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(57) ABSTRACT

Anchor deployment systems and tools are provided. An
anchor deployment tool can include a flexible tube including
a distal anchor manipulation portion. The tool can also
include a deployment element, which is positionable within
the flexible tube, and is configured to, while the distal anchor
manipulation portion is proximate an implantable device, (i)
engage the anchors in the flexible tube, (ii) advance each of
the anchors in a distal direction to the distal anchor manipu-
lation portion, and (iii) anchor the implantable device to
tissue of a subject by deploying each of the tissue anchors
through the implantable device and into the tissue.
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MULTIPLE ANCHOR DELIVERY TOOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 17/112,511, filed Dec. 4, 2020;
which is a continuation of U.S. patent application Ser. No.
15/948,140, filed Apr. 9, 2018 (now U.S. Pat. No. 10,856,
987); which is a continuation of U.S. patent application Ser.
No. 14/837,783, filed Aug. 27, 2015 (now U.S. Pat. No.
9,937,042); which is a continuation of U.S. patent applica-
tion Ser. No. 13/749,153, filed Jan. 24, 2013 (now U.S. Pat.
No. 9,119,719), which is:

[0002] (a) a continuation-in-part of U.S. patent appli-
cation Ser. No. 12/437,103, filed May 7, 2009 (now
U.S. Pat. No. 8,715,342); and

[0003] (b) a continuation-in-part of International Patent
Application PCT/IL2011/000600, filed Jul. 26, 2011,
which published as PCT Publication WO 2012/014201,
which is a continuation-in-part of U.S. patent applica-
tion Ser. No. 12/843,412, filed Jul. 26, 2010 (now U.S.
Pat. No. 8,523,881).

[0004] All of the above-mentioned applications are incor-
porated herein by reference.

FIELD OF THE INVENTION

[0005] The present invention relates in general to valve
repair, and more specifically to repair of an atrioventricular
valve of a patient.

BACKGROUND OF THE INVENTION

[0006] Ischemic heart disease causes mitral regurgitation
by the combination of ischemic dysfunction of the papillary
muscles, and the dilatation of the left ventricle that is present
in ischemic heart disease, with the subsequent displacement
of'the papillary muscles and the dilatation of the mitral valve
annulus. Dilation of the annulus of the mitral valve prevents
the valve leaflets from fully coapting when the valve is
closed. Mitral regurgitation of blood from the left ventricle
into the left atrium results in increased total stroke volume
and decreased cardiac output, and ultimate weakening of the
left ventricle secondary to a volume overload and a pressure
overload of the left atrium.

[0007] Dilation of the annulus of the mitral valve prevents
the valve leaflets from fully coapting when the valve is
closed. Mitral regurgitation of blood from the left ventricle
into the left atrium results in increased total stroke volume
and decreased cardiac output, and ultimate weakening of the
left ventricle secondary to a volume overload and a pressure
overload of the left atrium.

[0008] US Patent Application Publication 2007/0055206
to To et al., which is incorporated herein by reference,
describes devices, methods, and kits for deployment of
tissue anchors. In some variations, the devices comprise a
shaft defining a lumen for housing at least one anchor therein
(the anchor having an eyelet) and a mechanism for deploy-
ing the anchor distally from the lumen, wherein the inner
diameter of the lumen is the same size or smaller than the
diameter of the eyelet of the anchor to be disposed therein
when the anchor is in an expanded configuration. In some
variations, the methods comprise loading an anchor within
a lumen of a shaft (where the anchor comprises an eyelet and
the shaft has a slot therethrough), passing a linking member
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through the slot and through the eyelet of the anchor, and
deploying the anchor. Other methods comprise loading an
anchor within a lumen of a shaft, and deploying the anchor
distally from the lumen.

[0009] US Patent Application Publication 2007/0080188
to Spence et al., which is incorporated herein by reference,
describes systems and methods for securing tissue including
the annulus of a mitral valve. The systems and methods may
employ catheter based techniques and devices to plicate
tissue and perform an annuloplasty. Magnets may be used
for guidance in deploying fasteners from a catheter. The
fasteners are cinched with a flexible tensile member.
[0010] U.S. Pat. No. 6,619,291 to Hlavka et al., which is
incorporated herein by reference, describes a minimally
invasive method of performing annuloplasty. A method for
performing a procedure on a mitral valve of a heart includes
inserting an implant into a left ventricle and orienting the
implant in the left ventricle substantially below the mitral
valve. The implant and tissue around the mitral valve are
connected and tension is provided to the implant, in one
embodiment, in order to substantially reduce an arc length
associated with the mitral valve. In another embodiment, the
implant is inserted into the left ventricle through the aorta
and the aortic valve.

[0011] US Patent Application Publication 2006/0241656
to Starksen et al., which is incorporated herein by reference,
describes devices, systems and methods for facilitating
positioning of a cardiac valve annulus treatment device, thus
enhancing treatment of the annulus. Methods generally
involve advancing an anchor delivery device through vas-
culature of the patient to a location in the heart for treating
the valve annulus, contacting the anchor delivery device
with a length of the valve annulus, delivering a plurality of
coupled anchors from the anchor delivery device to secure
the anchors to the annulus, and drawing the anchors together
to circumferentially tighten the valve annulus. Devices gen-
erally include an elongate catheter having at least one
tensioning member and at least one tensioning actuator for
deforming a distal portion of the catheter to help it conform
to a valve annulus. The catheter device may be used to
navigate a subannular space below a mitral valve to facilitate
positioning of an anchor delivery device.

[0012] US Patent Application Publication 2007/0051377
to Douk et al., which is incorporated herein by reference,
describes a catheter-based, annulus reduction device and
system for cardiac valve repair and method of using the
same. The system is usable for treating mitral valve regur-
gitation and comprises a catheter, a reduction ring carried
within the catheter, the reduction ring including a plurality
of exit ports formed in a side wall of the reduction ring and
filament received in the reduction ring. The filament
includes a plurality of radially extendible barbs correspond-
ing to the sidewall openings. The reduction ring carrying the
filament is deployed adjacent a mitral valve annulus and the
filament is translated relative to the reduction ring to deploy
the barbs through the exit ports and into the annulus and to
further translate the reduction ring with deployed barbs to
reshape the annulus.

[0013] US Patent Application Publication 2006/0025787
to Morales et al., which is incorporated herein by reference,
describes methods and devices that provide constriction of a
heart valve annulus to treat cardiac valve regurgitation and
other conditions. Embodiments typically include a device
for attaching a cinching or tightening apparatus to a heart
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valve annulus to reduce the circumference of the annulus,
thus reducing valve regurgitation. Tightening devices may
include multiple tethered clips, multiple untethered crimping
clips, stabilizing devices, visualization devices, and the like.
In one embodiment, a plurality of tethered clips is secured
circumferentially to a valve annulus, and the tether coupling
the clips is cinched to reduce the circumference of at least a
portion of the annulus. Methods and devices may be used in
open heart surgical procedures, minimally invasive proce-
dures, catheter-based procedures, and/or procedures on beat-
ing hearts or stopped hearts.

[0014] U.S. Pat. No. 7,431,692 to Zollinger et al., which is
incorporated herein by reference, describes an adjustable
support pad for adjustably holding a tensioning line used to
apply tension to a body organ. The adjustable support pad
can include a locking mechanism for preventing slidable
movement of the tensioning element in one or both direc-
tions. The locking mechanism may include spring-loaded
locks, rotatable cam-like structures, and/or rotatable spool
structures. The adjustable support pad may be formed from
rigid, semi-rigid, and/or flexible materials, and may be
formed to conform to the outer surface of a body organ. The
adjustable support pad can be configured to adjustably hold
one or more separate tensioning lines, and to provide for
independent adjustment of one or more tensioning lines or
groups thereof.

[0015] US Patent Application Publication 2007/0016287
to Cartledge et al., which is incorporated herein by refer-
ence, describes an implantable device for controlling shape
and/or size of an anatomical structure or lumen. The
implantable device has an adjustable member configured to
adjust the dimensions of the implantable device. The
implantable device is housed in a catheter and insertable
from a minimally invasive surgical entry. An adjustment tool
actuates the adjustable member and provide for adjustment
before, during or after the anatomical structure or lumen
resumes near normal to normal physiologic function.

[0016] US Patent Application Publication 2004/0236419
to Milo, which is incorporated herein by reference, describes
methods for reconfiguring an atrioventricular heart valve
that may use systems comprising a partial or complete
annuloplasty rings proportioned to reconfigure a heart valve
that has become in some way incompetent, a pair of trigonal
sutures or implantable anchors, and a plurality of staples
which may have pairs of legs that are sized and shaped for
association with the ring at spaced locations along its length.
These systems permit relative axial movement between the
staples and the ring, whereby a patient’s heart valve can be
reconfigured in a manner that does not deter subtle shifting
of the native valve components. Shape-memory alloy mate-
rial staples may have legs with free ends that interlock
following implantation. Annuloplasty rings may be com-
plete or partial and may be fenestrated. One alternative
method routes a flexible wire, preferably of shape-memory
material, through the bights of pre-implanted staples. Other
alternative systems use linkers of shape-memory material
having hooked ends to interengage with staples or other
implanted supports which, following implantation, decrease
in effective length and pull the staples or other supports
toward one another so as to create desired curvature of the
reconfigured valve. These linkers may be separate from the
supports or may be integral with them and may have a
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variety of shapes and forms. Various ones of these systems
are described as being implanted non-invasively using a
delivery catheter.
[0017] US Patent Application Publication 2005/0171601
to Cosgrove et al., which is incorporated herein by reference,
describes an annuloplasty repair segment and template for
heart valve annulus repair. The elongate flexible template
may form a distal part of a holder that also has a proximal
handle. Alternatively, the template may be releasably
attached to a mandrel that slides within a delivery sheath, the
template being released from the end of the sheath to enable
manipulation by a surgeon. A tether connecting the template
and mandrel may also be provided. The template may be
elastic, temperature responsive, or multiple linked segments.
The template may be aligned with the handle and form a
two- or three-dimensional curve out of alignment with the
handle such that the annuloplasty repair segment attached
thereto conforms to the curve. The template may be actively
or passively converted between its straight and curved
positions. The combined holder and ring is especially suited
for minimally-invasive surgeries in which the combination
is delivered to an implantation site through a small access
incision with or without a cannula, or through a catheter
passed though the patient’s vasculature.
[0018] U.S. Pat. No. 6,296,656 to Bolduc et al. describes
a helical fastener having a high retentive surface area. The
helical fastener has a first end for enhancing penetration into
tissue and a second end comprising a coil sectioning a
diameter of the fastener for receiving longitudinal and
rotational forces. The helical fasteners are attached to body
tissue by a fastener applicator having a proximal portion
comprising a handle and an actuator and an elongate distal
portion for housing a plurality of fasteners. A transferring
action of the actuator provides longitudinal and rotational
movement of the fasteners out of the distal portion and into
body tissue.
[0019] U.S. Pat. No. 7,229,452 to Kayan describes a
surgical tack for securing a surgical mesh material to body
tissue. The tack includes a pair of legs and an arcuate
cross-member. A surgical tack applier is also disclosed, for
applying the surgical tack. The applier includes an elongate
tubular portion having a jacket with a main channel and a
pair of longitudinally extending sub-channels. A rotatable
drive rod having a helical thread is coupled to the applier,
and the sub-channels receive the legs of the tack. The helical
thread receives the arcuate cross-member of the surgical
tack. Rotation of the drive rod drives the tack from the distal
end of the applier.
[0020] The following patents and patent application pub-
lications, all of which are incorporated herein by reference,
may be of interest:

[0021] U.S. Pat. No. 5,306,296 to Wright et al.

[0022] U.S. Pat. No. 5,674,279 to Wright et al.

[0023] U.S. Pat. No. 5,961,539 to Northrup, III et al.

[0024] U.S. Pat. No. 6,524,338 to Gundry

[0025] U.S. Pat. No. 6,569,198 to Wilson et al.

[0026] U.S. Pat. No. 6,602,288 to Cosgrove et al.

[0027] U.S. Pat. No. 6,602,289 to Colvin et al.

[0028] U.S. Pat. No. 6,689,164 to Seguin

[0029] U.S. Pat. No. 6,702,826 to Liddicoat et al.

[0030] U.S. Pat. No. 6,718,985 to Hlavka et al.

[0031] U.S. Pat. No. 6,764,510 to Vidlund et al.

[0032] U.S. Pat. No. 7,004,176 to Lau

[0033] U.S. Pat. No. 7,101,395 to Tremulis et al.
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[0034] U.S. Pat. No. 7,175,660 to Cartledge et al.

[0035] U.S. Pat. No. 7,186,262 to Saadat

[0036] U.S. Pat. No. 7,686,822 to Shayani

[0037] US Patent Application Publication 2002/
0087048 to Brock et al.

[0038] US Patent Application Publication 2002/
0173841 to Ortiz et al.

[0039] US Patent Application Publication 2003/
0050693 to Quijano et al.

[0040] US Patent Application Publication 2003/
0167062 to Gambale et al.

[0041] US Patent Application Publication 2004/
0024451 to Johnson et al.

[0042] US Patent Application Publication 2004/
0122514 to Fogarty et al.

[0043] US Patent Application Publication 2004/
0148021 to Cartledge et al.

[0044] US Patent Application Publication 2005/
0055087 to Starksen

[0045] US Patent Application Publication 2005/
0288781 to Moaddeb et al.

[0046] US Patent Application Publication 2006/
0069429 to Spence et al.

[0047] US Patent Application Publication 2007/
0162111 to Fukamachi et al.

[0048] US Patent Application Publication 2007/
0255400 to Parravicini et al.

[0049] US Patent Application Publication 2008/

0004697 to Lichtenstein et al.

[0050] PCT Publication WO 01/26586 to Seguin
[0051] PCT Publication WO 02/085251 to Hlavka et al.
[0052] PCT Publication WO 02/085252 to Hlavka et al.
[0053] PCT Publication WO 06/097931 to Gross et al.
[0054] PCT Publication WO 07/136783 to Cartledge et
al.
[0055] PCT Publication WO 08/068756 to Gross et al.
[0056] PCT Publication WO 10/004546 to Gross et al.
[0057] The following articles, all of which are incorpo-

rated herein by reference, may be of interest:

[0058] O’Reilly S et al., “Heart valve surgery pushes
the envelope,” Medtech Insight 8(3): 73, 99-108 (2006)

[0059] Dieter R S, “Percutaneous valve repair: Update
on mitral regurgitation and endovascular approaches to
the mitral valve,” Applications in Imaging, Cardiac
Interventions, Supported by an educational grant from
Amersham Health pp. 11-14 (2003)

[0060] Swain C P et al., “An endoscopically deliverable
tissue-transfixing device for securing biosensors in the
gastrointestinal tract,” Gastrointestinal Endoscopy
40(6): 730-734 (1994)

[0061] Odell J A et al., “Early Results of a Simplified
Method of Mitral Valve Annuloplasty,” Circulation
92:150-154 (1995)

[0062] Brennan, Jennifer, “510(k) Summary of Safety
and Effectiveness,” January 2008

[0063] Odell T A et al., “Early Results of a Simplified
Method of Mitral Valve Annuloplasty,” Circulation
92:150-154 (1995)

SUMMARY OF THE INVENTION

[0064] In some embodiments of the present invention, an
adjustable partial annuloplasty ring is provided for repairing
a dilated valve annulus of an atrioventricular valve, such as
a mitral valve. The annuloplasty ring comprises a flexible
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sleeve and a plurality of anchors. An anchor deployment
manipulator is advanced into a lumen of the sleeve, and,
from within the lumen, deploys the anchors through a wall
of the sleeve and into cardiac tissue, thereby anchoring the
sleeve around a portion of the valve annulus. The anchors
are typically deployed from a distal end of the manipulator
while the distal end is positioned such that a central longi-
tudinal axis through the distal end of the manipulator forms
an angle with a surface of the cardiac tissue of between
about 45 and 90 degrees, e.g., between about 75 and 90
degrees, such as about 90 degrees. Typically, the anchors are
deployed from the distal end of the manipulator into the
cardiac tissue in a direction parallel to the central longitu-
dinal axis through the distal end of the manipulator.
[0065] In some embodiments of the present invention, the
anchors are deployed from the left atrium into the upper
region of the ventricular wall near the atrium, tissue of
which generally provides more secure anchoring than does
the atrial wall. The above-mentioned angle of deployment
enables such deployment into the upper region of the
ventricular wall.

[0066] In some embodiments of the present invention, the
anchor deployment manipulator comprises a steerable outer
tube in which is positioned an anchor driver having an
elongated, flexible shaft. Rotation of the anchor driver
screws the anchors into the cardiac tissue. The anchors may,
for example, be helical in shape. For some applications, the
plurality of anchors are applied using the manipulator by
loading a first one of the anchors onto the anchor driver, and
deploying the anchor into the cardiac tissue. The anchor
driver is withdrawn from the body of the subject, and a
second one of the anchors is loaded onto the anchor driver.
The anchor driver is reintroduced into the sleeve of the
annuloplasty ring, and the second anchor is deployed. These
steps are repeated until all of the anchors have been
deployed. Alternatively, the anchor driver is configured to
simultaneously hold a plurality of anchors, and to deploy
them one at a time.

[0067] Typically, the manipulator is gradually withdrawn
in a proximal direction during the anchoring procedure as
anchors are deployed. The first anchor is thus deployed most
distally in the sleeve (generally at or within a few millime-
ters of the distal tip of the sleeve), and each subsequent
anchor is deployed more proximally.

