flow surfac ~~
s, T o™ o0 Refsiehel il sk Raae A T 18 P fiPR el s o B P BES e T ang
traili ng edg @resetitfidetidd kRampPres BB MhichnRs i1RRONEd i ﬁh@fab&imﬁal@m gdwigles t wo
wi ngl et seating portions 1500 which mate with inflow pro ectlons 130. As

depi cted in Fhr exampleFégure dishews arbwewed semetrigogdeyof a@ ereqd embppdimertcicave
| | i d
along a line F%ghﬁ-ggdrqég{n%%%ﬁgghéa@?va e{‘ § Zt%§h%§repénﬁ &%ﬁﬁ%ear RESTErre

enbodi nent o ani ca valve

accordi ng t oldafletspi efecflly bparepdsitivn soahammmnﬂdwmmiglhahehwwwme (because
three |eaflets are utilized), other shapes and nunbers of |eaflets nay be

utiliZ9d without déphystiateg in Figure hethe &tsmrl@ﬂe's@ie@haplcek heaplevahreckint
| nventi on. ggﬁg %lyllgclluae n]c 40k a Ylbl? r%aﬂ{él roflaz bleS ]fegﬂét? a%\ﬁ’si(ﬁfgeq?lﬁ' gure

18 is a bott View of a pre ery e of a

nuf ti - | eaf | ethe e amiuialis Bkas to éh%bﬁ?aﬁ%?fcdhﬁkﬁmh@sﬁr@epfﬁseeﬁmsinlgvmstI on. As
shown in these figures, wnglets 205 include w nglet outer surface 1600 and
wi ngl et i nneinciugdes mner amteWWM¢remléurfws,faadetaﬂs@belpw (ehused icredibe t hat

oS Tr o L e e Hifhif el aRe isRAC ncke aSufiER) SRk bilabiHiEE 15,

bet weers wi ng'sﬁip%? 2080 hdusHig 195 13s HedcdneBvaibotions BIE i threp t6d vk pRetions
enbodi nent of a leaflet 110 for a nmufti-|eafl et nechani cal heart val ve

accordi ng t o12Harquné s tap sumfaemas ovellaistshx anenimgs dierdin f¢atigd viedesvssegsinbnal

views includ e se tion.c how the.ch 0SS
sectton of |t NS rersari BuEtoRs Y. Jow 4 SRt Rgi R AR o0 20
mechani cal h%?erlhnaaéleéﬁm%&&ra@'smgac%fm%d%ﬁgqns ihtd YIRBIbed AibwaiceNt er | i ne
A-A to just short of winglet ) can be seen, section A-A shows a cut

of varying thicknesses and contours, and section G C near the w nglet 205
shows a cut with a lesser variation in thickness and | ess pronounced
contours. Section B-B shows an internediate cut exenplifying the transition
between A-A and C-C. Preferably, the leaflet is 25 synmetric about section
A-A. Figure 20 is a cross-sectional view taken along line 20'-20" in Figure
17 of the profile of a preferred enbodinent of a |leaflet 110 for a
mufti-|eafl et mechanical heart valve according to the present invention. As
shown, inner flow surface 1400 has a convex curvature from | eadi ng edge
surface 1410 to trailing edge surface 1415. Quter



iV~="~ L~vZ -18 flow surface 1405 has an S-shaped curvature from | eadi ng
_edge surface 1410 to trailing edge surface 1415. Quter flow surf pcg; 14052
has a convex curvature 2005 proxi nate the | eadi ng edge surface 1410.
Furthernore, outer flow surface 1405 has a concave curvature 2010 proxi mate
the trailing edge surface 1415. 5 The sh@pe of the preferred enbodi ment of
the leaflets 110 mnimzes flow separation in the open position and
enhances early closure of the leaflets. As will be appreciated by one
skilled in the art of fluid nmechanics, the shape of the leaflet 110 affects
the pressure di stypliiid pU5 Q4 be b&rﬁtﬁa@aa%faﬁgia@%cah@ﬁqbléln?ae@da@.vmthe
around it. As shown in Figure 20, leaflet I10 according to the present

i nvent i on hasxaaplel Goagipg 85 may be vonstruaied fionoanyabidbsonapatihld roetatlicanatstidywn  at
2000. Thus, during operation the pressure distribution over, the |eaflet
will affect $U4B35 amnaﬁamck%ﬂaw@y, #hd ttanivmeHonsine 105qBaX,4159 o pi vot axi's
2000. G ven i I a di fferences
bet ween t he é@g%r?égédgﬁﬁﬁgygpgggﬁ%ﬂy8%51?%&%%%5?&1{%Sbvﬁﬁ s%lpj?r%ig%e Pl and the
outer Bl ow spyrblgtie cdrbooFantitbrimorey hewsing 109 way be edrisaocted fronr dnyal pi vot axi s
at a location shown_approxi mately at 2000, the leaflet 110 is caused to
tend towar dsblpeﬁnaﬁatl@fp RUYHers paisgial s4gh asgbiocamppatibis astigreatefials & Bi§t j al s

are oreated fue/iog cagkkds Hok6:S108R, Akt ¢ 584Sha pfione 11 ow

direction F. I"'urd mechiani cs~(1nc ng pressure gradi ents thereof
during flow) of anikahofising 165, ehevehfletk NDOMay be toiRs@ctel iof beyrigid the fluid
mechanics art. The early closure 20 of the mechanical heart val ve according
to a prefer r@acunpiglamaterial (metallip asgania, or polamerieh 1aithg prefeseds | ow F t hrough

posi 10n t e Taappes rge 37 ol eRRAR HpAchaPh e SR FBrpodl PROGAREL' ©

reverses, simdgefthé pretdtedfembodirhent avarwadomiplex aavéd, ol dattlel dufaeent her
aspect, the inner_and outer flow surfaces, 1400 and 1405, 25 respectively,

are advant ageous| §igues) theus agelayated atomairie viempofupistred egibedisenbef 4 he
leaflets th | f A hi d
R R R I B N R L

1410 are sublsifias L B0 totatad tareshenipobiion d Figted 2 8lso @foré tlesylyFillustratesrihe fl ow
separation and eddy formation (turbul ence) as blood f|]ow | eaves the
trailildg edg8rusture aeousing 105 which fanblitates setntien ef andgetaing leaflets a0 Earb - 19

accordance wi referred i nt ,of .the present Jnvention

oo s anosrfe dBREL R RiheRI 208 BRled BordoiS s BT af BYFREMRRAHRS cage
surface 1410wRh atkifn b&dboh Mispdddd therebEwash. anahBetoR05 &t 6 affloww plopietiofs t o
about 30 with respect to the flow direction. Thus, flow separation on both

t he i nner antBld@t lepstythendbeleaflata o inthe dawg positionls Jaaddiienyo thefsix mélomeaf | et
110 is mnin zed.. Accqrdi ngl | eaf] ets 110 of. the hani cal, heart
vatve' 100 acerinints G Phiie daiico 5R G PoiBetickts ARG IR SR
separ api on, @ik PIChAY sik WiAGSt ARSOHCAD P The IBafldt PYV ot Bir@UER offie: iRpAN val ve.
Figure 21 is a cross-sectional view taken along Iine 21'-21" in Fi %re 5 of

a preferred ehoef the ptefefedeenmbddimentevdficletetaesctha ddadlats 1H8and it avivgleta@®bdr di ng
to the 10 Nt .| ti ith t | eafl ets 11Q.in the ful
posi t on. P BiIPE (g 15 iy B il oo Rpti e e siigris doigRiein 05

