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ELECTROSURGICAL DEVICES WITH MONOPOLAR AND BIPOLAR FUNCTIONALITY
FIELD

[0001] The present disclosure relates generally to electrosurgical devices with monopolar and

bipolar functionality.
BACKGROUND

[0002] Various surgical devices can be used for minimally-invasive surgery to compress,
transect, and seal different types of tissue. In general, these devices can have an end effector
with a pair of opposed jaws that are configured to engage tissue therebetween, and can have a
cutting mechanism that is configured to transect tissue engaged by the opposed jaws. The end
effector can be configured to apply electrical energy to tissue engaged between the opposed
jaws. The application of electrical energy to the engaged tissue can seal and coagulate the tissue,

such as to seal tissue being cut by the cutting mechanism to prevent or reduce bleeding.

[0003] However, various situations can arise during an operation in which a user wants to apply
energy to tissue without having to first grasp tissue between the opposed jaws, such as to
selectively apply energy to spots of tissue in a controlled manner without having to clamp and

seal an entire section of tissue.

[0004] Accordingly, there remains a need for improved energy delivery from surgical devices to

tissue.
SUMMARY

[0005] In general, systems, methods, and devices for electrosurgical devices with monopolar and

bipolar functionality are provided.

[0006] In one aspect, an electrosurgical device is provided that in one embodiment includes a
housing, an elongate shaft extending from the housing, and an end effector coupled to a distal
end of the elongate shaft. The end effector includes first and second jaws. At least one of the
first and second jaws are pivotable relative to the other to move the end effector between an open

position and a closed position. The device also includes first and second electrode portions on
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the first jaw. The first electrode portion is in surrounding relation along a perimeter of the
second electrode portion such that the first electrode portion is positioned laterally outward of the
second electrode portion. The first electrode portion 1s configured to be exposed along an edge
of the first jaw with the end effector in the closed position and with the end effector in the open
position. In a bipolar mode of operation the second electrode portion is configured to deliver
energy to tissue engaged by the end effector, and the first electrode portion is disabled from
delivering energy to tissue engaged by the end effector. In a monopolar mode of operation the

first electrode portion is configured to deliver energy to tissue.

[0007] The device can have any number of variations. For example, in the monopolar mode of
operation the second electrode portion is one of disabled from delivering energy to tissue and
enabled to deliver energy to tissue. For another example, the second jaw can have a width that is
less than a combined width of the first and second electrode portions. For yet another example, a
single electrode can include the first and second electrode portions with the first electrode
portion in surrounding relation along the perimeter of the second electrode portion, which is in
direct contact with the first electrode portion. For still another example, the device can include a
return electrode on the second jaw, and the return electrode can be configured for energy return
in the bipolar mode of operation. For another example, the first electrode portion can be in
surrounding relation along the perimeter of the second electrode portion only along a distal tip of
the first jaw and along a single lateral edge of the first jaw. For yet another example, the first
electrode portion can be in surrounding relation along the perimeter of the second electrode

portion only along a single lateral edge of the first jaw.

[0008] For another example, the device can also include a sensor configured to sense when the
end effector is in the closed position, and an actuator configured to be actuated to cause energy
delivery in the bipolar mode of operation only with the end effector in the closed position as
sensed by the sensor. In at least some embodiments, the monopolar mode of operation can only
be possible with the end effector in the open position. In at least some embodiments, the device
can include a second actuator configured to be actuated to cause energy delivery in the

monopolar mode of operation.

[0009] For yet another example, a first electrode can include the first electrode portion, a second,
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different electrode can include the second electrode portion, and the device can further include
an insulator in surrounding relation along the perimeter of the second electrode so as to be

sandwiched between the first and second electrodes.

[0010] In still another example, the first electrode portion can be in surrounding relation along
the perimeter of the second electrode portion along a distal tip of the first jaw and along two
lateral edges of the first jaw. In at least some embodiments, the monopolar mode of operation

can be possible with the end effector in the open position and in the closed position.

[0011] In another example, a single electrode can include the first and second electrode portions,

and the first electrode portion, but not the second electrode portion, can have a coating thereon.

[0012] In another embodiment, an electrosurgical device includes a housing, an elongate shaft
extending from the housing, and an end effector coupled to a distal end of the elongate shaft.
The end effector includes first and second jaws. At least one of the first and second jaws is
pivotable relative to the other to move the end effector between an open position and a closed
position. An electrode on the first jaw extends laterally outward from an outer edge of the first
jaw such that with the end effector in the closed position the electrode is exposed, thereby
allowing the electrode to contact tissue with the end effector in the closed position and without
any tissue being engaged between the first and second jaws. The electrode is configured to
deliver energy to tissue with the end effector in the open position and with the end effector in the

closed position.

[0013] The device can have any number of variations. For example, the electrode can be a
single electrode, a first portion of the electrode can extend laterally outward from the outer edge
of the first jaw and can be in surrounding relation along a perimeter of a second portion of the
electrode such that the first portion of the electrode is positioned laterally outward of the second
portion of the electrode, in a bipolar mode of operation the second portion of the electrode can be
configured to deliver energy to tissue and the first portion of the electrode is disabled from
delivering energy to tissue, and in a monopolar mode of operation the first portion of the

electrode can be configured to deliver energy to tissue.