[0068] The annuloplasty ring is typically configured to be
placed only partially around the valve annulus (i.e., to
assume a C-shape), and, once anchored in place, to be
contracted so as to circumferentially tighten the valve annu-
lus. To this end, the annuloplasty ring comprises a flexible
contracting member such as a wire, which is typically
positioned within the lumen of the sleeve. The annuloplasty
ring further comprises a contracting mechanism which
facilitates contracting of the annuloplasty ring. For some
applications, the contracting mechanism comprises a spool
to which a first end of the contracting member is coupled.
The spool is positioned in a vicinity of either the proximal
or the distal end of the sleeve. A second end of the con-
tracting member is coupled to the sleeve in a vicinity of the
end of the sleeve opposite the end to which the spool is
positioned. Rotation of the spool winds a portion of the
contracting member around the spool, thereby pulling the far
end of the ring toward the spool and tightening the ring. For
some applications, the spool is positioned in a vicinity of the
distal end of the sleeve, and is oriented such that a driving



US 2023/0310156 Al

interface thereof is accessible from within the sleeve. A
screwdriver tool is inserted into the sleeve, and used to rotate
the spool via the driving interface of the spool.

[0069] All of the tools and elements of the annuloplasty
system that are introduced into left atrium are contained
within the sleeve of the annuloplasty ring, which reduces the
risk that any elements of the system will accidentally be
released to the blood circulation, or damage surrounding
tissue. In addition, the lumen of the sleeve provides guid-
ance if it should be necessary to return to a previously
deployed anchor, such as to tighten, loosen, remove, or
relocate the anchor. For some applications, the anchors
comprise helical screws, which facilitate such adjusting or
removing.

[0070] The annuloplasty ring may be advanced toward the
annulus of a valve in any suitable procedure, e.g., a trans-
catheter procedure, a minimally invasive procedure, or an
open heart procedure.

[0071] In some embodiments of the present invention, an
anchor tissue deployment system comprises an anchor
deployment tool and a plurality of tissue anchors. The
anchor deployment tool comprises a flexible outer tube, a
flexible inner shaft, which is positioned within the flexible
outer tube, and a rotating deployment element, which is
coupled to the distal end of the shaft. The anchor deployment
tool is configured to provide an anchor storage area. The
storage area initially stores the plurality of tissue anchors,
such that the flexible inner shaft passes through channels
that pass through each of the anchors, and the anchors are
within the flexible outer tube. The rotating deployment
element is configured to directly engage the anchors in the
anchor storage area one at a time, advance each of the
anchors while engaged in a distal direction, and deploy each
of the anchors through the distal end of the outer tube and
into tissue of a subject. Typically, the anchor deployment
tool is configured to provide steering functionality to a distal
anchor manipulation area of the anchor deployment tool
between the anchor storage area and the distal tube end.
[0072] For some applications, the anchor deployment tool
is configured such that, as the rotating deployment element
advances each of the anchors in the distal direction, only the
single anchor currently being advanced is within the distal
anchor manipulation area of the anchor deployment tool. For
some applications, the anchor deployment tool is configured
to deploy each of the anchors into the tissue in a direction
parallel to a central longitudinal axis of the outer tube
through the distal tube end, and parallel to a central longi-
tudinal axis of the anchor.

[0073] For some applications, the rotating deployment
element is configured to pass through one or more of the
anchors without engaging the anchors when the rotating
deployment element is withdrawn in a proximal direction
within the outer tube, and to directly engage one of the
anchors when the rotating deployment element is advanced
in the distal direction against the one of the anchors.
Typically, the rotating deployment element is configured to
assume a radially-compressed state when passing through
the one or more of the anchors without engaging the
anchors, and to assume a radially-expanded state when
engaging the one of the anchors.

[0074] For some applications, the anchor deployment tool
further comprises an anchor restraining mechanism in a
vicinity of the distal anchor storage end. The mechanism is
configured to temporarily restrain at least the distal-most

Oct. 5, 2023

anchor currently stored in the anchor storage area from
advancing in the distal direction.

[0075] For some applications, each of the anchors com-
prises a helical tissue coupling element, and a tool-engaging
head, fixed to one end of the tissue coupling element. The
tool-engaging head is shaped so as to define an engaging
opening that is at least partially non-circular, and that passes
entirely through the tool-engaging head along the axis. The
end of the tissue coupling element is fixed to the tool-
engaging head near an outer perimeter of the tool-engaging
head, such that the tissue coupling element does not block
the engaging opening. The tissue coupling element and the
tool-engaging head together define a channel along an entire
length of the tissue anchor, which channel is sized and
shaped such that a right circular cylinder could be placed
within the channel, coaxial with the tissue anchor, and along
the entire length of the tissue anchor. The cylinder typically
has a diameter of at least 1 mm, such as at least 2 mm.
[0076] For some applications, the rotating deployment
element is capable of unscrewing an already-deployed
anchor from the tissue, withdrawing the anchor in a proxi-
mal direction, and subsequently redeploying the anchor into
the tissue. For some applications, to enable such redeploy-
ment, the rotating deployment element is configured to
selectively assume (a) a locked state, in which the rotating
deployment element engages one of the anchors, such that
the rotating deployment element can withdraw the anchor in
the proximal direction, and (b) an unlocked state, in which
the rotating deployment element does not engage the anchor.
[0077] For some applications, the anchor deployment sys-
tem is used to deploy anchors for coupling an annuloplasty
ring to tissue of a native cardiac valve of the subject, such
as a mitral valve. For example, the annuloplasty ring may
comprise a sleeve having a lumen, and the anchor deploy-
ment tool may be configured to be removably positioned
within the lumen of the sleeve, and, while so positioned, to
deploy the anchors from the distal tube end through a wall
of the sleeve into the tissue. Alternatively applications for
the anchor deployment system include delivery anchors via
a working channel of an endoscope, such as to mount and
secure a support mesh for treating a hernia.

[0078] There is therefore provided, in accordance with an
embodiment of the present invention, apparatus including an
annuloplasty system for use on a subject, which includes:

[0079] an annuloplasty ring, which includes a sleeve
having a lumen;

[0080] at least one anchor, shaped so as to define a
coupling head and a tissue coupling element, which
tissue coupling element is shaped so as to define a
longitudinal axis, and is configured to penetrate cardiac
tissue of the subject in a direction parallel to the
longitudinal axis; and

[0081] an anchor deployment manipulator, configured
to be removably positioned within the lumen of the
sleeve, and, while so positioned, to deploy the tissue
coupling element from a distal end of the deployment
manipulator through a wall of the sleeve into the
cardiac tissue in the direction parallel to the longitudi-
nal axis of the tissue coupling element and parallel to
a central longitudinal axis of the deployment manipu-
lator through the distal end of the deployment manipu-
lator.

[0082] Typically, the annuloplasty ring includes a partial
annuloplasty ring.
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[0083] For some applications, the coupling element is
shaped so as to define a shape selected from the group
consisting of: a helix, a spiral, and a screw shaft.

[0084] Inan embodiment, the annuloplasty ring includes a
spool coupled to the sleeve, and a flexible contracting
member that is coupled to the spool and the sleeve, such that
winding the contracting member around the spool tightens
the ring.

[0085] In an embodiment, the deployment manipulator
includes steering functionality. For some applications, the
deployment manipulator includes a tube, which is config-
ured to provide the steering functionality; and an anchor
driver, which includes an elongated, flexible shaft which is
at least partially positioned within the tube.

[0086] In an embodiment, the deployment manipulator is
configured to deploy the at least one anchor from the distal
end of the deployment manipulator through the wall of the
sleeve into the cardiac tissue, while the distal end of the
deployment manipulator is positioned such that the central
longitudinal axis through the distal end of the deployment
manipulator forms an angle of between 45 and 90 degrees
with the wall of the sleeve at a point at which the anchor
penetrates the wall. For some applications, the point on the
wall is a first point on the wall, and the angle is a first angle,
the at least one anchor is a first anchor of a plurality of
anchors that also includes a second anchor most recently
deployed before the first anchor through a second point on
the wall, and the deployment manipulator is configured to
deploy the first anchor while the distal end of the deploy-
ment manipulator is positioned such that the central longi-
tudinal axis forms a second angle of between 45 and 90
degrees with a line defined by the first point and the second
point.

[0087] For some applications, the apparatus further
includes a pusher element which is positioned within the
sleeve, and which is configured to, upon being pushed
distally, move the distal end of the deployment manipulator
proximally within the sleeve by engaging an interior surface
of the sleeve.

[0088] There is further provided, in accordance with an
embodiment of the present invention, a method including:

[0089] positioning an anchor deployment manipulator
at least partially within a lumen of a sleeve of an
annuloplasty ring;

[0090] placing, into an atrium of a subject in a vicinity
of an annulus of an atrioventricular valve, at least a
portion of the sleeve that contains a distal end of the
deployment manipulator; and

[0091] deploying at least one anchor from the distal end
of the deployment manipulator through a wall of the
sleeve such that a coupling element of the anchor enters
cardiac tissue of the subject in a direction parallel to a
central longitudinal axis of the deployment manipulator
through the distal end of the deployment manipulator.

[0092] In an embodiment, deploying includes deploying
the at least one anchor from the distal end of the deployment
manipulator through the wall of the sleeve into the cardiac
tissue, while the distal end of the deployment manipulator is
positioned such that the central longitudinal axis of the
deployment manipulator through the distal end of the
deployment manipulator forms an angle of between 45 and
90 degrees with the wall of the sleeve at a point at which the
anchor penetrates the wall. For some applications, the point
on the wall is a first point on the wall, and the angle is a first
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angle, the at least one anchor is a first anchor of a plurality
of anchors that also includes a second anchor most recently
deployed before the first anchor through a second point on
the wall, and deploying the first anchor includes deploying
the first anchor while the distal end of the deployment
manipulator is positioned such that the central longitudinal
axis forms a second angle of between 45 and 90 degrees with
a line defined by the first point and the second point.
[0093] Typically, the annuloplasty ring includes a partial
annuloplasty ring, and positioning the deployment manipu-
lator includes positioning the deployment manipulator
within the lumen of the partial annuloplasty ring.
[0094] In an embodiment, the deployment manipulator
includes steering functionality, and placing the sleeve
includes steering the deployment manipulator using the
steering functionality.
[0095] For some applications, deploying the anchor
includes deploying the anchor from the atrium into an upper
region of a ventricular wall near the atrium.
[0096] For some applications, the method further includes
positioning a pusher element at least partially within the
lumen of the sleeve of the annuloplasty ring; and moving the
distal end of the deployment manipulator proximally within
the sleeve by pushing the pusher element distally such that
the pusher element engages an interior surface of the sleeve.
[0097] In an embodiment, the method further includes
tightening the annuloplasty ring by winding a flexible con-
tracting member of the ring around a spool coupled to the
ring.
[0098] There is still further provided, in accordance with
an embodiment of the present invention, apparatus including
an annuloplasty system for use on a subject, which includes:
[0099] an annuloplasty ring, which includes a sleeve
having a lumen;
[0100] at least one anchor; and
[0101] an anchor deployment manipulator, configured
to be removably positioned within the lumen of the
sleeve, and, while so positioned, to deploy the at least
one anchor from a distal end of the deployment
manipulator through a wall of the sleeve into cardiac
tissue of the subject, while the distal end of the deploy-
ment manipulator is positioned such that a central
longitudinal axis of the deployment manipulator
through the distal end of the deployment manipulator
forms an angle of between 45 and 90 degrees with the
wall of the sleeve at a point at which the anchor
penetrates the wall.
[0102] Typically, the annuloplasty ring includes a partial
annuloplasty ring.
[0103] In an embodiment, the deployment manipulator
includes steering functionality.
[0104] For some applications, the point on the wall is a
first point on the wall, and the angle is a first angle, the at
least one anchor is a first anchor of a plurality of anchors that
also includes a second anchor most recently deployed before
the first anchor through a second point on the wall, and the
anchor deployment manipulator is configured to deploy the
first anchor while the distal end of the deployment manipu-
lator is positioned such that the central longitudinal axis
forms a second angle of between 45 and 90 degrees with a
line defined by the first point and the second point.
[0105] For some applications, the anchor is shaped so as
to define a coupling head and a tissue coupling element,
which tissue coupling element is shaped so as to define a
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longitudinal axis, and is configured to penetrate cardiac
tissue of the subject in a direction parallel to the longitudinal
axis, and the anchor deployment manipulator is configured
to deploy the anchor from the distal end of the deployment
manipulator such that the coupling element enters the car-
diac tissue in a direction parallel to the central longitudinal
axis of the deployment manipulator through the distal end of
the deployment manipulator.

[0106] For some applications, the anchor is shaped so as
to define a coupling head and a tissue coupling element,
which is shaped so as to define a shape selected from the
group consisting of: a helix, a spiral, and a screw shaft.
[0107] There is additionally provided, in accordance with
an embodiment of the present invention, a method includ-
ing:

[0108] positioning an anchor deployment manipulator
at least partially within a lumen of a sleeve of an
annuloplasty ring;

[0109] placing, into an atrium of a subject in a vicinity
of an annulus of an atrioventricular valve, at least a
portion of the sleeve that contains a distal end of the
deployment manipulator; and

[0110] deploying at least one anchor from the distal end
of the deployment manipulator through a wall of the
sleeve into cardiac tissue of the subject, while the distal
end of the deployment manipulator is positioned such
that a central longitudinal axis of the deployment
manipulator through the distal end of the deployment
manipulator forms an angle of between 45 and 90
degrees with the wall of the sleeve at a point at which
the anchor penetrates the wall.

[0111] For some applications, deploying includes deploy-
ing the at least one anchor while the angle is between 75 and
90 degrees.

[0112] In an embodiment, the deployment manipulator
includes steering functionality, and placing the sleeve
includes steering the deployment manipulator using the
steering functionality.

[0113] Typically, the annuloplasty ring includes a partial
annuloplasty ring, and positioning the anchor deployment
manipulator includes positioning the anchor deployment
manipulator at least partially within the lumen of the partial
annuloplasty ring.

[0114] For some applications, the point on the wall is a
first point on the wall, and the angle is a first angle, the at
least one anchor is a first anchor of a plurality of anchors that
also includes a second anchor most recently deployed before
the first anchor through a second point on the wall, and
deploying the first anchor includes deploying the first anchor
while the distal end of the deployment manipulator is
positioned such that the central longitudinal axis forms a
second angle of between 45 and 90 degrees with a line
defined by the first point and the second point.

[0115] For some applications, deploying the anchor
includes deploying the anchor from the distal end of the
deployment manipulator such that a coupling element of the
anchor enters the cardiac tissue in a direction parallel to the
central longitudinal axis.

[0116] For some applications, the anchor is shaped so as to
define a coupling head and a tissue coupling element, which
is shaped so as to define a shape selected from the group
consisting of: a helix, a spiral, and a screw shaft, and
deploying the anchor includes screwing the tissue coupling
element into the cardiac tissue.

Oct. 5, 2023

[0117] In an embodiment, the method further includes
tightening the annuloplasty ring by winding a flexible con-
tracting member of the ring around a spool coupled to the
ring.

[0118] For some applications, deploying the anchor
includes deploying the anchor from the atrium into an upper
region of a ventricular wall near the atrium.

[0119] For some applications, the deployment manipulator
includes an anchor driver positioned within a sheath, the at
least one anchor includes a plurality of anchors, and deploy-
ing the at least one anchor includes:

[0120] loading a first one of the anchors onto the anchor
driver;
[0121] deploying the first one of the anchors through a

wall of the sleeve and into the cardiac tissue;

[0122] withdrawing the anchor driver from the sheath
and a body of the subject, while leaving the sheath
lumen of the sleeve;

[0123] subsequently loading a second one of the
anchors onto the anchor driver while the anchor driver
is outside the body;

[0124] subsequently reintroducing the anchor driver
into the body and the sheath; and

[0125] subsequently deploying the second one of the
anchors through the wall of the sleeve into the cardiac
tissue.

[0126] For some applications, placing the at least a portion
of the sleeve includes placing the at least a portion of the
sleeve into a right atrium of the subject in a vicinity of a
tricuspid valve. Alternatively, placing the at least a portion
of the sleeve includes placing the at least a portion of the
sleeve into a left atrium of the subject in a vicinity of the
annulus of a mitral valve.

[0127] There is yet additionally provided, in accordance
with an embodiment of the present invention, a method
including:

[0128] positioning, during a transcatheter procedure, an
anchor deployment manipulator at least partially in an
atrium of a subject;

[0129] placing, into the atrium in a vicinity of an
annulus of an atrioventricular valve, at least a portion
of an annuloplasty ring; and

[0130] coupling the annuloplasty ring to cardiac tissue
by deploying at least one anchor from the deployment
manipulator in the atrium and into an upper region of
a ventricular wall near the atrium.

[0131] Typically, the atrioventricular valve is selected
from the group consisting of: a mitral valve and a tricuspid
valve.

[0132] In an embodiment, positioning the anchor deploy-
ment manipulator includes positioning at least a distal end of
the deployment manipulator within a lumen of a sleeve of
the annuloplasty ring, and coupling includes coupling the
ring to the cardiac tissue by deploying the at least one anchor
from the distal end of the deployment manipulator in the
atrium, through a wall of the sleeve, and into the upper
region of the ventricular wall. For some applications,
deploying the anchor includes deploying the anchor into the
upper region of the ventricular wall while the distal end of
the deployment manipulator is positioned such that a central
longitudinal axis of the deployment manipulator through the
distal end of the deployment manipulator forms an angle of
between 45 and 90 degrees with the wall of the sleeve at a
point at which the anchor penetrates the wall.
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[0133] For some applications, deploying the anchor
includes deploying the anchor from the distal end of the
deployment manipulator into the upper region of ventricular
wall such that a coupling element of the anchor enters the
ventricular wall in a direction parallel to a central longitu-
dinal axis of the deployment manipulator through the distal
end of the deployment manipulator.

[0134] There is also provided, in accordance with an
embodiment of the present invention, apparatus including an
annuloplasty system for use on a subject, the system includ-
ing:

[0135] an annuloplasty ring, which includes a sleeve
having a lumen;

[0136] at least one anchor;

[0137] an anchor deployment manipulator, which is
configured to be removably positioned within the
lumen of the sleeve, and which is configure to deploy
the at least one anchor through a wall of the sleeve into
cardiac tissue of the subject; and

[0138] a pusher element which is positioned within the
sleeve, and which is configured to, upon being pushed
distally, move the distal end of the deployment manipu-
lator proximally within the sleeve by engaging an
interior surface of the sleeve.

