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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. 62/146,922,
filed on April 13, 2015, and titled “GRASPER WITH MAGNETICALLY-CONTROLLED
POSITIONING,” and to U.S. Provisional Application Serial No. 62/276,752, filed on January 8,
2016, and titled “ONE-OPERATOR SURGICAL SYSTEM,” each of which is hereby

incorporated by reference in its 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 rotate, retract, pull, reposition, 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 systems, devices, and methods for providing remote traction for
tissue. In some variations, the systems described here may grasp tissue. The systems may

comprise a grasper comprising a proximal end, a distal end, and a longitudinal axis. The grasper
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may comprise a first magnetic element at the proximal end. The systems may further comprise a
control element configured to move at least a portion of the grasper. The control element may
comprise a second magnetic element and a longitudinal axis. The first and second magnetic
elements may be configured to attract the proximal end of the grasper to the control element such
that the longitudinal axis of the grasper is transverse to the longitudinal axis of the control

element.

[0005] In some variations, the distal end of the grasper may comprise a non-magnetic or a
diamagnetic material. In some of these variations, the distal end of the grasper may comprise
plastic. In some variations, the distal end of the grasper may comprise a non-conductive material.
In some instances, the first magnetic element may be a ferromagnetic material. In some of these
instances, the ferromagnetic material may be a stainless steel. In some variations, the first

magnetic element may comprise a permanent magnet.

[0006] In some variations, the grasper may comprise a closed configuration and an open
configuration. In the closed configuration, the first jaw and second jaw may form a space
configured to hold tissue. In other variations, the grasper may comprise a main body, a first jaw

rotatably coupled to the main body, and a second jaw fixed relative to the main body.

[0007] In some variations, the second magnetic element may be configured to rotate relative to
the control element. In other variations, the second magnetic element may comprise a

diamagnetic material.

[0008] In some variations, the systems for grasping tissue described here may comprise a
grasper comprising a longitudinal axis. The grasper may further comprise a first magnetic
element positioned along its longitudinal axis. The systems may further comprise a control
element configured to move at least a portion of the grasper. The control element may comprise
a second magnetic element and a longitudinal axis. The first and second magnetic elements may
be configured to attract the grasper to the control element such that the longitudinal axis of the

grasper and the longitudinal axis of the control element are substantially parallel.

[0009] In some variations, the first magnetic element may comprise a ferromagnetic material.

In other variations, the first magnetic element may comprise a permanent magnet. In some
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variations, the grasper may further comprise a third magnetic element. In some variations, the
first magnetic element may be located at a proximal end of the grasper and the third magnetic

element may be located at a distal end of the grasper.

[0010] In some variations, the grasper may further comprise a main body, a first jaw rotatably
coupled to the main body, and a second jaw fixed relative to the main body. In some of these
variations, at least one of the first jaw and second jaw may comprise a non-conductive material.
In some instances, the first magnetic element may be positioned at a proximal end of the main
body of the grasper. In some variations, the grasper may comprise a closed configuration and an
open configuration. In the closed configuration, the first jaw and second jaw may form a space

configured to hold tissue.

[0011] In some variations, the second magnetic element may be configured to rotate relative to
the control element. In other variations, the second magnetic element may comprise a

diamagnetic material.

[0012] In some variations, the systems for grasping tissue described here may comprise a
grasper comprising a main body, a longitudinal axis, and a first magnetic element. The first
magnetic element may be positioned in the main body. The systems may further comprise a
control element configured to move at least a portion of the grasper. The control element may
comprise a second magnetic element and a longitudinal axis. The first and second magnetic
elements may be configured to attract the main body of the grasper to the control element such
that the longitudinal axis of the grasper and the longitudinal axis of the control element are

substantially parallel.

[0013] In some variations, the first magnetic element may be the material of the main body of
the grasper. In other variations, the first magnetic element may comprise a permanent magnet. In
still other variations, the grasper may further comprise a first jaw rotatably coupled to the main

body and a second jaw fixed relative to the main body.

[0014] In some variations, the second magnetic element may be configured to rotate relative to
the control element. In other variations, the second magnetic element may comprise a

diamagnetic material.
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[0015] In yet other variations, the systems for grasping tissue described here may comprise a
grasper comprising a longitudinal axis, a first magnetic element, and a second magnetic element.
The systems may further comprise a control element configured to move at least a portion of the
grasper. The control element may comprise a third magnetic element, a fourth magnetic element,
and a longitudinal axis. The third and fourth magnetic elements may be configured to attract the
first and second magnetic elements such that the longitudinal axis of the grasper and the

longitudinal axis of the control element are substantially parallel.

[0016] In some variations, the first and second magnetic elements may comprise permanent
magnets. In some instances, the third and fourth magnetic elements may comprise permanent
magnets. In other instances, the third magnetic element may comprise a permanent magnet and
the fourth magnetic element may comprise a ferromagnetic or a ferrimagnetic material. In some
variations, the third and fourth magnetic elements may comprise electro-permanent magnets. In

other variations, the third and fourth magnetic elements may comprise electromagnets.

[0017] In some variations, the grasper may further comprise a main body, a first jaw rotatably
coupled to the main body, and a second jaw fixed relative to the main body. In some of these
variations, at least one of the first jaw and second jaw may comprise a non-conductive material.
In other variations, the third and fourth magnetic elements may be configured to rotate relative to
the control element. In yet other variations, the third and fourth magnetic elements may comprise

a diamagnetic material.

[0018] In some variations, the methods of performing a surgical procedure described here may
comprise grasping tissue in a grasper and magnetically attracting the grasper to a control element
across an abdominal wall. The grasped tissue may be repositioned by manipulating a magnetic

element of the control element.

[0019] In some variations, the methods of performing a surgical procedure described here may
comprise manipulating a first portion of tissue within a body cavity of a patient with a first
grasper, and manipulating a second portion of tissue within the body cavity with a second
grasper. Manipulating the first portion of tissue with the first grasper may comprise advancing
the first grasper into the body cavity through a first port using a delivery device, connecting the

first grasper to the first portion of tissue within the body cavity, disconnecting the delivery
4
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device from the first grasper, and applying a first magnetic field to the first grasper.
Manipulating the second portion of tissue with the second grasper may comprise advancing the
second grasper into the body cavity through the first port or through a second port using the
delivery device, connecting the second grasper to the second portion of tissue within the body
cavity, disconnecting the delivery device from the second grasper, and applying a second

magnetic field to the second grasper.

[0020] In some variations, the first magnetic field may be generated by a first control element.
The first control element may be located outside of the body cavity. In some of these variations,
the second magnetic field may be generated by a second control element. The second control
element may be located outside of the body cavity. In some of these variations, the first and

second control elements may be connected by a linkage.

[0021] In some variations, at least one of the first and second grasper may comprise a main
body, a first jaw, and a second jaw, and may comprise a closed configuration and an open
configuration. In some instances, in the closed configuration, the first jaw and second jaw may
form a space configured to hold tissue. In some variations, the second grasper may be advanced
into the body cavity through the first port. In some variations, the second grasper may be
advanced into the body cavity through the second port. In some variations, the first grasper and
second grasper may be advanced into the body cavity prior to applying either the first magnetic

field or second magnetic field.

[0022] In some variations, the method may further comprise manipulating a third portion of
tissue within the body cavity of the patient with the first grasper. In some of these variations,
manipulating the third portion of tissue with the first grasper may comprise disconnecting the
first grasper from the first portion of tissue, connecting the first grasper to the third portion of
tissue within the body cavity, and applying the first magnetic field to the first grasper connected
to the third portion of tissue. In some instances, a fourth portion of tissue may be manipulated
within the body cavity of the patient with the second grasper. In some of these instances,
manipulating the fourth portion of tissue with the second grasper may comprise disconnecting

the second grasper from the second portion of tissue, connecting the second grasper to the fourth
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portion of tissue within the body cavity, and applying the second magnetic field to the second

grasper connected to the fourth portion of tissue.

[0023] In other variations, the systems described here may visualize tissue. The systems may
comprise a visualization device comprising a proximal end, a distal end, and a longitudinal axis.
The visualization device may comprise a first magnetic element at the proximal end. The
systems may comprise a control element configured to move at least a portion of the
visualization device. The control element may comprise a second magnetic element and a
longitudinal axis. The first and second magnetic elements may be configured to attract the
proximal end of the visualization device to the control element such that the longitudinal axis of

the visualization device is transverse to the longitudinal axis of the control element.

[0024] In some variations, the distal end of the visualization device may comprise a third
magnetic element. In other variations, the distal end of the visualization device may comprise a
non-magnetic or a diamagnetic material. In some instances, the distal end of the visualization
device may comprise plastic. In some variations, the first magnetic element may be a
ferromagnetic material. In other variations, the distal end of the visualization device may
comprise a non-conductive material. In some instances, the ferromagnetic material may be
stainless steel. In some variations, the first magnetic element may comprise a permanent magnet.
In other variations, the second magnetic element may be configured to rotate relative to the
control element. In some variations, the visualization device may be a camera. In some
variations, the visualization device may be a light source. In other variations, the visualization

device may be a camera and a light source.

[0025] In yet other variations, the systems described here may visualize tissue. The systems
may comprise a visualization device comprising a longitudinal axis. The visualization device
may comprise a first magnetic element positioned along its longitudinal axis. The systems may
comprise a control element configured to move at least a portion of the visualization device. The
control element may comprise a second magnetic element and a longitudinal axis. The first and
second magnetic elements may be configured to attract the visualization device to the control
element such that the longitudinal axis of the visualization device and the longitudinal axis of the

control element are substantially parallel.
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[0026] In some variations, the first magnetic element may comprise a ferromagnetic material.
In other variations, the first magnetic element may comprise a permanent magnet. In some
variations, the visualization device may further comprise a third magnetic element. The first
magnetic element may be located in a proximal end of the visualization device and the third
magnetic element may be located in a distal end of the visualization device. In other variations, a
distal end of the visualization device may comprise a non-conductive material. In yet other
variations, the second magnetic element may be configured to rotate relative to the control

element. In some variations, the second magnetic element may comprise a diamagnetic material.

[0027] In some variations, the methods of performing a surgical procedure described here may
comprise imaging tissue with a camera in a body cavity and magnetically attracting the camera
to a control element across an abdominal wall. The camera may be repositioned within the body

cavity by manipulating a magnetic element of the control element.

[0028] In some variations, manipulating the magnetic element of the control element may
comprise rotating the magnetic element relative to the control element. In other variations, the

camera may be configured to be asymmetrically attracted to a magnetic field.
BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGS. 1A-1C depict perspective views of an illustrative variation of the systems

described here.

[0030] FIGS. 2A-2F depict cross-sectional side views of a distal portion of an illustrative
variation of the delivery devices described here and an illustrative variation of the graspers

described here.

[0031] FIGS. 3A-3B and 4A-4B depict cross-sectional side views of illustrative variations of

the graspers described here.

[0032] FIGS. SA-5E depict illustrative variations of the methods described here.
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[0033] FIGS. 6A and 6B show perspective and side views, respectively, of an illustrative
variation of a grasper as described here. FIG. 6C shows a cross-sectional side view of the grasper

of FIGS. 6A and 6B.

[0034] FIGS. 7A-7D depict cross-sectional side views of a distal portion of an illustrative

variation of the delivery devices described here and the grasper of FIGS. 6A and 6B.

[0035] FIG. 8A depicts a cross-sectional side view of an illustrative variation of a grasper
described here. FIG. 8B depicts a cross-sectional side view of the grasper of FIG. 8A in use with

a control element.

[0036] FIGS. 9A and 9B depict cross-sectional sides view of illustrative variations of a grasper
described here. FIG. 9C depicts a cross-sectional side view of the grasper of FIG. 9A in use with

a control element.

[0037] FIG. 10A depicts a cross-sectional side view of an illustrative variation of a grasper
described here. FIGS. 10B and 10C depict cross-sectional side views of the grasper of FIG. 10A

in use with a control element.

[0038] FIG. 11A depicts a cross-sectional side view of another illustrative variation of a
grasper described here. FIGS. 11B and 11C depict a cross-sectional side view and an inside-the-

patient view, respectively, of the grasper of FIG. 11A in use with a control element.

[0039] FIG. 12A depicts a cross-sectional side view of another illustrative variation of a
grasper described here. FIGS. 12B and 12C depict a cross-sectional side view and an inside-the-
patient view, respectively, of the grasper of FIG. 12A in use with a control element. FIG. 12D

depicts a cross-sectional side view of another illustrative depiction of a camera described here.

[0040] FIGS. 13A and 13B-13D depict side and perspective views, respectively, of an

illustrative variation of a grasper as described here.

[0041] FIGS. 14A-14B and 14C-14D depict side and perspective views, respectively, of an

illustrative variation of a grasper as described here.
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[0042] FIGS. 15A-15B and 15C-15D depict side and perspective views, respectively, of an

illustrative variation of a grasper as described here.

[0043] FIG. 16 depicts a perspective view of an illustrative variation of a grasper as described

here.

[0044] FIG. 17 depicts a side view of an illustrative variation of two graspers in use with two

control elements.

[0045] FIGS. 18A-18B depict cross-sectional side views of an illustrative variation of a
grasper in use with a control element. FIGS. 18C-18D depict cross-sectional side views of an

illustrative variation of a camera in use with a control element.

[0046] FIGS. 19A-19B depict inside-the-patient views of an illustrative variation of a grasper

in use with a control element.
[0047] FIG. 20 depicts a perspective view of an illustrative variation of a control element.
[0048] FIG. 21 depicts a side view of an illustrative variation of a camera.

DETAILED DESCRIPTION

[0049] Described here are devices, systems, and methods for providing remote
suspension/traction and/or manipulation of tissue during minimally-invasive procedures.
Generally, the systems described here include a grasper that may be configured to be releasably
connected to tissue. The grasper may be further configured to be attracted to one or more
magnetic elements 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). In some variations, the
systems described here may additionally or alternatively comprise a visualization device (e.g.,
camera, light source) configured to be attracted to one or more magnetic elements positioned
externally of the body to move, reposition, and/or hold the visualization device in a desired

location and orientation for visualization during a minimally-invasive procedure.

[0050] 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
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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 device 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 a 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. It should be appreciated that
while delivery devices are described herein primarily with reference to use with a grasper, the
delivery devices described herein may also be used to reversibly couple to another tool to
deliver, position and reposition, and/or remove another tool. For example, in some instances the
delivery devices may be used to deliver, position and reposition, and/or remove a visualization

device, such as a camera and/or light source.

[0051] In some variations, the system may comprise a control element (which may include one
or more magnetic elements), 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). The control elements described herein may additionally or
alternatively provide a magnetic force to a visualization device (e.g., camera, light source) when
a visualization device is positioned within the body (e.g., to move, reposition, and/or hold the
visualization device). 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, and that any suitable visualization device
(e.g., camera, light source) may be used with any of the delivery devices described herein. 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. Moreover, while illustrative examples of

graspers, visualization devices, and control elements are described together below, it should be

10
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appreciated that the control elements may be used with any of the graspers, delivery devices, and

suitable visualization devices described here.

[0052] 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 control element configured to attract and/or repel the

grasper.

