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MAGNETIC CONTROL ASSEMBLIES AND SYSTEMS THEREFOR
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No. 61/785,489, filed
on March 14, 2013, and titled “MAGNETIC CONTROL ASSEMBLIES AND SYSTEMS
THEREFOR,” the content of which is hereby incorporated in its entirety.

FIELD

[0002] This invention relates generally to devices, systems, and methods for remotely

manipulating instruments and tissue using an external magnet assembly.
BACKGROUND

[0003] Laparoscopic surgery is typically performed through one or more small incisions in a
patient’s body, which minimizes tissue damage and blood loss as compared to traditional surgery,
and in turn decreases patient recovery time. Long, thin instruments are inserted into the body, which
typically have a mechanical tool such as forceps or scissors attached at the distal end of the
instrument. Despite laparoscopy’s advantages over traditional surgery, its benefits are still limited by
the small working envelopes surrounding each instrument. In order to change instrument position
and to improve visibility and efficiency, surgeons must create multiple incisions. Methods for
laparoscopy that require fewer ports to reduce the invasiveness and recovery time of the patient

would therefore be desirable.
BRIEF SUMMARY

[0004] Described here are devices, systems, and methods for adjusting the strength of a magnetic
field applied to a magnetic device located within the body. In some variations, the systems may
comprise a magnetic device configured to be positioned in a body of a patient and a magnetic control
assembly. The magnetic control assembly may comprise a magnet configured to generate a
magnetic field and apply a magnetic force to the magnetic device. The magnetic control assembly
may further comprise a force modulation device configured to alter a magnitude of the magnetic
force applied by the magnet. In some variations, the magnetic control assembly may comprise a

mounting device.
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[0005] The force modulation device may be any suitable device, as described here. In some
variations, the force modulation device comprises a controller, and may be configured to
automatically alter the magnitude of the force applied by the magnet in response to information
measured by a sensor. In some of these variations, the sensor may be carried by the magnetic device,
and may comprise a magnetometer and/or pressure sensor. In some variations, the force modulation
device may be configured to modify the magnetic field produced by the magnet. In some of these
variations, the adjustable shielding device may comprise an iris assembly. The iris assembly may
comprise a plurality of leaflets formed from a magnetic shielding material. In other variations, the
adjustable shielding device may comprise one or more plates formed from a magnetic shielding
material. In some of these variations, the one or more plates may be moveable relative to the
magnet. Additionally or alternatively, the force modulation device may comprise a distance
adjustment device configured to modify a distance between the magnet and the magnetic device. In
some of these variations, the distance adjustment device may comprise an inflatable member. In
other variations, the distance adjustment device may comprise a pneumatic piston assembly. In still

other variations, the distance adjustment device may comprise a linkage assembly.

[0006] Also described here are methods for performing minimally invasive surgery. The methods
generally comprise positioning a magnetic device within a body of a patient and positioning a
magnetic control assembly externally of the body. The magnetic control assembly may comprise a
magnet configured to generate a magnetic field and apply a magnetic force to the magnetic device.
The magnetic control assembly may also comprise a force modulation device, wherein the force
modulation device is configured to alter a magnitude of the magnetic force applied by the magnet.
The magnetic control assembly may apply the magnetic force to the magnetic device to manipulate
the magnetic device. The methods may further comprise adjusting the magnetic force applied to the
magnetic device using the force modulation device. The magnetic force may be adjusted using any
of the force modulation devices described here. In some variations, the force modulation device may
comprise a controller, and may be configured to automatically adjust the force based on information
received from a sensor. In some variations, the sensor may be carried by the magnetic device placed

in the body.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1A depicts a perspective view of an illustrative magnetic control assembly having a
shielding device. FIG. 1B shows a bottom view and FIGS. 1C and 1D depict perspective views,

respectively, of the magnetic control assembly of FIG. 1A.

[0008] FIG. 2A depicts a perspective view of an illustrative magnetic control assembly having an
adjustable shielding device. FIGS. 2B and 2C depict a perspective view and a bottom view,

respectively, of the assembly of FIG. 2A.

