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A prosthetic heart valve (2) comprising a mounting ring (4) of suturable material for suturing into an annulus (6) in | -
the heart, a valve ring (10) carried by said mounting ring and a moveable valve member (12) carried by said valve ring. The |
mounting ring (4) includes a clamping member (20) clamping said valve ring thereto, said clamping member being op-
erable to release said valve ring and its valve member so as to allow replacement thereof while leaving the mounting ring
(4) sutured in the heart. The removable and remplacement of the valve ring (10) is affected by an instrument (30) specif-
ically adapted for use with the prosthetic heart valve. The instrument (30) includes a rod (40) with a first jaw (42) and a
slide (48) with a second jaw (50).




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT Austria FR France ML Mali

AU  Australia GA Gabon MR Mauritania
BB Barbados GB United Kingdom MW Malawi

BE Belgium HU Hungary NL Netherlands
BG Bulgaria IT Italy NO Norway

BJ Benin JP Japan RO Romania

BR Brazil KP Democratic People’s Republic SD Sudan

CF Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea - SN Senegal

CH Switzerland LI  Liechtenstein SU Soviet Union
CM Cameroon LK  Sri Lanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US United States of America

FI  Finland MG Madagascar

-



WO 87/05489

PCT/AU87/00075

PROSTIHETLC HEART VALVE AND INSTRUMEN'T
FOR INSERTING AND/OR REMOVING SAME

The present invention relates to prosthetic
heart valves used for replacing defective heart valves
in a human body, and also to an instrument for use in
applying and/or removing the prosthetic heart valve,

The replacement of a defective aortic,
mitral, or tricuspid valve by a prosthetic heart valve
is now a common surgical operation. The prosthetic
heart valve frequently used today includes a moynting
ring of suturable material, usually fabric, for
mounting the valve in the heart annulus prepared upon
removing the defective valve. The mounting ring
carries a valve ring and a valve member movable within
the valve ring, which valve member controls the blood
flow. In onec type of prosthetic heart valve commonly
used today, the valve ring is a titanium cage, and the
valve member is a disc pivotably mounted within the
titanium cage.

Prosthetic heart valves frequently require
replacement because of clot fogmation, calcification,
or other interference with the movement of the valve
member. Statistically, the valve replacement rate is
approximately 2,53% per yeaf; Thus, over a ten year
period, there is approximately a 25% chance that a
prosthetic heart valve in any one individual will have
to be replaced. The replacement of a prosthetic heart
valve is also frequently Fequired in a growing child,
in order to accomodate the increase in size in the
child's heart.

Today, whenever a prosthetic valve has to be
replaced, the conventional procedure is to completely
remove the defective valve by opening its sutures and
then resuturing another prosthetic valve in its place.
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A substantial part of the time and effort involved in
replacing a defective prosthetic heart valve in this
manner is in the resuturing of the new prosthetic
valve in the place of the defective one. The time
period of the operation, and particularly the time
period during which the patient's normal blood
circulation is blocked for purposes of replacing the
defective valve, directly bear not only on the chances
of recovery, but also on the period required for
recovery. ‘The present procedure, which is very
time-consuming, therefore subjects the patient to
considerable additional risk and trauma; it also
subjects the surgical staff to considerable additional
strain and effort.

An object of the present invention is to
provide a prosthetic heart valve which can be used for
replacing a defective heart valve so as to avoid the
above disadvantages in the present technique.

Another object of the present invention is
to provide an instrument particularly useful for
removing and/or replacing the novel prosthetic heart
valve.

According to one broad aspect of the present
invention, there is provided a prosthetic heart valve
comprising a mounting ring of suturable material for
mounting the valve in an aﬁnulus in the heart by the
use of sutures, a valve ring carried by said mounting
ring, and a movable valve member carried by said valve
ring; characterized in that said mounting ring
includes a clamping member clamping said valve ring
thereto, which clamping member is openable to release
said valve ring and to permit replacement of the valve
ring and its valve member another valve ring and valve
member while leaving the modnting ring and its sutures

in place in said annulus.
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In the preferred embodiment of the invention
described below, the clamping member is in the form of
a ring having a diameter which is expansible in order
to accomodate valve rings of different diameters,

More particularly, the clamping member is a coiled
spring of annular shape,

It will be thus seen that once such a
prosthetic heart valve is Sutured in the heart annulus
to replace a natural, defective valve, any subsequent
replacement of the prosthetic heart valve, e.g.,
because of clot formation or calcification, does not
require the complete removal of the prosthetic valve,
but only the removal of the valve ring (and valve
member carried thereby) from the mounting ring; the
mounting ring and its sutures remain in place in the
annulus. The fact that there is no need to remove the
sutures of the mounting ring and to resuture a new
prosthetic valve in its place effects a very
substantial savings in the time required for the
surgical operation. As a result there is a
substantial decrease in the risk and trauma to which
the patient is subjected. Use of the novel prosthetic
heart valve is particularly advantageous when
replacing a natural valve in a growing child, since
the clamping member, being in the form of a ring
having a diameter which is expansible, is able to
accomodate valve rings of larger diameters as may be
required by the increase in the heart size of the
growing child. A further advantage in the invention
is that the new prosthetic heart valve may be rotated
by the surgeon after its implantation, if necessary.

