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DEVICE AND METHOD FOR RELEASING CATHETERS FROM CARDIAC
STRUCTURES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No. 62/160,595
filed on May 12, 2015, which is hereby incorporated by reference in its entirety.

FIELD

[0002] The present invention is directed toward devices, systems, and methods for performing

a heart procedure.

BACKGROUND

[0003] Blood returning to the heart from peripheral circulation and the lungs generally flows
into the atrial chambers of the heart and then to the ventricular chambers, which pump the blood
back out of the heart. During ventricular contraction, the atrio-ventricular valves between the
atria and ventricles (i.e. the tricuspid and mitral valves), close to prevent backflow or
regurgitation of blood from the ventricles back to the atria. The closure of these valves, along
with the aortic and pulmonary valves, maintains the unidirectional flow of blood through the
cardiovascular system. Disease of the valves can result in valve dysfunction, where some

fraction of the ventricular blood regurgitates back into the atrial chambers.

[0004] Treatment of heart valve stenosis or regurgitation, such as mitral or tricuspid
regurgitation, may involve an open-heart surgical procedure to replace or repair the valve.
Methods and devices have been developed to accomplish ventriculoplasty on the left ventricle of
the human heart for patients suffering from functional mitral valve regurgitation and/or
congestive heart failure. A device such as a delivery catheter may be advanced into the heart to
place a set of anchors within the left ventricular myocardium in a subannular region between the
mitral annulus and the papillary muscles. The anchors are coupled together by a tether. Once the
anchors and tether are released, the tether is cinched in order to reduce the mitral annulus,
creating mitral valve competence and relieving left ventricle wall stress. Additional devices and

methods for releasing anchor structures from a catheter may be desirable.
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BRIEF SUMMARY

[0005] Described here are devices, systems, and methods for removing a catheter from a body
organ. In general, the systems described here for delivering an implant comprise a catheter
comprising a longitudinal axis, a first elongate element lumen, a second elongate element lumen,
a tissue anchor lumen, and a plurality of apertures along the longitudinal axis. The plurality of
apertures may comprise first elongate element apertures, second elongate element apertures, and
tissue anchor apertures. The catheter may further comprise a plurality of retaining portions each
between adjacent tissue anchor apertures and between adjacent first and second elongate element
apertures. A first elongate element may be disposed within the first elongate element lumen. A
second elongate element may be disposed within the second elongate element lumen. For each
pair of adjacent first and second elongate element apertures, the first elongate element may
extend out of the first elongate element lumen through the first elongate element aperture across
the retaining portion transversely with respect to the longitudinal axis and towards the second
elongate element aperture. The first elongate element may extend into the second elongate
element aperture, loop over the second elongate element, and extend back across the retaining

portion and into the first elongate element lumen.

[0006] In some variations, the first elongate element may be releasably coupled to the second
elongate element. In other variations, the first elongate element extending between the first and
second elongate element apertures may cross over itself. In yet other variations, the first elongate

element may be fixed to a distal end of the catheter.

[0007] In some variations, a first elongate element control may be configured to retract the
first elongate element from the first elongate element lumen and a second elongate element
control may be configured to retract the second elongate element from the second elongate
element lumen. In some of these variations, retracting the first elongate element from the first

elongate element lumen may tension the first elongate element.

[0008] In some variations, the plurality of retaining portions may each comprise a channel
along the longitudinal axis. In some of these variations, the plurality of retaining portions may be

each adapted to open the channel.
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[0009] In yet further variations, at least one radiopaque structure may be located between the

plurality of apertures.

[0010] In some variations, an anchor delivery catheter may be advanceable within the catheter
and a plurality of tissue anchors within the anchor delivery catheter. In some of these variations,
the tissue anchor apertures may be configured for passage of the plurality of tissue anchors. In
another of these variations, the anchor delivery catheter may be advanceable within the tissue

anchor lumen.

[0011] Also described here are methods for performing a procedure inside a heart. In general,
the methods comprise positioning a catheter adjacent to heart tissue. The catheter may comprise
a longitudinal axis, a first elongate element lumen, a second elongate element lumen, a tissue
anchor lumen, and a plurality of apertures along the longitudinal axis. The plurality of apertures
may comprise first elongate element apertures, second elongate element apertures, and tissue
anchor apertures. The catheter may further comprise a plurality of retaining portions each
between adjacent tissue anchor apertures and between adjacent first and second elongate element
apertures. A first elongate element may be disposed within the first elongate element lumen and
a second elongate element may be disposed within the second elongate element lumen. The
plurality of retaining portions may each comprise a channel along the longitudinal axis. For each
pair of adjacent first and second elongate element apertures, the first elongate element may
extend out of the first elongate element lumen through the first elongate element aperture across
the retaining portion transversely with respect to the longitudinal axis and towards the second
elongate element aperture. The first elongate element may extend into the second elongate
element aperture, loop over the second elongate element, and extend back across the retaining
portion and into the first elongate element lumen. A first tissue anchor and at least a second
tissue anchor may be deployed into the heart tissue. A tether may couple the first tissue anchor
to at least the second tissue anchor. The second elongate element may be retracted from the
second elongate element lumen to uncouple the first elongate element from the second elongate
element and to open the channel for passage of the first and second tissue anchors. The
uncoupled first elongate element may be tensioned. The catheter may be removed from the

heart.
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[0012] In some variations, the catheter may be temporarily secured to heart tissue using at
least one of the first and second tissue anchor. In other variations, retracting the second elongate
element may increase slack of the first elongate element. In yet other variations, retracting the
second elongate element may open the channel. In some variations, the first elongate element
may cross over itself. In other variations, the first elongate element may be tensioned against the
second elongate element. In yet other variations, the catheter may be indirectly visualized. In

some variations, an anchor delivery catheter may be advanced within the catheter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a cross-sectional view of a heart with a catheter advanced through the aorta

and into the left ventricle.

[0014] FIGS. 2A-2C are side and perspective views of an illustrative variation of a catheter

and proximal hub.

[0015] FIGS. 3A-3B are proximal and distal cross-sectional views of an illustrative variation

of a catheter.

[0016] FIGS. 4A-4C are detailed side views of an illustrative variation of an implant release

mechanism of a catheter.

[0017] FIGS. 5A-5B are perspective views of an illustrative variation of a distal end of a

catheter.

