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valve, and an apical end (10b; 10b"; 10b™ 10b™), able to be fastened to an apex of a papillary muscle (MP) of the atrioventricular

valve, and a plurality of cord elements (11; 11" 11 " 11 ") extending between the cuspidal end and the apical end. The cora
elements are connected together at at least one of said cuspidal end and apical end.
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(57) Abstract: A device (10; 10 10"; 10™) for replac-
ing the chordae tendineae (CT) of an atrioventricular valve
comprises a cuspidal end (10a; 10a”;, 10a"; 10a™), able to be
fixed along a portion (C1P) of the free edge (FM) of a cusp
(C1; AC1) of the atrioventricular valve, and an apical end
(10b; 10b% 10b"; 10b™), able to be fastened to an apex of a
papillary muscle (MP) of the atrioventricular valve, and a
plurality of cord elements (11; 11 3 11 "; 11 ™) extending
between the cuspidal end and the apical end. The cord ele-
ments are connected together at at least one of said cuspidal
end and apical end.
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Device for replacing the chordae tendineae of an atrioventricular valve

The present invention relates to a device for replacing the chordae tendineae of an

atrioventricular valve.

As 1s known, inside the heart atrioventricﬁlar communication occurs by means of
atrioventricular valves, which are essentially non-return valves. With reference to Figure 1,
the valve VT arranged at the atrioventricular orifice which connects the right atrium AD to
the right ventricle VD is called the tricuspid valve, and the valve VM arranged at the
atrioventricular orifice which connects the left atrium AS to the left ventricle VS is called
the mitral valve. The tricuspid valve VT is formed by three leaflets or cusps C, and the
mitral valve VM is formed by two leaflets or cusps C. Each of the atrioventricular valves
VT and VM comprises a ring (not visible) consisting of a fibrous tissue to which the bases
of the cusps C are connected. Also present are muscular tissue parts MP, the so-called
papillary muscles, which project from the wall of the respective ventricle VS, VD. From
the end of each of the cusps C there extends a bundle of taut fibres CT, the so-called
chordae tendineae, which are attached to the papillary muscles MP. Activation of the
valves occurs passively. The tension produced in the chordae tendineae CT by the
contraction of the papillary muscle MP at the start of the systole balances the increase in
the intraventricular pressure which would tend to cause the valve to open inwards, giving

rise to a backflow towards the atrium.

With reference in particular to Figure 2, fhe mitral valve complex VM comprises the mitral
annulus (not visible), the anterior cusp C1 and the posterior cusp C2, the chordae tendineae
CT and the papillary muscles MP (visible in Fig. 1). The mitral annulus forms the base of
the mitral cusps C1 e C2 and is an elliptical ring which undergoes variations during the

heart cycle, changing in size and being subject to three-dimensional movements.

When the valve is closed, the two cusps, i.e. posterior cusp C2 and anterior cusp C1, have
substantially the same area. The area of the surface of both the cusps C1, C2 is equal to
about twice the area of the mitral orifice. This extra large surface area of the cusps ensures

that the orifice is covered under normal conditions and allows for compensation in
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pathological cases. The anterior cusp C1 is slightly bigger than the posterior cusp C2 and
has a semi-circular or triangular shape. The posterior cusp C2 has an undulating shape and
18 generally divided into three or more parts which are referred to as “scallops™. These
scallops are generally indicated by P1, P2 and P3. Generally, also the anterior cusp C1 is
divided into three parts, denoted by A1, A2 and A3, corresponding to the séallops of the
posterior cusp C2. Close to the free edge FM of the cusps C1 and C2 the atrial surface of

these cusps is irregular with nodular thickened parts. This zone is generally called rough

Z011€.

