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Annuloplasty implant

Technical field

This invention pertains in general to the field of cardiac valve replacement
and repair. More particularly the invention relates to an annuloplasty implant,
such as an annuloplasty ring or helix, for positioning at the heart valve annulus.

Background

Diseased mitral and tricuspid valves frequently need replacement or
repair. The mitral and tricuspid valve leaflets or supporting chordae may
degenerate and weaken or the annulus may dilate leading to valve leak. Mitral
and tricuspid valve replacement and repair are frequently performed with aid of
an annuloplasty ring, used to reduce the diameter of the annulus, or modify the
geometry of the annulus in any other way, or aid as a generally supporting
structure during the valve replacement or repair procedure.

A problem with prior art annuloplasty implants is to achieve a reliable
fixation at the annulus while at the same time accommodating with the
movements of the beating heart. l.e. while it could be possible to provide for a
reliably fixated implant in particular situations, there is often a tradeoff in
attaining an optimal accommodation to the movements of the heart. This means
that the implant to some extent impedes those natural movements, and/or
possibly interacts with the surrounding anatomy at the implanted site in a
detrimental fashion over longer time periods. An annuloplasty implant is
intended to function for years and years, so it is critical with long term stability in
this regard. A further problem of prior art devices follows from the
aforementioned tendency to interfere with the anatomy, leading to reduced
tolerances in accommodating for variations in such anatomies of the heart
valve. Thus, in addition to being associated with the mentioned problems,
existing implants can have a limited degree of adaptability to varying anatomies.
This in turn can require a more careful tailoring of the implant and/or procedure
to the specific situation at hand, which increases the complexity and the time
needed for the overall procedure. This entails a higher risk to the patient and it
is thus a further problem of prior art devices.
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The above problems may have dire consequences for the patient and the
health care system. Patient risk is increased.

Hence, an improved annuloplasty implant would be advantageous and in
particular allowing for avoiding more of the above mentioned problems and
compromises, and in particular allowing for improved accommodation to the
valve anatomy for secure fixation, during the implantation phase, and for long-
term functioning.

Summary of the Invention

Accordingly, examples of the present invention preferably seek to mitigate,
alleviate or eliminate one or more deficiencies, disadvantages or issues in the
art, such as the above-identified, singly or in any combination by providing a
device according to the appended patent claims.

According to a first aspect an annuloplasty implant is provided comprising
first and second support members having a coiled configuration in which the
first and second support members are arranged as a coil, with two free ends,
around a central axis, wherein, in said coiled configuration, said two free ends
are displaced from each other with a peripheral off-set distance extending in a
coil plane, said coil plane being substantially parallel to an annular periphery of
said coil and perpendicular to said central axis, wherein the first and second
support members and the respective free ends are configured to be arranged
on opposite sides of native heart valve leaflets of a heart valve.

According to a second aspect a method of implanting an annuloplasty
implant at a target site in the heart is provided. The implant comprising first and
second support members. The method comprising delivering said implant from
a delivery device, whereupon said first and second support members are
arranged as a coil in a coiled configuration around a central axis with two free
ends, positioning said implant through a first commissure of a valve in said
heart, positioning said first and second support members at opposite sides of
said valve having a ventricular side and an atrial side, said positioning
comprising positioning said first support member to assume a ring-shape on
said ventricular side, and positioning said second support member to assume a
ring shape on said atrial side so that two free ends of the first and second
support members are displaced from each other with a peripheral off-set
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distance, said peripheral off-set distance extends in a coil plane, and wherein
said coil plane is substantially parallel to an annular periphery of said coil and
perpendicular to said central axis.

Further examples of the invention are defined in the dependent claims,
wherein features for the second and subsequent aspects of the disclosure are
as for the first aspect mutatis mutandis.

Some examples of the disclosure provide for facilitated fixation of an
annuloplasty implant to a target site.

Some examples of the disclosure provide for a more reliable fixation of an
annuloplasty to a target site.

Some examples of the disclosure provide for a less time-consuming
fixation of an annuloplasty to a target site.

Some examples of the disclosure provide for securing long-term
functioning and position of an annuloplasty implant.

Some examples of the disclosure provide for a less complex fixation
procedure of an annuloplasty implant.

Some examples of the disclosure provide for a reduced risk of damaging
the anatomy of the heart such as the annulus or the valve leaflets.

Some examples of the disclosure facilitate placing fixation units such as
sutures at the correct position.

Some examples of the disclosure provide for improved accommodation of
an annuloplasty implant to varying anatomies.