[0009] FIGS. 3A-3B depict perspective views of another illustrative magnetic control assembly
having an adjustable shielding device. FIGS. 3C-3N depict top views of illustrative interchangeable
plates for the adjustable shielding device of FIGS. 3A-3B.

[0010] FIGS. 4A-4B depict perspective views of another illustrative magnetic control assembly

having an adjustable shielding device.

[0011] FIGS. 5A-5D depict perspective views of variations of the magnetic control assemblies

described here having distance adjustment devices.

[0012] FIGS. 6A-6B depict perspective views of another illustrative magnetic control assembly
having a distance adjustment device. FIGS. 6C-6D depict cross-sectional side views of variations of
the distance adjustment device of FIGS. 6A-6B. FIGS. 6E-6F depict perspective views of another

illustrative magnetic control assembly having the distance adjustment device of FIGS. 6A-6B.

[0013] FIGS. 7A-7B depict perspective views of an illustrative magnetic control assembly having
a distance adjustment device. FIG. 7C depicts a perspective view of the distance adjustment device
of the assembly in FIGS. 7A-7B. FIGS. 7D-7E depict perspective views of an illustrative magnetic

control assembly having the distance adjustment device of FIGS. 7A-7C.

[0014] FIGS. 8A depicts a block diagram of an illustrative variation of the magnetic control
assemblies described here. FIG. 8B depicts a perspective view of a portion of a magnetic control
assembly as described here. FIG. 8C depicts a block diagram of another illustrative variation of the

magnetic control assemblies described here.
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[0015] FIG. 9A shows a schematic of a variation of the systems described here. FIG. 9B shows a

schematic of another variation of the systems described here.
DETAILED DESCRIPTION

[0016] Described here are devices and systems for remote manipulation of tissue during
minimally-invasive procedures such as laparoscopic surgery. Generally, the systems comprise a
magnetic device and a magnetic control assembly. Generally, the magnetic device is configured to
be placed within a patient’s body, and in some instances may be configured to couple to tissue within
the body. The magnetic control assembly may be configured to be placed outside a patient’s body
and to produce a magnetic field. The magnetic field produced by the magnetic control assembly may
provide one or more forces to the magnetic device to control the position of the magnetic device.

The magnetic control assembly may comprise at least one magnet configured to generate a magnetic
field and at least one force modulation device. The force modulation device may control the
magnitude of the force applied to the magnetic device, as will be described in more detail below. In
some embodiments, the force modulation device may comprise an adjustable shielding device, which
may be configured to alter the magnetic field produced by the magnetic control assembly.
Additionally or alternatively, the force modulation device may be configured to control a distance
between the magnetic device and at least one magnet of the magnetic control assembly, which in turn
may modulate the force applied to the magnetic device by the magnetic control assembly. In yet
other embodiments, the force modulation device may be configured to both alter the magnetic field
produced by the magnetic control assembly and control the distance between the magnetic control

assembly and the magnetic device.

[0017] FIGS. 9A and 9B shows illustrative variations of the systems described here. As shown
there, the system may comprise a magnetic control assembly (900) and a magnetic device (902). The
magnetic device (902) may be introduced into a patient’s body, and may be releasably connected to
tissue (not shown) (e.g., a gallbladder, an appendix, or the like) therein. The magnetic control
assembly (900) may be positioned externally of the body, and may apply a magnetic field to the
magnetic device (902), which may manipulate or move the magnetic device (902). For example, the
magnetic control assembly (900) may raise the magnetic device (902) toward an abdominal wall

(906), which in turn may lift the engaged tissue toward the abdominal wall and provide traction to
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the tissue or otherwise expose nearby tissue during a surgical procedure. In some variations, the
magnetic assembly (900) may be mounted to a wall, ceiling, bed, cart, or other structure using a
mounting device (904). Additionally, in some variations the magnetic assembly (900) may comprise
a magnet (908) and a force modulation device (910). In some variations, as shown in FIG. 9A, the
force modulation device (910) may be located between the magnet (908) and the abdominal wall
(906). In other variations, as shown in FIG. 9B, the force modulation device (910) may be located
between the magnet (908) and the mounting device (904). Examples of each of these devices will be

described in more detail below.

