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(57) Abstract: Apparatus, comprising: (i) a catheter (64); (ii) an
implant (100), comprising a flexible longitudinal member (102),
and a linking member (104) that extends from a first linking site
(106a) ot the longitudinal member to a second linking site (106b)
of the longitudinal member, the implant having: (a) a delivery
state in which the longitudinal member is coaxial with the cathet-
er, and at least a portion of the linking member is disposed along-
side the longitudinal member, and (b) an implanted state in
which a first distance between the first linking site and the
second linking site, measured along the longitudinal member, is
greater than a second distance between the first linking site and
the second linking site, measured along the linking member; and
(iii) a plurality of tissue anchors (46), slidable through the cathet-
er and with respect to the longitudinal member. Other embodi-
ments are also described.
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LEAFLET-RESTRAINING TECHNIQUES

CROSS-REFERENCES TO RELATED APPLICATIONS
The present application claims priority from US provisional patent application
62/063,468 to Gross et al., filed on October 14, 2014, and entitled "Leaflet-restraining

techniques," which is incorporated herein by reference.

FIELD OF THE INVENTION
Some applications of the invention relate in general to the treatment of heart
valves. Some applications of the invention relate more specifically to percutaneously-

deliverable implants for the treatment of valve leaflet prolapse.

BACKGROUND
Prolapse of a heart valve leaflet is routinely treated by surgery. Devices have been
described that are implanted at the native valve so as to inhibit movement of the leaflet

into the atrium.

SUMMARY OF THE INVENTION
Percutaneously-implantable implants are provided to improve coaptation of native

heart valve leaflets by inhibiting movement of a prolapsing leaflet into the atrium.

For some applications, an implant comprises a longitudinal member (e.g., a tubular
member) that is implanted so as to define one or more valve-traversing portions which
inhibit movement of at least one leaflet of the native valve. For some applications the

longitudinal member is contractible subsequently to its implantation.

For some applications, a linking member links linking sites at respective portions
of the longitudinal member. For some such applications the linking member links the
valve-traversing portions, and may itself inhibit movement of the at least one leaflet. For
some applications the linking member is tensionable. For some such applications the

linking member configures the implant to serve as an annuloplasty device.

For some applications, the longitudinal member is implanted in a stepwise manner
by advancing the longitudinal member distally through a catheter, and deploying and

anchoring to heart tissue progressively proximal portions of the longitudinal member.

For some applications, an implant comprises a support structure and a leaflet-
restraining frame. The support structure is couplable to the annulus of the native valve,

and the leaflet-restraining frame is advanceable to the native valve independently of the
1
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frame, and couplable to the frame at the native valve. For some applications a leaflet-
restraining portion of the frame is positioned upstream of the native valve (i.e., does not
traverse the native valve). For some applications, the leaflet-restraining portion of the

frame does traverse the native valve (i.e., passes between leaflets of the native valve).

There is therefore provided, in accordance with an application of the present
invention, apparatus for use with a heart of a subject, the apparatus including:

a catheter, transluminally advanceable to the heart;

an implant, including

a flexible longitudinal member, and

a linking member that extends from a first linking site of the longitudinal
member to a second linking site of the longitudinal member,
the implant having:

a delivery state in which (1) the implant is slidable through at least part of
the catheter, (2) the longitudinal member is coaxial with the catheter, and (3) at
least a portion of the linking member is disposed alongside the longitudinal
member, and

an implanted state in which (1) a first distance between the first linking site
and the second linking site, measured along the longitudinal member, is greater
than a second distance between the first linking site and the second linking site,
measured along the linking member, (2) the linking member has a mid-portion
disposed between the first linking site and the second linking site, and (3) the mid-
portion is not in contact with the longitudinal member; and
a plurality of tissue anchors, slidable through the catheter and with respect to the

longitudinal member, each tissue anchor of the plurality of tissue anchors configured to
anchor a respective portion of the longitudinal member to a respective location of tissue of

the heart.

In an application, in the implanted state, the mid-portion is disposed at least 10 mm

from the longitudinal member.

In an application, the portion of the linking member includes the mid-portion of

the linking member.
In an application, the linking member is elastic.

In an application, the longitudinal member includes:

2
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a first portion anchorable to atrial tissue of the heart by a first tissue anchor of the
plurality of tissue anchors;

a second portion anchorable to ventricular tissue of the heart by a second tissue
anchor of the plurality of tissue anchors;

a third portion including the first linking site, disposed between the first portion
and the second portion, and placeable against a leaflet of the heart;

a fourth portion anchorable to atrial tissue of the heart by a third tissue anchor of
the plurality of tissue anchors; and

a fifth portion including the second linking site, disposed between the second

portion and the fourth portion, and placeable against the leaflet of the heart.

In an application, the implant further includes a resilient strand disposed within at
least a portion of the longitudinal member, and configured to bias the longitudinal member

toward assuming a particular shape.

In an application, the resilient strand is aligned along the portion of the

longitudinal member.

In an application, the portion of the longitudinal member includes the first linking

site.

In an application, in the delivery state, the portion of the linking member that is
disposed alongside the longitudinal member is disposed less than 1 mm from the linking

member.

In an application, in the delivery state, the portion of the linking member that is

disposed alongside the longitudinal member is in contact with the linking member.

In an application, the second distance is adjustable by the linking member being

slidable with respect to the longitudinal member at at least one of the linking sites.

In an application, the implant further includes a locking mechanism, and the

second distance is fixable by locking the locking mechanism to the linking member.
In an application, the locking mechanism includes a ratcheting mechanism.

In an application, the apparatus further includes at least one anchor driver, slidable
within the catheter and with respect to the longitudinal member, and configured to anchor
the respective portions of the longitudinal member to the respective locations of the tissue

using the tissue anchors.
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In an application:

the flexible longitudinal member is a flexible tubular member, including a wall that
defines a lumen,

the linking member extends from the first linking site outside of the tubular
member to the second linking site,

the plurality of tissue anchors are slidable within the lumen of the tubular member,

the anchor driver is slidable within the lumen of the tubular member, and is
configured to anchor the respective portions by driving the tissue anchors from the lumen,

through the wall and into the respective locations of tissue.

In an application, the wall includes a lateral wall that circumscribes the lumen and
a distal wall that defines a distal end of the lumen, and the apparatus is configured such
that (1) at least one tissue anchor of the plurality of tissue anchors is drivable by the
anchor driver through the distal wall, and (2) another at least one tissue anchor of the

plurality of tissue anchors is drivable by the anchor driver through the lateral wall.

There is further provided, in accordance with an application of the present
invention, apparatus for use with a heart of a subject, the apparatus including:

a catheter, transluminally advanceable to the heart;

an implant, including:

a flexible longitudinal member, and
a linking member that extends from a first linking site of the longitudinal
member to a second linking site of the longitudinal member,

a plurality of tissue anchors including at least a first tissue anchor, a second tissue
anchor and a third tissue anchor, each of the tissue anchors being slidable through the
catheter, and configured to anchor a respective one of a plurality of portions of the
longitudinal member to a respective one of a plurality of locations of tissue of the heart;
and

at least one anchor driver, configured to anchor the plurality of portions of the
longitudinal member to the plurality of locations using the plurality of tissue anchors;
the anchor driver and the implant being slidable through the catheter and with respect to
each other such that:

a distal portion of the plurality of portions is anchorable to a first location of tissue

by the first tissue anchor while the first linking site is disposed within the catheter,
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while (1) the distal portion is anchored to the first location, and (2) the second
linking site is disposed within the catheter, a second portion of the plurality of portions is
advanceable distally out of the catheter and anchorable to a second location of tissue by
the second tissue anchor,

while the second portion is anchored to the second location, the second linking site
and a third portion of the plurality of portions are advanceable distally out of the catheter,
and

after the second linking site has been advanced out of the catheter, the third portion

is anchorable to a third location of tissue by the third tissue anchor.

In an application:

the first location of tissue is a location of a first tissue selected from the group
consisting of: atrial tissue and ventricular tissue,

the second location of tissue is a location of a second tissue (1) selected from the
group consisting of: atrial tissue and ventricular tissue, and (2) not the first selected tissue,
and

the distal portion of the longitudinal member is configured to be anchored by the
first tissue anchor to the location of the first selected tissue, and the second portion of the
longitudinal member is configured to be anchored by the second tissue anchor to the

location of the second selected tissue.

In an application, the second portion is disposed 1-6 cm along the longitudinal

member from the distal portion.

In an application, the second portion is disposed 1.5-3 cm along the longitudinal

member from the distal portion.

In an application, the first linking site is disposed 0.5-4 cm along the longitudinal
member from the distal portion, and 1-5 cm along the longitudinal member from the

second portion.

In an application, the third portion is disposed 1-6 cm along the longitudinal

member from the second portion.

In an application, the third portion is disposed 1.5-3 cm along the longitudinal

member from the second portion.
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In an application, the second linking site is disposed 0.5-4 cm along the
longitudinal member from the second portion, and 1-5 cm along the longitudinal member

from the third portion.

There is further provided, in accordance with an application of the present
invention, apparatus for use with a heart of a subject, the apparatus including:

a catheter, transluminally advanceable to the heart;

an implant, including:

a flexible tubular member including a wall that defines a lumen, and

a linking member that extends, outside of the tubular member, from a first
linking site of the tubular member to a second linking site of the tubular member,
the implant having:

a delivery state in which (1) the implant is slidable through at least part of
the catheter, (2) the flexible tubular member is coaxial with the catheter, and (3) at
least a portion of the linking member is disposed alongside the tubular member,
and

an implanted state in which (1) a first distance between the first linking site
and the second linking site, measured along the tubular member, is greater than a
second distance between the first linking site and the second linking site, measured
along the linking member, (2) the linking member has a mid-portion disposed
outside of the tubular member between the first linking site and the second linking
site, and (3) the mid-portion is not in contact with the wall of the tubular member
for at least 0.5 cm of the linking member;

a plurality of tissue anchors, slidable within the lumen; and
at least one anchor driver, slidable within the catheter and within the lumen, and

configured to drive the tissue anchors through the wall and into tissue of the heart.

In an application, the portion of the linking member includes the mid-portion of

the linking member.
In an application, the linking member is elastic.

In an application, in the implanted state, the mid-portion is disposed at least 10 mm

from the wall of the tubular member.

In an application, the tubular member includes:
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a first portion anchorable to atrial tissue of the heart by a first tissue anchor of the
plurality of tissue anchors;

a second portion anchorable to ventricular tissue of the heart by a second tissue
anchor of the plurality of tissue anchors;

a third portion including the first linking site, disposed between the first portion
and the second portion, and placeable against a leaflet of the heart;

a fourth portion anchorable to atrial tissue of the heart by a third tissue anchor of
the plurality of tissue anchors; and

a fifth portion including the second linking site, disposed between the second

portion and the fourth portion, and placeable against the leaflet of the heart.

In an application, in the delivery state, the portion of the linking member that is
disposed alongside the tubular member is disposed less than 1 mm from the wall of the

tubular member.

In an application, in the delivery state, the portion of the linking member that is

disposed alongside the tubular member is in contact with the wall of the tubular member.

In an application, the second distance is adjustable by the linking member being

slidable through the wall at at least one of the linking sites.

In an application, the implant further includes a locking mechanism, and the

second distance is fixable by locking the locking mechanism to the linking member.
In an application, the locking mechanism includes a ratcheting mechanism.

In an application, a proximal end of the linking member is slidable within the

lumen.

In an application, the wall includes a lateral wall that circumscribes the lumen and

a distal wall that defines a distal end of the lumen.

In an application, the apparatus is configured such that at least one tissue anchor of
the plurality of tissue anchors is drivable by the anchor driver through the distal wall, and
another at least one tissue anchor of the plurality of tissue anchors is drivable by the

anchor driver through the lateral wall.

There is further provided, in accordance with an application of the present
invention, apparatus for use with a valve of a heart of a subject, the valve having an

annulus that defines an orifice, and a plurality of leaflets, and the apparatus including:

7
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a catheter, transluminally advanceable to the heart;
a support structure including a flexible tubular member including a wall that
defines a lumen;
a plurality of tissue anchors;
at least one anchor driver, slidable within the catheter and within the lumen, and
configured to anchor the support structure to the annulus by driving the tissue anchors
from the lumen, through the wall and into the annulus;
at least one guide member, a distal end of the guide member couplable to the
support structure such that, subsequently to the anchoring of the support structure, the
guide member extends from the support structure; and
a frame:
having a delivery state in which the frame is slidable within the catheter,
being configured to be slid along the guide member and subsequently
secured to the support structure, and
having a working state in which, while the support structure is anchored to
the annulus and the frame is secured to the support structure, a leaflet-restraining
portion of the frame:
extends away from the support structure and at least partway across
an atrial side of the orifice of the valve,
inhibits atrially-directed movement of a leaflet of the valve, but not

ventricularly-directed movement of the leaflet.

In an application:

the support structure has at least one coupling site at which the frame is securable
to the support structure, and

the distal end of the guide member is coupled to the support structure at the

coupling site.

In an application, the lumen defines a longitudinal axis of the tubular member, and

the guide member extends laterally from the tubular member.

In an application, the tubular member is configured to be advanced in a generally
linear state through at least part of the catheter, and to be anchored by the tissue anchors to
the annulus such that the tubular member assumes an arc defining an arc segment, and the
frame is configured to be secured to the support structure such that the portion of the

frame extends across at least part of the arc segment.
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In an application, while the support structure is anchored to the annulus and the
frame is secured to the support structure, the leaflet-restraining portion of the frame does

not extend ventricularly more than 1 cm past the leaflets of the valve.

In an application, while the support structure is anchored to the annulus and the
frame is secured to the support structure, the leaflet-restraining portion of the frame does

not extend ventricularly past the valve.

In an application, the lumen defines a longitudinal axis of the tubular member, and
the guide member extends longitudinally through at least part of the lumen and away from

the tubular member.

In an application, the frame is advanceable, while in the delivery state, along the

guide member and through the at least part of the lumen.

In an application, the frame is configured to be transitioned from the delivery state
into the working state subsequently to the advancement of the frame through the at least

part of the lumen.

In an application:
the guide member extends through the lumen of a first section of the tubular
member, out through the wall, alongside a second section of the tubular member, and back
in through the wall, and
the frame is advanceable along the guide member such that:
the leaflet-restraining portion becomes disposed alongside the second
section of the tubular member, and
subsequent transitioning of the frame from the delivery state into the
working state moves the leaflet-restraining portion away from the second section

of the tubular member.

In an application:

the guide member is tubular and defines a channel therethrough,

the frame is advanceable along the guide member by being advanced though the
channel, and

the frame is configured to automatically transition into the working state upon

becoming exposed from a distal end of the guide member.

In an application:

the guide member is a secondary guide member,

9



10

15

20

25

30

WO 2016/059639 PCT/IL2015/051027

the apparatus further includes a primary guide member, more flexible than the
secondary guide member,

the support structure is configured to be advanced through the catheter while a
distal end of the primary guide member is coupled to the support structure, and

the secondary guide member is advanceable over the primary guide member and

through the at least part of the lumen subsequent to the anchoring of the support structure.

In an application, support structure is configured to be advanced distally through
the catheter while the primary guide member extends from a distal end of the tubular
member, proximally between the tubular member and an inner surface of the catheter, and

proximally away from the support structure.

In an application:
the frame has a force-distributing portion that is different from the leaflet-
restraining portion, and
in the working state, while the support structure is anchored to the annulus and the
frame is secured to the support structure, the apparatus:
defines fulcrum sites, and
is configured such that an atrially-directed force applied by the leaflet to the
leaflet-restraining portion is transferred via the fulcrum sites to the force-

distribution portion.

