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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing
date of provisional U.S. Patent Application No.
62/722,679 filed, August 24, 2018.

FIELD

[0002] The present disclosure relates to laparoscopic
electrosurgical instruments and, more particularly, to an
electrosurgical electrode for treating and/or dissecting
tissue.

BACKGROUND

[0003] Current laparoscopic electrosurgical (e.g., RF)
electrodes are configured to provide optimal coagulation
performance and mechanical tissue dissection at the ex-
pense of the devices ability to transect tissue using elec-
trosurgical "CUT" waveforms. This is intentional as many
surgeons need much more coagulation capabilities, but
during procedures, it can be observed that the surgeon
will tug on tissue in order to transect the tissue plane.
When the tissue divides the active electrode then moves
out of the field of view so the surgeon then needs to get
the electrode end back in to the view of the camera.

SUMMARY

[0004] The present disclosure provides a feature for
laparoscopic electrodes that includes a surface in a lo-
cation where RF concentration can be used to improve
the tissue transection ability of the device at much re-
duced power using the CUT or modified CUT waveform
while not negatively impacting the coagulation abilities
of the device. This will allow surgeons to use less errant
motion during dissection, have clean tissue plane
transection through a variety of tissue impedances, and
minimize thermal spread and tissue charring but not
change the typical coagulation usage. Using RF concen-
tration in a place of the electrode that is not typically used
for coagulation, the laparoscopic electrode then will ef-
fectively do both cutting and coagulation.

[0005] Inaccordance with an aspect of the present dis-
closure, an electrosurgical electrode is provided for co-
agulating and cutting tissue. The electrosurgical elec-
trode includes a main body fabricated from a conductive
material, and a blade. The main body includes a distal
end portion, which has an inner surface, and a curved
outer surface configured to coagulate tissue. The blade
extends from the inner surface of the distal end portion
and has an edge configured to concentrate RF for cutting
tissue.

[0006] In aspects, the blade may extend inwardly from
the inner surface of the distal end portion.

[0007] In aspects, the blade may have a pair of oppo-
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site side surfaces converging toward the edge.

[0008] In aspects, the pair of opposite side surfaces
may be coated with a non-conductive material.

[0009] In aspects, the edge may be devoid of the non-
conductive material.

[0010] In aspects, the inner and outer surfaces of the
distal end portion may be coated with the non-conductive
material.

[0011] In aspects, the coating of the non-conductive
material on the pair of opposite side surfaces may be
thicker than the coating of the non-conductive material
on at least one of the inner or outer surfaces of the distal
end portion.

[0012] In aspects, the blade and the main body may
be coextruded.

[0013] In aspects, the main body may be flat and have
a curved distal peripheral edge. The inner surface of the
distal end portion may be concave and the outer surface
of the distal end portion may be convex.

[0014] In aspects, the main body may include a long
leg and a short leg extending perpendicularly from the
long leg. The blade may extend inwardly from at least
one of the long leg or the short leg.

[0015] In accordance with another aspect of the
present disclosure, an electrosurgical electrode for co-
agulating and cutting tissue is provided and includes a
main body fabricated from a conductive material and a
conductive blade. The main body includes a linear seg-
ment and a arcuate segment extending from the linear
segment, an inner surface, and an outer surface config-
ured to coagulate tissue. The conductive blade extends
from the inner surface of the main body. The conductive
blade has a sharp edge configured to concentrate RF for
cutting tissue.

[0016] In aspects, the conductive blade may project
from the inner surface of the main body.

[0017] In aspects, the conductive blade may have a
pair of opposite side surfaces converging toward the
edge.

[0018] In aspects, the pair of opposite side surfaces

may be coated with a non-conductive material.

[0019] In aspects, the edge may be devoid of the non-
conductive material.

[0020] In aspects, the inner and outer surfaces of the
main body may be coated with the non-conductive ma-
terial.

[0021] In aspects, the coating of the non-conductive
material on the pair of opposite side surfaces may be
thicker than the coating of the non-conductive material
on at least one of the inner or outer surfaces of the main
body.

