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PROSTHETIC HEART VALVE DEVICES AND
METHODS OF VALVE REPAIR

TECHNICAL FIELD

[0001] The present invention relates generally to devices
and methods for repair of heart valves, and more particularly
to devices and methods for use in repair of 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 is a passive structure in that it does not
itself expend any energy and does not perform any active
contractile function.

[0003] The mitral valve includes two movable 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 regurgitation), in
which a valve does not close properly. Stenosis and insuf-
ficiency may occur concomitantly in the same valve. The
effects of valvular dysfunction vary, with mitral regurgita-
tion or backflow typically having relatively severe physi-
ological 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
for the patient to live a normal life.

[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. Remodeling of the annulus
is central to these types of reconstructive procedures on the
mitral valve. When a mitral 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 dilatation from occurring. Either result is fre-
quently achieved by the implantation of a prosthetic ring or
band in the supra annular position, which can restrict,
remodel and/or support the annulus to correct and/or prevent
valvular insufficiency.

[0005] As an alternative to remodeling of the mitral valve
annulus in some cases, the chordae tendinae (referred to
herein as “chordae”) that are attached to the leaflets of the
mitral valve can be repaired by surgical replacement of the
native chordae with artificial chordae in an attempt to restore
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normal function to the leaflets. With these types of proce-
dures, at least a portion of one or both of the mitral leaflets
are secured to one or more structures within the heart using
artificial chord members that have a length that allows the
leaflets to open and close normally. These procedures can
involve the implantation of sutures, which may be made of
ePTFE, for example, and which are attached within the heart
using relatively labor-intensive and technically challenging
procedures. Such procedures are typically performed using
invasive, open-heart surgical procedures that require open-
ing of the thoracic cavity to gain access to the heart, then
stopping the heart while utilizing heart bypass procedures.
However, the use of such bypass techniques can be traumatic
and risky for the patient, particularly in cases where the
surgical heart repair process takes a long period of time.
[0006] To simplify surgical procedures and reduce patient
trauma, there has been a recent increased interest in mini-
mally invasive and percutaneous replacement and/or repair
of cardiac valves. Replacement or repair of a heart valve in
this way typically does not involve actual physical removal
of the diseased or injured heart valve. Instead, in one
example, a replacement valve can be delivered in a com-
pressed condition to a valve site, such as the pulmonary or
aortic valve site, where it is expanded to its operational state.
However, percutaneous replacement of a valve and/or mini-
mally invasive valve repair in the area of the mitral valve has
its own unique considerations due to the different physical
characteristics of the mitral valve as compared to the pul-
monary and aortic valves. There is a continued desire to be
able to be able to improve mitral valve repair and replace-
ment devices and procedures to accommodate the physical
structure of the heart without causing undue stress during
surgery, such as providing devices and methods for repairing
the mitral valve in a minimally invasive and/or percutaneous
manner.

SUMMARY

[0007] One embodiment of the invention includes a
mechanism for adjusting the chordae that connect the leaf-
lets of a mitral valve to the papillary muscles in order to
restore normal functioning of the mitral valve. These devices
or mechanisms can correct problems associated with both
prolapsed leaflets and restricted leaflets to allow the leaflets
to properly coapt, thereby preventing or minimizing regur-
gitation. In accordance with the invention, the mechanisms
or devices used for adjusting the chordae can be delivered
and implanted in a minimally invasive and/or percutaneous
manner, such as via transapical methods, transfermoral
methods, or trans-septal methods.

