
tilled States atet [191 
llanenelr 

[11] 3,7 23 
[451 septa, 197a 

r 

[54] FLEXIBLE STENT FOR HEART VALVE 

[75] Inventor: Warren 11). ll-lancoelt, Santa Ana, 
Calif. . 

[73] Assignee: Hancock Laboratories Incorpora 
tion, Orange, Calif. 

[22] Filed: Apr. 23, I971 

[21] Appl. No.: 136,832 

[52] US. Cl. ...................................... .. 3/1, 3/D1G. 3 
{51] lint. Cl. ............................................ ..A61i 1/22 
[58] Field of Search .............................. .. 3/1, D10. 3 

[56] References Cited 
UNITED STATES PATENTS 

3,570,014 3/1971 Hancock ................................... .. 3/1 

3,197,788 8/1965 Segger ...................................... .. 3/1 

OTHER PUBLICATIONS 
“Heart Valve Replacement With Reinforced Aortic 
Heterografts“ by M. l. Fonescu et al. The Journal of 
Thoracic & Cardiovascular Surgery, Vol. 56, No. 3, 
Sept. 1968, pp. 333-348. 
“Clinical Experience With Supported Homograft Heart 
Valve For Mitral and Aortic Valve Replacement” by S. 
Sugie et al., The Journal of Thoracic & Cardiovascular 

Surgery, Vol. 57, No. 4. Apr. 1969, pp. 455-462. 
“Pig Aortic Valve as a Replacement for Mitral Valve 
in the Dog," by W. A. Reed et al., The Journal of Tho 
racic and Cardiovascular Surgery, Vol. 57, No. 5, May 
1969, pp. 663-667. 

Primary Examiner-Richard A. Gaudet 
Assistant Examiner~Ronald L. Frinks 
Attorney~Gausewitz, Carr & Rothenberg 

[5 7] ABSTRACT 
An arrangement for heart valves that includes a stent 
having apexes interconnected by arms, the apexes 
being deflectable inwardly upon hemodynamic loading 
of the heart valve for reducing the stress in the valve tis 
sue, the stent being covered by a cloth sleeve which 
may have an integral bead or flap llor attachment to the 
heart, padding being provided beneath portions of the 
sleeve for protection, and a reinforcing ring extending 
around the assembly over the marginal portions of the 
heart valve, with sutures extending through the rein 
forcing ring and tissue of the heart valve for forming an 
attachment to the stem. 

27 Claims, 12 Drawing Figures 
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3,755,823 
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FLEXIBLE STENT FOR HEART VALVE 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
This invention relates to a supporting framework, or 

stent, for a natural or synthetic heart valve. 
2. Description of Prior Art 
It has been established that a stent is a useful arrange 

ment for supporting a natural or synthetic heart valve 
for implantation in the human heart. The design shown 
in US. Pat. No. 3,570,014 offers advantages in prop 
erly supporting the valve and permitting its advance 
preparation for storage until the requirement for use 
arises. There has remained, however, room for im~ 
provement, particularly in assuring the reliability of the 
valve and its proper functioning over a long period of 
time. Malfunctioning of the valve may be caused by 
overstressing the valve tissue by the hemodynamic 
pressure imposed upon it when in use. Further areas of 
continued problems involve the ?xing of the valve in 
the heart so as to provide a bed for ingrowth or attach~ 
ment of tissue and a hemodynamic seal while avoiding 
clotting. 

SUMMARY OF THE INVENTION 

The present‘ invention provides an improved arrange 
ment for supporting a natural or synthetic heart valve 
in which the reliability of the valve is signi?cantly im 
proved. The invention contemplates the use of a stent 
which may bear a resemblance in‘appearance to that of 
the aforementioned US. Pat. No. 3,570,014. It in 
cludes three spaced apexes to support the valve com 
missures, with arms interconnecting the apexes. How 
ever, unlike the stent of that patent and other previous 
designs, the stent of the present invention is resilient. 
This allows de?ection of the three apexes of the stent 
when the valve is subject to hemodynamic pressure 
during diastole. As the apexes are resiliently bent in 
wardly toward the axis of the stent, the stress in the tis 
sue of the heart valve is correspondingly reduced. The 
result is a major improvement in the reliability of the 
valve, with an attendant reduction in danger to the life 
of the patient. The stent returns to its normal full diam 
eter when the pressure is relieved, so that there is no 
undue restriction when the valve is in the open posi 
tion. 
,The stent is arranged so that the arms remote from 