In an application, the apparatus is configured such that in response to the atrially-

directed force, the force-distribution portion applies a pressing force to tissue of the heart.

In an application, the apparatus is configured such that in response to the atrially-

directed force, the force-distribution portion applies a pulling force to tissue of the heart.

In an application, the apparatus is configured such that while the support structure
is anchored to the annulus and the frame is secured to the support structure, the force-

distribution portion is disposed against an atrial wall of the heart.

In an application, the apparatus is configured such that while the frame is secured
to the support structure, the force-distribution portion extends away from the support
structure in a direction that is generally opposite to a direction in which the leaflet-

restraining portion extends away from the support structure.

10
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In an application, the frame has one or more coupling sites at which the frame is
securable to the support structure, and the coupling sites are disposed between the leaflet-

restraining portion and the force-distributing portion of the frame.

In an application, while the support structure is anchored to the annulus and the
5  frame is secured to the support structure, the support structure serves as a fulcrum via

which the atrially-directed force is transferred to the force-distribution portion.

There is further provided, in accordance with an application of the present
invention, apparatus for use with a valve of a heart of a subject, the valve having an
annulus that defines an orifice, and at least one leaflet, and the apparatus including:

10 a catheter, transluminally advanceable to the heart;

a support structure, advanceable to the heart via the catheter;

a plurality of tissue anchors, advanceable to the heart via the catheter;

at least one anchor driver, slidable within the catheter and configured to anchor the
support structure to the annulus using the tissue anchors;

15 a frame:
having a delivery state in which the frame is transluminally advanceable to
the heart via the catheter independently of the support structure,
having an expanded state in which the frame defines a leaflet-restraining
portion and a force-distribution portion, and
20 being configured to be intracorporeally secured to the support structure,
the implant having a working state in which:

the support structure is anchored to the annulus,

the frame is in the expanded state thereof and is secured to the support structure,

the leaflet-restraining portion and the force-distribution portion of the frame extend

25  away from the support structure, and

the support structure serves as a fulcrum via which a force applied to the leaflet-

restraining portion by atrially-directed movement of the leaflet is transferred to the force-

distribution portion.

There is further provided, in accordance with an application of the present
30  invention, apparatus for use with a heart of a subject, the apparatus including:

a steerable catheter, transluminally advanceable to inside of the heart;

11
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a tubular member, slidable through the catheter, shaped to define a lumen, and
having a distal end and a proximal end, and a length therebetween that is at least 13 cm;

a plurality of tissue anchors including at least a first tissue anchor and a second
tissue anchor, configured to anchor respective portions of the tubular member to

5  respective locations of tissue of the heart; and

an anchor driver, slidable through the catheter and within the lumen, and

configured to use the plurality of tissue anchors to anchor the respective portions of the

tubular member to the respective locations.
In an application, the length of the tubular member is 13-25 cm.
10 In an application, the length of the tubular member is at least 14 cm.
In an application, the length of the tubular member is 14-25 cm.
In an application, the length of the tubular member is at least 15 cm.
In an application, the length of the tubular member is 15-25 cm.
In an application, the length of the tubular member is at least 18 cm.

15 In an application, the length of the tubular member is 18-25 cm.

There is further provided, in accordance with an application of the present
invention, apparatus for use with a heart of a subject, the apparatus including:
a longitudinal member:
having a first anchor site, a second anchor site, and a third anchor site
20 therebetween,
having a first longitudinal portion extending between the first anchor site
and the second anchor site, and a second longitudinal portion extending between
the second anchor site and the third anchor site, the first and second longitudinal
portions forming a V-shape, and
25 shaped to define a lumen through the first and second longitudinal portions,
that provides fluid communication between the first anchor site and the third
anchor site; and
a plurality of tissue anchors including at least a first tissue anchor anchored to the
first portion, a second tissue anchor anchored to the second portion, and a third tissue

30  anchor anchored to the third portion.

12
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In an application, each tissue anchor of the plurality of tissue anchors includes an
anchor head and a tissue-engaging element, the anchor head is disposed within the lumen,
the tissue-engaging element is disposed outside of the lumen, and the lumen provides fluid
communication between the anchor head of each tissue anchor of the plurality of tissue

5 anchors.

In an application, the first longitudinal portion is disposed at an angle of between

10 and 150 degrees with respect to the second longitudinal portion.

In an application, the first longitudinal portion is disposed at an angle of between

30 and 110 degrees with respect to the second longitudinal portion.

10 In an application, the apparatus further includes a linking member that extends
from a first linking site of the first longitudinal portion to a second linking site of the

second longitudinal portion.

In an application, a first distance between the first linking site and the second
linking site, measured along the longitudinal member, is greater than a second distance
15 between the first linking site and the second linking site, measured along the linking

member.

In an application, the second tissue anchor is disposed 1-6 cm from the first tissue

anchor.

In an application, the third tissue anchor is disposed 1-6 cm from the second tissue

20  anchor.

There is further provided, in accordance with an application of the present
invention, apparatus, including a transluminally-deliverable tissue anchor, including:
a tissue-engaging element:
having a distal tip configured to be pushed into tissue of a heart of a
25 subject, and
configured to anchor the tissue anchor to the tissue; and

a carabiner coupled to a proximal portion of the tissue-engaging element.

In an application, the carabiner includes a single loop that forms a hook portion

and a spring-loaded gate portion.

30 There is further provided, in accordance with an application of the present

invention, a method for use with a heart of a subject, including:
13
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delivering to the heart a longitudinal flexible sleeve that includes a lateral wall that
circumscribes and defines a lumen of the sleeve;

anchoring the sleeve to tissue of the heart by moving a tissue anchor through the
lumen, and driving a tissue-engaging element of the tissue anchor through the lateral wall
and into tissue of the heart; and

facilitating narrowing of the lumen at at least a longitudinal portion of the sleeve.

In an application, facilitating narrowing of the lumen includes applying

longitudinal tension to at least the longitudinal portion of the sleeve.

In an application, facilitating narrowing of the lumen includes placing at least the
longitudinal portion of the sleeve between leaflets of a valve of the heart, such that the

leaflets press against the lateral wall.

In an application, facilitating narrowing of the lumen includes facilitating contact

between opposing sides of the lateral wall.

There is further provided, in accordance with an application of the present
invention, a method for use with a native valve of a heart of a subject, the native valve
having one or more leaflets, and the method including:

advancing, toward the valve of the subject, an implant including a flexible
longitudinal member disposed within a catheter;

using a first tissue anchor, anchoring a distal portion of the longitudinal member to
tissue of an atrium of the heart;

subsequently, (1) advancing out of the catheter a second portion of the longitudinal
member, the second portion being proximal to the distal portion, and (2) using a second
tissue anchor, anchoring the second portion of the longitudinal member to tissue of a
ventricle of the heart such that a third portion of the longitudinal member, disposed
between the first portion and the second portion, traverses the valve and inhibits
movement of at least one of the one or more leaflets of the valve; and

subsequently, (1) advancing out of the catheter a fourth portion of the longitudinal
member, the fourth portion being proximal to the second portion, and (2) using a third
tissue anchor, anchoring the fourth portion of the longitudinal member to tissue of the
atrium such that a fifth portion of the longitudinal member, disposed between the second
portion and the fourth portion, traverses the valve and inhibits movement of at least one of

the one or more leaflets of the valve.
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In an application, the method further includes positioning a resilient strand such
that the resilient strand is within at least one portion of the longitudinal member selected

from the group consisting of: the third portion and the fifth portion.

In an application, anchoring the second portion includes anchoring the second
portion such that the third portion inhibits movement of a given leaflet of the one or more
leaflets, and anchoring the fourth portion includes anchoring the fourth portion such that

the fifth portion inhibits movement of the given leaflet.

In an application, anchoring the second portion includes anchoring the second
portion such that the third portion inhibits movement of a first leaflet of the one or more
leaflets, and anchoring the fourth portion includes anchoring the fourth portion such that

the fifth portion inhibits movement of a second leaflet of the one or more leaflets.

In an application:

the longitudinal member is a flexible tubular member including a lateral wall that
defines and circumscribes a lumen, the distal, second, third, fourth and fifth portions of the
longitudinal member being distal, second, third, fourth and fifth portions of the tubular
member, and

anchoring the distal, second, and fourth portions of the longitudinal member
includes anchoring the distal, second, and fourth portions of the tubular member,

respectively.

In an application:

anchoring the distal portion using the first tissue anchor includes driving the first
tissue anchor from within the lumen and through the lateral wall,

anchoring the second portion using the second tissue anchor includes driving the
second tissue anchor from within the lumen and through the lateral wall, and

anchoring the fourth portion using the third tissue anchor includes driving the third

tissue anchor from within the lumen and through the lateral wall.

There is further provided, in accordance with an application of the present
invention, a method for use with a native valve of a heart of a subject, the method
including:

advancing, toward the valve of the subject, an implant including a flexible

longitudinal member disposed within a catheter, the longitudinal member having a first
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portion, a second portion, and a third portion, the second portion disposed along the
longitudinal member between the first portion and the third portion;

anchoring the first portion of the longitudinal member to tissue of the heart;
anchoring the third portion of the longitudinal member to tissue of the heart; and
5 subsequently to anchoring the first and third portions, coupling the second portion

to a tissue anchor that is anchored to tissue of the heart.
In an application, coupling includes slidably coupling.

In an application, coupling includes hooking the second portion onto the tissue

anchor.

10 In an application, coupling includes moving the second portion through a spring-

loaded gate of the tissue anchor.

In an application, the method further includes anchoring the tissue anchor to tissue

of the heart before the step of advancing the implant.

In an application, the method further includes anchoring the tissue anchor to tissue

15 of the heart before introducing the implant into the subject.

There is further provided, in accordance with an application of the present
invention, a method including:

advancing, toward a valve of a heart of a subject, an implant including a flexible
tubular member including a sleeve that defines a lumen;

20 anchoring a first portion of the tubular member to tissue of an atrium of the heart
by placing the first portion of the tubular member within the atrium and driving a first
anchor from inside the tubular member through the sleeve and into the tissue of the
atrinm;

anchoring a second portion of the tubular member to tissue of a ventricle of the

25  heart by placing the second portion of the tubular member within the ventricle and driving
a second anchor from inside the tubular member through the sleeve and into the tissue of
the ventricle; and

placing a third portion of the tubular member, disposed between the first portion
and the second portion, such that the third portion traverses the valve and inhibits

30 movement of at least one leaflet of the valve.

In an application, advancing the implant includes advancing the implant

transluminally.
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In an application, restricting the movement of the at least one leaflet includes

increasing coaptation of the at least one leaflet with at least another leaflet of the valve.

In an application, restricting the movement of the at least one leaflet includes

restricting movement of the leaflet toward the atrium during ventricular systole.

In an application:

the implant further includes an adjusting mechanism, coupled to the tubular
member, and a flexible longitudinal contracting member, coupled to the adjusting
mechanism, at least part of the contracting member being disposed within the tubular
member, and

the method further includes, subsequently to anchoring the first portion and
anchoring the second portion, adjusting a length of the tubular member between the first
anchor and the second anchor by actuating the adjusting mechanism to adjust a length of

the contracting member between the first anchor and the second anchor.

In an application:

advancing the implant includes advancing the implant through a catheter;

the method further includes progressively advancing, out of the catheter: (i) a distal
end of the tubular member, (i1) thereafter the third portion of the tubular member, and (iii)
thereafter a proximal end of the tubular member; and

the method further includes advancing the adjusting mechanism out of the catheter

prior to advancing the distal end of the tubular member out of the catheter.

In an application, the second portion of the tubular member includes the distal end
of the tubular member, and anchoring the second portion of the tubular member includes
anchoring the second portion of the tubular member such that the distal end of the tubular

member is disposed in the ventricle of the subject.

In an application:

advancing the implant includes advancing the implant through a catheter;

the method further includes progressively advancing, out of the catheter: (i) a distal
end of the tubular member, (i1) thereafter the third portion of the tubular member, and (iii)
thereafter a proximal end of the tubular member; and

the method further includes advancing the adjusting mechanism out of the catheter

subsequently to advancing the proximal end of the tubular member out of the catheter.
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In an application, the second portion of the tubular member includes the distal end
of the tubular member, and anchoring the second portion of the tubular member includes
anchoring the second portion of the tubular member such that the distal end of the tubular

member is disposed in the ventricle of the subject.

In an application, the implant is a first implant, the recited steps are steps of
implanting the first implant, and the method further includes implanting a second implant

following the steps of implanting the first implant.

In an application, the first anchor has a tissue-engaging portion that has a first
diameter and the second anchor has a tissue-engaging portion that has a second diameter
that is greater than the first diameter, and driving the second anchor includes driving the

tissue-engaging portion of the second anchor into the tissue of the ventricle.

In an application, the catheter is a first catheter, advancing the implant through the
catheter includes advancing the implant through the first catheter while (1) the sleeve is
disposed within a second catheter and (ii) the second anchor is disposed outside of the

second catheter.

In an application, the method further includes anchoring a fourth portion of the
tubular member to the tissue of the atrium (1) by driving a third anchor from inside the
tubular member through the tubular member and into the tissue of the atrium, and (2) such
that a fifth portion of the tubular member, disposed between the second portion and the

fourth portion, traverses the valve and restricts a movement of the at least one leaflet.

In an application:

the implant includes a linking member that extends, outside of the tubular member,
from a first linking site of the tubular member between the first portion and the second
portion, to a second linking site of the tubular member between the second portion and the
fourth portion, and

advancing includes advancing the implant in a generally straight configuration in

which at least part of the linking member is disposed alongside the tubular member.

In an application, the method further includes moving the implant into an A-shape
having a first stem, a second stem, and a crossbar, the first stem defined by the third
portion of the tubular member, the second stem defined by the fifth portion of the tubular

member, and the crossbar defined by the linking member.
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In an application, the method further includes adjusting a length of the linking

member between the first linking site and the second linking site.

In an application, the implant includes a locking mechanism, and the method
further includes fixing the length by locking the locking mechanism to the linking

5 member.

In an application, adjusting the length includes sliding a portion of the linking

member within the lumen.

There is further provided, in accordance with an application of the present
invention, a method for use with a native valve of a heart of a subject, the method
10 including:
advancing an implant into the heart; and
coupling the implant to a carabiner of a tissue anchor that is coupled to tissue of

the heart.

