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[57] ‘ ABSTRACT 

An occluder for a prosthetic heart valve assembly 
adapted within a seating-ring passage having a body 
including a downstream sealing section comprising a 
plurality of cuspids which engage each other to de?ne 
a closed sealing section when the occluder is in its 
closed position and which ?ex outwardly relative to 
each other when the occluder is in its open position to 
de?ne a central open passage through the occluder, 
and an armature reinforcing the body. The armature 
includes an annular ring and a plurality of reinforcing 
arms hingedly connected to the ring and extending 
through each cuspid to pennit ?exure of each arm 
relative to the annular ring. 

9 Claims, 11 Drawing Figures 

NORRED EXHIBIT 2213 - Page 1
Medtronic, Inc., Medtronic Vascular, Inc.,
Medtronic Corevalve, LLC
v. Troy R. Norred, LLC
Case IPR2014-00111f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent June 21, 1977 Sheet 1 of2 4,030,142 

28 

32 

_______________________ _\ 50 

:' L w: 1 / /// 

NORRED EXHIBIT 2213 - Page 2f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


NORRED EXHIBIT 2213 - Page 3

U.S. Patent June 21, 1977 Sheet 2 of 2 4,030,142

vs '\‘\’\‘*" ’
vI
\

NORRED EXHIBIT 2213 — Page 3
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


4,030,142 
1 

OCCLUDER FOR PROSTHETIC HEART VALVE 
ASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to prosthetic heart valve as 

semblies, and more speci?cally to a unique center-?ow 
occluder of such assemblies. 

‘ 2. Description of the Prior Art 
It is known in the prior art to replace a diseased 

defective valve in the human heart with a prosthetic, or 
arti?cial heart valve assembly. In many cases, a patient 
has continued to live for many years with such a pros 
thetic heart valve assembly. ' 

Prosthetic heart valve assemblies which most closely 
approximate the action of natural heart valves are of 
the center-?ow type. Speci?cally, these prosthetic 
heart valve assemblies include an elongate occluder 
which is movable between closed and opened positions 
within a seating-ring passage of a valve seat assembly. 
The occluder includes a plurality of cuspids which are 
movable radially which respect to each other between 
a closed condition when the occluder is in a closed 
position, and an opened condition when the occluder is 
in an opened position. When the cuspids are in their 
opened condition blood can ?ow through the interior 
thereof to simulate the action of a natural heart valve. 
The center-?ow occluders disclosed in prior art pros 

thetic heart valve assemblies preferably are formed of a 
plastic material, such as polypropylene, since such a 
material is generally lightweight and easily formable 
into the desired con?guration for use in heart valve 
assemblies. It has been discovered that these center 
?ow occluders, and particularly the cuspids thereof, 
become deformed after continued usage. Deformation 
of the cuspids prevents the occluder from effectively 
sealing the opening through the valve seat assembly 
when the occluder is in its closed position. This ineffec 
tive sealing of the heart valve assembly causes an unde 
sirable leakage of blood through the seating-ring pas 
sage. 

SUMMARY OF THE INVENTION 
This invention relates to improvements in center 

?ow occluders of prosthetic heart valve "‘assemblies. 
The heart valve assemblies of this invention are espe 
cially designed for implantation in the human heart to 
replace the natural mitral valve; however, the valve 
assemblies of this invention also can be adapted to 
replace the tricuspid and/or aortic valves. 
An elongate occluder of this invention is adapted to 

be positioned through a seating-ring passage for move 
ment in its direction of elongation between closed and 
opened positions. The occluder includes an upstream 
annular section and a downstream sealing section, both 
of which have a maximum diameter that is larger than 
the minimum diameter of the seating-ring passage. This 
dimensional relationship prevents the occluder from 
moving out of the seating-ring passage. The down 
stream sealing section of the occluder is of a split con 
struction provided by ‘a plurality of cuspids. The cus 
pids are connected to the upstream annular section 
through ?exible stems, and are movable radially with 
respect to each other between a closed condition‘in 
which they engage each other, and an opened condi 
tion in which they are radially spaced apart to provide 
a passage through the occluder for the ?ow of blood. 
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At least the cuspids of the occluder are formed of a 
plastic material, such as polypropylene, which is light in 
weight, and easily formable into the desired configura 
tion. 
An armature construction having greater dimen 

sional stability than the cuspids of the occluder in 
cludes an upstream annular ring and a plurality of arms 
which extends downwardly from said ring in circumfer 
entially spaced-apart relationship to each other. The 
upstream end of each arm is connected to the annular 
ring through a hinge section, and each arm extends in a 
downstream direction through the interior of a respec 
tive cuspid. Since each of the arms is connected 
through a hinge to the upstream annular ring the re 
quired ?exing action of the plastic cuspids is not im 
paired by the reinforcing arms. Moreover, since the 
arms have greater dimensional stability than the plastic 
cuspids they will reinforce the cuspids to ensure that 
deformation of said cuspids does not take place. The 
unique cooperation between the reinforcing arms and 
cuspids, as described above, represents a considerable 
improvement over prosthetic heart valve assemblies 
employing center-?ow occluders, and is neither shown 
nor suggested by any of the prior art that applicant is 
aware of. 