[0053] In some variations, the grasper may be releasably connected to a tissue inside of the
body, and the control element may be positioned externally of the body to affect (e.g., attract,
repel, rotate) 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 a 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 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. Additionally or alternatively, the methods may comprise controlling the
position and/or orientation a visualization device (e.g., camera, light source) located within the

body with a magnetic field generated outside the body by a control element as described herein.
I. Systems and Devices

[0054] 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 (200) may be releasably coupled to the delivery device (100) (as shown in FIGS. 1A
and 1B), and may be decoupled from the delivery device (100) (as shown in FIG. 1C). When the

11
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grasper (200) is coupled to the delivery device (100), the delivery device (100) may actuate the

grasper to connect the grasper to tissue and/or release the grasper therefrom.

[0055] 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 minimally invasive introduction into a body. For instance, in some variations the
grasper (200) and delivery device (100) may be configured for advancement through a 10 mm
port. In these variations, the outer diameter of the grasper (200) 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) may each have a diameter of less than or equal to

about 10 mm.

[0056] 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 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.

[0057] 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, polycarbonate, ABS, or the like.

[0058] It should be appreciated that the systems disclosed herein may comprise a delivery
device (100) releasably coupled to a different device than a grasper (200), in order to perform
one or more functions within a body cavity. For instance, the delivery device (100) may be
coupled to a visualization device, such as a camera and/or light source, for visualizing a surgical

procedure from a desired position and orientation within a body cavity.

A. Tissue Grasping

1. Actuation Control Mechanism
12
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[0059] Generally, the handle (104) comprises an actuation control mechanism that may be
manipulated by a user to controllably actuate the grasper (200). In some variations, the delivery
device (100) 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
(200) from the delivery device (100) in addition to actuating the grasper (200). 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 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).

[0060] 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 (112) 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.

[0061] 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. 1A 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.
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[0062] 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
(112) 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 (202, 204) of the grasper (200) using
the 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 (202, 204), 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 (202, 204), the trigger (112) may be returned to the first position to close the
jaws (202, 204) to clamp the jaws (202, 204) against the tissue, thereby releasably connecting the
grasper (200) to the tissue.

[0063] As mentioned above, the trigger (112) in some variations may be configured to
decouple the grasper (200) from the delivery device (100). 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. 10),
and the delivery device (100) may be configured to decouple from the grasper (200) when the
trigger (112) 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 (200) and decouple the grasper
(200) from the delivery device (100), it may be desirable to decouple the grasper (200) from the
delivery device (100) 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
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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).

[0064] The delivery devices described here may be configured to actuate, couple to, and
decouple from, the graspers described here in any suitable manner. Furthermore, the delivery
devices described here may be configured to couple to and decouple from a suitable visualization
device (e.g., camera, light source). When decoupling and coupling are described herein with
respect to the delivery devices and grasper, it should be appreciated that the same mechanisms
and methods may be used for decoupling and coupling the delivery devices and suitable
visualization devices. 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 second jaw (204) is fixed relative to the main body (206), 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 to a pivot point, the jaw may be configured to rotate in any suitable
manner. In some variations, a jaw (202) may be connected to the main body (206) via a rotation
pin (208), such that the jaw (202) may rotate around the rotation pin (208) (or the jaw (202) and
rotation pin (208) may rotate relative to the main body (206)). In other variations, the jaw may be

connected to the main body via a living hinge.

[0065] 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 (206), 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)
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toward the second jaw (204). In variations where the second jaw (204) is rotatably connected to
the main body (206), 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 (202, 204) toward the closed configuration may

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

[0066] As shown in FIG. 2A, the main body (206) of the grasper (200) 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.

[0067] 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) segments may aid in maintaining a coupling with the delivery

device (100), as will be described in more detail below.

[0068] 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.
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2A is alocking sheath (116), a coupling magnet (118), and a spring (120). Each of these

components will be discussed further below.

[0069] 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 (100) 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.

[0070] 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 materials that may be attracted to a magnetic field. The materials may include one or more
permanent magnets, or one or more ferromagnetic or ferrimagnetic materials, such as, for
example, stainless steel, iron, cobalt, nickel, neodymium iron boron, samarium cobalt, alnico,
ceramic ferrite, alloys thereof and/or combinations thereof. The particular configuration of the
materials within the grasper — for example, the type, amount, polarity, and location of the
materials — may alter how the grasper responds to and/or interacts with a control element, and is

discussed in more detail below.

[0071] Accordingly, one or more portions of the grasper (200) may be formed from or
otherwise include a material that 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 (200) is held against or at least partially within the distal engagement portion
(108) of the delivery device (100).
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[0072] 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
attractive force applied by a magnet decreases as a function of the distance from the magnet,
moving the coupling magnet (118) to the retracted position (e.g., by an actuation control
mechanism) 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 (200) from being retracted with the coupling magnet (118)), which may reduce the
attractive force applied to the grasper (200). Eventually, the attractive force may be sufficiently

diminished such that the grasper (200) may decouple from the delivery device (100).

[0073] Nevertheless, 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 from the grasper (200) (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).

[0074] 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 (114) may 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
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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.

[0075] 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)).

[0076] 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 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).
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[0077] 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 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.

[0078] 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).

[0079] 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.

[0080] 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
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the friction force or 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).

[0081] 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 (210).
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.

[0082] 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
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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 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.

[0083] 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).

[0084] When the actuation rod (114) is further advanced to actuate the jaws (202, 204) of the
grasper (200) (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).

[0085] 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)
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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)).

[0086] 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).

[0087] 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.

[0088] 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
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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)).

[0089] 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 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.

[0090] 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).

[0091] Opposing forces (represented in FIG. 3A by arrows (328)) may be applied (e.g., viaa

grasping device) to an exposed portion of the straight segment (322) (and/or an exposed portion
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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 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.

[0092] 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.

[0093] 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).
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[0094] 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).

[0095] 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.

[0096] 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
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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.

[0097] 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 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.

[0098] 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).

[0099] 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
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actuation rod (114) relative to the shaft (106), while rotation of the trigger (112) away from the
grip portion (110) advances the actuation rod (105) relative to the shaft.

[0100] 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.

[0101] 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
(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).

[0102] 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
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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.

[0103] 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.

[0104] 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 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 first outer diameter may be greater than the
second outer diameter, which may allow the first segment (640) to act as a stop when engaged by
a delivery device, such as discussed in more detail herein. 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.
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[0105] 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).

[0106] 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.

[0107] 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. 6A-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
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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.

[0108] 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.

[0109] 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.
6A-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 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.

[0110] 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
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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.

[0111] 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.

[0112] 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) 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
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(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).

[0113] 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).

[0114] 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 at 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).

[0115] 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 movement path of the shuttle pin (650). In these variations,
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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).

[0116] 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).

[0117] 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 minimally invasive 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.

[0118] 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
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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 (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).

[0119] 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 FIGS. 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.

[0120] As described in more detail herein, at least a portion of the grasper (600) may comprise
one or more materials configured to be attracted by a magnetic field. When the grasper (600) is
positioned near the distal engagement portion (708) (such as shown in FIG. 7A), the coupling
magnet (718) may attract the grasper (600) and temporarily couple the grasper (600) to the
delivery device (700). Similarly, a visualization device (e.g., camera, light source) configured to
be coupled to the delivery device (700) may comprise one or more materials configured to be
attracted by a magnetic field. When the visualization device is positioned near the distal
engagement portion (708), the coupling magnet (718) may attract the visualization device and

temporarily couple the visualization device to the delivery device (700).

[0121] 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 (e.g., FIG. 6B), the second outer

diameter may be sized to fit within the distal engagement portion (708) while the first outer
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diameter may be sized such that it is too large to fit within the distal engagement portion (708).
In these variations, the first segment (640) (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).

[0122]  Similarly, as shown in FIG. 21, a visualization device such as a camera (2100) may be
configured to be temporarily coupled to the delivery device (700). The camera (2100) may have
a capsule-like outer shape as shown, or may have any other suitable shape. The camera (2100)
may comprise a lens. The lens may be located in any suitable location, such as but not limited to
the distal end of the camera (2100) , or along a barrel portion (2110) of the camera. As described
in more detail herein, the camera (2100) may comprise one or more magnetic elements, which
may be located, for example, at an end of the camera or along a barrel portion. When the camera
(2100) 1s coupled to the delivery device (700), at least a portion of the barrel portion (2110) may
be positioned within the distal engagement portion (708), similar to as shown in FIG. 7B. The
attractive force between the coupling magnet (718) and the camera (2100) may hold the camera
(2100) in place. In variations where the camera (2100) has a barrel portion (2110) having a first
segment (2140) having a first outer diameter and a second segment (2142) having a second outer
diameter, the second outer diameter may be sized to fit within the distal engagement portion
(708) while the first outer diameter may be sized such that it is too large to fit within the distal
engagement portion (708). In these variations, the first segment (2140) (or a tapered segment
(2144) between the first segment (2140) and the second segment (2142)) may act as a stop to

limit the amount of the barrel portion (2110) that may enter the distal engagement portion (708).

[0123] It should be appreciated that in some variations the proximal end of the grasper may
comprise a magnetic element used with a control element to maneuver the grasper, for example,
as described below with respect to FIGS. 8A-12C, 18A-18B, and 19A-19B. In these variations,
the magnetic element in the proximal end of the grasper may also be used to attract the distal
engagement portion of the delivery device and couple the grasper and the delivery device. In
some variations of a visualization device such as a camera and/or light source configured to
reversibly couple to the delivery device, a proximal end of a visualization device may comprise a
magnetic element. In these variations, the magnetic element in the proximal end of the
visualization device may also be used to attract the distal engagement portion of the delivery
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device and couple the visualization device and the delivery device. This magnetic element is also
described in more detail with respect to use of a control element to maneuver the visualization
device, for example, as described below with respect to FIGS. SE, 12D, and 18C-18D.
Additionally, the delivery device may comprise a coupling magnet, but need not. When the
delivery device does not comprise a coupling magnet, a distal engagement portion of the delivery
device may comprise a coupling element comprising a ferromagnetic or ferrimagnetic material
that is slidably housed in the distal engagement portion. The coupling element may be
configured to move between an advanced position and a retracted position, where the delivery
device is configured to couple to the grasper (or visualization device) via attractive force
between the magnetic element in the grasper and the coupling element when the coupling

element is in the advanced position.

[0124] In order 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 move the grasper (600) proximally relative to the distal
engagement portion (708). The first segment (640) (or the tapered segment (644)) may limit the
movement of the grasper (600) into the distal engagement portion (708), 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).

[0125] 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 variations in FIGS. 7A-7D show a segment (740) of the actuation rod
that may have a diameter greater than a diameter of the lumen (722).
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[0126] 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.

[0127] 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 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.
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[0128] 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 (600) 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).

[0129] Additionally, in the variation of the grasper (600) shown in FIGS. 6A-6C, 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 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).

[0130] Additionally or alternatively, when the top and/or bottom edges of a wall of the barrel
portion are 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
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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).
2. Grasper

[0131] As mentioned above, the graspers described herein may comprise a first jaw and a
second jaw, and at least one of the first jaw and the second jaw may be configured to rotate
relative to the grasper to actuate the grasper between an open configuration and a closed
configuration. The jaws may be configured in the closed configuration to secure tissue. In some
variations, the graspers may be configured to secure tissue by engaging the tissue between a
grasping surface of each of the two jaws (e.g., gripping, squeezing, compressing, etc. the tissue
between the two jaws). That is, the jaws may be configured to hold tissue between two surfaces
that would be in contact in the closed configuration but for the tissue between the surfaces. In
these variations, the jaws of the graspers 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 may help to reduce slipping between the jaws and tissues.

[0132] Additionally or alternatively, the graspers may comprise teeth or other projections
which may facilitate engagement of the jaw with tissue. 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). In a closed configuration, the
grasper (600) may be configured to engage tissue between the teeth (692) of the grasping
surfaces (690). In variations in which the grasper (600) is biased toward the closed configuration,
the combination of the size, shape, and features (e.g., teeth) of the grasper (600), as well as the
biasing force (e.g., due to a torsional or cantilever spring), may be chosen to produce a desired
grasping force on the tissue. It may in some instances be desirable for the grasping force to allow
the delivery device to be decoupled from the grasper (600) and to allow the tissue to be held

securely during a procedure, while not causing tissue damage.
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[0133] In other variations, instead of or in addition to squeezing the tissue between contact
surfaces, the graspers may be configured to surround tissue in a space formed between the two
closed jaws. That is, the jaws may be configured such that in a closed configuration, there is a
space between the jaws (even when no tissue is located between the jaws). This space may be
used to hold at least a portion of tissue. As such, less force may be applied to tissues during
grasping. This may be desirable for use with particular types of tissues (e.g., a portion of tissue
having a tubular or elongate shape) and in particular procedures, such as but not limited to
reconstructive laparoscopy (e.g., colon, bariatric). In some variations, the graspers may be
configured to hold tissue only within the space between the jaws, and not to compress tissue
between two contact surfaces. In other variations, the graspers may be configured such that a
first portion of tissue may be held within the space between the jaws, and a second portion of

tissue may be compressed between the contact surfaces of the jaws.

[0134] FIGS. 13A-16 show exemplary graspers configured to surround tissue in a space
between two closed jaws. FIGS. 13A-13C, for example, depict side (FIG. 13A) and perspective
(FIGS. 13B-13D) views of a grasper (1300) in closed (FIGS. 13A-13B) and open (FIGS. 13C-
13D) configurations. Grasper (1300) comprises a first jaw (1302), a second jaw (1304), and a
main body (1306). First jaw (1302) may comprise a distal contact surface (1312) (labeled in FIG.
13C), which may face a distal contact surface (1314) of the second jaw (1304). Generally, the
first jaw (1302) may be rotatably connected to the main body (1306) at a pivot point (1308), such
that the first jaw (1302) may be able to rotate relative to the main body (1306). While the second
jaw (1304) is shown in FIGS. 13A-13C as being fixed relative to the main body (1306), it should
be appreciated that in some variations the second jaw (1304) may be rotatably connected to the

main body (1306).

[0135] The first jaw (1302) (and/or the second jaw (1304) in variations in which the second
jaw (1304) is rotatably connected to the main body (1306)) may be rotated relative to the main
body (1306) to actuate the grasper (1300) between an open configuration and a closed
configuration. In the closed configuration, the first jaw (1302) and second jaw (1304) may be
rotated toward each other such that the contact surfaces (1312, 1314) are touching. This may
allow the first and second jaws (1302) to define an enclosed space (1316) between the two jaws
(1302, 1304). The space (1316) between the two jaws may be configured to contain tissue. In the
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open configuration, the first jaw (1302) and the second jaw (1304) may be held in rotationally
separated positions to define a space between the distal contact surfaces (1312, 1314), which
may allow tissue to enter the space between the first and second jaws (1302, 1304). The first and
second jaws (1302, 1304) may be rotationally biased toward a closed configuration in any

suitable manner (e.g., via a torsional spring, not shown).

[0136] In some variations, the portion of the grasper (1300) proximal to the pivot point (1308)
may have the same configuration as grasper (600), and the grasper (1300) may be delivered and
actuated between the open and closed configurations using a delivery device as described above
with respect to FIGS. 6A-7D. In some variations, the grasper (1300) may comprise features
configured to promote secure engagement between the two distal contact surfaces (1312, 1314)
in the closed configuration, and/or to promote engagement with tissue. For example, the contact
surfaces may comprise teeth, grooves, ridges, or the like to promote secure engagement, which
may help to keep any tissue enclosed in the space between the jaws from slipping between the
contact surfaces, or may help to hold onto any tissue gripped, squeezed, etc. between the contact

surfaces.