[0014] For another example, the device can include a second, different electrode on the first jaw,
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the electrode can be in surrounding relation along a perimeter of the second electrode such that
the electrode 1s positioned laterally outward of the second electrode, in a bipolar mode of
operation the second electrode can be configured to deliver energy to tissue and the electrode can
be disabled from delivering energy to tissue, in a monopolar mode of operation the first electrode
can be configured to deliver energy to tissue and the second electrode can be disabled from
delivering energy to tissue, the device can further include a return electrode on the second jaw,
and the return electrode can be configured for energy return in the bipolar mode of operation. In
at least some embodiments, the device can further include a sensor configured to sense when the
end effector is in the closed position, and an actuator configured to be actuated to cause energy
delivery in the bipolar mode of operation only with the end effector in the closed position as
sensed by the sensor. In at least some embodiments, the monopolar mode of operation can be

possible with the end effector in the open position and in the closed position.

[0015] In another aspect, a surgical method is provided that in one embodiment includes
positioning an end effector of a surgical device in contact with tissue. The end effector is
coupled to a distal end of an elongate shaft of the surgical device, the end effector includes first
and second jaws, and first and second electrode portions are on the first jaw with the first
electrode portion being in surrounding relation along a perimeter of the second electrode portion
such that the first electrode portion is positioned laterally outward of the second electrode
portion. The method also includes activating the surgical device in a bipolar mode of operation
such that the second electrode portion, but not the first electrode portion, delivers energy to the
tissue. The method also includes activating the surgical device in a monopolar mode of

operation such that the first electrode portion delivers energy to the tissue.

[0016] The method can vary in any number of ways. For example, in the monopolar mode of
operation the second electrode portion can not deliver energy to the tissue. For another example,
the method can further include sensing with a sensor when the end effector is in a closed
position, activating the surgical device in the bipolar mode of operation can only be possible with
the end effector in the closed position as sensed by the sensor, and activating the surgical device
in the monopolar mode of operation can only be possible with the end effector in an open
position. For yet another example, activating the surgical device in the monopolar mode of

operation can be possible with the end effector in an open position and in a closed position.
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BRIEF DESCRIPTION OF DRAWINGS

[0017] This invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:
[0018] FIG. 1 1s a side schematic view of one embodiment of a surgical device;

[0019] FIG. 2 1s a side, partially transparent view of the surgical device of FIG. 1 operatively

coupled to a generator;
[0020] FIG. 3 1s a perspective view of a compression member of the surgical device of FIG. 1;

[0021] FIG. 4 1s a perspective view of a distal portion of the device of FIG. 1 with the device’s

Jaws open;

[0022] FIG. 5 1s a perspective view of the distal portion of the device of FIG. 4 with the jaws

closed;
[0023] FIG. 6 1s a top view of the distal portion of the device of FIG. 5;
[0024] FIG. 7 is a bottom view of the distal portion of the device of FIG. 5;

[0025] FIG. 8 1s a side schematic cross-sectional view of a distal portion of another embodiment

of a surgical device with the device’s jaws closed,
[0026] FIG. 9 is a schematic cross-sectional view of the device of FIG. 8;
[0027] FIG. 10 is another schematic cross-sectional view of the device of FIG. §;

[0028] FIG. 11 is a perspective view of a distal portion of another embodiment of a surgical

device with the device’s jaws open;

[0029] FIG. 12 is a perspective view of the distal portion of the device of FIG. 11 with the jaws

closed;

[0030] FIG. 13 is an end schematic cross-sectional view of the device of FIG. 12;
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[0031] FIG. 14 is an end schematic cross-sectional view of another embodiment of a surgical

device with the device’s jaws closed;

[0032] FIG. 15 is a side schematic cross-sectional view of a distal portion of yet another

embodiment of a surgical device with the device’s jaws closed;
[0033] FIG. 16 is a schematic cross-sectional view of the device of FIG. 15;
[0034] FIG. 17 is another schematic cross-sectional view of the device of FIG. 15;

[0035] FIG. 18 is a perspective schematic view of a distal portion of still another embodiment of

a surgical device with the device’s jaws open; and
[0036] FIG. 19 is a schematic cross-sectional view of the device of FIG. 18.
DETAILED DESCRIPTION

[0037] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices,
systems, and methods disclosed herein. One or more examples of these embodiments are
illustrated in the accompanying drawings. Those skilled in the art will understand that the
devices, systems, and methods specifically described herein and illustrated in the accompanying
drawings are non-limiting exemplary embodiments and that the scope of the present invention is
defined solely by the claims. The features illustrated or described in connection with one
exemplary embodiment may be combined with the features of other embodiments. Such
modifications and variations are intended to be included within the scope of the present

mvention.

[0038] Further, in the present disclosure, like-named components of the embodiments generally
have similar features, and thus within a particular embodiment each feature of each like-named
component is not necessarily fully elaborated upon. Additionally, to the extent that linear or
circular dimensions are used in the description of the disclosed systems, devices, and methods,
such dimensions are not intended to limit the types of shapes that can be used in conjunction
with such systems, devices, and methods. A person skilled in the art will recognize that an

equivalent to such linear and circular dimensions can easily be determined for any geometric
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shape. A person skilled in the art will appreciate that a dimension may not be a precise value but
nevertheless be considered to be at about that value due to any number of factors such as
manufacturing tolerances and sensitivity of measurement equipment. Sizes and shapes of the
systems and devices, and the components thereof, can depend at least on the anatomy of the
subject in which the systems and devices will be used, the size and shape of components with
which the systems and devices will be used, and the methods and procedures in which the

systems and devices will be used.

