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(57) Abstract: This implant (1) has a frame (2) and a membrane
(3) covering this frame; -the frame (2) has: -an elongated base por-
tion (5) formed by two curved or chevron branches being connec-
ted to connecting areas (7) of the implant (1) for connecting to the
annulus of the mitral valve (100); -a longitudinal hoop (8) extend-
ing in a plane substantially perpendicular to the plane in which ex-
tends said base portion; -the membrane (3) is flexible and extends
from one branch to the other while passing near the hoop (8), this
membrane being connected to said branches without being
stretched between these branches and this hoop so that the two
thereby formed lateral portions (3a) of the membrane (3) on both
sides of the implant are able to adopt either a concave shape, out-
wardly convex, or a recessed shape, outwardly concave.
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INTERVALVULAR IMPLANT FOR A MITRAL VALVE

The present invention relates to an intervalvular implant for a mitral valve.

The mitral valve of a heart, located between the left auricle and the left ventricle,
may exhibit a loss of the seal of the two valvulae which it comprises, leading to
regurgitation of the blood in the auricle during ventricular systole. This loss of seal
frequently results from a loss of mobility of one of the two valvulae, following
calcification of this valvula, distention of the mitral annulus, or infarction having led to
damaging of the left ventricle.

It 1s known how to treat this problem by placing an implant between the valvulae,
forming a supporting surface for the valvulae during the ventricular systole, and thereby
allowing a seal to be given again to the mitral valve. An existing implant notably has a
structure formed by a frame and by a membrane covering this frame.

However, known implants do not perfectly give satisfaction, either their shape is
not optimum, causing imperfect restoration of the seal of the valve with respective to
the blood flow from the ventricle to the auricle, or they do not operate properly and
perturbed the blood flow from the auricle to the ventricle, or they have uncertain strength
over time, or further they are difficult to implant.

The object of the present invention is to find a remedy to the whole of these
drawbacks.

The patent application publication N° US 2005/228495 Al discloses a valve
prosthesis comprising a frame base and a trestle that spans across and above the frame
base, this trestle supporting a leaflet assembly comprising two mobile leaflet members
that assume different complementing orientations in response to blood flow. The frame
base 1s sized and configured to engage a generally circular shape of a native valve
annulus. The outer edges of leaflet members are free of attachment to the frame base.

This device 1s intended to replace the native leaflets. It fails to achieve the object

above-mentioned.
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The implant according to the invention has a structure formed with a frame and a
membrane covering this frame;

- the frame has:

- an elongated base portion formed by two curved or chevron branches, these
branches having median portions distant from each other and end portions
getting closer to each other and being connected to connecting areas located
at the longitudinal ends of the base portion; this elongated base portion has a
width extending from the median portion of one branch to the median portion
of the other branch and a length extending from one connecting area to the
other connecting area, and 1s so elongated that said length 1s three to eight
times greater than said width;

- anchoring portions connected to these connecting areas, allowing the implant
to be anchored to the annulus of the mitral valve in two points of the annulus
spaced from one another, in particular opposite one another;

- alongitudinal hoop extending from one connecting area to the other;

- the membrane is flexible and extends from one branch to the other while passing
near the hoop, this membrane being connected to said branches without being stretched
between these branches and this hoop so that the two lateral portions of the membrane
thereby formed on both sides of the implant are able to adopt either a concave shape,
outwardly convex, or a recessed shape, outwardly concave.

The implant, once it is set into place on a mitral valve, will occupy the intervalvular
space, saild membrane portions extending along the edges of the valvulae. By means of
its frame only formed at this membrane by said branches and said hoop, this implant has
a relative longitudinal flexibility allowing it to more or less adapt to the shape of the
intervalvular space to be filled.

During a ventricular diastole, the pressurized blood from the auricle presses on the
membrane portions and brings them into said recessed shape; the implant then has a

shape relatively reduced in width, not interfering with the blood flow from the auricle
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to the ventricle. During a ventricular systole, the sac formed by the membrane on the
ventricular side receives pressurized blood bringing said membrane portions into said
convex shape; this shape allows the implants to perfectly fill the intervalvular space
resulting from the faulty operation of one of the two valvulae and to form effective
supporting surfaces for these valvulae, so assisting the latter.