[0018] FIG. 6A and 6C-6E are perspective views of an illustrative variation of tissue anchors
and a distal end of a catheter. FIG. 6B is a schematic representation of an illustrative variation of

a catheter, implant, and heart tissue.

[0019] FIGS. 7A-7E are schematic representations of a method for deploying tissue anchors to

heart tissue using a catheter.

[0020] FIG. 8 is a flowchart of an illustrative variation of an implant releasing process.
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DETAILED DESCRIPTION

[0021] Described here are devices, systems, and methods for detaching or decoupling an outer
catheter from an implanted device during a heart procedure, such as from a subannular region of
the left ventricle. Generally, the devices and systems described here are used to reshape atrio-
ventricular valves or myocardium to improve hemodynamic performance. The implantation
procedures are preferably transvascular, minimally invasive surgical procedures, but can also be

performed with open or limited access surgical procedures.

[0022] In instances where the heart is the relevant anatomy, it may be helpful to briefly
identify and describe the relevant heart anatomy. FIG. 1 is a cross-sectional depiction of a heart
H having a right atrium RA, right ventricle RV, left atrium LA, and left ventricle LV. Tricuspid
valve leaflets TVL are provided between the right atrium RA and the right ventricle RV, and
mitral valve leaflets MVL are provided between the left atrium LA and left ventricle LV. A
catheter 100 is shown being advanced in a retrograde direction through the aorta A and into the
left ventricle LV. This access route is used to reach the subvalvular space 106. Retrograde, as

used herein, generally refers to a direction opposite the expected flow of blood.

[0023] Catheter 100 is generally a flexible elongate catheter which may have one or more
curves or bends towards its distal end to facilitate placement of the distal end 102 of the catheter
100 at a desired location. The subvalvular space, as used herein, generally includes the portion
of the ventricular chamber that is bound peripherally by the ventricular wall, superiorly by the
atrio-ventricular valve leaflets, and centrally by the primary chordae tendineae, and is located
along the circumference of the valve annulus. The subannular groove region 104, as used herein,
includes the space bordered by the inner surface of the ventricular wall, the inferior surface of
valve leaflets MVL, and the third order chordae tendineae connected directly to the ventricular

wall and the leaflet MVL.

[0024] The distal end 102 of catheter 100 may be configured to be positioned at an opening
into the subvalvular space 106 or within the subvalvular space 106, such that subsequent devices
may be passed through catheter 100 into the subvalvular space 106. Although the retrograde
aortic access route may begin from a percutaneous or peripheral access site, aortic access may
alternatively be achieved by an incision in the ascending aorta, descending aorta, aortic arch or

iliac arteries, following surgical, thorascopic or laparoscopic access to a body cavity.
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I. Devices and Systems

[0025] Described here are devices and systems for detaching or decoupling an outer catheter
from an implant. For example, a decoupled outer catheter may be removed from a subannular
region of the left ventricle of the heart after deployment of the implant from the outer catheter
into heart tissue. For example, the outer catheters described here may be used in beating heart
procedures where it may be difficult to control the position of the distal end of an anchor
delivery catheter with respect to the target tissue. Generally, an outer catheter comprises a
plurality of lumens and apertures along a longitudinal axis of the outer catheter. The implant
may comprise one or more tissue anchors that may be advanced through a tissue anchor lumen
of the outer catheter. The tissue anchors may be coupled together by a tether. A plurality of
tissue anchor apertures may be arranged longitudinally at a distal portion of the outer catheter to

allow the tissue anchors to be delivered out of corresponding tissue anchor apertures.

[0026] In one variation, an implant delivery system may comprise an outer catheter and an
inner catheter slidable within the outer catheter. An anchor delivery catheter may be slidable
within the inner catheter. Once the outer catheter has been positioned at its desired location, it
need not be moved relative to heart tissue to deploy an implant (e.g., a plurality of tissue
anchors). Instead, the anchor delivery catheter and/or inner catheter may be manipulated within
the non-moving outer catheter to deploy the tissue anchors through a desired tissue anchor
aperture. The outer catheter also permits delivery of tissue anchors with predetermined spacing
and/or alignment with respect to each other. Thus, the outer catheter may reduce the risk that
during a lengthy procedure with multiple anchoring sites, repositioning of the anchor delivery
catheter to a new target location may dislodge the anchor delivery catheter and/or the implant

from heart tissue.

[0027] After deployment of tissue anchors from the outer catheter, portions of the implant
(e.g., tether) may be retained within the outer catheter until a mechanism is actuated that allows
the tether to be released from the outer catheter. The devices and system discussed below
comprise an implant release mechanism that allows the tissue anchors to completely separate
and release from the outer catheter with minimal force and physical interference, thereby
reducing the risk of damage to the system and tissue. For instance, the implant release

mechanism may be operated in a manner where the mechanism does not interfere with any of a
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tissue anchor, tether, outer catheter, and heart tissue. The implant release mechanism may be

easily operated from a hub and may utilize, but need not require, direct or indirect visualization.

[0028] One variation is illustrated in the side view of FIG. 2A. As depicted, an implant
delivery system may comprise an outer catheter 202 and hub 250. A distal end of the outer
catheter 202 may comprise tissue anchor apertures 204 and an atraumatic distal tip 206. The
tissue anchor apertures 204 may be sized for passage of tissue anchors (not shown) delivered
through the outer catheter 202. An inner catheter 210 may be disposed through at least a portion
of the outer catheter 202. As described in more detail below, an outer catheter may comprise a
plurality of lumens to engage with one or more other outer catheters and release one or more

implants from the catheter, such as heart tissue anchors.