[0008] In one embodiment of the invention, a device is
provided that comprises a wire with a first anchor that
engages with a leaflet of a mitral valve, and a second anchor
spaced from the first anchor that engages with the papillary
muscle. In another embodiment, the device includes a wire
with a first anchor that engages with a leaflet of a mitral
valve and a second anchor spaced from the first anchor that
engages with the wall of the heart at the apex. In yet another
alternative embodiment, the device includes a wire that is
anchored to the chordae that extend between the leaflets of
the mitral valve and the papillary muscles. With any of these
devices, once they are anchored relative to the heart in their
desired position, they can be adjusted to provide the desired
correction to the positioning of the mitral valve leaflets
relative to each other and other structures of the heart.
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[0009] Further in accordance with the invention, a number
of different embodiments of anchoring mechanisms for
chordae support devices are provided. For one example, a
self-expanding “umbrella” is provided, which can anchor a
wire to the mitral leaflet. For another example, a rivet type
of mechanism is provided to anchor a wire to the valve
leaflet wall. In particular, the rivet type mechanism can
include a pull cord that provides adjustability to the device
or can instead include a collapsible rivet portion. In yet
another example, the anchoring mechanism can be a stapler
type of device that is made of a material having shape
memory characteristics. This mechanism can be pre-shaped
into a loop, for example, and can have a sharp end that is
used to penetrate a valve wall, and also includes a flat
portion that provides a load distribution over the surface of
the leaflet to prevent it from pulling back through the tissue.
The loop shape can be straightened and held in this straight-
ened condition during the delivery process, after which it
can be allowed to return to its curved or looped shape in
order to anchor it to the tissue of the valve wall.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be further explained
with reference to the appended Figures, wherein like struc-
ture is referred to by like numerals throughout the several
views, and wherein:

[0011] FIG. 1 is a schematic cross-sectional view of a
portion of a heart, illustrating a properly functioning mitral
valve during systole;

[0012] FIG. 2 is a schematic cross-sectional view of a
portion of a heart, illustrating the mitral valve with prolapsed
leaflets during systole;

[0013] FIG. 3 is a schematic cross-sectional view of a
portion of a heart, illustrating the mitral valve with restricted
leaflets during systole;

[0014] FIG. 4 is a schematic view of a portion of a heart
and including one embodiment of a chordae support device
between a papillary muscle and a leaflet of the mitral valve;
[0015] FIG. 5 is an enlarged schematic view of the mitral
valve area indicated generally by a circle in FIG. 4 and
including an anchor of the chordae support device;

[0016] FIG. 6 is an enlarged schematic view of the pap-
illary muscle area of FIG. 4 and including another anchor of
the chordae support device;

[0017] FIG. 7 is a schematic view of a portion of a heart
and including another embodiment of a chordae support
device between the papillary muscles and leaflets of a mitral
valve;

[0018] FIG. 8 is a schematic view of a portion of a heart
and including yet another embodiment of a chordae support
device;

[0019] FIG. 9 is an enlarged schematic view of the chor-
dae support device of FIG. 8 as it can be positioned relative
to the chordae;

[0020] FIG. 10 is a perspective view of an embodiment of
an anchoring device for securing a chordae support device to
tissue;

[0021] FIG. 11 is a cross-sectional schematic view of the
anchoring device of FIG. 10 attached to a piece of tissue;
[0022] FIG. 12 is a cross-sectional front view of an
embodiment of an anchoring device for securing a chordae
support device to tissue;
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[0023] FIG. 13 is a cross-sectional front view of another
embodiment of an anchoring device for securing a chordae
support device to tissue;

[0024] FIG. 14 is a perspective view of the anchoring
device illustrated in FIG. 13;

[0025] FIG. 15 is a schematic view of the anchoring
device of FIGS. 13 and 14 positioned relative to a piece of
tissue;

[0026] FIG. 16 is a schematic perspective view of another
embodiment of an anchoring device for securing a chordae
support device to tissue, with the anchoring device in its
delivery configuration;

[0027] FIG. 17 is a schematic perspective view of the
anchoring device of FIG. 16, illustrating the anchoring
device in its deployed configuration;

[0028] FIG. 18 is a perspective view of another embodi-
ment of an anchoring device in its coiled configuration; and
[0029] FIG. 19 is a perspective view of the anchoring
device of FIG. 18 in its straightened configuration.

