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ABSTRACT

Surgical and percutancous devices for closing tissue, for example, the left atrial appendage, may
have an elongate body, and a closure element with a loop having a continuous aperture
therethrough. The closure devices may have a malleable member attached to the elongate body
that may be configured to retain a curve after a force is applied to the malleable member.
System and methods for closing the left atrial appendage may utilize a closure device and a

curved guide device, and the closure device and curved guide device may be self-orienting.

Date Recue/Date Received 2022-10-03



DEVICES AND METHODS FOR LEFT ATRIAL APPENDAGE CLOSURE

[0001] This paragraph has been intentionally left blank.
FIELD

[0002] This invention relates generally to devices and methods for ligating tissue, such as the

left atrial appendage, using surgically, minimally invasive, or intravascular approaches.
BACKGROUND OF THE INVENTION

[0003] Atrial fibrillation is a common problem that afflicts millions of patients. Atrial
fibrillation often results in the formation of a thrombus, or clot, in the appendage of the left
atrium. This presents a problem, inasmuch as the thrombus can dislodge and embolize to distant
organs, which may result in adverse events such as a stroke. For this reason, most patients with
atrial fibrillation are treated with one or more blood thinners to help prevent the formation of a
thrombus. Blood thinners, however, can present health risks of their own, especially in the

elderly. These risks, such as bleeding, often require a user to make significant lifestyle changes.

[0004] Secveral methods have been developed to address the potential problem of thrombus
formation in the left atrial appendage. One such method includes suturing the left atrial
appendage along the base or ostial neck where it joins the atrial chamber. In this way, blood
flow into the atrial appendage is cut off, eliminating the risk of thrombus formation therein.
Other methods have also been investigated. These methods include stapling the base of the
appendage and filling the appendage with a space-occupying or occluding member. Stapling is
not preferred given the fragility of the appendage and its tendency to rupture, whereas occlusion

devices may not effectively prevent all blood flow into the appendage.

[0005] Most of these procedures are typically performed through open-heart surgery; however,
some may also be performed using minimally invasive techniques. Open-heart surgery may
limit the availability of these procedures to those who are at a particularly high risk, or who are
otherwise undergoing an open-heart procedure. In addition, open-heart surgery requires general

anesthesia and has a number of well-known risks, which may make it less desirable for some.
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Therefore, additional devices and methods for closing the left atrial appendage using minimally
invasive, intravascular, or a combination of these techniques would be desirable in order to

avoid the need for opening the chest.

[0006] However, at times, the closure of the left atrial appendage is a concomitant procedure
during other cardiac procedures, and performing the closure during an open-heart procedure may
provide benefits in comparison to a minimally invasive procedure. For example, performing the
closure during an open-heart procedure may make it easier for instruments to access the heart
and may allow for better control or maneuverability of those instruments. Additionally, using an
open-heart approach may provide a better view of the heart and the surrounding tissue during the
procedure. Thus, additional devices for use in open surgical procedures are desirable, especially

when those devices offer additional advantages over standard devices.
BRIEF SUMMARY OF THE INVENTION

[0007] Described here are devices, systems, and methods for closing the left atrial appendage.
In general, the devices described here may comprise an elongate body, a closure element, and a
suture loop. In some variations, the elongate body may comprise a stiffened proximal portion, a
flexible middle portion, and a flexible distal portion. The stiffened proximal portion and the
flexible middle portion may comprise cylindrical cross-sections, and the flexible distal portion
may comprise a D-shaped cross-section having a height. In some variations, a diameter of the
stiffened proximal portion may be greater than a diameter of the flexible middle portion, and a
diameter of the flexible middle portion may be greater than the height of the distal portion. In
some instances, the elongate body may be configured to resist rotating when a torsional force is
applied. The closure element may comprise a loop defining a continuous aperture therethough
and may be at least partially housed within the elongate body. In some variations, the stiffened

proximal portion may comprise a braided catheter.

[0008] In these embodiments, the elongate body may comprise a lumen therethrough and a
hypotube disposed within the lumen. In some variations, the hypotube and the stiffened
proximal portion may be similar lengths. Additionally, the hypotube may comprise a laser cut
pattern. In other embodiments, the stiffened proximal portion may comprise a catheter and a
stiffening element. For example, the stiffening element may comprise a braided sheath adhered
to the catheter and/or a wire embedded in the catheter. In some variations, the catheter may

comprise a lumen therethrough and the stiffening element may comprise a polymer tube
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disposed in the lumen. In these variations, the polymer tube may be more resistant to bending

than the catheter. In other variations, the catheter may comprise a lumen therethrough and the

stiffening element may comprise a stainless steel hypotube disposed in the lumen. The closure
devices may further comprise a laminated jacket on the stiffened proximal portion and the

flexible middle portion.

[0009] In some variations, the elongate body of the devices described here may comprise a
tapered transition between the flexible middle portion and the flexible distal portion. In some
instances, the elongate body may comprise a second flexible middle portion between the flexible
middle portion and the flexible distal portion, and the second flexible middle portion may
comprise a D-shaped cross-section. The length of the flexible middle portion may be between
about 1.50 inches (3.81 cm) and about 2.50 inches (6.35 cm), and in some variations, it may be
about 1.90 inches (4.83 cm). The length of the second flexible middle portion may be between
about 2.00 inches (5.08 cm) and 3.00 inches (7.62 cm), and in some instances, may be about
2.30 inches (5.84 cm). In some embodiments, the elongate body may further comprise a tapered

transition between the second flexible middle portion and the flexible distal portion.

[0010] The stiffened proximal portion of the devices described here may have a diameter
between about 0.160 inches (4.064 mm) and about 0.169 inches (4.293 mm), and in some
instances, the diameter of the stiffened proximal portion may be about 0.163 inches (4.115 mm).
The flexible middle portion of the devices described here may have a diameter of between about
0.156 inches (3.962 mm) and 0.162 inches (4.115 mm), and in some instances, the diameter of
the flexible middle portion may be about 0.160 inches (4.064 mm). The flexible distal portion
may have a height between about 0.094 inches (2.388 mm) and about 0.098 inches (2.489 mm),
and in some instances, the height of the flexible distal portion may be about 0.096 inches (2.438
mm). In some variations, the diameter of the stiffened proximal portion may be less than or

equal to 1.06 times the diameter of the flexible middle portion.

[0011] The stiffened proximal portion may have a length between about 12.00 inches (30.48
cm) and about 14.00 inches (35.56 cm), and in some instances, the length of the stiffened
proximal portion may be about 13.00 inches (33.02 cm). The flexible middle portion may have
a length between about 3.50 inches (8.89 cm) and about 5.0 inches (12.7 cm), and in some
instances, the length of the flexible middle portion may be about 4.20 inches (10.67 cm). The
flexible distal portion of the devices described here may have a length of between about 0.20

inches (5.08 mm) and about 0.40 inches (10.16 mm), and in some instances, the flexible distal
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portion may have a length of about 0.25 inches (6.35 mm). In some embodiments, the length of
the stiffened proximal portion may be at least 2.5 times greater than the length of the flexible
middle portion. In some variations, the length of the stiffened proximal portion may be at least

3.0 times greater than the length of the flexible middle portion.

[0012] The closure devices may further comprise a first lumen and a second lumen. In some
variations, there may be at least about 0.005 inches (0.127 mm) between the first and second
lumens. In some embodiments, the closure devices may also comprise a handle, and rotating the
handle 180 degrees may cause a distal tip of the elongate body to rotate at least 120 degrees, at
least 160 degrees, or at least 175 degrees. Moreover, in some variations, the closure device may
further comprise a lumen configured to retain an end of the suture loop, and the lumen may

comprise a PTFE lining.

[0013] In some embodiments, surgical devices for closing the left atrial appendage may
comprise an elongate body, a closure element, and a malleable member. The elongate body may
comprise a first lumen, a second lumen, and a third lumen. The closure element may comprise a
loop defining a continuous aperture therethrough. A first end of the closure element may be
slideably disposed in the first lumen, and a second end of the closure element may be fixedly
disposed in the second lumen. The malleable member may be fixedly attached to the elongate
body and may be configured to retain a curve after a force is applied. In some variations,
applying a force to the malleable member may modify the curvature of the elongate body. The
surgical closure devices may be configured to close a left atrial appendage during an open
surgical procedure, for example, a median sternotomy, a mini sternotomy, a thoracotomy, or a
thoracoscopy. In some variations, the closure devices described here may further comprise at

least one of a scope, a light, or a camera.

[0014] In some variations, the malleable member may be disposed in the third lumen. For
example, the malleable member may comprise a first end and a second end, and the first end
may be fixedly attached to a proximal end of the third lumen while the second end is fixedly
attached to a distal end of the third lumen. In some instances, the malleable member may
comprise an annealed stainless steel wire. The malleable member may also comprise a jacket
around the elongate body, and the surgical closure device may further comprise a pull wire
disposed in the third lumen. The pull wire may be configured to deflect a distal end of the
elongate body. In some variations, the jacket may be annealed stainless steel and/or may

comprise a spiral cut pattern.
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[0015] The closure devices described here may further comprise a handle and a tensioning
mechanism releasably coupled to the handle. For example, the tensioning mechanism may be
rotatably coupled to the handle. In some instances, the closure device may further comprise a
suture loop, and the tensioning mechanism may be configured to close the suture loop around
tissue after it is released from the handle. In some variations, the tensioning mechanism may

lock into the handle.

[0016] Also described here are systems for closing the left atrial appendage. Any of the
closure devices described here may be used with any of the described systems. A system for
closing the left atrial appendage may comprise a closure device and a curved guide device. The
closure device may comprise a curved elongate body, a closure loop, and a handle, and the
curved elongate body may comprise a stiffened proximal portion and a flexible distal portion.
The stiffened proximal portion may comprise a first outer diameter, and the flexible distal
portion may comprise a second outer diameter. In some variations, the first outer diameter may

be greater than the second outer diameter.

[0017] The closure device may comprise a first configuration in which the handle and the
closure loop may be aligned, and a second configuration in which the closure loop is rotated
with respect to the handle. The curved guide device may comprise a lumen that may be
configured to slideably receive the elongate body of the closure device. The curved guide
device and the closure device may comprise a delivery configuration in which the curves of the
guide device and the closure device have different orientations. In some embodiments, the
closure device may be configured to remain in the first configuration when the closure device

and the guide device are in the delivery configuration.

[0018] Methods for closing the left atrial appendage are also described here. Any of the
closure devices described here may be used with any of the described methods. A method for
closing the left atrial appendage may comprise positioning a closure device in a guide device.
The closure device may comprise an elongate body, a closure loop, and a handle, and the
elongate body may comprise a stiffened proximal portion and a flexible distal portion. The
stiffened proximal portion may comprise a first outer diameter, and the flexible distal portion
may comprise a second outer diameter. In some variations, the first outer diameter may be
greater than the second outer diameter. In some instances, the guide device may comprise a
lumen that may be configured to slideably receive the elongate body of the closure device.

Moreover, in some embodiments, the closure device and the guide device may be self-orienting.

5



CA 02980740 2017~09~22

WO 2016/154498 PCT/US2016/024117

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 provides a cross-sectional representation of a heart showing various anatomical

structures.

[0020] FIGS. 2A and 2B depict embodiments of a closure device that may be used to close the
left atrial appendage.

[0021] FIG. 3A depicts a distal section of an illustrative variation of a closure device with a

snare loop assembly and FIGS. 3B-3F depict different orientations of the snare loop assembly.

[0022] FIG. 4 depicts an illustrative variation of an elongate body suitable for use with the

closure devices described here.

[0023] FIGS. 5A and 5B are cross-sectional views of variations of an elongate body suitable

for use with the closure devices here.

[0024] FIG. 6A depicts a perspective view and FIGS. 6B and 6D-6F depict cross-sectional
views of an embodiment of an elongate body of the closure devices described here. FIG. 6C
depicts a distal end of an embodiment of an elongate body. FIG. 6G depicts a perspective view

of the embodiment shown in FIG. 6A with a tip.

[0025] FIG. 7 illustrates an embodiment of an elongate body with stiffened and flexible

portions.

[0026] FIGS. 8A-8C depict variations of a transition of an elongate body.

[0027] FIG. 9 is an exploded view of an embodiment of an elongate body.

[0028] FIGS. 10A and 10B depict variations of an embodiment of a stiffening element.

[0029] FIGS. 11A and 11B illustrate variations of an embodiment of a closure device with a
malleable member. FIG. 11C is a cross-sectional view of the embodiment of the closure device

shown in FIG. 11A.

[0030] FIG. 12 provides an embodiment of the closure devices described here with a

visualization tool.
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[0031] FIG. 13A is a perspective view of an embodiment of the closure devices described here
with a visualization tool. FIG. 13B is a cross-sectional view of a portion of the embodiment of

the closure device shown in FIG. 13A.
[0032] FIG. 14 depicts an embodiment of a tensioning mechanism.

[0033] FIGS. 15A and 15B are perspective and cut-away views, respectively, of a portion of

an embodiment of a handle of a closure device.

[0034] FIGS. 16A and 16B illustrate an embodiment of a closure device with a tensioning

mechanism coupled to the handle.

[0035] FIGS. 17A-17C depict systems described here having a closure device and a guide

device.

[0036] FIG. 18 illustrates an embodiment of a closure device comprising a curved distal

segment.

[0037] FIGS. 19A, 19B, and 19C depict perspective, side, and bottom views, respectively, of a

variation of the elongate body of the closure devices described here.

[0038] FIG. 20 illustrates a perspective view of a variation of the elongate body of the closure

devices described here.
DETAILED DESCRIPTION OF THE INVENTION

[0039] Described here are devices, systems, and methods for closing tissue, for example, the
left atrial appendage. In instances where the heart is the relevant anatomy, it may be helpful to
briefly identify and describe the relevant heart anatomy. FIG. 1 is a cross-sectional view of the
heart (100). Shown there is the left atrium (102) and the left ventricle (104). In between the left
atrium (102) and the left ventricle (104) is the mitral valve (also known as the bicuspid valve),
which is defined by a pair of mitral valve leaflets (106). The leaflets are connected to chordae
tendinae (108) that are connected to papillary muscles (110). The papillary muscles join the
ventricular wall (112). The left atrial appendage (114) is shown adjacent to, and is formed from,

the wall of the left atrium (102).