Magnetic Device

[0018] As mentioned above, the systems described here may comprise a magnetic device
configured to be inserted into a patient. The magnetic device may be configured for insertion into the
patient during a minimally-invasive procedure, such as a laparoscopic operation. Accordingly, the
magnetic device may be sized such that it may fit through a laparoscopic port (e.g., a 10 mm port or
the like) or another incision formed in the body. In some instances, the magnetic device may be
introduced into the abdominal cavity via an incision or port in the abdominal wall. The magnetic
devices described here are typically configured to releasably connect to tissue. For example, the
magnetic device may comprise a clip, grasper, fastener, or the like, and may be configured to connect
to any suitable tissue. For example, when placed in the abdominal cavity, the magnetic device may
be connected to an appendix, a gallbladder, or the like. In some variations, the magnetic device may
be inserted and positioned with the help of one or more delivery devices. Examples of magnetic
devices suitable for use with the systems described here are described in U.S. Patent Application No.
13/132,185, filed on August 17, 2011 and titled “Remote Traction and Guidance System for Mini-

Invasive Surgery,” the contents of which are hereby incorporated by reference in their entirety.

[0019] Generally, the magnetic device is at least partially formed from one or more metallic or
magnetic materials that may be attracted to a magnetic field, such that the magnetic device may be
manipulated by magnetic fields produced by the magnetic control assembly. In some instances, the
magnetic device may comprise one or more permanent magnets or electromagnets which may be
configured to generate a magnetic field. The electromagnets may be selectively activated to generate

a magnetic field. Additionally or alternatively, the magnetic device may comprise one or more
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ferromagnetic materials, which may become temporarily magnetized in the presence of a magnetic
field. Suitable magnetic and ferromagnetic materials include, but are not limited to, rare-earth
magnets (e.g., samarium-cobalt magnets, neodymium magnets), cobalt, gadolinium, iron, nickel,

alnico alloys, ferrites, alloys thereof, combinations thereof, and the like.

[0020] In some variations, the magnetic device may be configured to provide feedback to the
magnetic control assembly, and this feedback may be used by the magnetic control assembly to
modulate the force applied to the magnetic device. In some of these variations, the magnetic device
may comprise at least one sensor. In some variations, the magnetic device may comprise a
magnetometer configured to measure the strength of the magnetic fields applied to magnetic device.
In these variations, the magnetometer may comprise a scalar magnetometer configured to measure a
total strength of the magnetic field applied thereto or may comprise a vector magnetometer
configured to measure the strength of a magnetic field in a particular direction. In some instances, a
magnetic device may comprise a plurality of vector magnetometers configured to measure the

strength of a magnetic field in multiple directions (e.g., along two axes, along three axes, or the like).

[0021] Additionally or alternatively, a magnetic device may comprise a pressure sensor configured
to measure pressure applied to one or more surfaces of the magnetic device. For example, when the
magnetic device is pulled against an abdominal wall of a patient, the pressure sensor may be
configured to measure the pressure between the magnetic device and the abdominal wall. It may be
desirable to limit this pressure, as too much pressure applied to the abdominal wall may block blood
flow thereto and possibly cause tissue necrosis. The magnetic devices may comprise any
combination of pressure sensors and magnetometers. When a magnetic device comprises at least one
sensor, the magnetic device may be configured to communicate data from the sensor or sensors to
the magnetic control assembly. In some variations, the magnetic device may be configured to
communicate this data wirelessly. Additionally or alternatively, the magnetic device may be
configured to produce one or more signals which may be used by the magnetic control assembly to

determine a relative positioning between the magnetic device and the magnetic control assembly.

