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(57) ABSTRACT 

The present invention relates to an improved trilea?et 
mechanical heart valve 100 and an improved lea?et 110 for 
use With such valve. The valve 100 and lea?et 110 of the 
present invention provide improved ?oW characteristics, 
minimiZe blood clotting behind the lea?ets, and provide 
more natural opening and closing times. The valve includes 
a valve housing 105 Which contains pivot/hinge mechanism 
(130, 200, and 300) for allowing rotation of and retention of 
the lea?ets 110. The valve housing 105 also includes Win 
doWs or openings 125 Which alloWs for complete Washing of 
the pivot/hinge mechanism (130, 200, and 300) as Well as 
the lea?ets 110. The novel lea?ets 110 are airfoil-like having 
a complex S-shaped curvature on their outer surface. This 
novel geometry, When combined With the location of the 
lea?et’s pivot axis, causes a tendency for the lea?et 110 to 
rotate toWards the closed position. Thus, the lea?et 110 
begins to close much earlier than a conventional lea?et and 
is substantially closed before the ?oW reverses, similar to the 
function of a natural valve. 
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FIG. 8 
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MECHANICAL HEART VALVE 

BACKGROUND OF THE INVENTION 

[0001] Continuing Data 

[0002] This application claims priority under 35 USC § 
19(e) to US. Provisional Application No. 60/088,184, ?led 
Jun. 5, 1998, and under 35 USC §120 to US. Ser. No. 
09/035,981 entitled MECHANICAL VALVE PROSTHESIS 
WITH OPTIMIZED CLOSING MODE, ?led Mar. 6, 1998, 
Whose disclosure is expressly incorporated by reference 
herein, and to its parent application, U.S. Ser. No. 08/859, 
530, ?led May 20, 1997, noW abandoned. 

FIELD OF INVENTION 

[0003] The present invention relates to an improved 
trilea?et mechanical heart valve. More speci?cally, the 
present invention relates to a trilea?et mechanical heart 
valve With improved ?oW characteristics. Such a mechanical 
heart valve is useful for surgical implantation into a patient 
as a replacement for a damaged or diseased heart valve. 

BACKGROUND CONSIDERATIONS 

[0004] There are numerous considerations in the design 
and manufacture of a mechanical prosthetic heart valve. An 
important consideration is the biocompatibility of the mate 
rials 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 
?brin With entrapment of cellular elements, frequently caus 
ing vascular obstruction at the point of its formation) When 
contacted by the blood ?oW. 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 commercially available 
prosthetic heart valves (materials such as stainless steel, 
chromium alloys, titanium and its alloys, and pyrolytic 
carbon). 
[0005] Another consideration in the design and manufac 
ture of a mechanical prosthetic heart valve is the valve’s 
ability to provide optimum ?uid ?oW performance. 
Mechanical prosthetic heart valves often create Zones of 
turbulent ?oW, eddies, and Zones of stagnation. All of these 
phenomena can also give rise to thrombosis and thrombo 
embolisms. Biological valves (or bioprostheses) emulate the 
form and the How pattern of the natural heart valve and thus 
have better ?uid ?oW performance over conventional 
mechanical prostheses. Such bioprosthetic valves do not 
require long-term anti-coagulant medication to be taken by 
the patient after implantation at least in the aortic position. 
These tWo thrombus-generating factors (materials used and 
How characteristics) are problematic in conventional 
mechanical heart valve prostheses. Thus, patients Who cur 
rently receive a mechanical heart valve prosthesis require a 
continuous regime of anti-coagulant drugs Which can result 
in bleeding problems. The use of anti-coagulant drugs 
therefore constitutes a major draWback of mechanical heart 
valve prostheses When compared With bioprostheses. 
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[0006] HoWever, biological replacement valves suffer 
from problems too. As clinical experience has indicated, 
unlike mechanical valves, their life-span of is often too 
short. Because of the progressive deterioration of biopros 
theses, they often need to be replaced via costly additional 
major surgery. 

[0007] Yet another consideration in the design and manu 
facture of a mechanical prosthetic heart valve concerns the 
head loss (pressure drop) associated With the valve. This 
head loss occurs during the systolic ejection or diastolic 
?lling of a ventricle. In conventional designs, some head 
loss is inevitable since it is inherent to the reduction in the 
effective ori?ce area of the mechanical prosthetic heart valve 
as compared to natural valves. The reduction in effective 
ori?ce is caused by the seWing ring Which is conventionally 
required for surgical installation of the prosthetic valve, by 
the thickness of the valve housing, and by the hinges Which 
enable the valve’s ?aps (lea?ets) to move betWeen an open 
and closed position. Another portion of the head loss is due 
to the geometric disposition of the valve’s ?aps With respect 
to the How of blood. 

[0008] As mentioned above With respect to the progressive 
deterioration of bioprostheses, durability is another consid 
eration in the design and manufacture of a mechanical 
prosthetic heart valve. A mechanical prosthetic heart valve 
should demonstrate a mechanical lifetime equivalent to 
approximately 380-600 million cycles (i.e., the equivalent of 
about 15 years). Obviously, the mechanical lifetime is 
related to the geometrical design of the valve as Well as the 
mechanical characteristics of the materials used. 

[0009] Of course, the valve’s ability to minimiZe leakage 
is also important. Leakage generally comprises regurgitation 
(backWard How of blood through the valve during operation, 
and otherWise knoWn as dynamic leakage) and static leakage 
(any ?oW through the valve in the fully closed position). In 
the conventional valves, the amount of regurgitation is at 
least 5% of the volume of blood ?oW during each cycle, and 
is often more. When a patient has tWo prosthetic valves on 
the same ventricle, regurgitation (dynamic leakage) thus 
comprises at least about 10% (leakage on the 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 ?aps are 
closed. 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. 

[0010] The closing mechanism of natural cardiac valves 
has not been taken into account in the design of conventional 
mechanical valve prostheses. When the How 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 lea?ets abruptly close With the large amount of regur 
gitation. In an aortic position, this occurs at the very begin 
ning of the diastole, and in the mitral position, this occurs 
even more abruptly at the very beginning of the systole. In 
conventional mechanical lea?ets, the mean closing velocity 
of some portions of the lea?ets (at 70 beats per minute) is on 
the order of 1.2-1.5 m/sec, Whereas the highest closing 






















