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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. 61/678,842, filed August 2, 2012, and U.S. Non-Provisional
Patent Application No. 13/782,144 filed March 1, 2013, the
disclosures of which are hereby incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[0002] The present invention 1g related to heart wvalve
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
side of the wvalve. The two atrioventricular wvalves (mitral
and tricuspid valves) are mwmulticusped valves 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 leaflets and a diaphanous
incomplete ring around the valve, known as the mitral wvalve
annulus. When the valve opens, blood flows into the left
ventricle. After the 1left ventricle fills with blood and
contracts, the two leaflets of the mitral wvalve are pushed
upwards and close, preventing blood from flowing back into the
left atrium and the lungs.

[0005] Mitral wvalve 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 billowed,
loose, and floppy). Furthermore, the chordae tendinae may

stretch and thus become too long, or the chordae tendinae may
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be broken. 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 ventricle contracts, the abnormal
leaflet may be propelled backwards, beyond its normal closure
line into the left atrium, thereby allowing blood to flow back
into the left atrium and the lungs.

[0006] Mitral valve prolapse causes mitral regurgitation.
Isolated posterior leaflet prolapse of the human heart mitral
valve, i.e. prolapse of a single leaflet, is the most common
cause of mitral regurgitation. The exact cause of the
prolapse is mnot 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 valve leaflet repair, there
remain sgome 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 valve leaflet
prolapse. Among other advantages, the present invention may

address one or more of these needs.

BRIEF SUMMARY OF THE INVENTION

[0009] Methods and devices for gathering of heart valve
leaflet tissue are disclosed. A device for gathering tissue
of a heart valve leaflet may include an outer tube extending
in an elongated direction and a capture tool moveable in the
outer tube between a contained position and a use position.
The capture tool may include two grasping members that are
moveable relative to one another in the elongated direction.

The device may also include a tissue securing component
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disposed at a distal end of the outer tube and adapted to be
applied to tissue captured by the capture tool and to hold the
captured tissue in a gathered configuration.

[0010] In one embodiment, each grasping member may have a
proximal portion and a plurality of fingers. Some fingers may
extend from the proximal portion in a different plane than
other fingers. The grasping members may be operable to
capture tissue of the heart valve leaflet therebetween and to

draw the captured tissue into the outer tube in the gathered

configuration.
[0011] The capture tool may also include two actuation rods
slidably coupled to one another by a coupling member. Each

actuation rod may extend within the outer tube in the
elongated direction. Each grasping member may be attached at
the proximal portion thereof to a respective one of the
actuation rods. FEach grasping member may be moveable between
a retracted position in which the grasping member lies within
the outer tube, and a deployed position in which the grasping
member lies outside of the outer tube. The fingers of each
grasping member may extend at an obtuse angle relative to the
proximal portion in the retracted position. The fingers of
each grasping member may extend at substantially a right angle
relative to the proximal portion in the deployed position.
One or more of the fingers of at least one of the grasping
members may have a surface that is knurled or roughened.

[0012] In a particular embodiment, the tissue securing
component may be a releasable clip. The clip may be biased
from a partially open condition to a clamping condition. The
clip may be configured to be held in the partially open
condition around an outer surface of the outer tube until the
clip is released.

[0013] Another device for gathering tissue of a heart valve
leaflet may include an outer tube extending in an elongated
direction and a capture tool moveable in the outer tube

between a contained position and a use position. The capture
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tool may include two grasping members that are moveable
relative to one another in the elongated direction. The
device may also include a tissue securing component disposed
at a distal end of the outer tube and adapted to be applied to

the grasping members to hold the captured tissue in a gathered

configuration.
[0014] In one embodiment, each grasping member may have a
barb at each of two opposing ends thereof. The grasping

members may be operable to capture tissue of the heart valve
leaflet therebetween and to draw the captured tissue into the
outer tube in the gathered configuration. Each grasping
member may be moveable between a retracted position in which
the grasping member lies within the outer tube, and a deployed
position in which the grasping member lies outside of the
outer tube. Each grasping member may have a V-shape in the
retracted position and may extend substantially in a linear
direction in the deployed position.

[0015] The device may also include two actuation rods.
Each actuation rod may be longitudinally slidable within the
outer tube and may be adapted to be removably coupled to a
respective one of the grasping members. A distal end of each
actuation rod may be threaded and may be adapted to engage
with a tapped recess of the respective one of the grasping
members. The tissue securing component may be a locking ring
that is configured to slide over at least one of the grasping
members to lock the grasping members into the V-shape and to
retain the captured tissue in the gathered configuration.
[0016] Yet another device for gathering tissue of a heart
valve leaflet may include an outer tube extending in an
elongated direction and a capture tool including two grasping
members movable relative to one another 1in the elongated
direction between a contained position proximally within the
outer tube and a use position distally of the outer tube. The
two grasping members when in the use position may be arranged

spaced apart from one another, and may be operative to capture
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tissue of the heart valve leaflet therebetween and to draw the
captured tissue into the outer tube when in the contained
position.

