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tensioning member (sometimes referred to as a tail). In various
embodiments, a tissue anchor of the present teachings comprises
an anchor button coupled with a flexible tensioning member. In
various embodiments, a tissue anchor of the present teachings
comprises a fastener coupled with a flexible tensioning member.
In various embodiments, a tissue anchor of the present teachings
comprises two radially expandable portions. In various
embodiments, a tissue anchor of the present teachings comprises
a bar, a ribbon, and a flexible tensioning member where the
ribbon is coupled with the bar, the flexible tensioning member,
or both. Various other embodiments of tissue anchors can also be
used to plicate a tricuspid annulus, effectively reducing the
circumference of the tricuspid annulus and reducing or

eliminating tricuspid regurgitation.

[0015] Yet another aspect of the present teachings relates to
devices that can be used to deliver a tissue anchor of the
present teaching and repair a tricuspid wvalve. A particular
embodiment of the present teachings relates to a push wire
having an elongate wire coupled with a holder, a rounded distal

end, one or more than one marker, or a combination thereof.

[0015A] In one embodiment, there 1is provided a chain tissue
anchor delivery system that includes a tissue anchor delivery
catheter and a first tissue anchor. The tissue anchor delivery
catheter includes an elongate shaft having a distal portion and
a deflectable tissue anchor holder that extends axially and
longitudinally along an exterior of the elongate shaft of the
tissue anchor delivery catheter, the tissue anchor holder having
a first end fixed to the elongate shaft and an opposite free
second end that 1is located distal to the first end, the second

end of the tissue anchor holder configured to deflect radially

11
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outward from the elongate shaft. The first tissue anchor is
configured to attach to the second end of the tissue anchor
holder and extend longitudinally along the elongate shaft of the

tissue anchor delivery catheter.

[0015B] In one embodiment, there is provided a system for use
with an annulus of a valve of a heart of a subject. The system
includes: a flexible tensioning member; a first tissue anchor; a
second tissue anchor, connected to the first tissue anchor by a
continuous portion of the flexible tensioning member; and a
delivery system. The delivery system includes a delivery
catheter, and a delivery tool comprising a shaft, and a tissue
anchor holder attached to the shaft. The delivery system is
adapted to position the delivery catheter near a first location
at the annulus, and to subsequently position the delivery
catheter near a second location at the annulus. The first tissue
anchor is deployable at the first location by: a distal portion
of the first tissue anchor being advanced across the annulus by
the delivery tool pulling the distal portion of the first tissue
anchor out of the catheter via engagement between the tissue
anchor holder and the first tissue anchor, such that the distal
portion of the first tissue anchor becomes disposed on a first
side of the annulus, and a proximal portion of the first tissue
anchor being deployable, by the delivery tool, out of the
delivery catheter on an opposite side of the annulus. The second
tissue anchor is deployable at the second location by: a distal
portion of the second tissue anchor being advanced across the
annulus by the delivery tool pulling the distal portion of the
second tissue anchor out of the catheter via engagement between
the tissue anchor holder and the first tissue anchor, such that
the distal portion of the second tissue anchor is disposed on

the first side of the annulus, and a proximal portion of the

11a
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second tissue anchor being deployable, by the delivery tool, out
of the delivery catheter on the opposite side of the annulus.
The tensioning member 1is adapted to reduce a distance between
the first tissue anchor and the second tissue anchor by the
delivery system applying tension to the tensioning member
subsequently to deploying the first tissue anchor and the second

tissue anchor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGs. 1A-1B are perspective views of an embodiment of the
present teachings where tension is applied to multiple exemplary
tissue anchors deployed across the tricuspid annulus in

accordance with the present teachings.

[0017] FIG. 2 1is a perspective view of an exemplary guide
percutaneously inserted into the right atrium in accordance with

the present teachings.