W th the w nglepaghi N6, Pei1o1 @ RicARdindbipetaedd BlhcttPerte herefl. SAs Mo int hi s
figure shows that the distance between inflow'projections 130 and the

cl osi ng pr oj Biguitech windowict2Secnnusunicate ithishobldod flow thiough thedheartTalve 100 ngl et
gui de paths 210 .create n | e, effect to, direct blood flowthro i ndows
s 15850 s tdreints Spidandnb. bt adidaty HERAH: vib v S8iass o8 Bk b e
stagnation. {ri i - i hea\il i q-22' in
Pl aure 6 of B a2 e R R BpEAS ol e DT B0 e Oferrie ¢

val ve accor délogedtpositioas. pThkis evishing helps iogreatly redocd hloodstagfativh dehiedfiheet s 110
shown in the fully closed position. As,shovag, when i ? h]he cl oaeg) posi tion,
leafl et 110 Wingleds 2hb And Hius sedyseoihe dikeldhnod o dormptign @1 g keeak Ploet GiPt BF oj ect i on
200. As al so, tar e ;0 this figure, |eaflet capture projections 300
help to ret a"ih?\(lr{lﬂé{gsflflg{uggeﬁ&}'n housi ng 105. Figure 23 is an enl arged
cross-sectional view taken along line 21'-21" in Figure 5 of a preferred
enbodi ment of a nufti-leaflet nechanical heart valve according to the
present invention with the leaflets 110 renoved. Like Figure 21, this
figure shows 25 that the di stance between inflow projections 130 and the

cl osing projection 200 decreases in the blood flow direction due to the

wi deni ng shape of the projections 130, 200. Thus, w nglet guide paths 210
act as nozzles to direct blood flow through wi ndows 125. This nozzle
creates increased flow velocity into and around the w ndows 125 and w ngl et

- ~ A - — o r o o o o o o T o o



-20 and snoot hed scul pting of inflow projections 130 and the cI§§4q94 ana
projection 200 in the blood flow direction. These aerodynamc p d%ﬁ%@%‘ p
tolimt flow separation and eddy formation (turbul ence) as bl ood flows
across these elenents. Figures 24 and 25 are graphical representations of
the performance of a 5 preferred enbodi mgnt of a nmufti-leaflet mechanica
heart val ve according to the present invention in the aortic and nural
positions respectively at three differing heart rates (50, 70, and 120
beats per mnute). As shown in Figure 24 in the aortic position, the
preferred embodi megie 184t the Wildohws! 128fh Bt beTREdRAMNy GRAp B size MMV aRG0Ofodi NG T O
the present invention begin to close very early. I'n fact, as illustrated,

cl osur e begi apprpprsate Seucairalenigiditeinf the howsedk1 (eandf dptimwhe waklngflew throdigh he

pressure fiel.d reyerses). an he valve the |eaflets are supstantia

Pl oeed bef or HeHB YoM e LTt Tagioh i fhe are et RuBRIRERt S trea
natural aortigs yaky uﬁ?ﬁé]ﬁ?é]y closure tine is made possible by the flow
characteristics of the pre?e red val ve housing 105 as well as the preferred
| eaf | eSs 110 whi cAltheugh homsimpd5 chaysherreadedn aung enroflartshepe, thechomkingedet ry. 15
Thi s cl osing ggggvior differs dramatically fromthat of conventjonal

mechani cal vBieYETedeghoduagy haptireggoncaycaortignsid S and, thres e sagionsd¢hani cal
val ve prosth j ! rat t gh the
val ve. convertri ety Bl e e S R e "W th
convent i onal coreavspordans Vi and dohosd rederss 120 maygnipeciahrile poridg tha sofgidahe
closure (nmore than 90% 20 occurs during regurgitation (backward_flow) of

bl ood t hr oughnRlpaien olevalverpyothesis 10§ eDufing implantatine apewH)y ing(see BighEi | s a

| ar ge ;gnount ,of G ( Ltatl . T hi | d
closi%g unde%aﬁFg%&%§%§§%%%&§§%(VgggH%ﬁg%&%gg g%g gmﬁ%gg§b3§£éW%g§}rable
resul ts (caviHeatiiehes thitohgh tigkstid e s Rh thSidwang riag td ttach &gy valvalindise) . I n
contrast, the preferred enbodi nent of a nufti-Ileaflet nechanical heart

val ve 25 acceesifesépcation.nd thy sggon inadyerientlyplarseg one of morq fdbe ptitshesaf t er t he

flow peak (a r hel e t he
vai ve o 1 o rophd HeIRERRE AL Smdiite LERASET AU e e BHESThoRe (e
fl ow rever ses0q aill Molg the thigplacdd®itdhics tvdrédcpuhathoreis S rathetifhn - | eaf | et
mechani cal heart val ve according to the present invention begins to close

