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GRASPER WITH MAGNETICALLY-CONTROLLED POSITIONING
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No. 61/778,264, filed on
March 12, 2013, and to U.S. Patent Application Serial No. 14/019,404, filed on September 5, 2013, the

disclosures of which are incorporated herein by reference in their entirety.
FIELD

[0002] The present invention is directed toward systems, devices, and methods for providing remote

manipulation or traction to tissue using one or more graspers.
BACKGROUND

[0003] Many surgical procedures are shifting toward the use of minimally-invasive approaches that
are configured to minimize the number and size of incisions that are made in a patient. Minimally-
invasive procedures such as endoscopic and laparoscopic procedures may be associated with lower pain,
quicker post-surgical recovery, shortened hospitalization, and reduced complications when compared to
open surgical procedures. During minimally-invasive procedures it may be desirable to reposition or
otherwise manipulate tissue, however the introduction of additional devices to engage tissue may crowd
the access sites provided by incisions, which may require the formation of larger or additional access
sites. Accordingly, it may be desirable to provide one or more devices that may retract or otherwise

manipulate tissue without the need to have a portion of the device present in an access site to the body.
BRIEF SUMMARY

[0004] Described here are devices, systems, and methods for providing remote traction for tissue. In
some variations, the systems described here may comprise a grasping device. The grasping device may
comprise a main body comprising a barrel portion having a lumen extending therethrough, a first jaw
rotatably coupled to the main body, and a second jaw. The grasper may further comprise a proximal arm
extending from the first jaw, wherein at least a portion of the proximal arm is exposed from the main

body. The device may be configured such that a one or more forces (e.g., a compressive force or the
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like) applied to the exposed portion of the proximal arm and the main body rotates the first jaw relative
to the second jaw. Additionally or alternatively, the device may be configured such that advancement of

an actuation rod through the lumen of the barrel portion rotates the first jaw relative to the second jaw.

[0005] In some variations, the lumen of the barrel portion may comprise a proximal segment and
distal segment such that a diameter of the proximal segment is larger than a diameter of the distal
segment. In some of these variations, the lumen may further comprise an intermediate segment between
the proximal segment and the distal segment such that a diameter of the intermediate segment is larger
than the diameter of the proximal segment and the diameter of the distal segment. At least a portion of
the device may be formed from one or more magnetic or ferromagnetic materials. In some variations,
the device may further comprise an eccentric cam member attached to the first jaw such that rotation of
the eccentric cam member is configured to rotate the first jaw. The proximal arm may comprise a
curved segment. In some of these variations, the proximal arm may further comprise a straight segment
positioned between the curved segment and the first jaw. The first jaw may be rotationally biased

toward the second jaw.

[0006] Also described here are systems for grasping tissue. The system may comprise a grasper and a
delivery device. The grasper may comprise a main body comprising a barrel portion having a lumen
extending therethrough, a first jaw rotatably coupled to the main body, and a second jaw. The grasper
may comprise a proximal arm connected to the first jaw, such that rotation of the proximal arm relative
to main body rotates the first jaw away from the second jaw. In some variations, the grasper may further
comprise an eccentric cam member attached to the first jaw, wherein rotation of the eccentric cam
member is configured to rotate the first jaw. In some of these variations, the proximal arm may
comprise a curved segment, and in some of these variations may comprise a straight segment positioned

between the curved segment and the first jaw.

[0007] The delivery devices described here may comprise a handle, a distal engagement portion
configured to releasably couple to the grasper, a shaft connecting the handle and the distal engagement
portion, and an actuation rod. The actuation rod may be advanced through the lumen to rotate the first
jaw away from the second jaw. In some variations, the delivery device comprises a locking sheath

having an expandable distal end. The delivery device may be configured to expand the expandable
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distal portion from an unexpanded configuration to an expanded configuration in the lumen of the barrel
portion to couple the locking sheath to the grasper. In some of these variations, the lumen of the barrel
portion may comprise a proximal segment and distal segment, wherein a diameter of the proximal
segment is larger than a diameter of the distal segment. The expandable distal portion of the locking
sheath may be advanced through the proximal segment in an unexpanded configuration and may be

prevented from being advanced through the proximal segment when in the unexpanded configuration.

[0008] In some of these variations, the lumen may further comprise an intermediate segment between
the proximal segment and the distal segment, wherein a diameter of the intermediate segment is larger
than the diameter of the proximal segment and the diameter of the distal segment. The expandable distal
portion of the locking sheath may be configured to be expanded in the intermediate section, such that the
expandable distal portion of the locking sheath is prevented from being withdrawn through the proximal
segment when the expandable distal portion of the locking sheath is expanded. The actuation rod may
be positioned within the locking sheath, and may be configured such that advancement of the actuation
rod relative to the locking sheath expands the expandable distal portion of the locking sheath. In some
of these variations, the expandable distal portion of the locking sheath may comprise at least one internal
projection configured to fit in at least on indentation of the actuation rod. Advancement of the actuation
rod relative to the locking sheath may slide the at least one internal projection relative to the at least one

indentation to expand the expandable distal portion of the locking sheath.

[0009] In some variations, the distal engagement portion of the delivery device may comprise a
coupling magnet. In some of these variations, retraction of the coupling magnet may decouple the
grasper from the distal engagement portion. The retraction of the actuation rod may be configured to
retract the coupling magnet. In some variations, the distal engagement portion may comprise a spring
(e.g., a torsional spring, a cantilever spring, or the like) positioned to bias the coupling magnet toward an

advanced position.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A-1C depict perspective views of an illustrative variation of the systems described

here.
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[0011] FIGS. 2A-2F depict cross-sectional side views of a distal portion of a variation of the delivery

devices described here and a variation of the graspers described here.

[0012] FIGS. 3A, 3B, 4A, and 4B depict cross-sectional side views of illustrative variations of the

graspers described here.
[0013] FIGS. 5A-5D depict a variation of the methods described here.

[0014] FIGS. 6A and 6B show perspective and side views, respectively, of a variation of a grasper as
described here. FIG. 6C shows a cross-sectional side view of the grasper of FIGS. 6A and 6B.

[0015] FIGS. 7A-7D depict cross-sectional side views of a distal portion of a variation of the delivery
devices described here and the grasper of FIGS. 6A and 6B.

DETAILED DESCRIPTION

[0016] Described here are devices, systems, and methods for providing remote suspension/traction or
manipulation of tissue during minimally-invasive procedures. Generally, the systems described here
include a grasper that is configured to be releasably connected to tissue. The grasper may be further
configured to be attracted to one or more magnets positioned externally of the body to move, reposition,
and/or hold the grasper (which may in turn provide traction for the tissue held by the grasper). The
systems described here may also comprise a delivery device. The delivery devices described here are
generally configured to releasably carry the grasper, and may be further configured to actuate the grasper
to selectively connect the grasper to tissue or release the grasper from tissue. The delivery devices are
typically further configured to release the grasper from the delivery device (e.g., after the grasper has
been connected to tissue). In some instances, the delivery may be configured to re-couple to the grasper
to reposition or remove the grasper. In other instances the system may comprise a separate retrieval
device configured to reposition or remove the grasper. In some instances, the delivery device or retrieval
device may be used with the grasper to remove tissue from the body. For example, the grasper may be
connected to a tissue such as the gall bladder, the tissue may be severed from the body (e.g., using one or
more surgical tools), and the grasper may be retrieved using the delivery device or another retrieval

device to remove the grasper and tissue from the body.
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[0017] In some variations, the system may further comprise a magnetic control element (which may
include one or more magnets), which may be configured to be positioned outside the body and to
provide a magnetic force to the grasper when the grasper is positioned in the body (e.g., to move,
reposition, and/or hold the grasper). While illustrative examples of the graspers and delivery devices
are described together below, it should be appreciated that any of the graspers described here may be
used with any of the delivery devices described here. It should be appreciated that the graspers
described here may be actuated and delivered using any suitable delivery device, and that that the
delivery devices described here may be used to actuate and deliver any suitable grasper or grasping

device.

[0018] Generally, the methods described here comprise releasably connecting a grasper (such as one
of the graspers described here) to a tissue, and providing a magnetic force to the grasper to move and/or
hold the grasper and provide traction of the tissue engaged by the grasper. The magnetic force may be
provided by a magnetic control element configured to magnetically attract the grasper. In some
variations, the grasper may be releasably connected to a tissue inside of the body, and the magnetic
control element may be positioned externally of the body to magnetically attract the grasper. To connect
the grasper to the tissue, the grasper may be releasably coupled with a delivery device, wherein the
delivery device is configured to actuate the grasper. The delivery device may actuate the grasper to
releasably connect the grasper to tissue, and may eject or otherwise decouple from the grasper after the
grasper is connected to tissue. When the grasper is decoupled from the delivery device, the grasper may
be attracted by an magnetic force external to the body and may move or otherwise hold tissue without
the need to have a shaft or other portion of a device positioned in a laparoscopic port or other access site.
This may reduce the number of access sites required to provide remote suspension of tissue, which may
allow for faster and more reliable surgical procedures. In some instances, the delivery device (or another
device, such as a grasping device) may be used to disconnect the grasper from tissue. The grasper may
then be repositioned and reattached to tissue (either the same tissue or a different tissue), or may be

removed from the body.

[0019] FIGS. 1A-1C depict one variation of the systems described here. Specifically, FIG. 1A shows
a perspective view of a system comprising a delivery device (100) and a grasper (200). The grasper may

be releasably coupled to the delivery device (100) (as shown in FIGS. 1A and 1B), and may be
5
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decoupled from the delivery device (as shown in FIG. 1C). When the grasper (200) is coupled to the
delivery device (100), the delivery device (100) may actuate the grasper to connect the grasper to tissue

or release the grasper therefrom.