Part of the chordae tendineae is attached at one end to the ventricular side of the rough
zone, or 1n any case close to the free edge of the cusp, corresponding to the closing line of
the mitral valve VM, and at the other end to the tip of the two papillary muscles. When
- viewing the closed valve in profile, most of the closing line is situated underneath the plane
of the atrioventricular junction, so that the atrial surface of the cusps has a saddle-like
configuration. The area of the orifice of the mitral valve at the level of the mitral annulus is
approximately 6.5 cm® for women and 8 cm? for men. The circumference of the mitral

annulus is approximately 9 cm for women and 10 ¢cm for men.,

Among the pathologies affecting the mitral valve there is the so-called prolapse. By
definition, prolapse of the mitral valve is the situation where the cusps extend above the
plane of the atrioventricular junction during the ventricular systole. The most common
form of prolapse occurs when the free edge of the affected cusp passes beyond the closing
line of the opposite cusp with inevitable regurgitation. One of the causes of prolapse is

breakage of the chordae tendineae.

In past years surgeons have treated prolapsed valves by means of resection of the prolapsed
segment (mainly for prolapse of the posterior cusp) or, in the case where the prolapse is
situated on the anterior cusp, by means of partial transposition of a segment of the posterior
cusp with intact chords into the corresponding damaged anterior cusp. However, mitral

plasty techniques require a great deal of experience and have a long learning curve.
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Another important aspect consists in the fact that the affected part 1 this type of mitral
prolapse is not the cusp, but the cords, and only the latter need be repaired. Artificial cords
have been used for this purpose with good results: however, a considerable amount of
controversy has arisen with regard to per-operative evaluation of the exact length of the
artificial cord. Moreover, when the implantation of several cords is required, for each of
them it is required firstly to perform attachment to the papillary muscle and then
measurement of the artificial chord approximately equal to the length of the normal chord
and finally perform attachment to the edge of the cusp. Consequently, there exist major

obstacles to the widespread use of this repair technique.

The object of the present invention is therefore to provide a device able to overcome the

abovementioned problems.

The present invention therefore relates to a device for replacing the chordae tendineae of an
atrioventricular valve, characterized in that it comprises a cuspidal end able to be fixed
along a portion of the free edge of a cusp of said atrioventricular valve, and an apical end
able to be fastened to an apex of a papillary muscle of said atrioventricular valve, and a
plurality of cord elements extending between said cuspidal end and said apical end, said

cord elements being connected together at at least one of said cuspidal end and apical end.

In such a device, the cord elements are grouped together in a bundle inside a same device.
The number of operations necessary for implanting the device is therefore reduced

considerably.
Preferred embodiments of the invention are defined in the dependent claims.

Some preferred, but non-limiting embodiments of the invention will now be described with
reference to the accompanying drawings in which:

- Figure 1 is a schematic and partially sectioned illustration of a human heart;

- Figure 2 is a view of a mitral valve from the left atrium:

- Figure 3 is a schematic illustration of a first embodiment of a replacement device
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according to the present invention:

- Figure 4 is a schematic illustration of a cusp of the mitral valve, connected by means
of chordae tendineae to a papillary muscle; and

- Figure 5 is an illustration similar to that of Figure 4, which shows the device
according to Figure 3 in an implanted condition:;

- Figure 6 is a schematic illustration of a second embodiment of a replacement device
according to the present invention;

- Figure 7 is a schematic representation of a third embodiment of a replacement device
according to the present invention;

- Figure 8 is a schematic representation of a fourth embodiment of a replacement
device according to the present invention; and

- Figure 9 is an illustration of a fifth embodiment of a replacement device according to

the present invention.

With reference to the figures, these show some different embodiments of a device
according to the invention, able to replace the chordae tendineae of an atrioventricular
valve, in particular a mitral valve. As shown in Figure 5 and as will be clarified more fully
below, the device according to the invention comprises a cuspidal end, which is able to be
fixed along'a portion of the free edge of a cusp of the atrioventricular valve, and an apical

end, which is able to be fastened to an apex of a papillary muscle of the atrioventricular

valve.