[0139] In an embodiment, the deployment manipulator
includes an outer tube that is shaped so as to define an
opening that is within 3 mm of a distal end of the tube; and
an anchor driver that is positioned at least partially within
the outer tube, and which is configured to deploy the at least
one anchor, and the pusher element is positioned such that
a proximal portion thereof is within the outer tube, and a
distal portion thereof extends out of the tube through the
opening and into the lumen of the sleeve.

[0140] In an embodiment, the deployment manipulator
includes an outer tube; and an anchor driver that is posi-
tioned at least partially within the outer tube, and which is
configured to deploy the at least one anchor, and the pusher
element is positioned outside of the outer tube.

[0141] For some applications, the pusher element is con-
figured to, upon being pushed distally, move the distal end
of the deployment manipulator proximally within the sleeve
by engaging a distal end of the sleeve. Alternatively or
additionally, the pusher element is configured to, upon being
pushed distally, move the distal end of the deployment
manipulator proximally within the sleeve by engaging the
wall of the sleeve.

[0142] Typically, the annuloplasty ring includes a partial
annuloplasty ring.

[0143] Inan embodiment, the annuloplasty ring includes a
spool coupled to the sleeve, and a flexible contracting
member that is coupled to the spool and the sleeve, such that
winding the contracting member around the spool tightens
the ring.

[0144] There is further provided, in accordance with an
embodiment of the present invention, a method including:

[0145] positioning an anchor deployment manipulator
and a pusher element at least partially within a lumen
of a sleeve of an annuloplasty ring;

[0146] placing, into an atrium of a subject in a vicinity
of an annulus of an atrioventricular valve, at least a
portion of the sleeve that contains a distal end of the
deployment manipulator and a distal end of the pusher
element;
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[0147] moving the distal end of the deployment
manipulator proximally within the sleeve by pushing
the pusher element distally such that the pusher element
engages an interior surface of the sleeve; and

[0148] after moving the distal end of the deployment
manipulator, deploying an anchor from the distal end of
the deployment manipulator through a wall of the
sleeve into cardiac tissue.

[0149] For some applications, the deployment manipula-
tor includes an outer tube that is shaped so as to define an
opening that is within 3 mm of a distal end of the tube, and
positioning the pusher element at least partially within the
lumen of the sleeve includes positioning the pusher element
such that (a) a distal portion of the pusher element extends
out of the tube through the opening and into the lumen of the
sleeve, and (b) a proximal portion of the pusher element
passes through the tube from the opening to a proximal end
of the tube.

[0150] For some applications, the deployment manipula-
tor includes an outer tube, and positioning the pusher
element at least partially within the lumen of the sleeve
includes positioning the pusher element outside of the outer
tube.

[0151] For some applications, moving includes moving
the distal end of the deployment manipulator by pushing the
pusher element distally such that the pusher element engages
a distal end of the sleeve. Alternatively or additionally,
moving includes moving the distal end of the deployment
manipulator by pushing the pusher element distally such that
the pusher element engages the wall of the sleeve.

[0152] For some applications, moving the distal end of the
deployment manipulator includes moving the distal end of
the deployment manipulator a certain distance by pushing
the pusher element the certain distance.

[0153] There is still further provided, in accordance with
an embodiment of the present invention, apparatus including
an annuloplasty ring for use on a subject, which includes:

[0154] a sleeve shaped so as to define a lumen therein
that is open at a proximal end of the sleeve;

[0155] a contracting mechanism, coupled to the sleeve
in a vicinity of a distal end of the sleeve; and

[0156] an elongated contracting member, a first end of
which is coupled to the contracting mechanism, and a
second end of which is coupled to the sleeve in a
vicinity of the proximal end of the sleeve,

[0157] wherein the contracting mechanism includes a
driving interface that is positioned so as to be acces-
sible from within the lumen of the sleeve, and

[0158] wherein the contracting mechanism is config-
ured such that rotation of the driving interface shortens
the ring by tightening the elongated contracting mem-
ber.

[0159] Typically, the annuloplasty ring includes a partial
annuloplasty ring.

[0160] For some applications, the apparatus further
includes a screwdriver tool, which includes a head and a
shaft, and the screwdriver tool is configured to be removably
inserted partially into the lumen of the sleeve via the
proximal end of the sleeve, such that the head is removably
coupled from within the lumen to the driving interface of the
contracting mechanism.

[0161] Inanembodiment, the apparatus further includes at
least one anchor; and an anchor deployment manipulator,
configured to be removably positioned within the lumen of
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the sleeve, and, while so positioned, to deploy the anchor
from a distal end of the deployment manipulator through a
wall of the sleeve into cardiac tissue of the subject.
[0162] There is additionally provided, in accordance with
an embodiment of the present invention, a method includ-
ing:
[0163] coupling a sleeve of an annuloplasty ring to
cardiac tissue of a subject at a plurality of sites in a
vicinity of an annulus of an atrioventricular valve;

[0164] partially inserting a screwdriver tool into a
lumen of the sleeve, the tool having a head and a shaf;
and

[0165] rotating the screwdriver tool such that the head,

while within the lumen of the sleeve, shortens the ring
by rotating a contracting mechanism of the ring that
tightens an elongated contracting member coupled to
the sleeve.
[0166] Typically, the annuloplasty ring includes a partial
annuloplasty ring, and coupling includes coupling the sleeve
of the partial annuloplasty ring to the cardiac tissue.
[0167] There is further provided, in accordance with an
application of the present invention, apparatus including:
[0168] aplurality oftissue anchors, which are shaped so
as to define respective channels along entire longitu-
dinal lengths of the anchors; and

[0169] an anchor deployment tool, which includes:
[0170] aflexible outer tube, which has a distal tube end;
[0171] a flexible inner shaft, which is positioned within

the flexible outer tube, and has a distal shaft end; and

[0172] arotating deployment element, which is coupled
to the distal shaft end,

[0173] wherein the anchor deployment tool is config-
ured to provide an anchor storage area, which is con-
figured to initially store the plurality of tissue anchors,
such that the flexible inner shaft passes through the
channels of the anchors, and the anchors are within the
flexible outer tube, and

[0174] wherein the rotating deployment element is con-
figured to directly engage the anchors in the anchor
storage area one at a time, advance each of the anchors
while engaged in a distal direction, and deploy each of
the anchors through the distal tube end and into tissue
of a subject.

[0175] Typically, the anchor deployment tool is configured
such that, as the rotating deployment element advances each
of the anchors in the distal direction, only the single anchor
currently being advanced is within a distal anchor manipu-
lation area of the anchor deployment tool between the distal
anchor storage area end and the distal tube end.

[0176] For some applications, the anchor deployment tool
is configured to deploy each of the anchors into the tissue in
a direction parallel to a central longitudinal axis of the outer
tube through the distal tube end, and parallel to a central
longitudinal axis of the anchor.

[0177] For some applications, the anchor storage area has
a distal anchor storage end at a distance of between 1 and 90
cm from the distal tube end, such as between 5 and 25 cm.
[0178] For some applications, the anchor deployment tool
is configured to provide steering functionality to a distal
anchor manipulation area of the anchor deployment tool
between the distal anchor storage area end and the distal tube
end. For some applications, the flexible outer tube is con-
figured to provide the steering functionality to the distal
anchor manipulation area. Alternatively or additionally, the
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flexible inner shaft is configured to provide the steering
functionality to the distal anchor manipulation area.

[0179] For some applications, the rotating deployment
element is configured to pass through one or more of the
anchors without engaging the anchors when the rotating
deployment element is withdrawn in a proximal direction
within the outer tube, and to directly engage one of the
anchors when the rotating deployment element is advanced
in the distal direction against the one of the anchors.
Typically, the rotating deployment element is configured to
assume a radially-compressed state when passing through
the one or more of the anchors without engaging the
anchors, and to assume a radially-expanded state when
engaging the one of the anchors.

[0180] For some applications, the anchor deployment tool
further includes a spring, which is arranged to apply a
distally-directed force to a proximal-most one of the anchors
stored within the anchor storage area, which force advances
the anchors remaining in the anchor storage area in the distal
direction, when the rotating deployment element advances a
distal-most one of the anchors out of the anchor storage area
in the distal direction. Alternatively, for some applications,
the anchor storage area is configured to provide a plurality
of anchor storage locations, the anchors are initially stored
in respective ones of at least a portion of the anchor storage
locations, and when the rotating deployment element
advances a distal-most one of the anchors out of the anchor
storage area in the distal direction, the anchors remaining in
the anchor storage area remain in their respective initial
anchor storage locations.

[0181] For some applications, the plurality of anchors
includes at least 6 anchors.

[0182] For some applications, the anchor deployment tool
further includes an anchor restraining mechanism in a vicin-
ity of a distal end of the anchor storage area, which mecha-
nism is configured to temporarily restrain at least a distal-
most one of the anchors currently stored in the anchor
storage area from advancing in the distal direction.

[0183] For some applications, each of the anchors has a
central longitudinal axis, and includes:

[0184] a helical tissue coupling element, having proxi-
mal and distal ends; and

[0185] a tool-engaging head, fixed to the proximal end
of the tissue coupling element, which tool-engaging
head is shaped so as to define a non-circular engaging
opening that passes entirely through the tool-engaging
head along the axis,

[0186] wherein the tissue coupling element and the
tool-engaging head together define the channel of the
tissue anchor along an entire length of the tissue anchor,
which channel is sized and shaped such that a right
circular cylinder could be placed within the channel,
coaxial with the tissue anchor, and along the entire
length of the tissue anchor, and

[0187] wherein the rotating coupling element is config-
ured to removably engage the tool-engaging head.

[0188] For some applications, the cylinder has a diameter
of at least 1 mm, such as at least 2 mm.

[0189] For some applications, the apparatus further
includes an annuloplasty ring, which includes a sleeve
having a lumen, and the anchor deployment tool is config-
ured to be removably positioned within the lumen of the



US 2023/0310156 Al

sleeve, and, while so positioned, to deploy the anchors from
the distal tube end through a wall of the sleeve into the
tissue.

[0190] For some applications, the distance between the
distal anchor storage end and the distal tube end is between
5 and 25 cm.

[0191] For some applications, the anchor deployment tool
further includes a hemostasis valve, which includes a distal
port to which a proximal end of the flexible outer tube is
sealingly coupled. The flexible inner shaft passes through
the valve, which maintains a seal around the inner shaft,
while allowing the inner shaft to slide distally and proxi-
mally through the valve.

[0192] For some applications, the rotating deployment
element is capable of unscrewing an already-deployed one
of the anchors from the tissue, withdrawing the anchor in a
proximal direction, and subsequently redeploying the anchor
into the tissue.

[0193] For some applications, the rotating deployment
element includes a locking mechanism that is configured to
selectively assume (a) a locked state, in which the locking
mechanism, even upon withdrawal of the rotating deploy-
ment element in a proximal direction, prevents disengage-
ment of the rotating deployment element from one of the
anchors which the rotating deployment element engages,
and (b) an unlocked state, in which the locking mechanism
does not prevent disengagement of the rotating deployment
element from the anchor upon the withdrawal of the rotating
deployment element in the proximal direction.

[0194] There is further provided, in accordance with an
application of the present invention, apparatus including a
tissue anchor, which has a central longitudinal axis, and
which includes:

[0195] a helical tissue coupling element, having proxi-
mal and distal ends; and

[0196] a tool-engaging head, fixed to the proximal end
of the tissue coupling element, which tool-engaging
head is shaped so as to define a non-circular engaging
opening that passes entirely through the tool-engaging
head along the axis,

[0197] wherein the tissue coupling element and the
tool-engaging head together define a channel along an
entire length of the tissue anchor, which channel is
sized and shaped such that a right circular cylinder
could be placed within the channel, coaxial with the
tissue anchor, and along the entire length of the tissue
anchor.

[0198] For some applications, the cylinder has a diameter
of at least 1 mm, such as at least 2 mm.

[0199] For some applications, the proximal end of the
tissue coupling element is fixed to the tool-engaging head
near an outer perimeter of the tool-engaging head, such that
the tissue coupling element does not block the engaging
opening. For some applications, a distance between (a) a
center of the proximal end of the tissue coupling element and
(b) the outer perimeter of the tool-engaging head is no more
than 30% of a width of the tool-engaging head.

[0200] For some applications, a portion of the helical
tissue coupling element, at the proximal end which is fixed
to the tool-engaging head, is generally straight and oriented
at angle of between 0 and 15 degrees with the central
longitudinal axis.
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[0201] There is still further provided, in accordance with
an application of the present invention, apparatus including:

[0202] a plurality of tissue anchors; and

[0203] an anchor deployment tool, which (a) is config-
ured to provide an anchor storage area that is config-
ured to initially store the plurality of tissue anchors, and
(b) includes a rotating deployment element, which is:

[0204] configured to directly engage the anchors in the
anchor storage area one at a time, advance each of the
anchors while engaged in a distal direction, and deploy
each of the anchors through the distal tube end and into
tissue of a subject by screwing the anchor into the
tissue, and

[0205] capable of unscrewing an already-deployed one
of the anchors from the tissue, withdrawing the anchor
in a proximal direction, and subsequently redeploying
the anchor into the tissue.

[0206] For some applications, the rotating deployment
element includes a locking mechanism that is configured to
selectively assume (a) a locked state, in which the locking
mechanism, even upon withdrawal of the rotating deploy-
ment element in the proximal direction, prevents disengage-
ment of the rotating deployment element from one of the
anchors which the rotating deployment element engages,
and (b) an unlocked state, in which the locking mechanism
does not prevent disengagement of the rotating deployment
element from the anchor upon the withdrawal of the rotating
deployment element in the proximal direction.

[0207] There is additionally provided, in accordance with
an application of the present invention, a method including:

[0208] providing an anchor deployment tool, which
includes a flexible outer tube, a flexible inner shatft,
which is positioned within the flexible outer tube, and
a rotating deployment element, which is coupled to a
distal shaft end of the flexible inner shatft;

[0209] providing a plurality of tissue anchors, which are
shaped so as to define respective channels along entire
longitudinal lengths of the anchors, and which are
initially stored within an anchor storage area provided
by the anchor deployment tool, such that the flexible
inner shaft passes through the channels of the anchors,
and the anchors are within the flexible outer tube; and

[0210] wusing the rotating deployment element, directly
engaging the anchors in the anchor storage area one at
a time, advancing each of the anchors while engaged in
a distal direction, and deploying each of the anchors
through the distal tube end and into tissue of a subject.

[0211] For some applications, advancing each of the
anchors includes advancing each of the anchors in the distal
direction such that only the single anchor currently being
advanced is within a distal anchor manipulation area of the
anchor deployment tool between the distal anchor storage
area end and the distal tube end.

[0212] For some applications, deploying includes deploy-
ing each of the anchors into the tissue in a direction parallel
to a central longitudinal axis of the outer tube through the
distal tube end, and parallel to a central longitudinal axis of
the anchor.

[0213] For some applications, deploying includes steering
a distal anchor manipulation area of the anchor deployment
tool between the distal anchor storage area end and the distal
tube end.

[0214] For some applications, directly engaging, advanc-
ing, and deploying the anchors includes directly engaging,
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advancing, and deploying a first one of the anchors into the
tissue at a first site; and, thereafter, directly engaging,
advancing, and deploying a second one of the anchors into
the tissue at a second site, different from the first site. For
some applications, directly engaging the second anchor
includes withdrawing the rotating deployment element in a
proximal direction within the outer tube, such that the
rotating deployment element passes through one or more of
the anchors without engaging the anchors; and directly
engaging the second anchor by advancing the rotating
deployment element in the distal direction against the sec-
ond anchor. For some applications, withdrawing includes
withdrawing the rotating deployment element such that the
rotating deployment element assumes a radially-compressed
state when passing through the one or more of the anchors
without engaging the anchors, and engaging includes engag-
ing the second anchor when the rotating deployment element
assumes a radially-expanded state.

[0215] For some applications, providing the plurality of
anchors includes providing at least 6 anchors.

[0216] For some applications, deploying includes deploy-
ing each of the anchors into cardiac tissue of the subject. For
some applications, deploying includes removably position-
ing the anchor deployment tool within a lumen of a sleeve
of an annuloplasty ring, and, while so positioned, to deploy-
ing the anchors from the distal tube end through a wall of the
sleeve into the tissue.

[0217] For some applications, providing the anchor
deployment tool includes providing the anchor deployment
tool in which the anchor storage area has a distal anchor
storage end at a distance of between 1 and 90 cm from the
distal tube end, such as between 5 and 25 cm.

[0218] For some applications, the method further includes,
using the rotating deployment element, unscrewing an
already-deployed one of the anchors from the tissue, with-
drawing the anchor in a proximal direction, and subse-
quently redeploying the anchor into the tissue. For some
applications, the rotating deployment element includes a
locking mechanism that is configured to selectively assume
a locked state, in which the locking mechanism, even upon
withdrawal of the rotating deployment element in the proxi-
mal direction, prevents disengagement of the rotating
deployment element from the anchor, the method further
includes causing the locking mechanism to assume the
locked state, and withdrawing the anchor includes with-
drawing the anchor in the proximal direction while the
rotating deployment element is in the locked state.

