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A suturing device

Technical Field

The present invention generally relates to the field of
attaching implants to tissue. More particularly, the invention
relates to a suturing device for fixating an annuloplasty implant

to a heart valve annulus, and a related method.

Background

Diseased mitral valves frequently need repair to function
properly. The mitral valve leaflets or supporting chordae may
degenerate and weaken or the annulus may dilate leading to wvalve
leak (valve insufficiency). Mitral valve repair is frequently
performed with aid of an annuloplasty ring or helix, used to
reduce the diameter of the annulus, or modify the geometry of the
annulus in any other way. In some procedures the annuloplasty
ring is fixated around the annulus of the valve.

Previous suturing devices for implants, such as annuloplasty
implants, have disadvantages that makes it difficult to suture in
the correct position, thereby resulting insufficient suturing
strength, and also in a very time consuming procedure, which
increases the risks for the patient. Previous suturing devices
are also not sufficiently compact for catheter based procedures.

Further, devices and clips in the prior art are not suitable
for annuloplasty implants such as helix rings that are to be
positioned on either side of a heart valve. Such device would not
provide sufficient fixation of such implant and lead to traumatic
effects since the fixation structure must ensure the correct
position of the device over time.

The above problems may have dire consequences for the patient
and the health care system. Patient risk is increased.

Hence, an improved device for attaching annuloplasty implants

such as helix rings would be advantageous and in particular
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allowing for avoiding more of the above mentioned problems and
compromises, and in particular allowing for ensuring long-term
functioning, a less complex procedure, and increased patient

safety. A related method would also be advantageous.

Summary

Accordingly, examples of the present invention preferably
seeks 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 a suturing device is provided,
comprising a sheath extending in a longitudinal direction, a
retrieval catheter having a retrieval unit at a distal end
thereof, said retrieval catheter extending from said sheath, a
suture delivery catheter extending from said sheath, a suture
being deliverable from a distal opening of said suture delivery
catheter at a distal end thereof, a distal end of said sheath
being positionable towards a proximal part of an implant in said
longitudinal direction, said retrieval unit and said suture being
positionable to extend beyond a distal part of said implant in
said longitudinal direction, said retrieval unit is configured to
capture said suture, whereby said suture can be pulled towards
said retrieval catheter to form a bridge with said suture across
said distal part of said implant between said suture delivery
catheter and said retrieval catheter.

According to a second aspect a method of suturing an implant
to a target site is provided, comprising; positioning a retrieval
catheter at a first side of said implant, said retrieval catheter
having a retrieval unit; positioning a suture delivery catheter
at a second side of said implant, opposite said first side;
delivering a suture from said suture delivery catheter; capturing
said suture with said retrieval unit beyond a distal portion of
said implant, to form a bridge with said suture across said

distal part of said implant between said suture delivery catheter
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and said retrieval catheter; withdrawing said retrieval unit and
said suture delivery catheter to suture said implant to tissue.

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

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

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

Some examples of the disclosure provide for a reduced risk of
damaging the anatomy such as the CS.

Some examples of the disclosure provide for secure fixation
of annuloplasty implants while ensuring an atraumatic procedure.

Some examples of the disclosure provide for secure fixation
of an annuloplasty implant on either side of a heart valve.

Some examples of the disclosure provide for increased
accuracy when attaching a suture to a beating heart.

Some examples of the disclosure provide for a more secure
attachment with a suture and improved fixation of annuloplasty
rings having different diameters.

Some examples of the disclosure provide for a more compact
suturing device.

Some examples of the disclosure facilitates placing the
sutures at the correct position.

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 examples of the
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present invention, reference being made to the accompanying
drawings, in which

Figs. la—-g are a schematic illustrations of an example of a
suturing device;

Figs. 2a-b are a schematic illustrations of an example of a
suturing device;

Figs. 3a-c are a schematic illustrations of an example of a
suturing device;

Figs. 4a—-f are a schematic illustrations of an example of a
suturing device; and

Fig. 5 is a flow—chart illustrating a method of suturing an

implant 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 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 examples 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 embodiments of the
present invention applicable to fixation of annuloplasty implants
to valve tissue. However, it will be appreciated that the
invention is not limited to this application but may be applied
to many other procedures involving attachment of sutures to
tissue, including for example fixation of other medical
implantable devices or suturing parts of tissue together, in any

medical procedure.
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Figs. la-g, 2a-b, 3a-c, 4a-4 show a suturing device (100)
according to one example. Fig. 5 show a flow-chart of a method
according to one example.