11b
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(12) and is located outside the body of the patient. In wvarious
embodiments, a clinician applies tension to the proximal end of
the tensioning member (314a). In some embodiments, this tension
pulls two tissue anchors (310a and 310b) closer to each other
and thereby reducing the length of the tensioning member between
the tissue anchors (310a, 310b), thereby plicating the tissue
between the tissue anchors (3104, 310Db) and reducing the
circumference of the tricuspid annulus (3). In some embodiments,
this tension, and the reduced distance between the two tissue
anchors (310a, 310b), are maintained, for example, by a locker
or other locking mechanisms. Although FIG. 16 shows that the two
tissue anchors (310a, 310b) each is connected with a tensioning
member and the two tensioning members are locked with a locker
between the two tissue anchors (310a, 310b) after the tissue
between the two tissue anchors 1is plicated, one with ordinary
skill in the art would understand that these tissue anchors can
be connected with one tensioning member, the one tensioning
member can be used to plicate the tissue, and the 1locker is
located at one side of the two tissue anchors (i.e., not between
the tissue anchors). Suitable lockers include those well known
in the art and those described in U.S. Application Serial No.
11/753,921, filed on May 25, 2007, entitled Lockers for Surgical
Tensile Members and Methods of Using the Same to Secure Surgical
Tensile Members. With the tensioning members (314a, 314b) are
secured by a locker (not shown), the excess tensioning member
(314a) proximal to the locker can be removed by a cutter, for
example, a cutter disclosed in United States Patent Application
Serial No. 11/935,054, filed on November 5, 2007, entitled
Suture Cutter and Method of Cutting Suture. The guide (12) along
with all the wire delivery catheters (20, 120, 220) and/or the
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[0117] Although an exemplary bident catheter is described above,
one with ordinary skill in the art would understand that a three
or more branched catheter can be used without departing from the
spirit of the present teachings. The bident or multi-branched
catheters described in conjunction with the drawings of the
present teachings have some similarities to those in United
States Patent Application Serial No. 11/685,239, filed on March
13, 2007, entitled Systems and Methods for Introducing Elements
Into Tissue; United States Patent Application Serial No.
11/685,240, filed on March 13, 2007, entitled Tissue Anchors,
Systems, and Methods, and Devices; United States Patent
Application Serial No. 11/685,242, filed on March 13, 2007,
entitled Devices and Methods For Introducing Elements into
Tissue; and United States Patent Application Serial No. 13/
282,139, filed on October 26, 2011, entitled Hand Operated
Device for Controlled Deployment of a Tissue Anchor and Method

of Using the Same.

Tissue Anchors

[0118] Another aspect of the present teachings relates to tissue
anchors that can be used to reduce the circumference of a
tricuspid valve (2). In general, any tissue anchoring devices
known in the art can be used in a method of the present
teachings. In various embodiments, the tissue anchor 1is
collapsible. Referring to FIG. 20A, a tissue anchor (310a)
includes a plurality of anchor elements (312) coupled with a
tensioning member (314). The anchor elements (312) can be made
from a surgical grade fabric material (e.g., a polyester
material such as DACRON), in some instances, designed to promote
tissue in-growth so that the anchors (310a) become at least in

part encased in tissue over-time. The anchor elements (312) are

49
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(not shown) separated by flexible sections such as living hinges
(not shown) that may aid in folding and securing the elongate

strip into a folded condition.

[0126] Examples of a tissue anchor (310) described in
conjunction with the above drawings of the present teachings
have some similarities to those in United States Patent
Application Serial No. 12/273,670, filed on November 19, 2008,
entitled Tissue Anchor and Anchoring System, United States
Patent Application Serial No. 11/174,951, filed on July 5, 2005,
entitled Tissue Anchor, Anchoring System and Methods of Using
the Same, United States Patent Application Serial No.
13/777,042, filed on February 26, 2013, entitled Tissue Anchor

and Anchoring System.

[0127] Other suitable tissue anchors can also be used. Examples
of suitable tissue anchors include, but not be limited to,

tissue fasteners, tissue pledgets, or tissue staples etc.

[0128] FIGs. 20E and 20F illustrate one alternative tissue
anchor or fastener (550) usable with the wvarious systems of the
present teachings. Such a tissue anchor or fastener (550) may be
rigid and coupled to a flexible tensioning member (552) or
coupled such that the tissue anchor or fastener (550) slides
along the flexible tensioning member (552), as necessitated by
the fastening system in which the tissue anchor or fastener

(550) is being used.

[0129] FIG. 20G 1is a side elevational view of an alternative
tissue anchor or fastener (560) which is similar to that shown
in FIGs. 20E and 20F, except that the tissue anchor or fastener

(560) has a curved outer profile. The convex surface (562) of
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for example, such that one or both of the ends of elongate strip

can be pulled through the annulus tissue.