early land begnysx pertionsd20.v Ehys, Hieeis yittlEennetianity fs o seare & ke loopedover 4

~~~~ -21 are,al conpl | v...closed phi-or ,t,.0 the initjation of the high
oressure backRsPnve T oat of s Rihedos o o moic i o ngnd
mechani cal helgsihg vathégedReOIIM, Ng to the present invention reduces the

| i kel i hood of cavitation, H TS, blood trauma, and regurgitation. 5 O
course, it shoul dFisaraharelsy@ediisomatricview of @@@f@rrwmﬁmﬂ@@f@fmlﬁe pr esent

i nventi on COfélaﬁet%ec%?hi%&lth%Qgtvgl\)g%g%orgﬁ it5 Eﬁ% ﬁg%geﬁfiﬁb&tio?nﬁiﬂl @% 1&, ?531. red

cl osing percentage at zero flow velociey (Initration of backwards flow), or
ti m ngoof t heheifolly tlatddasdsitfonab prdvest BlOdEM bW throhitthe dse ehlve.0 A RRow®Xi mum
flom/velocitx. Preferabl e adjustments to the design could conprise

nodi fi cat i onhexsinghdSHlsofisrludes sie legletaaptuge projecorndl which &ekp to poeviest the f ect
the pressure; distributions al o t he i.nner ,and.outker flow surfaces 1400 and
1405 1 oapecltiary 8 Houtinf tRlY <mer e raR w e e O B o ro

rel ocat e theefféctivedlosivig\a@lcRPithy copiple&heurh &blfeh8ét. m#y Becddfiapd By tef choheoft eaf | et
to alter its center of nmass or its neutral point etc. The present invention

concei ves t hte leadlet iits middlesestion uNetebatip theanelerred embadimentudiaciondof 0 >
90% cl,gesed begf [ev e I e ELQUN B0 i

cr oss-zgect i Oﬁegﬁétg ilggﬁrseff%rﬁﬁ %?%SS?‘#%%“@* %ﬂlzéb\r/liﬁ#%: t|0 Ia})g@t@at%\gtsh rgs}%’rc I(aa}oép? ed
enbodi ment  ofnfRwsEwhd\er the RGusiMy 105, nuf ti -1 eaf | et mechani cal heart valve (in
the aortic position) according to the present invention. As shown, this
preferred sew ng Withythe deafletsddfeanl theeloded positien, the anglerpepyranid skpholthcng 105
at sewing 20 ring recejyi ortion 1100, As . illustrated J he .detail ed
descri pti on, c?ﬁ@g??ﬁ?%%g%gg%@ﬁﬁﬁﬂégfe %%F}FOW {178 “f"&cio‘?’srrﬁaga%tt ?V%W_:i nto a
patient in ag&EHAeyilich ReshREinhGRER wdgm@tufy%&m S 8Bk Sihk badll bfhoat es
one or nore of the problens or disadvantages found in the prior art. The
novel structure, as particularly pointed out in the witten description and
t he appended 25 drawi ngs hereof, provides a inproved nmechani cal heart val ve
for inplantation into a patient which provides inproved flow
characteristics, mnimzes blood clotting behind the | eaflets, and provides
nore natural opening and cl osing behavior. It will be apparent to those

skilled in the art that various nodifications and vari ati ons can be nade in
t he nechani cal heart valve for inplantation into a patient of



2 ~ ~~~E~ 2~~2 -22 the present invention w thout departing fromthe spirit
or scope of the invention. Thus, it is intended that the present @nﬁqvtﬁ&a
cover the nodifications and variations of this invention provide% t Hey ©6fe
wi thin the scope of the disclosure hereof and any equival ents of the
structures disclosed herein. -23 W clgiyn 1. Arotatable leaflet for a
prosthetic heart valve conprising: 2002 a main portion including |eading
and trailing edge surfaces, and inner and outer surfaces connecting the

| eadi ng and trailing edge surfaces, wherein the inner surface generally
defines a cony; I ' arf age,: iling
edge surfaceRﬁﬁgbﬁﬁggghg§§m%5%$%ggggéggggﬁgvﬁﬁg§fﬁ%@idggghegﬁhgﬁpggture
proxi mat e t hehelpsadigregtly eigincs bilobd srgaatibnebehimdahey wirglsty 205 ned dnsxedmeethehe
trailing edge _surface; and first and second w nglet, portiaqns situated on
opposi te enadiksiheaieofifarration of 3 legal PIOoR£As oF SEaRPENIGRISTREOR eaf | of . 2. The

rotatabl e |eafl et P‘?%urg |4%'}15f§l,vgra;|1 gf[%%t&il &oh%ﬁ‘%%ﬂ?ﬁgf é.ﬁ"j & é}ﬂﬁcfdgy‘éf?ﬂ MEX

curvature fromthe Tirst wng por ond W ng portion. 3.
The rotat abl entlddédfed nelhaliail fedrt valheiordihhe thebekers itifeadon hath the concave
curvature fromthe first mﬁngLei portion, to %he second wi nglet portion. 4.
The r ot at abl de3tEk¥o@tedinta:s partiplly open pesitign (3Pvaopem - haE way Serysen thsditlien t he

| nner and out g? @gﬁ{i&?ﬁ@ the f&iifé&%rd ﬁ@ﬁ%hﬂ%%its EsitiGAIL REN GI8S fasidAGR t han

t he di stance en t I nner an ter surfaces proximate tHe trailing

edge surf ace whiclhthehedflets 0l seabd ledst pasialy opén, bivold-flowseacroso s ek burfare 5.
The rotatable leaflet of claim4, wherein the leaflet is forned from

pyrol ytic carddhe leafletyhiD anc throughshe windows 135 tocampletely washribe eafletedivataf | et
is f df . RVAN . . | f i ,
o S o s e BN By U.

and the | eaditefindnkk Wirdldts D@5, add s tediresthe li&elitbodaifdbaittvnlofafidel bloed an
early-cl osing prosthetic heart valve conprising: a main portion including

| eadi ng and t9&ior firgmbugin thisregies, and i nner and outer surfaces connecting
e 2260 20 Ll S R TS

situated on opposit o faci erotatio

| eaf | et; and enlbodiment 0 apsulfi-deafleamscingidahbedrioa] veedccdrdingab ahepresanar d a
closedvgositLon prior to substantial backwards flow of blood through the

heart V&l ve. ioventing withthe leaflets intie fully gpenchositiong As,gherai theopen lepdetiddl neans
causee e B SRR AR AR U SRR B vhen @
flow path 500 extends along the central axis of valve 100, while outer flow paths 505
are delineated by the open leaflets 110. Note, as shown in Figs. 1 and 2, winglets 205
of leaflets 110 do not completely cover windows 125 when leaflets 110 are in the
20 open position. Thus, in this position, as well as any open position, blood flows
through windows 125 to completely wash the leaflet pivot region, reducing the
possibility of stagnation or blood coagulation in this region.
Although the opening angle of the leaflets 110 may be optimized for differing
requirements, the chord of the leaflets 110 of the preferred embodiment open to an
25 effective angle of about 75° to about 90° with respect to the inflow plane of the
housing 105. The effective opening angle of the complex curved leaflet may be
defined by the chord of the leaflet in its middle section. This opening angle, coupled

with the unique contour of the leaflets, provides for a central flow valve, similar to the

natural valves of the heart. This results in a reduced pressure gradient or pressure



2 ~ ~V~'J 20D2 -24 10. The rotatable leaflet of claim8, wherein the

cl osure neans conprises a configuration wherein the inner surface has a
convex curvature fromthe |eading edge surface to the trailing gdyg/ sui? ace
and the outer surface has a convex curvature proximte the |eadi ng edge
surface and a concave curvature proxi matgsthe trailing edge surface. 11.
The rotatable leaflet of claim10, wherein the closure neans further
conprises a configuration wherein the di stance between the inner and outer
surfaces is greater proximate the | eading edge surface than the di stance
bet ween t he ididiLicredddhOvdIE inSHe b sRIdXW e Rnipagediwidh hosGcopdagiondr f ace
such that the leaflet has an airfoil-like cross section. 12. The rotatable
| eaf | et of clmagchemical hgdivalves.t he i nner surface has a convex curvature from

the first winglet portion to the second..w ngl.et rtion. .13. .The totatable
eaf | et of ol i m Dok haf aldh HREVERGER TP 24Eh ABEOY PBnadY o ARART S 1 rom
the first w RefRHinKM bf & hullG 1Bt MBSRRaVhdAB RlveRRESRP to W pré&@t r ot at abl e

| eafl et of claim8 or 11, wherein the leaflet is formed frompyrolytic

carbon.5 15. Anvestibamiithahe [safiets ietheduliecosedyaisition. Asshowhyia thopysfareidng: an
annul ar housi ng having, an Lnner cjrcunferential syrface; d east one
earl ot d poBtadiirkdup o e CloRRHE Baifatmpuecher Brfs PP aedSana capant e
of rotation b@%@@%lﬁﬂi@@%rﬂﬁ%bﬁb%ﬁﬂ&g%rﬁ%@d@ﬁa@léﬁb feh O B G t he
heart val ve and a cl'osed position in which bl'ood is prevented fromflow ng