It should be emphasized that the term “comprises/comprising” when used
in this specification is taken to specify the presence of stated features, integers,
steps or components but does not preclude the presence or addition of one or
more other features, integers, steps, components or groups thereof.

Brief Description of the Drawings

These and other aspects, features and advantages of which examples
of the invention are capable of will be apparent and elucidated from the
following description of embodiments of the present invention, reference being
made to the accompanying drawings, in which

Fig. 1 is a schematic illustration, in a perspective view, of an
annuloplasty implant according to one example;
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Figs. 2a-b are schematic illustrations, in top-down views, of an
annuloplasty implant according to examples of the disclosure;

Fig. 2c is a schematic illustration, in a perspective view, of an
annuloplasty implant according to examples of the disclosure;

Fig. 3a is a schematic illustration, in a top-down view, of an
annuloplasty implant according to one example;

Fig. 3b is a schematic illustration, in a side view, of an annuloplasty
implant according to one example;

Fig. 4a is a schematic illustration, in a top-down view, of an
annuloplasty implant according to one example;

Fig. 4b is a schematic illustration, in a side view, of an annuloplasty
implant according to one example;

Fig. 5a is a schematic illustration, in a side view, of an annuloplasty
implant according to one example;

Fig. 5b is a schematic illustration, in a side view, of a detail section (A)
of the annuloplasty implant in Fig. 5a, according to one example;

Fig. 6a is a schematic illustration, in a side view, of an annuloplasty
implant according to one example;

Fig. 6b is a schematic illustration, in a side view, rotated 90 degrees
relative the side view of Fig. 6a, of an annuloplasty implant according to one
example;

Fig. 7 is a schematic illustration, in a perspective view, of an
annuloplasty implant according to one example;

Fig. 8 is a schematic illustration of a cross-section detail, in a side view,
of an annuloplasty implant according to one example; and

Fig. 9a is a flow-chart of a method of implanting an annuloplasty implant
at a target site in the heart according to one example; and

Fig. 9b is a flow-chart of a method of implanting an annuloplasty implant
at a target site in the heart according to one example.

Detailed description
Specific examples of the invention will now be described with reference

to the accompanying drawings. This invention may, however, be embodied in
many different forms and should not be construed as limited to the examples
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set forth herein; rather, these examples are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. The terminology used in the detailed description of the
embodiments illustrated in the accompanying drawings is not intended to be
limiting of the invention. In the drawings, like numbers refer to like elements.

The following description focuses on an embodiment of the present
invention applicable to cardiac valve implants such as annuloplasty rings.
However, it will be appreciated that the invention is not limited to this application
but may be applied to many other annuloplasty implants and cardiac valve
implants including for example replacement valves, and other medical
implantable devices.

