
United States Patent (1s 3,671,979 
Moulopoulos (45) June 27, 1972 

(54). CATHETER MOUNTED ARTIFICIAL 2,442,573 6/1948 Stafford............................. 128/245 X 
HEART WALVE FOR MPLANTING IN 3,266,487 8/1966 Watkins et al......................... 128/1 R 
CLOSE PROXMTY TO A DEFECTIVE 3,472,230 10/1969 Fogarty.............................. 128/345 X 
NATURAL, HEART WALWE FOREIGN PATENTS ORAPPLICATIONS 

(72) Inventor: Spyridon Moulopoulos, Athens, Greece 516,301 10/1920 France................................... 128/34 
73) Assignee: The University of Utah, Salt Lake City, 520,263 2/1921 France................................... 128/243 

Utah ; Primary Examiner-Richard A. Gaudet 
22 Filed: Sept. 23, 1969 Assistant Examiner-Ronald L. Frinks 

Attorney-Clarence W. Martin (21) Appl. No.: 860,341 
, 57 ABSTRACT 

52 U.S.C. 3/1, 128/2.05 D, 128/348 An artificial heart valve for implantation in close proximity to 
(51) int. Cl....................................... ...A61f1/22, A61b5/02 a malfunctioning or damaged natural aortic or mitral heart 
(58) Field of Search..............................3/1; 128/1,241-246, valve by remote means without performing an open chest or 

128/2.05, 245,214, 341-345, 348-351, 2.05 D, other major surgical operation. The artificial heart valve com 
2.05F prises a flexible membrane in the form of an umbrella in that 

the apex of the umbrella resides in the direction that blood 
56) References Cited flow is to be periodically prevented while the distal end opens 

sufficiently to contact the inner walls of the vessel to prevent 
UNITED STATES PATENTS the reverse flow of blood and the membrane collapses about 

the axis of the umbrella to allow the forward flow of blood. 3,592, 183 7/1971 Watkins et al......................... 128/1 R 
724,913 4/1903 Montgomery................... ...... 128/245 2 Claims, 3 Drawing Figures 

ARESSURE 
SEWSIMG 
OAMASE 

    

  



PATENTED JUN 27 1972 
SHEET 1 OF 2 

3,671,979 

& ZSCS C27 
AAESSURE 
SEMSIWG 
OW/SE 

/64 

INVENTOR. 
SAYE/DOW MOULOAOULOS 

  

  



PATENTED JUN 27 1972 3, S7,979 
SHEET 2 OF 2 

2C-E - a /8 
Sas 

/NALA 7/OM 
COWTAO 
DEVICE 

INVENTOR. 
SAYA/DOW MOU/OAOU/OS 

62.2%. 
AGEW7 

    

  



3,671,979 

CATHETERMOUNTED ARTIFICIAL, HEART VALVE 
FOR IMPLANTING IN CLOSE PROXMITY TO A 

DEFECTIVENATURAL, HEART WALVE 
Historically, there has long existed a need for an artificial 

heart valve for use in persons in whom a natural heart valve 
has been damaged by disease in such a manner that it no 
longer prevents the reverse flow, or regurgitation, of blood 
back through the valve with the subsequent loss of blood pres 
sure. The prevention of two way flow through the heart valve 
is very important for the maintenance of proper flow, pres 
sure, and perfusion of blood throughout the body. Generally, 
the defect in the natural valve is an acquired versus congenital 
defect caused, to a very minor degree, by syphilis but primari 
ly by rheumatic fever contracted by the patient at a fairly early 
age. This defect in the heart valve does not hamper the activi 
ties of the patient at this early age since the young heart is able 
to compensate for the blood pressure loss resulting from the 
defective valve. However, it is when the patient reaches mid 
dle age that the heart begins to tire and is less able to compen 
sate for the losses caused by the defective valve. It is at this 
time that an artificial heart valve proves to be of great benefit 
to the patient. 