[0139] FIG. 20P illustrates another embodiment of tissue anchor
according to the present teachings. This use includes a set of
two tissue anchors (580 and 580') deployed at a first treatment
location with a first end of tensioning member (590) extends
through a first end (582a') of a first elongate strip (582'), a
first end (582a) of a second elongate strip (582), a second end
of the second elongate strip (582) , and a second end of the
first elongate strip (582'). In addition, the first end of
tensioning member (590) extends from a side of band (584) that
is different from where a second end of the tensioning member
(590) extends and form a knot around the second end of
tensioning member (590). Thus, when tension is applied to the
second end (the free end) of tensioning member, tissue anchors
(580 and 580') are pulled towards each other. In addition, the
two ends of elongate strip (582) of tissue anchor (580) can be
pulled through annulus tissues and the band (584') of tissue
anchor (580') can be pressed against the tissues. A person with
ordinary skill in the art will appreciate that other
arrangements and/or uses of tensioning member are also within

the scope of the present teachings.

[0140] Examples of a tissue anchor (580 and 580') described in
conjunction with the above drawings of the present teachings
have some similarities to those 1in United States Patent
Application Serial No. 12/557,655, filed on September 11, 2009,

entitled Tissue Plication Device and Method for Its Use.
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and the tissue between the tissue anchors (580 and 580'") 1is

plicated.

[0152] Although several exemplary chain plications are described
herein, one with ordinary skill in the art would understand that
other devices, for example, including tissue anchors, fasteners,
tensioning members, and the like, can be used without departing
from the letters and spirit of the present teachings. The chain
plication described in conjunction with the drawings of the
present teachings have some similarities to tThose 1in United
States Patent Application Serial No. 10/948,923, filed on
September 24, 2004, -entitled Tissue Fastening Systems and
Methods Utilizing Magnetic Guidance; United States Patent
Application Serial No. 10/689,872, filed on June 11, 2013,
entitled Method and Apparatus for Performing Catheter-based
Annuloplasty Using Local Plications; and United States Patent
Application Serial No. 11/174,951, filed on June 5, 2005,
entitled Tissue Anchor, Anchoring System and Methods of Using

the Same.

Chain tissue anchor delivery system

[0153] Another aspect of the present teachings relates to a
chain tissue anchor delivery system that can be used in
delivering and/or deploying a chain of tissue anchor and/or
plicating tissues as discussed herein. In various embodiments, a
delivery system delivers a series of connected tissue anchors to
a series of treatment locations along a tricuspid annulus as
discussed herein. An example of such delivery and deployment is
illustrated in FIGs. 13A and 13B. In various embodiments, the
chain tissue anchor delivery system delivers two or more tissue

anchors to two or more different locations. In some embodiments,
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We Claim:

1. A chain tissue anchor delivery system comprising:

a tissue anchor delivery catheter including an elongate
shaft having a distal portion and a deflectable tissue anchor
holder that extends axially and longitudinally along an exterior
of the elongate shaft of the tissue anchor delivery catheter,
the tissue anchor holder having a first end fixed to the elongate
shaft and an opposite free second end that is located distal to
the first end, the second end of the tissue anchor holder
configured to deflect radially outward from the elongate shaft;
and

a first tissue anchor that is configured to attach to the
second end of the tissue anchor holder and extend longitudinally

along the elongate shaft of the tissue anchor delivery catheter.

2. The chain tissue anchor delivery system of claim 1, wherein
a first portion of the first tissue anchor extends along the
tissue anchor holder and a second portion of the first tissue
anchor extends along an outer surface of the elongate shaft
proximal to an attachment point of the tissue anchor holder to

the elongate shaft.

3. The chain tissue anchor delivery system of claim 1, wherein
the elongate shaft includes a pair of spaced visualization
markers, the tissue anchor holder being disposed between the

pair of spaced visualization markers.

4. The chain tissue anchor delivery system of claim 1, wherein
the second end of the tissue anchor holder is located distal to
an attachment point at which the tissue anchor holder is attached

to the elongate shaft.
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5. The chain tissue anchor delivery system of claim 1, wherein
the tissue anchor holder is configured to move between a first
position and a second position, wherein in the first position,
the tissue anchor holder is free of the first tissue anchor and
the second end assumes a radially inward position relative to
the elongate shaft and wherein in the second position, the first
tissue anchor 1is captured by the tissue anchor holder which
deflected radially outward and the second end is spaced radially

from the elongate shaft.

6. The chain tissue anchor delivery system of claim 5, wherein
in the first position, the second end of the tissue anchor holder

stays close to the elongate shaft.

7. The chain tissue anchor delivery system of claim 1, wherein
the distal portion of the elongate shaft comprises a non-

traumatic end.

8. The chain tissue anchor delivery system of claim 1, further
including a second tissue anchor that is configured to attach to
the second end of the tissue anchor holder and extend
longitudinally along the elongate shaft of the tissue anchor

delivery catheter.