[0029] A hub 250 is coupled to a proximal end of the outer catheter 202. As depicted in FIGS.
2A and 2C, the hub 250 may comprise a plurality of ports including a first elongate element
control port 252, a second elongate element control port 254, inner catheter port 256, and
guidewire port 258. The hub may further comprise flush ports for outer catheter 202 and inner
catheter 210. The first and second elongate element control ports 252, 254 may be controlled by
a user to unlock the outer catheter 202 to release tissue anchors from the outer catheter 202, as

described in more detail below.
Outer Catheter

[0030] A perspective view of the distal portion of outer catheter 202 is illustrated in FIG. 2B
and comprises a distal tip 206 and a plurality of tissue anchor apertures 204. In some variations,
the outer catheter may comprise 11 or 13 apertures. In some of these variations, two tissue
anchors may be deployed out of the proximal-most aperture such that a total of 12 or 14 anchors
may be deployed from a respective outer catheter. An outer catheter may comprise any number
of apertures, for example, 4, 6, 7, 10, 12, 15, 16, 17, 20, 24 or more apertures. The distal portion
of the outer catheter 202 as shown in FIG. 2B may comprise a curvature configured to facilitate
the placement of tissue anchors in a subannular groove region. In this manner, the distal portion
may more easily conform to the geometry of the atrio-ventricular valve. As discussed in further
detail below, fluoroscopic visualization of radiopaque structures of the outer catheter may help

position and/or align the outer catheter to a desired tissue region.
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[0031] An implant release mechanism 208 may be provided between adjacent apertures 204
and include a retaining portion 212 that separates adjacent tissue anchor apertures 204. A first
elongate element 214 may extend transversely relative to a longitudinal axis of the outer catheter
202 across an external surface of the outer catheter 202 to hold the retaining portion 212 in a
closed configuration that promotes stability of the outer catheter 202 during delivery of an
implant (e.g., tissue anchors). As will be discussed in more detail with respect to FIGS. 4A-4C
and 6A-6E, an implant release mechanism is actuated such that a longitudinal channel within the
retaining portion may open to allow the passage of a tether coupled to tissue anchors to be

completely released from the outer catheter.
Lumens

[0032] FIG. 3A depicts a cross-sectional view of a proximal end of an illustrative variation of
an outer catheter 302 as viewed from the A-A line of FIG. 2A. FIG. 3B depicts a cross-sectional
view of a distal end of outer catheter 302 as viewed from the B-B line of FIG. 2A. The outer
catheter 302 may include a first elongate element lumen 304 having a first elongate element 310
disposed therein and a second elongate element lumen 306 having a second elongate element
312 disposed therein. In some variations, the second elongate element lumen 306 may extend
from a distal portion of an outer catheter 302 to a hub. A diameter of the second elongate
element 312 may range from about 0.10 mm to about 0.30 mm and may be, for example, a 0.203
mm diameter. The first elongate element lumen 304 may extend from a distal portion of the
outer catheter 302 to a hub. A diameter of the first elongate element 312 may range {from about
0.10 mm to about 0.30 mm and may be, for example, a 0.254 mm diameter first elongate

element 310.

[0033] A guidewire lumen 314 may be provided for a guidewire (not shown) to provide
relative movement between the outer catheter 302 and guidewire. For example, the guidewire
may first be advanced from the descending aorta, through the left ventricle into subvavular space
behind chordae tendineae, and positioned in a subannular groove region. Then, the outer catheter
302 may be advanced over the guidewire to position the outer catheter 302 in the subannular
groove region under the mitral valve. Accordingly, the guidewire may be used as a rail for outer
catheter placement. Once the outer catheter 302 is advanced to a desired position, the guidewire

may remain in place throughout a procedure to facilitate ease of use and safety. For example, the
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guidewire may function as a rail and a position locator if there is a need to remove and replace
the outer catheter during the procedure. Additionally or alternatively, the guidewire may extend
out of the distal end of the outer catheter and form an atraumatic tip. Alternatively, once the
outer catheter 302 is advanced to a desired position, the guidewire may be withdrawn proximally

from the guidewire lumen 314, and out of a guidewire port.

[0034] The guidewire lumen 314 may form a circular cross-section at a proximal end of the
outer catheter 302 (FIG. 3A) and an oval cross-section at a distal end of the outer catheter 302
(FIG. 3B). In some variations, the guidewire may have a diameter in a range of about 0.20 mm
to about 0.60 mm and may be, for example, 0.457 mm in diameter. The proximal and distal
lumens in FIGS. 3A-3B coincide and may run the entire length of the outer catheter 302 shaft.
While the cross-sectional shape of the guidewire lumen may vary across the length of the outer
catheter, it should be understood that in other variations, the cross-sectional shape of the
guidewire lumen may be the same across the length of the outer catheter. The cross-section of a

guidewire lumen may be similar to that of a circle, oval, ellipse, square, rectangle, etc.

[0035] In some variations, one or more of the lumens may comprise a liner to reinforce the
lumen or provide a friction different than that of the lumen. For example, a lumen may comprise
a material such as PEBAX, and a liner may have a high friction coefficient and/or may comprise
a material such as PTFE. For instance, FIGS. 3A and 3B depict a tissue anchor lumen liner 322,
a first elongate element lumen liner 324, a second elongate element lumen liner 326, a guidewire
lumen liner 328, and an inner catheter lumen liner 330. A tissue anchor lumen liner 322 may be
provided on a surface of the tissue anchor lumen 308 and may be between the outer catheter 302
and inner catheter 330. The inner catheter 320 may be provided between the tissue anchor lumen
liner 322 and the inner catheter lumen liner 330. The inner catheter lumen liner 330 may be
provided on an internal surface of the inner catheter 320. First elongate element lumen liner 324
may be provided on a surface of the first elongate element lumen 304. Second elongate element
lumen liner 326 may be provided on a surface of the second elongate element lumen 306.

Guidewire lumen liner 328 may be provided on a surface of the guidewire lumen 314.

[0036] In some variations, the outer catheter 302 may comprise a polymer jacket 316 and/or
braid reinforcement 318 to reinforce the outer catheter 302 and/or alter the flexibility of the outer

catheter 302. A polymer jacket may be made, for example, from a low stiffness material in order



WO 2016/183386 PCT/US2016/032220

to form a flexible catheter, while the braid reinforcement may be braided with a pitch to improve
torque transmission without significantly increasing stiffness. Braid reinforcement 318 may be
provided within the polymer jacket 316 in a spaced apart manner away from a lumen side of the
outer catheter 302. In some variations, a distal end of the outer catheter 302 may decrease in
diameter relative to the proximal end, and may be provided without braid reinforcement.
Accordingly, the distal end of the outer catheter 302 may be more flexible than a proximal end