[0020] As shown in FIG. 1A, the delivery device (100) may comprise a handle (104), a shaft (106)
extending from the handle (104), and a distal engagement portion (108) at a distal end of the shaft (106).
In some variations, the delivery device (100) and grasper (200) may be configured for laparoscopic
introduction into the body. Accordingly, in some variations the grasper (200) and delivery device (100)
may be configured for advancement through a 10 mm laparoscopic port. In these variations, the outer
diameter of the grasper may be less than or equal to about 10 mm. Additionally, the delivery device
(100) may be configured such that the shaft (106) and the distal engagement portion (108) each have a
diameter of less than or equal to about 10 mm. In some of these variations, the distal engagement
portion (108) may have an outer diameter of less than or equal to about 10 mm, while the shaft (106) has
an outer diameter of less than or equal to about 5 mm. In these variations, it may be possible to advance
the distal engagement portion (108) through a 10 mm laparoscopic port, and to further advance a second
device having a diameter of about 5 mm or less through the port while the shaft (106) is positioned in the
port. It should be appreciated that shaft (106) may have any suitable diameter (e.g., between about 1 mm
and about 15 mm, between about 5 mm and about 10 mm, or the like). The shaft (106) and distal
engagement portion (108) may be formed from any suitable materials, such as one or more medical-
grade, high-strength plastics or metals, such as stainless steel, cobalt chromium, PEEK, one or more

nylons, polyimide, or the like.

[0021] Generally, the handle (104) comprises an actuation control mechanism that may be
manipulated by a user to controllably actuate the grasper. In some variations, the delivery device may
comprise a separate decoupling control, which a user may use to decouple the grasper (200) from the
delivery device (100). In other variations, the delivery device (100) may be configured such that a user
may use the actuation control mechanism to decouple the grasper from the delivery device in addition to
actuating the grasper. For example, in the variation of the delivery device (100) depicted in FIGS. 1A-
1C, the handle (104) of delivery device (100) may comprise a grip portion (110) and an actuation control
mechanism comprising a trigger (112). While shown in FIGS. 1A-1C as being a trigger (112), it should

be appreciated that the actuation control mechanism may comprise any suitable control element (e.g., a
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slider, a knob, or the like) capable of actuating the grasper (200) as described in more detail below. The
trigger (112) may be configured to both actuate the grasper (200) and decouple the grasper (200) from
the delivery device (100).

[0022] Specifically, in some variations the trigger (112) may be moveable between three positions.
While three distinct positions will be discussed below, it should be appreciated that the trigger (112) may
also assume one or more intermediate positions between these positions. Of the three positions, the
trigger may be moveable between a first position (as shown in FIG. 1A) and a second position (as shown
in FIG. 1B) to actuate the grasper (200). Specifically, the grasper (200) may comprise a first jaw (202)
and a second jaw (204), and at least one of the first jaw (202) and the second jaw (204) may be
configured to rotate relative to the grasper (200). The grasper (200) may be actuated between an open

configuration and a closed configuration.

[0023] In the open configuration, the first jaw (202) and second jaw (204) may be held in rotationally
separated positions to define a space between the first jaw (202) and the second jaw (204), as shown in
FIG. 1B. In the closed configuration, the first jaw (202) and second jaw (204) may be rotationally
biased toward each other, as shown in FIG. 1A. While the first jaw (202) is shown in FIG. 1B as
contacting the second jaw (204) when the grasper (200) is in the closed configuration, it should be
appreciated that when the grasper (200) is connected to tissue, tissue positioned between the first jaw
(202) and second jaw (204) may prevent the first jaw (202) from contacting the second jaw (204) when

the grasper (200) is in the closed configuration.

[0024] The grasper (200) may be actuated between the closed and open configurations to releasably
connect the grasper (200) to tissue. For example, when the trigger (112) is in the first position (as shown
in FIG. 1A), the grasper (200) may be placed in the closed configuration. As the trigger (112) is moved
to the second position (as shown in FIG. 1B), the grasper (200) may be moved to the open configuration.
In variations where the first jaw (202) is configured to rotate relative to the grasper (200), moving the
trigger (112) from the first position to the second position may rotate the first jaw (202) away from the
second jaw (204), while moving the trigger from the second position back to the first position may rotate
the first jaw (202) toward the second jaw (204). Accordingly, by moving the trigger (112) between the

first and second positions, a user may selectively open and close the jaws of the grasper (200) using the
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delivery device (100). To connect the grasper (200) to tissue, a user may place the trigger (112) in the
second position (or an intermediate position between the first and second positions) to open (or partially
open) the jaws, and may manipulate the delivery device (100) to position tissue between the first jaw
(202) and the second jaw (204). With the tissue positioned between the jaws, the trigger (112) may be
returned to the first position to clamp the jaws against the tissue, thereby releasably connecting the

grasper (200) to the tissue.

[0025] As mentioned above, the trigger (112) may be configured to decouple the grasper (200) from
the delivery device. For example, the trigger (112) may be moved from the first position (as shown in
FIG. 1A) to a third position (as shown in FIG. 1C), and the delivery device (100) may be configured to
decouple from the grasping member when the trigger is moved to the third position (as will be described
in more detail below). When the same actuation control mechanism is used to actuate the grasper and
decouple the grasper from the delivery device, it may be desirable to decouple the grasper from the
delivery device when the grasper (200) is in a closed configuration and engaged with tissue.
Accordingly, in some variations, the first position of the trigger (112) (which may correspond to a closed
configuration of the grasper (200)) may be an intermediate position between the second position and
third position. In these variations, when the trigger (112) is placed in the second position to place the
grasper (200) in an open configuration, the trigger (112) will move through the first position (which may
move the grasper (200) to a closed configuration) before it reaches the third position. Thus the grasper

(200) may be moved to the closed configuration before it is decoupled from the delivery device (100).

[0026] The delivery devices described here may be configured to actuate, couple to, and decouple
from, the graspers described here in any suitable manner. For example, FIGS. 2A-2F illustrate one
suitable mechanism by which a delivery device may be configured to actuate and couple/decouple a
grasper. For example, FIG. 2A depicts a cross-sectional side view of variations of the grasper (200) and
a distal portion of the delivery device (100) each described above with respect to FIGS. 1A-1C. As
shown there, the grasper (200) may comprise a first jaw (202), a second jaw (204), and a main body
(206). Generally, the first jaw (202) is rotatably connected to the main body (206) at a pivot point (208),
such that the first jaw (202) may rotate relative to the main body (206). In some variations (such as that
shown in FIGS. 2A-2F), the second jaw (204) may be fixed relative to the main body (206), while in

other variations the second jaw (204) may also be rotatably connected to the main body (206). When the
8
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second jaw (204) is fixed relative to the main body, the second jaw (204) may be formed separately from
the main body (206) and subsequently attached thereto, or may be formed integrally with the main body
(206). When a jaw as described here is configured to rotate relative a pivot point, the jaw may be
configured to rotate in any suitable manner. In some variations, a jaw may be connected to the main
body via a rotation pin, such that the jaw may rotate around the rotation pin (or the jaw and rotation pin
may rotate relative the main body). In other variations, the jaw may be connected to the main body via a

living hinge.

[0027] The first jaw (202) and second jaw (204) may be rotationally biased toward each other (e.g.,
towards a closed configuration). In variations where the first jaw (202) is rotatably connected to the
main body, the first jaw (202) may be rotationally biased toward the second jaw (204). For example, in
some variations the grasper (200) may comprise a spring such as a torsional spring or a cantilever spring
(not shown), which may spring-bias the first jaw (202) toward the second jaw (204). In variations where
the second jaw (204) is rotatably connected to the main body, the second jaw (204) may also be biased
towards the first jaw (202) (e.g., via one or more springs). The bias of the jaws toward the closed

configuration may act to hold tissue positioned between the first jaw (202) and the second jaw (204).

[0028] As shown in FIG. 2A, the main body (206) of the grasper may comprise a barrel portion (210)
with a lumen (212) extending therethrough. A portion of the delivery device (100) may be advanced
through the lumen (212) to rotate first jaw (202) (and in some instances, the second jaw (204) in
variations where the second jaw (204) is rotatably connected to the main body (206)) relative to the main
body (206), as will be described in more detail below. In some variations, the lumen (212) may have a
constant diameter. In other variations, different portions of the lumen (212) may have different

diameters.

[0029] For example, in the variation of the grasper (200) shown in FIGS. 2A-2F, the lumen (212) of
the barrel portion (210) may comprise a proximal segment (214), a distal segment (216), and an
intermediate segment (218) positioned between the proximal segment (214) and the distal segment
(216). As shown in FIG. 2A, the proximal segment (214) may have a larger diameter than the distal
segment (216), and the intermediate segment (218) may have a larger diameter than both the proximal

segment (214) and the distal segment (216). The proximal (214), distal (216), and intermediate (218)
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segments may aid in maintaining a coupling with the delivery device (100), as will be described in more

detail below.

[0030] The barrel portion (210) of the grasper (200) may be sized and configured to be engaged by the
distal engagement portion (108) of the delivery device (100) to releasably couple the grasper (200) to the
delivery device (100). In some variations, the outer diameter of the barrel portion (210) may have a
constant diameter, or may have different portions of the barrel portion (210) having different diameters,
such as described in more detail below. Turning to the delivery device (100), in the variation of the
delivery device shown in FIGS. 2A-2F, the delivery device (100) may comprise an actuation rod (114)
slidably disposed in the shaft (106). The actuation rod (114) may be advanced through the lumen (212)
of the barrel portion (210) of the grasper (200) to actuate the grasper (200), as will be described in more
detail below. Also shown in FIG. 2A is a locking sheath (116), a coupling magnet (118), and a spring

(120). FEach of these components will be discussed further below.

[0031] While shown in FIGS. 2A-2F as having a coupling magnet (118), the delivery device (100)
need not comprise a coupling magnet. In variations of the delivery device (100) that do comprise a
coupling magnet (118), the coupling magnet (118) may be slidably housed in a housing of the distal
engagement portion (108), and may be configured to releasably couple the delivery device (100) to the
grasper (200). The coupling magnet (118) may be movable between an advanced position (as depicted
in FIG. 2A) and a retracted position (as depicted in FIG. 2C). In variations where the delivery device
comprises a spring (120), the spring (120) may be positioned in the distal engagement portion (108) to

bias the coupling magnet (118) toward the advanced position.

