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TETHER TENSIONING DEVICES AND RELATED METHODS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application
No. 61/104,681, filed October 10, 2008, and of U.S. Provisional Application No. 61/104,686,
filed October 10, 2008, the disclosures of both of which are incorporated herein by reference in

their entirety.

TECHNICAL FIELD

[0002]  The devices, methods, and kits described herein relate generally to
tensioning tethers that have been deployed to a target site in a body of a subject. More
specifically, the devices, methods, and kits described here relate to tensioning tethers during
procedures for tightening or compressing tissue, and may in some variations allow for adjustable

tensioning of such tethers.

BACKGROUND

[0003] Many different medical procedures involve the use of tethers, and some
such medical procedures further involve tensioning the tethers. For example, tethers may be
used to tighten or compress tissue (e.g., by bringing two pieces or sections of tissue together).
The tissue may, for example, be soft tissue, such as muscle tissue or fat tissue. In some cases, a
mitral valve that is experiencing mitral regurgitation may be repaired by deploying tethered
anchors into tissue in the vicinity of the valve, and tensioning the tether. Tensioning the tether
can provide a cinching effect that brings the anchors closer together, thereby reducing the
circumference of the valve and alleviating the mitral regurgitation. Exemplary devices and
methods for mitral valve repair are described, for example, in U.S. Patent Application
Publication Nos. US 2006/0190030 A1, US 2006/0122633 A1, and US 2008/0172035 Al, all of

which are hereby incorporated by reference in their entirety.

[0004] If a tether is tensioned too much in a tissue repair procedure, then the
tissue may become damaged. Alternatively, if a tether is not sufficiently tensioned, then the

underlying problem may not be fixed. Additionally, in minimally invasive catheter-based
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procedures in which the target site is located remotely from the incision site, it may be difficult

to control the tension of a tether that is deployed at the remote site.

[0005]  Accordingly, it would be desirable to provide devices, methods, and kits
for tensioning a tether relatively precisely and/or efficiently. Moreover, it would be desirable to
provide devices, methods, and kits that allow for adjustable tether tensioning. It would further be
desirable for such devices, methods, and kits to provide for other forms of manipulation of the

tether (e.g., by locking and/or cutting the tether).

SUMMARY

[0006] Described here are devices, methods, and kits for tensioning tethers. A
tether may be tensioned, for example, to result in a tightening or compression of tissue, such as
soft tissue (e.g., by pulling two or more pieces or sections of the tissue together). In some
variations, the methods described here may be used on heart tissue. In certain variations, the
methods may be used on heart tissue while the heart is still beating (e.g., making the overall heart
repair procedure and/or recovery easier on the patient). Devices for locking and/or cutting such

tethers (prior to, during, and/or after tensioning the tethers) are also described here.

[0007]  Certain variations of the tensioning devices described here comprise a
handle portion comprising a housing and a rotatable tensioning member coupled to the housing
and configured to engage a tether. Rotating the rotatable tensioning member in one direction
may increase the tension of a tether engaged by the rotatable tensioning member, and rotating the
rotatable tensioning member in another direction (e.g., opposite the first direction) may decrease
the tension of a tether engaged by the rotatable tensioning member. The rotatable tensioning
member may comprise a lock-out mechanism that provides for a maximum amount of tensioning
of a tether engaged by the rotatable tensioning member. Some variations of methods described
here may comprise engaging a tether with the rotatable tensioning member, rotating the rotatable
tensioning member to tension the tether, and releasing at least some of the tension in the tether
without cutting the tether (e.g., by rotating the rotatable tensioning member in a different

direction).

[0008] In some variations, the device may comprise a gear that is configured to

rotate the rotatable tensioning member. In some such variations, the device may further
22-
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comprise a lever configured to activate the rotatable tensioning member to rotate in one of two
directions. The lever may have a first position in which the lever engages the gear, and a second
position in which the lever releases the gear. When the lever is in the first position, it may

maintain the tension of a tether engaged by the rotatable tensioning member in a static state.

[0009] Certain variations of the rotatable tensioning member may comprise a
tensioning wheel that is coupled to a bobbin configured to engage a tether. Some variations of
the methods may comprise engaging a tether with a notch on the bobbin and/or winding the
tether around the bobbin. In some variations, the bobbin may be coupled to the tensioning wheel
by a compression spring. The compression spring may have a spring constant of at least about
10 Ib/inch and/or at most about 30 Ib/inch. The compression spring may exert a force on the
bobbin that determines the rotatability of the bobbin. Alternatively or additionally, the bobbin
and the tensioning wheel may be coupled by a high-friction element. The high-friction element
may apply a frictional force on the bobbin that determines the rotatability of the bobbin. The
tensioning wheel may be configured to disengage from the bobbin when the tension of a tether

engaged by the rotatable tensioning member reaches a predetermined value.

[0010] Certain variations of the tensioning devices described here may comprise
an elongated member, such as a catheter, coupled to a distal portion of the handle portion. Some
variations of the tensioning devices may comprise a locking and/or cutting element. The locking
element may comprise, for example, a plug (e.g., a compressible plug) and a locking member
configured to receive the plug. The locking member may comprise a lumen configured to
receive the plug, and the plug may be rotatable when at least partially disposed within the lumen.
The locking and/or cutting element may be located at (e.g., coupled to) a distal portion of the
elongated member, and/or may be actuated by one or more controls in the handle portion of the
device. In some variations, the locking element may be releasably coupled to a distal portion of
the elongated member. Other variations of the tensioning device may not have a locking or

cutting element at the distal portion of the elongated member.

[0011]  Certain variations of the devices may comprise a pushing member. In
such variations, the devices may comprise a button slider that is coupled to the pushing member
such that sliding the button slider translates the pushing member. Other variations of pushing

member actuators may alternatively or additionally be used. In some variations, the pushing
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member may be translated toward the plug of a locking element to push the plug into a lumen of
a locking member of the locking element. The device may alternatively or additionally comprise
another actuator (e.g., a button slider) that may be actuated to decouple a locking element from a
distal portion of an elongated member of the device. The elongated member may comprise a
sheath having a lumen, and the pushing member may be disposed within the lumen. In such
cases, a button slider may be coupled to the sheath, and sliding the button slider may proximally
withdraw the sheath to decouple a locking element from a distal portion of the elongated
member. Of course, other variations of sheath-withdrawing mechanisms may alternatively or

additionally be used.

[0012]  Some variations of the devices that comprise a cutting element may also
comprise one or more button sliders (e.g., that are configured to slide along an outer surface of
the handle portion). A button slider may be coupled to the cutting element such that sliding the
button slider moves the cutting element. Other variations of cutting element actuators may

alternatively or additionally be used.

[0013] In some variations, the handle portion may comprise one or more retainers
(e.g., that may be positioned to control actuation of one or more locking and/or cutting
elements). The retainers may, for example, be configured to fit within one or more apertures in a
housing of the handle portion. In certain variations, the retainers may block actuation of one or
more controls (e.g., button sliders), while permitting actuation of one or more other controls. In
some variations, the retainers may regulate the sequence in which the controls in the handle

portion are actuated.

[0014]  Some variations of the methods described here may comprise tensioning a
tether that is fixedly coupled to a first anchor and slidably coupled to a second anchor, while both
anchors are engaging a portion of body tissue. Tensioning the tether may provide a cinching
effect that decreases the distance between the first and second anchors. The methods may also
comprise releasing at least some of the tension in the tether without cutting the tether. The tether
tension may be increased or decreased depending on the desired effect upon the tissue. Some
tensioning methods may be used for heart valve repair (e.g., on a beating heart). In certain
variations, after the desired tension has been achieved, the tether may be secured by a locking

element to retain the tension. In some variations, the tether may then be cut, either by the same
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device that tensioned and/or locked the tether, or by a separate cutting device. In some cases,

additional tension may be applied to the tether prior to cutting the tether.

[0015] Some variations of the kits described here may comprise an anchor
delivery device and at least one tether tensioning device. Additional tether tensioning devices
may be included (e.g., to allow for different ranges of tension to be applied to a tether). Some

kits may also include a tether locking device and/or a tether cutting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGS. 1A and 1B illustrate the tightening of tissue of a subject using a
tether.

[0017]  FIG. 2A is a perspective view of a variation of a device for tensioning

and/or locking a tether.

[0018] FIG. 2B is a side view of a handle portion of the device of FIG. 2A, FIG.
2C is a front view of the handle portion of the device shown in FIG. 2B, and FIG. 2D is an
exploded view of the handle portion of FIGS. 2B and 2C.

[0019] FIG. 2E is a front perspective exploded view of a rotatable tensioning
member of the handle portion of FIGS. 2B-2D, FIG. 2F is a back perspective exploded view of
the rotatable tensioning member of FIG. 2E, and FIG. 2G is another front perspective exploded
view of the rotatable tensioning member of FIGS. 2E and 2F.

[0020] FIG. 2H is a perspective view of a first button slider of the handle portion
of FIGS. 2B-2D, FIG. 21 is a side view of the first button slider of FIG. 2H, and FIG. 2] is a front
view of the first button slider of FIGS. 2H and 2I.

[0021] FIG. 2K is a perspective view of a second button slider of the handle
portion of FIGS. 2B-2D, FIG. 2L is a side view of the second button slider of FIG. 2K, and FIG.
2M is a front view of the second button slider of FIGS. 2K and 2L.

[0022]  FIG. 2N is a rear perspective view of a gear of the rotatable tensioning

member of FIGS. 2E-2G, and FIG. 20 is a front view of the gear of FIG. 2N.
-5-
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[0023] FIG. 2P is a front view of a bobbin of the rotatable tensioning member of
FIGS. 2E-2G, and FIG. 2Q is a side view of the bobbin of FIG. 2P.

[0024] FIG. 2R is a front perspective view of a tensioning wheel of the rotatable
tensioning member of FIGS. 2E-2G, FIG. 2S is a back perspective view of the tensioning wheel
of FIG. 2R, FIG. 2T is a side view of the tensioning wheel of FIGS. 2R and 28, and FIG. 2U is a
back view of the tensioning wheel of FIGS. 2R-2T.

[0025] FIG. 2V is a side view of a first retainer of the handle portion of FIGS.
2B-2D.

[0026] FIG. 2W is a side view of a second retainer of the handle portion of
FIGS. 2B-2D.

[0027]  FIG. 2X is a perspective view of a lever of the handle portion of
FIGS. 2B-2D.

[0028] FIG. 2Y is a top view of the handle portion of FIGS. 2B-2D.

[0029] FIG. 27 is a side view of the first retainer of FIG. 2V and the second
retainer of FIG. 2W, as they may be assembled when used in the handle portion of FIG. 2D.

[0030] FIG. 3 shows a variation of a device that may be used to lock a tether.

[0031] FIG. 4 is a perspective view of a variation of a tether-locking element.

[0032] FIGS. 5A and 5B are illustrative variations of devices for loading tethers

into devices or device components, such as catheters.

[0033] FIG. 6A is a perspective view of a tether-locking catheter, and FIG. 6B is

a cross-sectional view of the tether-locking catheter of FIG. 6A, taken along line 6B-6B.

[0034] FIG. 7A is a perspective view of a variation of a device that may be used

to lock a tether, and FIG. 7B is an enlarged view of region 7B of FIG. 7A.
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[0035] FIG. 8A is a perspective view of a variation of a device that may be used
to lock a tether, FIG. 8B is a side view of the device of FIG. 8A, and FIG. 8C is a cross-sectional
view of the device of FIGS. 8A and 8B, taken along line 8C-8C in FIG. 8B.

[0036] FIGS. 9A-9D show a variation of a device for locking a tether.

[0037]  FIG. 10A is a side perspective view of a variation of a device for

tensioning and/or cutting a tether.

[0038] FIG. 10B is an exploded view of a handle portion of the device of FIG.
10A.

[0039] FIG. 10C is a side view of a retainer of the handle portion of FIG. 10B.

[0040] FIGS. 11A-11F illustrate various examples of devices that may be used to

cut a tether.

[0041] FIG. 12 is a side view in partial cross-section of a variation of a device

that may be used to cut a tether.

[0042] FIGS. 13A and 13B show different variations of devices that may be used

to lock and cut a tether.

[0043] FIG. 14 is a schematic view of a heart.

[0044]  FIGS. 15A-151 schematically depict a variation of a method for delivering

multiple tissue anchors to tissue in the vicinity of a heart valve.

[0045] FIG. 16 is a schematic view of a heart illustrating various dimensions of a

chamber of the heart.

[0046] FIG. 17 is another schematic view of a heart illustrating various

dimensions of a chamber of the heart.
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[0047]  FIGS. 18A-18H depict variations of a device and method for locking a
tether, FIGS. 181-18P show variations of components of devices for locking a tether, and

FIGS. 18Q-18X depict additional variations of a device and method for locking a tether.