According to a further aspect of the present
invention, there is brovided an instrument for use in
removing a valve member and'its valve ring from a
clamping ring included within a mounting ring sutured

in an annulus in the heart, and/or in inserting
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another valve member and valve ring in its place,
comprising: a first handle; a second handle pivotably
mounted to the first handle and grippable therewith by
the user's hand so as to be movable towards and away
from the first handle by a hand-squeezing pressure; a
fixed jaw fixed at one end to said first handle and
having an abutment at its opposite end; énd a movable
jaw coupled to said second handle by a coupling
effective to cause said movable jaw to move towards
and away from said abutment along a rectilinear path
parallel to the axis of said fixed jaw when the second
handle is pivoted towards and away from said first
handle.

Such an instrument enables the surgeon to
effect the removal of the valve ring and its valve
member, and their replacement by another valve ring
and valve member should this be required, in a
relatively short period of time and with a very
substantial decrease in the trauma to which the
patient is subjected.

Further features and advantages of the
invention will be apparent from the description
below.

The invention is herein described, by way of
example only, with reference to the accompanying
drawings, wherein:

Fig. 1 illustrates one form of prosthetic
heart valve constructed in accordance with the present
invention;

Fig. 2 illustrates the heart valve of Fig. 1
with parts removed to show internal structure;

Fig. 3 illustrates an instrument which may

be used for removing and/or replacing a defective
prosthetic heart valve;
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Figs. 4a and 4b illustrate steps in the
removal of a defective prosthetic heart valve by the
use of the instrument illustrated in Fig. 3;

Figs. 5a and sb illustrate a modification in
the instrument of Fig. 3, and its use in the
attachment of a neyw prosthetic heart valve to replace

a defective one; and

Fig. 6 illustrates another instrument that
may be used in the attachment of a ney prosthetic
valve to replace a defective one.

The prosthetic heart valve illustrated in
Figs. 1 ang 2, therein generally designated 2,
comprises a mounting ring 4 of fabric or other
suturable material for mounting the valve in an
annulus 6 in the heart by the use of sutures 8. The
prosthetic heart valve further includes a valve ring
10 and a valve member in the forn of a disc 12
pivotably mounted by pins 14, 16 to valve ring 10.

Such types of brosthetic heart valves are
known, and therefore further details of its
construction ang operation are not set forth herein,

As brought out earlier, in the conventional
prosthetic heart valve, mounting ring 4, valve ring
10, and pivotable valve disc 12 are all formed as a
unitary device which is fixed as a unit by sutures 8
when the prosthetijc heart valve ig used to replace to
a defective valve, and is removed as a unit by
severing sutures § when the prosthetic heart valve is
to be repiaced by another Prosthetic heart valve

because of clot formation, calcification, or other

~interference with the movement of the valve disc 12.

Figs. 2, and also Figs. 4a and 4b, more
Particularly illustrate the novel structure of the
prosthetic heart valve 2 in order to permit only the
valve ring 10 and its disc 12 to be replaced, whenever

necessary, thereby obviating the need for removing the
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mounting ring 4 and its sutures 8 when replacing a
defective prosthetic heart valve by a new one.

) Thus, the valve ring 10 is constructed like
a wheel rim. It is of U-shaped section, having a pair
of opposed flanges 10a, 10b interconnected by a bridge
10c and open at the outer face of the ring, as best
seen in Fig. 4b. In addition, the mounting ring 4
includes a clamping member 20 for clamping the valve
ring 10 to is. Clamping member 20 is in the form of a
coiled spring having approximately 1.5 loops and is
enclosed within the fabric mounting ring 4. The
coiled-spring clamp is seated on the bridge portion
1Cc of the valve ring 10 between its flanges 10a, 10b,
but may be unseated therefrom in order to permit
replacement of valve ring 10 by another valve ring and
valve member 12, while leaving the sutures 8, the
mounting ring 4, and the coiled-spring clamp 20, in
place in the annulus.

