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KIDNEY STONE REMOVAL CONTROL DEVICES, SYSTEMS, AND
METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application No.
62/026,916 filed on 21 July 2014, the disclosure of which is incorporated herein in its

entirety by this reference.

BACKGROUND

[0002] Urological procedures may involve removal of kidney stones. In some
instances, a stone removal tool, such as a stone basket, may be positioned near and/or
about the kidney stone and may be manipulated to secure the kidney stone therein.
Subsequently, the stone basket may be removed from the kidney together with the kidney
stone. Duration and safety of stone removal procedure may vary from one patient to the
next and may depend, among other things, on the tools and methods used during the
procedure (e.g., stone basket and related tools and methods).

[0003] Accordingly, users and manufacturers of stone removal tools continue to
seek improved kidney stone removal tools as well as methods for removing kidney

stones.

SUMMARY

[0004] Embodiments described herein are directed to devices, systems, and
methods for removing kidney stones. In an embodiment, a kidney stone removal system
may include a kidney stone removal tool and a removal tool manipulator connected to the
kidney stone removal tool. For instance, the removal tool manipulator may control
capture of a kidney stone by the kidney stone removal tool. Also, a kidney stone removal
system according to at least one embodiment may facilitate a single user or operator
perform a kidney stone capture and/or removal procedure. For example, the kidney stone
removal system may allow a single user to position a kidney stone removal tool near
and/or about the kidney stone, capture the kidney stone, withdraw the kidney stone
removal tool from the kidney, or combinations thereof.

[0005] An embodiment includes a removal tool manipulator system. The removal
tool manipulator system includes a removal tool manipulator and an interface device.
The removal tool manipulator is configured to manipulate a kidney stone removal tool.
More specifically, the removal tool manipulator includes a housing and an actuator

assembly secured to the housing and connectable to one or more basket cables of the
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kidney stone removal tool. The actuator assembly includes a movable portion configured
to move the one or more basket cables relative to the housing along an approximately
linear path. The removal tool manipulator also includes a controller operably coupled to
the actuator assembly and configured to send one or more actuation signals to the actuator
assembly to direct movement of the moveable portion thereof in a first direction or in a
second, generally opposite direction, thereby moving the one or more basket cables
associated with a kidney stone basket. The interface device includes a user interface
configured to receive input from a user. The interface device is operably coupled to the
controller and configured to send one or more communication signals to the controller
based at least partially on user input received at the user interface. Furthermore, the one
or more actuation signals are based at least partially on the one or more communication
signals.

[0006] Embodiments also include a kidney stone removal system that includes a
kidney stone removal tool and a removal tool manipulator connected to the kidney stone
removal tool. The kidney stone removal tool includes a sheath having a proximal end and
a distal end and one or more basket cables positioned within the sheath. The kidney stone
removal tool also includes a basket positioned near the distal end of the sheath and
connected to the one or more basket cables in a manner that movement of the one or more
basket cables within the sheath moves the basket relative to the sheath and reconfigures
the basket into at least one of deployed configuration, collapsed configuration, or partially
collapsed configuration. The removal tool manipulator includes an actuator assembly
connected to the one or more basket cables of the kidney stone removal tool and
configured to move the one or more basket cables together with the basket relative to the
sheath. The removal tool manipulator also includes a controller operably coupled to the
actuator assembly and configured to send one or more actuation signals to the actuator
assembly to direct movement of the basket cable in a direction of the distal end or in a
direction of the proximal end of the sheath.

[0007] At least one embodiment includes a removal tool manipulator system for
manipulating a kidney stone removal tool. The removal tool manipulator system includes
a removal tool manipulator configured to manipulate the kidney stone removal tool and
an interface device. The removal tool manipulator system includes at least one actuator
assembly connectable to one or more basket cables of the kidney stone removal tool. The
at least one actuator assembly includes one or more movable portions configured to move

