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cludes an assembly of tubes (34), each one of the tubes being shaped to
define a tube lumen (62). The apparatus further includes a plurality of tis-
sue anchors (60), each one of the tissue anchors being disposed within a
respective one of the tube lumens, an expandable annular structure (36)
coupled to the assembly of tubes, and a plurality of control wires (38) cou-
pled to the annular structure, configured to position the tubes for deploy-
ment of the tissue anchors from the tube lumens, by manipulating the an-
nular structure. Other embodiments are also described.
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PERCUTANEOUS VALVE REPAIR AND REPLACEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of US provisional application 62/327,176,
entitled "System and method for percutaneous valve repair and replacement,” filed April 25, 2016,
US provisional application 62/337,347, entitled "Percutaneous valve repair and replacement,” filed
May 17, 2016, and US provisional application 62/453,556, entitled "System and method for
percutaneous valve repair and replacement,” filed February 2, 2017, whose disclosures are

incorporated heretn by reference.

FIELD OF THE INVENTION

Embodiments of the present invention relate generally to the field of medical devices, and

particularly, to apparatus and methods tor percutaneous valve repair and replacement.

BACKGROUND

In some subjects, an implant may be used to repair or replace an intracardiac valve. For
example, a replacement valve and/or an annuloplasty ring may be used o repair a regurgitating
;& R fand

mitral valve.

US Patent 9,132,009, whose disclosure is incorporated herein by reference, describes
apparatus, including one or more valve support guide members configured to be delivered to one
or more commissures of a native atrioventricular valve of a patient, one or more valve support
anchors configured to be anchored to the one or more commissures of the native valve, a prosthetic
valve support advanceable toward the native valve along the one or more valve support guide
raembers and anchored to the native valve at least the one or more commissures, and a prosthetic

valve configured to be coupled to the valve support. Other applications are also described.

US Patent Application Publication 2010/0179648, whose disclosure s incorporated herein
by reference, describes a systermn and process for placing a percutaneous valve device 1n a body
lumen at the location of implantation. Anchors and placement wires or sutures are used to fix the
implantation target and guide the device to the implantation site. The systems and method are
applicable to pre-assembled percutaneous valve devices as well as a modular prosthetic valve
device, which modular device is also provided. The modular valve device comprises two or more
device modules and is designed to be delivered unassembled and then assembled in the body lumen

at or near the site where implantation occurs. The device modules may be assembled before or
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after the implantation target is fixed with the anchor, and then placed using the placement system
in a manner similar to how a pre-assembled percutaneous valve device may be placed in

accordance with the invention.

US Patent Application Publication 2012/0283757, whose disclosure is incorporated herein
by reference, describes apparatus for use with an implant configured to be coupled to cardiac tissue
of a patient, the apparatus including: a tissue anchor including: a distal tissue coupling element
configured to couple the tissue anchor to the cardiac tissue of the patient, and a proximal implant-
recetving element configured to receive at least a portion of the implant and tacilitate coupling of
the implant to the tissue anchor. The proximal implant-receiving element includes an implant-
restraining element coupled to a portion of the implant-receiving element, the implant-restraining
element being configured to restrain the implant from separating from the implant-receiving

element. Other applications are also described.

US Patent Application Publication 2012/0245604, whose disclosure is incorporated herein
by reference, describes a device, kit and method that may include or employ an implantable device
(e.g, annuloplasty implant) and a plurality of tissue anchors. The implantable device i3
positionable in a cavity of a bodily organ (e.g., a heart) and operable to constrict a bodily orifice
(e.g., a nutral valve}. Each of the tissue anchors may be guided into precise position by an
intravascularly or percutaneously techniques. Constriction of the orifice may be accomplished via
a variety of structures, for example an articulated annuloplasty ring, the ring attached to the tissue
anchors. The annuloplasty ring may be delivered in an unanchored, generally elongated
configuration, and implanted in an anchored generally arched, arcuate or annular configuration.
Such may approximate the septal and lateral {(clinically referred to as anterior and posterior)
annulus of the mitral valve, to move the posterior leaflet anteriorly and the anterior leaflet

posteriorly, thereby improving leaflet coaptation to reduce mitral regurgitation.

US Patent Application Publication 2006/0135967, whose disclosure is incorporated herein
by reference, describes a valve delivery device and method of use. In one embodiment, the device
to deliver a valve prosthesis to a target tissue may include at least one anchor and at least one guide
wire coupled to the anchor. The device has a fastener housing. The device may also include a first
set of fasteners in said fastener housing, wherein the fasteners are movable from a first position to
a second, tissue engagement position. The device may also include a second set of fasteners housed
in the anchor to attach the anchor to the tissue, wherein the fasteners are movable from a first
position to a second, tissue engagement position. The guide wire may be slidably received in the
fastener housing and has a length sufficient to extend from the fastener housing to the target tissue

site, wherein the guide wire 1s used to direct the fastener housing into place.

i)
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US Patent Application Publication 2015/0366556, whose disclosure is incorporated herein
by reference, describes a device for use in anchoring an implant, including anchors, sutures,
implants, clips, tools, lassos, and methods of anchoring among other methods. Anchors as
disclosed therein could be utilized to secure a coaptation assistance device, an annuloplasty ring,
an artificial valve, cardiac patch, sensor, pacemaker, or other implants. The iruplant could be a

mitral valve ring or artifictal mitral valve in some embodiments.

SUMMARY OF THE INVENTION

There is provided, tn accordance with some embodiments of the present invention,
apparatus that includes an assembly of tubes, each one of the tubes being shaped to define a tube
lumen. The apparatus further includes a plurality of tissue anchors, each one of the tissue anchors
being disposed within a respective one of the tube lumens. The apparatus further includes an
expandable annular structure coupled to the assembly of tubes, and a plurality of control wires
coupled to the annular structure. The control wires are configured to position the tubes for

deployment of the tissue anchors from the tube lumens, by manipulating the annular structure.
In some embodiments, the annular structure includes a plurality of teeth.

In some embodiments, each one of the teeth has a top vertex that is coupled to a respective

one of the control wires.

In some embodiments, the plurality of teeth include:

a first annulus of teeth; and

a second annulus of teeth coupled to, and angled radially inward with respect to, the first
annulus of teeth.

In some embodiments, the apparatus further includes a plurality of anchor-pushing
elements disposed within the tube lumens, each one of the anchor-pushing elements being
configured to deploy a respective one of the tissue anchors from a respective one of the tube

lumens by pushing the respective one of the tissue anchors.
In some embodiments, each one of the tubes includes a pointed distal end.
In some embodiments, the pointed distal end is curved radially inward.

In some embodiments, the apparatus further includes a plurality of threads, each thread of
the threads passing through a respective one of the tube lumens and being coupled, at a distal end
of the thread, to a respective one of the tissue anchors.

In some embodiments, each of the threads passes at least partly through a respective one

2
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of the tube lumens.

In some embodiments, the apparatus further includes a plurality of loading rods, each
thread of the threads being coupled, at a proximal end of the thread, to a respective one of the

loading rods.