of the outer catheter 302.
Inner Catheter

[0037] In some variations, an implant delivery system may comprise an inner catheter 320
slidable within a tissue anchor lumen 308 of the outer catheter 302, as shown in FIGS. 3A-3B.
The inner catheter 320 may have an inner catheter lumen through which an anchor delivery
catheter (not shown) having a plurality of tissue anchors that may be advanced through the tissue
anchor lumen 308. In some variations, inner catheter 320 may be used to simplify positioning of
one or more anchor delivery catheters with respect to deployment of tissue anchors from the
outer catheter 302. For instance, inner catheter 320 may comprise a single aperture at a distal
end of the inner catheter 320. This aperture may be sequentially aligned with each tissue anchor
aperture of the outer catheter 302 in order to sequentially deliver anchors at each tissue site
corresponding to the location of each tissue anchor aperture. That is, aligning the aperture of the
inner catheter with a desired tissue anchor aperture of the outer catheter may help to facilitate the
positioning of an anchor delivery catheter by ensuring that when the anchor delivery catheter is
advanced into and reaches the distal end of the inner catheter, the delivery aperture(s) of the
anchor delivery catheter is aligned with the desired tissue anchor aperture. A tissue anchor
deployed from the anchor delivery catheter exits out of the aperture of the inner catheter 320
through an aligned tissue anchor aperture of the outer catheter 302. The inner catheter 320 may
thus facilitate tissue anchor deployment through the tissue anchor apertures of outer catheter
302. Alternatively, the anchor delivery catheter itself may exit aligned apertures of the inner and
outer catheters (FIGS. 7D-7E), and may, in some instances, contact the tissue into which the
anchor is to be deployed. A user is assured that alignment of the inner catheter 320 relative to the

outer catheter 302 also aligns an anchor delivery catheter with the outer catheter 302.

10



WO 2016/183386 PCT/US2016/032220

Implant Release Mechanism

[0038] An implant release mechanism as depicted in FIGS. 4A-4C and FIGS. 5A-5B may
provide releasable retention of tethered tissue anchors without requiring repositioning of the
outer catheter for each anchor. At least a portion of a tether may be held within a lumen of the
outer catheter until actuation of the implant release mechanism. In some variations, components
of the implant release mechanism may be withdrawn (e.g., elongate elements) into the outer
catheter to prevent interference of the implant release mechanism with the implant and/or heart
tissue. As referred to herein, an implant may comprise a plurality of tissue anchors slidably

coupled by a tether.

[0039] FIG. 4A provides a detailed side view of outer catheter 400 including implant release
mechanism 402 having a first elongate element lumen 404 and a second elongate element lumen
406. In FIGS. 4A-4C, outer catheter 400 is depicted as partially transparent in order to better
show the elongate elements and lumens. A first elongate element 410 is disposed within the first
elongate element lumen 404 and a second elongate element 412 is disposed within the second

elongate element lumen 406.

[0040] The outer catheter 400 may further comprise a plurality of tissue anchor apertures 408
along a longitudinal axis of the outer catheter 400. The tissue anchor apertures 408 may open
into a tissue anchor lumen of the outer catheter 400. The first and second elongate element
lumens 404, 406 are provided parallel to the longitudinal axis of the outer catheter 404 on either

side of the tissue anchor apertures 408.

[0041] The outer catheter 400 may include one or more first elongate element apertures 414
and second elongate element apertures 416. The first and second elongate element apertures 414,
416 open into respective first and second elongate element lumens 404, 406. The first and
second elongate element apertures 414, 416 may be any size and shape that allows the first
elongate element 410 to exit and enter the first and second elongate element apertures 414, 416.
Adjacent first and second elongate element apertures 414, 416 in the transverse direction with

respect to the longitudinal axis are referred to as an elongate element aperture pair.

[0042] A retaining portion 418 may be provided between adjacent tissue anchor apertures 408

and an elongate element aperture pair. The retaining portion 418 may comprise a polymer wall

11
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structure that separates adjacent tissue anchor apertures 408 and first and second elongate
element apertures 414, 416. The retaining portion 418 may comprise a channel 420 that is
adapted to be in a locked, closed configuration (FIGS. 4A, SA-5B) and an unlocked, open
configuration (FIGS. 4B-4C). In some variations, a channel width may be from about 0.5 mm to
about 0.8 mm in the open configuration. In some variations, a channel width may be 0.0 mm to
about 0.4 mm in the closed configuration. Each of the channels 420 may extend along the
longitudinal axis of the outer catheter 400. Edges of the channel 420 move away from each other

in the open configuration to form an aperture between the edges.

[0043] As shown in FIGS. 4A-4B, the first elongate element 410 may be releasably coupled to
the second elongate element 412. For each pair adjacent first and second elongate element
apertures 414, 416, the first elongate element 410 may extend out of the first elongate element
lumen 404 through the first elongate element aperture 414, and extend across the retaining
portion 418 in a transverse direction with respect to the longitudinal axis of the outer catheter
400. The first elongate element 410 may cross over an external surface of the outer catheter 400
and over the closed channel 420 towards the second elongate element aperture 416. The external

surface is, for example, an exterior of the outer catheter 400.

[0044] The first elongate element 410 may extend into the second elongate element aperture
416 and loop 422 over the second elongate element 412 to couple the first and second elongate
elements 410, 412 to each other. The first elongate element 410 may extend out of the second
elongate element aperture 416 and extend back across over the external surface of the outer
catheter 400, the channel 420, and retaining portion 418. The first elongate element 410 may
extend into the first elongate element aperture 414 and back into the first elongate element

lumen 404.

[0045] A locked configuration of the implant release mechanism refers herein to the
configuration shown in FIG. 4A where first elongate element 410 is looped over the second
elongate element 412. If the channel 420 is open in the locked configuration, a tether of the
implant will be retained by the first elongate element 410 to maintain the connection between the
outer catheter 400 and the implant. However, when the first elongate element 410 is looped and
tensioned against the second elongate element 416, the channel 420 is provided in the closed

configuration.

12
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[0046] In some variations, the first elongate element 410 extending between the first and
second elongate element apertures 414, 416 (over the retaining portion 418) crosses over or

intertwines itself, as shown in FIGS. 5A-5B.

[0047] In some variations, the first elongate element 410 may be formed of any material that
may be looped and tensioned around the second elongate element 412. In some instances, the
first elongate element 410 may be a fiber cable such as a flexible, twistable, and/or lubricious
cable. In some variations, the first elongate element 410 may be fixed to a distal end of the outer
catheter 400 (not shown). In some instances, a distal end of the first elongate element 410 may
be terminated in the first elongate element lumen 404 by a knot or any other suitable method
such that the first elongate element 410 is fixed and remains secured to the outer catheter 400
when a proximal end of the first elongate element 410 is retracted from the first elongate
element lumen 404. This allows the tension of the first elongate element 410 to be controlled

when the first elongate element 410 is releasably coupled from the second elongate element 412.