the one or more basket cables within and relative to a sheath of the kidney stone removal
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tool and along an approximately linear path. Moreover, the removal tool manipulator
system includes a controller operably coupled to the at least one actuator assembly and
configured to send one or more actuation signals to the at least one actuator assembly to
direct movement of the one or more moveable portions thereof in a first direction or in a
second, generally opposite direction, thereby moving the one or more basket cable of the
stone removal tool. The interface device includes a user interface configured to receive
input from a user. In particular, the interface device is operably coupled to the controller
and configured to send one or more communication signals to the controller based at least
partially on user input received at the user interface. The one or more actuation signals
are based at least partially on the one or more communication signals.
[0008] Features from any of the disclosed embodiments may be used in
combination with one another, without limitation. In addition, other features and
advantages of the present disclosure will become apparent to those of ordinary skill in the
art through consideration of the following detailed description and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] For better understanding, the like elements have been designated by like
reference numbers throughout the various accompanying figures. Understanding that
these drawings depict only typical embodiments of the disclosure and are not therefore to
be considered to be limiting of its scope, the embodiments of the disclosure will be
described and explained with additional specificity and detail through the use of the
accompanying drawings in which:
[0010] FIG. 1A is a schematic view of a stone removal system with a basket in a
deployed configuration according to an embodiment;
[0011] FIG. 1B is a schematic view of the stone removal system of FIG. 1A with
the basket in an at least partially collapsed configuration according to an embodiment;
[0012] FIG. 2A is a schematic view of a stone removal tool according to an
embodiment;
[0013] FIG. 2B is a schematic view of a stone removal tool according to another
embodiment;
[0014] FIG. 3A is a schematic illustration of a user interface with an indication of
a basket in a deployed configuration according to an embodiment;
[0015] FIG. 3B is a schematic illustration of the user interface of FIG. 3A with

an indication of the basket in a collapsed configuration according to an embodiment;
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[0016] FIG. 3C is a schematic illustration of the user interface of FIG. 3A with
an indication of a partially collapsed basket configuration according to an embodiment;
[0017] FIG. 4A is an isometric view of an interface device according to an
embodiment; and

[0018] FIB. 4B is an isometric view of an ureteroscope with an attached interface

device according to an embodiment.

DETAILED DESCRIPTION

[0019] Embodiments described herein are directed to devices, systems, and
methods for removing kidney stones. In an embodiment, a kidney stone removal system
may include a kidney stone removal tool and a removal tool manipulator connected to the
kidney stone removal tool. In particular, the removal tool manipulator may control
capture of a kidney stone by the kidney stone removal tool. Also, a kidney stone removal
system according to at least one embodiment may facilitate a single user or operator
perform a kidney stone capture and/or removal procedure. For example, the kidney stone
removal system may allow a single user (e.g., a surgeon) to position a kidney stone
removal tool near and/or about the kidney stone, capture the kidney stone, withdraw the
stone removal tool from the kidney, or combinations thereof.

[0020] For example, the user may control operation of the removal tool
manipulator via a user interface. In some embodiments, the user interface may be located
or included on an interface device that may be positioned at any suitable location. More
specifically, the interface device may be detached from and/or positioned remotely from
the removal tool manipulator. For example, the interface device together with the
interface may be positioned at a suitable location and/or attached to one or more devices
(e.g., such that the user may access the user interface and control the removal tool
manipulator and the stone removal tool remotely.

[0021] In some embodiments, the user interface may include a movable indicator,
movement of which may direct and/or correspond to movement of the basket of the stone
removal tool. For example, a user may move the indicator to produce a corresponding or
correlated movement of the basket in the stone removal tool (e.g., thereby manipulating
the basket during a stone removal procedure). Moreover, gradual movement of the
indicator may produce a corresponding gradual movement of the basket (e.g., the speed of
movement of the indicator, which may be moved by the user, may correspond to the

speed of movement of the basket at any ratio, such as 1:1, 1:2, 2:1, etc.).
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[0022] FIGS. 1A and 1B illustrate a kidney stone removal system 100 according
to an embodiment. The stone removal system 100 includes a kidney stone removal tool
or kidney stone basket assembly, such as kidney stone removal tool 110, which may be
connected to a removal tool manipulator 120 that may control or manipulate the stone
removal tool 110. For instance, as described below in further detail, the removal tool
manipulator 120 may control deployment of the stone removal tool 110 (eg., a
configuration in which the stone removal tool 110 may grasp or otherwise secure a kidney
stone, such as a kidney stone 10).

[0023] Generally, the stone removal tool 110 may be any suitable stone removal
tool or basket assembly, which may vary from one embodiment to the next. In some
embodiments, the stone removal tool 110 may be BARD DIMENSION™ and may
include an articulating stone basket/grasper. For example, the stone removal tool 110
may be fabricated from a superelastic or shape memory alloy, such as a nickel-titanium
superelastic or shape memory alloy (e.g., nitinol or other nickel-titanium superelastic or
shape memory alloy). It should be appreciated, however, that components and/or
elements of the stone removal tool 110 may include and/or may be fabricated from any
number of suitable materials.

