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APPARATUS AND METHOD FOR HEART VALVE REPAIR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of the
filing date of U.S. Provisional Patent Application No.
61/678,897 filed August 2, 2012, and U.S. Non-Provisional
Patent Application No. 13/785,695 filed March 5, 2013, the
disclosures of which are hereby incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[0002] The present invention 1is related to heart valve
repair, and more particularly to devices, systems, and methods
for transcatheter repair of a heart valve leaflet.

[0003] Properly functioning heart valves can maintain
unidirectional blood flow in the circulatory system by opening
and closing, depending on the difference in pressure on each
gide of the wvalve. The two atrioventricular wvalves (mitral
and tricuspid wvalves) are multicusped wvalves that prevent
backflow from the ventricles into the atria during systole.
They are anchored to the wall of the ventricle by chordae
tendinae, which prevent the valve from inverting.

[0004] The mitral valve is located at the gate of the left
ventricle 'and is made up of two 1leaflets and a diaphanous
incomplete ring around the valve, known as the mitral valve
annulus. When the wvalve opens, blood flows into the left
ventricle. After the 1left ventricle fills with blood and
contracts, the two leaflets of the mitral valve are pushed
upwards and close, preventing blood from flowing back into the
left atrium and the lungs.

[0005] Mitral valve prolapse is a type of myxomatous valve
disease in which the abnormal mitral valve leaflets prolapse
(i.e., a portion of the affected leaflet may be Dbillowed,
loose, and floppy). Furthermore, the chordae tendinae may

stretch and thus become too long, or the chordae tendinae may
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be brocken. As a result, the valve does not close normally.
As a result of being stretched, the unsupported valve leaflet
bulges back, or '"prolapses," into the left atrium like a
parachute. Thus, as the wventricle contracts, the abnormal
leaflet may be propelled backwards, beyond its normal closure
line into the 1left atrium, thereby allowing blood to return
back into the left atrium and the lungs.

[0006] Mitral wvalve prolapse causes mitral regurgitation.
Isolated posterior leaflet prolapse of the human heart mitral
valve, i.e. prolapse of a sgingle leaflet, is the most common
cause of mitral regurgitation. The exact cause of the
prolapse 1s not clear. Untreated mitral regurgitation may
lead to congestive heart failure and pulmonary hypertension.
[0007] Despite the various improvements that have been made
to devices and methods for mitral wvalve leaflet repair, there
remain some shortcomings. For example, conventional methods
of treating mitral valve prolapse include replacement of the
mitral wvalve, clipping the two mitral wvalve leaflets to one
another, and resection of the prolapsed segment using open
heart surgery. Such surgical methods may be invasive to the
patient and may require an extended recovery period.

[0008] There therefore is a need for further improvements
to the current techniques for treating heart wvalve leaflet
prolapse. Among other advantages, the present invention may
address one or more of these needs.

[0009] Patents relevant to devices, systems, and methods
for transcatheter repair of heart valve leaflets include U.S.

Patent Nos. 6,752,813, 7,464,712, and 7,758,595.

BRIEF SUMMARY OF THE INVENTION

[0010] Devices and methods for transcatheter gathering of
tissue of a heart wvalve leaflet are disclosed. ‘A device for
transcatheter gathering of tissue of a heart valve leaflet may
include an elongated tube extending in a longitudinal

direction and a capture tool moveable in the elongated tube
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between a retracted position and an extended position. The
elongated tube may have at least one slot extending generally
in the longitudinal direction from a distal end of the
elongated tube. The at least one slot may have an open end at
the distal end of the elongated tube and a closed end remote
therefrom. The capture tool may be operable to gather tissue
of the heart valve leaflet into the at least one slot. The

gathered tissue may have a pleated configuration.

[0011] A distal end of the capture tool may have a hook
shape. The capture tool may include a grasping wire slidably
disposed in a containment tube. A distal portion of the

grasping wire may be adapted to change from a linear shape to
the hook shape when the distal portion of the grasping wire is
extended out from the containment tube. The grasping wire may
be partially or entirely made from a shape-memory material.
The device may also include an operating handle having an
actuating member adapted to control movement of the capture

tool between the retracted and extended positions.

[0012] At least a portion of the at least one slot may have
a generally U-shaped configuration. The elongated tube may
have at least one pair of opposed angled portions. Each pair

of opposed angled portions may extend between the distal end
of the elongated tube and sidewalls of a corresponding one of
the at least one slot. Each pair of angled portions may form
at least a portion of a substantially V-shaped opening leading
to the at least one slot. The at least one sglot may include
two slots located substantially opposite one another in a
direction perpendicular to the longitudinal direction of the
elongated tube.

[0013] The device may also include a tissue securing
component disposed within the elongated tube and adapted to be
applied to the gathered tissue for holding the gathered tissue
in the pleated configuration. The tissue sgecuring component

may comprise a clip arrangeable in a partially-open condition
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within the elongated tube and biased to contract to a clamping
condition when deployed from the elongated tube. The clip may
be wholly or partly made of a shape-memory material. The
device may also include retention elements adapted to hold the
clip in the partially-open conditiomn. The retention elements
may include hooks adapted to engage with recesses at opposed
ends of the clip. The retention elements may include sutures
adapted to engage with apertures at opposed ends of the clip.
The device may also include cutting tubes disposed around the
sutures. The cutting tubes may be adapted to slide in the
longitudinal direction relative to the elongated tube. The
cutting tubes may each have a sharp distal end adapted to cut
through a portion of a corresponding one of the sutures.

[0014] The device may also include a support shelf slidable
within the elongated tube 1in the longitudinal direction
between a retracted position in which a distal end of the
support shelf is disposed within the elongated tube and an
extended position in which the distal end of the support shelf
is disposed beyond the distal end of the elongated tube. The
support shelf being may be adapted to support the clip within
the elongated tube. The clip in the partially-open condition
may have a generally cylindrical shape and may defines a
longitudinal axis around which the clip extends. The device
may also include retention elements adapted to hold the clip
in the partially-open condition with the longitudinal axis of
the clip oriented substantially perpendicular to the
longitudinal direction.

[0015] Another device for transcatheter gathering of tissue
of a heart valve leaflet may include an elongated tube
extending in a longitudinal direction, a clip disposed within
the elongated tube and adapted to be applied to gathered
tissue for holding the gathered tissue 1in a gathered
configuration, a support shelf slidable within the elongated

tube in the longitudinal direction, and a plurality of
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retention elements adapted to hold the clip in a partially-
open condition with a longitudinal axis of the clip oriented
substantially perpendicular to the longitudinal direction.
[0016] The clip may be arrangeable in the partially-open
condition within the elongated tube and may be biased to
contract to a clamping condition when deployed from the
elongated tube. The clip in the partially-open condition may
have a generally cylindrical shape and may define the
longitudinal axis around which the clip extends. The support
shelf may be slidable between a retracted position in which a
distal end of the support shelf 1is disposed within the
elongated tube and an extended position in which the distal
end of the support shelf is disposed beyond a distal end of
the elongated tube. The support shelf may be adapted to
support the clip within the elongated tube.

[0017] The device may also include a capture tool moveable
in the elongated tube between a retracted position and an
extended position. The capture tool may be operable to draw
the tissue of the heart valve leaflet into the elongated tube.
The elongated tube may have at least one slot extending
generally in the longitudinal direction from a distal end of
the elongated tube. The at least one slot may have an open
end at the distal end of the elongated tube and a closed end
remote therefrom. The at least one slot may be adapted to
form the gathered tissue into a pleated configuration.