The use of a coiled spring 20 for the
clamping member provides an additional advantage in
that the coiled spring, being expansible in diameter,
can accomodate valve rings of different diameters, for
example when a prosthetic heart valve has been used to
replace a natural, defective valve in a growing child

. but has to be replaced because of the growth in the
heart size of the child.

Fig. 3 illustrates an instrument that may be
used for inserting for removing the valve ring 10 and
its valve member 12 from the sutured mounting ring 4
and coiled-spring clamp 20 whenever it may be required
to replace the valve,. Figs 4a, 4b illustrate the
manner of using the instrument of Fig. 3 for removing
the valve ring and valve member. Figs. 5a, 5b
illustrate a modification in the instrument of Fig. 3

and the manner of using it for reapplying another
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valve ring and valve member in the place of the
removed one.

The instrument illustrated in Fig. 3,
therein generally designated 30, comprises a pair of
handles 32, 34. llandle 32 is relatively fixed, and
handle 34 is pivotably mounted by pin 36 to it. A
leaf spring 38 interposed between the two handles 32,
34 urges them apart, so that a light squeezing
pressure will pivot handle 34 towards handle 32
against the action of spring 38,

Instrument 30 illustrated in Fig. 3 further
includes a rod 40 fixed at one end to an extension 41
of the fixed handle 42. Rod 40 terminates at its
cpposite end in an upstanding abutment 42 which serve
as one jaw of the instrument. The movable handle 34
is formed with a lever arm extension 44 on the
opposite side of pivot pin 36, which extension is
coupled by a link 46 to a slide 48 slidably receivable
on rod 40. The opposite end of slide 48 carries a
second jaw 50 formed with an inner face 51 aligned
with the top face of jaw 42, and with a tapered
surface 52 at its outer tip.

It will be seen that jaw 50 is movable along
a rectilinear path, parallel to the axis of rod 40,
when handle 34 is pivoted towards handle 32 by the
“application of a squeezihg pressure. Jaw 50 is
located so that, when the .two handles are squeezed
together, the inner face 51 of jaw 50 just clears the
top face of jaw 42 and moves slightly past it as shown
in Fig. 4b. During this movement, tapered surface 52
serves as a cam surface which, as illustrated in Figs.
4a and 4b, unseats coiled-spring clamp 20 from the rim
of ring 10 and thereby permits the ring, together with

the valve disc 12, to be removed from the mounting
ring 4.
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The foregoing operations for removing valve
ring 10 and its valve disc 12 from the mounting ring
4, without disturbing sutures 8 fixing the mounting
ring in place, are particularly seen in Figs. 4a and
4b. Thus, whenever a defective valve is to be
replaced, the two jaws 42, 50 of the instrument 30
illustrated in Fig., 3 are applied to valve ring 10 of
the defective valve, with the tapered tip 52 of jaw 50
aligned with the coiled-spring clamp 20 on the outer
side of the valve ring 10, and the inner face of jaw
42 abutting against the inner side of valve ring 10,
This is the position illustrated in Fig. 4a.

The physician then squeeze handle 34 towards
handle 32. This causes jaw 50 to move along a
rectilinear path parallel to the axis of rod 40, to
bring the tapered tip 52 of jaw 50 into engagement
with the coiled-spring clamp 20 at its line of contact
with valve ring 10. A further squeezing of the two
handles 32, 34 moves jaw 50 towards jaw 42, causing
the tapered surface 52 of jaw 50 to cam upwardly the
coiled-spring clamp 20 until it unseats from valve
ring 10.

The latter position is illustrated in Fig.
4b, wherein it will be seen that tapered surface 52 of
jaw 50 has unseated coiled-spring clamp 20 from valve
ring 10, and at the same time the valve ring is
tightly clamped between twp jaws 42, 50 so that the
valve ring can be removed by the same instrument 30
while the coiled-spring clamp is retained in place in
the heart annulus.

Fig. 5a and 5b illustrate the manner of
using instrument Fig. 3, with a slightly modificationA
in the structure of the two jaws, therein designated
42', 50', also for reattaching another valve ring,
therein designated 10', containing another valve

member to the mounting ring 4 already sutured in
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place. Actually, it is only necessary to modify jaw
50' such that its inner face 51', instead of being
aligned with the top face 42' of jaw 42 as in Figs. 3,
4a, 4b, rather depends below it such as to abut
against the end of the new valve ring 10', as shown in
Fig. 5a.

In attaching a new valve ring 10' to the
sutured mounting ring 4, the new valve ring 10' is
placed between jaws 50' and 42' of the instrument.
The lower end of the new ring 10' is then placed to
engage the coiled-spring clamp 20 of the mounting ring
4, with the upper end of the valve ring 10' spaced
slightly forwardly of clamp 20, and with the inner
face of abutment 42' engaging the inner face of the
mounting ring containing clamp 20. This is the
position illustrated in Fig. 5a.