[0024] Generally, stone removal tool 110 may include a basket 111 that may be
manipulated to secure the kidney stone 10, as described below in more detail. In some
embodiments, the stone removal tool 110 may include a sheath 112 and a basket cable
113 that may be positioned inside the sheath 112 and connected to or integrated with the
basket 111. Moreover, the basket cable 113 may be movable inside the sheath 112, such
as to move the basket 111 relative to the sheath 112. For example, the basket 111 may be
moved generally in a direction of a distal end of the sheath 112 and may be extended past
the distal end of the sheath 112 into the deployed configuration (e.g., such that the basket
111 may capture the kidney stone 10). Conversely, the basket 111 together with the
basket cable 113 may be moved in the general direction of a proximal end of the sheath
112 (e.g., such that the basket 111 may be positioned closer to the distal end of the sheath
112 and/or may at least partially enter the sheath 112. For example, as the basket 111
enters the sheath 112, the basket may at least partially collapse or may be reconfigured
into a closed or partially closed configuration and/or may secure the kidney stone 10.
[0025] In an embodiment, as shown in FIG. 1A, the removal tool manipulator
120 may configure or reconfigure the stone removal tool 110 into a deployed

configuration, such as by extending the basket 111 of the stone removal tool 110 out of a
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sheath 112, thereby deploying or opening the basket 111. Moreover, the removal tool
manipulator 120 may extend the basket 111 out of the sheath 112 to a desired position
and/or to a desire opening (e.g., to a desired shaped and/or size of the inner space of the
basket 111), such that the internal dimension of the basket 111 may accept or
accommodate the kidney stone 10 therein. Accordingly, for instance, when the stone
removal tool 110 is in a deployed configuration, a user or operator may position the
basket 111 over or about the kidney stone 10.

[0026] In some embodiments, the basket 111 may be connected to or integrated
with one or more basket cables, such as basket cable 113 of the stone removal tool 110.
The basket cable 113 may move in a distal direction and advance the basket 111 out of
the sheath 112 to deploy or open the basket 111 (e.g., when fully extended out of the
sheath, the basket 111 may be in a fully open configuration). The basket cable 113 may
move in the proximal direction (opposite to the distal direction) and retract the basket 111
into the sheath 112, thereby collapsing or closing the basket 111 (e.g., when the basket
111 is completely inside the sheath 112, the basket may be in a fully collapsed or closed
configuration). Morcover, in some instances, before deployment, the basket 111 may be
at least partially contained within the sheath 112 and/or may be collapsed, such as to have
the same or similar outside dimension (e.g., outside diameter) as the inside dimension
(e.g., inside diameter) of the sheath 112. For example, in the collapsed configuration, the
basket 111 together with the sheath 112 may be advanced through a urinary canal of a
patient and into a kidney containing the kidney stone 10.

[0027] In an embodiment, the removal tool manipulator 120 may move the basket
cable 113 in the distal direction to advance the basket 111 out of the sheath 112, thereby
configuring or reconfiguring the stone removal tool 110 into the deployed configuration
(e.g., at least partially open basket 111 that may accept the kidney stone 10). In an
embodiment, the removal tool manipulator 120 may include an actuator assembly 130
that may configure or reconfigure the stone removal tool 110 into deployed configuration
and/or into collapsed configuration. For example, the actuator assembly 130 may move
the basket cable 113 in the distal direction to advance the basket 111 out of the sheath
112.  Generally, the actuator assembly 130 may have any configuration suitable for
advancing the basket 111 out of the sheath 112, and such configuration may vary from
one embodiment to the next. For example, at least a portion of the actuator assembly 130
may move relative to the sheath 112 in a manner that moves the basket cable 113 and

basket 111 in the distal and/or proximal directions.
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[0028] Hence, in an embodiment, the actuator assembly 130 may include a
movable portion 131 and a stationary portion 132. In particular, the movable portion 131
may move relative to the stationary portion 132 and relative to the sheath 112, while the
stationary portion 132 may remain stationary relative to the sheath 112. Furthermore, the
basket cable 113 may be connected or attached to the movable portion 131 in a manner
that movement of movable portion 131 produces an approximately corresponding
movement of the basket cable 113. As such, movement of the movable portion 131 of the
actuator assembly 130 may produce relative motion of the basket cable 113 and basket
111.

[0029] Generally, the movable portion 131 may advance or move the basket cable
113 (e.g., the basket cable 113 may be moved generally linearly). In at least one
embodiment, the movable portion 131 may be configured to move along an
approximately linear path, thereby correspondingly moving the basket cable 113 and the
basket 111. In some embodiments, the actuator assembly 130 may include a radial to
linear movement converter. For instance, the movement converter (e.g., a gearbox) may
convert a radial movement input to a linear movement output. For example, the actuator
assembly 130 may have a rack and pinion configuration as illustrated in FIG. 1A. In an
embodiment, the movable portion 131 may include a rack and the stationary portion 132
may include a pinion engaged with the rack of movable portion 131.

