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DEVICES AND METHODS FOR LIGATING ANATOMICAL STRUCTURES

The present invention relates to devices and methods for ligating anatomical
structures such as, e.g., the left atrial appendage.

Atnal fibrillation 1s a common cardiac rhythm disorder affecting more than
two million people each year, in which the upper part of the heart beats more quickly
than the rest of the heart. This phenomenon is due to the generation ot erratic or
extra electrical signals that cause the top part of the heart to fibnllate rapidly and
irregularly. The adult human heart normally beats 60 to 80 times per minute at rest.
With atrial fjbrillation, the heart can beat as many as 300 to 600 times a minute.

One of the most significant dangers from atnal fibnillation 1s stroke. In fact,
atrial fibrillation can make stroke as much as five times more likely than in the 4
general population. Since the heart does not pump normally or efficiently during
atrial fibrillation, blood can pool and stagnate in the atna, resulting in clot formation.

Blood pooling and clot formation is espectially likely to occur in the left atrial
appendage (LAA). The LAA is a hollow, pedunculated- extension that resembles a
small windsock formed off the lateral wall of the left atrium. The LAA usually
contracts with the rest of the left atrium during normal heart function, thereby
continually moving blood throughout the hollow extension. During atrial
ﬂ_brillation, however, the LAA often fails to contract, thereby allowing blood to pool
and stagnate inside the appendage. As a result, thrombus or clot formation can
occur. Such clots can be ¢jected from the LAA into the left atrium and left ventricle,

and then can be released into the bloodstream to become potential obstructions in the

bratn or it other vascular structures.
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SUMMARY

The present invention provides methods and devices for ligating anatomical
structures, where anatomical structures include both those that are purely anatomical
and those that are pathological. In some instances, the structures are ligated to, e.g.,
reduce or prevent blood clot formation in and release from a structure such as the
LAA. These methods and devices can be used to ligate the LAA, thus preventing
blood from entering the appendage, pooling, and forming clots. Ligation of the
LAA also can prevent or reduce the escape of previously formed clots into the
bloodstream. The methods and devices provided herein can ftacilitate minimally
invasive treatment for atrial fibrillation. These methods can be performed 1n
conjunction with other procedures (e.g., mitral valve replacement, radiofrequency
ablation, atrial fibrillation ablation, coronary artery bypass, etc.) or they can be
performed solely to ligate the anatomical structure (such as the LAA).

Although the exemplary devices and methods described herein focus on
ligation of the LAA, the devices and methods of the present invention can be usetul
for ligation of other anatomaical structures, including, e.g., the gallbladder, the Gl
appendage, diverticuli, fallopian tubes or ovaries, vascular aneurysms, or any other
pedunculated structure or mass. The devices can be used 1n any laparoscopic or
minimally invasive surgery in which it would be useful to ligate, tie, or clip a
structure via a single port access.

In one aspect, the present invention provides a ligating device that includes a
catheter having a proximal end and a distal end; a ligating element located within the
catheter, wherein the ligating element includes a lumen and a first end and a second
end, wherein the first end and the second protrude from the proximal end of the
catheter; and a control element located within the lumen of the ligating element, the
control element including a first end that protrudes from the first end of the ligating
element, wherein a distal portion of the control element forms an open loop upon
exit from the distal end of the catheter, and wherein the open loop 1s compressed
when the distal portion of the control element is located within the catheter, and
further wherein the control element forces the ligating element to adopt a lariat
configuration when outside of the catheter.