In some embodiments, at feast some of the tissue anchors include respective tissue-anchor
markers that are different from each other, and at least some of the loading rods include respective
lpading-rod markers that are different from each other, such that the tissue-anchor markers and the
lpading-rod markers collectively indicate, for each loading rod of the loading rods, the tissue

anchor to which the loading rod, via one of the threads, is coupled.

In some embodiments, the apparatus further includes a loading shafi, configured to load an

implant, which 13 mounted on the loading shaft, onto the loading rods.

In some embodiments, the apparatus further includes a loading chamber configured to
facilitate a loading of an implant onto the loading rods by holding the loading rods within the

loading chamber.

In some embodiments, the loading chamber is further configured to crimp the implant,

following the loading of the implant onto the loading rods.

Tn some embodiments, the apparatus further includes a plurality of locking elements, each
locking element of the locking elements being shaped to define one or more apertures, and being
configured to lock an implant in place at an implantation site following deployment of the tissue
anchors at the implantation site and advancement of the implant over the threads to the
implantation site, by virtue of (1} a respective one of the threads being looped through the apertures
such that the locking element cannot move proximally over the respective one of the threads, and

(i1) the locking element being positioned against the implant.

There is further provided, in accordance with some embodiments of the present invention,
a method that includes deploying, from a catheter, an expandable annular structure that is coupled
to an assembly of tubes and to a plurality of control wires. The method further includes, for each
tube of the tubes, using one or more of the control wires, adjusting a position of the tube by
manipulating the annular structure. The method further includes, subsequently, deploying a

respective tissue anchor from a lumen of the tube.

In some embodiments, adjusting the position of the tube includes adjusting the position of

the tube independently from positions of other ones of the tubes.

1N
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In some embodiments, deploying the expandable anoular structure includes deploying the

expandable annular structure within a chamber of a heart.

In some embodiments, the method further includes, for each tube of the tubes, prior to

deploving the respective tissue anchor, passing a distal end of the tube through tissue.

In some embodiments, passing the distal end of the tube through the tissue includes passing
the distal end of the tube through tissue of an annulus of a valve of a heart such that the tube
emerges from the tissue at an anchoring site on a radially-inward-facing face of the annulus, and
deploying the respective tissue anchor includes deploying the respective tissue anchor at the

anchoring site.
In some embodiments, the anchoring site is within an atrium of the heart.
In some embodiments, the anchoring site is within a ventricle of the heart.

In some embodiments, the method further includes, subsequently to deploying the tissue
anchors, advancing an implant to an implantation site over threads that are coupled, at respective

distal ends of the threads, to the tissue anchors.

In some embodiments, the method further includes, using a plurality of locking elements,
locking the implant in place at the implantation site, by:

looping a respective one of the threads through one or more apertures of each locking
element of the locking elements, such that the locking element cannot move proximally over the
respective one of the threads, and

subsequently, advancing the locking elements over the threads such that the locking

elements are positioned against the implant at the implantation site.

Tn some embodiments, the implant includes an annuloplasty ring including a plurality of
separable segments shaped to define a plurality of apertures, and advancing the implant includes:

passing the threads through the apertures; and

subsequently, advancing the segments of the ring, separately from each other, over the

threads.

In some embodiments, the method further includes, subsequently to advancing the
segments of the ring over the threads, reassembling the ring by tightening an adjustment chord that

passes through the ring.

In some embodiments, each thread of the threads is coupled, at a proximal end of the
thread, to a respective lpading rod, and the method further includes, prior to advancing the implant

over the threads, loading the implant onto the loading rods.
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in some embodiments,
at least some of the tissue anchors include respective tissue-anchor markers that are
different from each other,
at least some of the loading rods include respective loading-rod markers that are different
from each other, and
the method further inclhudes, prior to loading the implant onto the loading rods:
acquiring at least one image of the tissue-anchor markers, and
responsively to the image and to the loading-rod markers, aligning the implant with

respect to the loading rods.

There is further provided, in accordance with some embodiments of the present invention,
apparatus for implantation over an annulus of a valve of a heart of a subject, the apparatus
including:

an annufoplasty ring including a plurality of separable segments shaped to define a plurality
of apertures,

the segments being configured to advance to the valve, separately from each other,
over threads passing through the apertures; and

an adjustment chord passing through the ring, the adjustment chord being configured to
reassemble the ring at the valve upon being tightened.

In some embodiments, the apparatus further includes a plurality of magnets at respective
ends of the segments, the magnets being configured to faciitate the reassembly of the ting by
virtue of each one of the magnets attracting another one of the magnets.

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic llustration showing the deployment of an anchor-deployment
apparatus into a left atrium of a subject, in accordance with some embodiments of the present

invention;

Fig. 2 is a schematic tllustration of an anchor-deployment apparatus deployed within a left
atrium, in accordance with some embodiments of the present invention;
Figs. 3A-B are schematic illustrations of an anchor-deployment apparatus, in accordance

with some embodiments of the present invention;
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Fig. 4 is a schematic illustration of a longitudinal cross-section through the distal end of a

tube, in accordance with some embodiments of the present invention,

Fig. SA is a schematic illustration of a tissue anchor, in accordance with some

embodiments of the present invention,

Fig. 5B is a schematic tllustration of a locked central shaft of a tissue anchor, in accordance

with some embodiments of the present invention;

Fig. 6 1s a schematic tlustration of a plurality of tissue anchors anchored to a mitral valve

annulus, in accordance with some embodiments of the present invention;

Fig. 7 is a schematic illustration of a loading shaft, in accordance with some embodiments

of the present invention;

Fig. 8 is a schematic illustration of a loading chamber, in accordance with some

embodiments of the present invention;

Fig. 9 is a schematic illustration of an implant advancer, in accordance with some

embodiments of the present invention;

Figs. 10A-B are schematic ilustrations collectively showing an implantation of a

replacement valve, in accordance with some embodiments of the present invention,

Figs. 11A-B are schematic illustrations collectively showing an implantation of an

annuloplasty ring, in accordance with some embodiments of the present invention;

Fig. 12 is a schematic illustration of a locking element, in accordance with some

embodiments of the present invention;

Fig. 13A is a schematic illustration showing the advancement of a disassembled
annuloplasty ring through a sheath, in accordance with some embodiments of the present

invention; and

Fig. 13B 1s a schematic illustration of a reassembled annuloplasty ring, in accordance with

some embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OVERVIEW

Embodiments described herein include apparatus and methods for facilitating the
percutaneous implantation of an implant at an implantation site. For example, embodiments
described herein may be used for facilitating the percutaneous implantation of an annuloplasty

7
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ring and/or a replacement valve inside the heart, to repair or replace a mitral valve or tricuspid

valve.