[0030] For example, rotation of the pinion of the stationary portion 132 may move
the rack and the movable portion 131 linearly relative to the stationary portion 132. Thus,
as described above, movement of the movable portion 131 of the actuator assembly 130
may produce a corresponding movement of the basket cable 113 and basket 111 of the
stone removal tool 110 (e.g., in the distal or proximal direction). In an embodiment, the
stationary portion 132 may include a motor 133 (e.g., a servomotor) that may produce or
generate movement of the movable portion 131. For example, the motor 133 may rotate
the pinion of the stationary portion 132, which in turn may produce linear movement of
the moveable portion 131.

[0031] In alternative or additional embodiments, the movable portion of the
actuator assembly may move radially. For example, the basket cable 113 of the stone
removal tool 110 may connect to the radially movable portion of the actuator assembly,
such that the basket cable 113 and the basket 111 move generally linearly relative to the
sheath 112. In any event, the movable portion of the actuator may move the basket cable

113 together with the basket 111, thereby opening and/or closing the basket 111.
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[0032] In an embodiment, the movable portion 131 may be guided (e.g., the
movable portion 131 may move in a guide channel) in a manner that may restrict the
movable portion 131 to a substantially linear movement relative to the stationary portion
132.  While in some embodiments, the actuator assembly 130 may include multiple
components or elements, the actuator assembly 130 also may be a single unit or assembly.
For instance, the actuator assembly 130 may include a pneumatic or hydraulic cylinder
that may move the basket cable 113 and basket 111 in the distal or proximal direction.
Examples of additional or alternative suitable actuator assemblies include a screw
mechanism that may move the basket cable 113 and basket 111 in the distal and proximal
directions. In any event, the actuator assembly 130 may be electrically coupled to a
controller 140, which may direct advancement of the movable portion 131 (e.g., based on
directions or instructions received from a user).

[0033] In some embodiments, the actuator assembly 130 may be secured to and/or
within a housing 150 (e.g., the housing 150 may be configured to secure the actuator
assembly 130, the controller 140, and one or more portions of the stone removal tool
110). For instance, the stationary portion 132 of the actuator assembly 130 may be
attached or fixedly secured to the housing 150 (e.g., in a manner that the stationary
portion 132 exhibits substantially no linear movement relative to the housing 150 during
operation of the stone removal system 100). Moreover, in some embodiments, at least
some of the stationary portion 132 of the actuator assembly 130 may be integrated with
the housing 150.

[0034] In one or more embodiments, the movable portion 131 may be movable
(or may be configured to move) relative to the housing 150. As described above, for
instance, the movable portion 131 may move generally linearly relative to the stationary
portion 132 and relative to the housing 150. Hence, for example, the basket cable 113
may be moved relative to the housing 150 together with the basket 111. Additionally, in
some embodiments, the movable portion 131 may be guided to move approximately in a
linear manner. For example, the housing 150 may include a guiding mechanism that may
be secured to or integrated with the housing 150. The guiding mechanism may at least
partially secure and/or guide the movable portion 131 along an approximately linear path.
[0035] As discussed above, when the basket cable 113 moves in the distal
direction, the basket 111 may exit the sheath 112 and expand into the deployed or at least
partially open configuration. Subsequently, the basket 111 may be placed over the kidney
stone 10 (e.g., the kidney stone may be positioned within the interior of the basket 111).
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Additionally or alternatively, the basket 111 may expand in a manner that positions the
basket 111 over the kidney stone 10. As described below in further detail, the basket 111
may be collapsed or at least partially closed over the kidney stone 10 to secure the kidney
stone 10 to the stone removal tool 110.

[0036] In an embodiment, at least a portion of the sheath 112 may be secured to
and/or within the housing 150. More specifically, the sheath 112 may be secured to the
housing 150 in a manner that allows the basket cable 113 to move relative to the housing
150 and relative to the sheath 112, while the sheath 112 may remain stationary relative to
the housing 150. As noted above, in some embodiments, the basket cable 113 may
connect to the movable portion 131 such that movement of the movable portion 131
produces a corresponding movement of the basket cable 113, which may be generally
linear.

[0037] In at least one embodiment, approximately linear movement of the
movable portion 131 relative to the housing 150 may produce an approximately linear
movement of the basket cable 113 relative to the housing 150. Thus, relative movement
of the movable portion 131 in a first direction may advance the basket 111 into a
deployed or at least partially open configuration (shown in FIG. 1A). As described
below, relative movement of the movable portion 131 in a second direction (e.g., opposite
to the first direction) may move the basket 111 in the proximal direction, thereby
retracting and/or at least partially collapsing or closing the basket 111.