Aortic or mitral regurgitation is presently corrected by 
opening the chest and replacing the diseased valve with an ar 
tificial valve. This is a serious operation with a resulting rather 
high mortality rate. There are other instances wherein the 
operation cannot be performed for such reasons as the critical 
condition of the patient, co-existing infection, or advanced 
age, to mention a few. 

Therefore, it is an advancement in the art to develop a heart 
valve which is placed in close proximity to and effectively 
duplicates the normal functions of a natural heart valve 
without having to perform any major surgery upon the patient. 
Such an invention is disclosed herein. 
The artificial heart valve disclosed in this invention is in the 

form of a flexible imperforate membrane which is periodically 
distended to occlude a major blood vessel to prevent the 
reverse flow or regurgitation of blood through a defective or 
malfunctioning natural heart valve. The membrane is in the 
form of an umbrella wherein the apex of the umbrella resides 
in the vessel in the direction in which the flow of blood is to be 
prevented. In this embodiment the valve is affixed at or near 
the closed imperforate distal end of a flexible catheter and is 
emplaced in a major vessel in close proximity to the natural 
valve by inserting the catheter into a branch of the blood ves 
sel a distance from the natural heart valve. In this manner, it is 
unnecessary to perform any form of major surgery to expose 
the area of the blood vessel which would then have to be 
opened for placement of the artificial heart valve. Instead, a 
branch vessel of the major vessel at some distance from the 
heart, preferably a branch vessel located near the external sur 
face of the body, is easily opened with little danger to the pa 
tient, and the artificial heart valve, which has been affixed to 
the tip of a catheter, is inserted through the blood vessel until 
it resides in close proximity to the malfunctioning natural 
heart valve. In this manner, the patient is spared the inherent 
dangers that accompany major surgery. If necessary, the artifi 
cial heart valve can be left in place for life or removed after 
the patient has regained sufficient physical vigor to undergo 
the rigors of major surgery. If the valve is left in place for life it 
can still be periodically removed and replaced as conditions 
warrant by removal and reinsertion of the replacement valve 
through the same branch vessel as previously used for the ini 
tial insertion. 
A normally functioning natural heart valve opens under the 

pressure of the flow of blood in the proper direction but closes 
as the blood starts to flow in the reverse direction and thus 
prevents the reverse flow of blood through the valve with the 
resultant maintenance of the proper blood pressure in the 
body. 
The preferred embodiment of the artificial heart valve is a 

membrane whose shape represents the surface of a right circu 
lar cone which has a cylindrical section of membrane extend 
ing from the circular base of the cone, The membrane is at 
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tached at or near the apex of the conical section to a catheter 
of relatively small cross-sectional diameter which passes paral 
lel to the axis of the surface thus formed by the membrane. 
The catheter serves as retention, insertion, and withdrawal 
device for the valve and also serves as a blood pressure detec 
tion conduit for detecting the blood pressure in the blood ves 
sel by using a catheter which has a hole in the catheter wall at 
the position desired for detecting the blood pressure. 

In the above-described form, the valve resides within the 
blood vessel with the apex of the cone extending in the 
direction in which the flow of blood is to be prevented and the 
axis of the valve is substantially parallel to the axis of the blood 
vessel. 

In operation, the membrane of the valve collapses and en 
folds the catheter to permit the almost unrestricted flow of 
blood in the proper direction, but when flow in that direction 
ceases and starts to flow in the reverse direction, the force of 
the blood flow causes the membrane to open in such a manner 
that the cylindrical section of the valve membrane contacts 
the inner wall of the vessel and the entire membrane occludes 
the vessel to further reverse flow of blood. Blood flow in the 
proper direction again collapses the membrane about the 
catheter for the free passage of blood past the valve. 
To assist in the close fit of the membrane about the catheter 

when the membrane of the valve is in the collapsed state, in 
wardly extending folds along the length of the valve parallel to 
the valve axis are preformed in the membrane to provide 
predetermined fold lines along which the membrane folds dur 
ing its collapsed period of operation. 