[0137] In variations in which the graspers are configured to surround tissue in a space between
the two closed jaws, the space may have any suitable shape. In some variations, the jaws may
form an elongate space extending from near the pivot point to the contact surface, as shown for
example in FIGS. 13A-13B, where the jaws (1302, 1304) of a grasper (1300) form a space
(1316) from the pivot point (1308) to the contact surfaces (1312, 1314).

[0138] Another example is shown in FIGS. 14A-14D, which depicts side (FIGS. 14A-14B)
and perspective views (FIGS. 14C-14D) of grasper (1400) in closed (FIGS. 14A and 14C) and
open (FIGS. 14B and 14D) configurations. A grasper (1400) may comprise a first jaw (1402), a
second jaw (1404), and a main body (1406) having the same features as grasper (1300) described
herein, including a space (1416) formed by the first and second jaws when in the closed

configuration. The space (1416) may extend from the pivot point (1408) to the contact surfaces

(1412, 1414).

[0139] As can be seen in comparing graspers (1300) and (1400), the jaws may have any

suitable length. Whereas the pivot point (1308) in grasper (1300) is located approximately in the
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middle of grasper (1300), the pivot point (1408) in grasper (1400) is located closer to the distal
end; that is, the jaws are shorter in grasper (1400) and form a shorter space (1416). Particular
jaws designs may be desirable in order to create spaces of particular sizes (e.g., in order to hold
particular tissues). It may also be desirable for the jaws to have different shapes. While the
grasper (1300) in FIGS. 13A-13C comprises first and second jaws (1302, 1304) that slightly
taper toward the distal end of the jaws (best shown in FIG. 13C), in other variations the jaws
may have a uniform width from their proximal to distal ends. For example, FIG. 13D shows a
grasper (1300°), which has first and second jaws (1302°, 1304’) having a uniform width from

their proximal to distal ends.

[0140] In other variations, the jaws may be configured to form a space only at the distal end of
the jaws and not between a pivot point and the distal end. For example, FIGS. 15A-15D show a
grasper (1500) having a first jaw (1502), a second jaw (1504), and a main body (1506) having
similar features as grasper (1300) described herein, including a space (1516) between the closed
jaws (1502, 1504). However, unlike grasper (1300), the first and second jaws (1502, 1504) may
contact each other immediately distal to the pivot point (1508). Thus, the space (1516) is located
closer to the distal end of the jaws (1502, 1504), and extends from an intermediate location along
the jaws (1502, 1504) to the contact surfaces (1512, 1514). Particular locations of the space
(1516) relative to the rest of the grasper (1500) may be desirable to control the distance between
tissues. For example, when the grasper is located within a body cavity and a magnetic field of an
external control element holds the grasper in a perpendicular configuration with the proximal end
of the grasper body against the cavity wall, the location of the space (1516) along the jaws (1502,

1504) may determine the distance of the tissue held in the space to the cavity wall.

[0141] In some variations, one or more jaws of the graspers described here may include a
longitudinal recess extending at least partially through the jaws. With reference to FIG. 6C for
example, grasper (600) may include a recess (694) extending at least partially through the
grasping surface (690) and some of the teeth (692). Similarly, graspers (1300), (1400), and
(1500) may include recesses (1394), (1494), and (1594), respectively, extending at least partially
through each of first and second jaws (1302, 1304), (1402, 1404) and (1502, 1504), respectively.
In these variations, when the jaws are used to grasp tissue therebetween, tissue may be squeezed
or captured into or otherwise enter the recess of each jaw, which may help to provide a more
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secure hold between the grasper and the tissue. The size and placement of the recesses may also

influence the effect of a magnetic field on the graspers, as described in more detail below.

[0142] 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. It may also be desirable to use certain coatings and/or
materials in or on all or a portion of the grasper in order to reduce the occurrence of unintended
electrical current flowing through the grasper. For example, in a surgical procedure involving
electrical current (e.g., electrocautery), if the grasper contacts an electrocautery instrument, the
electrical current may flow through the grasper and cause cauterization of, or burns in, the
various tissues touching the grasper. This cauterization or burning of the tissue may be
unintended and/or undesirable. Thus, non-conducting materials and/or coatings may be used on
all or a portion of the grasper (e.g., a portion of the grasper closest to the surgical site) to reduce
or eliminate the flow of electrical current through the grasper and thus reduce the likelihood that
tissue may be damaged unintentionally by electrical current. For example, and as described in
more detail below, in some variations, one of the jaws of a grasper (such as any of the graspers
described herein) may be made of non-conducting material. Additionally or alternatively, the
distal portion of one or both of the jaws of a grasper (such as any of the graspers described here)
may be made of a non-conducting material. Any suitable non-conductive material (e.g., plastic,
or the like) and/or non-conductive coating (e.g., paints, plastic tubing, co-molded thermoplastic
elastomers, a combination thereof, or the like) may be used. In some instances, materials used for
non-conductive properties may be the same as those used for non-magnetic properties (e.g.,

plastic), which are described in more detail below.
B. Maneuvering the Grasper

[0143] As mentioned above, the graspers described here may be used to provide remote
manipulation of tissue during a minimally-invasive procedure. During such a procedure, it may
be desirable to maneuver and/or control the grasper using one or more elements located outside

of the body (e.g., one or more control elements), so that the delivery devices described here may
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be withdrawn, and the access ports may be utilized for other tools and/or instruments. It may also
be desirable to maneuver another tool, such as a visualization device (e.g., camera, light source)
using one or more elements located outside of the body (e.g., one or more control elements), so
that the position and/or orientation of the visualization device can be controlled without

occupying an access port.

[0144] Maneuvering and/or controlling the grasper using one or more elements located outside
the body, and not through a physical connection via an access port, may additionally or
alternatively allow for force to be applied to the grasper (and in turn to tissue) in a direction
different from the direction of force that may be applied through an access port. This may allow
force to be applied to the grasper (and in turn to tissue) in a greater number of directions.
Additionally or alternatively, maneuvering and/or controlling the grasper using one or more
elements located outside the body, and not through a physical connection via an access port, may
allow for improved visualization of a region of interest. In some variations, it may be desirable to
control an orientation of the grasper using one or more elements located outside of the body

(e.g., one or more control elements) to increase maneuverability and control of the grasper.

[0145] Generally, the graspers and/or visualization devices may be maneuvered using one or
more attractive and/or repulsive forces. Specifically, the graspers and/or visualization devices
may be configured to be attracted to and/or repelled by one or more magnetic elements
positioned externally of the body. Attractive and/or repulsive forces originating from outside the
body may be used to move, reposition, and/or hold the grasper and/or visualization device. These
forces may in turn move, hold, and/or provide traction for the tissue held by the grasper. In some
instances, it may be desirable to configure the grasper and/or visualization device and the control
element such that their magnetic attributes and/or those of the control element do not affect other
instruments that are not intended to be part of the magnetically controlled grasping system

described herein.

[0146] The graspers described here may generally comprise a combination of materials having
different magnetic behavior. Varying the type of materials in the grasper, where they are located
in and/or on the grasper, and the configuration of those materials, may serve several purposes.

Generally, the arrangement of non-magnetic, ferromagnetic, ferrimagnetic, and/or diamagnetic
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materials within an instrument may alter the behavior of the instrument when it is exposed to a
magnetic field. The use of a combination of these materials may provide increased control over
the movements of the grasper and the tissue held within its jaws, as compared to a grasper made
from only one type of material. The configuration of the materials within the grasper — for
example, the type, amount, polarity, and location of the materials — may alter how the grasper
responds to and/or interacts with a control element. It should be appreciated that the types,
location, and configuration of materials with respect to graspers described herein may also be
implemented with respect to visualization devices such as cameras and/or light sources as
appropriate to affect the behavior of the tool when exposed to a magnetic field. The use of
combinations of materials may similarly provide increased control, for example, over the

movements of a camera and the orientation of its field of view.

[0147] For example, using both magnetic and non-magnetic materials may affect which
portions of the grasper or visualization device (e.g., camera, light source) are attracted to,
unaffected by, or repelled by magnetic fields generated by the control element (and may affect
which portions of the grasper or visualization device may create magnetic fields that may attract,

not affect, or repel portions of the control element).

[0148] As another example, increasing the amount of magnetic material located in a specific
portion of the grasper or visualization device (e.g., camera, light source) may increase the
attractive or repulsive force between that portion of the grasper/visualization device and a control
element. Similarly, removing magnetic material from a specific portion of the grasper or
visualization device and replacing it with a non-magnetic material may decrease the attractive or
repulsive force between that portion of the grasper/visualization device and the control element.
Varying the type of materials and where they are located may also modify the distribution of the
mass of the grasper or visualization device, which may contribute to a user’s ability to control
and maneuver the grasper or visualization device. As mentioned above, this may provide for

better control over the grasper and the tissue within its jaws, as described in more detail below.

[0149] As another example, the response of a grasper to an applied magnetic field may also be
altered by removing material entirely to leave an air gap (in instances where the material is not

required for the grasper to hold tissue as desired). With reference to FIG. 6C for example,
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grasper (600) may include a recess (694) extending at least partially through the grasping surface
(690) and some of the teeth (692) of the first jaw (602). In variations in which the jaws (602,
604) comprise a material attracted to a magnetic field, when a magnetic field is applied to
grasper (600), a greater force may be generated on the second jaw (604) than the first jaw (602),
since the second jaw (604) comprises more material. As a result, when the grasper (600) is
located in a body cavity and controlled by a magnetic field from an external control element, the
grasper (600) may have an increased tendency to lie parallel to the cavity wall with the second

jaw (604) against the cavity wall.

[0150] The recess may have any suitable configuration or placement. For example, FIG. 16
depicts a grasper (1600) comprising a first jaw (1602) having a recess (1694) extending through
and along the length of the first jaw, a second jaw (1604) not having a recess, and a main body
(1606). In variations in which the jaws (1602, 1604) comprise a material attracted to a magnetic
field, when a magnetic field is applied to the grasper (1600), a greater force may be generated on
the second jaw (1604) than the first jaw (1602), since the second jaw (1604) comprises more
material. As a result, under application of a magnetic field, the grasper (1600) may have an
increased tendency to lie parallel to the cavity wall with the second jaw (1604) against the cavity

wall.

[0151] As another example, graspers (1300), (1400), and (1500) shown in FIGS. 13A-13D,
14A-14D, and 15A-15D may comprise recesses (1394), (1494), and (1594), respectively,
extending through and along the length of each of the first and second jaws. As a result, in
variations in which the jaws and body of the graspers are made from a material attracted to a
magnetic field, when a magnetic field is applied to graspers, a greater force may be generated on
the main bodies (1306), (1406), and (1506) of the graspers than on the jaws. As a result, when
the graspers are located in a body cavity and controlled by a magnetic field from an external
control element, the graspers may have an increased tendency to lie perpendicular to the cavity

wall, with the bodies of the graspers against the cavity wall.

[0152] Additionally or alternatively, employing both magnetic and non-magnetic materials
may allow for control over the grasper from outside the body while decreasing the likelihood that

other surgical instruments will be attracted to and/or will stick to the grasper. These other
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instruments, when attracted to and/or stuck on the grasper, may interfere with the ability to
execute fine motions that may be required during a surgical procedure, and may cause delays
during surgical procedures caused by the need to separate surgical instruments that may have
been inadvertently attracted to and/or become stuck on the grasper. To reduce these undesired
effects, parts of the grasper may for example be composed of non-magnetic materials (e.g., 300-
series stainless steel, plastic, or the like) and/or be coated with a non-magnetic coating, including
but not limited to, non-magnetic paints, plastic tubing, co-molded thermoplastic elastomers, a
combination thereof, and the like. These non-magnetic materials and/or coatings may reduce or
eliminate the attraction between the grasper and other instruments, while maintaining the ability

to control the grasper from outside the body.

[0153] For example, in some variations a portion of the grasper may be made from plastic
(e.g., both jaws, one jaw, a distal portion of one or both jaws, a proximal portion of one or both
jaws, a combination thereof, or the like) while the remainder of the grasper may comprise a
ferromagnetic material. In these variations, the plastic portion of the grasper will not attract

surgical tools, but the grasper may still be controlled using an external control element.

[0154] In variations in which a non-magnetic coating may be applied to a magnetic material,
the coating may increase the distance between the magnetic material and the surgical
instruments, and may prevent close contact between the magnetic material and the instruments.
This may decrease the attractive force between the coated portion of the grasper and the surgical
instruments, but may still allow the grasper to be controlled by an external control element. In
some instances, it may be desirable to use non-magnetic materials and/or coatings on the portion
of the grasper closest to the surgical site (e.g., all or a portion of the jaws, such as a proximal
portion); however, such materials and/or coatings may be utilized at any location on the grasper
that does not interfere with the control of the grasper or the coupling of the delivery devices
using a coupling magnet, as described above. Generally, thicker coatings will decrease the force
between the grasper and the other instruments, and coatings of any suitable thickness may be
used to achieve a desired force profile. In some variations, it may also be possible to use
diamagnetic materials and/or coatings to reduce the likelihood that other surgical instruments

will be attracted to and/or will stick to the grasper. A visualization device such as a camera
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and/or light source may also be in part composed of non-magnetic materials and/or comprise a

non-magnetic coating for similar reasons.

[0155] The control elements described here may optionally comprise a combination of
magnetic and non-magnetic materials. The configuration of the magnetic and non-magnetic
materials within the control element, for example, the size, type, quantity, polarity, and location
of the materials, may alter the behavior of the grasper or visualization device (e.g., camera, light
source). The control elements described here may also have a surface that, in use, may be placed
on or near an external surface of a patient’s body cavity and that may be parallel to the external
surface of the patient’s body cavity. The grasper and the control element may be configured to
yield a desired grasper position and/or movement within the body. For example, in some
variations, the control element and the grasper may be configured to rotate, move, and/or hold
the grasper such that it is in a perpendicular configuration relative to the internal wall of the
patient’s body cavity or the surface of the control element, i.e., with its longitudinal axis
transverse to, and in some instances, substantially perpendicular to, the surface of the cavity wall
or of the control element. Similarly, a visualization device (e.g., camera, light source) and
control element may be configured to yield a desired visualization device position and/or
movement within the body. For example, the control element and visualization device may be
configured to rotate, move, and/or hold the visualization device such that it is in a perpendicular
configuration relative to the internal wall of the patient’s body cavity or the surface of the control
element, i.e., with its longitudinal axis transverse to, and in some instances, substantially

perpendicular to, the surface of the cavity wall or of the control element.

[0156] In other variations, the control element and the grasper may be configured to rotate,
move, and/or hold the grasper in a parallel configuration, i.e., in a configuration in which its
longitudinal axis extends in the same direction as, or in some instances, is substantially parallel
to, the surface of the cavity wall or of the control element. In some instances, the control element
and the grasper may be configured to rotate, move, and/or hold the grasper such that its
longitudinal axis forms an angle between about 5 and about 85 degrees with the surface of the
cavity wall or of the control element. In some instances, the control element and the grasper may
be configured to move the jaws of the grasper while maintaining the positioning of the proximal
end of the grasper. Similarly, in other variations, the control element and a visualization device
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(e.g., camera, light source) may be configured to rotate, move, and/or hold the visualization
device in a parallel configuration, i.e., in a configuration in which its longitudinal axis extends in
the same direction as, or in some instances, is substantially parallel to, the surface of the cavity
wall or of the control element. In some instances, the control element and the visualization
device may be configured to rotate, move, and/or hold the visualization device such that its
longitudinal axis forms an angle between about 5 and about 85 degrees with the surface of the

cavity wall or of the control element.