First, an anchor-deployment apparatus is used to deploy a plurality of anchors at the
implantation site. The anchor-deployment apparatus comprises an assembly of tubes and a
plurality of tissue anchors, each one of the tissue anchors being disposed within a respective one
of the tubes. The anchor-deployment apparatus further comprises an expandable annular structure
coupled to the assembly of tubes, and a plurality of control wires coupled to the annular structure.
The control wires are used to adjust the respective positions of the tubes. Subsequently, the tissue

anchors are deployed from the tubes, and are anchored at the implantation site.

Each of the tissue anchors 1s coupled to a respective thread, which passes from the tissue
anchor to the exterior of the subject. Following the anchoring of the tissue anchors, an implant is
lpaded onto the threads, and is subsequently advanced along the threads to the implantation site.
Embodiments described herein include a loading shaft and loading chamber for loading the

implant onto the threads, and an implant advancer for advancing the implant along the threads.
Advantages of embodiments described herein include at least the following:

(1) The anchors, and implant, may be delivered percutancously, using a minimally-invasive

approach.

(i1) Due to the tissue anchors being separate from the implant, the implant may be smaller,
and/or have a simpler profile, than would otherwise be possible if the anchors were an integral
part of the implant. Moreover, if a first implant {(e.g., an annuloplasty ring) does not achieve the
desired effect, the first implant may be withdrawn without removing the anchors, and a second
implant (e.g, a replacement valve} may then be passed over the threads. Alternatively, the second
implant may be implanted as a complement to the first implant, without the need to deploy any

additional anchors at the implantation site.

(111} The anchor-deployment apparatus facilitates a precise placement of the anchors at the
implantation site, in that the respective positions of the tubes may be precisely adjusted prior to
deployment of the anchors. Embodiments described herein allow each tube to be positioned

individually, e, independently from the other tubes.

{(iv} As further described below, the tissue anchors are typically anchored on the surface of
the radially-inward-facing face of the valve annulus, rather than within the tissue of the valve
annwlus. This allows the threads to be pulled taut, without risking uprooting the anchors. The

pulling of the threads, in turn, may facilitate holding the anchors in place, delivering the implant

(€]
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to the implantation site, and/or locking the implant in place at the implantation site.

(v} As further described below, markers on the tissue anchors may be used to guide the
delivery of the implant. In particular, the markers may allow the implant to be loaded onto the

threads such as to optimize the it between the implant and the implantation site.

{vi) By virtue of the implant being delivered over the threads, the valve annulus conforms
to the shape of the implant. Thus, for example, the circurnference of the implant may be made
smaller than the natural circumference of the valve annulus, and, as the implant approaches the

valve, the valve annulus will be drawn inward, to conform to the shape of the tmplant.

{vi1) It may be possible to deliver an annuloplasty ring to the implantation site without

needing to first crimp the annuloplasty ring, as described below with reference to Figs. 13A-B.
APPARATUS DESCRIPTION

Reference 1s initially made to Fig 1, which 15 a schematic illustration showing the
deployment of an anchor-deployment apparatus 20 into a left atrium 22 of a subject, in accordance
with sorme embodiments of the present invention. As described in detail below, apparatus 20 is
used to anchor a plurality of tissue anchors at an implantation site, such as a mitral valve annulus
70 of a mitral valve 32, such as to facilitate the subsequent implantation of an implant at the

implantation site.

Typically, apparatus 20 is introduced into left atrium 22 while contained inside a catheter
26, contained, in turn, inside a sheath 24, Typically, sheath 24 is percutaneously inserted into the
heart, e.g., via the femoral vein and inferior vena cava, or via the jugular vein and superior vena
cava. Sheath 24 1s typically advanced over a guidewire 30, under fluoroscopic guidance, and/or
under the guidance of any other suitable imaging modality, such as ultrasound (e.g., transthoracic
echocardiography (TTE) or transesophageal echocardiography (TEE)), magnetic resonance
imaging (MRI), or computed tomography (CT). Techniques known in the art are used to pass the

sheath through the interatrial septum and into the left atrium.

Apparatus 20 comprises an assembly of tubes 34, which may be manufactured from any
suitable material, e.g., any suitable metal or plastic material. As further described below with
reference to Fig. 4, each one of tubes 34 1s shaped to define a tube lumen, within which a respective
tissue anchor is disposed. Typically, the tubes pass through the entire length of catheter 26, such
that, throughout the delivery, deployment, and subsequent use of apparatus 20, the proximal ends

of tubes 34 are positioned outside of the subject.
Apparatus 20 further comprises an expandable annular structure 36 coupled to the

9
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assembly of tubes 34, at the distal end of the tube assembly. Aunnular structure 36 is typicaily
manufactured from a suitable shape-memory material, e.g., nitinol. Prior to the full deployment
of apparatus 20, annular structure 36 1s radially confined by (1) catheter 26, at least at the proximal
end of the annular structure, and (i1} a retaining tip 28, at the distal end of the annular structure.
Upon the distal end of sheath 24 being positioned within a suitable distance of mitral valve annulus
70, the distal end of catheter 26, containing the annular structure, is pushed out of the sheath.
Subsequently, (i} the catheter 13 retracted from over the annular structure, and/or the annular
structure ts pushed out of the catheter, and (i) retaining tip 28 is pushed off from the distal end of
the annular structure, using a retaining-tip pushing element (not shown) that passes through
catheter 26 from the exterior of the subject. The anmular structure then radially expands from the
radially-confined configuration shown in Fig 1 to a preconfigured, radially-expanded
configuration, such as that shown in Fig. 2, which 1s described immediately below. Asthe annular
structure expands, the annular structure pushes out the distal ends of the tubes, such that the distal

ends of the tubes also adopt a radially-expanded configuration.

In some embodiments, rather than opening the annular structure (i.e., causing the annular
structure to radially expand) over the mitral valve annulus, the annular structure 15 opened beneath
the mitral valve annulus, within the left ventricle, and is then retracted through the mitral valve

annulus to the position shown in Fig. 2.

Reference is now made to Fig 2, which is a schematic llustration of anchor-deployment
apparatus 20 deployed within left atrium 22, in accordance with some embodiments of the present
invention. As described above, upon retraction of the catheter and removal of the retaining tip,

annular structure 36 expands radially outward, thus assuming the configuration shown in Fig. 2.