According to a possible embodiment of the invention, the ends of the branches
have tilted portions and/or the connecting areas are tilted or have tilted portions so as to
shift said base portion on the ventricular side of the implant relatively to surfaces
through which said anchoring portions are intended to come into contact with the
annulus of the valve.

The implant according to this embodiment is intended to be set into place below a
mitral valve, notably by a transapical approach, and said anchoring portions are intended
to be connected to the annulus of the valve in two diametrically opposite points of this
annulus. The aforementioned shift allows said membrane portions to in majority extend
into the intervalvular space so that the free edges of the valvulae easily bear upon them.

It will be understood that the expression "ventricular side of the implant" refers to
the side of the implant found on the side of the ventricle once this implant is set into
place on a valve.

According to another possible embodiment of the invention, said connecting areas
and said anchoring portions substantially extend in the extension of said base portion,
so that this base portion is located in a plane close to the one in which extend the surfaces
through which said anchoring portions are intended to come into contact with the
annulus of the valve.

The implant according to this embodiment is intended to be set into place on the
auricular side of the valve, through a transeptal approach, and said anchoring portions
are intended to be connected to the annulus of the valve at the commissures of the
valvulae. The free edges of the valvulae then however have more limited contact

surfaces with said faces of the membrane.
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Said branches may be positioned symmetrically relatively to a longitudinal median
plane of the implant, so that said base portion has an oval or rhombic shape. The convex
or protruding sides of said branches, resulting from said curved or chevron shape of
these branches, may also be turned towards a same side of the implant, ensuring that
said base portion has a general curved shape, substantially adapted to the curvature
exhibited by the space delimited by the mitral valvulae (this curvature is often
designated as a mitral "smile").

Said hoop is preferably located in the median longitudinal plane of the implant. It
is also preferably located in a plane substantially perpendicular to the plane in which
extends said base portion.

This anchoring portion may notably have a hole for receiving a tie for anchoring
the implant to the mitral annulus. This hole may be oblong, notably with its length
positioned perpendicularly to the length of the implant, in order to allow adjustment of
the position of the implant relatively to the valve.

The membrane may extend on the whole of the portion of the implant along which
extends the hoop, or on only part of this portion.

This membrane may possibly pass below the hoop and be connected to this hoop
notably by a suture. However preferably, this membrane passes around the hoop by
bearing against it.

Said branches and/or said hoop may have a circular or non-circular, notably square
or rectangular, cross-section.

The frame may notably be in an elastically deformable material, allowing it to
adopt a deformed configuration, with transverse contraction, in which 1t is able to be
placed in a delivery catheter, and a normal expansion configuration, in which it 1s
implanted. The elastically deformable material may notably be a shape memory material
such as an aluminium and titanium alloy known under the usual name of Nitinol.

Said membrane may further be in a synthetic material, notably in a polyester fabric;

it may also be in a natural material such as animal pericardium.
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The connection of this membrane to the frame may be achieved by any suitable
means, notably by a suture. The membrane, when it surrounds the hoop, may be only
connected to said branches without being connected to the hoop; preferably it is
connected both to said branches and this hoop.

The invention will be well understood, and other features and advantages thereof
will become apparent, with reference to the appended schematic drawing; this drawing
represents as non-limiting examples, several possible embodiments of the implant
concerned.

Fig. 1 is a side and longitudinal sectional view along the line A-A of Fig. 2, of a
frame which this implant comprises, according to a first embodiment;

Fig. 2 is a top view thereof;

Figs. 3 to 5 are very schematic sectional views of the ventricle and of the mitral
valve of a heart, as well as of the instruments used, during the setting into place of the
implant, during three successive steps for this setting into place;

Fig. 6 1s a sectional view of the instrument shown in Fig. 5, on an enlarged scale;

Figs. 7 and 8 are similar views to Figs. 3 to 5, taken along a sectional plane
substantially perpendicular to that of Figs. 3 to 5, during two subsequent steps of the
setting into place of the implant;

Fig. 9 1s a perspective view of the mitral valve and of the implant set into place on
this valve, with a cross-sectional view along the sectional plane of Figs. 3 to 5;

Figs. 10 and 11 are sectional views of the valve and of the implant, respectively
during auricular systole and during ventricular systole;

Figs. 12 and 13 are views of the frame of the implant according to a second
embodiment, in the deployed state, a perspective view and a top view respectively;

Fig. 14 1s a top view of this frame, in the contracted state; and

Fig. 15 1s a view of the frame of the implant according to a third embodiment.