t hrough t he Hetweaenyhe leeflets inothe gosedpositionprli Basrhgen dispevenedibiat 2 small ganl, udi ng

| eadi ng and tr,ajling.edge surface and .i hner.and outer surfaces connecting
the | eading St SMTEST Bty SiEeKEes SiERITPPHES TR B TSIRIE e general Iy
defineg) a CoRMgMcter§ta! &f &rddued®d thé Rarhfalk fRgtsed dayitiiioh A6 Lincrabifg the ai | i ng
edge surface and the outer surface generally defines a convex curvature

proxi mat e t heaviggighnireshidd) as thef taiing sutfagecofitbealeaflets during elosipgoXhisesmall he

trailing edge surface; and.first and second . w.ngl et.portiopns,si ted on
opposi te endesBpesdiitbeppinionSor GEFIeRL S0BE Mbuatiar Brorhelradr il e e
nechani cal prRStiel k4 WREh is WRlkYSt He folidbdigPof WO REAES ltlbﬁndigélu' ar housi ng
conprises a nozzle shape along the inner circunferential surface. 17. The

mechani cal prroegressiviely teseovier vadially tovasisdhehaBing#dSr &i im npted thaipetery small
circu rential .surface i,ncl s i,nflo rpjections.to receive the |leaflet.
T8 “ThE mecnafFrial PpRGEr M IFHTTEaRY o thEF BheEARE B RERE TGRS | hner
surface of thgamfacheagl one leafl et has a convex curvature fromthe first
wi ngl et portion to the -25 second winglet portion. 2 0 N~~ 2002 19. The

mechani cal prost hdtigwe Réaa boterhpéanofiew land Kighs; [ Guisartep planhiéewof @ preferrddace of
the at | east one | eaf |

t has a.concave.curvature fromthe first w nglet
por t fon to. t HESHGR Ok AU BIART PEOKM bR nals it B8Rl 1€ hear:
val ve of cl aiif¥ehfion ¥8thahe 3fleié 20 férhodede THiSHARE ALRLAE R stri€tddier and
outer surfaces of the at |east one leaflet is greater

20 housing 105 which facilitates rotation of and retains leaflets 110. As shown, this
structure includes six inflow projections 130, three closing projections 200, six
winglet guide paths 210, six leaflet capture projections 300, and six winglet guide arcs
2185.

Figure 11 is an isometric view of a preferred embodiment of a multi-leaflet

25 mechanical heart valve according to the present invention with the leaflets removed.
As shown, each window 125 is placed just above a winglet guide path 210, the
winglet guide path 210 being defined between an inflow projection 130 and a closing

projection 200. Also shown in this figure is the sewing ring receiving portion 1100 of

housing 105. Although in the preferred embodiment sewing ring receiving portion



proxi mate the | eadi ng edge surface than the di stance between the inner and
outer surfaces proximate the trailing edge surface such that th(:? ,@th,,Jl‘ea;g;
one leaflet has an airfoil-like cross section. 21. The mechanicad < MY G2
prosthetic heart valve of claim15, further conprising at |east two
leaflets. 22. The mechanical prosthetic hegart valve of claim21, further
conprising at least three leaflets. 23. The nechani cal prosthetic heart

val ve of claim 15, wherein the valve housing is formed froma netallic
material. 24. The nechani cal prosthetic heart valve of claim 15, wherein

t he at | east . j . RYAN! r i i cal
earl y-cl osi nglqggégszﬁﬁ%{t%ehéaalﬁ? F\?]g)ﬂ%léé 9%2% lg/eglsé‘;édn orﬁ%r%?tgl&r{a%ﬁgﬁ&éﬁﬁ gsp
housi ng havi nguklrbeidonsideredr cunf erenti al surface; and at | east one |eafl et
di sposed adjacent to the inner circunferential surface and capable of
rotati on between dne¥pdA ippBartipkfrossrseqponahismetis iaw tahewlangrlbgdid -1 hén hear t

valve and a cﬂi@.fr?‘f ! gﬁ’\ﬁ/%}éf@ﬁ%& ‘f}g%@ £ Q98utiSe e KRihSfcd he Ufl%(“' ng

t hrough t he he conprising closure neans for causing

the | eaj!| et taacdrdingtte tHepwededt mventameditipdRilédilens emooed.t As Hlikghtadtinfibwback
fl ow of bl ood through the heart valve. 26, The nechani cal early-closing
prost heti c heueiection 139 ingludesh pamomnifopmeueipee paydor L8 rldhagbagsdisenysied t he

O L e ML

e val ve. € neciani ca

ear | y- cl osi nghoprsfolif! dsymeddidal varface o@foné kil Bf e, inflb@IpedjBetidhel 38taslivast one
| eafl et conprises: a main portion including |eadi ng and trailing edtge
surfaces, andndtphwith agemplementasy pgatiag suidanswacerty lpafletel 104 aeavides dercurfaed | i ng

edge surfaces; fi d cond .wi ngl et tions situated on opposite
ends of the é{lte 8%s Ongarsgéralﬁgpéfﬂfaétpot"g 1V¥I§10| G Ogﬁg{)'r otation of the leaflet. z

s ~a~ Z002 -26 28.Fidiiie 10BEHaMLEedcti6Rdl IpYantlios iofi theiodSInBa 05 of Apadtérredal ve of
claim 27, wherein the closure neans conprises a configuration wherein the
i nner sur f acenhodinent of a gutliieatlenmeehnpion] keartpl verascondsig toike pissait ng edge

surface to the tr.ailing e urface and the er suyface ner.al |

dof i nes a condesriaty (AParE s B8 Mtoh Suth b el BB PR concave
curvat ure pr@migsaigerdthecdnvaigingb2RALosseéREEs uBzed] N IVGHARLGalg 105 of
early-closing prosthetic heart valve of claim28, wherein the closure nmeans

f urt het5 conprthepesfesred enthiogiment inphuden epryienging section t120@ as well wesavingang nner

and outer surfaces of th ast _one fldet | reat.er.. proximat e t.he
eadi ng edge S BE BotRAd 1Phe TS haf 1B VB ot PR TR B aces
proxi mat e t hand flgildifReti G VS hafRiRy 6bwiRpdratibifarl dafdudncbas tRinflow
airfoil-like cross section. 30. A nechanical prosthetic heart valve

conpri sing: aideaiig wlvehdursigigryiardiflog troughiks orsnrvalnef dibersonvgrgingmpade: and
b Y N T A
t hrougho t he HRA¥ through the open valve when compared to other heart valves which have a rather

abrupt or blunt shape on the inflow side of the housing. Thus, the housing of the

preferred embodiment has improved flow characteristics and minimizes pressure or

energy losses and flow separation through the open valve.

Figure 14 is a side view of a preferred embodiment of a leaflet 110 for a multi-
25 leaflet mechanical heart valve according to the present invention. The preferred

embodiment of the leaflet 110 according to the present invention includes a winglet

205 at each side of the main portion of the leaflet 110. Figure 15 is an isometric view

of a preferred embodiment of a leaflet 110 for a multi-leaflet mechanical heart valve

according to the present invention. The main portion comprises inner flow surface



val ve and a cl osed position in which blood is prevented fromfl ow ng
through the heart valve, the at | east one |eaflet conprising a g@ Efioggj n
including leading and trailing edge surfaces, and inner and outér surfaces
connecting the leading and trailing edge surfaces, and first and second

wi ngl et portions situated on opposite endg.of the at |east one leaflet to
facilitate rotation of the at |east one leaflet; and first and second

| eaf | et pivot structures adapted to cooperate with the first and second

wi nglets, respectively, to facilitate rotation of the at |east one |eaflet
bet ween the qres AR WOARFCP 2504, | Qg RBE BurPice 1880, fanh Hailplpdge s@itsbe| €af | et
pi vot structures conprising: an inflow projection extending fromthe inner
ci rcunf er ent i14l5.s Wysfracreiontd abevehlzafetnld 0andudadapb ednglet scotm@paertionel W0 t he

wi ngl et portiqgns in one of the open cl osed posit.ians; and cl osi ng

Pt of ot on eXUBHTRG P HbCHGTPIRREs Dot EPHEL 105 Sepiee B1i6h HpWSURel ng
and adapt ed 1yges 81feafid: 1309 Binch{PabhdBNRL RBAAIREBetviclh HiSyiGpRRMSPOST LT N

wherein the closing projection and the I nflow projection aré configured and

spaced §rom one ardthoaph the preferredsmbddimentef oleafigt 100 dod amauki-lehBetone of t he

wi ngl et portions. ,31. The nechanij.cal prosthetic heart val ve of claim 30,
wher ei n each MGtRARI6R! BEdT ¥elve 8FFORLEE & e Pegser IRYSRIIGR dsfamavat Hiang Ak

surface of t i : C i i f j,nner
