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[57] ABSTRACT 

A graft-support for homograft and heterograft tissue 
valve implantation comprising a ring base, two struts 
extending from one side of the ring base and generally 
parallel to its axis, and a fabric layer covering the entire 
surface of the ring and struts. The fabric layer has a 
thickened portion at the apex of each strut, a second 
thickened portion along the top edge of the ring and a 
third thickened portion extending circumferentially of 
the ring. These thickened portions provide means for 
suturing the graft-support to the valve tissue and to the 
host heart, respectively. In one very advantageous em 
bodiment, the ring is generally oblong in shape having 
a long diameter and a short diameter and the struts are 
disposed opposite to each other, one at each end of the 
oblong ring, i.e., at each end of the long diameter 
thereof or on a line parallel thereto. 

In effecting the transplantation, animal tissue, such as 
fascia lata derived from the patient, is wrapped around 
the upstanding struts and joined at the ends by suturing 
to form a closed ring of tissue,and forming also two 
cusps thereof supported by the struts. Each cusp is then 
sutured at its base‘to the covering at the top surface of 
the ring and along the sides of the struts, and a pledget 
of the fabric or suture is affixed around the top of the 
strut, the fabric thereover and the tissue to ensure 
coaptation of the cusps. The tissue, especially fascia 
lata from the patient, can also be extended to cover the 
side of the third thickened portion, or sewing ring, 
which is exposed to the ventricle so that, when the 
valve is emplaced, the entire ventricular surface is 
covered with autologous tissue. The device is then 
placed in the mitral valve position with struts extending 
into the ventricle and the host heart is sutured to the 
peripheral thickened ?ange, i.e., the third thickened 
portion. 

12 Claims, 15 Drawing Figures 
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BICUSPID FASCIA LATA VALVE 

BACKGROUND OF THE INVENTION 

This invention relates to a graft-support for valve 
transplantation into the human heart, and particularly 
it concerns a bicuspid device. The invention also con 
cerns a method of effecting valve replacement, espe 
cially with the use of a homograft or autologous graft. 
Synthesized and replacement tissue heart valves have 

been hitherto known to the art, and various types of 
such valves have been developed, both homograft and 
heterograft. It has been recognized that a tissue graft, 
e.g., using a semilunar valve as a replacement, is an ad 
vantageous means over a prosthesis because the dimen 
sions of the natural valves are optimal and most nearly 
equal or approximate those of the damaged valve; after 
endothelialization no prosthetic material remains ex 
posed to contact with the blood stream; and there is 
substantial absence of any thrombogenic surface or 
joint, so that the risk of complications from thrombosis 
and emboli is minimized. The longevity of aortic homo 
graft valve has been well demonstrated and fresh aortic 
homografts have not appeared to deteriorate with time. 
Homografts have also been used as mitral and tricus 

pid replacement valves. However, in addition to diffi 
culty with supply, these have posed some problems 
also. Some have exhibited small but undesirable stag 
nant areas in the ?ow patterns. In others, the shape of 
the ring, generally circular, does not sufficiently closely 
approximate the shape of the damaged valve; and in 
these circular devices also the ?ow may be therefore 
somewhat restricted because of reduced diameter. 
Also, inasmuch as the homograft valve prostheses are 
mounted on a fabric covered frame at the time of sur 
gery, it is desired to. perform this procedure in mini 
mum time. 

SUMMARY OF THE INVENTION 

The valve device of this invention attains the above 
objectives and has other advantages. Particularly, 
where it has an oblong ring base, it more closely ap 
proximates the shape of certain damaged valves to be 
replaced, i.e., in the mitral position or area. In other 
words, there is better anatomical conformation of the 
ring support to themitral annulus and of the two leaf 
lets of the valve, to be more fully described below, in 
relation to the ventricular cavity than in the previously 
known tricuspid valve. It is a particular advantage of 
the bicuspid valve of this invention that two struts or 
prongs only extend into the ventricle, and the projec 
tion of a third prong intothe out?ow track is avoided. 
It is a further advantage that, having a two-pronged ring 
provided as a base, and having a fabric cover, the fabri 
cation of the completed, tissue-covered valve at sur 
gery is a simpler and speedier procedure. The oblong 
base bicuspid valve of this invention also enables good 
?ow of blood through a larger orifice and with lower 
pressure drop than is obtainable with circular base sup 
ports, since more of the mitral valve area can be occu 
pied. 
The stent or support frame of this invention com 