DETAILED DESCRIPTION

[0048] Described here are methods and devices for tensioning a tether. In some
variations, the tether may be tensioned to tighten or compress tissue, such as soft tissue. Soft
tissue includes, for example, muscle tissue and fat tissue, while hard tissue includes, for example,
bone tissue. Methods and devices for locking and/or cutting a tether are also described. The
devices and methods described here may be used in any appropriate procedures and locations for
which such tether tensioning, locking, and/or cutting is desired. While not so limited, the
devices and methods described here may be used, for example, in Natural Orifice Transluminal
Endoscopic Surgery (“NOTES”) procedures, heart valve repair procedures (e.g., mitral valve
annulus repair procedures), and/or endoscopic procedures (e.g., laparoscopy and/or arthroscopy).
Some of the devices described here may be used to tension a tether, while other devices
described here may be used to both tension a tether and lock and/or cut the tether. Specific

examples of methods and devices will now be described in further detail below.

[0049] Turning now to the figures, FIG. 1A shows two anchors (100) and (104)
anchored into tissue (106) of a subject. A tether (110) is fixedly attached to anchor (100), and is
threaded through a loop region (114) of anchor (104). As shown in FIG. 1B, when tether (110)
is pulled upon in the direction of arrow (A1), a cinching effect results, such that anchors (100)
and (104) are brought closer together, and the tissue length between anchors (100) and (104) is
reduced. In this way, tissue (106) is compressed between anchors (100) and (104). While two
anchors are shown in FIGS. 1A and 1B, in some cases multiple anchors may be used. After
tether (110) has been tensioned by a desired amount, tether (110) may be locked to maintain the

tension, and in some cases, excess portions of tether (110) may be cut and removed.

[0050] The above-described process may be used in a wide variety of tissues. For
example, in some variations, anchors that are connected to each other by a tether may be
deployed into tissue in the region of a mitral valve annulus. The tether may then be tensioned to
help provide a cinching effect, which restructures the mitral valve annulus (e.g., to reduce mitral

valve regurgitation). Thereafter, the tether may be locked in place to maintain the cinching
-8-
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effect. Finally, excess portions of the tether may be cut and removed. Mitral valve repair is
described, for example, in U.S. Patent Application Publication Nos. US 2006/0190030 A1,

US 2006/0122633 A1, and US 2008/0172035 A1, which were previously incorporated by
reference in their entirety, and of U.S. Patent Application Publication No. US 2008/0177380 Al,
which is hereby incorporated by reference in its entirety. In certain variations, the above-
described process may be used in a heart reshaping procedure, such as a ventricular remodeling
procedure that is used to repair a heart experiencing valve dysfunction. Heart repair procedures,
including heart reshaping procedures, are described, for example, in U.S. Patent Application

Publication No. US 2009/0234318 A1, which is hereby incorporated by reference in its entirety.

[0051]  Asdiscussed above, the devices and methods described herein may be
used, as appropriate, in any of a number of different sites within the body and/or to assist with
any of a number of different types of procedures. As an example, the devices and methods
described herein may be used in NOTES procedures. As another example, the devices and
methods described herein may be used in heart procedures other than those involving mitral
valve repair. For example, they may be used to repair an aortic valve or a tricuspid valve, or to
secure a prosthetic heart valve, or they may be used in heart ports. As another example, the
devices and methods may be employed in a procedure in which one or more tethers are used to
reinforce an annuloplasty ring. Additionally, the devices and methods described herein may be

used, for example, in a variety of open surgical procedures.

[0052]  Anchors for use with the methods and devices described here may be any
suitable anchor. The anchors may be made of any suitable material, may be any suitable size,
and may be of any suitable shape. The anchors may be made of one material or more than one
material. Examples of anchor materials include super-elastic or shape memory materials, such as
nickel-titanium alloys and spring stainless steel. Examples of anchor shapes include T-tags,
rivets, staples, hooks (e.g., C-shaped or semicircular hooks, curved hooks of other shapes,
straight hooks, barbed hooks), multiple looped anchors, clips, and the like. The anchors may be
configured to self-expand and self-secure into tissue, but need not be configured in such a
fashion. Multiple anchors of the same shape may be used, or multiple anchors having different
shapes may be used. Similarly, multiple anchors of the same size may be used, or multiple
anchors having different sizes may be used. Illustrative examples of suitable anchors are
described in more detail, for example, in U.S. Patent Application Publication Nos.

9.
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US 2005/0273138 A1, US 2008/0058868 Al, US 2008/0045982 A1, US 2008/0045983 Al,
US 2008/0051810 A1, and US 2008/0051832 A1, all of which are hereby incorporated by
reference in their entirety. Moreover, while anchors have been described, any other type of
suitable fasteners or implants (e.g., leads, electrodes, etc.) may be used with one or more of the
devices and/or methods described here. Additionally, some procedures employing the devices
and methods described herein may not involve any anchors or other types of fasteners. As an
example, certain variations of the devices and methods described here may be used to lock

and/or cut a tether that has been sewn through tissue.

[0053]  Tethers may be one long piece of material or two or more pieces, and may
comprise any suitable material, such as suture, suture-like material, a DACRON® polyester strip
or the like. In some variations, tethers may be in the form of monofilament or multifilament
textile yarns or fibers. Tethers may also have various braided textile configurations. While a
tissue-tightening or -compressing procedure using one tether has been described, other
procedures for modifying tissue may involve the use of multiple tethers, such as 2, 3, 4, 5, or 10
tethers. When multiple tethers are used, at least some of the tethers may be associated with (e.g.,
fixedly attached to) different anchors, and/or at least some of the tethers may be associated with
(e.g., fixedly attached to) the same anchor. The devices and methods described herein may apply
to single tether procedures, or to multiple tether procedures. As an example, a tensioning,
locking and/or cutting device may be used to tension, lock, and/or cut more than one tether,

either simultaneously, or at different times.

[0054] In some cases, a tether may be tensioned by hand. Alternatively or
additionally, one or more tensioning devices may be used to tension the tether. For example,
FIGS. 2A-27Z show a variation of a tether tensioning device (200) and its components. As shown
in FIGS. 2A-2C, tether tensioning device (200) comprises a handle portion (201) coupled to an
elongated member (206) having a locking element (212) in its distal portion. While locking
element (212) is located in the distal portion of elongated member (206), locking elements may
alternatively or additionally be located in other portions of an elongated member. Elongated
member (206) may, for example, be in the form of a catheter. Handle portion (201) comprises a
housing (203), a rotatable tensioning member (205) coupled to housing (203), and a release lever
(204) protruding from a double-notched aperture (246) in housing (203). Referring specifically
to FIG. 2C, rotatable tensioning member (205) comprises a tensioning wheel (202) and a bobbin

-10-
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(216) coupled by a screw (214). Rotatable tensioning member (205) further comprises a
compression spring (218) and a gear (220) (FIGS. 2D-2G). Handle portion (201) also comprises
a small-hole button slider (207) and a large-hole button slider (209). The button sliders are
configured to actuate and release the locking element in the distal portion of elongated member

(206), as described in further detail below.

[0055] The motion of button sliders (207) and (209) may be restricted by
removable retainers configured to fit into slots within which the sliders are slidably disposed.
For example, FIG. 2A shows a first retainer (208) that limits or prevents motion by small-hole
button slider (207) when in place, and a second retainer (210) that limits or prevents motion by
large-hole button slider (209) when in place. (FIG. 2B shows handle portion (201) when first
and second retainers (208) and (210) have been removed.) When in place, retainers (208) and
(210) physically obstruct the track on which button sliders (207) and (209) slide. While retainers
having specific configurations have been shown, it should be understood that retainers having
any configuration suitable to temporarily obstruct or restrain the button sliders (or any other

appropriate actuators) may be used.

[0056] FIG. 2D shows an exploded view of tether tensioning device (200). As
shown there, release lever (204) comprises a shoulder portion (217) that can engage with the
individual teeth of gear (220) of rotatable tensioning member (205). As also shown there, the
proximal portion of elongated member (206) is disposed within housing (203). Elongated
member (206) comprises an outer member (290) and an inner member (211) at least partially
disposed within a lumen of the outer member. Outer member (290) passes through an aperture
(222) in large-hole button slider (209), and inner member (211) passes through an aperture (224)
in small-hole button slider (207). As shown, the diameter of aperture (222) may be larger than
the diameter of aperture (224). Moreover, the diameter of outer member (290) may be larger
than the diameter of aperture (224), such that outer member (290) is not able to pass through
aperture (224).

[0057]  Tether tensioning device (200) may be used to tension and/or lock a tether.
In some variations, a tether tensioning method may comprise coupling a tether to rotatable
tensioning member (205), as shown in FIG. 2C, and rotating the rotatable tensioning member to

tension tether (213) by a desired amount. More specifically, tether (213) may be secured to
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bobbin (216) by threading the tether into a notch (215) in bobbin (216), and then winding the
tether around the bobbin. Tensioning wheel (202) and bobbin (216) are coupled such that they
rotate in unison. Thus, tether (213) may be tensioned by rotating tensioning wheel (202) in one
direction, and some or all of the tension in tether (213) may be released by rotating tensioning
wheel (202) in the opposite direction. Tether (213) may be tensioned in continuous and/or
discrete increments. In certain variations, the amount of tension that has been applied to a tether
may be measured. As an example, a torque gauge may be positioned in tensioning wheel (202),

and the tether tension may be measured based on the radial distance from the center of bobbin

(216) to notch (215).

[0058] Rotatable tensioning member (205) is depicted in additional detail in
FIGS. 2E-2Q. As shown there, tensioning wheel (202) is coupled to bobbin (216) and gear (220)
via screw (214). Compression spring (218), which is disposed between bobbin (216) and gear
(220), allows the entire rotatable tensioning member to rotate when tensioning wheel (202) is
rotated. In some variations, compression spring (218) may have a spring constant of from about
10 Ib/inch to about 30 Ib/inch. Compression spring (218) may be made of any suitable material
or materials, such as but not limited to, steel, aluminum, and/or ELGILOY® alloy. Examples of
suitable materials for tensioning wheel (202), bobbin (216), and/or gear (220) include polymers,
such as polycarbonate and acrylonitrile butadiene styrene (ABS). Other suitable materials may
alternatively or additionally be used. The tensioning wheel, bobbin, and gear may be made of
the same material or different materials. Screw (214) may be made of, for example, one or more
metal alloys (e.g., stainless steel) and/or polymers such as polycarbonate and acrylonitrile

butadiene styrene (ABS).

[0059] Tensioning wheel (202) comprises detents (226) that correspond to
bearings (228) on bobbin (216). In use, compression spring (218) pushes gear (220), bobbin
(216) and tensioning wheel (202) together. When these components are compressed together,
bearings (228) engage detents (226), which allows tensioning wheel (202) and bobbin (216) to
rotate in unison. The detents and bearings may be of any size or shape such that they are able to

engage each other. Moreover, any suitable number of detents and bearings may be used.

[0060]  Once the tether has been coupled to bobbin (216), turning the tensioning

wheel causes the bobbin to turn as well, thereby tensioning the tether. Additionally, a torque is
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generated that opposes the spring force of compression spring (218). If the torque force
surpasses the spring force, then bearings (228) will be forced out of detents (226), and bobbin
(216) will slip and become disengaged from tensioning wheel (202). As a result, rotation of the
tensioning wheel will no longer result in rotation of the bobbin. Thus, the configuration of
rotatable tensioning member (205) sets a maximum tension that can be applied to a tether, after
which point the bobbin becomes disengaged from the tensioning wheel, and the device may not

be used to further increase the tension of the tether.

[0061]  The spring force of compression spring (218) depends on the stiffness of
the compression spring. Thus, the stiffness of the compression spring may be selected based on
the desired maximum tension to be applied to the tether. A rotatable tensioning member with
high compression spring stiffness may generally allow for a higher maximum tether tension than
a rotatable tensioning member with low compression spring stiffness. The stiffness of a
compression spring is related to the spring constant of the compression spring. As the spring

constant increases, the stiffness also increases.

[0062]  The use of a compression spring is only one variation of a mechanism by
which a device may restrict the level of tension applied to a tether, thereby preventing
unintentional over-tensioning of the tether. Other mechanisms that perform the same function
may also be used. For example, in certain variations, a high-traction element, such as a rubber
washer, may be used to engage the tensioning wheel to the bobbin, in place of the compression
spring. Once the tension on the tether exceeds the opposing frictional force generated by the
high-traction element, the bobbin is no longer rotatable with the tensioning wheel, and the
tensioning device is unable to further increase the tension on the tether. It should be understood
that these are only a few examples of mechanisms that set a maximum tension threshold that can
be applied with a tensioning device, and other methods and configurations may alternatively or

additionally be used.