[0017] The device may also include a tissue securing
component disposed at a distal end of the outer tube and
adapted to be applied to the captured tissue to hold the
captured tissue in a gathered configuration. The device may
also include two actuation rods respectively connected to the
grasping members for moving the grasping members between the
contained position and the use position.

[0018] A transcatheter method of gathering tissue of a
heart valve 1leaflet may include inserting an elongated
catheter assembly to a position adjacent the heart valve
leaflet. The catheter assembly may include an outer tube
extending in an elongated direction and a capture tool
moveable in the outer tube between a contained position and a
use position. The method may also include moving the capture
tool from the contained position to the use position. The
capture tool may include two grasping members that are
moveable relative to one another in the elongated direction.
Each grasping member may change orientation or shape when
moved from the contained position to the use position.

[0019] The method may also include manipulating the
catheter assembly so that tissue of the heart valve leaflet is
captured by the capture tool, retracting the capture tool from
the use position toward the contained position to draw the
captured tissue into the outer tube in a gathered
configuration, and applying a tissue securing component from
the distal end of the outer tube to the captured tissue to

hold the captured tissue substantially in the gathered

configuration.
[0020] In one embodiment, each grasping member may have a
proximal portion and a plurality of fingers. Some fingers may

extend from the proximal portion in a different plane than

other fingers. The step of moving the capture tool from the
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contained position to the use position may move the fingers of
each grasping member from extending at an obtuse angle
relative to the proximal portion to extending at substantially
a right angle relative to the proximal portion.

[0021] The step of retracting the capture tool may include
(i) partially retracting the capture tool such that the
grasping members contact the outer tube and change
orientation, and (ii) rotating the capture tool about a
longitudinal axis of the outer tube such that the captured
tissue is moved to a twisted configuration. The tissue
securing component may be a releasable clip biased from a
partially open condition to a clamping condition. The step of
applying the tissue securing component to the captured tissue
may include releasing the clip from the outer tube so that it
becomes clamped onto the captured tissue.

[0022] In a particular embodiment, the step of moving the
capture tool from the contained position to the use position
may  move each grasping member from a V-shape to a
substantially linear shape. The step of retracting the
capture tool may include moving the grasping members into
contact with the outer tube so that the grasping members move
from the substantially linear shape to the V-shape.

[0023] The tissue securing component may be a locking ring
that is configured to slide over at least one of the grasping
members. The step of applying the tissue securing component
to the captured tissue may include sliding the locking ring
over at least one of the grasping members such that the
grasping members are retained in the V-shape the captured
tissue 1s retained in the gathered configuratiocon. Each
grasping member may be removably coupled to an actuation rod
extending proximally therefrom within the outer tube. The
step of retracting the capture tool from the use position
toward the contained position may include sliding the
actuation rods in a proximal direction of the outer tube. The

method may also include, after the step of applying the tissue
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gecuring component to the captured tissue, removing each

actuation rod from a respective one of the grasping members.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] 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
congsidered limiting of its scope.

[0025] FIG. 1 is a diagrammatic perspective view of the
posterior leaflet of a mitral valve;

[0026] FIG. 2A 1is a longitudinal cross-sectional view of
the distal portion of one embodiment of a device for

transcatheter gathering of heart valve leaflet tissue;

[0027] FIG. 2B 1s a side view of one of the grasping
members of FIG. 2A;
[0028] FIG. 2C is a cross-sectional view taken along line

2C-2C of FIG. 2B;

[0029] FIG. 2D is a crosgs-sectional view of a variation of
one of the grasping members of FIG. 2A;

[0030] FIG. 2E is a plan view of the clip of FIG. 2A, shown
in an open position;

[0031] FIG. 2F is a perspective view of the clip of
FIG. 2A, shown in a closed position;

[0032] FIG. 3A is a longitudinal cross-sectional view of
the device of FIG. 2A, shown adjacent the posterior leaflet of
the mitral valve of FIG. 1;

[0033] FIG. 3B is a 1longitudinal cross-sectional view of
the device of FIG. 2A, shown with one of the grasping members
deployed;

[0034] FIG. 3C i1s a 1longitudinal cross-sectional view of
the device of FIG. 2A, shown with one of the grasping members

engaged with leaflet tissue;
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[0035] FIG. 3D is a longitudinal cross-sectional view of
the device of FIG. 2A, shown with both grasping members
engaged with leaflet tissue;

[0036] FIG. 3E is a cross-sectional view taken along line
3E-3E of FIG. 3D;

[0037] FIG. 3F is a longitudinal cross-sectional view of
the device of FIG. 2A, shown with both grasping members
partially retracted into the outer tube;

[0038] FIG. 3G is a longitudinal cross-sectional view of
the device of FIG. 2A, shown with both grasping members in a
step of twisting the captured leaflet tissue;

[0039] FIG. 3H is a longitudinal cross-sectional view of
the device of FIG. 2A, shown with both grasping members and
the captured leaflet tissue retracted into the outer tube;
[0040] FIG. 3I is a longitudinal cross-sectional view of
the device of FIG. 2A, shown with the clip deployed off of the
distal end of the outer tube;

[0041] FIG. 3J is a longitudinal cross-sectional view of
the device of FIG. 2A, shown with one of the grasping members
disengaged from the secured tissue;