[0157] As mentioned above, the graspers (and visualization device, such as a camera and/or
light source) and control elements described here comprise magnetic elements. Generally, at
least one of the elements in either the grasper (or visualization device) or the control element
comprises a permanent magnet, an electromagnet, or an electro-permanent magnet. The
remaining magnetic elements in the graspers (or visualization devices) and control elements may
comprise permanent magnets, electromagnets, or electro-permanent magnets, and/or may
comprise other materials that are attracted to, and/or repelled by a magnetic field, including, but
not limited to ferromagnetic materials, ferrimagnetic materials, diamagnetic materials, a
combination thereof, and the like. In some variations both the grasper (or visualization device)
and the control element may comprise one or more permanent magnets. For example, they may
both comprise permanent magnets oriented such that the dissimilar poles of the magnets attract
each other when the grasper (or visualization device) and control element are in the desired
configurations. However, the grasper (or visualization device) and control element need not both
comprise permanent magnets. For example, in some variations, the grasper (or visualization
device) may comprise a magnetic element comprising a ferromagnetic or ferrimagnetic material
(e.g., iron, cobalt, nickel, and the like) that is attracted to a magnetic field but does not
independently generate a magnetic field, and the control element may comprise a magnetic
element (e.g., a permanent magnet) that generates a magnetic field that attracts the ferromagnetic

or ferrimagnetic material.

[0158] In some surgical procedures, or at times during a surgical procedure, it may be
desirable for the grasper to move to and/or be held in a perpendicular or angled configuration
with respect to the control element and/or the wall of a patient’s body cavity (e.g., an abdominal
cavity). FIG. 8A depicts a cross-sectional side view of a variation of a grasper (800) configured
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to be used with a control element located outside of the body to place the grasper in a
perpendicular orientation relative to the cavity wall, and FIG. 8B depicts a variation of a system
comprising a control element (816) and the grasper (800) of FIG. 8A positioned in a

perpendicular configuration relative to the body cavity.

[0159] As shown in FIG. 8A, the grasper (800) may comprise a first jaw (802) rotatably
coupled to a main body (806), a second jaw (804) fixed relative to the main body (806), a
proximal end (810), a distal end (808), a longitudinal axis (§14), and a magnetic element (812).
In this variation, the magnetic element (8§12) may be located in or on the main body (806) at a
proximal end (810) of the grasper (800). When the grasper (800) is exposed to a magnetic field
generated by a control element (816) comprising a magnet, the proximal end (810) of the grasper
(800) may be attracted to the control element (816). The remainder of the grasper (800) (aside
from the magnetic element), including, for example, the remainder of the main body (806) and
the first and second jaws (802, 804), may in some instances comprise a non-magnetic material.
In other instances, all or a portion of the remainder of the main body (806) and the first and
second jaws (802, 804) may comprise a second magnetic element that experiences a repulsive
force when placed close to the control element (816), for example, a diamagnetic material (e.g.,
copper, zinc, lead, and the like) or a permanent magnet having a polarity causing it to be repelled

by the control element.

[0160] Turning back to FIG. 8A, in the embodiment shown there, the magnetic element (812)
may comprise a magnet with north and south poles oriented axially within the grasper (800) such
that the poles are positioned along the longitudinal axis (814) of the grasper (800). More
particularly, the south pole (represented by the letter “S” throughout the figures) of the magnetic
element (812) faces a proximal end of the grasper (800) and the north pole (represented by the
letter “N”” throughout the figures) faces a distal end of the grasper (800). FIG. 8B depicts the
grasper (800) of FIG. 8A in use with a control element (816) comprising a longitudinal axis
(820). Shown there is a cross-sectional side view of the cavity wall (822), the grasper (800)
located within the body, and the control element (816) located outside of the body. The control
element (816) is depicted as a magnet comprising poles that face toward and away from the
cavity wall (822). As depicted, the north pole of the control element (816) faces downward, or
toward the cavity wall (822), and the south pole of the control element (816) faces upward, or
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away from the cavity wall (822). While the control element (816) is depicted as a magnet itself,
it need not be. In some variations, the control element (§16) may comprise a combination of one
or more non-magnetic materials (e.g., plastics, paramagnetic materials such as titanium, and the

like) and one or more magnets.

[0161] As depicted in FIG. 8B, the attractive forces between the control element (816) and the
magnetic element (812) may move the proximal end (810) of the grasper toward the control
element (816). More specifically, the south pole of the magnetic element (812) in the grasper
(800) may be attracted to the north pole of the control element (816). The attractive forces
between the magnetic element (812) in the grasper (800) and the control element (816) may
cause the proximal end (810) of the grasper (800) to be attracted to and move toward the control
element (816) and the cavity wall (822), while the distal end (808) of the grasper (800) may be
repelled by and move away from the control element (816) and the cavity wall (822).
Accordingly, the attractive forces between the magnetic element (812) and the control element
(816) may cause the grasper (800) to rotate and/or move into a position in which its longitudinal
axis (814) is transverse, and substantially perpendicular to, the surface of the cavity wall (822).
In this position, the first and second jaws (802, 804) of the grasper may be facing posteriorly
(i.e., inward toward the body) and away from the cavity wall (822). Additionally, if the control
element (816) is moved relative to the cavity wall (822) (e.g., moving the control element (816)
along the exterior of the body), the grasper (800) may be moved relative to the cavity wall by a
corresponding amount by the attractive forces between the magnetic element (812) and the

control element (816).

[0162] In some variations, the grasper (800), magnetic element (812), and the control element
(816) may be configured such that the attractive forces between the magnetic element (812) and
the control element (816) cause the grasper (800) to rotate and/or move into a position in which
the longitudinal axis (814) of the grasper (800) is located at an angle that is less than 90 degrees
with respect to the surface of the cavity wall (822). It should be appreciated that in use there may
be many variables that may affect the angular orientation of the graspers described here with
respect to a cavity wall, including but not limited to, the location, number, orientation and
strength of the magnetic elements in the grasper and the control element, the material of the
grasper, gravity, and/or the tension force from organs or other tissue held by the grasper. The
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grasper (800) and the control element (8§16) may be configured to have an attractive force

between them that places the grasper in a desired angular orientation considering these variables.

[0163] In some variations, the material used to fabricate the grasper may itself be the magnetic
element. For example, the graspers (900A, 900B) depicted in FIGS. 9A and 9B are similar to the
grasper (800) of FIG. 8A, except that the magnetic element (912A, 912B) of the graspers (900A,
900B) in FIGS. 9A and 9B is the material used to create a portion of the grasper (900A, 900B).
Put another way, the material used to create a portion of the grasper (900A, 900B) may be
attracted to a portion of the control element (e.g., control element (916) in FIG. 9C). As such, the
control element (916) may be used to control and/or maneuver the grasper (900A, 900B). As
depicted in FIGS. 9A and 9B, the graspers (900A, 900B) may comprise a first jaw (902A, 902B),
a second jaw (904 A, 904B), a main body (906A, 906B), a longitudinal axis (914A, 914B), a
distal end (908A, 908B), a proximal end (910A, 910B), and a magnetic element (912A, 912B).

[0164] In some instances, the grasper may comprise a magnetic element and one additional
material, while in other variations the grasper may comprise a magnetic element and multiple
additional materials. For example, FIG. 9A depicts a grasper (900A) comprising a magnetic
element (912A), a second material (924A), a main body (906A), and first and second jaws
(902A, 904A). In this variation, the magnetic element (912A) may be the material of the main
body (906A) and a proximal portion of the first and second jaws (902A, 904A), while a distal
portion of the first and second jaws (902A, 904A) may be a second material (924A). In some
instances, the first magnetic element (912A) may be a ferromagnetic material (e.g., 400-series
stainless steel or the like) and the second material (924A) may comprise a non-magnetic material

(e.g., 300-series stainless steel, plastic or the like).

[0165] In some variations, more or less of the grasper may be made from the magnetic element
(912A) (e.g., any portion of the main body (906A) and/or more or less of the proximal portion of
the first and second jaws (902A 904A)). For example, in some instances, the top half of the
grasper (i.e., the portion above the longitudinal axis (914A)) may be made from the magnetic
element (912A), while the bottom half of the grasper (i.e., the portion below the longitudinal axis
(914A)) may be made from a non-magnetic material. As another example, one jaw may be made

from a non-magnetic material, while the other jaw may be made partially from a ferromagnetic
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material and partially from a non-magnetic material (e.g., a distal end may be made from a non-
magnetic material). In some of these instances in which one jaw is rotatable relative to the main
body and one jaw is fixed relative to the main body, the rotatable jaw may be made from a non-
magnetic material, while the fixed jaw may be made partially from a ferromagnetic material and
partially from a non-magnetic material. For example, with reference to FIG. 9A, first jaw (902A)
may be made from a non-magnetic material, while second jaw (904A) may be made partially
from a ferromagnetic material and partially from a non-magnetic material. More particularly, in
some variations the distal end of the second jaw (904A) may be made from a non-magnetic
material, while the remainder of the second jaw (904A) proximal to the distal end may be made
from a ferromagnetic material. It should be appreciated that in other instances in which one jaw
is rotatable relative to the main body and one jaw is fixed relative to the main body, the fixed jaw
may be made from a non-magnetic material, while the rotatable jaw may be made partially from
a ferromagnetic material and partially from a non-magnetic material. In some cases, non-
magnetic material may also be replaced with a recess, as described in more detail above. In still
other variations, the second material (924A) may be a material that experiences a repulsive force

when exposed to the control element (916).

[0166] In some instances, and as depicted in FIG. 9B, a proximal portion of the grasper (900B)
may comprise a magnetic element (912B), a central portion of the grasper (900B) may comprise
a second material (924B), and a distal portion of the grasper (900B) may comprise a third
material (926). The second and third materials (924B, 926) may comprise a non-magnetic
material (e.g., plastic or the like), a magnetic material coated with a non-magnetic material, a

combination thereof, or the like.

[0167] Additionally or alternatively, the magnetic element (912B), the second material (924B),
and the third material (926) need not have the same mass, and it may be desirable to vary the
mass of the materials (912B, 924B, 926) to achieve better control over the grasper (900B). For
example, varying the mass in different portions of the grasper may also vary the gravitational
force that may counteract an attractive force between a specific portion of the grasper and the

control element.
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[0168] Additionally or alternatively, as described in more detail herein, in some variations,
decreasing the mass of some portions of the grasper (e.g., by removing material) may also
decrease the attractive force between that portion and the control element. In some embodiments,
the second and/or third material (924B, 926) may also comprise magnetic elements. In some of
these embodiments, the second and/or third materials (924B, 926) may be materials that
experience a repulsive force when exposed to the control element (916). It should be appreciated
that the second and third materials (924B, 926) need not be in the locations or proportions
indicated in FIG. 9B, and may instead have any locations and proportions that facilitate

maneuvering the grasper (900B) with the control element (916).

[0169] FIG. 9C depicts the grasper (900A) of FIG. 9A in use with a control element (916)
comprising a longitudinal axis (920). A cross-sectional side view of the cavity wall (922) can
also be seen, with the grasper (900A) located within the body, and the control element (916)
located outside of the body. The attractive force between the control element (916) and the
magnetic element (912A) may move the proximal end (910A) of the grasper (900A) towards the
control element (916). The grasper (900A) may then be in a similar perpendicular position to that
described with respect to FIG. 8B. In variations in which a proximal portion of the grasper
(900A) comprises a material that is repelled by the control element (916), the repulsive force
may also contribute to the movement of the grasper (900A) and may aid in positioning the

grasper (900A) in the perpendicular configuration.

[0170] Likewise, in some surgical procedures, it may be desirable for the grasper to move to
and/or be held such that its longitudinal axis lies parallel to the cavity wall. FIG. 10A depicts a
cross-sectional side view of a variation of a grasper (1000) configured to be used with a control
element located outside of the body to place the grasper in a parallel configuration. FIGS. 10B
and 10C depict variations of a system comprising a control element (1016, 1026) and the grasper
(1000) of FIG. 10A in a parallel configuration. FIG. 10A depicts a variation of a grasper (1000)
comprising a first jaw (1002), a second jaw (1004), a main body (1006), a proximal end (1010), a
distal end (1008), a longitudinal axis (1014) and a magnetic element (1012). In some variations,
the magnetic element (1012) may have north and south poles. The north and south poles may be
oriented along the axial length of the grasper (1000) (i.e., along its longitudinal axis (1014)). The
remainder of the grasper (1000) (aside from the magnetic element (1012)) including, for
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example, the remainder of the main body (1006) and the first and second jaws (1002, 1004), may
comprise a non-magnetic material, ferromagnetic material, ferrimagnetic material, a combination
thereof, or the like. In some instances, the grasper (1000) may comprise a second magnetic
element in a portion of the remainder of the grasper (1000) that may comprise a material that
experiences a repulsive force when exposed to a magnetic field generated by the control element

(1016, 1026) (e.g., a diamagnetic material).

[0171] The grasper (1000) depicted in FIGS. 10A-10C may comprise a magnetic element
(1012) in the form of a magnet positioned axially along the length of the grasper (1000). The
magnetic element (1012) has a north pole and a south pole and is oriented such that its north and
south poles face the proximal and distal ends (1010, 1008) of the grasper (1000), respectively.
FIG. 10B depicts a system comprising the grasper (1000) depicted in FIG. 10A and a control
element (1016) comprising a longitudinal axis (1020) and a magnetic element (1024). As shown,
the magnetic element (1024) in the control element (1016) may comprise a magnet having north
and south poles. The north and south poles may be positioned along the longitudinal axis (1020)
of the control element (1026). In the configuration shown, the south pole faces the proximal end
of the control element (1016) (i.e., the left side as depicted in FIG. 10B) and the north pole faces
the distal end of the control element (1016) (i.e., the right side as depicted in FIG. 10B).

[0172] In use, the attractive force between the control element (1016) and the magnetic
element (1012) may move the grasper (1000) toward the control element (1016) such that the
longitudinal axis (1014) of the grasper is substantially parallel to the longitudinal axis (1020) of
the control element. More specifically, the north and south poles of the magnetic element (1012)
in the grasper (1000) may be attracted to the south and north poles, respectively, of the magnetic
element (1024) in the control element (1016). In this variation, the magnetic element (1012) of
the grasper (1000) is of a sufficient length, or is spread along the grasper across a sufficient
length, to cause both the proximal and distal ends (1010, 1008) of the grasper (1000) to be drawn
to the control element (1016) and the cavity wall (1022). In this configuration, the longitudinal
axis (1014) of the grasper (1000) may be substantially parallel to both the longitudinal axis
(1020) of the surface of the cavity wall such that the first and second jaws (1002, 1004) are near
the cavity wall. Once in the parallel configuration, the direction of the jaws may be manipulated
by rotating the control element, which may in turn cause rotation of the magnetic element (1012)
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in the grasper (1000). Additionally, if the control element (1016) is moved relative to the cavity
wall (1022) (e.g., moving the control element (1016) along the exterior of the body), the grasper
(1000) may be moved relative to the cavity wall by a corresponding amount by the attractive

forces between the magnetic element (1024) and the control element (1012).

[0173] FIG. 10C depicts another variation of a system for grasping tissue comprising the
grasper (1000) depicted in FIG. 10A and a control element (1026). In this variation, the control
element (1026) may comprise a first magnetic element (1028) and a second magnetic element
(1030). As shown there, the first and second magnetic elements (1028, 1030) may be magnets
having north and south poles. The first and second magnetic elements (1028, 1030) may be
oriented such that their poles are perpendicular to the longitudinal axis (1020) of the control

element (1016) and the cavity wall (1024), and have opposite polarities.