[0038] In some embodiments, the actuator assembly 130 may be coupled to the
controller 140 and may be actuated by one or more commands therefrom. In turn, the
user may provide commands to the controller 140 (e.g., from the interface device,
described below in more detail), and the controller 140 may translate and/or modify such
commands to commands or communications transmitted to the actuator assembly 130.
For instance, the controller 140 may be coupled to the interface device that includes a
user interface that may send commands from the user to the controller 140. In an
embodiment, the user may identify a particular position or configuration of the basket 111
by providing a corresponding indication or selection on the user interface, and such
position or configuration of the basket 111 may be communicated to the controller 140.
Subsequently, the controller 140 may direct the actuator assembly 130 to position or
reposition the basket cable 113, thereby positioning or configuring the basket 111 to the

configuration identified by the user at the user interface.
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[0039] Commands from the user interface may be transmitted electrically and/or
wirelessly to the controller 140. In some embodiments, the controller 140 may include a
wireless receiver or transceiver that may wirelessly couple to a device that includes the
user interface (e.g., interface device) and receive commands therefrom. For example, the
controller 140 may include a Bluetooth chip or chipset that may wirelessly communicate
with the interface device and may receive commands therefrom. In an embodiment, the
wireless receiver or transceiver may couple to an antenna 160 to provide an adequate
range of reception therefor.

[0040] In some embodiments, the removal tool manipulator 120 may include a
power source 145, such as a battery (e.g., a rechargeable battery). For example, the
power source 145 may be located within and/or secure to the housing 150. Additionally
or alternatively, a power source may be located outside of the housing 150 and may
electrically and/or wirelessly supply power to the removal tool manipulator 120. More
specifically, for example, the power source (e.g., power source 145) may supply power,
directly and/or indirectly, to the controller 140, to the actuator assembly 130, to the
transceiver (which may be integrated into the controller 140), etc.

[0041] Generally, the controller 140 also may include a processor coupled to a
memory (e.g., the memory may include or store instructions for controlling the actuator
assembly 130) as well as other elements or components that may receive and/or process
instructions or communications from the user interface. The elements or components of
the controller 140 may receive communications or communication signal(s) from the
interface device and transmit a signal (e.g., actuation signal(s)) to the actuator assembly
130 to move the basket cable 113 and basket 111 in the distal or proximal direction (e.g.,
by a predetermined amount, to a predetermined location, to a predetermined size of the
basket 111 or deployment, etc.). For example, the communication signal(s) may be at
least in part based on the input received from the user at the interface device.

[0042] The controller 140 may provide actuation signals to a servomotor of the
actuator assembly 130, which may indicate angular rotation of the servomotor for
producing a corresponding generally linear displacement of the basket cable 113 and
basket 111 as directed by the user (e.g., the actuation signal may include information
related to an angle of rotation of the servomotor). For example, the actuation signals may
be based at least partially on the communication signals received from the interface

device. Hence, in some embodiments, the actuation signals sent from the controller 140

10
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to the actuator assembly 130 may be at least in part based on the user input received at the
interface device.

[0043] Accordingly, for example, by manipulating the user interface (e.g., the
indicator one the user interface), the user may advance and deploy or open the basket 111
as well as retract and at least partially collapse or close the basket 111 (e.g., to capture the
kidney stone 10). FIG. 1B, for example, shows the basket 111 in at least a partially
retracted and partially collapsed or closed configuration and trapping the kidney stone 10
within the interior space of the basket 111. After the kidney stone 10 is trapped by the
basket 111, the stone removal tool 110 together with the kidney stone 10 may be removed
from the patient's kidney.

[0044] More specifically, in an embodiment, the controller 140 may direct the
actuator assembly 130 to retract the basket cable 113 (e.g., to move the basket cable 113
in the proximal direction), thereby reconfiguring the basket 111 of the stone removal tool
110 into an at least partially collapsed or closed configuration, and thereby securing the
kidney stone 10 within the interior space of the basket 111. As noted above, in some
embodiments, the movable portion 131 of the actuator assembly 130 may move in the
proximal direction (e.g., relative to the stationary portion 132) and may pull the basket
cable 113 relative to the sheath 112. In any event, movement of the movable portion 131
of the actuator assembly 130 may at least partially collapse the basket 111 thereby
securing the kidney stone 10 inside the interior space thereof.