[0042] FIG. 3K is a 1longitudinal cross-sectional view of
the device of FIG. 2A, shown with both grasping members
disengaged from the secured tissue;

[0043] FIG. 4 is a longitudinal cross-sectional view of the
distal portion of another embodiment of a device for
transcatheter gathering of heart valve leaflet tissue;

[0044] FIG. 5A is a longitudinal cross-sectional view of
the device of FIG. 4, shown with one of the grasping members
engaged with leaflet tissue;

[0045] FIG. 5B is a longitudinal cross-sectional view of
the device of FIG. 4, shown with both grasping members engaged
with leaflet tissue;

[0046] FIG. 5C is a top view of FIG. 5B;
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[0047] FIG. 5D ig a longitudinal cross-sectional view of
the device of FIG. 4, shown with both grasping members and the
captured leaflet tissue retracted into the outer tube;

[0048] FIG. 5E is a longitudinal cross-sectional view of
the device of FIG. 4, shown with the locking member deployed
onto the grasping members and the captured leaflet tissue;
[0049] FIG. 5F is a longitudinal cross-sectional view of
the device of FIG. 4, shown with the secured tissue released
from the distal end of the outer tube; and

[0050] FIG. 5G is a longitudinal cross-sectional view of
the device of FIG. 4, shown with the device disengaged from

the secured tissue.

DETAILED DESCRIPTION

[0051] As used herein, the terms "proximal" and "distal"
are to be taken as relative to a user (e.g., a surgeon or an
interventional cardioclogist) wusing the disclosed 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 1loose body

tissue.
[0052] 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 1line 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 also has a

upper surface 9a and an lower surface 9b. The posterior
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leaflet 2 has three scalloped portions Pl, P2, and P3, any of
which may include a portion that is billowed, loose, or
floppy, and which therefore may be the cause of a prolapse
condition of the wvalve. 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.

[0053] Referring to FIGS. 2A-2E, an exemplary device 10 for
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.

[0054] The catheter assembly 12 includes a capture tool in
the form of two grasping members 20 each disposed within an
elongated outer tube 16. Each grasping member 20 may be
independently longitudinally slidable within the outer tube 16
between a retracted position within the outer tube and a
deployed position in which the grasping member protrudes
distally beyond the open distal end 17 of the outer tube. 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.

[0055] Each grasping member 20 may be attached at its
proximal end to a respective actuation rod 22 extending within
the outer tube 16 from a proximal portion 21 of the grasping
member to a proximal end of the device (not shown). The
actuation rods 22 may be slidably coupled to one another by a
coupling member in the form of a ring 24 that may encircle one
actuation rod and may be attached to the other actuation rod
at a side of the ring. The ring 24 may prevent the actuation
rods 22 from separating from one another in a direction
perpendicular to the longitudinal axis of the outer tube 16.
[0056] Each grasping member 20 may have an obtuse-angled

orientation relative to the actuation rod 22 when in the
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retracted position within the outer tube 16, as shown in
FIG. 3A, and each grasping member may assume a substantially
right-angled orientation relative to the actuation rod when
deployed from the outer tube, as shown in FIG. 3D. In that
regard, each grasping wmember 20 may be formed from a memory
metal or a strong, resilient metal or polymer that will cause
the right-angled orientation to form automatically when
deployed. The structure of each grasping member 20 may be
formed in various ways, including for example, etching a sheet
of metal (e.g., a nitinol sheet), cutting a sheet of metal
with a laser, or forming a wire into the desired shape. If
the grasping members 20 have a thickness T (FIG. 3A) that is
relatively large compared to the diameter of the lumen of the
outer tube 16, the grasping members may each have a
substantially planar orientation when in the retracted
position within the outer tube.

[0057] The distal portion 25 of each grasping member 20 may
be shaped into one or more fingers 26 that may extend from the
proximal portion 21 of the grasping member in more than one
plane. For example, as shown in FIG. 2C, some of the fingers
26a of each grasping member 20 may be disposed in a first
plane P1, and others of the fingers 26b may be disposed in a
second plane P2. The first plane Pl and the second plane P2
may or may not be parallel to one another.

[0058] The fingers 26 of each grasping member 20 may have a
surface that is roughened or knurled to increase the friction
with a captured leaflet portion. For example, as can be seen
in FIG. 3D, a first grasping member 20a may have a roughened
lower surface 28 facing a captured leaflet portion 8, and a
second grasping member 20b may have a roughened upper surface
29 facing the captured leaflet portion. Each finger 26 may be
solid, or it may include mesh portions having openings
extending therethrough.

[0058] Although each grasping‘ member 20 is shown in the

figures as having five fingers 26, that need not be the case.
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Each grasping member 20 may have any number of fingers,
including one, two, three, four, six, eight, ten, twelve, or
fifteen, for example. Although the first grasping member 20a
and the second grasping member 20b are shown in the figures as
having an equal number of fingers 26, that need not be the
case. The first grasping member 20a may have more or less
fingers than the second grasping member 20b.