DETAILED DESCRIPTION

[0030] Referring now to the Figures, and initially to FIG.
1, a portion of a heart 10 is illustrated in systole. In
particular, the portion of the heart 10 shown includes the left
ventricle 12, which is contracting in this state of the heart to
make blood flow in a direction indicated by arrow 14 toward
the aortic valve 16. The heart 10 further includes a mitral
valve 20 positioned between a left atrium 18 and the left
ventricle 12. The mitral valve 20 includes a first leaflet 22
and a second leaflet 24, each of which extends at a first end
from a mitral valve annulus 26 and terminates at a distal end
28, 30, respectively. When the mitral valve 20 is functioning
properly, as in this figure, the distal ends 28, 30 of the leaflets
22, 24 and/or the areas of the leaflets immediately adjacent
to the ends 28, 30 will meet or coapt to create a sealing
region. A reference line 36 indicates the position of these
leaflets 22, 24 relative to the annulus 26 when the mitral
valve 20 is functioning properly. Back flow of blood or
“regurgitation” through the mitral valve 20 is prevented
during this systole phase due to the leaflets 22, 24 function-
ing as a check valve that prevents blood flow past the leaflets
when the pressure in the left ventricle 12 is higher than the
pressure in the left atrium 18. The mitral valve 20 further
includes a number of chordae 32, each of which can include
multiple branching tendons that are secured at one end over
the lower surfaces of each of the leaflets 22, 24. The chordae
32 are attached at their opposite ends to the papillary
muscles 34, which extend upwardly from the lower wall of
the left ventricle 12.

[0031] FIG. 2 illustrates a heart 50 in systole, which is
generally configured similar to the heart 10 of FIG. 1;
however, heart 50 includes structural defects that allow for
regurgitation or back flow of blood through a mitral valve
52. As shown, mitral valve 52 includes a first leaflet 54 and
a second leaflet 56 that are attached to the papillary muscles
64 via chordae 60. At least some of the chordae 60 are
damaged or otherwise compromised in such a way that they
no longer provide adequate tension to the leaflets 54, 56,
thereby allowing the leaflets to prolapse. A reference line 62
indicates the position of these leaflets 54, 56 relative to the
mitral valve annulus when the mitral valve 52 is functioning
properly, wherein the leaflets 54, 56 of this embodiment are
prolapsed into the left atrium relative to the reference line
62. That is, when the heart is in systole, the leaflets 54, 56
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do not properly meet or coapt, thereby allowing leakage of
blood from the left ventricle into the left atrium during
systole, in a direction illustrated by an arrow 58. Although
a quantity of blood can still flow in a direction indicated by
arrow 66 toward the aortic valve when the leaflets are
prolapsed, even slight leakage of blood through the mitral
valve 52 can be detrimental to proper functioning of the
heart.

[0032] FIG. 3 illustrates yet another heart 70 in systole,
which is generally configured similar to the heart 10 of FIG.
1; however, heart 70 includes different structural defects that
allow for regurgitation or back flow of blood through a
mitral valve 72. As shown, mitral valve 72 includes a first
leaflet 74 and a second leaflet 76 that are attached to the
papillary muscles 78 via chordae 80. In this embodiment, the
functioning of chordae 80 and/or the papillary muscles 78 is
impaired (e.g., due to ischemic heart disease) such that they
restrict the movement of the leaflets 74, 76 and prevent them
from properly meeting or coapting with each other. Again, a
reference line 82 indicates the position of the leaflets 74, 76
relative to the mitral valve annulus when the mitral valve 72
is functioning properly, wherein the leaflets 74, 76 of this
embodiment are restricted from upward movement toward
the annulus (and the reference line 82) by the papillary
muscles 78 and/or chordae 80. The insufficient coaptation of
the leaflets 74, 76 allows undesirable leakage of blood from
the left ventricle to the left atrium (i.e., regurgitation), in a
direction illustrated by arrow 84. It is noted that regurgita-
tion can also be caused by other heart conditions, such as a
condition known as cardiomyopathy, where the heart is
dilated in such a way that its mitral valve annulus is
enlarged, making it impossible for the leaflets to coapt
during systole.

[0033] The devices and methods of the invention are
provided for performing valve repairs in a minimally inva-
sive and/or percutaneous manner, if desired. Advanta-
geously, these devices and methods therefore can be used to
avoid some of the drawbacks associated with more invasive
open-heart surgical techniques. In addition, the devices and
methods of the invention can provide more favorable sur-
gical results since repairs can be performed while the heart
is still beating, thereby providing the surgeon with imme-
diate feedback during surgery on the results of the valve
repair. The surgeon will then be able to adjust the devices
until the desired result is achieved, rather than determining
after the surgery is complete that further adjustments are
needed.