Fig. 1 schematically illustrates an example of an annuloplasty implant 100
comprising a first support member 101 and second support member 102 which
are adapted to be arranged as a coll, i.e. in a helix-shape, in a coiled
configuration around a central axis 103, as illustrated in Fig. 1. The implant 100
is arranged in the coiled configuration at least when in a relaxed state of the
material from which the implant 100 is formed, i.e. free from outside forces
acting upon the implant 100. The coil-shaped implant 100 has two free ends
104, 105. The first and second support members 101, 102, and the respective
free ends 104, 105, are configured to be arranged on opposite sides of native
heart valve leaflets of a heart valve 302. Figs. 2a-b show top-down views of the
implant 100 arranged on such opposite sides of a valve 302. The first support
member 101 is illustrated with a dashed line and is in these examples arranged
on the ventricular side of the heart valve 302, whereas the second support
member 202 is arranged on the atrial side of the heart valve 302, as describe in
further detail below. Figs. 2a-b show the coil-shaped implant 100 extending
between the atrial and ventricular side through any of the two commissures 301,
301°. Fig. 2c is a perspective view corresponding to the configuration shown in
Fig. 2b. The first and second support members 101, 102, thus assumes the
coiled configuration also when in an implanted state. As explained further
below, the implant 100 may comprise a shape-memory material, so that the
implant 100 re-assumes the coiled configuration after having been delivered
from a catheter to the target site, after having been temporarily restrained in an
elongated configuration of the catheter. Alternatively, the implant 100 may
maintain a coiled configuration while being delivered to the target site, in which
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case it may be implanted at the target site for example by incision between the
ribs or by opening the chest. The present disclosure, and the associated
advantages described for the various examples, applies to both such variants of
the implant 100. In the coiled configuration of the implant 100, the two free ends
104, 105, are displaced from each other with a peripheral off-set distance 106
extending in a coil plane 107, as illustrated in Fig. 1. The coil plane 107 is
substantially parallel to an annular periphery 108 of the coil and perpendicular
to the central axis 103. The central axis 103 is thus perpendicular to the coil
plane 107. The coil plane 107 accordingly corresponds to the plane spanned by
the annular periphery 108 of the implant 100 in the coiled configuration. The
peripheral off-set distance 106 between the two free ends 104, 105, being
schematically illustrated in Figs. 1, 2a-c, 3a, 4b, thus extends substantially
perpendicular to the central axis 103. This means also that, when the implant
100 is positioned in the implanted state, around the annulus of the heart valve,
the two free ends will be separated along the plane of the valve, as illustrated in
e.g. Figs. 2a-c. By having such off-set 106 in the plane of the valve 302, the
resulting reduced length of the first or second support member 101, 102, will
allow for reducing the number of sutures, or other fastening units, required to
securely fixate the implant 100 at the valve 302, while at the same time
providing for a sufficient overlap of the first and second support member 101,
102, on the opposites sides of the valve to attain a sufficiently strong pinching
effect therebetween to fixate the annulus in a modified shape. The fastening
units may be integrated with the first and/or second support members 101, 102.
In situations, placing fastening units on the anterior side may be associated with
high risk. This can therefore be avoided, by having the off-set 106 as specified.
Furthermore, the interference of the implant 100 with the movements of the
valve 302 will be minimized. Fig. 7 shows a perspective view of the implant 100.
Figs. 2a-c, show examples where the peripheral off-set distance 106 between
the two free ends 104, 105, have provided a shortened length of the second
support member 102, which is positioned at an atrial side of the heart valve 302.
Fastening units 401 are illustrated in Fig. 2a on the remaining part of the second
support member 102, corresponding to the distance from the free end 105 to
the position of the anterior commissure 301, through which the coiled ring 100
extends to the ventricular side of the valve. In Fig. 2b, the off-set distance 106
has been increase even further, compared to Fig. 2a, corresponding
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substantially to the width of the implant 100 measured in a direction parallel with
an anterior side 111 of the implant, which is configured to be placed on an
anterior aspect of the heart valve 302. This may also correspond to the widest
width of the implant 100, as seen in the examples of e.g. Figs. 2a-c. In Fig. 2D,
the first and second support members 101, 102, connect through the posterior
commissure 301’. The coiled configuration of the implant seen in Figs. 2a-c may
also correspond to the relaxed shape of the material from which the implant 100
is formed, i.e. free from outside forces acting upon the implant 100, eventhough
illustrated in the implanted state. The implant 100 may assume such relaxed
shape when implanted 100, at least with respect to forces acting in the coil
plane 107. The implant 100 may however pinch the tissue of the valve 302,
between the first and second support members 101, 102, i.e. with forces acting
parallel with the central axis 103.

As mentioned, in addition to the benefits of having fewer fixation points,
the separation of the free ends 105, 104, in the plane of the valve 105 reduces
the interference with the movement of the valve 302, where otherwise a length
of the second support member 102 extending the indicated distance 106 has
been observed to repeatedly strike against the valve tissue with the beats of the
heart. Such repeated interference may in the long-term lead to tissue damage.
Although care could be taken to fixate the implant 100 around its full length in
the implantation stage, including the aforementioned interfering portion, if not
having the peripheral off-set 106 to separate the free ends 104, 105, there will
be an uncertainty in the long-term functioning, and the procedure becomes
more complex and time-consuming due to the added requirements. Having the
peripheral off-set distance 106 may also further optimize compliance with
variations in the valve anatomy, since there will be a minimum of interference
with the anatomy. For example, a greater variation the geometry and dynamics
of the valve may be accommodated without interfering with the implant 100.
This may also provide for increasing the range of valve dimensions which are
compliant with an implant 100 of a particular size. Thus, during a particular
implantation procedure, the implant 100 provides for better adaptability and the
tolerances for variations are increased. Although the anatomy is investigated
with various imaging procedures, the complexity of the actual valve and the
dynamics of the movement thereof will always pose a significant factor when
the implant 100 is being positioned and fixated at the target site.
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The off-set distance 106 may correspond to a determined circle sector 109
of the annular periphery 108 by which the two free ends 104, 105, are
separated, as illustrated in Fig. 1. The circle sector 109 is given relative the
central axis 103. The central axis is positioned at the approximate center point
of the coil. The length of the circle sector 109 and the associated distance by
which the two free ends 104, 105, are separated may be varied to
accommodate various applications and procedures, and may be tailored to
various anatomies. It is thus possible to provide a highly compliant implant 100
with a minimum of interference with the natural movements of the heart, and
which can be secured more easily.