[0045] As noted above, the particular stone removal tool included in the stone
removal system 100 may vary from one embodiment to the next. In at least one
embodiment, as shown in FIG. 2A, the stone removal tool 110a may be a helical stone
removal tool, such as BARD EXPAND™ 212 helical stone basket. It should be
appreciated that, in one or more embodiments, the stone removal tool may be
interchangeable and/or replaceable. As such, a suitable stone removal tool may be
included in the stone removal system and/or connected to or integrated with the removal
tool manipulator. Moreover, in some embodiments, the stone removal tool may be
disposable, such that the stone removal tool may be discarded after use, and another stone
removal tool may be connected to the removal tool manipulator (e.g., the replacement
stone removal tool may be the same or similar to the discarded stone removal tool or the
replacement stone removal tool may be different from the discarded stone removal tool).
[0046] In some embodiments, the stone removal tool may include multiple basket

cables, movement of which may articulate and/or actuate the basket of the stone removal
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tool. For example, a stone removal tool 110b, illustrated in FIG. 2B, may include
multiple basket cables, such as basket cables 113b, 113b’, which may move or actuate
corresponding portions of the basket 111b. For instance, the first basket cable 113b may
move or actuate a first portion 115b of the basket 111b, while a second basket cable
130b’ may move or actuate a second portion 116b of the basket 111b.

[0047] Accordingly, in some embodiments, moving the first and second basket
cables 113b, 113b’ may independently articulate and/or collapse the first and second
portions 115b, 116b of the basket 111b. For example, as shown in FIG. 2B, positioning
the first basket cable 113b proximally relative to the second basket cable 113b’ (e.g.,
moving the first basket cable 113b proximally while maintaining the second basket cable
113b’ stationary) may collapse the first portion 115b of the basket 111b more than the
second portion 116b thereof. In any event, evenly or unevenly collapsing the basket 111b
may capture a kidney stone 10b therein.

[0048] Correspondingly, in some instances, the removal tool manipulator may
include multiple actuator assemblies with corresponding moveable portions and/or a
single actuator assembly with multiple movable portions. For example, the movable
portions of the actuator assembly (or assemblies) may connect to the corresponding
basket cables, such as the first and second basket cables 113b, 113b’°. Moreover, in some
embodiments, the removal tool manipulator may independently actuate or move the
basket cables 113b, 113b’. Hence, in at least one embodiment, the removal tool
manipulator may include multiple movable portions and/or multiple actuator assemblies
connected to corresponding basket cables, such as the basket cables 113b, 113b’ of the
stone removal tool 110b. Also, the controller of the removal tool manipulator may
independently control or actuate multiple actuator assemblies and/or movable portions of
one or more actuator assemblies to produce independent movement of the basket cables
113b, 113b’.

[0049] As described above, the removal tool manipulator may receive commands
or communication signals from an interface device and, in response to and/or based at
least partially on the communication signals, the removal tool manipulator may
manipulate the stone removal device in a manner that deploys the stone removal device
and/or grasps a kidney stone (e.g., by manipulating basket cables of the stone removal
tool). FIGS. 3A-3C illustrate a user interface 200, which may be configured to receive
input from a user and/or may allow a user to provide input to an interface device that may

transmit or communicate such input to a removal tool manipulator. More specifically, in
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some embodiments, the user interface 200 may include a movable indicator 210 that may
be manipulated by the user to input a desired configuration for the stone removal tool.
[0050] In one or more embodiments, the movable indicator 210 may slide along
an approximately linear path between first and second ends of the path. Particularly, the
first end of the path (as shown in FIG. 3A) may correspond with an indication or request
for an open basket (e.g., the deployed configuration of the stone removal tool (e.g., as
shown in FIG. 1A), and the second end of the path (as shown in FIG. 3B) may
correspond with a closed basket (e.g., collapsed configuration of the basket. In some
embodiments, positions of the movable indicator 210 along the path between the first and
second points (as shown in FIG. 3C) may correspond to a state of the basket that is
between the deployed and collapsed configurations thereof (e.g., corresponding to a
request for partially collapsed basket, such as shown FIG. 1B).

[0051] In some embodiments, as mentioned above, the stone removal may include
multiple basket cables that control movement and/or deployment of the basket. In an
embodiment, the user interface may include a single indicator that may be manipulated
and/or modified by the user to indicate a requested positioned and/or size of the basket to
the controller (e.g., the controller may determine the amount of movement for each of the
multiple basket cables and corresponding movement of the movable portions of actuator
assembly (or assemblies) based on the indication from a single indicator on the user
interface (e.g., from movement of the movable indicator 210). Alternatively, the user
interface may include multiple indicators (e.g., movable indicators), some or each of
which may receive input from the user for movement of one or more corresponding
basket cables. For example, the user may indicate a specific movement or change or
position for each of the multiple basket cable in the stone removal tool (e.g., the interface
device may receive multiple inputs from the user, which correspond to movement of
specific basket cables, and may send one or more communication signals to the controller
of the removal tool manipulator, which may include information related to movement of
such basket cables). The controller, in turn, may generate corresponding actuation
signal(s) for the movable portions of the actuator assembly (or assemblies) to move the
basket cable based at least partially on the communication signals received from the
interface device.