[0022] In aspects, the main body may be flat and have
a curved distal peripheral edge. The inner surface of the
main body may be concave and the outer surface of the
main body may be convex.

[0023] In aspects, the main body may include a short
leg extending perpendicularly from the linear segment.
The arcuate segment may interconnect the linear seg-
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ment and the short leg.

[0024] In aspects, the conductive blade may extend
inwardly from at least one of the linear segment, the ar-
cuate segment, or the short leg.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Various aspects and features of the present dis-
closure are described hereinbelow with reference to the
drawings wherein like numerals designate identical or
corresponding elements in each of the several views:

FIG. 1 is a partial perspective view illustrating an
electrosurgical electrode in accordance with an em-
bodiment of the present disclosure;

FIG. 2 is an enlarged view of a distal end portion of
the electrosurgical electrode of FIG. 1;

FIG. 3 is a partial perspective view illustrating an
electrosurgical electrode in accordance with another
embodiment of the present disclosure;

FIG. 4 is a partial perspective view illustrating an
electrosurgical electrode in accordance with another
embodiment of the present disclosure; and

FIG. 5 is a partial perspective view illustrating an
electrosurgical electrode in accordance with another
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0026] In an embodiment of the present disclosure, an
RF concentration feature is electrically connected to the
electrode but located on a surface not used for coagula-
tion. The RF concentration feature may be metal and
formed by a metal extrusion technique (e.g., co-extruded
with the electrode) or any other suitable metal forming
techniques such as, but not limited to, metal injection
forming or metal 3D printing. The entire electrode may
be coated with a non-stick coating to a particular thick-
ness to maintain RF performance. However, along the
sides of the RF concentration feature, the non-stick coat-
ing and/or a more isolative coating may be be applied to
provide a non-conductive surface. Features to this sur-
face may also enable increased adherence or cohesion
of the non-conductive coating such as surface treatment,
convex features, or other designs to increase surface
tension for the coating. A very small radius will be left
exposed. This will end up concentrating RF energy on a
thinisolated edge (e.g., radius of about 0.40 mm or less).
[0027] RF concentration produces minimal thermal
damage with superior cutting ability at very low power
levels. The limit of concentrating the RF on a thin edge
is thatthe electrode no longer provides adequate hemos-
tasis/coagulation power. These edges are located on sur-
faces that are not useful for general purpose RF appli-
cation where coagulation is needed. During dissection
procedures, the surgeon can often be seen tugging the
tissue to get it the tissue to separate. The present disclo-
sure provides for adding an RF concentration feature
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where edges are placed for enhancing the cutting ability
of the laparoscopic electrode while not inhibiting the co-
agulation abilities of the electrode.

[0028] For example, in an embodiment of the present
disclosure, an RF concentration feature is included on
the internal edge of the hook where most of the hooking
action on the device occurs. This additional feature would
allow the surgeon to hook the tissue but, instead of tug-
ging to achieve tissue separation, a small low power
pulse of RF "CUT" or modified "CUT" mode activation
would easily cut the tissue at the exposed edge of the
feature. By doing so, the electrode now stays within the
limited site of view of the laparoscopic camera as tugging
often displaces the hook from the field of view. This also
reduces trying to use a coagulation waveform to transect
tissue which may cause unnecessary charring to the tis-
sue and does not provide for as clean of a tissue transec-
tion as "CUT" mode does. Additionally, the RF concen-
tration feature allows for the power level used for "CUT"
mode to be reduced since the exposed edge of the fea-
ture focuses the RF energy for transecting.

[0029] An RF concentration feature can be added in a
variety of locations without impacting the typical coagu-
lation surfaces of the electrodes. For example, with a
laparoscopic wire L-shaped hook electrode 10 (FIGS.
1-4) or a laparoscopic spatula electrode 100 (FIG. 5), the
feature could be added to any suitable location (e.g., low-
er edge, upper edge, back edge, front edge, interior cur-
vature, exterior curvature, etc.) on the electrode, as will
be described in further detail below.