In various embodiments, the ligating devices described herein may include

one or more of the following features: the control element may be removable, such

that the control element can be pulled out of the lumen of the ligating element; the
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control element may include a second end that protrudes from the ligating element; a
portion of the ligating element may include a knot formed therein; the control
element may extends through the portion of the ligating element that includes a knot;
and the control element may include a distal portion and a proximal portion, and the
distal portion may be thinner than the proximal portion; the ligating element may be
a hollow suture and the control element may include shape memory matenal; the
lariat may be formed at an angle with respect to an elongate portion of the control
element from which the lariat extends; the control element may include an angled
portion when the control element 1s located outside of the catheter; a positioning
element may be attached to the lanat of the ligating element; the ligating device may
include an appendage positioning element; the control element may include
magnetizable material such that the position of the ligating element can be
manipulated by a magnetic device; and a sheath may be provided in which the
catheter 1s located; etc.

In still other embodiments, the ligating devices may include one or more of
the following features: the ligating element may include a knot formed therein and
the control element may have a distal end that is located distal from the knot; a
secondary control element may be located within a portion of the ligating element,
wherein a distal end of the second control element may be located proximal from the
knot such that the second control element does not extend through the knot; etc.

In another aspect, the present invention may provide a ligating device that
includes a catheter having a proximal end and a distal end; an elongate element
located within the catheter, the elongate element having a proximal end and a distal
end; a ligating element located within the catheter, wherein the ligating element 1s
attached to the distal end of the elongate element, and further wherein the ligating
element comprises an original shape of a closed loop; a control element located
within the catheter, the control element including a first end that protrudes from the
proximal end of the catheter, wherein a portion of the control element 1s contained
within the ligating element, wherein pulling on the first end of the control element
opens the ligating element from 1ts original closed loop shape to open the ligating
element 1nto a lariat configuration. The ligating element may be rotatably attached
to the elongate element.

[n another aspect, the present invention may provide a ligating device that

includes a catheter having a proximal end and a distal end; an elongate element
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located within the catheter, the elongate element having a proximal end and a distal
end; a ligating element located within the catheter, wherein the ligating element 1s
attached to the distal end of the elongate element, and further wherein the ligating
element includes a ring clip whose natural position 1s closed; a hollow control
element attached to the ligating element; and a conduit in fluid communication with
the hollow control element, wherein the conduit extends to the proximal end of the
catheter, wherein pressurized fluid delivered to the control element intlates the
control element to open the ligating element. The ligating device may fturther
include one or more of the following features: the control element may be located
inside or outside of the ligating element; the conduit may be located within the
elongate element; a source of pressurtzed fluid may be 1n fluid communication with
the conduit; etc.

In another aspect, the present invention may provide a ligating device that
includes a catheter having a proximal end and a distal end; a control element located
within the catheter, wherein the control element has an elongate U-shape with both
ends protruding from the proximal end of the catheter and the bottom of the U-shape
positioned near the distal end of the catheter; and a ligating element attached to one
end of the control element; wherein the end of the control element that 1s not
attached to the ligating element can be pulled to advance the ligating element
through the catheter. The ligating device may include a tubular sheath surrounding a
portion of the control element at the distal end of the catheter, wherein advancing the
ligating element also advances the ligating element through the tubular sheath.

In another aspect, the present invention provides a ligating device that
includes a catheter having a proximal end and a distal end; a control element located
within the catheter, the control element having a first elongate portion located within
the catheter, the first elongate portion including a proximal end and a distal end,
wherein the control element further includes a second elongate portion located
within the catheter, the second elongate portion having a proximal end and a distal
end; and a ligating element attached to the distal ends of the first elongate portion
and the second elongate portion, wherein manipulation of the first elongate portion
and the second elongate portion cause the ligating element to form a lanat.

In another aspect, the present invention provides a method ot ligating an

anatomical structure that includes advancing a ligating device as described herein to
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a selected anatomical structure; and operating the ligating device to ligate the
selected anatomical structure.

In another aspect, the present invention provides a tissue piercing device that
includes a hollow sheath; and a wire disposed within the hollow sheath, wherein the
wire includes a distal end configured to coil after being deployed out of the sheath.
The tissue piercing device may further include a hollow needle contained within the
hollow sheath, wherein the wire is disposed within the hollow needle.

