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Description

TECHNICAL FIELD

[0001] The present invention relates generally to de-
vices for repair of heart valves, and more particularly to
transcatheter repair or replacement of structure related
to any heart valve annulus, such as the mitral valve.

BACKGROUND

[0002] One of the two atrio-ventricular valves in the
heart is the mitral valve, which is located on the left side
of the heart and which forms or defines a valve annulus
and valve leaflets. The mitral valve is located between
the left atrium and the left ventricle, and serves to direct
oxygenated blood from the lungs through the left side of
the heart and into the aorta for distribution to the body.
As with other valves of the heart, the mitral valve opens
and closes predominantly due to the fluid forces exerted
on the leaflets by the changing pressures within the
chambers of the heart.
[0003] The mitral valve includes two moveable leaflets
that open and close in response to differential pressures
on either side of the valve. Ideally, the leaflets move apart
from each other when the valve is in an open position,
and meet or "coapt" when the valve is in a closed position.
However, problems can develop with valves, which can
generally be classified as either stenosis, in which a valve
does not open properly, or insufficiency (also called re-
gurgitation), in which a valve does not close properly.
Stenosis and insufficiency may occur concomitantly in
the same valve. The effects of valvular dysfunction vary,
with mitral regurgitation or backflow typically having rel-
atively severe physiological consequences to the patient.
Regurgitation, along with other abnormalities of the mitral
valve, can increase the workload placed on the heart.
The severity of this increased stress on the heart and the
patient, and the ability of the heart to adapt to it, determine
the treatment options that are available for a particular
patient. In some cases, medication can be sufficient to
treat the patient, which is the preferred option when it is
viable; however, in many cases, defective valves have
to be repaired or completely replaced in order to ade-
quately restore the function of the heart.
[0004] One situation where repair of a mitral valve is
often viable is when the defects present in the valve are
associated with dilation of the valve annulus, which not
only prevents competence of the valve but also results
in distortion of the normal shape of the valve orifice. Re-
modeling of the annulus is central to these types of re-
constructive procedures on the mitral valve. When a mi-
tral valve is repaired, the result is generally a reduction
in the size of the posterior segment of the mitral valve
annulus. As a part of the mitral valve repair, the involved
segment of the annulus is diminished (i.e., constricted)
so that the leaflets may coapt correctly on closing, and/or
the annulus is stabilized to prevent post-operative dila-

tation from occurring. Either result is frequently achieved
by the implantation of a prosthetic ring or band in the
supra annular position. The purpose of the ring or band
is to restrict, remodel and/or support the annulus to cor-
rect and/or prevent valvular insufficiency. Such repairs
of the valve, when technically possible, can produce rel-
atively good long-term results.
[0005] However, valve repair is sometimes either im-
possible, undesirable, or has failed, leaving valve re-
placement as the most viable option for improving oper-
ation of the mitral valve. The two general categories of
valves that are used for mitral valve replacement are me-
chanical valves and bioprosthetic or tissue valves. A wide
variety of mechanical valves are available that accom-
modate the blood flow requirements of the particular lo-
cation where they will be implanted; however, the use of
these mechanical devices in the body can increase the
risk of clotting in the blood stream, which can lead to a
heart attack or stroke. Thus, mechanical valve recipients
must take anti-coagulant drugs for the rest of their lives
to minimize the potential of blood clots. The use of tissue
valves advantageously eliminates the need for such anti-
coagulant drugs; however, tissue valves do not typically
last as long as mechanical valves and may need to be
replaced at some later point in the patient’s life. To im-
plant either mechanical or tissue valves, a surgical pro-
cedure is typically used that involves opening the pa-
tient’s chest to access the mitral valve through the left
atrium, and then implanting the new valve in position.
[0006] To simplify surgical procedures and reduce pa-
tient trauma, there has been a recent increased interest
in minimally invasive and percutaneous replacement of
cardiac valves. Such a replacement of a heart valve typ-
ically does not involve actual physical removal of the dis-
eased or injured native heart valve, but instead includes
delivery of a replacement valve in a compressed condi-
tion to the native valve site, where it is expanded. One
example of such a replacement procedure for a pulmo-
nary valve includes inserting a replacement pulmonary
valve into a balloon catheter and delivering it percutane-
ously via the vascular system to the location of a failed
pulmonary valve. There, the replacement valve is ex-
panded by a balloon to compress the native valve leaflets
against the right ventricular outflow tract, thereby anchor-
ing and sealing the replacement valve. In the context of
percutaneous pulmonary valve replacement, a replace-
ment pulmonary valve may be implanted to replace na-
tive pulmonary valves or prosthetic pulmonary valves lo-
cated in valved conduits.
[0007] The percutaneous valve implantation proce-
dures described above typically involve the movement
of a compressed valve through at least some portion of
the vasculature of the patient to the delivery site, and are
therefore particularly well-suited for implanting relatively
small valves, such as pulmonary valves or aortic valves.
Similarly, reaching the area of the mitral valve percuta-
neously to reshape, repair, or replace the mitral valve
can be difficult due to the challenging path through which

1 2 



EP 2 858 599 B1

3

5

10

15

20

25

30

35

40

45

50

55

repair devices must travel in order to reach the mitral
valve area. However, there is a continued desire to be
able to be able to improve mitral valve replacement de-
vices and procedures to accommodate the physical
structure of the heart without causing undue stress to the
patient during the operation on the heart, such as pro-
viding devices and methods for repairing or replacing the
mitral valve percutaneously. In addition, there is a desire
to provide similar repair and/or replacement devices and
procedures for areas of the heart other than the mitral
valve, such as the annulus of any of the other valves of
the heart or any similar orifice having a rim of tissue to
which a device can be delivered percutaneously.
[0008] A device according to the preamble of claim 1
is known from the document US-2001/0007956.

SUMMARY

[0009] In general, the interest by physicians, surgeons,
and patients is increasing relative to the use of percuta-
neous techniques for repair or replacement of the mitral
valve, as historical methods of repairing this valve include
implanting a mitral valve ring while the patient is on car-
dio-pulmonary bypass. While such procedures can be
effective, devices and delivery methods of the present
invention provide for repair of the mitral valve with the
use of less invasive surgical techniques.
[0010] In one aspect not part of this invention, an im-
plantable device is provided that includes a plurality of
clips (e.g., Nitinol clips) that are used to secure an ex-
pandable and contractible annuloplasty ring/band to the
mitral valve annulus. Such a device can be delivered and
implanted using percutaneous methods and delivery sys-
tems. The expandable ring/band can be expandable to
conform to the mitral valve annulus using a ballooning
technique, for example. The ability of the ring/band to be
contractible provides annular cinching to reduce the ef-
fective orifice area to help minimize or eliminate mitral
valve regurgitation.
[0011] In another aspect not part of this invention, the
implantable device is provided to reduce or eliminate mi-
tral valve regurgitation by utilizing the elasticity of an an-
nuloplasty ring/band. That is, an implantable annulo-
plasty ring/band can be provided with sufficient elasticity
so that it can expand to conform to an existing mitral valve
annulus (e.g., for a mitral valve that allows for regurgita-
tion), and then contract to reduce the septal-lateral diam-
eter of the mitral valve annulus and also reduce the ef-
fective orifice area (EOA) of the mitral valve. Such an
annuloplasty ring/band can further have sufficient flexi-
bility to allow for percutaneous delivery thereof. If such
a percutaneous delivery method is used, it may be ac-
complished using a transeptal, transapical, or transatrial
approach, for example.
[0012] In accordance with one aspect of the invention,
a delivery system is provided for delivery of a radially
expandable device to an implantation site in a patient.
The delivery system includes an elongated tubular mem-