[0039] In general, systems, methods, and devices for electrosurgical devices with monopolar and
bipolar functionality are provided. In an exemplary embodiment, a surgical device can have
bipolar functionality, in which tissue engaged by the device is treated in a bipolar energy
delivery mode, and can have monopolar functionality in which the tissue engaged by the device
is treated in a monopolar energy delivery mode. The device can include a single electrode
including a first portion configured to deliver energy in the device’s bipolar energy delivery
mode and a second portion configured to deliver energy in the device’s monopolar energy
delivery mode and in at least partial surrounding relation to the first portion of the electrode. In
other embodiments, a first electrode is configured to deliver energy in the device’s bipolar
delivery mode and a second electrode is configured to deliver energy in the device’s monopolar

delivery mode and in at least partial surrounding relation to the first electrode.

[0040] FIG. 1 illustrates one embodiment of a surgical device configured to grasp and cut tissue.
The illustrated surgical device 100 includes a housing 10, an elongate shaft 12, and an end
effector 14 configured to grasp tissue. The housing 10 can be any type of pistol-grip, scissor
grip, pencil-grip, or other type of handle known in the art that is configured to carry various
actuators, such as actuator levers, knobs, triggers, sliders, etc. for actuating various functions
such as rotating, articulating, approximating, and/or firing the end effector 14. In the illustrated
embodiment, the housing 10 is coupled to a stationary grip handle 22 and a closure grip handle
20 configured to move relative to the stationary grip handle 22 to open and close the end effector
14. The shaft 12 extends distally from the housing 10 and includes at least one lumen 12a

extending therethrough for carrying mechanisms for actuating the end effector 14.
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[0041] The end effector 14 can have a variety of sizes, shapes, and configurations. As shown in
FIG. 1, the end effector 14 includes a first, lower jaw 16b and a second, upper jaw 16a disposed
at a distal end 12d of the shaft 12. The jaws 16a, 16b are configured to move between an open
position, in which the jaws 16a, 16b are spaced a distance apart, and a clamping or closed
position, in which the jaws 16a, 16b are moved toward one another and are substantially
opposed. The jaws 16a, 16b in the closed position are to engage tissue therebetween and apply a
force to tissue disposed therebetween. In the illustrated embodiment, the end effector 14 1s
configured to move between the open and closed positions by the upper jaw 16a pivoting relative
to the shaft 12 and relative to the lower jaw 16b while the lower jaw 16b remains stationary. In
other embodiments, both jaws 16a, 16b can be movable to move the end effector 14 between the
open and closed positions, or the lower jaw 16b can be configured to pivot relative to the shaft

12 and the upper jaw 16a to move the end effector 14 between the open and closed positions.

[0042] While the illustrated jaws 16a, 16b are each curved to one side along a longitudinal
length thereof, a person skilled in the art will appreciate that one or both of the jaws 16a, 16b can
have other shapes, such as being curved in an opposite direction or having a substantially
elongate and straight shape. The jaws 16a, 16b can have any suitable axial length for engaging
tissue, and the length can be selected based on the targeted anatomical structure for transection

and/or sealing.

[0043] The device 100 includes a knob 44 operatively coupled to the shaft 12 and the end
effector 14. The knob 44 is configured to be rotated relative to the housing 10 to cause the shaft
12 and the end effector 14 to rotate about a longitudinal axis of the shaft 12.

[0044] The closure handle 20 is configured to pivot relative to and toward and away from
stationary handle 22 to move the end effector 14 between the open and closed positions. In
particular, the closure handle 20 is movable between a first position and a second position. In
the first position, which is illustrated in FIG. 1, the closure handle 20 is offset and spaced apart
from the stationary handle 22, and the jaws 16a, 16b of the end effector 14 are open. In at least
some embodiments the closure handle 20 is biased to the first position such that the end effector
14 1s biased to be open. In the second position the closure handle 20 is positioned adjacent to, or

substantially in contact with, the stationary handle 22, and the jaws 16a, 16b of the end effector
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14 are closed. Further description of embodiments of end effector opening and closing is
provided in U.S. Patent No. 10,010,309 entitled “Surgical Device With Overload Mechanism”
filed Oct. 10, 2014, which is hereby incorporated by reference in its entirety.

[0045] In at least some embodiments the device 100 includes a locking feature configured to
lock the closure handle 20 in position relative to the stationary handle 22, as will be appreciated
by a person skilled in the art. For example, the locking feature can be configured to
automatically engage when the closure handle 20 i1s moved to the second position, e.g., is
positioned adjacent to, or substantially in contact with, the stationary handle 22. For another
example, the locking feature can be configured to automatically engage at each of a plurality of
positions the closure handle 20 is pivoted through between the first and second positions, such as

via ratcheting.

[0046] The closure handle 20 can use manual or powered components. In manual embodiments
the closure handle 20 is configured to be manually moved (e.g., by a user directly or by a user
indirectly via robotic surgical control) to manually open/close the end effector 14 using various
components, e.g., gear(s), rack(s), drive screw(s), drive nut(s), etc. disposed within the housing

10 and/or shaft 12.

[0047] In powered embodiments, the closure handle 20 is configured to be manually moved
(e.g., by a user directly or by a user indirectly via robotic surgical control), thereby causing the
end effector 14 to open/close either fully electronically or electronically in addition to manual
power. In this illustrated embodiment, as shown in FIG. 2, the device 100 is powered and
includes a motor 48, a power source 52, and a processor 54, which in this illustrated embodiment
are each disposed in the housing 10. Manual movement of the closure handle 20 is configured to
cause the processor 54 to transmit a control signal to be sent to the motor 48, which is configured
to interact with various components of the device 100 to cause the jaws 16a, 16b to open/close.
The power source 52 is configured to provide on-board power to the processor 54 and the motor
48. In other embodiments, the processor 54 and/or the motor 48 can be configured to be
powered instead, or additionally, with an external power source. The device 100 can include one
or more sensors 18 to facilitate powered end effector opening and closing and/or other device

features, such as tissue cutting. Various embodiments of such sensors are further described in
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U.S. Patent No. 7,416,101 entitled “Motor-Driven Surgical Cutting And Fastening Instrument
With Loading Force Feedback” filed January 31, 2006 and U.S. Patent No. 9,675,405 entitled
“Methods And Devices For Controlling Motorized Surgical Devices” filed April 8, 2014, which

are hereby incorporated by reference in their entireties.

