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Description

BACKGROUND

Technical Field

[0001] The following disclosure relates to an appara-
tus, for performing an electrosurgical procedure and,
more particularly, to local optimization of electrode cur-
rent densities utilizing electrode geometries.

Description of Related Art

[0002] It is well known in the art that electrosurgical
generators are employed by surgeons in conjunction with
electrosurgical instruments to perform a variety of elec-
trosurgical surgical procedures (e.g., tonsillectomy, ad-
enoidectomy, etc.). An electrosurgical generator gener-
ates and modulates electrosurgical energy which, in turn,
is applied to the tissue by an electrosurgical instrument.
Electrosurgical instruments may be either monopolar or
bipolar and may be configured for open or endoscopic
procedures.
[0003] Electrosurgical instruments may be implement-
ed to ablate, seal, cauterize, coagulate, and/or desiccate
tissue and, if needed, cut and/or section tissue. Typically,
cutting and/or sectioning tissue is performed with a knife
blade movable within a longitudinal slot located on or
within one or more seal plates associated with one or
more jaw members configured to receive a knife blade,
or portion thereof. The longitudinal slot is normally locat-
ed on or within the seal plate within a treatment zone
(e.g., seal and/or coagulation zone) associated there-
with. Consequently, the knife blade cuts and/or sections
through the seal and/or coagulation zone during longitu-
dinal translation of the knife blade through the longitudi-
nal slot. In some instances, it is not desirable to cut
through the zone of sealed or coagulated tissue, but rath-
er to the left or right of the zone of sealed or coagulated
tissue such as, for example during a tonsillectomy and
or adenoidectomy procedure.
[0004] Prior art documents US6887240,
US2005113826 and EP1875875 are considered perti-
nent to the present invention.

Summary

[0005] According to the invention, an end effector as-
sembly is provided as defined in independent claim 1.
Each jaw member includes a pair of spaced apart, elec-
trically conductive tissue sealing surfaces. Each tissue
sealing surface is adapted to connect to a source of elec-
trosurgical energy to conduct electrosurgical energy
through tissue held therebetween to effect a tissue seal.
The end effector assembly also includes an insulator dis-
posed between each pair of electrically conductive seal-
ing surfaces and an electrically conductive cutting ele-
ment disposed within each insulator and defining a geo-

metrical configuration including a plurality of peaks hav-
ing a period that is a function of an operating frequency
of the electrosurgical energy. The cutting elements are
adapted to connect to the source of electrosurgical en-
ergy to conduct electrosurgical energy through tissue
held therebetween to effect a tissue cut.
[0006] Put another way, the cutting element presents
a waveform surface for engaging tissue that is electro-
surgically activatable to effect a tissue cut. In an embod-
iment, the tissue sealing surfaces extend in a longitudinal
direction and the peaks are separated in the longitudinal
direction. In an embodiment, the sealing surfaces are
arranged to produce spaced apart tissue seals, and the
cutting elements are arranged to cut tissue in the space
between the tissue seals. In an embodiment, the insulator
isolates the cutting element from the sealing surfaces of
each jaw member. In an embodiment, a tissue contacting
surface of the cutting element for a jaw member protrudes
in a direction toward the other jaw member relative to the
tissue sealing surfaces of the jaw member. In an embod-
iment, the cutting element is fixed to the insulator so that