[0018] A tissue securing component for gathering tissue of
a heart valve leaflet may include a clip wholly or partly made
of a shape-memory material. The clip may include a flat sheet
having a central portion and two end portions at opposite ends
of the central portion. The end portions may each have a
prong extending from an edge thereof. Each end portion may
have at least one recess extending from the edge thereof
inward toward the central portion. Each recess may have an

open end at the edge of its end portion and a closed end
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remote therefrom. The clip may be biased to move from a
partially-open condition with the prongs spaced apart from one
another by a gap to a substantially round clamping condition
where the prongs are adjacent one another such that the gap is
reduced or eliminated. The clip may be adapted to be applied
to heart valve leaflet tissue to hold the tissue in a gathered
configuration.

[0019] A transcatheter method of gathering tissue of a
heart valve leaflet may include inserting a catheter assembly
to a position adjacent the heart valve leaflet. The catheter
assembly may include an elongated tube extending in a
longitudinal direction and a capture tool moveable between a
retracted position and an extended position. The elongated
tube may have at least one slot having an open end at a distal
end of the elongated tube and a closed end remote therefrom.
The method may also include moving the capture tool from the
retracted position to the extended position and manipulating
the capture tool so that tissue of the heart valve leaflet 1is
captured by the capture tool. The method may also include
retracting the capture tool from the extended position toward
the retracted position to draw the captured tissue into the at
least one slot in a pleated configuration and securing the
captured tissue with a tissue securing component to hold the
captured tissue substantially in the pleated configuration.
[0020] The capture tool may include a grasping wire
slideably disposed in a containment tube. The method may also
include sliding a distal portion of the grasping wire out from
the containment tube so that the distal portion of the
grasping wire changes from a linear shape to a hook shape. At
least a portion of the at least one slot may have a generally
U-shaped configuration. The pleated condition may at least
partially conform to the shape of the at least one glot. The
at least one slot may include two slots located substantially

opposite one another in a direction perpendicular to the
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longitudinal direction of the elongated tube. The retracting
step may draw the captured tissue at least partially into both
of the slots.

[0021] The tissue securing component may include a clip
arrangeable in a partially-open condition within the elongated
tube and biased to contract to a clamping condition when
deployed from the tube. The securing step may release the
clip for movement from the éartially—open condition to the
clamping condition around the captured tissue. The method may
also include, before the securing step, holding the clip in
the partially-open condition by tensioning retention elements
engaged with the clip at opposed ends thereof. The securing
step may release the «c¢lip to the clamping condition Dby
releasing tension exerted by the retention elements. The clip
in the partially-open condition may be disposed adjacent a
distal end of a support shelf slidable within the elongated
tube in the Jlongitudinal direction. The method wmay alsc
include sliding the support shelf in the Jlongitudinal
direction relative to the elongated tube until the clip 1is
disposed outside of the elcngated tube. The method may also
include withdrawing the catheter assembly from the patient and
leaving the tissue securing component attached to the tissue.
[0022] Another transcatheter method of gathering tissue of
a heart valve leaflet may include inserting an elongated tube
to a position adjacent the heart valve leaflet and capturing
tissue of the heart valve leaflet. The elongated tube may
include at least one slot having an open end at a distal end
of the elongated tube. The method may also include drawing
the captured tissue into the at least one slot in a pleated
configuration and securing the captured tissue to hold the
captured tissue substantially in the pleated configuration.
The capturing step may be performed by manipulating a capture
tool so that the tissue of the heart valve leaflet is captured

by the capture tool. The capture tool may include a grasping
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wire including a distal portion having a hook shape. The
securing step may be performed by clamping a clip around at

least a portion of the captured tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Various embodiments of the present invention will
now be discussed with reference to the appended drawings. It
is appreciated  that these drawings depict only some
embodiments of the invention and are therefore not to be
considered limiting of its scope.

[0024] FIG. 1 is a diagrammatic perspective view of the
posterior leaflet of a mitral valve;

[0025] FIG. 2A is a perspective view of the distal portion
of one embodiment of a device for transcatheter gathering of
heart valve leaflet tissue, engaged with the posterior leaflet
of the mitral wvalve of FIG. 1;

[0026] FIGS. 2B and 2C are a perspective view and a
longitudinal cross-sectional view of one embodiment of a
handle suitable for controlling the device of FIG. 2A, shown
with the buttons positioned to correspond to the positions of
the components of the device shown in FIG. 2A;

[0027] FIG. 3 is a perspective view of the distal portion
of the device of FIG. 2A, shown with the containment tube
deployed;

[0028] FIGS. 4A and 4B are a perspective view and a
longitudinal cross-sectional view of the distal portion of the
device of FIG. 2A, shown with the hook deployed;

[0029] FIGS. 4C and 4D are a perspective view and a
longitudinal cross-sectional view of the handle of FIG. 2B,
shown with the buttons positioned to correspond to the
positions of the components of the device shown in FIG. 4A;
[0030] FIGS. G5A and 5B are a perspective wview and a
longitudinal cross-sectional view of the distal portion of the

device of FIG. 2A, shown with the fork partially deployed;
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[0031] FIGS. 6A and 6B are a perspective view and a
longitudinal cross-sectional view of the distal portion of the
device of FIG. 2A, shown with the fork in the support
position;

[0032] FIGS. 6C and 6D are a perspective view and a
longitudinal cross-sectional view of the handle of FIG. 2B,
shown with the Dbuttons positioned to correspond to the
positions of the components of the device shown in FIG. 6A;
[0033] FIG. 7A is a perspective view of the distal portion
of the device of FIG. 2A, shown with the hook 1in the
partially-retracted position and the fork in the support
position;

[0034] FIG. 7B is a perspective view of the handle of FIG.
2B, shown with the Dbuttons positioned to correspond to the

positions of the components of the device shown in FIG. 7A;

[0035] FIGS. B8A and 8B are a perspective view and a
longitudinal cross-sectional view of the distal portion of the
device of FIG. 24, shown with the hook in the
partially-retracted position and the fork in the

tissue-capturing position;

[0036] FIG. 8C is a view similar to FIG. 8A, but with
portions removed to i1llustrate the interior of the distal
portion;

[0037] FIGS. 8D and B8E are a perspective view and a
longitudinal cross-sectional view of the handle of FIG. 2B,
shown with the Dbuttons positioned to correspond to the
positions of the components of the device shown in FIG. 8A;
[0038] FIG. 9 is a view similar to FIG. 8C, but shown with
the retaining arm in a partially-retracted position;

[0039] FIG. 10A 1is a view similar to FIG. 8A, but shown
with the retaining arm in the retracted position;

[0040] FIG. 10B is a view gimilar to FIG. 8A, but shown
with the clip in a partially-deployed position;
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[0041] FIG. 10C is a diagrammatic view of the clip and the
posterior mitral valve leaflet of FIG. 10B, shown with the
clip in a partially-deployed position;

[0042] FIG. 10D is a longitudinal cross-sectional view of
the handle of FIG. 2B, shown with the buttons positioned to
correspond to the positions of the components of the device
shown in FIG. 10A;

[0043] FIG. 11A is a diagrammatic view of the distal
portion of another embodiment of a device for transcatheter
gathering of heart valve leaflet tissue, shown with the clip
in an initial position;

[0044] FIG. 11B is a top plan view of the distal portion of
the device shown in FIG. 11A;

[0045] FIG. 11C i1s a perspective view of the clip of
FIG. 11A, shown in a closed posgition;

[0046] FIG. 11D is a plan view of the clip of FIG. 11A,
shown in an open position;