Apparatus 20 comprises a plurality of control wires 38, which are coupled to the annular

control wires 38 run through the entire length of catheter 26, and are

2

structure.  Typically
connected, at their respective proximal ends, to a control handle. Using the control handle, the
control wires may be used to manipulate the annular structure, thus - given the coupling of the
annular structure to the tube assembly - positioning the tubes for deployment of the tissue anchors
from the tube lumens. Typically, such positioning is performed under the guidance of a suitable
imaging modality, such as fluoroscopy, and/or any of the other modalities mentioned above. In
some embodiments, control wires 38, and/or tubes 34, comprise markers {e.g., radiopaque
markers), which may facilitate the guiding of the tubes to the desired anchoring sites. The tubes
may be positioned individually (i e, the position of each tube may be adjusted independently from

the positions of other tubes), or together.
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Apparatus 20 will now be described in more detail, with reference being made to Figs. 3A-
B, which are schematic llustrations of anchor-deployment apparatus 20, in accordance with some
embodiments of the present invention. In particular, Fig. 3A is a side view of, and Fig. 3B is an

gverhead view of| the radially-expanded distal end of apparatus 20,

Typically, anmular structure 36 comprises a plurality of teeth 40. In some embodiments,

-

as shown in Figs. 3A-B, each tooth 40 has a top vertex 42, and two bottom vertices 44, at each of

which the tooth is joined to a respective neighboring tooth, e.g., by being connected to a common

joint 58, In such embodiments, control wires 38 are typically coupled to top vertices 42, and the

control wires are used to manipulate the annular structure by applying appropriate forces to the
teeth. (Although, for simplicity, Figs. 3A-B each show only two control wires, it is noted that,

typically, each of the teeth of the annular structure is coupled to a control wire)

In some embodiments, as shown in Figs. 3A-B, annular structure 36 comprises two annuli
of teeth, which are coupled to one another. Typically, the teeth of the first, outer annulus 48 stand
approximately upright. That is, for each tooth belonging to outer annulus 48, the angle between
(i) a hypothetical flat, horizontal surface on which the annular structure stands, and (i1) a
hypothetical plane that contains the top vertex and two bottom vertices of the tooth, is
approximately 90 degrees, e.g., between 80 and 100 degrees. Stated differently, the hypothetical
plane is approximately parallel to the "axis" 52 that is defined by the assembly of tubes 34
proximally to the annular structure.  The control wires coupled to cuter annulus 48 may thus be
used to apply an upward or downward, 1.¢., "axial,” force to the annular structure. The application
of a downward force, for example, may help bring the annular structure closer to the mitral valve
annulus, and/or stabilize the annular structure against the mitral valve annulus while the tissue

anchors are deployed trom the tubes.

The second, inner annulus 50 s typically angled radially tnward with respect to outer
annulus 48, For example, as shown in Figs. 3A-B, each tooth belonging to inner annulus 50 may
be coupled to a respective tooth belonging to outer annulus 48, the inner tooth leaning inward from
the outer tooth such that, for example, the angle theta (6) between the tnner tooth and the outer
tooth is between 10 and 90 degrees, such as between 40 and 50 degrees (e g, 45 degrees), or
greater than 90 degrees. As shown, the 1nner tooth may be coupled to the outer tooth at two
neighboring joints 58; at each of the two neighboring joints 58, a respective bottom vertex 44 of
the inner tooth is coupled to a respective bottom vertex of the outer tooth. (Thus, at each joint 58,

a total of four bottom vertices are coupled to each other )
Due to the inward angling of inner annulus 50, the control wires coupled to inner annulus

i1
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50 may be used to apply a radially-outward ("pushing”) or radially-inward ("pulling") force to the

annular structure, thus adjusting the radial extent of the annular structure.

It follows that, typically, for the embodiment shown in Figs. 3A-B, one or more of a
plurality of control wires may be used to position each tube, and/or stabilize the annular structure
in the vicinity of the tube. This plurality of control wires typically include at least (i) the two
control wires coupled, respectively, to the two cuter teeth that neighbor the tube, respectively, on
each side of tube, and (i1) the two control wires coupled, respectively, to the two inner teeth that
neighbor the tube, respectively, on each side of tube,

As shown in Fig. 3A, each one of the tubes typically comprises a pointed distal end 56.

1]

(Thus, each tube may be said to comprise a "needle." For example, the distal end of each tube
may be referred to as a needle, or each tube may itself be referred to as a needle.) Upon the tube
being appropriately situated, pointed distal end 56 is passed through the tissue of the mitral valve
annulus, prior to deploying a tissue anchor from the tube, as further described below with reference
to Fig. 6. Typically, as shown, the distal end of each tube is curved radially inward, such that, as
further described below with reference to Fig. 6, pointed distal end 56 may enter the ruitral valve
annulus through the top face of the annulus, and exit the mitral valve annulus through the radially-

inward-facing face of the mitral valve annulus.

Typically, each tube ts flexible over the majortty of the length of the tube, to facilitate the
bending of the tube as it passes through the vasculature of the subject. The pointed distal end of
the tube, on the other hand, 1s typically more nigid (i.¢, less flexible), to facilitate the puncturing
of tissue by the pointed distal end. {The distal end of the tube may comprise, for example, the

distalmost 5-20 mm of the tube.)

Typically, each tube is coupled to annular structure 36 via a tube support 46, which extends
upward from joint 58. Tube support 46 comprises a tube guide 54, through which tube 34 may
slide. For example, to drive pointed distal end 56 into tissue, the tube may be slid distally through
tube guide 54. Conversely, to retract the pointed distal end (e.g., following the deployment of the
anchor from the tube, or in the event that an adjustment to the position of the distal end 1s needed),
the tube may be slid proximally through the tube guide. In some embodiments, pointed distal end
56 1s screwed into tissue, by rotating the tube around its longitudinal axis while pushing the tube

through the tube guide.

Reference is now made to Fig. 4, which is a schematic tllustration of a longitudinal cross-
section through the distal end of a tube 34, 10 accordance with some embodiments of the present
invention, and to Fig. SA, which is a schematic illustration of a tissue anchor 60, in accordance

12
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with some embodiments of the present invention.

As shown in Fig. 4, each tube 34 is shaped to define a tube lumen 62, within which is
disposed a tissue anchor 60, 1.e., each tube contains a respective tissue anchor 60. Tissue anchor
60 is typically manufactured from a suitable shape-memory material, such as nitinol. While
contained inside of the tube, tissue anchor 60 is held in a closed, or confined, configuration. Upon
being pushed from the tube, the tissue anchor expands, thus assuming a preconfigured open
configuration, such as that shown in Fig. SA. Typically, each tube 34 contains an anchor-pushing
element 64, which passes through catheter 26 and the tube, from the exterior of the subject.
Anchor-pushing element 64 is used to push the tissue anchor from the tube. (Fig. 4 shows the
anchor beginning to emerge from the tube, due to being pushed by the anchor-pushing element.)
Typically, at least the distal end of anchor-pushing element 64 is hollow, 1.e, at least the distal end

of anchor-pushing element 64 is shaped to define a lumen thereof.

As shown in Figs. 4 and SA, each tissue anchor (e.g., at the central shaft 61 of the tissue
anchor) 1s coupled to a respective thread 66. (In the context of the present application, including
the claims, the term "thread” may include within its scope any flexible longitudinal element, such
as a string, wire, or chord.) Typically, from the anchor, thread 66 (1) passes through the lumen of
the anchor-pushing element, (i) exits the lumen of the anchor-pushing elernent and the lumen of
the tube, (i11) via an opening in the wall of catheter 26 {(which may be referred to as a "rapid
exchange portion"), exits from catheter 26, and (iv) runs, within sheath 24, to the exterior of the
subject. (Notwithstanding the above, it is noted that thread 66 may pass only partly through the
lumen of the tube, or not through the lumen of the tube at all. For example, thread 66 may run
alongside the tube, alternatively or additionally to passing through the lumen of the tube) Thus,
the distal end of each thread is coupled to the tissue anchor, and the proximal end of the thread is
outside of the subject, such that, as further described below, following the anchoring of the

anchors, an implant may be advanced over the threads, for implantation at the implantation site.