[0032] The delivery device (100) may be configured to couple to the grasper (200) when the coupling
magnet (118) is in the advanced position. For example, when the distal engagement portion (108) is
brought near the grasper (200), the coupling magnet (118) may attract the grasper (200). Generally, at
least a portion of the graspers described here are formed from one or more metallic or magnetic materials
which may be attracted to a magnetic field. The materials may include one or more magnetic or
ferromagnetic materials, such as, for example, stainless steel, iron, cobalt, nickel, neodymium iron
boron, samarium cobalt, alnico, ceramic ferrite, alloys thereof and/or combinations thereof.

Accordingly, one or more portions of the grasper (200) may be formed from or otherwise include a
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magnetic or ferromagnetic material, such that it may be attracted to a magnetic field produced by the
coupling magnet (118). The attractive force provided by the coupling magnet (118) may hold the
grasper (200) against or at least partially within the distal engagement portion (108), such as shown in
FIG. 2B. The grasper (200) may be positioned such that a proximal end of the barrel portion (210) of the
grasper is held against or at least partially within the distal engagement portion (108) of the delivery
device (100).

[0033] To decouple the grasper (200) from the distal engagement portion (108), the coupling magnet
(118) may be withdrawn to the retracted position, as shown in FIG. 2C. Because the force applied by a
magnet decreases as a function of the distance from the magnet, moving the coupling magnet (118) to
the retracted position may increase the distance between the grasper (200) and the coupling magnet
(118) (e.g., the distal engagement portion (108) may comprise a stop (121) which may prevent the
grasper from being retracted with the coupling magnet (118)), which may reduce the attractive force felt
by the grasper (200). Eventually, the attractive force may be sufficiently diminished such that the
grasper (200) may decouple from the delivery device (100).

[0034] The coupling magnet (118) may be retracted in any suitable manner. In some variations, the
delivery device (100) may comprise a control sheath (not shown) which may be attached to the coupling
magnet (118). The control sheath may be selectively withdrawn or advanced (e.g., via a control
mechanism in the handle (104)) to withdraw and advance, respectively, the coupling magnet (118). In
other variations, a portion of the actuation rod (114) may be configured to retract the coupling magnet
(118). For example, the actuation rod (114) may be configured to catch on or otherwise engage the
coupling magnet (118) during retraction of the actuation rod (114). In these variations, the actuation rod
(114) may be withdrawn until the actuation rod (114) engages the coupling magnet (118). Once the
actuation rod (114) engages the coupling magnet (118), further withdrawal of the actuation rod (114)

may also withdraw the coupling magnet (118).

[0035] For example, as shown in FIGS. 2A-2F, the actuation rod (114) may be slidably disposed
within a lumen (122) of the coupling magnet (118). In some variations, at least a segment of the
actuation rod (114) may be sized and configured such that the portion of the actuation rod (114) cannot

fully pass through the lumen (122). For example, in some variations a segment of the actuation rod may
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have a diameter greater than a diameter of the lumen (122). Additionally or alternatively, the segment
may comprise one or more projections extending from an outer surface of the actuation rod (114) and
which cannot fully pass through the lumen (122). When the segment of the actuation rod (114) is
positioned distal to the coupling magnet (118), the actuation rod (114) may be freely advanced relative
to the coupling magnet (118). Conversely, withdrawal of the actuation rod (114) may pull the segment
of the actuation rod (114) into contact with the coupling magnet (118). Since the segment cannot fully
pass through the lumen (122) of the coupling magnet (118), further withdrawal of the actuation rod (114)
may cause the segment of the actuation rod (114) to pull on and withdraw the coupling magnet (118).
When the actuation rod (114) is subsequently advanced, the spring (120) may advance the coupling
magnet (118) with the actuation rod (114) until the coupling magnet (118) reaches the advanced

position.

[0036] In variations where the delivery device (100) comprises a locking sheath (116) slidably
disposed in the lumen (122) of the coupling magnet (118), the locking sheath (116) may be configured to
withdraw the coupling magnet (118). For example, a segment of the locking sheath (116) may be sized
and configured such that the segment cannot fully pass through the lumen (122) of the coupling magnet
(118), such as described above with respect to the actuation rod (114). In the variation shown in FIGS.
2A-2F, the locking sheath (116) may comprise a protrusion (124) positioned distally of the coupling
magnet (118) and sized such that the protrusion (124) cannot fully pass through the lumen (122). In
these variations, proximal withdrawal of the locking sheath (116) through the lumen (122) may place the
protrusion (124) into contact with the coupling magnet (118), such as shown in FIGS. 2A and 2B. As
depicted in FIG. 2C, further withdrawal of the locking sheath (116) may also withdraw the coupling
magnet (118) (e.g., by virtue of the contact between the protrusion (124) and the coupling magnet (118)).

[0037] As mentioned above, the delivery devices described here may comprise a locking sheath
(although it should be appreciated that in some variations the delivery device may not comprise a
locking sheath). In variations where the delivery device does comprise a locking sheath (116), such as
the variation of the delivery device (100) depicted in FIGS. 2A-2F, the locking sheath (116) may be
slidably disposed in the shaft (106). The actuation rod (114) may in turn be positioned at least partially
within the locking sheath (116). The locking sheath (116) may comprise an expandable distal portion

(126) which may be configured to expand inside of the lumen (212) of the barrel portion (210) of the
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grasper (200) to temporarily engage an interior portion of the lumen (212), which may help maintain the

coupling between the grasper (200) and the delivery device (100).

[0038] In these variations, the delivery device (100) may be configured such that advancement of the
actuation rod (114) relative to the locking sheath (116) may expand the expandable distal portion (126)
of the locking sheath (116). For example, the expandable distal portion (126) of the locking sheath (116)
may comprise at least one internal projection (128) that projects inwardly and is sized and shaped to fit
within at least one corresponding indentation (130) in the outer surface of the actuation rod (114). It
should be appreciated that the at least one internal projection (128) may be a single projection (e.g., an
annular snap-fit or a projection that extends radially around some or all of the inner circumference of the
locking sheath (116)) or multiple discrete projections. Similarly, the actuation rod (114) may comprise a
single indentation (e.g., an indentation that extends radially around some or all of the outer surface of

actuation rod (114)) or multiple indentations.

[0039] The actuation rod (114) may be positioned within the locking sheath (116) such that the
internal projections (128) of the locking sheath (116) are positioned in corresponding indentations (130)
of the actuation rod (114), such as shown in FIGS. 2A-2D. This may create a friction fit or mechanical
interlock between the actuation rod (114) and the locking sheath (116), which may cause the locking
sheath (116) to be advanced and withdrawn with the actuation rod (114). The engagement between the
actuation rod (114) and the locking sheath (116) may be further configured such that under certain
circumstances the actuation rod (114) may be advanced relative to the locking sheath (116) to expand the
expandable distal portion (126) of the locking sheath (116). For example, as shown in FIGS. 2A-2F, the
internal projections (128) of the locking sheath (116) and the corresponding indentations (130) of the
actuation rod (114) may each have a ramped proximal portion. When the internal projections (128) are
positioned within corresponding indentations (130), the ramped proximal portion of each internal
projection (128) may be positioned in contact with the ramped proximal portion of a corresponding
indentation (130). This contact may provide the friction fit or mechanical interlock that may allow the

actuation rod (114) to distally advance the locking sheath (116) as mentioned above.

[0040] When an external force is applied to the locking sheath (116) to resist distal advancement of

the locking sheath (116), advancement of the actuation rod (114) may overcome the friction force or
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mechanical connection between the ramped proximal portions of the internal projections (128) and the
corresponding indentations (130), at which point the contacting ramped surfaces may slide relative to
each other as the actuation rod (114) begins to advance distally relative to the locking sheath (116). As
the actuation rod (114) is advanced distally relative to the locking sheath (116), the internal projections
(128) may slide out of their corresponding indentations (130) (such as shown in FIG. 2E), which may
thereby expand the expandable distal portion (126) of the locking sheath (116).

[0041] This expansion of the expandable distal portion (126) of the locking sheath (116) may help to
maintain the temporary coupling between the delivery device (100) and the grasper (202), as illustrated
in FIGS. 2D-2F. Specifically, the locking sheath (116) and actuation rod (114) may be positioned such
that the internal projections (128) of the locking sheath (116) are positioned in respective indentations
(130) on the actuation rod (114), which may allow advancement and retraction of the actuation rod (114)
to advance and retract the locking sheath (116), as discussed above. The grasper (200) may be coupled
to the distal engagement portion (108) of the delivery device (100), as shown in FIG. 2C, and the
actuation rod (114) may be advanced to begin advancing the actuation rod (114) and locking sheath
(116) into the lumen (212) of the barrel portion (210) of the grasper (200). The actuation rod (114) may
be sized such that it is smaller than each of the proximal segment (214), the distal segment (216), and the
intermediate segment (218) of the lumen (212) of the barrel portion (210) of the grasper (200). This may
allow the actuation rod (114) to be advanced through the entire lumen (212) of the barrel portion. The
locking sheath (116), however, may be sized and configured such that it may pass through the proximal
segment (214) and the intermediate segment (218) of the lumen (212), but is prevented from entering the
distal segment (216). Accordingly, the actuation rod (114) may be advanced to advance the actuation
rod (114) and the locking sheath (116) through the lumen (212) of the barrel portion (210) of the grasper
(200) until the locking sheath (116) reaches the distal segment (216) of the lumen (212), as shown in
FIG. 2D. At this point, the locking sheath (116) may be prevented from entering the distal segment
(216), and may thus be prevented from further advancement. The actuation rod (114) may be further
advanced relative to the grasper (200) to advance the actuation rod (114) through the distal segment
(216) of the lumen (212). Because the locking sheath (116) is prevented from advancing further, the
actuation rod (114) may be advanced relative to the locking sheath (116). This may cause the internal

projections (128) of the locking sheath (116) to slide out of their respective indentations (130) and

14



WO 2014/163872 PCT/US2014/018307

expand the expandable distal portion (126) of the locking sheath (116), as depicted in FIG. 2E.
Specifically, the expandable distal portion (126) may be positioned in the intermediate segment (118) of

the lumen (112) when it is expanded.