[0047] FIGS. 12A and 12B are a longitudinal cross-sectional
view and a side view of the distal portion of the device of
FIG. 11A, shown with the clip in a partially-open condition;
[0048] FIG. 13A is a diagrammatic view of the distal
portion of the device of FIG. 11A, shown engaged with the
posterior leaflet of the mitral valve and with the hook
deployed;

[0049] FIG. 13B 1is a diagrammatic view of the distal
portion of the device of FIG. 11A, shown with the hook in a
partially-retracted position;

[0050] FIG. 13C is a diagrammatic view of the distal
portion of the device of FIG. 11A, shown with the hook in a
fully-retracted position;

[0051] FIG. 14A 1is a diagrammatic view of the distal
portion of the device of FIG. 11A, shown with the clip

released from the device;

-10-
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[0052] FIG. 14B is a diagrammatic view of the clip and the
posterior mitral valve leaflet of FIG. 11A, shown with the
clip in a deployed position;

[0053] FIG. 15A 1is a diagrammatic view of the distal
portion of yvet another embodiment of a device for
transcatheter gathering of heart valve leaflet tissue, shown
with the c¢lip in an partially-open position; and

[0054] FIG. 15B is a plan view of the clip of FIG. 153,
shown in an open position.

[0055] FIG. 16 is a diagrammatic view of the distal portion
of a variation of the device of FIG. 11A with an outer tube

having a single slot.

DETAILED DESCRIPTION

[0056] Ag used herein, the terms "proximal" and "distal"
are to be taken as relative to a user (e.g., a surgeon or an
interventional cardiologist) using the disclosed transcatheterx
devices. “Proximal” is to be understood as relatively close
to the user and “distal” is to be understood as relatively
farther away from the user. The invention will be described
in connection with the repair of a mitral valve leaflet, but
it may be useful in the repair of other types of cardiac
valves or in the gathering and clamping of other types of
loose body tissue.

[0057] Referring to FIG. 1, an exemplary mitral wvalve 1
includes a posterior leaflet 2 and an anterior leaflet 3. The
leaflets 2 and 3 extend from an annulus 4 to a coaption line 5
where the leaflets meet. The posterior leaflet 2 has an upper
portion 6 that is generally perpendicular to the direction of
blood flow through the valve 1 and extends between the annulus
4 and the coaption line 5. Additionally, the posterior
leaflet 2 has a lower portion 7 that is generally parallel to
the direction of blood flow through the valve 1 and extends
below the coaption line 5. The posterior leaflet 2 has three

scalloped portions P1, P2, and P3, any of which may include a

-11-
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portion that is billowed, loose, or floppy, and therefore be
the cause of a prolapse condition of the valve. The inventive
devices, systems, and methods described herein may be adapted
to repair such a billowed, loose, or floppy portion of the
posterior leaflet 2 or the anterior leaflet 3.

[0058] Referring to FIG. 2A, an exemplary device 10 for
transcatheter gathering of heart valve leaflet tissue includes
an elongated catheter assembly 12 adapted to be inserted
through the apex of a human heart so that a distal portion 14
of the catheter assembly may reach the patient's mitral valve
1 for repair thereof.

[0059] The catheter assembly 12 includes a containment tube
20 disposed within an outer tube 16 and longitudinally
slidable therein between a retracted position within the outer
tube and a deployed position in which a distal tip 21 of the
containment tube protrudes distally beyond the distal edge 17
of the outer tube (FIG. 3). In a particular embodiment, the
outer tube 16 may be made of one or more echogenic materials,
so that the outer tube may be more easily visualized inside a
patient using three-dimensional echocardiography.

[0060] The catheter assembly 12 further includes a capture
tool in the form of a grasping wire 22 (FIGS. 4A and 4B) that
is longitudinally slidable within the containment tube 20
between a retracted position substantially entirely within the
lumen of the containment tube (FIGS. 2 and 3), and a deployed
position in which a distal portion 23 of the grasping wire
protrudes from the distal tip of the containment tube (FIGS.
4A and 4B). The grasping wire 22 may have a linear
configuration when fully retracted within the containment tube
20 and the distal portion 23 thereof may assume the shape of a
hook 24 when deployed from the containment tube. In that
regard, the grasping wire 22 may be formed from a memory metal
or a strong, resilient metal or polymer that will cause the

hook 24 to form automatically when deployed.

-12-
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[0061] The catheter assembly 12 further includes a clamping
member in the form of a fork 30 (FIGS. 4A and 4B) that is
longitudinally slidable within the outer tube 16 between an
initial or retracted position (FIG. 4A) and a tissue-capturing
position (FIG. 83a). The fork 30 includes two tines 31 having
respective ends 32, the tines being spaced apart from one
another by an internal gap 33. The fork 30 further includes
first cam surfaces 34 that are the top surfaces of the tines
31 and a second cam surface 35 located proximally of the
tines. The cam surfaces 34 and 35 are adapted to cooperate
with a pin 36 attached to the outer tube 16 and orientated
substantially orthogonal to the longitudinal direction of
travel of the fork 30 to control transverse movement of the
fork relative to the outer tube 16, as will Dbe explained
below.

[0062] At 1its distal end 17, the outer tube 16 has an open
side that provides clearance for the fork 30 to move away from
the closed side 41 of the outer tube. A tissue support in the
form of an anvil 40 (FIGS. 4A and 4B) is mounted on the closed
side 41 of the outer tube 16 so as to lie between the closed
side 41 and the containment tube 20 when the containment tube
is in the deployed position. The anvil 40 has a proximal
portion 40a and a distal portion 40b, with a gap 42 defined
therebetween. The widthg of the portions 40a and 40b are such
that the anvil 40 may be received between the tines 31 of the
fork 30 during the use of the device 10 to repair the valve
leaflet.

[0063] The catheter assembly 12 further includes a
retaining arm 50 (FIGS. 4A and 4B) disposed within the outer
tube 16 and longitudinally slidable therein between an initial
position (FIG. 8C) and a retracted position (FIG. 10A). The
retaining arm 50 includes a pair of fingers 51 separated by an
elongated slot 52. The slot 52 is sized to receive the anvil

40 when the retaining arm 50 is in the initial position shown

-13-



WO 2014/022457 PCT/US2013/052822

in FIG. 8C. In this initial position, the fingers 51 lie on
either side of the anvil 40 and engage a clip 55 disposed
within the gap 42, holding it in place against the closed side
of 41 of the outer tube 16. The retraction of the retaining
arm 50 releases the clip 55 for application to tissue.

[0064] The clip 55 (FIG. 10A) may be made of a memory metal
and may be ©biased to curl into a substantially round
configuration (FIG. 10B) when the retaining arm 50 is
retracted proximally and the fingers 51 no longer overlie the
clip. A prong 56 at each end of the clip 55 is adapted to
become embedded in the 1leaflet tissue when the clip is
deployed.

[0065] Referring now to FIGS. 2B and 2C, the device 10
further includes a handle 60 at the proximal end 18 of the
outer tube 16. The handle 60 includes a first button 61, a
second button 64, and a third button 66 for controlling the
operation of the containment tube 20, the grasping wire 22,
the fork 30, and the retaining arm 50. The first button 61
has a first portion 62 and a second portion 63 that are
moveable longitudinally relative to the handle 60 and relative
to one another. The first portion 62 1s attached to the
containment tube 20, such that sliding movement of the first
portion in a proximal or distal direction results in a
corresponding sliding movement of the containment tube. The
second portion 63 is attached to the grasping wire 22, such
that sliding movement of the second portion in a proximal or
distal direction results in a corresponding sliding movement
of the grasping wire. The containment tube 20 and the
grasping wire 22 may be moved together by the simultaneous
movement of the first and second portions of the button 61.
Alternatively, the containment tube 20 and the grasping wire
22 may be moved independently of one another by moving one of
the portions of the button 61 while the other portion remains

stationary. For example, sliding the second portion 62
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distally while the first portion 63 remains stationary
advances the grasping wire 22 out from the containment tube
20, resulting in deployment of the hook 24.