Magnetic Control Assembly

[0022] As mentioned above, the systems described here may comprise a magnetic control

assembly configured to remotely manipulate a magnetic device located within the patient. FIGS. 8A
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and 8C depict block diagrams of variations of magnetic control assemblies as described here. As
shown there, the magnetic control assembly (800) may comprise a magnet (802) and a force
modulation device (804). In some variations, the magnetic control assembly (800) may further
comprise a mounting device (806). As shown in FIG. 8A, in some variations the magnet (802) may
be attached to the mounting device (806). In other variations, as shown there in FIG. 8C, the force
modulation device (804) of the magnetic control assembly (800) may be located between the

mounting device (806) and the magnet (802).

[0023] The magnet (802) may be configured to generate a magnetic field, such that when the
magnetic control assembly (800) is positioned near a patient, the magnetic field may be generated
inside the patient. This magnetic field may apply a force to and manipulate a magnetic device
positioned in the body (e.g., within the abdomen). In some variations, the magnet (§02) may
comprise one or more permanent magnets and/or one or more electromagnets, which may be formed
from one or more of the materials described above. The magnet (802) may comprise any number of
individual magnets, which in some instances may be formed in an array. The magnet (802) may
have any suitable size and shape, such as cylindrical shape having a circular, oval, or semi-circle
cross-section, a bar magnet having a rectangular or triangular cross section, a spherical magnet, or

the like.

[0024] As mentioned above, in some variations the magnetic control assembly (800) may comprise
a mounting device (806). For example, FIG. 8B shows a perspective view of a portion of the
magnetic control assembly (800) including the mounting device (806) and the magnet (802) (the
force modulation device (804) is not illustrated in this figure). Generally, the mounting device (806)
may be configured to mount the magnetic control assembly (800) to one or more structures (e.g., a
wall, ceiling, an operating table, or the like). In some instances, the mounting device (806) may be
further configured to counterbalance the weight of the magnet (802) and the force modulation device
(804), such that the magnet (802) and the force modulation device (804) may be moveably
suspended by the mounting device (806). With the magnetic control assembly (800) suspended by
the mounting device (806), an operator may move the magnet (802) and/or force modulation device
(804). Additionally or alternatively, the force modulation device (8§04) may alter the positioning of
the magnet (802), as will be described below. In some variations, the position of the mounting

device (806) may be temporarily locked to fix the positions of the magnet (802) and/or force
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modulation device (804). In other instances, the mounting device (806) may be temporarily fixed

relative to the one or more structures to which it is attached (e.g., a wall, ceiling, an operating table,
or the like as mentioned above), and the force modulation device (804) may move the magnet (802)
relative to the mounting device (806) (e.g., in variations where the force modulation device (804) is

positioned between the magnet (802) and the mounting device (806)).

[0025] The magnetic control assemblies described here generally comprise a force modulation
device. The force modulation device (e.g., force modulation device (804) shown in FIG. 8A) may be
configured to modulate the strength of the magnetic field applied to a magnetic device positioned in
the body. As mentioned above, in some instances it may be desirable to suspend a magnetic device
against a tissue wall (e.g., the abdominal wall) while limiting the force that the magnetic device
applies to the tissue wall. Accordingly, by modulating the strength of the magnetic field applied to
the magnetic device, the magnetic control assembly may control the force applied to the magnetic
device, which in turn may control the pressure applied by the magnetic device to the tissue wall. In
some variations, the magnetic control assembly may comprise force modulation device that
comprises an adjustable shielding device, which may alter the magnetic field produced by the
magnet of the assembly. In other variations, the force modulation device may comprise a distance
adjustment device, which may alter the distance between the magnet of the assembly and a magnetic
device positioned in the body. In still other variations, the force modulation device may comprise an
adjustable shielding device that is also configured to alter the distance between the magnet of the
assembly and a magnetic device positioned in the body. In some embodiments, the force modulation

device may be controlled by an automated feedback loop, as will be described in more detail below.