[0040] As can be seen, the left atrial appendage (114) lies within the boundaries of the
pericardium (116) and is in close proximity to the ventricular wall (112). The left atrial
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appendage typically has a tubular shape that approximates a cone, with a slight narrowing or
neck in the plane of the orifice where it joins the left atrium (102). In patients with atrial
fibrillation, the left atrial appendage (114) is the most common location for thrombosis
formation, which, in time, may dislodge and cause a devastating stroke. Because stroke is the
primary complication of atrial fibrillation, the left atrial appendage is frequently excluded from
the left atrinm in those patients undergoing procedures to treat atrial fibrillation, and is often
removed or excluded at the time of other surgical procedures, such as mitral valve surgery, to
reduce the risk of a future stroke. The devices and systems described here help ensure proper
closure of the left atrial appendage at the neck or base of the left atrial appendage, along the
anatomic ostial plane. In this way, exclusion of the entire left atrial appendage from systemic

circulation may be facilitated.
I.  Devices

[0041] Described here are closure devices, and methods for closing tissues using these closure
devices. Generally, the closure devices comprise an elongate body and a snare loop assembly
that may extend at least partially from the elongate body to capture and hold tissue. The snare
loop assembly typically comprises a closure element, for example, a snare, and a suture loop
releasably coupled to the snare. The snare loop assembly may be closed around tissue to
temporarily or permanently close, ligate, or otherwise tighten tissue, and the suture loop may be
tightened and released from the snare to hold or otherwise maintain the tissue in the closed

configuration.

[0042] The closure devices described here may be suitable for advancement to the left atrial
appendage using minimally invasive (e.g., through a small incision above, beneath, or through
the rib cage, through an incision in the costal cartilage or the xiphoid, through a port, through the
vasculature, and the like.) and surgical (e.g., median sternotomy, mini sternotomy, thoracotomy,
thoracoscopy, and the like) approaches. When the closure devices are advanced through
confined body spaces, such as the pericardial space, advancement or manipulation of the snare
loop assembly within or through these tight spaces may result in the twisting of one or more
sections of the elongate body, which may result in the rotation of the snare loop assembly.
Accordingly, devices of the current invention may resist torsional forces during advancement
through the body. Additionally, in some instances, it may be difficult to access a target tissue
during a procedure because, for example, it may be underneath or covered by other anatomical

structures. Thus, the closure devices described here may be configured to be shapeable such that
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they may retain a curvature in their shafts, which may assist in maneuvering the closure devices
through the body, positioning the closure devices, and accessing and ligating the target tissue.
Additionally, the closure devices described here may comprise elongate bodies with flexible
sections or portions, which may also assist in maneuvering the closure devices through the body,

positioning the closure devices, and accessing and ligating the target tissue.

[0043] The closure devices described here may include any suitable elements or combinations
of clements such as those described in U.S. Patent Application No. 12/752,873, now U.S. Patent
No. 9,198,664, entitled “Tissue Ligation Devices and Controls Therefor” and filed on April 1,
2010. In addition to having an elongate body and a snare loop assembly, the closure devices
typically comprise one or more mechanisms for controlling manipulation and advancement of
the elongate body and/or the snare loop assembly. For example, a handle or other control
mechanism (e.g., a surgical master-slave robotic system) may be used to control and actuate the
snare loop assembly through the elongate body. The handle or other control mechanism may
change the snare loop assembly between a delivery, or “closed,” configuration and a deployed,
or “open,” configuration, and vice versa. Placing the snare loop assembly in a closed
configuration may allow for a low-profile advancement of the snare loop assembly to a target
location and/or may allow the snare loop assembly to close around a target tissue. Conversely,
placing the snare loop assembly in an open configuration may allow the snare loop assembly to
be placed around one or more target tissues and/or may allow the snare loop assembly to release

one or more target tissues previously closed by the snare loop assembly.

[0044] In use, a distal end of an elongate body may be advanced into the body toward a target
tissue (e.g., the left atrial appendage). During advancement, the snare loop assembly may be in a
closed configuration to help prevent the snare loop assembly from snagging or catching on tissue
or other obstructions. Once the distal end of the elongate body has reached a location at or near
the target tissue, the snare loop assembly may be opened to a deployed configuration. The snare
loop assembly may then be advanced, moved, or otherwise manipulated to encircle at least a
portion of the target tissue. The snare loop assembly may then be closed around the encircled
tissue to close, ligate, or otherwise restrict the target tissue. The snare loop assembly may be re-
opened, repositioned, and re-closed as necessary. In some instances, a suture loop or other
restricting device may be tightened and released from the closure device to maintain the target
tissue in a closed fashion. To remove the closure device from the body, the snare loop assembly

may again be opened to release the target tissue (the suture loop or other restricting device may
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remain in place) such that the snare loop assembly and the elongate body may be withdrawn.
Once the target tissue is released, the snare loop assembly may be closed to facilitate a low-
profile withdrawal. In variations where the closure device comprises a tensioning device or
mechanism, the tensioning device or mechanism may be used to release the suture loop from the

snare loop assembly and/or tighten the suture loop.

[0045] The closure devices may contain one or more additional features, as will be described
in more detail below. In some variations, the elongate body may comprise multiple sections
which may have one or more defining characteristics, for example, a particular stiffness, cross-
sectional shape, diameter, etc. Utilizing a closure device with multiple sections may allow a
user to more easily maneuver the device through the body and may provide more control over
the device during a closure procedure. In some instances, the elongate body may be shapeable,
meaning that the elongate body may be manipulated (e.g., bent) and may retain the manipulated
shape until a user or other applied force (e.g., from tissue within the body) further modifies it.
These and other features will be described in more detail below. It should be appreciated that
the closure devices described here may comprise any combination of these features and the other

features described below.

[0046] FIGS. 2A and 2B depict exemplary devices (200A, 200B) that may be used to close the
left atrial appendage. Shown there are a snare loop assembly (202A, 202B), an elongate body
(204 A, 204B), and a handle (206A, 206B). As noted above, the handle (206A, 206B) may be
used to control and actuate the snare loop assembly (202A, 202B) through the elongate body
(204 A, 204B) in order to move the snare loop assembly (202A, 202B) between a closed
configuration and an open configuration, and vice versa. In some variations, and as shown in
FIG. 2B, the handle may comprise a suture tensioning element (210) that may deploy and/or
tighten a suture loop. When in an open configuration, the snare loop assembly (202A, 202B)
and the elongate body (204 A, 204B) may form a continuous loop (208A, 208B) (e.g., such that
the snare loop assembly (202A, 202B) and the elongate body (204A, 204B) may fully encircle
tissue placed in the loop (208A, 208B)). When moved from the open configuration to the closed
configuration, the size of the loop (208A, 208B) may be reduced as some or all of the snare loop
assembly (202A, 202B) is withdrawn into the elongate body (204 A, 204B). Individual

components of the closure devices described here are described in more detail below.

Snare Loop Assembly
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[0047] As mentioned above, the snare loop assemblies of the closure devices described here
may be used to temporarily close or restrict one or more target tissues. Generally, the snare loop
assembly comprises a closure element, e.g., a snare, and a suture loop releasably attached to the
closure element. In some variations, the snare loop assembly may comprise a retention member
at least temporarily connecting the closure element and the suture loop. FIG. 3A shows a distal
section of an illustrative variation of a closure device (300) comprising a snare loop assembly
(302), an elongate body (304), and a tip (306) coupled to the elongate body (304). As shown
there, the snare loop assembly (302) may comprise a snare (308), a suture loop (310), and a
retention member (312), and may be disposed relative to the elongate body (304) such that at
least a portion of the snare loop assembly (302) extends from the elongate body (304) (e.g., via
tip (306)). The snare loop assembly (302) is shown in FIG. 3A in an open configuration, and the
portion of the snare loop assembly (302) extending out of elongate body (304) may form a loop
(314) having an aperture (316) therethrough. The loop (314) and the corresponding aperture
(316) may be defined by one or more components of the snare loop assembly (302) (e.g., the
snare) and may be suitable for encircling tissue such as the left atrial appendage. Generally, the
snare (308) may be used to open and close the snare loop assembly (302). In some instances, the
retention member (312) may be configured to releasably couple the suture loop (310) and the
snare (308) and may be configured to release the suture loop (310) from the snare loop assembly

(302) upon application of a sufficient force to suture loop (310).

[0048] In variations of snare loop assemblies comprising a snare, the snare may be at least
partially moveable to change a snare loop assembly between open and closed configurations.
Generally, a portion of the snare may be housed in the elongate body, and another portion of the
snare may extend outside of the distal end of the elongate body to at least partially define the
loop and aperture of the snare loop assembly. In some variations, one end of the snare may be
fixed relative to one or more portions of the closure device, while the other end may be
advanced or retracted through the elongate body. Movement of the free end of the snare may
change the amount of the snare loop assembly that is disposed outside of elongate body, and thus
may change the size (e.g., diameter, circumference, area, etc.) of the loop and the aperture
defined thereby. Specifically, advancement of the snare through the elongate body may increase
the size of the loop and aperture of the snare loop assembly, while retraction of the snare may
decrease the size of the loop and aperture of the snare loop assembly. The free end of the snare
may be manipulated in any suitable manner. In some variations, the snare may be attached

directly to one or more portions of the handle. In other variations, a hypotube, rod, or other rigid
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structure may be attached to the free end of the snare. This structure may in turn be moved by
the handle, which may help facilitate advancement or withdrawal of the snare through the

elongate body.

[0049] The closure elements or snares described here may be made of any suitable material or
combination of materials. For example, in some variations, the snare may be made from a
shape-memory material, such as a shape-memory alloy (e.g., a nickel titanium alloy, etc.), or
may be made from stainless steel, polyester, nylon, polyethylene, polypropylene, combinations
thereof, and the like. In variations where the snare is made from a shape-memory material, the
snare may be configured to take on a particular shape or configuration when the snare loop
assembly is placed in an open configuration, but may still be at least partially withdrawn into the
elongate body to place the snare loop assembly in a closed configuration. For example, the
snare may form a generally circular, teardrop-shaped, oval or ellipsoid, or triangular loop when

the snare loop assembly is placed in an open configuration.

[0050] Furthermore, in some variations, the snare loop assembly may be angled relative to the
elongate body. As shown in FIGS. 3A and 3B, the snare loop assembly (302) is in a plane that is
approximately perpendicular to the distal end of the elongate body (304), however, the plane of
the snare loop assembly (302) may be varied over a wide range of angles (a), as depicted in
FIGS. 3B-3F. For example, the angle (o) formed between the plane of the snare loop assembly
(302) and the distal end of the elongate body (304) may be between about 5 degrees and about
85 degrees (FIG. 3C), may be about 90 degrees (FIGS. 3A and 3B), may be between about 95
degrees and about 175 degrees (FIG. 3D), may be about 180 degrees (FIG. 3E), or may be
between about 185 degrees and about 270 degrees (FIG. 3F). In some variations, the angle (o)
formed between the plane of the snare loop assembly (302) and the distal end of the elongate
body (302) may be between about 5 degrees and about 45 degrees. Angling the snare relative to
the elongate body may aid the snare in capturing tissue, as angling may better position the snare

relative to tissue as the closure device is moved in the body.
Suture Loop

[0051] The snare loop assemblies described here may also comprise a suture loop for
maintaining tissue in a closed manner. Generally, the suture loop may be releasably attached to
the snare, for example, via a retention member, as will be described in more detail below.

Furthermore, the suture loop may comprise a suture knot, but need not. This suture knot may be
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any suitable knot, including, but not limited to, a slip knot (e.g., a one-way slip knot) or a
Meltzer knot. In some variations, at least a portion of the knot may be held within the tip of the
elongate body. In other variations, the suture knot at least partially extends from the tip of the
elongate body or may be positioned outside of the tip and may be temporarily held in fixed
relation to the elongate body. When the suture loop comprises a suture knot, the suture loop
may comprise a loop portion, a suture knot, and a tail extending from the suture knot. The

suture tail may be pulled through the suture knot to reduce the diameter of the loop portion.

[0052] In variations where the suture loop comprises a slip knot, suture may be advanced or
withdrawn through the slip knot to change the size of the suture loop. In instances where the
suture knot is held within or against a tip of the elongate body, the suture knot may not move
while the size of the suture loop is changed. This may help prevent the closure device from
damaging tissue. In some variations, the suture loop may comprise a unidirectional locking
structure. In these variations, the unidirectional locking structure may be any structure capable
of being advanced along the suture in one direction but resisting movement in a second
direction. In these variations, the locking structure may be advanced over a portion of the suture
loop to help lock a suture knot in place. For example, in some variations, the unidirectional
locking structure may comprise a bead or a mechanical structure that is placed at least partially
around the suture. In these variations, the bead may comprise one or more teeth or projections
that allow the bead to be advanced along the suture in one direction, but prevent or resist
movement in the opposite direction. The locking structure may be advanced via one of the
closure devices described here, or it may be advanced by a separate device after the suture loop

has been released from the closure device.