The annuloplasty implant 100 may comprise at least one posterior bow
110, 110, adapted to conform to a posterior aspect of the heart valve 302, and
at least one anterior side 111, 111", adapted to conform to an anterior aspect of
the heart valve 302, as illustrated in e.g. Fig. 1. Said determined circle sector
109 may overlap with the at least one anterior side 111, in the aforementioned
relaxed state and when in the implanted state. Thus, the two free ends 104,
105, will be separated along the anterior side 111 of the implant 100. It can be
particularly beneficial to have the determined circle sector 109 or the off-set
distance 106 at the anterior side with respect to achieving the above mentioned
advantages, i.e. to avoid having the risk of detrimental damage at the anterior
portion of the valve resulting from repeated beating of the implant 100 against
the tissue along this portion. And it allows for fixating the implant 100 along the
posterior bow 110, 110’, only. In the example illustrated in Fig. 1, which will be
explained further below, the circle sector 109 overlaps with the anterior side so
that the separation of the two free ends 104, 105, provides or results in a first
support member 101 with a first anterior side 111 at the ventricular side of the
valve 302, and a second support member 102 at the atrial side of the valve 302
that has a second anterior side 111’ with a reduced length where the
determined circle sector 109 overlaps. As discussed above with respect to Fig.
2b, the off-set distance 106 may be increased to correspond to the width of the
implant along the anterior side 111. In this case, the implant 100 may only have
a first anterior side 111, as part of the first support member 101, according to
Fig. 2b. This may provide for a particularly advantageous positioning and
fixation of the implant 100 at the heart valve 302.
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Thus, the first support member 101 may be adapted to be arranged on a
ventricular side of said heart valve, and the second support member 102 may
be adapted to be arranged on an atrial side of said heart valve. The first support
member 101 may be adapted to assume an annular ring-shape of substantially
360 degrees on the ventricular side, when in the implanted state, and the
second support member 102 may be adapted to assume an annular ring-shape
of 360 degrees less the peripheral off-set distance 106 on the atrial side, when
in the implanted state. Fastening of the implant 100 on the atrial side can thus
be accomplished by fixation of the posterior bow 110’°, and there will be no
interference on the atrial side with the movement of the valve, due to the off-set
distance 106 reducing the circle sector of the second support member 102.

The first support member 101 may thus comprise a first posterior bow 110
and a first anterior side 111, and the second support member 102 may
comprise a second posterior bow 110’, where the second anterior side 111’ of
the second support member has a length reduced by the off-set distance 106.
The length of the second support member 102 may adjusted so that the
posterior bow 110 thereof may have a curved transition into an anterior side
111" of a reduced length, as illustrated in e.g. Fig. 1. This may facilitate the
interaction of the implant 100 with a delivery device (not shown), e.g. in order to
position a connector 112 of the implant 100, described further below, in the
correct position relative such delivery device during the implantation procedure.
Further, it may enhance and provide for a sufficient strong pinching force
between the first and second support members 104, 105, while providing for the
above mentioned advantages associated with the off-set 106 between the two
free ends 104, 105.

The length of the off-set distance 106 may be between 50-100% of the
length of the anterior side 111 of the implant 100, e.g. 100% as mentioned
above. The full length of the anterior side 111 may correspond substantially to
the portion of the implant 100 that assumes a substantially straight extension,
compared to the posterior bow 110, 110, or at least to the portion of the implant
100 that extends between the anterior and the posterior commissures, adjacent
the posterior side of the valve 302, i.e. opposite the posterior side where the
posterior bow extends between the aforementioned commissures. Fig. 2a
schematically illustrates the implant 100 positioned at a valve 302 with an
anterior commissure 301, and a posterior commissure 301°. The anterior side
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111 extends on the ventricular side between the aforementioned commissures.
The length of the off-set distance 106, defining the separation of the two free
ends 105, 106, on the ventricular side may thus be varied from assuming the
full length of the anterior side between the commissures, as seen in Fig. 2b, to
extending to half the distance of the anterior side. This range may provide for an
appropriate tradeoff with respect to obtaining the mentioned benefits for
facilitating the implantation and improving long-term effects, while still allowing
for a stable and secure fixation of the annulus in a modified shape where the
valve leaflets can coapt as intended.