The present invention will be more fully understood from the following detailed

15 description of applications thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A-B are schematic illustrations of an implant comprising a flexible
longitudinal member such as a flexible tubular member, having been implanted at a native

mitral valve of a heart of a subject, in accordance with some applications of the invention;

20 Figs. 2A-G are schematic illustrations of a system and technique for implanting an

implant, in accordance with some applications of the invention;

Fig. 3 is a schematic illustration of an implant having been implanted at a native

valve, in accordance with some applications of the invention;

Fig. 4 is a schematic illustration of an alternative implantation arrangement of an

25  implant, in accordance with some applications of the invention;

Figs. 5SA-F are schematic illustrations of an implant, comprising a longitudinal
member and a linking member that extends from a first linking site of the longitudinal
member to a second linking site of the longitudinal member, in accordance with some

applications of the invention;
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Figs. 6A-B are schematic illustrations of an implant, comprising a longitudinal
member and a plurality of linking members, in accordance with some applications of the

invention;

Fig. 7 is a schematic illustration of an implant, comprising a longitudinal member

and one or more linking members, in accordance with some applications of the invention;

Fig. 8 is a schematic illustration of an implant comprising a flexible longitudinal
member, having been implanted at the native valve, in accordance with some applications

of the invention;

Fig. 9 is a schematic illustration of an implant comprising a flexible longitudinal
member, having been implanted at the native valve, in accordance with some applications

of the invention;

Fig. 10 is a schematic illustration of an implant comprising a flexible longitudinal
member and a plurality of linking members, in accordance with some applications of the

invention;

Figs. 11A-B are schematic illustrations of an implant, comprising a longitudinal

member and a harness, in accordance with some applications of the invention;

Figs. 12A-C, 13A-B, 14, 15A-B, and 16 are schematic illustrations of implants
each comprising a support structure and a leaflet-restraining frame, in accordance with

some applications of the invention;

Fig. 17 is a schematic illustration showing adaptation of an implant to a particular

subject, in accordance with some applications of the invention;

Fig. 18 is a schematic illustration of an implant comprising a flexible longitudinal
member such as flexible tubular member, in accordance with some applications of the

invention;

Figs. 19A-B are schematic illustrations of a resilient strand disposed within at least

a portion of a tubular member, in accordance with some applications of the invention;

Fig. 20 is a schematic illustration of two implants, each comprising a respective
flexible longitudinal member, having been implanted at the native mitral valve, in

accordance with some applications of the invention;

Figs. 21 and 22 are schematic illustrations of enlarged tissue anchors, in

accordance with some applications of the invention; and
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Figs. 23A-E are schematic illustrations of a system for implanting an implant in

the heart of a subject, in accordance with some applications of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
Reference is made to Figs. 1A-B, which are schematic illustrations of an implant
40 comprising a flexible longitudinal member such as a flexible tubular member 42 (e.g., a
sleeve), having been implanted at a native mitral valve 10 of a heart 4 of a subject, in
accordance with some applications of the invention. Fig. 1A shows implant 40 being used
to treat a prolapsing posterior leaflet 12 of valve 10, and Fig. 1B shows the implant being

used to treat a prolapsing anterior leaflet 14 of the valve.

The longitudinal member (e.g., tubular member 42) of implant 40 extends from a
site within left atrium 6 of the heart to a site within left ventricle 8 of the heart, such that it
traverses valve 10 and inhibits movement of at least one leaflet of the valve (e.g., inhibits
movement of the leaflet into atrium 6) — i.e., restrains the leaflet. That is, a first portion
44a of member 42 is anchored within atrium 6 (e.g., to mitral annulus 16, or to the wall of
the atrium), a second portion 44b of member 42 is anchored within ventricle 8 (e.g., to a
ventricular wall 18, or to a papillary muscle 20), and a third portion 44c of member 42,
disposed between portions 44a and 44b, traverses valve 10 and inhibits movement of the

at least one leaflet, e.g., posterior leaflet 12 (Fig. 1A) or anterior leaflet 14 (Fig. 1B).

Typically, the longitudinal member (e.g., tubular member 42) extends back from
the ventricular site into the atrium, such that it traverses valve 10 again (e.g., at another
site), further inhibiting movement of the at least one leaflet (e.g., movement of the leaflet
into atrium 6). That is, a fourth portion 44d of member 42 is anchored within atrium 6
(e.g., to mitral annulus 16, or to the wall of the atrium), and a fifth portion 44e of member
42, disposed between portions 44c¢ and 44d, traverses valve 10 and inhibits movement of

the at least one leaflet.

Each portion 44 that is anchored to tissue of the heart (e.g., portions 44a, 44b and
44d) is anchored using at least one tissue anchor 46. For example, as shown in Figs. 1A
and 1B, portions 44a and 44d may each be anchored using a respective plurality of tissue
anchors, and portion 44b may be anchored using a single tissue anchor. However, other
number of tissue anchors may be used as appropriate, including but not limited to, the
number of tissue anchors shown in other figures of the present application, mutatis
mutandis. Typically, and as shown, each tissue anchor 46 comprises an anchor head

disposed within lumen 45, and a tissue-engaging element disposed outside of the lumen,
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and configured to penetrate and anchor to tissue of the heart. Tissue anchors 46 are shown
as helical tissue anchors purely for illustrative purposes, and may comprise any suitable
tissue anchor known in the art, such as dart-like tissue anchors or staples. For example,
Fig. 18 shows implant 40 having been implanted at native valve 10 using dart-like tissue

anchors 46a, in accordance with some applications of the invention.

Therefore, each portion 44 that is anchored to tissue of the heart (e.g., portions 44a,
44b and 44d) serves as an anchor site of the longitudinal member, and each portion 44 that
extends between these anchor sites (e.g., portions 44c and 44e) serves as a longitudinal
portion. For some applications, and as shown, the longitudinal portions form a V-shape,
e.g., disposed with respect to each other at an angle of less than 150 degrees and/or greater

than 10 degrees (e.g., between 110 and 30 degrees).

For applications in which the longitudinal member comprises tubular member 42,
lumen 45 typically provides fluid communication between portions 44a, 44b, and 44d, and
thereby also between the anchor heads of the tissue anchors 46 that anchor these portions

of the longitudinal member to tissue.

Typically, a distance along the longitudinal member (e.g., along tubular member
42) between the tissue anchor 46 that anchors portion 44a and the tissue anchor that
anchors portion 44b is greater than 1 cm and/or less than 6 cm (e.g., 1-6 cm, such as 1.5-3
cm). Typically, a distance along the longitudinal member (e.g., along tubular member 42)
between the tissue anchor 46 that anchors portion 44b and the tissue anchor that anchors

portion 44d is greater than 1 cm and/or less than 6 cm (e.g., 1-6 cm, such as 1.5-3 cm).

Reference is made to Figs. 2A-G, which are schematic illustrations of a system and
technique for implanting implant 40, in accordance with some applications of the
invention. A first steerable catheter 62 is advanced transluminally (e.g., transfemorally,
and via inferior vena cava 22) to heart 4, into right atrium 24 of the heart, and transseptally
into left atrium 6. Septal puncture is typically performed as known in the art. For some
applications, septal puncture is performed using a separate sheath (not shown) along

which catheter 62 is advanced.

A second steerable catheter 64, slidable through catheter 62, extends from the
distal end of catheter 62. For example, catheter 64 may be introduced via a proximal end
of catheter 62 subsequent to transluminal advancement of catheter 62, or catheter 62 may

be advanced with catheter 64 disposed therewithin.
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Catheter 62 is steerable (e.g., bendable) in a first plane, and catheter 64 is steerable
in a second plane, orthogonal to the first plane. Furthermore, catheter 64 is longitudinally
slidable with respect to catheter 62, i.e., along a longitudinal axis of catheter 64. This
configuration facilitates three-dimensional movement of the distal end of catheter 64, and
thereby a third degree of movement of the placement of tissue anchor 46. For some
applications, the third dimension of movement (along the longitudinal axis of catheter 64)
is alternatively or additionally provided by longitudinal sliding of channel 68 (described

hereinbelow) with respect to catheter 64.

For some applications, movement of catheter 64 with respect to catheter 62 is at
least partly inhibited (e.g., movement is allowed up to but not further than a degree of
movement). For some applications (such as but not limited to some applications in which
the third dimension of movement is provided by sliding of channel 68), longitudinal
sliding catheter 64 with respect to catheter 62 is at least partly inhibited. For some
applications, rotation of catheter 64 with respect to catheter 62 is at least partly inhibited.
For some applications the inhibition of movement of catheter 64 with respect to catheter
62 is provided by one or more locking mechanisms comprising couplings defined by one
or both of the catheters and/or controllers (e.g., handles) of the catheters. For some
applications, locking mechanisms and couplings described in one or more of the following
references (all of which are incorporated herein by reference) provide the inhibition of

movement, mutatis mutandis:
PCT publication WO/2013/069019 to Sheps et al.;

US Patent Application 14/357,040 to Sheps et al., which published as US
2014/0309661;

PCT publication WO 2014/064694 to Sheps et al.

The distal end of catheter 64 is advanced to a first tissue site (Fig. 2A), typically in
atrium 6 of the subject. Typically, member 42 is placed in contact with the tissue site.
Tubular member 42 comprises a flexible wall 43 that defines a lumen 45 of the tubular
member. The flexible wall comprises a lateral wall that circumscribes the lumen, and for
some applications also comprises a distal wall that defines a distal end of the lumen. A
distal portion (e.g., a distal end) of tubular member 42 is anchored to the tissue site by a
tissue anchor 46, which is driven, by an anchor manipulator 66, through the wall of the
tubular member and into the tissue site out of the distal end of catheter 64. For some

applications, the first anchor is driven through the distal wall. Typically, a channel 68 is
23



10

15

20

25

30

WO 2016/059639 PCT/IL2015/051027

disposed within member 42, and anchor manipulator 66 advances anchor 46 through the
channel. Channel 68 is typically longitudinally slidable within catheter 64, and, as
described hereinabove, may provide a third direction of movement for placement of tissue

anchor 46 (and the portion of tubular member 42 that it is used to anchor).

For some applications, implant 40 comprises an adjusting mechanism 48, such as a
spool, which is described in more detail hereinbelow. For some such applications, and as
shown, implant 40 is advanced through catheter 64 with mechanism 48 at a distal end of
member 42. For such applications, (1) mechanism 48 may be moved laterally prior to
anchoring of the tubular member, and/or (2) a guide member 70 (described in more detail
hereinbelow), may extend proximally from mechanism 48 and into catheter 64 (e.g., into a
secondary lumen thereof). It is to be noted that although the implants described herein are
generally shown with adjusting mechanism 48, the scope of the invention includes

otherwise identical implants without the adjusting mechanism.

Subsequently to the anchoring, (1) channel 68 (and typically also catheter 64) is
withdrawn proximally with respect to tubular member 42, thereby releasing (e.g.,
exposing) a portion of the tubular member, and (2) the distal end of the channel (and
typically also the catheter) is moved toward another tissue site at which another tissue
anchor 46 will be used to anchor the tubular member (Fig. 2B). For some applications, a
reference-force tube (not shown), disposed within catheter 64 proximal to member 42
provides a reference force to the proximal end of member 42, thereby facilitating the

release/exposure of member 42 from channel 68 and/or catheter 64.

For some applications, and as shown in Fig. 2B, more than one tissue anchor 46 is
used to anchor member 42 in the atrium (e.g., to annulus 16), before moving the distal
ends of catheter 64 and channel 68 into ventricle 8. The tubular member is progressively
exposed from catheter 64 and channel 68, and anchors 46 are driven through the
progressively proximal portions of tubular member 42 that become exposed. Fig. 2B
shows first portion 44a of member 42 having been anchored in the atrium by two tissue
anchors, and portion 44c having become exposed from catheter 64 as the distal end of the

catheter is moved into ventricle 8.

Fig. 2C shows the distal end of catheter 64 and channel 68 having been moved to a
tissue site within ventricle 8. Anchor manipulator 66 is used to anchor portion 44b to this

ventricular tissue site. Subsequently, more of tubular member 42 is exposed as the distal
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ends of catheter 64 and channel 68 are moved back into atrium 6, and portion 44e is

anchored to a tissue site within the atrium (e.g., to the annulus) (Fig. 2D).

Typically, the longitudinal member (e.g., tubular member 42) is anchored to the
tissue sites such that a longitudinal member is generally slack (e.g., a distance along the
longitudinal member between a tissue anchor in the atrium and a tissue anchor in the
ventricle is greater than a shortest straight-line distance between those tissue anchors). It
is hypothesized that the slack facilitates implantation of implant 40 while generally not
deforming tissue and/or affecting hemodynamics (at least not during implantation), which

is hypothesized to increase safety of the procedure.

For some applications, the longitudinal member is anchored with more slack than
will be desired in a final state of the longitudinal member, and is subsequently contracted.
For some such applications, and as shown, implant 40 comprises adjusting mechanism 48
(e.g., an actuatable adjusting mechanism), such as a spool, ratchet, or other adjusting
mechanism. Adjusting mechanism 48 typically includes a locking element that locks the
adjusting mechanism subsequently to adjustment. For some such applications, and as
shown in Fig. 2D, guide member 70 remains coupled to mechanism 48 after anchoring of

the longitudinal member (e.g., tubular member 42).

Figs. 2E-F show an actuating tool 72 being advanced along guide member 70 to
adjusting mechanism 48, and being used to actuate the adjusting mechanism so as to
contract tubular member 42.  For some applications, and as shown, catheter 64 is
withdrawn before advancement of tool 72, leaving guide member 70 in place (e.g., the
catheter is slid proximally along and off of a proximal end of the guide member), such that
tool 72 is advanced through catheter 62 but not through catheter 64. Alternatively, tool 72

may be advanced through catheter 64.

For some applications, adjusting mechanism 48 is coupled to a contracting wire 49
(shown in Fig. 1A) that extends along (e.g., through) at least part of tubular member 42.
For applications in which adjusting mechanism 48 comprises a spool, as shown, tool 72
rotates the adjusting mechanism, thereby contracting the tubular member by tensioning
contracting wire 49 by wrapping the contracting wire onto the spool. As described
hereinabove, subsequently to the adjustment, adjusting mechanism 48 is typically locked

by a locking element of the adjusting mechanism.

For some applications, instead of implant 40 comprising an actuatable adjusting

mechanism, tension on the contracting wire is adjusted by pulling on a portion of the wire
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disposed outside of the implant (e.g., outside the body of the subject), and the tension is

fixed using a locking element (e.g., that is a component of the implant).

Fig. 2G shows a final state of implant 40. Actuating tool 72 has been withdrawn,
and guide member 70 is typically also withdrawn. For some applications, mechanism 48
is locked, and guide member 70 is decoupled from mechanism 48, e.g., as described in
PCT application publication WO/2012/176195 to Gross et al., and/or as described in US
patent application publication 2014/0142695 to Gross et al., which are both incorporated
herein by reference. The state of implant 40 shown in Fig. 2G corresponds to the state

shown in Fig. 1A.

For some applications, apparatus and techniques described in the following
references, which are incorporated herein by reference, may be used to facilitate, and/or be

used in combination with, those described with reference to Figs. 2A-F:

PCT patent application publication WO 2013/069019 to Sheps et al., entitled

"Controlled steering functionality for implant-delivery tool"; and

PCT patent application IL2013/050860 to Sheps et al., filed 23 Oct 2013, entitled
"Controlled steering functionality for implant-delivery tool", which published as

WO0/2014/064694.
For example:

e Tubular member 42 of the present application may correspond to sleeve 26

of these incorporated references, mutatis mutandis.

e Catheters 62 and 64 of the present application may correspond to catheters
12 and 14 of these incorporated references, and/or the apparatus and
techniques for controlling the catheters of these incorporated references
may be used to control the catheters of the present application, mutatis

mutandis.

e Channel 68 and the reference-force tube of the present application may
correspond to channel 18 and reference-force tube 19 of these incorporated

references, mutatis mutandis.

e Adjusting mechanism 48 of the present application may correspond to
adjusting mechanism 40 of these incorporated references, mutatis

mutandis.
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For some applications, apparatus and techniques described in US Patent
Application Publication 2012/0078355 to Zipory et al., entitled "Deployment techniques
for annuloplasty ring and over-wire rotation tool", which is incorporated herein by
reference, may be used to facilitate, and/or be used in combination with, those described
with reference to Figs. 2A—-G. mutatis mutandis. For example, adjusting mechanism 48,
guide member 70, and/or actuating tool 72 of the present application may be identical
respectively to adjusting mechanism 40, longitudinal member 86, and/or rotation tool 80
of US 2012/0078355 to Zipory et al., mutatis mutandis. Alternatively or additionally, the
apparatus and techniques described in US 2012/0078355 to Zipory et al. for use with these

elements may be used with the corresponding elements of the present application.