The suturing device (100) comprises a sheath (101) extending
in a longitudinal direction, and a retrieval catheter (102)
having a retrieval unit (104) at a distal end thereof, which is
shown in Fig. 1lb. The retrieval catheter extends from said
sheath. The device (100) comprises a suture delivery catheter
(103) extending from said sheath. A suture (105) is deliverable
from a distal opening of said suture delivery catheter at a
distal end thereof, which is shown in Figs. lc-d. The distal end
of said sheath is positionable towards a proximal part of an
implant (400, 400’) in said longitudinal direction, which is
shown in Fig. la. The retrieval unit and said suture are
positionable to extend beyond a distal part of said implant in
said longitudinal direction, which is also shown in e.g. Fig. la.
The retrieval unit is configured to capture said suture, whereby
said suture can be pulled towards said retrieval catheter to form
a bridge with said suture across said distal part of said implant
between said suture delivery catheter and said retrieval
catheter, which is shown in Fig. le—g. This provides for a
compact suturing device that facilitates suturing and fixation of
an implant such as an annuloplasty implant to tissue. It is
particularly easy to suture beneath a tissue wall, such as the
annulus of a heart valve, from the opposite side facing the
operator, which otherwise is very cumbersome due to the limited
visibility. The compact suturing device (100) allows it to be
catheter deliverable for a minimally invasive procedure.

The retrieval catheter and/or the suture delivery catheter
may comprise a tip portion (108, 109) configured for penetrating
into tissue, which is illustrated in e.g. Fig. la. This further
facilitates the positioning of the retrieval catheter and/or the
suture delivery catheter.

The retrieval catheter and said suture delivery catheter may
be separated by a radial distance (110), substantially
perpendicular to said longitudinal direction, corresponding at

least to a width of said implant, whereby said retrieval catheter
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and said suture delivery catheter are being positionable on
either side of said implant in said radial direction, which is
illustrated in e.g. Fig. la. This advantageously provides for
easy positioning of the device 100 in the correct position over
the implant.

The retrieval unit may comprise a loop 104 for circumflexing
said suture, which is illustrated in Figs. 1lb—-f. In these
examples, the loop 104 is positioned around the suture delivery
catheter before the suture is delivered, which facilitates the
procedure.

The retrieval unit may comprise a magnet, and said suture may
comprise a metal portion to be attracted by said magnet. This is
also a possible and convenient method of retrieving the suture.

The retrieval unit, and/or said retrieval catheter may be
movable towards said suture delivery catheter across said distal
part of the implant, after having pierced tissue. This
facilitates retrieving or capturing elements, such as a suture,
delivered from the suturing catheter.

The suture delivery catheter may alternatively, or in
addition, be movable towards said retrieval unit and/or said
retrieval catheter across said distal part of the implant, after
having pierced tissue. This also facilitates retrieving or
capturing elements delivered from the opposite catheter.

The retrieval unit may comprise a shape memory material being
resiliently biased to move towards said suture delivery catheter
when being pushed out from said retrieval catheter, which is
illustrated in e.g. Fig. 1lb. The material may be NiTinol or any
other material that can be heat-set to a predefined shape. This
facilitates positioning of the retrieval unit.

The retrieval catheter and said suturing catheter may be
independently movable in said longitudinal direction. This allows
for accurate control of the suturing procedure.

The suture may comprise a distal increased diameter portion
(107) to be captured by said retrieval unit, shown in Fig. lc.
The retrieval unit can thereby easily pull in the suture, without

having to rely on friction.
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The suture may comprise a proximal increased diameter portion
(107") to be engaged by a pusher (106) movable inside said suture
delivery catheter, for pushing said suture distally from said
suture delivery catheter, shown in Figs. lc—-d. Thus the suture
can be easily pushed out of the catheter.

The retrieval catheter and said suture delivery catheter may
extend at least a distance from said sheath corresponding to the
length of said implant between said proximal and distal portions
thereof. Fig. la show as an example an annuloplasty ring having
two rings 400, 400’ on either side of the tissue wall (cross-—
sectional view of a section of the ring). The two rings can
thereby be provided in a coiled configuration, i.e. helix
configuration. The suture delivery catheter and retrieval
catheter penetrate the tissue wall and extend past the ring on
the opposite side of the wall, as illustrated, for suturing from
this opposite side. Other types of annuloplasty implants can also
be sutured, such as single rings, i.e. having only the ring on
one side of the tissue wall of the valve, or even other types of
implants where space is limited and suturing must be done with a
high degree of control.

The suture delivery catheter may comprise radially
displaceable arms (110, 110") holding said suture in a looped
shape when in a displaced state outside said suture delivery
catheter, shown in Figs. 4b—-f. This is another way of providing
for a facilitated procedure to capture the suture and form a
bridge across the implant.

The retrieval unit may comprise a hook-shaped portion (111)
that can engage said looped shape suture to capture a portion
thereof, seen in Figs. 4b-e.