The implant 100 may comprise a shape memory material, such as NiTiNol,
or another suitable biocompatible alloy that can be heat-set in defined shapes,
in a heat treatment procedure. Further, the shape memory material can be
conceived as any material that is able to change shape as desired, in response
to outside interaction, for example with an energy source, such as providing
heat and/or electromagnetic energy, that can be transferred to the implant to
change its shape. It is also conceivable that the shape of the implant can be
affected by direct mechanical manipulation of the curvature of the ring-shape of
the implant 100, e.g. by transferring a force or torque to the implant via a
delivery device. Via the various mentioned shape-affecting procedures the
implant 100 may thus assume an elongated delivery configuration for
advancement in a catheter (not shown), and an implanted shape in the
implanted state, assuming a predefined configuration of the shape memory
material for positioning at an annulus of the heart valve 302.

The off-set distance 106 may extend perpendicular to an axial off-set 120
between the two free ends 104, 105. Such axial off-set 120 is illustrated in Fig.
6a. The axial off-set 120 is thus extending substantially parallel to the direction
of the central axis 103, i.e. extending as the normal to the coil plane 107. Such
axial off-set 120 provide for the advantageous coil- or helix-shaped implant 100
that is easily insertable through the valve 302 to position the first and second
support members 101, 102, and the associated two free ends 104, 105, on the
opposite sides of the valve 302. Having both the peripheral off-set distance 106
as discussed above and the axial off-set 120 thus provides for an advantageous
annuloplasty implant 100 that benefits from the advantages of the helix-shape
as well as the improvements discussed with respect to the examples of this
disclosure. The first and second support members 101, 102, are separated by a
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pitch distance 120, 130, as illustrated in Fig. 6a. The pitch distance may be
varied for optimization to different anatomies, so that the valve tissue is pinched
between the first and second support members 101, 102, effectively. Although
Fig. 6a illustrates pitch distances 130 and 130’ as being substantially equal, it is
also possible that e.g. pitch distance 130 is larger than pitch distance 130’. This
may provide for facilitated positioning of the implant 100 at the opposite sides of
the heart valve.

The first and second support members 104, 105, may thus be configured
to form respective first and second ring-shapes on the opposite sides of the
native heart valve leaflets, pinching the leaflets therebetween.

The annuloplasty implant 100 may comprise a connector 112 attached to
at least one of the two free ends 104, 105. In the example illustrated in Fig. 1,
the connector is arranged on the free end 105 of the second support ring 101.
The connector may be adapted to releasably connect to a delivery device (not
shown). The connector 112 may this provide for a secure fixation to the delivery
device while being delivered to the target site and while the implant 100 is being
positioned, e.g. by rotation, into position at the valve 302, and then
disconnected from the delivery device to release the implant 100 from
therefrom.

The connector 112 may extend substantially parallel with an anterior side
111, 1117, of the first or second support member 101, 102, as illustrated in e.g.
Fig. 1. This may provide for an advantageous profile of the implant 100 when in
the implanted state, as the connector 112 would be aligned with the extension
the annulus, as the first and second support members 104, 105. The connector
112 may also extend substantially perpendicular to the anterior side 11 as
illustrated in Fig. 2b. The off-set distance 106 may also extend in the coil plane
107 so that the connector 112, and the associated free end 105, are arranged
substantially outside of the anterior side 111, as illustrated in the example of
Fig. 2a. l.e. the connector 112, and the associated free end 105, are positioned
adjacent the commissure 301’. The connector 112, and the associated free end
105, may also be positioned adjacent the commissure 301, as illustrated in Fig.
2b. Having such extended off-set 106 may be particularly advantageous in
some applications where it is desired to further minimize the risk of having the
free end 105 moving in relation to the anatomy of the beating heart. Fastening
unit 401 may be arranged close to the commissure 301°, and accordingly close
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to the connector 112, and the associated free end 105, to minimize the risk of
such movement and further provide for the advantageous effects described
above.

The connector 112 may comprise a recess 115 and/or a protrusion 115’
being configured to interlock with a delivery device. Fig. 5a illustrates the
implant 100 in a side view, and Fig. 5b is a magnified view of the section “A” in
Fig. 5a. In the example of Fig. 5b, the connector 112 comprises a recess 115.
The recess 115 may be configured to removably receive a locking member (not
shown) that is provided to extend through the recess 115 and interlock with a
further recess fixated in relation to the delivery device, such that the locking
member fixates the connector 112 in relation to the delivery device. Fig. 5b
further illustrates a protrusion 115’ on the connector 112, which may be
arranged against a corresponding locking surface of the delivery device to
provide additional support, and further stabilize the position of the implant 100 in
relation to the delivery device.