the cutting element is stationary during tissue cutting. In
an embodiment, the cutting element and the sealing sur-
faces extending longitudinally and there is a gap between
the sealing surfaces and the cutting element that extends
across the insulator so that the sealing surfaces and the
cutting element are electrically isolated, whereby elec-
trosurgical energy traverses the gap during tissue cutting.
In an embodiment, the end effector assembly includes
electrical connections so that opposed sealing surfaces
of the jaw member are activatable at different potentials
and so that the cutting element is activatable at a different
potential from at least one sealing surface, preferably two
opposed sealing surfaces.
[0007] According to disclosure an end effector assem-
bly for use with a bipolar forceps includes a pair of op-
posing first and second jaw members at least one of
which being movable relative to the other from a first po-
sition wherein the jaw members are disposed in spaced
relation relative to one another to a second position
wherein the jaw members cooperate to grasp tissue ther-
ebetween. Each jaw member includes a pair of spaced
apart, electrically conductive tissue sealing surfaces ex-
tending along a length thereof. Each tissue sealing sur-
face is adapted to connect to a source of electrosurgical
energy to conduct electrosurgical energy through tissue
held therebetween to effect a tissue seal. The end effec-
tor assembly also includes an insulator disposed be-
tween each pair of electrically conductive sealing surfac-
es and an electrically conductive cutting element dis-
posed within the insulator of the first jaw member and in
general vertical registration with an electrically conduc-
tive cutting element disposed within the insulator of the
second jaw member. Each of the electrically conductive
cutting elements includes a plurality of peaks offset from
a plurality of peaks of the other cutting element. The
number of peaks of at least one of the cutting elements
is a function of a wavelength of an operating frequency
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of the electrosurgical energy. The cutting elements are
adapted to connect to the source of electrosurgical en-
ergy to conduct electrosurgical energy through tissue
held therebetween to effect a tissue cut. The cutting el-
ements are inactive during tissue sealing and the pair of
spaced apart electrically conductive sealing surfaces on
the first jaw member are energized to a different potential
from the corresponding pair of spaced apart electrically
conductive sealing surfaces on the second jaw member
such that electrosurgical energy can be transferred
through the tissue to effect a tissue seal.
[0008] In another embodiment, a system of the end
effector assembly and the source of electrosurgical en-
ergy is provided and the source is set up to produce the
electrosurgical energy at the operating frequency. In an-
other embodiment, a use of this system is provided in
which the source is set up to produce the electrosurgical
energy at the operating frequency.
[0009] According to another disclosure, a method of
manufacturing an electrically conductive cutting element
adapted to be coupled to an end effector assembly for
effecting a tissue cut includes the steps of providing an
electrically conductive electrode having a predetermined
length and calculating a number of peaks along the pre-
determined length and a period based on a repetition of
the peaks. The number of peaks is a function of an op-
erating frequency of an energy source adapted to supply
electrosurgical energy to the electrically conductive cut-
ting element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Various embodiments of the present disclosure
are described hereinbelow with references to the draw-
ings, wherein:

Fig. 1A is a right, perspective view of an endoscopic
bipolar forceps in accordance with an embodiment
of the present disclosure;

Fig. 1B is a left, perspective view of an open bipolar
forceps in accordance with an embodiment of the
present disclosure;

Fig. 2 is an enlarged view of the area of detail of Fig.
1B;

Fig. 3 is an enlarged, schematic end view of an elec-
trode assembly according to an embodiment of the
present disclosure; and

Figs. 4A - 4C are cross-sectional views taken along
section line 4A, 4B, 4C - 4A, 4B, 4C of Fig. 3 illus-
trating various geometric configurations of cutting el-
ements according to various embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0011] For the purposes herein, vessel/tissue cutting
or vessel/tissue division is believed to occur when heat-
ing of the vessel/tissue leads to expansion of intracellular
and/or extra-cellular fluid, which may be accompanied
by cellular vaporization, desiccation, fragmentation, col-
lapse and/or shrinkage along a so-called "cut zone" in
the vessel/tissue. By focusing the electrosurgical energy
and heating in the cut zone, the cellular reactions are
localized creating a fissure. Localization is achieved by
regulating the vessel/tissue condition and energy deliv-
ery, which may be controlled by utilizing one or more of
the various geometrical electrode configurations de-
scribed herein. The cut process may also be controlled
by utilizing a generator and feedback algorithm (and one
or more of the hereindescribed geometrical configura-
tions of the electrode assemblies) that increases the lo-
calization and maximizes the so-called "cutting effect".
[0012] In general, the below-described factors contrib-
ute and/or enhance vessel/tissue division using electro-
surgical energy. Each of the factors described below may
be employed individually or in any combination to achieve
a desired cutting effect. For the purposes herein, the term
"cut effect" or "cutting effect" refers to the actual division
of tissue by one or more of the electrical or electrome-
chanical methods or mechanisms described below. The
term "cutting zone" or "cut zone" refers to the region of
vessel/tissue where cutting will take place. The term "cut-
ting process" refers to steps that are implemented before,
during, and/or after vessel/tissue division that tend to in-
fluence the vessel/tissue as part of achieving the cut ef-
fect.
[0013] For the purposes herein, the terms "tissue" and
"vessel" may be used interchangeably since it is believed
that the present disclosure may be employed to seal and
cut tissue or seal and cut vessels utilizing the same prin-
ciples described in the present disclosure.
[0014] By way of example and without limitation, fac-
tors that either alone or in combination play an important
role in dividing tissue include: (1) localizing or focusing
electrosurgical energy in the cut zone during the cutting
process while minimizing energy effects to surrounding
tissues; (2) focusing the current density in the cut zone
during the cutting process; (3) creating an area of in-
creased temperature in the cut zone during the cutting
process (e.g., heating that occurs within the tissue or
heating the tissue directly with a heat source); and (4)
pulsing the energy delivery to influence the tissue in or
around the cut zone.
[0015] Electrode assemblies described herein utilize
various geometrical configurations of electrodes, cutting
elements, insulators, partially conductive materials, and
semiconductors to produce or enhance the cutting effect.
In addition, by controlling or regulating the electrosurgical
energy from the generator in any of the ways described
above, tissue cutting may be initiated, enhanced, or fa-
cilitated within the tissue cutting zone.
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[0016] For example, the geometrical configuration of
the electrodes may be configured to produce a so-called
"cut effect" that is directly related to the current density
applied to a point in the tissue. The geometry of the elec-
trodes may be configured such that the surface area ra-
tios between the electrical poles focus electrical energy
at the tissue. Moreover, optimization of the "cut effect"
may be achieved by configuring the geometry of bipolar-
type electrodes to include a specific number of peaks
(see Figs. 4A, 4B, and 4C) as a function of the operating
frequency (e.g., the fundamental frequency) of the ener-
gy source used to produce the "cut effect". More specif-
ically, bipolar-type electrodes having peaks repeating at
a particular period T (see Fig. 4A) and that period T is a
function of the operating frequency of the energy being
applied to tissue to produce the "cut effect", the current
density between the electrodes will be maximized, there-
by optimizing the "cut effect". The present disclosure pro-
vides for various electrode geometries configured in ac-
cordance with the operating frequency of the output en-
ergy and a method for calculating such geometric con-
figurations as a function of the operating frequency of
energy output for purposes of optimizing the "cut effect".
[0017] Referring now to Figs. 1A and 1B, Fig. 1A de-
picts a bipolar forceps 10 for use in connection with en-
doscopic surgical procedures and Fig. 1B depicts an
open forceps 100 for use in connection with traditional
open surgical procedures. For the purposes herein, ei-
ther an endoscopic instrument or an open instrument
may be utilized with the electrode assembly described
herein. Different electrical and mechanical connections
and considerations apply to each particular type of in-
strument, however, the novel aspects with respect to the
electrode assembly and its operating characteristics re-
main generally consistent with respect to both the open
or endoscopic designs.
[0018] Fig. 1A shows a bipolar forceps 10 for use with
various endoscopic surgical procedures and generally
includes a housing 20, a handle assembly 30, a rotating
assembly 80, a switch assembly 70, and an electrode
assembly 105 having opposing jaw members 110 and
120 that mutually cooperate to grasp, seal, and divide
tubular vessels and vascular tissue. More particularly,
forceps 10 includes a shaft 12 which has a distal end 16
dimensioned to mechanically engage the electrode as-
sembly 105 and a proximal end 14 that mechanically en-
gages the housing 20. The shaft 12 includes one or more
mechanically engaging components that are designed
to securely receive and engage the electrode assembly
105 such that the jaw members 110 and 120 are pivotable
about a pivot pin 19 relative to one another to engage
and grasp tissue therebetween.
[0019] The proximal end 14 of shaft 12 mechanically
engages the rotating assembly 80 (not shown) to facili-
tate rotation of the electrode assembly 105. In the draw-
ings and in the descriptions that follow, the term "proxi-
mal", as is traditional, will refer to the end of the forceps
10 that is closer to the user, while the term "distal" will