ber comprising a distal tip and an outer surface, first and
second balloon portions spaced proximally from each
other and the distal tip along a length of the tubular mem-
ber, an annular space between the first and second bal-
loon portions, a plurality of clip deployment tubes extend-
ably moveable relative to the outer surface of the tubular
member, and a plurality of clips, wherein each clip is
moveable within a length of one of the clip deployment
tubes between a retracted position and a deployed po-
sition.
[0013] In accordance with another aspect of the inven-
tion, a delivery system is provided for delivery of a radially
expandable device to an implantation site in a patient.
The delivery system includes an elongated tubular mem-
ber comprising a distal tip and an outer surface, a first
balloon portion spaced proximally from the distal tip of
the tubular member, a second balloon portion spaced
proximally from the first balloon portion, an annular space
between the first and second balloon portions, and a
sheath at least partially surrounding the first balloon por-
tion, the second balloon portion, and the annular space
between the first and second balloon portions. With this
delivery system, expansion of at least one of the first and
second balloon portions causes radial expansion of the
portion of the sheath extending across the annular space
between the first and second balloon portions. Such a
method can be useful for implantation in any area of the
heart that includes an annulus or rim of tissue, such as
in the area of the mitral valve, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be further explained
with reference to the appended Figures, wherein like
structure is referred to by like numerals throughout the
several views, and wherein figures 1 to 3 and 7 to 17 do
not show embodiments of the invention.

Figure 1 is a schematic cross sectional view of a
heart, showing the right atrium, right ventricle, and
left ventricle, into which a device of the invention is
being delivered to a mitral valve via a delivery sys-
tem;
Figure 2 is a top view of an annuloplasty device of
the invention, illustrated in both an expanded and in
an unexpanded condition;
Figure 3 is a top view of an annuloplasty device of
the invention, illustrated in both an expanded and in
an unexpanded condition;
Figure 4 is a perspective view of a distal end portion
of a delivery system with a delivery balloon system
in an inflated condition;
Figure 5 is a front view of a portion of an embodiment
of a delivery system, including two separate bal-
loons;
Figure 6 is a front view of a portion of an embodiment
of the delivery system of Figure 5, and including a
balloon-in-balloon delivery system configuration;
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Figures 7-10 are perspective views of a distal end
of a delivery system, illustrating sequential configu-
rations of an annuloplasty device and the balloons
and clips of the delivery system during delivery of
the device;
Figure 11 is a perspective view of an annuloplasty
ring of the type that can be delivered by the delivery
system of Figures 7-10;
Figure 12 is a perspective view of an annuloplasty
device being delivered to a mitral valve annulus of a
heart, with the device in a relatively unexpanded con-
dition;
Figure 13 is a perspective view of an annuloplasty
device being delivered to a mitral valve annulus of a
heart, with the device in a relatively expanded con-
dition;
Figure 14 is a side schematic view of a portion of a
delivery system and implantable device;
Figure 15 is a perspective view of a delivery system
and implantable device, with its balloon system in an
at least partially expanded configuration;
Figure 16 is a top view of an annuloplasty device as
it can be implanted within a patient, and further in-
cluding a valve that is docked within the central open-
ing of the device; and
Figure 17 is a perspective view of the annuloplasty
device and implanted valve of Figure 16.

DETAILED DESCRIPTION

[0015] Referring now to the Figures, wherein the com-
ponents are labeled with like numerals throughout the
several Figures, and initially to Figure 1, one general con-
figuration of a delivery system 10 including an implanta-
ble device 12 in accordance with the invention is illus-
trated, wherein specific details of this and other delivery
systems of the invention will be described in further detail
below. As shown in this Figure, the implantable device
12 is being delivered to the mitral valve area of a repre-
sentative heart 14. Although the implantable devices of
the invention, such as implantable device 12, are gener-
ally described herein as being used for mitral valve repair,
it is understood that many of the features of these im-
plantable devices can be used in other areas of the heart.
For example, the implantable devices can be used in any
area of the heart where it would be advantageous to uti-
lize a device having the functionality described herein.
In any case, the implantable devices of the invention de-
sirably restore normal functioning of a cardiac valve of a
patient’s heart, and are implantable using surgical or in-
terventional techniques that include minimally invasive
or percutaneous delivery methods. However, it is under-
stood that more traditional open-heart techniques can
alternatively be used with the devices and methods of
the invention.
[0016] An annuloplasty ring (which is also referred to
more generally herein as an "implantable device") is il-
lustrated in Figure 2, both in an expanded and an unex-