Reference is made to Fig. 3, which is a schematic illustration of an implant 80
having been implanted at valve 10, in accordance with some applications of the invention.
Typically, implant 80 is identical to implant 40, although length of tubular member 42
may be different. For example, tubular member 42 of implant 80 may be longer than that

of implant 40.

As shown in Fig. 3, for some applications, tubular member 42 may be anchored at
more than one tissue site within ventricle 8. For example, a portion 44f of member 42
may be implanted at a second tissue with within ventricle 8, such that a portion 44g,
disposed between portions 44b and 44f, extends between the two ventricular tissue sites.
It is to be noted that for some applications such an implantation arrangement is distinct
from an implantation arrangement in which two or more tissue anchors are used to anchor
a portion of member 42 to a single ventricular site. For example, in the implantation
arrangement shown in Fig. 3, portion 44g is generally not in contact with tissue of
ventricle 8, whereas when two tissue anchors are used to anchor a portion of member 42 to
a single ventricular site, the portion of member 42 disposed between the two tissue
anchors is typically in contact with the ventricular tissue. For some applications, portions
44b and 44f of implant 80 are anchored to respective papillary muscles 20 of the subject
(as shown). Alternatively, one or both of portions 44b and 44f may be anchored to wall

18 of ventricle 8.

For some applications in which portions 44b and 44f are anchored to respective
papillary muscles 20, member 42 is configured to facilitate reduction of a distance
between the papillary muscles, e.g., via contraction of portion 44g. For some such

applications, portion 44g is contracted using adjusting mechanism 48, or a separate
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adjusting mechanism. For some such applications, member 42 is differentially
contractible (e.g., as described hereinbelow with reference to Fig. 8, mutatis mutandis),

such that portion 44g is more or less contractible than portions 44¢ and 44e.

It is to be noted that the locations at which portions 44c and 44e of implant 80
contact leaflet 12 are different to those at which the same portion of implant 40 contact the
leaflet. Typically, these locations are spaced further apart for implant 80 due to the
spacing between portions 44b and 44f. It is hypothesized that for some applications (e.g.,
for some subjects) this may advantageously more effectively improve coaptation of leaflet
12 with leaflet 14, such as by more effectively inhibiting atrially-directed movement of

leaflet 12.

Thus, implant 80 is hypothesized to adjust functionality of the native valve by (1)
restraint of a leaflet of the native valve, and/or (2) adjustment of the distance between

papillary muscles.

Reference is made to Fig. 4, which is a schematic illustration of an alternative
implantation arrangement of implant 80, in accordance with some applications of the
invention. In the implantation arrangement shown in Fig. 4, portions 44c and 44e of
tubular member 42 intercross. For such an arrangement, portion 44b is typically anchored
at a ventricular site that is closer to (a) the atrial site at which portion 44d is anchored, than
to (b) the atrial site at which portion 44a is anchored. For some applications, implant 80 is
implanted such that a point 82 at which portions 44c and 44e intercross is disposed in
front of leaflet 12, e.g., such that the point will contact the leaflet. It is hypothesized that
for some applications (e.g., for some subjects) this may advantageously more effectively
improve coaptation of leaflet 12 with leaflet 14, such as by more effectively inhibiting
atrially-directed movement of leaflet 12 (e.g., by providing a greater area of member 42

that leaflet 12 may contact).

Reference is made to Figs. SA-F, which are schematic illustrations of an implant
100, comprising a longitudinal member such as a tubular member 102, and a linking
member 104 that extends from a first linking site 106a of the longitudinal member to a
second linking site 106b of the longitudinal member, in accordance with some
applications of the invention. Typically, tubular member 102 is identical to tubular
member 42, except where described otherwise. Further typically, implant 100 and its
method of implantation are typically identical, except where described otherwise, to

implant 40 and its method of implantation. Thus, some terms and reference numerals
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(such as portion 44a, portion 44b, portion 44c, portion 44d and portion 44e) used
hereinabove with respect to tubular member 42, are also used with respect to tubular

member 102.

Fig. 5SA shows implant 100 in an implanted state at native valve 10. For some
applications, and as shown, linking site 106a is located close to (e.g., within) portion 44c
of member 102, and linking site 106b is located close to (e.g., within) portion 44e of
member 102. For some applications, linking sites 106a and 106b are located such that,
when implant 100 is implanted, linking member 104 is located in front of leaflet 12, e.g.,
such that the leaflet contacts the linking member. It is hypothesized that for some
applications, linking member 104 facilitates restraining of leaflet 12 (i.e., inhibition of
movement of the leaflet into atrium 6) by inhibiting movement of the leaflet between
portions 44c and 44e, such as by inhibiting movement of portions 44c and 44e away from

each other, and/or directly obstructing the leaflet.

For some applications, linking member 104 is configured (e.g., coated) to inhibit
tissue growth thereon. For some applications, linking member 104 is configured (e.g.,

coated) to promote tissue growth thereon.

In the implanted state, a distance dl between linking sites 106a and 106b,
measured along the longitudinal member (e.g., tubular member 102) is greater than a
distance d2 between the linking sites, measured along the linking member. For example,
distance d1 may be more than 20 percent greater (e.g., more than 50 percent greater) than
distance d2. In the implanted state, a mid-portion 108 of linking member 104 is disposed
outside of, and not in contact with, tubular member 102. For example, mid-portion 108 of
linking member 104 may be more than 10 mm, such as more than 15 mm away from
tubular member 102. In the implanted state, typically at least 0.5 cm (e.g., 0.5-4 cm) of

linking member 104 are disposed outside of, and not in contact with, tubular member 102.

Fig. 5B shows implant 100, in a delivery state thereof, within catheter 64. In the
delivery state, the longitudinal member (e.g., tubular member 102) is coaxial with catheter
64, and at least a portion of linking member 104 is disposed alongside the longitudinal
member (e.g., generally parallel with the longitudinal member, such as along the outside
of tubular member 102). Typically, therefore, a distance d5 between linking sites 106a
and 106b, measured along linking member 104, is no smaller than a distance between the
linking sites measured along the longitudinal member (e.g., distance d1). For some

applications, distance d5 is less than 20 percent different (e.g., less than 10% different,
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such as less than 5 percent different) from distance d1. That is, for some applications the
portion of linking member 104 that is disposed outside of tubular member 102 has a length
d5 that is less than 20 percent different (e.g., less than 10% different, such as less than 5
percent different) to the length of the tubular member between the linking sites. For

example, length d5 may be generally equal to (e.g., within 10 mm of) length d1.

For some applications, distance d5 is greater than distance d1 (e.g., linking
member 104 may be meander back and forth alongside and/or around a portion of tubular
member 102). For some such applications, distance d5 may be more than 20 percent

greater than distance d1.

For some applications, the portion of linking member 104 that is disposed
alongside the longitudinal member is generally within 2 mm (e.g., within 1 mm, such as
within 0.5 mm) of the longitudinal member, such as being generally in contact with the

longitudinal member.

Figs. 5C-E show steps in the implantation of implant 100. Portion 44a (i.e., a
distal portion) of tubular member 102 is anchored to a first tissue site (e.g., an atrial tissue
site, such as described hereinabove for tubular member 42, mutatis mutandis) while
almost all, if not all, of tubular member 102 is disposed within catheter 64. Therefore,
portion 44a is anchored while both linking site 106a and linking site 106b are disposed
within catheter 64.

Subsequently, tubular member 102 is advanced out of catheter 64 (thereby
exposing portion 44c¢ and linking site 106a), the distal end of catheter 64 is moved to a
second tissue site (e.g., a ventricular tissue site), and portion 44b is anchored to the second
tissue site (Fig. 2C). During the anchoring of portion 44b, linking site 106a is typically
disposed outside of catheter 64, and linking site 106b is typically disposed within the

catheter.

Subsequently, tubular member 102 is advanced further out of catheter 64, thereby
exposing portion 44e and linking site 106b (Fig. 5D). Portion 44d is subsequently
anchored to a third tissue site (e.g., an atrial tissue site) (Fig. SE). During the anchoring of
portion 44d, both linking site 106a and linking site 106b are typically disposed outside of
catheter 64.

For some applications, and as shown in Fig. SE, the length of the portion of linking

member 104 that is disposed outside of tubular member 102 (i.e., the distance between the

30



10

15

20

25

30

WO 2016/059639 PCT/IL2015/051027

linking sites, measured along the linking member) remains generally the same after
anchoring of the tubular member, and is subsequently (e.g., manually) reduced. Figs. SE-
F shows an exemplary technique by which this length is reduced. A proximal portion 110
of linking member 104 is slidable with respect to the longitudinal member (e.g., tubular
member 102) at linking site 106b, such as by being slidable through wall 43 of the tubular
member and into lumen 45. The length is reduced by pulling portion 110 of linking
member 104, e.g., until the length becomes length d2.

Typically, a locking mechanism 112 inhibits linking member 104 from sliding
back in the opposite direction (and thus increasing its length between the linking sites).
For some applications, locking mechanism 112 is manually locked to linking member 104
(e.g., by crimping). For some applications, locking mechanism 112 comprises a ratcheting
mechanism, and linking member 104 is coupled to or defines one or more protrusions 114
which are configured to pass through the locking mechanism in one direction, but which

are inhibited by the locking mechanism from passing in the opposite direction.

For some applications, proximal portion 110 is reversibly coupled to a pull-wire
115, which extends proximally (e.g., out of the body of the subject) such that an operating
physician may reduce the length of the portion of linking member 104 that is disposed
outside of tubular member 102 by pulling on the pull-wire. For example, pull wire 115
and proximal portion 110 may define respective mating surfaces 116 and 118, which are
held together by an overtube 119. Once reduction of the length is complete, overtube 119
is withdrawn proximally such that surfaces 116 and 118 may decouple, and the overtube

and the pull-wire are withdrawn (Fig. 5F).

For some applications, the length of the portion of linking member 104 that is
disposed outside of tubular member 102 (i.e., the distance between the linking sites,
measured along the linking member) reduces automatically during implantation. For
example, linking member 104 may be elastic, and configured to automatically contract as
the direct distance between linking sites 106a and 106b is reduced during implantation.
Alternatively or additionally, proximal portion 110 may be reversibly coupled to channel
68, and is progressively pulled as the channel is progressively withdrawn during

implantation (e.g., as each anchor is anchored).

For some applications, a distal portion of linking member 104 is slidable with
respect to the longitudinal member (e.g., tubular member 102) at linking site 106a, such as

by being slidable through wall 43 of the tubular member and into lumen 45. For some
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such applications, the length of the portion of linking member 104 between sites 106a and
106b is reduced using techniques described hereinabove with respect to Figs. SE-F. For
some applications, linking member 104 is coupled to adjusting mechanism 48, and the
length is automatically reduced when the adjusting mechanism is used to contract the
longitudinal member (e.g., tubular member 102). Alternatively, a separate adjusting
mechanism may be provided for reducing the length of the portion of linking member 104
between the linking sites. Therefore, for some applications, the implant has two (or more)

adjustment points, adjustment-locking points, and/or adjustment mechanisms.

For some applications, the reduction of the length of the portion of linking member
104 between the linking sites does not significantly tension the linking member (e.g., the
reduction of the length does not significantly move linking sites 106a and 106b closer to
each other, and/or does not directly apply a pulling force to tubular member 102). For
some such applications, distance d2 is greater (e.g., a little greater) than a direct distance

between the linking sites (i.e., linking member 104 has some slack).

For some applications, the reduction of the length of the portion of linking member
104 between the linking sites does tension the linking member (e.g., moving linking sites
106a and 106b closer to each other, and/or applying a pulling force to tubular member
102). For such applications, distance d2 is typically equal to the direct distance between
the linking sites. Movement of linking sites 106a and 106b closer to each other may be
extracorporeally detected using imaging techniques. For example, a radiopaque marker

may be disposed at each of the linking sites, and detected using fluoroscopy.

For some applications implantation of implant 100 comprises moving the implant
into an A-shape (shown as an inverted A-shape in Fig. 5F) having a first stem (e.g.,
defined by portion 44c), a second stem (e.g., defined by portion 44¢), and a crossbar (e.g.,
defined by linking member 104). It is to be noted that, although contraction of tubular
member 102 is not shown in Figs. SA-F, such contraction may be performed before or
after the reduction of the length of the portion of linking member 104 between the linking

sites.

For some applications, a distance along the longitudinal member (e.g., along
tubular member 102) between portion 44a and portion 44b is greater than 1 cm and/or less
than 6 cm (e.g., 1-6 cm, such as 1.5-3 cm). For some applications, linking site 106a is
disposed greater than 0.5 cm and/or less than 4 cm (e.g., 1-3 cm) along the longitudinal

member (e.g., along tubular member 102) from portion 44a. For some applications,

32



10

15

20

25

30

WO 2016/059639 PCT/IL2015/051027

linking site 106a is disposed greater than 1 cm and/or less than 5 cm (e.g., 2-4 cm) along

the longitudinal member from portion 44b.

For some applications, a distance along the longitudinal member (e.g., along
tubular member 102) between portion 44b and portion 44d is greater than 1 cm and/or less
than 6 cm (e.g., 1-6 cm, such as 1.5-3 cm). For some applications, linking site 106b is
disposed greater than 0.5 cm and/or less than 4 cm (e.g., 1-3 cm) along the longitudinal
member (e.g., along tubular member 102) from portion 44d. For some applications,
linking site 106b is disposed greater than 1 cm and/or less than 5 cm (e.g., 2-4 cm) along

the longitudinal member from portion 44b.

Reference is made to Figs. 6A-B, which are schematic illustrations of an implant
120, comprising a longitudinal member such as a tubular member 122, and a plurality of
linking members 124, in accordance with some applications of the invention. Each
linking member 124 extends from a respective first linking site 126a of the longitudinal
member to a respective second linking site 126b of the longitudinal member, in
accordance with some applications of the invention. Figs. 6A-B show implant 120
comprising a first linking member 124a and a second linking member 124b. Linking
member 124a extends from a first linking site 126a’ to a second linking site 126b', and

linking member 124b extends from a first linking site 126a" to a second linking site 126b".

Typically, tubular member 122 is identical to tubular member 42 and/or tubular
member 102, except where described otherwise. For example, tubular member 122 may
be longer than, but otherwise identical to, tubular member 42 and/or tubular member 102.
Further typically, implant 120 and its method of implantation are typically identical,
except where described otherwise, to implant 40 and its method of implantation, and/or
implant 100 and its method of implantation, mutatis mutandis. Thus, some terms and
reference numerals (such as portion 44a, portion 44b, portion 44c, portion 44d and portion
44e) used hereinabove with respect to tubular member 42 and/or tubular member 102, are

also used with respect to tubular member 122.

Portions 44a, 44b, and 44d of tubular member 122 are typically anchored in the
manner described hereinabove for the corresponding portions of tubular member 42 and/or
tubular member 102, mutatis mutandis, such that portions 44c and 44e traverse native
valve 10. Subsequently, a portion 44h is anchored within ventricle 8 (e.g., to wall 18, or

to papillary muscle 20), such that a portion 441 traverses valve 10. Further subsequently, a
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portion 44j is anchored within atrium 6 (e.g., to mitral annulus 16, or to the wall of the

atrium), such that a portion 44k traverses valve 10.