[0053] The suture loop may be made from any suitable material useful in tissue exclusion or
closure. For example, it may be made of a biodegradable material (e.g., polylactic acid,
polyglycolic acid, polylactic-co-glycolic acid, etc.), or it may be made of a non-biodegradable

material (e.g., metal, steel, polyester, nylon, propylene, silk, combinations thereof, etc.).
Retention Member

[0054] When the snare loop assemblies described here comprise a retention member
releasably coupling the snare and the suture loop, the retention member may be any suitable
member, such as dual-lumen tubing. In some variations, one lumen may have a slit, perforation,

or other opening along its length, which may allow the suture to pass therethrough when it is
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ready to be deployed. The slit need not extend or be continuous along the entire length of the
retention member. In some variations, the slit may have prongs or arms along its length to help
capture and retain the suture in the retention member. In other variations, the slit may be
covered at spaced-apart locations with a biodegradable polymer, which may temporarily tack or
hold down the suture. Of course, in still other variations, the retention member does not
comprise a slit, and instead comprises some other type of retention mechanism, such as the
prongs or tacks described just above. In yet other variations, there are no slits or openings in the
retention member, and the suture loop is released upon removing or withdrawing the retention

member.
Elongate Body

[0055] As mentioned briefly above, the closure devices described here generally comprise an
elongate body. The elongate body may connect the distal end of the snare loop assembly and the
handle or actuating mechanism while still allowing for control of the snare loop assembly
through the elongate body. Specifically, at least a portion of some of the snare loop assembly
components may be housed within the elongate body and may be connected to the handle
through the elongate body. In some variations, portions of the elongate body may be flexible,
which may help facilitate movement and navigation of the elongate body through tissue. The
elongate body may comprise various sections or portions with different characteristics, for
example, different diameters, cross-sectional shapes, stiffnesses, materials, and the like, which

may increase the steerability and maneuverability of the closure device.
Geometry

[0056] FIG. 4 shows an illustrative variation of an elongate body suitable for use with the
closure devices described here. Shown there is an elongate body (400) attached to a handle
(402). The elongate body (400) may comprise a curved segment (406), a first lumen (408), a
second lumen (410), and a third lumen (412). The curved segment (406) may assist in guniding
the distal end of the closure device to the target tissue, for example, the base of the left atrial
appendage, and may have an angle and radius selected to facilitate appropriate positioning at the
target tissue, for example, within the pericardial space. For example, FIG. 18 depicts a variation
of an elongate body (1800) comprising a proximal straight segment (1802), a distal curved
segment (1804) with a radius (1810) and an angle (1812), a handle (1806), and an illustrative
loop (1808) (e.g., a snare loop, a suture loop, a snare loop assembly). The angle (1812) may be
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measured from a plane perpendicular to the longitudinal axis of the proximal straight segment
(1802) to the plane formed by the loop (1808). In some variations, the angle (1812) may be
about 20 degrees to about 100 degrees and the radius (1810) may be about 2.00 inches (5.08 cm)
to about 6.00 inches (15.24 cm). In some instances, the angle (1812) may be about 45 degrees to
about 90 degrees and the radius (1810) may be about 2.00 inches (5.08 cm) to about 4.00 inches
(10.16 cm). In some variations, the angle (1812) may be about 86 degrees to about 88 degrees
and the radius (1810) may be about 3.10 inches (7.87 cm) to 3.40 inches (8.64 cm). In some of
these variations, the angle (1812) may be about 87 degrees and the radius may be about 3.30
inches (8.38 cm). In other variations, the angle (1812) may be between about 84 degrees and 86
degrees, and the radius (1810) may be between about 2.60 inches (6.60 cm) and about 2.90
inches (7.37 cm). In some of these variations, the angle (1812) may be about 85 degrees and the
radius may be about 2.8 inches (7.11 cm). As mentioned above, in some instances, the
configuration of the distal curved segment (1804), including the angle (1812) and radius (1810),
may facilitate positioning the closure device relative to the target tissue. However, other
features described herein, which may affect the flexibility and torqueability of the elongate body
(e.g., cross-sectional shape, cross-sectional diameter/height, number of flexible portions,
proximal stiffening elements), may also contribute to the ability to advance and position the
closure device. Thus, the features described herein that may affect the flexibility and
torqueability of the elongate body may determine what angle (1812) and radius (1810) may be

most desirable for a particular procedure.

[0057] Turning back to FIG. 4, in some variations, the closure device may comprise one or
more mechanisms that may act or function to change the shape of the elongate body (400), as
will be described in more detail below. In instances where the elongate body (400) comprises
one or more curved segments (406), a tube, mandrel, or other straightening mechanism (not
shown) may be used to temporarily straighten the elongate body. The elongate body may be
made of any suitable material, for example, one or more polymers (e.g., polyether block amide,
polyethylene, silicone, polyvinyl chloride, latex, polyurethane, PTFE, nylon, and the like).
While shown in FIG. 4 as having a single curved segment (406), the elongate body (400) may

not have any curved segments, or it may have multiple curved segments along its length.

[0058] The elongate body may comprise any suitable length, and the length of the elongate
body may vary depending on the type of procedure being performed. For example, the length of
the elongate body may generally be between about 6 inches (15.24 cm) and about 19 inches

(48.26 cm). As used herein, “about” means + 5%. During a minimally invasive procedure, the
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elongate body may have to travel a further distance through the body to reach a target tissue than
when the device is used in a surgical procedure. Thus, it may be desirable to use a longer
elongate body when using the device in a minimally invasive procedure and a shorter elongate
body when using the device in a surgical procedure. For instance, it may be desirable to use an
elongate body with a length between about 15 inches (38.10 cm) and about 18 inches (45.72 cm)
during a minimally invasive procedure and an elongate body with a length between about 6
inches (15.24 cm) and about 12 inches (30.48 cm) during a surgical procedure. In some
instances, it may be desirable to use an elongate body with a length between about 15.5 inches
(39.37 cm) and about 16.5 inches (41.91 cm) during a minimally invasive procedure and an
elongate body with a length between about 9.5 inches (24.13 cm) and about 10.5 inches (26.67

cm) during a surgical procedure.

[0059] Moreover, the elongate body may comprise any suitable cross-sectional shape, for
example, circular (as depicted in FIG. 4), oval, D-shaped, triangular, and the like. In some
embodiments, the cross-sectional shape of the elongate body may vary along its length. In some
variations, the elongate body may be described as having multiple portions, each portion
corresponding to a specific cross-sectional shape. For example, the elongate body may comprise
a proximal portion with a first cross-sectional shape (e.g., circular) and a distal portion with a
second cross-sectional shape (e.g., D-shaped). Of course, the elongate body may comprise any
suitable number of portions, e.g., two, three, or four portions, and the length of each portion
may be the same as or different from the other portions. In some variations, a tip (404) may be

coupled to the elongate body.

[0060] The elongate body may also comprise any suitable outer diameter, and, in some
instances, the outer diameter of the elongate body may also vary along its length. Typically, the
outer diameter of the elongate body may be between about 0.120 inches (3.048 mm) and about
0.220 inches (5.588 mm); however, it may be desirable to restrict the largest outer diameter of
the elongate body so that it can fit through a guide device having a specific diameter. For
example, in instances in which the closure device is used during a minimally invasive procedure,
it may be desirable to limit the outer diameter of the elongate body such that it may fit through

13-French percutaneous tubing.

[0061] As mentioned above, and depicted in FIG. 4, the elongate body may comprise multiple
portions with different diameters. For example, the elongate body (400) may comprise a

proximal portion (414) with a first diameter and a distal portion (416) with a second diameter.
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As shown in FIG. 4, the first diameter may be larger than the second diameter; however, this
need not be the case. In some instances, the elongate body may comprise at least two, three,
four, or five portions with different diameters. In some variations, the portions of the elongate
body having different diameters may correspond to (i.e., may have the same length and be
located at the same location along the length of the elongate body) the portions described above
having different cross-sectional shapes. Of course, this need not be the case. Moreover, in
instances in which the cross-section is D-shaped, a height will be referred to instead of a
diameter. In some embodiments, the height may be larger than the diameter of one or more
other portions, whereas in other embodiments the height may be smaller than the diameter of the

other portions of the elongate body.

[0062] The elongate body may further comprise one or more transitions connecting the
portions of the elongate body comprising different diameters or different cross-sectional shapes.
These transitions may have any suitable length. In some variations, the transitions may connect
two portions of the elongate body that have both different diameters (or heights) and different
cross-sectional shapes. Turning back to FIG. 4, in the embodiment shown there, the elongate
body (400) comprises a transition (418) that connects the proximal portion (414) (having the
first diameter) and the distal portion (416) (having the second smaller diameter). While the
transition (418) is depicted in FIG. 4 as beveled or tapered along only a portion of the
circumference of the elongate body (i.e., the underside of the elongate body), it should be
appreciated that it may be beveled or tapered along any portion of or along all of the
circumference of the elongate body. Moreover, in some variations, the transition (418) may not
be beveled or tapered at all and may instead create a shoulder or a ledge (using right angles or
the like, as will be described below). In some instances, the diameter or height of the elongate

body may change gradually along its length such that a discrete transition region is not apparent.
Lumens

[0063] The elongate bodies described here may have any suitable number of lumens. As used
herein, “lumen” may refer to any bore or passageway extending through a length of the elongate
body or other portion of the closure device (e.g., through a handle). It should be appreciated that
a lumen need not be entirely enclosed (i.e., the lumen may comprise one or more slots, slits,
gaps, or other openings along some or all of the length of the lumen). The elongate body may
comprise one, two, three, four, or five or more lumens. Some or all of the lumens may extend

entirely through the elongate body (i.e., from the proximal end of the elongate body to the distal
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end of the elongate body). Other lumens may pass through only a portion of the elongate body
(e.g., from one end to an intermediate point along the elongate body, or between two

intermediate points along the elongate body).

[0064] The various components of the snare loop assembly may be housed within any lumen
or lumens of the elongate body. For example, in some variations, all of the components of the
snare loop assembly may be housed in a single lumen. In other variations, different portions of
the snare loop assembly may be at least partially housed in different lumens. For example, the
free end of the suture loop may pass to the handle through a first lumen, while the free end of the
snare may pass to the handle through a second lumen. In some variations, there may be excess
suture housed within the elongate body, and this excess suture may be housed in any suitable
lumen. For example, the excess suture may be held in the same lumen as the free end of the

suture loop, in the same lumen as the free end of the snare, or in an altogether different lumen.

[0065] FIGS. 5A and 5B are cross-sectional views depicting the lumen configurations of
illustrative elongate bodies. FIG. 5A depicts an exemplary elongate body (500) comprising a
first lumen (502), a second lumen (504), and a third lumen (506). In this embodiment, the first
Iumen (502) may house the free or moving leg of the snare, and a portion of the suture loop and
excess suture if necessary; the second lumen (504) may house the fixed leg of the snare and a
portion of the suture loop; and the third lumen (506) may house a guide device, for example, a
guide wire. As is depicted in FIG. 5A, the lumens may have different diameters and cross-
sectional shapes. For example, referring to the embodiment depicted in FIG. SA, the first lumen
(502) and the third lumen (506) may be circular, whereas the second lumen (504) may be oval.
The first lumen (502) may have a larger diameter than the semi-major axis of the second lumen
(504), and the semi-major axis of the second lumen (504) may be larger than the diameter of the
third lumen (506). In some instances, the diameter of the first lumen (502) may be between
about 0.07 inches (1.78 mm) and about 0.08 inches (2.03 mm), the semi-major axis of the
second lumen (504) may be between about 0.05 inches (1.27 mm) and about 0.06 inches (1.52
mm), and the diameter of the third lumen may be between about 0.04 inches (1.02 mm) and 0.05

inches (1.27 mm).

[0066] FIG. 5B depicts another variation of the elongate body (500) comprising four lumens
(502, 504, 506, 508). In this embodiment, the second lumen (504) may house a portion of the
suture, and the fourth lumen (508) may house a leg of the snare. In some variations, the fourth

Inumen (508) may also house a lockwire configured to anchor a leg of the snare to the elongate
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body (500). In some embodiments, the snare may be releasable, and the lockwire may
optionally release the leg of the snare. Additionally, the second and third lumens (504, 506) may
have the same or very similar diameters, which may be greater than the diameter of the fourth
Iumen (508). In this variation, the diameter of the fourth lumen may be between about 0.02
inches (0.508 mm) and about 0.03 inches (0.762 mm). While all the lumens are depicted as

circular, this need not be the case, and the lumens may have any suitable shape.

[0067] While the lumens are depicted in specified locations within the elongate body, the
lumens may be positioned in any location within the elongate body (i.e., their centers may be
moved and their locations shifted); however, it may be desirable to maintain a minimum wall
thickness between the lumens to prevent breakthrough. For example, in some variations, it may
be necessary to heat the elongate body after it is extruded or otherwise manufactured to attach,
insert, or bond stiffening or other elements to the closure device, as will be described in more
detail below. Heating the elongate body may cause the lumens to shift locations or change in
size. In some instances, a portion of the material separating the two lumens may sever such that
the lumens converge or otherwise come together forming one lumen instead of two. In order to
decrease the likelihood of this breakthrough, it may be desirable to maintain a minimum distance
between the lumens during extrusion and/or heating. Additionally, as described above, in some
variations, a portion of the elongate body may comprise a D-shaped cross-section, which may be
created by cutting, shaving, skiving, or otherwise removing a portion of the elongate body. In
these variations, maintaining a minimum wall thickness between the lumens may prevent the
Iumens from shifting during heating and becoming severed when the elongate body is cut to
create the D-shape. Accordingly, in some variations, it may be desirable to maintain at least

about a 0.005 inch (0.127 mm) wall thickness between the lumens.

[0068] Additionally, in some variations, the lumens may comprise a lining or a coating
designed to reduce the frictional forces between the internal surface of the lumens and the
components housed within them. The small size of the lumens, their relative locations, the
materials used, and the precision required to fabricate the elongate body may result in
manufacturing variations (e.g., different frictional characteristics inside the lumens) between
different lots and/or different manufacturers. These variations may lead to an inconsistent user
experience and may result in frustration with the closure device and/or improper usage. For
example, if the frictional forces between the internal surface of the suture lumen and the suture
vary, the user may be required to apply different amounts of force to tighten the suture each time

the device is used. This may result in over or under tightening of the suture around the tissue.
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Accordingly, in some embodiments, the suture lumen may comprise a friction-reducing lining or
coating (e.g., a polytetrafluoroethylene (PTFE)). It may be desirable to include a friction-
reducing lining in any and/or all of the lumens of the elongate body, as doing so may result in a

more consistent and predictable user experience.

[0069] Turning back now to features of the elongate body, FIG. 6A depicts another variation
of an elongate body (600) comprising a collar (602), a first portion (604), a first transition (606),
a second portion (608), a second transition (610), a third portion (612), and markers (614). FIG.
6G depicts the variation of the elongate body (600) shown in FIG. 6A with a tip (603) coupled to
the distal end of the elongate body (600). As mentioned above, each portion of the elongate
body may have different characteristics, for example, each portion may correspond to a
particular cross-sectional shape, diameter or height, and/or stiffness. In the embodiment
depicted in FIG. 6A, each portion of the elongate body corresponds to a particular cross-
sectional shape or diameter of the elongate body and, in some instances, to both a particular
cross-sectional shape and a particular diameter. The first transition (606) connects the first
portion (604) to the second portion (608), and the second transition (610) connects the second
portion (608) to the third portion (612). It should be appreciated that while the elongate body
(600) is depicted with three portions and two transitions, it could have any suitable number of
portions {e.g., two, three, four, five, six, seven, or eight) and transitions (e.g., one, two, three,

four, five, six, or seven).

[0070] FIGS. 6D-6F depict cross-sectional views of the first, second, and third portions (604,
608, 612) along lines DD, EE, and FF of FIG. 6A, respectively. As shown in FIGS. 6D-6F, the
first portion (604) comprises a cylindrical cross-section with a diameter (605), the second
portion (608) comprises a D-shaped cross-section with a first height (609), and the third portion
(612) comprises a D-shaped cross-section with a second height (611). In this variation, the
diameter (605) of the first portion (604) may be greater than the first and second heights (609,
611). Moreover, as depicted here, the first height (609) may be greater than the second height
(611), however, in some instances the second height (611) may be greater than the first height

(609).

[0071] FIG. 6B depicts a cross-sectional view of the elongate body (600) comprising a first
Iumen (616), a second lumen (618), a third lumen (620), a fourth lumen (622), a first skive line
(624), and a second skive line (626). The first, second, third, and fourth lumens (616, 618, 620,
622) may be analogous to the first, second, third, and fourth lumens (502, 504, 506, 508) of FIG.