[0066] The second button 64 1is moveable longitudinally
relative to the handle 60 for controlling the movement of the
fork 30 relative to the outer tube 16. The second button 64
is attached to one end of a linkage 65, the other end of which
ig attached to a coupling block 37 (FIG. 4B) positioned in the
distal portion 14 of the catheter assembly 16. The coupling
block 37, in turn, is coupled to the fork 30 via a pivot pin
38 and a spring 39 that extends between the fork and the
coupling block. The spring 39 is biased to rotate the fork 30
about the pivot pin 38 so that the tines 31 of the fork move
laterally away from the closed side 41 of the outer tube 16.
[0067] The third button 66 has a trigger shape and 1is
connected at one end to the handle 60 by a pivot pin 67 that
allows for movement of the button in a lateral direction
relative to the longitudinal axis of the handle for
controlling the movement of the retaining arm 50 relative to
the outer tube 16. A spring 68 biases the third button 66 to
return to its initial position (FIG. 2C) after the button has
been actuated (FIG. 10D). The opposite end 69 of the third
button 66 is pivotally coupled to a linkage assembly including
a first linkage 70, a second linkage 71, and a third linkage
72, all of which are pivotally connected to one another in
series. The third linkage 72 is attached to a coupling block
53 positioned in the distal portion 14 of the catheter
assembly 12. The coupling block 53, in turn, is attached to a
proximal end 54 (FIG. 4B) of the retaining arm 50, such that
actuation of the third button 66 may cause the third linkage
72 to slide proximally to retract the retaining arm and
thereby deploy the clip 55 (FIG. 10B).

[0068] Referring again to FIGS. 2B and 2C, a safety catch
75 may be connected to the handle 60 by a pivot pin 76, such
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that the safety catch may rotate between a locked positicn
(FIGS. 8D and 8E) that prevents actuation of the third button
66 and an unlocked position (FIG. 10D) that frees the third
button for actuation.

[0069] To use the device 10 for transcatheter gathering of
heart valve leaflet tissue, a user may first actuate the third
button 66 of the handle 60 to retract the fingers 51 of the
retaining arm 50 proximally of the gap 42 between the anvil
portions 40a and 40b (FIG. 10B). A clip 55 may then be loaded
into the gap 42, and the third button 66 released. The spring
68 will then bias the third button 66 back to its initial
position, whereupon the retaining arm 50 will slide distally
until the fingers 51 thereof cover the clip 55 and hold it in
place.

[00701] Next, referring to FIG. 2A, the distal portion 14 of
the catheter assembly 12 may be inserted into a patient
through the apex of the heart, for example, into the left
ventricle, so that the distal portion extends between the
posterior leaflet 2 and the anterior leaflet 3 of the mitral
valve 1. As shown in FIG. 2A, the distal edge 17 of the outer
tube 16 may be disposed approximately at the coaption line 5
of the mitral valve 1, with the open side of the outer tube 16
facing the posterior leaflet 2. In a particular embodiment,
the distal edge 17 of the outer tube 16 may be guided to a
position at the coaption 1line 5 wusing the assistance of
three~dimensional echocardiography to visualize the outer tube
or other components of the catheter assembly 12.

[0071] Then, referring to FIG. 3, the containment tube 20
may be deployed by sliding the first and second portions 62
and 63 of the first button 61 together distally from an
initial position (shown in FIG. 2B) to a deployed position.
The distal movement of the first button 61 moves the tip 21 of
the containment tube 20 beyond the distal end 17 of the outer
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tube 16, such that the tip 21 extends above the coaption
line 5.

[0072] Referring to FIGS. 4A and 4B, the hook 24 may then
be deployed to an extended position by sliding the gsecond
portion 63 of the first button 61 distally relative to the
first portion 62 from an initial position (shown in FIG. 2B)
to a deployed position (shown in FIGS. 4C and 4D). The distal
movement of the second portion 63 relative to the first
portion 62 moves the distal portion 23 of the grasping wire 22
out of the containment tube 20. No longer being constrained
by the containment tube 20, the distal portion 23 of the
grasping wire 22 may assume the curved shape of the hook 24.
[0073] The fork 30 may then be partially deployed by
sliding the second button 64 distally from an initial position
(shown in FIG. 4C) to an intermediate position (not shown) .
As shown in FIGS. S5A and 5B, the distal movement of the second
button 64 moves the fork 30 distally relative to the outer
tube 16. As the fork 30 moves distally, the spring 39 will
continue to exert a rotational force to the fork (in the
clockwise direction of FIG. 5B), forcing the first cam surface
34 of each tine 31 against the pin 36. The distal movement of
the cam surface 34 against the pin 36 will allow the ends 32
of the tines 31 to move gradually away from the closed side 41
of the outer tube 16 and away from the anvil 40.

[0074] The fork 30 may continue to be deployed toward an
open position by further movement of the second button 64 in
the distal direction. As the fork 30 advances, the ends 32 of
the tines 31 will continue to move laterally away from the
closed side 41 of the outer tube 16 until the pin 36 reaches
the intersection of the cam surfaces 34 and 35. Because the
cam surface 35 is at a different angle than the cam surface
34, the interaction of the pin 36 and the cam surface 35 will
exert a rotational force in the opposite direction as the fork

30 continues to advance. That is, as the fork 30 moves
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further distally, the pin 36 will exert a downward force
tending to rotate the fork in the opposite direction (i.e.,
counterclockwise in FIG. 6B). As this latter force is greater
than the rotation force exerted by spring 39, further distal
movement of the fork 30 will cause the ends 32 of the tines 31
to move laterally towards the closed side 41 of the outer tube
16 and towards the anvil 40.

[0075] Referring to FIG. 7A and 7B, the hoock 24 may be
partially retracted against the tissue of the posterior
leaflet 2 by sliding the first and second portions 62 and 63
of the first button 61 together proximally (FIG. 7B). The
proximal movement of the first button 61 partially retracts
both the containment tube 20 and the grasping wire 22, such
that the hook 24 engages against the upper surface 6 of the
posterior leaflet 2 and pulls tissue of the leaflet into the
space 43 between the containment tube and the tines 31 of the
fork 30.

[0076] The tissue captured in the space 43 may be clamped
between the anvil 40 and the tines 31 of the fork 30 by
further sliding of the second button 64 distally to the fully
deployed position. The further distal movement of the second
button 64 moves the fork 30 further distally relative to the
outer tube 16. As the fork 30 advances further toward a
closed position adjacent the anvil 40, the interaction of the
second cam surface 35 with the pin 36 will force the tines 31
of the fork toward the anvil and the closed side 41 of the
outer tube 16, squeezing the captured tissue 9 therebetween.
Continued movement of the fork 30 toward the anvil 40 will
force the captured tissue 9 into the space 33 between the
tines 31, and into the spaces between the tines and the closed
side 41 of the outer portion 16. A W-sghaped pleat 8 (FIG.
10C) will thus be formed in the captured tissue 9, with the
raised center portion of the W overlying the anvil 40, and the

two lower portions of the W lying between the tines 31 and the
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closed side 41 of the outer tube 16. By forming a W-shaped
pleat 8, most or all of the portion of the posterior leaflet 2
that is billowed, loose, or floppy may be gathered and
tightened.