refer to the end that is farther from the user. Details re-
lating to the mechanically cooperating components of the
shaft 12 and the rotating assembly 80 are described in
commonly-owned U.S. Patent No. 7,156,846.
[0020] Handle assembly 30 includes a fixed handle 50
and a movable handle 40. Fixed handle 50 is integrally
associated with housing 20 and handle 40 is movable
relative to fixed handle 50 to impart movement of the jaw
members 110 and 120 from an open position wherein
the jaw members 110 and 120 are disposed in spaced
relation relative to one another, to a clamping or closed
position wherein the jaw members 110 and 120 cooper-
ate to grasp tissue therebetween. Switch assembly 70 is
configured to selectively provide electrical energy to the
electrode assembly 105.
[0021] Referring now to Fig. 1B, an open forceps 100
includes a pair of elongated shaft portions 112a and 112b
each having a proximal end 114a and 114b, respectively,
and a distal end 116a and 116b, respectively. The forceps
100 includes jaw members 120 and 110 which attach to
distal ends 116a and 116b of shafts 112a and 112b, re-
spectively. The jaw members 110 and 120 are connected
about pivot pin 119 such that jaw members 110 and 120
pivot relative to one another from the first to second po-
sitions for treating tissue. The electrode assembly 105 is
connected to opposing jaw members 110 and 120 and
may include electrical connections through or around the
pivot pin 119.
[0022] Each shaft 112a and 112b includes a handle
117a and 117b disposed at the proximal end 114a and
114b thereof which each define a finger hole 118a and
118b, respectively, therethrough for receiving a finger of
the user. Finger holes 118a and 118b facilitate movement
of the shafts 112a and 112b relative to one another that,
in turn, pivot the jaw members 110 and 120 from the open
position wherein the jaw members 110 and 120 are dis-
posed in spaced relation relative to one another to the
clamping or closed position wherein the jaw members
110 and 120 cooperate to grasp tissue therebetween. A
ratchet 130 is included for selectively locking the jaw
members 110 and 120 relative to one another at various
positions during pivoting.
[0023] As best seen in FIG. 1B, forceps 100 also in-
cludes an electrical interface or plug 200 that connects
the forceps 100 to a source of electrosurgical energy,
e.g., electrosurgical generator 500 (Fig. 1A). An electrical
cable 210 extends from the plug 200 and securely con-
nects the cable 210 to the forceps 100. Cable 210 is
internally divided within the shaft 112b to transmit elec-
trosurgical energy through various electrical feed paths
to the electrode assembly 105.
[0024] One of the shafts, e.g., 112b, includes a proxi-
mal shaft connector/flange 121 that is configured to con-
nect the forceps 100 to a source of electrosurgical energy
(e.g., electrosurgical generator 500). More particularly,
flange 121 mechanically secures electrosurgical cable
210 to the forceps 100 such that the user may selectively
apply electrosurgical energy as needed.

5 6 



EP 2 412 327 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0025] As best shown in the schematic illustration of
Fig. 2, the jaw members 110 and 120 of both the endo-
scopic version of Fig. 1A and the open version of Fig. 1B
are generally symmetrical and include similar component
features that cooperate to permit facile rotation about piv-
ot 19, 119 to effect the grasping and sealing of tissue.
Each jaw member 110 and 120 includes an electrically
conductive tissue contacting surface 112 and 122, re-
spectively, that cooperate to engage the tissue during
sealing and cutting. At least one of the jaw members,
e.g., jaw member 120, includes an electrically energiza-
ble cutting element 127 disposed therein, explained in
detail below. Together and as shown in the various figure
drawings described hereafter, the electrode assembly
105 includes the combination of the sealing electrodes
112 and 122 and the cutting element(s) 127.
[0026] The various electrical connections of the elec-
trode assembly 105 are configured to provide electrical
continuity to the tissue contacting surfaces 110 and 120
and the cutting element(s) 127 through the electrode as-
sembly 105. For example, cable lead 210 may be con-
figured to include three different leads, namely, leads
207, 208 and 209 that carry different electrical potentials.
The cable leads 207, 208 and 209 are fed through shaft
112b and connect to various electrical connectors (not
shown) disposed within the proximal end of the jaw mem-
ber 110 which ultimately connect to the electrically con-
ductive sealing surfaces 112 and 122 and cutting ele-
ment(s) 127.
[0027] The various electrical connections from lead
210 are dielectrically insulated from one another to allow
selective and independent activation of either the tissue
contacting surfaces 112 and 122 or the cutting element
127. Alternatively, the electrode assembly 105 may in-
clude a single connector that includes an internal switch
(not shown) to allow selective and independent activation
of the tissue contacting surfaces 112, 122 and the cutting
element 127.
[0028] As best seen in Fig. 3, an embodiment of the
electrode assembly 105 is shown that is configured to
effectively seal and cut tissue disposed between the seal-
ing surfaces 112 and 122 and the cutting elements 127
of the opposing jaw members 110 and 120, respectively.
More particularly and with respect to Figs. 2 and 3, jaw
members 110 and 120 include conductive tissue contact-
ing surfaces 112 and 122, respectively, disposed along
substantially the entire longitudinal length thereof (e.g.,
extending substantially from the proximal to distal end of
the respective jaw member 110 and 120). In embodi-
ments, tissue contacting surfaces 112 and 122 may be
attached to the jaw members 110, 120 by stamping, by
overmolding, by casting, by overmolding a casting, by
coating a casting, by overmolding a stamped electrically
conductive sealing plate, and/or by overmolding a metal
injection molded seal plate.
[0029] With respect to Fig. 3, jaw members 110 and
120 both include an insulator or insulative material 113
and 123, respectively, disposed between each pair of