[0048] The second elongate element 412 may be formed of any material that may hold its
shape as it is looped by and coupled to the first elongate element 410. In some instances, the
second elongate element 412 may be a wire such as a metal wire or metal rod, a wire thread, or

ribbon formed from metal, polymer, or combination thereof.

[0049] A transition of the implant release mechanism 402 from the locked and closed
configuration to an unlocked and open configuration will be described with respect to FIGS. 4B-
4C. In FIG. 4B, the second elongate element 412 (not shown) is retracted proximally from the
second elongate element lumen 406 such that the first elongate element 410 is uncoupled from
the second elongate element 412, thereby unlocking the implant release mechanism 402. The
loop 422 of the first elongate element 410 is no longer coupled to the second elongate element
412 and may move freely out of the second elongate aperture 406. Retraction of the second
elongate element 412 also increases slack of the first elongate element 410 and which may
permit the channel 420 to be opened. The order of release of the implant release mechanisms
402 begins with the distal-most mechanism and finishes with the most proximal mechanism. The
open channel 420 may be configured for passage of a tether coupled to a lumen side of the

retaining portion 418.
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[0050] In FIG. 4C, the first elongate element 410 is retracted proximally to increase tension
and/or remove slack in the first elongate element 410. When the first elongate element 410 is
retracted 424, the first elongate element 410 is withdrawn into the first elongate element lumen
404 such that the first elongate element 410 is unable to snag against a tissue anchor, heart tissue
or any other structure. Retraction of the first and second elongate elements 410, 412 from
respective first and second elongate element lumens 404, 406 may be through a first and second

elongate element control, as shown in FIG. 2C.

[0051] It should be noted that once the second elongate element 412 is retracted, a tether may
be released from the outer catheter 400 through the open channel 420 (FIG. 4B) prior to

tensioning the first elongate element (FIG. 4C).

[0052] FIGS. 5SA-5B are perspective views of a distal end of an outer catheter 502. A distal
end of the outer catheter 502 may comprise a plurality of tissue anchor apertures 504 separated
by a retaining portion 506. The retaining portion 506 as shown in FIG. 5A may include a first
elongate element aperture 508 and a first elongate element 510. FIG. 5B illustrates a perspective
view of the second elongate element aperture 512 and second elongate element 514. For each
retaining portion 506, the first elongate element 510 may extend out of the first elongate element
aperture 508, and extend across the retaining portion 506 in a transverse direction with respect to
the longitudinal axis of the outer catheter 502. The first elongate element 510 may cross over an

external surface of the outer catheter 502 towards the second elongate element aperture 512.

[0053] The first elongate element 510 may extend into the second elongate element aperture
512 and loop over the second elongate element 514 to couple the first and second elongate
elements 510, 514 to each other. The first elongate element 510 may extend out of the second
elongate element aperture 512 and extend back across over the external surface of the outer
catheter 502 and over retaining portion 506. The first elongate element 510 may extend into the
first elongate element aperture 508. The first elongate element 510 extending between the first
and second elongate element apertures 508, 512 (over the retaining portion 506) may cross over
or intertwine. In this closed configuration of the retaining portion 506, the first elongate element

510 may be looped around the second elongate element 514 to close the retaining portion 506.

[0054] The size and shape of the retaining portions described above are not particularly
limited. In some variations, a retaining portion may comprise an aperture having substantially
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the same width as the tissue anchor aperture such that outer catheter may comprise a single
continuous tissue anchor aperture. In these variations, the first elongate element extending across
the retaining portion may serve as a physical barrier to secure a portion of a tether to the outer

catheter.

[0055] In some variations, the first elongate element may extend across the retaining portion at
an angle with respect to the longitidunal axis of the outer catheter, for example, in a shoelace
pattern. Alternatively, an outer wall structure of the retaining portion and the first elongate
element may together physically retain a portion of a tether to the outer catheter until actuation

of the implant release mechanism.

[0056] In other variations, an implant release mechanism may comprise transverse lumens
extending through (i.e., within the thickness of) the retaining portions. A transverse lumen may
open into both the first and second elongate element lumens to provide a path for the first
elongate element to releasably couple to the second elongate element in the second elongate
element lumen. The first elongate element may loop over the second elongate element in a
similar manner as described above. In this manner, the first elongate element need not travel
over an exterior of the outer catheter to loop and secure to the second elongate element.
Furthermore, in these variations, first and second elongate element apertures may be removed
such that a distal end of the first and second elongate element lumens are not directly open to

fluid and/or tissue within a body cavity such as the heart.

[0057] Each retaining portion may comprise at least one transverse lumen. In variations where
the retaining portion comprises one transverse lumen, the first elongate element may cross over
or intertwine itself within the transverse lumen. In variations where the retaining portion
comprises two transverse lumens, the first elongate element may extend through a first
transverse lumen, couple to the second elongate element in the second elongate element lumen,
and then may extend through a second transverse lumen and back into the first elongate element
lumen. In some variations, the tranverse lumens need not be perpendicular to the first and second
elongate element lumens and may be formed at an angle with respect to the longitidunal axis of
the outer catheter. In some instances, the transverse lumens may form an “X” shape to allow the

first elongate element to cross over or intertwine itself.

Tissue Anchor
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[0058] Tissue anchors may be secured to tissue (e.g., the heart) using the outer catheters
described to releasably retain a tether coupled to the tissue anchors. "Anchors," as described
herein, are defined to mean any fasteners. In some variations, one or more tissue anchors may be
loaded into an anchor delivery catheter. An anchor delivery catheter may be advanced through
the lumen of an outer catheter described herein and a first tissue anchor may be deployed into
heart tissue. The first tissue anchor may be coupled or secured to a tether. The remaining tissue
anchors may be slidably coupled to the tether. In some variations, the tether may be in the form
of a cable or wire. In this way, after the first tissue anchor is secured to heart tissue, the tether

will remain coupled to the first tissue anchor.

[0059] While the tether may be used as a track or monorail for the advancement of additional
anchor delivery catheters thereover, the tether is also a component of the tissue anchor structure
that interconnects the multiple tissue anchors. A portion of the tether may facilitate the
tightening of a valve and remain in the body with the tissue anchors after the anchor delivery
system is removed from the body. For instance, when pulled proximally while restraining the
position of the proximal tissue anchor, the tether may be used to cinch or reduce the

circumference of the atrio-ventricular valve annulus or the annular tissue.