prises a rigid frame (made of metal or of rigid plastic 
such as Delrin, Te?on, or Nylon) including as a base a 
ring of plastic or metal resistant to the action of and 
compatible with body fluids, and such ring having two 
struts or prongs extending from the upper or the lower 
face thereof to enable formation of two cusps with lat 
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er-added tissue. Preferably, the ring with struts is of 
metal and is machined from one piece of commercially 
pure titanium in order to avoid possible corrosion at 
metal interfaces and also to avoid casting faults in the 
metal. A layer of fabric is contoured to and completely 
covers all the surfaces of the metal base. The fabric is 
non-absorbent or resistant to and compatible with body 
?uids and is preferably knitted of yarn or fibers and 
sewn to conform to‘the shape of the metal base frame. 
Tetra?uoroethylene (Te?on) fibers or yarn is espe~ 
cially suitable; but other suitable fabric, knitted or oth~ . 
erwise made, can be employed if desired. The fabric 
layer is provided with a ?rst thickened portion at the 
apex of each strut, i.e., the end remote from the ring, 
a second thickened portion along the top edge of the 
frame, i.e., at the top of the ring and extending along 
the sides of the struts, and a third thickened portion, or 
sewing ring or ?ange, extending outwardly from the 
metal ring. 

In the method of using the device of this invention, 
tissue, preferably autologous fascia lata, is wrapped 
around the support at the struts and the ends of the tis 
sue strip are sutured together along the length of the 
strut. The tissue is also sutured to the second thickened 
portion along the top of the ring and at the sides of the‘ 
struts thereby forming two lea?ets of the valve. The tis 
sue can also be extended over the sewing ring or ?ange 
and sutured thereto so that all prosthetic surfaces ex 
posed to the ventricle are covered with homologus tis 
sue. When emplaced in a heart, the two prongs of the 
stent extend from the valve seat into the ventricle at the 
sites of the anatomical commissures. The prongs simu 
late papillary muscles in reversed position, and extend 
only a short distance into the ventricle. The sewing ring ' 
is sutured to the annulus of the valve seat in the heart 
into which the valve replacement is being fitted. The 
operative lips of the tissue cusps or lea?ets meet on a 
line parallel to the longitudinal center line of the base 
ring and can coincide with it or be offset from it. 
The support ring can be used with autologous, ho 

mologous, and heterologous tissue, and, depending 
upon whether the ring base is oblong or circular, in any 
intracardiac position. It appears presently to be most 
advantageous when used with autologous tissue, such 

' as a fascia lata graft taken from the patient. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The device of this invention, its method of use, and 
some of the objects and advantages of the invention 
will be illustrated by the specific description of one em 
bodiment thereof which is set forth below, and by the 
annexed drawings wherein: 
FIG. 1 is a plan view of a metal base or support ring 

according to the invention. ‘ 

FIG. 2 is a side elevation view of the ring of FIG. 1. 
FIG. 3 is an end view of the ring of FIGS. 1 and 2. 
FIG. 4 is a perspective view of a graft-support ac 

cording to the invention, comprising a metal base ring 
covered with knitted fabric.‘ 
FIG. 5 is a top plan view of the graft-support of FIG. 

4. 