In some embodiments, as shown in Fig S5A, a retainer 65 is coupled to thread 66,
proximally to the tissue anchor. As further described below with reference to Fig. 6, retainer 65
helps prevent the tissue anchor from migrating from the mitral valve annulus, by engaging with
the tissue of the mitral valve anoulus. In some embodiments, retainer 65 comprises a plurality of
prongs 63, which project radially cutward from thread 66. Such prongs may be straight, or arced
toward the anchor, as shown. Prongs 63 may be of any suitable number; for example, Fig. SA
shows in embodiment in which retainer 65 comprises three prongs. Typically, retainer 65 is
manufactured from a suitable shape-memory material, such as nitinol. Prior to being released, the

retainer is held in a confined configuration within the lumen of the anchor-pushing element.
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Subsequently, upon being released, as described below with reference to Fig. 6, the retainer opens

up to its preconfigured open configuration.

Reference is now made to Fig. 5B, which is a schematic iustration of a locked central

shaft 61 of a tissue anchor, in accordance with some embodiments of the present invention.

In some embodiments, thread 66 loops through one or more apertures 67 in the tissue
anchor. For example, the thread may loop through one ot more apertures 67 in central shaft 61 of
the tissue anchor, following the path shown in Fig. 5B, or following any other suitable path. The
distal tip of the thread may be coupled to a stopper 59, such as a bead, which prevents the thread
from sliding backward through the apertures. Following the deployment of the anchor at the
implantation site, thread 66 is pulled, thus causing the loops to be tightened. The tightening of the
loops locks the anchor in the open position at the implantation site, such that forces applied to the

anchor by the mitral valve do not cause the anchor to buckle.

Reference 1s now made to Fig. 6, which 1s a schematic illustration of a plurality of tissue
anchors 60 anchored to a mitral valve annulus 70, in accordance with some embodiments of the

present invention.

As described above, control wires 38 are used to position the tubes for deployment of the
tissue anchors. For example, each tube may be moved to an appropriate proximal anchoring site
68 ou the top face of mitral valve annulus 70. Upon a particular tube being appropriately
positioned, the tube is passed through the tissue of mitral valve annulus 70, such that the tube
enters the tissue at proximal anchoring site 68, and emerges from the tissue at a distal anchoring
site 72. Typically, as described above with reference to Fig. 3A, the distal portion of each tube 34
is curved radially inward, such that, as shown in the figure, the tube emerges from the tissue at the
radially-inward-facing face of the mitral valve annulus, 1.e, distal anchoring site 72 is on the
radially-inward-facing face of the mitral valve annulus. Distal anchoring site 72 may be above or
beneath the leaflets of the valve, 1.¢., the distal anchoring site may be located within the left atrium

or the left veniricle of the heart.

Subsequently to passing the tube through the tissue, the tissue anchor is pushed from the
tube, using the anchor-pushing element. As described above with reference to Figs. 4 and SA-B,
the anchor then opens. Subsequently, while the thread is pulled taut, the tube and the anchor-
pushing element are retracted back through the tissue and from over retainer 65, causing retainer
65 to open at proximal anchoring site 68. Retainer 65 causes anchor 60 to remain at distal
anchoring site 72, by engaging with the tissue of the mitral valve annulus at proximal anchoring
site 68, Alternatively or additionally, anchors 60 may be held in place until after the implant
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procedure is complete, by virtue of a continuous pulling force being exerted on threads 66.

In some embodiments, the tubes penetrate the tissue only after all of the tubes are
appropriately positioned. In other embodiments, at least one of the tubes may penetrate the tissue
before all of the tubes are appropriately positioned. For example, the sequence of (1) positioning
the tube, (11) passing the tube through the mitral valve annulus, (ii1) passing the tissue anchor from

the tube, and (iv) retracting the tube, may be performed one tube at a time, for each of the tubes.

Subsequently to anchoring all of the tissue anchors, the tube assembly and the annular
structure are withdrawn into catheter 26, and catheter 26 is then withdrawn from the body of the

subject, leaving behind tissue anchors 60 and threads 66.

Typically, as the tubes are withdrawn, anchor-pushing elements 64 are held such that they
partly protrude from the tubes; this helps prevent the pointed distal ends of the tubes from tearing

the threads.

Reference 1s now made to Fig. 7, which is a schematic illustration of a loading shaft 94, in
accordance with some embodiments of the present invention, and to Fig. 8, which is a schematic
ittustration of loading chamber 86, in accordance with some embodiments of the present invention.
As described in detail below, loading shaft 94 and loading chamber 86 are used, in some

embodiments, to load an implant onto the threads.

As shown in Fig. 8, typically, each thread 66 is coupled, at the proximal end of the thread
{which 1s outside the body of the subject), to a respective loading rod 88, (For clarity, loading
rods 88 are shown in Fig. 8 with a slightly exaggerated diameter, and with an overlaid pattern.)
Hach loading rod 88 may comprise, for example, a hollow tube, the proximal end of a thread 66
being fastened to the interior or exterior surface of the hollow tube. Alternatively, one or more of
the loading rods may have a solid cross-section, the proximal ends of respective threads 66 being

fastened to the exteriors of these loading rods.

Typically, at least some of the tissue anchors comprise respective tissue-anchor markers
{(not shown) that are different from each other, and at least some of the loading rods comprise
respective loading-rod markers (not shown) that are different from each other, such that the tissue-
anchor markers and the loading-rod markers collectively indicate, for each loading rod, the tissue
anchor to which the loading rod, via one of the threads, is coupled. For example, there may be 12
tissue anchors, having, respectively, the tissue-anchor markers "1," "2,""3"  "12." {Such tissue-
anchor markers may, for example, be radiopaque, such that they are visible under fluoroscopy )

In such an instance, the loading rod at the proximal end of the thread that is joined to anchor "1"

may also be marked "1," the loading rod at the proximal end of the thread that is joined to anchor

[N
AL



25

30

WO 2017/187312 PCT/1IB2017/052331
"2" may also be marked "2." etc. Alternatively, the loading-rod markers may correspond to the
tissue-anchor markers in any other suitable way. For example, the loading rods may be marked
"2 RANNE 24" or, alternatively, "AT "B "CY L "L In general, the tissue anchors, and
the loading rods, may be marked in any suitable way (e.g, using dots, dashes, and/or other
symbols, and/or using alphanumeric markers, as described above), as long as it is clear, from the

markings, which of the loading rods is connected to each particular tissue anchor.