[0219] There is yet additionally provided, in accordance
with an application of the present invention, a method
including:

[0220] providing a tissue anchor having proximal and
distal ends, which has a central longitudinal axis, and
which includes a helical tissue coupling element, and a
tool engaging head, fixed to the proximal end of the
tissue coupling element, which tool-engaging head is
shaped so as to define a non-circular engaging opening
that passes entirely through the tool-engaging head
along the axis, wherein the tissue coupling element and
the tool-engaging head together define a channel along
an entire length of the tissue anchor, which channel is
sized and shaped such that a right circular cylinder
could be placed within the channel, coaxial with the
tissue anchor, and along the entire length of the tissue
anchor; and
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[0221] coupling the tissue anchor to tissue of a subject,
by rotating the tissue coupling element into the tissue.
[0222] For some applications, a distance between (a) a
center of the proximal end of the tissue coupling element and
(b) the outer perimeter of the tool-engaging head is no more
than 30% of a width of the tool-engaging head, and coupling
includes coupling a sheet to the tissue using the tissue
anchor, sensing increased resistance to rotation of the tissue
coupling element when the sheet resists the rotation, and,
responsively the sensed increased resistance, ceasing rotat-
ing the tissue coupling element into the tissue.
[0223] There is also provided, in accordance with an
application of the present invention, a method including:

[0224] providing a plurality of tissue anchors;

[0225] providing an anchor deployment tool, which (a)
is configured to provide an anchor storage area, which
is configured to initially store the plurality of tissue
anchors, and (b) includes a rotating deployment ele-
ment;

[0226] wusing the rotating deployment element, directly
engaging the anchors in the anchor storage area one at
a time, advancing each of the anchors while engaged in
a distal direction, and deploying each of the anchors
through the distal tube end and into tissue of a subject
by screwing the anchor into the tissue; and

[0227] subsequently, using the rotating deployment ele-
ment, unscrewing an already-deployed one of the
anchors from the tissue, withdrawing the anchor in a
proximal direction, and subsequently redeploying the
anchor into the tissue.

[0228] For some applications, the rotating deployment
element includes a locking mechanism that is configured to
selectively to assume a locked state, in which the locking
mechanism, even upon withdrawal of the rotating deploy-
ment element in the proximal direction, prevents disengage-
ment of the rotating deployment element from the anchor,
the method further includes causing the locking mechanism
to assume the locked state, and withdrawing the anchor
includes withdrawing the anchor in the proximal direction
while the rotating deployment element is in the locked state.
[0229] The present invention will be more fully under-
stood from the following detailed description of embodi-
ments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0230] FIGS. 1A and 1B are schematic illustrations of an
adjustable partial annuloplasty ring in a non-contracted
state, in accordance with respective embodiments of the
present invention;

[0231] FIG. 2 is a schematic longitudinal cross-sectional
illustration of an anchor deployment manipulator, in accor-
dance with an embodiment of the present invention;
[0232] FIG. 3 is a schematic longitudinal cross-sectional
illustration of the anchor deployment manipulator of FIG. 2
advanced into the annuloplasty ring of FIG. 1A, in accor-
dance with an embodiment of the present invention;
[0233] FIG. 4 is a schematic cross-sectional illustration of
the anchor deployment manipulator of FIG. 2 advanced into
the annuloplasty ring of FIG. 1A or 1B, taken along section
Iv-Iv of FIG. 3, in accordance with an embodiment of the
present invention;

[0234] FIGS. 5A-B are schematic illustrations of a screw-
driver tool being used to rotate a spool of a contracting
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mechanism of the rings of FIGS. 1A and 1B, respective, in
accordance with respective embodiments of the present
invention;

[0235] FIGS. 6A-I are schematic illustrations of a proce-
dure for implanting the annuloplasty ring of FIG. 1A to
repair a mitral valve, in accordance with an embodiment of
the present invention;

[0236] FIG. 7 is a schematic illustration of the deployment
of an anchor into cardiac tissue, in accordance with an
embodiment of the present invention;

[0237] FIG. 8 is a schematic illustration of the system of
FIGS. 1-4 comprising a flexible pusher element, in accor-
dance with an embodiment of the present invention;
[0238] FIG. 9 is a schematic illustration of a pusher tube
applied to a proximal end of the sleeve of FIGS. 14, in
accordance with an embodiment of the present invention;
[0239] FIGS. 10 and 11 are schematic illustrations of the
system of FIGS. 1-4 comprising a steerable tube, in accor-
dance with respective embodiments of the present invention;
[0240] FIG. 12 is a schematic illustration of the system of
FIGS. 1-4 comprising a pulling wire, in accordance with an
embodiment of the present invention;

[0241] FIGS. 13A-B are schematic illustrations of an
anchor deployment system, in accordance with an applica-
tion of the present invention;

[0242] FIGS. 14 and 15A-B are schematic illustrations
showing the assembly of components of the anchor deploy-
ment system of FIGS. 13A-B, in accordance with an appli-
cation of the present invention;

[0243] FIGS. 16A-D are schematic illustrations of the
deployment of a single anchor into tissue using an anchor
deployment tool of the anchor deployment system of FIGS.
13A-B, in accordance with an application of the present
invention;

[0244] FIGS. 17A-B are schematic illustrations of an
alternative configuration of the anchor deployment system
of FIGS. 13A-B, in accordance with an application of the
present invention;

[0245] FIGS. 18A-C are schematic illustrations of an
anchor of the anchor deployment system of FIGS. 13A-B
from three different views, in accordance with an application
of the present invention;

[0246] FIGS. 19A and 19B are schematic illustrations of a
rotating deployment element of the anchor deployment
system of FIGS. 13A-B in radially-expanded and radially-
compressed states, respectively, in accordance with an appli-
cation of the present invention;

[0247] FIGS. 20A and 20B are schematic illustrations of
the rotating deployment element of FIGS. 19A-B engaging
a tool-engaging head of the anchor of FIGS. 18A-C, with the
element in locked and unlocked states, respectively, in
accordance with an application of the present invention; and
[0248] FIGS. 21A-I are schematic illustrations of a pro-
cedure for implanting an annuloplasty ring to repair a mitral
valve, in accordance with an application of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0249] FIGS. 1-4 are schematic illustrations of a system
20 for repairing a dilated atrioventricular valve, such as a
mitral valve, in accordance with an embodiment of the
present invention. System 20 comprises an adjustable partial
annuloplasty ring 22, shown alone in FIGS. 1A and 1B in a
non-contracted state, and an anchor deployment manipulator
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24, shown alone in FIG. 2. Annuloplasty ring 22 comprises
a flexible sleeve 26. Anchor deployment manipulator 24 is
advanced into sleeve 26, as shown in FIGS. 3 and 4, and,
from within the sleeve, deploys anchors 38 through a wall of
the sleeve into cardiac tissue, thereby anchoring the ring
around a portion of the valve annulus.

[0250] FIGS. 1A and 1B are schematic illustration of
annuloplasty ring 22 in a non-contracted state, in accordance
with respective embodiments of the present invention.
Sleeve 26 is typically configured to be placed only partially
around the valve annulus (i.e., to assume a C-shape), and,
once anchored in place, to be contracted so as to circum-
ferentially tighten the valve annulus. Alternatively, the ring
is configured to be placed entirely around the valve annulus.
In order to tighten the annulus, annuloplasty ring 22 com-
prises a flexible elongated contracting member 30 that
extends along the ring.

[0251] Annuloplasty ring 22 further comprises a contract-
ing mechanism 40, which facilitates contracting of the
annuloplasty ring. Contracting mechanism 40 is described in
more detail hereinbelow. In addition, the ring comprises a
plurality of anchors 38, typically between about 5 and about
20 anchors, such as about 10 or about 16 anchors. In FIGS.
1A and 1B, anchors 38 are shown prior to their insertion into
ring 22, while in FIG. 3 one of the anchors is shown
deployed through the wall of sleeve 26, and a second one of
the anchors is shown during deployment by anchor deploy-
ment manipulator 24. The insertion of the anchors into the
sleeve and deployment of the anchors into cardiac tissue is
described in detail hereinbelow.

[0252] Flexible sleeve 26 may comprise a braided, knitted,
or woven mesh or a tubular structure comprising ePTFE. For
some applications, the braid comprises metal and fabric
fibers. The metal fibers, which may comprise Nitinol for
example, may help define the shape of the sleeve, e.g., hold
the sleeve open to provide space for passage and manipu-
lation of deployment manipulator 24 within the sleeve. The
fabric fibers may promote tissue growth into the braid.
Optionally, the sleeve is somewhat elastic, which gives the
sleeve a tendency to longitudinally contract, thereby helping
tighten the sleeve. For example, the sleeve may be bellows-
or accordion-shaped.

[0253] Typically, the sleeve is configured to have a ten-
dency to assume a straight shape. This straightness helps the
surgeon locate the next site for each subsequent anchor
during the implantation procedure, as described hereinbelow
with reference to FIGS. 6A-1. For example, because the
sleeve assumes a generally straight shape, the sleeve may
help provide an indication of distance between adjacent
anchoring sites.

[0254] For some applications, the sleeve is configured to
have a controllably variable stiffness. For example, a some-
what stiff wire may be placed in the sleeve to provide the
stiffness, and subsequently be removed at the conclusion of
the implantation procedure when the stiffness is no longer
useful.

[0255] Elongated contracting member 30 comprises a
wire, a ribbon, a rope, or a band, which typically comprises
a flexible and/or superelastic material, e.g., nitinol, polyes-
ter, stainless steel, or cobalt chrome. In some embodiments,
contracting member 30 comprises a braided polyester suture
(e.g., Ticron). In some embodiments, contracting member 30
is coated with polytetrafluoroethylene (PTFE). In some
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embodiments, contracting member 30 comprises a plurality
of wires that are intertwined to form a rope structure.
[0256] For some applications, contracting member 30 is
positioned at least partially within a lumen of the sleeve 26,
such as entirely within the lumen (as shown in FIGS. 1A-B,
5A-B, 6H, and 6I). For some applications in which the
contracting member is positioned partially within the lumen,
the contracting member is sewn into the wall of the sleeve,
such that the contracting member is alternatingly inside and
outside of the sleeve along the length of the sleeve (as shown
in FIGS. 3, 8, and 9). Optionally, sleeve 26 defines an
internal channel within which member 30 is positioned
(configuration not shown). Alternatively, the contracting
member is disposed outside the lumen of the sleeve, such as
alongside an outer wall of the sleeve. For example, sleeve 26
may define an external channel within which member 30 is
positioned, or the sleeve may comprise or be shaped so as to
define external coupling elements, such as loops or rings
(configuration not shown). For some applications, contract-
ing member 30 is positioned approximately opposite the
anchors.

[0257] In an embodiment of the present invention, con-
tracting mechanism 40 comprises a housing 44 which
houses a spool 46, i.e., a rotatable structure, to which a first
end 47 of contracting member 30 is coupled. Spool 46 is
positioned in a vicinity of (e.g., within 1 cm of) either a
distal end 51 of sleeve 26, as shown in FIGS. 1A and 3, or
a proximal end 49 of sleeve 26, as shown in FIG. 1B. A
second end 53 of contracting member 30 is coupled to the
sleeve in a vicinity of (e.g., within 1 cm of) the end of the
sleeve opposite the end to which the spool is positioned. In
the configuration shown in FIGS. 1A and 3, second end 53
of contracting member 30 is coupled to the sleeve in a
vicinity of proximal end 49 of the sleeve, while in the
configuration shown in FIG. 1B, the second end of the
contracting member is coupled to the sleeve in a vicinity of
distal end 51 of the sleeve. Rotation of spool 46 winds a
portion of the contracting member around the spool, thereby
pulling the far end of the ring toward the spool and short-
ening and tightening the ring.

[0258] Alternatively, in some configurations, spool 46 is
positioned at an intermediary position along the sleeve,
rather than in a vicinity of one of the ends. For these
configurations, contracting member 30 comprises two con-
tracting members, which are respectively connected to the
two ends of the sleeve, and both of which are connected to
the spool. Rotating the spool contracts both contracting
members. These configurations may be implemented using
techniques described in U.S. patent application Ser. No.
12/341,960 to Cabiri, which published as US Patent Appli-
cation Publication 2010/0161047 and is incorporated herein
by reference, with reference to FIG. 15 thereof.

[0259] Spool 46 is shaped to provide a hole 42 or other
coupling mechanism for coupling first end 47 of contracting
member 30 to the spool, and thereby to contracting mecha-
nism 40. Spool 46 is shaped to define a driving interface 48.
For some applications, driving interface 48 is female. For
example, the interface may be shaped to define a channel
which extends through the cylindrical portion of spool 46
from an opening provided by an upper surface 50 of spool
46 to an opening provided by a lower surface 52 of spool 46.
Alternatively, driving interface 48 is shaped so as to define
an indentation (e.g., a groove) that does not extend entirely
through the cylindrical portion of the spool. Further alter-
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natively, driving interface 48 is male, and defines a protru-
sion, e.g., a hexagonal head or a head having another shape.

[0260] A distal portion of a screwdriver tool 80, which is
described hereinbelow with reference to FIGS. 5A-B,
engages spool 46 via driving interface 48 and rotates spool
46 in response to a rotational force applied to the screw-
driver. The rotational force applied to the screwdriver tool
rotates spool 46 via the portion of the screwdriver tool that
engages driving interface 48 of spool 46.

[0261] Spool 46 typically comprises a locking mechanism
that prevents rotation of the spool after contracting member
30 has been tightened. For example, locking techniques may
be used that are described with reference to FIG. 4 of
above-mentioned U.S. application Ser. No. 12/341,960 to
Cabiri.

[0262] Alternatively, in an embodiment of the present
invention, contracting mechanism 40 is configured to tighten
contracting member 30, crimp the contracting member to
hold the contracting member taut, and subsequently cut the
excess length of the contracting member.

[0263] FIG. 2 is a schematic longitudinal cross-sectional
illustration of anchor deployment manipulator 24, FIG. 3 is
a schematic longitudinal cross-sectional illustration of the
anchor deployment manipulator advanced into annuloplasty
ring 22, and FIG. 4 is a schematic cross-sectional illustration
of the anchor deployment manipulator advanced into the
annuloplasty ring, taken along section Iv-Iv of FIG. 3, in
accordance with an embodiment of the present invention.
Anchor deployment manipulator 24 is advanced into a
lumen of sleeve 26, and, from within the lumen, deploys
anchors 38 through a wall of the sleeve and into cardiac
tissue, thereby anchoring the sleeve around a portion of the
valve annulus. Typically, annuloplasty ring 22 and anchor
deployment manipulator 24 are introduced into the heart via
a sheath 104, as described hereinbelow with reference to
FIGS. 6A-L.

[0264] In an embodiment of the present invention, at least
one of anchors 38 is deployed from a distal end 60 of
manipulator 24 while the distal end is positioned such that
a central longitudinal axis 62 through distal end 60 of
manipulator 24 forms an angle a (alpha) of between about
45 and 90 degrees with the wall of sleeve 26 at the point at
which the anchor penetrates the wall, such as between about
75 and 90 degrees, e.g., about 90 degrees. (In FIG. 3, a line
64 schematically illustrates the plane tangential to the wall
of the sleeve at the anchor-penetration point.) This anchor-
penetration point is typically at a portion of the sleeve that
extends distally beyond the distal end of outer tube 66 of
deployment manipulator 24 (which is described hereinbe-
low), i.e., that is no longer in contact with the outer surface
of outer tube 66. Typically, all of the anchors are deployed
at such angles, with the possible exception of the first anchor
deployed near the distal end of the sleeve.

[0265] For some applications, at least one of anchors 38 is
deployed from distal end 60 of manipulator 24 while distal
end 60 is positioned such that longitudinal axis 62 through
distal end 60 of manipulator 24 forms an angle § (beta) of
between about 45 and 90 degrees (such as between about 75
and 90 degrees, e.g., about 90 degrees) with a line 65 defined
by (a) a first point 67 at which the anchor currently being
deployed penetrates the wall of the sleeve and (b) a second
point 69 at which a most recently previously deployed
anchor penetrates the wall of sleeve 26. Typically, all of the



US 2023/0310156 Al

anchors are deployed at such angles, with the exception of
the first anchor deployed near the distal end of the sleeve.
[0266] Typically, the anchors are deployed from distal end
60 of manipulator 24 into the cardiac tissue in a direction
parallel to central longitudinal axis 62.

[0267] In an embodiment of the present invention, anchor
deployment manipulator 24 comprises an outer tube 66 and
an anchor driver 68 which is at least partially positioned
within tube 66. Anchor driver 68 comprises an elongated,
flexible shaft 70, having at its distal end a driver head 72.
Rotation of the anchor driver screws the anchors into the
cardiac tissue. Each of anchors 38 is shaped so as to define
a coupling head 74 and a tissue coupling element 76. The
anchors are typically rigid. Tissue coupling elements 76
may, for example, be helical or spiral in shape (e.g., having
the shape of a corkscrew), as shown in the figures, may
comprises screws, or may have other shapes. Coupling
heads 74 may be either male (e.g., a hex or square protru-
sion) or female (e.g., a straight slot, a hex opening, a Phillips
opening, or a Robertson opening). The use of helical
anchors, which are screwed into the cardiac tissue, generally
minimizes the force that needs to be applied during deploy-
ment of the anchors into the cardiac tissue. Alternatively, the
anchors may comprise staples, clips, spring-loaded anchors,
or other tissue anchors described in the references incorpo-
rated hereinabove in the Background section, or otherwise
known in the art. For some applications, outer tube 66 of
deployment manipulator 24 is steerable, as known in the
catheter art, while for other applications, a separate stecrable
tube is provided, as described hereinbelow with reference to
FIG. 10 or FIG. 11. To provide steering functionality to
deployment manipulator, outer tube 66, steerable tube 300
(FIG. 10), or steerable tube 320 (FIG. 11), as the case may
be, typically comprises one or more steering wires, the
pulling and releasing of which cause deflection of the distal
tip of the tube.