[0077] With the tissue captured, the retaining arm 50 may
be retracted by releasing the catch 75 and actuating the third
button 66 by depressing it toward the handle 60. The
retaining arm 50 may be retracted until the fingers 51 thereof
are proximal of the gap 42 in the anvil 40 (FIG. 10B). At
this juncture, the fingers 51 will no longer overlie the clip
55, such that the two prongs 56 of the clip will be free to
spring away from the closed surface 41 of the outer tube 16
and become embedded in the captured tissue 9 of the posterior
leaflet 2, thereby securing the tissue in the pleated form.
[0078] At this point, the c¢lip 55 may be only partially
engaged into the posterior leaflet 2 because the tines 31 of
the fork 30 are positioned within the folds of the pleat 8.
In a particular example, the clip 55 may be engaged in the
lower portion 7 of the posterior leaflet 2 close to the
coaption line 5. Optionally, a suture, such as the suture 258
described below with respect to FIGS. 16A and 16B, may extend
from the clip 55 to the catheter assembly 12 so that the clip
may be retrieved using the device 10, for example, if the clip
has been installed at a sub-optimal location in the posterior
leaflet 2 or does not become adequately embedded in the
tissue. A user may desire to disengage the clip from the
tissue and deploy another one.

[0079] After the clip 55 has been adequately secured in the
tissue of the posterior leaflet 2, the device 10 may be
withdrawn from the patient. To withdraw the device 10, the
hook 24 may first be withdrawn from engagement with the
posterior leaflet 2 by retracting the second portion 63 of the

first button 61 relative to the first portion 62 thereotf.
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This action causes the hook 24 to straighten as the grasping
wire 22 retracts into the containment tube 20.

[0080] Next, the fork 30 may be withdrawn from within the
clip 55. To withdraw the fork 30, the second button 64 may be
moved proximally, thereby moving the fork proximally relative
to the outer tube 16. While the fork 30 moves proximally, the
spring 39 will exert a rotational force to the fork (in the
clockwise direction of FIG. 8B), forcing the second cam
surface 35 against the pin 36. The proximal movement of the
cam surface 35 against the pin 36 will allow the ends 32 of
the tines 31 to move gradually away from the closed side 41 of
the ocuter tube 16 and away from the anvil 40. As the fork 30
continues to move proximally, the ends 32 of the tines 31 will
continue to move laterally away from the closed side 41 of the
outer tube 16 until the pin 36 reaches the intersection of the
cam surfaces 34 and 35. Because the cam surface 35 1is at a
different angle than the cam surfaces 34, the interaction of
the pin 36 and the cam surfaces 34 will exert a rotatiomal
force in the opposite direction as the fork 30 continues to
move proximally. That 1s, as the fork 30 moves further
proximally, the pin 36 will exert a downward force tending to
rotate the fork in the opposite direction (i.e.,
counterclockwise in FIG. 5B). 2As this latter force is greater
than the rotation force exerted by spring 39, further proximal
movement of the fork 30 will cause the ends 32 of the tines 31
to move laterally towards the closed side 41 of the outer
tube 16, thereby enabling the fork 30 to retract intc the
outer tube.

[0081] Once the fork 30 has disengaged from within the clip
55, the two prongs 56 of the clip may become more tightly
embedded in the posterior leaflet 2, such that the two prongs
may cross one another, thereby allowing the clip to extend
along an arc that is greater than 360 degrees. Finally, the

catheter assembly 12 may be withdrawn from the patient through
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the apex of the heart. The procedure described above may be
repeated to apply one or more additional clips 55 onto the
same posterior leaflet 2.

[0082] An alternate embodiment of a device 210 for
transcatheter gathering of heart valve leaflet tissue is shown
in FIGS. 11A-11C. The device 210 is similar to the device 10
shown above, but rather than having a clamping member press
tissue against an anvil to obtain a desired tissue
configuration, a hook pulls tissue into a longitudinal slot
formed in the outer tube 216 that configures the captured
tissue into a pleat.

[0083] The outer tube 216 has opposed U-shaped longitudinal
slots or channels 215 for folding and capturing tissue into a
pleated configuration. The U-shaped channels 215 each extend
proximally from the distal edge 217 of the outer tube 216 in a
longitudinal direction substantially parallel to the
longitudinal axis of the outer tube. Each channel 215 has a
closed end 219 located in the distal portion 211 of the outer
tube and an open end 213 adjacent the distal edge 217 of the
outer tube 216. The distal edge 217 of the outer tube 216 may
have angled portions 227 each oriented at an obligue angle
relative to the longitudinal axis Y of the outer tube. As can
be seen most easily in FIG. 12B, the angled portions 227 may
form a substantially V-shaped opening or notch 229 leading to
the U-shaped slot 215. In alternative embodiments such as the
embodiment shown in FIG. 16, the device may be provided with a
single U-shaped slot 215 disposed remote from a containment
tube 220.

[0084] Similar to the device 10 described above, the
device 210 further includes a capture tool in the form of a
grasping wire 222 that is longitudinally slidable within the
containment tube 220 between a retracted position
substantially entirely within the lumen of the containment

tube (FIG. 11B), and a deployed position in which a distal
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portion of the grasping wire protrudes from the distal tip of
the containment tube (FIG. 13A). The grasping wire 222 may
have a linear configuration when fully retracted within the
containment tube 220 and the distal portion thereof may assume
the shape of a hook 225 when deployed from the containment
tube. In that regard, the grasping wire 222 may be formed
from a memory metal or a strong, resilient metal or polymer
that will cause the hook 225 to form automatically when
deployed.

[0085] The device 210 may include one or more tissue
securing components in the form of clips 255 disposed within
the outer tube 216. It is preferred that the containment tube
220 be located adjacent one of the slots 215, to maximize the
portion of the outer tube 216 that can be used to store the
clip 255. The clip 255 (FIG. 11D) wmay be wholly or partly
made of a shape-memory material or a resilient material and
may be Dbiagsed to curl into a substantially round closed
configuration (FIG. 11C) when the clip is not being held open,
as described below. Prongs 257 and 259 at opposite ends of a
central portion 258 of the clip 255 may be adapted to become
embedded in the leaflet tissue when the clip is deployed. The
clip 255 may define recesses 256 adjacent the prongs 257 and
259 that extend inward toward the central portion 258 of the
clip. Although drawings illustrate a clip 255, the device 210
may include any other fastener suitable for fastening tissue.
[0086] The device 210 may also include a support shelf 260
that may be longitudinally slidable along the longitudinal
axis Y of the outer tube 216 between a retracted position in
which a distal end 262 of the support shelf is disposed within
the outer tube (FIG. 11A) and an extended position in which
the distal end of the support shelf is disposed beyond the
distal end 217 of the outer tube (FIG. 14A). The distal end
262 of the support shelf 260 may be adapted to support the
central portion 258 of the clip 255. In the embodiment shown
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in the figures, the distal end 262 of the support shelf 260 is
planar, but in other embodiments (not shown), the distal end
of the support shelf may be curved to approximately match the
curvature of the central portion 258 of the clip 255 in the
partially-open configuration shown in FIGS. 12A and 12B or the
substantially round closed configuration shown in FIG. 11C.
[0087] A plurality of expansion hocks 270 may be provided
that are adapted to retain the clip 255 in the partially-open
configuration shown in FIGS. 12A and 12B, such that the prongs
257 and 259 of the clip are separated by a gap 273. As can be
seen in FIG. 11B, there may be four expansion hooks 270, each
adapted to engage a corresponding one of the recesses 256 of
the clip 255. The expansion hooks 270 may each have an
actuation portion 272 that extends from the hooked portion to
a proximal end of the device for actuation by a user. The
expansion  hooks 270 may each be slidable along the
longitudinal axis Y of the outer tube 216. The expansion
hooks 270 may be made of a metal such as nitinol, for example.
[0088] The device 210 can be wused for transcatheter
gathering of heart valve leaflet tissue in a manner similar to
the device 10 described above, and it may be controlled by a
handle similar to the handle 60 of FIG. 2B.