panded condition, represented by reference numerals 20
and 20’, respectively. The annuloplasty ring 20, 20’ is
particularly adapted to repair one of the atrio-ventricular
valves, such as the mitral and tricuspid valves. As a point
of reference, the annuloplasty ring or implantable device
12 illustrated in Figure 1 is configured for mitral valve
annulus repair, although it is understood that other
shapes may be incorporated for other valve annulus
anatomies (e.g., the tricuspid valve annulus). Thus, the
present invention is not limited to mitral valve annulo-
plasty, but can also be used in other areas of the heart,
although the dimensions and shape of the ring would
then be different to meet different physical requirements
of the heart anatomy area in which it will be positioned
or implanted.
[0017] Available shapes for the annuloplasty ring 20
are described in greater detail below. In general terms,
however, the ring 20 can be shaped to match the native
or natural shape of a valve annulus in which the ring 20
is to be implanted, at least with respect to the desired
size of a modified or corrected annulus or portion thereof.
For example, one side of the ring 20 can be generally
shaped to mimic the native natural mitral valve posterior
annulus anatomy (i.e., generally symmetrical, horse-
shoe-like shape) for mitral valve annulus repair.
[0018] As illustrated, the ring 20 includes a first section
22 and an optional second section 24, wherein when only
a first section 22 is used, the ring 20 does not actually
comprise a complete "ring" or closed circle of material.
Note that the unexpanded version of the ring 20’ includes
a corresponding first section 22’ and an optional second
section 24’. In this ring, the first section 22 is a generally
arcuate or U-shaped component that includes first and
second ends 26, 28 spaced from each other by lateral
spacing. In some example, the implantable device will
consist of only a first section 22, which is implantable
using the delivery systems and methods described be-
low. Due to at least a small amount of flexibility of the
first section 22, the first and second ends 26, 28 are
moveable toward and away from each other. Further, this
first section 22 is adapted generally for implantation on
a posterior aspect of a mitral valve annulus, although it
is possible that it instead is used for the anterior aspect
of a mitral valve annulus. In some examples in which the
ring 20 is adapted for repairing of a mitral valve, the ar-
cuate shape of the first section 22 is configured to match
the natural posterior aspect anatomy of the mitral valve
annulus.
[0019] In some cases, the ring 20 will also include the
second section 24, which extends from the first end 26
to the second end 28 of the ring 20 and thereby essentially
completes the closed shape of the ring 20. This second
section 24 can follow the same general curvature of the
first section 22, such that it makes the ring 20 have a
generally circular shape. Alternatively, the second sec-
tion 24 can have a different general curvature than that
of the first section 22, or may instead extend in a generally
linear configuration between the first and second ends
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26, 28 of the first section 22. In any case, the ring may
be configured to be partial, segmented, or a full ring. In
embodiments in which the ring 20 is adapted for repairing
of a mitral valve, the shape of the second section 24 can
be configured to match the natural anterior aspect anat-
omy of the mitral valve annulus.
[0020] The first and second sections 22, 24 of the ring
20 can be made of any biocompatible material or com-
bination of materials that provide for a desired level of
stiffness when implanted in a patient, yet also allows for
flexibility in a radial direction. Further, any materials from
which the ring is made can allow for the ring 20 to be
expanded in response to an outward radial force to con-
tact the native valve annulus, but then to elastically con-
tract in response to removal of the outward radial force
to pull the annulus into a desired configuration. In one
exemplary embodiment, the ring is made from silicone
or another elastic polymer/material. It is understood that
each of the first and second sections 22, 24 may be made
of the same or different material or combination of ma-
terials as the other of the first and second sections 22,
24. It is further contemplated that the material that pro-
vides the desired structure for the ring may be at least
partially sheathed or surrounded by a cover that is made
from polyester or another material. In addition, the ring
may include a reinforcement substrate. Finally, the ring
may include one or more areas or segments that have
radiopaque characteristics to allow for visualization of
the ring via fluoroscopy. For example, the structural por-
tion of the ring and/or the covering material of the ring
can be loaded with barium or another radiopaque mate-
rial.
[0021] Figure 3 illustrates another annuloplasty ring in
both an expanded and an unexpanded condition, repre-
sented by reference numerals 40 and 40’, respectively.
Annuloplasty ring 40 includes a first section 42 and an
optional second section 44, wherein when only a first
section 42 is provided, the ring 40 comprises an open
configuration rather than comprising a closed circle of
material. Note that the unexpanded version of the ring
40’ includes a corresponding first section 42’ and can
also include an optional second section (not illustrated
in the unexpanded condition). As with the annuloplasty
ring 20 described above, the first section 42 is generally
arcuate or U-shaped, with first and second ends 46, 48
being spaced from each other. The first and/or second
sections 42, 44 are configured as a wire formed into a
zigzag type of pattern, such that when the ring 40 is com-
pressed, the wire will be configured so that the zigzag
configuration is at least somewhat collapsed so that it is
reduced in diameter from when it is in an expanded con-
dition. In an alternative configuration, the structure of the
ring 40 may include one or more portions that are con-
figured as a coil rather than a zigzag. Due to at least a
small amount of flexibility of the first section 42, the first
and second ends 46, 48 are moveable toward and away
from each other. Further, the first section 42 can be
adapted generally for implantation on a posterior aspect

of a mitral valve annulus, although it is possible that it
instead is used for the anterior aspect of a mitral valve
annulus. In some examples in which the ring 40 is adapt-
ed for repairing of a mitral valve, the arcuate shape of
the first section 42 is configured to match the natural pos-
terior aspect anatomy of the mitral valve annulus.
[0022] In some cases, the ring 40 will also include the
second section 44, which extends from the first end 46
to the second end 48 of the ring 40 and thereby essentially
completes a closed shape of the ring 40. This second
section 44 can follow the same general curvature of the
first section 42, such that it makes the ring 40 have a
circular shape. Alternatively, the second section 44 can
have a different general curvature than that of the first
section 42, or may instead extend in a generally linear
configuration between the first and second ends 46, 48
of the first section 42. In any case, the ring may be con-
figured to be partial, segmented, or a full ring. In embod-
iments in which the ring 40 is adapted for repairing a
mitral valve, the shape of the second section 44 can be
configured to match the natural anterior aspect anatomy
of the mitral valve annulus.
[0023] The first and second sections 42, 44 of the wire
that makes up the ring 40 can be made of any biocom-
patible material or combination of materials that provide
for a desired level of stiffness when implanted in a patient,
yet also allows for flexibility in a radial direction. In one
exemplary example, the wire can be constructed of Niti-
nol and/or another elastic material, such as a superelastic
material. It is further contemplated that the material that
provides the desired structure for the ring may be fully or
partially sheathed in a cover that is made from polyester
or another material. In addition, the ring may include a
reinforcement substrate. Finally, the ring may include one
or more areas or segments that have radiopaque char-
acteristics to allow for visualization of the ring via fluor-
oscopy. For example, the structural portion of the ring
and/or the covering material of the ring can be loaded
with barium or another radiopaque material.
[0024] With this example, the distance between the
peaks and valleys of the zigzag pattern can vary consid-
erably in order to provide the desired performance of the
ring 40. That is, the configuration of the zigzag pattern
of the ring 40 allow for expansion in response to an out-
ward radial force to contact the native valve annulus, but
then will allow it to elastically contract, or foreshorten, in
response to removal of the outward radial force to pull
the annulus into a desired configuration. In one exem-
plary example, the ring may include a wire having a zig-
zag or accordion-like pattern around its perimeter. That
is, the wire of the ring is arranged essentially as a pattern
of wire segments that each terminate at a sharp turn from
which the next wire segment extends in a generally op-
posite direction. In one exemplary example, the wire seg-
ments within a particular zigzag pattern each have gen-
erally the same length as each other. In another exem-
plary example, the length of at least some of the wire
segments with a particular zigzag pattern can be different
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from the length of other wire segments within that same
zigzag pattern.
[0025] Referring now to Figure 4, one exemplary de-
livery system 60 is illustrated for delivering an expanda-
ble ring of the type illustrated in Figure 2 to a desired
implantation location (e.g., a mitral valve annulus). The
delivery system 60 generally includes an elongated tube
62 having a distal tip 64, a balloon system 66 spaced
from the distal tip 64, and a plurality of clip deployment
tubes 68. The balloon system 66 is configured to have
proximal and distal balloons 70, 72, which are positioned
on proximal and distal sides of the clip deployment tubes
68, respectively. The balloon system 66 may further in-
clude a compliant sheath 74 that at least partially covers
the proximal balloon 70, the distal balloon 72, and any
space or gap provided between the proximal and distal
balloons. With this embodiment, the balloon system 66
is used to reconfigure (e.g., radially expand) an expand-
able ring 80, wherein each of the balloons 70, 72 is made
of a compliant polymeric material that can conform to the
area of a mitral valve annulus. In one embodiment, the
balloons in a multi-balloon system can include both com-
pliant and non-compliant portions. In such an embodi-
ment, it is possible for the system to include non-compli-
ant sections on both on the proximal side of a proximal
balloon and on the distal side of a distal balloon. When
these balloons are inflated, the compliant sections can
expand radially and inwardly toward the annulus to there-
by "sandwich" the annulus at the correct implant site for
the delivery system, while the non-compliant sections do
not expand. In yet another embodiment, one or both of
the balloons 70, 72 may utilize a braided wire structure
that can provide for blood flow through the mitral valve
area during the procedure.
[0026] In the delivery system 60, the clip deployment
tubes 68 are housed within the elongated tube 62 to allow
for smooth movement of the delivery system 60 to the
area of the mitral valve. Thus, the elongated tube 62 is
provided with an aperture to correspond to each of the
tubes 68. In this way, each of the tubes 62 can be re-
tracted and extended from its respective aperture via a
control mechanism that can be located at the proximal
end of the delivery system 60, for example. A clip 82 or
pair of clips 82 are positionable within each of the clip
deployment tubes 68, wherein each of the clips 82 is
slideable relative to the length of its respective tube 68
so that it can be completely enclosed within the tube 68
and also at least partially extend from a distal end of its
respective tube 68, as desired in the process of delivering
and implanting an expandable ring, as will be described
in further detail below.
[0027] Each of the clips 82 can be made of a shape-
memory material, such as Nitinol, and can be formed so
that it includes a straight portion 84 and a U-shaped end
86 when not subjected to external forces, as is illustrated
in Figure 4. However, in order to also be able to enclose
the entire length of each of the clips 82 within one of the
clip deployment tubes 68, the material from which the