[0268] Inan embodiment of the present invention, each of
tissue coupling elements 76 is shaped so as to define a
longitudinal axis 78 (shown in FIGS. 1A-B), and is config-
ured to penetrate the cardiac tissue in a direction parallel to
longitudinal axis 78. Deployment manipulator 24 is config-
ured to deploy tissue coupling element 76 from distal end 60
of the manipulator through the wall of sleeve 26 in a
direction parallel to longitudinal axis 78 and parallel to
central longitudinal axis 62 through distal end 60 of deploy-
ment manipulator 24 (shown in FIGS. 2, 3, and 7-10).
[0269] For some applications, the plurality of anchors are
applied using the manipulator by loading a first one of the
anchors onto the anchor driver, and deploying the anchor
into the cardiac tissue. The anchor driver is withdrawn from
the subject’s body (typically while leaving outer tube 66 of
the deployment manipulator in place in the sleeve), and a
second one of the anchors is loaded onto the anchor driver.
The anchor driver is reintroduced into the outer tube of the
manipulator, and the second anchor is deployed. These steps
are repeated until all of the anchors have been deployed.
Alternatively, the entire deployment manipulator, including
the anchor driver, is removed from the body and subse-
quently reintroduced after being provided with another
anchor. Further alternatively, the deployment manipulator is
configured to simultaneously hold a plurality of anchors, and
to deploy them one at a time (configuration not shown).
[0270] Typically, the first anchor 38 is deployed most
distally in sleeve 26 (generally at or within a few millimeters
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of'a distal end 51 of the sleeve), and each subsequent anchor
is deployed more proximally, such that manipulator 24 is
gradually withdrawn in a proximal direction during the
anchoring procedure.

[0271] Reference is now made to FIGS. 5A-B, which are
schematic illustrations of screwdriver tool 80 being used to
rotate spool 46 of contracting mechanism 40 of ring 22, in
accordance with respective embodiments of the present
invention. Screwdriver tool 80 has a head 82 that is either
male (e.g., comprising a screwdriver head, having, such as
a slot-head, an Allen-head, a Phillips-head, a Robertson-
head, or a hex-head) or female (e.g., comprising a wrench
head, having, for example, a square or hex opening), as
appropriate for the driving interface provided. Typically, the
screwdriver tool comprises a shaft 84, at least a portion of
which is flexible. For some applications, the screwdriver
tool is used that is described in above-referenced U.S. patent
application Ser. No. 12/341,960, with reference to FIG. 4
thereof. Alternatively, anchor driver 68 of deployment
manipulator 24 serves as screwdriver tool 80, and is used to
rotate the spool, in which case driving interface 48 is
appropriately shaped to receive driver head 72 of anchor
driver 68.

[0272] In the configuration shown in FIG. 5A, contracting
member 30 is coupled to distal end 51 of sleeve 26, as shown
hereinabove in FIGS. 1A and 3. Contracting mechanism 40
is oriented such that driving interface 48 thereof is acces-
sible from within sleeve 26. Screwdriver tool 80 is inserted
into sleeve 26, and used to rotate spool 46 via the driving
interface. Alternatively, anchor driver 68 of deployment
manipulator 24 serves as screwdriver tool 80, and is used to
rotate the spool, in which case driving interface 48 is
appropriately shaped to engage driver head 72 of anchor
driver 68. In either case, the sleeve thus serves to guide the
screwdriver tool to driving interface 48. For some applica-
tions, an interior surface of the sleeve is tapered near the
distal end of the sleeve, to help guide the screwdriver head
to the driving interface. For some applications, during the
implantation procedure, anchor deployment manipulator 24
is left slightly inserted into proximal end 49 of sleeve 26
after all of anchors 38 have been deployed, in order to
facilitate passage of screwdriver tool 80 into sleeve 26.
[0273] In the configuration shown in FIG. 5B, access to
driving interface 48 is provided from outside sleeve 26. For
some applications, contracting mechanism 40 comprises a
wire 86 that is attached to the mechanism and passes out of
the body of the subject, typically via sheath 104. In order to
readily bring the screwdriver tool to driving interface 48,
screwdriver tool 80 is guided over (as shown) the wire, or
alongside the wire (configuration not shown).

[0274] For some applications, contracting mechanism 40
is positioned in a vicinity of (e.g., within 1 cm of) distal end
51 of sleeve 26, and access to driving interface 48 is
provided from outside sleeve 26, as described with reference
to FIG. 5B (in which the contracting mechanism is posi-
tioned in a vicinity of proximal end 49 of the sleeve).
[0275] For some applications in which access to driving
interface 48 is provided from outside sleeve 26, the screw-
driver tool is initially removably attached to the driving
interface, prior to the commencement of the implantation
procedure, and is subsequently decoupled from the driving
interface after spool 46 has been rotated. In these applica-
tions, contracting mechanism 40 may be positioned in a
vicinity of distal end 51 or proximal end 49 of sleeve 26, or
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at an intermediate location along the sleeve. Optionally, at
least a portion of a shaft of the screwdriver tool is positioned
within sheath 104, which is described hereinbelow with
reference to FIGS. 6A-1.

[0276] Reference is now made to FIGS. 6A-I, which are
schematic illustrations of a procedure for implanting annu-
loplasty ring 22 to repair a mitral valve 130, in accordance
with an embodiment of the present invention. The procedure
is typically performed with the aid of imaging, such as
fluoroscopy, transesophageal echo, and/or echocardiogra-
phy.

[0277] The procedure typically begins by advancing a
semi-rigid guidewire 102 into a right atrium 120 of the
patient, as shown in FIG. 6A.

[0278] As show in FIG. 6B, guidewire 102 provides a
guide for the subsequent advancement of a sheath 104
therealong and into the right atrium. Once sheath 104 has
entered the right atrium, guidewire 102 is retracted from the
patient’s body. Sheath 104 typically comprises a 14-20 F
sheath, although the size may be selected as appropriate for
a given patient. Sheath 104 is advanced through vasculature
into the right atrium using a suitable point of origin typically
determined for a given patient. For example:

[0279] sheath 104 may be introduced into the femoral vein
of the patient, through an inferior vena cava 122, into right
atrium 120, and into a left atrium 124 transseptally, typically
through the fossa ovalis;

[0280] sheath 104 may be introduced into the basilic vein,
through the subclavian vein to the superior vena cava, into
right atrium 120, and into left atrium 124 transseptally,
typically through the fossa ovalis; or sheath 104 may be
introduced into the external jugular vein, through the sub-
clavian vein to the superior vena cava, into right atrium 120,
and into left atrium 124 transseptally, typically through the
fossa ovalis.

[0281] In an embodiment of the present invention, sheath
104 is advanced through an inferior vena cava 122 of the
patient (as shown) and into right atrium 120 using a suitable
point of origin typically determined for a given patient.
[0282] Sheath 104 is advanced distally until the sheath
reaches the interatrial septum.

[0283] As shown in FIG. 6D, a resilient needle 106 and a
dilator (not shown) are advanced through sheath 104 and
into the heart. In order to advance sheath 104 transseptally
into left atrium 124, the dilator is advanced to the septum,
and needle 106 is pushed from within the dilator and is
allowed to puncture the septum to create an opening that
facilitates passage of the dilator and subsequently sheath 104
therethrough and into left atrium 124. The dilator is passed
through the hole in the septum created by the needle.
Typically, the dilator is shaped to define a hollow shaft for
passage along needle 106, and the hollow shaft is shaped to
define a tapered distal end. This tapered distal end is first
advanced through the hole created by needle 106. The hole
is enlarged when the gradually increasing diameter of the
distal end of the dilator is pushed through the hole in the
septum.

[0284] The advancement of sheath 104 through the septum
and into the left atrium is followed by the extraction of the
dilator and needle 106 from within sheath 104, as shown in
FIG. 6E.

[0285] As shown in FIG. 6F, annuloplasty ring 22 (with
anchor deployment manipulator 24 therein) is advanced
through sheath 104 into left atrium 124.
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[0286] As shown in FIG. 6G, distal end 51 of sleeve 26 is
positioned in a vicinity of a left fibrous trigone 142 of an
annulus 140 of mitral valve 130. (It is noted that for clarity
of illustration, distal end 51 of sleeve 26 is shown schemati-
cally in the cross-sectional view of the heart, although left
trigone 142 is in reality not located in the shown cross-
sectional plane, but rather out of the page closer to the
viewer.) Alternatively, the tip is positioned in a vicinity of a
right fibrous trigone 144 of the mitral valve (configuration
not shown). Further alternatively, the distal tip of the sleeve
is not positioned in the vicinity of either of the trigones, but
is instead positioned elsewhere in a vicinity of the mitral
valve, such as in a vicinity of the anterior or posterior
commissure. For some applications, outer tube 66 of anchor
deployment manipulator 24 is steerable, as is known in the
catheter art, while for other applications, a separate steerable
tube is provided, as described hereinbelow with reference to
FIG. 10 and FIG. 11. In either case, the steering functionality
typically allows the area near the distal end of the manipu-
lator to be positioned with six degrees of freedom. Once
positioned at the desired site near the selected trigone,
manipulator 24 deploys a first anchor 38 through the wall of
sleeve 26 into cardiac tissue near the trigone.

[0287] As shown in FIG. 6H, deployment manipulator 24
is repositioned along annulus 140 to another site selected for
deployment of a second anchor 38. Typically, the first anchor
is deployed most distally in the sleeve (generally at or within
a few millimeters of the distal tip of the sleeve), and each
subsequent anchor is deployed more proximally, such that
the manipulator is gradually withdrawn in a proximal direc-
tion during the anchoring procedure. The already-deployed
first anchor 38 holds the anchored end of sleeve 26 in place,
so that the sleeve is drawn from the site of the first anchor
towards the site of the second anchor. Deployment manipu-
lator 24 deploys the second anchor through the wall of the
sleeve into cardiac tissue at the second site. Depending on
the tension applied between the first and second anchor sites,
the portion of sleeve 26 therebetween may remain tubular in
shape, or may become flattened, which may help reduce any
interference of the ring with blood flow.

[0288] For some applications, in order to provide the
second and subsequent anchors, anchor driver 68 is with-
drawn from the subject’s body via sheath 104 (typically
while leaving outer tube 66 of the deployment manipulator
in place in the sleeve), provided with an additional anchor,
and then reintroduced into the subject’s body and into the
outer tube. Alternatively, the entire deployment manipulator,
including the anchor driver, is removed from the body and
subsequently reintroduced upon being provided with
another anchor. Further alternatively, deployment manipu-
lator 24 is configured to simultaneously hold a plurality of
anchors, and to deploy them one at a time at the selected
sites.

[0289] As shown in FIG. 6, the deployment manipulator
is repositioned along the annulus to additional sites, at which
respective anchors are deployed, until the last anchor is
deployed in a vicinity of right fibrous trigone 144 (or left
fibrous trigone 142 if the anchoring began at the right
trigone). Alternatively, the last anchor is not deployed in the
vicinity of a trigone, but is instead deployed elsewhere in a
vicinity of the mitral valve, such as in a vicinity of the
anterior or posterior commissure.

[0290] As described hereinabove with reference to FIGS.
1A and 1B, a screwdriver tool or anchor driver 68 of
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deployment manipulator 24 is used to rotate spool 46 of
contracting mechanism 40, in order to tighten ring 22. (For
clarity of illustration, contracting member 30 of ring 22,
although provided, is not shown in FIGS. 6A-1.) Alterna-
tively, another technique is used to tighten the ring, such as
described hereinabove.

[0291] For some applications, sleeve 26 is filled with a
material (e.g., polyester, polytetrafluoroethylene (PTFE),
polyethylene terephthalate (PET), or expanded polytet-
rafluoroethylene (ePTFE)) after being implanted. The mate-
rial is packed within at least a portion, e.g., 50%, 75%, or
100%, of the lumen of sleeve 26. The filler material func-
tions to prevent (1) formation within the lumen of sleeve 26
of clots or (2) introduction of foreign material into the lumen
which could obstruct the sliding movement of contracting
member 30.

[0292] For some applications, proximal end 49 of sleeve
26 is closed upon completion of the implantation procedure.
Alternatively, the proximal end of the sleeve may have a
natural tendency to close when not held open by manipulator
24.

[0293] Reference is made to FIG. 7, which is a schematic
illustration of the deployment of one of anchors 38 into
cardiac tissue, in accordance with an embodiment of the
present invention. In this embodiment, one or more (such as
all) of anchors 38 are deployed from left atrium 124, through
tissue of the atrial wall, and into tissue of an upper region of
the ventricular wall 150 near the atrium. Because the tissue
of the upper region of ventricular wall is thicker than that of
the atrial wall, deploying the anchors into the upper region
of the ventricular wall generally provides more secure
anchoring. In addition, because the anchors are not deployed
laterally through the atrial wall, the risk of perforating the
atrial wall is reduced.

[0294] Annuloplasty ring 22 may be advanced toward
annulus 140 in any suitable procedure, e.g., a transcatheter
procedure, a minimally invasive procedure, or an open heart
procedure (in which case one or more elements of system 20
are typically rigid). Regardless of the approach, the proce-
dure typically includes the techniques described herein-
above with reference to FIGS. 6G-I and 7.

[0295] For some applications, following initial contraction
of annuloplasty ring 22 during the implantation procedure,
the ring may be further contracted or relaxed at a later time
after the initial implantation. Using real-time monitoring,
tactile feedback and optionally in combination with fluoro-
scopic imaging, a screwdriver tool or anchor driver 68 of
deployment manipulator 24 is reintroduced into the heart
and used to contract or relax annuloplasty ring 22.

[0296] Reference is now made to FIG. 8, which is a
schematic illustration of system 10 comprising a flexible
pusher element 200, in accordance with an embodiment of
the present invention. Pusher element 200 aids with accu-
rately positioning successive anchors 38 during an implan-
tation procedure, such as described hereinabove with refer-
ence to FIGS. 6H and 6l. For some applications, pusher
element 200 is positioned partially within tube 66 of deploy-
ment manipulator 24 such that a distal portion 204 of pusher
element 200 extends distally out of tube 66, through an
opening 206 in a vicinity of a distal end of the tube (e.g., that
is within 3 mm of the distal end, such as within 2 mm of the
distal end). A proximal portion 202 of pusher element 200
passes through outer tube 66 from opening 206 to the
proximal end of tube 66. Opening 206 is provided either
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through a wall of the tube (as shown in FIG. 8), or through
the distal end of the tube (configuration not shown). Alter-
natively, pusher element 200 is positioned within sleeve 26,
but outside of tube 66 (configuration not shown). Typically,
the pusher element is elongated, and is as least as long as
sleeve 26.

[0297] Pusher element 200 helps move the distal end of
deployment manipulator 24 from a first site of the annulus
at which the manipulator has already deployed a first anchor
(e.g., anchor 38A in FIG. 8) to a second site for deployment
of a second anchor (e.g., anchor 38B), in a direction indi-
cated schematically by an arrow 210. Pusher element 200 is
pushed distally out of opening 206 of tube 66, so that a distal
end 212 of pusher element 200 engages and pushes against
an interior surface of sleeve 26, in a direction indicated
schematically by an arrow 214. The interior surface of the
sleeve may be distal end 51 of the sleeve (as shown), or the
wall of the sleeve at a location between distal end 51 and
opening 206 (not shown). As a result, the distal end of
manipulator 24 moves in the opposite direction, i.e., as
indicated by arrow 210, toward a subsequent anchoring site.
The movement in the direction of arrow 210 is generally
along a line or curve defined by the portion of pusher
element 200 already extended between the anchors that have
already been deployed.

[0298] For some applications, as manipulator 24 is posi-
tioned at successive deployment sites of the cardiac tissue,
pusher element 200 is extended respective distances through
opening 206, each of which distances is successively greater.
For other applications, after manipulator 24 is positioned at
each successive deployment site, the pusher element is
pulled back in a proximal direction, and again extended a
desired distance in a distal direction, such that the pusher
element pushes again the wall of the sleeve (at a different
location on the wall for each successive relocation of
manipulator 24).

[0299] This technique thus aids in locating each subse-
quent anchoring site for manipulator 24. The pusher element
may also help control the distance between adjacent anchor-
ing sites, because they surgeon may push the pusher element
a known distance after deploying each anchor.

[0300] Pusher element 200 typically comprises a strip,
wire, ribbon, or band, and has a cross-section that is circular,
elliptical, or rectangular. Pusher element 200 typically com-
prises a flexible and/or superelastic material, such as a metal
such as nitinol, stainless steel, or cobalt chrome. Distal end
212 of pusher element 200 is dull, so that it does not
penetrate sleeve 26. For example, the distal end may be
folded back, as shown in FIG. 8.

[0301] FIG. 9 is a schematic illustration of a pusher tube
250 applied to proximal end 49 of sleeve 26, in accordance
with an embodiment of the present invention. Pusher tube
250 pushes gently in a distal direction on proximal end 49
of sleeve 26. For example, if, during withdrawal of outer
tube 66 in a proximal direction, the outer tube snags on the
wall of sleeve 26 (which, as mentioned above, may comprise
braided or woven fabric), such pushing may help free the
snag. For some applications, the techniques of this embodi-
ment are practiced in combination with those of the embodi-
ment described hereinbelow with reference to FIG. 12.
(Although in the embodiment described with reference to
FIG. 9, system 10 typically comprises contracting member
30, for clarity of illustration the contracting member is not
shown in the figure.)
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[0302] FIG. 10 is a schematic illustration of system 10
comprising a steerable tube 300, in accordance with an
embodiment of the present invention. In this embodiment,
outer tube 66 of deployment manipulator 24 is not steerable.
Instead, to provide steering functionality, deployment
manipulator 24 comprises a separate steering tube 300,
which is positioned around at least a portion of outer tube 66.
Outer tube 66, because it does not provide this steering
functionality, may have a smaller diameter than in the
embodiment described hereinabove with reference to FIG. 3.
Because outer tube 66 has a smaller diameter, sleeve 26 may
also have a smaller diameter than in the embodiment
described hereinabove with reference to FIG. 3. For some
applications, the techniques of this embodiment are prac-
ticed in combination with those of the embodiment
described hereinabove with reference to FIG. 9. (Although
in the embodiment described with reference to FIG. 10,
system 10 typically comprises contracting member 30, for
clarity of illustration the contracting member is not shown in
the figure.)