[0089] To load a clip 255 into the outer tube 216, the
support shelf 260 may be moved to a partially retracted
position or the fully retracted position shown in FIG. 11A,
and the clip may be placed onto the distal end 262 of the
gupport shelf 260. The expansion hooks 270 may each be
engaged in a corresponding one of the recesses 256 of the clip
255, and the actuation portion 272 of the expansion hooks may
be pulled proximally to move the c¢lip 255 from the
substantially round closed configuration shown in FIG. 11A to
the partially-open configuration shown in FIGS. 12A and 12B,
thereby separating the prongs 257, 259 from one another with a

gap 273 therebetween. The hooks 270 may remaln tensioned
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until it is desired to deploy the clip 255 into captured
leaflet tissue. It is preferred that the clip be opened wide
enough that the gap 273 between the opposed prongs 257, 259 is
equal to or greater than a width W of the slots 215, so that
the captured leaflet tissue will not initially contact the
prongs while the tissue 1is being pulled into the outer
tube 216.

[0090] Next, the distal portion 211 of the outer tube 216
may be inserted into a patient through the apex of the heart,
for example, into the left ventricle, so that the distal
portion extends between the posterior leaflet 2 and the
anterior leaflet 3 of the mitral wvalve 1. Ag shown in
FIG. 13A, the distal edge 217 of the outer tube 216 may be
disposed approximately at the coaption line 5 of the mitral
valve 1, with the slot 215 that is remote from the containment
tube 220 facing the posterior leaflet 2 (alternatively, if the
anterior leaflet 3 is being repaired, the slot that is remote
from the containment tube may face the anterior leaflet).
[0091] Then, still referring to FIG. 13A, the hook 225 may
be deployed to an extended position above the coaption line 5
by sliding the distal portion of the grasping wire 222
distally out of the containment tube 220 until the hook lies
beyond the distal edge 217 of the outer tube 216. No longer
being constrained by the containment tube 220, the distal
portion of the grasping wire 222 may assume the curved shape
of the hook 225.

[0092] Referring to FIG. 13B, the hook 225 may be partially
retracted against the tissue of the posterior leaflet 2 by
moving either the grasping wire 222 or both the containment
tube 220 and the grasping wire proximally, such that the hook
225 engages against the upper surface 6 of the posterior
leaflet 2 and pulls tissue of the leaflet into the outer tube
216. The containment tube 220 and the grasping wire 222 may
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be moved proximally using the handle 60, as described above
with reference to the device 10.

[0093] Referring to FIG. 13C, the hook 225 may be moved
further proximally until the captured tissue 9 is pulled into
one or both of the slots 215. The V-shaped opening 229 of
each slot 215 may facilitate insertion of the tissue into the
slots. As the captured tissue 9 is forced into the slots 215,
the captured tissue will be formed or folded into
substantially a U-shaped pleat 8a that at least partially
conforms to the shape of the slots. By forming a U-shaped
pleat 8a, most or all of the portion of the posterior leaflet
2 that is billowed, 1loose, or floppy may be gathered and
tightened. It is preferred that the captured tissue 9 Dbe
pulled distally until at least a portion of the U-shaped pleat
8a extends into the gap 273 between the opposed prongs 257,
259 of the clip 255.

[0094] With the tissue captured, the clip 255 may be
deployed into the captured tissue 9 by reducing the tension on
the expansion hooks 270. Orice the tension is reduced, the
bias of the clip 255 will force the prongs 257, 259 to become
embedded into the captured tissue 9, thereby securing the
tissue in the pleated form, as shown in FIGS. 14A and 14B.
[0095] After the clip 255 has been adequately secured in
the tissue of the posterior leaflet 2, the device 210 may be
withdrawn from the patient. To withdraw the device 210, the
hook 225 may first be withdrawn from engagement with the
posterior leaflet 2 by retracting the hook distally. This
action causes the hook 225 to straighten as the grasping wire
222 retracts into the containment tube 220.

[0096] Next, the clip 255 may be released from the device
210 by sliding the support shelf 260 and the hooks 270
distally until the clip is moved out of the outer tube 216.
Then, the hooks 270 may be released from the corresponding

recesses 256 of the clip by sliding the actuation portion 272
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of each clip distally until the hooks become disengaged from
the recesses. After the clip 255 has been fully released from
the device 210, the device may be withdrawn from the patient,
as discussed above with respect to the device 10.

[0097] In an alternative embodiment, a device 210' shown in
FIG. 15A may be the same as the device 210 described above,
except the hooks 270 may be replaced Dby sutures 290, and
cutting tubes 292 may be provided to detach the sutures from
the clip 255'. As shown in FIG. 15B, the clip 255' may be
provided with apertures 253 adjacent the prongs 257 and 259,
and the sutures 290 may be fastened onto the clip by being
knotted through the apertures.

[0098] The suture cutting tubes 292 may be telescopically
mounted within the outer tube 216 and around the sutures 290
for sliding movement between a retracted position with the
distal end 293 of each cutting tube generally adjacent the
distal end 262 of the support shelf 260 (as shown in
FIG. 153), and a deployed position in which a distal portion
of the suture cutting tube protrudes distally beyond the
distal end of the support shelf. The suture cutting tubes 292
may each have a sharp distal end 293 that is configured to cut
through a portion of corresponding suture 290. The sutures
290 may be resorbable, so that the distal most portion of the
sutures 290 that remain knotted to the clip 255' can be
resorbed into the patient.

[0099] In another alternative embodiment, a device 210"
shown in FIG. 16 may be the same as the device 210 described
above, except that the device 210" has a single U-shaped slot
215 disposed remote from the containment tube 220. The device
210" can be used for transcatheter gathering of heart valve
leaflet tissue in a manner similar to the device 210 described
above, and it may be controlled by a handle similar to the
handle 60 of FIG. 2B. The device 210" can function the same

way as the device 210 described above, except that when the
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hook 225 pulls tissue of the leaflet into the outer tube 216",
the captured tissue 9 is pulled into the single slot 215. As
the captured tissue 9 is forced into the single slot 215, the
captured tissue will be formed or folded into substantially a
U-shaped pleat 8a that at least partially conforms to the
shape of the slot.

[0100] In the devices shown in the figures, particular
structures are shown that are adapted to gather, secure, and
repair heart valve leaflet tissue. The invention also
contemplates the use of any alternative structures for such
purposes, including structures having different lengths,
shapes, and configurations. For example, although the capture
tool is shown in the form of a grasping wire 22 or 122, the
capture tool may take other forms, including for example, a
pincer-like structure such as a clamp. Although the clamping
member is shown in the form of a fork 30, the clamping member
may have other configurations, such as an arm having a curved
surface such that outer edges of the arm can serve as tines, a
lattice structure, or any other structure capable of retaining
leaflet tissue against the anvil 40 and the closed surface 41
of the outer shaft 16. The tissue support 1is shown as an
anvil 40, but may take other forms, such as a corrugated
surface, a set of pins extending from the closed surface 41 of
the outer shaft 16, or any other shape that can guide leaflet
tigssue into a desired shape onto which a clip 55 can be
attached.