As portions 441, 44h, 44k, and 44j are progressively advanced out of catheter 64,
linking member 124b is also progressively advanced out of the catheter, as described
hereinabove with respect to linking member 104 of implant 100. For example, during the
anchoring of portion 44h linking site 126a" is typically disposed outside of catheter 64,
and linking site 106b" is typically disposed within the catheter, and during the anchoring

of portion 44j both of these linking sites are typically disposed outside of the catheter.

Fig. 6A shows implant 120 following anchoring of portions 44a, 44b, 44d, 44h,
and 44j. For some applications, and as shown in Fig. 6B, the length of linking members
124a and 124b disposed between their respective linking sites is subsequently reduced,
e.g., as described hereinabove for linking member 104 of implant 100. For some
applications, these portions of linking members 124a and 124b are shortened
simultaneously. For some such applications, linking members 124a and 124b are defined
by a continuous cord (e.g., that passes within tubular member 122 between linking sites
126b' and 126a"). For some applications, these portions of the linking members are
shortened independently of each other. For some applications, these portions of the
linking members are shortened using techniques described hereinabove with respect to
linking member 104, mutatis mutandis, such as by using a locking mechanism, adjusting

mechanism 48, and/or at least one separate adjusting mechanism.

Therefore, for some applications implants described herein are adjustable (i) by
contracting its tubular member, and (i) by tensioning its contracting member(s). For
some applications, one or more (e.g., both) of these adjustments are performed using a
respective adjusting mechanism such as (or similar to) adjusting mechanism 48. For some
applications, both of these adjustments are performed using a common adjusting
mechanism that provides separate control over contracting wire 49 and the linking
member(s). For example, the adjusting mechanism may comprise separate spools that
share common features such as a common housing and/or a common guide member 70.
For some applications, the contraction wire and/or linking member are manually tensioned

(e.g., using a pull-wire reversibly coupled thereto), and locked to maintain the tension.

It is to be noted that although adjusting mechanism 48 is described as comprising a
spool, the scope of the invention includes the use of other adjusting mechanisms, such as a

ratchet.
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Typically, the reduction of the length of the portions of the respective linking
members between the respective linking sites applies tension to the linking member (e.g.,
thereby moving linking sites 126a’ and 126a" closer to linking sites 126b' and 126b",
respectively, and/or moving portions 44a and 44j closer to portion 44d, as indicated by the

arrows).

For some applications, and as shown in Figs. 6A-B, linking site 126a’ is disposed
close to (e.g., within) portion 44a of member 102, linking sites 126b' and 126a" are
disposed close to (e.g., within) portion 44d, and linking site 126b" is disposed close to
(e.g., within) portion 44j. For some applications, and as shown, the linking sites are
located such that, when implant 120 is implanted, linking members 124a and 124b are
located upstream and/or superior to leaflet 12, such as close to (e.g., against) annulus 16.
For some such applications, tensioning of the linking members thereby draws portions
44a, 44d and 44j, and the tissue sites to which they are anchored, closer to each other (Fig.
6B). (It is to be noted that the anchors 46 that anchor these portions to their respective
tissue sites are also drawn closer to each other.) Thus, for some applications, implant 120

serves as an annuloplasty device.

Although the longitudinal member (e.g., tubular member 122) of implant 120 is
shown having four portions that traverse the native valve (portions 44c, 44e, 441, and 44k),
it is to be noted that the longitudinal member may have more or fewer such valve-
traversing portions. For example, the longitudinal member may have two such portions,
and implant 120 may resemble implant 100, with the linking member positioned
differently. Alternatively, the longitudinal member may have more than four valve-
traversing portions (e.g., six or more, €.g., eight or more, and/or between six and twelve)

valve-traversing portions.

For some applications, and as shown in Figs. 6A-B, a respective linking member
124 extends between every atrially-anchored portion of the longitudinal member and all of
its neighboring (i.e., adjacent) atrially-anchored portions (i.e., to its only neighboring
atrially-anchored portion, or to both of its neighboring atrially-anchored portions). For
some applications, some of these linking members are absent, i.e., not every atrially-

anchored portion is linked to all of its neighbors via a linking member.

Reference is now made to Fig. 7, which is a schematic illustration of an implant
140, comprising a longitudinal member such as a tubular member 142, and one or more

linking members 144, in accordance with some applications of the invention.
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As described hereinabove with reference to Figs. 6A-B, for some applications, the
longitudinal member (e.g., the tubular member) of the implant has more than four valve-
traversing portions, and for some applications, not every atrially-anchored portion of the
longitudinal member is linked to all of its neighbors via a linking member. The
longitudinal member (e.g., tubular member 142) of implant 140 has five atrially-anchored
portions (portions 44a, 44d, 44j, 44n, and 44r), and eight valve-traversing portions
(portions 44c, 44e, 441, 44k, 44m, 440, 44q, and 44s).

A first linking member 144a links atrially-anchored portions 44a and 44d, and a
second linking member 144b links atrially-anchored portions 44n and 44r. Portion 44j is
not linked via a linking member to either of its neighbors (portions 44d and 44n), and each
of portions 44d and 44n is thereby linked via a linking member to only one of its
neighbors. It is hypothesized that, for some applications, drawing portion 44a toward
portion 44d, and drawing portion 44r toward portion 44n advantageously reshapes native
valve 10 such that coaptation of leaflets 12 and 14 is improved and/or regurgitation is
reduced. For example, it is hypothesized that, for some applications, reduction of a
dimension of native valve 10 along an anterior-posterior (e.g., septo-lateral) axis ax1 of
the valve is more effective in improving coaptation and/or reducing regurgitation, than is

reduction of a dimension of the valve along an intercommissural axis ax2 of the valve.

In the cutaway of Fig. 7, at least a portion of tubular member 142 is shown as
flattened. That is, although the tubular member defines a lumen (and may have a circular
cross-section) during advancement of anchors therethrough, implantation of the tubular
member may cause or allow at least a portion of the tubular member to become somewhat
flattened, thereby narrowing the lumen. For some applications the lumen becomes non-
circular. For some applications, contact is made between opposing sides of the sleeve
(i.e., of the lateral wall of the sleeve that defines and circumscribes the lumen of the
sleeve). For some applications, the flattening occurs due to tissue pressing against the
sleeve. For example, the sleeve passes between leaflets 12 and 14 of the valve, and the
leaflets press against the sleeve (e.g., during ventricular systole). For some applications,
the flattening occurs because of longitudinal tension applied to the sleeve (e.g., during
anchoring, or subsequently). For some applications, the sleeve is pre-shaped (e.g., ironed)

to assume a flattened state in the absence of channel 68 therewithin.

Reference is made to Fig. 8, which is a schematic illustration of an implant 160

comprising a flexible longitudinal member such as a flexible tubular member 162, having
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been implanted at native valve 10, in accordance with some applications of the invention.
For some applications, implant 160 is identical to implant 40, except that tubular member
162 is longer than tubular member 42. Typically, implant 160 is implanted in the same

way that implant 40 is implanted, mutatis mutandis.

Portions 44a and 44d of tubular member 162 is anchored to atrial tissue (e.g., to
annulus 16) such that each of the portions extends from an anterior portion of the atrium
(e.g., an anterior portion of annulus 16) past (e.g., around) a respective commissure 26,
and to a posterior portion of the atrium (e.g., a posterior portion of the annulus).
Typically, more anchors 46 are used to anchor portions 44a and 44d of implant 160, than

are used to anchor the same portions of implant 40.

As described with reference to Fig. 7, it is hypothesized that, for some
applications, reduction of a dimension of native valve 10 along anterior-posterior axis ax1
of the valve is particularly effective in improving coaptation and/or reducing regurgitation.
Implant 160 is implanted such that contraction of portions 44a and 44d of the longitudinal
member (e.g., tubular member 162) reduces the dimension of the valve along axis ax1 by

contracting portions of the valve in the vicinity of commissures 26.

Such contraction of the longitudinal member may be facilitated by adjusting
mechanism 48, e.g., as described with reference to Figs. 2E-F, mutatis mutandis. For
some applications, such contraction contracts the entire longitudinal member, thereby also
(e.g., automatically and/or simultaneously) reducing slack in portions 44c and 44e, such as

described with reference to Figs. 2E-F, mutatis mutandis.

For some applications, the contraction of portions 44a and 44d is at least partly
distinct and/or independent from contraction of other portions of the longitudinal member.
For example, one or more separate adjusting mechanisms may be used to contract portions
44a and 44d. Alternatively or additionally, the longitudinal member itself may be
differentially contractible, such as by comprising a contraction-inhibition element, such as
a coiled element, disposed at one or more portions of the longitudinal member. For some
applications, apparatus and techniques described in US Patent Application Publication
2012/0022644 to Reich et al., entitled "Partially-adjustable annuloplasty structure”, which

is incorporated herein by reference, may be used to provide such differential contractility.

Reference is now made to Fig. 9, which is a schematic illustration of an implant
180 comprising a flexible longitudinal member such as a flexible tubular member 182,

having been implanted at native valve 10, in accordance with some applications of the
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invention. For some applications, implant 180 is identical to implant 40 and/or implant
160, except that tubular member 182 is longer than tubular members 42 and 162.
Typically, implant 180 is implanted in the same way that implant 40 is implanted, mutatis

mutandis.

Subsequent to anchoring of portions 44a, 44b (not shown in Fig. 9) and 44d,
subsequent portions of tubular member 182 are advanced out of catheter 64 and anchored
to annulus 16. For example, as shown in Fig. 9, a portion 44t of member 182 may extend
around the posterior side of annulus 16 toward portion 44a. For some such applications,

portion 44t defines an annuloplasty portion of member 182.

It is to be noted that for some applications portions of implant 180 are anchored in
a different order. For example, portion 44t may be deployed from catheter 64 anchored

first.

Reference is made to Fig. 10, which is a schematic illustration of an implant 200
comprising a flexible longitudinal member such as a flexible tubular member 202, and a
plurality of linking members 204, in accordance with some applications of the invention.
Each linking member 204 extends from a respective first linking site 206a of the
longitudinal member to a respective second linking site 206b of the longitudinal member,
in accordance with some applications of the invention. Fig. 10 shows implant 200
comprising a first linking member 204a and a second linking member 204b. Linking
member 204a extends from a first linking site 206a’ to a second linking site 206b', and

linking member 204b extends from a first linking site 206a" to a second linking site 206b".

For some applications, linking sites 206 are located such that, when implant 200 is
implanted, linking members 204 are located in front of leaflet 12, e.g., such that the leaflet
contacts the linking members. It is hypothesized that for some applications, linking
members 204 facilitate restraining of leaflet 12 (i.e., inhibition of movement of the leaflet
into atrium 6) by inhibiting movement of the leaflet between portions 44c and 44e, such as
by inhibiting movement of portions 44c and 44e away from each other, and/or directly

obstructing the leaflet.

Typically, implant 200 and techniques for implantation thereof are identical to
implant 100 and techniques for implantation thereof, mutatis mutandis, except where
noted. For example, (1) in the implanted state (shown in Fig. 10), the distance between
each pair of linking sites 206a and 206b, measured along the respective linking member, is

smaller than the distance between the linking sites, measured along the longitudinal
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member (e.g., tubular member 202), e.g., as described with respect to implant 100, mutatis
mutandis, whereas (2) in a delivery state, the two distances are typically generally the

same.

Reference is made to Figs. 11A-B, which are schematic illustrations of an implant
220, comprising a longitudinal member such as a tubular member 222, and a harness 223,
in accordance with some applications of the invention. Harness 223 comprises one or
more linking members 224 (e.g., linking members 224a, 224b, 224c, and 224d) and a
sheet 228. Linking members 224 extend from respective linking sites 226 (e.g., linking
sites 226a, 226b, 226¢, and 226d) to sheet 228, and couple the sheet to tubular member
222.

Fig. 11A shows implant 220 in an implanted state. Typically, linking sites 226 are
located such that, when implant 220 is implanted, sheet 228 is located in front of leaflet
12, e.g., such that the leaflet contacts the linking members. It is hypothesized that for
some applications, harness 223 facilitates restraining of leaflet 12 (i.e., inhibition of
movement of the leaflet into atrium 6) by inhibiting movement of the leaflet between
portions 44c and 44e, such as by inhibiting movement of portions 44c and 44e away from
each other, and/or directly obstructing the leaflet. Sheet 228 provides a larger leaflet-
contacting surface compared to linking members alone, and it is hypothesized that for
some applications, this advantageously reduces a likelihood of damaging the leaflet being
restrained. For some applications, it is hypothesized that sheet 228 may serve as a partial

prosthetic valve leaflet.

Fig. 11B shows implant 220 in a delivery state within catheter 64. Typically, sheet
228 is disposed between tubular member 222 and the inner surface of catheter 64, further
typically within 2 mm (e.g., within 1 mm) of the tubular member (e.g., in contact with the
tubular member). For some applications, sheet 228 is wrapped at least partway around
tubular member 222. As described hereinabove for other implants, for one or more of the
linking members, the length of the linking member disposed outside of the tubular

member is reduced subsequently to deployment from catheter 64.

Reference is now made to Figs. 12A-C, 13A-B, 14, 15A-B, and 16, which are
schematic illustrations of implants each comprising a support structure and a leaflet-

restraining frame, in accordance with some applications of the invention.

Figs. 12A-C are schematic illustrations of an implant 240 comprising a support

structure 242 and a leaflet-restraining frame 244, in accordance with some applications of
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the invention. Typically, support structure 242 is (or comprises) a tubular member, e.g.,
similar to one or more of the tubular members described hereinabove, mutatis mutandis.
Support structure 242 is typically anchored to annulus 16 of the valve such that the
support structure assumes an arc defining an arc segment 243 disposed at least partway
over the orifice and leaflets of the valve. For some applications, support structure 242 is
anchored to annulus 16 as described for the tubular members described hereinabove,
mutatis mutandis. For some applications, support structure 242 serves as an annuloplasty
band, and for some such applications the support structure is adjustable (e.g., comprises

adjusting mechanism 48), as described hereinabove, mutatis mutandis.

Fig. 12A shows support structure 242 having been anchored to annulus 16 of
native valve 10. The distal end of one or more guide members 246 is coupled, at a
respective one or more coupling sites 247, to support structure 242, and remains coupled
to the support structure after the anchoring of the support. Guide members 246 extend
proximally from the support structure (e.g., into catheter 64, and typically out of the body
of the subject). The lumen of the tubular member of support structure defines a
longitudinal axis of the tubular member, and as shown in Figs. 12A-B, guide members 246
typically extend laterally from the tubular member. Guide members 246 may be coupled
to support structure 242 itself (e.g., to the tubular member) and/or directly to anchors 46
that anchor the support structure. For applications in which guide members 246 are
coupled to support structure 242 itself (as opposed to being coupled directly to anchors
46), the guide members may be coupled to the support structure more than 0.2 cm (e.g.,
more than 0.5 cm, such as more than 1 cm) and/or less than 10 cm (e.g., less than 5 cm,

such as less than 2 cm), e.g., 0.2-10 cm (such as 0.5-5 cm) from the closest anchor 46.

Guide members 246 provide guidance for leaflet-restraining frame 244, which is
subsequently advanced along the guide members to the support structure (Fig. 12B). That
is, frame 244 is slidably coupled to guide members 246, e.g., via eyelets defined by the
frame. Leaflet-restraining frame 244 is typically transluminally advanced while in a
delivery state (e.g., a constrained and/or generally straight state), and transitions (e.g.,
automatically) into a working state (e.g., an expanded state) upon deployment from
catheter 64 into atrium 6. To facilitate this, frame 244 is typically resilient, e.g.,

comprising a shape-memory material.