Figs. 8 and 9 illustrate an implant 1 according to the invention, set into place

between the valvulae 101 of a mitral valve 100 in order to remedy a problem of loss of
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seal of these valvulae, which loss of seal leads to regurgitation of the blood into the
auricle during the ventricular systole.

The implant 1 has a central portion extending between the valvulae 101 and two
end portions allowing it to be anchored to the annulus 102 of the valve 100, and has a
structure formed by a frame and by a membrane covering the central portion of this
frame.

Figs. 1 and 2 show the frame 2 of the implant 1 according to a first embodiment.
This frame 2 has an elongated base portion 5, connecting areas 6, anchoring portions 7
and a hoop 8. It is in an aluminium and titanium alloy known under the usual name of
Nitinol.

The base portion 5 is formed by two curved branches 10 positioned along general
directions parallel to each other and symmetrically with respect to a longitudinal median
plane of the implant 1. The median portions of these branches are located at a longer
distance from each other than the end portions of these branches, so that said base
portion 5 has a stretched oval shape. This base portion 5 extends in a plane substantially
perpendicular to the longitudinal median plane of the implant 1.

The median portion of a branch 10 may be considered as extending over about the
median third of the branch 10, and therefore each end portion may be considered as
extending over about one third of the length of the branch 10.

These end portions become closer to each other towards the ends of the base
portion 5 and join up with each other at their connection to the connecting areas 6. As
visible in Fig. 1, they are bent at about half of their length so that the median portions
of the branches 10 and the portions of these branches extending between the median
portions and the bends formed by these branches 10, are shifted downwards relatively
to a median height line L of the implant 1.

The connecting areas 6 substantially extend at this line L. They may slightly extend

obliquely relatively to this line, like in the illustrated example, each area 6 having a
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height which increases from its end connected to the base portion 5 to its end connected
to the anchoring portion 7.

Each anchoring portion 7 forms a surface intended to bear against the mitral
annulus 102 and 1s pierced with a hole 11 intended to receive a tie 55 for anchoring to
this annulus (see Figs. 4 to 8).

The hoop 8 extends in the longitudinal median plane of the implant 1, from one
connecting area 6 to the other, and above the line L. It has a median portion extending
parallel to the median portions of the branches 10 and two lateral tilted portions
connected to the areas 6. Said median portion of the hoop 8 represents about half of the
length of this hoop (this length is considered to be in a straight line from one area 6 to
the other).

The membrane 3 which the implant 1 also comprises is in a flexible material such
as a polyester fabric or animal pericardium, and has a sealed structure towards the flow
of the blood through it. As shown in Figs. 8 to 11, it extends from one branch 10 to the
other, passing around the hoop 8, without being stretched between these branches and
this hoop. Thus, the two lateral portions 3a which it forms on both sides of the implant
1 are able to adopt either of the recessed shape, outwardly concave, visible in Fig. 10,
or the rounded shape, outwardly convex visible in Fig. 11.

In the longitudinal plane, the membrane 3 essentially extends around the
aforementioned median portion of the hoop 8 and the corresponding portions of the
branches 10, as visible in Fig. 8.

In practice, as shown in Fig. 3, a catheter 50 1s introduced into the left ventricle 103
through the apical area of this ventricle, and a catheter 51 of smaller diameter is engaged
into this catheter 50 as far as below the mitral annulus 102. A rod 52 with a perforation
tip 1s engaged through this catheter 51 and is used for perforating the mitral annulus 102
in two diametrically opposite locations of the valve 100.