[0034] The valve repair techniques of the invention
involve accessing one or more areas of the heart by making
at least one small incision, then inserting a delivery device
and/or imaging equipment (e.g., an endoscope) to contact
the heart. The desired repair area can then be accessed and
the valve repair procedure can be performed. These methods
can be performed in a completely percutancous manner,
such as via the femoral veins, via the inter-atrial septum (i.e.,
trans-septal access) and into the left atrium, or via a retro-
grade approach, in which the femoral artery is accessed,
across the aortic valve. In many cases, the devices and
methods of the invention involve creating an access point in
the apex region of the heart through which the defective
valve (e.g., a regurgitating mitral valve) may be accessed,
and then introducing a device through this access point in
order to repair the valve. In some cases, it may be desirable
to cut the native chordae either before or after completing
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the repair procedure, particularly in cases where the native
chordae is causing restriction of the native mitral valve
leaflet(s).

[0035] FIGS. 4-6 illustrate one embodiment of an anchor-
ing device 100 that is used to correct the length of the
chordae that extends from a mitral valve leaflet to papillary
muscles. In particular, the device 100 includes an elongated
wire portion 102 and first and second anchor members 104,
106, respectively, which are spaced from each other along
the wire portion 102. First anchor portion 104 includes a
piercing member that tapers outwardly from a point such
that when the point of the piercing member penetrates tissue
and moves through it in a first direction, it cannot be pulled
back in a direction that is opposite the first direction and
through that same hole it entered. Second anchor portion 106
can be translated along the length of the wire portion 102 to
provide the desired adjustability to the device 100, as
described below relative to one exemplary method.

[0036] In such an exemplary repair method, device 100
can be implanted by accessing the left ventricle area 110
through an opening created in an apex 112 of the heart. The
device 100 is moved through the opening in the apex 112
and directed through the ventricle 110 until it pierces the
papillary muscle 114 at an access point and exits through an
exit point. The device 100 will continue to be manipulated
through the left ventricle 110 generally along the length of
the native chordae, until it reaches one of the leaflets 116 of
an improperly functioning mitral valve. The first anchor
portion 104 can then pierce through the leaflet 116 from its
bottom side (i.e., the ventricle side) to its top side (i.e., the
atrial side) until a trailing side of the anchor portion 104 is
adjacent to the top side of the leaflet 116. The second anchor
portion 106 can then be slid upwardly toward the access
point where the first anchor portion 104 penetrated the
papillary muscle 114 until the second anchor portion 106
contacts the outer papillary muscle surface. Additional force
can be placed on the anchor portion 106 to slide it even
further toward anchor portion 104 and the leaflet 116 until
the desired length of the wire portion 102 is achieved. That
is, the device 100 acts to replace the native chordae by
adjusting the length of wire portion 102 that is located
between the first and second anchor portions 104, 106.
[0037] Once the anchor portion 106 is in its desired
position relative to the length of the wire portion 102, it can
be maintained in this position in a number of ways. For one
example, the wire portion 102 can be provided with a
ratcheting type of mechanism that allows the anchor portion
106 to only be slid in one direction along its length. In
another example, there may be sufficient frictional force
between the wire portion 102 and anchor portion 106 that the
anchor portion 106 will remain generally fixed relative to the
wire portion 102 without the application of a certain amount
of additional force. In yet another example, the side of the
anchor 106 that is pressed against the papillary muscle 114
will engage sufficiently with the muscle 114 that it cannot
easily slide in the opposite direction along the wire portion
102.

[0038] FIG. 7 illustrates another exemplary embodiment
of an anchoring device 140 that is used to correct the length
of the chordae that extends from a mitral valve leaflet to
papillary muscles. In particular, the device 140 includes an
elongated wire portion 142 and first and second anchor
members 144, 146, respectively, which are spaced from each
other along the wire portion 142. First anchor portion 144
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includes a piercing member that tapers outwardly from a
point such that when the point of the piercing member
penetrates tissue and moves through it in a first direction, it
cannot be pulled back in a direction that is opposite the first
direction and through that same hole it entered. Second
anchor portion 146 can be translated along the length of the
wire portion 142 to provide the desired adjustability to the
device 140, as described below relative to one exemplary
method.