electrically conductive sealing surfaces on each jaw
member 110 and 120, i.e., between pairs 112a and 112b
and between pairs 122a and 122b. Each insulator 113
and 123 is generally centered between its respective tis-
sue contacting surface 112a, 112b and 122a, 122b along
substantially the entire length of the respective jaw mem-
ber 110 and 120 such that the two insulators 113 and
123 generally oppose one another.
[0030] At least one jaw member 110 and/or 120 in-
cludes an electrically conductive cutting element 127 dis-
posed substantially within or disposed on the insulator
113, 123. As described in detail below, the cutting ele-
ment 127 (in many of the embodiments described here-
inafter) plays a dual role during the sealing and cutting
processes, namely: 1) to provide the necessary gap dis-
tance between conductive surfaces 112a, 112b and
122a, 122b during the sealing process; and 2) to electri-
cally energize the tissue along the previously formed tis-
sue seal to cut the tissue along the seal. With respect to
Fig. 3, the cutting elements 127a, 127b are electrically
conductive, however, one or both of the cutting elements
127a, 127b may be made from an insulative material with
a conductive coating disposed thereon or one (or both)
of the cutting elements 127a, 127b may be non-conduc-
tive. In some embodiments, the distance between the
cutting element(s) 127a and the opposing cutting ele-
ment 127b (or the opposing return electrode in some cas-
es) is within the range of about 0.008 inches (0.20 mm)
to about 0.015 inches (0.38mm) to optimize the cutting
effect.
[0031] The general characteristics of the jaw members
110 and 120 and the electrode assembly 105 will initially
be described with respect to Fig. 3 while the changes to
the other embodiments disclosed herein will become ap-
parent during the description of each individual embod-
iment. Moreover, Fig. 3 shows an electrical configuration
and polarity during the cutting phase only. During the so
called "sealing phase", the jaw members 110 and 120
are closed about tissue and the cutting elements 127a
and 127b form the requisite gap between the opposing
sealing surfaces 112a, 122a and 112b, 122b. During ac-
tivation of the sealing phase, the cutting elements 127a
and 127b are not necessarily energized such that the
majority of the current is concentrated between opposing
sealing surfaces, 112a and 122a and 112b and 122b to
effectively seal the tissue. In embodiments, stop mem-
bers (not shown) may be employed to regulate the gap
distance between the sealing surfaces in lieu of the cut-
ting elements 127a and 127b. The stop members may
be disposed on the sealing surfaces 112a, 122a and
112b, 122b, adjacent the sealing surfaces 112a, 122a
and 112b, 122b or on the insulator(s) 113, 123.
[0032] In some embodiments, the cutting elements
127a and 127b are configured to extend from their re-
spective insulators 113 and 123, respectively, and extend
beyond the tissue contacting surfaces 112a, 112b and
122a, 122b such that the cutting elements 127a and 127b
act as stop members (i.e., create a gap distance "G" (See
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Fig. 3) between opposing conductive sealing surfaces
112a, 122a and 112b, 122b) that, as mentioned above,
promotes accurate, consistent, and effective tissue seal-
ing. The cutting elements 127a and 127b also prevent
the opposing tissue contacting surfaces 112a, 122a and
112b, 122b from touching to eliminate the chances of the
forceps 10, 100 shorting during the sealing process.
[0033] With respect to Fig. 3, the conductive cutting
elements 127a and 127b are oriented in opposing, ver-
tical registration within respective insulators 113 and 123
of jaw members 110 and 120. In some embodiments, the
cutting elements 127a and 127b are substantially dull so
as to not inhibit the sealing process (i.e., premature cut-
ting) during the sealing phase of the electrosurgical ac-
tivation. In other words, the surgeon is free to manipulate,
grasp and clamp the tissue for sealing purposes without
the cutting elements 127a and 127b mechanically cutting
into the tissue. Moreover, in this instance, tissue cutting
can only be achieved through either: 1) a combination of
mechanically clamping the tissue between the cutting el-
ements 127a and 127b and applying electrosurgical en-
ergy from the cutting elements 127a and 127b, through
the tissue and to the return electrodes, i.e., the electrically
conductive tissue contacting surfaces 112b and 122b as
shown in Fig. 3; or 2) applying electrosurgical energy
from the cutting elements 127a and 127b through the
tissue and to the return tissue contacting surfaces 112b
and 122b.
[0034] In some embodiments, the geometrical config-
uration of the cutting elements 127a and 127b may, at
least in part, determine the overall effectiveness of the
tissue cut. Certain geometries of the cutting elements
127a and 127b may create higher areas of current density
than other geometries. Moreover, the spacing of the re-
turn electrodes 112b and 122b to these current density
affects the electrical fields through the tissue. Therefore,
by configuring the cutting elements 127a and 127b and
the respective insulators 113 and 123 within close prox-
imity to one another, the current density remains high
which is ideal for cutting and the instrument will not short
due to accidental contact between conductive surfaces.
The relative size of the cutting elements 127a and 127b
and/or the size of the insulator 113 and 123 may be se-
lectively altered depending upon a particular or desired
purpose to produce a particular surgical effect.
[0035] Turning now to the embodiments of the elec-
trode assembly 105 as disclosed herein, Fig. 3 as men-
tioned above includes first and second jaw members 110
and 120 having an electrode assembly 105 disposed
thereon. More particularly, the electrode assembly 105
includes first electrically conductive sealing surfaces
112a and 112b each disposed in opposing registration
with second electrically conductive sealing surfaces
122a and 122b on jaw members 110 and 120, respec-
tively. Insulator 113 electrically isolates sealing surfaces
112a and 112b from one another allowing selective in-
dependent activation of the sealing surfaces 112a and
112b. Insulator 123 separates sealing surfaces 122a and