After withdrawal of the rod 52, the catheter 51 is engaged through one of the

perforations made and a tie 55 with deployable branches, connected to a thread 56, is
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then pushed into this catheter 51 as far as beyond the perforation, so that the branches
of this tie are deployed beyond the annulus 102 (see Fig. 4). Traction on the thread 56
gives the possibility of bringing these branches of the tie 55 so that they bear against the
annulus (see Fig. 5).

A second tie 55 and a second thread 56, identical, are set into place in the same
way 1n the second perforation (both of these ties 55 and threads 56 are visible in Figs. 7
and 8).

After withdrawal of the catheter 51, the implant 1 in the contracted state 1s pushed
into the catheter 50 (see Fig. 5), with one of these anchoring portions 7 engaged on a
thread 56 and the other anchoring portion 7 engaged on the other thread 56 as visible in
Fig. 6.

The implant is then released from the catheter 50 (see Fig. 7) and is pushed on the
threads 56 by means of catheters, until its central portion, 1.e. the portion covered by the
membrane 3, 1s engaged between the valvulae 101, as shown in Fig. 8, and that its
anchoring portions 7 will come into contact with the mitral annulus 102.

Each anchoring portion 7 is then attached to the mitral annulus 102 by a known
technique, notably by means of washers 57 able to slide on the threads 56 and be clip-
fastened on the ties 55 (see Fig. 8).

The threads 56 are then cut by means of a rod with a sharp cutting edge, of a known
type, slipped into the catheter 50.

As this appears in Figs. 8 to 11, the implant 1, once it 1s set into place on the mitral
valve 100, will occupy the intervalvular space and said portions 3a of the membrane 3
extending along the edges of the valvulae 101.

By means of its frame 2, only formed at this membrane 3, by the branches 10 and
by the hoop 8, the implant 1 has a longitudinal relative flexibility allowing it to adapt to
the shape of the intervalvular space to be filled. In this way, it 1s perfectly efficient for

restoring the seal of the valve 100.
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During ventricular diastole, the pressurized blood from the auricle (not shown in
the figures) presses on the portions 3a of the membrane 3 and that brings them into the
hollow outwardly concave shape, visible in Fig. 10; the implant 1 then has a shape
relatively reduced in width, not interfering with the flow of the blood from the auricle
to the ventricle. During ventricular systole, the sac formed by the membrane on the
ventricular side receives pressurized blood, bringing said portions 3a of the membrane 3
into the convex shape visible in Fig. 11; this shape allows the implant 1 to perfectly fill
the intervalvular space resulting from the faulty operation of one of the two valvulae
101 and to form efficient supporting surfaces for these valvulae.

At the end of the procedure for setting the implant 1 into place, a plug 58 is
implanted on the ventricle 103 so as to close the apical orifice made for letting through
the catheter 50, see Fig. 8.

Figs. 12 and 13 illustrate an implant 1 similar to the one described above but
intended to be implanted on the auricular side of the valve 100, via a trans-septal
approach. By simplification, the already described elements or parts, which are again
found on this implant, are designated with the same numerical references.

On this frame 2, the connecting areas 6 and the anchoring portions 7 substantially
extend in the extension of the base portion 5, so that the implant 1 is substantially planar
outside the hoop 8. The anchoring portions 7 are then intended to be connected to the
annulus 102 at the commissures of the valvulae 101.

Moreover, in the illustrated example, the branches 10 have a shape, not a stretched
oval shape but a chevron shape, giving the base portion a rhombic shape. These branches
10 and the hoop 8 are further, also as example, with a rectangular cross-section.

Fig. 14 shows the frame 2 in the longitudinal contraction state which it adopts
when it 1s placed in the catheter 50.

Fig. 15 shows a third possible embodiment of the frame 2, with also the use of the

same numerical references for designating the already described elements or parts.
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In this case, the base portion 5 is formed with chevron-shaped branches 10
therefore having a rhombic shape, and is shifted on the ventricular side of the implant 1,
in the same way as described earlier. The hoop 8 has a small height as compared with
the faces of the anchoring portions 7 intended to come into contact with the annulus 102

5 of the valve 100, so that the membrane 3 is located sufficiently low in the intervalvular
space, and therefore closer to the area for setting the valvulae 101.