[0042] When expanded, the expandable distal portion (126) may be configured to resist being
removed from the lumen (212) of the barrel portion (210) of the grasper (200). Specifically, the
expandable distal portion (126) of the locking sheath (116) may be sized and configured such that, when
expanded, the expandable distal portion (126) may be prevented from passing through the proximal
segment (214) of the lumen (212) (e.g., the outer diameter of the expanded distal portion (126) may be
larger than the diameter of the proximal segment (214) of the lumen (212)). When the expandable distal
portion (126) of the locking sheath (116) is expanded in the intermediate segment (218) (as shown in
FIG. 2E), the locking sheath (116) may resist both advancement of the locking sheath (116) into the
distal segment (216) (as discussed above) and withdrawal of the locking sheath (116) though the
proximal segment (214) of the lumen (212). Accordingly, the expanded locking sheath (116) may lock
the grasper (200) in place relative to the delivery device (100). When the actuation rod (114) is further
advanced to actuate the jaws of the grasper (as shown in FIG. 2F, and discussed in more detail below),
the actuation rod (114) may apply one or more forces to the grasper (200) which may have a tendency to
push the grasper (200) away from the coupling magnet (118) (which in some instances could possibly
inadvertently decouple the grasper (200) from the delivery device (100)), but the engagement between
the expanded locking sheath (116) and the grasper (200) may overcome these forces to maintain the
position of the grasper (200) relative to the delivery device (100).

[0043] To disengage the locking sheath (116) from the grasper (200), the actuation rod (114) may be
retracted until the indentations (130) of the actuation rod (114) reach the internal projections (128) of the
locking sheath (116). The expandable distal portion (126) of the locking sheath (116) may be biased
toward an unexpanded state such that the internal projections (128) reposition themselves into their
respective indentations (130), as shown in FIG. 2D. The actuation rod (114) may then be withdrawn to
withdraw the locking sheath (116) (e.g., by virtue of the connection between the indentations (130) and
the internal projections (128)).
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[0044] The grasper (200) may be configured to be actuated in any suitable manner. In some
variations, the grasper (200) may be configured such that it may be actuated by a force applied internally
of the grasper (200) (e.g., via an actuation rod (114) of the delivery device (100) advanced through the
lumen (212) of the barrel portion (210) of the grasper (200), as discussed in more detail below), and may
be further configured such that it may be actuated by a force applied externally of a grasper (200) (e.g.,
via a grasping device). For example, in the variation of the grasper (200) shown in FIGS. 2A-2F, the
grasper (200) may comprise a proximal arm (220) connected to the first jaw (202), wherein rotation of
the proximal arm (220) rotates the first jaw (202) relative to the main body (206) and second jaw (204)
of the grasper (200). The proximal arm (220) may act as a lever and/or a cam to rotate the first jaw

(202).

[0045] For example, in some instances the proximal arm (220) may act as a cam to rotate the first jaw
(202). In these instances, the actuation rod (114) of the delivery device (100) may rotate the first jaw
(202). Specifically, a portion of the proximal arm (220) may be aligned relative to the lumen (212) such
that advancement of the actuation rod (114) through the lumen (212) pushes the actuation rod (114) into
contact with the proximal arm (220), as illustrated in FIG. 2E. Once in contact with the proximal arm
(220), advancement of the actuation rod (114) may push against the proximal arm (220). The proximal
arm (220) may act as a cam to convert the linear motion of the actuation rod (114) into rotation of the
proximal arm (220), which may in turn rotate the first jaw (202) away from the second jaw (204) as
shown in FIG. 2F. When the first jaw (202) is spring-biased toward the second jaw (204), the rotation of
the proximal arm (220) may overcome this spring bias, which may allow the actuation rod (114) to hold
the first jaw (202) in its open position. Additionally, the first jaw (202) may rotate back toward the

second jaw (204) when the actuation rod (114) is retracted.

[0046] Additionally, in the variation of the grasper (200) shown in FIGS. 2A-2F, at least a portion of
the proximal arm (220) may be exposed relative to the main body (206), which may allow a grasping

device to grasp the proximal arm (220) to rotate the first jaw (202) relative to the second jaw (204). For
example, opposing forces (represented by arrows (222) in FIG. 2A) may be applied (e.g., via a grasping
device) to the exposed portion of the proximal arm (220) and the main body (206) to cause the proximal
arm (220) to rotate around the pivot point (208) (which may in turn rotate the first jaw (202) away from

the second jaw (204)).
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[0047] While the proximal arm (220) is shown in FIGS. 2A-2F as being curved, it should be
appreciated that in some variations the graspers described here may comprise also comprise one or more
straight segments. For example, FIGS. 3A and 3B depict cross-sectional side views of one such
variation of a grasper (300) which may be used with the systems described here. As shown there, the
grasper (300) may comprise a first jaw (302), a second jaw (304), and a main body (306). The first jaw
(302) may be rotatably coupled to the main body (306) at a pivot point (308), and the main body (306) of
the grasper (300) may comprise a barrel portion (310) having a lumen (312) extending therethrough. In
some variations, the lumen (312) may comprise a proximal segment (314), a distal segment (316), and

an intermediate segment (318), which may be configured as described above with respect to the variation

of the grasper (200) depicted in FIGS. 2A-2F.

[0048] As shown in FIGS. 3A and 3B, the grasper (300) may comprise a proximal arm (320)
connected to or otherwise extending from the first jaw (302) such that rotation of the proximal arm (320)
around the pivot point (308) also rotates the first jaw (302) around the pivot point. In this variation, the
proximal arm (320) may comprise a straight segment (322) and a curved segment (324), and the
proximal arm (320) may act as a cam and/or lever to rotate the first jaw (302). Specifically, the straight
segment (322) may be positioned between the curved segment (324) and the first jaw (302), and may
provide a flat surface which may facilitate engagement of the proximal arm (320) by a grasping device.
For example, as shown in FIGS. 3A and 3B, at least a portion of the straight segment (322) may be
exposed from the main body (306). Some or all of the curved segment (324) may also be exposed,
although in some variations, the curved segment (324) may be at least partially positioned within a
channel (326) in the barrel portion (310) of the grasper (300). Opposing forces (represented in FIG. 3A
by arrows (328)) may be applied (e.g., via a grasping device) to an exposed portion of the straight
segment (322) (and/or an exposed portion of the curved segment (324), when at least a portion of the
curved segment (324) is exposed) and the main body (306), which may cause the proximal arm (320) to
act as a lever to rotate around the pivot point (308). This in turn may rotate the first jaw (302) away
from the second jaw (304), as illustrated in FIG. 3B. When the first jaw (302) is configured to be
rotatably biased toward the second jaw (304) (e.g., via one or more springs, as described in more detail
above), and the forces (328) holding the first jaw (302) rotated away from the second jaw (304) are
removed from the proximal arm (320) and the main body (306), the first jaw (302) may rotate back

17



WO 2014/163872 PCT/US2014/018307

toward the second jaw (304), as illustrated in FIG. 3A. When tissue is positioned between the first jaw
(302) and the second jaw (304), this may connect the grasper (300) to the tissue as discussed in more

detail above.

[0049] Additionally, a delivery device (such as the delivery device (100) described above with respect
to FIGS. 1A-1C and 2A-2F) may be configured to actuate the jaws of the grasper (300) through the
barrel portion (310), as illustrated in FIGS. 3A and 3B. The distal engagement portion (108) of the
delivery device (100) may engage the barrel portion (310) of the grasper (300) (as discussed in more
detail above), and the actuation rod (114) may be advanced through the lumen (312) of the barrel portion
(310) until the actuation rod (114) contacts the curved segment (324) of the proximal arm (320), such as
shown in FIG. 3A. In some instances, advancing the actuation rod (114) to this point may cause a
locking sheath (116) of the delivery device (100) to couple to the lumen (312) of the barrel portion (310)
of the grasper (300), such as described in more detail above. Further advancement of the actuation rod
(114) may push the actuation rod (114) against the curved segment (324) of the proximal arm (320), and
the proximal arm (320) may act as a cam to convert the linear movement of the actuation rod (114) into
rotational movement of the proximal arm (320). As the actuation rod (114) rotates the proximal arm
(320), the first jaw (302) may rotate away from the second jaw (304), as depicted in FIG. 3B. When the
actuation rod (114) is withdrawn, the first jaw (302) may be biased to rotate toward the second jaw (304)
to return the first jaw (302) toward the second jaw (304). Accordingly, the actuation rod (114) may be
advanced and withdrawn to cause the first jaw (302) to rotate away from and toward, respectively, the
second jaw (304). Additionally, positioning the straight segment (322) between the curved segment
(324) and the pivot point (308) may create a longer moment arm, which may reduce the force that must
be applied to the curved segment (324) by the actuation rod (104) in order to rotate the first jaw (302).
While the proximal arm (320) shown in FIGS. 3A and 3B is configured such that a concave portion of
the curved segment (324) faces the lumen (312) such that the actuation rod (114) contacts the concave
portion of the curved segment (324) during advancement of the actuation rod (114), the curved segment
may instead be configured such that a convex portion of a curved segment faces the lumen such that the
actuation rod (114) contacts the convex portion of the curved segment during advancement of the

actuation rod (114).
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[0050] While the variations of the graspers depicted in FIGS. 2A-2F and 3A-3B each comprise a
proximal arm that is configured to be used as both a cam and a lever to actuate the grasper, in some
variations the grasper may comprise a first mechanism which may act as a cam to actuate the grasper and
a second mechanism which may act as a lever to actuate the grasper. For example, FIGS. 4A and 4B
depict one such variation of a grasper (400) suitable for use with the systems described here. As shown
there, the grasper (400) may comprise a first jaw (402), a second jaw (404), and a main body (406). The
first jaw (402) may be rotatably coupled to the main body (406) at a pivot point (408), and the main
body (406) of the grasper (400) may comprise a barrel portion (410) having a lumen (412) extending
therethrough. In some variations, the lumen (412) may comprise a proximal segment (414), a distal
segment (416), and an intermediate portion (418), which may be configured as described above with

respect to the variation of the grasper (200) depicted in FIGS. 2A-2F.