[0052] As noted above, the controller of the removal tool manipulator may
translate or correlate the communications or input received at an interface device (e.g.,

from an interface device that includes the user interface 200), which may correspond to
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the indication received from the user positioning the movable indicator 210 along the
path. More specifically, for example, when the movable indicator 210 is positioned in a
manner that indicates closure or collapse of the basket, the controller may provide a
corresponding signal to the actuator assembly to collapse the basket. Conversely, when
the movable indicator 210 is positioned in a manner that indicates opening or deployment
of the basket, the controller may provide a corresponding signal to the actuator assembly
to open or deploy the basket. The controller also may provide signals to the actuator
assembly, which may correspond with a particular position of the movable indicator 210
that indicate a particular state of the basket between the deployed and collapsed
configurations thereof.

[0053] It should be appreciated that the user interface may be embodied in any
number of different interface devices and/or components. For instance, a user interface
may be provided by a slidable or rotatable potentiometer or rheostat that may indicate or
read a particular position of physically movable indicator along a path. Additionally or
alternatively, the user interface may be a virtual interface provided on a display of a
computing device, such as a computer, a tablet, smart phone, watch, PDA, and the like.
In any event, the user interface may allow the user to input or provide information about
the desired positioning or configuration of the basket, which may be configured into such
desired position and configuration by the removal tool manipulator.

[0054] Furthermore, readings of the position of the movable indicator may be
communicated or transmitted to the controller of the removal tool manipulator as
communication signals. Also, as noted above, transmission of the communication signals
to the controller may be wireless. Alternatively or additionally, an interface device that
includes the user interface may be hardwired to the controller. Hence, in at least one
embodiment, communication of readings of the movable indicator may be over a wire or
cable (e.g., electrically conductive cable, optical fiber, etc.).

[0055] In at least one embodiment, as shown in FIGS. 4A-4B, the device
including the user interface may be attached to an ureteroscope. For example, an
interface device 220 may include a strap 221 that may secure the interface device 220 to
an ureteroscope 230. The interface device 220 may be secured at any desired location
along the ureteroscope 230. Furthermore, the interface device 220 may be oriented at any
desired orientation on the ureteroscope 230. In other words, the interface device 220 may
be positioned and oriented on the ureteroscope 230 in a manner that facilitates operation

or use of the user interface by the user, while using the ureteroscope 230. In addition, the

14



10

15

WO 2016/014414 PCT/US2015/041149

user may have access to the user interface while inserting and positioning the stone
removal tool. Accordingly, a single user may insert, position, and manipulate the stone
removal tool (e.g., deploy the basket and capture the kidney stone thereby). For example,
the user’s index finger may operate the interface device 220, while the user’s thumb may
control the ureteroscope 230.

[0056] Also, in some embodiments, the user may view the basket of the stone
removal tool during the procedure via the ureteroscope 230. Moreover, the user may
configure the stone removal tool into a deployed configuration while viewing the basket.
Similarly, the user may reconfigure the stone removal tool in to at least partially collapsed
configuration, to capture a kidney stone, while viewing the capture. Accordingly, in
some embodiments, the user may maintain view of the procedure to assure that the kidney
stone is captured within the internal space of the basket).

[0057] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments are contemplated. The various aspects and embodiments

disclosed herein are for purposes of illustration and are not intended to be limiting.
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CLAIMS

What is claimed is:

L. A removal tool manipulator system, comprising:

a removal tool manipulator configured to manipulate a kidney stone removal tool,
the removal tool manipulator including:

a housing;

an actuator assembly secured to the housing and connectable to one or
more basket cables of the kidney stone removal tool, the actuator assembly
including a movable portion configured to move the one or more basket cables
relative to the housing along an approximately linear path; and

a controller operably coupled to the actuator assembly and configured to
send one or more actuation signals to the actuator assembly to direct movement of
the moveable portion thereof in a first direction or in a second, generally opposite
direction, thereby moving the one or more basket cables associated with a kidney
stone basket; and

an interface device including a user interface configured to receive input from a
user, the interface device being operably coupled to the controller and configured to send
one or more communication signals to the controller based at least partially on user input
received at the user interface, wherein the one or more actuation signals are based at least
partially on the one or more communication signals.