As further illustrated in Fig. Sb, the connector 112 may be fixated to the
implant 100 by a locking pin 118 arranged through a recess of the connector
112 and the implant 100. This provides for a reliable fixation of the connector
112 to the implant 100, and minimizes any risk of dislodgement between the
two.

The connector 112 may be attached to an angled connector extension 122
of the first or second support member 101, 102. Fig. 3a illustrates an example
where the second support member 102 is provided with the angled connector
extension 122, which may extend in a direction radially inwards from the
annular periphery 108 of the coil-shaped implant 100. This may be
advantageous in the situation the delivery device provides for rotation of the
implant 100 around the central axis 103, i.e. around the center 103 of the coil-
shaped implant 100 in Fig. 3a, when the implant 100 is about to be rotationally
inserted into the valve 302. l.e. by rotating the implant 100 around the central
axis 103, there will be a minimum of translator movement in the radial direction,
i.e. perpendicular to the center axis, which facilitates the insertion procedure.
The connector 112 will in this situation be arranged in a direction which is
angled more towards the rotational axis 103, and may provide for a facilitated
connection to such delivery device, which will have its longitudinal catheter axis
substantially at the center axis 103. Providing for such facilitated connection,
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with the connector 112 aligned in this radial direction, may allow for a more
compact delivery device that is more easily navigated to the target site.

At least one of the two free ends 104, 105, may be arranged at an angle
114, 114°, 121, 121°, relative a longitudinal extension 119 of the first or second
support member 101, 102. Starting with the free end 105 of the second support
member, on which a connector 112 may be provided, the advantage of having
an angle 121 towards the central axis 103 has been described in the previous
paragraph. The free end 104 of the first support member 101 may also be
provided with an angle 114 in the coil plane 107, relative the longitudinal
direction 119 of the support, as illustrated in e.g. Fig. 3a and 4a. This may
provide for facilitating the insertion of the free end 104 into the anterior
commissure 301 (Fig. 3a) when positioning the implant 100 into position in the
valve 302 while not entangling with chordae attached to the leaflet. The angle
114 provides for deflecting the chordae against the free end 104 while
positioning the implant 100. At the same time, the angle 114 is chosen so that
the free end 104 does not interfere with the adjacent septum of the heart, which
may the case when angled too far in the radially outward direction, as illustrated
in Figs. 3a and 4a. Turning to Fig. 4a, an outward angle 114 of, for example,
around 10 degrees from the longitudinal direction 119 may be a suitable to
achieve the advantages described while avoiding interference with the
surrounding tissue. The free end 104 may be provided with a blunt tip 113, in
order to be atraumatic and minimize the risk of injuring the surrounding tissue.
The blunt tip 113 may be fixated to the free end 104 of the implant 100 by a
locking pin 118’ arranged through a recess of the blunt tip 113 and the implant
100. This provides for a reliable fixation of the blunt tip 113 to the implant 100,
and minimizes any risk of dislodgement between the two.

The first and/or second free 104, 105, end may be arranged at an outward
angle 114, 121°, from the coil plane 107 to extend in a non-parallel direction
with the coil plane 107. Turning to the examples of Figs. 3b or 6b, the free end
104 of the first support member 101 may have a downward angle 114, i.e. out
of the coil plane 107, to further facilitate insertion of the free end 104 into the
anterior commissure 301. The free end 104 will thus more easily catch the
commissure when the implant 100 is positioned on the ventricular side of the
valve, above the commissure. The free end 105 of the second support member
102 may also have an angle 121’ upward, out of the coil plane 107, as
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illustrated in Fig. 3b. This is particularly advantageous in the case of having an
angled connector extension 122 of the free end 105, extending towards the
center axis 103, since the upward tilt of the free end 105 will minimize
interference with the movements of the leaflets, which will be increasingly more
pronounced when moving towards the center axis 103, i.e. the center of the
valve.