Adjustable Shielding Devices

[0026] In variations of the magnetic assemblies described here where the force modulation device
comprises an adjustable shielding device, the adjustable shielding device generally comprises one or
more shielding members that may alter the magnetic field produced by a magnet of the magnetic
assembly. For example, the shielding member may comprise a magnetic shielding material such as
one or more high magnetic permeability metal alloys (e.g., a Permalloy alloy or mu-metal alloy, or
the like), which may act as a shield against a magnetic field produced by a magnet of the magnetic

control assembly. When a shielding member is positioned between a magnet of the magnetic control
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assembly and a magnetic device positioned in a patient, the shielding member may reduce the
strength of the magnetic field that reaches the magnetic device. Generally, the larger the area of a
magnet that is shielded by a shielding member, the greater the reduction in the strength of the
magnetic field reaching the device. Accordingly, the adjustable shielding devices described here
may be configured to adjust the amount of shielding provided by the force modulation device, which

in turn may modulate the magnetic field applied to the magnetic device.

[0027] For example, FIGS. 1A-1D depict one variation of a magnetic control assembly (100)
having a force modulation device that comprises an adjustable shielding device (101). Specifically,
FIG. 1A depicts a perspective view of the magnetic control assembly (100). As shown there, the
magnetic control assembly (100) may comprise a magnet (111), a mounting device (112), and a force
modulation device comprising an adjustable shielding device (101). The adjustable shielding device
(101) may be connected to the magnet (111), which in turn may be connected to a mounting device
(112) (which may connect the magnetic control assembly (100) to a wall, ceiling, bed, or other
structure, such as discussed above). The adjustable shielding device (101) may be connected to the
magnet (111), which in turn may be connected to a mounting device (112) (which may connect the
magnetic control assembly (100) to a wall, ceiling, bed, or other structure, such as discussed above).
The adjustable shielding device (101) may comprise an iris assembly configured to adjustably shield
the magnet (111), as will be discussed in more detail below. Some or all of the components of the
adjustable shielding device (101) may be positioned in a housing (110). Additionally, in some
variations the adjustable shielding device (101) may comprise a control (108) configured to adjust

the amount of shielding provided by the adjustable shielding device (101).

[0028] FIG. 1B shows a bottom view of the magnetic control assembly (100) with the housing
(110) removed to better illustrate the adjustable shielding device (101). As shown there, the
adjustable shielding device (101) may comprise an iris assembly comprising a plurality of leaflets
(102), a first gear (104), and a second gear (106). Generally, the plurality of leaflets (102) may be
formed from one or more high magnetic permeability alloy (such as those described above), and may
be configured to act as a shielding member which may modify the magnetic field produced by the
magnet (111), and may be positioned such that the plurality of leaflets (102) define a central opening
(116) through the plurality of leaflets (102) (e.g., as shown in FIG. 1C). The plurality of leaflets

(102) may be moveable to adjust a size of the central opening (116), which may in turn alter the
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amount of shielding provided by the plurality of leaflets (102). Accordingly, the leaflets (102) may
act as an iris to move between an open configuration (such as shown in FIG. 1C) and a closed
configuration (such as shown in FIG. 1D) to adjust the size of the central opening (116). Adjusting
the size of the opening (116) may adjust the surface area of the magnet (111) that is exposed, which
may in turn adjust the strength of the magnetic field that passes through the plurality of leaflets
(102).

[0029] The leaflets (102) may be movable in any suitable manner. In some variations, each leaflet
(102) may be attached to the first gear (104) such that rotation of the first gear (104) causes the
leaflets (102) to move between open and closed configurations. Each leaflet (102) may be rotatably
connected to the first gear (104) (e.g., via a pin joint (128)) and to a portion of the housing (110)
(e.g., via a pin joint (140)). Rotation of the first gear (104) in a first direction may cause each leaflet
(102) to rotate around the pin joint (140) in a first direction, while rotating the first gear (104) in an
opposite direction may rotate each leaflet (102) in an opposite direction. In the variation shown in
FIGS. 1A-1D, each leaflet may comprise a main body (118) and a connector (120) connecting the
main body (118) to the first gear (104). The main body (118) may have a triangle-like shape, with a
first convex side (122), a second concave side (126), and a third side (124) (which is shown in FIGS.
1A-1D as being convex). The concave side (126) may join the first convex side (122) at a first
corner (130) and may join the third side (124) at a second corner (132). When the leaflets are rotated
toward a closed configuration, the first corner (130) of each leaflet may meet to close off the central
opening (116) (as shown in FIG. 1D). When the leaflets are rotated toward an open configuration,
the first corner (130) of each leaflet may be drawn toward the second corner (132) of an adjacent

leaflet to increase the size of the central opening (116).