[0051] Also shown in FIGS. 4A and 4B are a proximal arm (420) and an eccentric cam member (422).
Each of the proximal arm (420) and the eccentric cam member (422) may be attached to the first jaw
(402), such that rotation of either the proximal arm (420) or the eccentric cam member (422) relative to
the pivot point (408) may rotate the first jaw (402). For example, opposing forces (represented by
arrows (428)) may be applied to the main body (406) and the proximal arm (420), which may rotate the
proximal arm (420) relative to the main body (406) and act as a lever to rotate the first jaw (402) away
from the second jaw (404), such as shown in FIG. 4B. In some variations, the first jaw (402) may be
rotatably biased toward the second jaw (404) (e.g., via one or more springs, as described in more detail
above), such that when the forces (428) are removed from the proximal arm (420) and/or main body

(406), the first jaw (402) may rotate back toward the second jaw (404), as illustrated in FIG. 4A.

[0052] Similarly, the eccentric cam member (422) may be rotated via a portion of a delivery device
that may be advanced through the lumen (412) of the barrel portion (410) of the grasper (400). In some
instances, the delivery device (100) described above may actuate the grasper (400). The distal
engagement portion (108) of the delivery device (100) may engage the barrel portion (410) of the
grasper (400) (as discussed in more detail above), and the actuation rod (114) may be advanced through
the lumen (412) of the barrel portion (410) until the actuation rod (114) contacts the eccentric cam
member (422) (which may be aligned with the lumen (412)), such as shown in FIG. 4A. In some

instances, advancing the actuation rod (114) to this point may cause a locking sheath (116) of the
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delivery device (100) to couple to the lumen (412) of the barrel portion (410) of the grasper (400), such
as described in more detail above. Further advancement of the actuation rod (114) may push against the
eccentric cam member (422), which may convert the linear movement of the actuation rod (114) into
rotational movement of the eccentric cam member (422). As the actuation rod (114) rotates the eccentric
cam member (422), the first jaw (402) may rotate away from the second jaw (404), as depicted in FIG.
4B. When the actuation rod (114) is withdrawn, the first jaw (402) may be biased to rotate back toward
the second jaw (404). Accordingly, the actuation rod (114) may be advanced and withdrawn to cause

the first jaw (402) to rotate away from and toward, respectively, the second jaw (404).

[0053] Returning to FIGS. 2E-2F, the actuation rod (114) may be advanced and withdrawn in any
suitable manner. For example, when the delivery device (100) comprises an actuation control
mechanism, such as a slider, knob, trigger, or the like, the actuation control mechanism may be
operatively connected to the actuation rod (114) such that the actuation control mechanism may advance
and withdraw the actuation rod (114). For example, in the variation of the delivery device (100) shown
in FIGS. 1A-1C, the trigger (112) may be configured to advance and retract the actuation rod (114). In
some of these variations, the trigger (112) may be configured such that rotation of the trigger (112)
toward the grip portion (110) withdraws the actuation rod (114) relative to the shaft (106), while rotation
of the trigger away from the grip portion (110) advances the actuation rod (105) relative to the shaft. In
these variations, when the trigger (110) is in the first position (as shown in FIG. 1A), the actuation rod
(114) may be positioned as shown in FIGS. 2A and 2B with the coupling magnet (118) in an advanced
position, which may allow the distal engagement portion (108) to connect to a grasper (such as grasper
(200), as illustrated in FIGS. 1A and 2B). The trigger (112) may be rotated toward the grip portion (110)
to position the trigger (112) in the third position (as shown in FIG. 1C), and this rotation may retract the
actuation rod (114) relative to the shaft (106). Retraction of the actuation rod (114) may also withdraw
the coupling magnet (118) to a retracted position, such as illustrated in FIG. 2C, which may decouple a
grasper from the delivery device (100) as described above. The trigger (112) may be rotated away from
the grip portion (110) and back to the first position to advance the actuation rod (114) back to the
position shown in FIGS. 2A and 2B. Further rotation of the trigger (112) away from the grip portion
(110) may move the trigger (112) from the first position to the second position (as shown in FIG. 1B)

and may advance the actuation rod (114) through a lumen of a barrel portion of a grasper (e.g., the lumen
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(212) of the barrel portion (210) of the grasper (200) described above) to rotate one or more jaws of the
grasper (as shown in FIG. 2F). Returning the trigger (112) to the first position (e.g., by rotating the
trigger (112) toward the grip portion (110)) may withdraw the actuation rod (114) relative to the shaft
(106) and the grasper, which may allow the grasper to return to a closed configuration. It should be
appreciated that in some variations, rotation of the trigger (112) toward the grip portion (110) may be
configured to advance the actuation rod (114) relative to the shaft (106), while rotation of the trigger

(112) away from the grip portion (110) may retract the actuation rod (114) relative to the shaft (106).

[0054] FIGS. 6A-6C depict another variation of a grasper (600) as described here. Specifically, FIGS.
6A and 6B show perspective and side views, respectively, of the grasper (600). As shown there, the
grasper (600) may comprise a first jaw (602), a second jaw (604), and a main body (606). Generally, the
first jaw (602) may be rotatably connected to the main body (606) at a pivot point (608), such that the
first jaw (602) may rotate relative to the main body (606). While the second jaw (604) is shown in
FIGS. 6A-6C as being fixed relative to the main body (606), it should be appreciated that in some
variations the second jaw (604) may be rotatably connected to the main body (606), such as discussed in
more detail above. The first jaw (602) (and/or the second jaw (604) in variations where the second jaw
(604) is rotatably connected to the main body (606)) may be rotated relative to the main body (606) to
actuate the grasper (600) between an open configuration and a closed configuration. Specifically, in the
open configuration, the first jaw (602) and the second jaw (604) may be held in rotationally separated
positions to define a space between the first jaw (602) and the second jaw (604), as shown in FIG. 6A.

In the closed configuration, the first jaw (602) and second jaw (604) may be rotationally biased toward
each other, as shown in FIG. 6B. While the first jaw (602) is shown as contacting the second jaw (604)
in FIG. 6B, it should be appreciated that when the grasper (600) is connected to tissue, tissue positioned
between the first jaw (602) and the second jaw (604) may prevent the first jaw (602) from contacting the
second jaw (604) when the grasper is in the closed configuration. The first jaw (602) and second jaw
(604) may be rotationally biased toward a closed configuration in any suitable manner (e.g., via a

torsional spring (not shown)), such as described in more detail above.

[0055] The main body (606) of the grasper (600) may comprise a barrel portion (610) with a lumen
(612) extending therethrough. A portion of a delivery device may be advanced at least partially into the

lumen (612) to actuate the grasper (600) between closed and an open configurations, as will be discussed
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in more detail below. The outer diameter of the barrel portion (610) may be uniform, or may vary along
the length of the barrel portion (610). For example, in the variation of the grasper (600) shown in FIGS.
6A-6C, the barrel portion (610) may have a first segment (640) having a first outer diameter and a
second segment (642) having a second outer diameter. In some variations, the second outer diameter
may be greater than the first outer diameter, which may allow the second segment (642) to act as a stop
when engaged by a delivery device, such as will be discussed in more detail above. For example, in
some variations the first segment may have a first outer diameter of about 10 mm, and the second

segment may have an outer diameter between about 7 mm and about 9 mm.

[0056] In some variations (such as the variation of grasper (600) illustrated in FIGS. 6A-6C), the
barrel portion (610) may further comprise a tapered portion (644) positioned between the first segment
(640) and the second segment (642), such that the outer diameter of the tapered segment (644) tapers
between the first outer diameter and the second outer diameter. It should be appreciated, however, that
the barrel portion (610) need not have such a tapered portion (644), and the first segment (640) may
immediately transition to the second segment (642). In variations that do include a tapered segment
(644), the tapered segment (644) may provide a gradual diameter transition between the first (640) and
second (642) segments, which may in turn reduce the presence of edges that may catch on or otherwise

disturb tissue during use of the grasper (600).

[0057] Additionally or alternatively, the barrel portion (610) may have a tapered segment (646) at a
proximal end of the barrel portion (610), which may also be at a proximal end of the first segment (640).
In these variations, the diameter of the tapered segment (646) may taper from the first outer diameter of
the first segment (640) to a third outer diameter smaller than that of the first outer diameter. In
variations that include a tapered segment (646) at a proximal end of the barrel portion (610), the tapered
diameter may facilitate alignment of the barrel portion (610) with a portion of the delivery device.
Specifically, when a proximal end of the barrel portion (610) is inserted into a portion of a delivery
device (as described in more detail below), the tapered segment (646) may help guide the barrel portion
(610) into the delivery device, which may be beneficial in instances where the delivery device (or

another retrieval device) is connected to the grasper to retrieve the grasper.
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[0058] The first jaw (602) may be configured to rotate in any suitable manner such as described
above. For example, in the variation of the grasper (600) shown in FIGS. 6A-6C, the grasper (600) may
comprise a proximal arm (620) connected to the first jaw (602) such that rotation of the proximal arm
(620) relative to the pivot point (608) rotates the first jaw (602) relative to the pivot point (608) (which
may also rotate the first jaw (602) relative to the main body (606) and/or the second jaw (604)). While
the proximal arm (620) shown in FIGS. 6 A-6C may comprise a curved arm (620) that may be configured
to act as both a cam and a lever (similar to the proximal arm (220) of the grasper (200) discussed above
with respect to FIGS. 1A-1C and 2A-2F), it should be appreciated that the grasper may include any of
the proximal arms and/or eccentric cam members discussed above with respect to FIGS. 3A-3B and 4A-
4B. The proximal arm (620) (and/or an eccentric cam member) may assist in actuation of the grasper

(600), as described hereinthroughout.