[0174] For example, as shown in FIG. 10C, the first magnetic element (1028) may be oriented
such that its north pole is anteriorly positioned and its south pole is posteriorly positioned, while
the second magnetic element (1030) may be oriented so that its north pole is posteriorly
positioned and its south pole is anteriorly positioned. In use, the first magnetic element (1028)
may attract the north pole of the magnetic element (1012) of the grasper (1000) and the second
magnetic element (1030) may attract the south pole of the magnetic element (1012) of the
grasper (1000). Additionally, if the control element (1026) is moved or rotated relative to the
cavity wall (1022) (e.g., moving or rotating the control element (1026) along the exterior of the
body), the grasper (1000) may be moved or rotated relative to the cavity wall by a corresponding
amount by the attractive forces between the magnetic elements (1028, 1030) and the control

element (1012).

[0175] It should be appreciated that the configurations of the magnetic elements (1012, 1028,
1030) may be modified. For example, the poles of the first and second magnetic elements (1028,
1030) and the magnetic element (1012) of the grasper (1000) may be rotated such that they face
the opposite direction (e.g., the north pole of the first magnetic element (1028) may be
posteriorly positioned and the north pole of the second magnetic element (1030) may be
anteriorly positioned). The magnetic elements (1012, 1028, 1030) may have any suitable shape,

and need not be cylinders as depicted.
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[0176] In some embodiments, the grasper and/or the control element may comprise magnetic
elements that have poles that are perpendicular to the longitudinal axis of the grasper and the
control element, but are parallel to the surface of the cavity wall. For example, FIGS. 11A-11C
depict a variation of a system (with like elements labeled as above) comprising a grasper (1100)
and a control element (1116), each comprising a magnetic element (1112, 1124). In this
variation, the magnetic elements (1112, 1124) may comprise magnets having a north pole and a
south pole. The magnetic elements (1112, 1124) may be positioned within the grasper (1100)
and the control element (1116) so that their poles are perpendicular to the longitudinal axis of the
grasper (1100) and the control element (1116) respectively, and are parallel to the cavity wall
(1122).

[0177] FIG. 11C may more clearly depict the orientation of the magnetic elements (1112,
1124) in the grasper (1100) and the control element (1116). Shown there is a view from within a
patient with a grasper (1100) within the body cavity, and the control element (1116), indicated
by dashed lines, outside of the body and above the cavity wall (1122). In use, the north pole of
the magnetic element (1112) of the grasper may be attracted to the south pole of the magnetic
element (1124) of the control element (1116), which may pull or otherwise move the grasper

(1100) toward, and substantially parallel to, the cavity wall (1122).

[0178] For example, as depicted in FIG. 11C, if the longitudinal axis (1120) of the control
element (1116) is placed along the longitudinal midline of a patient, the north pole of the
magnetic element (1124) of the control element (1116) may face the right side of the patient and
the south pole of the magnetic element (1124) of the control element (1116) may face the left
side of the patient, or vice versa. In this orientation, the north and south poles of the magnetic
element (1112) of the grasper (1100) may be attracted to the south and north poles of the
magnetic element (1124) of the control element (1116) respectively, which may bring the
grasper (1100) into a parallel configuration. While in the parallel configuration, the grasper
(1100) may be in a first orientation in which its proximal end (1110) faces a first direction and its

distal end (1108) faces a second direction.

[0179] The grasper (1100) may be rotated while remaining in the parallel configuration by
rotating the control element (1116). For example, the grasper (1100) may be rotated by 180
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degrees to place it in a second orientation in which its proximal end (1110) faces the second
direction and its distal end (1108) faces the first direction. It should be appreciated that the
grasper (1100) may be rotated by any desired angle while remaining in the parallel configuration
by rotating the control element (1116). Additionally, if the control element (1116) is moved
relative to the cavity wall (1122) (e.g., moving the control element (1116) along the exterior of
the body), the grasper (1100) may be moved relative to the cavity wall by a corresponding
amount by the attractive forces between the magnetic element (1112) and the control element

(1116).

[0180] It should be appreciated that a visualization device such as a camera and/or light source
may also have a similar configuration of magnetic elements as described with respect to graspers
in FIGS. 8A-11C. For example, a visualization device having a similar configuration of magnetic
elements as grasper (800) may be used with a control element (816) similar to as shown in FIGS.
8A-8B in order to hold and/or move a visualization device in a perpendicular or angled
configuration with respect to the control element and/or the wall of a patient’s body cavity. For
example, a visualization device may comprise a magnetic element comprising a magnet with
north and south poles oriented axially within the visualization device, such that the poles are
positioned along a longitudinal axis of the visualization device, as described above with respect
to grasper (800). Control element (816) may then be used to control the position and/or
movement of the visualization device similarly as described with respect to the grasper (800). As
another example, a visualization device having similar configuration of magnetic elements as
grasper (1000) and may be used with a control element (1000) similar to as shown in FIGS. 10A-
10B in order to hold and/or move the visualization device in a parallel configuration, as

described in more detail with respect to grasper (1000).

[0181] As mentioned above, in some variations, the grasper may comprise more than one
magnetic element. A visualization device (e.g., camera, light source) may similarly comprise
more than one magnetic element. Using a grasper (or visualization device) with multiple
magnetic elements may provide more control over the movement of the grasper, especially with
respect to relative locations of the proximal and distal ends of the grasper (or visualization
device). For instance, utilizing a grasper (or visualization device) with multiple magnets may
make it easier to rotate the distal end of the grasper (or visualization device) relative to its
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proximal end and may allow for better control over the grasper (or visualization device) once it
is in the parallel configuration. Additionally, employing a grasper (or visualization device) with
multiple magnetic elements may make it easier to attract the proximal and/or distal end of the
grasper (or visualization device) to the control element (e.g., by repelling the opposite end)
and/or control the angle at which the grasper (or visualization device) approaches the control
element and/or tissue (e.g., perpendicular, parallel, any angle between perpendicular and

parallel).

[0182] FIGS. 12A-12C depict a variation of the systems described here comprising a grasper
(1200) with two magnetic elements (1212, 1232) and a control element (1206). As shown there,
the grasper (1200) may comprise a first jaw (1202), a second jaw (1204), a main body (1206), a
proximal end (1210), a distal end (1208), a longitudinal axis (1214), a first magnetic element
(1212), and a second magnetic element (1232). The first magnetic element (1212) may be
located at the proximal end (1210) of the grasper (1200) in the main body (1206), and the second
magnetic element (1232) may be located distal to the first magnetic element (1212), for example,
in the first jaw (1202). As mentioned above, the first and second magnetic elements (1212, 1232)
may comprise magnets having north and south poles. As shown in FIGS. 12A and 12B, the first
and second magnetic elements (1212, 1232) may be oriented such that the poles of the first and
second magnetic elements (1212, 1232) may be substantially perpendicular to the longitudinal
axis (1214) of the grasper (1200) and the cavity wall (1222). For example, the poles of the
magnetic elements (1212, 1232) may face posteriorly (toward the cavity wall (1222)) and
anteriorly (away from the cavity wall (1222)) when the longitudinal axis (1214) of the grasper
(1200) 1s substantially parallel to the longitudinal axis of a patient.

[0183] The first and second magnetic elements (1212, 1232) may be located at any suitable
place on or within the grasper (1200), and need not be located as depicted. However, in some
instances, it may be desirable to place the first and second magnetic elements (1212, 1232) as
close to the proximal and distal ends (1210, 1208) of the grasper as possible, as doing so may

assist in steering or otherwise controlling the grasper (1200).

[0184] Additionally or alternatively, in instances in which the magnetic elements (1212, 1232)

may exert forces on each other, placing them farther away from each other, or with more non-
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magnetic material between them, may decrease any unwanted effect they may have on each
other and/or on the grasper (1200). The first and second magnetic elements (1212, 1232) may
have any suitable cross-sectional shape, for example, circle, square, oval, rectangle, hexagon,

and the like, and need not comprise the same cross-sectional shape.

[0185] FIGS. 12B and 12C depict a cross-sectional side view and an inside-the-patient view,
respectively, of the grasper (1200) within the body. The grasper (1200) may be used with a
control element (1216) that also comprises two magnetic elements including a first magnetic
element (1228) and a second magnetic element (1230). The first and second magnetic elements
(1228, 1230) may be located at the proximal and distal ends of the control element (1216)
respectively, and the control element (1216) may comprise non-magnetic material between the
first and second magnetic elements (1228, 1230). In some variations, the poles of the first and
second magnetic elements (1228, 1230) of the control element (1216) may be perpendicular to
the longitudinal axis (1220) of the control element (1216) and the cavity wall (1222). While the
magnetic elements (1228, 1230) are depicted at the proximal and distal ends of the control
element (1216), they need not be. The magnetic elements (1228, 1230) may be located anywhere
on or within the control element (1216). Alternatively, while the control element (1216) is
depicted with two magnetic elements (1228, 1230), in some variations, it may only comprise one

magnetic element.

[0186] In use, the opposite poles of the first and second magnetic elements (1212, 1232) in the
grasper (1200) and the first and second magnetic elements (1228, 1230) in the control element
(1216) may be attracted to each other, respectively, which may place the grasper (1200) in the
parallel configuration, as shown in FIGS. 12B and 12C. As depicted there, the north pole of the
first magnetic element (1212) in the grasper (1200) faces anteriorly (i.e., toward the cavity wall
(1222) and the control element (1216)), and the north pole of the second magnetic element
(1232) in the grasper (1200) faces posteriorly (i.e., away from the cavity wall (1222) and the
control element (1216)). The north pole of the first magnetic element (1228) in the control
element (1216) faces anteriorly (i.e., away from the cavity wall (1222)), and the north pole of the
second magnetic element (1230) in the control element (1216) faces posteriorly (e.g., toward the
cavity wall (1222)). If the control element (1216) is moved relative to the cavity wall (1222)
(e.g., moving the control element (1216) along the exterior of the body), the grasper (1200) may
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be moved relative to the cavity wall by a corresponding amount by the attractive forces between

the magnetic element (1212) and the control element (1216).

[0187] While the first and second magnetic elements in both the grasper (1200) and the control
element (1216) are depicted with the poles of the first magnetic element facing the opposite
direction as the poles of the second magnetic element, this need not be the case. For example, the
first and second magnetic elements may be positioned such that the north poles of both of the

magnetic elements face the same direction.

[0188] Additionally, while depicted as permanent magnets comprising north and south poles,
the magnetic elements (1212, 1232) need not be and may comprise any of the magnetic elements
described above that result in attractive forces between the magnetic elements (1212, 1232) in
the grasper (1200) and the magnetic elements (1228, 1230) in the control element (1216). For
example, in some instances, either (but not both) the magnetic element (1212) in the grasper
(1200) or the magnetic element (1228) in the control element (1216) may be a material attracted
to a magnetic field but may not generate a magnetic field (e.g., a ferrimagnetic or ferromagnetic
material); similarly, either (but not both) the magnetic element (1232) in the grasper (1200) or
the magnetic element (1230) in the control element (1216) may be a material attracted to a
magnetic field but may not generate a magnetic field (e.g., a ferrimagnetic or ferromagnetic

material).

[0189] FIG. 12D depicts a variation of the systems described here comprising a camera (1250)
with two magnetic elements (1262, 1282). As shown there, the camera (1250) may comprise a
lens (1252), a main body (1256), a proximal end (1260), a distal end (1258), a longitudinal axis
(1264), a first magnetic element (1262), and a second magnetic element (1282). It should be
appreciated that the main body of the camera may have any suitable shape, and that the lens may
have any suitable configuration and need not be located at the distal end of the camera (e.g., the
lens may be located along the main body and be facing radially outward). The first magnetic
element (1262) may be located at the proximal end (1260) of the camera (1250) in the main body
(1256), and the second magnetic element (1282) may be located distal to the first magnetic
element (1262), for example, adjacent the lens (1252). The first and second magnetic elements

(1262, 1282) may comprise magnets having north and south poles.
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[0190] As shown in FIG. 12D, the first and second magnetic elements (1262, 1282) may be
oriented such that the poles of the first and second magnetic elements (1262, 1282) may be
substantially perpendicular to the longitudinal axis (1264) of the camera (1250). The first and
second magnetic elements (1262, 1282) may be located at any suitable place on or within the
camera (1250), and need not be located as depicted. However, in some instances, it may be
desirable to place the first and second magnetic elements (1262, 1282) as close to the proximal
and distal ends (1260, 1258) of the camera (1250) as possible, as doing so may assist in

positioning or otherwise controlling the camera (1250).

[0191] Additionally or alternatively, in instances in which the magnetic elements (1262, 1282)
may exert forces on each other, placing them farther away from each other, or with more non-
magnetic material between them, may decrease any unwanted effect they may have on each
other and/or on the camera (1250). The first and second magnetic elements (1262, 1282) may
have any suitable cross-sectional shape, for example, circle, square, oval, rectangle, hexagon,

and the like, and need not comprise the same cross-sectional shape.

[0192] Additionally, while depicted as permanent magnets comprising north and south poles,
the magnetic elements (1262, 1282) need not be and may comprise any of the magnetic elements
described above that result in attractive forces between the magnetic elements (1262, 1282) in
the camera (1250). For example, in some instances, the magnetic elements (1262, 1282) in the
camera (1250) may be a material attracted to a magnetic field but may not generate a magnetic

field (e.g., a ferrimagnetic or ferromagnetic material).

[0193] The camera (1250) may be used with a control element in a similar manner as
described with respect to grasper (1200) and control element (1216) in FIGS. 12B-12C. For
example, camera (1250) may be used with control element (1216) such that the opposite poles of
the first and second magnetic elements (1262, 1282) in the camera (1250) and the first and
second magnetic elements (1228, 1230) in the control element (1216) may be attracted to each
other, respectively, which may place the camera (1250) in the parallel configuration, similarly to
the configuration of the grasper (1200) shown in FIGS. 12B and 12C. That is, the north pole of
the first magnetic element (1262) in the camera (1250) may face anteriorly (i.e., toward the

cavity wall (1222) and the control element (1216)), and the north pole of the second magnetic
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element (1282) in the camera (1250) may face posteriorly (i.e., away from the cavity wall (1222)
and the control element (1216)). The north pole of the first magnetic element (1228) in the
control element (1216) may face anteriorly (i.e., away from the cavity wall (1222)), and the north
pole of the second magnetic element (1230) in the control element (1216) may face posteriorly
(e.g., toward the cavity wall (1222)). If the control element (1216) is moved relative to the cavity
wall (1222) (e.g., moving the control element (1216) along the exterior of the body), the camera
(1250) may be moved relative to the cavity wall by a corresponding amount by the attractive

forces between the magnetic element (1262) and the control element (1216).

[0194] In yet other variations, an orientation of a grasper or visualization device (e.g., camera,
light source) may be manipulated by a control element located outside of the body. In some
variations, the grasper or visualization device and the control element may be configured to yield
a desired change in position and/or orientation of the grasper or visualization device without
movement of the control element relative to the body. For example, as shown in FIGS. 18A-18B,
a control element (1816) and a grasper (1800) may be configured to rotate the grasper between a
perpendicular configuration (FIG. 18A) and a parallel configuration (FIG. 18B) relative to the
internal wall of the patient’s body cavity (1822) and/or the surface of the control element without
moving the control element (1816) relative to the body cavity (1822). As another example, FIGS.
19A-19B illustrates a 90 degree yaw rotation of a grasper (1900) about an axis perpendicular to
the grasper (1900) through rotation (1930) of a magnetic housing (1924) while the control

element (1916) itself remains stationary externally on a patient body cavity wall (1922).