With reference to Figure 3, this now illustrates a first embodiment of a device according to
the invention, denoted overall by 10. The device 10 comprises a cuspidal end, denoted by
10a, and an apical end, denoted by 10b. This device 10 also comprises a plurality of cord
elements 11, which have a length approximately equal to the length of the natural chordae
tendineae. The term “cord element” is understood as meaning a flexible and soft long
element, such as, for example, a filament, a thread, a cord with a very small diameter, etc.
The cord elements must be as flexible and soft as possible so that they do not impose
undesirable restrictions on the movement of the cusps, but are nevertheless sutficiently

strong to reduce the risk of breakages. In the embodiment shown, the device 10 comprises
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six cord elements 11. These cord elements have a length 1 of between about 22 mm and 26
mm. At the cuspidal end 10a of the device 10, each of the cords 11 is attached, by its end
11a, to a strip of flexible and soft material 13, which is able to simulate a portion of the
free edge of a cusp of the atrioventricular valve. Alternatively, the cords 11 may be formed
as one piece with the strip. The strip 13 may have a width w of between about 18 mm and
24 mm and have a distance d between the ends 11a of adjacentﬁ cords 11 equal to 3 mm.

The measurements indicated here, however, are provided by way of example and are not to

be regarded as limiting the invention.

At the apical end 10b of the device 10, the other ends 11b of the cords 11 are joined
together and to a joining member 15, which is able to simulate the apex of a papillary
muscle. The method of joining together the chords is not essential for the purposes of the
invention. As an alternative to the mechanical joining member 15, it is possible to
envisage, for example, that the cords 11 are joined together by means of bonding or are

melted together or are knotted together so as to define a joining point where all the cords

are united.

The joining member 15 has, extending from it, a pair of threads 17 provided at their free

ends with needles 19 of the conventional type.
The mode of use of the device 10 according to the invention will now be described.

Figure 4 shows in schematic form the anterior cusp C1l of the mitral valve VM. In the
vicinity of the free edge FM of the cusp C1, a bundle of chordae tendineae CT, CTR is
connected to this cusp and terminate on the apex of the papillary muscle MP corresponding
to the cusp C1. It is assumed that the cords indicated by CTR break. This situation causes
prolapse of a portion C1P of the cusp C1, which is illustrated for explanatory purposes by

means of a broken line.

Figure 5 shows the device 10 according to the invention in an implanted condition, such as

to repair the prolapse of the cusp C1. The broken cords CTR have been removed
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beforehand. The strip 13 of the device 10 is fixed, for example by means of a continuous
suture, to the edge FM of the prolapsed portion C1P of the cusp C1 of the mitral valve. At
the other end of the cords 11, the joining member 15 of the cords 11 is fixed to the apex of
the corresponding papillary muscle MP. The threads 17 are introduced inside the papillary
muscle MP so as to pass through from the apex towards the base of the latter and are
knotted together at their free ends emerging from the papillary muscle MP. The cords 11
of the device 10 replace the broken cords CTR.

In order to perform tethering of the device 10 to the papillary muscle MP the needles 19
were used. By means of these needles 19, with the use of surgical equipment of the
conventional type, such as forceps, the threads 17 were introduced inside the papillary
muscle MP and then passed out from this muscle. Once the needles 19 with the respective
thread portions 17 were extracted from the papillary muscle MP, the needles 19 were cut
off and the free ends of the threads 17 emerging from the papillary muscle MP were
knotted together.

As can be understood, this embodiment of the device according to the invention not only
reproduces the single chorda tendinea, but also the two attachment ends, namely the edge

of the cusps and the apex of the papillary muscles.

If the length of the prolapsed segment is smaller than the length of the strip 13 of the device
10, 1t 1s possible to adapt the device 10 by simply cutting off one or more of the cords 11

and the excess strip portion 13.

Vice versa, it the length of the prolapsed segment is greater than the length of the strip 13
of the device 10, it is possible to use several devices arranged in a row along the same

cusp.

It, instead, some cords of both the cusps C1 and C2, which however lead from the same
papillary muscle MP, are broken, it is possible to use two devices 10 facing each other and

connected on the one hand to the respective cusp and on the other hand to the papillary
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muscle concerned.

With reference to Figure 6, a second embodiment of a device according to the invention,
denoted overall by 10, is now described. The parts corresponding to those of the previous
embodiment have been indicated with the same reference numbers, with the addition of an
apostrophe, and will not be further described. The device 10° also comprises a cuspidal |
end, denoted by 10a’, and an apical end, denoted by 10b’. This device 10’ also comprises a
plurality of cord elements 11°. At the cuspidal end 10a’ of the device 10°, the cord elements
11’ are connected to a strip of flexible and soft material 13°. Differently from the first
embodiment, at the apical end 10b’ of the device 10’ the cord elements 11’ have ends 11b’
which are free and not joined together. The free ends 11b’ are provided with needles 19’ of

a type similar to that described with reference to the previous embodiment.