[0030] The presentdisclosure provides for an electro-
surgical electrode having improved tissue transection
performance without altering other key surfaces used for
blunt dissection and hemostasis. Typically, the user
drags the surfaces at the tip of the L-hook, or the edge
of the spatula for blunt dissection. When the user desires
hemostasis, the broader flat surfaces of the electrode are
RF activated and placed in contact with the bleeding sur-
face.

[0031] One dissection method uses the RF energy
while tugging the tissue in the hook or across the broad
curve surface of the spatula to transect the tissue. When
doing this, the tissue doesn’talways cleanly divide and/or
unpredictable divides in the tissue may cause the elec-
trode to touch adjacent tissue resulting in unintentional
burns to the tissue surface. The surgeon may be unaware
of the above-noted incident since the electrode may be
out of the line of site of the surgeon.

[0032] In addition to the small RF active edge internal
to the L-hook electrode or along the passive surface of
the spatula electrode, additional functionality may now
be added to the specific surfaces used more commonly
for either dissection or hemostasis. The broad flat sur-
faces used for hemostasis can now have a thicker non-
stick coating that enables them to have less eschar build-
up and to be electrically active only when using specific
coagulation waveforms (surface etching patterns or per-
forations on the coating can further enable this). Currently
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these surfaces are always RF hot when any surface of
the electrode is being used. These surfaces are often not
in the direct line of site of the surgeon, so it can cause
inadvertent burns to tissue if accidentally resting up
against tissue. The embodiments of the present disclo-
sure would make the activation of the broader surface
an intentional action. This can also be applied to monop-
olar scissors where all surfaces of the both blades are
RF hot during activation. If the coatings were specifically
designed so that the convex surface and bottom edges
of the scissors were RF inert or RF active only on special
coagulation modes, then inadvertent application of en-
ergy to tissue adjacent to the scissors could be mitigated
without cumbersome solutions (like a silicon boot).
[0033] The presentdisclosure also provides for surfac-
es used only for blunt dissection to be designed to either
allow greater RF current concentration for faster blunt
dissection, or coated in such a manner as to not allow
any RF to pass through the coated portion of the elec-
trode. To further enhance the performance of those sur-
faces used only for blunt dissection, coatings and shapes
may be added to enable dissection or hemostasis to be
enhanced. Also, RF activation can then be controlled by
specific surface design of the electrode.

[0034] With reference to FIGS. 1 and 2, an exemplary
embodiment of an electrosurgical electrode 10 for coag-
ulating and cutting tissue is illustrated. The electrode 10
includes a main body 12 and a conductive blade 14 at-
tached to the main body 12. The main body 12 has a
proximal end portion 12a configured to be coupled at its
proximal end to a handle assembly (not explicitly shown)
of a hand-held electrosurgical instrument, such as, for
example, the handle assembly shown an described in
U.S. Patent Application Publication No. 2011/0219887,
filed on June 23, 2010, the entire contents of which being
incorporated by reference herein. The main body 12 is
fabricated from a conductive material (e.g., steel, alumi-
num, copper, etc.) and includes a distal end portion 12b
for coagulating and cutting tissue. The main body 12 is
in electrical communication with an energy source, such
as, for example, an RF energy source (not shown) for
delivering a selected amount of RF energy to the main
body 12.

[0035] The distal end portion 12b of the main body 12
has a long leg, such as, for example, a linear segment
16, a short leg 18, and a curved segment 20 intercon-
necting the long and short legs 16, 18. It is contemplated
thatthe distal end portion 12b assumes an L-shaped con-
figuration. However, other shapes and configurations for
the distal end portion 12b are contemplated. The distal
end portion 12b of the main body 12 has an inner surface
22, and an outer surface 24 disposed on an opposite side
of the main body 12. The outer surface 24 is configured
to coagulate tissue upon contact.

[0036] The conductive blade 14 extends or projects
inwardly (e.g., in a direction away from the outer surface
24) from the inner surface 22 of the distal end portion
12b. The conductive blade 14 extends longitudinally
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along a longitudinal axis defined by the long leg 16. As
shown in FIGS. 1 and 2, the conductive blade 14 extends
along a distal section of the long leg 16, over the curved
segment 20, and terminates before the short leg 18. In
aspects, the conductive blade 14 may extend along any
portion of the inner surface 22 of the main body 12. For
example, with brief reference to FIG. 3, the conductive
blade 14 may extend along an entire length of the long
segment 16. As another example, with brief reference to
FIG. 4, the conductive blade 14 may only extend along
the length of the short leg 18.