20



CA 02980740 2017~09~22

WO 2016/154498 PCT/US2016/024117

5B, described in more detail above. As mentioned above and depicted in FIGS. 6E and 6F, in
some instances, the elongate body may comprise a D-shaped cross-sectional shape. In order to
fabricate an elongate body with a D-shaped cross-sectional shape, a portion of the elongate body
may be cut or otherwise removed. In this embodiment, the first and second skive lines (624,
626) indicate where to cut the elongate body (i.e., at what height) to remove a bottom section of
it to create a portion or portions of the elongate body comprising a D-shaped cross-sectional
shape. Cutting the elongate body (600) at the first and second skive lines (624, 626) yields an
clongate body (600) with the cross-sectional shapes depicted in FIGS. 6F and 6E, respectively.
Thus, the first and second skive lines (624, 626) may correspond to the heights for the third and
second portions (612, 608) of the elongate body (600), respectively. In removing the bottom
section of the elongate body (600), a section of the elongate body forming all or part of the third
Iumen (620) may be removed. For example, when the elongate body (600) is cut at the first
skive line (624), all of the third lumen (620) may be removed (as shown in FIG. 6F), and when
the elongate body is cut at the second skive line (626), only a portion of the third lumen (620)
may be removed (as shown in FIG. 6E) such that the elongate body (600) comprises a lumen in

the form of a groove, as can be seen in FIG. 6C.

[0072] In some variations (e.g., when using the device in a minimally invasive procedure),
cutting the elongate body along the first and/or second skive lines may allow the device to more
easily access the neck of the left atrial appendage for closure. The devices described here may
be advanced to the LAA along a guide wire housed in a lumen (e.g., the third lumen (620)) of
the elongate body (600). In some embodiments, the devices may be used with a set of guide
wires (e.g., a transeptal guide wire and a pericardial guide wire) comprising alignment members
(e.g., magnets, interconnecting members, radiopaque or echogenic markers, and the like) on
their distal ends that align the guide wires across tissue (e.g., the LAA). A closure device may
be advanced pericardially to the LAA along the pericardial guide wire until it reaches the distal
tip of the LAA. In order to advance the snare loop assembly or closure loop around the LAA
and to its neck for closure, the distal tip of the elongate body, from which the closure loop
extends, may need to be advanced past the distal tip of the LAA while the alignment members
remain engaged or otherwise aligned. Removing the bottom section of a distal portion of the
elongate body (600) and part or all of the lumen housing the guide wire (e.g., the third lumen
(620)) may allow the distal end of the elongate body (600) and the closure loop to travel past the
distal tip of the guide wire (and the alignment member attached thereto) and the LAA, to the

neck of the LAA, while the guide wire remains in the remaining (proximal) portion of the guide
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wire lumen. After the suture loop is deployed, the elongate body (600) may then be removed
from the body of a patient using the same pericardial guide wire that it was advanced along.
Thus, the guide wire need not be removed or repositioned during a procedure to allow the distal
end of the elongate body, and the closure loop attached thereto, to access the neck of the LAA

for closure.

[0073] FIG. 6C is a perspective view of a distal end of the elongate body (600) and depicts the
first and second transitions (606, 610) and the second and third portions (608, 612) of the
elongate body (600). The first and second transitions (606, 610) may comprise an angled,
ramped, tapered, and/or beveled bottom surface (628, 630), which may prevent the elongate
body (600) from kinking or getting caught on tissue when advancing through the body. As
depicted in FIG. 6G, in some embodiments, the third portion (612) may have a tip (603)
covering it. The tip (603) may be designed to align with the distal edge of the second transition
(610) such that the tip is flush with the distal edge of the second transition (610) (e.g., the height
of the third portion (612) may be the same as the height of the distal edge of the second
transition (610), and there may be no space or gap between the tip (603) and the distal edge of
the second transition (610)). The tip may be made of any suitable material, and in some

variations, may be a rigid polymer.

[0074] In some instances, it may be desirable to utilize an elongate body comprising additional
portions, which may further vary the bending characteristics of the elongate body along its
length. For example, in some instances, the orientation, shape, and/or location of a target tissue
may make it difficult to access and/or ligate. Accordingly, in some circumstances, it may be
desirable for a longer portion of the elongate body of the closure devices described here to be
flexible, as this may facilitate access to and ligation of hard to reach tissues. This may be
especially useful in variations of the closure devices described here comprising stiffened
proximal portions because, while the stiffened proximal portions may assist with the
torqueability of the closure devices, they may, in some instances, decrease the flexibility of the
elongate body. Therefore, utilizing an elongate body comprising additional portions designed to
increase bending flexibility may result in a closure device that is responsive and able to reach

and/or ligate target tissues with various shapes, orientations, and locations.

[0075] FIGS. 19A-19C depict a variation of the elongate body (600) depicted in FIGS. 6A-6G
comprising two additional portions and transitions positioned between a proximal end of the

elongate body and the first transition (606), which may increase the flexibility of the middle
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and/or distal parts of the elongate body. FIG. 19A depicts a perspective view of the elongate
body (1900), while FIGS. 19B and 19C depict a side and bottom views, respectively. In this
variation, the elongate body (1900) may comprise five portions and four transitions: a first
portion (1904), a first transition (1903), a second portion (1905), a second transition (1907), a
third portion (1909), a third transition (1906), a fourth portion (1908), a fourth transition (1910),
and a fifth portion (1912). In this variation, the first portion (1904) and third portion (1909) may
comprise circular cross-sectional shapes, while the second portion (1905), fourth portion (1908),
and fifth portion (1912) may comprise D-shaped cross-sectional shapes. For example, the first
and third portions (1904, 1909) may have a cross-section similar to or the same as the cross-
section of the first portion (604) in the embodiment shown in FIG. 6A, depicted in FIG. 6D. The
second and fourth portions (1905, 1908) may have a cross-section similar to or the same as the
cross-section of the second portion (608) in the embodiment shown in FIG. 6A, depicted in FIG.
6E. The fifth portion (1912) may have a cross-section similar to or the same as the cross-section
of the third portion (612) in the embodiment shown in FIG. 6A, depicted in FIG. 6F. It should
be appreciated that the diameters and/or heights (605, 609, 611) may vary between the
embodiment shown in FIG. 6A and that shown in FIG. 19A.

[0076] In this variation, the first, second, third, and fourth transitions (1903, 1907, 1906, 1910)
may be similar to the first and second transitions (606, 610) in the embodiment depicted in FIG.
6A. For example, the first, second, third, and fourth transitions (1903, 1907, 1909, 1910) may
also comprise an angled, ramped, tapered, and/or beveled surface (1914, 1916, 1918, 1920). In
this variation, the first transition (1903) may be positioned between and connect the first portion
(1904) and the second portion (1905), the second transition (1907) may be positioned between
and connect the second portion (1905) and the third portion (1909), the third transition (1906)
may be positioned between and connect the third portion (1909) and the fourth portion (1908),
and the fourth transition (1910) may be positioned between and connect the fourth portion
(1908) and the fifth portion (1912). As described above with respect to the embodiment
depicted in FIGS. 6A-6G, in some variations, the fifth portion (1912) may have a tip (e.g., tip
603) covering it.

[0077] FIG. 20 depicts another variation of the elongate bodies (600, 1900) depicted in FIGS.
6A-6G and 19A-19C. In this variation, the elongate body (2000) may also comprise five
portions and four transitions: a first portion (2004), a first transition (2003), a second portion
(2005), a second transition (2007), a third portion (2009), a third transition (2006), a fourth

portion (2008), a fourth transition (2010), and a fifth portion (2012), but the fourth portion
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(2008) may be scalloped, which may increase flexibility in a localized region (e.g., the fourth
portion (2008)) of the elongate body (2000). For example, the fourth portion (2008) may
comprise alternating regions: a first region (2014) with D-shaped cross-section similar to or the
same as that depicted in FIG. 6E and a second region (2016) with D-shaped cross-section similar
to or the same as that depicted in FIG. 6F. Thus, the first region (2014) may comprise a lumen
(2018), while the second region (2016) may not. It should be appreciated that in some
variations, the height of the elongate body (2000) in the second region (2016) may be the same
as the height of the elongate body (2000) in the fifth portion (2012), while in other variations the
height of the elongate body (2000) in the second region (2016) may be greater than or less than
the height of the elongate body (2000) in the fifth portion (2012). In some instances, and as
depicted in FIG. 20, the second region (2016) may comprise a concave lower surface (2020)
instead of a flat lower surface. Additionally, in some variations, the second portion (2005) may
also be scalloped and the fourth portion (2008) may or may not be scalloped (i.e., the fourth
portion (2008) may have a similar construction as the fourth portion (1908) shown in FIGS.
19A-19C)).

[0078] While the first and second regions (2014, 2016) are shown having the same or similar
lengths, this need not be the case. In some instances, the first regions (2014) may be longer than
the second regions (2016), while in other variations the second regions (2016) may be longer
than first regions (2014). In some variations, the lengths of the first and second regions (2014,
2016) may vary between occurrences of the regions. In addition, the elongate body (2000) may
comprise any suitable number of first and second regions (e.g., 3, 4, 5, 6,7, 8, 9, 10, or more),

and need not contain the same number of each region.

[0079] As described above, the closure devices described here may be advanced to the LAA
along a guide wire housed in a lumen (e.g., the third lumen) of the elongate body of the closure
device. In some variations and as later described, a guide device may also be used to assist in
advancing and retracting the guide wire and the closure device. In these variations, the
configuration of the elongate body of the closure device may assist in managing the guide wire
during retraction through the guide device and may therefore reduce the likelihood of the guide
wire wrapping around the closure device or otherwise interfering with retraction of the closure

device.

[0080] In use, after suture loop deployment, both the closure device and the guide wire may be

retracted through the guide device. However, in some variations, the diameter of the guide
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device may be too small to accommodate passage of both the closure device and the guide wire
side-by-side, especially in variations in which the guide wire comprises an alignment member
with a larger diameter than the guide wire, for example, a magnet, at its distal tip. Thus, in order
to remove the guide wire and the closure device through the guide device and prevent the guide
wire from wrapping around or otherwise interfering with the removal of the closure device, the
guide wire may be centered or otherwise positioned along and against an underside of the
elongate body while the elongate body is retracted, after which the guide wire may also be

retracted.

[0081] Accordingly, to assist in positioning the guide wire and closure device for retraction, in
some variations, the guide wire (including the alignment element) may be advanced through the
snare loop and distal to the tip of the closure device. The guide wire may then be retracted until
the alignment element is held against or is flush with the elongate body (e.g., at the first
transition). Because the alignment element may have a larger diameter than the lumen through
which the guide wire is slideably disposed (e.g., the third lumen), a portion of the elongate body
may prevent the guide wire from being fully retracted into the elongate body. For example, the
guide wire may be retracted until the alignment element reaches an opening of the lumen, and
upon continuous application of force to the proximal end of the guide wire, the alignment
element may be held within or adjacent to the opening. This may center the alignment element
next to and along the underside of the elongate body. The closure device may then be retracted
into the guide device with the alignment element held centered against the underside of the
elongate body until the alignment element is disposed within the snare loop, at which point the

loop and then the alignment element may be retracted into the guide device.

[0082] In variations of the elongate bodies described here comprising additional portions that
may increase the bending flexibility of the middle and/or distal sections of the elongate body, it
may be desirable to maintain a portion of the elongate body for use in centering the guide wire
so that the retraction method described above may be utilized. For example, referring to the
elongate body shown in FIGS. 19A-19C, the fourth and second portions (1908, 1905) may
comprise a third lumen (1920) in the form of a groove, while the third portion (1909) may
comprise a full third lumen (1920). Thus, when the elongate body (1900) is used with a guide
wire comprising an alignment element coupled to its distal end, the guide wire may be retracted
until the alignment element reaches the distal opening (1922) of the third lumen (1920), at which
point the diameter of the alignment element may prevent further retraction of the guide wire.

Thus the bottom surface of the third transition (1906) and the third portion (1909) may act as an
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alignment tool during retraction of the guide wire and closure device. Accordingly, although
removing the third portion (1909) and second and third transitions (1907, 1906) may resultin a
more flexible elongate body, and thus may be desirable in some instances, doing so may make it
more difficult to retract the elongate body and closure device. Thus, in some variations, it may
be desirable to include the third portion (1909) and second and third transitions (1907, 1906) at

least because they may assist in guide wire management during retraction.

[0083] Referring back to FIG. 6A, the collar (602) may connect the elongate body (600) to the
handle (not shown). The collar (602) may be integrally formed with the elongate body (600), or
it may be a separate component and may be attached to the elongate body (600) as depicted in
FIG. 6A. As shown in FIG. 6A, the collar (602) may comprise a lumen therethrough through
which the proximal end of the elongate body (600) may be inserted. The collar (602) may be
attached to the elongate body (600) and the handle using any suitable means (e.g., adhesive,
bonding, and the like). In some embodiments, the collar (602) may be integrally formed with
the handle. In some variations, the collar (602) may prevent the elongate body (600) from
rotating with respect to the handle, while in other variations, the collar (602) may be attached to
a toggle that enables a user to rotate the collar such that the entire elongate body may rotate with
respect to the handle, as described in more detail in the U.S. Provisional Patent Application titled

“Tissue Ligation Devices and Methods Therefor”, and filed on March 24, 2015.

[0084] In some variations, the elongate body (600) may also comprise markers (614) that may
provide an indication of the location of the device in the body or in relation to another device or
element (e.g., a guide device). These markers (614) may be especially useful when using a
minimally invasive approach. The markers may comprise any suitable imaging element, for
example, a visual, radiopaque, or echogenic marker, and may be attached to the elongate body in
any suitable manner (e.g., printed on, adhesive, rings, and the like). The elongate body (600)
may comprise any suitable number of markers (614), for example, one, two, three, four, or five,
and the markers may be located at any suitable location along the length of the elongate body

(600).