In one embodiment of this invention the upstream 
annular section, ?exible stems and cuspids of the oc 
cluder are molded about the armature construction as 
a unitary plastic body. In this embodiment the annular 
ring of the armature construction is disposed within the 
interior of the upstream annular section of the plastic 
body, and the downwardly extending arms of the arma 
ture construction are disposed within theinterior of the 
?exible stem and cuspids of the plastic body. 

In an altenative embodiment of this invention the 
plastic cuspids are molded individually, and the arma 
ture construction is formed as a unitary member. In this 
embodiment the ‘arms of the armature construction are 
disposed within the interior of respective‘ cuspids to 
properly position thecuspids relative to each other. 
The upstream annular ‘section and ?exible stems of the 
occluder are provided by sections of the unitary arma 
ture construction. 

It is an object of‘this invention to provide a center— 
?ow occluder for a heart valve assembly in which a 
plurality of radially movable cuspids are dimensionally 
reinforced without impairing the required movement of 
the cuspids. 

It is a further object of this invention to provide a 
center-?ow occluder for a heart valve assembly which 
promotes unrestricted, streamlined, hydraulic ?ow of 
blood through the interior thereof in a manner simulat 
ing the action of a natural heart valve. 
Other objects and a fuller understanding of the inven 

tion will become apparent by referring to the following 
description, taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded isometric view of a prosthetic 
heart valve assembly employing a unique occluder in 
accordance with this invention; 
FIG. 2A is a sectional view taken along line 2-2 of 

the heart valve assembly shown in FIG. 1 with the ele 
ments assembled and disposed in a valve-closing posi 
tion; 
FlG. 2B is a sectional view similar to FIG. 2A, but 

showing the valve assembly in an opened position; 
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FIG. 2C is a sectional view similar to FIG. 2B, but 
with the valve assembly in a different condition in its 
opened position; 
FIG. 3 is a rear view of an armature construction 

employed in the occluder shown in FIG. 1; 
FIG. 4 is a side elevation view of the armature con 

struction taken along line 4-4 of FIG. 3; 
FIG. 5 is an enlarged isometric view of the upstream 

hinge end of an arm employed in the armature con 
struction; 
FIG. 6 is a partial isometric view showing a modi?ed 

construction of the downstream end of the arms em 
ployed in the armature construction; 
FIG. 7 is an exploded isometric view of a second 

embodiment of an occluder according to this invention 
with only one cuspid shown for purpose of clarity; 
FIG. 8 is a plan view of a cuspid taken along line 8—8 

of FIG. 7; and 
FIG. 9 is a sectional view taken along line 9-9 of 

FIG. 7 with the elements of the occluder assembled. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

The center-?ow occluders of this invention prefer 
ably are employed in prosthetic heart valve assemblies 
adapted to replace the natural mitral valve in the 
human heart. The prosthetic mitral valve is inserted 
between the left atrium and left ventricle of the heart. 
Blood ?ows into the left atrium from the lungs through 
the pulmonary veins, and then through the prosthetic 
mitral heart valve assembly into the left ventricle from 
where it is pumped through the aortic valve for distri 
bution through the body. When the ventricle contracts 
to pump the ‘blood through the aortic valve, the result 
ing pressure should close the heart valve assembly to 
prevent the reverse ?ow of blood back into the atrium. 
Upon relaxation, or expansion of the ventricle, the 
pressure built up by blood entering the atrium through 
the pulmonary veins should open the heart valve as 
sembly to permit blood to ?ow from the atrium into the 
ventricle. The above-described sequence is repeated 
continuously during normal operation of the heart. 
Referring to FIG. 1, a prosthetic mitral heart valve 

assembly 10 includes a unique center-?ow occluder, 12 
disposed for movement within a valve seat assembly 14. 
The valve seat assembly 14, in accordance with the 
broadest aspects of this invention, can be of any suit 
able construction which provides a passageway in 
which the occluder 12 is movable. 
Referring to FIG. 2A, a preferred valve seat assembly 