[0060] Although each grasping member 20 is shown in the
figures as having a plurality of fingers 26 having respective
distal tips 25a that are spaced apart from one another, that
need not be the case. In one variant, one or both grasping
members may have fingers that are joined to one another at the
distal tips, or joined to one another along the entire length
of the fingers. In another wvariant, shown in FIG. 2D, one or
both grasping members may comprise a continuous sheet of
material that is shaped such that some portions 26c of each
grasping member may be disposed in a first plane P3, and
others other portions 26d may be disposed in a second plane
P4. The first plane P3 and the second plane P4 may or may not
be parallel to one another. Such a continuous sheet of
material may be solid, or it may include mesh portions having
openings extending therethrough.

[0061] A tissue securing component in the form of a clip 30
may be configured to be applied around a captured portion of
the posterior leaflet 2. The clip 30 may be made of a memory
metal and may be biased to curl into a substantially round
configuration (FIG. 2F) from a completely open configuration
(FIG. 2E) when deployed from the outer tube 16. A prong 32 at
each end of the clip 30 may become embedded in the leaflet
tissue when the clip is deployed. One or more clips 30 may be
disposed in a partially open configuration (e.g., with the
prongs 32 spaced apart from one another) around the outer
surface 19 of the outer tube 16 adjacent the distal end 17
thereof. The outer tube 16 may be slidably disposed in a
deployment tube 34 with a tight clearance, such that the clip

-12~
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30 will interfere with the distal end 36 of the deployment
tube as the deployment tube is moved toward the distal end 17
of the outer tube.

[0062] To use the device 10 to gather heart valve leaflet
tissue, one or more clips 30 may Dbe expanded into the
partially open configuration and placed around the outer
surface 19 of the outer tube 16 adjacent the distal end 17
thereof. For increased visibility of the components of the
device 10, the ring 24 is not shown in FIGS. 3A-3K.

[0063] Next, the distal portion 14 of the catheter assembly
12 may be inserted into a patient, for example, through the
apex of the heart 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. The distal end 17
of the outer tube 16 may be disposed near the coaption line 5
of the mitral valve 1, as shown in FIG. 3A, with the grasping
members 20 biased to bend toward the posterior side of the
aortic annulus 4. The distal end 17 of the outer tube 16 may
be guided to a position near the coaption line 5 using three-
dimensional echocardiography or another imaging technique to
vigualize the outer tube or other components of the catheter
assembly 12.

[0064] Once the outer tube 16 has been properly positioned,
the first grasping member 20a may be deployed by sliding the
respective actuation rod 22 distally so that the grasping
member slides beyond the distal end 17 of the outer tube 16.
No longer being constrained by the outer tube 16, the first
grasping member 20a may assume a substantially right-angled
orientation, with the fingers 26 thereof extending above the
target portion of the posterior leaflet 2 to be captured, as
ghown in FIG. 3B. For example, the target portion of the
posterior leaflet 2 to be captured may be a loose edge of the
leaflet below the coaption line 5. Next, the lower surface 28
of the fingers 26 of the first grasping member 20a may be

placed adjacent the upper surface 9a of the target portion of

~-13-



WO 2014/022464 PCT/US2013/052832

the posterior leaflet 2, as can be seen in FIG. 3C, by moving
the distal portion 14 of the catheter assembly 12 proximally
relative to the posterior leaflet.

[0065] Then, as shown in FIG. 3D, the second grasping
member 20b may be deployed by sliding the respective actuation
rod 22 distally so that the grasping member slides beyond the
distal end 17 of the outer tube 16. No longer being
constrained by the outer tube 16, the second grasping member
20b may assume a substantially right-angled orientation, with
the fingers 26 thereof extending below the target portion of
the posterior leaflet 2 to be captured. The upper surface 29
of the fingers 26 of the second grasping member 20b may be
placed adjacent the lower surface 9b of the target portion of
the posterior leaflet 2 by sliding the respective actuation
rod 22 distally relative to the posterior Ileaflet. If
desired, the distal portion 25 of the second grasping member
20b can be guided to the lower surface 9b between adjacent
chordae tendinae 11, so that the chordae tendinae are not
damaged during application of the clip 30 as described below.
[0066] The user may capture the target portion of the
posterior leaflet 2 by sliding the actuation rod 22 of the
first grasping member 20a proximally and sliding the actuation
rod of the second grasping member 20b distally until the
target leaflet portion is sandwiched between the lower surface
28 of the fingers 26 of the first grasping member and the
upper surface 29 of the fingers of the second grasping member.
As shown in FIG. 3E, some of the fingers 26 of the first
grasping member 20a may be disposed opposite gaps 27 between
some of the fingers of the second grasping member 20b, so that
when the grasping members are sandwiched together, some of the
target leaflet portion 1is forced into such gaps, thereby
increasing the friction with the captured leaflet portion 8.
Also, some of the fingers 26 of the second grasping member 20b
may be disposed opposite gaps 27 between some of the fingers

of the first grasping member 20a, so that when the grasping
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members are sandwiched together, some of the target leaflet
portion is forced into such gaps, thereby increasing the
friction with the captured leaflet portion 8.