Then, as shown in Fig. 5b, the handles of
the instrument are squeezed towards each other to
move jaw 50' towards jaw 42' causing the upper end of
valve ring 10' to move towards the coiled-spring clamp
20 until the valve ring snaps into place within the
coiled spring, as shown in Fig. 5b.

During this insertion step, it may be
necessary or desirable to include an additonal clamp,
shown at 60 in Figs. 5a and Sb, for securely holding
the lower part of valve ring 10' scated in the coiled
Spring clamp 20 during the insertion of the upper part
of the valve ring in the manner described above.

The instrument illustrated in Fig. 6 may
also be used for attaching a new valve ring, therein
designated 110, and valve member (not shown) to a
previously sutured mounting ring 104 containing a
coiled-spring clamp 120. Thus, movable jaw 150
includes a lip 151 for more securely holding the valve
ring 110, and the fixed jaw 142 similarly includes a
lip 143 for more securely holding the clamp 120 when
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the valve ring is moved to become seated within the
clamp. The lower end of the valve ring 110 is
retained within the lower end of the clamp 120 by a
wrench type clamp 160 including a fixed jaw 162 and a
movable jaw 163 movable by rotating nut 164 on handle
165.

While the invention has been described with
respect to one preferred embodiment as applied to a
disc-type prosthetic valve, it will Dbe appreciated
that the invention may be used with other types of
prosthetic valves, Many other variations,

modifications and applications of the invention will
be apparent.
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WHAT IS CLAIMED IS:

1. A prosthetic heart valve, comprising a
mounting ring of suturable material for mounting the
valve in an annulus in the heart by the use of
sutures, a valve ring carried by saig mounting ring,
and a movable valve member carried by said valve
ring; characterized in that said mounting ring .
includes a clamping member clamping said valve ring
thereto, which clamping member is Openable to release
said valve ring and valve member, and to permit
replacement of the valve ring and its valve member by
another valve ring and valve member while leaving the
mounting ring and its sutures in place in said
annulus.

2. The prosthetic heart valve according to
Claim 1, wherein said clamping member is in the form
of a ring having a diameter which is expansible in
order to accomodate valve rings of different

diameters.

3. The prosthetic heart valve according to
either of Claims 1 or 2, wherein said clamping member
is a coiled Spring of annular shape. ,

4. The prosthetic heart valve according to
Claim 3, wherein said coiled spring has approximately
1.5 loops. ’

5. The prosthetic heart valve according to
either of Claims 3 or 4, wherein said valve ring
includes a rim of U-shaped section for receiving said
coiled-spring clamping member.

6. The prosthetic heart valve according to
any one of Claims 3-5, wherein said suturable mounting
ring is of fabric. )

7. An instrument for use in removing a
valve member and its valve ring from a clamping ring

included within a mounting ring sutured in an annulus
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in the heart, and/or in inserting another valve member
and valve ring in its place, comprising:

a first handle;

a second handle pivotably mounted to the
first handle and grippable therewith by the user's
hand so as to be movable towards and away from the
first handle by a hand-squeezing pressure;

a fixed jaw fixed at one end to said first
handle and having an abutment at its opposite end;

and a movable jaw coupled to said second
handle by a coupling effective to cause said movable
jaw to move towards and away from said abutment along ]
a rectilinear path parallel to the axis of said fixed
jaw when the second handle is pivoted towards and away
from said first handle.

8. The instrument according to Claim 7,
wherein the instrument is used for removing the valve
member and its valve ring from the mounting ring, the
outer tip of said movable jaw including a tapered
surface effective to unseat the clamping ring from the
valve ring when the movable jaw is moved towards said
fixed jaw.

9. The instrument according to Claim 7,
wherein the instrument is used for attaching a new
valve member and its valve ring to the mounting ring,
the outer tip of said movable jaw including an'
abutment depending below the upper surface of said
abutment of the fixed jaw so that the two abutments
engage the valve ring and the clamping ring
therebetween, and movement of the movable jaw causes
the valve ring to seat in the clamping ring.

10. The instrument accerding to any one of
Claims 7-9, wherein said movable jaw is slidably
mounted on said fixed jaw and is coupled to said

second handle by a link pivotably mounted at one end
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to an extension of said secénd handle and at the
oipposite end to said movable jaw.

11. A prosthetic heart valve substantially
as described with reference to and as illustrated in
tie accompanying dréwings.

12. An instrument for use in removing a
valve member and its valve ring from a mounting ring

suwtured in an annulus in the heart, and/or inserting
amother valve member and valve ring in its place,
substantially as described with reference to and as

illustrated in the accompanying drawings,
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