[0059] Generally, at least a portion of the proximal arm (620) may be exposed relative to the main
body (606), which may allow a grasping device to grasp the proximal arm (620) to rotate the first jaw
(602) relative to the second jaw (604), as will be discussed in more detail below. Specifically, the main
body (606) may comprise a barrel extension (660) between the barrel portion (610) and the pivot point
(608). As shown in a cross-sectional side view in FIG. 6C, the barrel extension (660) may comprise a
channel (662) extending at least partially through the barrel extension (660). In the variation shown in
FIGS. 6A-6C, the channel (662) may extend entirely through the barrel extension (660). The barrel
extension (660) may have a wall (664) on one or both sides of the channel (662). In the variation shown
in FIGS. 6A-6C, the barrel extension (660) may have a wall (664) on each side of the channel (662).
The proximal arm (620) may be positioned at least partially within the channel (662), and may be
configured to rotate through the channel (662) as the grasper (600) is actuated between open and closed

configurations.

[0060] Generally, each wall (664) of the barrel extension (660) may have a top edge (666) and a
bottom edge (668). The top edge (666) and bottom edge (668) may have any suitable profile, and
together may define a height of the wall (664). For example, in the variation shown in FIGS. 6 A-6C, the
bottom edge (668) may be linear and substantially parallel to a longitudinal axis, while the top edge
(666) may include a linear portion (680) positioned between two ramped segments (labeled (682) and

(684)). In these variations, the height of the walls (664) may decrease along each of the ramped
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segments (682) and (684) toward the linear portion (680). This may facilitate grasping of the grasper
(600) with a grasping device, as will be described in more detail below. In other variations, the top edge

(666) and/or the bottom edge (668) may have a curved profile.

[0061] In some variations, the graspers described here may comprise a shuttle pin at least partially
positioned in a lumen of the barrel portion of the grasper. Generally, the shuttle pin may reduce the
distance an actuation rod may need to be inserted into the barrel portion in order to actuate the grasper.
For example, in the variation of the grasper (600) shown in FIG. 6C, the grasper (600) may further
comprise a shuttle pin (650). The shuttle pin (650) may be positioned at least partially within the lumen
(612) of the barrel portion (610) of the grasper (600) and may be configured to slide relative to the
lumen (612). The shuttle pin (650) may have a proximal end (652) and a distal end (654), and may assist
in actuation of the grasper (600). Specifically, advancement of a portion of a delivery device (e.g., an
actuation rod) into the lumen (612) of the barrel portion (610) may cause the delivery device to contact
the proximal end (652) of the shuttle pin (650) and advance the shuttle pin (650) relative to the lumen
(612). As the shuttle pin (650) is advanced relative to the lumen (612) of the barrel portion (610), the
distal end (654) of the shuttle pin (650) may press against the proximal arm (620) (or an eccentric cam
member, in variations where the grasper includes an eccentric cam member), which may cause the
proximal arm (620) to act as a cam member, such as discussed in more detail above. Without the shuttle
pin (650), an actuation rod may otherwise need to be inserted into the barrel portion (610) until it
contacts the proximal arm (620) directly, such as discussed above. When the delivery device is
withdrawn relative to the shuttle pin (650), the return bias of the first jaw (202) toward a closed
configuration may push the shuttle pin (650) proximally relative to the lumen (612) of the barrel portion
(610). While the variations of the graspers discussed above with respect to FIGS. 2A-2F, 3A, 3B, 4A,
and 4B are not depicted as having a shuttle pin, it should be appreciated that any of these graspers may
comprise a shuttle pin, which may be configured in any suitable manner as discussed with respect to

shuttle pin (650) of the grasper (600) shown in FIGS. 6A-6C.

[0062] In variations where the graspers described here comprise a shuttle pin, the grasper may be
configured to help prevent the shuttle pin from disengaging from the grasper. In some variations, at least
a portion of a shuttle pin may be configured to have an outer profile that is larger than at least a portion

of the lumen of the barrel portion of a main body. For example, in the variation of the shuttle pin (650)
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shown in FIG. 6C, the distal end (654) may comprise a cap (656) that may have an outer diameter sized
to be larger than the lumen (612) of the barrel portion (610) of the main body (606). The shuttle pin
(650) may be positioned in the lumen (612) such that the cap (656) is positioned distally of the lumen
(612). Because the cap (656) is sized larger than the lumen (612), it may be prevented from entering the
lumen (612) as the shuttle pin (650) is slid proximally relative to the barrel portion (610). Accordingly,
the shuttle pin (650) may slide proximally until the cap (656) contacts the barrel portion (610), at which
point the cap (656) may act as a stop to prevent further proximal movement of the shuttle pin (650).
This may prevent the shuttle pin (650) from sliding out of the proximal end of the barrel portion (610)
and disengaging the grasper (600).

[0063] Additionally, the grasper (600) may be configured to limit the amount of distal advancement of
the shuttle pin (650). Generally, a portion of a proximal arm or an eccentric cam member (e.g., the
proximal arm (620) of grasper (600)) may be aligned with the lumen of the barrel portion, which may
resist or stop forward advancement of the shuttle pin (650) due to gravitational forces. When a delivery
device or other device is used to advance the shuttle pin (650) to rotate the proximal arm and/or eccentric
cam member, the delivery device and/or grasper may be configured to limit advancement of the shuttle
pin (e.g., by blocking advancement of the shuttle pin (650) when the grasper is opened, as discussed in
more detail below). In some of these variations, when a delivery device is used to advance the shuttle
pin (650), it may be configured to advance the shuttle pin a predetermined distance (e.g., about 1 cm,
about 1.25 cm, about 2 cm, or the like)) to actuate the grasper (600). In these variations, the shuttle pin
(650) may be sized to be longer than this predetermined distance (e.g., greater than about 2.5 cm, greater
than about 3 cm, or the like), such that a least a portion of the shuttle pin (650) may remain in the lumen
when fully advanced by the delivery device. In some of these variations, the shuttle pin may be sized
with a length such that at least a predetermined length (e.g., about 1.25 cm) of the shuttle pin remains in
the lumen (612) when the shuttle pin (650) has been advanced the predetermined distance (e.g., for an
advancement distance of about 1.25 cm, the shuttle pin may have a length of about 2.5 cm).

Additionally or alternatively, the grasper (600) may be configured to limit the amount that the delivery
device may advance the shuttle pin (650). For example, in some variations, a portion of the grasper
(600) may be positioned in the path of the shuttle pin (650) and resists further advancement of the shuttle
pin (650) by the delivery device. For example, the pivot point (608) may be positioned along the
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movement path of the shuttle pin (650). In these variations, the distal end (654) of the shuttle pin (650)
may be stopped from further advancement by a portion of the first jaw (602) and/or the proximal arm
(620) (and/or the eccentric cam member, in variations where the grasper contains an eccentric cam

member) near the pivot point (608).

[0064] The grasper (600) shown in FIGS. 6A-6C may be actuated in any suitable manner. In some
variations, the grasper (600) may be configured such that it may be actuated by a force applied internally
of the grasper (600) (e.g., via an actuation rod of a delivery device advanced through the lumen (612) of
the barrel portion (610) of the grasper (600), as discussed in more detail below), and may be further
configured such that it may be actuated by a force applied externally of a grasper (600) (e.g., via a
grasping device). FIGS. 7A-7D depict cross-sectional side views of a distal portion of a delivery device
(700) and a manner of actuating the grasper (600) using the delivery device (700). The delivery device
(700) and grasper (600) may be configured for laparoscopic introduction into the body, such as described
above. Specifically, the delivery device (700) may comprise a handle (not shown), a shaft (706)
extending from the handle, and a distal engagement portion (708) at a distal end of the shaft (706). The
handle may comprise an actuation control mechanism that may be manipulated by a user to controllably
actuate the grasper, and may be configured as described above with respect to the handle (104) of the
delivery device (100) described above with respect to FIGS. 1A-1C. In some of these variations, the

actuation control mechanism may comprise a trigger.

[0065] In some of these variations, the actuation control mechanism may be configured to both

actuate the grasper (600) and the delivery device (700). In variations where the actuation control
mechanism comprises a trigger, the trigger may be moveable between three positions (although it should
be appreciated that the trigger may assume one or more intermediate positions between these positions).
Of the three positions, the trigger may be moveable between a first position (such as the position of the
trigger (112) of the delivery device (100) shown in FIG. 1A) and a second position (such as the position
of the trigger (112) of the delivery device (100) as shown in FIG. 1B) to close and open, respectively, the
grasper (600). The trigger may be moveable to a third position (such as the position of the trigger (112)
of the delivery device (100) as shown in FIG. 1C) to eject or otherwise release the grasper (600) from the
delivery device (700). In some of these variations, to move the trigger from the second position (in

which the grasper (600) is placed in an open configuration) to the third position (to eject the grasper
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(600) from the delivery device (700)), the trigger may need to be moved through the first position,
thereby moving the grasper (600) to a closed configuration prior to ejecting the grasper (600).