[0037] With continued reference to FIGS. 1 and 2, the
blade 14 has a pair of opposite side surfaces 14a, 14b
converging in an edge 14c configured to concentrate RF
for cutting tissue. In aspects, blade 14 may assume a
triangular transverse cross-sectional configuration. The
side surfaces 14a, 14b are coated with a non-stick and
non-conductive material 28, such as, for example, poly-
tetrafluoroethene. The edge 14c may be sharpened to
facilitate cutting of tissue. In aspects, the edge 14c may
be rounded or otherwise blunt. In aspects, the edge 14c
may be devoid of the coating, such that the edge 14c
functions as an exposed conductive and sharpened sur-
face for concentrating RF energy. In aspects, the side
surfaces 14a, 14b may have a thicker coating of the non-
stick and non-conductive material than the outer surface
24 of the main body 12 or have a more insulative coating
than the outer surface 24.

[0038] With reference to FIG. 5, another embodiment
of an electrosurgical electrode 100 is illustrated, similar
to the electrosurgical electrode 10. The electrosurgical
electrode 100 includes a main body 112 and a blade 116
attached to the main body 112. The main body 112 is flat
with an elongated oval configuration. The main body 112
has a curved distal end portion 115 defining a curved
distal peripheral edge 118. The curved distal end portion
115 of the main body 112 has a concave inner surface
122 and a convex outer surface 124. The blade 116
projects inwardly from the concave inner surface 122.
[0039] The various embodiments disclosed herein
may also be configured to work with robotic surgical sys-
tems and what is commonly referred to as "Telesurgery."
Specifically, these features could be included on the ’end
effectors’ designed to interact laparoscopically with the
tissue at the surgical site. Such robotic systems employ
various robotic elements to assist the surgeon and allow
remote operation (or partial remote operation) of surgical
instrumentation. Various robotic arms, gears, cams, pul-
leys, electric and mechanical motors, etc. may be em-
ployed for this purpose and may be designed with a ro-
botic surgical system to assist the surgeon during the
course of an operation or treatment. Such robotic sys-
tems may include remotely steerable systems, automat-
ically flexible surgical systems, remotely flexible surgical
systems, remotely articulating surgical systems, wireless
surgical systems, modular or selectively configurable re-
motely operated surgical systems, etc.

[0040] The robotic surgical systems may be employed
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with one or more consoles that are next to the operating
theater or located in a remote location. In this instance,
one team of surgeons or nurses may prep the patient for
surgery and configure the robotic surgical system with
one or more of the instruments disclosed herein while
another surgeon (or group of surgeons) remotely controls
the instruments via the robotic surgical system. As can
be appreciated, a highly skilled surgeon may perform
multiple operations in multiple locations without leaving
his/her remote console which can be both economically
advantageous and a benefit to the patient or a series of
patients.

[0041] The robotic arms of the surgical system are typ-
ically coupled to a pair of master handles by a controller.
The handles can be moved by the surgeon to produce a
corresponding movement of the working ends of any type
of surgical instrument (e.g., end effectors, graspers,
knifes, scissors, etc.) which may complement the use of
one or more of the embodiments described herein. The
movement of the master handles may be scaled so that
the working ends have a corresponding movement that
is different, smaller or larger, than the movement per-
formed by the operating hands of the surgeon. The scale
factor or gearing ratio may be adjustable so that the op-
erator can control the resolution of the working ends of
the surgical instrument(s).