In another aspect, the present invention provides a tissue piercing device that
includes a hollow sheath; and a wire disposed within the hollow needle, wherein the
wire includes an RF tip at its distal end. The tissue piercing device may further
include a hollow needle contained within the hollow sheath, wherein the wire 1s
disposed within the hollow needle.

In another aspect, the present invention can provide a device that includes a
hollow flexible catheter having a proximal end and a distal end; an elongate ligating
element disposed within the catheter, wherein the ligating element has a first end
and a second end that protrude from the proximal end of the catheter; and an
elongate control element disposed within the ligating element, wherein the control
element has a first end and a second end that are positioned toward the proximal end
ot the catheter, wherein at least one of the tirst and second ends of the control
element protrudes from an end of the ligating element, wherein the control element
comprises shape memory material, and wherein at least a portion of the control
element 1s shaped to form an open loop upon exit from the distal end of the catheter.

The ligating element can be in the form of a hollow suture. The suture can
include materials such as, e.g., PTFE, polyethylene, or polypropylene. The control
element can include shape memory materials such as, e.g., Nitinol. The loop formed
by the control element can be at an angle with respect to another portion of the
control element. The control element can further form an angled section upon exit
from the distal end of the catheter. The device can potentially have a length between
about 12 inches and about 60 inches (e.g., between about 36 inches and about 48
inches). The device can potentially have a diameter between about 0.05 cm and
about 3 cm (e.g., between about 0.1 cm and about 0.4 cm). The device can further
include a positioning element disposed within the catheter, a sheath in which the

catheter 1s disposed, and/or an appendage positioning element.
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In another aspect, the present invention can provide a device that includes a
hollow flexible catheter having a proximal end and a distal end; an elongate element
disposed within the catheter, wherein the elongate element has a proximal end
extending from the proximal end of the catheter and distal end positioned near the
distal end of the catheter; a rigid ligating element attached to the distal end of the
elongate element, wherein the ligating element includes shape memory materal
configured in a closed loop; and a flexible control element disposed within the
catheter and contained within at least a portion of the ligating element, wherein the
contro]l element has a first end and a second end, wherein at least one of the first and
second ends of the control element protrudes from the proximal end of the catheter.

The ligating element can include a shape memory material such as, e.g.,
Nitinol. The ligating element can be rotatably attached to the elongate element. The
ligating element and the elongate element can be attached via a pin, about which the
ligating element can rotate with respect to the elongate element. The ligating
element can include atraumatic material (e.g., PTFE or DACRON™). The control
element can include, €.g., a suture, a string, a flexible wire, etc. The device can, e.g.,
have a length between about 12 inches and about 60 inches (e.g., between about 36
inches and about 48 inches). The device can, e.g., have a diameter between about
0.05 cm and about 3 cm (e.g., between about 0.1 cm and about 0.4 cm). The device
can further include a positioning element disposed within the catheter, a sheath 1n
which the catheter 1s disposed, and/or an appendage positioning element.

In another aspect, the present invention may provide a device that includes a
hollow tlexible catheter having a proximal end and a distal end; an elongate element
disposed within the catheter, wherein the elongate element has a proximal end
extending from the proximal end of the catheter and a distal end positioned near the
distal end of the catheter; a flexible, hollow, donut-shaped control element attached
to the distal end of the elongate element, wherein the control element has an outer
surface and an inner lumen; and a rigid ligating element contained within or
positioned around the ligating element, wherein the ligating element includes shape
memory material and 1s in the form of a closed loop.

The elongate element can define a lumen between the proximal and distal
ends, and wherein the lumen of the elongate element 1s 1in tluid communication with

the lumen of the control element. The control element can include, e.g., PTFE,

polyethylene, or polypropylene. The higating element can include shape memory
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materials such as, e.g., Nitinol. The device can, e.g., have a length between about 12
inches and about 60 inches (e.g., between about 36 inches and about 48 inches). The
device can, e.g., have a diameter between about 0.05 cm and about 3 cm (e.g.,

between about 0.1 cm and about 0.4 cm). The device can further include a

,' positioning element disposed within the catheter, a sheath in which the catheter is

- disposed, and/or an appendage positioning element.