[0060] In FIG. 6A, a distal end of outer catheter 602 is depicted and includes a plurality of
tissue anchor apertures 604, retaining portions 606, first elongate element apertures 608, second
elongate element apertures 612, second elongate element 614, and radiopaque structures 624.
For the sake of clarity, heart tissue is not illustrated in FIGS. 6A and 6C-6E. A first tissue anchor
616 1s coupled to a second tissue anchor 620 by a tether 618. The tether 618 may be coupled to
the first tissue anchor 616 by a knot 626 (FIG. 6B). The attachment of a tissue anchor and tether
may be achieved via a knot, weld, adhesive, or by any other suitable attachment mechanism.
Optionally, a force distributing member (FDM) or spacer may be provided with varying lengths
between tissue anchors. For example, an FDM 622 of a first length may be coupled between the
first and second tissue anchors 616, 620, and between the proximal most pair of tissue anchors.
An FDM 628 of a second length longer than the first length may be coupled between adjacent

intermediate tissue anchors.

[0061] The first tissue anchor 616 may be deployed from a tissue anchor lumen through the

distal-most tissue anchor aperture 604. The second tissue anchor 620 may be deployed through
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the next distal-most tissue anchor aperture 604. A portion of the tether 618 is retained on a
lumen side of the retaining portion 606. As shown in FIG. 6B, the tether 618 coupled to the first
tissue anchor 616 may be slidably coupled to the spacer 626, and may be routed on a lumen side
of the retaining portion 606, and then slidably coupled to the spacer 628. This pattern may
continue until the most proximal tissue anchor aperture where two tissue anchors are positioned

without routing on a lumen side of the retaining portion 616.

[0062] As shown in FIG. 6B, each of the tissue anchors may be deployed and secured to heart
tissue 650 while the retaining portions 606 are in the closed configuration. At this point, the
tissue anchors may be coupled to heart tissue 650 and outer catheter 602. Since the tether 618 is
routed on a lumen side of each of the retaining portions 606, the outer catheter 602 cannot be
removed from the body without damage to one or more of the heart tissue 650, tissue anchors,

and outer catheter 602.

[0063] The retaining portions 606 may transition from a closed configuration to an open
configuration as explained using FIGS. 6C-6E. FIG. 6C is a perspective view of a distal end of
outer catheter 602 after second elongate element (not shown) has been retracted from the second
elongate lumen, thus opening the retaining portion 606 and allowing passage of the tether 618
through a channel in the retaining portion 606. For instance, the first elongate element 610 may
move freely, as shown in FIG. 6D, and possibly interfere with the tissue anchor or other
structures. Therefore, as shown in FIG. 6E, the first elongate element 610 may be retracted and
withdrawn into the first elongate element aperture 608. Consequently, the first elongate element
610 does not interfere with any of a tissue anchor 616, tether 618, heart tissue 650, and outer
catheter 602 as the outer catheter 602 is separated from the tether 618 and the tissue anchors

616, 620.

[0064] In some variations, the tissue anchors may comprise C-shaped or semicircular hooks,
curved hooks of other shapes, straight hooks, barbed hooks, clips of any kind, T-tags, or any
other suitable fastener(s). In some variations, tissue anchors may comprise two tips that curve in
opposite directions upon deployment, forming two intersecting semi-circles, circles, ovals,

helices or the like. In some variations, the tips may be sharpened or beveled.

[0065] In some variations, the tissue anchors are self-deforming. By "self-deforming” it is
meant that the tissue anchors are biased to change from a first undeployed shape to a second
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deployed shape upon release of the tissue anchors from an outer catheter. Such self-deforming
tissue anchors may change shape as they are released from a housing or deployed from a lumen
or opening to enter annular tissue, and secure themselves to the tissue. Self-deforming anchors
may be made of any suitable material such as spring stainless steel, or super-elastic or shape-
memory material like nickel-titanium alloy (e.g., Nitinol). In some variations, anchors may

comprise one or more bioactive agents, including biodegradable metals and, polymers.

[0066] In some variations, the tether may be made from any suitable or desirable
biocompatible material. The tether may be braided or not braided, woven or not woven,
reinforced or impregnated with additional materials, or may be made of a single material or a
combination of materials. For example, the tether may be made from a suture material (e.g.,
absorbable suture materials such as polyglycolic acid and polydioxanone, natural fibers such as
silk, and artificial fibers such as ultra-high molecular weight polyethylene (UHMW PE),
polypropylene, polyester, polyester impregnated with polytetrafluoroethylene, nylon,
polyetheretherketone, etc.), a metal (absorbable or non-absorbable), a metal alloy (e.g., stainless
steel), a shape memory material, such as a shape memory alloy (e.g., a nickel titanium alloy),

other biocompatible material, or any combination thereof.
Hub

[0067] A perspective view of the hub 250 is shown in FIG. 2C and may include a first
elongate element control port 252, a second elongate element control port 254, an inner catheter
port 256, and a guidewire port 258. The control ports 252, 254 may be manipulated to retract
and/or withdraw respective first and second elongate elements from their lumens. In one
variation, a knob of the control ports 252, 254 may be unscrewed to allow a user to retract at
least a portion of the elongate elements out of the control ports 252, 254. In some variations,
retracting the first elongate element through the control port 252 may increase the tension of the
first elongate element when a distal end of the first elongate element is fixed to a distal end of

the outer catheter.

Radiopaque structures

[0068] A radiopaque structure may be located between the plurality of apertures opposite the

apertures. The radiopaque structures may be visualized indirectly, such as through fluoroscopy.
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Accordingly, the radiopaque structures 624 (e.g., FIG. 6B) may facilitate the positioning of a
delivery catheter with respect to outer catheter 602. In some variations, the radiopaque structures
may be radiopaque markers. Indirect visualization may be utilized throughout the procedures

described to confirm catheter positioning relative to heart structures.
II. Methods

[0069] The catheters described herein may be useful for detaching or decoupling an outer
catheter from an implant. For example, the methods discussed below may allow removal of an
outer catheter from a subannular region of the left ventricle of the heart. Generally, removal of
an outer catheter may comprise releasing an implant (e.g., tissue anchors) from the outer
catheter. The methods may generally involve positioning an outer catheter adjacent to heart
tissue, advancing an anchor delivery catheter within the outer catheter, deploying tissue anchors
into heart tissue, releasing the tissue anchors from the outer catheter, and removing the outer
catheter from the heart. For instance, an implant release mechanism may be actuated to open a

passage for release of the tissue anchors, as described in more detail below.