[0048] The surgical device 100 includes a cutting or firing actuator 24 configured to be actuated
to advance a cutting element to cut tissue grasped between the jaws 16a, 16b. While the actuator
24 can have various configurations, e.g., buttons, knobs, triggers, etc., the illustrated actuator 24
is a button configured to be depressed. The cutting actuator 24 can be in mechanical or electrical
communication with various gear(s), rack(s), drive screw(s), drive nut(s), motor(s) (e.g., the
motor 48), and/or processor(s) (e.g., the processor 54) to cause the cutting element’s movement
when the cutting actuator 24 is actuated. The cutting element is configured to transect tissue
captured between the jaws 16a, 16b and can be sized and shaped to transect or cut various
thicknesses and types of tissue. In one exemplary embodiment, as shown in FIG. 3, an I-beam
compression member 28 is configured to travel along a longitudinal axis Lc through slots formed
in each jaw 16a, 16b to pull the jaws into a parallel orientation, to compress tissue therebetween,
and to transect tissue using a cutting element on the distal end 28d thereof, such as by the distal

end 28d having a sharp cutting edge or having a knife blade mounted thereon.

[0049] The surgical device 100 includes a sealing actuator 26 configured to be actuated to cause
energy, such as radiofrequency (RF) or ultrasound energy, to be applied to tissue engaged by the
end effector 14. While the actuator 26 can have various configurations, e.g., buttons, knobs,
triggers, etc., the illustrated actuator 26 is a button configured to be depressed. In other
embodiments, instead of including a cutting actuator 24 and a sealing actuator 26, a surgical
device can include a combined cutting and sealing actuator configured to be actuated to

simultaneously cause cutting and sealing.

[0050] The device 100 includes various components configured to facilitate the delivery of
energy to tissue. These components can be disposed at various locations in the device 100, such
as in the proximal handle portion 10 and/or in one or both of the jaws 16a, 16b. Actuating the
sealing actuator 26 is configured to cause a signal to be transmitted to the processor 54, which in

response 1s configured to cause delivery of energy from a generator 52 and/or the power source

10
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50 to tissue engaged by the end effector 14. The generator 52 can be incorporated into the
handle portion 10 or, as in this illustrated embodiment as shown in FIG. 2, can be a separate unit
that is electrically connected to the surgical device 100. The generator 52 is any suitable

generator known in the art, such as an RF generator or an ultrasound generator.

[0051] The lumen 12a of the shaft 12 has disposed therein one or more electrical paths 46, e.g.,
leads, conductive members, wires, etc., configured to deliver electrical energy to the end effector
14 in response to actuation of the sealing actuator 26. The one or more electrical paths 46 are
operatively coupled to the generator 52 in this illustrated embodiment, with the generator 52
being configured to supply energy to the one or more electrical paths 46. Upon actuation of
energy delivery, energy is configured to be delivered to one or more electrodes in one or both of
the jaws 16a, 16b via the one or more electrical paths 46 for delivering electrical current to tissue
grasped therebetween to effect sealing, marking, cutting, etc. of the tissue. Further description of
embodiments of energy application by surgical devices is provided in U.S. Patent No.
10,010,366 entitled “Surgical Devices And Methods For Tissue Cutting And Sealing” filed Dec.
17, 2014, U.S. Patent No. 7,169,145 entitled “Tuned Return Electrode With Matching Inductor”
filed November 21, 2003, U.S. Patent No. 7,112,201 entitled “Electrosurgical Instrument And
Method Of Use” filed January 22, 2003, and U.S. Patent Pub. No. 2017/0135712 entitled
“Methods And Devices For Auto Return Of Articulated End Effectors” filed Nov. 17, 2015,

which are hereby incorporated by reference in their entireties.

[0052] A surgeon or other medical professional may want to apply each of bipolar energy and
monopolar energy during the course of performing a surgical procedure. Bipolar energy can be
useful for focused energy application to tissue since the energy is applied to the grasped tissue.
Monopolar energy is not as focused since the tissue may serve as the return pole and since the
energy is not being applied to tissue located between and being pressed by the end effector’s
jaws 16a, 16b. Monopolar energy is still useful, however, such as for cutting tissue that the
surgeon or other medical professional not does want to bleed, as monopolar energy is configured

to be hot enough to provide for coagulation.

[0053] The device 100 has a bipolar mode of operation (also referred to herein as a “bipolar

delivery mode”) in which energy applied to tissue engaged by the end effector 14 is energy

11
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applied by a delivery or active electrode 17b and received by a return electrode 17a. One of the
jaws 16a, 16b (the lower jaw 16b in this illustrated embodiment) includes the active electrode
17b on a tissue-facing surface thereof, and the other one of the jaws 16a, 16b (the upper jaw 16a
in this illustrated embodiment) includes the return electrode 17a on a tissue-facing surface
thereof. The return electrode 17a is electrically isolated from the active electrode 17b such that
energy can be applied to tissue grasped between the jaws 16a, 16b from the active electrode 17b
and have a return path through the return electrode 17a. The energy is thus configured to be
delivered to tissue grasped between the jaw 16a, 16b when the end effector 14 is in the closed

position.