[0195] In some surgical procedures, or at times during a surgical procedure, it may be
desirable for the grasper or visualization device to move between a perpendicular or angled
configuration and a substantially parallel configuration with respect to the wall of a patient’s
body cavity (e.g., an abdominal cavity) through manipulation of a control element. FIG. 18A
depicts a variation of a system comprising a control element (1816) and a grasper (1800)
positioned in a perpendicular configuration relative to the cavity wall (1822). FIG. 18B depicts
the grasper (1800) positioned in a substantially parallel configuration relative to the cavity wall

(1822).
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[0196] As shown in FIG. 18A, the grasper (1800) may comprise a first jaw (1802) rotatably
coupled to a main body (1806), a second jaw (1804) fixed relative to the main body (1806), a
proximal end (1810), a distal end (1808), and a magnetic element (1812). In this variation, the
magnetic element (1812) may be located in or on the main body (1806) at or towards a proximal
end (1810) of the grasper (1800). When the grasper (1800) is exposed to a force generated by
control element (1816) comprising a magnet (1824), the proximal end (1810) of the grasper
(1800) may be attracted to the control element (1816). The remainder of the grasper (1800)
(aside from the magnetic element), including, for example, the remainder of the main body
(1806) and the first and second jaws (1802, 1804), may in some instances comprise a non-
magnetic material. In other instances, all or a portion of the remainder of the main body (1806)
and the first and second jaws (1802, 1804) may comprise a second magnetic element that is
ferromagnetic, that experiences a repulsive force when placed close to the control element
(1816), for example, a diamagnetic material (e.g., copper, zinc, lead, and the like), or that is a

permanent magnet having a polarity causing it to be repelled by the control element.

[0197] As shown in FIG. 18A, the magnetic element (1812) may comprise a magnet with
north and south poles oriented axially within the grasper (1800) such that the poles are
positioned along a longitudinal axis of the grasper (1800). More particularly, the south pole of
the magnetic element (1812) faces a proximal end (1810) of the grasper (1800) and the north
pole faces a distal end (1808) of the grasper (1800). Shown in FIG. 18A is the grasper (1800)
within the body and separated from a control element (1816) by the body cavity wall (1822). The
control element (1816) is provided outside the body and comprises a longitudinal axis (1820). It
should be appreciated that the longitudinal axis (1820) of the control element (1816) need not be
substantially parallel to the cavity wall (1822), and may be provided perpendicular to or at an
angle relative to the cavity wall (1822). In other words, the shape of the control element (1816) is
not particularly limited. Likewise, the magnet (1824) may have any suitable cross-sectional

shape, for example, circle, square, oval, triangle, rectangle, hexagon, and the like.

[0198] The control element may comprise a control element housing (1816) enclosing a
magnet housing (1824) comprising a magnet. As discussed below, the magnet housing (1824)
may be rotatable (arrow 1830) relative to the control element housing (1816). In FIG. 18A, the
magnet housing (1824) is positioned relative to the control element housing (1816) in a first
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configuration such that the poles of the magnetic material face toward and away from the cavity
wall (1822). As depicted, the north pole of the magnetic material faces downward, or toward the
cavity wall (1822), and the south pole of the magnetic material faces upward, or away from the
cavity wall (1822). In some instances, the magnet housing (1824) in this position may be rotated
(1830) 90° relative to the control element housing (1816) to orient the magnet housing (1824) in
a configuration perpendicular to the first configuration where the north and south poles are
aligned along a longitudinal axis (1820) of the control element. Of course, the magnet housing
(1824) may be rotated (1830) by other amounts, such as shown in FIG. 18B as discussed in
further detail below.

[0199] While the control element housing (1816) is depicted as enclosing the magnet housing
(1824), it need not be, so long as the magnet housing (1824) is rotatable relative to the control
element housing (1816). Furthermore, while the magnet housing (1824) is depicted as having a
circular cross-sectional shape, the magnet housing (1824) may comprise any shape allowing
rotation or other reorientation of the magnet housing (1824) relative to the control element
housing (1816), in order to change the magnetic field applied to the grasper (1800). Similarly,
the magnetic material within the magnet housing (1824) may comprise any desirable shape
within the magnet housing (1824). In some variations, the magnetic material may be provided
without a magnet housing, and the magnetic material may be rotatable relative to the control
element housing. In some variations, the control element housing (1816) may comprise a
combination of one or more non-magnetic materials (e.g., plastics, paramagnetic materials such

as titanium, and the like) and one or more magnets.

[0200] As depicted in FIG. 18A, the attractive forces between the control element in a first
position as shown and the magnetic element (1812) may move the proximal end (1810) of the
grasper (1800) toward the control element housing (1816). More specifically, the south pole of
the magnetic element (1812) in the grasper (1800) may be attracted to the north pole of the
magnet housing (1824). The attractive forces between the magnetic element (1812) in the
grasper (1800) and the control element housing (1816) may cause the proximal end (1810) of the
grasper (1800) to be attracted to and move toward the control element housing (1816) and the
cavity wall (1822), while the distal end (1808) of the grasper (1800) may be repelled by and
move away from the control element housing (1816) and the cavity wall (1822). Accordingly,
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the attractive forces between the magnetic element (1812) and the control element housing
(1816) may cause the grasper (1800) to rotate and/or move into a position in which its
longitudinal axis is transverse, and substantially perpendicular to, the surface of the cavity wall
(1822) and longitudinal axis (1820) of the control element housing (1816). In this position, the
first and second jaws (1802, 1804) of the grasper (1800) may be facing away from the cavity
wall (1822).

[0201] Instead of the first position, shown in FIG. 18A, it may be desirable for the grasper
(1800) to move to and/or be held in a different orientation (e.g., such that its longitudinal axis
lies parallel to the cavity wall (1822)), as depicted in FIG. 18B. In particular, FIG. 18B depicts a
second configuration of the magnet housing (1824) where the north and south poles are oriented
along the longitudinal axis (1820) of the control element housing (1816). In the second
configuration shown, the north pole of the magnetic element (1812) faces the proximal end of
the control element housing (1816) (i.e., the left side as depicted in FIG. 18B) and the south pole
of the magnetic element (1812) faces the distal end of the control element housing (1816) (i.e.,

the right side as depicted in FIG. 18B).

[0202] In the second configuration, the attractive force between the control element housing
(1816) and the magnetic element (1812) may move the grasper (1800) toward the control
element housing (1816) in a second position such that the grasper (1800) may be substantially
parallel to the longitudinal axis (1820) of the control element housing (1816). More specifically,
the north and south poles of the magnetic element (1812) in the grasper (1800) may be attracted
to the south and north poles, respectively, of the magnet in the magnet housing (1824). As such,
as the magnet housing (1824) of the control element housing (1816) is rotated from a first
configuration (FIG. 18A) to the second configuration (FIG. 18B), the change in the magnetic
field will likewise rotate the grasper (1800) from a first position perpendicular to the cavity wall

(1822) to a second position parallel to the cavity wall (1822).

[0203] It should be appreciated that the grasper (1800), the magnetic element (1812), and the
control element housing (1816) may be configured such that the attractive forces between the
magnetic element (1812) and the control element housing (1816) cause the grasper (1800) to

rotate and/or move into a position in which the longitudinal axis of the grasper (1800) is located
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at an angle that is less than 90 degrees with respect to the surface of the cavity wall (1822) due to
factors such as the orientation and strength of the magnetic elements in the grasper (1800) and
the control element housing (1816), the material of the grasper (1800), gravity, and/or the tension
force from organs or other tissue held by the grasper (1800). The grasper (1800) and the control
element housing (1816) may be configured to have an attractive force between them that places

the grasper (1800) in a desired angular orientation considering these variables.

[0204] It should further be appreciated that a change in configuration of a grasper may be
provided through a combination of manipulation of the entire control element housing (1816)

relative to the grasper and of a magnet relative to the control element housing.

[0205] As another example, FIG. 18C depicts a variation of a system comprising a control
element (1816) and a visualization device comprising a camera (1850) positioned in a
perpendicular configuration relative to the cavity wall (1822). FIG. 18B depicts the camera

(1850) positioned in a substantially parallel configuration relative to the cavity wall (1822).

[0206] As shown in FIGS. 18C-18D, camera (1850) may comprise a lens (1852) coupled to a
main body (1856), a proximal end (1860), a distal end (1858), and a magnetic element (1862). In
this variation, the magnetic element (1862) may be located in or on the main body (1856) at or
towards a proximal end (1860) of the camera (1850). It should be appreciated that the main body
of the camera may have any suitable shape, and that the lens may have any suitable configuration
and need not be located at the distal end of the camera (e.g., the lens may be located along the
main body and be facing radially outward). When the camera (1850) is exposed to a force
generated by control element (1816) as described above, the proximal end (1860) of the camera
(1850) may be attracted to the control element (1816). The remainder of the camera (1850)
(aside from the magnetic element), including, for example, the remainder of the main body
(1856) and the lens (1852), may in some instances comprise a non-magnetic material. In other
instances, all or a portion of the remainder of the main body (1856) may comprise a second

magnetic element that is ferromagnetic, or that is a permanent magnet as described.

[0207] As shown in FIG. 18C, the magnetic element (1862) may comprise a magnet with north
and south poles oriented axially within the camera (1850) such that the poles are positioned

along a longitudinal axis of the camera (1850). More particularly, the south pole of the magnetic
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element (1862) faces a proximal end (1860) of the camera (1850) and the north pole faces a
distal end (1858) of the camera (1850). Shown in FIG. 18C is the camera (1850) within the body
and separated from a control element (1816) by the body cavity wall (1822). It should be noted
that description of the structure and operation of control element (1816) in FIGS. 18C and 18D is
similar to FIGS. 18A and 18B and is omitted for the sake of brevity.

[0208] As depicted in FIG. 18C, the attractive forces between the control element in a first
position as shown and the magnetic element (1862) may move the proximal end (1860) of the
camera (1850) toward the control element housing (1816). More specifically, the south pole of
the magnetic element (1862) in the camera (1850) may be attracted to the north pole of the
magnet housing (1824). The attractive forces between the magnetic element (1862) in the camera
(1850) and the control element housing (1816) may cause the proximal end (1860) of the camera
(1850) to be attracted to and move toward the control element housing (1816) and the cavity wall
(1822), while the distal end (1858) of the camera (1850) may be repelled by and move away
from the control element housing (1816) and the cavity wall (1822). Accordingly, the attractive
forces between the magnetic element (1862) and the control element housing (1816) may cause
the camera (1850) to rotate and/or move into a position in which its longitudinal axis is
transverse, and substantially perpendicular to, the surface of the cavity wall (1822) and
longitudinal axis (1820) of the control element housing (1816). In this position, the lens (1852)

of the camera (1850) may be facing away from the cavity wall (1822).

[0209] Instead of the first position, shown in FIG. 18C, it may be desirable for the camera
(1850) to move to and/or be held in a different orientation (e.g., such that its longitudinal axis
lies parallel to the cavity wall (1822)), as depicted in FIG. 18D. In particular, FIG. 18D depicts a
second configuration of the magnet housing (1824) where the north and south poles are oriented
along the longitudinal axis (1820) of the control element housing (1816). In the second
configuration shown, the north pole of the magnetic element (1862) faces the proximal end of
the control element housing (1816) (i.e., the left side as depicted in FIG. 18D) and the south pole
of the magnetic element (1812) faces the distal end of the control element housing (1816) (i.e.,
the right side as depicted in FIG. 18D).
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[0210] In the second configuration, the attractive force between the control element housing
(1816) and the magnetic element (1862) may move the camera (1850) toward the control
element housing (1816) in a second position such that the camera (1850) may be substantially
parallel to the longitudinal axis (1820) of the control element housing (1816). More specifically,
the north and south poles of the magnetic element (1862) in the camera (1850) may be attracted
to the south and north poles, respectively, of the magnet in the magnet housing (1824). As such,
as the magnet housing (1824) of the control element housing (1816) is rotated from a first
configuration (FIG. 18C) to the second configuration (FIG. 18D), the change in the magnetic
field will likewise rotate the camera (1850) from a first position perpendicular to the cavity wall

(1822) to a second position parallel to the cavity wall (1822).

[0211] It should be appreciated that the camera (1850), the magnetic element (1862), and the
control element housing (1816) may be configured such that the attractive forces between the
magnetic element (1862) and the control element housing (1816) cause the camera (1850) to
rotate and/or move into a position in which the longitudinal axis of the camera (1850) is located
at an angle that is less than 90 degrees with respect to the surface of the cavity wall (1822) due to
factors such as the orientation and strength of the magnetic elements in the camera (1850) and
the control element housing (1816), the material of the camera (1850), gravity, and/or the force
from organs or other tissue abutting the camera (1850). The camera (1850) and the control
element housing (1816) may be configured to have an attractive force between them that places

the camera (1850) in a desired angular orientation considering these variables.

[0212] It should further be appreciated that a change in configuration of a visualization device
may be provided through a combination of manipulation of the entire control element housing

relative to the visualization device and of a magnet relative to the control element housing.

[0213] In some variations, the grasper and/or the control element may comprise magnetic
elements that have poles that are perpendicular to the longitudinal axis of the grasper and the
control element (as shown in FIGS. 19A-19B). In these variations, the grasper and the control
element may be configured to yield a desired change in position and/or rotation of the grasper.
For example, in some instances, the control element and the grasper may be configured such that

the control element can cause the grasper to rotate about an axis perpendicular to a cavity wall to
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provide the grasper yaw rotation where, for example, the grasper maintains a parallel
configuration relative to the internal wall of the patient’s body cavity or the surface of the control
element. In other instances, the control element may be configured to cause roll rotation of the
grasper about the longitudinal axis of the grasper while the grasper is perpendicular to the cavity

wall.

[0214] For example, FIGS. 19A-19B depict a variation of a system comprising a grasper
(1900) comprising a magnetic element (1912). The control element may comprise a control
element housing (1916) enclosing a magnet housing (1924) comprising a magnet. In this
variation, the magnetic element (1912) and magnet housing (1924) may each comprise magnets
each having a north pole and a south pole. The magnetic element (1912) and magnet housing
(1924) may be positioned within the grasper (1900) and the control element housing (1916),
respectively, so that their poles are perpendicular to the longitudinal axis (1920) of the grasper
(1900) and the control element housing (1916) respectively. As shown in FIGS. 19A-19B, the
grasper and control element may be placed such that the poles are parallel to the cavity wall

(1922).

[0215] FIG. 19A depicts the orientation of the magnetic element (1912) and magnet housing
(1924) in the grasper (1900) and the control element housing (1916), respectively. Shown there
is a view from within a patient’s body cavity. Grasper (1900) is shown within the body cavity,
and the control element housing (1916), indicated by dashed lines, is shown outside of the body
and above the cavity wall (1922). In use, the north pole of the magnetic element (1912) of the
grasper may be attracted to the south pole of the magnet housing (1924) of the control element
housing (1916), which may pull or otherwise move the grasper (1900) toward, and substantially
parallel to, the cavity wall (1922).