[0085] In some embodiments, the markers (614) may be placed at specific locations along the
elongate body (600) to provide information to a user about the interaction of the elongate body
with a guide device. For example, the markers (614) may be placed such that a marker may
become apparent when the distal tip or a particular portion (e.g., the first portion, the second

portion, the third portion, a transition, and the like) of the elongate body enters or exits a guide
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device. In some embodiments, the markers may be placed equidistant along the elongate body
instead, which may provide a clear indication of how much of the elongate body is within a
patient’s body. In some variations, the placement of the markers (614) along the elongate body
may allow a user to decrease the amount of time an imaging mechanism (e.g., radiation) is
needed because the user may better understand the location of the device in a patient’s body

without imaging throughout an entire procedure.
Stiffened Portion

[0086] In some embodiments, the elongate body may comprise one or more stiffened portions
that may prevent sections of the elongate body from bending or twisting undesirably during a
procedure. In use, the elongate body may be forced into fairly significant curvatures due to
patient anatomy, and it may be useful for the device to maintain the original orientation of the
snare and suture loop during deployment. Additionally, a user may want to rotate the elongate
body using the handle of the device (which may be outside a patient’s body), and it may be
desirable for the rotation of the handle to cause the distal tip of the elongate body to rotate the
same or a similar amount as the handle (i.e., for there to be one-to-one rotation between the
handle and the distal tip of the elongate body). This may provide a user with better control over
the device and may make the device easier to maneuver. However, because the device may be
advanced through a patient’s body, it may also be desirable for the device to maintain some
flexibility to prevent tissue damage and to allow the device to reach the LAA when the path is
fairly tortuous. Thus, it may be desirable for the elongate body to be configured to resist

twisting, while still being able to bend.

[0087] In some embodiments, the stiffened portion of the elongate body may be formed such
that it is stiffer than the other portions of the elongate body. In some instances, the stiffened
portion of the elongate body may comprise a braided catheter, and the flexible portion or
portions may comprise a catheter made of the same or a similar material as the core of the
braided catheter (i.e., the core material without the braided material). For example, the braided
catheter may comprise a polyether block amide core with a stainless steel braid, and the flexible
portion(s) may comprise polyether block amide (or a material with similar flexibility) without
the stainless steel braid. In some variations, the stiffened portion may comprise a different
material than the flexible portion. For example, the stiffened portion may comprise a nylon,
and/or a hard polymer, and the flexible portion may comprise a soft polymer. In some

variations, the stiffened and flexible portions may comprise materials with variable durometers

27



CA 02980740 2017~09~22

WO 2016/154498 PCT/US2016/024117

such that the material of the stiffened portion has a higher durometer than the material of the
flexible portion. In some embodiments, the thickness of the elongate body may vary such that

the stiffened portion has a greater thickness than the flexible portion.

[0088] In some embodiments, the stiffened portion of the elongate body may comprise a
catheter and one or more stiffening elements. As their name suggests, the stiffening elements
may be designed to increase the stiffness of the elongate body relative to other sections of the
elongate body that do not have stiffening elements. The portions of the elongate body that may
be more flexible than the stiffened portion of the elongate body may be referred to as flexible
portions, however, it should be appreciated that the entire elongate body may be flexible. The
clongate body may comprise any suitable stiffening element(s). For example, in some
embodiments, the stiffening element may comprise a braided sheath that may be adhered, or
otherwise attached, to the catheter. For example, the construction of the braided sheath may be
similar to that of the braid in the braided catheter, but the sheath may be fabricated separately
from the catheter body and may be bonded to an external surface of the catheter body. In some
variations, the stiffening element may be embedded within a wall of the elongate body. For
example, the stiffening element may comprise a wire or other stiff material in a wall of the
catheter. In other embodiments, the stiffening element may be housed within, or otherwise
coupled to, a lumen of the elongate body. For example, in some variations, the stiffening
element may comprise a wire or a hypotube (e.g., a stainless steel tube) coupled to a lumen of
the elongate body. In other variations, the stiffening element may comprise a polymer tube that
is more resistant to bending than the catheter, and the polymer tube may be disposed within, or
coupled to, a lumen of the elongate body. The stiffening element may be coupled to the lumen
of the catheter in any suitable manner, including, but not limited to, bonding, adhesive, shrink-

fit, reflowing, coating, and the like.

[0089] FIG. 7 depicts an elongate body (700) having a proximal end (701) and a distal end
(703), and comprising a stiffened proximal portion (702), a flexible middle portion (704), a
transition (706), a flexible distal portion (708), and markers (710). The stiffened proximal
portion (702) may be located at the proximal-most end of the elongate body and may be coupled
to a collar, which may in turn be coupled to a handle (as described above with respect to FIG.
6A). The flexible middle portion (704) may be located between the proximal stiffened portion
(702) and the transition (706), and the transition (706) may be located between the flexible
middle portion (704) and the flexible distal portion (708). The markers (710) may assist a user

with visualization of the device during a procedure, as is described above with respect to the
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markers (614) in FIG. 6A. While FIG. 7 includes one stiffened portion, two flexible portions,
and one transition, the elongate body (700) may comprise any suitable number of stiffened
portions (e.g., one, two, three, or four), transitions (e.g., one, two, three, four, five, or more), and
flexible portions (e.g., one, two, three, four, five, six, or more). For example, as will be
described in more detail below, in some variations, the elongate body (700) may comprise two
flexible middle portions and two transitions. In other variations, the elongate body (700) may
comprise four flexible middle portions and four transitions. Additionally, in some variations, the

elongate body (700) may comprise a stiffened portion between flexible portions, or vice versa.

[0090] As mentioned above, in some variations, the closure device may further comprise a tip
(e.g., tip (603) shown in FIG. 6G) coupled to, disposed over, and/or fixedly attached to (e.g.,
using adhesive or the like) the flexible distal portion of the elongate body. As also described
above, in some variations, the tip may be hard or rigid and may therefore prevent the flexible
distal portion from bending. In these variations, the flexible distal portion may no longer be
flexible. In other variations comprising a tip, the tip may also be flexible such that the flexible

distal portion remains flexible.

[0091] In some variations, the elongate body (700) may further comprise a jacket (712) over
the entire external surface of the elongate body or just a portion of it. The jacket may be used to
smooth the external surface of the elongate body and/or to increase the thickness of the elongate
body, which may in turn modify its bending and/or torsional resistance. In some embodiments,
the elongate body may comprise a jacket (712) over the stiffened proximal portion (702) and the
flexible middle portion (704), but the jacket (712) may not extend over the transition (706) and
the flexible distal portion (708). In some variations, the jacket (712) may extend over the
stiffened proximal portion (702), the flexible middle portion (704), and the transition (706), but
may not include the flexible distal portion (708). In still other embodiments, the jacket (712)
may extend the entire length of the elongate body (700). The jacket (712) may be coupled to an
external surface of the elongate body (700) by lamination, adhesion, bonding, or any other

suitable technique, and may comprise any suitable polymer (e.g., polyether block amide).

[0092] As mentioned above, in some embodiments, the stiffened proximal portion (702) may
comprise a braided catheter. The braid of the braided catheter may be formed from any suitable
wire (i.e., 0.002 inch (0.0508 mm) thickness circular wire, 0.001 inch x 0.007 inch (0.0254 mm
x 0.1778 mm) rectangular wire, a combination of the two, circular or rectangular wire with

different dimensions, and the like). The wire may be any suitable material, for example,
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stainless steel, and may be annealed if desired. The braided catheter may be formed using a
reflow process such that the braid becomes integral with the catheter and is embedded in the
wall of the catheter, as opposed to attached to an external surface of the catheter using, for
example, adhesive (which is also contemplated and is described in more detail below). Using an
elongate body with the braid embedded within a wall of the catheter (braided catheter) may
affect the responsiveness of the elongate body to torque applied to the handle of the device. For
example, the integration of the braid into the catheter’s core material may modify the
distribution of force within and along the elongate body. In some instances, the material closest
to the external surface of the elongate body may have a larger impact on the torsional response
of the elongate body. In these instances, varying the location of the braid within the wall of the
catheter may affect its torsional response, which may in turn impact a user’s ability to steer and

control the distal tip of the elongate body.

[0093] In some instances, the cross-sectional shape and diameter and/or height of the elongate
body may vary throughout the elongate body, as described in detail above, and the elongate body
may also comprise a stiffened proximal portion (702), a flexible middle portion (704), and a
flexible distal portion (708). In some instances, the stiffened and flexible portions of the
elongate body may correspond to (i.e., have the same location, length, cross-sectional shape,
and/or lumen configuration) the first, second, and third portions (604, 608, 612) of the elongate
body (600) illustrated in FIG. 6A, whereas in other variations, the first, second, and third
portions (604, 608, 612) may overlap or otherwise include more than one of the stiffened
proximal, flexible middle, and flexible distal portions. For example, in the embodiment depicted
in FIG. 7, the stiffened proximal portion (702) may be located within the first portion (604), the
flexible middle portion (704) may be located in both the first portion (604) and the second
portion (608), and the flexible distal portion may be located in the third portion (612). As
mentioned above, in some instances, a rigid tip may be coupled to the flexible distal portion,

which may result in a rigid distal portion.

[0094] The stiffened and flexible portions may have any suitable cross-sectional shape (e.g.,
circular, oval, D-shaped, and the like) and diameter or height. In some embodiments, the
elongate body (700) may have a circular cross-sectional shape along its entire length. In other
embodiments, the stiffened proximal portion (702) may have a circular cross-sectional shape
with a first diameter, the flexible middle portion (704) may have a circular cross-sectional shape

with a second diameter, and the flexible distal portion (708) may have a D-shaped cross-
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sectional shape with a height. In these embodiments, the first diameter may be greater than the

second diameter, which may be greater than the height.

[0095] For example, the stiffened proximal portion (702) may have a diameter between about
0.160 inches (4.064 mm) and about 0.169 inches (4.293 mm). In some variations, the stiffened
proximal portion (702) may have a diameter of about 0.163 inches (4.140 mm). The flexible
middle portion (704) may have a diameter between about 0.156 inches (3.962 mm) and about
0.162 inches (4.115 mm). In some embodiments, the flexible middle portion (704) may have a
diameter of about 0.160 inches (4.064 mm). The flexible distal portion (708) may have diameter
of about 0.144 inches (3.658 mm) to about 0.150 inches (3.81 mm). In some embodiments, the
flexible distal portion (708) may have a diameter of about 0.148 inches (3.760 mm). In some
variations, the flexible distal portion (708) may have a height of about 0.094 inches (2.388 mm)
to about 0.098 inches (2.489 mm). In some embodiments, the flexible distal portion (708) may
have a height of about 0.096 inches (2.438 mm). In some embodiments, the diameter of the
stiffened proximal portion may be less than or equal to about 1.00, 1.02, 1.04, 1.06, 1.08, or 1.10

times the diameter of the flexible middle portion.

[0096] In some variations, the elongate body (700) may comprise multiple flexible middle
portions and multiple transitions. For example, in one embodiment, the elongate body (700)
may comprise a stiffened proximal portion (702), first and second flexible middle portions, first
and second transitions, and a flexible distal portion (708). The first flexible middle portion may
be just distal of the stiffened proximal portion (702) and just proximal of the first transition, and
the second flexible middle portion may be between the first transition and the second transition
(e.g., transition (706)). With reference to FIG. 6A, in these embodiments, the stiffened proximal
portion (702) and the first flexible middle portion may be located in the first portion (604), the
second flexible middle portion may correspond to the second portion (608), and the flexible
distal portion (708) may correspond to the third portion (612). The first and second transitions

may correspond to the first and second transitions (606, 610).

[0097] In this variation, the stiffened proximal portion (702) may have a circular cross-
sectional shape with a first diameter, the first flexible middle portion may have a circular cross-
sectional shape with a second diameter, the second flexible middle portion may have a D-shaped
cross-sectional shape with a first height, and the flexible distal portion (706) may have a D-

shaped cross-sectional shape with a second height. In these variations, the first diameter may be
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greater than the second diameter, which may be greater than the first height, which may be

greater than the second height; however, this need not be the case.

[0098] For example, the stiffened proximal portion and flexible distal portion may have the
diameters/heights described above and the first flexible middle portion may have a diameter of
about 0.156 inches (3.962 mm) to about 0.162 inches (4.115 mm), and the second flexible
middle portion may have a height of about 0.116 inches (2.946 mm) to about 0.122 inches
(3.099 mm). In some variations, the first flexible middle portion may have a minimum diameter
of about 0.158 inches (4.013 mm), and the second flexible middle portion may have a height of
about 0.120 inches (3.048 mm).

[0099] In another variation, the elongate body (700) may comprise a stiffened proximal
portion (702), a first flexible middle portion, a first transition, a second flexible middle portion, a
second transition, a third flexible middle portion, a third transition, a fourth flexible middle
portion, a fourth transition (706), and a flexible distal portion (708). In this embodiment, the
flexible middle portion (704) may include the first, second, third and fourth flexible middle
portions and the first, second, and third transitions (not shown). The stiffened and flexible
portions and the transitions may be located within or correspond to the portions and transitions
of the elongate body (1900) depicted in FIGS. 19A-19C. For example, the stiffened proximal
portion (702) and first flexible middle portion may be located within the first portion (1904).
The second, third, and fourth flexible middle portions may correspond to the second, third, and
fourth portions (1905, 1909, 1908) respectively, and the flexible distal portion (708) may
correspond to the fifth portion (1912). Additionally, the first, second, third, and fourth
transitions may correspond to the first, second, third, and fourth transition (1903, 1907, 1906,
1910), respectively.

[0100] In this variation, the stiffened proximal portion (702) may have a circular cross-
sectional shape with a first diameter, the first flexible middle portion may have a circular cross-
sectional shape with a second diameter, the second flexible middle portion may have a D-shaped
cross-sectional shape with a first height, the third flexible middle portion may have a circular
cross-sectional shape with a third diameter, the fourth flexible middle portion may have a D-
shaped cross-sectional shape with a second height, and the flexible distal portion (706) may have
a D-shaped cross-sectional shape with a third height. In these variations, the first diameter may
be greater than the second diameter, which may be the same as the third diameter. The second

and third diameters may be greater than the first height, which may be the same as the second
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height. The first and second heights may be greater than the third height; however, this need not

be the case.

[0101] For example, the stiffened proximal portion and flexible distal portion may have the
diameters/heights described above, the first and third flexible middle portions may have a
diameter of about 0.145 inches (3.683 mm) to about 0.151 inches (3.835 mm) and the second
and fourth flexible middle portions may have a height of about 0.096 inches (2.438 mm) to
about 0.120 inches (3.048 mm). In some variations, the first and third flexible middle portions
may have a diameter of about 0.148 inches (3.759 mm) and the second and fourth flexible
middle portions may have a height of about 0.108 inches (2.743 mm). While the first and third
flexible middle portions and second and fourth flexible middle portions are described above has
having the same diameters and heights respectively, this need not be the case. In some
variations, the diameter of the first flexible middle portion may be greater than the diameter of
the third flexible middle portion, or vice versa. Additionally, in some instances, the height of the
second flexible middle portion may be greater than the height of the fourth flexible middle

portion, and vice versa.