In still another aspect, the present invention may provide a device that
includes an elongate, hollow, flexible sheath having a tapered distal end; an
elongate, hollow needle disposed within the sheath; and an elongate wire disposed
within the needle. The wire can have a distal end, and may include a radiofrequency

electrode at the distal end. The hollow needle can have a cur\}ed distal end.. The

device can further include means for advancing a portion of the wire out of the distal

end of the sheath. The wire can have a distal end configured to coil after being

advanced out of the distal end of the sheath.

The present invention may also provide a method for accessing the
pericardial space of a subject. The method can include passing a device as described
herein through the circulatory system and into the left coronary sinus of the subject;

and piercing the wall of the coronary sinus or coronary venous system of the subject

to access the pericardial space.

In another aspect, the present invention may provide a method for ligating

the left atrial appendage in a subject. The method can include advancing the distal

end of a ligation device as described herein into the chest of the subject; placing the

~ distal end of the device within the pcricafdium of the subject; and positioning the

ligating element around the base of the left atrial appendage. The distal end can be
advanced into the chest of the subject via a suprastemal, intercostal, or sub-xiphoid
.a'p.proach. ‘The distal end can also be advanced through the coronary sinus or one of
its tributaries into the pericardial space.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to

which this invention pertains. Although methods and materials similar or equivalent

to those described herein can be used to practice the invention, suitable methods and

materials are described below. In
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addition, the materials, methods, and examples are 1llustrative only and not intended
to be limiting.

The words “preferred” and “preferably” as used herein refer to embodiments
of the invention that may afford certain benefits, under certain circumstances.
However, other embodiments may also be preterred, under the same or other
circumstances. Furthermore, the recitation of one or more preferred embodiments
does not imply that other embodiments are not useful, and is not intended to exclude
other embodiments from the scope of the invention.

44 2% 4§

As used herein, ““a,” “an,” “‘the,

2% L6

at least one,” and “one or more” are used
interchangeably. Thus, for example, a ligating element can include one or more
ligating elements The term “and/or” means one or all of the listed elements or a
combination of any two or more of the listed elements.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features and advantages
of the invention will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of the distal portion of a ligating device
having a catheter with a hollow suture ligating element and a control element
contained within the hollow suture ligating element, where the ligating and control
elements are in a closed configuration.

FIG. 2 1s a cross-sectional view of the distal portion of the device shown in
Figure 1, wherein the ligating and control elements are in an open configuration,
forming a lariat or loop.

FIG. 3 1s a cross-sectional/perspective view of the distal portion of a device
having a lanat or loop ortented at an angle relative to the elongate portion of the
ligating and control elements.

FIGS. 4A and 4B are cross-sectional/perspective views of the distal portion
of devices having a lariat or loop oriented at an angle relative to the elongate portion
of the ligating and control elements, and further having an elongate element with an
angled portion.

FIGS. 5A and 5B are cross-sectional views of the distal portion of devices

having a catheter with a ligating element and a control element contained therein,
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and further having an outer sheath with a positioning element contained therein.

The positioning element is shown at the base of the lariat or loop (FIG. 5A) or at the
distal end of the lanat or loop (FIG. 5B).

FIG. 6 1s a cross-sectional/perspective view of the distal portion of a device
as shown 1n Figure 3, where the device further includes an appendage positioning
device contained within the catheter.

FIG. 7 1s a cross-sectional view of the distal portion of the device as shown 1n
Figure 2, further depicting removal of the control element.

FIG. 8 1s a cross-sectional view of the distal portion of the device as shown in
Figure 2, further depicting a knot 1n the ligating element.