[0039] Inone exemplary repair method, device 140 can be
implanted by accessing the left ventricle area 150 through an
opening created in an apex 152 of the heart, as is described
above relative to FIGS. 4-6. The device 140 is moved
through the opening in the apex 152 and through the
ventricle 150 until it pierces a papillary muscle 154. The
device 140 will continue to be manipulated through the left
ventricle 150 until it reaches one of the leaflets 156 of an
improperly functioning mitral valve. The first anchor portion
144 can then pierce through one of the leaflets 156 until it
is positioned on the side of leatlet 156 that faces toward the
left atrium. The second anchor portion 146, which is posi-
tioned on the outside of the apex 152, can then be slid
upwardly toward the access point into the apex 152 until it
contacts the outer apex wall. Additional force can be put on
the anchor portion 146 to slide it even further toward anchor
portion 144 and the leaflet 156 until the desired length of the
wire portion 142 between first and second anchor members
144, 146 is achieved. Once the anchor portion 146 is in its
desired position relative to the length of the wire portion
142, it can be maintained in this position in a number of
ways, such as those described above relative to the second
anchor portion 106, for example.

[0040] FIG. 7 illustrates two devices for providing chor-
dae support within a single heart, with one device being
provided for each of the leaflets, although it is possible that
only one of the leaflets will be repaired using the devices of
the invention. It is further illustrated that a single anchor
portion 146 is being used at the adjustment end for both of
the two chordae adjustment devices, although it is under-
stood that each of these devices can instead have its own
anchor portion in the area of the apex. It is understood that
one or more of these devices can be used for either or both
of the leaflets, and/or that more than one type of chordae
support device may be used within a single heart, such as
different types of devices that are described herein

[0041] FIGS. 8 and 9 illustrate another exemplary embodi-
ment of an anchoring device 160 that is used to modify the
length of certain chordae 168 that extend from a mitral valve
leaflet to papillary muscles. In particular, the device 160
includes a wire segment 162 and first and second anchor
members 164, 166, respectively, which are spaced from each
other along the wire portion 162. Anchor members 164, 166
each comprise a spring-loaded anchor that can lock onto the
native chordae 168. Once the device 160 is attached to the
chordae, it is possible to slide the anchor members 164, 166
along the chordae to which they are attached in order to
adjust the distance between them, thereby changing the
overall length of the native chordae 168 to which they are
attached.

[0042] One or more of the devices 160 can be delivered to
their desired location via a delivery system with the devices
being under tension, such that when a delivery sheath is
pulled away from a device 160 to expose it, the anchor
members 164, 166 can spring shut and their barbs can
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anchor onto the chordae. In such an exemplary repair
method, device 160 can be implanted by accessing the left
ventricle area 170 through an opening created in an apex 172
of the heart, for example. The device 160 can be moved
through the opening in the apex 172 and through the
ventricle 170 until it reaches the chordae to which it will be
attached. At that point, the device 160 can be deployed in the
manner described above.

[0043] FIGS. 10 and 11 illustrate an exemplary embodi-
ment of an anchoring mechanism 180 that can be used as the
anchoring mechanism for any of the chordae support devices
described herein for maintaining a device in its intended
location relative to tissue or other heart structures. In par-
ticular, anchoring mechanism 180 is positioned at one end of
a wire portion 182. Anchoring mechanism 180 comprises
first and second discs 184, 186, each of which can be formed
from a wire scaffold and may include material extending
over the scaffold. These discs 184, 186 can be made of a
shape memory material, such as Nitinol, and can be com-
pressed until they are in their desired location relative to the
heart, at which point the compression force can be removed
to allow the discs to expand back toward their original shape
and size. The discs 184, 186 can be positioned on opposite
sides of a mitral leaflet 190, for example, as is illustrated in
FIG. 11. After the discs 184, 186 are positioned on opposite
sides of a tissue and allowed to expand, they can then be
moved closer together in order to capture the tissue and
secure the wire portion 182 in its final position relative to the
patient’s anatomy.

[0044] FIG. 12 illustrates another exemplary manner of
securing two discs 190, 192 relative to each other, wherein
these discs can also be made of a self-expanding wire
scaffold with a material covering, similar to the discs 184,
186 described above. In this embodiment, disc 190 is
positioned at a distal end of a wire 194 and is fixed relative
to it, while disc 192 is spaced from the distal end of wire 194
and disc 190, and is slidable along the wire 194 in a single
direction. That is, wire 194 is structured in such a way that
the movement of the disc 192 can only be in one direction
(i.e., the movement of disc 192 is non-reversible), and is
particularly illustrated here as having a series of angled
teeth. An inner opening of disc 192 is structured to cooperate
with this outer surface of wire 194 so that once the disc 192
is slid into its desired position relative to the disc 190, it
cannot be slid in the opposite direction.