[0067] Subsequently, the grasping members 20 may be
partially retracted into the outer tube 16, as shown in
FIG. 3F, so that the distal portion 25 of each grasping member
may contact the distal end 17 of the outer tube. As the
grasping members 20 are retracted into the outer tube 16,
contact with the outer tube 16 will cause the grasping members
assume an obtuse-angled or substantially planar orientation.
[0068] Then, as shown in FIG. 3G, the grasping members 20
may be rotated about the longitudinal axis of the outer tube
16, thereby causing the captured leaflet portion 8 to assume a
twisted shape. Such a twisted captured leaflet portion 8 may
have a width W2 in a plane normal to the longitudinal axis of
the outer tube 16 that is smaller than its untwisted width Wl
(FIG. 3F), which may make it easier for the clip 30 to fit
around the captured leaflet portion, as will be described
below.

[0069] Next, the grasping members 20 may be further
retracted into the outer tube 16, as shown in FIG. 3H, such
that most or all of the grasping members and a substantial
amount of the captured portion 8 of the posterior leaflet 2
are pulled into the lumen of the outer tube.

[0070] As shown in FIG. 3I, the user may secure the
captured portion 8 of the posterior leaflet 2 by pushing the
deployment tube 34 distally until the distal end 36 thereof
contacts the clip 30 and pushes it in a distal direction off
of the distal end 17 of the outer tube 16. As the clip 30 is
released from the outer tube 16, it will collapse to a
substantially round configuration according to its bias, and
the two prongs 32 of the clip will become embedded in the
captured tissue 8 of the posterior leaflet 2, thereby securing
the tissue. If a plurality of clips 30 are disposed adjacent

one another at the distal end 17 of the outer tube 16,
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additional clips can be deployed onto the posteriocr leaflet 2
by continuing to move the deployment tube 34 distally until
each additional c¢lip is pushed off of the outer tube as
desired.

[0071] After one or more clips 30 have been adequately
secured on the captured tissue 8 of the posterior leaflet 2,
the device 10 may be withdrawn from the patient. As a first
step, the second grasping member 20b may be disengaged from
the posterior leaflet 2 by sliding the actuation rods 22
distally so that the grasping members 20a, 20b slide beyond
the distal end 17 of the outer tube 16, as shown in FIG. 3J.
No longer being constrained by the outer tube 16, the second
grasping member 20b may assume a substantially right-angled
orientation, with the distal portion 25 thereof bending away
from the captured tissue 8 of the posterior leaflet 2.

[0072] Next, the first grasping member 20a may be
disengaged from the posterior leaflet 2 by sliding the
actuation rods 22 proximally so that the grasping members are
pulled into the lumen of the outer tube 16, as shown in
FIG. 3K. The catheter assembly 12 may subsequently be
withdrawn from the patient through the apex of the heart. The
procedure described above may be repeated to apply one or more
additional clips 30 onto a different portion of the same
posterior leaflet 2.

[0073] Another embodiment of a capture tool and tissue
securing component is shown in FIG. 4. The catheter assembly
112 of the device 110 includes a capture tool in the form of
two releasable grasping members 120 each disposed within an
elongated outer tube 116. Each grasping member 120 may be
independently longitudinally slidable within the outer tube
116 between a retracted posgition within the outer tube and a
deployed position in which the grasping member protrudes
distally beyond the open distal end 117 of the outer tube.
The outer tube 116 may be the same as the outer tube 16

described above.
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[0074] Each grasping member 120 may be attached at its
proximal end to a respective actuation rod 122 extending
within the outer tube 116 from a vertex 121 of the grasping
member to a proximal end of the device (not shown). In the
embodiment shown, each actuation rod 122 may have a threaded
distal tip that is engaged into a tapped recess 123 (FIG. 5C)
extending with a portion of the respective grasping member 120
adjacent the vertex 121 thereof, such that each actuation rod
is removably coupled to the respective grasping member. The
actuation rods 122 may be slidably coupled to one another by a
coupling member such as the ring 24 described above.

[0075] Each grasping member 120 may have an V-shape when in
the retracted position within the outer tube 116, as shown in
FIG. 4, and each grasping member may assume a substantially
linear shape when deployed from the outer tube, as shown in
FIG. 5A. In that regard, each grasping member 120 may be
formed from a memory metal or a strong, resilient metal or
polymer that will cause the V-shape to form automatically when
deployed. Depending on the length L of each grasping member
120 (FIG. 5A) relative to the diameter of the lumen of the
outer tube 116, the grasping members may each have an acute-
angled shape, a right-angled shape, or an obtuse-angled shape
when in the retracted position within the outer tube.

[0076] Although each grasping member 120 is shown as having
a V-shape orientation when in the retracted position within
the outer tube 116, that need not be the case. The grasping
members may have any other shape or configuration when
retracted within the outer tube, including for example, a U-
shape or a Y-shape. It is preferred that the grasping members
have a retracted shape such as a V, U, or Y that is capable of
enclosing a portion of 1leaflet tissue therein when opposed
ends of the grasping members are brought towards one another.
[0077] The opposed ends 125 of each grasping member 120 may
be shaped into one or more barbs 126 that may extend from the

central portion 124 of the grasping member in a direction
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substantially perpendicular to the plane of the central
portion of the grasping member in the deployed position. For
example, as shown in FIG. 5B, when the grasping members 120
are 1in the deployed position, the barbs 126a of a first
grasping member 120a may extend proximally from the plane of
the central portion 124, and the barbs 126b of a second
grasping member 120b may extend distally from the plane of the
central portion.