[0070] One variation of a method to detach or decouple an outer catheter from an implant is
illustrated in the flowchart 800 of FIG. 8 and may comprise positioning an outer catheter
adjacent to heart tissue 802. An inner catheter may be advanced through a lumen of the outer
catheter to align with a desired aperture in the outer catheter. An anchor delivery catheter may be
advanced through the inner and outer catheter 804. An implant may be deployed into a desired
location into heart tissue 806. The implant may comprise a plurality of tissue anchors provided
with a predetermined spacing. The implant may further comprise a tether to slidably couple
adjacent tissue anchors. First and second elongate elements of an implant release mechanism
may be uncoupled 808. For instance, a second elongate element may be retracted from a second
elongate element lumen of the outer catheter to uncouple the first elongate element from the
second elongate element and thereby open the channel for passage of the implant therethrough.
The uncoupled first elongate element 8§10 may be tensioned to withdraw the first elongate
element into the outer catheter. The outer catheter may be removed from the heart 812 with the
implant secured to heart tissue. Variations of the methods are further described with respect to

FIGS. 7A-7E and 6C-6D.
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[0071] FIGS. 7A-7E illustrates a heart from an inferior perspective looking in a superior
direction for a subannular groove region. FIG. 7A shows a left side of the heart 700 having
myocardium 706, endocardium 704, left ventricle (LV) chamber 702, and aortic outflow tract
and aortic valve 708. In FIG. 7B, a guide catheter 710 having a distal opening 712 is inserted
across the aortic valve 708 and placed tangent to the endocardium 704. After guide catheter 710
has been positioned at the desired location in the subannular groove region, a guidewire (not
shown) may be advanced through the lumen of guide catheter 710. The guidewire may be
advanced beyond the distal end 712 of guide catheter 710 and positioned in the subannular

groove region.

[0072] In FIG. 7C, outer catheter 720 may be advanced through guide catheter 710 over the
guidewire. The radiopaque structures may be used to position the outer catheter 720 in a desired
position to direct placement of tissue anchors into the myocardium 706 of the heart 700. In some
variations, outer catheter 720 may be pre-shaped or pre-formed at its distal end to have a curved
shape, as illustrated in FIG. 2B. In this manner, the outer catheter 720 may more easily conform
to the geometry of the atrio-ventricular valve. It should also be understood that any of the
catheters or guidewires described here may be pre-shaped or pre-formed to include any number
of suitable curves, angles or configurations. The guidewires and/or catheters described here may

also be steerable.

[0073] Once the outer catheter 720 is positioned against or near the endocardium 704 through
the guide catheter 710, the guidewire may be withdrawn proximally and the outer catheter 720
may direct the placement of an implant, such as heart tissue anchors, into myocardium 706 of
the left ventricle 702. For instance, the tissue anchors may be deployed to a depth of about 6
mm. The outer catheter 720 may comprise a plurality of tissue anchor apertures 722 and
radiopaque structures 724. The outer catheter 720 may be indirectly visualized through the

radiopaque structures 724.

[0074] As shown in FIG. 7D, an anchor delivery catheter 730 may be advanced through the
lumen of outer catheter 720 such that a distal tip 732 of the anchor delivery catheter 730 may
exit a tissue anchor aperture 722 and contact the endocardium 704. Further advancement of the

delivery catheter 730 may cause the distal tip 732 to penetrate the endocardium 704 to a desired
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depth. In some variations, the anchor delivery catheter 730 remains within outer catheter 720,

while a tissue anchor is deployed through the tissue anchor aperture 722.

[0075] FIG. 7E depicts tissue anchors 740 being deployed and secured into endocardium 704.
A first tissue anchor completed to a tether 742 may be deployed into the myocardium 706 at a
predetermined depth from a first tissue anchor aperture 722. The anchor delivery catheter 730
may then be withdrawn proximally from the outer catheter 720. While maintaining the existing
position of the outer catheter 720 about the subannular groove region, an inner catheter (not
shown) of the outer catheter 720 may be repositioned at the second distal-most tissue anchor

aperture 722.

[0076] A second anchor delivery catheter 730 may then be advanced over the tether 742
through the lumen of the catheter 730. After the second anchor delivery catheter 730 has been
advanced over the tether 742 through the lumen of the outer catheter 720, a second tissue anchor
744 may be deployed into the myocardium 706 from a second tissue anchor aperture 722. This

process may continue for each of the tissue anchor apertures 722 of outer catheter 720.

[0077] FIG. 7E illustrates the anchor delivery catheter 730 extending out of a third tissue
anchor aperture 722 prior to deploying a third tissue anchor. It should be noted that the tether
742 may be routed into a tissue anchor lumen of the outer catheter 720 between adjacent tissue
anchor apertures 722. As the delivery catheter 730 deploys the tissue anchors 740 into the
myocardium 706, the tether 742 may be retained by an implant release mechanism provided
between adjacent tissue anchor apertures, thereby temporarily securing the outer catheter 720 to
the heart 700 and maintaining its location with respect to the heart. In other words, the process of
delivering tissue anchors into heart tissue may also indirectly attach the outer catheter 720 to the
heart tissue due to the tether 742 being routed on a lumen side of the outer catheter 720 between

adjacent tissue anchor apertures 722.

[0078] In some variations, delivery and deployment of tissue anchors may be achieved by
removing and reloading the same anchor delivery catheter 730. In other variations, the anchor
delivery catheter may be loaded with a plurality of tissue anchors and does not need to be

withdrawn from the outer catheter 720 to deliver subsequent tissue anchors.
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[0079] It should be appreciated that one or more tissue anchors 740 may be deployed into the
annulus directly, while other tissue anchors may be secured to other tissue in the vicinity of the
subannular groove region. Tissue anchors 740 may be deployed from the anchor delivery

catheter 730 and outer catheter 720 in any suitable fashion, including but not limited to a push-

pull wire, using a plunger, or other suitable actuation technique.