[0101] In another example, although the catheter assembly
12 is described as being controllable by the movement of a
particular configuration of buttons 61, 64, and 66 of a handle
60, any mechanisms that are adapted to control the movement
and deployment of the containment tube, grasping wire, fork,
and clip wmay be used. Furthermore, although the grasping
wires 22 and 122 are shown as having a hook 24 and a dog-leg

arm 125, respectively, the distal portion of the grasping wire
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may have any shape or configuration that may be adapted to
grasp a target portion of wvalve leaflet tissue and help to
capture such tissue inside or adjacent the outer tube such
that a clip may be applied to the captured tissue.

[0102] Moreover, although the fork 30 1is described as
having two tines 31 that cooperate with the anvil 40 to
capture leaflet tissue and form same into a W-ghaped pleat,
the invention contemplates forks having any number of tines
cooperating with any number of anvils to form any number of
pleats in the captured tissue. For example, a fork having a
single tine may cooperate with two anvils that are laterally
spaced apart from one another to form leaflet tissue into a
pleat. It will be appreciated that the more pleats that are
formed, the more the tissue of the valve leaflet can be
tightened. In a particular embodiment, the tissue capture
mechanism may include an outer tube 16 without an anvil
portion extending from the inner surface 41 of the outer tube,
wherein the tines 31 of the fork 30 are adapted to capture
leaflet tissue in a single contiguous space defined within the
outer tube 16, such that a portion of the inner surface of the
outer tube may serve as an anvil portion. In such an
embodiment without an anvil portion extending from the inner
surface 41 of the outer tube 16, the hook 24 and the
containment tube 20 may serve as an anvil portion to cooperate
with the fork 30 to form leaflet tissue into a W-shaped pleat.

[0103] Although the fork 30 is described as including cam
surfaces 34 and 35 for controlling lateral movement of the
tines 31 as the fork is moved distally and proximally relative
to the outer tube 16, other mechanisms may be used for
controlling such lateral movement of the tines. For example,
cam surfaces located at any location along the fork may slide
against any portion of the outer tube 16 or any surface
projecting therefrom to control lateral movement of the tines.

Alternatively, a mechanism controlled by a dedicated button of
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the handle may be used to actuate lateral movement of the
tines relative to the outer tube 16.

[0104] Although the device 10 is shown as being adapted to
apply a single c¢lip 55 onto a posterior leaflet 2, the
invention contemplates devices that are adapted to apply a
plurality of clips to the leaflet tissue during a single
insertion of the device into a patient. For example, the gap
42 between the anvil portions 40a and 40b may be sufficiently
large to accommodate a plurality of clips 55 in side-by-side
relationship. In such an embodiment, while leaflet tissue 1is
captured within the outer tube 16, the retaining arm 50 may be
retracted to a first position to apply a first clip 55 to the
tissue at a first target location, and the retaining arm may
then be further retracted to a second position to apply a
second clip 55 to the tissue at a second target location
spaced from the first location.

[0105] - Although the various delivery devices have been
described herein in connection with tightening the posterior
leaflet of a mitral valve, all of the delivery devices may be
used on other heart wvalve leaflets, such as the anteriocr
leaflet of the mitral valve, or on any other tissue of the
body for which a reduction in the length of the tissue would
be beneficial.

[0106] Although the invention herein has been described
with reference to particular embodiments in which the catheter
assembly is inserted into the patient via an introducer and
through the apex of the heart (i.e., transapical insertion),
it is to be understood that the invention contemplates
embodiments in which the catheter assembly extends through a
portion of the vasculature of the patient to reach the heart,
for example, through a transfemoral or subclavian artery. In
such embodiments, some of the device components may have to be
oriented in a different direction to that described herein.

For example, the invention contemplates embodiments in which
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the distal portion of the catheter assembly approaches the
mitral wvalve from the upstream side as well as from the
downstream side of the wvalve.

[0107] Although the invention herein has been described
with reference to particular embodiments, it is to Dbe
understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the appended
claims.

[0108] It will be appreciated that the various dependent
claims and the features set forth therein can be combined in
different ways than presented in the initial claims. It will
also be appreciated that the features described in connection
with individual embodiments may be shared with others of the

described embodiments.

-30-~



WO 2014/022457 PCT/US2013/052822

CLATIMS

1. A device for transcatheter gathering of tissue of a
heart valve leaflet, comprising:

an elongated tube extending in a longitudinal direction
and having at least one slot extending generally in the
longitudinal direction from a distal end of the elongated
tube, the at least one slot having an open end at the distal
end of the elongated tube and a closed end remote therefrom;
and

a capture tool moveable in the elongated tube between a
retracted position and an extended position, the capture tool
being operable to gather tissue of the heart valve Ileaflet
into the at least one slot, such that the gathered tissue has

a pleated configuration.

2. The device of claim 1, wherein a distal end of the

capture tool has a hook shape.

3. The device of claim 2, wherein the capture tool
includes a grasping wire slidably disposed in a containment
tube, and a distal portion of the grasping wire is adapted to
change from a linear shape to the hook shape when the distal
portion of the grasping wire 1is extended out from the

containment tube.

4. The device of claim 3, wherein the grasping wire is

partially or entirely made from a shape-memory material.

5. The device of c¢laim 1, further comprising an
operating handle having an actuating member adapted to control
movement of the capture tool between the retracted and

extended positions.

6. The device of claim 1, wherein at least a portion of

the at least one slot has a generally U-shaped configuration.

7. The device of claim 6, wherein the elongated tube
has at least one pair of opposed angled portions, each pair of

opposed angled portions extending between the distal end of
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the elongated tube and sidewalls of a corresponding one of the
at least one slot, each pair of angled portions forming at
least a portion of a substantially V-shaped opening leading to

the at least one slot.

8. The device of claim 1, wherein the at least one slot
includes two slots located substantially opposite one another
in a direction perpendicular to the longitudinal direction of

the elongated tube.

9. The device of claim 1, further comprising a tissue
securing component disposed within the elongated tube and
adapted to be applied to the gathered tissue for holding the

gathered tissue in the pleated configuration.

10. The device of claim 9, wherein the tissue securing
component comprises a clip arrangeable in a partially-open
condition within the elongated tube and biased to contract to

a clamping condition when deployed from the elongated tube.

11. The device of claim 10, wherein the clip is wholly

or partly made of a shape-memory material.

12. The device of claim 10, further comprising retention
elements adapted to hold the c¢lip in the partially-open

condition.

13. The device of claim 12, wherein the retention
elements include hooks adapted to engage with recesses at

opposed ends of the clip.

14. The device of claim 12, wherein the retention
elements include sutures adapted to engage with apertures at

opposed ends of the clip.

15. The device of claim 14, further comprising cutting
tubes disposed around the sutures, the cutting tubes adapted
to slide in the 1longitudinal direction relative to the

elongated tube, the cutting tubes each having a sharp distal
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end adapted to cut through a portion of a corresponding one of

the sutures.

16. The device of claim 10, further comprising a support
shelf slidable within the elongated tube in the longitudinal
direction between a retracted position in which a distal end
of the support shelf is disposed within the elongated tube and
an extended position in which the distal end of the support
shelf is disposed beyond the distal end of the elongated tube,
the support shelf being adapted to support the clip within the
elongated tube.