In view of the foregoing, it is an object of this invention to 
provide an artificial heart valve for placement in close prox 
imity to a defective natural heart valve. 
Another object of this invention is to provide an artificial 

heart valve which is placed in close proximity to the natural 
heart valve by means of a catheter inserted into a blood vessel 
at some distance from the heart. 
These and other objects will become apparent when viewed 

in conjunction with the following drawings and description. 
FIG. 1 is a projection of one embodiment of an artificial 

heart valve shown in a partially opened condition in a cutaway 
section of a blood vessel; 

FIG. 2A and 2B show the artificial heart valve of FIG. 1 in 
cross section in the open-to-flow and closed-to-back-flow 
positions respectively, as the valve operates in close proximity 
to a defective natural heart valve; 

Referring to FIG. 1, an artificial heart valve in a partially 
opened state is shown generally at 10 as it resides within a 
blood vessel 11. The insertion, withdrawal, and retention 
means for the valve 10 is the catheter 12 which is suitably at 
tached to the membrane 13 of the valve at the apex of the 
membrane at position 14. A plurality of folds or creases 15 in 
the membrane 13 extend substantially the entire length and 
parallel to the axis of the membrane, which folds expedite the 
collapse of the membrane about the catheter 12 when the 
blood flows in the proper direction. When the valve is fully 
opened to where the outer cylindrical surface of the mem 
brane 13 contacts the inner surface of the blood vessel 11 to 
prevent the back flow of blood, the profile of the cylindrical 
section is generally circular in cross section and the folds 15 
merge with the rest of the membrane 13 to form a smooth 
cylindrical surface which contacts the inner wall of the blood 
vessel. 
A hole 16 is drilled or otherwise excavated in the wall of the 

catheter 12 to provide a pressure sensing opening for commu 
nicating the blood pressure in the region of the hole 16 to an 
external pressure sensing device 16A. 

Referring to FIGS. 2A and 2B, a natural heart valve is 
shown at 17 through which holes 18 form the defect in the 
heart valve which defect allows the reverse flow or regurgita 
tion of blood through the natural valve. The arrows indicate 
the direction of blood flow in the vessel. As can easily be seen 
from FIG. 2A, a forward flow of blood in the blood vessel ll 
causes the membrane 13 of the valve to collapse about the 
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catheter 12 to permit the relatively unrestricted flow of blood 
past the valve; however, when the valve 17 closes to prevent 
the reverse flow of blood, the defects 18 in the valve 17 allow 
the reverse flow of blood in the vessel. This reverse flow is suf. 
ficient to distend the membrane i3 of the valve as shown in 
FIG. 2B such that the membrane contacts the inner wall of the 
blood vessel 11 and it thus substantially occludes the blood 
vessel against the reverse flow of blood. 

I claim 
1. An artificial heart valve operable in the presence of a 

malfunctioning natural heart valve and implantable by remote 
means, said remote means comprising an elongated flexible 
catheter having a proximal end and a closed imperforate distal 
end insertable through a blood vessel from a point near an ex 
ternal body surface to a point adjacent a malfunctioning natu 
ral heart valve, said artificial heart valve comprising a flexible 
imperforate membrane affixed at its epicenter to said distal 
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end of said catheter, said membrane being formed generally as 
a surface of a right circular cone with a cylindrical section ex 
tending from the circular base of said conical surface longitu 
dinally in a direction towards said proximal end, the apex of 
said cone residing in a direction in which said membrane is 
operable to substantially prevent return flow of blood back 
through said malfunctioning natural heart valve, said mem 
brane being operable to collapse about said catheter to allow 
blood flow opposite the direction of said apex, said artificial 
heart valve being operable solely by blood flow and in the 
absence of external power means. 

2. An artificial heart valve as defined in claim 1, wherein 
said catheter is hollow and a pressure sensing hole is provided 
in a wall of said catheter, said hole being located downstream 
from said reverse flow preventing valve membrane between 
said apex and the proximal end of said catheter. 
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