clips are made can also be reformable by the application
of a straightening force. In this way, the U-shaped ends
86 can be manipulated to be enclosed within one of the
tubes 68. The shape that the U-shaped ends 86 will take
when not subjected to external forces (i.e., when they
are outside of their respective clip deployment tubes) can
be configured for engagement with an adjacent surface,
such as the tissue of a mitral valve annulus, for example.
In one embodiment, the shape of the U-shaped clip ends
86 essentially includes an extension of the straight por-
tion 84, an arc portion 88, and a second portion 90 that
extends from the arc portion 88 and includes a distal tip
92. The distal tip 92 may be relatively sharp for engage-
ment and/or penetration of tissue or other desired mate-
rial.
[0028] It is understood that the end 86 of one or more
of the clips 82 can have a different configuration than that
illustrated in Figure 4, such as being a more continuous
spiral or including portions having different curvatures,
for example. In any case, the features of the clips 82,
such as their shape and length, can be selected for any
desired engagement with adjacent surfaces, such as tis-
sue. That is, any of the clips 82 discussed herein include
features that provide a fixation function for securing a
ring or other device in its desired location relative to a
target area within a patient. In addition, it is contemplated
that the distal tip 92, or areas spaced from the distal tip
92, can also include hooks, barbs, or the like that provide
for additional securing of the clip to a structure of a valve
orifice, for example.
[0029] The distal tip 64 of delivery system 60 can be
tapered to ease the passage of the delivery system
through the patient’s vasculature, such as is illustrated
in Figure 4. The delivery system 60 may further include
a guidewire (not shown) which can extend from the distal
tip 64 and can be used to guide the delivery system 60
to its desired implant location.
[0030] The delivery system 60 can further include an
outer sheath (not illustrated) that is moveable relative to
the length of the elongated tube 62. This outer sheath
can be used to cover the balloon system 66 and other
components and hold them within an inner area of the
sheath, such as during movement of the delivery system
to a target area within a patient. Thus, the outer sheath
can be sized and shaped so that when the balloon system
66 is deflated or compressed, the sheath is at a suffi-
ciently small diameter to allow for insertion of the delivery
system into a desired location within a patient.
[0031] In order to inflate or expand the proximal and
distal balloons 70, 72, the balloon system 66 is connected
for fluid communication with one or more lumen that ex-
tend through the length of the elongated tube 62, for ex-
ample. The lumen provides for inflation and deflation of
the balloon system 66 with a fluid, such as a radio-opaque
fluid, during the process of deploying an implantable de-
vice, such as an annuloplasty ring within a patient. In an
alternative embodiment, the balloon system is inflatable
and deflatable in response to a change in air pressure
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rather than in response to changes in fluid volume.
[0032] Figures 7-11 illustrate one exemplary method
of delivering an expandable ring 80 using a delivery sys-
tem 60 of the type generally described above. The deliv-
ery system can be used to deploy the ring 80 to the an-
nulus of a native mitral valve, for example. This delivery
system 60 may be surrounded by an outer sheath, which
is not illustrated but is generally described above. The
delivery system 60 can be advanced to the desired valve
implant site using a guidewire, for example, where the
delivery system can generally be in the configuration il-
lustrated in Figure 7 for movement to the desired implan-
tation location. After the delivery system is properly po-
sitioned within the patient, the sheath can be moved prox-
imally, exposing the balloon system 66, including the
proximal and distal balloons 70, 72. The balloons 70, 72
can then be expanded either simultaneously or sequen-
tially to radially expand the ring 80 relative to the implan-
tation site, as is illustrated in Figure 8. As can also be
seen in this figure, clip deployment tubes 68 have also
been extended radially relative to the elongated tube 62
so that they are in contact with the expandable ring 80
[0033] Figure 9 illustrates another sequential step of
the expandable ring implantation process. As shown, af-
ter the expandable ring 80 is in its desired position, such
as adjacent to a mitral valve annulus or adjacent to tissue
in close proximity to the mitral annulus, the distal ends
of the clips 82 can be pushed outwardly beyond the distal
ends of the clip deployment tubes 68 and through the
thickness of the ring 80 until the distal ends of the clips
82 extend beyond the outer surface of the ring 80. Be-
cause the outer surface of the ring 80 would be adjacent
to a tissue surface in this method ot the invention, such
as the tissue of the mitral valve annulus, the process of
extending the clips 80 from the distal end of the clip de-
ployment tubes 68 will also force the distal tips of the
clips 80 into the adjacent tissue. Thus, the distal tips of
those clips 80 can be sufficiently sharp to be able to pen-
etrate the tissue without causing tearing or other damage
to the tissue. Further, when the clips 80 are made of a
shape memory material and preshaped into a U-shaped
configuration, as described above, once the tips of the
clips 80 are not constrained by their respective clip de-
ployment tubes 68, they will move toward their U-shaped
configuration, thereby causing a more positive engage-
ment with the tissue that it penetrates. Depending on the
penetration depth of the clips into the tissue and the spe-
cific dimensions of the clips, the distal tips of the clips
may be buried relatively far within the tissue, or may
"hook" back through the tissue and actually end relatively
close to the tissue surface.
[0034] Once the implantable device 80 is positioned
and anchored within the target tissue, the balloons 70,
72 may be deflated, thereby leaving the device 80 im-
planted in the tissue, such as the mitral valve annulus,
as is illustrated in Figure 10. It is noted that due to the
physical properties of the implantable device (e.g., elas-
ticity), deflation of the balloons 70, 72 can allow for radial