9. A system for use with an annulus of a valve of a heart of
a subject, the system comprising:

a flexible tensioning member;

a first tissue anchor;

a second tissue anchor, connected to the first tissue anchor
by a continuous portion of the flexible tensioning member; and

a delivery system comprising;

a delivery catheter, and
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a delivery tool comprising a shaft, and a tissue anchor

holder attached to the shaft,
wherein:

the delivery system 1is adapted to position the delivery
catheter near a first location at the annulus, and to
subsequently position the delivery catheter near a second
location at the annulus,

the first tissue anchor is deployable at the first location
by:

a distal portion of the first tissue anchor being
advanced across the annulus by the delivery tool
pulling the distal portion of the first tissue anchor
out of the catheter via engagement between the tissue
anchor holder and the first tissue anchor, such that
the distal portion of the first tissue anchor becomes
disposed on a first side of the annulus, and

a proximal portion of the first tissue anchor
being deployable, by the delivery tool, out of the
delivery catheter on an opposite side of the annulus,
and

the second tissue anchor 1is deployable at the second
location by:

a distal portion of the second tissue anchor
being advanced across the annulus by the delivery tool
pulling the distal portion of the second tissue anchor
out of the catheter via engagement between the tissue
anchor holder and the first tissue anchor, such that
the distal portion of the second tissue anchor is
disposed on the first side of the annulus, and

a proximal portion of the second tissue anchor

being deployable, by the delivery tool, out of the
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delivery catheter on the opposite side of the annulus,

and
the tensioning member 1is adapted to reduce a distance
between the first tissue anchor and the second tissue anchor by
the delivery system applying tension to the tensioning member
subsequently to deploying the first tissue anchor and the second

tissue anchor.

10. The system of claim 9, wherein:

the first side of the annulus faces a right atrium of the
heart,

the opposite side of the annulus faces a right ventricle of
the heart, and

the first tissue anchor is deployable at the first location
by the proximal portion of the first tissue anchor being
deployable, by the delivery tool, out of the delivery catheter

on the opposite side that faces the right ventricle.

11. The system of claim 9, wherein:

the first side of the annulus faces a right ventricle of
the heart,

the opposite side of the annulus faces a right atrium of
the heart, and

the first tissue anchor is deployable at the first location
by the proximal portion of the first tissue anchor being
deployable, by the delivery tool, out of the delivery catheter

on the opposite side that faces the right atrium.

12. The system of c¢laim 9, further comprising a locking
mechanism adapted to lock the distance between the first tissue

anchor and the second tissue anchor.
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13. The system of claim 9, wherein:

the tissue anchor holder is disposed at a distal part of
the shaft, and

for each of the first tissue anchor and the second tissue
anchor successively, the tissue anchor holder is configured to
engage the distal portion of the tissue anchor within the
delivery catheter, such that advancing the shaft distally pulls
the distal portion of the tissue anchor distally out of the

delivery catheter.

14. The system of claim 13, wherein the tissue anchor holder:
has a fixed end that is fixed to the shaft and a free end,
extends alongside an exterior of the shaft of the delivery

catheter such that (i) the free end is located distal to the

fixed end, and (ii) the tissue anchor holder is deflectable
radially outward from the shaft, and

for each of the first tissue anchor and the second tissue
anchor successively, is configured to engage the distal portion
of the tissue anchor by the free end of the tissue anchor holder
engaging the distal portion of the tissue anchor, such that the
tissue anchor extends proximally, from the free end of the tissue

anchor holder, alongside the shaft within the catheter.

15. The system of claim 14, wherein, for each of the first
tissue anchor and the second tissue anchor, the tissue anchor
holder is configured to deflect away from the shaft responsively

to engaging the tissue anchor.

16. The system of claim 15, wherein, for each of the first
tissue anchor and the second tissue anchor, the delivery system
is configured to release the tissue anchor by retracting the

shaft proximally into the delivery catheter.
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17. The system of claim 16, wherein, for each of the first
tissue anchor and the second tissue anchor, the tissue anchor
holder is configured to deflect toward the shaft in response to

the release of the tissue anchor.

18. The system of claim 14, wherein each of the first tissue
anchor and the second tissue anchor comprises a fabric, and
wherein, for each of the first tissue anchor and the second
tissue anchor, the free end of the tissue anchor holder is
configured to engage the distal portion of the tissue anchor by

capturing the fabric.
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