the apexes act as torsion bars as the deflection takes 
place, while the apexes themselves experience little dis 
tortion. Various arrangements may be included to 
stiffen the bars as may be required to obtain the proper 
degree of resiliency in the stent. The stiffening arrange 
ments may include additional elements interconnecting 
the upper and lower bars of the stent. 
A noncorrosive metal, such as stainless steel, may be 

used in constructing the stent, or it may be made of 
plastic. In either event, it is preferable that it be possi 
ble to deflect the arms permanently in order to vary the 
lateral dimensions of the stent so that it can be adjusted 
to ?t a particular heart valve to be applied to it. This 
may be accomplished by exceeding the yield point of 
the metal stent, or through the use of heat or solvents 
in bending the plastic. In either event, however, the 
stent retains its resilience after the adjustment. 
For a plastic stent, a reinforcing ring may be provided 

at the exterior of the end of the stent remote from the 
apexes, the ring being ?tted loosely in a notch having 
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a frustoconical inner .wall which. assures that the ring 
does not interfere with the ?exing of the stent from the 
pressures on the heart ‘valve. 
Improved means, also may be included for more 

readily attaching the tissue to the stent and providing 
a matrix for ingrowth and subsequent ?xation of the 
donor valve by the host tissue. This may include a cloth 
sleeve around the stent entirely covering it, together 
with an annular ring of cloth or sponge on the exterior 
of the unit at the end of the apexes extending over the 
marginal edge of the heart valve. The sutures for at 
taching the heart valve to the stent pass through the 
‘cloth ring as well, which reinforces the loops of the su— 
tures so that they do not tend to cut through the tissue 
of the valve. Felt packing is included at apexes beneath 
the cloth sleeve to protect the cloth and sutures from 
abrading through contact with the stent. 
The cloth sleeve around the stent may be provided 

with a bead intermediate the upper and lower arms, 
which also facilitates attachment to the heart and the 
ingrowth of tissue. When used in the mitral position, 
there is a projecting ?at ring of cloth provided at the 
end of the stent opposite the apexes. This provides a 
means for suturing the valve assembly in the heart, re 
sulting in a hemodynamic seal and a suitable bed over 
which tissue can be af?xed or ingrown upon the graft 
ing of the heart valve assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

FIG. I is a perspective view, partially broken away, 
illustrating a heart valve mounted on a stent in accor 

dance with this invention; 
FIG. 2 is an enlarged perspective view of the stent; 
FIG. 3 is a side elevational view of the stent, illustrat 

ing the manner in which the stent de?ects under load; 
FIG. 4 is a top plan view of the arrangement of FIG. 

3; 
FIG. 5 is an enlarged fragmentary perspective view 

showing the attachment of the heart valve and cloth el» 
ements to the stent; 
FIG. 6 is a perspective view of a stent having addi 

tional members for controlling the deflection of the 
upper arms; 
FIG. 7 is a perspective view of a stent having a differ 

ent arrangement of the members to control the de?ec 
tion of the upper arms; 
FIG. 8 is a perspective view of a modi?ed form of the 

stent also controlling the de?ection of the upper arms; 
FIG. 9 is an enlarged-fragmentary sectional view il 

lustrating the arrangement for reinforcing the base of 
the stent when made from plastic; 
FIG. 10 is a view similar to FIG. 5, but with a differ 

ent arrangement of the cloth covering elements; 
FIG. 11 is a view similar to FIGS. 5 and 110, but with 

the addition of a ?ap at the base of the stent for attach 
ment to the heart; and 
FIG. I2 is a perspective view of a stent of a different 

con?guration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The stent 10 illustrated in FIGS. 1-4 is of a basic 
shape for use in the aortic, mitral, tricuspid or pulmo 
nary location. The stent 110 is an annular framework, 
circular in plan, made of a material which is both non 
corrosive and resilient. Suitably, it may be constructed 
of a stainless steel, such as that marketed under the 
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