When loading the implant onto the loading rods, the loading rods are arranged in the order
matching that of the tissue anchors, such that, for any given loading rod, the two neighbors of the
loading rod are connected, respectively, to the two tissue anchors that neighbor the tissue anchor
to which the loading rod is connected. Thus, for example, if tissue anchors "1" through "12" are
sequentially arranged in a clockwise orientation around the mitral valve annulus, loading rods "1"
through "12" will also be sequentially arranged in a clockwise orientation, during the loading of
the implant. It is noted that, as long as the ordering of the loading rods always matches that of the
tissue anchors, as described above, it may not be necessary to mark each of the tissue anchors, or
each of the lpading rods. For example, it may be sufficient to mark three of the tissue anchors,

and three of the loading rods.

In some embodiments, loading shatt 94 is used to load the implant onto the loading rods.
First, the implant is mounted onto the loading shaft. Loading shaft 94 typically comprises a
plurality of hollow mounting rods 98, onto which the implant is mounted. Typically, the number
of mounting rods matches that of the loading rods, and each of the mounting rods is aligned with
a respective loading rod. Moreover, typically, for each aligned mounting-rod-and-loading-rod
pair, the cross-sectional shape of the mounting rod matches that of the loading rod, and the cross-
sectional area of the mounting rod is slightly greater than that of the loading rod. Hence, the
implant may be loaded onto the loading rods by virtue of the mounting rods and loading rods
mating with each other, i.e., by virtue of each of the loading rods passing through a respective one

of the mounting rods.

Typically, prior to loading the tmplant, at least one image of the tissue-anchor markers is
acquired. {Such an image have been acquired during the deployment of the tissue anchors ) The
tissue-anchor markers, being distributed along the mitral valve annulus, delineate the shape of the
mitral valve annulus, such that, in response to viewing the image of the tissue-anchor markers, the
operating physician may decide how to best align the implant with the roitral valve annulus. With
additional reference to the loading-rod markers, the implant may then be aligned with respect to

the loading rods such that this "best match" 1s achieved.

N
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For example, Fig. 7 shows a replacement valve 96 mounted on the loading shaft, by virtue
of mounting rods 98 passing through the annulus 100 of replacement valve 96, Assuming that -
as is typically the case - the shape of annulus 100 of the replacement valve and the shape of the
natural mitral valve annulus are both asymmetrical, the pairwise alignment between the mounting
rods and the loading rods may affect the goodness of the fit between the replacement valve and
the mitral valve annulus. Hence, as described above, the operating physician may refer to an image
of the tissue-anchor markers, in order to ascertain the best pairwise alignment between the
mounting rods and the loading rods. Thus, for example, in response to viewing the image, the
physician may ascertain that the best fit will be achieved if the portion of the replacement valve
mounted onto a particular mounting rod 98a is implanted over the portion of the mitral valve
annulus to which a particular tissue anchor 60a (Fig. 6) is anchored. The physician may therefore
load the replacement valve such that mounting rod 98a mates with the loading rod coupled - via a

thread 66 - to tissue anchor 60a.

Tn some embodiments, the loading shaft comprises loading-shaft markers that indicate a
predetermined desired loading orientation of the implant. Such markers may be disposed, for
example, on the base 101 of the loading shaft to which mounting rods 98 are coupled, and/or on
the mounting rods. Thus, for example, mounting rod 98a may share a common marker with the
loading rod that is coupled to tissue anchor 60a, indicating that it is desired to mate mounting rod

98a with this foading rod.

In some embodiments, loading chamber 86, shown in Fig. 8, facilitates the loading of the
implant onto the loading rods, by holding the loading rods within the loading chamber. As further
described below, the loading chamber may also crimp the tmplant, following the loading of the
implant onto the loading rods. In some embodiments, as shown in Fig. 8, loading chamber 86
comprises a set of upper latches 90, and a set of lower latches 92, the number of upper latches 90,
and the number of lower latches 92, typically matching the number of loading rods 88 Each of
uppert latches 90 and lower latches 92 is shaped to define a groove 106, which 1s sized and shaped
to fittingly receive one of the loading rods, such that each of the loading rods may be grasped by
an upper latch 90 and/or a lower latch 92, The loading chamber may be shaped to define two
sections: {1} an upper (proximal} section 21, between the upper and lower latches, and (11} a lower
(distal} crimping section 23. In some embodiments, as shown in Fig §, loading rods 88 are fully

situated within upper section 21, i.e, loading rods 88 do not extend below the lower laiches.

The ensuing description describes the sequence of steps that is performed, in some
embodiments, to load an implant onto loading rods 88, and subsequently, to advance the implant

along threads 66, with additional reference being made to Fig. 9, which is a schematic illustration
17
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of an implant advancer 110, in accordance with some embodiments of the present invention. As
further described below, implant advancer 110 1s used to advance the implant along threads 66,

following the loading of the timplant onto the loading rods.

{1) Furst, as shown in Fig 8, upper latches 90 of loading chamber 86 are opened, while
lower latches 92 grasp the loading rods. Loading shaft 94 is then inserted into upper section 21 of

the loading chamber, such that the implant is loaded onto loading rods 88, as described above.

(i1) Following the loading of the implant, the upper latches are closed over base 101 of the
ioading shaft (thus grasping the loading rods), and the lower latches are then opened. The implant
is then pushed by loading shatt 94 along the loading rods and/or threads, into crimping section 23
of the loading chamber. (As the loading shaft is advanced, the loading rods and/or threads pass
through the mounting rods and base of the loading shaft, such that the loading shaft moves along

the "track" defined by the loading rods and/or threads.)

(111} Following the pushing of the implant into crimpiong section 23, the loading shaft is
withdrawn into the upper section of the loading chamber. The lower latches are then closed (thus

grasping the loading rods), and the upper latches are then opened.

(iv) Loading shaft 94 is removed from the loading chamber, and implant advancer 110 i3
then inserted into the upper section of the loading chamber. Implant advancer 110 comprises an
assembly of flexible pushing rods 78, which are typically equal o number to the number of loading
rods. Each pushing rod 78 comprises a hollow pushing-rod tip 80 at the distal end of the pushing
rod. Implant advancer 110 1s 1nserted into the loading chamber such that each pushing-rod tip 80
is positioned over a respective loading rod.  In other words, the implant advancer is loaded onto
the loading rods, by virtue of each loading rod passing through a respective pushing-rod tip of the
implant advancer. The pushing-rod assembly 1s initially supported by an implant-advancer shaft

112 and an implant-advancer disk 108,

{(v) The upper latches are then closed over implant-advancer disk 108 (thus grasping the
lpading rods), and the lower latches are then opened. The implant advancer is then advanced along
the loading rods and/or threads, into the crimping section of the loading chamber and up to the
implaunt, such that each pushing-rod tip is in contact with the implant. (As the implant advancer is
advanced, the loading rods and/or threads pass through pushing-rod tips 80, such that the implant
advancer runs along a "track” defined by the loading rods and/or threads.) Implant-advancer shaft
112 and implant-advancer disk 108 are then withdrawn from the crimping section and into the
upper section of the loading chamber.