2. The removal tool manipulator system of claim 1, wherein the movable
portion of the actuator assembly is configured to move generally linearly.

3. The removal tool manipulator system of claim 1, wherein the actuator
assembly includes a servomotor or a step motor coupled to the controller.

4. The removal tool manipulator system of claim 3, wherein the one or more
actuation signals from the controller include information related to angle of rotation of the
servomotor or step motor.

5. The removal tool manipulator system of claim 1, wherein movement of the
one or more basket cables reconfigures a basket of the kidney stone removal tool into at
least one of collapsed configuration, deployed configuration, or partially collapsed
configuration.

6. The removal tool manipulator system of claim 5, wherein the one or more

communication signals include an indication to reconfigure the kidney stone basket into
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at least one of collapsed configuration, deployed configuration, or partially collapsed
configuration.

7. The removal tool manipulator system of claim 6, wherein the controller is
configured to correlate the one or more communication signals with a position of the
movable portion of the actuator assembly.

8. The removal tool manipulator system of claim 5, wherein the user
interface includes an indicator movable between a first position indicating a request to
open the kidney stone basket of the kidney stone removal tool and a second position
indicating a request to close the kidney stone basket of the kidney stone removal tool.

9. The removal tool manipulator system of claim 8, wherein the indicator is
movable generally linearly.

10. The removal tool manipulator system of claim 8, wherein the interface
device is configured to generate the one or more communication signals at least partially
based on a change in position of the movable indicator.

11. The removal tool manipulator system of claim 1, wherein the actuator
assembly is at least partially positioned inside the housing.

12. The removal tool manipulator system of claim 1, wherein the housing is
configured to secure the sheath of the kidney stone removal tool.

13. A kidney stone removal system, comprising:

a kidney stone removal tool including:

a sheath having a proximal end and a distal end;

one or more basket cables positioned within the sheath;

a basket positioned near the distal end of the sheath and connected to the
one or more basket cables in a manner that movement of the one or more basket
cables within the sheath moves the basket relative to the sheath and reconfigures
the basket into at least one of deployed configuration, collapsed configuration, or
partially collapsed configuration; and
a removal tool manipulator connected to the kidney stone removal tool, the

removal tool manipulator including:

an actuator assembly connected to the one or more basket cables of the
kidney stone removal tool and configured to move the one or more basket cables
together with the basket relative to the sheath;

a controller operably coupled to the actuator assembly and configured to

send one or more actuation signals to the actuator assembly to direct movement of
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the one or more basket cables in a direction of the distal end or in a direction of

the proximal end of the sheath.

14. The kidney stone removal system of claim 13, further comprising an
interface device electrically or wirelessly coupled to the controller and configured to send

5 one or more communication signals to the controller based at least partially on an input
from a user.

15. The kidney stone removal system of claim 14, wherein the interface device
includes a user interface configured to receive input from the user.

16. The kidney stone removal system of claim 15, wherein the user interface

10  device includes a movable indicator, and movement of the moveable indicator is
correlated to movement of the basket cable.

17. The kidney stone removal system of claim 14, wherein the one or more
communication signals sent from the interface device to the controller indicate a request
for a collapsed configuration of the basket, deployed configuration of the basket, or

15 partially collapsed basket.

18.  The kidney stone removal system of claim 14, further comprising an
ureteroscope having the interface device is attached thereto.

19. The kidney stone removal system of claim 13, wherein the removal tool
manipulator includes a housing, and the sheath of the kidney stone removal tool is

20  secured to the housing.
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20. A removal tool manipulator system for manipulating a kidney stone
removal tool, the removal tool manipulator system comprising:
a removal tool manipulator configured to manipulate the kidney stone removal
tool, the removal tool manipulator including:
at least one actuator assembly connectable to one or more basket cables of
the kidney stone removal tool, the at least one actuator assembly including one or
more movable portions configured to move the one or more basket cables within
and relative to a sheath of the kidney stone removal tool and along an
approximately linear path; and
a controller operably coupled to the at least one actuator assembly and
configured to send one or more actuation signals to the at least one actuator
assembly to direct movement of the one or more moveable portions thereof in a
first direction or in a second, generally opposite direction, thereby moving the one
or more basket cables of the kidney stone removal tool; and
an interface device including a user interface configured to receive input from a
user, the interface device being operably coupled to the controller and configured to send
one or more communication signals to the controller based at least partially on user input
received at the user interface, wherein the one or more actuation signals are based at least

partially on the one or more communication signals.
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