[0054] The device 100 also has a monopolar mode of operation (also referred to herein as a
“monopolar delivery mode”) in which energy in which energy applied to tissue engaged by the
end effector 14 is energy applied by the active electrode 17b. The same electrode 17b is thus
configured to apply energy in the bipolar delivery mode and to apply energy in the monopolar
delivery mode, as discussed further below. An energy return path during monopolar energy
application can be through surrounding tissue, through the device 100 generally, through a
ground pad placed on a patient’s body, etc. The return electrode 17a, or the return path therefor,
is inactive or disabled during energy application in the monopolar delivery mode. While tissue
sealing can be accomplished in the bipolar mode of operation by applying energy to tissue
grasped by the end effector 14 (e.g., located and clamped between the jaws 16a, 16b), it can be
beneficial to apply spot energy to target tissue that is adjacent to the end effector 14 and not
grasped thereby (e.g., located outside of the jaws 16a, 16b) to allow for spot coagulation, non-
clamping sealing and/or hemostasis, marking tissue, cutting or searing tissue, etc. The device’s

monopolar mode of operation allows for this spot energy application.

[0055] FIGS. 4-7 illustrate the active electrode 17b in further detail. The active electrode 17b
includes a first portion 30 and a second portion 32. The second electrode portion 32 is in direct
contact with the first electrode portion 30 since the first and second portions 30, 32 are part of
the same electrode 17b. The first portion 30 is defined by a portion of the electrode 17b that has
a coating thereon, e.g., the electrode 17b has a coating thereon in the first portion 30 and lacks a
coating thereon in the second portion 32. The coating allows energy to pass therethrough, but

the energy deliverable through the coating, e.g., through the first electrode portion 30 in which
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the coating is located, requires more power than energy that is deliverable through the electrode
17b without coating, e.g., through the second electrode portion 32 that lacks the coating.
Examples of materials that can form the coating include polytetrafluoroethylene (PTFE). The
device 100 is thus configured to selectively allow and prevent energy to be delivered through the
first electrode portion 30 by varying the voltage provided thereto, with higher voltage, e.g., a
voltage above about 400 V or a voltage above about 500 V, allowing energy delivery
therethrough and lower voltage, e.g., a voltage below about 300 V or a voltage below about 400
V, preventing energy delivery therethrough.

[0056] The second portion 32 of the electrode 17b is located on a tissue-facing surface of the
first jaw 16b. A slot 34 extends longitudinally through the second electrode portion 32 and is
configured for the compression member 28 (or the device’s cutting element if not included on
the compression member 28) to slide therein. The return electrode 17a on a tissue-facing surface
of the second jaw 16a similarly has a slot (obscured in the figures) extending longitudinally
therealong in which the compression member 28 (or the device’s cutting element if not included

on the compression member 28) is configured to slide.

[0057] The first portion 30 of the electrode 17b is in surrounding relation along a perimeter of
the second portion 32 of the electrode 17b such that the first portion 30 is positioned laterally
outward of the second portion 32. In this illustrated embodiment the first electrode portion 30 is
U-shaped and extends continuously along substantially the entirety of the second electrode
portion’s longitudinal sides and around a distal tip thereof connecting the second electrode
portion’s longitudinal sides. A person skilled in the art will appreciate that the first electrode
portion 30 may not extend along the entirety of the second electrode portion’s longitudinal sides
but nevertheless be considered to extend substantially along the entirety of the second electrode
portion’s longitudinal sides due to any number of factors, such as manufacturing tolerances,
sensitivity of measurement equipment, etc. The first electrode portion 30 being so shaped and
located may help ensure that energy can be applied to tissue as desired by a user of the device
100 with no or minimal reorientation of the end effector 14 within a patient’s body since the first
electrode portion 30 extends substantially along an entire perimeter of the end effector 14. The
first electrode portion 30 being located around the distal tip may facilitate targeted energy

application to a relatively small area of tissue. The first electrode portion 30 being located along
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the longitudinal sides may facilitate energy application along a length of tissue to allow the entire
length to be, e.g., cut and coagulated. In other embodiments, the first electrode portion 30 can be
located only around a distal tip of the second electrode portion 32 and not along the second
electrode portion’s longitudinal sides, only along the second electrode portion’s longitudinal
sides and not around the distal tip connecting the longitudinal sides, or along only one of the
second electrode portion’s longitudinal sides and not around the distal tip connecting the

longitudinal sides.

[0058] FIGS. 8-10 illustrate an alternate embodiment of an active electrode 17b' in which a first
electrode portion 30' of the electrode 17b' is only along the longitudinal sides of a second
electrode portion 32' of the electrode 17b' and not around a distal tip connecting the longitudinal
sides. The end effector 14 and device 100 including the end effector 14 are otherwise configured
and used similar to that discussed above regarding FIGS. 1-7 and can include any number of the

alternate features described with respect to FIGS. 1-7.