FIG. 9 1s a cross-sectional view of the distal portion of the device as shown 1n
Figure 8, where the knot 1s advanced to the base of the lanat and the lariat 1sin a
tightened configuration.

FIG. 10 1s a cross-sectional view of the distal portion of the device as shown
in Figure 9, further including a repositioning element and depicting loosening of the
knot.

FIG. 10A 1s a cross-sectional view of a ligating device in which the control
element 1s positioned through a knot formed 1n the ligating element.

FIG. 10B 1s a cross-sectional view of a ligating device in which two control
elements are positioned 1n the ligating element.

FIG. 11 1s a side view of the distal portion of a device having a catheter and a
rigid ligating element, where the ligating element 1s connected to an elongate
element contained within the catheter, and further having a control element
extending through the catheter and the ligating element. As shown, the ligating
element 1s 1n a closed configuration.

FIG. 12 1s a cross-sectional view of the distal portion of the device depicted
in Figure 11, with the ligating element 1n a closed configuration.

FIGS. 13A and 13B are cross-sectional views of the distal portion of devices
having a control element extending through the entire ligating element (FIG. 13A) or
through a portion of the ligating element (FIG. 13B), with the ligating element
shown 1n an open configuration.

FIG. 14 1s a side view of a portion of the distal end of the device depicted in

Figure 13, where the device further includes a positioning element.
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FIG.’ 15 1s a side view of a portion of the distal end of the device depicted in
Figure 13, where the device further includes a positioning element, and where the
ligating element 1s at an angle with respect to the elongate element.

FIG. 16 1s a cross-sectional view of the distal portion of a device having a
catheter containing an elongate element, with a hollow control element connected to
the elongate element, and a rigid ligating element contained within the hollow
control element. The control and ligating elements are shown in a closed (e.g.,
uninflated) configuration.

FIG. 17 is a cross-sectional view of the distal portion of the device shown 1n
Figure 16, where the control and ligating elements are in an open (e.g., inflated)
configuration.

FIG. 18 1s a cross-sectional view of the distal portion of the device shown in
Figure 17, where the device further includes a positioning element.

FIG. 19 1s a cross-sectional view of the distal portion of a device having a
control element that includes two substantially rigid elongate portions, and a flexible
ligating element attached to the distal ends of the elongate portions.

FIG. 20 1s a cross-sectional view of the distal portion of the device of Figure
19, where the elongate portions of the control element have been manipulated such
that the flexible ligating element forms a lanat.

FIG. 21 1s a cross-sectional view of the distal portion of a device having a
catheter, a control element, and a protective sheath.

FIG. 22 is a cross-sectional view of the distal portion of the device of Figure
21, with the control element pulled through the catheter such that a ligating element
connected to the control element 1s advanced through the protective sheath.

F1G. 23 1s a cross-sectional view of the distal portion of a device for
accessing the pericardial space through the coronary sinus (CS).

FIG. 24 1s a side view of the distal end of a wire that coils when deployed
through the CS wall.

FIG. 25 1s a cross-sectional view of the distal portion of the device of Figure
23, having a needle with a curved distal end.

FIG. 26 1s a cross-sectional view of the distal portion of the device shown 1n
Figure 25, further including a balloon connected to a fluid conduit.

FIG. 27 1s a cross-sectional view of the distal portion of the device ot Figure

25, having a wire with a radiofrequency (RF) electrode at its tip.
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FIG. 28 is a cross-sectional view of the distal portion of a device for
accessing the pericardial space through the CS, where the device contains a catheter

having suture needles disposed therein.

Like reference symbols in the various drawings indicate like elements.

DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION

The devices and methods provided in connection with the present invention
can be used to ligate anatomical structures such as, e.g., the LAA and other
anatomical features. Although the exemplary embodiments described herein are
discussed in the context of LAA ligation, the devices and methods of the present
invention should not be limited to that use. Ligation of anatomical structures may be
performed for a variety of reasons. Ligation of the LAA may, for example, reduce
the likelithood of or prevent clots from forming in the LAA and/or reduce the
likelthood of or prevent previously formed clots from escaping into the bloodstream.

In general, the ligating devices of the present invention may include a
ligating element and a control element. The control element can be contained within
the ligating element or the ligating element can be contained within the control
element. In other embodiments, the ligating element can be separate from the
control element. For example, the ligating element can encircle the control element,
or vice versa, or an end of the ligating element (e.g., a length of suture) can be
attached to an end of the control element (e.g., a length of wire), such that neither
element 1s contained within the other.

The ligating element, the control element, or both the ligating element and
the control element can be contained within the lumen of a catheter having proximal
and distal ends, with the lumen defined therebetween. At least a portion of the
ligating element and/or at least a portion of the control element can be positioned at
the distal end of the catheter. In some embodiments, the ligating element and/or the
control element can extend through the length of the catheter. In other
embodiments, the ligating element and/or the control element can be positioned at
the end (e.g., the distal end) ot a separate elongate element, such that the elongate
element extends through the length of the catheter and the ligating and/or control

clements are positioned at the distal end of the cathéter. For example, in some cases

the ligating element can be positioned at the distal end of an elongate element within
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the catheter, and the control element can extend through all or a portion of the
ligating element and through the length of the catheter.

The ligating element can be adapted for placement around the LAA (e.g., the
base of the LAA) or other anatomical structure, such that the LAA can be effectively
closed off from the left atrium. The control element can be adapted to facilitate
placement of the ligating element 1n the desired position around the LAA. Typically,
at least one of the ligating element or the control element can be constructed to be
rigid and/or to have shape memory, such that the ligating element and/or control
element can have a closed configuration for passage through the catheter and
eventual tightening around the base of the LAA, and an open “lariat” configuration
for placement over and around the body of the LAA.

The lanat formed by the ligating element and/or control element in the open
configuration can have any suitable shape and size. For example, a lariat can have
an essentially circular or oval shape, or can have an irregular shape to, for example,
tollow the curve of the heart. A lariat can have a maximum diameter from, e.g.,
about 0.5 cm to about 4 cm (e.g., from about 0.7 cm to about 3.5 ¢cm, from about 1.0
cm to about 2.5 cm, or from about 1.5 cm to about 2.0 cm).

The ligating devices provided in connection with the present invention may
be readily deployed 1n a percutaneous manner. In addition, the ligating devices can
be adapted to minimize trauma to the tissue they contact such that there is little or no
erosion through the tissue, reducing the likelihood of bleeding and cardiac
tamponade. Further, the devices can be reversible and/or repositionable, such that a
clinician can position the ligating element over the LAA, tighten the ligating element
around the LAA, and then loosen and reposition the ligating element if desired.

In some embodiments, a ligating device can have a hollow ligating element
formed of a soft, pliable matenal (e.g., polytetratluoroethylene (PTFE),
polyethylene, polypropylene, or any other suitable material), and an inner control
element formed of a more rigid material (e.g., wire, etc.) or any other suitable
material that can provide the hollow element with at least temporary rigidity (e.g.,
pressurized fluid such as water or air).

For example, a ligating element can be in the form of a hollow (e.g., PTFE)
suture, with a control element running through the lumen of the hollow suture. The

wire loaded suture can have a generally elongate “U” shape and can extend through

the length of the catheter, with both ends protruding from the proximal end of the
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catheter and the bottom of the “U” positioned at or near the distal end of the catheter.
The distal end of the device can be positioned near the LAA (or other anatomical
structure) via any suitable approach (e.g., via sub-xyphoid, intercostal, or trans-
coronary sinus approach for the LAA). The ligating element can be passed through
the distal end of the catheter and placed around the base of the LAA.

