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[57] ABSTRACT

A prosthetic aortic or pulmonary valve for permanent
cardiac implantation into the natural valve root having
a framework which is made from sheet woven of
knitted textile fabric material and which consists of an
annular ring with three equiangularly spaced project-
ing legs which extend substantially parallel to one
another in the axial direction from the ring. Each leg
is folded about its longitudinal center line so ‘that the
side edges of the legs form radially outwardly project-
ing flanges, the adjacent flanges of adjacent legs merg-
ing through curves into the portion of the ring lying
between those two legs whereby a substantially U-
shaped continuous ' outwardly projecting flange is
formed between each pair of the three pairs of ad-
jacent legs. The framework supports three separate
cusps made of thin flexible impermeable sheet materi-
al, each cusp having a substantially U-shaped edge
which overlies one of the substantially U-shaped
flanges and is bonded to it, and a free edge which ex-
tends between the free ends of the corresponding pair
of legs and has a length substantially equivalent to one

.third of the internal diameter of the framework ring.

6 Claims, 6 Drawing Figures
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PROSTHETIC CARDIAC VALVE

As explained in some detail in U.S. Pat. No.
3,608,097, our research has persuaded us that the aor-
tic valve of the human heart is a tricuspid valve which,
when the blood is pumped from the left ventricle opens
fully to allow the laminar flow of the blood. The three
cusps of the valve co-operate with the three sinus bul-
ges in the aortic wall to provide chambers which are
open to the flow of blood through openings where the
free ends of the cusps terminate short of the distal, that
is downstream, ends of the sinuses. At this point the
shoulders formed by the ends of the sinuses intercept
part of the flow through the valve with the result that
vortices, tending to urge the cusps to the closed posi-
tion, are set up in the chambers. These vortices con-
tinue when the blood flow through the valve deceler-
ates at the end of systole with the result that the cusps
are moved almost to their closed position before there
is any appreciable backflow. We believe that these con-
ditions also exist in the pulmonary valve of the right
ventricle and also in the aortic and pulmonary valves of
many animals other than humans.

Our present consideration is the provision of a pros-
thetic aortic or pulmonary valve for permanent implan-
tation in the aortic or pulmonary root where new cusps
have to be provided for co-operation with the natural
sinus bulges in the root wall.

In the earlier application a prosthetic valve was dis-
closed in which the cusps were provided by arcuate
portions of a unitary cylinder of suitable flexible mate-
rial, the cylinder being supported by a rigid metallic or
plastic skeleton including a ring to which one end of the
cylinder is attached and defines the upstream diameter
of the valve and three prongs extending axially down-
stream from the ring at 120° intervals, the wall of the
cylinder being secured to the prongs to define the axial
edges of the cusps. The downstream end of the cylinder
then provides the free edges of the cusps extending be-
tween the tips of the three prongs and these edges open
into-a circular configuration when the valve is open and
meet one another along three equiangularly spaced
radii when the valve is closed. This construction, al-
though providing the basis for a practical prosthetic
valve:has two disadvantages. It is difficult to stitch the
prongs adequately to the natural valve wall between the
sinus bulges and the provision of the rigid skeleton en-
courages movement between the skeleton and the flexi-
ble aortic root, and emphasizes the fact that the pros-
thetic valve is a foreign body. '

In accordance with the present invention a prosthetic
aortic. or pulmonary valve for permanent cardiac im-
plantation into the natural valve root has a framework
which is made from sheet woven or knitted textile fab-
ric material and which consists of an annular ring with
three equiangularly spaced projecting legs which ex-
tend substantially parallel to one another in the axial
direction from the ring, each leg being folded about its
longitudinally center line so that the side edges of the
legs form radially outwardly projecting flanges, the ad-
jacent flanges of adjacent legs merging through curves
into the portion of the ring lying between those two legs
whereby a substantially U-shaped continuous out-
wardly projecting flange is formed between each pair
of the three pairs of adjacent legs; the framework sup-
porting three separate cusps made of thin flexible jm-
permeable sheet material, each cusp having a substan-
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2

tially U-shaped edge which overlies one of the substan-
tially U-shaped flanges and is bonded to it, and a free
edge which extends between the free ends of the corre-
sponding pair of legs and has a length slightly greater
than one third of the internal circumference of the
framework ring.

- This new arrangement has the advantage that it may
be stitched in position in the natural valve root wall by
stitches passing through each of the U-shaped flanges
and the overlying edges of the cusps. The cusps as well
as the framework are then positively stitched in posi-
tion. The framework, being made of a fabric, provides
adequate support for the cusps and is able to conform
to the particular shape of a particular natural valve
wall, and also to follow the natural dilation and con-
traction of the valve wall during the blood pumping cy-
cle, both without appreciable irritation.

Preferably the fabric from which the framework is
formed is a fine uncut terylene which may be coated
with silicone rubber. Velour has the advantage of pro-
viding a rough surface into which the natural tissue will
grow and knit. The legs and ring of the framework may
be cut as an integral piece from the fabric, the legs then
being bent out of the plane of the ring before having the
cusps attached to them.