[0030] The iris assembly may be any suitable iris assembly. While shown in FIGS. 1A-1D as
having five leaflets (102), the iris mechanism may comprise any suitable number of leaflets (e.g.,
two, three, four, five, or six or more leaflets), and each leaflet may have any suitable shape.
Additionally, when the leaflets comprise a connector (such as connector (120) discussed above), the
connector may be rigidly or pivotably attached to the main body of the leaflet. Additionally, while
the connectors (120) are shown above as having an arcuate shape, it should be appreciated that the

connectors may have any suitable shape, such as a linear shape or the like. In some variations, one

10
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or more leaflets may be configured to at least partially overlap, wherein the amount of overlap

between adjacent leaflets may be adjusted to adjust the size of the central opening.

[0031] The first gear (104) may be rotated in any suitable manner to rotate the iris assembly
between open and closed configurations. For example, in the variation of the magnetic control
assembly shown in FIG. 1A, the adjustable shielding device (101) may comprise a second gear (106)
and a control (108) connected to the second gear (106). The second gear (106) may be positioned
relative to the first gear (104) such that rotation of the second gear (106) also rotates the first gear
(104) (e.g., via one or more interlocking teeth as shown in FIGS. 1A-1D, one or more beveled gears
including straight, spiral, or hypoid teeth, or the like). While the first gear (104) is shown in FIGS.
1A-1D as being parallel to the second gear (106), it should be appreciated that in some variations
these gears may be perpendicular to each other. Additionally, it should be appreciated that one or
more intermediate gears may be positioned between the first and second gears, whereby the
intermediate gears translate rotation of the second gear (106) into rotation of the first gear (104). In
other variations, the first (104) and second gear (104) may be configured in a rack and pinion
arrangement. The control (108) (which is shown in FIGS. 1A-1D as comprising an L-shaped rigid
member (136) and a grip (138), but may be any suitable structure) may be connected to the second
gear (106) such that a user may use the control (108) to rotate the second gear (106) which in turn
may rotate the first gear (104). In other variations, a control (108) may be connected directly to the
first gear (104), such that the control may be used to rotate the first gear (104) directly. In other
variations, the adjustable shielding device (101) may comprise a motor (not shown) configured to

rotate one or more of the gears.

[0032] Generally, the housing (110) may be configured to hold or otherwise house some or all of
the components of the magnetic control assembly (100). While shown in FIG. 1A as housing the
components of the adjustable shielding device (100), the housing (110) may also at least partially
house the magnet (111). In variations where a control (108) is used to rotate one or more gears, the
control (108) may connect to the one or more gears through the housing such that a user may
manipulate the control. Additionally or alternative, the housing (100) may comprise an opening (not
shown) aligned with the central opening formed by the leaflets (102), which may provide direct
access to the magnet (111) through the opening in the housing (100) and the central opening formed
by the leaflets (102).

11
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[0033] In some variations, the adjustable shielding device (100) may comprise a controller
configured to control the shielding provided by the adjustable shielding device (100). For example,
in instances where a magnetic device comprises one or more sensors or is otherwise configured to
send a signal to the magnetic control assembly (100), the controller may be configured to adjust the
shielding provided by the adjustable shielding device (100) in response to data received from the
magnetic device. For example, the controller may monitor the strength of the magnetic field
monitored by a magnetometer of a magnetic device, or may monitor the pressure sensed by a
pressure sensor of the magnetic device, and may compare these values to a desired level or range
(which may be pre-set or selected by a user). If the measured values deviate from the range, the
controller may be configured to adjust the shielding provided by the adjustable shielding device
(100). For example, if the pressure measured by a magnetic device is above a target range or value,
the controller may be configured to rotate the iris assembly to decrease the size of the central
opening (116), which may reduce the strength of the magnetic field applied to the magnetic device.
Alternatively, if the measured pressure is below a target range or value, the controller may be
configured to rotate the iris assembly to increase the size of the central opening (116) (e.g., by
activating a motor to rotate the first gear (104)), which may increase the strength of the magnetic
field applied to the magnetic device. The leaflets may be incrementally and reversibly adjusted until