contraction and foreshortening of the implantable device
by a sufficient amount to cause some remodeling of the
shape of the tissue in which it is implanted. The delivery
system 60 can then be removed from the patient, leaving
only the implantable device 80 within the implantation
site of the patient, as is illustrated in Figure 11.
[0035] The implantable devices may be positioned
within a desired area of the heart via entry in a number
of different ways. In one example, the implantable devic-
es may be inserted transatrially, where entry may be done
either percutaneously or in a minimally invasive tech-
nique on a beating heart in which access is through the
atrium of the heart, or even through a standard open heart
procedure using heart-lung bypass and sternotomy. In
another example, the implantable devices may be insert-
ed transapically, where entry again may be done either
percutaneously or in a minimally invasive technique on
a beating heart in which access is through the ventricle
of the heart. In yet another example, the implantable de-
vices may be inserted transeptally, where entry can be
done percutaneously, such as via the venous system into
the right atrium and across a small hole in the atrial sep-
tum to enter the left atrium. In yet another example, the
implantable devices may be inserted transfemorally
through the arterial system. It is also possible that the
delivery approaches may facilitate the crossing of the
mitral valve, thereby avoiding entanglement in the mitral
apparatus.
[0036] Figures 5 and 6 illustrate another exemplary
embodiment of a delivery system 160 of the invention for
delivering an expandable ring of the type illustrated in
Figure 2 to a desired implantation location (e.g., a mitral
valve annulus). The delivery system 160 generally in-
cludes an elongated tube 162 having a distal tip, a prox-
imal balloon 170, a distal balloon 172 spaced from the
proximal balloon 170, and a plurality of clip deployment
tubes 168 extending from the tube 162 in the space be-
tween the balloons 170, 172. Figure 5 illustrates the de-
livery system 160 without a compliant sheath covering
the balloons 170, 172, while Figure 6 illustrates a sheath
174 that extends to cover both of the balloons 170, 172.
This sheath 174 is relatively compliant to allow it to ex-
pand or deform along with the expansion of the balloons.
However, because the area between the balloons does
not actually inflate but instead expands in response to
expansion of the balloons it surrounds, the sheath 174
can also include windows or apertures 190 through which
the clip deployment tubes 168, and/or any clips that will
be pushed through those tubes 168, can be extended.
With this embodiment, the space between the balloons
170, 172 creates a sort of "saddle" region 178 in which
an expandable ring can be positioned and which can also
conform to the mitral valve annulus, for example. This
balloon/sheath system can therefore be used to recon-
figure (e.g., radially expand) an expandable ring or other
implantable device, wherein each of the balloons 170,
172 is also made of a compliant material that can conform
to the area of a mitral valve annulus. In another embod-
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iment, one or both of the balloons 170, 172 may utilize a
braided wire structure that can provide for blood flow
through the mitral valve area during the procedure. In yet
another embodiment, the balloons in a multi-balloon sys-
tem can include both compliant and non-compliant por-
tions, as is described above, where such balloons can
allow for inflation of certain sections in radial and/or in-
ward directions to sandwich the annulus at the correct
implant site for its delivery system. Such a configuration
can provide the system with the ability to expand radially
toward the annulus as well as the ability to expand in-
wardly, in order to ensure that the annulus is positioned
in a location where the device will be deployed.
[0037] In the delivery system 160, each of the clip de-
ployment tubes 168 are housed within the elongated tube
162 to allow for smooth movement of the delivery system
160 to the area of the mitral valve without the tubes 168
protruding from its outer surface. Thus, the elongated
tube 162 can be provided with multiple apertures, each
of which corresponds to one of the tubes 168. In this way,
each of the tubes 162 can be retracted and extended
from its respective aperture via a control mechanism that
can be located at the proximal end of the delivery system
160, for example. A clip or pair of clips are positionable
within each of the clip deployment tubes 168, wherein
each of the clips is slideable relative to the length of its
respective tube 168 so that it can be completely enclosed
within the tube 168 and also at least partially extend from
a distal end of its respective tube 168, as desired in the
process of delivering and implanting an expandable ring,
as was described above relative to Figure 4. Similar to
the embodiment of Figure 4, the clips used with the de-
livery system 160 of Figures 5 and 6 can also be made
of a shape-memory material, such as Nitinol, and may
also be formed to include one or more straight and/or
curved portions, along with a relatively sharp distal tip,
to facilitate engagement with tissue.
[0038] It is noted that when a delivery system of the
invention includes multiple balloons or balloon segments,
the different balloons or balloon segments can comprise
the same material properties so that they expand in gen-
erally similar manners when expanded or inflated. Alter-
natively, multiple balloons of a single delivery system can
have different material properties from each other (e.g.,
different material thicknesses) so that they expand dif-
ferently when subjected to increased fluid flow or air pres-
sure. In this way, the balloons can expand differently into
certain areas of the patient’s anatomy where it is desired
to expand one of the balloon portions more than the other
within a particular patient.
[0039] Figures 12 and 13 illustrate a delivery system
260 that is positioning an expandable ring 280 within a
mitral valve annulus 200 of a heart, , where the valve
annulus 200 includes a posterior portion 210 and an an-
terior portion 220 as viewed from the left atrium. Figure
12 shows the ring 280 in its generally unexpanded con-
dition, as it would be during the process of properly po-
sitioning the ring relative to the valve annulus. The ring