[0063] FIGS. 2N-2U show various components of rotatable tensioning member
(205) in greater detail. Referring first to FIGS. 2N and 20, gear (220) has an inter-tooth distance
(230) between each of its teeth. This inter-tooth distance establishes the discrete intervals by
which tension can be increased when the tether is being tensioned. While the inter-tooth distance

between each tooth of gear (220) is shown as uniform, in some variations, a gear may comprise
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teeth that are separated from each other by different distances (i.e., at least two of the distances
may be different from each other — for example, the distances may vary along the entire
circumference of the gear). In certain variations, inter-tooth distance (230) may be from about
0.1 inch to about 0.3 inch. Inter-tooth distance (230) may be selected, for example, based on the
desired level of precision of tether tensioning. It should be appreciated that the smaller the inter-
tooth distance, the more precisely the tension on the tether may be adjusted (i.e., because the
tether tension is adjusted in smaller increments). Referring specifically now to FIG. 2N, a
rectangular element (232) on the central axis of gear (220) couples gear (220) to tensioning
wheel (202). However, other shapes and/or methods of attachment may be used to couple a gear
to a tensioning wheel. For example, a gear may be coupled to a tensioning wheel using

permanent adhesives, welding, and/or screws.

[0064] FIGS. 2P and 2Q show bobbin (216) in enhanced detail. As shown there,
bobbin (216) comprises a first surface (234) including protruding bearings (228), a second
surface (236) including notch (215), and an axis element (235) connecting the two surfaces. The
surfaces may be of any suitable shape (e.g., circular, rectangular, etc.). First surface (234)
includes thirty-six hemispherical bearings (228) arranged radially on first surface (234).
However, any appropriate number of bearings of any shape may be used, as long as they are
capable of engaging with detents (226) in tensioning wheel (202). The first surface, second
surface, axis element, and bearings (228) may be made of any material or combination of
materials, such as one or more polymers (e.g., polycarbonate, acrylonitrile butadiene styrene
(ABS)), and metal alloys (e.g., stainless steel). The different components of bobbin (216) may
be made of the same material or materials, or may be made of different materials. For example,
in some variations, the first surface, second surface, and axis may be made of polycarbonate, and

the bearings may be made of stainless steel.

[0065] As described above, bobbin (216) includes notch (215) on second surface
(236) which aids in the securing of a tether wound around axis element (235). In certain
variations, the tether may be further secured using one or more temporary adhesives. While
bobbin (216) includes just one notch (215), some variations of bobbins may include multiple
notches, such as 2, 3, 4, or 5 notches. Additionally, in certain variations, axis element (235) may
comprise friction-enhancing features. For example, and as shown in FIG. 2Q, axis element (235)
may comprise ridges (237). Alternatively or additionally, an axis element may comprise one or
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more sticky or tacky coatings on its surface (e.g., formed of one or more soft elastomeric
materials, such as KRATON™ polymers). An axis element of a bobbin, as well as a tether being
tensioned by the bobbin, may comprise any number of features, coatings, or combinations

thereof that enhance the engagement between the axis element and the tether.

[0066] FIGS. 2R-2U show tensioning wheel (202) in greater detail. As shown in
FIGS. 2R and 2T, tensioning wheel (202) may comprise protruding features such as ridges (275)
and/or grips on its outer surface (277) to provide greater traction. The inner surface (279) of
tensioning wheel (202) contains radially-arranged detents (226), as shown in FIGS. 25 and 2U.
While detents (226) are in an evenly spaced radial arrangement, other suitable arrangements may
be used. As an example, in some variations, a tensioning wheel may comprise detents that are
not uniformly spaced apart from each other and/or that do not form a radial configuration.
Detents (226) are configured to engage with bearings (228) in bobbin (216). Additionally, in this
variation, the center axis of tensioning wheel (202) comprises a rectangular-shaped detent (245)
which engages with rectangular element (232) of gear (220) (FIG. 2N). However, other
variations of a tensioning wheel and gear may comprise one or more detents and corresponding
elements of different sizes and/or shapes that are configured to engage with each other.
Moreover, in some variations, a tensioning wheel may comprise a high-friction material on all or
a portion of its outer surface (e.g., to enhance traction between the tensioning wheel and a
bobbin). It should be understood that any suitable mechanism or material may be used on the

surface (e.g., the inner surface) of a tensioning wheel to engage the tensioning wheel to a bobbin.

[0067] FIG. 2X shows release lever (204) in enlarged detail. As shown there,
release lever (204) comprises shoulder portion (217), which is configured to temporarily engage
with a tooth of gear (220). Release lever (204) extends from double-notched aperture (246)
(FIGS. 2B and 2Y), which is formed in the top surface of tensioning device (200). When release
lever (204) is engaged in one notch, tensioning wheel (202) can be rotated unidirectionally, in
discrete intervals. In certain variations, this configuration may only allow for the tension in a
tether to be increased incrementally, but in other variations, this configuration may allow for the
tension to be both increased and decreased incrementally. When release lever (204) is engaged
in the other notch, tensioning wheel (202) may be rotated bidirectionally, in continuous
increments. Release lever (204) may be made of any suitable material or materials, such as
polymers (e.g., polycarbonate and/or ABS). It should also be understood that other variations of
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the release lever may not require that the lever extend from the tensioning device. For example,
in certain variations, a release lever may be implemented internally and actuated by a slider or
button. In some variations, a release lever may comprise one or more features that are capable of

articulating with a gear tooth, other than, or in addition to, a protrusion.

[0068]  As described above, in some variations, a tether may be tensioned and
locked by the same device. The locking may help to maintain the tension in the tether (e.g.,
thereby maintaining a cinching effect created by the tensioned tether). For example, tether
tensioning device (200) includes locking element (212) at the distal portion of elongated member
(206). Thus, in addition to being used to tension a tether, tether tensioning device (200) may also
be used to lock a tether. However, in certain variations, two different devices may be used to
tension and lock a tether, with one device being used to tension the tether, and the other device
being used to lock the tether. In some variations, a single device may be used to tension, lock,
and cut a tether. Cutting devices are described in further detail below. It should also be noted
that in certain variations, a device that is configured to tension a tether and to lock and/or cut a

tether may be used only to tension a tether or only to lock and/or cut a tether.

[0069] The mechanism and components that may be employed to lock a tether
using tether tensioning device (200) will now be described. Referring to FIG. 2D, small-hole
button slider (207) may be used to actuate inner member (211), which functions as a pushing
member that pushes a plug of locking element (212) into a locking tube of locking element
(212). Prior to actuation of inner member (211), a tether may be routed into the locking tube.
Thus, when inner member (211) is actuated, it pushes the plug into the locking tube, securing the

tether between the plug and the locking tube and thereby locking the tether.

[0070] In certain variations, after locking element (212) has been used to lock a
tether, the locking element may be released from the rest of tether tensioning device (200). For
example, once the tether has been tensioned and locked, the locking element may be released
from the device to leave the locking element in the body. This allows any other portions of the
device that are within the body to then be removed from the body. Referring again to FIG. 2D,
large-hole button slider (209) may be actuated to decouple locking element (212) from elongated
member (206), thereby releasing the locking element from the rest of tether tensioning device

(200).
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[0071]  First and second retainers (208) and (210) may be used to help ensure that
locking element (212) is deployed and released properly. In other words, the first and second
retainers may be used to ensure that the locking element is deployed prior to being released, and
that the locking element is not deployed or released prematurely. Referring to FIG. 2Y (which
depicts handle portion (201) without release lever (204)), small-hole button slider (207) is
slidably disposed within a slot (238) in housing (203) of handle portion (201). When moved
within the slot, small-hole button slider (207) can actuate inner member (211), allowing the inner
member to push a plug of locking element (212) into a locking tube of the locking element.
Similarly, large-hole button slider (209) is slidably disposed within a slot (240) in housing (203)
of handle portion (201). Moving large-hole button slider (209) within slot (240) can result in the
decoupling of locking element (212) from elongated member (206). First and second retainers
(208) and (210) may be temporarily disposed in slots (238) and (240), respectively, to prevent
button sliders (207) and (209) from being actuated at the wrong time (e.g., prematurely, or in the
wrong order). It should be noted that while both retainers may be used simultaneously (e.g.,

during shipping), in some variations, only one retainer may be used.

[0072]  During use, both retainers (208) and (210) may initially be disposed within
slots (238) and (240), respectively, to prevent unintentional actuation of either small-hole button
slider (207) or large-hole button slider (209). First retainer (208) may then be removed from slot
(238) to allow for the actuation of small-hole button slider (207), while the actuation of large-
hole button slider (209) is still prohibited by the presence of second retainer (210) within slot
(240). After the small-hole button slider has been actuated to lock a tether, second retainer (210)
may be removed from slot (240) to permit the movement of large-hole button slider (209) within
the slot, which may result in the release of locking element (212) from elongated member (206).
While retainers (208) and (210) are depicted as external to housing (203) of handle portion (201),
in some variations, one or more retainers may be internally disposed relative to a housing of a

handle portion.

[0073]  FIGS. 2H-2J show small-hole button slider (207) in enlarged detail.
Small-hole button slider (207) may be made of, for example, one or more polymers such as
polycarbonate and/or ABS. The diameter of aperture (224) in small-hole button slider (207) may
be selected to allow aperture (224) to receive inner member (211) of elongated member (206).
The inner member may form a friction fit with the aperture, such that movement of small-hole
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button slider (207) within slot (238) results in corresponding movement of inner member (211).
In certain variations, the inner member may be further coupled to small-hole button slider (207)
(e.g., using one or more adhesives, and/or by applying heat to fuse the inner member to the

small-hole button slider).

[0074] FIGS. 2K-2M show large-hole button slider (209) in enlarged detail.
Large-hole button slider (209) may be made of, for example, one or more polymers, for example,
polycarbonate and/or ABS. The large-hole button slider may be made of one or more of the
same materials as the small-hole button slider, or the button sliders may be made of different
materials. The diameter of aperture (222) in large-hole button slider (209) may be selected to
allow aperture (224) to receive outer member (290) of elongated member (206). The outer
member may form a friction fit with the aperture, such that movement of large-hole button slider
(209) within slot (240) results in corresponding movement of outer member (290). In some
variations, outer member (290) may be in the form of a sheath that temporarily retains locking
element (212). When the large-hole button slider is actuated, it may result in the proximal
withdrawal of outer member (290), which may in turn result in the release of locking element

(212) from elongated member (206).

[0075]  FIG. 2V shows first retainer (208) in enlarged detail. First retainer (208)
may be made of, for example, one or more polymers such as polycarbonate and/or ABS. As
described above, first retainer (208) is sized and shaped to fit within slot (238) and thereby
immobilize small-hole button slider (207) (e.g., preventing unintentional actuation of locking
element (212)). The size and shape of first retainer (208) may also be selected so that the first
retainer fits well with the second retainer when both retainers are disposed within their respective

slots in housing (203) of handle portion (201).

[0076] FIG. 2W shows second retainer (210) in enlarged detail. Second retainer
(210) may be made of, for example, one or more polymers such as polycarbonate and/or ABS.
As described above, second retainer (210) is sized and shaped to fit within slot (240) and thereby
immobilize large-hole button slider (209) (e.g., preventing unintentional release of locking

element (212) from elongated member (206)).
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[0077]  First and second retainers (208) and (210) may be configured such that
second retainer (210) cannot easily be removed from slot (240) until first retainer (208) has been
removed from slot (238). This configuration may ensure that large-hole button slider (209) will
not be actuated prior to actuation of small-hole button slider (207). As a result, locking element
(212) may not inadvertently be released from elongated member (206) prior to being actuated to
lock a tether. For example, and referring specifically to FIG. 27, a height (242) of first retainer
(208) may be greater than a height (244) of second retainer (210). When the first and second
retainers are both placed in their respective slots in housing (203) of handle portion (201), this
height differential causes a top edge (285) of first retainer (208) to extend over a top edge (287)
of second retainer (210), as shown in FIG. 2Z. It should be understood that this is only one
retainer configuration, and other variations of retainer configurations may be used to prevent the
unintentional actuation of button slider (207) and/or (209), and/or to ensure that small-hole

button slider (207) is actuated prior to large-hole button slider (209).