[0078] Although each grasping member 120 is shown as having
one barb 126 at each of the opposed ends 125 thereof, that
need not be the case. The inventiocn contemplates grasping
members each having only one barb, or each having more than
two barbs, such as three, four, £five, six, eight, ten, or
twelve barbs. One or both of the grasping members may have
several barbs adjacent to one another that together form a
serrated surface. In an embodiment where each grasping member
has only one barb, the barb of the first grasping member 120a
may be at an opposite end 125 (on the left of FIG. 4, for
example) than the barb of the second grasping member 120b
(which may be on the right side of FIG. 4, for example).

[0079] The invention also contemplates grasping members
having barbs not disposed at the ends 125 of the grasping
members. Instead, one or more of the grasping members may
have one or more barbs that are spaced apart from the ends of
the grasping members. For example, one or more of the
grasping members may have barbs at locations that are one-
quarter and three-quarters of the distance along the grasping
member between the opposed ends 125), and such grasping
members may not have barbs disposed at the ends of the
grasping members.

[0080] In the embodiment shown in FIG. 4, the releasable
grasping members 120 may serve to help secure a captured
portion of the posterior leaflet 2, in addition to serving as
a capture tool. A tissue securing component in the form of a

locking ring 130 may be configured to be applied around a
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captured portion of the posterior leaflet 2. The locking ring
130 may be removably disposed within the distal end of the
lumen of a deployment tube 134. The locking ring 130 may be
disposed on an annular shelf 136 adjacent the distal end of
the deployment tube 134. The deployment tube 134 may be
glidably digsposed in the lumen of the outer tube 116 with a
tight clearance.

[008B1] To use the device 110 to gather heart valve leaflet
tissue, the grasping members 120 may be threaded onto the
distal ends of the respective actuation rods 122, and the
locking ring 130 may be loaded into the lumen of the
deployment tube 134 on the annular shelf 136.

[0082] Next, the distal portion 114 of the catheter
assembly 112 may be inserted into a patient, for example,
through the apex of the heart 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. The distal end
117 of the outer tube 116 may be disposed near the coaption
line 5 of the mitral valve 1, similar to the position of the
outer tube 16 shown in FIG. 3A, with the grasping members 120
oriented substantially parallel to the portion of the coaption
line adjacent the distal end of the outer tube (e.g., such as
the orientation of the grasping member shown in FIG. 5C).
[0083] Once the outer tube 116 has been properly
positioned, the first grasping member 120a may be deployed by
sliding the respective actuation rod 122 distally so that the
grasping member slides beyond the distal end 117 of the outer
tube 116. No longer being constrained by the outer tube 116,
the first grasping member 120a may assume a substantially
linear orientation, with the <first grasping member located
above the target portion of the posterior leaflet 2 to be
captured, similar to the position of the grasping member 20
shown in FIG. 3B. Next, the barbs 126a of the first grasping
member 120a may be engaged with the upper surface %9a of the

target portion of the posterior leaflet 2, as shown in
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FIG. 5A, by moving the distal portion 114 of the catheter
assembly 112 proximally relative to the posterior leaflet
until the barbs contact the leaflet.

[0084] Then, the second dgrasping member 120b may be
deployed by sliding the respective actuation rod 122 distally
so that the grasping member slides beyond the distal end 117
of the outer tube 116. No longer being constrained by the
outer tube 116, the second grasping member 120b may assume a
substantially linear orientation, with the second grasping
member located below the target portion of the posterior
leaflet 2 to be captured. Next, the barbs 126b of the second
grasping member 120b may be engaged with the lower surface 9b
of the target portion of the posterior leaflet 2, as shown in
FIG. 5B, by sliding the respective actuation rod 122 distally
relative to the posterior leaflet until the barbs contact the
leaflet.

[0085] The user may capture the target portion of the
posterior leaflet 2 by sliding the actuation rod 122 of the
first grasping member 120a proximally and sliding the
actuation rod of the second grasping member 120b distally
until the target 1leaflet portion is sandwiched between the
grasping members.

[008B6] Subsequently, the grasping members 120 may be
partially or entirely retracted into the lumen of the outer
tube 116 along with the captured portion 8 of the posterior
leaflet 2, as shown in FIG. 5D, so that the second grasping
member 120b contacts the outer tube near the ends 125 of the
second grasping member. As the grasping members 120 are
retracted into the outer tube 116, contact between the second
grasping member 120b and the outer tube 116 will cause the
grasping members to bend at their respective vertexes 121 and
assume a V-shape.