{vi) The lfower latches are closed (thus grasping the loading rods), and the upper latches
i8
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are then opened. Implant-advancer shaft 112 and implant-advancer disk 108 are then removed

from the loading chamber, leaving behind the pushing-rod assembly.

{vi1) The implant is then crimped, by vittue of the criraping section of the loading chamber
compressing the implant radially inward. As the implant is crimped, the loading rods, and the
bottom latches grasping the loading rods, move radially inward. (In some embodiments, the top
latches - alternatively or additionally to the bottom latches - grasp the loading rods, and thus move

radially inward, during the crimping of the implant.}

(viii) Following the crimping of the implant, the pushing-rod assembly is used to advance
the implant over threads 66. (As the implant 1s advanced, the threads pass through pushing-rod
tips 80, such that each pushing rod effectively runs along a "track" defined by the thread over

which the pushing rod 15 advanced )

Reference is now made to Figs. 10A-B, which are schematic illustrations collectively
showing an implantation of replacement valve 96, in accordance with some embodiments of the
present invention. Reference is also made to Figs. 11A-B, which are schematic illustrations
collectively showing an implantation of an annuloplasty ring 74, in accordance with some
embodiments of the present invention. The below description of Figs. 10A-B and 11 A-B generally
continues the description of the advancement of the implant that began above with reference to

Figs. 8§-9.

Figs. 10A and 11A show the state of affairs following the advancement of the implant over
the majority of the length of the threads. In particular, in these figures, the implant has been
advanced, by the assembly of pushing rods 78, through the length of sheath 24, such that the
implant is positioned above the mitral valve annulus. (The pushing-rod assembly is not shown in
Fig. 10A.) The implant is then pushed into place over the mitral valve annulus, as shown in Figs.
10B and 11B. Subseguently, pushing rods 78 may be used to advance locking elements 84 (one
at a tume, or together) over the threads and onto the implant.  Alternatively, locking elements 84
may be advanced over the threads together with the annuloplasty ring.  As further described below
with reference to Fig. 12, locking elements 84 lock the implant o place, i.¢, locking elements 84
prevent the implant from migrating from the implantation site. Following the locking of the
implant, the threads are pulled taut, and are then cut proximally to the locking elements. The

sheath is then withdrawn.

As shown in Fig. 10B, leatlet retainers 97 coupled to replacement valve 96, and/or other
leaflet-retaining elements, may be used to hold the natural leaflets of the mitral valve at the
perimeter of the mitiral valve, such that the natural leatlets do not interfere with the functioning of

e
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the replacement valve. The retaining of the natural leaflets of the mitral valve may be performed

before or after the locking of the replacement valve,

As shown in Fig. 11B, following the locking of the annuloplasty ting over the mitral valve
annulus, an adjustment chord 82, which passes annularly through the annuloplasty ring, may be

tightened, thus contracting the mitral valve annulus and bringing the valve leaflets closer together.

Reference 1s now made to Fig. 12, which is a schematic illustration of a locking element

84, in accordance with some embodiments of the present invention.

Typically, each locking element {comprising, for example, a plate or any other piece of
material baving a rectangular shape, or any other suitable shape) is shaped to define one or more
{e.g., three) apertures 25. (For clarity, the size of apertures 25 is exaggerated in Fig. 12.) Priorto
inserting the locking elements into the subject, the proximal end of thread 66 1s looped through
the apertures, such that the locking element can advance {(i.e., move distally) over the thread, but
cannot move backward (i e, proximally) over the thread. The locking element is then advanced
over the thread, as described above with reference to Figs. 10A-B and 11A-B. As further described
above, upon the locking element being positioned against the implant, the thread is cut proximally
to the locking element. Since the looping of the thread through the locking element does not allow
the locking element to move backward over the thread, the implant i1s effectively locked in place

by the locking element.

In general, thread 66 may be looped through apertures 25 in any suitable way, as long as,

as described above, the looping allows only forward movement of the locking element. One such

suitable way is shown in Fig. 12.

Reference is now made to Fig. 13A, which is a schematic illustration showing the
advancement of a disassembled annuloplasty ring 74 through sheath 24, in accordance with some
embodiments of the present invention, and to Fig. 13B, which is a schematic illustration of a

reassembled annuloplasty ring 74, in accordance with some embodiments of the present invention,

Tn some embodiments, annuloplasty ring 74 comprises a plurality of separable segments
75, such that the annuloplasty ring may be disassembled by separating segments 75 from each
other, and then reassembled by reattaching segments 75 to each other. For example, Fig. 13A
shows an embodiment in which annuloplasty ring 74 comprises four separable segments 75. To
deliver the annuloplasty ring to the implantation site, the annuloplasty ring is first disassembled,
and segments 75 are loaded onto the threads. Segments 75 are then advanced through the sheath
by pushing rods 78, in the manner shown in, and described above with reference to, earlier figures.

That ts, each thread 66 passes through a respective implant aperture 77 and a pushing-rod tip 80
20
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positioned over implant aperture 77, such that the implant is pushed, by the pushing rods, over the

track defined by the threads.

Upon emerging from the sheath, adjustment chord 82, which passes through all of the
segments and thus holds the segments together, is pulled. The tightening of the adjustment chord
causes the segments to reattach to each other. In some embodiments, as shown in Fig. 13B, each
of the segments comprises a respective coupler, such as a magnet 79, at each of the ends of the
segments. As the adjustment chord is pulled and the ends of the segments approach each other,
the couplers cause the segments to become reattached to each other (e.g., by virtue of the attraction
of magnets 79 to each other), thus further facilitating the reassembly of the annuloplasty ring.
Following the reassernbly of the annuloplasty ring, the annuloplasty ting is implanted over the
valve annulus, and locked in place, as described above with reference to Fig. 11B. The adjustment

chord may then be further tightened, such as to constrict the valve annulus.

In some embodiments, alternatively to using the loading and crimping apparatus described
above, the implant is preloaded into a guiding catheter (which may be similar to catheter 26), and

13 then advanced over the threads, while inside the guiding catheter, to the implantation site.

Although the present disclosure relates mainly to a mitral valve, it is noted that - as
mentioned above - embodiments described herein may also be applied, mutatis mutandis, to the

repair or replacement of a tricuspid valve.

It will be appreciated by persons skilled in the art that the present invention is not hunited
to what has been particularly shown and described hereinabove. Rather, the scope of embodiments
of the present invention inchudes 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. Documents
incorporated by reference in the present patent application are to be considered an integral part of
the application except that to the extent any terms are defined in these incorporated documents in
a manner that conflicts with the definitions made explicitly or implicitly in the present

specification, only the definitions in the present specification should be considered.
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CLAIMS
I. Apparatus, comprising:
an asserubly of tubes, each one of the tubes being shaped to define a tube lumen,
a plurality of tissue anchors, each one of the tissue anchors being disposed within a
respective one of the tube lumens;
an expandable annular structure coupled to the assembly of tubes; and
a plurality of control wires coupled to the annular structure, configured to position the tubes

for deployment of the tissue anchors from the tube lumens, by manipulating the annular structure.