surface of tﬁga@gp\é/ueaaﬁeoﬂti}g%ﬁg ess%ggl Hgﬁ hééﬂ%isr SI%E \%n%'tn Eﬁl%érf .0%%E€r§rgnc ani cal
prost heti c héentilivad wghait depating Bom thbecaperor spicin of the prasgntinegngiohl on has a
first wwdth proxinmate the ipner ,surface of the gnnul ar_housing, and a
second wi dth di st APEUE St HEORNiGY: igyieddds afon Hewyand e dsSiihg bPEYs t han

the fiyst w qth. = T g?mﬂ_ [ art
val ve g(f? cl asﬁn%%gaéﬁgerr%ia%ﬁtﬁgﬂg%nrt\é?gr Shgllq)nig?ge I ﬁg%ﬂg?ﬁﬂggga&?& %E\%a?%peni ng
t her et hr ough valvexteomtiag ttd theiprédeaninaadionl o'ss shgwariojiesd figines, vddgletE2d5

mechani cal prosthetjc heart valve of claim 33, wherein the distance between

the inflow pritjledawipgleanurer satace dedhepdowisiekes inmshswréace d 48R s Wingletfatty) ood
frow direct! Bl (H0b et @3k i WRHUH R IObIbAROR) BRfeh WAHAAIY £1AIN. Lhe
g en a earl e

at | east one openin e |'east on I's 1n-the open position.

35. The nechai depictqariaFifiet il 8, ingarflow alrRe AR0E beleaflcd .10 Wesmeex alohg ailinger
surface of the at | east one | eafl et generally defines a convex curvature
from the | eadkisgdivgdetvagprvegletsd0fhe trailing edge surface and the outer

surface of the at dgRstofeksall aby99I8Eakl SELARENA GIBNRK raYEYA Ur e

proxi mate the | ea edge s ce an concave curvature proxi mate the

trailing edgemgiiféAkemedanichh Redfedivdideatdif @3hdpieként RBaAtioy ditHetneé cl ai m
35, wherein the distance between the inner and outer surfaces is greater

proxi mat e t hdiffering qiepssejiongliyipws includgd. The seftion sHedAbBt gikkh) $ea figner and

one 1 eat or AEEH PR GO ol bR CIRRAHATR LR R LT

heart 2ml ve cadEhadicdlh@art filveBcdsrdihg ROUS iphGeidMdigion fronhfiterihé AUAftenent i al
surface and defining at | east one opening through the circunferential

surface; and shert Puselas85) dafcprbe srempission Adfabews acet affyaniingidicknesses
ci roun e ent gl oSHELACHANIGARTONE Ol | AL 208 RSIVESH I FRER: PRRlLRO" TN
in thickness and less pronounced contours. Section B-B shows an intermediate cut
exemplifying the transition between A-A and C-C. Preferably, the leaflet is
25 symmetric about section A-A.
Figure 20 is a cross-sectional view taken along line 20'-20' in Figure 17 of the
profile of a preferred embodiment of a leaflet 110 for a multi-leaflet mechanical heart

valve according to the present invention. As shown, inner flow surface 1400 has a

convex curvature from leading edge surface 1410 to trailing edge surface 1415. Outer



val ve and a cl osed position in which blood is prevented fromfl ow ng
‘through the heart valve, the at |east one |leaflet conprising a ?gjl rgmpoc,,é,ll on
and first and second wi nglet portions situated on opposite ends £ e LUC

|l eafl et to facilitate rotation of the leaflet, wherein no portion of the at
| east one leaflet is received within the;gt | east one opening during
rotati on between the open and the cl osed position to provide for increased
bl ood fl ow proximate to one of the winglet portions. 38. The mechani cal
prosthetic heart valve of claim 37, wherein the annul ar housi ng incl udes
first and seqgndutieal | Afs B KA ShpUFliN At 3IAR 1AMk IEOARRIBGIMA 1 the
first and second w nglet portions, respectively, t cilitate rotation of
t he at | east trattiagledgd shiafack @4 1 eQuiehBowpearfacnidl0s lhas edopesicunange 286&8h of t he
first and second | eaflet pivot structures conprisi n?: an inflow projection
ext endi ng f r BiAXMeethilepding edasupiees 14l Fugtherpare uigrdlovngiacad49mbassdapt ed

to_cont act ong gl HSath 8o BARLIE ity 8eluke gen and ol osed

positions; a closling projectl on exten e | nner

circunfserenti al sThé slipe@f tHRefefdd embodinttntsiht &A1t 190miathizenfowf the
wi ngl et portions in the closed position, wherein the 2 0 ~~U 2002 -28
cl osi ng proj &narasienanthetapsn pasitionend ehaaeassarlneloswenf thedealetands wphbed from

h di. fl th h_th I . [ h h
ci rcunt er ont PaeF y n® gl SRRl RS ol ERbic P PRER SRR BRYAN; "0, oy

38, wherei n bffect@thelpp@Stire triBRRIA dV8r {tH6 217G a8 1he bldddclsh L6 thedrosidit.ace i s
proxi mate the oEenl ng and cl osi ng projections. 40. The nechani cal

prost heti ¢ héashownlinBiggre 2, dafleBIL0 aghendigriothepragans inyeptioroassn t he at

| east ,one | eaflet..includes .l eadin nd.trailin e-surfaces, and inner
and ouler suprEReRE PRt NG Ao ediiakh oo B 0T B HL DR op el "
wher ei n the iHREssate!digEButdi Ve tHeylesR: Wl Bffect IRMOENi oRBIM téAddat ¢ of TeafRtt he

| eadi ng edge surface to the trailing edge surface and the outer surface

gener al | y defbowsheaviguahpeyoteuis2d00r e proxi mate the | eadi ng edge surface and
a concave curvatur roximate . .the trailin dge surface...41l. The nechani cal
prost hetic heart \(I}ST'%’etﬁ?)FhacPFé’lf eéfﬁr_l?m‘@fl@f‘%r?‘ﬂg' Sﬂffé‘fezinﬁlg dbfi?rﬁgcgﬁ%’?w&epnner
and outer SUk{eagRR suffall SiBfe NbRPIHERLRY FIBR Jutdel PGnAdBeoSer fléwuiti@n t he
di stance between the inner and outer surfaces proximate the trailing edge

surfadé suchPpland in viewaif thelesaticonn vimedl pistot heis abmlogitidroshovwarapproxdmetelyon.
42. The mechapjgal ..pr.ost hetic heart val,ve of, claim 37, .wherei.n the, annul ar
nousi ng 15 f 81100 HPIFATE! K 5 cPieea fa et Gydras Srlbigho mal b mBion, Sbffiet | ¢
heart valve gfesglr@ufftedential1RE Slchtcll b9 (R ail 8RS ke SREbe! ST REfS 10GH BRAIJW OM
pyrolytic carbon. 44. A nmechanical early-closing prosthetic heart valve,
t he val ve codiredt®indy: Tlnfleid mechanibo(isdlndjng aressige gradientssherepf durinfgdftamtdfal

surface; and at, ] east o | eaf | et disposed. adj acent to the.inner
ci'rcunt er ont PR o el davadp Qe SReT Bt fbH DetEen=dn THERTBYSHEF on i n
whi ch Jpl 0od  pfhelhQWakiBAIREHR vERE aE@ﬁ&ih%Y@Jl PRIGRM ntddfief oPesd frbt i 1 whi ch
bl ood is prevented fromflow ng through the heart valve, the at | east one
| eaf | et conpiivehtion starteay flgw & thougk theeae ¥0¥rdecelemtdsagd ghe pressure field
reverses. In the aortic position the leaflets 110 are substantially closed before the flow
reverses, similar to the function of a natural aortic valve,
In another aspect, the inner and outer flow surfaces, 1400 and 1405,
25 respectively, are advantageously designed such that in fully opened position of the
leaflets the surface tangents of both flow surfaces at the trailing edge surface 1415 and
the outer flow surface 1405 at the leading edge surface 1410 are substantially aligned

in the direction of flow F to limit flow separation and eddy formation (turbulence) as

blood flow leaves the trailing edge surface 1415 of the open leaflets 110. In



tendency for the leaflet to rotate toward the closed position such that the
leaflet is substantially closed prior to initiation of back flo@ DM GogP
t hrough the heart valve. 45. The nmechani cal early-closing prosthetic heart
val ve of claim 44, whereby the at |east one leaflet is nore than 50% cl osed
prior to the initiation of back flow of Dblgood through the heart val ve. 46.
The mechani cal early-closing prosthetic heart valve of claim45, whereby
the at | east one leaflet is nore than 60% cl osed prior to the initiation of
back flow of blood through the heart val ve. 2 0 ~~a~l~ 2002 -29 47. The

mechani cal eakbotdsrdceHiflda PeRetcdRhitod e bf MR pr&eRf inbéRiom HE suMhRrement he at
| east one leaflet is nore than 70% cl osed prior to the i nitiation of back

fl ow of bl ood)fttllrarmng‘rﬂMeurfa@arltiOQ/atoxenam&le Ieadingreddeamuifoed 146ldrdfythelealdétng
prosthetic h t. val ve of ¢ eby the at |east one leaflet is
e t han_80SRIBE ARl g BB aHORT G oot G agkrese! BrivpfBa ¢ hr ough

the heart valyRctido Tﬁ[ﬂeﬂwggﬁa%tﬁﬁﬂ orf&Hth MieGhRS1aRE o P S ARES, A 4DF 2R 1408, ve of