[0087] As shown in FIG. 5E, the wuser may secure the
captured portion 8 of the posterior leaflet 2 by pushing the
deployment tube 134 distally such that the vertex 121 of one
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or both of the grasping members 120 extends at least partially
into the lumen of the deployment tube and into the center of
the locking ring 130. The locking ring 130 may slide onto the
V-shaped central portion 124 of the second grasping member
120b with a tight clearance, so that friction between the
locking ring and the second grasping member will hold the
locking ring in place and clamp the second grasping member
tightly onto the captured portion 8 of the ©posterior
leaflet 2. In a variant, the second grasping member 120b may
include bumps or ribs extending along the central portion 124,
so that when the locking ring 130 passes over the bumps or
ribs, the bumps or ribs serve to retain the locking ring onto
the second grasping member.

[0088] After the 1locking ring 130 has Dbeen adequately
secured on the second grasping member 120b, the device 10 may
be withdrawn from the patient. As a first step, the grasping
members 120, the locking ring 130, and the captured portion 8
of the posterior leaflet 2 may be removed from the lumen of
the outer tube 116 by sliding the actuation rods 122 distally
so that the grasping members slide beyond the distal end 117
of the outer tube 116, as shown in FIG. 5F.

[0088] Next, the actuation rods 122 may be disengaged from
the grasping members 120 by rotating the actuation rods about
their longitudinal axes so that the distal ends of the
actuation rods disengage from the recesses 123 of the grasping
members, as shown in FIG. 5G. The catheter assembly 112 may
subsequently be withdrawn from the patient through the apex of
the heart. The procedure described above may be repeated to
apply one or more additional sets of grasping members 120 and
a locking ring 130 onto a different portion of the same
posterior leaflet 2.

[0090] Although the locking ring 130 is described as having
a fixed diameter and being configured to slide onto the V-
shaped central portion 124 of the second grasping member 120b

with a tight clearance, locking rings of other configurations
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may be used. For example, an expandable locking ring or clip
may be used that is configured similarly as the clip 30
described above, such that it may be biased to curl into a
substantially round configuration from a partially open
configuration when deployed from the deployment tube 134.
Such a clip may be initially disposed around an outer surface
of the deployment tube 134 in a partially open configuration,
and a second tube may be slidably disposed around the
deployment tube with a tight clearance, such that the distal
end of the second tube may be slid distally to push the clip
off of the distal end of the deployment tube 134. Once the
clip is pushed off of the deployment tube 134, such clip may
clamp around the V-ghaped central portion 124 of the second
grasping member 120b with a tight clearance, so that friction
between the clip and the second grasping member will hold the
clip in place and clamp the second grasping member tightly
onto the captured portion 8 of the posterior leaflet 2.

[0091] In the foregoing, particular structures have been
described 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.
[0092] Although the various gathering devices have been

described herein in connection with tightening the posterior
leaflet of a mitral valve, all of these devices may be used on
other heart valve leaflets, such as the anterior leaflet of
the mitral wvalve, or on any other tissue of the body for which
a reduction in the length of the tissue would be beneficial.

[0093] Although the invention herein has been described
with reference to particular embodiments in which the catheter
assembly is inserted into the patient 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
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of the patient to reach the heart, for example, through a
transfemoral or subclavian artery, or a using transseptal
procedure. Any other percutaneous technique for accessing the
interior of the heart may also be used. 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 the distal
portion of the catheter assembly approaches the mitral valve
from the upstream side as well as from the downstream side of
the valve.

[0094] Although the invention herein has been described
with reference to particular embodiments, it 1is 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.

[0095] 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.
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CLAIMS

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

an outer tube extending in an elongated direction;

a capture tool moveable in the outer tube between a
contained position and a wuse position, the capture tool
including two grasping members that are moveable relative to
one another in the elongated direction, each grasping member
having a proximal portion and a plurality of fingers, some of
the fingers extending from the proximal portion in a different
plane than others of the fingers, the grasping members being
operable to capture tissue of the heart valve leaflet
therebetween and to draw the captured tissue into the outer
tube in a gathered configuration; and

a tissue securing component disposed at a distal end of
the outer tube and adapted to be applied to the captured
tissue to hold the captured tissue in the gathered

configuration.

2. The device of claim 1, wherein the capture tool
further includes two actuation rods slidably coupled to one
another by a coupling member, each actuation rod extending
within the outer tube in the elongated direction, each
grasping member being attached at the proximal portion thereof

to a respective one of the actuation rods.

3. The device of claim 1, wherein each grasping member
ig moveable between a retracted position in which the grasping
member lies within the outer tube, and a deployed position in
which the grasping member lies outside of the outer tube, the
fingers of each grasping member extending at an obtuse angle
relative to the proximal portion in the retracted position,
the fingers of each grasping member extending at substantially
a right angle relative to the proximal portion in the deployed

position.

4, The device of claim 1, wherein one or more of the
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fingers of at least one of the grasping members has a surface

that is knurled or roughened.

5. The device of claim 1, wherein the tissue securing

component is a releasable clip.

6. The device of c¢laim 5, wherein the clip is biased
from a partially open condition to a clamping condition, and
the clip is configured to be held in the partially open
condition around an outer surface of the outer tube until the

clip is released.