[0303] FIG. 11 is a schematic illustration of system 10
comprising a steerable tube 320, in accordance with an
embodiment of the present invention. In this embodiment,
outer tube 66 of deployment manipulator 24 is not steerable.
Steering functionality is instead provided by separate steer-
ing tube 320, which is positioned around at least a portion
of shaft 70 of anchor driver 68, and within outer tube 66. For
some applications, the techniques of this embodiment are
practiced in combination with those of the embodiment
described hereinabove with reference to FIG. 9. (Although
in the embodiment described with reference to FIG. 11,
system 10 typically comprises contracting member 30, for
clarity of illustration the contracting member is not shown in
the figure.)

[0304] FIG. 12 is a schematic illustration of system 10
comprising a pulling wire 340, in accordance with an
embodiment of the present invention. A distal portion 342 of
pulling wire 340 is coupled to proximal end 49 of sleeve 26,
such as by passing through one or more holes near the
proximal end. One or more proximal portions 344 of the
pulling wire are coupled to an external control handle 346 of
system 10, which is manipulated by the surgeon outside of
the subject’s body. Optionally, a portion of deployment
manipulator 24 (e.g., a portion of outer tube 66) which is
never inserted in sleeve 26 comprises one or more coupling
elements 348, such as loops or tubes, through which pulling
wire 340 passes in order to hold the pulling wire close to the
external surface of the deployment manipulator.

[0305] Pulling wire 340 holds sleeve 26 surrounding
deployment manipulator 24. As the pulling wire is released
in a distal direction as deployment manipulator 24 is with-
drawn in a proximal direction, the release of the sleeve
allows the sleeve to gradually be removed from around the
deployment manipulator. In FIG. 12, the sleeve is shown
partially removed from the manipulator, including the por-
tion of the sleeve through which one of anchors 38 has been
deployed.

[0306] For some applications, control handle 346 is con-
figured to release pulling wire 340 incrementally, such that
each time the wire is further released by a set distance. As
a result, the deployment manipulator is withdrawn from the
sleeve by this set distance, and subsequently-deployed
anchors are approximately this set distance apart from one
another. For example, the handle may comprise a control
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ring 350 that is coupled to proximal portions 344 of the wire,
and removably engages slots 352 on the handle that are
spaced apart by this set distance. Upon completion of the
implantation procedure, in order to detach the pulling wire
from the sleeve, one end of the wire may be cut or released,
and the wire detached from the sleeve by pulling on the other
end of the wire.

[0307] (Although in the embodiment described with ref-
erence to FIG. 12, system 10 typically comprises contracting
member 30, for clarity of illustration the contracting mem-
ber is not shown in the figure.)

[0308] Although annuloplasty ring 22 has been described
hereinabove as comprising a partial annuloplasty ring, in
some embodiments of the present invention, the ring instead
comprises a full annuloplasty ring.

[0309] In some embodiments of the present invention,
system 20 is used to treat an atrioventricular valve other than
the mitral valve, i.e., the tricuspid valve. In these embodi-
ments, annuloplasty ring 22 and other components of system
20 described hereinabove as being placed in the left atrium
are instead placed in the right atrium. Although annuloplasty
ring 22 is described hereinabove as being placed in an
atrium, for some application the ring is instead placed in
either the left or right ventricle.

[0310] For some applications, techniques described herein
are practiced in combination with techniques described in
one or more of the references cited in the Background
section of the present patent application.

[0311] Additionally, the scope of the present invention
described hereinabove with reference to FIGS. 1A-12
includes embodiments described in the following applica-
tions, which are incorporated herein by reference. In an
embodiment, techniques and apparatus described in one or
more of the following applications are combined with tech-
niques and apparatus described hereinabove with reference
to FIGS. 1A-12:

[0312] PCT Publication WO 06/097931 to Gross et al.,
entitled, “Mitral Valve treatment techniques,” filed
Mar. 15, 2006;

[0313] U.S. Provisional Patent Application 60/873,075
to Gross et al., entitled, “Mitral valve closure tech-
niques,” filed Dec. 5, 2006;

[0314] U.S. Provisional Patent Application 60/902,146
to Gross et al., entitled, “Mitral valve closure tech-
niques,” filed on Feb. 16, 2007;

[0315] U.S. Provisional Patent Application 61/001,013
to Gross et al., entitled, “Segmented ring placement,”
filed Oct. 29, 2007,

[0316] PCT Patent Application PCT/IL0O7/001503 to
Gross et al., entitled, “Segmented ring placement,” filed
on Dec. 5, 2007, which published as PCT Publication
WO 08/068756;

[0317] U.S. Provisional Patent Application 61/132,295
to Gross et al., entitled, “Annuloplasty devices and
methods of delivery therefor,” filed on Jun. 16, 2008;

[0318] U.S. patent application Ser. No. 12/341,960 to
Cabiri, entitled, “Adjustable partial annuloplasty ring
and mechanism therefor,” filed on Dec. 22, 2008, which
published as US Patent Application Publication 2010/
0161047,

[0319] U.S. Provisional Patent Application 61/207,908
to Miller et al., entitled, “Actively-engageable move-
ment-restriction mechanism for use with an annulo-
plasty structure,” filed on Feb. 17, 2009; and
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[0320] U.S. patent application Ser. No. 12/435,291 to
Maisano et al., entitled, “Adjustable repair chords and
spool mechanism therefor,” filed on May 4, 2009,
which published as US Patent Application Publication
2010/0161041.

[0321] FIGS. 13A-B are schematic illustrations of an
anchor deployment system 420, in accordance with an
application of the present invention. Anchor deployment
system 420 comprises an anchor deployment tool 430,
which is configured to deliver a plurality of anchors 432 to
respective sites within a body of a subject, and to couple the
anchors to tissue at the sites. For some applications, tool 430
is configured to deploy anchors 432 to cardiac sites within
the heart, such as in a vicinity of a valve annulus. Tool 430
comprises a flexible outer tube 434, within which is posi-
tioned a flexible inner shaft 436. Tool 430 further comprises
a rotating deployment element 438, coupled to a distal shaft
end 439 of inner shaft 436.

[0322] As shownin FIG. 13A, tool 430 (e.g., flexible outer
tube 434) is configured to provide an anchor storage area
440, which is configured to initially store the plurality of
anchors 432. The anchors are positioned within outer tube
434 such that inner shaft 436 passes through respective
longitudinal channels of the anchors, as described herein-
below with reference to FIGS. 18A-C. A distal anchor
storage end 441 of anchor storage area 440 is typically at
distance of at least 1 cm from a distal tube end 442 of outer
tube 434, such as at least 3 cm or at least 5 cm, to enable
flexibility and manipulation of the tool end. Distal anchor
storage end 441 is typically at a distance of no more than 90
cm from distal tube end 442, such as no more than 25 cm,
to maintain the comfort and stability level of the user. For
some applications, distal anchor storage end 441 is at a
distance of between 3 cm and 25 cm from distal tube end
442, such as between 5 cm and 25 cm. Tool 430 typically
comprises a spring 444, which is arranged to apply a
distally-directed force to the proximal-most anchor within
anchor storage area 440, thereby holding the anchors within
the storage area, and advancing the remaining anchors
distally as each of the anchors is separately deployed.
[0323] The portion of tool 430 between distal anchor
storage area end 441 and distal tube end 442 of outer tube
434 serves as a distal anchor manipulation area 450 of tool
430. Anchor manipulation area 450 is typically flexible and
steerable. Typically, only one anchor at a time is deployed
through anchor manipulation area 450 and into the tissue of
the subject, such that no more than exactly one anchor is
within anchor manipulation area 450 at any given time. As
a result, anchor manipulation area 450 retains its flexibility.
Because the anchors are typically rigid, when more than one
of the anchors are longitudinally contiguously positioned
within tool 430, the area of the tool in which the anchors are
positioned becomes fairly stiff, substantially losing the flex-
ibility it would otherwise have. Thus, while anchor storage
area 440 is fairly rigid, anchor manipulation area 450
remains flexible because it only contains exactly one anchor
at a given time. The stiffness of the area of the tool in which
the anchors are positioned also may enable the user to better
control the exact location of distal-most anchor 432 cur-
rently stored in anchor storage area 440.

[0324] The steering functionality of distal anchor manipu-
lation area 450 typically allows the area near the distal end
of'tool 430 to be positioned with six degrees of freedom. For
some applications, flexible outer tube 434 is configured to
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provide the steering functionality to distal anchor manipu-
lation area 450. Flexible outer tube 434 comprises one or
more steering wires, the pulling and releasing of which
cause deflection of distal tube end 442, using deflection
techniques known in the catheter art. Alternatively or addi-
tionally, flexible inner shaft 436 is configured to provide the
steering functionality to distal anchor manipulation area
450. Flexible inner shaft 436 comprises one or more steering
wires for deflecting the distal end of the inner shaft. Still
further alternatively or additionally, a separate flexible tube
is provided for providing the steering functionality. The
separate tube is positioned within flexible outer tube 434 or
around the outer tube, and comprises one or more steering
wires for deflecting the distal end of the inner shaft. The
curvature of the tool may be pre-shaped, or bendable by
application of an external force (such as a conventional
colonoscope) or using an internal or external wire (configu-
ration not shown). For some applications, the steering func-
tionality is provided by a combination of more than one of
flexible outer tube 434, flexible inner shaft 436, and the
separate flexible tube, e.g., by (a) flexible outer tube 434 and
flexible inner shaft 436, (b) flexible outer tube 434 and the
separate flexible tube, (c¢) flexible inner shaft 436 and the
separate flexible tube, or (d) all of flexible outer tube 434,
flexible inner shaft 436, and the separate flexible tube.
[0325] For some applications, an external control handle is
provided for controlling tool 430. The control handle com-
prises circuitry for manipulating the steering wires to pro-
vide the steering functionality.

[0326] For some applications, flexible inner shaft 436
comprises stainless steel SS 304, Nitinol, PEEK®, polyester,
or another polymer. For some applications, outer tube 434
comprises stainless steel SS 304, Nitinol, PEEK®, polyester,
or another polymer. For some applications, flexible inner
shaft 436 has a diameter of at least 0.8 mm, no more than 3
mm, and/or between 0.8 and 3 mm, such as between 1 and
2 mm. For some applications, outer tube 434 has an outer
diameter of at least 2 mm, no more than 4 mm, and/or
between 2 and 4 mm, e.g., 3 mm or 3.2 mm. For some
applications, outer tube 434 has an inner diameter of at least
1.5 mm, no more than 3.5 mm, and/or between 1.5 and 3.5
mm, e.g., 2.6 mm.

[0327] For some applications, anchor deployment tool 430
further comprises a hemostasis valve 480, as shown in FIG.
13B. Hemostasis valve 480 minimizes leakage of blood, and
entrance of air (thereby reducing the risk of air emboli),
during a percutaneous procedure performed using system
420. A proximal end of flexible outer tube 434 is sealingly
coupled to a distal port of valve 480. Inner shaft 436 passes
through valve 480, which maintains a seal around the inner
shaft, while allowing the inner shaft to slide distally and
proximally through the valve during deployment of anchors
432, as described hereinbelow with reference to FIGS.
16A-D. Valve 480 optionally comprises a side port 482 for
flushing the system, as is known in the hemostasis valve art.
For other applications, the anchor deployment tool does not
comprise the hemostasis valve.

[0328] Reference is made to FIGS. 14 and 15A-B, which
are schematic illustrations showing the assembly of com-
ponents of anchor deployment system 420, in accordance
with an application of the present invention. Typically,
spring 444 is positioned around a proximal portion of
flexible inner shaft 436. A distal end 458 of the spring
applies a force in a distal direction against the proximal end
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of the proximal-most anchor 432 (right-most in the figures)
stored in anchor storage area 440. The plurality of anchors
432 are initially positioned end-to-end longitudinally con-
tiguously around flexible inner shaft 436 within anchor
storage area 440. By way of example, FIG. 14 shows five
anchors 432. Typically, system 420 is configured to store
between 6 and 20 anchors 432, such as between 8 and 16
anchors 432.

[0329] As shown in the blow-up of FIG. 14, and described
in more detail hereinbelow with reference to FIGS. 18A-C,
each of anchors 432 comprises a helical tissue coupling
element 460, and a tool-engaging head 462, fixed to one end
of'the tissue coupling element. Rotating deployment element
438 is configured to removably engage tool-engaging head
462, as described in more detail hereinbelow with reference
to FIGS. 16A-D and 18A-C.

[0330] For some applications, tool 430 provides an anchor
restraining mechanism 470 in a vicinity of distal anchor
storage area end 441. Anchor restraining mechanism 470 is
configured to temporarily restrain at least the distal-most
anchor 432 currently stored in anchor storage area 440 from
advancing in a distal direction as another one of the anchors
is deployed through anchor manipulation area 450 and into
the tissue of the subject. Optionally, anchor restraining
mechanism 470 is also configured to temporarily restrain at
least the distal-most anchor 432 from withdrawing in a
proximal direction as inner shaft 436 is withdrawn in the
proximal direction to load a subsequent one of the anchors.
[0331] For some applications, as shown in the blow-up of
FIG. 15A, anchor restraining mechanism 470 comprises one
or more distal tabs 472 for temporarily restraining the
distal-most anchor 432 currently stored in anchor storage
area 440 from advancing in the distal direction. The distal
tabs may be cut out of flexible outer tube 434, as shown, or
they may be provided as separate elements coupled to the
outer tube. The distal tabs apply a force in a radially-inward
direction against a distal portion of anchor 432, gently
squeezing against the distal portion. The force is sufficient to
prevent distal motion of distal-most anchor 432 and the
other anchors currently stored in anchor storage area 440,
which otherwise would be advanced distally by the force
applied on the proximal-most anchor 432 by spring 444.
However, the force is insufficient to prevent distal advance-
ment of distal-most anchor 432 when the anchor is engaged
and advanced distally by rotating deployment element 438,
as described hereinbelow with reference to FIGS. 16A-B.
For some applications, anchor restraining mechanism 470
comprises two distal tabs 472, typically on opposite sides of
the outer tube (typically axially aligned with each other), as
shown, while for other applications, the anchor restraining
mechanism comprises exactly one distal tab, or three or
more distal tabs, e.g., three or four distal tabs (typically
axially aligned with one another).

[0332] For some applications, anchor restraining mecha-
nism 470 comprises a set 473 of one or more proximal tabs
474 for temporarily restraining the distal-most anchor 432
currently stored in anchor storage area 440 from withdraw-
ing in the proximal direction. The proximal tabs may be cut
out of flexible outer tube 434, as shown, or they may be
provided as separate elements coupled to the outer tube. The
distal ends of the proximal tabs engage the proximal end of
the tool-engaging head of distal-most anchor 432. For some
applications, set 473 comprises two proximal tabs 474,
typically on opposite sides of the outer tube (typically
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axially aligned with each other), as shown, while for other
applications, the set comprises exactly one proximal tab, or
three or more proximal tabs, e.g., three or four proximal tabs
(typically axially aligned with one another).

[0333] Reference is made to FIGS. 16A-D, which are
schematic illustrations of the deployment of a single one of
anchors 432 into tissue using anchor deployment tool 430,
in accordance with an application of the present invention.
As shown in FIG. 16A, the anchor to be deployed is the
distal-most one of the anchors stored in anchor storage area
440, and is initially restrained in the anchor storage area by
anchor restraining mechanism 470. Flexible inner shaft 436
is advanced in a distal direction until rotating deployment
element 438 directly engages tool-engaging head 462 of the
anchor (by “directly engages,” it is meant that rotating
deployment element 438 comes in direct contact with the
anchor, rather than indirect contact via one or more of the
other anchors). Rotating deployment element 438 assumes
its radially-expanded state, as described hereinbelow with
reference to FIG. 19A, to enable this engagement.

[0334] As shown in FIG. 16B, flexible inner shaft 436 is
advanced in the distal direction, until rotating deployment
element 438 brings the anchor into contact with tissue 490
of a subject at a first site. For example, the tissue may be
cardiac tissue. Typically, anchor deployment tool 430 is
configured such that, as rotating deployment element 438
advances each of the anchors in the distal direction, only the
single anchor 432 currently being advanced is within distal
anchor manipulation area 450. Rotating deployment element
438 is rotated, in order to screw helical tissue coupling
element 460 of the anchor into the tissue. For some appli-
cations, rotating deployment element 438 is rotated by
rotating flexible inner shaft 436. For other applications,
rotating deployment element 438 is rotated by rotating an
additional rotation shaft provided within flexible inner shaft
436, which additional shaft is coupled to rotating deploy-
ment element 438. Rotation of rotating deployment element
438 typically rotates only the anchor currently engaged by
the deployment element, while the other anchors still stored
in the storage area typically are not rotated.

[0335] Typically, anchor 432 is deployed from distal tube
end 442 of outer tube 434 of tool 430 into cardiac tissue 490
in a direction parallel to a central longitudinal axis 492 of
outer tube 434 through distal tube end 442, and/or parallel
to central longitudinal axis 500 of anchor 432, as described
hereinbelow with reference to FIGS. 18A-C.

[0336] Also as shown in FIG. 16B, the evacuation of the
distal-most anchor from anchor restraining mechanism 470
frees up the anchor restraining mechanism for the next
distal-most anchor remaining in anchor storage area 440.
Spring 444 distally advances all of anchors 432 remaining in
anchor storage area 440, until the next distal-most anchor is
positioned within anchor restraining mechanism 470.