[0078] In some variations, a tether tensioning device may comprise one or more
retainers that are disposed within a housing of the device. Alternatively or additionally, a tether
tensioning device may comprise one or more retainers that do not protrude into or out of a
housing of the device. For example, a retainer may be in the form of an adhesive strip that
temporarily covers a slot to limit movement of a button slider within the slot. In certain
variations, one or more retainers may be labeled with numbers, and/or colored-coded, to indicate
the order in which the button sliders are to be actuated. In some variations, a tether tensioning
device may comprise one or more retainers that are not coupled to a handle portion of the device,
while in other variations, a tether tensioning device may comprise one or more retainers that may
be affixed to a handle portion of the device (e.g., with a tether, a snap-in mechanism, etc.). In
certain variations, a single retainer may be used to perform the functions of both first retainer

(208) and second retainer (210).

[0079]  As described above, after a tether has been tensioned, the tether may then
be locked or secured into place to maintain the tension. Different non-limiting variations of

locking devices are described in further detail below.

[0080]  For example, FIG. 3 shows a locking device (301) including a locking
element (305) comprising a plug (313) and a hollow locking member (306). Hollow locking
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member (306) is releasably coupled to a tubular elongated member (303) in a distal region of the
device. Elongated member (303) may be flexible over all or a portion of its length. As shown in
FIG. 3, hollow locking member (306) is in the form of a distal extension of elongated member
(303) (i.e., hollow locking member (306) extends beyond the distal end of elongated member
(303)). However, in some variations, a locking device may comprise an elongated member and a
locking member that is coupled to the elongated member, but that does not form a distal
extension of the elongated member. Referring again to FIG. 3, hollow locking member (306)
maintains the profile of elongated member (303), and may share a common wall with the
elongated member. In some cases, though, a locking device may comprise an elongated member
and a locking member that is smaller or larger than the elongated member in profile.
Alternatively or additionally, the elongated member and the locking member may not share a

common wall.

[0081]  While the device shown in FIG. 3 is configured as a catheter, other
configurations may be used. Moreover, the device may be scaled up (e.g., for use in a surgical
procedure) or down (e.g., for use in a minimally invasive procedure), depending, for example, on

the requirements of the particular procedure in which the device is to be used.

[0082]  As shown in FIG. 3, a tether (310) is threaded through the distal region of
locking device (301), particularly through hollow locking member (306). Although any suitable
locking element may be included as part of a locking device, locking element (305) locks a tether
when plug (313) is advanced into hollow locking member (306) such that the tether is secured
between the plug and a wall of the locking member. As shown, tether (310) is threaded through
multiple apertures in the wall (312) of hollow locking member (306). However, in some
variations, a tether may be threaded through only one aperture in a wall of a locking member.
Alternatively or additionally, a tether may pass through one or more apertures (e.g., passages or

holes) in one or more other locations of a locking device (e.g., distally of the locking element).

[0083]  Until the locking element is secured, the device may be moved along the
tether (e.g., by sliding), or the tether may be pulled through the device. Thus, the tether may be
used to provide a cinching effect by sliding the device distally down the tether. The apertures

through the device shown in FIG. 3 may be positioned such that the device can still easily slide
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along the tether. In some variations, the tether may be threaded into the locking element in such

a way that it winds in and out of the locking element, as suggested by FIG. 3.

[0084] In certain variations, the device may be slid along the tether until the tether
has been pulled by the desired amount through the anchors, at which point the tether may be
secured into position using the locking element. For example, and as described above, tether
(310) of FIG. 3 may be secured into position by pushing plug (313) into hollow locking member
(306) of locking element (305). In the variation shown in FIG. 3, plug (313) secures tether (310)
by compressing at least a portion of the tether between the plug and the inner walls of hollow

locking member (306).

[0085] A tether may be threaded or coupled to one or more components of a
tensioning device by, for example, an operator of the tensioning device. For example, to thread a
tether through a locking member comprising a wall portion with one or more apertures
therethrough, a lasso may first be threaded through one or more of the apertures. The lasso may
then be used to engage the tether and to thread the tether through the aperture or apertures (e.g.,
by pulling on the opposite end of the lasso). A tether may be coupled to one or more
components of a handle portion of a tether tensioning device by, for example, grasping the tether
and directly coupling it to the component or components. For example, the tether may be
grasped, routed through a notch in a bobbin of a rotatable tensioning member, and wound around
an axis element of the rotatable tensioning member. In some variations, a lasso may be used to
thread a tether through an elongated member of a tether tensioning device (e.g., comprising a
locking element and/or cutting element), and may thereafter be routed out of the elongated

member and engaged with one or more components of a rotatable tensioning member by hand.

[0086]  The plug and/or hollow locking member of the locking element may
comprise one or more features that limit the likelihood of the plug being released from the
hollow locking member. For example, the plug and/or hollow locking member may include
adhesive, glue, or cement, and/or may be at least partially deformable so that once the plug has
been inserted into the hollow locking member, the plug is retained within the locking member.
As an example, the plug may comprise a material which is compressible or elastic to aid in
locking the plug into the locking member. In certain variations, the plug may have polygonal

(e.g., hexagonal) sides that interact with the inner surface of the locking member. The plug may
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be solid or hollow. The plug may have bumps, dimples, ribs, grooves, or holes on its surface to
increase traction on the tether. The locking member may also include or comprise structures
(e.g., rims, brackets, etc.) to help hold the plug in the locked configuration. In some variations,
the locking member itself may alternatively or additionally be polygonal in cross-section. In
certain variations, the plug and the locking member may have corresponding geometries, as
described below. In some variations of devices, the plug and the locking member may each

include different features that enhance the retention of the plug in the locking member.

[0087] The device shown in FIG. 3 further includes a pushing member (315) for
pushing plug (313) into position to secure tether (310) within hollow locking member (306). The
pushing member (shown in FIG. 3 as a rod, although other suitable forms of pushing members
may be used) may be slidable within the lumen of the device. In some variations, the pushing
member may include one or more guides (e.g., that guide the pushing member’s direction) and/or
stops (e.g., that limit the distance traveled by the pushing member and/or the force applied by the
pushing member). Thus, there may be motion-limiting features on the device and/or pushing
member to prevent the pushing member from being pushed too far forward, or from applying too
much force, which could disturb either the locking element or the tissue (e.g., after separation of

the locking element from the rest of the device).

[0088]  Asdescribed above, a locking element may be releasably coupled to the
rest of a device. Any appropriate method may be used to provide such a releasable coupling. In
some variations, the locking element (or a portion thereof) may include a releasable coupling
region, such as a region that can be separated or broken to release the locking element from the
rest of the device. As an example, a locking element may be frangibly connected to the rest of a
device, and may be decoupled from the device by breaking the frangible connection. For
example, a locking element may be fused to another portion of the device (e.g., a distal portion
of an elongated member). The fused region may later be broken to decouple the locking element
from the other portion of the device. The amount of heat and/or pressure that is applied during
the fusion process, as well as the number of fused regions and their locations, may be selected so

that a specific amount of force can be applied to the fused regions to break them.

[0089] Different regions of a locking device may comprise different materials, or

may comprise the same material or materials. In some variations, a locking device comprises a
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locking element formed of a first material, another portion formed of a second material, and a
fused region between the locking element and the other portion that is formed of a third material
(or combination of materials). Using different materials for different regions of a locking device
may be advantageous if the different regions have different material requirements. For example,
a more distal region of the device may be formed of one or more materials that provide relative
flexibility, while a more proximal region may be formed of one or more materials that provide
relative stiffness, or vice-versa. Moreover, while locking devices comprising one or more fused
regions and multiple different materials have been described, some variations of locking devices
may comprise fused regions and may be formed entirely of one material or combination of
materials, and other variations of locking devices may comprise multiple different materials

(e.g., 2, 3, 4, or 5 different materials) without comprising any fused regions.

[0090] In certain variations, a locking device may comprise a detachable locking
element that is coupled to the rest of the device by a structurally weakened region. The
structurally weakened region may, for example, be scored, etched, perforated, fractured, creased,
slotted, and/or dimpled. An example of a perforated region (320) is shown in FIG. 3. The
locking element may be made of the same material as the rest of the device, or the locking
element and the rest of the device may be made of different materials. When a sufficient amount
of force is applied to the structurally weakened region, the locking element may become
separated from the rest of the device. Force may be applied to the structurally weakened region

using, for example, a pushing member or any other suitable mechanism.

[0091] In some variations, a locking element may be releasably coupled to
another portion of a locking device via at least one adhesive and/or a friction fit, so that the
application of a certain amount of force causes the locking element to decouple from the other
portion of the locking device. Additional non-limiting methods of releasably coupling a locking
element to another portion of a locking device include fusing, brazing, soldering, and snap-
locking. In some variations of locking devices, two or more different releasable coupling

methods may be used in conjunction with each other.

[0092] Other variations of locking elements and/or members may be used, as
appropriate. For example, FIG. 4 depicts a variation of a locking element (400) comprising a

plug (402) and a tubular member (404) configured to receive plug (402). Tubular member (404)
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comprises a wall portion (410) with two apertures (406) and (408) therethrough. While two
apertures are shown, in some variations, a wall portion of a tubular member may have just one
aperture, or more than two apertures. Plug (402) and tubular member (404) may be made of the
same material or materials, or may be made of different materials. In some variations, plug
(402) and/or tubular member (404) may be made of one or more radiopaque materials (e.g., to
provide visibility under X-ray fluoroscopy), and/or may also include one or more materials that

allow them to be visible under other imaging modalities.

[0093] A tether may be routed through tubular member (404) in any of a number
of different configurations, such that the tether is sufficiently engaged, yet slidable, within the
tubular member. To lock the tether (e.g., after a desired tension has been applied), a pushing
member (not shown) may be used to urge plug (402) into tubular member (404), thereby trapping
the tether between plug (402) and wall portion (410) of tubular member (404).

[0094]  Asdescribed above, in some variations, a locking element may be
controllably decoupled from the rest of a device by applying a force. Force may be applied in
any appropriate manner. For example, force may be applied by pushing on a pushing member,
or may be in the form of hydraulic force (using saline, water, or the like), magnetic force,
pressurized gas, etc. As an example, the same pushing member (315) of FIG. 3, used to push
plug (313) and secure the locking element, may also be used to decouple the locking element
from the rest of the device (e.g., by pushing the pushing member with additional force). In some
variations, one force applicator (e.g., a pushing member) may be used to secure the locking
element and another force applicator (e.g., a second pushing member) may be used to decouple

the locking element from the rest of the device.

[0095]  The amount of force required to decouple a locking element from the rest
of a device may be predetermined. In variations where the same force applicator (e.g., a pushing
member, fluid line, magnet, etc.) is used both to lock the tether and to decouple the locking
element, the force required to decouple the locking element may be greater than the force
required to secure the locking element and thereby lock the tether. For example, a device may be
configured for its locking element to decouple after the application of greater than about 2 lbs of
force, greater than about 3 lbs of force, greater than about 4 lbs of force, greater than about 5 1bs

of force, greater than about 10 lbs of force, greater than about 20 1bs of force, or between about
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2 Ibs and about 5 1bs of force. The amount of force that is needed to decouple a locking element
from the rest of a locking device can depend on any of a number of different factors. Such
factors may include, for example, the thickness of the coupling region, the material or materials
that form the coupling region, and/or the location of scoring, perforations, or other weakened
points in the coupling region. In some cases, the amount of force that is required to decouple a
locking element from the rest of a locking device, as well as the way in which the force is
applied to decouple the locking element, may be controlled to prevent damage to the locking

element, the tether, the anchors, and/or the surrounding tissue.

[0096]  While the application of force to decouple a locking element from the rest
of a locking device has been described, other decoupling methods may alternatively or
additionally be employed. As an example, a locking element may be decoupled by cutting a
joint between the locking element and the rest of the device using, for example, a cutter. In some
variations, the cutter may be in the form of a shearing blade that slides to shear the joint between
the locking element and the rest of the device. In certain variations, a cutter that cuts the
connection between a locking element and the rest of a locking device may also be used to cut a
tether being secured by the locking device. For example, the cutter may cut both the tether and
the joint in a combined manner, thus completely releasing the locking element with the tether

severed.

[0097] It should be understood that any of the methods and device components
described here for actuating a locking device (e.g., threading a tether through the locking device,
advancing a plug into a locking member of the locking device, etc.) and/or decoupling one or
more components of the locking device from the rest of the locking device may be employed
with any of the other locking devices described here, if suitable to do so. Moreover, any suitable

variation of a locking device may be included in a tether tensioning device.