[0066] Returning to FIGS. 7A-7D, in some variations the distal engagement portion (708) of the
delivery device (700) may comprise a coupling magnet (718) and a spring (720). In these variations, the
coupling magnet (718) may be slidably housed in the distal engagement portion (708) (e.g., in a housing
of the distal engagement portion (708)). The coupling magnet (718) may be moveable between an
advanced position (as depicted in FIG. 7A-7C) and a retracted position (as depicted in FIG. 7D). The
spring (720) may be positioned within the distal engagement portion (708) such that the spring (720)
biases the coupling magnet (718) toward the advanced position. The delivery device (700) may be
configured to couple to the grasper (600) when the coupling magnet (718) is in the advanced position.
As mentioned above, at least a portion of the grasper (600) may be formed from one or more metallic or
magnetic materials. When the grasper (600) is positioned near the distal engagement portion (708) (such
as shown in FIG. 7A), the coupling magnet (718) attract the grasper (600) and temporarily couple the
grasper (600) to the delivery device (700).

[0067] Specifically, when the grasper (600) is temporarily coupled to the delivery device (700), at
least a portion of the barrel portion (610) may be positioned within the distal engagement portion (708),
as shown in FIG. 7B. The attractive force between the coupling magnet (718) and the grasper (600) may
hold the grasper (600) in place. In variations where the grasper (600) has a barrel portion (610) having a
first segment (640) having a first outer diameter and a second segment (642) having a second outer
diameter, the first outer diameter may be sized to fit within the distal engagement portion (708) while the
second outer diameter may be sized such that it is too large to fit within the distal engagement portion
(708). In these variations, the second segment (642) (or a tapered segment (644) between the first
segment (640) and the second segment (642)) may act as a stop to limit the amount of the barrel portion

(610) that may enter the distal engagement portion (708).

[0068] To decouple the grasper (600) from the distal engagement portion (708), the coupling magnet
(718) may be withdrawn to the retracted position, such as shown in FIG. 7D. As the coupling magnet
(718) is retracted, the attractive force between the coupling magnet (718) and the grasper (600) may pull
the grasper (600) proximally relative to the distal engagement portion (708). The second segment (642)
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(or the tapered segment (644)) may limit the withdrawal of the grasper (600), such that the distance
between the coupling magnet (718) and the grasper (600) increases. This may decrease the attractive
force between the coupling magnet (718) and the grasper (600), which may allow the grasper (600) to be

pulled from, released from, or otherwise fall from the distal engagement portion (708).

[0069] The coupling magnet (718) may be retracted in any suitable manner, such as described in more
detail above. For example, in the variation of the delivery device (700) shown in FIGS. 7A-7D, the
delivery device (700) may comprise an actuation rod (714) slidably disposed in the shaft (706). The
actuation rod (714) may be configured to retract the coupling magnet (718). For example, the actuation
rod (714) may be slidably disposed within a lumen (722) of the coupling magnet (718). In some
variations, at least a segment of the actuation rod (714) may be sized and configured such that the
portion of the actuation rod (714) cannot fully pass through the lumen (722). For example, the variation
shown in FIG. 7A-7D a segment (740) of the actuation rod may have a diameter greater than a diameter
of the lumen (722). Additionally or alternatively, the segment (740) may comprise one or more
projections extending from an outer surface of the actuation rod (714) and which cannot fully pass
through the lumen (722). When the segment (740) of the actuation rod (714) is positioned distal to the
coupling magnet (718), the actuation rod (714) may be freely advanced relative to the coupling magnet
(718). Conversely, withdrawal of the actuation rod (714) may pull the segment (740) of the actuation
rod (714) into contact with the coupling magnet (718). Since the segment (740) cannot fully pass
through the lumen (722) of the coupling magnet (718), further withdrawal of the actuation rod (714) may
cause the segment of the actuation rod (714) to pull on and withdraw the coupling magnet (718). When
the actuation rod (714) is subsequently advanced, the spring (720) may advance the coupling magnet

(718) with the actuation rod (714) until the coupling magnet (718) reaches the advanced position.

[0070] The actuation rod (714) may be advanced or retracted relative to the shaft (706) to actuate
and/or eject the grasper (600). In variations where the handle comprises a trigger (such as discussed
above), the trigger may be operatively connected to the actuation rod (714), such that movement of the
trigger slides the actuation rod (714). Movement of the actuation rod (714) may rotate the first jaw
(602) of the grasper (600). Specifically, when the grasper (600) is coupled to the delivery device (700)
(as shown in FIG. 7B), the actuation rod (714) may be aligned with the lumen (612) of the barrel portion

(610) such that the actuation rod (714) enters the lumen (612). As the actuation rod (714) is advanced
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into the lumen (612), the actuation rod (714) may press against the proximal end (652) of the shuttle pin
(650) and advance the shuttle pin (650) along the lumen (612). As the shuttle pin (650) is advanced
along the lumen (612), the distal end (654) of the shuttle pin (650) may move into the channel (662) of
the barrel extension (660). The distal end of the shuttle pin (650) may in turn push against the proximal
arm (620) (e.g., against a portion of the proximal arm (620) that is positioned in the channel (662) and
aligned with the lumen (612)). The proximal arm (620) may act as a cam to convert the linear motion of
the shuttle pin (650) into rotation of the proximal arm (620), which may in turn rotate the first jaw (602)
away from the second jaw (604). When the first jaw (602) is spring-biased toward the second jaw (604),
the rotation of the proximal arm (620) may overcome this spring bias, which may allow the actuation rod

(714) to hold the first jaw (602) in its open position, as shown in FIG. 7C.

[0071] Additionally, the first jaw (602) may rotate back toward the second jaw (604) when the
actuation rod (714) is retracted. Specifically, as the actuation rod (714) is withdrawn, the return bias of
the first jaw (602) may cause the proximal arm (620) to push against the shuttle pin (650), which may
slide the shuttle pin (650) proximally within the lumen (612). This may return the grasper to a closed
configuration, such as shown in FIG. 7B. When the grasper (600) is closed around tissue, the actuation
rod (714) may be further retracted to release the grasper (600) from the delivery device (700), as
discussed above. When a trigger is moveable between three positions to actuate and release the grasper
(600) as discussed above, placing the trigger in the first position may position the actuation rod (714) in
a position as illustrated in FIG. 7B, in which the grasper (600) may be coupled to the delivery device
(700) in a closed configuration. Moving the trigger to the second position may advance the actuation rod
to the position illustrated in FIG. 7C, in which the grasper (600) may be releasably coupled to the
delivery device (700) in an open configuration. Moving the trigger to the third position may retract the
actuation rod (714) to the position illustrated in FIG. 7D, in which the grasper (600) may be decoupled
from the delivery device (700).

[0072] Additionally, in the variation of the grasper (600) shown in FIGS. 6A-6A, at least a portion of
the proximal arm (620) may be exposed relative to the main body (606) (e.g., at least a portion of the
proximal arm (620) may extend out of the channel (662) of the barrel extension (660)), which may allow
a grasping device to grasp the proximal arm (620) to rotate the first jaw (602) relative to the second jaw

(604). For example, opposing forces (represented by arrows (622) in FIG. 6C) may be applied (e.g., via
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a grasping device) to the exposed portion of the proximal arm (620) and the main body (606) (e.g., the
barrel extension (660)) to cause the proximal arm (620) to rotate around the pivot point (608) (which
may, in turn rotate the first jaw (602) away from the second jaw (604)). In these variations, the height of
the walls (664) of the barrel extension (660) may limit the amount that the proximal arm (620) may be
rotated (e.g., a grasping device may rotate the proximal arm (620) until the grasping device contacts the
top and bottom edges of the wall). Additionally, when top and/or bottom edges of a wall of the barrel
portion is curved or ramped, the curved or ramped edges may help guide a grasping device toward
another section of the barrel extension (660) during grasping. Specifically, if the grasping device applies
a compressive force at a ramped or curved portion of an edge, the grasping device may slide along the
ramped/curved portion toward a shorter portion of the wall. For example, in the variation of the grasper
(600) shown in FIGS. 6A-6C, if a grasping device applies a compressive force at either the ramped
segments (682) or (684) of the top edge (666), the grasping device may slide toward the linear portion
(680).

[0073] In some variations of the graspers described here, the grasper may comprise one or more
coatings which may help to smooth discontinuities in the contours of the grasper and may act to provide
one or more atraumatic surfaces of the grasper. The one or more coatings may comprise silicone,
urethane, one or more nylon blends, polyethylenes, fluoropolymers, combinations thereof and the like.
Additionally, the jaws of the graspers described above may comprise one or more features which may
promote engagement with tissue. In some variations, one or more surfaces of a jaw may be roughened,
which help to reduce slipping between the jaws and tissues. Additionally or alternatively, the graspers

may comprise teeth or other projections which may facilitate engagement of the jaw with tissue.

[0074] In some variations, one or more jaws of the graspers described here may include a longitudinal
recess extending at least partially through the jaws. For example, in the variation of the grasper (600)
shown in FIGS. 6A-6C, the first jaw (602) and the second jaw (604) may each include a grasping surface
(690) having a plurality of teeth (692), and may include a recess (694) extending at least partially
through the grasping surface (690) and some of the teeth (692). In these variations, when the jaws are
used to grasp tissue therebetween, tissue may be squeezed or captured into or otherwise enter the recess
(694) of each jaw, which may help to provide a more secure hold between the grasper (600) and the

tissue.
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[0075] As mentioned above, the graspers described here may be used to provide remote suspension of
tissue during a minimally-invasive procedure. Generally, to provide suspension of a tissue, a grasper as
described herein may be advanced into the body, may be releasably connected to a tissue in the body,
and may be suspended using one or more magnets positioned externally to the body to move and
suspend the tissue. In some variations, the connection between the grasper and the tissue may be
released, and the grasper may be repositioned and reconnected to tissue (either the same tissue or

different tissue).

[0076] The grasper may be advanced into the body in any suitable manner. In some variations, the
grasper may be advanced into the body through a laparoscopic port as part of a laparoscopic procedure.
In some instances, the laparoscopic procedure may be a reduced port technique or single-incision
laparoscopic procedure. In some variations, the grasper may be advanced into the body using a delivery
device, such as the delivery device (100) described above with respect to FIGS. 1A-1C and 2A-2F. In
these variations, the grasper may be releasably coupled to a distal engagement portion of the delivery
device, and the distal engagement portion of the delivery device may be advanced into the body to

advance and position the grasper within the body.