The annuloplasty implant 100 may comprise an inner core 116 of a shape
memory material, an outer covering 117 arranged radially outside the inner core
material 116 to cover at least part of the inner core 116, as illustrated in Fig. 8.
The outer covering 117 is resilient to conform to the inner core 116 during
movement of the shape memory material, e.g. when moving from the elongated
delivery configuration in inside a delivery catheter, to the relaxed coiled
configuration in the implanted state. The outer covering 117 may comprise a
first material having surface properties to promote endothelialization. Such
material may be a biocompatible alloy such as NiTiNol or it can be stainless
steel. The covering 117 may comprise a mesh structure or any structure
comprising an irregular, undulated, porous or otherwise non-flat surface to
promote endothelialization. The covering may also comprise a polymer, such as
Dacron. Simultaneously, the covering 117 has surface properties that provides
for a smooth apposition to the surrounding tissue when being implanted, to
further ensure safe interaction with the valve as it moves with the beating heart.

A method 200 of implanting an annuloplasty implant 100 at a target site in
the heart is also provided. The method 200 is schematically illustrated in Fig.
9a. The order in which the steps are described should not be construed as
limiting, and it is conceivable that the order of the steps may be varied
depending on the particular procedure. As discussed, the implant 100
comprises first 101 and second 102 support members. The method 200
comprises delivering 201 the implant from a delivery device, whereupon the first
and second support members 101, 102, are arranged as a coil in a coiled
configuration around a central axis 103 with two free ends 104, 105. The
method 200 further comprise positioning 202 the implant 100 through a first
commissure 301, 301’, of a valve 302 in the heart; positioning 203 the first and
second support members 101, 102, at opposite sides of the valve 302 having a
ventricular side and an atrial side. Positioning the first and second support
members 101, 102, at opposite sides of the valve 302 comprises positioning
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204 the first support member 101 to assume a ring-shape on the ventricular
side; and positioning 205 the second support member 102 to assume a ring-
shape on the atrial side so that two free ends 104, 105, of the first and second
support members 101, 102, are displaced from each other with a peripheral off-
set distance 106. As explained above, the peripheral off-set distance 106 is the
distance between the two free ends 104, 105, where the peripheral off-set
distance 106 extends in a coil plane 107, and where the coil plane 107 is
substantially parallel to an annular periphery 108 of the coil and perpendicular
to the central axis 103. This provides for the above mentioned advantages
ultimately allowing for an improved fixation of the annuloplasty implant 100 and
increased patient safety.

A method 200 of implanting an annuloplasty implant 100 at a target site in
the heart is schematically illustrated in Fig. 9b. The order in which the steps are
described should not be construed as limiting, and it is conceivable that the
order of the steps may be varied depending on the particular procedure.

Positioning the first support member 101 to assume a ring-shape on the
ventricular side, may comprise positioning 204’ the first support member 101 to
assume an annular ring-shape of substantially 360 degrees on the ventricular
side.

Positioning 205 the second support 102 member may comprise
positioning 205’ the second support member 102 to assume an annular ring-
shape of substantially 360 degrees less the peripheral off-set distance 106 on
the atrial side.

The method 200 may comprise fixating 206 the implant 100 by placing
fastening units 401 predominantly at a posterior bow 110, 110’, of the implant
100. Again, this provides for facilitating the implantation procedure.

The present invention has been described above with reference to specific
embodiments. However, other embodiments than the above described are
equally possible within the scope of the invention. The different features and
steps of the invention may be combined in other combinations than those
described. The scope of the invention is only limited by the appended patent
claims. More generally, those skilled in the art will readily appreciate that all
parameters, dimensions, materials, and configurations described herein are
meant to be exemplary and that the actual parameters, dimensions, materials,
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and/or configurations will depend upon the specific application or applications
for which the teachings of the present invention is/are used.
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Claims

1. An annuloplasty implant (100) comprising

first (101) and second (102) support members having a coiled
configuration in which the first and second support members are arranged as a
coil, with two free ends (104, 105), around a central axis (103), wherein, in said
coiled configuration, said two free ends are displaced from each other with a
peripheral off-set distance (106) extending in a coil plane (107), said coil plane
being substantially parallel to an annular periphery (108) of said coil and
perpendicular to said central axis, wherein the first and second support
members and the respective free ends are configured to be arranged on
opposite sides of native heart valve leaflets of a heart valve.

2. Annuloplasty implant according to claim 1, wherein said off-set distance
corresponds to a determined circle sector (109) of said annular periphery by
which said two free ends are separated.

3. Annuloplasty implant according to claim 2, comprising at least one
posterior bow (110, 110’) adapted to conform to a posterior aspect of said heart
valve, and at least one anterior side (111, 111’) adapted to conform to an
anterior aspect of said heart valve, and wherein said determined circle sector
overlaps with said at least one anterior side.