FIG. 6 is a cross-sectional view through a typical fab 
ri'c-covered strut, taken on line 6-6 of FIG. 5. 
FIG. 7 is a cross-sectional view through a fabric~ 

covered‘ring, taken on line 7—7 of FIG. 5. 
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FIG. 8 is a side view showing a stent according to the 
invention in position to receive tissue ‘and strip of tissue 
ready to be applied. 
FIG. 9 is a top plan view ofla valve replacement ac 

cording to the invention showing juncture of cusps or 
valve lea?ets. 
FIG. 10 is a side view of the valve replacement of 

FIG. 9 showing suturing of lea?et at its base, to the un 
derlying fabric of the ring support. 
FIG. 1 1 is a perspective view of a bicuspid fascia lata 

valve according to this invention sutured into the mitral 
annulus of a heart. 

FIGS. 12a, 12b, and 120 show schematically the rela 
tive shapes and relationships of the normal mitral valve, 
a prior art valve and the valve device of the present in 
vention. 
FIG. 13 is like FIG. 9 but shows an embodiment 

wherein the struts are displaced from the center line of 
the ring and provide one longer lea?et. 

DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment of the device of this invention, a 
graft-support ring base 10 is machined in one piece 
from commercially pure titanium, to eliminate any like 
lihood of corrosion at the metallic interfaces and the 
presence of casting faults. The ring 10 in this embodi 
ment is generally oblong in form, having a long diame 
ter and a short diameter, and it is provided with a pair 
of prongs or struts 11, 11' which are preferably dis 
posed opposite each other at each end of the long di 
ameter and both of which extend in the same direction 
from the ring base 12. The struts 11, 11' are rounded 

. off at the top and connect with the ring base 12 at their 
sides through asmooth curve, thus avoiding sharp cor 
ners or abrupt turns‘, as shown in FIGS. 2, 3, 4, 8 and 
10. A typical ring base is shown in FIGS. 1, 2, and 3. 
The struts extend generally perpendicularly to the 
plane of the ring base or can be outwardly inclined at 
a small angle to the perpendicular, e.g., of from 2° to 
5° thereto, and each is provided with an aperture 13 
near its apex. The ring base 12 is also provided with 
suitable apertures 27 whereby fabric cover 14 is sewn 
to and anchored to the ring base. 
The ring base 12 is ?tted with a fabric cover 14, as 

shown in FIGS. 4 to 8, to provide a suturing anchor and 
to which both the tissue and the host heart are sutured. 
This cover 14 is preferably a knitted fabric compatible 
with and resistant to attack by body ?uids, for example, 
knitted Te?on (tetra?uoroethylene) ?ber. In FIG. 4 is 
shown a typical knitted Te?on-covered device 15 com 
prising the ring base of FIGS. 1-3 and bearing the fab 
ric cover 14. FIG. 6 shows a sectional view through a 
strut 11 having fabric cover 14 which is thickened at 
the top of strut 11 to provide a ?rst thickened portion 
16 to which later~applied tissue, especially fascia lata 
tissue, is sutured. As shown in FIG. 7, the fabric 14 is 
doubled over at the top of the base ring 12 to provide 
a second thickened portion 17 to which the cusps or 
lea?et bases of tissue as later applied are sutured. A 
third thickened portion 18 extends outwardly from ring 
base 12, suitably at an angle of from 30° to 60°, 
preferably about 45°, to the perpendicular or central 
axis of the ring, and provides a suturing anchor or sup 
port for fixing to the host heart when emplaced therein, 
as in the mitral valve position. If desired, the fabric of 
the sewing ?ange can be'partially quilted to stiffen it. 
Although the fabric has been described as being knitted 
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Te?on, any other fabric, knitted, woven, felted or other 
can be employed which is compatible with the body ?u— 
ids and of sufficient strength. 
When the base ring has been covered with the fabric 