7. A device for gathering tissue of a heart wvalve
leaflet, the device comprising:

an outer tube extending in an elongated direction;

a capture tool moveable in the outer tube between a
contained position and a wuse position, the capture tool
including two grasping members that are moveable relative to
one another in the elongated direction, each grasping member
having a barb at each of two opposing ends thereof, the
grasping members being operable to capture tissue of the heart
valve leaflet therebetween and to draw the captured tissue
into the outer tube in a gathered configuration; and

a tissue securing component disposed at a distal end of
the outer tube and adapted to be applied to the grasping
members to hold the captured tissue in the gathered

configuration.

8. The device of claim 7, wherein each grasping member
is moveable between a retracted position in which the grasping
member lies within the outer tube, and a deployed position in
which the grasping member lies outside of the outer tube, each
grasping member having a V-shape in the retracted position and

extending substantially in a linear direction in the deployed

position.
9. The device of c¢laim 8, further comprising two
actuation rods, each actuation zrod being Ilongitudinally
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slidable within the outer tube and adapted to be removably

coupled to a respective one of the grasping members.

10. The device of claim 9, wherein a distal end of each
actuation rod is threaded and adapted to engage with a tapped

recess of the respective one of the grasping members.

11. The device of claim 8, wherein the tissue securing
component is a locking ring that is configured to slide over
at least one of the grasping members to lock the grasping
members into the V-shape and to retain the captured tissue in

the gathered configuration.

12. A device for gathering tissue of a heart valve
leaflet, the device comprising:

an outer tube extending in an elongated direction; and

a capture tool including two grasping members movable
relative to one another in the elongated direction between a
contained position proximally within the outer tube and a use
position distally of the outer tube,

wherein the two grasping members when in the use position
are arranged spaced apart from one another, and are operative
to capture tissue of the heart valve leaflet therebetween and
to draw the captured tissue into the outer tube when in the

contained position.

13. The device of claim 12, further comprising a tissue
securing component disposed at a distal end of the outer tube
and adapted to be applied to the captured tissue to hold the

captured tissue in a gathered configuration.

14. The device of claim 13, further comprising two
actuation rods respectively connected to the grasping members
for moving the grasping members between the contained position

and the use position.

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

inserting an elongated catheter assembly to a position
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adjacent the heart valve leaflet, the catheter assembly
including an outer tube extending in an elongated direction
and a capture tool moveable in the outer tube between a
contained position and a use position;

moving the capture tool from the contained position to
the use position, the capture tool including two grasping
members that are moveable relative to one another in the
elongated direction, each grasping member changing orientation
or shape when moved from the contained position tc the use
position;

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

retracting the capture tool from the use position toward
the contained position to draw the captured tissue into the
outer tube in a gathered configuration; and

applying a tissue securing component from the distal end
of the outer tube to the captured tissue to hold the captured

tissue substantially in the gathered configuration.

16. The method of claim 15, wherein each grasping member
has a proximal portion and a plurality of fingers, some of the
fingers extending from the proximal portion in a different

plane than others of the fingers.

17. The method of claim 16, wherein the step of moving
the capture tool from the contained position to the wuse
position moves the fingers of each grasping member from
extending at an obtuse angle relative to the proximal portion
to extending at substantially a right angle relative to the

proximal portion.

18. The method of claim 15, wherein the step of
retracting the capture tool includes (i) partially retracting
the capture tool such that the grasping members contact the
outer tube and change orientation, and (ii) rotating the
capture tool about a longitudinal axis of the outer tube such

that the captured tissue is moved to a twisted configuration.
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19. The method of claim 15, wherein the tissue securing
component is a releasable clip biased from a partially open
condition to a clamping condition, and wherein the step of
applying the tissue securing component to the captured tissue
includes releasing the clip from the outer tube so that it

becomes clamped onto the captured tissue.

20. The method of claim 15, wherein the step of moving
the capture tool from the contained position to the use
position moves each grasping member from a V-shape to a

gsubgstantially linear shape.

21. The method of claim 20, wherein the step of
retracting the capture tool includes moving the grasping
members into contact with the outer tube so that the grasping
members move from the substantially linear shape to the

V-shape.

22. The method of claim 15, wherein the tissue securing
component is a locking ring that is configured to slide over
at least one of the grasping members, and wherein the step of
applying the tissue securing component to the captured tissue
includes sliding the locking ring over at least one of the
grasping members such that the grasping members are retained
in the V-shape the captured tissue is retained in the gathered

configuration.

23. The method of claim 22, wherein each grasping member
is removably coupled to an actuation rod extending proximally
therefrom within the outer tube, and wherein the step of
retracting the capture tool from the use position toward the
contained position includes sliding the actuation rods in a

proximal direction of the ocuter tube.

24, The method of claim 23, further comprising, after
the step of applying the tissue securing component to the
captured tissue, removing each actuation rod from a respective

one of the grasping members.
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 15-24

because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgeryRule 39.1(iv) PCT - Method for treatment of the human or animal body

by therapy

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such

an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

-

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-6, 12-14
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

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

1. claims: 1-6, 12-14
grasping members with fingers
1.1. claims: 12-14

grasping members with a contained position within the outer
tube and a use position distally thereof

2. claims: 7-11

graspings member with barbs
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