[0098] It may be necessary, in some instances, to load a tether into a device, such
as a tether tensioning device comprising a locking element, a tether tensioning device comprising
a cutting element, or a tether tensioning device comprising both a locking element and a cutting

element. Various methods and/or devices may be used to accomplish this loading.
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[0099] As an example, and referring now to FIGS. 5A and 5B, in some variations,
a tether (534) is loaded into a device (500) using a lasso (504) comprising a loop (506) at one
end. One end of tether (534) is threaded through loop (506) of lasso (504). Lasso (504) may
then be pulled along the longitudinal axis of device (500) (FIG. 5A), to load tether (534) into
device (500). In alternative implementations, shown in FIG. 5B, a lasso (554) having a loop
(555) may be pulled through a side hole (558) in a device (550) to load a tether (580) into the
device. Device (500) or device (550) may be used to perform one or more functions, such as
locking and/or cutting. Lassos may be made from, for example, conventional materials such as
wire, suture, cable, string, or a monofilament. A lasso may comprise a loop (as show in FIGS.
5A and 5B), a hook, a coil, a tube, an elongate element with a hole, or any other structure or

material that can “grab” a tether.

[0100]  While the use of tether-loading devices to load tethers into locking
elements or devices has been described, such tether-loading devices may have other uses, such as
to load tethers into cutting elements or devices, or into combination locking and cutting elements
or devices. Other uses may also apply. Moreover, any of the features described herein with
respect to a locking element or device may also be used, as appropriate, in a cutting element or

device, or in a combined locking and cutting element or device.

[0101]  Tethers may be routed through a device, such as a locking device or a
cutting device, in any of a number of different configurations. For example, FIGS. 6A and 6B
show a variation of a locking device (as shown, a locking catheter (600)). Locking catheter
(600) includes a tubular member (602) having a wall (612) with four openings (604), (606),
(608), and (610) formed in it. A locking catheter such as locking catheter (600) may be used, for
example, to maintain tension in a tether, and to stabilize the tether for cutting. In FIGS. 6A and
6B, a tether (614) has been threaded into locking catheter (600), through openings (604), (606),
(608), and (610). The tether may be threaded into the locking catheter using, for example, a
lasso, such as one of the lassos described above. The lasso may have a relatively flexible loop
which may enhance the maneuverability of the lasso through the openings in the locking

catheter.

[0102]  While locking catheter (600) is shown as including four openings through

which tether (614) is threaded, locking catheters can include other numbers of openings. For
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example, some variations of locking catheters may include fewer openings (e.g., two openings),
while other variations of locking catheters may include more openings (e.g., six openings, eight
openings, etc.). As the number of openings in a locking catheter increases, the likelihood of

movement by a tether that is threaded through the openings may decrease.

[0103]  An additional example of a locking device is shown in FIGS. 7A and 7B.
As shown there, a locking device (700) includes a tubular elongated member (702) that is
coupled to a locking element (704). Elongated member (702) has an interlocking feature (706)
cut into its wall (708). Interlocking feature (706) is held locked by a coupling line (710) that is
routed through the interlocking feature. When coupling line (710) is pulled out, interlocking
feature (700) is released, thereby eliminating the hoop strength of elongated member (702). This
causes the elongated member to decouple from locking element (704) (e.g., by disengaging from
a shoulder feature (not shown) on the locking element). While one coupling line is shown, in
some variations, an interlocking feature may be locked and unlocked using multiple (e.g., 2, 3, 4,
or 5) coupling lines. In some variations, a tether tensioning device may comprise one or more
features (e.g., an outer member) that may be actuated (e.g., using a button slider) to withdraw a
coupling line from an interlocking feature of a locking element or device incorporated into the

tether tensioning device.

[0104] FIGS. 8A-8C also show an interlocking feature in a locking device. As
shown in FIGS. 8A-8C, a distal portion (800) of a locking device comprises a locking tube (802)
disposed within a tubular elongated member (804). While not shown, tubular elongated member
(804) may, for example, extend proximally for an additional length to form the rest of the
locking device, or may be coupled to another elongated member to form the rest of the locking

device. Other configurations may also be used.

[0105]  As shown in FIGS. 8A-8C, two pieces of Nitinol flat wire (806) and (808)
are embedded within the wall (810) of elongated member (804) to provide the elongated member
with enhanced rigidity. While Nitinol has been described, other materials may be used.
Moreover, in some variations, the locking device may not include flat wire, or may include only

one piece of flat wire or more than two pieces of flat wire.
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[0106] Elongated member (804) includes two interlocking features in its wall
(810). While FIGS. 8A-8C only show one interlocking feature (812), a corresponding
interlocking feature is located on the other side of the elongated member. However, some
variations of locking devices may include only one interlocking feature, or may include multiple

interlocking features having different configurations.

[0107]  The interlocking features in elongated member (804) are comprised of slits
that are cut into wall (810), although different types of interlocking features are possible. For
example, an interlocking feature may be formed of a combination of polygonal openings. As
shown in FIGS. 8A and 8B, the portions of wall (8§10) on either side of the slits are held together
(and thereby kept in a locked configuration) by two wires (814) and (816) that extend through
lumens within wall (810). The use of wires that extend through lumens in the wall of elongated
member (804) may allow the elongated member to maintain a relatively low profile. While
wires have been described, any other suitable coupling lines (e.g., cables, threads, sutures,
tethers, etc.) may be used. Moreover, certain variations of devices may comprise only one
coupling line, or multiple (e.g., 2, 3, 4, 5) coupling lines. In device variations comprising
multiple coupling lines, the coupling lines may be the same type of coupling line, or may be
different from each other. For example, a device may include one coupling line in the form of a

wire, and a second coupling line in the form of a suture.

[0108] Locking tube (802) may be decoupled from elongated member (804) by
withdrawing wires (814) and (816) (e.g., using button sliders on the handle of the locking device)
and thereby unlocking the interlocking features. In some cases, this unlocking alone may be
sufficient to release the locking tube from the elongated member. In other cases, additional
assistance (e.g., pushing the locking tube with a pushing member) may be required to release the

locking tube from the elongated member.

[0109] FIGS. 9A-9D illustrate a method of locking a tether using another
variation of a locking device. Referring first to FIG. 9A, a locking device (900) includes a
coupling tube (902) having a distal portion that is coupled to a locking element (904). As shown,
locking element (904) is in the form of a locking tube having an opening (905) configured for
passage of a tether therethrough. While a locking tube is shown, other suitable configurations

may be used for a locking element. Locking element (904) can be formed of one or more metals,
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metal alloys, and/or polymers. As an example, in some variations, locking element (904) is

formed of a nylon and bismuth trioxide composite, and includes a layer of PEBAX® polymer.

[0110] A sheath (906) surrounds coupling tube (902), as well as a portion of
locking element (904). However, in some variations, a sheath may cover the entirety of a
locking element, and may even extend distally beyond the locking element. Moreover, in certain
variations, a sheath may surround only a portion of a coupling tube. Sheath (906) helps to
couple coupling tube (902) to locking element (904) by compressing the coupling tube to the
locking element. Additionally, locking element (904) includes a shoulder (908), and coupling
tube (902) is configured to latch onto shoulder (908) when sheath (906) compresses coupling
tube (902) to locking element (904). As shown, coupling tube (902) comprises a shoulder (911)
that latches to shoulder (908). While shoulders (908) and (911) are shown as generally angular,
in some variations, a locking element shoulder and/or a coupling tube shoulder may be ramp-
shaped, or may have any other suitable shape. A ramp-shaped coupling tube shoulder may, for
example, provide for relatively easy decoupling of the coupling tube from the locking element

when such decoupling is desired.

[0111]  Locking device (900) is configured such that if sheath (906) is proximally
retracted, locking element (904) is decoupled from coupling tube (902). However, in certain
variations, a sheath may be proximally retracted, while a coupling tube and locking element are
distally pushed upon, in order to decouple the locking element from the coupling tube.
Alternatively or additionally, the coupling element and locking tube may be distally pushed upon
before and/or after the sheath is proximally retracted. Any other suitable methods for decoupling

the locking element from the coupling tube may also be employed.

[0112]  As shown in FIG. 9A, a plug (910) is disposed within coupling tube (902),
and has a generally missile-shaped configuration, although other appropriate configurations (e.g.,
a cylindrical plug, a plug having a hexagonal cross-section, etc.) may also be used. The plug can
be formed of any appropriate material or materials, such as one or more polymers, and may in
some variations be relatively rigid. In certain variations, plug (910) is formed of a nylon and
bismuth trioxide composite. As shown in FIG. 9A, plug (910) includes a bore (912) containing a

radiopaque marker (914). This can allow for ready viewing of the plug via X-ray fluoroscopy.
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A pushing member (916) is also disposed within coupling tube (902), and may be used to push
plug (910) into locking element (904).

[0113]  During use of locking device (900), a tether (not shown) may be threaded
through locking element (904) and coupling tube (902). Any appropriate method may be used to
thread the tether including, for example, one or more of the methods described above. As an
example, a lasso may be used to capture the distal end of the tether, and to thread the tether first
through opening (905), and then through coupling tube (902). In some methods, the locking
device may be advanced along the tether to a desired position. As shown in FIG. 9B, once the
tether has been threaded through locking element (904) and coupling tube (902), pushing
member (916) may be advanced toward the distal end of the locking device. This advancement
of pushing member (916) pushes plug (910) into locking element (904), compressing the tether
between plug (910) and the inner walls of locking element (904). Because coupling tube (902)
engages shoulder (908) of locking element (904), a resistive force is provided during plug
advancement. This resistive force may help to limit the likelihood of locking element (904)
becoming prematurely decoupled from coupling tube (902), as a result of the advancement of
pushing member (916). A step (918) at the distal end of the locking element prevents the plug

from exiting the locking element.

[0114]  Referring now to FIG. 9C, after plug (910) has been pushed into locking
element (904), sheath (906) may be proximally retracted. Prior to being proximally retracted,
sheath (906) compresses coupling tube (902) to locking element (904), thereby engaging
coupling tube (902) with the shoulder (908) of locking element (904) and coupling the coupling
tube to the locking element. However, once sheath (906) has been proximally retracted, this
compressing force is no longer present. Coupling tube (902) is configured such that in the
absence of this compressing force, coupling tube (902) no longer forms a tight fit around locking
element (904). Rather, the removal of the compressing force allows coupling tube (902) to
assume a more relaxed configuration, essentially opening up and thereby disengaging coupling
tube (902) from shoulder (908) of locking element (904). As a result, coupling tube (902) and
locking element (904) are decoupled from each other. This assumption of a more relaxed
configuration by coupling tube (902) is enhanced by the presence of a slit (920) in the distal
portion of the coupling tube, as well as two openings (922) and (924) along the slit that provide
stress relief. While not shown, in some variations, a coupling tube may include more than one
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slit in its distal portion. Moreover, while openings (922) and (924) are circular, in certain
variations, a coupling tube may alternatively or additionally include one or more non-circular

(e.g., rectangular, triangular, etc.) openings.

[0115]  Referring finally to FIG. 9D, and as discussed above, the proximal
retraction of sheath (906) causes locking element (904) to be released from coupling tube (902).
Plug (910), which was previously pushed into locking element (904), is released along with
locking element (904). The locking element and plug, now separated from the other elements of
the locking device, remain within the body, securing the tether, while the other elements of the
locking device are removed from the body. In this way, sheath (906) can function as a safety
mechanism, preventing locking element (904) from being released prematurely, and providing

the operator with enhanced control over the release of locking element (904).

[0116]  Although only a few of the ways in which a locking element may be
releasably coupled to a device have been described, it should be understood that any appropriate
coupling may be used, including snap fits and other coupling mechanisms (e.g., threads, etc.).
Additionally, the couplings described herein may be readily scaled in size for use even with
applications that may require very small locking elements (e.g., for use in percutaneous
applications and/or certain surgical applications, such as microsurgical applications). Locking
elements that are releasably coupled to devices are described, for example, in U.S. Patent
Application Publication No. US 2008/0172035 A1, which was previously incorporated by
reference in its entirety. Additional examples of locking devices are described, for example, in
U.S. Patent Application Serial No. 12/480,568, filed on June 8, 2009, which is hereby

incorporated by reference in its entirety.

[0117]  Still other variations of locking elements may be used. For example, in
some variations, a locking element may comprise a hollow locking member and a rotatable plug
configured to rotate within the hollow locking member. As an example, FIGS. 18A-18C show a
locking element (1800) comprising a locking tube (1802) comprising a wall portion (1804) with
two apertures (1806) and (1808) therethrough. Locking tube (1802) has a lumen (1810), within
which is disposed a rotatable plug (1812) (shown in FIG. 18C, while FIGS. 18A and 18B depict
the locking element without the rotatable plug). Plug (1812) has a protrusion (1814) located

between two flat surfaces (1813) and (1815). In some variations, protrusion (1814) may protrude
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from flat surfaces (1813) and (1815) by a distance of 0.003 inch to 0.005 inch. As shown in

FIG. 18C, plug (1812) has a dimension (D1) and a dimension (D2) that is smaller than dimension
(D1). With the exception of the portion of plug (1812) comprising protrusion (1814) and flat
surfaces (1813) and (1815), the remainder of plug (1812) is generally cylindrical in shape.
However, any other suitable rotatable plug configurations may be used. When plug (1812) is
disposed within lumen (1810) and a tether (1816) is threaded through apertures (1806) and
(1808), thereby crossing the lumen, protrusion (1814) contacts the tether.