[0059] Referring again to the embodiment of FIGS. 1-7, the first electrode portion 30 is
configured to be exposed along an edge of the first jaw 16b with the jaws 16a, 16b open (FIGS.
1, 2, and 4) and with the jaws 16a, 16b closed (FIGS. 5-7). In other words, the first portion 30 of
the electrode 17b overhangs the first jaw 16b. In this illustrated embodiment the first jaw 16b
has a width that is less than a combined width of the first and second electrode portions 30, 32 to
facilitate the first electrode portion’s overhang. The amount of overhang can be, for example, in
a range of about 0.010" to 0.30" on each side of the first jaw 16b. In an exemplary embodiment,
a total width of the first jaw 16b including the overhang is configured to allow the first jaw 16b
to fit through a trocar, such as a 5 mm trocar having an inner diameter in a range of about 0.220"
t0 0.230". The second jaw 16a is substantially the same size as the first jaw 16b, so the second
jaw 16a does not prevent the first electrode portion 30 from being exposed when the jaws 16a,
16b are open or when the jaws 16a, 16b are closed. The second jaw 16a thus also has a width
that is less than a combined width of the first and second electrode portions 30, 32 to facilitate
the first electrode portion’s overhang. A person skilled in the art will appreciate that the first and
second jaws 16a, 16b may not be precisely the same size but nevertheless be considered to be
substantially the same size due to any number of factors, such as manufacturing tolerances,

sensitivity of measurement equipment, etc. The exposure of the first electrode portion 30
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regardless of whether the jaws 16a, 16b are open or closed provides flexibility to a user of the
device 100 since energy can be applied to tissue via the first electrode portion 30 regardless of

whether the jaws 16a, 16b are open or closed.

[0060] The second electrode portion 32 is configured to be exposed with the jaws 16a, 16b open
and to not be exposed with the jaws 16a, 16b closed. Similarly, the return electrode 17a is
configured to be exposed with the jaws 16a, 16b open and to not be exposed with the jaws 16a,

16b closed.

[0061] The first portion 30 of the electrode 17b 1s configured to delivery energy in the
monopolar mode of operation, and the second portion 32 of the electrode 17b is configured to
deliver energy in the bipolar mode of operation. The same electrode 17b can thus be configured
to deliver, at different times, both energy for monopolar functionality and for bipolar

functionality.

[0062] The device 100 is configured to selectively operate in the bipolar delivery mode, in which
bipolar energy is applied via the second portion 32 of the electrode 17b, and the monopolar
delivery mode, in which monopolar energy is applied via the first portion 30 of the electrode

17b. The device 100 can be configured to change between the bipolar delivery mode and the

monopolar delivery mode in any of a variety of ways.

[0063] In one exemplary embodiment, the sealing actuator 26 is not a single actuator as
illustrated in FIGS. 1 and 2 but instead includes a first sealing actuator configured to be actuated
to cause bipolar energy delivery and a second sealing actuator configured to be actuated to cause
monopolar energy delivery. The one of the first and second actuators that is actuated defines

whether the device 100 is in the bipolar delivery mode or the monopolar delivery mode.

[0064] In another exemplary embodiment, the device 100 includes a mode selector, e.g., a
switch, a knob, a lever, etc., accessible at the housing 10 to a user. The mode selector is
configured to move between a first position, indicative of bipolar delivery mode selection, and a
second position, indicative of a monopolar delivery mode selection. Depending on whether the
mode selector is in the first position or the second position, actuation of the sealing actuator 26 is

configured to cause either energy delivery in the bipolar mode of operation (mode selector in the
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first position) or energy delivery in the monopolar mode of operation (mode selector in the
second position). The mode selector can be configured to provide a signal to the processor 54
indicative of the mode selector’s position, or the sensor 18 of the device 100 can configured to
sense whether the mode selector is in the first position or second position and provide a signal to
the processor 54 indicative of the mode selector’s position. The processor 54 is configured to
direct energy, e.g., from the generator 52, to the active one of the current path for the device’s
bipolar energy circuit (bipolar delivery mode) and the current path for the device’s monopolar
energy circuit (monopolar delivery mode). For monopolar delivery mode the processor 54 is
also configured to disable or otherwise inactivate the return electrode 17a or the return

electrode’s return path.

[0065] Embodiments of changing between monopolar and bipolar delivery modes of a surgical
device are further described in U.S. Patent App. No. 16/375,338 entitled “Surgical Devices
Switchable Between Monopolar Functionality And Bipolar Functionality” filed on April 4, 2019,

which is incorporated by reference in its entirety.

[0066] In the illustrated embodiment of FIGS. 1-7 the second portion 32 of the electrode 17b is
configured to deliver energy in the monopolar mode of operation in addition to the first portion
30 of the electrode 17b being configured to deliver energy in the monopolar mode of operation
because the first and second electrode portions 30, 32 are not electrically isolated from one
another. In other words, the entire electrode 17b is configured to deliver energy in the
monopolar delivery mode, and the second electrode portion 32 but not the first electrode portion
30 is configured to deliver energy in the bipolar mode of operation. Because energy can be
desirable to apply to tissue in the monopolar delivery mode when the jaws 16a, 16b are open
and/or when no tissue is grasped by the jaws 16a, 16b, the second electrode portion 32 delivering
monopolar energy may result in tissue not intended to receive energy delivery nevertheless
receiving energy because of the relatively large surface area of the electrode 17b as compared to

the first portion 30 of the electrode 17b.

[0067] In at least some embodiments the active electrode 17b can be configured to be inactive or
disabled when the jaws 16a, 16b are open. In this way, energy, whether monopolar or bipolar,

cannot be delivered when the jaws 16a, 16b are open. Energy delivery to unintended tissue may
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thus be less likely. The active electrode 17b can be configured to be inactive or disabled when

the jaws 16a, 16b are open in any of a variety of ways.

[0068] In one embodiment, the sensor 18 can be configured to sense when the jaws 16a, 16b are
open and to provide a signal to the processor 54 indicative of the jaws’ open/closed position.