[0102] As mentioned above with respect to FIGS. 19A-19C, it may be desirable to utilize an
elongate body comprising additional flexible middle portions, especially in combination with a
stiffened proximal portion, to increase the bending flexibility of the middle and/or distal parts of
the elongate body. This increased bending flexibility may assist in access to and ligation of hard
to reach tissue. Additionally, as also described above, using a catheter with a curved distal
segment may also assist in accessing and ligating tissue, and the cross-sectional shape, cross-
sectional diameter/height, number of flexible portions and/or number and type of proximal
stiffening elements may determine what angle (1812) and radius (1810) may be most desirable
for a particular procedure. For example, in this variation and/or the variation described above
with respect to FIG. 7 comprising multiple flexible middle portions, and when the target tissue is
the LAA, it may be desirable to use an elongate body with a curved distal segment having an
angle of about 86 to about 88 degrees and a radius of about 3.10 inches (7.87 cm) to about 3.40
inches (8.64 cm). In some instances, it may be desirable to use an elongate body with a curved

distal segment having an angle of about 87 degrees and a radius of about 3.30 inches (8.38 cm).

[0103] The foregoing diameters and heights are exemplary and the stiffened proximal portion
(702), flexible middle portion (704) or portions, and flexible distal portion (708) may have any

suitable diameters or heights.
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[0104] It should be appreciated that the diameters and/or heights of the stiffened portion(s) and
flexible portion(s) of the elongate body may affect the torqueability of the elongate body and its
responsiveness. In some instances, the stiffened proximal portion may transmit the torque
applied to the handle of the elongate body directly to the flexible portion, but the flexible portion
may not transmit all of the torque at its proximal end to its distal end. Put another way, in some
instances, the elongate body will twist at a point or in regions along its length when the handle is
rotated, which may prevent the distal end of the elongate body from rotating the same or a
similar amount as the handle. In these instances, the elongate body has a low torsional response.
Modifying the diameters and/or heights, lengths, and/or stiffness of the various portions of the
elongate body may vary the amount of angular twist between the handle and the distal end of the
elongate body and may increase the torsional response of the elongate body. In particular,
varying the diameter of the flexible portion of the elongate body may have a greater effect on
torsional response than varying the diameter of the stiffened portion. Because it may be
desirable for the rotation of the elongate body to mirror the rotation of the handle to the extent
possible, meaning that the rotation angle (i.e., 5 degrees, 10 degrees, 15 degrees, 30 degrees,
etc.) of the distal tip of the elongate body matches the rotation angle of the handle (i.e., how
much a user rotates the handle), it may be desirable to vary the diameter and/or height of the
flexible portion with respect to the stiffened portion. For example, in some embodiments, the
elongate body may be configured such that rotating the handle 180 degrees causes the distal tip
of the elongate body (700) to rotate at least 120 degrees, 140 degrees, 160 degrees, 175 degrees,
and/or 180 degrees. In embodiments in which rotating the handle 180 degrees causes the distal

tip of the elongate body (700) to rotate 180 degrees, the device has 1:1 rotation.

[0105] As mentioned above, the elongate body may comprise one or more transitions
connecting the portions of the elongate body comprising different diameters and/or different
cross-sectional shapes. The transitions may provide smooth conversions between the different
portions of the elongate body, which may aid in maneuverability. For example, using transitions
may remove abrupt diameter changes that may cause the elongate body to kink. In some
variations, an abrupt change in diameter between different portions of the elongate body may act
as a stress-concentrator, which may make it more likely for the elongate body to kink or buckle
at the transition when the elongate body is subjected to external forces. In these variations, it
may be desirable to have transitions of sufficient lengths to decrease the stress concentration at
these points or regions and thus decrease the likelihood that the elongate body will kink or

buckle.
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[0106] Turning to FIGS. 8A-8C, shown there are perspective views of variations of a
transition {(806A, 806B, 806C) positioned between a middle flexible portion (804A, 804B,
804C) and a flexible distal portion (808A, 808B, 808C) of an elongate body (800A, 800B,
800C). The transition (806A, 806B, 806C) may have a diameter and/or height that matches the
diameter and/or height of the flexible middle portion (804A, 804B, 804C) at the transition’s
(806A, 806B, 806D) proximal end, and a diameter and/or height that matches the diameter
and/or height of the flexible distal portion (808A, 808B, 808C) at its distal end. For example, in
embodiments in which the flexible middle portion (804 A, 804B, 804C) has a diameter of about
0.160 inches (4.064 mm) and the flexible distal portion (808A, 808B, 808C) has a diameter of
about 0.148 inches (3.759 mm), the transition (806A, 806B, 806C) may have a diameter of about
0.160 inches (4.064 mm) at its proximal end and a diameter of about 0.148 inches (3.759 mm) at
its distal end. In embodiments comprising a first flexible middle portion and a second flexible
middle portion, a transition may be positioned between the second flexible middle portion and
the flexible distal portion such that the proximal end of the transition has a diameter and/or
height equal to the diameter and/or height of the second flexible middle portion, and the distal
end of the transition has a diameter and/or height equal to the diameter and/or height of the
flexible distal portion. In embodiments comprising multiple flexible middle portions, transitions
may be positioned between the flexible middle portions having diameters and/or heights that
match the diameters and/or heights of the portions the transitions connect, as described above.

In some embodiments, the diameter and/or height of the transition may decrease symmetrically,
as depicted in FIGS. 8A and 8C, while in other embodiments, the diameter and/or height of the
transition may decrease asymmetrically, as depicted in FIG. 8B. Moreover, in some variations,
the transition may comprise one or more angled surfaces (810A, 810B) such that the transition is
tapered and its diameter gradually changes, as shown in FIGS. 8A and 8B. In other variations,
the transition may comprise a vertical or substantially vertical surface (812) such that a shoulder
or ledge is formed and its diameter abruptly changes, as shown in FIG. 8C. In yet other

variations, the transition may comprise a combination of angled and vertical surfaces.

[0107] The stiffened proximal portion (702), flexible middle portion (704), transition (706),
and flexible distal portion (708) may also have any suitable lengths. For example, the stiffened
proximal portion (702) may have a length of about 12.00 inches (30.48 cm) to about 14.00
inches (35.56 cm). In some variations, the stiffened proximal portion (702) may have a length of
about 13.00 inches (33.02 cm). The flexible middle portion (704) may have a length of about
3.50 inches (8.89 cm) to about 5.00 inches (12.70 cm). In some variations, the flexible middle
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portion (704) may have a length of about 4.20 inches (10.67 cm). The flexible distal portion
(708) may have a length of about 0.20 inches (5.08 mm) to about 0.40 inches (10.16 mm). In
some variations, the flexible distal portion (708) may have a length of about 0.25 inches (6.35
mm). In some embodiments, the length of the stiffened proximal portion (702) may be at least
about 2.25, 2.50, 2.75, 3.00, 3.25, or 3.50 times greater than the length of the flexible middle

portion.

[0108] In embodiments comprising a first flexible middle portion and a second flexible middle
portion, the first flexible middle portion may have a length of about 1.50 inches (3.81 cm) to
about 2.50 inches (6.35 cm), and the second flexible middle portion may have a length of about
2.00 inches (5.08 cm) to about 3.00 inches (7.62 cm). In some variations, the first flexible
middle portion may have a length of about 1.90 inches (4.83 cm), and the second flexible middle
portion may have a length of about 2.30 inches (5.84 cm). In some embodiments, the transition
may have a length of about 0.070 inches (1.78 mm) to about 0.085 inches (2.16 mm). In some

variations, the transition may have a length of at least 0.075 inches (1.91 mm).

[0109] In embodiments comprising first, second, third and fourth flexible middle portions, the
first flexible middle portion may have a length of about 0.175 inches (4.45 mm) to about 0.220
inches (5.59 mm), the second flexible middle portion may have a length of about 1.20 inches
(3.05 cm) to about 1.26 inches (3.20 cm), the third flexible middle portion may have a length of
about 0.08 inches (0.20 cm) to about 0.16 inches (0.41 cm), and the fourth flexible middle
portion may have a length of about 2.25 inches (5.72 cm) to about 3.25 inches (8.23 cm). In
some variations, the first flexible middle portion may have a length of about 0.198 inches (5.03
mm), the second flexible middle portion may have a length of about 1.23 inches (3.12 cm), the
third flexible middle portion may have a length of about 0.12 inches (0.30 cm), and the fourth
flexible middle portion may have a length of about 2.75 inches (6.99 cm). In some
embodiments, the first, second, and third transitions may have a length of about 0.067 inches
(1.70 mm) to about 0.167 inches (4.24 mm), or more particularly, from about 0.097 inches (2.46
mm) to about 0.137 inches (3.48 mm), and the fourth transition may have a length of about
0.060 inches (1.52 mm) to about 0.080 inches (2.03 mm). In some variations, the first, second,
and third transitions may have a length of about 0.117 inches (2.97 mm) and the fourth transition
may have a length of about 0.067 inches (1.70 mm). Although the first, second, and third

transitions may have the same length, they need not.
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[0110] It should be appreciated that the elongate body (700) described in FIG. 7 may comprise
any suitable number and configuration of lumens. For example, the elongate body may
comprise one or more lumens in any of the configurations described with respect to FIGS. 5A,

5B, and 6B.

[0111] In some variations, the elongate body may comprise more than one mechanism or
element that may increase its stiffness. For example, the elongate body may comprise a
stiffened proximal portion as described above and may additionally further comprise a second
stiffening mechanism. FIG. 9 depicts an example of an embodiment comprising a stiffened
proximal portion and a second stiffening element. FIG. 9 shows an exploded view of an
elongate body (900) comprising a collar (902) at its proximal end, a catheter (904), a second
stiffening element (906), and markers (908). The elongate body (900) may comprise a stiffened
proximal portion, for example, a braided catheter, and any number of flexible portions and
transitions. The elongate body (900) is depicted comprising four lumens, but may comprise any
suitable number of lumens, as described above in detail. In this embodiment, the second
stiffening element (906) may be fixedly disposed within a lumen of the elongate body (900) and
may be any element configured to increase the rigidity of the catheter (904) compared to
portions of the catheter without the second stiffening element (906). For example, the second
stiffening element (906) may comprise a polymer tube that is more resistant to bending than the
catheter (904) (stiffened or flexible portions), a hypotube (e.g., a stainless steel tube), or any
other element configured to increase the stiffness of the catheter (904). The elongate body (900)
may optionally comprise an opening (e.g., a slot, groove, or hole) (910) at its proximal end,
which may be used to contain an adhesive and/or epoxy to couple the second stiffening element

(906) to the catheter (904).

[0112] In some variations, the second stiffening element (906) may comprise a pattern (912).
The pattern (912) may comprise a series of lines or shapes cut in the second stiffening element
(906) that may make the second stiffening element (906) more flexible. It may be desirable to
use a stiffening element comprising a pattern because doing so may allow more control over the
increase in the stiffness of the elongate body due to presence of the second stiffening element
(906). Referring now to FIGS. 10A and 10B, shown there are variations of a second stiffening
element (1000A, 1000B) comprising a pattern (1002A, 1002B) cut in it. While depicted as a
spiral cut pattern, any suitable cut pattern may be employed (e.g., longitudinal or concentric
grooves, slits, aperture patterns, and the like.). The pattern may be cut using any suitable means,

for example, a sharpened tool, an electric source (e.g., a laser), a thermal source, and the like. In
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some instances, the cut pattern may begin at the proximal end of the second stiffening element
(1000A, 1000B) and may continue its entire length, whereas in other variations, the cut pattern
may begin at a location distal to the proximal end of the second stiffening element (1000A,
1000B) and may travel any desired distance toward its distal end. Additionally, the cut pattern
may optionally be discontinuous and include breaks (1006) in the cut pattern (i.e., portions of the

pattern that would otherwise be cut but are instead uncut), as depicted in FIG. 10B.

[0113] The pattern (1002A, 1002B) may vary along the length of the second stiffening
element (1000A, 1000B), for example, as depicted in FIG. 10A. In some embodiments, the
angle (04 ,0p ) and/or the pitch (1004 A, 1004B) of the cut pattern may vary. In some variations,
the angle (84 ,0p) may decrease and the pitch (1004A, 1004B) may increase from the distal to the
proximal end of the second stiffening element (1000A, 1000B). This may provide an increased
resistance to bending or twisting at the proximal end, compared to the distal end, of the second
stiffening element (1000A, 1000B). It may be useful to have a stiffer proximal end of the
elongate body as discussed above, while maintaining the flexibility of at least part of the middle
and distal portions of the elongate body to decrease the risk of puncturing or otherwise damaging
tissue, and to maintain the elongate body’s ability to travel through a curved guide device and/or
tortuous anatomy. In other variations, only one of the angle (64 ,08) and the pitch (1004A,
1004B) may vary along the length of the second stiffening element (1000A, 1000B). In yet
other variations, the angle (64 ,6p) and the pitch (1004A, 1004B) may remain constant.

[0114] The second stiffening element (906) may be any suitable length. In some
embodiments, the second stiffening element (906) may be the same or a similar length as the
stiffened proximal portion, whereas in other embodiments, the second stiffening element may be
shorter than or longer than the stiffened proximal portion. As used herein, “similar lengths”
refers to lengths that are within + 10% of each other. In some variations, the second stiffening

element (906) may have a length equal to the length of the entire elongate body.
Malleable Shaft

[0115] In some instances, it may be desirable to modify the shape and/or curvature of the
elongate body to assist in accessing difficult-to-reach anatomy during a procedure. For example,
when the devices described here are used during a surgical procedure, it may be desirable to
modify the curvature of the elongate body prior to advancing the device into the body, and it

may be useful for the elongate body to maintain that pre-set curvature throughout the procedure,
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or at least until reaching the tissue to be ligated. Specifically, it may be desirable to curve the
elongate body to better access the left atrial appendage with the closure element based on

positioning at the operating table and a patient’s particular unique anatomy.

[0116] To enable modification of the shape and/or curvature of the elongate body prior to
using the device and allow the device to retain that shape and/or curvature during a procedure, in
some embodiments, the elongate body may comprise a malleable member. The malleable
member may make the elongate body shapeable. In these embodiments, when a force is applied
to the elongate body to curve, bend, or otherwise place it in a particular shaped configuration,
the malleable member may maintain that curvature, bend, or shape after the force has been
removed or released, thus causing the elongate body to also maintain that curvature, bend, or

shape.