122b from one another in a similar manner thereby al-
lowing selective activation of sealing surfaces 122a and
122b.
[0036] Each insulator 113 and 123 is set back a pre-
determined distance between the sealing surfaces 112a,
112b and 122a, 122b to define a recess 149a, 149b and
159a, 159b, respectively, that, as mentioned above, af-
fects the overall current densities between the electrically
activated surfaces during both the sealing and cutting
phases. Cutting element 127a is disposed within and/or
deposited on insulator 113 and extends inwardly there-
from to extend beyond the sealing surfaces 112a, 112b
by a predetermined distance.
[0037] During sealing, the opposing sealing surfaces
112a, 122a and 112b, 122b are activated to seal the tis-
sue disposed therebetween to create two tissue seals on
either side of the insulators 113 and 123. During the cut-
ting phase, the cutting elements 127a and 127b are en-
ergized with a first electrical potential "+" and the right
opposing sealing surfaces 112b and 122b are energized
with a second electrical potential "-". This creates a con-
centrated electrical path between the potentials "+" and
"-" through the tissue to cut the tissue between the pre-
viously formed tissue seals. Once the tissue is cut, the
jaw members 110 and 120 are opened to release the two
tissue halves.
[0038] With reference to Figs. 4A, 4B, and 4C, to max-
imize the current density between cutting elements 127a
and 127b and, thereby optimize the "cutting effect", the
geometry of the cutting elements 127a and 127b may be
configured to include a plurality of peaks 131 separated
by valleys 133 interposed therebetween to define wave-
forms having a period T (illustrated, for example, in Fig.
4A). In the illustrated embodiments of Figs. 4A, 4B, and
4C, the waveforms defined by cutting elements 127a,
127b are off-set from one another such that the peaks
131 of cutting element 127a complement the valleys 133
of cutting element 127b and vice-versa. The various peak
131 and valley 133 configurations depicted by Figs. 4A,
4B, and 4C are intended to illustrate the concept that the
period T of the waveforms defined by cutting element
127a and/or 127b is configured as a function of the op-
erating frequency of the output energy from the energy
source (e.g., generator 500) to maximize the current den-
sity between cutting elements 127a and 127b, thereby
optimizing the "cut effect". The geometric configurations
depicted by Figs. 4A, 4B, and 4C are illustrative only in
that any suitable geometric shape of peaks 131 and/or
valleys 133 may be used to maximize current density
between cutting elements 127a and 127b in the manner
described hereinabove and hereinafter.
[0039] The relationship between the operating fre-
quency of the energy source and the geometric config-
uration of the cutting element(s) 127a and/or 127b is il-
lustrated by the following set of equations:
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wherein λ is the wavelength of the waveform defined by
cutting element(s) 127a and/or 127b; f is the operating
frequency (or fundamental frequency) of the output en-
ergy of the energy source (e.g., generator 500); and v is
the velocity of the output energy.
[0040] Equation (1), in turn, is utilized to yield equation

wherein d is a distance between any two points along
the waveform defined by cutting element(s) 127a and/or
127b that may be used to define the period T of the wave-
form; and x is the number of peaks 131 along the wave-
form.
[0041] Equations (1) and (2), in turn, are utilized to yield
equation