[0337] As shown in FIG. 16C, after the anchor has been
coupled to tissue 490, rotating deployment element 438 is
disengaged from the anchor by withdrawing the rotating
deployment element in a proximal direction. As the rotating
deployment element passes through the next anchor in the
proximal direction, the rotating deployment element is
squeezed by the engaging opening of tool-engaging head
462 of the next anchor, causing the rotating deployment
element to assume its radially-compressed state, as
described hereinbelow with reference to FIG. 19B.
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[0338] As shown FIG. 16D, anchor deployment tool 430
is repositioned to deploy a second anchor 432 at a second
site of tissue 490, different from the first site. Such reposi-
tioning is typically accomplished using the steering func-
tionality of distal anchor manipulation area 450, as
described hereinabove. The steps of the deployment method
are repeated, until as many anchors 432 as desired have been
deployed, at respective sites, e.g., a first site, a second site,
a third site, a fourth site, etc.

[0339] Reference is made to FIGS. 17A-B, which are
schematic illustrations of an alternative configuration of
anchor deployment system 420, in accordance with an
application of the present invention. In this configuration,
anchor restraining mechanism 470 typically comprises one
or more distal tabs 472, as in the configuration described
hereinabove with reference to FIGS. 14, 15A-B, and 16A-D.
Unlike in the configuration described hereinabove with
reference to FIGS. 14, 15A-B, and 16 A-D, in this configu-
ration anchor restraining mechanism 470 comprises a plu-
rality of sets 473 of proximal tabs 474, labeled 473 A, 473B,
473C, . . . in FIGS. 17A-B. Each set of proximal tabs 474
engages exactly one anchor 432. For example, the distal
ends of proximal tabs 474 of set 473 A engage the proximal
end of the tool-engaging head of distal-most anchor 432, and
the distal ends of proximal tabs 474 of set 473B engage the
proximal end of the tool-engaging head of second-to-distal-
most anchor 432.

[0340] Sets 473 thus provide respective anchor storage
locations. Therefore, the anchor restraining mechanism
comprises a number of sets 473 greater than or equal to the
number of anchors 432 initially stored in anchor storage area
440. For some applications, anchor restraining mechanism
470 comprises between 6 and 20 sets 473, such as between
8 and 16 sets 473. For some applications, each of sets 473
comprises two proximal tabs 474, typically on opposite
sides of the outer tube (typically axially aligned with each
other), as shown, while for other applications, each of the
sets comprises exactly one proximal tab, or three or more
proximal tabs, e.g., three or four proximal tabs (typically
axially aligned with one another).

[0341] For some applications, each of sets 473 (except the
proximal-most set 473) additionally functions as a distal tab
472 for the anchor proximally adjacent to the set. For
example, set 473A, in addition to engaging distal-most
anchor 432A, also prevents distal motion of second-to-
distal-most anchor 432.

[0342] Unlike in the configuration described hereinabove
with reference to FIGS. 14, 15A-B, and 16A-D, in the
present configuration each of anchors 432 remains in place
in its initial, respective anchor storage location in anchor
storage area 440, until the anchor is individually advanced
out of anchor storage area 440 during deployment by anchor
deployment tool 430. Spring 444 is thus typically not
provided in this configuration. Deployment of the anchors is
typically performed as described hereinabove with reference
to FIGS. 16A-D, except:

[0343] at the step described with reference to FIG. 16B,
spring 444 does not distally advance the remaining
anchors (as mentioned above, spring 444 is typically
not provided in this configuration); and

[0344] at the step described with reference to FIG. 16C,
anchor deployment tool 430 is withdrawn further proxi-
mally, until the anchor deployment tool reaches the
next remaining anchor 432 in anchor storage area 440.
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The next anchor, as mentioned above, has remained in
its original location even after deployment of more
distally positioned anchor(s) 432.

[0345] Reference is now made to FIGS. 18A-C, which are
schematic illustrations of one of anchors 432 from three
different views, in accordance with an application of the
present invention. As described above, each of anchors 432
comprises helical tissue coupling element 460, and tool-
engaging head 462, fixed to one end of the tissue coupling
element (the proximal end of the tissue coupling element,
opposite the distal end that first penetrates the tissue).
Anchor 432 comprises a hard material, such as metal, e.g.,
steel, Nitinol, or stainless steel SS316L.VM. Anchor 432 may
be manufactured from a single piece of material, or coupling
element 460 and tool-engaging head 462 may be manufac-
tured from separate pieces of material and fixed together.

[0346] Typically, helical tissue coupling element 460 has
an inner diameter D1 of at least 1.5 mm, no more than 2.5
mm, and/or between 1.5 and 2.5 mm, e.g., 1.8 mm, along an
entire length thereof along a central longitudinal axis 500 of
anchor 432 (although inner diameter D1 is shown as being
constant along the entire length of coupling element 460, the
inner diameter optionally varies along the length of the
coupling element). Inner diameter D1 is sufficiently large to
allow passage through helical tissue coupling element 460 of
flexible inner shaft 436 and rotating deployment element
438, optionally even when rotating deployment element 438
is in its radially-expanded state, as described hereinbelow
with reference to FIG. 19A. An outer diameter D2 of helical
tissue coupling element 460 may be, for example, at least 2.4
mm, no more than 5 mm, and/or between 2.4 and 5 mm, e.g.,
2.4 mm.

[0347] Tool-engaging head 462 is shaped so as to define an
engaging opening 502 that passes entirely through the
tool-engaging head along axis 500. The engaging opening is
typically at least partially non-circular, in order to engage
rotating deployment element 438. For example, as shown in
FIGS. 18A-C, engaging opening 502 may be shaped so as to
define a proximal non-circular internal engaging surface
466, and a distal circular non-engaging surface 464. Proxi-
mal engaging surface 466 is shaped to engage rotating
deployment element 438, such that rotation of the deploy-
ment element rotates tool-engaging head 462 and anchor
432. For example, proximal engaging surface 466 may be
rectangular (e.g., square), teethed (e.g., defining a plurality
of squares with which rotating element 438 can engage, for
applications in which engaging elements 520A and 520B
together have a square cross-sectional shape), star-shaped,
polygonal (e.g., octagonal), or any other appropriate non-
circular shape.

[0348] A portion of deployment element 438 may pass
partially or completely through distal non-engaging surface
464, without engaging this surface. The non-engaging sur-
face may serve as a shoulder, which pushes against tissue
490, providing resistance when the anchor has been suffi-
ciently screwed into the tissue. Optionally, deployment
element 438 does not pass entirely through distal non-
engaging surface 464, such that the deployment element
does not press against or into the tissue. Alternatively, the
deployment element may protrude slightly from the distal
non-engaging surface 464, as shown in FIGS. 20A-B, when
no force is applied to the deployment element by the tissue.
Optionally, when the anchor is pressed against the tissue,
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inner spaces in the tool-engagement head 462 of the anchor
allow the deployment element to sink into the anchor, and
not press against the tissue.

[0349] Engaging opening 502 typically has a cross-sec-
tional area (perpendicular to axis 500) of at least 0.8 mm?2,
such as at least 1.2 mm?2. The area is sufficient large to allow
passage through engaging opening 502 of flexible inner
shaft 436 and rotating deployment element 438, when the
rotating deployment element assumes its radially-com-
pressed state by being withdrawn in a proximal direction
(from tissue coupling element 460 toward tool-engaging
head 462), as described hereinbelow with reference to FIG.
19B.

[0350] For some applications, the anchor is used to couple
a sheet of material, such as a fabric, to tissue 490. For these
applications, because the tissue coupling element is fixed
near the edge of the tool-engaging head, the sheet resists
further rotation of the anchor once the anchor is fully
screwed into the tissue and the tool-engaging head contacts
the sheet. Such resistance prevents accidental over-rotation
of the anchor, which could tear the tissue or the sheet. In
contrast, in anchors in which the tissue coupling element is
fixed at or near the center of the tool-engaging head, the
sheet does not resist rotation of the anchor after the anchor
has been fully screwed into the tissue and the tool-engaging
head contacts the sheet. For some applications, the surgeon
or a sensor sense increased resistance to rotation of the tissue
coupling element when the sheet resists the rotation, and,
responsively the sensed increased resistance, the surgeon
ceases rotating the tissue coupling element into the tissue

[0351] For some applications, anchor deployment system
420 comprises a torque-limiting element, as is known for
conventional screwdrivers, to prevent over-application of
torque. Alternatively or additionally, for some applications,
anchor deployment system 420 comprises a sensor (e.g., a
torque transducer), for measuring the resistance to rotation
of anchor 432. When the measured resistance exceeds a
threshold value, the system generates a signal alerting the
surgeon, and/or discontinues rotation of inner shaft 436. The
increased resistance is typically caused by the sheet, as
described above, and/or the non-engaging surface (shoulder)
of the anchor head, as described above.

[0352] For some applications, a proximal-most portion
506 of helical tissue coupling element 460, at the end which
is fixed to tool-engaging head 462, is generally straight and
oriented generally parallel to axis 500, i.e., at angle of
between 0 and 15 degrees with the axis, such as 0 degrees.
Proximal-most portion 506 typically has a length of between
0.5 and 2 mm, such as about 1 mm.

[0353] The outer perimeter of tool-engaging head 462 is
typically circular, and an outer diameter D3 of tool-engaging
head 462 may be, for example, at least 2 mm, no more than
7 mm, and/or between 2 and 7 mm, such as between 2.5 and
5 mm, e.g., 2.4 mm, 2.5 mm, or 3 mm.

[0354] The outer diameter of anchor 432 is typically equal
to outer diameter D3 of tool-engaging head 462, or, alter-
natively, to outer diameter D2 of coupling element 460. The
outer diameter of anchor 432 may be, for example, at least
2 mm, no more than 7 mm, and/or between 2 and 7 mm, such
as between 2.5 and 5 mm. The entire length of anchor 432,
measured along axis 500, is typically at least 2.5 mm, no
more than 6 mm, and/or between 2.5 and 6 mm, such as
between 3 and 4.5 mm.
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[0355] The proximal end of tissue coupling element 460 is
typically fixed to tool-engaging head 462 near the outer
perimeter of the tool-engaging head, such that the tissue
coupling element does not block engaging opening 502. For
example, as labeled in the top-view of the anchor in FIG.
18C, the tissue coupling element may be fixed to the
tool-engaging head such that one or more of the following
dimension characterize the anchor:

[0356] a distance D5 between (a) a center 510 of the
proximal end of tissue coupling element 460 and (b) an
outer perimeter of tool-engaging head 462 is no more
than 20% of a width D3 of tool-engaging head 462 (the
width is a diameter for applications in which the head
is circular), such as no more than 10% of width D3. For
example, distance D5 may be between 0.1 and 0.3 mm,
e.g., 0.2 mm;

[0357] adistance D6 between (a) a most radially-inward
portion 512 of the proximal end of tissue coupling
element 460 (i.c., the portion of the proximal end that
is closest to central longitudinal axis 500 of the anchor)
and (b) the outer perimeter of tool-engaging head 462
is no more than 40% of width D3 of tool-engaging head
462 (the width is a diameter for applications in which
the head is circular), such as no more than 30% of width
D3, or no more than 20% of width D3. For example,
distance D6 may be between 0.3 and 0.5 mm, e.g., 0.4
mm; and/or

[0358] a distance between (a) a most radially-outward
portion 514 of the proximal end of tissue coupling
element 460 (i.c., the portion of the proximal end that
is furthest from central longitudinal axis 500 of the
anchor) and (b) the outer perimeter of tool-engaging
head 462 is no more than 10% of width D3 of tool-
engaging head 462 (the width is a diameter for appli-
cations in which the head is circular), such as no more
than 5% of width D3, e.g., 0. For example, distance D6
may be between 0 and 0.1 mm, e.g., 0 mm.

[0359] Anchor 432, including both helical tissue coupling
element 460 and tool-engaging head 462, is thus shaped so
as to provide a channel along the entire length of the anchor,
through which flexible inner shaft 436 can pass, and through
which rotating deployment element 438 can pass when in its
radially-compressed state, as described hereinabove with
reference to FIGS. 13A-4D. More generally, as shown in
FIG. 18B, the channel is sized and shaped such that a right
circular cylinder 504 could be placed within the channel,
coaxial with anchor 432 (i.e., the axis of the cylinder
coincides with central longitudinal axis 500 of anchor 432),
and along the entire length of the tissue anchor, the cylinder
having a diameter D4 of at least 1 mm, such as at least 2 mm.
Typically, diameter D4 is between 0.05 and 1 mm greater
than diameter D3 of tool-engaging head 462. It is to be
understood that cylinder 504 is an abstract geometric shape,
rather than an element of an embodiment of the invention,
and, as such, is perfectly cylindrical, i.e., is not shaped so as
to define any grooves or other surface or internal anomalies.
No portion of anchor 432 intersects central longitudinal axis
500.

[0360] Reference is made to FIGS. 19A and 7B, which are
schematic illustrations of rotating deployment element 438
in radially-expanded and radially-compressed states, respec-
tively, in accordance with an application of the present
invention. For some applications, rotating deployment ele-
ment 438 is shaped so as to define at least two prongs 524A
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and 524B that extend in a distal direction from a proximal
base 522 of the deployment element. Engagement elements
520A and 520B extend in a distal direction from prongs
524A and 524B, respectively. The engagement elements are
typically male, and, for example, may together have a
cross-sectional shape that is rectangular, e.g., square.
Optionally, rotating deployment element 438 comprises
more than two prongs and two engagement elements, e.g.,
three or four of each.

[0361] Rotating deployment element 438 is typically con-
figured to assume a radially-expanded state as its resting
state, as shown in FIG. 19A. In this expanded state, engage-
ment elements 520A and 520B, as well as prongs 524A and
524B, are positioned apart from one another. In this state, the
engagement elements are shaped and sized to engage tool-
engaging head 462 of anchor 432, as shown, for example, in
FIG. 16B.

[0362] As shown in FIG. 19B, the rotating deployment
element 438 assumes a radially-compressed state, when the
engagement elements and prongs are squeezed together,
such as by passing through the engaging opening of tool-
engaging head 462 of anchor 432, as described hereinabove
with reference to FIG. 16C.

[0363] Reference is now made to FIGS. 20A and 20B,
which are schematic illustrations of rotating deployment
element 438 engaging tool-engaging head 462 of anchor
432, with the element 438 in locked and unlocked states,
respectively, in accordance with an application of the present
invention. In accordance with this application, rotating
deployment element 438 comprises a locking mechanism
528, which is configured to selectively assume locked and
unlocked states. When locking mechanism 528 assumes the
locked state, the locking mechanism prevents disengage-
ment of rotating deployment element 438 from the anchor
which rotating deployment element 438 currently engages
anchor. This locking allows deployment element 438 to
proximally withdraw anchor 432 if necessary, without com-
ing disengaged therefrom. Disengagement is thus prevented
even upon withdrawal of the rotating deployment element in
the proximal direction. When the locking mechanism
assumes the unlocked state, the locking mechanism does not
prevent disengagement of the rotating deployment element
from the anchor upon withdrawal of rotating deployment
element 438 in the proximal direction. The rotating deploy-
ment element thus can be disengaged and withdrawn from
the anchor in a proximal direction. It is noted that even when
the locking mechanism assumes the unlocked state, the
rotating deployment element generally does not disengage
from the anchor unless the rotating deployment element is
withdrawn in the proximal direction. As mentioned above
with reference to FIG. 19A, rotating deployment element
438 is typically configured to assume a radially-expanded
state as its resting state. In this radially-expanded state,
engagement elements 520A and 520B are positioned apart
from each other, and engage tool-engaging head 462 of
anchor 432.

[0364] For some applications, locking mechanism 528
comprises a pin 530. In order to cause the locking mecha-
nism to assume the locked position, pin 530 is advanced
distally between engagement elements 520A and 520B. The
pin holds the engagement elements in their radially-ex-
panded state, as described hereinabove with reference to
FIG. 19A, thereby preventing the engagement elements
from assuming the radially-compressed state shown in FIG.
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19B and disengaging from the anchor. In the radially-
expanded state, the engagement elements engage proximal
engaging surface 466 of tool-engaging head 462 of anchor
432. In order to cause locking mechanism 528 to assume the
unlocked state, pin 530 is withdrawn proximally from
between engagement elements 520A and 520B. As a result,
the engagement elements may assume the radially-com-
pressed state shown in FIG. 19B when deployment element
438 is withdrawn in the proximal direction. In the radially-
compressed state, the engagement elements do not engage
the tool-engaging head of the anchor.

[0365] Providing this selective, actively-controllable
engagement and release of the anchor allows rotating
deployment element 438 to be used to unscrew an already-
deployed anchor from the tissue, and/or to proximally with-
draw an anchor, without deployment element 438 uninten-
tionally disengaging from the anchor head. Such unscrewing
or proximal withdrawal may allow an anchor to be reposi-
tioned if it is initially coupled to the tissue in an incorrect
location. Rotating deployment element 438 is capable of
performing this redeployment for both (a) the anchor that
has been most recently deployed into the tissue, and to
which the deployment element 438 is still coupled, and (b)
an anchor that was previously deployed, and from which
deployment element 438 has already been decoupled (and,
optionally, even after another anchor has subsequently been
deployed). In the latter case, deployment element 438 re-
engages the anchor that is to be redeployed.

[0366] Reference is now made to FIGS. 21A-I, which are
schematic illustrations of a procedure for implanting an
annuloplasty ring 622 to repair a mitral valve 630, in
accordance with an application of the present invention. This
procedure is one exemplary procedure that can be performed
using anchor deployment system 420.