Subsequently, leaflet-restraining frame 244 is secured to support structure 242, and

typically guide members 246 are decoupled from the support structure and removed from
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the subject (Fig. 12C). For some applications, a locking element 248 is advanced over
each guide member, and locked to a distal portion of the guide member before a proximal
portion of the guide member (e.g., most of the guide member) is decoupled and removed
from the subject. For some such applications, frame 244 is secured to support structure

242 at coupling sites 247.

After implantation (i.e., while support structure 242 is anchored to the annulus and
frame 244 is secured to the support structure), leaflet-restraining frame 244 defines a
leaflet-restraining portion 250 that extends away from support structure 242 and at least
partway across the atrial side of the orifice of the valve (e.g., over one or more of the valve
leaflets). Portion 250 inhibits atrially-directed movement of the one or more leaflets (i.e.,
movement into atrium 6) (e.g., during ventricular systole), thereby treating leaflet
prolapse. Portion 250 typically does not inhibit ventricularly-directed movement of the
one or more leaflets (e.g., during ventricular diastole). Typically, and as shown, portion

250 does not extend ventricularly past the valve (i.e., past the leaflets and into ventricle 8).

Portion 250 thereby experiences an atrially-directed force during ventricular
systole, as the leaflets are pushed atrially. Resistance to this atrially-directed force is
typically provided by force-distribution portions 252 of frame 244, portions 254 of support
structure 242 to which portions 252 are coupled, and the tissue anchors that anchor

portions 252 and 254 to annulus 16.

For some applications, the coupling of frame 244 to the annulus via structure 242
and anchors 46 is such that, when the native leaflets apply the atrially-directed force to
portion 250, portions 254 also experience the force, which is transferred via fulcrum sites
256 at which the leaflet-restraining frame meets support structure 242. For example,
support structure 242 may serve as a fulcrum via which force applied to leaflet-restraining
portion 270 by atrially-directed movement of leaflet 12 and/or 14 is transferred into a
pulling force applied to tissue of the native valve (e.g., annulus 16) by portions 252 and/or
254, via anchors 46. It is hypothesized that such a configuration advantageously

distributes load over implant 240 and the tissue to which it is coupled.

For some applications, and as shown, portion 250 generally defines an arc that
extends away from and back to support structure 242, e.g., oriented in the opposite
direction to the arc defined by the support structure. For some applications portion 250
(e.g., the arc defined thereby) defines a perimeter of more than 2 cm and/or less than 15

cm (e.g., 2-15 cm, e.g., 3-10 cm, such as 4-6 cm). For some applications, and as shown,
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frame 244 as a whole is serpentine, €.g., curving in a first direction to form a first force-
distribution portion 252, curving in a second, opposite, direction to form leaflet-restraining
portion 250, and curving back in the first direction to form a second force-distributing

portion 252.

Figs. 13A is a schematic illustration of an implant 260 comprising support
structure 242 and a leaflet-restraining frame 264, in accordance with some applications of
the invention. Implant 260 is typically implanted in the same manner as implant 240,
mutatis mutandis. In addition to a leaflet-restraining portion 270, which is typically
identical to portion 250 of implant 240, leaflet-restraining frame 264 further comprises a
force-distributing portion 278 that extends away from support structure 242 and from
portion 270 (e.g., extending away from structure 242 in the opposite direction to portion
270). Portion 278 typically contacts tissue of atrium 6, such as the atrial wall. The
atrially-directed force experienced by portion 270 presses portion 278 against the tissue,
and portion 278 thereby provides resistance to the atrially-directed force. The atrially-
directed force is typically transferred via fulcrum sites 276 at which frame 264 is coupled
to structure 242. Thus, support structure 242 may serve as a fulcrum via which force
applied to leaflet-restraining portion 270 by atrially-directed movement of leaflet 12
and/or 14 is transferred into a pressing force of force-distribution portion 278 against the
atrial wall. Typically, coupling sites 247 are disposed between portions 270 and 278, and

fulcrum sites 276 generally coincide with the coupling sites.

For some applications, and as shown, portion 278 generally defines an arc that
extends away from and back to support structure 242. For some applications portion 278
(e.g., the arc defined thereby) defines a perimeter of more than 2 cm and/or less than 20

cm (e.g., 2-20 cm, e.g., 4-15 cm, such as 5-10 cm).

Fig. 13B is a schematic illustration of an implant 280 comprising support structure
242 and a leaflet-restraining frame 284, in accordance with some applications of the
invention. Leaflet-restraining frame 284 comprises leaflet-restraining portion 270, force-
distribution portion 278, and force-distribution portions 252. For some applications,

implant 280 is a combination of implants 240 and 260.

Fig. 14 shows an implant 300 comprising support structure 302 and a leaflet-
restraining frame 304, in accordance with some applications of the invention. Typically,
support structure 302 is (or comprises) a tubular member, e.g., similar to one or more of

the tubular members described hereinabove, mutatis mutandis. Support structure 302 is
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typically anchored to annulus 16 in the same way as support structure 242, mutatis
mutandis. For some applications, support structure 302 serves as an annuloplasty band,
and for some such applications the support structure is adjustable (e.g., comprises

adjusting mechanism 48), as described hereinabove, mutatis mutandis.

Box A of Fig. 14 shows support structure 302 having been anchored to annulus 16.
A guide member 306 extends longitudinally through at least part of the lumen of the
tubular member and away from the tubular member. For example, and as shown in Fig.
14, a distal end of member 306 may be disposed within the lumen of the tubular member
(e.g., coupled therein) and extend out of a proximal end 301 of the tubular member, and
into catheter 62. For some applications, the distal end of member 306 is coupled to the
tubular member (e.g., inside the tubular member) at a distal end 303 thereof. (The distal
and proximal ends of the tubular member are defined by the direction in which support
structure 302 is transluminally advanced; distal end 303 is disposed distally to proximal

end 301 during distal advancement of the support structure.)

Guide member 306 extends distally from through the lumen of a first section 310
of the tubular member, out through the wall of the tubular member, alongside a second
portion 312 of the tubular member, and back in through the wall. Thereby a portion 308
of guide member 306 is disposed outside and alongside the tubular member. Guide
member 306 typically extends further distally through the lumen of a third section 314 of

the tubular member.

Typically, guide member 306 is a primary guide member, and a secondary guide
member 316, which is tubular, is advanced distally over guide member 306, thereby
following the path of guide member 306 (box B of Fig. 14). Subsequently, frame 304 is
advanced, in a generally linear delivery state, through a channel defined by guide member
316, typically such that frame 304 follows the same path as guide member 316 (box C of
Fig. 14). Typically, (1) the earlier advancement of guide member 316 along guide
member 306 is performed such that guide member 306 becomes disposed within the
channel defined by guide member 316, and (2) guide member 306 is withdrawn
proximally from within the channel prior to advancement of frame 304 through the
channel. For some applications, guide member 316 defines more than one channel and

guide member 306 is not necessarily removed before advancement of frame 304.

For some applications, frame 304 is itself tubular. For some such applications,

frame 304 is advanced over guide member 316 subsequently to the advancement of guide
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member 316 along guide member 306. For some such applications, frame 304 and guide
member 316 are advanced over guide member 306 simultaneously while disposed
coaxially with respect to each other (e.g., guide member 316 disposed within frame 304,

or vice versa).

Subsequently to the advancement of frame 304 through at least part of the lumen
of the tubular member of support structure 302, guide member 316 is withdrawn
proximally. Frame 304 comprises an elastic material (e.g., a shape-memory material such
as, but not limited to, Nitinol or stainless steel), and automatically transitions into its
working state upon withdrawal of guide member 316. That is, guide member 316 serves
as a retainer that retains frame 304 in its delivery state until the guide member is
withdrawn. When frame 304 transitions into its working state, a leaflet-restraining portion
318 of the frame moves away from portion 312 of the tubular member, typically assuming
a position with respect to the tubular member and the native valve as described
hereinabove with respect to leaflet-restraining portion 250 of leaflet-restraining frame 244
described hereinabove, mutatis mutandis. Typically, frame 304 functions as described

with respect to frame 244, mutatis mutandis.

Figs. 15A-B show implantation of support structure 302 of implant 300, according
to some (e.g., some different) applications of the invention. As described hereinabove
with reference to Fig. 14, guide member 306 extends longitudinally through at least part of
the lumen of the tubular member of support structure 302, and away from the tubular
member. For example, and as shown in Fig. 15B, a distal end of member 306 may be
disposed within the lumen of the tubular member (e.g., coupled therein) and extend out of
distal end 303 of the tubular member, and into catheter 62. For some applications, the
distal end of member 306 is coupled to the tubular member (e.g., inside the tubular

member) at proximal end 301 thereof.

As explained hereinabove, the distal and proximal ends of the tubular member are
defined by the direction in which support structure 302 is transluminally advanced; distal
end 303 is disposed distally to proximal end 301 during distal advancement of the support
structure. Fig. 15A shows support structure 302 in a delivery state within catheter 64, in
accordance with some applications of the invention. As shown in Fig. 15A, for
applications in which guide member 306 extends out of distal end 303, support structure
302 is typically configured to be advanced distally through catheter 64 while guide
member 306 (1) extends from distal end 303, (2) doubles-back to extend proximally
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between the tubular member of the support structure and an inner surface of the catheter,

and (3) extends proximally away from the support structure.

Distal end 303 is the first part of support structure 302 to be anchored to the valve
annulus, and is typically anchored to a portion of the annulus in the vicinity of anterior
commissure 26a, as shown. It is hypothesized that this portion of the annulus is more
accessible from fossa ovalis 17, e.g., due to the angle at which catheter 62 typically passes
the fossa ovalis. It is similarly hypothesized that guide member 306 extending from distal
end 303 facilitates advancement of guide member 316 and frame 304 (which are more
rigid than guide member 306) by allowing them to be advanced at such an advantageous

angle along guide member 306 and into the tubular member of support structure 302.

For some applications, an implantation state similar to that shown in Fig. 15B is
achieved by anchoring distal end 303 at a portion of the annulus in the vicinity of anterior
commissure 26a, and subsequently anchoring proximal end 301 in the vicinity of posterior
commissure 26b. For some such applications, support structure 302 does not comprise

adjusting mechanism 48.

Fig. 16 is a schematic illustration of an implant 340 comprising support structure
242 and a leaflet-restraining frame 344, in accordance with some applications of the
invention. Typically implant 340 and components thereof are identical to implant 240 and
components thereof, mutatis mutandis, except where noted. Support structure 242 may be
replaced with support structure 302, as described with reference to Figs. 14-15B, mutatis
mutandis, and/or implant 340 may be implanted using techniques described with reference

to Figs. 14-15B, mutatis mutandis.

Whereas, after implantation of implant 240, leaflet-restraining portion 250 of
leaflet-restraining frame 244 typically does not extend ventricularly past the native valve,
after implantation of implant 340, a leaflet-restraining portion 350 of leaflet-restraining
frame 344 does extend ventricularly at least a little, such that at least part of portion 350 is
disposed between leaflets 12 and 14, e.g., such that during ventricular systole the leaflets
sandwich that part of portion 350. Thus, portion 350 defines two coaptation surfaces; one
on each side of the portion for a respective leaflet. Typically frame 344 is dimensioned
such that portion 350 does not extend deep into ventricle 8. For example, portion 350 may
extend less than 1 cm (e.g., 1-10 mm) past the lip of leaflet 12 and/or leaflet 14. It is to be

noted that frame 344 is not anchored in the ventricle.
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For some applications, portion 350 may be covered in a sheet (e.g., comprising

pericardium), e.g., such that portion 350 serves as a partial prosthetic valve leaflet.

Reference is again made to Figs. 12A-16. It is to be noted that, although implants
240, 260, 280, 300, and 340 are shown being anchored to the posterior side of annulus 16
(i.e., the portion of the annulus in the vicinity of posterior leaflet 12), the scope of the
invention includes anchoring the implants to other portions of the annulus (e.g., to the

anterior side of the annulus).

It is to be noted that the implants and/or leaflet-restraining frames described with
reference to Figs. 12A-16 may be selected for the dimensions of their leaflet-restraining
portions, according to particular circumstances (e.g., anatomy and/or pathology of the
subject). For example, it may be desirable that the leaflet-restraining frame extend away
from the support structure in the vicinity of the commissures of the native valve, or

alternatively closer to the middle scallop of the leaflet.

Reference is again made to Figs. SA-F, 6A-B, 7, 10, and 11A-B, and reference is
further made to Fig. 17, which is a schematic illustration showing adaptation of an implant
to a particular subject, in accordance with some applications of the invention. For some
applications, the implant is adapted to the particular subject being treated prior to
implantation, based on measurements of the heart valve being treated. For example, the
longitudinal member (e.g., the tubular member) may be trimmed. Alternatively or
additionally, the location of the linking sites on the tubular member may be adapted. For
example, the linking member may be coupled to (e.g., threaded through) the tubular
member based at least in part on such measurements. Alternatively or additionally, and as
shown in Fig. 17, a linking member 324 may be provided pre-coupled (e.g., pre-threaded)
to a tubular member 322 via a slit 326 that is held closed at a plurality of sites by a
plurality of stitches 328, which are removed according to the desired location of the
linking site. Removal of each stitch progressively increases the effective length of slit
326. (Tubular member 322 and linking member 324 may represent the tubular member
and/or linking member of any implant described herein that comprises a tubular member

and a linking member.)

Reference is now made to Fig. 18, which is a schematic illustration of an implant
40a comprising a flexible longitudinal member such as flexible tubular member 42
(described hereinabove). Implant 40a is identical to implant 40 (described hereinabove)

except that instead of anchors 46, anchors 46a are used. Anchors 46a are dart- or harpoon-
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anchors. Anchors 46a may be used in place of anchors 46 for any of the implants
described herein. Implant 40a is described in order to illustrate that, although helical
anchors are shown throughout, for each application of the invention, the scope of the
invention includes the use of other types of tissue anchor including, but not limited to,

dart- or harpoon-anchors.

Reference is made to Figs. 19A-B, which are schematic illustrations of a resilient
strand 346 disposed within at least a portion of a tubular member 342, in accordance with
some applications of the invention. Strand 346 may be used in combination with implants
40, 80, 100, 120, 140, 160, 180, 200 or 220 (e.g., tubular member 342 may comprise the
tubular member of any of those implants). Strand 346 is configured to bias the tubular
member toward assuming a particular shape, and as shown, is typically aligned along the

portion of the longitudinal member.

Typically, strand 346 is used to control the position of the portion of tubular
member 342 that traverses the native valve, so as to improve coaptation of the native
leaflets. For example, as shown in Fig. 19B, strand 346 may be used to increase the
curvature of a portion of tubular member 342, such that the native leaflet that is restrained
by the tubular member is able to move sufficiently upstream during ventricular systole
such that leaflet coaptation occurs. In Fig. 19B, tubular member 342 in the presence of
strand 346 is shown in frame A, and tubular member 342 in the absence of strand 346 is
shown in frame B. It is to be noted that in both cases the atrial and ventricular anchoring

sites are the same.

For some applications, strand 346 is disposed at least in the portion of tubular
member 342 in which a linking site (described hereinabove) is disposed. For some
applications, strand 346 is disposed at least in the portion of tubular member 342 that

traverses the native valve.

For some applications, the implant is provided with strand 346 already disposed
therewithin. For some applications, strand 346 is introduced into the tubular member

during or after implantation.