280 is a generally C-shaped device having its curved
area located generally adjacent to the posterior portion
210 of the valve. In these illustrations, the expandable
ring 280 is shown without clips. Figure 13 shows the ring
280 in an expanded condition, where the outer surface
of the ring is in contact with the inner surface of the native
valve annulus. The expandable ring 280 further includes
an optional suture or other structure 270 extending be-
tween the two ends of the C-shape ring 280. This struc-
ture 270 can be used to keep the ends of the C-shaped
device in a specific position relative to each other (e.g.,
to limit the expansion of the expandable ring 280 by a
specific distance).
[0040] Figure 14 is a side schematic view of a portion
of a delivery system 300 and annuloplasty device, which
can be referred to as a "stepwise expandable mitral valve
ring" delivery system. As shown, delivery system 300
includes a central tube 302 with a distal port 304, a prox-
imal port 306, and a mitral valve ring or implantable de-
vice 308. The delivery system 300 includes a central area
310 from which semi-rigid wires 312 radially extend. The
wires 312 provide support when deploying the mitral
valve ring 308. Multiple clips 314 can be made of a shape
memory material, such as Nitinol, and can extend from
the distal ends of the semi-rigid wires 312. The clips 314
are detachable from the wires 312 and can be deployed
into the surrounding mitral valve annulus to secure the
ring 308 to the tissue of the mitral valve annulus. The
delivery system 300 can further be provided with one or
more tethers that extend from the area of the proximal
port 306 to the mitral valve ring 308 to provide additional
support to the system. The central area 310 of the deliv-
ery system 300 provides a stepwise screw-like action to
deploy the ring 308 radially in a controlled manner. After
the ring is deployed, the clips 314 can be detached from
the wires 312 to anchor the ring 308 to the annulus.
[0041] Figure 15 is a perspective view of a portion of
a delivery system 400, in which can be used for delivering
an expandable ring of the type illustrated in Figure 2 to
a desired implantation location (e.g., a mitral valve an-
nulus). The delivery system 400 generally includes an
elongated tube 402 having a distal port 404, a proximal
balloon portion 406, a distal balloon portion 408 spaced
from the proximal balloon 406, and a saddle region 410
positioned generally between the proximal and distal bal-
loon portions 406, 408 in which an expandable ring can
be positioned and which can also conform to the mitral
valve annulus, for example. The system 400 further in-
cludes a plurality of tethers 420 extending from the tube
402 generally at an area of a proximal port 412 for at-
tachment to an anchoring ring or implantable device 430.
The proximal port area 412 is the area of the system
where the tethers 420 originate and is the area into which
the tethers can be retracted into the delivery system after
attachment clips are deployed, as is described below.
[0042] The tethers 420 generally include a first area
422 that can comprise a suture-like material or other ma-
terial that provides strength to the system, but provides
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enough flexibility to avoid damaging the mitral valve area.
Attachment clips 424, which may be made of a shape-
memory material such as Nitinol, can take on a curved
or U-shaped configuration when deployed in order to en-
gage with the native valve annulus. This may occur after
it is detached from the first area 422 of the tethers 420.
The tethers 420 can be used to hold the anchoring ring
430 in position after the balloons are expanded in order
to prevent dislodgement of the anchoring ring 430. This
can be accomplished by providing tension to the tethers
420 to seat the anchoring ring 430 at the annulus in which
it is to be implanted. The distal port 404 can be used
when the delivery system 400 is being withdrawn from
the implantation site to contain instruments for manipu-
lation or anchoring of the ring 430, for example. The distal
portion 404 can additionally contain or allow insertion of
instrumentation (e.g., wires or catheters) to allow for ma-
nipulation and adjustment of the expandable ring. The
proximal port 412 can contain part of the delivery system
and ring deployment instrumentation, if desired.
[0043] The delivery system 400 can be used in accord-
ance with the methods and components of the invention
to reconfigure (e.g., radially expand) an anchoring ring
430 or other implantable device, wherein each of the bal-
loon portions is also made of a compliant material that
can conform to the area of a mitral valve annulus. In an
alternative embodiment, one or both of the balloon por-
tions may utilize a braided wire structure that can provide
for blood flow through the mitral valve area during the
procedure.
[0044] Figures 16 and 17 are top and perspective
views, respectively, of a system 500 that generally in-
cludes an expandable ring 502 having multiple clips 504
projecting from its outer surface, and a stented valve 508
positioned within a central opening of the ring 502. Such
a configuration can be utilized in situations where an an-
nuloplasty ring, such as ring 502, has been implanted
into a patient in such a way that either immediate or sub-
sequent implantation of a transcatheter valve, such as
valve 508, is desirable. As is shown in these Figures, the
ring 502 is configured to be an uninterrupted ring; how-
ever, the ring 502 can instead be C-shaped or U-shaped,
for example, with a gap between its ends. In any case,
the stented valve can be configured in a number of dif-
ferent ways, only one of which is illustrated in these fig-
ures. In the illustrated exemplary example, stented valve
508 includes an outer stent that includes a first portion
512 adjacent to the expandable ring 502 and having a
first diameter, and a second portion 514 that is spaced
further from the expandable ring 502 and that has a sec-
ond diameter that is at least slightly larger than the first
diameter. In an exemplary example, the shape and size
of the outer stent is designed so that the first portion 512
includes a central opening in which a valve (e.g., a tissue
valve) 510 can be attached, and so that the second por-
tion 514 has an outer diameter for engagement with an-
atomical structure within the heart in order to provide ad-
ditional anchoring for the valve 508. However, the outer

stent can instead have a different shape to accommodate
a specific area of the heart into which it will be implanted.
[0045] It is understood that the above description of
devices and methods that is directed to mitral valve repair
and replacement can also be applicable other areas of
the heart that include an annulus or rim of tissue, such
as for transcatheter valve replacement for aortic insuffi-
ciency, mitral regurgitation or stenosis, tricuspid regurgi-
tation or stenosis, along with treatments for other heart
issues.
[0046] The present invention has now been described
with reference to several embodiments thereof. The en-
tire disclosure of any patent or patent application identi-
fied herein is hereby incorporated by reference. The fore-
going detailed description and examples have been giv-
en for clarity of understanding only. No unnecessary lim-
itations are to be understood therefrom. It will be apparent
to those skilled in the art that many changes can be made
in the embodiments described without departing from the
scope of the invention. Thus, the scope of the present
invention should not be limited to the structures described
herein, but only by the structures described by the lan-
guage of the claims.

Claims

1. A delivery system (10, 60, 160, 260) for delivery of
a radially expandable device (12, 20, 20’, 40, 80,
280, 502) to an implantation site in the heart of a
patient, the delivery system (10, 60, 160, 260,) com-
prising:

an elongated tubular member (62, 162) compris-
ing a distal tip (64, 92) and an outer surface;
a first balloon portion (70, 170) spaced proximal-
ly from the distal tip (64, 92) along a length of
the tubular member (62, 162);
a second balloon portion (72, 172) spaced prox-
imally from the first balloon portion (70, 170, 406)
along the length of the tubular member (62, 162);
an annular space (178) between the first and
second balloon portions (70, 72, 170, 172);
characterized by
a plurality of clip deployment tubes (68, 168) ex-
tendably moveable relative to the outer surface
of the tubular member (62, 162), wherein each
clip deployment tube (68, 168) comprises a dis-
tal end; and
a plurality of clips (82, 504), wherein each clip
(82, 504) is moveable within a length of one of
the clip deployment tubes (68, 168) between a
retracted position and a deployed position.

2. The delivery system of claim 1, further comprising a
sheath (74, 174) that at least partially surrounds the
first balloon portion (70, 170), the second balloon
portion (72, 172), and the annular space (178) be-
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tween the first and second balloon portions (70, 72,
170, 172).

3. The delivery system of claim 2, wherein the sheath
(74, 174) comprises a plurality of apertures (190),
each of which is operatively engaged with one of the
plurality of clip deployment tubes (68, 168).

4. The delivery system of claim 2, wherein expansion
of at least one of the first and second balloon portions
(70, 72, 170, 172) causes radial expansion of the
portion of the sheath (74, 174) extending across the
annular space (178) between the first and second
balloon portions (70, 72, 170, 172).