[0117] The malleable member may be attached to the elongate body in any suitable fashion,
including being disposed around the external surface of the elongate body, being disposed in or
coupled to a lumen of the elongate body, and/or being embedded in a wall of the elongate body.
It should be appreciated that the device may comprise any number of lumens and the lumens
may have any suitable configuration, for example, any of the configurations described above
with respect to FIGS. 5A, 5B and 6B. In embodiments comprising more than one lumen, the
malleable member may be placed in any suitable lumen, for example, the first lumen, the second
lumen, the third lumen, or the fourth lumen. In some instances, the malleable member may
comprise a proximal end and a distal end, and the proximal end of the malleable member may be
fixedly attached to a proximal end of the elongate body, and the distal end of the malleable
member may be fixedly attached to the distal end of the elongate body. In variations in which
the malleable member may be disposed within a lumen of the elongate body, for example, the
third lumen, the proximal end of the malleable member may be fixedly attached to the proximal
end of the third lumen, and the distal end of the malleable member may be fixedly attached to
the distal end of the third lumen. The malleable member may be attached to the elongate body
using any suitable means, for example, adhesive, bonding, and the like. In some embodiments,
the malleable member may be disposed in a lumen of the elongate body, but it may not be

physically adhered to the lumen.

[0118] FIGS. 11A and 11B depict variations of a device (1100A, 1100B) for ligating tissue
comprising a handle (1102A, 1102B), an elongate body (1104A, 1104B), a snare loop assembly
(1106A, 1106B), and a malleable member (1108A, 1108B). FIG. 11C depicts a cross-sectional
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view of the elongate body (1104A) of the device (1100A) of FIG. 11A comprising a first lumen
(1112), a second lumen (1114), a third lumen (1116), and a malleable member (1108A). In
these variations, the malleable member (1108A, 1108B) is depicted in the form of a shapeable
jacket. The shapeable jacket may surround the elongate body (1104A, 1104B) and may be
coupled to an external surface of the elongate body (1104A, 1104B); however, the shapeable
jacket may be disposed within and/or coupled to a lumen of the elongate body (1104, 1104B).
The shapeable jacket may be coupled to the elongate body (1104A, 1104B) using any suitable
means, including but not limited to, adhesive, epoxy and/or bonding, throughout the entire
length of the shapeable jacket or on the proximal and/or distal ends of the shapeable jacket. The
shapeable jacket may be fixedly attached to the elongate body (1104A, 1104B) such that the
shapeable jacket cannot rotate or move longitudinally with respect to the elongate body (1104 A,
1104B); however, it need not be. Moreover, the shapeable jacket may be made of any suitable
malleable material, for example, stainless steel, shapeable polymers, and the like. In some
variations, the shapeable jacket may be annealed. As depicted in FIG. 11B, in some variations,
the malleable member (1108B) may comprise a cut pattern (1110B). The cut pattern (1110B)
may vary along its length (e.g., in angle and pitch), as described above with respect to FIGS.
10A and 10B. In some variations, the thickness of the shapeable jacket may vary along the
length of the shapeable jacket and therefore the length of the elongate body. For example, in
some instances, the shapeable jacket may be thicker at its proximal end and thinner at its distal
end. Varying the thickness of the shapeable jacket may provide the elongate body with more
resistance to bending in locations where the shapeable jacket is thicker and less resistance to
bending (i.e., it may be more flexible and easier to manipulate) in locations where the shapeable

jacket is thinner. This may assist with the pushability and maneuverability of the closure device.

[0119] In some instances, the malleable member may comprise a shapeable wire disposed
within a lumen of the elongate body (1104A, 1104B). The wire may be fixedly attached to the
proximal and/or distal ends of the elongate body (1104 A, 1104B), or the wire may be fixedly
attached to the elongate body (1104 A, 1104B) throughout its length. The wire may be made of
any suitable malleable material, and in some instances, may be a stainless steel annealed wire.
In some variations, the wire may be embedded within a wall of the elongate body (1104 A,
1104B). In some embodiments, the device (1100A, 1100B) may comprise multiple malleable
members. For example, the closure device may comprise both a shapeable jacket and a

shapeable wire.
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[0120] In some variations, the device may comprise a pull wire that may modify the curvature
or shape of the malleable member and thus the elongate body. For example, in some
embodiments, the closure device may comprise a pull wire and a shapeable jacket. The wire
may be coupled to the distal end of the elongate body (1104A, 1104B) and to an actuator (e.g., a
slider, knob, etc.) in the handle of the device. When the actuator is engaged, the pull wire may
apply a force to the distal end of the elongate body to deflect it, curve the elongate body, and/or
move it into a preferred shape. The actuator may then be disengaged, and the shapeable jacket
or other malleable member may retain the curvature or shape, which may cause the elongate
body to remain curved or shaped. The wire may have any suitable diameter and may be a round

wire, a flat wire, or may comprise any suitable cross-sectional shape.
Visualization Tool

[0121] In some embodiments, the closure device may further comprise one or more
visualization tools configured to allow a user to view the distal end of the elongate body, the
snare loop assembly, and/or the tissue surrounding it during a procedure. The visualization tool
may comprise any tool that may assist a user in viewing the end of the elongate body, the snare
and/or snare loop assembly, and/or the surrounding tissue during a procedure. For example, in
some embodiments, the visualization tool may comprise a scope (e.g., an endoscope), a light, a
camera, or the like. The visualization tool may be a separate tool that is used with the closure
device, or it may be part of the closure device itself. In embodiments in which the visualization
tool is part of the closure device, the device may comprise a power source (e.g., batteries) for the
visualization tool within its handle, or the visualization tool may be connectable to an external
power source. The wires and/or other electronic components necessary to power the
visualization tool, or otherwise enable the tool to function, and/or store images from the
visualization tool, may be housed in any suitable location within the device. For example, the
wires or other electronic components may be housed within a lumen of the elongate body or on
or within the handle. In other variations, the electronic components may be external to the
device and connected to the device at any suitable location. The visualization tool may be
slideably disposed within any suitable lumen of the elongate body, or it may be fixedly attached
to the lumen (e.g., at its proximal and/or distal end, in the center of the lumen, along a portion of
the lumen, and the like) such that it will not move during a procedure. In some embodiments,
the visualization tool may be coupled to an external surface of the elongate body, fixedly or

releasably, using any suitable means (e.g., adhesive, bonding, snap fit elements, and the like).
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[0122] FIG. 12 depicts a closure device (1200) comprising an elongate body (1202) having a
first lumen (1204), a second lumen (1206), a third lumen (1208), a snare (1210), and a
visualization tool (1212). While depicted with only the snare (1210), in some embodiments, the
closure device (1200) may comprise a snare loop assembly, as described in more detail above.
The elongate body may have any of the configurations previously described with respect to
FIGS. 5A, 5B, 6A-6C, 7, 9, and 11A-11C (i.e., it may have any lumen configuration, multiple
portions comprising different cross-sectional shapes and/or diameters, and/or it may have
stiffened and flexible portions). As depicted here, the elongate body may comprise a first
portion (1214) with a circular cross-sectional shape, a second portion (1216) with a D-shaped
cross-sectional shape, and a third portion (1218) with a circular cross-sectional shape. The first
and second lumens (1204, 1206) may house any component of the device as previously
described, for example, portions of the snare and/or suture, while the third lumen (1208) may
house the visualization tool (1212). In some of the previously described embodiments in which
each of the lumens already comprises components of the device, an additional lumen may be
added for the visualization tool, or the visualization tool may share a lumen with other

components.

[0123] Turning back to FIG. 12, the lumen housing the visualization tool may comprise
multiple entrances and exits, which may enable the use of the visualization tool in multiple
locations along the elongate body. For example, here, a portion of the third lumen (1208) is cut-
away in the second portion (1216) of the elongate body (1202), and thus the third lumen (1208)
has an exit at the distal end of the first portion (1214) and at the distal tip of the device. The
visualization tool (1212) may be used at either and/or both exits, or at any location between
them. For example, in some instances, it may be beneficial for the visualization tool (1212) to
exit the elongate body (1202) at the distal end of the first portion (1214) such that the
visualization tool (1212) is proximally off-set from the distal tip of the elongate body (1202). In
these instances, keeping the visualization tool (1212) at a location proximal to the distal tip of
the elongate body (1202) may assist a user in viewing the closure element (1210), and the tissue
surrounding it, during a procedure. In some instances, advancing the visualization tool (1212) to
the distal tip of the elongate body (1202) may make it difficult to view the closure element
(1210).

[0124] However, at times, it may be beneficial to advance the visualization tool (1212) to the
distal tip of the device. For example, advancing the visualization tool (1212) to the distal tip of

the elongate body (1202) may allow a user to view the tissue in front of the device and therefore
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may assist a user in steering and/or guiding the device through the body. In some instances, a
user may employ the visualization tool (1212) in multiple locations during a procedure by
sliding or otherwise moving (e.g., retracting and/or advancing) the visualization tool (1212). For
example, a user may advance the visualization tool (1212) to the distal tip of the elongate body
(1202) for use while the device is advanced through the body to the tissue to be ligated, and the
user may then retract the visualization tool (1212) through a lumen of the elongate body (1202)
to a location proximal of the distal tip (e.g., to any location in the second portion (2016) of the

elongate body), for use while the tissue is ligated.

[0125] FIG. 13A shows another embodiment of a closure device (1300) comprising an
elongate body (1302) having a first lamen (1304), a second lumen (1306), a third lumen (1308),
a snare (1310), and a visualization tool (1312). While depicted with only the snare (1310), in
some embodiments, the closure device (1300) may comprise a snare loop assembly, as described
in more detail above. FIG. 13B depicts a cross-sectional view of the elongate body (1302) of the
closure device (1300) of FIG. 13A along line BB, but it should be appreciated that the elongate
body need not have the depicted configuration and may instead have any of the configurations
previously described with respect to FIGS. 5A-5B, 6A-6F, 7,9, and 11A-11C (i.e., it may have
any lumen configuration, multiple portions comprising different cross-sectional shapes and/or
diameters, and/or it may have stiffened and flexible portions). Here, the elongate body (1302)
may comprise a first portion (1314) with a circular cross-sectional shape, a second portion
(1316) with a D-shaped cross-sectional shape distal to the first portion (1314) as depicted in
FIG. 13B, and may have a tip (1318) on its distal end. The first, second, and third lumens (1304,
1306, 1308) may house any of the components as previously described, including a visualization
tool as described with respect to FIG. 12 above. Additionally, the closure device (1300) shown
here further comprises a jacket (1320), which may act as a stiffening element or a malleable

member, as described in more detail above.

[0126] The closure device (1300) may comprise a visualization tool (1312) in the form of a
camera mounted on an external surface of the second portion (1316) of the elongate body
(1302), for example on the underside of the device, as depicted in FIG. 13A. The visualization
tool (1312) here may assist a user in viewing the tissue surrounding the device during a
procedure and may allow a user to capture still and moving images while a procedure is
performed. The captured images may be analyzed during and/or after the procedure is
completed. It should be appreciated that the visualization tool (1312) may be mounted on any

suitable external surface of the elongate body (1302) and need not be on the underside of the
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device in the second portion (1316), as depicted. It should also be appreciated that mounting a
visualization tool (1312) on an external surface of the elongate body (1302) may include
mounting the visualization tool (1312) within a wall of the elongate body (1302) such that the
visualization tool (1312) lays flush with the external surface of the elongate body (1302).

[0127] Moreover, in some variations, the visualization tool (1312) may be coupled to the tip
(1318), which may assist a user in viewing the tissue in front of the device (1300), as described
above. In some embodiments, the closure device (1300) may comprise multiple visualization
tools (1312) (e.g., two, three, four, five, and the like). For example, the closure device (1300)
may comprise multiple cameras, and/or the closure device (1300) may comprise a light disposed
in a lumen of the elongate body and one or more cameras mounted on an external surface of the
elongate body (1302).

Handle and Tensioning Mechanism

[0128] As described above, the closure devices described here may comprise a handle or other
control mechanism. The handle may have any suitable shape or configuration, for example, any
of those described in U.S. Patent Application No. 12/752,873, entitled “Tissue Ligation Devices
and Controls Therefor” and filed on April 1, 2010, or U.S. Patent Application No. 14/195,797,
entitled “Tissue Ligation Devices and Methods Therefor” and filed March 3, 2013.

[0129] The handle may serve many purposes. Of course, the handle may provide an interface
between the device and the user as the user may hold onto and control the device and its
components using the handle. The handle may be used to control and actuate the snare loop
assembly through the elongate body, guide the elongate body, and/or modify the shape of the
elongate body using a pull wire controlled through the handle. The handle may enable a user to
control the release of the suture loop from the closure element, and it may be used to house
electronic or other components for the visualization tool. The handle may comprise any suitable
elements to facilitate use of the device for the closure of tissue, including sliders, knobs,
switches, latches, push buttons, and the like, which may be coupled to any component of the

snare loop assembly to pull, push, open, close, deploy, or otherwise use the component.

[0130] In some embodiments, the closure devices described here may comprise a tensioning

mechanism for managing the tension applied to a portion of the suture loop (e.g., a tail of the
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suture loop) of the closure device. When the closure devices are used to place and tighten a
suture loop around a tissue, it may be desirable to manage the tension applied to the suture as the
suture loop is tightened. In some instances, it may be desirable to limit the maximum tension
that is applied to a suture loop at different times during tightening. For example, if a sufficiently
large tension is applied to the suture loop, the suture loop may cut through, shear off, or
otherwise damage the ensnared tissue, and/or may break or damage one or more components of
the closure device. Accordingly, it may be desirable for a user to know how much tension is
applied to the tissue so that the user is able to control and modify the amount of applied force

applied to appropriately close the ligated tissue without damaging it.

[0131] In some variations, a tensioning device or mechanism may comprise a force gauge and
may be used to provide a force measurement or other force indication to a user during tensioning
of a suture loop. For example, FIG. 14 depicts a variation of a tensioning mechanism (1400)
comprising a handle (1402) and a body (1404). It should be appreciated that the handle (1402)
and the body (1404) of the tensioning mechanism (1400) may be integrally formed, or they may
be formed separately and attached using any suitable means. The body (1404) may comprise a
suture attachment mechanism (1406) and a force indicator (1408). Generally, the suture
attachment mechanism (1406) may grip, hold, or otherwise attach to a suture (1410) of a closure
device (not shown). For example, in some variations, the suture attachment mechanism (1406)
may grip, hold, or otherwise attach to a suture fob (1403), which may be fixedly attached to a
tail of the suture (1410). In some instances, the suture attachment mechanism (1406) may
comprise one or more lumens (e.g., two, three, etc.), and a tail of the suture (1410) (with or
without a suture fob (1403)) may be fixedly attached to a lumen of the suture attachment
mechanism (1406). A user may pull the handle (1402) of the tensioning mechanism (1400)
away from the closure device to apply a tensile force to the suture (1410). The suture
attachment mechanism (1406) may be attached to a force gauge (not shown) housed within the
tensioning mechanism (1400), which may measure or otherwise provide an indication of the
tension applied to the suture (1410) via the force indicator (1408). For example, the force
indicator (1408) may comprise a pin (1412) and markers (1414) that may indicate the amount of

force applied to the suture (1410).