At present we prefer to make each of the cusps from
a fine woven or knitted terylene fabric coated with sili- _
cone rubber. The U-shaped edge of each cusp may be
bonded to the complementary flange of the framework
by means of a suitable medical quality thermoplastic
bonding agent such as silicone rubber.

One example of a prosthetic aortic valve, constructed
in accordance with the invention, and its use, are illus-
trated in the accompanying drawings, in which:

FIG. 1 is a downstream end elevation of the valve
shown in the closed position; .

FIG: 2 is a side elevation of the valve in the closed po-
sition; .

FIG. 3 is a view corresponding to FIG. 1 but showing
the valve open;

FIG. 4 is a view corresponding to FIG. 2 but showing
the valve open;

FIG. § is a partially broken away perspective view of
the valve in position.in a natural aortic root; and,

FIG. 6 is a section taken on the line VI—VI in FIG.
S,

The valve has a framework 7 consisting of a ring with
three equiangularly spaced axially extending legs 8,
made from terylene velour coated with silicone rubber.
The ring and legs are folded to provide outwardly pro-
jecting flanges 9 each of which is of U-shaped configu-
ration and is continuous between a corresponding pair
of adjacent legs 8. Three similar cusps 10, each of sub-
stantially D shape and made of ten denier knitted tery-
lene coated with silicone rubber, overlap and are
bonded with a silicone rubber adhesive each by an edge
11 to a corresponding one of the flanges 9. The length
of the free straight edge 12 of each cusp 10 is slightly
greater than one third of the circumference of the ring
7 so that when the valve is open, as shown in FIG. 3,
the cusps define a substantially cylindrical passage 13
for laminar flow through the valve, but when in the
closed position shown in FIG. 1, they meet one another
along equiangularly spaced radial planes 14 of abut-
ment to close the flow passage.

Prior to implantation the ring 7 is manufactured with
an extension 15, However immediately before sliding
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the valve into the position in the aortic root the exten-
sion 15 is trimmed back, for example to the chain dot-
ted line shown in FIGS. 2 and 4, substantially level with
the bases of the U’s of the flanges 9.

FIGS. 5 and 6 illustrate the valve sutured into a natu-

ral aortic root 16 provided with three natural sinus bul-
ges 17. During implantation the prosthetic valve is se-
cured in the aortic root by means of stitches 18 which
pass through the flanges 9'and overlapping edges of the
cusps 10, and the aortic wall. It will be appreciated that
the U-shape of each flange 9 corresponds substantially
to the U-shape of the line of contact with the natural
tissue around the bottom and sides of each sinus 17.
- In FIG. § the flow from the left ventricle of the heart
will be upwardly through the valve and because the free
edges 12 of the cusps 10 terminate short of the distal
ends of the sinuses 17, hemispherical vortices, indi-
cated by the curled arrow in FIG. 5, will be set up as
described in our earlier U.S. patent. Consequently dur-
ing systole, the valve will open and provide an uninter-
rupted cylindrical passageway for laminar blood flow
but as soon as the flow decelerates, the vortices cause
the cusps to fold inwards and close substantially imme-
diately.

The flanges 9 provide a most convenient means for
suturing the valve to the natural tissue and since the
legs 8 and ring 7 are made of extremely pliable fabric,
the valve produces the minimum of irritation likely to
lead to trauma.

A prosthetic pulmonary valve will be constructed and
implanted in a directly analogous manner to that de-
scribed.

We claim:

1. A prosthetic cardiac arterial valve for permanent
cardiac implantation into the natural valve root, said
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valve having a framework made from sheet textile fab-
ric material and consisting of an annular ring with three
equiangularly spaced projecting legs which extend sub-
stantially parallel to one another in the axial direction
from said ring, each leg being folded about a longitudi-
nal center line so that side edges of said legs form radi-
ally outwardly projecting flanges, the adjacent flanges

-of adjacent legs merging through curves into the por-

tion of said ring lying therebetween whereby a substan-
tially U-shaped continuous outwardly projecting flange
is formed between each pair of the three pairs of said
adjacent legs; said framework supporting three sepa-
rate cusps made of thin flexible impermeable sheet ma-
terial, each cusp having a substantially U-shaped edge
which overlies one of said substantially U-shaped
flanges and is bonded thereto, and a free edge which
extends between the free ends of the corresponding
pair of said legs and has a length substantially equiva-
lent to one third of the internal circumference of said
framework ring.

2. A valve according to claim 1, wherein said fabric
from which said framework is formed is a fine uncut
terylene velour.

3. A valve according to claim 2, wherein said velour
is coated with silicone rubber.

4. A valve according to claim 1, wherein said legs and
said ring of said framework are cut as an integral piece
from said fabric.

5. A valve according to claim 1, wherein each cusp
is made from a fine terylene fabric coated with silicone
rubber.

6. A valve according to claim 5, in which said tery-

lene fabric is a ten denier warp knitted fabric.
* ok ok x %