5. The delivery system of claim 1, wherein at least one
of the plurality of clips (82, 504) comprises a shape-
memory material.

6. The delivery system of claim 5, wherein typically at
least one of the clips (82, 504) that comprises a
shape-memory material further comprises a pre-
formed straight portion (84), a preformed curved por-
tion (88, 90), and a distal tip (92), wherein typically
at least one of the clips (82, 504) is deformable for
containment within one of the clip deployment tubes
(68, 168).

7. The delivery system of claim 1, wherein each of the
clip deployment tubes (68, 168) is extendable and
retractable through an aperture that extends through
the outer surface of the tubular member (62, 162).

8. The delivery system of claim 1, wherein each of the
first and second balloon portions (70, 72, 170, 172)
is independently expandable in response to a
change in internal pressure.

9. The delivery system of claim 1, wherein the first bal-
loon portion (70, 170) comprises different material
properties from the second balloon portion (72, 172).

10. The delivery system of claim 9, wherein at least one
of the first and second balloon portions (70, 72, 170,
172) comprises a compliant portion and a non-com-
pliant portion.

11. The delivery system of claim 1, wherein at least one
of the clips comprises multiple tissue-penetrating
distal ends (82, 504).

12. The delivery system of claim 1, wherein the plurality
of clip deployment tubes (68, 168, 312) are spaced
from each other in a radial pattern relative to the outer
surface of the elongated tubular member (62, 162).

13. The delivery system of claim 1, in combination with
a radially expandable device (12, 20, 20’, 40, 80,

280, 502), wherein the device comprises a C-shaped
member having first and second ends spaced from
each other.

14. The delivery system of claim 1, in combination with
a ring-shaped radially expandable device (12, 20,
20’, 40, 80, 280, 502).

15. The delivery system of claim 1, in combination with
a radially expandable device (12, 20, 20’, 40, 80,
280, 502) that is positionable at the annular space
(178) between the first and second balloon portions
(70, 72, 170, 172), wherein each of the plurality of
clips (82, , 504) is extendible relative to the distal end
of its respective clip deployment tube (68, 168) to
extend through a body of the radially expandable
device (12, 20, 20’, 40, 80, 280, 502) so that at least
a portion of each clip (82, 504) extends past an outer
surface of the expandable device (12, 20, 20’, 40,
80, 280, 502).

Patentansprüche

1. Abgabesystem (10, 60, 160, 260) zur Abgabe einer
radial expandierbaren Vorrichtung (12, 20, 20’, 40,
80, 280, 502) an eine Implantationsstelle in dem Her-
zen eines Patienten, wobei das Abgabesystem (10,
60, 160, 260) umfasst:

ein längliches, röhrenförmiges Element (62,
162), umfassend eine distale Spitze (64, 92) und
eine Außenfläche;
einen ersten Ballonabschnitt (70, 170), der pro-
ximal von der distalen Spitze (64, 92) entlang
einer Länge des röhrenförmigen Elements (62,
162) beabstandet ist;
einen zweiten Ballonabschnitt (72, 172), der
proximal von dem ersten Ballonabschnitt (70,
170, 406) entlang der Länge des röhrenförmi-
gen Elements (62, 162) beabstandet ist;
einen ringförmigen Raum (178) zwischen den
ersten und zweiten Ballonabschnitten (70, 72,
170, 172); dadurch gekennzeichnet, dass
eine Vielzahl von Klammer-Auslösungsröhren
(68, 168), die sich expandierbar relativ zu der
Außenfläche des röhrenförmigen Elements (62,
162) bewegen lassen, wobei jede Klammer-
Auslösungsröhre (68, 168) ein distales Ende
umfasst; und
eine Vielzahl von Klammern (82, 504), wobei
jede Klammer (82, 504) innerhalb einer Länge
einer der Klammer-Auslösungsröhren (68, 168)
zwischen einer eingezogenen Position und ei-
ner ausgelösten Position beweglich ist.

2. Abgabesystem nach Anspruch 1, ferner umfassend
eine Hülle (74, 174), die den ersten Ballonabschnitt
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(70, 170), den zweiten Ballonabschnitt (72, 172) und
den ringförmigen Raum (178) zwischen den ersten
und zweiten Ballonabschnitten (70, 72, 170, 172) zu-
mindest teilweise umgibt.

3. Abgabesystem nach Anspruch 2, wobei die Hülle
(74, 174) eine Vielzahl von Öffnungen (190) umfasst,
wobei jede davon in Eingriff mit einer von der Vielzahl
der Klammer-Auslösungsröhren (68, 168) steht.

4. Abgabesystem nach Anspruch 2, wobei eine Expan-
sion wenigstens eines der ersten und zweiten Bal-
lonabschnitte (70, 72, 170, 172) eine radiale Expan-
sion des Abschnitts der Hülle (74, 174) verursacht,
der sich über den ringförmigen Raum (178) zwischen
den ersten und zweiten Ballonabschnitten (70, 72,
170, 172) erstreckt.

5. Abgabesystem nach Anspruch 1, wobei wenigstens
eine von der Vielzahl der Klammern (82, 504) ein
Formgedächtnismaterial umfasst.

6. Abgabesystem nach Anspruch 5, wobei typischer-
weise wenigstens eine der Klammern (82, 504), die
ein Formgedächtnismaterial umfasst, ferner einen
vorgeformten, geraden Abschnitt (84), einen vorge-
formten, gebogenen Abschnitt (88, 90) sowie eine
distale Spitze (92) umfasst, wobei typischerweise
wenigstens eine der Klammern (82, 504) zur Ein-
schließung innerhalb der Klammer-Auslösungsröh-
ren (68, 168) verformbar ist.

7. Abgabesystem nach Anspruch 1, wobei jede der
Klammer-Auslösungsröhren (68, 168) durch eine
Öffnung, die sich durch die Außenfläche des röhren-
förmigen Elements (62, 162) erstreckt, ausziehbar
und einziehbar ist.

8. Abgabesystem nach Anspruch 1, wobei jeder der
ersten und zweiten Ballonabschnitte (70, 72, 170,
172) als Reaktion auf eine Veränderung des Innen-
drucks unabhängig expandierbar ist.

9. Abgabesystem nach Anspruch 1, wobei der erste
Ballonabschnitt (70, 170) von dem zweiten Ballon-
abschnitt (72, 172) abweichende Materialmerkmale
umfasst.

10. Abgabesystem nach Anspruch 9, wobei wenigstens
einer der ersten und zweiten Ballonabschnitte (70,
72, 170, 172) einen konformen Abschnitt und einen
nicht konformen Abschnitt umfasst.

11. Abgabesystem nach Anspruch 1, wobei wenigstens
eine der Klammen mehrere, das Gewebe penetrie-
rende, distale Enden (82, 504) umfasst.

12. Abgabesystem nach Anspruch 1, wobei die Vielzahl

von Klammer-Auslösungsröhren (68, 168, 312) in ei-
nem radialen Muster voneinander relativ zu der Au-
ßenfläche des verlängerten röhrenförmigen Ele-
ments (62, 162) beabstandet ist.