[0216] For example, as depicted in FIG. 19A, if the longitudinal axis (1920) of the control
element housing (1916) is placed along the longitudinal midline of a patient, the north pole of the
magnet housing (1924) of the control element housing (1916) may face the right side of the
patient and the south pole of the magnet housing (1924) of the control element housing (1916)
may face the left side of the patient, or vice versa. In this orientation, the north and south poles of

the magnet housing (1912) of the grasper (1900) may be attracted to the south and north poles of
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the magnet housing (1924) of the control element housing (1916) respectively, which may bring

the grasper (1900) into a parallel configuration.

[0217] While in the parallel configuration, the grasper (1900) may be in a first orientation in
which its proximal end (1910) faces a first direction and its distal end (1908) faces a second
direction. The grasper (1900) may be rotated while remaining in the parallel configuration by
rotating (arrow 1930) magnet (1924) relative to the control element housing (1916). For
example, the grasper (1900) may be rotated by 180 degrees to place it in a second orientation in
which its proximal end (1910) faces the second direction and its distal end (1908) faces the first

direction.

[0218] As another example, FIG. 19B illustrates the grasper (1900) rotated (1930) by 90
degrees by rotation of the magnet housing (1924) relative to the control element housing (1916)
such that the longitudinal axis of the grasper (1900) is perpendicular to the longitudinal axis
(1920) of the control element housing (1916). It should be appreciated that the grasper (1900)
may be rotated by any desired angle while remaining in the substantially parallel configuration
by rotating the magnet housing (1924) relative to the control element housing (1916).
Furthermore, the magnet housing (1924) and control element housing (1916) need not have the
cross-sectional shapes as depicted in FIGS. 19A-19B, and may have any configuration that

allows rotation of the magnet relative to the control element.

[0219] It should be appreciated that a visualization device (e.g., camera, light source) and/or
control element may also have a similar configuration of magnetic elements as described with
respect to the graspers and control elements in FIGS. 19A-19B. In some variations, the
visualization device and/or the control element may comprise magnetic elements that have poles
that are perpendicular to the longitudinal axis of the visualization device and the control element
similar to as shown in FIGS. 19A-19B. In these variations, the visualization device and the
control element may be configured to yield a desired change in position and/or rotation of the
visualization device. For example, in some instances, the control element and the visualization
device may be configured such that the control element can cause the visualization device to
rotate about an axis perpendicular to a cavity wall to provide the visualization device yaw

rotation where, for example, the visualization device maintains a parallel configuration relative
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to the internal wall of the patient’s body cavity or the surface of the control element. In other
instances, the control element may be configured to cause roll rotation of the visualization device
about the longitudinal axis of the visualization device while the visualization device is

perpendicular to the cavity wall.

[0220] FIG. 20 depicts an illustrative variation of a control element providing a variable
magnetic field. The control element (2000) comprises a magnet that rotates relative to the control
element housing such that the control element may be stationary as the magnetic field applied to
a grasper is modified. A control element (2000) may comprise a control element housing (2002)
enclosing a magnet housing (2012) comprising a magnet (2010) and a magnet control (2014).
Movement of the magnet control (2014) within a control element opening (2004) may provide
corresponding rotation of the magnet housing (2012) and in turn the magnet (2010). The magnet
(2010) may comprise a diamagnetic material and may comprise opposing north and south poles.
The control element housing (2002) may have one or more openings that define a range of
motion of the magnet control (2014). In FIG. 20, movement of the magnet control (2014)
through its range of motion will rotate the magnet (2010) by 90 degrees to change the direction
of the poles.

[0221] It should be appreciated that one or more of the magnet (2010) and magnet housing
(2012) may comprise a sphere, bar, axially-magnetized cylinder, or a set of magnets. The magnet
(2010) illustrated in FIG. 20 may be rotated about a longitudinal axis of the control element
(2000). In other variations, the poles may be oriented axially within the control element (2000)
such that the poles are positioned along a longitudinal axis of the control element (2000). In still
other variations, the magnet (2010) may have additional degrees of freedom. For instance, the
magnet housing (2012) may be spherical and the magnet control (2014) may be manipulated to
provide three degrees of freedom. If the control element opening (2004) is spherical for example,
then the magnet control (2014) may be manipulated like a joystick. It should be appreciated that
the magnet housing (2012) and control element housing (2002) may comprise different shapes
and/or materials. The magnet (2010) and magnet housing (2012) may comprise any shape that

allows rotation and/or movement relative to the control element (2000).
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[0222] While the variation of the grasper that is described above with respect to FIGS. 6A-6D
and FIGS. 7A-7D is depicted in FIGS. 8A-12C, 18A-18B, and 19A-19B, it should be
appreciated that any suitable grasper, visualization device, and/or delivery systems described
here may be configured with magnetic and non-magnetic materials as described in FIGS. 8A-
12D and 18A-19B. Additionally, it should be appreciated that the magnetic and non-magnetic
materials described with respect to FIGS. 8A-12D and 18A-19B may be designed to work
concurrently with the delivery devices described above, and in some variations, the coupling

magnet and the magnetic element may comprise the same material and/or be the same magnet.
II. Methods

[0223] The graspers, visualization devices (e.g., cameras, light sources), and systems described
herein may be used in minimally invasive procedures. These may include any suitable minimally
invasive procedure, such as but not limited to abdominal procedures, thorascopic procedures,
bariatric procedures, or urological/gynecological procedures. Generally, as mentioned above, to
provide suspension of 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
magnetic elements 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). In some
variations, to provide visualization of a surgical procedure from a desired position and
orientation within a body cavity, a visualization device such as a camera and/or light source as
described herein may be advanced into the body, and may be suspended using one or more

magnetic elements positioned externally to the body.

[0224] 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 port as part of a minimally invasive
procedure. In some instances, the minimally invasive procedure may be a reduced port technique
or single-incision 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
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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.

[0225] 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.

[0226] With the grasper releasably connected to the tissue (either by gripping the tissue or by
capturing it in a space between the jaws), a control element comprising one or more magnetic
elements, as described above, may be positioned externally of the body and may attract and/or
repulse the grasper to reposition and/or hold the grasper. For example, FIGS. 5SA-5D depict an
illustrative method by which a grasper (200) 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 jaw (202) and second (204) jaw of the grasper
(200), and the grasper (200) may be moved to a closed configuration to releasably couple the
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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 (100) may

be removed from the body.

[0227] As described above with respect to FIGS. 8A-12C and shown in FIG. 5C, a control
element (500) may be positioned externally of the body (e.g., cavity wall (504) and may attract
the grasper (200) and lift the grasper toward the control element (500). When the grasper (200) is
placed in the abdomen, this may lift the grasper toward the cavity wall (504). The control
element (500) may be further manipulated (e.g., moved axially, laterally, and/or rotated) to
reposition the grasper (200) and the tissue (502). In some variations, as shown in FIGS. 18A-
18B, 19A-19B, and 20, a magnet of a control element may be manipulated (e.g., using a magnet
control) to rotate and/or reposition the grasper and without moving the control element. For
example, the grasper may be rotate in one or more of pitch, yaw, and roll through manipulation

of the magnet relative to the control element.

[0228] 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 (502). In these instances, the
grasper (200) 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 (200) from the
tissue (502). 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 tissue (502) from the
grasper (200). The grasper (200) may be repositioned to again place the tissue (502) between the
jaws (202, 204) of the grasper (200), and the grasper (200) may then be placed in the closed
configuration to reconnect the grasper (200) to the tissue (502). In some variations, the grasper
may release the tissue, be repositioned at a second tissue, and may then be placed in the closed
configuration to connect to the second tissue. In other instances, the grasper (200) may be

decoupled from the tissue, and removed from the body.

[0229] In some variations, a visualization device comprising a camera (550) may be advanced

into the body with a lens (552) directed towards a target tissue (502) (shown in FIG. 5E as a
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gallbladder, although it should be appreciated that the cameras described here may image any
tissue). To advance the camera (550), the camera (550) may be releasably coupled to a distal
engagement portion of a delivery device, and a user may advance the distal engagement portion
into the body to position the camera (550). Once in position, the camera (550) may be released

from the delivery device, and the delivery device may be removed from the body.

[0230] As shown in FIG. 5E, a control element (500) may be positioned externally of the body
(e.g., cavity wall (504)) and may attract the camera (550) and lift the camera (550) toward the
control element (500). When the camera (550) is placed in the abdomen, this may lift the camera
(550) toward the cavity wall (504). The control element (500) may be further manipulated (e.g.,
moved axially, laterally, and/or rotated) to reposition the camera (550). In some variations, as
shown in FIGS. 18C-18D and 20, a magnet of a control element may be manipulated (e.g., using
a magnet control) to rotate and/or reposition the camera (550) without moving the control
element. For example, the camera (550) may be rotated in one or more of pitch, yaw, and roll

through manipulation of the magnet relative to the control element.

[0231] Some methods may involve the delivery of two or more graspers as described herein.
For example, a first grasper may be advanced into the body through a port using a delivery
device, releasably connected to tissue (either by gripping the tissue or by capturing it in a space
between the jaws), and released from the delivery device. A first control element may then be
positioned externally of the body to attract and lift the first grasper toward the first control
element. A second grasper may be advanced into the body through the same port (or a second
port) using the same delivery device (or a second delivery device), releasably connected to tissue
(either by gripping the tissue or by capturing it in a space between the jaws), and released from
the delivery device. A second control element may then be positioned externally to the body to

attract and lift the second grasper toward the second control element.

[0232] It may in some variations be desirable to have a linkage connected to both the first and
second control elements to prevent the magnetic fields generated by the control elements from
affecting their relative positions. FIG. 17. illustrates an exemplary resulting configuration, with a
first grasper (1702) positioned approximately perpendicular to an abdominal wall (1700) and

attracted by a first control element (1706), and a second grasper (1704) positioned approximately
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perpendicular to the abdominal wall and attracted by a second control element (1708), with the
first and second control elements (1706, 1708) connected by a linkage (1710). The first and
second graspers (1702, 1704) may each hold tissue within a respective space (1712, 1714)
between the two jaws of the graspers. As shown, the graspers (1702, 1704) may each hold
different portions of the same tissue (1716) (e.g., colon), although it should be appreciated that
the graspers (1702, 1704) may hold distinct pieces of tissue. Similarly, more than two graspers
may be used in the same procedure, such as but not limited to three, four, five, or six graspers, or
more. In some variations, the methods may comprise delivery of one or more graspers in
combination with one or more additional instruments (e.g., one or more visualization devices
such as camera and/or light source), delivery of two or more visualization devices, or the like.
For example, in combination with advancement of a first grasper as described above, a camera
may be advanced into the body through a port using a delivery device and released from the
delivery device. A control element may then be positioned externally of the body to attract and

lift the camera toward the first control element.

[0233] While the inventive devices, systems, and methods have been described in some detail
by way of illustration, such illustration is for purposes of clarity of understanding only. It will be
readily apparent to those of ordinary skill in the art in light of the teachings herein that certain
changes and modifications may be made thereto without departing from the spirit and scope of

the appended claims.
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We claim:

CLAIMS

A system for grasping tissue comprising:

a grasper comprising a proximal end, a distal end, and a
longitudinal axis, and wherein the grasper further comprises a first

magnetic element at the proximal end; and

a control element configured to move at least a portion of the
grasper, wherein the control element comprises a second magnetic

element and a longitudinal axis,

wherein the first and second magnetic elements are configured to
attract the proximal end of the grasper to the control element such
that the longitudinal axis of the grasper is transverse to the

longitudinal axis of the control element.

The system of claim 1, wherein the distal end of the grasper

comprises a non-magnetic or a diamagnetic material.

The system of claim 2, wherein the distal end of the grasper

comprises plastic.

The system of claim 1, wherein the distal end of the grasper

comprises a non-conductive material.

The system of claim 1, wherein the first magnetic element is a

ferromagnetic material.

The system of claim 5, wherein the ferromagnetic material is a

stainless steel.

The system of claim 1, wherein the first magnetic element

comprises a permanent magnet.
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10.

11.

12.

13.

14.

The system of claim 1, wherein the grasper comprises a closed
configuration and an open configuration, and wherein in the closed
configuration the first jaw and second jaw form a space configured

to hold tissue.

The system of claim 1, wherein the grasper further comprises a
main body, a first jaw rotatably coupled to the main body, and a

second jaw fixed relative to the main body.

The system of claim 1, wherein the second magnetic element is

configured to rotate relative to the control element.

The system of claim 1, wherein the second magnetic element

comprises a diamagnetic material.

A system for grasping tissue comprising:

a grasper comprising a longitudinal axis, wherein the grasper
comprises a first magnetic element positioned along its

longitudinal axis; and

a control element configured to move at least a portion of the
grasper, wherein the control element comprises a second magnetic

element and a longitudinal axis,

wherein the first and second magnetic elements are configured to
attract the grasper to the control element such that the longitudinal
axis of the grasper and the longitudinal axis of the control element

are substantially parallel.

The system of claim 12, wherein the first magnetic element

comprises a ferromagnetic material.

The system of claim 12, wherein the first magnetic element

comprises a permanent magnet.
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15.

16.

17.

18.

19.

20.

21.

22.

The system of claim 12, wherein the grasper further comprises a
third magnetic element, and wherein the first magnetic element is
located in a proximal end of the grasper and the third magnetic

element is located in a distal end of the grasper.

The system of claim 12, wherein the grasper further comprises a
main body, a first jaw rotatably coupled to the main body, and a

second jaw fixed relative to the main body.

The system of claim 16, wherein at least one of the first jaw and

second jaw comprises a non-conductive material.

The system of claim 16, wherein the first magnetic element is

positioned at a proximal end of the main body of the grasper.

The system of claim 16, wherein the grasper comprises a closed
configuration and an open configuration, and wherein in the closed
configuration the first jaw and second jaw form a space configured

to hold tissue.

The system of claim 12, wherein the second magnetic element is

configured to rotate relative to the control element.

The system of claim 12, wherein the second magnetic element

comprises a diamagnetic material.
A system for grasping tissue comprising:

a grasper comprising a main body, a longitudinal axis, and a first
magnetic element, wherein the first magnetic element is positioned

in the main body; and

a control element configured to move at least a portion of the
grasper, wherein the control element comprises a second magnetic

element and a longitudinal axis,
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23.

24.

25.

26.

27.

28.

wherein the first and second magnetic elements are configured to
attract the main body of the grasper to the control element such
that the longitudinal axis of the grasper and the longitudinal axis of

the control element are substantially parallel.

The system of claim 22, wherein the first magnetic element is the

material of the main body of the grasper.

The system of claim 22, wherein the first magnetic element

comprises a permanent magnet.

The system of claim 22, wherein the grasper further comprises a
first jaw rotatably coupled to the main body and a second jaw fixed

relative to the main body.

The system of claim 22, wherein the second magnetic element is

configured to rotate relative to the control element.

The system of claim 22, wherein the second magnetic element

comprises a diamagnetic material.

A system for grasping tissue comprising:

a grasper comprising a longitudinal axis, a first magnetic element,

and a second magnetic element; and

a control element configured to move at least a portion of the
grasper, wherein the control element comprises a third magnetic

element, a fourth magnetic element, and a longitudinal axis,

wherein the third and fourth magnetic elements are configured to
attract the first and second magnetic elements such that the
longitudinal axis of the grasper and the longitudinal axis of the

control element are substantially parallel.
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

The system of claim 28, wherein the first and second magnetic

elements comprise permanent magnets.

The system of claim 29, wherein the third and fourth magnetic

elements comprise permanent magnets.

The system of claim 28, wherein the third magnetic element
comprises a permanent magnet and the fourth magnetic element

comprises a ferromagnetic or a ferrimagnetic material.