[0132] In some variations, the closure devices may be configured such that the tensioning
mechanism may be releasably coupled to the handle of the device. For example, FIGS. 15A and
15B show a perspective view and a cut-away view respectively of a portion of an illustrative

handle (1500) of the closure devices described here. As shown there, the handle (1500) may
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comprise a track (1502) for a slider (not shown) that may be used to control the closure element
and/or the components of the snare loop assembly (not shown). The handle may also comprise
an aperture (1504) in its proximal end configured to receive a tensioning mechanism. The
handle may comprise release slot(s) (1506) extending from the aperture (1504) and at least one
lock (1508A, 1508B). The release slot(s) (1506) may be configured to allow passage of the
tensioning mechanism pin through the handle so that the body of the tensioning mechanism can
be advanced into the handle (1500), as shown in FIGS. 16A and 16B. The tensioning
mechanism may then be rotated such that the pin is placed within the lock (1508A, 1508B),
thereby rotatably coupling the tensioning mechanism (1400) to the handle (1500). The lock
(1508A, 1508B) may comprise any element configured to hold the pin of the tensioning
mechanism, for example, an indentation, groove, aperture, hook, or the like. The lock (1508A,
1508B) may be located at any suitable angle with respect to a release slot (1506), for example,
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 190, 200, 210, 220,
230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, or 350 degrees.

[0133] As depicted in FIG. 15B, in some variations, the handle (1500) may comprise a first
lock (1508A) and a second lock (1508B). Here, each lock (1508A, 1508B) is in the form of a
cylindrical indentation on an internal surface of the handle (1500). The first and second locks
(1508A, 1508B) may be located 180 degrees from one another and 90 degrees from the release
slots (1506). The pin of the tensioning mechanism may extend through the tensioning
mechanism such that a first end of the pin rests in the first lock (1508A) and a second end of the
pin rests in the second lock (1508B). While both locks are depicted as cylindrical indentations,
it should be appreciated that the handle (1500) may comprise locks having different forms. Of
course, the handle may comprise any suitable number of release slots and locks (e.g., one, two,

three, four, or more) and need not comprise the same number of each.

[0134] As mentioned briefly above, FIGS. 16A and 16B depict a perspective view and a cut-
away of a variation of the closure devices described here. In this embodiment, the closure
device (1600) comprises a tensioning mechanism (1602) releasably coupled to the handle
(1610). The body (1614) of the tensioning mechanism (1602) may be disposed within the
handle (1610) of the closure device. The pin (1612) may extend through the body (1614) of the
tensioning mechanism (1602) and radially outward such that it may rest in the lock (1608). In
this way, the tensioning mechanism (1602) may be held in place within the handle (1610) and
may be temporarily coupled to the handle (1610). A user may wish to keep the tensioning

mechanism (1602) coupled to the handle (1610) during a procedure so that the tensioning
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mechanism (1602) is nearby and ready for use when the user wants to tighten the suture loop.
Once the user is ready to tighten the suture loop, the user may rotate the tensioning mechanism
(1602) such that the pin (1612) is removed from the lock (1608) and aligned with the release
slot(s) (1606). The user may then pull the tensioning mechanism proximally such that the pin
(1612) travels through the release slot(s) (1606) and the tensioning mechanism’s body (1614)
travels through the aperture in the handle (1610) of the closure device (1600), thereby removing
the tensioning mechanism (1602) from the handle (1610). The user may then continue to pull
the tensioning mechanism (1602) proximally relative to the handle (1610) until a desired amount
of force is applied to the suture loop (not shown) and communicated to the user via the force

indicator (1616).
II. Methods

[0135] The closure devices described here may be useful for closing tissue, for example, the
left atrial appendage. The closure devices may access the left atrial appendage using
percutaneous or surgical techniques, as described in more detail above. When percutaneous
techniques are employed, the closure device may be used with a curved guide device to assist a
user in inserting the closure device into a patient’s body and accessing the desired portions of a
patient’s anatomy. In some instances, both the elongate body of the closure device and the guide
device may be curved, and the curvature of the elongate body may or may not match the
curvature of the guide device. When the curvatures of the elongate body and the guide device
differ, in some instances, the elongate body may twist or otherwise rotate along its longitudinal
axis when it is inserted into the guide device. This twisting may cause the elongate body’s distal
tip, and the closure element, to exit the guide device in a different orientation (e.g., at a different
angle with respect to the top of the handle) than when it entered. When the elongate body twists
or rotates within the guide device, the distal tip of the elongate body, and the closure element
attached thereto, may also rotate. This may make it more difficult for a user to maneuver the

device within the body and to ligate tissue.

[0136] Thus, it may be desirable for the elongate body to follow the curvature of the guide
device without twisting or rotating within the guide device, regardless of whether the curvatures
of the elongate body and guide device match when the elongate body is inserted into the guide
device. This may allow the closure device to advance to the proper location within the body
while the closure element is maintained in a user’s desired orientation. Moreover, configuring

the elongate body so that it does not twist or rotate within the guide device may allow the user to
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predict the orientation of the closure element once the closure element and the distal tip of the
elongate body exit the guide device and properly place the closure element within the body.
Furthermore, it may be desirable to be able to rotate the elongate body a predictable amount
using the handle of the device, even when external forces (e.g., bending forces) are applied to
the elongate body (e.g., from the curvature of the guide device, anatomy of the body, and the
like).

[0137] The closure devices described here may be configured to be self-aligning or
self-orienting when used with (e.g., inserted into or otherwise advanced along) a guide device.
For example, a user may insert the elongate body into the guide device with the distal tip and
closure element in any orientation, and the distal tip and closure element may exit the guide
device in the same orientation (e.g., with the top of the handle and the orientation of the closure
element aligned), regardless of whether the curvatures of the elongate body of the closure device

and the guide device are aligned.

[0138] FIGS. 17A-17C may more clearly demonstrate this concept. FIGS. 17A-17C depict a
system (1700) comprising a closure device (1702) in use with a guide device (1704). The
closure device (1702) may be any of the closure devices described above and may comprise an
elongate body (1706) with a curvature such that the distal tip of the elongate body (1706) is
displaced toward the underside the handle (1708) when the elongate body is not subjected to any
external force. It should be appreciated that the elongate body (1706) may have any suitable
curvature and it need not be curved toward the underside of the handle (1708). Furthermore, as
used herein, the top of the handle of the closure device generally refers to the surface of the
handle comprising a control mechanism for the closure loop, and the underside of the handle
generally refers to the surface opposite the top of the handle. In some embodiments, the control
mechanism for the closure loop may be located on a side of the handle, in which case, the top of
the handle refers to the portion of the handle facing upwards when a user is holding the handle

as instructed to begin a procedure.

[0139] The guide device (1704) may comprise any device used to direct the distal tip of the
elongate body to a specified or desired location within a patient’s body, for example, a guide
cannula, a trocar, a guide rail, percutaneous tubing, and the like. The guide device (1704) may
have a curvature along its length and may comprise a lumen configured to receive the elongate

body (1706) of the closure device (1702). To begin a procedure, a user may insert the elongate
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body (1706) into a lumen of the guide device (1704), and the guide device may steer or
otherwise direct the distal tip of the elongate body (1706) to a desired location in the body.

[0140] FIGS. 17A and 17C depict configurations of the closure devices described here in
which the elongate body is configured to resist twisting. In contrast, FIG. 17B depicts a closure
device in which the elongate body is not configured to resist twisting, and has in fact twisted
within the guide device. In FIG. 17A, the closure device (1702) has been inserted into the guide
device (1704) with the pre-insertion curvature of the elongate body (1706) matching the
curvature of the guide device (1704) (e.g., both the distal ends of the elongate body (1706) and
the guide device (1704) are curved in the same direction, i.e., toward the underside of the handle
(1708)). As shown there, the closure element or loop (1710) has the same orientation with
respect to the handle (1708) both before and after it is inserted into the guide device. In some
instances, the orientation of the closure loop (1710) depicted in FIG. 17A may be the preferred
orientation for the closure loop (1710); however, this need not be the case. For example, in

some instances, the closure loop may have a different orientation.

[0141] In FIG. 17C, the closure device (1702) has been inserted into the guide device (1704)
with the pre-insertion curvature of the elongate body (1706) facing the opposite, or a different,
direction than the curvature of the guide device (1704) (e.g., the distal tip of the elongate body
(1706) is curved toward the underside of the handle while the distal tip of the guide device
(1704) is curved toward the top of the handle (1708)). Despite the misalignment of the
curvatures of the elongate body (1704) and the guide device (1706), the closure loop (1710) has

remained in the same orientation with respect to the handle (1708).

[0142] In contrast, in FIG. 17B, the closure device (1702) has been inserted into the guide
device (1704) with the pre-insertion curvature of the elongate body (1706) facing an opposite, or
a different, direction than the curvature of the guide device (1704). However here, the elongate
body (1706) has twisted inside the guide device (1704) causing the closure loop (1710) to rotate
with respect to the handle (1708). The configuration depicted in FIG. 17B may be undesirable
in some instances because the twist in the elongate body may make it more difficult to steer the
device through the body, control the location of the distal tip, deploy the closure loop, and, in

embodiments with a suture loop, deploy the suture loop.

[0143] As depicted in FIGS. 17A and 17B and described above, the closure loop (1710) may

comprise a first configuration in which the closure loop (1710) and the handle (1708) are
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aligned, and a second configuration in which the closure loop (1710) and the handle (1708) are
misaligned. The closure loop (1710) and the handle (1708) may be aligned when the closure
loop (1710) is in the proper configuration to begin a procedure when the handle faces up. The
closure loop (1710) and the handle (1708) are misaligned when the closure loop (1710) is rotated
with respect to the top of the handle (1708) such that the closure loop (1710) is rotationally

offset from its proper configuration when the top of the handle is facing up.

[0144] The closure device (1702) and the guide device (1704) may comprise a delivery
configuration in which the curvatures of the elongate body (1706) of the closure device (1702)
and the guide device (1704) are misaligned (i.e., their curves have different orientations). In
some variations, the closure device (1702) may be configured to remain in the first configuration
(i.e., with the closure loop and the handle aligned), when the closure device (1702) and the guide
device (1704) are in the delivery configuration (e.g., when they are curved in different
directions). In this way, the closure device (1702) and the guide device (1704) may be

configured to be self-orienting or self-aligning.
III. Systems

[0145] Described here are systems for closing tissue, for example, a left atrial appendage. In
general, the systems may comprise a closure device useful for performing a left atrial appendage
closure procedure, together with one or more additional components. For example, the system
may comprise a curved guide device comprising a lumen therethrough. The lumen may be sized
and configured to receive an elongate body of a closure device described here. In some
embodiments, the system may comprise a first guide wire having a size and length adapted for
accessing the left atrial appendage through the vasculature and comprising an alignment
member, a second guide wire having a size and a length adapted for accessing the pericardial
space from a subthoracic region and comprising an alignment member, and a closure device.
The alignment member may be any suitable alignment member. For example, the alignment
member may comprise radiopaque or echogenic markers, members configured to produce an
audible response, one or more interconnecting members, one or more vacuum members, or

magnets.

[0146] The closure device may be any of the closure devices described above. For example,
the closure device may be one comprising an elongate body with a first stiffened portion and a

second flexible portion, and a closure element comprising a loop. The system may further
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comprise an expandable member or a device comprising an expandable member. The
expandable member may be any suitable expandable member, such as, for example, a balloon
catheter. The expandable member may have one or more apertures therein for allowing contrast
or other fluids to pass therethrough. The system may further comprise a suture loop, and the
suture loop may or may not be coupled or coupleable to the closure device. Of course, the
system may comprise instructions for using any, all, or a portion of the system’s components
(e.g., guide device, first guide wire, second guide wire, closure device, or some combination

thereof).

[0147] Although the foregoing invention has, for the purposes of clarity and understanding,
been described in some detail by of illustration and example, it will be apparent that certain
changes and modifications may be practiced, and are intended to fall within the scope of the
appended claims. Additionally, it should be understood that the components and characteristics
of the devices described herein may be used in any combination. The description of certain
elements or characteristics with respect to a specific figure are not intended to be limiting or nor
should they be interpreted to suggest that the element cannot be used in combination with any of

the other described elements.
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CLAIMS:

1. A surgical device for closing the left atrial appendage comprising:

an elongate body comprising a first lumen, a second lumen, and a third lumen;

a closure element comprising a loop defining a continuous aperture therethrough, a
first end of the closure element slideably disposed in the first lumen and a second end of the
closure element fixedly disposed in the second lumen; and

a malleable member fixedly attached to the elongate body, wherein the malleable
member is configured to retain a curve after a force is applied, and wherein applying a force

to the malleable member modifies a curvature of the elongate body.

2. The device of claim 1 wherein the malleable member is disposed in the third lumen.
3. The device of claim 2 wherein the malleable member comprises a first end and a
second end, and wherein the first end is fixedly attached to a proximal end of the third lumen

and the second end is fixedly attached to a distal end of the third lumen.

4. The device of claim 3 wherein the malleable member comprises an annealed stainless

steel wire.

5. The device of claim 1 wherein the malleable member comprises a jacket around the

elongate body.

6. The device of claim 5 wherein the device further comprises a pull wire disposed in the

third lumen, wherein the pull wire is configured to deflect a distal end of the elongate body.

7. The device of claim 5 wherein the jacket is annealed stainless steel.
8. The device of claim 7 wherein the jacket comprises a spiral cut pattern.
52
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9. The device of claim 1 further comprising a handle and a tensioning mechanism,

wherein the tensioning mechanism is releasably coupled to the handle.

10.  The device of claim 9 wherein the tensioning mechanism is rotatably coupled to the
handle.

11.  The device of claim 9 wherein the closure device further comprises a suture loop, and
wherein the tensioning mechanism is configured to close the suture loop around tissue after it
is released from the handle.

12.  The device of claim 9 wherein the tensioning mechanism locks into the handle.

13.  The device of claim 1 further comprising at least one of a scope, a light, or a camera.

14.  The device of claim 1 wherein the device is configured to close a left atrial appendage

during an open surgical procedure.

15.  The device of claim 14 wherein the open surgical procedure is a median sternotomy,

mini sternotomy, thoracotomy, or a thoracoscopy.
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