13. Abgabesystem nach Anspruch 1 in Kombination mit
einer radial expandierbaren Vorrichtung (12, 20, 20’,
40, 80, 280, 502), wobei die Vorrichtung ein C-för-
miges Element mit ersten und zweiten Enden um-
fasst, die voneinander beabstandet sind.

14. Abgabesystem nach Anspruch 1 in Kombination mit
einer ringförmigen, radial expandierbaren Vorrich-
tung (12, 20, 20’, 40, 80, 280, 502).

15. Abgabesystem nach Anspruch 1 in Kombination mit
einer radial expandierbaren Vorrichtung (12, 20, 20’,
40, 80, 280, 502), die an dem ringförmigen Raum
(178) zwischen den ersten und zweiten Ballonab-
schnitten (70, 72, 170, 172) positionierbar ist, wobei
jede von der Vielzahl der Klammern (82, 504) relativ
zu dem distalen Ende ihrer entsprechenden Klam-
mer-Auslösungsröhre (68, 168) ausziehbar ist, um
sich durch einen Körper der radial expandierbaren
Vorrichtung (12, 20, 20’, 40, 80, 280, 502) derart zu
erstrecken, dass sich wenigstens ein Abschnitt jeder
Klammer (82, 504) über eine Außenfläche der ex-
pandierbaren Vorrichtung (12, 20, 20’, 40, 80, 280,
502) hinaus erstreckt.

Revendications

1. Système de distribution (10, 60, 160, 260) adapté
pour distribuer un dispositif radialement expansible
(12, 20, 20’, 40, 80, 280, 502) sur un site d’implan-
tation dans le coeur d’un patient, le système de dis-
tribution (10, 60, 160, 260) comprenant :

un élément tubulaire allongé (62, 162) compre-
nant une pointe distale (64, 92) et une surface
extérieure ;
une première partie de ballonnet (70, 170) es-
pacée de façon proximale de la pointe distale
(64, 92) le long d’une longueur de l’élément tu-
bulaire (62, 162) ;
une seconde partie de ballonnet (72, 172) es-
pacée de façon proximale de la première partie
de ballonnet (70, 170, 406) le long de la longueur
de l’élément tubulaire (62, 162) ;
un espace annulaire (178) entre les première et
seconde parties de ballonnet (70, 72, 170, 172) ;
caractérisé par une pluralité de tubes de dé-
ploiement de clip (68, 168) qui sont aptes à se
déplacer de façon extensible par rapport à la
surface extérieure de l’élément tubulaire (62,
162), dans lequel chaque tube de déploiement
de clip (68, 168) comprend une extrémité
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distale ; et
une pluralité de clips (82, 504), dans lequel cha-
que clip (82, 504) est apte à se déplacer à l’in-
térieur d’une longueur de l’un des tubes de dé-
ploiement de clip (68, 168) entre une position
rentrée et une position déployée.

2. Système de distribution selon la revendication 1,
comprenant en outre une gaine (74, 174) qui entoure
au moins partiellement la première partie de ballon-
net (70, 170), la seconde partie de ballonnet (72,
172) et l’espace annulaire (178) entre les première
et seconde parties de ballonnet (70, 72, 170, 172).

3. Système de distribution selon la revendication 2,
dans lequel la gaine (74, 174) comprend une pluralité
d’ouvertures (190), dont chacune est mise en prise
pour un fonctionnement avec l’un de la pluralité de
tubes de déploiement de clip (68, 168).

4. Système de distribution selon la revendication 2,
dans lequel l’expansion d’au moins une des premiè-
re et seconde parties de ballonnet (70, 72, 170, 172)
provoque une expansion radiale de la partie de la
gaine (74, 174) qui s’étend à travers l’espace annu-
laire (178) entre les première et seconde parties de
ballonnet (70, 72, 170, 172).

5. Système de distribution selon la revendication 1,
dans lequel au moins un de la pluralité de clips (82,
504) comprend un matériau à mémoire de forme.

6. Système de distribution selon la revendication 5,
dans lequel, d’une façon générale, au moins un des
clips (82, 504) qui comprend un matériau à mémoire
de forme comprend en outre une partie droite pré-
formée (84), une partie courbe préformée (88, 90),
et une pointe distale (92), dans lequel, d’une façon
générale, au moins un des clips (82, 504) est apte
à se déformer de sorte à être reçu à l’intérieur de
l’un des tubes de déploiement de clip (68, 168).

7. Système de distribution selon la revendication 1,
dans lequel chacun des tubes de déploiement de
clip (68, 168) est apte à s’étendre et à se rétracter à
travers une ouverture qui s’étend à travers la surface
extérieure de l’élément tubulaire (62, 162).

8. Système de distribution selon la revendication 1,
dans lequel chacune des première et seconde par-
ties de ballonnet (70, 72, 170, 172) est expansible
de façon indépendante en réponse à un changement
de pression interne.

9. Système de distribution selon la revendication 1,
dans lequel la première partie de ballonnet (70, 170)
a des propriétés de matériau différentes de celles
de la seconde partie de ballonnet (72, 172).

10. Système de distribution selon la revendication 9,
dans lequel au moins une des première et seconde
parties de ballonnet (70, 72, 170, 172) comprend
une partie conforme et une partie non conforme.

11. Système de distribution selon la revendication 1,
dans lequel au moins l’un des clips comprend une
pluralité d’extrémités distales pénétrant dans les tis-
sus (82, 504).

12. Système de distribution selon la revendication 1,
dans lequel la pluralité de tubes de déploiement de
clip (68, 168, 312) sont espacés les uns des autres
selon un motif radial par rapport à la surface exté-
rieure de l’élément tubulaire allongé (62, 162).

13. Système de distribution selon la revendication 1, en
combinaison avec un dispositif radialement expan-
sible (12, 20, 20’, 40, 80, 280, 502), dans lequel le
dispositif comprend un élément en forme de C com-
prenant des première et seconde extrémités espa-
cées l’une par rapport à l’autre.

14. Système de distribution selon la revendication 1, en
combinaison avec un dispositif radialement expan-
sible, en forme d’anneau (12, 20, 20’, 40, 80, 280,
502).

15. Système de distribution selon la revendication 1, en
combinaison avec un dispositif radialement expan-
sible (12, 20, 20’, 40, 80, 280, 502) qui est apte à se
positionner au niveau de l’espace annulaire (178)
entre les première et seconde parties de ballonnet
(70, 72, 170, 172), dans lequel chacun de la pluralité
de clips (82, 504) est apte à s’étendre par rapport à
l’extrémité distale de son tube de déploiement de
clip (68, 168) respectif, de sorte à s’étendre à travers
un corps du dispositif radialement expansible (12,
20, 20’, 40, 80, 280, 502), de sorte qu’au moins une
partie de chaque clip (82, 504) s’étende au-delà
d’une surface extérieure du dispositif expansible (12,
20, 20’, 40, 80, 280, 502).
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