Reference is made to Fig. 20, which is a schematic illustration of two implants 360
(e.g., an implant 360a and an implant 360b), each comprising a respective flexible
longitudinal member such as a flexible tubular member 362, having been implanted at the

native mitral valve, in accordance with some applications of the invention.
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Described hereinabove are several embodiments in which a longitudinal member
(e.g., a tubular member) is implanted so as to have multiple valve-traversing portions. For
some applications, rather than a single longitudinal member being implanted in a back-
and-forth pattern, multiple implants are implanted, each having a single valve-traversing
portion. The implantation technique is typically the same as described hereinabove,
mutatis mutandis. However it is to be noted that typically a distal portion of the
longitudinal member is anchored in ventricle 8, rather than in atrium 6. For some
applications, this is advantageous, e.g., by facilitating the use of an enlarged (e.g., wider)
tissue anchor 364 within the ventricle, which is hypothesized to advantageously improve
anchoring of the implant. In this context, the term "enlarged" means larger (typically
wider) than other tissue anchors used to anchor the implant (e.g., tissue anchors 46).
Moreover, this typically refers to the tissue-engaging portion of the anchor (i.e., the
portion that anchors the anchor to tissue). The use of an enlarged tissue anchor is

described in more detail with respect to Figs. 21 and 22.

It is also to be noted that for such applications, adjusting mechanism 48 is typically
disposed at a proximal end of each implant 360, and therefore is advanced out of catheter
64 subsequently to the proximal end of the longitudinal member (e.g., the tubular

member).

Reference is now made to Figs. 21 and 22, which are schematic illustrations of
enlarged tissue anchors, in accordance with some applications of the invention. Fig. 21
shows an enlarged tissue anchor 384 having a tissue-engaging portion 386, and Fig. 22
shows an enlarged tissue anchor 394 having a tissue-engaging portion 396. For each of
these tissue anchors, a diameter of the tissue-engaging portion is greater than a

corresponding diameter of the tissue-engaging portion of anchor 46.

Diameter d6 of tissue-engaging portion 386 of tissue anchor 384 is greater than an
internal diameter of channel 68 (via which anchors 46 are advanced by anchor
manipulator 66). When using tissue anchor 384, implant 360 (comprising tubular member
362) is advanced through catheter 62 while (i) tubular member 362 is disposed within
catheter 64, (i) manipulator 66 extends through channel 68 and is coupled to the anchor,
and (ii1) at least tissue-engaging portion 386 of anchor 384 is disposed outside of a distal
end of channel 68, typically within tubular member 362, e.g., in a space between the distal
end of channel 68 and the distal wall of the tubular member. Because anchor 384 is the

first anchor to be used, it can be advanced in this manner, ahead of channel 68 (rather than
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through the channel), and therefore can be wider than the lumen of the channel. Fig. 21
shows the implant already having been advanced slightly out of the distal end of catheter

62.

Diameter d7 of tissue-engaging portion 396 of tissue anchor 394 is greater than
diameter d6, and is also greater than an internal diameter of catheter 64. When using
tissue anchor 394, implant 360 (comprising tubular member 362) is advanced through
catheter 62 while (i) tubular member 362 is disposed within catheter 64, (ii) manipulator
66 extends through channel 68 and is coupled to the anchor, and (iii) at least tissue-
engaging portion 396 of anchor 394 is disposed outside of (a) a distal end of channel 68
(b) the tubular member (e.g., beyond the distal wall of the tubular member), and (c) a
distal end of catheter 64. Because anchor 394 is the first anchor to be used, it can be
advanced in this manner, ahead of catheter 64 (rather than through catheter 64), and
therefore can be wider than the lumen of catheter 64. Fig. 22 shows the implant already

having been advanced slightly out of the distal end of catheter 62.

Reference is made to Figs. 23A-E, which are schematic illustrations of a system
for implanting an implant in the heart of a subject, in accordance with some applications
of the invention. A tissue anchor 406 comprises a tissue-engaging element 408 that has a
distal tip configured to be pushed into tissue of a heart of a subject, and is configured to
anchor the tissue anchor to the tissue. Tissue-engaging element 408 is shown as a helical
tissue-engaging element, but may be a dart, a harpoon, or another type of tissue-engaging
element, e.g., as described hereinabove. A proximal portion of tissue anchor 406 is
shaped to define a carabiner 410. That is, anchor 406 comprises a carabiner coupled to a
proximal portion of tissue-engaging element 408. Carabiner 410 may or may not be
visually similar to a carabiner for use with rope in recreation or industry, but nonetheless
comprises a hook or loop portion 412 and a spring-loaded gate portion 414. For some
applications, a single loop of material (e.g., metal) forms both portion 412 and the portion
414. Typically, and as shown, gate portion 414 faces generally toward tissue-engaging

element 408.

The use of anchor 406 is described with reference to implantation of implant 40,
but it is to be understood that anchor 406 may be used to implant other implants described
herein, mutatis mutandis. Anchor 406 is typically implanted before implant 40 is
advanced toward the heart (e.g., before the implant is introduced into the subject) (Fig.

23A). Typically, anchor 406 is anchored to a ventricular tissue site. Subsequently,
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implant 40 is introduced, and a first portion of longitudinal member 42 is anchored within
atrium 6 (e.g., using anchors 46 as described with reference to Fig. 2A, mutatis mutandis).
Subsequently, portions of member 42 are released and drawn into ventricle 8, e.g., as
described with reference to Fig. 2B, mutatis mutandis. In contrast to the technique
described with reference to Figs. 2A-G, rather than anchoring portion 44b to the
ventricular tissue site by delivering another tissue anchor via channel 68, catheter 64 is
used to pull portion 44b through gate portion 414 (typically by drawing portion 44b
underneath carabiner 410 and then pulling upward). Fig. 23B shows portion 44b being
pulled through gate portion 414, and the gate portion deflecting open responsively. Fig.
23C shows portion 44b having completely entered the carabiner, and gate portion 414

having moved back into its closed position.

Subsequently, more of longitudinal member 42 is exposed as the distal ends of
catheter 64 and channel 68 are moved back toward atrium 6 (Fig. 23D), and portion 44e is
anchored to a tissue site within the atrium (Fig. 23E), e.g., using anchors 46, as described

with reference to Fig. 2D, mutatis mutandis.

Typically, once longitudinal member 42 is coupled to carabiner 410, the
longitudinal member is slidable with respect to the carabiner. Therefore the carabiner
typically serves as an eyelet. However, because coupling of longitudinal member 42 to
anchor 406 does not require a free end of the longitudinal member (as would be required
for threading through a closed-ring eyelet), it is also possible, mutatis mutandis, to anchor
portions 44a and 44d of the longitudinal member to their respective tissue sites (e.g., atrial

tissue sites), and then subsequently coupling portion 44b to the tissue anchor.

It is hypothesized that, for some applications, the slidable coupling provided by
carabiner 410 allows difference in tension of different portions of longitudinal member 42

(e.g., generated during its implantation) to even out.

For some applications, rather than a carabiner, an open loop (e.g., a loop that
extends in an arc of more than 300 degrees) or a helix may be used at the proximal end of

the tissue anchor, and portion 44b may be slidably coupled thereto.

Reference is again made to Figs. IA-11B. It is to be noted that, although Figs. 1A-
11B show each longitudinal member (e.g., tubular member) of the implants as having an
even number of valve-traversing portions, the scope of the invention also includes
longitudinal members having an odd number of valve-traversing portions (e.g., with one

end of the longitudinal member anchored in atrium 6, and the other end of the longitudinal
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member anchored in ventricle 8). It is to be further noted that, for some applications, the

longitudinal member has only one valve-traversing portion.

Typically, the contraction of the longitudinal member (e.g., the tubular member) is
performed off-pump, while heart structures and/or blood flow are observed using imaging

techniques, so as to attain a desired degree of leaflet restraint is provided.

For some applications, the contraction of the longitudinal member reduces a height
of ventricle 8, e.g., by reducing a length of one or more of the valve-traversing portions of
the longitudinal member. For some such applications, this is achieved by contracting one
or more valve-traversing portions of the longitudinal member that have been positioned to
traverse the valve at respective commissures 26. It is hypothesized that such positioning
reduces obstruction of the native leaflets caused by tensioning of the one or more valve-

traversing portions.

Reference is again made to Figs. 1A-23E. It is to be noted that, although each
longitudinal member described herein is shown as a tubular member, the longitudinal
member may alternatively be a belt (e.g., a strip of fabric), a cord, or a wire. Furthermore,
for applications in which the longitudinal member is a tubular member, it is to be noted
that empty portions of the tubular member may assume a generally belt-like shape, e.g.,

following implantation, e.g., as described with reference to Fig. 7.

For some applications, one or more implants described herein (such as implants
120, 140, 160, 180, 240, 260, 280, 300, and/or 340) provide both annuloplasty

functionality and leaflet-restraining functionality.

Typically, the procedures described hereinabove are performed "off-pump", i.e., in

the absence of a cardiopulmonary bypass.

For some implants described hereinabove (e.g., implant 100), a linking member is
positioned to facilitate restraining of a valve leaflet. For some implants described
hereinabove (e.g., implant 120), a linking member is positioned to facilitate annuloplasty.
It 1s to be noted that the scope of the invention includes implants in which at least one
linking member is positioned to facilitate restraining of the valve leaflets and at least one

linking member is positioned to facilitate annuloplasty.

For some implants described hereinabove, the implant is configured and/or
implanted such that a linking member and/or a harness of the implant is generally the only

part of the implant that restrains (e.g., significantly) the leaflet of the native valve. For
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example, the longitudinal member (e.g., the tubular member) may traverse the native valve
at the commissures so as to reduce (e.g., prevent) restraint of the native leaflets by the
longitudinal member, and such that the longitudinal member serves only as a support for

the linking member and/or harness, which restrains the native leaflet.

Typically, the longitudinal members (e.g., tubular members) described hereinabove
are longer than longitudinal members (e.g., tubular members) used as partial annuloplasty
rings. For example, the longitudinal members may have a length of at least 13 cm (e.g., at
least 14 cm, e.g., at least 15 cm, such as at least 18 cm), and/or less than 30 cm (e.g., less

than 25 cm, such as less than 22 cm), e.g., 14-25 cm, e.g., 15-25 cm, such as 18-25 cm.

It is to be noted that for applications of the invention that don't include sheet 228,
the leaflet-restraining portion(s) of each implant typically cover less than 30 percent (e.g.,
less than 20 percent, such as less than 10 percent) of the leaflet being restrained. This is
therefore in contrast to implanting a prosthetic leaflet over the native leaflet, whereby it

would typically be desirable for the prosthetic leaflet to have a large surface area.

It will be appreciated by persons skilled in the art that the present invention is not
limited to what has been particularly shown and described hereinabove. Rather, the scope
of the present invention includes both combinations and subcombinations of the various
features described hereinabove, as well as variations and modifications thereof that are not
in the prior art, which would occur to persons skilled in the art upon reading the foregoing

description.
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CLAIMS

1. Apparatus for use with a heart of a subject, the apparatus comprising:
a catheter, transluminally advanceable to the heart;
an implant, comprising

a flexible longitudinal member, and

a linking member that extends from a first linking site of the longitudinal
member to a second linking site of the longitudinal member,
the implant having:

a delivery state in which (1) the implant is slidable through at least part of
the catheter, (2) the longitudinal member is coaxial with the catheter, and (3) at
least a portion of the linking member is disposed alongside the longitudinal
member, and

an implanted state in which (1) a first distance between the first linking site
and the second linking site, measured along the longitudinal member, is greater
than a second distance between the first linking site and the second linking site,
measured along the linking member, (2) the linking member has a mid-portion
disposed between the first linking site and the second linking site, and (3) the mid-
portion is not in contact with the longitudinal member; and
a plurality of tissue anchors, slidable through the catheter and with respect to the

longitudinal member, each tissue anchor of the plurality of tissue anchors configured to
anchor a respective portion of the longitudinal member to a respective location of tissue of

the heart.

2. The apparatus according to claim 1, wherein in the implanted state, the mid-portion

is disposed at least 10 mm from the longitudinal member.

3. The apparatus according to claim 1, wherein the portion of the linking member

includes the mid-portion of the linking member.
4. The apparatus according to claim 1, wherein the linking member is elastic.

5. The apparatus according to claim 1, wherein the longitudinal member comprises:

a first portion anchorable to atrial tissue of the heart by a first tissue anchor of the
plurality of tissue anchors;

a second portion anchorable to ventricular tissue of the heart by a second tissue

anchor of the plurality of tissue anchors;
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a third portion including the first linking site, disposed between the first portion
and the second portion, and placeable against a leaflet of the heart;

a fourth portion anchorable to atrial tissue of the heart by a third tissue anchor of
the plurality of tissue anchors; and

a fifth portion including the second linking site, disposed between the second

portion and the fourth portion, and placeable against the leaflet of the heart.

6. The apparatus according to any one of claims 1-5, wherein the implant further
comprises a resilient strand disposed within at least a portion of the longitudinal member,

and configured to bias the longitudinal member toward assuming a particular shape.

7. The apparatus according to claim 6, wherein the resilient strand is aligned along

the portion of the longitudinal member.

8. The apparatus according to claim 6, wherein the portion of the longitudinal

member comprises the first linking site.

9. The apparatus according to any one of claims 1-5, wherein in the delivery state, the
portion of the linking member that is disposed alongside the longitudinal member is

disposed less than 1 mm from the linking member.

10. The apparatus according to claim 9, wherein in the delivery state, the portion of the
linking member that is disposed alongside the longitudinal member is in contact with the

linking member.

11. The apparatus according to any one of claims 1-5, wherein the second distance is
adjustable by the linking member being slidable with respect to the longitudinal member

at at least one of the linking sites.

12. The apparatus according to claim 11, wherein the implant further comprises a
locking mechanism, and the second distance is fixable by locking the locking mechanism

to the linking member.

13. The apparatus according to claim 12, wherein the locking mechanism comprises a

ratcheting mechanism.

14. The apparatus according to any one of claims 1-5, further comprising at least one
anchor driver, slidable within the catheter and with respect to the longitudinal member,
and configured to anchor the respective portions of the longitudinal member to the

respective locations of the tissue using the tissue anchors.
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15. The apparatus according to claim 14, wherein:

the flexible longitudinal member is a flexible tubular member, comprising a wall
that defines a lumen,

the linking member extends from the first linking site outside of the tubular
member to the second linking site,

the plurality of tissue anchors are slidable within the lumen of the tubular member,

the anchor driver is slidable within the lumen of the tubular member, and is
configured to anchor the respective portions by driving the tissue anchors from the lumen,

through the wall and into the respective locations of tissue.

16. The apparatus according to claim 15, wherein the wall comprises a lateral wall that
circumscribes the lumen and a distal wall that defines a distal end of the lumen, and the
apparatus is configured such that (1) at least one tissue anchor of the plurality of tissue
anchors is drivable by the anchor driver through the distal wall, and (2) another at least
one tissue anchor of the plurality of tissue anchors is drivable by the anchor driver through

the lateral wall.