[0042] The master handles may include various sen-
sors to provide feedback to the surgeon relating to vari-
ous tissue parameters or conditions, e.g., tissue resist-
ance due to manipulation, cutting or otherwise treating,
pressure by the instrument onto the tissue, tissue tem-
perature, tissue impedance, etc. As can be appreciated,
such sensors provide the surgeon with enhanced tactile
feedback simulating actual operating conditions. The
master handles may also include a variety of different
actuators for delicate tissue manipulation or treatment
further enhancing the surgeon’s ability to mimic actual
operating conditions. As noted above, the RF concentra-
tion feature allows for the power level used for "CUT"
mode to be reduced. By reducing the power level, the
RF concentration feature may be beneficial to the added
precision provided by a robotic system.

[0043] From the foregoing and with reference to the
various figure drawings, those skilled in the art will ap-
preciate that certain modifications can also be made to
the present disclosure without departing from the scope
of the same. While several embodiments of the disclo-
sure have been shown in the drawings, it is not intended
that the disclosure be limited thereto, as it is intended
that the disclosure be as broad in scope as the art will
allow and that the specification be read likewise. There-
fore, the above description should not be construed as
limiting, but merely as exemplifications of particular em-
bodiments. Those skilled in the art will envision other
modifications within the scope and spirit of the claims
appended hereto.

[0044] The invention may be described by reference
to the following numbered paragraphs: -
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1. An electrosurgical electrode for coagulating and
cutting tissue, the electrosurgical electrode compris-

ing:

a main body fabricated from a conductive ma-
terial, the main body including a distal end por-
tion, the distal end portion having an inner sur-
face, and a curved outer surface configured to
coagulate tissue; and

a blade extending from the inner surface of the
distal end portion, wherein the blade has an
edge configured to concentrate RF for cutting
tissue.

2. The electrosurgical electrode according to para-
graph 1, wherein the blade extends inwardly from
the inner surface of the distal end portion.

3. The electrosurgical electrode according to para-
graph 1, wherein the blade has a pair of opposite
side surfaces converging toward the edge.

4. The electrosurgical electrode according to para-
graph 3, wherein the pair of opposite side surfaces
are coated with a non-conductive material.

5. The electrosurgical electrode according to para-
graph 4, wherein the edge is devoid of the non-con-
ductive material.

6. The electrosurgical electrode according to para-
graph 5, wherein the inner and outer surfaces of the
distal end portion are coated with the non-conductive
material.

7. The electrosurgical electrode according to para-
graph 6, wherein the coating of the non-conductive
material on the pair of opposite side surfaces is thick-
er than the coating of the non-conductive material
on at least one of the inner or outer surfaces of the
distal end portion.

8. The electrosurgical electrode according to para-
graph 1, wherein the blade and the main body are
coextruded.

9. The electrosurgical electrode according to para-
graph 1, wherein the main body is flat and has a
curved distal peripheral edge, the inner surface of
the distal end portion being concave and the outer
surface of the distal end portion being convex.

10. The electrosurgical electrode according to par-
agraph 1, wherein the main body includes:

a long leg; and
a short leg extending perpendicularly from the
long leg, the blade extending inwardly from at
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least one of the long leg or the short leg.

11. An electrosurgical electrode for coagulating and
cutting tissue, the electrosurgical electrode compris-

ing:

a main body fabricated from a conductive ma-
terial and including a linear segment and an ar-
cuate segment extending from the linear seg-
ment, the main body having an inner surface,
and an outer surface configured to coagulate
tissue; and

aconductive blade extending from the inner sur-
face of the main body, wherein the conductive
blade has a sharp edge configured to concen-
trate RF for cutting tissue.

12. The electrosurgical electrode according to par-
agraph 11, wherein the conductive blade projects
from the inner surface of the main body.

13. The electrosurgical electrode according to par-
agraph 11, wherein the conductive blade has a pair
of opposite side surfaces converging toward the
edge.

14. The electrosurgical electrode according to par-
agraph 13, wherein the pair of opposite side surfaces
are coated with a non-conductive material.

15. The electrosurgical electrode according to par-
agraph 14, wherein the edge is devoid of the non-
conductive material.

16. The electrosurgical electrode according to par-
agraph 15, wherein the inner and outer surfaces of
the main body are coated with the non-conductive
material.