[0077] Once the grasper is positioned in the body, it may be releasably connected to tissue. To
connect the grasper to tissue, the grasper may first be placed in an open configuration, in which a first
jaw of the grasper is rotated away from a second jaw of the grasper. In some variations, the grasper may
be placed in an open configuration using the delivery device carrying the grasper (e.g., by advancing an
actuation rod through a barrel portion of the grasper, such as described in more detail above with respect
to FIGS. 2A-2F) or by a grasping device which may engage and move the grasper to the open
configuration (as described in more detail above). With the grasper in the open configuration, the
grasper may be manipulated to position the tissue between the first jaw and the second jaw. The grasper
may be returned to a closed configuration, in which the first jaw rotates toward the second jaw to hold
the tissue between the jaws. The grasper may then be released from the delivery device and/or grasping

device, and these devices may be removed from the body.

[0078] With the grasper releasably connected to the tissue, a magnetic control element comprising one

or more magnets may be positioned externally of the body and may magnetically attract the grasper to
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reposition and/or hold the grasper. For example, FIGS. SA-5D depict an illustrative method by which a
grasper may be used to reposition and/or hold tissue. While the variations of the grasper (200) and the
delivery device (100) that are described above with respect to FIGS. 1A-1C and 2A-2F are depicted in
FIGS. 5A-5D, it should be appreciated that any suitable graspers and/or delivery systems as described
here may perform the steps discussed below. Specifically, as shown in FIG. 5A, the grasper (200) may
be advanced into the body toward a target tissue (502) (shown in FIG. 5 as a gallbladder, although it
should be appreciated that the graspers described here may be releasably connected to any suitable
tissue), and positioned in an open configuration. To advance the grasper (200), the grasper (200) may be
releasably coupled to a distal engagement portion (108) of a delivery device (100), and a user may
advance the distal engagement portion (108) into the body to position the grasper (200). The tissue
(502) may be positioned between the first (202) and second (204) jaws of the grasper (200), and the
grasper (200) may be moved to a closed configuration to releasably couple the grasper (200) to the tissue
(502), as shown in FIG. 5B. Once connected to the tissue (502), the grasper (200) may be released from
the delivery device (100), and the delivery device may be removed from the body.

[0079] When a magnetic control device (500) is positioned externally of the body, the magnetic
control device (500) may attract the grasper (200) and lift the grasper toward the magnetic control device
(500). When the grasper (200) is placed in the abdomen, this may lift the grasper toward a wall
(represented by line (504)) of the abdomen, such as shown in FIG. 5C. The magnetic control device

may be further manipulated to reposition the grasper (200) and the tissue (502).

[0080] As mentioned above, in some instances it may be desirable to release the connection between
the grasper (200) and the tissue (502). For example, in some instances it may be desirable to connect the
grasper to a different portion of the tissue. In these instances, the grasper may be returned to an open
configuration (either using one of the delivery devices described here or a grasping device, as discussed
above) to release the grasper from the tissue. For example, FIG. 5D shows a grasping device (506)
having opposing jaws (508) which may grab a proximal arm (220) and the main body (206) of the
grasper (200) to rotate the first jaw (202) away from the second jaw (204), which may release the
grasper (200) from tissue. The grasper may be repositioned to again place tissue between the jaws of the
grasper, and the grasper may then be placed in the closed configuration to reconnect the grasper to

tissue. In other instances, the grasper may be decoupled from the tissue, and removed from the body.
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CLAIMS

We claim:

1. A device for grasping tissue comprising:

a main body comprising a barrel portion having a lumen extending

therethrough;
a first jaw rotatably coupled to the main body;
a second jaw; and

a proximal arm extending from the first jaw, wherein at least a portion of

the proximal arm is exposed from the main body,

wherein the device is configured such that a force applied to the exposed
portion of the proximal arm and the main body rotates the first jaw
relative to the second jaw, and wherein the device is configured such that
advancement of an actuation rod through the lumen of the barrel portion

rotates the first jaw relative to the second jaw.

2. 'The device of claim 1 wherein the lumen comprises a proximal segment
and distal segment, wherein a diameter of the proximal segment is larger

than a diameter of the distal segment.

3. The device of claim 2 wherein the lumen further comprises an
intermediate segment between proximal segment and the distal segment,
wherein a diameter of the intermediate segment is larger than the

diameter of the proximal segment and the diameter of the distal segment.

4. 'The device of claim 1 wherein at least a portion of the device is formed

from at least one magnetic or ferromagnetic material.
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10.

The device of claim 1 further comprising an eccentric cam member
attached to the first jaw, wherein rotation of the eccentric cam member is

configured to rotate the first jaw.

The device of claim 1 wherein the proximal arm comprises a curved

segment.

The device of claim 6 wherein the proximal arm further comprises a

straight segment positioned between the curved segment and the first jaw.

The device of claim 1 wherein the first jaw is rotationally biased toward

the second jaw.
A system for grasping tissue comprising:

a grasper comprising a main body comprising a barrel portion having a
lumen extending therethrough, a first jaw rotatably coupled to the main

body, and a second jaw; and

a delivery device comprising a handle, a distal engagement portion
configured to releasably couple to the grasper, a shaft connecting the

handle and the distal engagement portion, and an actuation rod,

wherein the actuation rod is advanceable through the lumen to rotate the

first jaw relative to the second jaw.

The system of claim 9 wherein the delivery device comprises a locking
sheath having an expandable distal end, wherein the delivery device is
configured to expand the expandable distal portion from an unexpanded
configuration to an expanded configuration in the lumen of the barrel

portion to couple the locking sheath to the grasper.
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11.  The system of claim 10 wherein the lumen comprises a proximal segment
and distal segment, wherein a diameter of the proximal segment is larger
than a diameter of the distal segment, and wherein the expandable distal
portion of the locking sheath may be advanced through the proximal
segment in an unexpanded configuration and may be prevented from
being advanced through the proximal segment when in the unexpanded

configuration.

12.  The system of claim 11 wherein the lumen further comprises an
intermediate segment between proximal segment and the distal segment,
wherein a diameter of the intermediate segment is larger than the
diameter of the proximal segment and the diameter of the distal segment,
wherein the expandable distal portion of the locking sheath is configured
to be expanded in the intermediate section, and wherein the expandable
distal portion of the locking sheath is prevented from being withdrawn
through the proximal segment when the expandable distal portion of the

locking sheath is expanded.

13.  The system of claim 10 wherein the actuation rod is positioned within the
locking sheath, and wherein advancement of the actuation rod relative to
the locking sheath is configured to expand the expandable distal portion
of the locking sheath.

14. The system of claim 13 where the expandable distal portion of the
locking sheath comprises at least one internal projection configured to fit

in at least on indentation of the actuation rod.

15. The system of claim 14 wherein advancement of the actuation rod
relative to the locking sheath slides the at least one internal projection
relative to the at least on indentation to expand the expandable distal

portion of the locking sheath.
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16.

17.

18.

19.

20.

21.

22.

23.

The system of claim 9 wherein the distal engagement portion comprises a

coupling magnet.

The system of claim 16 wherein retraction of the coupling magnet

decouples the grasper from the distal engagement portion.

The system of claim 17 wherein retraction of the actuation rod is

configured to retract the coupling magnet.

The system of claim 16 wherein the distal engagement portion comprises
a spring positioned to bias the coupling magnet toward an advanced

position.

The system of claim 9 wherein the grasper comprises a proximal arm
connected to the first jaw, such that rotation of the proximal arm relative

to main body rotates the first jaw away from the second jaw.

The system of claim 20 wherein the grasper comprises an eccentric cam
member attached to the first jaw, wherein rotation of the eccentric cam

member is configured to rotate the first jaw.

The system of claim 20 wherein the proximal arm comprises a curved

segment.

The system of claim 22 wherein the proximal arm further comprises a

straight segment positioned between the curved segment and the first jaw.
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comprising a handle, a distal engagement portion configured to releasably couple to the grasper, a shaft connecting the handle and the
distal engagement portion, which are not present in Group . '
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-***-Continued from Box lll: Observations where Unity of Invention is Lacking-***-

The common technical features of Groups | and Il are a device/system for grasping tissue comprising: a main body mmpﬁsing a barrel
portion having a lumen extending therethrough; a first jaw rotatably coupled to the main body; a second jaw; and wherein the actuation
rod is advanceable through the lumen to rotate the first jaw relative to the second jaw.

However, these common technical features are disclosed by US 2012/0101488 A1 to Aldridge, et al. (hereinafter ‘Aldridge’). Aldridge
discloses a device/system for grasping tissue (a surgical instrument 100 that grips (grasping) tissue; abstract; figure 1; paragraph [0011])
comprising a main body comprising a barre! portion having a lumen extending therethrough (end effector 110 (main body) has a
cylindrical (barrel) portion on its proximal end with a channel (lumen extending therethrough) that allows cutting member 140 to pass
through; figures 4, 6A-B; paragraph [0021)); a first jaw rotatably coupled to the main body (first jaw 120A can pivot through a hinge
portion 122 about a longitudinal axis relative to effector 110 (rotatably coupled to the main body); abstract; figures 3-4; paragraphs
[0013)-[0014), [0018]); a second jaw (second jaw 120B is part of end effector 110; abstract; figures 3-4; paragraphs [0013])-{0014]); and
wherein an actuation rod is advanceable through the lumen to rotate the first jaw relative to the second jaw {moveable cutting member
140 (actuation rod) can be advanced and retracted within channel of cylindrical portion on the proximal end of end effector 110 and
engages jaw 120A to urge first jaw 120A to an open position which pivots through a hinge portion 122, while second jaw 120B can stay
relatively stationary (rotate the first jaw relative to the second jaw); figures 1-5; paragraphs [0012], {0015], [0018]).

Since the common technical features are previously disclosed by the Aldridge reference, the common features are not special and so
Groups | and |l lack unity.
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