As can be understood, implantation of the device 10’ of the second embodiment is slightly
different from that of the device 10 of the first embodiment as regards the apical end of the
device. In fact, here, it is necessary to fasten individually each cord element 11’ to the apex
of the papillary muscle, while in the previous embodiment a single operation for fastening

all the cord elements 11 was sufficient.

With reference to Figure 7, a third embodiment of a device according to the invention,
denoted overall by 10°’, is now be described. The parts corresponding to those of the first
embodiment have been indicated by the same reference numbers, with the addition of a
double apostrophe, and will not be described further. The device 10°° also comprises a
cuspidal end, denoted by 10a’’, and an apical end, denoted by 10b*’. This device 10’ also
comprises a plurality of cord elements 11°°. At the apical end 10b’’ of the device 10”’, the
cord elements 11’ are joined together. Differently from the first embodiment, at the
cuspidal end 10b’’ of the device 10"’ the cord elements 11°° have ends 11a’’ which are free
and not joined together. The free ends 11a> are provided with needles 29°’ of a type
similar to those described above.

As can be understood, implantation of the device 10”’ of the third embodiment is slightly

different from that of the device 10 of the first embodiment as regards the cuspidal end of
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the device. In fact, here it is necessary to fasten individually each cord element 11’ to the
free edge of the valve cusp, while in the first embodiment a single operation for fastening

all the cord elements 11 was sufficient.

Although the invention has been described with reference to the treatment of mitral
prolapse, it is certainly not limited to this application, but may be used for all types of

pathologies which involve the papillary muscles, chordae tendineae and valve cusps.

For example, the invention is applicable, not only for the replacement of broken chordae
tendineae, but may also be used inside more complex prosthetic devices, such as actual

valve prostheses.

In this connection, with reference to Figure 8, a fourth embodiment of a device according
to the invention, denoted overall by 10°”’, is described. The parts corresponding to those of
the first embodiment have been indicated by the same reference numbers, with the addition
of a triple apostrophe, and will not be further described. The device 10°°’ comprises also a
cuspidal end, denoted by 10a’”’, and an apical end, denoted by 10b’’’. This device 10°”’
furthermore comprises a plurality of cord elements 11°°°. Differently from the first
embodiment, the device 10’’’ forms part of an atrioventricular valve prosthesis of the
conventional type. The cord elements 11°°” are therefore connected to a movable part of the
valve prosthesis intended to replace a cusp, denoted by AC1 in Figure 8. In the claims
which follow, the term “cusp” may therefore be regarded as refetring to both a cusp of a
natural valve and to an artificial movable part of an atrioventricular prosthesis, and the term

“valve” may refer both to a natural valve and to an atrioventricular valve prosthesis.

With reference to Figure 9, a fifth embodiment of a device according to the invention is
now described. This embodiment is substantially the same as that of Fig. 3, and so the same
reference numbers have been used. Therefore, the device 10 shown in Fig. 9 comprises a
cuspidal end, denoted by 10a, and an apical end, denoted by 10b, and a plurality of cord
clements 11, having a length approximately equal to the length of the natural chordae
tendineae. At the cuspidal end 10a of the device 10, each of cords 11 is attached, by its end
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11a, to a strip of flexible and soft material 13, which is able to simulate a portion of the
free edge of a cusp of the atrioventricular valve. Alternatively, the cords 11 may be formed

as one piece together with the strip.

The device according to Fig. 10 is different from that of Fig. 3 solelgf with regard to the
configuration of the ends 11b of the cords at the apical end 10b.

In fact, at the apical end 10b of the device 10 according to Fig. 9, the ends 11b of a group
of cords 11 are joined together, while the ends 11b of another group of cords 11 are joined
together, but separate from those of the first group. At the apical end 10b of the device 10,
the ends 11b of the cords 11 of each group are joined together and to a joining member 15,

able to simulate the apex of a papillary muscle.