17. The electrosurgical electrode according to par-
agraph 16, wherein the coating of the non-conduc-
tive material on the pair of opposite side surfaces is
thicker than the coating of the non-conductive ma-
terial on at least one of the inner or outer surfaces
of the main body.

18. The electrosurgical electrode according to par-
agraph 11, wherein the main body is flat and has a
curved distal peripheral edge, the inner surface of
the main body being concave and the outer surface
of the main body being convex.

19. The electrosurgical electrode according to par-
agraph 11, wherein the main body includes a short
leg extending perpendicularly from the linear seg-
ment, the arcuate segmentinterconnecting the linear
segment and the short leg.
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20. The electrosurgical electrode according to par-
agraph 19, wherein the conductive blade extends
inwardly from at least one of the linear segment, the
arcuate segment, or the short leg.

Claims

An electrosurgical electrode for coagulating and cut-
ting tissue, the electrosurgical electrode comprising:

a main body fabricated from a conductive ma-
terial, the main body including a distal end por-
tion, the distal end portion having an inner sur-
face, and a curved outer surface configured to
coagulate tissue; and

a blade extending from the inner surface of the
distal end portion, wherein the blade has an
edge configured to concentrate RF for cutting
tissue.

The electrosurgical electrode according to claim 1,
wherein the blade extends inwardly from the inner
surface of the distal end portion.

The electrosurgical electrode according to claim 1
or 2, wherein the blade has a pair of opposite side
surfaces converging toward the edge.

The electrosurgical electrode according to claim 3,
wherein the pair of opposite side surfaces are coated
with a non-conductive material.

The electrosurgical electrode according to claim 4,
wherein the edge is devoid of the non-conductive
material, preferably wherein the inner and outer sur-
faces of the distal end portion are coated with the
non-conductive material.

The electrosurgical electrode according to claim 5,
wherein the coating of the non-conductive material
on the pair of opposite side surfaces is thicker than
the coating of the non-conductive material on at least
one of the inner or outer surfaces of the distal end
portion.

The electrosurgical electrode according to any pre-
ceding claim, wherein the blade and the main body
are coextruded.

The electrosurgical electrode according to any pre-
ceding claim, wherein the main body is flat and has
a curved distal peripheral edge, the inner surface of
the distal end portion being concave and the outer
surface of the distal end portion being convex.

The electrosurgical electrode according to any pre-
ceding claim, wherein the main body includes:
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along leg; and

a short leg extending perpendicularly from the
long leg, the blade extending inwardly from at
least one of the long leg or the short leg.

An electrosurgical electrode for coagulating and cut-
ting tissue, the electrosurgical electrode comprising:

a main body fabricated from a conductive ma-
terial and including a linear segment and an ar-
cuate segment extending from the linear seg-
ment, the main body having an inner surface,
and an outer surface configured to coagulate
tissue; and

aconductive blade extending from the inner sur-
face of the main body, wherein the conductive
blade has a sharp edge configured to concen-
trate RF for cutting tissue.

The electrosurgical electrode according to claim 10,
wherein the conductive blade projects from the inner
surface of the main body.

The electrosurgical electrode according to claim 10
or 11, wherein the conductive blade has a pair of
opposite side surfaces converging toward the edge,
preferably wherein the pair of opposite side surfaces
are coated with a non-conductive material, prefera-
bly wherein the edge is devoid of the non-conductive
material.

The electrosurgical electrode according to claim 12,
wherein the inner and outer surfaces of the main
body are coated with the non-conductive material,
preferably wherein the coating of the non-conductive
material on the pair of opposite side surfaces is thick-
er than the coating of the non-conductive material
on at least one of the inner or outer surfaces of the
main body.

The electrosurgical electrode according to any one
of claims 10 to 13, wherein the main body is flat and
has a curved distal peripheral edge, the inner surface
of the main body being concave and the outer sur-
face of the main body being convex.

The electrosurgical electrode according to any one
of claims 10 to 14, wherein the main body includes
a short leg extending perpendicularly from the linear
segment, the arcuate segment interconnecting the
linear segment and the short leg preferably wherein
the conductive blade extends inwardly from at least
one of the linear segment, the arcuate segment, or
the short leg.
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