[0118] Referring now to FIGS. 18D and 18E, plug (1812) may, in some
variations, be a separate component from locking tube (1802). Alternatively, a plug may be
coupled to a locking member during manufacturing, or may be integrally formed with the
locking member. As shown in FIGS. 18D and 18E, tether (1816) may be threaded through
apertures (1806) and (1808) in wall portion (1804) when the plug is not yet disposed within the
lumen of the locking tube. Of course, in certain variations, a tether may be threaded through the
apertures during and/or after advancement of the plug into the locking tube. As shown, the tether
crosses the lumen of the locking tube such that the tether is off-center with respect to the lumen.
However, in some variations, the apertures may be positioned so that a tether passing through

them crosses the center of the lumen.

[0119]  As shown in FIG. 18F, after tether (1816) has been threaded through
apertures (1806) and (1808) in locking tube (1802), plug (1812) may be advanced into the lumen
of the locking tube (e.g., using a pushing member), such that protrusion (1814) on plug (1812)
contacts the tether. Typically, this advancement of the plug into the locking tube may take place
at least partially within a sheath or other elongated member that may later be withdrawn or
otherwise removed from the plug and the locking tube. When the plug is fitted into the locking
tube such that the protrusion contacts the tether, the contact between the protrusion and the tether
provides friction that helps to hold the plug and the tether in place with respect to each other (i.e.,
minimizing relative motion between the plug and the tether). FIG. 18G shows plug (1812) when
it is disposed within locking tube (1802). Referring back to FIG. 18C, which also shows the plug
disposed within the locking tube, plug (1812) has an exterior surface (1890) with a curvature
alignable with an interior surface (1892) of the locking tube. Referring now to FIG. 18H, tether
(1816) may be tensioned, thereby causing the plug to rotate within the lumen of the locking tube
(e.g., in the direction of arrow A2) because of the contact between the tether and the protrusion
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on the plug. The tensioning of the tether will generally cause the plug to rotate toward the
direction in which the tether is being tensioned. This rotation may, in turn, result in more contact
between the plug and the tether, such that the tether may become further secured. In some
variations, plug (1812) may be rotated by at least about 1° (e.g., at least about 10°, at least

about 20°, at least about 45°, at least about 90°, at least about 135°) and/or at most about 180°
(e.g., at most about 135°, at most about 90°, at most about 45°, at most about 20°, at most

about 10°).

[0120] In some variations, a relatively low plug force may be used to plug locking
tube (1802) with plug (1812). Even though a relatively low plug force may be used, the resulting
lock force may be relatively high. Thus, in certain variations, a tether may be locked very

securely by applying minimal force to a locking element that locks the tether.

[0121]  Other variations of plugs and/or locking members may also be used. As
an example, FIGS. 18I-18N show different views of another variation of a locking member
configured to receive a plug (e.g., a rotatable plug) to secure a tether therebetween. FIG. 181
shows a bottom angled perspective view of the locking member (1850), while FIG. 18J shows a
bottom view of locking member (1850), FIG. 18K shows a top angled perspective view of
locking member (1850), FIG. 18L shows a top view of locking member (1850), FIG. 18M shows
a front view of locking member (1850), and FIG. 18N shows a back view of locking member
(1850). As most clearly shown in FIGS. 18] and 18L, locking member (1850) has a lumen
(1852) configured to receive a plug, as well as two apertures (1854) and (1856) configured for
passage of a tether (1858) therethrough. The configuration of locking member (1850) may, for
example, provide for relatively controlled tether routing through the locking member. This, in
turn, may help to control the way in which locking member (1850) lies against body tissue

and/or one or more anchors during use.

[0122]  FIGS. 180 and 18P show another variation of a plug that may be used to
secure a tether. In some variations, the plug may be rotatable (e.g., within a lumen of a locking
tube). As shown in FIGS. 180 and 18P, a plug (1870) comprises a body (1872) and a plurality
of protrusions (as shown, three protrusions, although a greater or lesser number of protrusions
may also be used) in the form of a stepped configuration (1874) extending from the body. The
radial length for each protrusion (1876), (1878), and (1880) is longer than the previous
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protrusion. During use, plug (1870) may be fitted into a lumen (1882) of a locking tube (1884)
(FIG. 18P) or other locking member (e.g., by advancing the plug into the lumen with a pushing
member). As the plug is rotated, the progressively longer protrusions may contact a tether
crossing the lumen, and may secure the tether within the lumen. Other configurations may also
be used. For example, in some variations, a rotatable plug may comprise a gear-shaped portion
comprising a plurality of teeth of different lengths (e.g., with each tooth progressively longer

than the previous tooth).

[0123]  In certain variations, a locking element may lock a tether using one or
more methods that are different from those described above. The method or methods may be
used in addition to, or as an alternative to, tensioning a tether to rotate a rotatable plug and

thereby lock the tether.

[0124]  For example, FIGS. 18Q-18X show a variation of a locking element
comprising a rotatable plug, where the locking element uses a pullwire mechanism to lock a
tether. As shown there, a locking element (1885) comprises a generally spherical locking
member (1886), a rotatable plug or cam (1893) disposed within a lumen (1833) of locking
member (1886), and a pullwire (1889) passing through a channel (1839) in locking member
(1886) (FIG. 18R). FIGS. 18Q-18S depict locking device (1885) in its unlocked or open
position, and FIGS. 18V-18X depict locking device (1885) in its locked or closed position.

[0125] Inuse, plug (1893) may be advanced into lumen (1833) of locking
member (1886), and a tether (not shown) may be routed through the locking member when the
locking member is in its unlocked position. It should be noted that in some variations, a locking
element may comprise a locking member and a rotatable plug that are preassembled. Locking
member (1886) includes two apertures (1887) and (1891) configured for passage of a tether
therethrough, and plug (1893) also has a slot (1888) configured for passage of a tether when the

locking element is in its unlocked position.

[0126]  After a tether has been routed through locking element (1885), pullwire
(1889) may be actuated (e.g., by pulling on the pullwire) to transition locking element (1885)
into its locked position. Plug (1893) includes a notch (1831) (FIG. 18U) configured to interface
with a notch (1897) (FIGS. 18R, 18S, and 18W) on pullwire (1889). More specifically, when

-34-



WO 2010/042857 PCT/US2009/060227

pullwire (1889) is actuated, notch (1897) on pullwire (1889) engages notch (1831) on plug
(1893), thereby causing plug (1893) to rotate. The rotation of the plug helps to secure the tether.
Additionally, plug (1893) includes steps (1899) configured to engage the tether as the plug is
rotated, thereby helping to lock the tether in place. Other suitable devices and methods for
locking a tether using a rotatable plug, and/or using any other suitable mechanism, may
alternatively or additionally be employed, as appropriate. Tether-locking devices are described,
for example, in U.S. Patent Application Publication Nos. US 2006/190030 A1 and US
2006/0122633 A1, U.S. Patent Application Serial No. 12/480,568, filed on June 8, 2009, and
U.S. Provisional Application Nos. 61/104,681, filed on October 10, 2009, all of which were

previously incorporated by reference in their entirety.

[0127]  Asdescribed above, in operation, a locking element may be secured to a
tether to fix the length of the tether and/or to prevent the tether from moving. After the tether has
been locked, any excess length of the tether may be cut and removed. In some variations in
which a detachable locking element is used, a tether may be cut to remove excess material either
before or after detaching the locking element from the rest of the device. Generally, the tether is
cut proximal to the locking mechanism. In many cases, it may be desirable to cut the tether as
closely as possible to the locking mechanism, while leaving enough excess length to allow for

any slippage that may occur.

[0128]  In certain variations, a tether may be tensioned prior to being cut. The
tensioning may or may not provide a cinching effect. In some cases, the tensioning may make a
portion of the tether easier to cut. In certain variations, a single device may be used to both
tension and cut a tether, while in other variations, one device may be used to tension a tether and
a different device may be used to cut the tether. In some variations, different devices may be
used for each of the following functions: the tensioning of a tether, locking of the tether, and
cutting of the tether. In other variations, one device may be used to perform at least two of the

above functions, and a single device may perform all three of the functions.

[0129]  FIGS. 10A and 10B show a variation of a tether tensioning device (1000)
that may also be used to cut a tether. As shown there, tether tensioning device (1000) comprises
a handle portion (1001) coupled to an elongated member (1006). Elongated member (1006)

comprises an inner member (1011) at least partially disposed within a lumen of an outer member
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(1090), and may, for example, be in the form of a catheter. Handle portion (1001) comprises a
housing (1003), a rotatable tensioning member (1005) coupled to housing (1003), and a button
slider (1007) and retainer (1008) disposed within a slot (not shown) in housing (1003). Tether
tensioning device (1000) further comprises a cutting element (1012) in a distal portion of
elongated member (1006). For tensioning a tether, rotatable tensioning member (1005) functions

in the same way as rotatable tensioning member (205) of tether tensioning device (200) above.

[0130] Rotatable tensioning member (1005) comprises a tensioning wheel (1002),
a bobbin (1016), a compression spring (1018), and a gear (1020). Rotatable tensioning member
(1005) is configured to apply tension to a tether that is engaged to bobbin (1016). Tensioning
wheel (1002) and gear (1020) may be coupled together in a variety of ways. As shown here,
gear (1020) may comprise a rectangular protrusion (1050) that couples to a corresponding
indentation (not shown) in tensioning wheel (1002). Alternatively or additionally, a gear and
tensioning wheel may be coupled by one or more screws, or may even be manufactured as one
continuous piece. Compression spring (1018) seats tensioning wheel (1002) and bobbin (1016)
together so that tensioning wheel (1002) and bobbin (1016) can rotate in unison. When the
tension on the tether generates a torque force that exceeds the force generated by compression
spring (1018), then tensioning wheel (1002) and bobbin (1016) may disengage, such that the

tether may not be further tensioned using tether tensioning device (1000).

[0131] Compression springs having varying levels of stiffness may be used to
vary the upper bound of tension that may be applied to a tether being tensioned by tether
tensioning device (1000). As an alternative to using a compression spring or in addition to using
a compression spring, one or more high-friction elements may be used to couple a tensioning
wheel and a bobbin. The coefficient of friction of the material or materials of the high-friction

elements may determine the upper bound of tension that can be applied to the tether.

[0132] In certain variations, a tether tensioning device (e.g., comprising one or
more locking and/or cutting elements, or not comprising any locking or cutting elements) may
not comprise a mechanism that prevents over-tensioning of the tether. Moreover, in some
variations, a tether tensioning device may not comprise a rotatable tensioning member. In
certain variations, a tether tensioning device may comprise a lever-arm, and/or a slidable and/or

depressible button, that may expand previously compressed members to adjust the tension on the
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tether. The tensioning device may comprise the lever-arm and/or slidable and/or depressible
button either as an alternative to, or in addition to, a rotatable tensioning member. Other

expanding mechanisms may alternatively or additionally be used, as appropriate.

[0133] Tensioning wheel (1002), bobbin (1016), and/or gear (1020) may be made
of any suitable material, such as polycarbonate and/or ABS. The tensioning wheel, bobbin,
and/or gear may be made one or more of the same materials, or may all be made of different
materials. Compression spring (1018) may be made of any suitably stiff material or materials,

such as stainless steel and/or cobalt-chromium.

[0134] Release lever (1004) is seated in a double-notched aperture in housing
(1003) of handle portion (1001). When in one notch, the release lever allows bidirectional
continuous rotation of tensioning wheel (1002). However, when in the other notch, the release
lever allows only unidirectional discrete rotation of tensioning wheel (1002). In certain
variations, a release lever may not protrude from a handle portion housing, and/or may be

located internally of a tether tensioning device (e.g., actuated by a button or slider).

[0135]  As described above, button slider (1007) is disposed within a slot (not
shown) in housing (1003) of handle portion (1001). Button slider (1007) has an aperture (1010)
therethrough. The diameter of aperture (1010) may be selected to allow aperture (1010) to
receive inner member (1011) of elongated member (1006). The inner member may form a
friction fit with the aperture, such that movement of button slider (1007) within the slot results in
corresponding movement of inner member (1011). In certain variations, the inner member may
be further coupled to button slider (1007) (e.g., using one or more adhesives, and/or by applying
heat to fuse the inner member to the button slider). Inner member (1011) may be coupled to
cutting element (1012), and may be used to actuate the cutting element to cut a tether. Examples

of cutting elements are further described below.