[0045] The devices of FIGS. 10-12 can be delivered to
their desired location within the heart via a guide catheter
having an outer sheath, for example. The device can be
structured so that it pierces through the desired leaflet until
the disc at the distal end of the wire is deployed or expanded.
The outer sheath can then be pulled back further to expose
the other disc, thereby allowing it to expand or deploy. Then,
the wire can be pulled while the outer sheath is pushed,
thereby pressing the two discs into closer proximity to each
other.

[0046] FIGS. 13-15 illustrate an exemplary embodiment
of an anchoring mechanism 200 that can be used as the
anchoring mechanism for any of the devices described
herein for maintaining a device in its intended location
relative to leaflets, tissue, or other heart structures. In
particular, anchoring mechanism 200 is shown as being
positioned at one end of a wire portion 202. Anchoring
mechanism 200 includes first and second interlocking mem-
bers 204, 206, which can be positioned on opposite sides of
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tissue, such as a mitral leaflet, in order to lock the anchoring
mechanism 200 in place relative to the tissue. In particular,
member 204 includes a plate 208 from which a deformable
clamp 210 extends, while member 206 includes a plate 212
from which a post 214 extends. As shown, the inner area of
clamp 210 includes contours that generally correspond with
the outer surface contours of post 214 so that when these two
components are pressed together, the inner area of clamp
210 interferes with the outer surface of post 214, which
causes it to expand at least slightly outwardly. As the
components are pressed together further, the clamp 210 will
be able to move back toward its original shape, thereby
securing it onto the post 214.

[0047] In order to provide a secure attachment to the
tissue, the height of the clamp 210 and post 214 can be
approximately the same as the thickness of the tissue to
which they will be secured, for example. In this way, one or
both of the plates 208, 212 will be in contact with the tissue,
thereby helping to distribute the contact forces over a larger
surface area of the tissue and helping to prevent the tissue
from tearing and/or prevent the mechanism 200 from being
unintentionally pulled through the tissue. Thus, in its final
position, as is illustrated in FIG. 15, for example, the plates
208, 212 will be on opposite sides of the tissue, while the
clamp 210 and attached post 214 will extend through a hole
in the tissue. The members 204, 206 can be introduced into
the heart by a tool via apical access, for example, although
other access techniques are contemplated, in accordance
with the invention.

[0048] FIGS. 16 and 17 illustrate an exemplary embodi-
ment of an anchoring mechanism 220 that can be used as the
anchoring mechanism for any of the devices described
herein for maintaining a device in its intended location
relative to tissue or other heart structures. In particular,
anchoring mechanism 220 is shown as being positioned at
one end of a pull cord or wire 222. Anchoring mechanism
220 includes a collapsible member 224 at a distal end of the
pull cord 222 and a plate 226 adjacent to the collapsible
member 224. Anchoring mechanism 220 can be introduced
to the tissue to which it will be attached, such as a mitral
valve leaflet, using an apical approach, for example. In any
case, FIG. 16 illustrates the member 224 as it is configured
prior to its deployment for securing it to tissue. The member
224 can be pushed through the tissue, either by piercing the
tissue with a tip of the member 224, or by being pushed
through an opening that was otherwise created in the tissue.
After the member 224 is at least partially positioned on the
opposite side of the tissue from the plate 226, the cord 222
can be pulled in a proximal direction to deform the member
224 in such a way that it creates a relatively large surface
area to press against the tissue, as is illustrated in FIG. 17,
for example. The pull cord 222 can then be attached to the
heart in such a way that it helps to provide tension to the
structure to which it is attached, such as a mitral valve
leaflet.