cover, a rectangular piece of tissue 19, preferably au 
tologous fascia lata, is wrapped around the prepared 
stent, as shown in FIGS. 8, 9 and 10 and is sutured at 
its ends to form a tube or a tubular tissue covering 
around the struts and intervening space. The tissue is 
sutured to the second thickened portion of fabric 14 to 
form two cusps or lea?ets 20, 20’ of the valve replace 
ment and their upper edges 21, 21’, i.e., those remote 
from the ring 12, lie adjacent each other to form the 
valve opening. The fascia lata tissue extends also over 
the sewing ?ange outer surface so that, when placed in 
the host heart all surfaces exposed to the ventricular 
cavity are of homologous tissue or of autologous tissue. 
A pledget of Te?on felt is wrapped around the apex of 
each strut, the fabric covering and the tissue thereover 
to ensure coaptation of the lea?ets 21, 21', and is ?xed 
in place by suturing. The valve replacement 25 is now 
ready for insertion into the host heart, after testing to 
determine that the lea?ets operate properly. Such test 
ing can be done by the method and means described in 
the co-pending patent application of Angel] et al. Ser. 
No. 726,288, ?led May 3, 1968. 

In the use and testing of the bicuspid valve of this in 
vention, it has been found that the commissures during 
diastole separate approximately 2 millimeters, drop 
ping the pressure gradient across the valve a little more 
than with prior art valve replacements and providing 

' improved closure during systole. The anteromedial 
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lea?et may be fabricated so that it is deeper than the 
lateral, thus becoming the principal lea?et during the 
functioning of the valve, such deeper lea?et being dem 
onstrated in FIG. 13. In the embodiment of FIG. 13, 
struts 30, 30' are offset from the longitudinal center 
line of stent 31 and equidistant thereto, so that edges 
21, 21' of lea?ets 33, 33' are parallel to such center 
line. This has the result that one lea?et, 33’, is longer 
or deeper than the other lea?et, 33, as described above. 
FIG. 12a of the drawings shows a natural mitral valve 

40 as occurring in a heart 41, having cusplets 42, 42', 
opening at 43. In FIG. 12b, the natural valve has been 
removed on line 44 and dotted line 45 indicates the 
shape of the circular base of the prior art, and lack of 
conformity can be seen. In FIG. 12c, the shape of the 
base 46 of the valve of the present invention can be 
seen to conform closely to the opening 44 in heart 41 
which receives the valve replacement, cusplets 47, 47' 
meeting at line 48 to provide the valve opening during 
working of the valve. 
The valve replacement 25 is inserted into the heart 

41 to be treated, in a manner similar to that employed 
for the insertion of a prosthetic valve and to that de 
scribed in the co-pending patent application of Angell 
et al, Ser. No. 726,288, ?led May 3, 1968 and now U.S. 
Pat. No. 3,548,4l8. For mitral replacement No. 2-0 
Tevdak sutures 35 are placed through the atrioventric 
ular ring 36 of the patient, sixteen to twenty-two mat 
tress sutures 35 being employed. When possible, the 
aorta is left unclamped and coronaries are perfused 
through the aortic root. If aortic cross~clamping is nec» 
essary, local hypothermia may be employed for myo 
cardial protection. 
The sutures 35 are placed through the sewing ring 18 

and valve replacement 25 is pushed gently into position 
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being absolutely certain that struts 11, Ill’ slide past the 
atrioventricular ring 35 and lie in the ventricle. After 
assuring that sutures 35 are straight, they are pulled up 
and tied into place. 
Caution is exercised in placement and orientation of 

valve replacement 25 in a small ventricle to prevent 
compromising the left ventricular out?ow tract, and 
the device should be placed as high as possible in the 
mitral annulus consistent with good placement. Left 
ventricle and ascending aorta may be vented with a 20 
gauge needle through the cardiac apex and ascending 
aorta. , 

All patients with prosthetic material exposed to he 
blood stream are preferably anticoagulated for 2-3 
months postoperatively. With Coumadin (Warfarin so 
dium, Endo Laboratories, Inc.) as an anticoagulant, 
prothrombin times are maintained at 20 i 2 percent. 
Anticoagulants may be discontinued after a suitable pe~ 
riod with the belief that the endothelialized surface will 
not form thrombus. Otherwise, patients can be treated 
as in any valve replacement, with gradually increasing 
activity. - ' 