[0136] FIG. 10C shows retainer (1008) in enlarged detail. Retainer (1008) is
configured to immobilize button slider (1007) when retainer (1008) is disposed within the same
slot as the button slider. This immobilization may help to prevent unintentional button slider
movement. Retainer (1008) may be any suitable shape or size that substantially blocks the

movement of the button slider. The retainer may be made of any suitable material or materials,
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such as polymers (e.g., polycarbonate, ABS). In certain variations, retainer (1008) may be
internal to tether tensioning device (1000), and may be actuated by a button or slider on an
external surface of the tether tensioning device. In some variations, retainer (1008) may be
engaged to tether tensioning device (1000) by a tether and/or a snap closure. Other suitable
engagement mechanisms may alternatively or additionally be used. Moreover, a retainer may

have one or more other features (e.g., color-coding), as discussed above.

[0137] A variety of different suitable cutting elements and devices may be used to
cut a tether. As an example, FIG. 11A shows a cutting device (1101) that may be used to cut a
tether (1100) extending through anchors (1126). Cutting device (1101) comprises a catheter
(1105) and a tubular cutter (1107) disposed within catheter (1105). As shown in FIG. 11A,
tether (1100) has been fixed by a locking element (1104), and has been threaded into catheter
(1105) such that it exits through a side opening (1106) in the catheter. Tether (1100) can be
threaded into catheter (1105) by any suitable method including, for example, one or more of the
methods described above. Tubular cutter (1107) has an edge (1108) that is sufficiently sharp to
cut a tether. For example, tubular cutter (1107) may be in the form of a metal tube having a
sharpened edge. During use, tubular cutter (1107), which is attached to a flexible tube or a rod,
is advanced within catheter (1105) such that the tubular cutter passes over side opening (1106).
As tubular cutter (1107) is advanced over tether (1100), tubular cutter (1107) shears off the
excess portion of the tether. While tubular cutter (1107) is tubular in shape, other configurations
of cutters may be used. For example, a cutter may be semitubular (e.g., having a shape similar to
a half-pipe), or may have any other suitable configuration. In some variations, a cutter may not

be tubular or semitubular. As an example, a cutter may be in the form of a flat blade.

[0138] In some variations, and as shown in FIG. 11B, a cutting device (1143)
comprises a catheter (1145), a base (1149) positioned on an interior surface of the catheter, and a
tubular cutter (1147) concentrically disposed within the catheter. While cutter (1147) is tubular,
other configurations of cutters may be used, as described above. Base (1149) can, for example,
be in the form of a block that is attached to the interior surface of catheter (1145), or that is
integral with the interior surface of catheter (1145). Base (1149) can be formed of any suitable
material, such as any elastomeric or rigid material. FIG. 11B shows cutting device (1143) being
used to cut a tether (1134) extending through anchors (1190), into catheter (1145), and through a
side opening (1146) in catheter (1145). Prior to being cut, tether (1134) is fixed in place by a
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locking element (1144). Then, tubular cutter (1147) is advanced to cut tether (1134). Tubular
cutter (1147) is advanced against base (1149), which assists tubular cutter (1147) in cutting
tether (1134). In some variations, tubular cutter (1147) can be spun or rotated to improve

cutting.

[0139]  Tubular cutters can have any suitable cutting edge configuration. For
example, a tubular cutter may have a beveled cutting edge, as exemplified by tubular cutter
(1155) of FIG. 11C, a sharpened outer cutting edge, as exemplified by tubular cutter (1156) of
FIG. 11D, or a sharpened inner cutting edge, as exemplified by tubular cutter (1157) of FIG.
11E. In addition, a tubular cutter may have a serrated or saw-tooth pattern of sharp protrusions
around its perimeter to aid in cutting. Such variations may be used, for example, when the

tubular cutter is spun or rotated during the cutting process.

[0140] In some variations, and as shown in FIG. 11F, a tubular cutter (1160) can
be positioned in front of a side opening (1162) in a catheter (1164). Tubular cutter (1160) can
then be pulled in a proximal direction toward side opening (1162) (indicated by solid arrow) to
cut a tether (1170) extending through side opening (1162), which has been fixed by a locking
element (1174). Pulling a cutter proximally may provide for a relatively easy and/or efficient

way of cutting a tether.

[0141] FIG. 12 shows another variation of a cutting device. As shown there, a
cutting device (1200) comprises a tubular elongated member (1202) having a lumen (1203), and
a cutter (1204) disposed within the lumen of the elongated member. Cutter (1204) has a cutting
blade (1206) that faces in a proximal direction. Elongated member (1202) comprises a side wall
(1208) having two openings (1210) and (1212) through which a tether (1214) is threaded, such
that the tether crosses the lumen of the elongated member. While two side wall openings are
shown, other variations of devices may include a different number of side wall openings, such as
three or four side wall openings. When it is desired to sever tether (1214), cutter (1204) is pulled
proximally using a pulling member (1216) that is attached to cutter (1204). This causes cutting
blade (1206) to contact and sever tether (1214). While cutter (1204) is pulled proximally using
pulling member (1216), in some variations, a cutter disposed within the lumen of an elongated

member may alternatively or additionally be pushed in a proximal direction. For example, a
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pushing member may be placed into the elongated member at its distal end, and used to push the

cutter toward the proximal end of the elongated member.

[0142]  While cutting devices comprising catheters and cutters that are located
internally of their catheters have been shown, some variations of cutting devices may include a
catheter and one or more cutters that are located externally of the catheter. Such variations of
cutting devices may or may not additionally include one or more cutters that are located

internally of the catheter.

[0143] A tether cutter may comprise any appropriate structure or material.
Moreover, in addition to the tubular cutters described above, other examples of tether cutters
include tether cutters that cut by heat, electricity, chemical reaction, or the like. For example, in
some variations, a tether cutter may comprise an electrode or filament through which electrical

energy is applied to cut a tether.

[0144]  While locking devices and cutting devices have been described, in some
variations, a single device can provide both locking and cutting functions. As an example, in
some variations, a tether tensioning device may comprise both a tether-locking element and a
tether-cutting element. FIGS. 13A and 13B illustrate different examples of tether cutters that

may be incorporated into a device that also includes a locking element.

[0145] FIG. 13A shows a device (1301) that is in the form of a catheter and that
comprises a detachable locking element. The device also includes a tubular tether cutter (1302)
having a sharpened outer edge (1304), and a pushing member (1315) that passes through cutter
(1302). Device (1301) further includes guides which can guide a tether (1300) through the
device and position the tether for cutting. As shown in FIG. 13A, tether (1300) is positioned
through the device so that it can be readily cut by cutter (1302) when the cutter is brought
forward (e.g., moving the cutter distally). In FIG. 13A, cutter (1302) has at least one edge (e.g.,
over half of the cutter’s circumference) so that at least one end of the tether (e.g., the end

contacting the more proximal end of the tether) is cut by the cutter.

[0146]  As described above, other types of tether cutters may be used as well. For
example, FIG. 13B shows a device (1321) comprising a similar tubular tether cutter (1310) that

is configured to cut the tether when the cutter is retracted proximally. In FIG. 13B, cutter (1310)
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has a passage (1312) through which a tether (1320) passes, and where at least a portion (1314) of
the cutter is sharp. Tether (1320) also passes through the wall of the device (configured as a
catheter in FIG. 13B, although other suitable configurations may be used). The end of the tether
can be cut by drawing the tether taut after securing the locking element of the device and then

moving the cutter against the tether so that it is cut.

[0147]  Additional variations of devices that serve both a tether-locking function
and a tether-cutting function may be used. For example, in certain variations, a device may
comprise a tether cutter that is configured to cut a tether when the cutter is pulled proximally
(e.g., like cutter (1204) in FIG. 12 above), as well as a locking element comprising an
interlocking feature, such as interlocking feature (812) (shown in, and described with reference
to, FIGS. 8A-8C). Other suitable combinations of locking and cutting elements may also be

used, as appropriate.

[0148] While tensioning devices comprising locking and/or cutting elements have
been described above, in some variations, separate tensioning devices and locking and/or cutting
devices may be employed. Moreover, in certain variations, a tensioning device may serve one or
more other functions. As an example, a tensioning device may be used to deliver one or more

therapeutic agents to a target site.

[0149]  While certain variations of tensioning, locking, and cutting devices and
methods have been described above, other variations may be used. As an example, in some
variations, a cutting device may be used to cut a tether that is not under tension. In such
variations, the tether may be cut, for example, by forcing the tether against a wall of the cutting
device and using the wall as a backing for cutting the tether. Locking, cutting, and tensioning
devices are described, for example, in U.S. Patent Application Publication Nos. US
2006/0190030 A1, US 2006/0122633 A1, and US 2008/0172035 A1, all of which were

previously incorporated by reference in their entirety.

Examples

[0150] The following examples describe the use of anchors and tensioning

devices for treating a cardiac valve tissue. These examples are only intended to illustrate one
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possible use of the anchors, tensioning devices, and related methods, and should not be

considered limiting.

[0151] In some variations, one or more of the devices described here may be
used for treatment of a cardiac valve dysfunction. For example, one or more anchor delivery
devices may be positioned at a target site in tissue in the vicinity of a valve annulus using a guide
tunnel, a plurality of slidably coupled anchors may be delivered from the delivery device(s), and
the anchors may be drawn together to tighten a valve annulus. The devices used for anchor
delivery may include an elongate catheter with a housing at or near the distal end for releasably
housing one or more anchors, as well as guide devices for facilitating advancement and/or
positioning of an anchor delivery device. The devices may be positioned such that the housing
abuts or is close to valve annular tissue, such as the region within the upper left ventricle bound
by the left ventricular wall, a mitral valve leaflet and chordae tendineae. Self-securing anchors
having any of a number of different configurations may be used in certain variations. After the
tethered anchors have been delivered to a target tissue, the tether may be tensioned, locked,

and/or cut using any of the devices described here or any other suitable devices.

[0152]  For example, FIG. 14 is a schematic diagram illustrating the chambers of
the heart (H), including the right atrium (RA), left atrium (LA), right ventricle (RV), and left
ventricle (LV). The mitral valve (MV) is the valve between left atrium (LLA) and left ventricle
(LV), and includes mitral valve leaflets (MVL). The subannular groove region (SAG), as used
herein, includes the space bordered by the inner surface of the left ventricular wall, the inferior
surface of valve leaflets (MVL), and third order chordae tendineae connected directly to the

ventricular wall (VW) and valve leaflets (MVL). Blood exits the heart through the aorta (AA).

[0153] FIGS. 15A-151 depict a variation of a method for repairing a
malfunctioning mitral valve. As shown there, mitral valve (MV) is depicted schematically from
an inferior perspective looking in a superior direction. It should be noted that in other variations
of methods, the tricuspid valve, pulmonary valve or aortic valve may alternatively or additionally
be accessed. Referring to FIG. 15A, a guide catheter (1540) may be advanced to a subannular
groove region (1504) using any suitable access route, such as one the access routes described, for
example, in U.S. Patent Application Publication No. US 2009/0222083 A1, which is hereby

incorporated by reference in its entirety. Guide catheters are described, for example, in U.S.
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Provisional Application Nos. 61/145,964, filed on January 20, 2009; 61/160,670, filed on March
16, 2009; and 61/178,938, filed on May 15, 2009, all of which are hereby incorporated by
reference in their entirety. As shown in FIG. 15B, after guide catheter (1540) has been
positioned at the desired location in subannular groove region (1504), a guidewire (1544) is
advanced through the lumen of guide catheter (1540). Guidewire (1544) may be advanced
beyond the distal end (1546) of guide catheter (1540), so that guidewire (1544) extends further
along subannular groove region (1504) than guide catheter (1540), as shown in FIG. 15B.

[0154]  After guidewire (1544) has been positioned in the subannular groove
region (1504), a guide tunnel or tunnel catheter (1548) is advanced through guide catheter
(1540), over guidewire (1544), as shown in FIG. 15C. Tunnel catheter (1548) may be any
suitable catheter, and in some instances, it is desirable that the tunnel catheter be pre-shaped or
pre-formed at its distal end, such as the tunnel catheter illustrated in FIG. 15C. In some
variations, tunnel catheter (1548) may have a pre-shaped distal portion that is curved. In this
way, the tunnel catheter may more easily conform to the geometry of the atrio-ventricular valve.
It should also be understood that any of the catheters or guidewires described here may be pre-
shaped or pre-formed to include any number of suitable curves, angles or configurations. Of
course, the guidewires and/or catheters described here may also be steerable. Catheters, such as
tunnel catheters, are described, for example, in U.S. Patent Application Publication No. US

2009/0222083 A1, which was previously incorporated by reference in its entirety.