The system of claim 28, wherein the third and fourth magnetic

elements comprise electro-permanent magnets.

The system of claim 28, wherein the third and fourth magnetic

elements comprise electromagnets.

The system of claim 28, wherein the grasper further comprises a
main body, a first jaw rotatably coupled to the main body, and a

second jaw fixed relative to the main body.

The system of claim 34, wherein at least one of the first jaw and

second jaw comprises a non-conductive material.

The system of claim 28, wherein the third and fourth magnetic

elements are configured to rotate relative to the control element.

The system of claim 28, wherein the third and fourth magnetic

elements each comprise a diamagnetic material.

A method for performing a surgical procedure, comprising:

grasping tissue in a grasper;

magnetically attracting the grasper to a control element across an

abdominal wall; and
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39.

40.

41.

repositioning the grasped tissue by manipulating a magnetic

element of the control element.

A method for performing a surgical procedure, comprising:

manipulating a first portion of tissue within a body cavity of a

patient with a first grasper; and

manipulating a second portion of tissue within the body cavity

with a second grasper,

wherein manipulating the first portion of tissue with the first
grasper comprises advancing the first grasper into the body cavity
through a first port using a delivery device, connecting the first
grasper to the first portion of tissue within the body cavity,
disconnecting the delivery device from the first grasper, and

applying a first magnetic field to the first grasper,

and wherein manipulating the second portion of tissue with the
second grasper comprises advancing the second grasper into the
body cavity through the first port or through a second port using
the delivery device, connecting the second grasper to the second
portion of tissue within the body cavity, disconnecting the delivery
device from the second grasper, and applying a second magnetic

field to the second grasper.

The method of claim 39, wherein the first magnetic field is
generated by a first control element, and wherein the first control

element is located outside of the body cavity.

The method of claim 40, wherein the second magnetic field is
generated by a second control element, and wherein the second

control element is located outside of the body cavity.
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42. The method of claim 41, wherein the first and second control

elements are connected by a linkage.

43. The method of claim 39, wherein at least one of the first and
second grasper comprises a main body, a first jaw, and a second
jaw, and comprises a closed configuration and an open
configuration, wherein in the closed configuration the first jaw and

second jaw form a space configured to hold tissue.

44.  The method of claim 39, wherein the second grasper is advanced

into the body cavity through the first port.

45. The method of claim 39, wherein the second grasper is advanced

into the body cavity through the second port.

46. The method of claim 39, wherein the first grasper and second
grasper are advanced into the body cavity prior to applying either

the first magnetic field or second magnetic field.

47. The method of claim 39, further comprising manipulating a third
portion of tissue within the body cavity of the patient with the first

grasper.

48. The method of claim 47, wherein manipulating the third portion of
tissue with the first grasper comprises disconnecting the first
grasper from the first portion of tissue, connecting the first grasper
to the third portion of tissue within the body cavity, and applying
the first magnetic field to the first grasper connected to the third

portion of tissue.

49. The method of claim 48 further comprising manipulating a fourth
portion of tissue within the body cavity of the patient with the

second grasper.
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50.

51.

52.

53.

54.

55.

The method of claim 49, wherein manipulating the fourth portion
of tissue with the second grasper comprises disconnecting the
second grasper from the second portion of tissue, connecting the
second grasper to the fourth portion of tissue within the body
cavity, and applying the second magnetic field to the second

grasper connected to the fourth portion of tissue.

A system for visualizing tissue comprising:

a visualization device comprising a proximal end, a distal end, and
a longitudinal axis, and wherein the visualization device further

comprises a first magnetic element at the proximal end; and

a control element configured to move at least a portion of the
visualization device, wherein the control element comprises a

second magnetic element and a longitudinal axis,

wherein the first and second magnetic elements are configured to
attract the proximal end of the visualization device to the control
element such that the longitudinal axis of the visualization device

is transverse to the longitudinal axis of the control element.

The system of claim 51, wherein the distal end of the visualization

device comprises a third magnetic element.

The system of claim 51, wherein the distal end of the visualization

device comprises a non-magnetic or a diamagnetic material.

The system of claim 53, wherein the distal end of the visualization

device comprises plastic.

The system of claim 51, wherein the first magnetic element is a

ferromagnetic material.
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56.

57.

58.

59.

60.

61.

62.

63.

The system of claim 51, wherein the distal end of the visualization

device comprises a non-conductive material.

The system of claim 54, wherein the ferromagnetic material is

stainless steel.

The system of claim 51, wherein the first magnetic element

comprises a permanent magnet.

The system of claim 51, wherein the second magnetic element is

configured to rotate relative to the control element.

The system of claim 51, wherein the visualization device

COHlpI'iSCS da camera.

The system of claim 51, wherein the visualization device

comprises a light source.

The system of claim 51, wherein the visualization device

comprises a camera and a light source.
A system for visualizing tissue comprising:

a visualization device comprising a longitudinal axis, wherein the
visualization device comprises a first magnetic element positioned

along its longitudinal axis; and

a control element configured to move at least a portion of the
visualization device, wherein the control element comprises a

second magnetic element and a longitudinal axis,

wherein the first and second magnetic elements are configured to
attract the visualization device to the control element such that the
longitudinal axis of the visualization device and the longitudinal

axis of the control element are substantially parallel.
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64.

65.

66.

67.

68.

69.

70.

71.

The system of claim 63, wherein the first magnetic element

comprises a ferromagnetic material.

The system of claim 63, wherein the first magnetic element

comprises a permanent magnet.

The system of claim 63, wherein the visualization device further
comprises a third magnetic element, and wherein the first magnetic
element is located in a proximal end of the visualization device and
the third magnetic element is located in a distal end of the

visualization device.

The system of claim 63, wherein a distal end of the visualization

device comprises a non-conductive material.

The system of claim 63, wherein the second magnetic element is

configured to rotate relative to the control element.

The system of claim 63, wherein the second magnetic element

comprises a diamagnetic material.

A method for performing a surgical procedure, comprising:

imaging tissue with a camera in a body cavity;

magnetically attracting the camera to a control element across an

abdominal wall; and

repositioning the camera within the body cavity by manipulating a

magnetic element of the control element.

The method of claim 70, wherein manipulating the magnetic
element of the control element comprises rotating the magnetic

element relative to the control element.
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72. The method of claim 70, wherein the camera is configured to be

asymmetrically attracted to a magnetic field.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US16/27390

A.

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - A61B 17/068, 17/28, 17/29 (2016.01)
CPC

According to International Patent Classification (IPC) or to both national classification and IPC

- A61B 17/068, 17/28, 17/29

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) Classifications: A618B 17/00, 17/068, 17/28, 17/29, 17/32, 18/00, 19/00 (2016.01)
CPC Classifications: A61B 17/068, 17/28, 17/29

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
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PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); surgical, surgery, end effector, stapler, instrument,
magnet, ferromagnetic, diamagnetic, zinc, lead, copper, plastic, jaw, anvil, interior, exterior, internal, external, body, abdominal,
manipulate, tissue, organ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0193566 A1 (SCHEIB C. J. et al.) August 05, 2010; figures 27-30; paragraphs [0074], |1,2,4,5,7-9, 1219,
[0104]-[0108], {0120] 22-25, 28-35
Y 3,6, 11, 21, 27,37
X US 2014/0350574 A1 (BOARD OF REGENTS OF THE UNIVERSITY OF NEBRASKA) 12, 22, 28, 38
- November 27, 2014, figures 19A, 198, 20; paragraphs [0126]-[0131] -
Y 36
US 2uu9/uua 3246 A1 (DOMINGUEZ G. M.) February 12, 2009; figures 1, 9, 10; paragraphs
X {0055], [0060] 1, 10, 12, 20, 28, 36
Y 26
Y US 2013/0226226 A1 (CQVIDIEN LP) August 29, 2013; paragraph [0033] 3
Y 'Gtainless stee!’ (WIKIPEDIA) March 24, 2015. Retrieved from the Internet on June 14, 2016. 6
-—tURL:
<https://web.archive.org/web/20150325042546/https://en.wikipedia.org/wiki/Stainless_steel>
Y US 6,399,146 B1 (HARRIS I. R. el al.) June 04, 2002; column 1, lines 64-66; claims 1,2, 6, 7 11,21, 27,37
A US 2013/0289768 A1 (BIO-MEDICAL ENGINEERING LIMITED) October 31, 2013; entire 1-38
document
A US 2010/0113872 A1 (ASADA D. et al.) May 06, 2010; entire document 1-38

D Further documents are listed in the continuation of Box C,

D See patent family annex.

*
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“«Q”

up»

Special categories of cited documents: “T” later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the apﬁhqatlon but cited to understand
to be of particular relevance the principle or theory underlying the invention

earlier application or patent but published on or after the international <X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

document which may throw doubits on priority claim(s) or which is step when the document is taken alone

:ltegz;lor::;glrwlh(sal; ;hec;i)f\_::(ljl)cauon date of another citation or other .y document of particular relevance; the claimed invention cannot be
pe 'S Spe ) e considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

document published prior to the international filing date but laterthan  «g»  4ocument member of the same patent family

the priority date claimed

Date of the actual completion of the international search

01 August 2016 (01.08.2016)

Date of mailing of the intemational search report
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Continued Within the Next Supplemental Box-"**-

i. D As all iejuired aaaitional search tees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. @ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Group I: claims 1-38

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional scarch fees.

Form PCT/ISA/210 (continuation of first sheel (2)) (January 2015)



INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members PP

PCT/US16/27390

-***-Continued from Box No. lil Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: claims 1-38 are directed toward a system for grasping tissue comprising: a grasper comprising a main body, a proximal end, a
distal end, and a longitudinal axis, and wherein the grasper further comprises a first magnetic element at the proximal end, wherein the
first magnetic element is positioned in the main body, and a second magnetic element.

Group II: claims 39-50 are directed toward a method for performing a surgical procedure, comprising: wherein manipulating the second
portion of tissue with the second grasper comprises advancing the second grasper into the body cavity through the first port or through a
second port using the delivery device, connecting the second grasper to the second portion of tissue within the bady cavity,
disconnecting the delivery device from the second grasper, and applying a second magnetic field to the second grasper.

Group |lI: claims 51-72 are directed toward a system for visualizing tissue comprising: a visualization device/camera comprising a
proximal end, a distal end, and a longitudinal axis, and wherein the visualization device/camera further comprises a first magnetic
element at the proximal end.

The inventions listed as Groups I-1ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons.

The special technical features of Group | include a system for grasping tissue and a method for performing a surgical procedure
comprising: a grasper comprising a main body, a proximal end, a distal end, and a longitudinal axis, and wherein the grasper further
comprises a first magnetic element at the proximal end, wherein the first magnetic element is positioned in the main body, and a second
magnetic element; a fourth magnetic element, wherein the fourth magnetic elements are configured to attract the first and second
magnetic elements such that the longitudinal axis of the grasper is transverse to the longitudinal axis of the control element and such
that the longitudinal axis of the grasper and the longitudinal axis of the control element are substantially paraliel (which are not present in
Groups I, 1l1).

Ihe special technical features of Group Il include a method for performing a surgical procedure, comprising: manipulating a second
portion of tissue within the body cavity with a second grasper, wherein manipulating the first portion of tissue with the first grasper
comprises advancing the first grasper into the body cavity through a first port using a delivery device, disconnecting the delivery device
from the first grasper, and wherein manipulating the second portion of tissue with the second grasper comprises advancing the second
grasper into the body cavity through the first port or through a second port using the delivery device, connecting the second grasper to
the second portion of tissue within the body cavity, disconnecting the delivery device from the second grasper, and applying a second
magnetic field to the second grasper (which are not present in Groups |, IIl).

The special technical features of Group Il include a system for visualizing tissue and a method for performing a surgical procedure
comprising: a visualization device/camera comprising a proximal end, a distal end, and a longitudinal axis, and wherein the visualization
device/camera further comprises a first magnetic element at the proximal end; and a control element configured to move at least a
portion of the visualization device/camera, wherein the first and second magnetic elements are configured to attract the proximal end of
the visualization device/camera to the control element such that the longitudinal axis of the visualization device/camera is transverse to
the longitudinal axis of the control element and such that the longitudinal axis of the visualization device/camera and the longitudinal axis
of the control element are substantially parallel; imaging tissue with the visualization device/camera in a body cavity; magnetically
attracting the visualization device/camera to the control element across an abdominal wall; and repositioning the visualization
device/camera within the body cavity by manipulating the magnetic element of the control element (which are not present in Groups |, I1).

The common technical features of Groups I-1Il include a system for grasping tissue and a method for performing a surgica! procedure
comprising: a grasper comprising a first magnetic element; and a control element configured to move at least a portion of the grasper,
wherein the control element comprises a third magnetic element and a longitudinal axis, wherein the third magnetic element is
configured to attract the first magnetic element; grasping tissue in the grasper; magnetically attracting the grasper to the control element
across an abdominal wall; and repositioning the grasped tissue by manipulating the magnetic element of the control element;
manipulating a first portion of tissue within a body cavity of a patient with a first grasper, connecting the first grasper to the first portion of
tissue within the body cavity, and applying a first magnetic field to the first grasper.

These common technical features are disclosed by US 2014/0350574 A1 (NEBRASKA): a system for grasping tissue (used for attaching
to tissue; paragraph [0131]) and a method for performing a surgical procedure (for surgica! procedures; abstract; paragraph (0004])
comprising: a grasper (device 510 (grasper) includes a hook or clamping end effector can for attaching to tissue; figures 1A, 19B;
paragraph [0131]) comprising a first magnetic element (magnet 520; figure 19A); and a control element (512) configured to move at least
a portion of the grasper (magnetic handle 512 is used to position device 510 (grasper) within a cavity of a patient; paragraph [0126]),
wherein the control element comprises a third magnetic element (532) and a longitudinal axis {long axis of handle 512; figure 19A),
wherein the third magnetic element is configured to attract the first magnetic element (magnets 520 are magnetically coupleable to
magnets 532; paragraph [0128]); grasping tissue in the grasper (the clamping end effector or hook 536 are used with the winch 524 to
attach to the tissue as shown, figure 20; paragraph [0131]) magnetically attracting the grasper to the control element across an
abdominal wall (magnets 520 are magnetically coupleable to magnets 532 across the abdominal wall as shown; figures 19A, 20;
paragraph [0128]); and repositioning the grasped tissue by manipulating the magnetic element of the control element (the winch
component 524 which includes the end effector or hook 536 for attaching to tissue can be operated as desired when attached to tissue
for positioning within a cavity of the patient; figures 20, 21; paragraphs [0126], [0128], [0131]); manipulating a first portion of tissue within
a body cavity of a patient with the grasper (the winch component 524 which includes the end effector or hook 536 for attaching to tissue
can be operated as desired when attached to tissue for positioning within a cavity of the patient; figures 20, 21; paragraphs [0126],
[0128]), [0131), connecting the grasper to the first portion of tissue within the body cavity (the hook 536 or end effector attach to the
tissue within the body cavity of the patient; paragraphs [0126], [0131}]), and applying a first magnetic field to the grasper (by magnetically
coupling magnets 520 with magnets 532 across the abdominal wall; figures 19A, 20; paragraph [0128]).

Because the common technical features are disclosed by NEBRASKA, the inventions are not so linked as to form a single general
inventive concept. Therefore, Groups I-Ill lack unity.

Form PCT/ISA/210 (patent family annex) (January 2015)
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