4. Annuloplasty implant according to any of claims 1 - 3, wherein said first
support member is adapted to be arranged on a ventricular side of said heart
valve, and said second support member is adapted to be arranged on an atrial
side of said heart valve, and wherein said first support member is adapted to
assume an annular ring-shape of substantially 360 degrees on said ventricular
side, when in an implanted state, and wherein said second support member is
adapted to assume an annular ring-shape of 360 degrees less said peripheral
off-set distance on said atrial side, when in said implanted state.

5. Annuloplasty implant according to claim 3 or 4, wherein said first
support member comprises a first posterior bow (110) and a first anterior side
(111), said second support member comprises a second posterior bow (110’),
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and wherein a second anterior side (111’) of said second support member has a
length reduced by said off-set distance.

6. Annuloplasty implant according to any of claims 3 - 5, wherein the
length of said off-set distance is between 50-100% of the length of said anterior
side.

7. Annuloplasty implant according to any of claims 1 - 6, wherein said
implant comprises a shape memory material and has an elongated delivery
configuration for advancement in a catheter, and an implanted shape when in
an implanted state, assuming a predefined configuration of said shape memory
material for positioning at an annulus of said heart valve, and/or

wherein said annuloplasty implant comprises an inner core (116) of a
shape memory material and an outer covering (117) arranged radially outside
said inner core material to cover at least part of said inner core, wherein said
outer covering is resilient to conform to said inner core during movement of said
shape memory material, wherein said outer covering comprises a first material
having surface properties to promote endothelialization.

8. Annuloplasty implant according to any of claims 1 — 7, wherein said
peripheral off-set distance extends perpendicular to an axial off-set (120)
between said two free ends, said axial off-set extending substantially parallel to
the direction of said central axis.

9. Annuloplasty implant according to any of claims 1 — 8, wherein said first
and second support members are configured to form respective first and
second ring-shapes on said opposite sides of the native heart valve leaflets,
pinching said leaflets therebetween.

10. Annuloplasty implant according to any of claims 1 — 9, comprising a
connector (112) attached to at least one of said two free ends, and being
adapted to releasably connect to a delivery device.
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11. Annuloplasty implant according to claim 10, wherein said connector
extends substantially parallel with an anterior side (111) of said first or second
support member.

12. Annuloplasty implant according to claim 10 or 11, wherein said
connector comprises a recess (115) and/or a protrusion (115’) being configured
to interlock with said delivery device, and/or

wherein said connector is fixated to said implant by a locking pin (118)
arranged through a recess of said connector and said implant.

13. Annuloplasty implant according to any of claims 10 — 12, wherein said
connector is attached to an angled connector extension (122) of said first or
second support member, said angled connector extension extending in a
direction radially inwards from said annular periphery substantially towards said
central axis.

14. Annuloplasty implant according to any of claims 1 — 13, wherein at
least one of said two free ends is arranged at an angle (114, 114°, 121, 1217)
relative a longitudinal extension (119) of said first or second support member.

15. Annuloplasty implant according to claim 14, wherein said first and/or
second free end is arranged at an outward angle (114’°, 121’) from said coll
plane to extend in a non-parallel direction with said coil plane.

16. A method (200) of implanting an annuloplasty implant (100) at a target
site in the heart, said implant comprising first (101) and second (102) support
members, said method comprising

delivering (201) said implant from a delivery device, whereupon said first
and second support members are arranged as a coil in a coiled configuration
around a central axis (103) with two free ends (104, 105),

positioning (202) said implant through a first commissure (301, 301’) of a
valve (302) in said heart,

positioning (203) said first and second support members at opposite sides
of said valve having a ventricular side and an atrial side, said positioning
comprising
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positioning (204) said first support member to assume a ring-shape
on said ventricular side, and

positioning (205) said second support member to assume a ring
shape on said atrial side so that two free ends (104, 105) of the first and second
support members are displaced from each other with a peripheral off-set
distance (106), said peripheral off-set distance extends in a coil plane (107),
and wherein said coil plane is substantially parallel to an annular periphery
(108) of said coil and perpendicular to said central axis.

17. Method according to claim 16, comprising fixating (206) said implant
by placing fastening units (401) predominantly at a posterior bow of said
implant.

18. Method according to claim 16 or 17, wherein positioning said first
support member to assume a ring-shape on said ventricular side, comprises
positioning (204’) said first support member to assume an annular ring-shape of
substantially 360 degrees on said ventricular side.

19. Method according to claim 18, wherein positioning (205) said second
support member comprises positioning (205’) said second support member to
assume an annular ring-shape of substantially 360 degrees less the peripheral
off-set distance on said atrial side,
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