The processor 54 can be configured to disable or otherwise inactivate the electrode 17b when,
based on the sensed information, the jaws 16a, 16b are open. The sensor 18 can be configured to
sense the open/closed position of the jaws 16a, 16b in any of a variety of ways, such as by
sensing a position of the closure handle 20 relative to the stationary handle 22, sensing whether a
locking feature configured to lock the closure handle 20 in position relative to the stationary
handle 22 is locked or unlocked, sensing a position of a closure tube or other mechanism

configured to move to cause jaw opening/closing, etc.

[0069] In another embodiment, the device 100 can include a switch configured to be engaged
with the jaws 16a, 16b closed and to be disengaged with the jaws 16a, 16b open. The switch is
included in the one or more electrical paths 46 configured to deliver energy in the monopolar
delivery mode and energy in the bipolar delivery mode to the end effector 14. Thus, when the
switch is disengaged, the energy cannot be provided to the end effector 14, effectively disabling
the electrode 17b.

[0070] The electrode 17b being a singular element usable for both the monopolar delivery mode
and the bipolar delivery mode may simplify and/or reduce costs of manufacturing the electrode
17b and/or the device 100. In other embodiments the electrode 17b can be two electrodes
instead of one, with one electrode being configured to deliver energy in the bipolar delivery
mode but not energy in the monopolar delivery mode and the other electrode being configured to
deliver energy in the monopolar delivery mode but not energy in the bipolar delivery mode.
Providing two electrodes may complicate and/or increase costs of manufacturing, but the two
electrodes can be electrically isolated from one another to facilitate more targeted delivery of

energy in the monopolar delivery mode.

[0071] FIGS. 11-13 illustrate one embodiment of an alternate electrode configuration for the end
effector 14 of FIGS. 1 and 2. The return electrode 17a is similarly present on the second jaw

16a. However, instead of having the single electrode 17b on the first jaw 16a, the electrode of
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the first jaw 16a includes a first portion defined by a first, monopolar electrode 36 and a second
portion defined by a second, bipolar electrode 38. The end effector 14 and device 100 including
the end effector 14 are otherwise configured and used similar to that discussed above regarding
FIGS. 1-7 and can include any number of the alternate features described with respect to FIGS.
1-7, e.g., include a mode selector, include two sealing actuators, include a locking feature, be
configured to disable energy delivery in the bipolar mode of operation (and in at least some
embodiments also energy delivery in the monopolar mode of operation) when the jaws 16a, 16b

are open, etc.

[0072] The first electrode 36 is in surrounding relation around the second electrode 38 similar to
that discussed above regarding the first and second portions 30, 32 of the electrode 17b, but in
this illustrated embodiment an insulator 40 is disposed or sandwiched between the first and
second electrodes 36, 38. The insulator 40 is in surrounding relation along a perimeter of the
second electrode 38, e.g., is substantially U-shaped similar to the first electrode 36, and is thus

configured to electrically isolate the first and second electrodes 36, 38 from one another.

[0073] FIG. 14 illustrates another embodiment an electrode configuration that includes a first
portion defined by a first, monopolar electrode 41 and a second portion defined by a second,
bipolar electrode 42. The embodiment of FIG. 14 is similar to the embodiment of FIGS. 11-13
except that an insulator 43 disposed or sandwiched between the first and second electrodes 41,
42 1s not in surrounding relation along a perimeter of the second electrode 42. The monopolar
electrode 41 thus has an inner surface that is in a plane P1 offset from a plane P2 of an inner
surface of the bipolar electrode 42. In contrast, in the embodiment of FIGS. 11-13, the
monopolar electrode 36 has an inner surface in the same plane P3 as an inner surface of the
bipolar electrode 38. The inner surface of the monopolar electrode 36 of FIGS. 11-13 includes a
step on either lateral side thereof to allow for the inner surfaces of the electrodes 36, 38 to be in

the same plane P3.

[0074] The monopolar electrode in the embodiment of FIGS. 1-7 (the first portion 30 of the
electrode 17b), the embodiment of FIGS. 8-10 (the first portion 30' of the electrode 17b'), the
embodiment of FIGS. 11-13 (the monopolar electrode 36), and the embodiment of FIG. 14 (the

monopolar electrode 41) extends along both longitudinal sides of the second electrode portion
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and extends laterally outward from each of the first jaw’s longitudinal sides. FIGS. 15-17
illustrate one embodiment similar to the embodiment of FIGS. 8-10 except that a first,
monopolar portion 51 of an active electrode 53 extends along only one longitudinal side of a
second, bipolar portion 55 of the active electrode 53 and laterally outward from only one

longitudinal side of the first jaw 16b.

[0075] FIGS. 18 and 19 illustrate another embodiment similar to the embodiment of FIGS. 15-17
in which a first, monopolar portion 57 of an active electrode 59 extends along only one
longitudinal side of a second, bipolar portion 61 of the active electrode 59 and laterally outward
from only one longitudinal side of the first jaw 16b. However, in the embodiment of FIGS. 18
and 19 the monopolar potion 57 also extends around the distal tip of the bipolar portion 61.
Additionally, as best shown in FIG. 19 tissue-contacting surfaces of each of the jaws 16a, 16b,
e.g., tissue-contacting surfaces of the return electrode 17a and the bipolar portion 61, are curved
in this illustrated embodiment instead being substantially planar as in the embodiments of FIGS.
1-17. Any of the embodiments of jaws described herein can have curved or substantially planar
tissue-contacting surfaces, with jaws of the same surgical device either each being curved or

each being substantially planar.