claim 48, whereby the at Teast one leaflet is nore than 90% cl osed prior to

the iniiiati oespsttivedg lof tHedeaftsft 100 sadinithized.g A ctdrdingbatht leafletsd. 1050 theThe
mechani cal ear| ing prosthetic_heart valve of claim4 er ein the at
| east one |eam¢°§fimf>§ﬁwwgwalas&§9 a%@ééln&tqr@mrﬁsmﬂpwtwaé%ﬁ lem ﬂawand
trailing edg C r I g the | eading
and tral i ng SomaaEaRd oRhel %ﬁ%%@?%@h%ﬁégé%&ﬁ%@ﬁgﬁ%?&gﬁgélk?ons Si t uat ed

on opposite ends dfigirh@lada bxeassecunmllvem taktn tlong Hiae Ri'tHt i Fighm@td afin of the

at | east one I%a%f ch of the fg@ ortlons having a first side
proxi mat e t h@TeRTEd gnb atlaeg gmaeéhsﬁf)agwgcq%@fléw €51. The

mechanjgal e rés\énﬁh?éltﬂ)g VﬂE}P&E &iets 1193A thevily V\PnéH pdsifdnm gxre\ﬁh%fe%}l the

early-cl osure nmeans conprises a configuration” wherelin the Tnner sur ace of
t he at | east ibngratesalid mterMn&meetx 205uw1a1tthe evirigletrgui decpaltlesaii0ragd edaget
iling edge surface and the quter surface_has a convex

f to th
iﬂi vgtc 5r eopr &%ﬁiﬁ%‘é 13e Alsadhis digetsgbows ﬁhaa&hs distancs bebmeeavailey praiegiions
proximate thespray 'tqe”&os? grogééhf)@g@o mgc%easlmt 81%%8[%1%% qlﬁe%{lbe{ ¢hesi ng

prost hetic heart ve o erern t early-closure neans

conpri ses a ocanglegguiad pahs MEERAS atndezldeffe@ne dirb@ bhiwANdw thrbighewindoes out er
surfaces of the at |east one leaflet is greater proximate the | eading edge
sur f ack t han ¥2Ado gabstantially washibe fear sarfasrod winglets 306 éo minjprizeesagnstioni nat e

the trailing edge il 90g, SUAL: LRAbh NPl eRthe AlE bOR gt g0, 2l i

cross section. anl ca arl osin I’OS ve of

cl ai m SO, V\h@frﬁ’eﬁe(ﬁémb@ﬁﬁienm mplennlem@ettrﬂibrchmgbalthlam galvehedordiagsd thg i S
provided to allow blood flow across the first side of at |east one of the
wi ngl et por t iREPRENLIRESRtIoRAVith ol B¢ obthe 1qadats) 140 shewn in thdulbpelasqdasitiosn.  54.

A mechan cal RarCL A3 9nELASIIBL Gl BARL 1848 WL DEIMRLY £oRORRI SHN0: a0

annul ar housi'ng havin I nner sur
20 and the closmg prOJectlon 200. Asalso 1llustrated in this figure, leaflet capture

projections 300 help to retain leaflet 110 in housing 105.

Figure 23 is an enlarged cross-sectional view taken along line 21'-21" in Figure
5 of a preferred embodiment of a multi-leaflet mechanical heart valve according to the
present invention with the leaflets 110 removed. Like Figure 21, this figure shows

25 that the distance between inflow projections 130 and the closing projection 200

decreases in the blood flow direction due to the widening shape of the projections
130, 200. Thus, winglet guide paths 210 act as nozzles to direct blood flow through
windows 125. This nozzle creates increased flow velocity into and around the

windows 125 and winglet guide arcs 215. This figure also shows the aerodynamic



at least one |leaflet disposed adjacent to the inner circunferential surface
‘and capabl e of rotation between an open position in which blood ?%anﬁoﬁkz
through the heart z 0 Nov Zooz -30 valve and a closed positionin i

bl ood is prevented fromflow ng through the heart valve, the at |east one

| eaf | et conprising surfaces wth conpl ex.gurvatures and neans for creating
a tendency for the at least one leaflet to rotate toward the cl osed
position such that the at | east one leaflet is substantially closed prior
to the initiation of back flow of blood through the heart valve. 55. The

rechani cal - eagki¥mehieh SIPIASIRNGE S Bidon abY SnPhe Rl Récclibiesi A the

surfaces with conplex curvatures causés the at |east one 'l eaflet to begin
to rotate towbebload fbesticcpasi Thesa aabdmanwlbqaroﬁiesrimkp toulmit [flow sepemtibms been

achi eved t hrough . the val.ve 6, The C i cal ear cl osi ng prosthetic
heart valve &‘ngij(i)i ﬁf@ﬁtlo‘%\ﬁﬁ‘é&@,eﬁcgﬁé oﬁ aCEﬁ?é ﬂ?%%l eReEnSyr t her
conprises: a main gpaftd 9Naddrd M‘é' P%hhc%ﬁﬂ:;p%elﬁ%ﬁsro@'tﬂé ;Swfo%ﬂgﬁce%fraf aces, and

i nner and outer surfaces connecti eadi ng and trailing edge surfaces
and first andarefexr@dwinbmdlg)leetofmnultlehasﬂcslrm@hamdalmnampgiasa¢®r@ngso of the at

| east one leaflet to faC|I|tate rotatjon of .the at afl et, each
of the i ngt BRSEB TR IR Pt PR G eeat Y HdhHE AP AmEISHL S g

and a second i3desooPROR1201ERS BLOmiriife). BARNGRANITIGR 24eﬁrtheya&he§bﬂgon
pI‘OSt hetic heart valve of claim5 whérein the COITp ex curvatures COITpI’I se

a confi gur at ithnprefesrediembotiamdémoéa nmlltu-ﬂcaﬂet mechaneabliealiteabte wperdingabltlet has a
convex curvature foromthe | eadi edge sur e to.the t | i e surface
oo Ehe  out arPstpt nption begioids o[ el ol Lo B harued floE et Sulge
surfacg and aACOMEANG (AR 1610 dQééPé?ht@Eﬁd e ?)rés‘élﬁfb &ieragreeag@s) SHd ﬁ@%lve%
The nechani cal early-closing prosthetic heart valve of claim57, wherein

t he conpl ex de kaﬂﬂse@sobstmuaile céosc(bhéﬁoguﬁmﬂomeWwerSE(ahVF@u)esmllﬂramthe

bet ween t he |é.n aE r surf elat | east o& Iea &etéyt:h rtllgreater
proximate th ‘Fcé’éfal 6“8 A0TH% % ‘ée %ea[r IOt YHE & BRYSREFOtHY PRAEY and
outer SurfaC%ﬁarBEt@ﬁétI@to?tﬁe'}?refeF@B 'vmgheggﬁ%mésa&@n UGB pididted 1BSN&Y 11Rast
one leaflet has an airfoil cross sectio he nechanlcal early-cl osing
prost hetic hedrich teall Wevaylls cbairabsGusawitheir nowtl gemetty.one openi ng t hrough

(he T 4 rUm ceni: b BUEL A s YL I5H Kooy et o 2 o
one |eafl et irﬁec‘hé)m&ah&a%??os@ﬁb%bi | Ré‘menﬁér(ed%bMAﬁ%&wénfengl mlechanllcal velxlve
@ . A Ay. A?. A@ AHS. A, . Au S. AnL. Aa. A@ A. Au. AS. AN. Au2. AusS?. Al , . Al Al
. A5, . AaFL. Aarprmln@mﬁt the ﬂlmé when the flow rate becomes zero through the valve
conventional mechanical valve prostheses remain 90% open. Thus, with conventional
mechanical valve prostheses, a significant portion of the closure (more than 90%)
20 occurs during regurgitation (backward flow) of blood through the valve, and thus the
closure is very rapid and entails a large amount of dynamic leakage (regurgitation).
Thus, this very rapid closing under high pressure backward flow can lead to numerous
undesirable results (cavitation, HITS, and unnecessary stress on the heart muscle). In
contrast, the preferred embodiment of a multi-leaflet mechanical heart valve
25 according to the present invention begins to close just after the flow peak (as flow
decelerates and the pressure field reverses) and the valve’s leaflets are substantially
closed (approximately 90%) before the flow reverses (at V=0). Thus, the preferred
embodiment of a multi-leaflet mechanical heart valve according to the present

invention begins to close early and begins to close very slowly. Because the leaflets
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20 ring receiving portion 1100.

As illustrated in the detailed description, the improved mechanical heart valve
for implantation into a patient in accordance with the present invention substantially
eliminates one or more of the problems or disadvantages found in the prior art. The
novel structure, as particularly pointed out in the written description and the appended

25 drawings hereof, provides a improved mechanical heart valve for implantation into a
patient which provides improved flow characteristics, minimizes blood clotting
behind the leaflets, and provides more natural opening and closing behavior.

It will be apparent to those skilled in the art that various modifications and

variations can be made in the mechanical heart valve for implantation into a patient of
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equivalents of the structures disclosed herein.
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We claim:
1. A rotatable leaflet for a prosthetic heart valve comprising:

a main portion including leading and trailing edge surfaces, and inner and outer surfaces
connecting the leading and trailing edge surfaces, wherein the inner surface

generally defines a convex curvature from the leading edge surface to the trailing edge surface
and the outer surface generally defines a convex curvature proximate

the leading edge surface and a concave curvature proximate the trailing edge surface; and

first and second winglet portions situated on opposite ends of the leaflet to facilitate rotation of
the leaflet.

2. The rotatable leaflet of claim 1, wherein the inner surface has a convex curvature from the first
winglet portion to the second winglet portion.

3. The rotatable leaflet of claim 1, wherein the outer surface has a concave curvature from the
first winglet portion to the second winglet portion.

4. The rotatable leaflet of claim 1, 2, or 3, wherein the distance between the inner and outer
surfaces is greater proximate the leading edge surface than the distance

between the inner and outer surfaces proximate the trailing edge surface such that the leaflet has
an airfoil-like cross section.

5. The rotatable leaflet of claim 4, wherein the leaflet is formed from pyrolytic carbon.

6. The rotatable leaflet of claim 1, wherein the leaflet is formed from pyrolytic carbon.

7. The rotatable leaflet of claim 1, wherein each winglet portion is attached to the inner and outer
surfaces and the leading and trailing edge surfaces.

8. A rotatable leaflet for an early-closing prosthetic heart valve comprising:

a main portion including leading and trailing edge surfaces, and inner and outer surfaces
connecting the leading and trailing edge surfaces;

first and second winglet portions situated on opposite ends of the leaflet to facilitate rotation of
the leaflet; and

closure means for causing the leaflet to rotate toward a closed position prior to substantial
backwards flow of blood through the heart valve,

9. The rotatable leaflet of claim 8, wherein the closure means causes the leaflet to begin to rotate
toward a closed position about when a maximum flow rate has been
achieved through the valve.
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11. The rotatable leaflet of claim 10, wherein the closure means further comprises a
configuration wherein the distance between the inner and outer surfaces is greater
proximate the leading edge surface than the distance between the inner and outer surfaces
proximate the trailing edge surface such that the leaflet has an airfoil-like
cross section.

12. The rotatable leaflet of claim 10, wherein the inner surface has a convex curvature from the
first winglet portion to the second winglet portion.

13. The rotatable leaflet of claim 12, wherein the outer surface has a concave curvature from the
first winglet portion to the second winglet portion.

14. The rotatable leaflet of claim 8 or 11, wherein the leaflet is formed from pyrolytic carbon.
15. A mechanical prosthetic heart valve, the valve comprising:
an annular housing having an inner circumferential surface; and

at least one leaflet disposed adjacent to the inner circumferential surface and capable of rotation
between an open position in which blood can flow through the heart

valve and a closed position in which blood is prevented from flowing through the heart valve, the
leaflet comprising:

a main portion including leading and trailing edge surfaces, and inner and outer surfaces
connecting the leading and trailing edge surfaces, wherein the inner surface

generally defines a convex curvature from the leading edge surface to the trailing edge surface
and the outer surface generally defines a convex curvature proximate

the leading edge surface and a concave curvature proximate the trailing edge surface; and

first and second winglet portions situated on opposite ends of the leaflet to facilitate rotation of
the leaflet.

16. The mechanical prosthetic heart valve of claim 15, wherein the annular housing comprises a
nozzle shape along the inner circumferential surface.

17. The mechanical prosthetic heart valve of claim 15, wherein the inner circumferential surface
includes inflow projections to receive the leaflet.

18. The mechanical prosthetic heart valve of claim 15, wherein the inner surface of the at least
one leaflet has a convex curvature from the first winglet portion to the
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23. The mechanical prosthetic heart valve of claim 15, wherein the valve housing is formed from
a metallic material.

24, The mechanical prosthetic heart valve of claim 15, wherein the at least one leaflet is formed
from pyrolytic carbon.

25. A mechanical early-closing prosthetic heart valve, the valve comprising:
an annular housing having an inner circumferential surface; and

at least one leaflet disposed adjacent to the inner circumferential surface and capable of rotation
between an open position in which blood can flow through the heart

valve and a closed position in which blood is prevented from flowing through the heart valve, the
leaflet comprising closure means for causing the leaflet to rotate

toward a closed position prior to substantial back flow of blood through the heart valve.

26. The mechanical early-closing prosthetic heart valve of claim 25, wherein the closure means
causes the leaflet to begin to rotate toward a closed position about when
a maximum flow rate has been achieved through the valve.

27. The mechanical early-closing prosthetic heart valve of claim 25, wherein the at least one
leaflet comprises:

a main portion including leading and trailing edge surfaces, and inner and outer surfaces
connecting the leading and trailing edge surfaces; and

first and second winglet portions situated on opposite ends of the at least one leaflet to facilitate
rotation of the leaflet.
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29. The mechanical early-closing prosthetic heart valve of claim 28, wherein the closure means
further comprises a configuration wherein the distance between the
inner and outer surfaces of the at least one leaflet is greater proximate the leading edge surface
than the distance between the inner and outer surfaces proximate the

trailing edge surface such that the leaflet has an airfoil-like cross section.
30. A mechanical prosthetic heart valve comprising:
an annular housing having an inner circumferential surface; and

at least one leaflet disposed adjacent to the inner circumferential surface and capable of rotation
between an open position in which blood can flow through the heart

valve and a closed position in which blood is prevented from flowing through the heart valve, the
at least one leaflet comprising a main portion including leading and

trailing edge surfaces, and inner and outer surfaces connecting the leading and trailing edge
surfaces, and first and second winglet portions situated on opposite ends of

the at least one leaflet to facilitate rotation of the at least one leaflet; and

first and second leaflet pivot structures adapted to cooperate with the first and second winglets,
respectively, to facilitate rotation of the at least one leaflet between the
open and closed positions, each of the first and second leaflet pivot structures comprising:

an inflow projection extending from the inner circumferential surface of the housing and adapted
to contact one of the winglet portions in one of the open and closed
positions; and

a closing projection extending from the inner circumferential surface of the housing and adapted
to contact one of the winglet portions in the closed position, wherein the