[0042] Equations (1) and (3), in turn, are utilized to yield
equation

wherein the number x of peaks 131 can be varied as
necessary to yield the appropriate number of peaks 131
for a given length L of cutting element(s) 127a and/or
127b.
[0043] Utilizing equation (4), the current density be-
tween cutting elements 127a and 127b may be maxi-
mized by configuring each cutting element 127a and/or
127b to include the appropriate number x of peaks 131
for a given length L of cutting element 127a and/or 127b
as a function of the wavelength λ of the operating fre-
quency of the energy source (e.g., generator 500) used
to produce the "cut effect". In this manner, the "cut effect"
produced by application of energy to tissue via cutting
element(s) 127a and/or 127b is optimized.
[0044] When manufacturing cutting element(s) 127a
and/or 127b, the "cut effect" may be optimized by using
equation (4) to calculate the appropriate number of peaks
x for a given length L of cutting element(s) 127a and/or
127b as a function of the operating frequency f of the
energy source associated with forceps 10, 100. Con-
versely, the "cut effect" may be optimized by using equa-
tion (4) to calculate the appropriate operating frequency
f as a function of the geometric configuration of cutting
element(s) 127a and/or 127b (e.g., the number of peaks
x for a given length L) and adjusting (e.g., discretely) the
operating frequency of the energy source (e.g., generator
500) accordingly. That is, for example, a suitable control
mechanism (not shown) may be disposed on the gener-
ator 500 to allow a user to selectively adjust the operating
frequency of the generator 500 in accordance with the
geometric configuration of a cutting element and/or elec-

trode of an instrument connected to the generator 500
for purposes of sealing and/or cutting tissue utilizing the
energy output of the generator 500.
[0045] In some embodiments, the current density
and/or current concentration around the cutting elements
127a and 127b is based upon the particular geometrical
configuration of the cutting elements 127a and 127b and
the cutting elements’ 127a and 127b proximity to the re-
turn electrodes, i.e., tissue contacting surfaces 112b and
122b.
[0046] In addition, the cutting element(s) 127a (and/or
127b) may be independently activated by the surgeon or
automatically activated by the generator once sealing is
complete. A safety algorithm may be employed to assure
that an accurate and complete tissue seal is formed be-
fore cutting. An audible or visual indicator (not shown)
may be employed to assure the surgeon that an accurate
seal has been formed and the surgeon may be required
to activate a trigger (or deactivate a safety) before cutting.
For example, a smart sensor or feedback algorithm (not
shown) may be employed to determine seal quality prior
to cutting. The smart sensor or feedback loop may also
be configured to automatically switch electrosurgical en-
ergy to the cutting element(s) 127a (and/or 127b) once
the smart sensor determines that the tissue is properly
sealed. In embodiments, the electrical configuration of
the electrically conductive sealing surfaces 112a, 112b
and 122a, 122b may be automatically or manually altered
during the sealing and cutting processes to effect accu-
rate and consistent tissue sealing and cutting.
[0047] The various geometrical configurations and
electrical arrangements of the aforementioned electrode
assemblies allow the surgeon to initially activate the two
opposing electrically conductive tissue contacting sur-
faces and seal the tissue and, subsequently, selectively
and independently activate the cutting element and one
or more tissue contacting surfaces to cut the tissue uti-
lizing the various above-described and shown electrode
assembly configurations. Hence, the tissue is initially
sealed and thereafter cut without re-grasping the tissue.
[0048] However, the cutting element and one or more
tissue contacting surfaces may also be activated to sim-
ply cut tissue/vessels without initially sealing. For exam-
ple, the jaw members may be positioned about tissue
and the cutting element may be selectively activated to
separate or simply coagulate tissue. This type of alter-
native embodiment may be particularly useful during cer-
tain endoscopic procedures wherein an electrosurgical
pencil is typically introduced to coagulate and/or dissect
tissue during the operating procedure.
[0049] A switch (e.g., switch assembly 70 shown in Fig.
1A) may be employed to allow the surgeon to selectively
activate one or more tissue contacting surfaces or the
cutting element independently of one another. This al-
lows the surgeon to initially seal tissue and then activate
the cutting element by simply actuating the switch.
[0050] While several embodiments of the disclosure
have been shown in the drawings, it is not intended that
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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. Therefore, the
above description should not be construed as limiting,
but merely as exemplifications of preferred embodi-
ments. Those skilled in the art will envision other modi-
fications within the scope of the claims appended hereto.