17. Apparatus for use with a heart of a subject, the apparatus comprising:
a catheter, transluminally advanceable to the heart;
an implant, comprising:
a flexible longitudinal member, and
a linking member that extends from a first linking site of the longitudinal
member to a second linking site of the longitudinal member,

a plurality of tissue anchors comprising at least a first tissue anchor, a second
tissue anchor and a third tissue anchor, each of the tissue anchors being slidable through
the catheter, and configured to anchor a respective one of a plurality of portions of the
longitudinal member to a respective one of a plurality of locations of tissue of the heart;
and

at least one anchor driver, configured to anchor the plurality of portions of the
longitudinal member to the plurality of locations using the plurality of tissue anchors;
the anchor driver and the implant being slidable through the catheter and with respect to
each other such that:

a distal portion of the plurality of portions is anchorable to a first location of tissue

by the first tissue anchor while the first linking site is disposed within the catheter,
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while (1) the distal portion is anchored to the first location, and (2) the second
linking site is disposed within the catheter, a second portion of the plurality of portions is
advanceable distally out of the catheter and anchorable to a second location of tissue by
the second tissue anchor,

while the second portion is anchored to the second location, the second linking site
and a third portion of the plurality of portions are advanceable distally out of the catheter,
and

after the second linking site has been advanced out of the catheter, the third portion

is anchorable to a third location of tissue by the third tissue anchor.

18. The apparatus according to claim 17, wherein:

the first location of tissue is a location of a first tissue selected from the group
consisting of: atrial tissue and ventricular tissue,

the second location of tissue is a location of a second tissue (1) selected from the
group consisting of: atrial tissue and ventricular tissue, and (2) not the first selected tissue,
and

the distal portion of the longitudinal member is configured to be anchored by the
first tissue anchor to the location of the first selected tissue, and the second portion of the
longitudinal member is configured to be anchored by the second tissue anchor to the

location of the second selected tissue.

19. The apparatus according to any one of claims 17-18, wherein the second portion is

disposed 1-6 cm along the longitudinal member from the distal portion.

20. The apparatus according to claim 19, wherein the second portion is disposed 1.5-3

cm along the longitudinal member from the distal portion.

21. The apparatus according to claim 19, wherein the first linking site is disposed 0.5-4
cm along the longitudinal member from the distal portion, and 1-5 cm along the

longitudinal member from the second portion.

22. The apparatus according to claim 19, wherein the third portion is disposed 1-6 cm

along the longitudinal member from the second portion.

23. The apparatus according to claim 22, wherein the third portion is disposed 1.5-3

cm along the longitudinal member from the second portion.

56



10

15

20

25

30

WO 2016/059639 PCT/IL2015/051027

24. The apparatus according to claim 22, wherein the second linking site is disposed
0.5-4 cm along the longitudinal member from the second portion, and 1-5 cm along the

longitudinal member from the third portion.

25. Apparatus for use with a heart of a subject, the apparatus comprising:
a catheter, transluminally advanceable to the heart;
an implant, comprising:

a flexible tubular member comprising a wall that defines a lumen, and

a linking member that extends, outside of the tubular member, from a first
linking site of the tubular member to a second linking site of the tubular member,
the implant having:

a delivery state in which (1) the implant is slidable through at least part of
the catheter, (2) the flexible tubular member is coaxial with the catheter, and (3) at
least a portion of the linking member is disposed alongside the tubular member,
and

an implanted state in which (1) a first distance between the first linking site
and the second linking site, measured along the tubular member, is greater than a
second distance between the first linking site and the second linking site, measured
along the linking member, (2) the linking member has a mid-portion disposed
outside of the tubular member between the first linking site and the second linking
site, and (3) the mid-portion is not in contact with the wall of the tubular member
for at least 0.5 cm of the linking member;

a plurality of tissue anchors, slidable within the lumen; and
at least one anchor driver, slidable within the catheter and within the lumen, and

configured to drive the tissue anchors through the wall and into tissue of the heart.

26. The apparatus according to claim 25, wherein the portion of the linking member

includes the mid-portion of the linking member.
27. The apparatus according to claim 25, wherein the linking member is elastic.

28. The apparatus according to claim 25, wherein in the implanted state, the mid-

portion is disposed at least 10 mm from the wall of the tubular member.

29. The apparatus according to claim 25, wherein the tubular member comprises:
a first portion anchorable to atrial tissue of the heart by a first tissue anchor of the

plurality of tissue anchors;
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a second portion anchorable to ventricular tissue of the heart by a second tissue
anchor of the plurality of tissue anchors;

a third portion including the first linking site, disposed between the first portion
and the second portion, and placeable against a leaflet of the heart;

a fourth portion anchorable to atrial tissue of the heart by a third tissue anchor of
the plurality of tissue anchors; and

a fifth portion including the second linking site, disposed between the second

portion and the fourth portion, and placeable against the leaflet of the heart.

30. The apparatus according to any one of claims 25-29, wherein in the delivery state,
the portion of the linking member that is disposed alongside the tubular member is

disposed less than 1 mm from the wall of the tubular member.

31. The apparatus according to claim 30, wherein in the delivery state, the portion of
the linking member that is disposed alongside the tubular member is in contact with the

wall of the tubular member.

32. The apparatus according to any one of claims 25-29, wherein the second distance
is adjustable by the linking member being slidable through the wall at at least one of the

linking sites.

33. The apparatus according to claim 32, wherein the implant further comprises a
locking mechanism, and the second distance is fixable by locking the locking mechanism

to the linking member.

34. The apparatus according to claim 33, wherein the locking mechanism comprises a

ratcheting mechanism.

35. The apparatus according to claim 32, wherein a proximal end of the linking

member is slidable within the lumen.

36. The apparatus according to any one of claims 25-29, wherein the wall comprises a
lateral wall that circumscribes the lumen and a distal wall that defines a distal end of the

lumen.

37. The apparatus according to claim 36, wherein the apparatus is configured such that
at least one tissue anchor of the plurality of tissue anchors is drivable by the anchor driver
through the distal wall, and another at least one tissue anchor of the plurality of tissue

anchors is drivable by the anchor driver through the lateral wall.

58



10

15

20

25

30

WO 2016/059639 PCT/IL2015/051027

38. Apparatus for use with a valve of a heart of a subject, the valve having an annulus
that defines an orifice, and a plurality of leaflets, and the apparatus comprising:
a catheter, transluminally advanceable to the heart;
a support structure comprising a flexible tubular member comprising a wall that
defines a lumen;
a plurality of tissue anchors;
at least one anchor driver, slidable within the catheter and within the lumen, and
configured to anchor the support structure to the annulus by driving the tissue anchors
from the lumen, through the wall and into the annulus;
at least one guide member, a distal end of the guide member couplable to the
support structure such that, subsequently to the anchoring of the support structure, the
guide member extends from the support structure; and
a frame:
having a delivery state in which the frame is slidable within the catheter,
being configured to be slid along the guide member and subsequently
secured to the support structure, and
having a working state in which, while the support structure is anchored to
the annulus and the frame is secured to the support structure, a leaflet-restraining
portion of the frame:
extends away from the support structure and at least partway across
an atrial side of the orifice of the valve,
inhibits atrially-directed movement of a leaflet of the valve, but not

ventricularly-directed movement of the leaflet.

39. The apparatus according to claim 38, wherein:

the support structure has at least one coupling site at which the frame is securable
to the support structure, and

the distal end of the guide member is coupled to the support structure at the

coupling site.

40. The apparatus according to claim 38, wherein the lumen defines a longitudinal axis

of the tubular member, and the guide member extends laterally from the tubular member.

41. The apparatus according to claim 38, wherein the tubular member is configured to
be advanced in a generally linear state through at least part of the catheter, and to be

anchored by the tissue anchors to the annulus such that the tubular member assumes an arc
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defining an arc segment, and the frame is configured to be secured to the support structure

such that the portion of the frame extends across at least part of the arc segment.

42. The apparatus according to any one of claims 38-41, wherein while the support
structure is anchored to the annulus and the frame is secured to the support structure, the
leaflet-restraining portion of the frame does not extend ventricularly more than 1 cm past

the leaflets of the valve.

43. The apparatus according to claim 42, wherein while the support structure is
anchored to the annulus and the frame is secured to the support structure, the leaflet-

restraining portion of the frame does not extend ventricularly past the valve.

44, The apparatus according to any one of claims 38-41, wherein the lumen defines a
longitudinal axis of the tubular member, and the guide member extends longitudinally

through at least part of the lumen and away from the tubular member.

45. The apparatus according to claim 44, wherein the frame is advanceable, while in

the delivery state, along the guide member and through the at least part of the lumen.

46. The apparatus according to claim 45, wherein the frame is configured to be
transitioned from the delivery state into the working state subsequently to the

advancement of the frame through the at least part of the lumen.

47. The apparatus according to claim 45, wherein:
the guide member extends through the lumen of a first section of the tubular
member, out through the wall, alongside a second section of the tubular member, and back
in through the wall, and
the frame is advanceable along the guide member such that:
the leaflet-restraining portion becomes disposed alongside the second
section of the tubular member, and
subsequent transitioning of the frame from the delivery state into the
working state moves the leaflet-restraining portion away from the second section

of the tubular member.

48. The apparatus according to claim 45, wherein:
the guide member is tubular and defines a channel therethrough,
the frame is advanceable along the guide member by being advanced though the

channel, and
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the frame is configured to automatically transition into the working state upon

becoming exposed from a distal end of the guide member.

49. The apparatus according to claim 48, wherein:

the guide member is a secondary guide member,

the apparatus further comprises a primary guide member, more flexible than the
secondary guide member,

the support structure is configured to be advanced through the catheter while a
distal end of the primary guide member is coupled to the support structure, and

the secondary guide member is advanceable over the primary guide member and

through the at least part of the lumen subsequent to the anchoring of the support structure.

50. The apparatus according to claim 49, wherein support structure is configured to be
advanced distally through the catheter while the primary guide member extends from a
distal end of the tubular member, proximally between the tubular member and an inner

surface of the catheter, and proximally away from the support structure.

51. The apparatus according to any one of claims 38-41, wherein:
the frame has a force-distributing portion that is different from the leaflet-
restraining portion, and
in the working state, while the support structure is anchored to the annulus and the
frame is secured to the support structure, the apparatus:
defines fulcrum sites, and
is configured such that an atrially-directed force applied by the leaflet to the
leaflet-restraining portion is transferred via the fulcrum sites to the force-

distribution portion.

52. The apparatus according to claim 51, wherein the apparatus is configured such that
in response to the atrially-directed force, the force-distribution portion applies a pressing

force to tissue of the heart.

53. The apparatus according to claim 51, wherein the apparatus is configured such that
in response to the atrially-directed force, the force-distribution portion applies a pulling

force to tissue of the heart.

54. The apparatus according to claim 51, wherein the apparatus is configured such that

while the support structure is anchored to the annulus and the frame is secured to the
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support structure, the force-distribution portion is disposed against an atrial wall of the

heart.

55. The apparatus according to claim 51, wherein the apparatus is configured such that
while the frame is secured to the support structure, the force-distribution portion extends
away from the support structure in a direction that is generally opposite to a direction in

which the leaflet-restraining portion extends away from the support structure.

56. The apparatus according to claim 51, wherein the frame has one or more coupling
sites at which the frame is securable to the support structure, and the coupling sites are
disposed between the leaflet-restraining portion and the force-distributing portion of the

frame.

57. The apparatus according to claim 51, wherein, while the support structure is
anchored to the annulus and the frame is secured to the support structure, the support
structure serves as a fulcrum via which the atrially-directed force is transferred to the

force-distribution portion.

58. Apparatus for use with a valve of a heart of a subject, the valve having an annulus
that defines an orifice, and at least one leaflet, and the apparatus comprising:
a catheter, transluminally advanceable to the heart;
a support structure, advanceable to the heart via the catheter;
a plurality of tissue anchors, advanceable to the heart via the catheter;
at least one anchor driver, slidable within the catheter and configured to anchor the
support structure to the annulus using the tissue anchors;
a frame:
having a delivery state in which the frame is transluminally advanceable to
the heart via the catheter independently of the support structure,
having an expanded state in which the frame defines a leaflet-restraining
portion and a force-distribution portion, and
being configured to be intracorporeally secured to the support structure,
the implant having a working state in which:
the support structure is anchored to the annulus,
the frame is in the expanded state thereof and is secured to the support structure,
the leaflet-restraining portion and the force-distribution portion of the frame extend

away {rom the support structure, and
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the support structure serves as a fulcrum via which a force applied to the leaflet-
restraining portion by atrially-directed movement of the leaflet is transferred to the force-

distribution portion.

59. Apparatus for use with a heart of a subject, the apparatus comprising:

a steerable catheter, transluminally advanceable to inside of the heart;

a tubular member, slidable through the catheter, shaped to define a lumen, and
having a distal end and a proximal end, and a length therebetween that is at least 13 cm;

a plurality of tissue anchors comprising at least a first tissue anchor and a second
tissue anchor, configured to anchor respective portions of the tubular member to
respective locations of tissue of the heart; and

an anchor driver, slidable through the catheter and within the lumen, and
configured to use the plurality of tissue anchors to anchor the respective portions of the

tubular member to the respective locations.

60. The apparatus according to claim 59, wherein the length of the tubular member is
13-25 cm.
61. The apparatus according to claim 59, wherein the length of the tubular member is

at least 14 cm.

62. The apparatus according to claim 61, wherein the length of the tubular member is
14-25 cm.
63. The apparatus according to claim 61, wherein the length of the tubular member is

at least 15 cm.

64. The apparatus according to claim 59, wherein the length of the tubular member is
15-25 cm.
65. The apparatus according to claim 63, wherein the length of the tubular member is

at least 18 cm.

66. The apparatus according to claim 59, wherein the length of the tubular member is
18-25 cm.
67. Apparatus for use with a heart of a subject, the apparatus comprising:

a longitudinal member:
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having a first anchor site, a second anchor site, and a third anchor site
therebetween,

having a first longitudinal portion extending between the first anchor site
and the second anchor site, and a second longitudinal portion extending between
the second anchor site and the third anchor site, the first and second longitudinal
portions forming a V-shape, and

shaped to define a lumen through the first and second longitudinal portions,
that provides fluid communication between the first anchor site and the third
anchor site; and
a plurality of tissue anchors comprising at least a first tissue anchor anchored to the

first portion, a second tissue anchor anchored to the second portion, and a third tissue

anchor anchored to the third portion.

68. The apparatus according to claim 67, wherein each tissue anchor of the plurality of
tissue anchors comprises an anchor head and a tissue-engaging element, the anchor head is
disposed within the lumen, the tissue-engaging element is disposed outside of the lumen,
and the lumen provides fluid communication between the anchor head of each tissue

anchor of the plurality of tissue anchors.

69. The apparatus according to any one of claims 67-68, wherein the first longitudinal
portion is disposed at an angle of between 10 and 150 degrees with respect to the second

longitudinal portion.

70. The apparatus according to claim 69, wherein the first longitudinal portion is
disposed at an angle of between 30 and 110 degrees with respect to the second

longitudinal portion.

71. The apparatus according to any one of claims 67-68, further comprising a linking
member that extends from a first linking site of the first longitudinal portion to a second

linking site of the second longitudinal portion.

72. The apparatus according to claim 71, wherein a first distance between the first
linking site and the second linking site, measured along the longitudinal member, is
greater than a second distance between the first linking site and the second linking site,

measured along the linking member.

73. The apparatus according to any one of claims 67-68, wherein the second tissue

anchor is disposed 1-6 cm from the first tissue anchor.
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74. The apparatus according to claim 73, wherein the third tissue anchor is disposed 1-

6 cm from the second tissue anchor.

75. Apparatus, comprising a transluminally-deliverable tissue anchor, comprising:
a tissue-engaging element:
5 having a distal tip configured to be pushed into tissue of a heart of a
subject, and
configured to anchor the tissue anchor to the tissue; and

a carabiner coupled to a proximal portion of the tissue-engaging element.

76. The apparatus according to claim 75, wherein the carabiner comprises a single

10 loop that forms a hook portion and a spring-loaded gate portion.
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