As this appears from the foregoing, the invention provides an intervalvular implant
for a mitral valve having aforementioned determining advantages as compared with
homologous implants of the prior art.

10 This invention has been described above with reference to embodiments provided
as an example. It is obvious that it is not limited to these embodiments but that it extends

to all embodiments covered by the appended claims.
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1.

11

CLAIMS

An intervalvular implant (1) for a mitral valve (100) wherein the implant

(1) has a structure formed by a frame (2) and by a membrane (3) covering this frame;

- the frame (2) has:

an elongated base portion (5) formed by two curved or chevron branches
(10), these branches (10) having median portions distant from each other and
end portions which run while getting closer to each other and being connected
to connecting areas (6) located at the longitudinal ends of the base portion
(5); this elongated base portion (5) has a width extending from the median
portion of one branch (10) to the median portion of the other branch (10) and
a length extending from one connecting area (6) to the other connecting area
(6), and is so elongated that said length is three to eight times greater than
said width;

anchoring portions (7) connected to these connecting areas (6), allowing the
implants (1) to be anchored to the annulus (102) of the mitral valve (100) in
two points of the annulus (102) spaced from one another, in particular
opposite one another;

a longitudinal hoop (8) extending from one connecting area (6) to the other;

- the membrane (3) is flexible and extends from one branch (10) to the other while

passing near the hoop (8), this membrane being connected to said branches (10) without

being stretched between these branches (10) and this hoop (8) so that the two lateral

portions (3a) of the membrane (3) thereby formed on both sides of the implant are able

to adopt either a concave shape, outwardly convex, or a recessed shape, outwardly

concave.

2.

Implant (1) according to claim 1 characterized in that the ends of the

branches (10) have tilted portions and/or the connecting areas (6) are tilted or have tilted

portions so as to shift said base portion (5) on the ventricular side of the implant (1)
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relatively to surfaces through which said anchoring portions (7) are intended to come

into contact with the annulus (102) of the valve (100).

3. Implant (1) according to claim 1 characterized in that said connecting areas
(6) and said anchoring portions (7) substantially extend in the extension of said base
portion (5), so that this base portion (5) is located in a plane close to the one in which
extend the surfaces through which said anchoring portions (7) are intended to come into

contact with the annulus (102) of the valve (100).

4, Implant (1) according to claim 1-3 characterized in that said branches (10)
are positioned symmetrically relatively to a longitudinal median plane of the implant,

so that said base portion (5) has an oval or rhombic shape.

5. Implant (1) according to claim 1-3 characterized in that the convex or
protruding sides of said branches, resulting from said curved or chevron shape of these
branches, are also turned towards a same side of the implant, ensuring that said base
portion has a general curved shape, substantially adapted to the curvature exhibited by

the space delimited by the mitral valvulae (101).

6. Implant (1) according to claim 1-5 characterized in that the hoop (8) 1s

located in the median longitudinal plane of the implant.

7. Implant (1) according to claim 1-6 characterized in that the hoop (8) 1s
located in a plane substantially perpendicular to the plane in which extends said base

portion (5).

8. Implant (1) according to claim 1-7 characterized in that each anchoring
portion has a hole for receiving a tie (55) for anchoring the implant (1) to the mitral
annulus (102), this hole being oblong, with its length positioned perpendicularly to the
length of the implant.
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9. Implant (1) according to claim 1-8 characterized in that the membrane (3)
extends on the whole of the portion of the implant (1) along which extends the hoop (8),

or on only part of this portion.

10. Implant (1) according to claim 1-9 characterized in that this membrane (3)

passes around the hoop (8) by bearing against it.

1. Implant (1) according to claim 1-10 characterized in that the membrane

(3) 1s only connected to said branches (10) without being connected to the hoop (8).

12. Implant (1) according to claim 1-10 characterized in that the membrane

(3) 1s connected both to said branches (10) and to the hoop (8).

13. Implant (1) according to claim 1-12 characterized in that the frame (2) is
in an elastically deformable material, allowing it to adopt a deformed configuration, with
transverse contraction, in which it 1s able to be placed in a delivery catheter (50), and a

normal expansion configuration, in which it is implanted.
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