2. The apparatus according to claim 1, wherein the annular structure comprises a plurality of
teeth.
3. The apparatus according to claim 2, wherein each one of the teeth has a top vertex that is

coupled to a respective one of the control wires.

4. The apparatus according to claim 2, wherein the plurality of teeth comprise:
a first annulus of teeth; and
a second annulus of teeth coupled to, and angled radially inward with respect to, the first

annulus of teeth.

S. The apparatus according to claim 1, further comprising a plurality of anchor-pushing
clements disposed within the tube lumens, each one of the anchor-pushing elements being
configured to deploy a respective one of the tissue anchors from a respective one of the tube

lumens by pushing the respective one of the tissue anchors.

&. The apparatus according to claim 1, wherein each one of the tubes comprises a pointed

distal end.

7. The apparatus according to claim 6, wherein the pointed distal end is curved radially
inward.
8. The apparatus according to any one of claims 1-7, further comprising a plurality of threads,

each thread of the threads being coupled, at a distal end of the thread, to a respective one of the

tissue anchors.

9. The apparatus according to claim 8, wherein each of the threads passes at least partly

through a respective one of the tube lumens.

10. The apparatus according to claim 8, further comprising a plurality of loading rods, each

thread of the threads being coupled, at a proximal end of the thread, to a respective one of the
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lpading rods.

11, The apparatus according to claim 10, wherein at least some of the tissue anchors comprise
respective tissue-anchor markers that are different from each other, and wherein at least some of
the loading rods comprise respective loading-rod markers that are different from each other, such
that the tissue-anchor markers and the loading-rod markers collectively indicate, for each loading
rod of the loading rods, the tissue anchor to which the loading rod, via one of the threads, is

coupled.

12, The apparatus according to claim 10, further comprising a loading shaft, configured to load

an implant, which is mounted on the loading shaft, onto the loading rods.

13. The apparatus according to claim 10, further comprising a loading chamber configured to
facilitate a loading of an implant onto the loading rods by holding the loading rods within the

lpading chamber.

14, The apparatus according to claim 13, wherein the loading chamber is further configured to

crimap the implant, following the loading of the implant onto the loading rods.
pth plant, foli g the loading of the impl to the loading rod

15. The apparatus according to claim 8, further comprising a plurality of locking elements,
each locking element of the locking elements being shaped to define one or more apertures, and
being configured to lock an implant in place at an implantation site following deployment of the
tissue anchors at the implantation site and advancement of the implant over the threads to the
implantation site, by virtue of (i) a respective one of the threads being looped through the apertures
such that the locking element cannot move proximally over the respective one of the threads, and

(it) the locking element being positioned against the implant.

16, A method, comprising:
deploying, from a catheter, an expandable annular structure that is coupled to an assembly
of tubes and to a plurality of control wires; and
for each tube of the tubes:
using one or more of the control wires, adjusting a position of the tube by
manipulating the annular structure, and

subsequently, deploying a respective tissue anchor from a lumen of the tube.

17. The method according to claim 16, wherein adjusting the position of the tube comprises

adjusting the position of the tube independently from positions of other ones of the tubes.

18. The method according to claim 16, wherein deploying the expandable annular structure

comprnises deploying the expandable annular structure within a chamber of 4 heart.

-
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19. The method according to claim 16, wherein deploying the respective tissue anchor
comprises deploying the respective tissue anchor by pushing the respective tissue anchor from

within the lumen of the tube.

20. The method according to claim 10, further comprising, for each tube of the tubes, prior to

deploying the respective tissue anchor, passing a distal end of the tube through tissue.

21, The method according to claim 20, wherein passing the distal end of the tube through the
tissue comprises passing the distal end of the tube through tissue of an annulus of a valve of a heart
such that the tube emerges from the tissue at an anchoring site on a radially-inward-facing face of
the annulus, and wheretn deploying the respective tissue anchor comprises deploying the

respective tissue anchor at the anchoring site.

22. The method according to claim 21, wherein the anchoring site 1s within an atrium of the
heart.
23. The method according to claim 21, wherein the anchoring site 1s within a ventricle of the
heart.
24. The method according to any one of claims 16-23, further comprising, subsequently to

deploying the tissue anchors, advancing an implant to an implantation site, over threads that are

coupled, at respective distal ends of the threads, to the tissue anchors.

25. The method according to claim 24, further comprising, using a plurality of locking
clements, locking the implant in place at the implantation site, by:

looping a respective one of the threads through one or more apertures of each locking
element of the locking elements, such that the locking element cannot move proximally over the
respective one of the threads, and

subsequently, advancing the locking elements over the threads such that the locking

elements are positioned against the implant at the implantation site.

26.  The method according to claim 24, wherein the implant includes an annuloplasty ring
including a plurality of separable segments shaped to define a plurality of apertures, and wherein
advancing the implant comprises:

passing the threads through the apertures; and

subsequently, advancing the segments of the ring, separately from each other, over the
threads.
27. The method according to claim 26, further comprising, subsequently to advancing the
segments of the ring over the threads, reassembling the ring by tightening an adjustment chord that

24
248



10

20

[SN]
<o

WO 2017/187312 PCT/1IB2017/052331
passes through the ring.
28.  The method according to claim 24, wherein each thread of the threads is coupled, at a
proximal end of the thread, to a respective loading rod, and wherein the method further comprises,

prior to advancing the implant over the threads, loading the implant onto the loading rods.

29. The method according to claim 28,
wherein at least some of the tissue anchors comprise respective tissue-anchor markers that
are different from each other,
wherein at least some of the loading rods comprise respective loading-rod markers that are
different from each other, and
wherein the method further comprises, prior to loading the implant onto the loading rods:
acquiring at least one image of the tissue-anchor markers, and
responsively to the image and to the loading-rod markers, aligning the implant with

respect to the loading rods.

30. The method according to claim 28, wherein loading the tmplant onto the loading rods
CoOmprises:
mounting the implant onto a loading shaft, and

using the loading shaft, loading the implant onto the loading rods.

31, The method according to claim 28, wherein loading the implant onto the loading rods
comprises loading the implant onto the loading rods while the loading rods are held within a

loading chamber.

32 The method according to claim 31, further comprising crimping the implant within the

lpading chamber, following the loading of the implant onto the loading rods.

33, Apparatus for implantation over an annulus of a valve of a heart of a subject, the apparatus
comprising:

an anmuoplasty ring comprising a plurality of separable segments shaped to define a
plurality of apertures,

the segments being configured to advance to the valve, separately from each other,

over threads passing through the apertures; and

an adjustment chord passing through the ring, the adjustment chord being configured to
reassemble the ring at the valve upon being tightened.

o]
3

34 The apparatus according to claim 33, further comprising a plurality of magnets at

respective ends of the segments, the magnets being configured to facilitate the reassembly of the
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ring by virtue of each one of the magnets attracting another one of the magnets.
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