The device 10 according to Fig. 9 is also suitable for the treatment of ischemic mitral
regurgitation. In this case there is no prolapse of the cusp, but retraction of the papillary
muscle. For example, after a myocardial infarction, a papillary muscle retracts by 8 mm,
exerting a pulling force on the chordae tendineae and on the corresponding edge of the
cusp, resulting in an insufficiency. If the normal distance between the apex of the papillary
muscle and the edge of the cusp is 24 mm, it would be possible to treat this case by
implanting a device of 24 + 8 = 32 mm. The strip 13 of the device 10 is able to be fixed to
the edge of the cusp of gthe mitral valve. At the other end of the cords 11, the device 10
according to Fig. 9 is able to be fixed to the apex of two separate papillary muscles, for
example by means of suture needles. Advantageously, the centre 13b of the strip 13
corresponds exactly to the centre of the anterior or posterior leaflet (centre of A2 or P2).
This is important because the cords are distributed equally between the two papillary

muscles.

The device according to the invention, in the various embodiments described above, may
be made in different sizes (length, distance between the apex of the papillary muscle and
edge of cusps). This represents a major simplification since, once the distance from the

apex of the papillary muscle to the plane of normal coaptation of the leaflets has been
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determined, the surgeon needs only choose a device of suitable size. This distance may be
calculated by means of echocardiography, nuclear magnetic resonance or during repair of
the valve.

Obviously, without modifying the principle of the invention, the constructional details and
the embodiments may be greatly varied with respect to what described and illustrated,

without thereby departing from the scope of the invention.
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CLAIMS

1. Device (10; 10%; 10”’; 10°") for replacing the chordae tendineae (CT) of an
atrioventricular valve, characterized in that it comprises a cuspidal end (10a; 10a’; 10a’’;
10a’""), able to be fixed along a portion (C1P) of the free edge (FM) of a cusp (C1; AC1) of
said atrioventricular valve, and an apiéal end (10b; 10b’; 10b’’; 10b’’*), able to be fastened
to an apex of a papillary muscle (MP) of said atrioventricular valve, and a plurality of cord
elements (11; 11°; 11°*; 11°*°) extending between said cuspidal end and said apical end, in
which said cord elements are connected together at at least one of said cuspidal end and

apical end.

2. Device according to Claim 1, in which at said apical end (10b; 10b’’; 10b’°%) the
cord elements (11; 11°°; 11°°) are joined together at a joining point (15; 15°’; 15°°), and
fastening means (17, 19; 17, 19%’; 17>, 19°7") are provided at said joining point in order

to fasten said plurality of cords to said apex of the papillary muscle (MP).

3. Device according to Claim 2, in which, at said joining point, said cord elements are

joined together by means of bonding.

4. Device according to Claim 2, in which, at said joining point, said cord elements are

melted together.

5. Device according to Claim 2, in which, at said joining point, said cord elements are

knotted together.

6.  Device according to one of Claims 2 to 5, in which, at said joining point, said

- elements are joined together by means of a joining member (15).

7. Device according to one of Claims 2 to 6, in which said fastening means comprise a
pair of threads (17) able to be introduced inside said papillary muscle so as to pass through
from the apex to the base of the latter, so as to be able to be knotted together at their free
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ends emerging from said papillary muscle.

8.  Device according to Claim 7, in which said threads are, at the respective free ends,

provided with needles (19) for introducing said threads inside said papillary muscle.

9. Device according to one of the preceding claims, in which at said cuspidal end (10a;

10a’; 10a’*”) the cord elements (11; 11°; 11°°’) are connected together by a connecting part

(13;13°; AC1) so as to be spaced from each other.

10.  Device according to Claim 9, in which said connecting element consists of a strip

part (13; 13°) able to be fixed along a portion (C1P) of the free edge (FM) of a cusp (C1).

11. Device according to Claim 10, in which said strip part is formed as one piece with

said cord elements.

12.  Device according to Claim 11, in which said cord elements are attached to said strip
part.
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