17. The device of c¢laim 16, wherein the c¢lip in the
partially-open condition has a generally cylindrical shape and
defines a longitudinal axis around which the clip extends, the
device further comprising retention elements adapted to hold
the clip in the partially-open condition with the longitudinal
axis of the clip oriented substantially perpendicular to the

longitudinal direction.

18. A device for transcatheter gathering of tissue of a
heart valve leaflet, comprising:

an elongated tube extending in a longitudinal direction;

a clip disposed within the elongated tube and adapted to
be applied to gathered tissue for holding the gathered tissue
in a gathered configuration, the clip being arrangeable in a
partially-open condition within the elongated tube and biased
to contract to a clamping condition when deployed from the
elongated tube, the «clip 1in the partially-open condition
having a generally cylindrical shape and defining a
longitudinal axis around which the clip extends;

a support shelf slidable within the elongated tube in the
longitudinal direction between a retracted position in which a
distal end of the support schelf is disposed within the
elongated tube and an extended position in which the distal

end of the support shelf is disposed beyond a distal end of
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the elongated tube, the support shelf being adapted to support
the clip within the elongated tube; and

a plurality of retention elements adapted to hold the
clip in the partially-open condition with the longitudinal
axis of the clip oriented substantially perpendicular to the

longitudinal direction.

19. The device of claim 18, further comprising a capture
tool moveable in the elongated tube between a retracted
position and an extended position, the capture tool being
operable to draw the tissue of the heart valve leaflet into

the elongated tube.

20. The device of claim 18, wherein the elongated tube
has at least one slot extending generally in the longitudinal
direction from a distal end of the elongated tube, the at
least one slot having an open end at the distal end of the
elongated tube and a closed end remote therefrom, the at least

one slot adapted to form the gathered tissue into a pleated

configuration.

21. A tissue securing component for gathering tissue of
a heart valve leaflet, the tissue =securing component
comprising:

a clip wholly or partly made of a shape-memory material,
the clip comprising a flat sheet having a central portion and
two end portions at opposite ends of the central portion, the
end portions each having a prong extending from an edge
thereof, each end portion having at least one recess extending
from the edge thereof inward toward the central portion, each
recess having an open end at the edge of its end portion and a
closed end remote therefrom;

the clip being biased to move from a partially-open
condition with the prongs spaced apart from one another by a
gap to a substantially round clamping condition where the
prongs are adjacent one another such that the gap is reduced

or eliminated.
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22. The device of claim 21, wherein the clip is adapted
to be applied to heart valve leaflet tissue to hold the tissue

in a gathered configuration.

23. A transcatheter method of gathering tissue of a
heart valve leaflet, the method comprising:

inserting a catheter assembly to a position adjacent the
heart wvalve leaflet, the catheter assembly including an
elongated tube extending in a longitudinal direction and a
capture tool moveable between a retracted position and an
extended position, the elongated tube having at least one slot
having an open end at a distal end of the elongated tube and a
closed end remote therefrom;

moving the capture tool from the retracted position to
the extended position;

manipulating the capture tool so that tissue of the heart
valve leaflet is captured by the capture tool;

retracting the capture tool from the extended position
toward the retracted position to draw the captured tissue into
the at least one slot in a pleated configuration; and

securing the captured tissue with a tissue securing
component to hold the captured tissue substantially in the

pleated configuration.

24. The method of claim 23, wherein the capture tool
includes a grasping wire slideably disposed in a containment
tube, the method further comprising sliding a distal portion
of the grasping wire out from the containment tube so that the
distal portion of the grasping wire changes from a linear

shape to a hook shape.

25. The method of claim 23, wherein at least a portion
of the at least one slot has a generally U-shaped
configuration, and wherein the pleated condition at least

partially conforms to the shape of the at least one slot.
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26. The method of c¢laim 23, wherein the at least one
slot includes two slots located substantially opposite one
another in a direction perpendicular to the longitudinal
direction of the elongated tube, and wherein the retracting
step draws the captured tissue at least partially into both of

the slots.

27. The method of claim 23, wherein the tissue securing
component comprises a c¢lip arrangeable in a partially-open
condition within the elongated tube and biased to contract to
a clamping condition when deployed from the tube, and wherein
the securing step releases the clip for movement from the
partially-open condition to the clamping condition around the

captured tissue.

28. The method of claim 27, further comprising, before
the securing step, holding the clip in the partially-open
condition by tensioning retention elements engaged with the
clip at opposed ends thereof, and wherein the securing step
releases the clip to the clamping condition by releasing

tension exerted by the retention elements.

29. The method of c¢laim 27, wherein the clip in the
partially-open condition is disposed adjacent a distal end of
a support shelf slidable within the elongated tube in the
longitudinal direction, the method further comprising sliding
the support shelf in the longitudinal direction relative to
the elongated tube until the clip is disposed outside of the

elongated tube.

30. The method of claim 23, further comprising
withdrawing the catheter assembly from the patient and leaving

the tissue securing component attached to the tissue.
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31. A transcatheter method of gathering tissue of a
heart valve leaflet, the method comprising:

inserting an elongated tube to a position adjacent the
heart valve leaflet, the elongated tube including at least one
slot having an open end at a distal end of the elongated tube;

capturing tissue of the heart valve leaflet;

drawing the captured tissue into the at least one slot in
a pleated configuration; and

securing the captured tissue to hold the captured tissue

substantially in the pleated configuration.

32. The method of claim 31, wherein the capturing step
is performed by manipulating a capture tool so that the tissue
of the heart valve leaflet is captured by the capture tool,
the capture tool comprising a grasping wire including a distal

portion having a hook shape.

33. The method of claim 31, wherein the securing step is
performed by clamping a clip around at least a portion of the

captured tissue.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-17

A device for transcatheter gathering of tissue of a heart
valve leaflet, comprising: an elongated tube extending in a
longitudinal direction and having at least one slot
extending generally in the Tongitudinal direction from a
distal end of the elongated tube and a capture tool operable
to gather tissue of the heart valve Teaflet into the at
least one slot, such that the gathered tissue has a pleated
configuration.

2. claims: 18-20

A device for transcatheter gathering of tissue of a heart
valve leaflet, comprising: an elongated tube extending in a
longitudinal direction; a clip disposed within the elongated
tube and adapted to be applied to gathered tissue for
holding the gathered tissue in a gathered configuration, the
clip being arrangeable in a partially-open condition within
the elongated tube and biased to contract to a clamping
condition when deployed from the elongated tube, the clip in
the partially-open condition having a generally cylindrical
shape and defining a longitudinal axis around which the clip
extends; a support shelf slidable within the elongated tube
in the longitudinal direction between a retracted position
in which a distal end of the support shelf is disposed
within the elongated tube and an extended position in which
the distal end of the support shelf is disposed beyond a
distal end of the elongated tube, the support shelf being
adapted to support the clip within the elongated tube; and a
plurality of retention elements adapted to hold the clip in
the partially-open condition with the Tongitudinal axis of
the clip oriented substantially perpendicular to the
longitudinal direction.

3. claims: 21, 22

A tissue securing component for gathering tissue of a heart
valve leaflet, the tissue securing component comprising: a
clip wholly or partly made of a shape-memory material, the
clip comprising a flat sheet having a central portion and
two end portions at opposite ends of the central portion,
the end portions each having a prong extending from an edge
thereof, each end portion having at Teast one recess
extending from the edge thereof inward toward the central
portion, each recess having an open end at the edge of its
end portion and a closed end remote therefrom; the clip
being biased to move from a partially-open condition with
the prongs spaced apart from one another by a gap to a
substantially round clamping condition where the prongs are
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adjacent one another such that the gap is reduced or
eliminated.
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