[0367] Annuloplasty ring 622 is used to repair a dilated
valve annulus of an atrioventricular valve, such as mitral
valve 630. For some applications, the annuloplasty ring is
configured to be placed only partially around the valve
annulus (e.g., to assume a C-shape), and, once anchored in
place, to be contracted so as to circumferentially tighten the
valve annulus. The annuloplasty ring comprises a flexible
sleeve 626 and a plurality of anchors 432. Anchor deploy-
ment tool 430 is advanced into a lumen of sleeve 626, and,
from within the lumen, deploys the anchors through a wall
of the sleeve and into cardiac tissue, thereby anchoring the
sleeve around a portion of the valve annulus. For some
application, annuloplasty ring 622 is implemented using
techniques described in U.S. application Ser. No. 12/437,
103, filed May 7, 2009, and/or U.S. application Ser. No.
12/689,635, filed Jan. 19, 2010, both of which are assigned
to the assignee of the present application and are incorpo-
rated herein by reference. For some application, annulo-
plasty ring 622 comprises a contracting mechanism 640. The
contracting mechanism comprises a rotatable structure, such
as a spool, arranged such that rotation of the rotatable
structure contracts the implant structure. The implant further
comprises a longitudinal member, such as a wire, which is
coupled to the contracting mechanism. A rotation tool is
provided for rotating the rotatable structure. The tool is
configured to be guided along (e.g., over, alongside, or
through) the longitudinal member, to engage the rotatable
structure, and to rotate the rotatable structure in response to
a rotational force applied to the tool.
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[0368] As shown in FIG. 21A, the procedure typically
begins by advancing a semi-rigid guidewire 602 into a right
atrium 620 of the patient. The procedure is typically per-
formed with the aid of imaging, such as fluoroscopy,
transesophageal echo, and/or echocardiography.
[0369] As show in FIG. 21B, guidewire 602 provides a
guide for the subsequent advancement of a sheath 604
therealong and into the right atrium. Once sheath 604 has
entered the right atrium, guidewire 602 is retracted from the
patient’s body. Sheath 604 typically comprises a 14-20 F
sheath, although the size may be selected as appropriate for
a given patient. Sheath 604 is advanced through vasculature
into the right atrium using a suitable point of origin typically
determined for a given patient. For example:
[0370] sheath 604 may be introduced into the femoral
vein of the patient, through an inferior vena cava 623,
into right atrium 620, and into a left atrium 624
transseptally, typically through the fossa ovalis;
[0371] sheath 604 may be introduced into the basilic
vein, through the subclavian vein to the superior vena
cava, into right atrium 620, and into left atrium 624
transseptally, typically through the fossa ovalis; or
[0372] sheath 604 may be introduced into the external
jugular vein, through the subclavian vein to the supe-
rior vena cava, into right atrium 620, and into left
atrium 624 transseptally, typically through the fossa
ovalis.
[0373] For some applications of the present invention,
sheath 604 is advanced through inferior vena cava 623 of the
patient (as shown) and into right atrium 620 using a suitable
point of origin typically determined for a given patient.
[0374] Sheath 604 is advanced distally until the sheath
reaches the interatrial septum, and guidewire 602 is with-
drawn, as shown in FIG. 21C.
[0375] As shown in FIG. 21D, a resilient needle 606 and
a dilator (not shown) are advanced through sheath 604 and
into the heart. In order to advance sheath 604 transseptally
into left atrium 624, the dilator is advanced to the septum,
and needle 606 is pushed from within the dilator and is
allowed to puncture the septum to create an opening that
facilitates passage of the dilator and subsequently sheath 604
therethrough and into left atrium 624. The dilator is passed
through the hole in the septum created by the needle.
Typically, the dilator is shaped to define a hollow shaft for
passage along needle 606, and the hollow shaft is shaped to
define a tapered distal end. This tapered distal end is first
advanced through the hole created by needle 606. The hole
is enlarged when the gradually increasing diameter of the
distal end of the dilator is pushed through the hole in the
septum.
[0376] The advancement of sheath 604 through the septum
and into the left atrium is followed by the extraction of the
dilator and needle 606 from within sheath 604, as shown in
FIG. 21E.
[0377] As shown in FIG. 21F, annuloplasty ring 622 (with
anchor deployment tool 430 therein) is advanced through
sheath 604 into left atrium 624.
[0378] As shown in FIG. 21G, a distal end 651 of sleeve
626 is positioned in a vicinity of a left fibrous trigone 642 of
an annulus 643 of mitral valve 630. (It is noted that for
clarity of illustration, distal end 651 of sleeve 626 is shown
schematically in the cross-sectional view of the heart,
although left trigone 642 is in reality not located in the
shown cross-sectional plane, but rather out of the page closer

Oct. 5, 2023

to the viewer.) Alternatively, the tip is positioned in a
vicinity of a right fibrous trigone 644 of the mitral valve
(configuration not shown). Further alternatively, the distal
tip of the sleeve is not positioned in the vicinity of either of
the trigones, but is instead positioned elsewhere in a vicinity
of the mitral valve, such as in a vicinity of the anterior or
posterior commissure. The steering functionality of anchor
manipulation area 450 typically allows the area near the
distal end of the deployment tool to be positioned with six
degrees of freedom. Once positioned at the desired site near
the selected trigone, deployment tool 430 deploys a first
anchor 432 through the wall of sleeve 626 into cardiac tissue
near the trigone, using the techniques described hereinabove
with reference to FIGS. 16A-C.

[0379] As shown in FIG. 21H, deployment tool 430 is
repositioned along annulus 643 to another site selected for
deployment of a second anchor 432. Typically, the first
anchor is deployed most distally in the sleeve (generally at
or within a few millimeters of the distal tip of the sleeve),
and each subsequent anchor is deployed more proximally,
such that the sleeve is gradually pulled off (i.e., withdrawn
from) the deployment tool in a distal direction during the
anchoring procedure. The already-deployed first anchor 432
holds the anchored end of sleeve 626 in place, so that the
sleeve is drawn from the site of the first anchor towards the
site of the second anchor. Typically, as the sleeve is pulled
off (i.e., withdrawn from) the deployment tool, the deploy-
ment tool is moved generally laterally along the cardiac
tissue, as shown in FIG. 21H. Deployment tool 430 deploys
the second anchor through the wall of the sleeve into cardiac
tissue at the second site. Depending on the tension applied
between the first and second anchor sites, the portion of
sleeve 626 therebetween may remain tubular in shape, or
may become flattened, which may help reduce any interfer-
ence of the ring with blood flow.

[0380] The techniques described hereinabove with refer-
ence to FIG. 16D, followed again by those described with
reference to FIGS. 16A-C, are used to provide and deploy
the second and subsequent anchors one at a time at the
selected sites, respectively.

[0381] As shown in FIG. 211, deployment tool 430 is
repositioned along the annulus to additional sites, at which
respective anchors are deployed, until the last anchor is
deployed in a vicinity of right fibrous trigone 644 (or left
fibrous trigone 642 if the anchoring began at the right
trigone). Alternatively, the last anchor is not deployed in the
vicinity of a trigone, but is instead deployed elsewhere in a
vicinity of the mitral valve, such as in a vicinity of the
anterior or posterior commissure. A rotation tool or anchor
driver is used to rotate the spool of contracting mechanism
640, in order to tighten ring 622.

[0382] Alternatively, annuloplasty ring 622 is implanted
by right or left thoracotomy, mutatis mutandis.

[0383] For some applications of the present invention,
annuloplasty ring 622 is used to treat an atrioventricular
valve other than the mitral valve, i.e., the tricuspid valve. For
these applications, ring 622 and other components of system
420 described hereinabove as being placed in the left atrium
are instead placed in the right atrium. Although annuloplasty
ring 622 is described hereinabove as being placed in an
atrium, for some application the ring is instead placed in
either the left or right ventricle.

[0384] In an application of the present invention, anchor
deployment system 420 is used in combination with mitral
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valve repair system 400, described with reference to FIGS.
17A-F, 18A-B, 19A-E, and 20A-B of International Appli-
cation PCT/IL.2009/000593, filed Jun. 15, 2009, which pub-
lished as PCT Publication WO 10/004546, and which is
incorporated herein by reference. Instead of passing anchors
through the lumen of the catheter from a site outside the
body of the patient, as described with reference to FIG. 20B,
the anchors are stored in anchor storage area 440 of anchor
deployment tool 430.

[0385] For some applications, techniques described here-
inabove with reference to FIGS. 13A-211 are practiced in
combination with techniques described in one or more of the
references cited in the Background section of the present
patent application.

[0386] Additionally, the scope of the present invention
described hereinabove with reference to FIGS. 13A-211
includes embodiments described in the following applica-
tions, which are incorporated herein by reference. In an
embodiment, techniques and apparatus described in one or
more of the following applications are combined with tech-
niques and apparatus described hereinabove with reference
to FIGS. 13A-211I:

[0387] PCT Publication WO 06/097931 to Gross et al.,
entitled, “Mitral Valve treatment techniques,” filed
Mar. 15, 2006;

[0388] U.S. Provisional Patent Application 60/873,075
to Gross et al., entitled, “Mitral valve closure tech-
niques,” filed Dec. 5, 2006;

[0389] U.S. Provisional Patent Application 60/902,146
to Gross et al., entitled, “Mitral valve closure tech-
niques,” filed Feb. 16, 2007;

[0390] U.S. Provisional Patent Application 61/001,013
to Gross et al., entitled, “Segmented ring placement,”
filed Oct. 29, 2007,

[0391] PCT Patent Application PCT/ILO7/001503 to
Gross et al., entitled, “Segmented ring placement,” filed
Dec. 5, 2007, which published as PCT Publication WO
2008/068756;

[0392] U.S. patent application Ser. No. 11/950,930 to
Gross et al., entitled, “Segmented ring placement,” filed
Dec. 5, 2007, which published as US Patent Applica-
tion Publication 2008/0262609;
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ods of delivery therefor,” filed Jun. 15, 2009, which
published as PCT Publication WO 10/004546;

[0399] U.S. patent application Ser. No. 12/548,991 to
Maisano et al., entitled, “Implantation of repair chords
in the heart,” filed Aug. 27, 2009, which issued as U.S.
Pat. No. 8,808,368;

[0400] U.S. patent application Ser. No. 12/608,316 to
Miller et al., entitled, “Tissue anchor for annuloplasty
ring,” filed Oct. 29, 2009, which issued as U.S. Pat. No.
8,277,502,

[0401] U.S. Provisional Patent Application 61/265,936
to Miller et al., entitled, “Delivery tool for implantation
of spool assembly coupled to a helical anchor,” filed
Dec. 2, 2009,

[0402] PCT Patent Application PCT/IL2009/001209 to
Cabiri et al., entitled, “Adjustable annuloplasty devices
and mechanisms therefor,” filed Dec. 22, 2009, which
published as PCT Publication WO 2010/073246;

[0403] U.S. patent application Ser. No. 12/689,635 to
Zipory et al., entitled, “Over-wire rotation tool,” filed
Jan. 19, 2010, which issued as U.S. Pat. No. 8,545,553;

[0404] U.S. patent application Ser. No. 12/689,693 to
Hammer et al., entitled, “Deployment techniques for
annuloplasty ring,” filed Jan. 19, 2010, which issued as
U.S. Pat. No. 8,911,494,

[0405] U.S. patent application Ser. No. 12/706,868 to
Miller et al., entitled, “Actively-engageable movement-
restriction mechanism for use with an annuloplasty
structure,” filed Feb. 17, 2010, which published as US
Patent Application Publication 2010/0211166;

[0406] PCT Patent Application PCT/IL2010/000357 to
Maisano et al., entitled, “Implantation of repair chords
in the heart,” filed May 4, 2010, which published as
PCT Publication WO 2010/128502;

[0407] PCT Patent Application PCT/IL2010/000358 to
Zipory et al., entitled, “Deployment techniques for
annuloplasty ring and over-wire rotation tool,” filed
May 4, 2010, which published as PCT Publication WO
10/128503; and/or

[0408] U.S. Regular Application Ser. No. 12/785,717 to
Miller et al., entitled, “Adjustable artificial chordeae
tendineae with suture loops,” filed May 24, 2010,

[0393] U.S. Provisional Patent Application 61/132,295
to Gross et al., entitled, “Annuloplasty devices and
methods of delivery therefor,” filed Jun. 16, 2008;

[0394] U.S. patent application Ser. No. 12/341,960 to
Cabiri, entitled, “Adjustable partial annuloplasty ring
and mechanism therefor,” filed Dec. 22, 2008, which
issued as U.S. Pat. No. 8,241,351,

[0395] U.S. Provisional Patent Application 61/207,908
to Miller et al., entitled, “Actively-engageable move-
ment-restriction mechanism for use with an annulo-
plasty structure,” filed Feb. 17, 2009;

[0396] U.S. patent application Ser. No. 12/435,291 to
Maisano et al., entitled, “Adjustable repair chords and
spool mechanism therefor,” filed May 4, 2009, which
issued as U.S. Pat. No. 8,147,542,

[0397] U.S. patent application Ser. No. 12/437,103 to
Zipory et al., entitled, “Annuloplasty ring with intra-
ring anchoring,” filed May 7, 2009, which issued as
U.S. Pat. No. 8,715,342;

[0398] PCT Patent Application PCT/IL2009/000593 to
Gross et al., entitled, “Annuloplasty devices and meth-

which issued as U.S. Pat. No. 8,790,394.
[0409] It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations
and subcombinations of the various features described here-
inabove, 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.
What is claimed is:
1. A system comprising:
an implantable device; and
an anchor deployment tool, which comprises:
(a) a flexible tube including a distal anchor manipulation
portion that is steerable; and
(b) a rotating deployment element, which is positionable
within the flexible tube, and is configured to, while the
distal anchor manipulation portion is proximate the
implantable device:
(i) engage one or more tissue anchors in the flexible
tube,
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(i1) advance the one or more tissue anchors in a distal
direction to the distal anchor manipulation portion,
and

(iii) anchor the implantable device to tissue of a subject
by deploying each of the tissue anchors through the
implantable device and into the tissue,

wherein the anchor deployment tool is configured such

that one or more tissue anchors are advanced by the

rotating deployment element.

2. The apparatus according to claim 1, wherein the distal
anchor manipulation portion is flexible.

3. The apparatus according to claim 1, wherein the anchor
deployment tool comprises one or more steering wires,
which are arranged such that pulling and releasing of the
steering wires cause deflection of a distal end of the anchor
deployment tool, thereby providing steering functionality to
the distal anchor manipulation portion.

4. The apparatus according to claim 1, wherein the
rotating deployment element is configured to assume a state
in which the rotating deployment element is pas sable
through one or more of the tissue anchors without engaging
them.

5. The apparatus according to claim 4, wherein the
rotating deployment element is configured to assume the
state when withdrawn in a proximal direction within the
flexible tube.

6. The apparatus according to claim 4, wherein the state
is a radially-compressed state, and wherein the rotating
deployment element is configured to assume a radially-
expanded state when engaging each of the one or more tissue
anchors.

7. The apparatus according to claim 1, wherein the anchor
deployment tool is configured to deploy each of the one or
more tissue anchors into the tissue in a direction parallel to
a central longitudinal axis of the tube through the distal tube
end, and parallel to a central longitudinal axis of the tissue
anchor.

8. The apparatus according to claim 1, wherein the
rotating deployment element is configured such that it can
unscrew an already-deployed tissue anchor from the tissue,
withdraw the tissue anchor in a proximal direction, and
subsequently redeploy the tissue anchor into the tissue.

9. The apparatus according to claim 1, wherein the
implantable device is an annuloplasty device comprising a
sleeve.

10. The apparatus according to claim 1, wherein the
rotating deployment element is configured to deploy each of
the one or more tissue anchors through the distal tube end
and into the tissue by rotating only the tissue anchor directly
engaged by the rotating deployment element, without rotat-
ing the tissue anchors stored in an anchor storage area.

11. The apparatus according to claim 1, wherein the length
of the distal anchor manipulation portion is at least 5 cm.

12. The apparatus according to claim 1, wherein the
anchor deployment tool is usable to deploy at least 6 tissue
anchors.

13. A system comprising:

an anchor deployment tool, which comprises:

(a) a flexible tube having an anchor holding area in which

tissue anchors are held before deployment, and a distal

anchor manipulation portion is steerable; and
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(b) a deployment element positionable within the flexible

tube and configured to:

(1) engage the tissue anchors in the anchor storage area,

(i1) advance one or more of the tissue anchors in a distal
direction into the distal anchor manipulation portion,
and

(iii) anchor the one or more tissue anchors into the
tissue,

wherein the anchor deployment tool is configured such

that one anchor is advanced at the time by the deploy-

ment element.

14. The apparatus according to claim 13, wherein the
distal anchor manipulation portion is flexible.

15. The apparatus according to claim 13, wherein the
anchor deployment tool comprises one or more steering
wires, which are arranged such that pulling and releasing of
the steering wires cause deflection of the distal anchor
manipulation portion, thereby providing steering function-
ality to the distal anchor manipulation portion.

16. The apparatus according to claim 13, wherein the
deployment element is configured to assume a state in which
the deployment element is passable through one or more of
the tissue anchors without engaging them.

17. The apparatus according to claim 16, wherein the
deployment element is configured to assume the state when
withdrawn in a proximal direction within the tube.

18. The apparatus according to claim 13, wherein the
anchor deployment tool is configured to deploy each of the
tissue anchors into the tissue in a direction parallel to a
central longitudinal axis of the tube through the distal tube
end, and parallel to a central longitudinal axis of the tissue
anchor.

19. The apparatus according to claim 13, comprising an
annuloplasty device having a sleeve.

20. A system comprising:

an implantable device; and

an anchor deployment tool, which comprises:

(a) a flexible tube including a distal anchor manipulation

portion that is flexible and steerable; and

(b) a deployment element, which is positionable within

the flexible tube, and is configured to, while the distal

anchor manipulation portion is proximate the implant-
able device:

(i) engage one or more tissue anchors in the flexible
tube,

(i1) advance the one or more tissue anchors in a distal
direction to the distal anchor manipulation portion,
and

(iii) anchor the implantable device to tissue of a subject
by deploying each of the tissue anchors through the
implantable device and into the tissue,

wherein the anchor deployment tool is configured such

that one or more tissue anchors are advanced by the
deployment element, and wherein the deployment ele-
ment is configured such that it can unscrew a deployed
tissue anchor from the tissue, withdraw the deployed
tissue anchor in a proximal direction, and subsequently
redeploy the tissue anchor into the tissue.
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