The speci?c description and the drawings have been 
given for illustration only and modi?cations and varia 
tions can be made therein without departing from the 
spirit and scope of the appended claims. The ring base 
has been shown herein as oblong but it will be under 
stood that a circular base ring can alternatively be used. 
The term “oblong” as used herein in the speci?cation 
and claims is intended to mean a shape which is gener' 
ally oblong, that is, which has a long diameter and a 
short diameter, but wherein the corners and contours 
are rounded to conform more nearly to anatomical 
contours. 
We claim: 
1. A graft-support ring for a bicuspid valve for valve 

replacement in a damaged heart, including in combina 
tion 

a. a self-supporting shape-retaining frame comprising 
b. a rounded oblong ring having an upper face and a 
lower face and surrounding an oblong area having 
a major axis, . 

c. a pair of prongs extending from one of said faces 
and generally perpendicular to said oblong area, 
and being disposed on a plane parallel to said major 
axis and perpendicular to said area, and 

d. a fabric covering compatible with body fluids con 
toured to said frame and completely enclosing it to 
provide a base for later suturing. 

2. A graft~support ring as in claim 1 wherein said 
prongs extend from said ring approximately at the op 
posite ends of said major axis. 

3. A graft-support ring as in claim 1 wherein said 
prongs are inclined outwardly at a small angle with re 
spect to a line perpendicular to the plane of said area. 

4. A graft-support ring for a bicuspid valve for use 
with autologous, homologous, or heterologous tissue, 
including in combination 

a. a self-supporting, shape-retaining frame compris 
in 

b. aggenerally oblong ring having an upper face, a 

5 

15 

20 

25 

35 

45 

50 

55 

60 

65 

6 
lower face, and a long diameter with a center, 

c. a pair of struts extending from one of said faces 
and generally parallel to an axis through said cen' 
ter, and disposed on a plane parallel to said long di 
ameter and perpendicular to the plane of said ring, 

d. each said strut having an apex remote from said 
ring, and 

e. a fabric covering compatible with body fluids con» 
toured to said frame and completely enclosing it to 
provide a base for later suturing, 

f. said covering having a ?rst thickened portion adja 
cent each said apex, a second thickened portion 
along the surface of said ring to each said apex, and 
a third thickened portion extending outwardly 
from said ring to form a sewing ?ange. 

5. A graft-support ring as in claim 4 wherein said _ 
metal ring and struts are machined from one piece of 
titanium metal. , 

6. A graft-support ring as in claim 4 wherein said 
flange extends at an angle of from about 30° to about 
60° to said central axis. 

7. A graft-support ring as in claim 4 wherein said 
struts are inclined outwardly at a small angle with re 
spect to the axis of the ring. 

8. A graft-support ring as in claim 4 wherein one of 
said struts is disposed on said metal ring at each end of 
said long diameter. 

9. A bicuspid fascia lata valve for insertion into a ven 
tricle valve opening of a heart and providing ventricle 
exposed surfaces, including in combination, 

a. a self-supporting, shape-retaining frame compris 
mg 

b. a generally oblong metal ring' having an upper face, 
a lower face, and a long diameter with a center, 

c. a pair of prongs extending from one of said faces 
generally parallel to an axis through said center, 
and disposed on a plane parallel to said center, and 
perpendicular to the plane of said ring, 

d. each of said prongs being disposed at each end of 
said plane and each said prong having an apex re 
mote from said ring, 

e. a fabric covering compatible with body ?uids con 
toured to and completely enclosing said frame to 
provide a base for suturing, 

f. said covering having a first thickened portion at 
each said apex, a second thickened portion along 
said prongs and said face, and a third thickened 
portion extending as a sewing ?ange from said ring, 
and 

g. fascia lata tissue covering said ventricle~exposed 
surfaces of said valve when inserted in said valve 
opening, and sutured to said fabric at said thick 
ened portions. 

10. A fascia lata valve as in claim 9 wherein said 
metal frame is machined from one piece of titanium. 

11. A fascia lata valve as in claim 9 wherein said fas 
cia lata is autologous tissue. 

12. A fascia lata valve as in claim 9 wherein said 
struts are disposed on a plane parallel to and offset 
from said center line. 

=l¢ * * * * 