closing projection and the inflow projection are configured and spaced from one another to
increase flow velocity proximate the one of the winglet portions.

31. The mechanical prosthetic heart valve of claim 30, wherein each inflow projection has a first
width proximate the inner surface of the annular housing, and a second
width distal from the inner surface of the valve housing less than the first width.

32. The mechanical prosthetic heart valve of claim 30, wherein each closing projection has a first
width proximate the inner surface of the annular housing, and a
second width distal from the inner surface of the valve housing less than the first width.
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defines a convex curvature proximate the leading edge surface and a
concave curvature proximate the trailing edge surface.

36. The mechanical prosthetic heart valve of claim 35, wherein the distance between the inner
and outer surfaces is greater proximate the leading edge surface than the

distance between the inner and outer surfaces proximate the trailing edge surface such that the at
least one leaflet has an airfoil-like cross section.

37. A mechanical prosthetic heart valve comprising:

an annular housing having an inner circumferential surface and defining at least one opening
through the circumferential surface; and

at least one leaflet disposed adjacent to the inner circumferential surface and capable of rotation
between an open position in which blood can flow through the heart

valve and a closed position in which blood is prevented from flowing through the heart valve, the
at least one leaflet comprising a main portion and first and second

winglet portions situated on opposite ends of the leaflet to facilitate rotation of the leaflet,
wherein no portion of the at least one leaflet is received within the at least one

opening during rotation between the open and the closed position to provide for increased blood
flow proximate to one of the winglet portions.

38. The mechanical prosthetic heart valve of claim 37, wherein the annular housing includes first
and second leaflet pivot structures adapted to cooperate with the first

and second winglet portions, respectively, to facilitate rotation of the at least one leaflet between
the open and closed positions, each of the first and second leaflet pivot

structures comprising:

an inflow projection extending from the inner circumferential surface of the housing and adapted
to contact one of the winglet portions in one of the open and closed
positions; and

a closing projection extending from the inner circumferential surface of the housing and adapted
to contact one of the winglet portions in the closed position, wherein the
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generally defines a convex curvature from the leading edge surface to

the trailing edge surface and the outer surface generally defines a convex curvature proximate the
leading edge surface and a concave curvature proximate the trailing

edge surface.

41. The mechanical prosthetic heart valve of claim 40 wherein the distance between the inner
and outer surfaces is greater proximate the leading edge surface than the

distance between the inner and outer surfaces proximate the trailing edge surface such that the at
least one leaflet has an airfoil cross section.

42. The mechanical prosthetic heart valve of claim 37, wherein the annular housing is formed
from a metallic material.

43. The mechanical prosthetic heart valve of claim 37, wherein the at least one leaflet is formed
from pyrolytic carbon.

44, A mechanical early-closing prosthetic heart valve, the valve comprising:
an annular housing having an inner circumferential surface; and

at least one leaflet disposed adjacent to the inner circumferential surface and capable of rotation
between an open position in which blood can flow through the heart

valve and a closed position in which blood is prevented from flowing through the heart valve, the
at least one leaflet comprising an early-closure means for creating a

tendency for the leaflet to rotate toward the closed position such that the leaflet is substantially
closed prior to initiation of back flow of blood through the heart valve.

45. The mechanical early-closing prosthetic heart valve of claim 44, whereby the at least one
leaflet is more than 50% closed prior to the initiation of back flow of blood
through the heart valve.

46. The mechanical early-closing prosthetic heart valve of claim 45, whereby the at least one
leaflet is more than 60% closed prior to the initiation of back flow of blood
through the heart valve.
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53. The mechanical early-closing prosthetic heart valve of claim 50, wherein at least one opening
through the annular housing is provided to allow blood flow across the

first side of at least one of the winglet portions when the at least one leaflet is in the open
position,

54. A mechanical early-closing prosthetic heart valve, the valve comprising:
an annular housing having an inner circumferential surface; and

at least one leaflet disposed adjacent to the inner circumferential surface and capable of rotation
between an open position in which blood can flow through the heart
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valve and a closed position in which blood is prevented from flowing through the heart valve, the
at least one leaflet comprising surfaces with complex curvatures and
means for creating a tendency for the at least one leaflet to rotate toward the closed position such
that the at least one leaflet is substantially closed prior to the initiation
of back flow of blood through the heart valve.

55. The mechanical early-closing prosthetic heart valve of claim 54, wherein the surfaces with
complex curvatures causes the at least one leaflet to begin to rotate
toward a closed position about when a maximum flow rate has been achieved through the valve.

56. The mechanical early-closing prosthetic heart valve of claim 54, wherein the at least one
leaflet further comprises:

a main portion including leading and trailing edge surfaces, and inner and outer surfaces
connecting the leading and trailing edge surfaces; and

first and second winglet portions situated on opposite ends of the at least one leaflet to facilitate
rotation of the at least one leaflet, each of the winglet portions having a
first side proximate the annular housing and a second side opposite thereto.

57. The mechanical early-closing prosthetic heart valve of claim 56, wherein the complex
curvatures comprise a configuration wherein the inner surface of the at least

one leaflet has a convex curvature from the leading edge surface to the trailing edge surface and
the outer surface has a convex curvature proximate the leading edge

surface and a concave curvature proximate the trailing edge surface.

58. The mechanical early-closing prosthetic heart valve of claim 57, wherein the complex
curvatures comprise a configuration wherein the distance between the inner

and outer surfaces of the at least one leaflet is greater proximate the leading edge surface than the
distance between the inner and outer surfaces proximate the trailing

edge surface such that the at least one leaflet has an airfoil cross section.

59. The mechanical early-closing prosthetic heart valve of claim 56, wherein at least one opening
through the inner circumferential surface is provided to allow blood

flow across the first side of at least one of the winglet portions when the at least one leaflet is in
the open position.