In some embodiments, the inner control element can be made of a shape
memory material (e.g., Nitinol), such that when the hollow ligating element exits the
distal end of the catheter 1t assumes an open “lariat” configuration to facilitate
placement around the LAA or other anatomical structure. The inner control element
may also give the ligating element a configuration that places (orients) the lariat at
an angle with respect to the elongate portion of the ligating element, to further
facilitate positioning ot the device over the LAA or other anatomical structure. In
some embodiments, the control element can be configured such that as the ligating
element 1s progressively extended out of the distal end of the catheter, the shape and
angulation of the lanat changes. The angulation and shape of the ligating device
can, in some embodiments, be tailored based on patient anatomy. Angled
configurations of the control element can provide additional control of the lariat, to
further facilitate positioning of the device.

In addition, a ligating device provided in connection with the present
invention may include a separate positioning element, which also can be used to
position and reposition or remove the ligating element 1f desired. A clinician also
can manipulate either or both ends ot the inner control element to alter the shape
and/or position of the ligating element. In some embodiments, the control element
can contain a magnetizable matenal (e.g., iron, nickel, cobalt, gadolinium,
dysprosium, or composites of flexible resins and magnetic powders, with or without
a binder such as vinyl), and the position of the ligating element can be manipulated
by a magnetic device outside the body (e.g., a magnetic navigation system from, for
example, Stereotaxis, Inc. of St. Louis, MO).

Once placed, the ligating element can be retained in position via a clip or any
other suitable means. The control element can be removed if desired (e.g., by
pulling on one end of the control element such that 1t slides out of the lumen in the
ligating element). Once the control element 1s removed, the ligating element can be

tightened to close the LAA and then fixed in position via a clip, a knot, or any other

suitable fastening means.
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If a knot is used, the knot can be tied outside the body and pushed through
the catheter 1nto position to close the LAA. Examples of suitable knot pushing

devices and methods are described 1n, for example, U.S. Patent Nos. 6132439,
5759189, and 5769863. A knot pushing device can be made from a substantially
rigid material, from a flexible material (e.g., polypropylene or polyethylene), or
from a combination of flexible and rigid materials.

In some embodiments, a ligating device of the present invention can have a
ligating element formed of a nigid material (e.g., shape memory material such as
Nitinol, etc.), and an inner or outer control element formed of a pliable material
(e.g., suture, soft wire, or any other suitable material). The ligating element can be
positioned at the end of an elongate element that extends through the length of the
catheter, such that the ligating element can be positioned at or toward the distal end
of the device, within the lumen of the catheter.

The ngid (e.g., shape memory) material of the ligating element can be
covered on its exterior surface with a coating (e.g., PTFE, DACRON'™, or other
suttable material) to, for example, prevent tissue trauma. Examples of suitable
coatings are described elsewhere (e.g., U.S. Publication No. 2005/0277959).

In some cases, the natural position or configuration of the ligating element
can be closed. Such a position or configuration can facilitate passage of the ligating
and control elements through the catheter, and can provide a ready means to close
off the LA A after placement of the ligating element.

An 1nner control element can extend through the entire length of the ligating
element or through a portion of the ligating element. An outer control element can
extend around (e.g., encircle) the entire ligating element, or can be attached to a
portion of the ligating element. In some embodiments, a control element can be
secured at or near the distal end of the ligating element.

In use, a clinician can pull on the control element in the proximal direction,
opening the higating element into a lariat configuration to allow for positioning of
the device over the LAA. In some cases, an inner control element extending through
the entire length of a ligating element may not be secured within the ligating
element, but can be configured such that a clinician can apply force in the proximal
direction (e.g., by pulling on both ends of the control element) to open the ligating
element. The ligating element can have a pre-tormed shape that, for example,

facilitates opening ot the lariat upon actuation of the control element. For example,
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a ligating element containing a shape-memory material can have a preformed shape
with preferential bends to facilitate formation of a lariat.