a desired magnetic field strength or pressure is achieved.

[0034] In other variations, the controller may be configured to provide feedback to a user
regarding the parameters measured by the controller. For example, the controller may comprise a
user interface, such as a control panel which may be configured to display information to the
operator. In some variations, the user interface may display the data received from the magnetic
devices. Additionally or alternatively, the user interface may alert an operator when the parameters
measured by the magnetic device deviates from a target value or range. In these instances, the
operator may manually adjust the shielding provided by the adjustable shielding device to alter the
magnetic field applied to the magnetic device (e.g., by moving a control (108) or running a motor via

one or more motor controls).

[0035] FIG. 2A depicts a perspective view of another illustrative variation of a magnetic control
assembly (201) having an adjustable shielding device (200). As shown there, the magnetic control

assembly may also comprise a magnet (214) and a mounting device (203), such as discussed in more
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detail above. FIG. 2B shows a perspective view of the adjustable shielding device (200) with the
magnet (214) and mounting device (203) removed. As shown there, the adjustable shielding device
(200) may comprise a plurality of leaflets (202) which are slidably attached to a holding plate (204).
The holding plate (214) may further comprise an opening (216), and the leaflets (202) may be
moveable to selectively block the opening (216). For example, the leaflets (202) may slide toward
the opening to block the opening (216) (as shown in FIG. 2B), or may slide away from the opening
to at least partially unblock the opening (as shown in a bottom view in FIG. 2C). The magnet (214)
may be placed over the opening (216) (as shown in FIG. 2A), and the holding plate (204) and leaflets
(202) may be formed from one of the magnetic shielding materials as described above. By
increasing or decreasing the proportion of opening (216) that is blocked by the leaflets (202), the
adjustable shielding device (200) may control the amount of shielding provided by leaflets (202) and
holding plate (204).

[0036] The leaflets (202) may be slidably attached to the holding plate (204) in any suitable
manner. For example, in the variation shown in FIGS. 2A-2C, the holding plate (204) may comprise
a plurality of channels (208), and the leaflets (202) may each comprise a pin (206) extending from
the leaflet (202) slidably positioned in a respective channel (208). In some variations, the channels
(208) may extend radially from the opening (216) in the holding plate (204), such that the pins (206)
and leaflets (202) slide toward and away from the opening (216). In some variations the pins (206)
may be configured such that they may not be disengaged from the channel (208) (e.g., the pins (206)
may comprise tip portions having a diameter greater than a width of the channel (208) such that the
holding plate is held between the tip portions of the pins (206) and the leaflets (202). In some
variations, the adjustable shielding device (200) may comprise one or more springs (210) configured
to bias the leaflets (202) toward an open configuration (e.g., configured to bias the leaflets (202)
away from the opening (216) in the holding plate (204). It should also be appreciated that leaflets
(202) may be slidably attached to holding plate (204) by mechanisms other than pins (206).