14 includes a soft seating ring 16, a hard, rigid, cast 
supporting ring 18 and a ?xation cover 20. The seating 
ring 16 preferably is made of silicone, or other equiva 
lent material, and is molded with a recess 22 disposed 
continuously about its outer periphery. The supporting 
ring 18 can be formed of a hard plastic or metallic 
material, and includes an inwardly directed annular 
projection 24 which is disposed within the recess 22 of 
the seating ring 16 to maintain the seating ring in its 
desired configuration. The fixation cover 20, which is a 
Dacron mesh cloth or other suitable material, is se 
cured about the supporting ring 18, and is initially 
secured to the heart tissue by suturing. After the ?xa 
tion cover 20 has been sutured to the heart tissue, 
thrombosis, which is the formation of clots, is relied 
upon to retain the valve seat assembly 14 in its proper 
position within the heart. 
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Referring to FIGS. 2A-2C, the seating ring 16 has an 

outwardly ?ared section 26 facing in an upstream di 
rection, and an outwardly ?ared section 28 facing in a 
downstream direction. The ?ared sections 26 and 28 
are connected at a junction 30 which establishes the 
minimum diameter of a passageway 32 through the 
seating ring 16. 
Referring again to FIG. 1, the center-?ow occluder 

12, in accordance with one embodiment of this inven 
tion, includes a one~piece plastic body 34 of a suitable 
syntheticmaterial such as polypropylene. The occluder 
12 includes a downstream sealing section 36 of a split 
construction providing a plurality of cuspids 38. The 
occluder 12 shown in FIG. 1 has four cuspids 38; how 
ever, the number of cuspids can be varied as desired. 
The more practical designs include from two to four 
cuspids. Each of the cuspids 38 is joined to an upstream 
annular section 40 through a stem section 42. 
Each of the cuspids 38 includes a substantially 

smooth inner surface 44 which is free of sharp angles or 
bends to aid in providing a streamlined ?ow path for 
blood when said cuspids are in an open condition as 
shown in FIG. 2C. Each cuspid 38 also includes an 
outer surface which is de?ned by upstream and down 
stream ?ared sections 46 and 48, respectively. These 
?ared sections are joined through a rounded apex 50 
which, when the cuspids 38 are in a closed condition as 
shown in FIGS. 2A and 28, define a continuous circle 
of a greater diameter than the circle defined by junc 
tion 30 of the seating ring 16 (FIG. 1 ). Accordingly, the 
occluder 12 cannot move out of the seating ring in an 
upstream direction. Moreover, the upstream ?ared 
sections 46, when the cuspids 38 are in a closed condi 
tion, de?ne a continuous annular surface which is sub 
stantially complimentary to the outwardly ?ared sec 
tion 28 of the seating ring 16. Accordingly, in the 
closed position of the heart valve assembly 10 as shown 
in FIG. 2A, the ?ared sections 46 of_ the cuspids 38 _will 
seat on the outwardly ?ared section 28 of the seating 
ring 16 to seal off the atrium from the ventricle as the 
ventricle contracts. 
The upstream annular section 40 of the occluder 12 

has an outwardly ?ared surface 52 which overlies the 
outwardly ?ared section 26 of the seating ring 16. The 
?ared surface 52 is substantially complimentary in 
shape to the ?ared section 26. Accordingly, the up 
stream annular section 40 of the occluder seats on the 
?ared section 26 of the seating ring 16 when the oc 
cluder 12 is in its opened position (FIGS. 2B and 2C) to 
prevent the occluder from moving out of the seating 
ring passageway 32 in a downstream direction. 
When the ventricle contracts the back pressure acts 

against the downstream ?ared sections 48 of the cus 
pids 38 to force the occluder into its valve sealing posi 
tion shown in FIG. 2A. The camming action between 
upstream ?ared section 46 of each cuspid 38 and the 
inner surface of the seating ring 16 assists in forcing the 
cuspids 38 into engagement with each other to seal off 
the central passage through the occluder 12. When the 
ventricle expands, or relaxes, blood entering the atrium 
through the pulmonary veins will establish a pressure 
drop across the heart valve assembly 10 to move the 
occluder 12 into its opened condition shown in FIG. 
2C..In this opened condition the cuspids 38 are ?exed 
radially outwardly from each other to provide an unin 
terrupted ?ow path through the center of the occluder 
12. As the highest pressure in the heart shifts from the 
ventricle to the atrium during operation of the heart an 
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