[0155]  After tunnel catheter (1548) has been positioned in the subannular groove
region (1504), guidewire (1544) may be withdrawn proximally, as shown in FIG. 15D. A
delivery catheter (not shown) may then be advanced through the lumen of tunnel catheter (1548)
and toward opening (1554) at or adjacent to the distal tip (1556) of tunnel catheter (1548). In the
variation depicted in FIG. 15E, the delivery catheter remains within tunnel catheter (1548), and
an anchor (1558) is deployed through opening (1554) to attach to the body tissue. In other
variations, however, the delivery catheter may be extended through opening (1554) of tunnel
catheter (1548). Exemplary variations of delivery catheters are described, for example, in U.S.
Patent Application Publication No. US 2009/0222083 A1, which was previously incorporated by
reference in its entirety, and in U.S. Provisional Application Nos. 61/160,230, filed on March 13,
2009, and 61/178,910, filed on May 15, 2009, both of which are hereby incorporated by
reference in their entirety.
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[0156] In some variations, opening (1554) is the distalmost anchor delivery
opening of tunnel catheter (1548), but in certain variations, one or more openings may have a
separate lumen in tunnel catheter (1548), so that any anchors deployed from such openings
would not interfere with, or restrict the deployment of, subsequent tissue anchors distal to those
openings. Furthermore, although FIG. 15E depicts opening (1554) as a side opening of tunnel
catheter (1548), in some variations, opening (1554) may be located at the distal tip (1556) and
may be the same opening shown with a distally protruding guidewire (1544) in FIG. 15C.

[0157]  Anchor (1558), shown in FIG. 15E, is preferably a self-expanding design
as it exits the delivery catheter and tunnel catheter (1548) to self-secure into the annular tissue
accessible from subannular groove region (1504). It should be understood that one or more
anchors of an implant may be deployed into the annulus directly, while other anchors may be
secured to other tissue in the vicinity of the subannular groove region (1504). For example, one
or more anchors may be secured to the tissue below the annulus. After anchor (1558) has been
deployed, the delivery catheter may be proximally withdrawn. A tether (1560), attached to
anchor (1558) and seen best in FIGS. 15G and 15H, may be used to facilitate the insertion of

additional delivery catheters toward the implantation site.

[0158] In this particular method variation, as demonstrated in FIG. 15F, tunnel
catheter (1548) is maintained in the same position while additional anchors (1564) and (1558")
are deployed from additional openings (1564') and (1554') along tunnel catheter (1548). In some
variations, one or more delivery catheters may be serially inserted into tunnel catheter (1548)
using tether (1560) to serially guide anchors (1564) and (1558") through openings (1564") and
(1554"). In certain variations, the delivery catheters may be loaded with one or more anchors at
the point-of-use, while in other variations the delivery catheters may be pre-loaded at the point-
of-manufacture. The delivery catheters may also be reloaded at the point-of-use, or may be
single-use devices that are discarded after anchor deployment. In some variations, the delivery
catheters may be configured to hold two or more anchors (1558), (1558") and (1564) and can
deliver multiple anchors without requiring withdrawal of the delivery catheter between anchor
deployments. Still other multi-anchor delivery catheters may be configured to deliver multiple
anchors simultaneously through multiple openings of tunnel catheter (1548). Anchors (1558),
(1558') and (1564) may be deployed from the delivery catheter and tunnel catheter (1548) in any
suitable fashion, including but not limited to using a push-pull wire, a plunger, and/or any other

-44-



WO 2010/042857 PCT/US2009/060227

suitable actuation technique. Similarly, anchors (1558), (1558') and (1564) may be coupled to
tether (1560) by any suitable attachment method. For example, one or more knots, welded
regions, and/or adhesives may be used. Alternate variations for anchor deployment and anchor
attachments are described, for example, in U.S. Patent Application Publication No. US
2008/0172035 A1, which was previously incorporated by reference in its entirety, and in U.S.
Patent Application Serial No. 12/505,332, filed on July 17, 2009, which is hereby incorporated

by reference in its entirety.

[0159]  After anchor deployment and positioning, the reshaping of cardiac tissue
may be achieved by tensioning the tether to cause a cinching effect that brings the tissue closer
together. In some variations, the anchor deployment device may be removed, and the tether may
be threaded into a tether tensioning device (e.g., using a loading tool, such as one of the loading
tools described above) comprising a locking element and/or cutting element. For example, the
loading tool may be used to thread the tether through the locking element and/or cutting element.
Thereafter, the tether may be coupled to one or more tensioning components of the tether
tensioning device. For example, the tether may be coupled to a rotatable tensioning member of
the tether tensioning device. After the tether has coupled to the tensioning component or
components, tension may be applied to the tether by retracting the tether proximally. In one
variation, this may be achieved by winding the tether around a bobbin, and rotating the bobbin to
provide the desired tension. Optionally, the tether may be tensioned manually, or by winding the
tether around a screw (e.g., on a tether tensioning device), and rotating the screw. In certain
variations, tether tension may be increased and decreased to achieve the desired amount of tissue
cinching. As described above, to limit the likelihood of over-tensioning a tether (and, e.g.,
potentially damaging tissue, such as cardiac tissue) certain variations of tether tensioning devices
may comprise one or more mechanisms that prevent a tether from being tensioned beyond a pre-

determined threshold.

[0160] In some instances, the effect of tether tensioning upon tissue may be
measured or otherwise evaluated using physiological and/or imaging feedback. In certain
variations, the level of desired tissue cinching may be determined by one or more imaging
techniques, such as X-ray fluoroscopy, ultrasound, Echo Doppler, etc. In some variations, in the

treatment of mitral regurgitation, an echocardiologist may monitor the effect of tether-tensioning
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on the amount of regurgitation using transesophageal or transthoracic echo. The transesophageal

or transthoracic echo may provide feedback as to the minimization of leakage.

[0161] In some variations, the reshaping of a ventricle may be performed using a
multi-opening guide tunnel with a releasable tether retaining mechanism, along any of a variety
of dimensions or vectors. For example, referring to FIG. 16, in certain variations, the reshaping
of a ventricle or a valve may occur with respect to the diameter (B) or the circumference (C)
about a valve orifice. For example, diameter (B) and circumference (C) may be reshaped with
respect to subannular groove region (1604). In addition to the reshaping of valvular structures,
reshaping can also be performed with respect to the non-valvular structures of a heart chamber.
For example, one or more of the diameters or circumferences of a heart ventricle may be
reshaped. As shown in FIG. 16, the diameter (B') and the circumference (C') of the ventricle
located generally at or above the papillary muscles may be reshaped. The diameter (B") and
circumference (C") of the ventricle at or below the papillary muscles may also be reshaped. The
orientation of the diameter and circumference that is reshaped or assessed can vary, but in some
variations, the diameter or circumference may be in a generally perpendicular orientation with
respect to a longitudinal axis of a ventricle. One of skill in the art will understand that the
longitudinal axis may be characterized in a number of ways, including but not limited to a
longitudinal axis from a valve orifice to an apex of a heart chamber, or from the apex of a heart
chamber to a point that generally splits the ventricular volume in half. Similarly, some of the
implantation dimensions or vectors may also be oriented with respect to the anterior-posterior

axis or the septo-lateral axis of the heart chamber.

[0162] Referring to FIG. 17, in some variations, the myocardium along vectors
(A) and (D) between a papillary muscle and a valve leaflet may be reshaped. Vectors (D) or (A)
may be between a papillary muscle and its associated valve leaflet, or between a papillary muscle
and an unassociated valve leaflet, respectively. Although vectors (A) and (D) depicted in FIG.
17 are shown from the tip of the papillary muscle, these pathways may also be assessed from the
base of the papillary muscle. Similarly, myocardial pathways including a valve leaflet may be
assessed from the distalmost section, the middle or the base of the valve leaflet. In certain
variations, the reshaping of the heart may occur between the apex of a heart chamber and one or
more valves. For example, reshaping may occur along the vector (E) between the outlet valve
and the apex of a heart chamber, and/or along the pathway (F) between the inlet valve and the
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apex. Cardiac valve repair methods are further described, for example, in U.S. Patent
Application Publication No. US 2009/0222083 A1, which was previously incorporated by

reference in its entirety.

[0163] Kits are also described here. In some variations, the kits may include at
least one tether tensioning device and at least one tether-locking device and/or tether-cutting
device. In certain variations, the kit may include at least one tether-cutting device and at least
one tether tensioning device that also has tether-locking capabilities, or may include at least one
tether-locking device and at least one tether tensioning device that also has tether-cutting
capabilities. In some variations, a kit may include multiple (e.g., 2, 3, 4, 5) different tether
tensioning devices, such as tether tensioning devices having different maximum tether tensioning
thresholds. In certain variations, a kit may include one or more anchor delivery devices. Of

course, instructions for use may also be provided with the kits.

[0164] While methods, devices, and kits have been described in some detail here
by way of illustration and example, such illustration and example is for purposes of clarity of
understanding only. It will be readily apparent to those of ordinary skill in the art in light of the
teachings herein that certain changes and modifications may be made thereto without departing

from the spirit and scope of the appended claims.
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CLAIMS
What is claimed is:

1. A device for tensioning a tether comprising:
a handle portion comprising:
a housing; and
a rotatable tensioning member comprising a tensioning wheel,
wherein the rotatable tensioning member is coupled to the housing and
is configured to engage a tether and to rotate in a first direction to increase the
tension of the tether and in a second direction to decrease the tension of the
tether, and wherein the rotatable tensioning member further comprises a lock-
out mechanism that provides for a maximum amount of tensioning of a tether

engaged by the rotatable tensioning member.

2. The device of claim 1, wherein the rotatable tensioning member further comprises
a bobbin coupled to the tensioning wheel, and at least one compression spring that
is in contact with the bobbin and that exerts a force on the bobbin that determines

the rotatability of the bobbin.

3. The device of claim 2, wherein the tensioning wheel is configured to disengage
from the bobbin when the tension of a tether engaged by the rotatable tensioning

member reaches a predetermined value.

4. The device of claim 3, wherein the bobbin comprises a body defining a notch

sized and shaped to engage a tether.

5. The device of claim 3, wherein the at least one compression spring has a spring

constant of at least about 10 Ib/inch.

6. The device of claim 5, wherein the at least one compression spring has a spring

constant of at most about 30 1b/inch.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The device of claim 3, further comprising an elongated member coupled to a

distal portion of the housing of the handle portion.

The device of claim 7, wherein the elongated member comprises a catheter.

The device of claim 7, further comprising a locking element coupled to a distal
portion of the elongated member, wherein the locking element is configured to

secure a tether.

The device of claim 9, further comprising a tether cutter.

The device of claim 9, wherein the locking element is releasably coupled to the

distal portion of the elongated member.

The device of claim 9, wherein the locking element comprises a plug and a

locking member configured to receive the plug.

The device of claim 12, wherein the plug is compressible.

The device of claim 12, wherein the locking member comprises a lumen
configured to receive the plug, and wherein the plug is rotatable when at least

partially disposed within the lumen.

The device of claim 12, further comprising a pushing member.

The device of claim 15, wherein the pushing member is translatable toward the

plug to push the plug into a lumen of the locking member.

The device of claim 3, further comprising a tether cutter.

The device of claim 3, further comprising a gear configured to rotate the rotatable

tensioning member.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

The device of claim 18, further comprising a lever configured to activate the
rotatable tensioning member to rotate in either the first direction or the second

direction.

The device of claim 19, wherein the lever has a first position in which the lever

engages the gear, and a second position in which the lever releases the gear.

The device of claim 20, wherein when the lever is in the first position, it
maintains the tension of a tether engaged by the rotatable tensioning member in a

static state.

The device of claim 3, further comprising a lever configured to activate the
rotatable tensioning member to rotate in either the first direction or the second

direction.

A kit comprising:
a first device for tensioning a tether as recited in claim 1; and

an anchor delivery device.

The kit of claim 23, wherein the rotatable tensioning member of the first device
further comprises a bobbin coupled to the tensioning wheel, and at least one
compression spring that is in contact with the bobbin and that exerts a force on the

bobbin that determines the rotatability of the bobbin.

The device of claim 24, wherein the tensioning wheel is configured to disengage
from the bobbin when the tension of a tether engaged by the rotatable tensioning

member reaches a predetermined value.

The kit of claim 25, further comprising a second device for tensioning a tether.

The kit of claim 26, wherein the first tether tensioning device has a first maximum
tether tensioning threshold, and the second tether tensioning device has a second

maximum tether tensioning threshold.
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28. The kit of claim 25, further comprising a tether locking device.

29. The kit of claim 28, further comprising a tether cutting device.

30. The kit of claim 25, further comprising a tether cutting device.
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