[0076] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference in their

entirety.
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What 1s claimed is:

1. An electrosurgical device, comprising:

a housing;

an elongate shaft extending from the housing;

an end effector coupled to a distal end of the elongate shaft, the end effector including
first and second jaws, at least one of the first and second jaws being pivotable relative to the
other to move the end effector between an open position and a closed position; and

first and second electrode portions on the first jaw, the first electrode portion being in
surrounding relation along a perimeter of the second electrode portion such that the first
electrode portion is positioned laterally outward of the second electrode portion, the first
electrode portion being configured to be exposed along an edge of the first jaw with the end
effector in the closed position and with the end effector in the open position;

wherein in a bipolar mode of operation the second electrode portion is configured to
deliver energy to tissue engaged by the end effector, and the first electrode portion is disabled
from delivering energy to tissue engaged by the end effector; and

wherein in a monopolar mode of operation the first electrode portion is configured to

deliver energy to tissue.

2. The device of claim 1, wherein in the monopolar mode of operation the second electrode
portion is one of disabled from delivering energy to tissue and enabled to deliver energy to

tissue.

3. The device of claim 1, wherein the second jaw has a width that is less than a combined

width of the first and second electrode portions.

4. The device of claim 1, wherein a single electrode includes the first and second electrode
portions with the first electrode portion in surrounding relation along the perimeter of the second

electrode portion, which is in direct contact with the first electrode portion.

S. The device of claim 1, further comprising a return electrode on the second jaw, the return

electrode being configured for energy return in the bipolar mode of operation.

6. The device of claim 1, wherein the first electrode portion is in surrounding relation along
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the perimeter of the second electrode portion only along a distal tip of the first jaw and along a

single lateral edge of the first jaw.

7. The device of claim 1, wherein the first electrode portion is in surrounding relation along

the perimeter of the second electrode portion only along a single lateral edge of the first jaw.

8. The device of claim 1, further comprising a sensor configured to sense when the end
effector is in the closed position; and
an actuator configured to be actuated to cause energy delivery in the bipolar mode of

operation only with the end effector in the closed position as sensed by the sensor.

9. The device of claim 8, wherein the monopolar mode of operation is only possible with

the end effector in the open position.

10. The device of claim 9, further comprising a second actuator configured to be actuated to

cause energy delivery in the monopolar mode of operation.

11. The device of claim 1, wherein a first electrode includes the first electrode portion;
a second, different electrode includes the second electrode portion; and
the device further comprises an insulator in surrounding relation along the perimeter of

the second electrode so as to be sandwiched between the first and second electrodes.

12. The device of claim 1, wherein the first electrode portion is in surrounding relation along
the perimeter of the second electrode portion along a distal tip of the first jaw and along two

lateral edges of the first jaw.

13. The device of claim 12, wherein the monopolar mode of operation is possible with the

end effector in the open position and in the closed position.

14. The device of claim 1, wherein a single electrode includes the first and second electrode
portions; and

the first electrode portion, but not the second electrode portion, has a coating thereon.

15. An electrosurgical device, comprising:

a housing;
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an elongate shaft extending from the housing; and

an end effector coupled to a distal end of the elongate shaft, the end effector including
first and second jaws, at least one of the first and second jaws being pivotable relative to the
other to move the end effector between an open position and a closed position;

wherein an electrode on the first jaw extends laterally outward from an outer edge of the
first jaw such that with the end effector in the closed position the electrode is exposed, thereby
allowing the electrode to contact tissue with the end effector in the closed position and without
any tissue being engaged between the first and second jaws; and

wherein the electrode is configured to deliver energy to tissue with the end effector in the

open position and with the end effector in the closed position.

16. The device of claim 15, wherein the electrode is a single electrode;

a first portion of the electrode extends laterally outward from the outer edge of the first
jaw and is in surrounding relation along a perimeter of a second portion of the electrode such that
the first portion of the electrode is positioned laterally outward of the second portion of the
electrode;

in a bipolar mode of operation the second portion of the electrode is configured to deliver
energy to tissue and the first portion of the electrode is disabled from delivering energy to tissue;
and

in a monopolar mode of operation the first portion of the electrode is configured to

deliver energy to tissue.

17. The device of claim 15, further comprising a second, different electrode on the first jaw,
the electrode being in surrounding relation along a perimeter of the second electrode such that
the electrode is positioned laterally outward of the second electrode;

wherein in a bipolar mode of operation the second electrode is configured to deliver
energy to tissue and the electrode is disabled from delivering energy to tissue;

wherein in a monopolar mode of operation the first electrode is configured to deliver
energy to tissue and the second electrode is disabled from delivering energy to tissue; and

wherein the device further comprises a return electrode on the second jaw, the return

electrode being configured for energy return in the bipolar mode of operation.
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18. The device of claim 17, further comprising a sensor configured to sense when the end
effector is in the closed position; and
an actuator configured to be actuated to cause energy delivery in the bipolar mode of

operation only with the end effector in the closed position as sensed by the sensor.

19. The device of claim 17, wherein the monopolar mode of operation is possible with the

end effector in the open position and in the closed position.

20. A surgical method, comprising:

positioning an end effector of a surgical device in contact with tissue, the end effector
being coupled to a distal end of an elongate shaft of the surgical device, the end effector
including first and second jaws, first and second electrode portions being on the first jaw with the
first electrode portion being in surrounding relation along a perimeter of the second electrode
portion such that the first electrode portion is positioned laterally outward of the second electrode
portion;

activating the surgical device in a bipolar mode of operation such that the second
electrode portion, but not the first electrode portion, delivers energy to the tissue; and

activating the surgical device in a monopolar mode of operation such that the first

electrode portion delivers energy to the tissue.
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