[0037] The leaflets (202) may be moveable relative to the holding plate (204) in any suitable
manner. For example, in some variations, the adjustable shielding device (200) may comprise a belt
(212) circumferentially positioned around the leaflets (202). A first end of the belt loop (212) may
be attached at an end to a leaflet (202) at an attachment point (222) and may be wrapped

circumferentially around the remaining leaflets (202). A second end (224) of the belt (212) may be
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pulled to reduce the circumference of the belt (212) that is wrapped around the leaflets (202). This in
turn may cause leaflets (202) to move radially inward as the attached pins (206) move slidably
inward along channels (208) (which may also compress springs (210)), which may move the leaflets
(202) to block the opening (216) of the holding plate (204). If belt (212) is loosened, the radially
inward force on leaflets (202) may be decreased, and springs (210) may push pins (206) radially
outward, causing leaflets (202) to move toward an open configuration. The belt (212) may be
adjusted to control the amount that the leaflets (202) block the opening (216) in the holding plate
(204). The second end of the belt (224) may be moved in any suitable manner. For example, the
second end of the belt (224) may be attached to a motor, gear assembly, or other mechanism

configured to selectively tighten and loosen the belt (224) to close and open the opening (216).

[0038] While shown in FIGS. 2A-2C as having six leaflets (206), the adjustable shielding device
(200) may comprise any number of leaflets (e.g., two, three, four, five, six, seven, or eight or more
leaflets). Generally, each leaflet may have a wedge shape having a wedge angle, and generally the
wedge angles of the leaflets add up to 360 degrees to allow the leaflets to form a contiguous shape to
entirely block the opening (216). In some variations, each wedge shape has the same shape and
wedge angle. For example, the adjustable shielding device may comprise have 2 leaflets each having
a 180 degrees wedge angle, 3 leaflets each having a 120 degree wedge angle, 4 leaflets having a 90
degree wedge angle, 5 leaflets having a 72 degree wedge angle, 6 leaflets each having a 60 degree
wedge angle (as shown in FIGS. 2A-2C), or the like. In other variations, different leaflets may have
different wedge angles. The number of channels (208) of the holding plate (204) may correspond to
the number of leaflets (202) (although it should be appreciated that the holding plate may include

additional channels for other purposes).

[0039] In some variations, the adjustable shielding device (200) may comprise a controller
configured to control the shielding provided by the adjustable shielding device (200), such as
described above. For example, the controller may be configured to control the positioning of the
second end (224) of the belt (e.g., via a motor, or the like) to block or unblock the opening (216) in
response to data received from a magnetic device. Additionally or alternatively, the controller may
provide information or feedback to the operator, and the operator may control the movement of the

belt to selectively alter the shielding provided by the adjustable shielding device (200).
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[0040] FIGS. 3A-3B depict another illustrative variation of a magnetic control assembly having an
adjustable shielding device (300). As shown there, the magnetic control assembly may comprise a
magnet (302) and a mounting device (303). The adjustable shielding device (300) may comprise a
holder (304) attached to or otherwise fixed relative to magnet (302) and configured to hold one or
more shielding plates (306) below the magnet (302). This may position the plates (306) between the
magnet (302) and the patient. The plate or plates (306) may be formed from one or more magnetic
shielding materials such as described above, and may alter the magnetic field produced by the
magnet (302). The specific plates (306) placed within the holder (304) can be changed in order to

adjust the magnetic field reaching the magnetic device, as will be described in more detail below.

[0041] Generally, the shielding plates (306) may have any suitable size and shape (e.g., circular,
oval, square, etc.) and include one or more opening extending through the shielding plates. These
openings may have any suitable shape (e.g., circles, semi-circles, ovals, rectangles, triangles,
teardrops, or any other polygon or irregular shape) and size. For example, FIGS. 3C-3E show
variations of shielding plates having circular openings (308) of varying diameters. Generally, the
larger the size of the opening, the less of the shielding effect provided by that plate. FIGS. 3F-3H
show variations of plates having four triangular openings (310) of varying sizes. Each plate member
may have any suitable numbers of openings. For example, FIGS. 31-3K show variations of plates
(306) having seven, six, and five circular openings (312), respectively. FIGS. 3L-3N each show

variations of plates (306) having two semi-circular openings (314) of varying sizes.

[0042] Generally, the holder (304) may be any structure capable of holding one or more plates
(306) relative to the magnet (302). In the variation shown in FIGS. 3A and 3B, the holder (304) may
comprise two U-shaped members (316), each having one end attached to magnet (302) at two
opposing locations on magnet (302). The holder (304) may comprise be a