[0049] FIGS. 18 and 19 illustrate another exemplary
embodiment of an anchoring mechanism 240 that can be
used as the anchoring mechanism for attachment of any
chordae support device to tissue. Anchoring mechanism 240
includes a wire 242 having a sharp end 244 for penetrating
tissue, such as a valve wall and/or leaflet. Mechanism 240
further includes a plate 246 attached at a selected point along
the length of the wire 242. The anchoring mechanism 240 is
configured to be a “stapler” type of device that is made of a
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material having shape memory characteristics. Mechanism
240 is pre-shaped from a shape memory material, such as
Nitinol, so that it takes on a coil or loop shape when in a
relaxed position (see FIG. 18), but can be straightened by
applying an appropriate external force (see FIG. 19).
[0050] Inorder to utilize this structure, the wire 242 is held
in this straightened condition until it reaches a desired
location within the patient and penetrates the desired tissue
(e.g., a mitral valve leaflet). At this point, the external
straightening force can be removed, thereby allowing the
mechanism 240 to return to its coiled or looped shape in
order to anchor it to the tissue of the valve wall. In one
embodiment of a deployed state of the mechanism 240, the
plate 246 will be positioned on one side of the tissue while
the wire 242 will be positioned within and/or on the opposite
side of that same tissue. In this way, the plate 246 will
provide a load distribution over the surface of the leaflet to
prevent it from pulling back through the tissue. It is under-
stood that the mechanism 240 may be attached to a wire or
cord that can attach to the papillary muscle of the heart, for
example, in order to adjust the distance between the leaflet
and the papillary muscle.

[0051] The present invention has now been described with
reference to several embodiments therecof. The foregoing
detailed description and examples have been given for
clarity of understanding only. No unnecessary limitations
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 language of the
claims and the equivalents of those structures.

1-7. (canceled)

8. A chordae support device for repairing the native
chordae of a heart valve, the device comprising:

an elongated member having first and second ends;

a first anchor extending from the first end of the elongated
member, the first anchor comprising a delivery con-
figuration and a deployed configuration, wherein the
first anchor comprises a coiled wire segment, wherein
the delivery configuration is a straightened configura-
tion of the coiled wire segment and the deployed
configuration is a coiled configuration of the coiled
wire segment; and

a second anchor spaced from the first anchor and slidably
movable along the elongated member relative to the
first anchor,

wherein the first anchor is configured to engage the heart
valve, wherein the second anchor is configured to
engage a papillary muscle or a wall of a heart, and
wherein a length of the elongated member between the
first anchor and the second anchor following tissue
engagement is adjustable.

9. (canceled)

10. The chordae support device of claim 8, wherein the
first anchor comprises a sharp distal end.

11. The chordae support device of claim 8, wherein the
first anchor further comprises a load distribution plate
extending from a portion of the coiled wire segment along
its length.

12-20. (canceled)
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21. The chordae support device of claim 11, wherein the
coiled wire segment and load distribution plate are config-
ured to engage opposite sides of a heart valve leaflet.

22. The chordae support device of claim 8, wherein
application of an external straightening force straightens the
coiled wire segment into the delivery configuration.

23. The chordae support device of claim 22, wherein the
coiled wire segment returns to the coiled configuration upon
removal of the external straightening force.

24. The chordae support device of claim 8, wherein the
first anchor comprises a shape memory material.

25. The chordae support device of claim 8, wherein the
second anchor comprises a ratcheting mechanism.

26. The chordae support device of claim 8, wherein the
elongated member comprises a wire.

27. The chordae support device of claim 8, wherein the
second anchor is slidably movable relative to the first anchor
in only one direction such that the length of the elongated
member between the first anchor and the second anchor
following tissue engagement is adjustable in only one direc-
tion.

28. A chordae support device for repairing the native
chordae of a heart valve, the device comprising:
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an elongated member having first and second ends;

a first anchor extending from the first end of the elongated
member, the first anchor comprising a delivery con-
figuration and a deployed configuration, wherein the
delivery configuration is a straightened configuration
and the deployed configuration is a coiled configura-
tion; and

a second anchor spaced from the first anchor and slidably
movable along the elongated member relative to the
first anchor,

wherein the first anchor is configured to engage the heart
valve, wherein the second anchor is configured to
engage a papillary muscle or a wall of a heart, and
wherein a length of the elongated member between the
first anchor and the second anchor following tissue
engagement is adjustable.

29. The chordae support device of claim 28, wherein the
second anchor is slidably movable relative to the first anchor
in only one direction such that the length of the elongated
member between the first anchor and the second anchor
following tissue engagement is adjustable in only one direc-
tion.