A method (500) of suturing an implant (400, 400’) to a target
site according to embodiment is provided. The method (500) is
illustrated in Fig. 5. The order in which the steps are described
should not be construed as limiting, and the order of the steps
may vary depending on the procedure. The method (500) comprises;
positioning (501) a retrieval catheter (102) at a first side of
said implant, said retrieval catheter having a retrieval unit

(104), positioning (502) a suture delivery catheter (103) at a
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second side of said implant, opposite said first side, delivering
(503) a suture from said suture delivery catheter, capturing

(504) said suture with said retrieval unit beyond a distal
portion of said implant, which is illustrated in Fig. 3a, to form
a bridge with said suture across said distal part of said implant
between said suture delivery catheter and said retrieval
catheter, which is shown in Fig. 3b, and withdrawing (505) said
retrieval unit and said suture delivery catheter to suture said
implant to tissue, which is shown in Fig. 3c.

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, 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. A suturing device (100) comprising

a sheath (101) extending in a longitudinal direction,

a retrieval catheter (102) having a retrieval unit (104) at a
distal end thereof, said retrieval catheter extending from said
sheath,

a suture delivery catheter (103) extending from said sheath,

a suture (105) being deliverable from a distal opening of
said suture delivery catheter at a distal end thereof,

a distal end of said sheath being positionable towards a
proximal part of an implant (400, 400’) in said longitudinal
direction, said retrieval unit and said suture being positionable
to extend beyond a distal part of said implant in said
longitudinal direction,

said retrieval unit is configured to capture said suture,
whereby said suture can be pulled towards said retrieval catheter
to form a bridge with said suture across said distal part of said
implant between said suture delivery catheter and said retrieval
catheter.

2. Suturing device according to claim 1, wherein said
retrieval catheter and/or said suture delivery catheter comprises

a tip portion (108, 109) configured for penetrating into tissue,

3. Suturing device according to claim 1 or 2, wherein said
retrieval catheter and said suture delivery catheter are
separated by a radial distance (110), substantially perpendicular
to said longitudinal direction, corresponding at least to a width
of said implant, whereby said retrieval catheter and said suture
delivery catheter are being positionable on either side of said

implant in said radial direction.

4. Suturing device according to any of claims 1 — 3, wherein
said retrieval unit comprises a loop for circumflexing said

suture.
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5. Suturing device according to any of claims 1 - 3, wherein
said retrieval unit comprises a magnet, and said suture

comprising a metal portion to be attracted by said magnet.

6. Suturing device according to any of claims 1 - 5, wherein
said retrieval unit, and/or said retrieval catheter is movable
towards said suture delivery catheter across said distal part,

after having pierced tissue.

7. Suturing device according to any of claims 1 — 7, wherein
said suture delivery catheter is movable towards said retrieval
unit and/or said retrieval catheter across said distal part,

after having pierced tissue.

8. Suturing device according to any of claims 1 — 7, wherein
said retrieval unit comprises a shape memory material being
resiliently biased to move towards said suture delivery catheter

when being pushed out from said retrieval catheter.

9. Suturing device according to any of claims 1 - 8, wherein
said retrieval catheter and said suturing catheter are

independently movable in said longitudinal direction.

10. Suturing device according to any of claims 1 - 9, wherein
said suture comprises a distal increased diameter portion (107)

to be captured by said retrieval unit.

11. Suturing device according to any of claims 1 - 10,
wherein said suture comprises a proximal increased diameter
portion (107’) to be engaged by a pusher (106) movable inside
said suture delivery catheter, for pushing said suture distally

from said suture delivery catheter.

12. Suturing device according to any of claims 1 - 11,
wherein said retrieval catheter and said suture delivery catheter

extend at least a distance from said sheath corresponding to the
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length of said implant between said proximal and distal portions

thereof.

13. Suturing device according to any of claims 1 - 3, wherein
said suture delivery catheter comprises radially displaceable
arms (110, 110’) holding said suture in a looped shape when in a

displaced state outside said suture delivery catheter.

14. Suturing device according to claim 13, wherein said
retrieval unit comprises a hook-shaped portion (111) that can

engage said looped shape suture to capture a portion thereof.

15. Method (500) of suturing an implant (400, 400’) to a
target site comprising;

positioning (501) a retrieval catheter (102) at a first side
of said implant, said retrieval catheter having a retrieval unit
(104),

positioning (502) a suture delivery catheter (103) at a
second side of said implant, opposite said first side,

delivering (503) a suture from said suture delivery catheter,

capturing (504) said suture with said retrieval unit beyond a
distal portion of said implant, to form a bridge with said suture
across said distal part of said implant between said suture
delivery catheter and said retrieval catheter,

withdrawing (505) said retrieval unit and said suture

delivery catheter to suture said implant to tissue.
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