In some cases, a portion of the ligating element (e.g., at a point on the base of
one side of the ligating element) can be atfixed to the distal end of the catheter or the
sheath. In these cases, the control element can be actuated (e.g., pulled 1n the
proximal direction) such that the unatfixed side of the ligating element can move
into the catheter, causing the affixed side to bend, thus forming a loop. In some
embodiments in which a portion of the ligating element is affixed to the distal end of
the catheter, the unaffixed side of the ligating element can be magnetized. In such
embodiments, a clinician can use a magnet or magnetic system outside the subject’s
body to manipulate the ligating element and pull the unaffixed, magnetized side of
the ligating element 1nto the catheter, thus causing the ligating element to form a
lariat. In some cases 1n which a portion of the ligating element 1s magnetized, a
device may lack a separate control element.

Once the ligating element 1s tn position, the control element can be released
to close the ligating element. The ligating element can be separated from the
elongate element and, in some cases, from all or a portion of the control element.
Any suitable means can be used to separate the ligating element from other elements
of the device. An inner control element can be left entirely or partially inside the
ligating element. An outer control element can be entirely or partially removed from
the ligating element.

In some embodiments, a rigid ligating element can be connected to an
elongate element by a pin or other mechanism at its base to, for example, allow a
clinician to adjust the angle of the ligating element with respect to the elongate
element (e.g., once the ligating element has been advanced beyond the distal end of
the catheter). The ability to manipulate the angle of the ligating element can
facilitate positioning of the ligating element over the LAA.

In some embodiments, a device can include a ligating element in the form of
a ring clip (e.g., manufactured of shape memory wire) whose natural position is
closed, and a hollow, donut-shaped control element comprising a soft pliable
matenal (e.g., PTFE, polyethylene, or polypropylene) that is air tight. In some
embodiments, the ring clip can be contained within the control element. For

example, a ring clip (formed of, e.g., Nitinol) can be contained within a hollow ring

(of, e.g., PTFE). In some cases, the ring clip can encircle the outer circumference of
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the control element. For example, a ring chip (formed of, e.g., Nitinol) can encircle a
hollow ring (of, e.g., PTFE). The device can be deployed by advancing the ligating
element (ring clip) and the control element out of the distal end of the catheter,
inflating the control element (e.g., with a gas or a liquid) to open the ring clip,
positioning the device at the base of the LAA, and deflating the control element to
close the ring clip. In such embodiments, the control element can provide an
atraumatic covering for the higating element.

In some embodiments, a device can have an elongate rigid control element
(e.g., a wire) with a ligating element (e.g., a suture) atfixed to one end. The control
element can extend through the length of the catheter, e.g., with a generally elongate
“U” shape 1in which both ends protrude from the proximal end of the catheter and the
bottom of the “U” 1s positioned at or near the distal end of the catheter. A clinician
can manipulate the position of the control element using, for example, a positioning
element as described herein, or using a magnet 1n cases where the control element i1s
magnetized. Once the control element 1s placed around the LAA, the end of the
control element that 1s not attached to the ligating element can be pulled to advance
the ligating element through the catheter and around the LAA. When the ligating
element 1s 1n place around the base of the LAA, it can be fastened in place (e.g.,
knotted or clipped), and any remaining portion of the ligating element and the
control element can be retracted from the subject’s body.

In some cases, the ligating device can include a protective element. For
example, the ligating device can include a hollow tubular sheath that can surround a
portion of the control element at the distal end of the catheter, and can be placed
around the LAA (or other anatomical structure) along with the control element.
Such a sheath can protect the tissue from frictional damage as the control element is
pulled through the catheter and the suture 1s positioned around the LAA (or other
anatomical structure). A protective element also can distribute the force of the
suture over a greater area of the LAA.

In some embodiments, a ligating device of the present invention can include
a control element having two rigid elongate port<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>