[0080] Turning back to FIGS. 6C-6D, a second elongate element may be retracted proximally
from the second elongate lumen of outer catheter 602 to uncouple the first elongate element 610
from the second elongate element and increase the slack of the first elongate element 610. A
channel of the implant release mechanism (e.g., retaining portion 606) is thus opened for passage

of the tether 618 between the first and second tissue anchor apertures 604.

[0081] Once the second elongate element is retracted, the uncoupled first elongate element
610 may be tensioned to withdraw the first elongate element 610 into the first elongate element
lumen of the outer catheter 602, as shown in FIG. 6E, thereby preventing the first elongate
element 610 from snagging or interfering with the tissue anchors 616, tether 618, outer catheter
602, and heart tissue 650. The tether 618 is fully free to come out of and separate from the outer
catheter 602 to allow the outer catheter 602 to be withdrawn and removed from the heart. In
some variations, as the outer catheter is removed from the heart, the tether 618 may pass through
a channel of the retaining portion 606. In some variations, the tether 618 may be tensioned to
help release and/or separate the tether from the outer catheter without disrupting the implanted

anchors.

[0082] It should be noted that prior to introducing the outer catheter into a body cavity, the
first elongate element may be crossed over itself and coupled to a second elongate element, as
shown in FIG. 5B. In this manner, the first elongate element is tensioned against the second

elongate element to close a channel of a retaining portion.

[0083] The procedures described above represents variations that may be used to treat the
annular tissue of the mitral valve. In other variations, other tissues or structures of the heart and
vasculature can also be treated, including but not limited to the subvalvular apparatus, septal
structures, and the myocardium. In still other variations, one or more cinchable implants may be

deployed in non-cardiac tissues or structures, for example, to treat gastrointestinal disorders such
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as obesity, genitourinary conditions such as incontinence, or to perform cosmetic and

reconstructive procedures.

[0084] While the inventive devices, systems, and methods have been described in some detail
by way of illustration, such illustration is for purposes of clarity of understanding only. It will be
readily apparent to those of ordinary skill in the art in light of the teachings herein that certain
changes and modifications may be made thereto without departing from the spirit and scope of

the appended claims.
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We claim:

CLAIMS

An implant delivery system comprising:

a catheter comprising a longitudinal axis, a first elongate
element lumen, a second elongate element lumen, a tissue anchor
lumen, and a plurality of apertures along the longitudinal axis,
wherein the plurality of apertures comprise first elongate element
apertures, second elongate element apertures, and tissue anchor
apertures, wherein the catheter comprises a plurality of retaining
portions each between adjacent tissue anchor apertures and

between adjacent first and second elongate element apertures;

a first elongate element within the first elongate element

lumen; and

a second elongate element within the second elongate
element lumen, wherein for each pair of adjacent first and second
elongate element apertures, the first elongate element extends out
of the first elongate element lumen through the first elongate
element aperture across the retaining portion transversely with
respect to the longitudinal axis and towards the second elongate
element aperture, and the first elongate element extends into the
second elongate element aperture, loops over the second elongate
element, and extends back across the retaining portion and into the

first elongate element lumen.

The implant delivery system of claim 1 wherein the first elongate

element is releasably coupled to the second elongate element.

The implant delivery system of claim 1 wherein the first elongate
element extending between the first and second elongate element

apertures crosses over itself.
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10.

11.

12.

13.

The implant delivery apparatus of claim 1 wherein the first

elongate element is fixed to a distal end of the catheter.

The implant delivery system of claim 1 further comprising a first
elongate element control configured to retract the first elongate
element from the first elongate element lumen and a second
elongate element control configured to retract the second elongate

element from the second elongate element lumen.

The implant delivery system of claim 5 wherein retracting the first
elongate element from the first elongate element lumen tensions

the first elongate element.

The implant delivery system of claim 1 wherein the plurality of
retaining portions each comprise a channel along the longitudinal

axis.

The implant delivery system of claim 7 wherein the plurality of

retaining portions are each adapted to open the channel.

The implant delivery system of claim 1 further comprising at least
one radiopaque structure located between the plurality of

apertures.

The implant delivery system of claim 1 further comprising an
anchor delivery catheter advanceable within the catheter and a

plurality of tissue anchors within the anchor delivery catheter.

The implant delivery system of claim 10 wherein the tissue anchor
apertures are configured for passage of the plurality of tissue

anchors.

The implant delivery system of claim 10 wherein the anchor

delivery catheter is advanceable within the tissue anchor lumen.

A method for performing a procedure inside a heart comprising:
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positioning a catheter adjacent to heart tissue, wherein the
catheter comprises a longitudinal axis, a first elongate element
lumen, a second elongate element lumen, a tissue anchor lumen,
and a plurality of apertures along the longitudinal axis, wherein the
plurality of apertures comprise first elongate element apertures,
second elongate element apertures, and tissue anchor apertures, the
catheter further comprising a plurality of retaining portions each
between adjacent tissue anchor apertures and between adjacent
first and second elongate element apertures, a first elongate
element within the first elongate element lumen and a second
elongate element within the second elongate element lumen,
wherein the plurality of retaining portions each comprise a channel
along the longitudinal axis, wherein for each pair of adjacent first
and second elongate element apertures, the first elongate element
extends out of the first elongate element lumen through the first
elongate element aperture across the retaining portion transversely
with respect to the longitudinal axis and towards the second
elongate element aperture, and the first elongate element extends
into the second elongate element aperture, loops over the second
elongate element, and extends back across the retaining portion

and into the first elongate element lumen;

deploying a first tissue anchor and at least a second tissue
anchor into the heart tissue, wherein a tether couples the first

tissue anchor to at least the second tissue anchor;

retracting the second elongate element from the second
elongate element lumen to uncouple the first elongate element
from the second elongate element and to open the channel for

passage of the first and second tissue anchors;

tensioning the uncoupled first elongate element;

removing the catheter from the heart.
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14.  The method of claim 13 wherein the catheter is temporarily
secured to heart tissue using at least one of the first and second

tissue anchor.

15. The method of claim 13 wherein retracting the second elongate

element increases slack of the first elongate element.

16. The method of claim 13 wherein retracting the second elongate

element opens the channel.

17. The method of claim 13 further comprising crossing the first

elongate element over itself.

18. The method of claim 13 further comprising tensioning the first

elongate element against the second elongate element.

19. The method of claim 13 further comprising indirectly visualizing

the catheter.

20. The method of claim 13 further comprising advancing an anchor

delivery catheter within the catheter.
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