Claims

1. An end effector assembly for use with a bipolar for-
ceps, comprising:

a pair of opposing first and second jaw members
(110, 120) at least one of which being movable
relative to the other from a first position wherein
the jaw members (110, 120) are disposed in
spaced relation relative to one another to a sec-
ond position wherein the jaw members (110,
120) cooperate to grasp tissue therebetween;
and
an electrically conductive cutting element (127)
disposed within the insulator (113, 123) of at
least one of the jaw members (110, 120) and
having a plurality of peaks along a predeter-
mined length thereof, the electrically conductive
cutting element (127) adapted to connect to the
source of electrosurgical energy to conduct
electrosurgical energy through tissue held ther-
ebetween to effect a tissue cut, wherein each
jaw member (110, 120) includes a pair of spaced
apart, electrically conductive tissue sealing sur-
faces (112, 122) extending along a length there-
of, at least one tissue sealing surface (122)
adapted to connect to a source of electrosurgical
energy having a frequency with a wavelength to
conduct electrosurgical energy through tissue
held therebetween to effect a tissue seal; in that
an insulator (113, 123) is disposed between
each pair of electrically conductive tissue seal-
ing surfaces (112, 122); and in that the sealing
surfaces (112, 122) are flat/devoid of such peaks
as the cutting element (127) has wherein the
plurality of peaks of the electrically conductive
cutting element (127) is configured to comple-
ment a plurality of valleys interposed between a
plurality of peaks of an electrically conductive
cutting element (127) of the second jaw member
(120), wherein a distance between valleys along
the predetermined length of the electricity con-
ductive cutting element is a multiple of the wave-
length of the operating frequency of the electro-
surgical energy.

2. An end effector assembly according to claim 1,
wherein the operating frequency of the electrosurgi-
cal energy is selectively controlled based on the dis-

tance between peaks along the predetermined
length of the electrically conductive cutting element.

3. An end effector assembly according to claim 1, con-
figured so that the electrically conductive cutting el-
ement (127) is stationary during tissue cutting.

4. An end effector assembly according to any preced-
ing claim, configured so that the electrically conduc-
tive cutting element (127) is energizable to a first
potential during tissue cutting and at least one elec-
trically conductive tissue sealing surface (112) on
the first jaw member (110) and at least one electri-
cally conductive tissue sealing surface (122) on the
second jaw member (120) are energizable to a dif-
ferent potential such that electrosurgical energy can
be transferred through the tissue to effect a tissue
cut.

5. An end effector assembly according to any one of
the preceding claims, wherein the electrically con-
ductive cutting element (127) creates a gap between
the electrically conductive tissue sealing surfaces
(112, 122) when the jaw members (110, 120) are in
the second position.

6. An end effector assembly according to any one of
the preceding claims, configured so that the electri-
cally conductive cutting element (127) is able to be
inactive during tissue sealing and the pair of electri-
cally conductive tissue sealing surfaces (112, 122)
on the first jaw member (110) are energized to a
different potential from the corresponding pair of
spaced apart electrically conductive tissue sealing
surfaces (122) on the second jaw member (120)
such that electrosurgical energy can be transferred
through tissue to effect a tissue seal.

7. An end effector assembly according to any one of
the preceding claims, wherein an electrical potential
of the electrically conductive tissue sealing surface
(112) of the first jaw member (110) and an electrical
potential of the electrically conductive cutting ele-
ment (127) are independently activatable.

8. An end effector assembly according to any one of
the preceding claims, wherein an electrical potential
of the electrically conductive cutting element (127)
and an electrical potential of at least one electrically
conductive tissue sealing surface (112, 122) are au-
tomatically configured for cutting upon selective ac-
tivation of a trigger.

9. An end effector assembly according to any one of
the preceding claims, wherein the electrically con-
ductive cutting element (127) is disposed within the
insulator (113) of the first jaw member (110) and is
in general vertical registration with an electrically
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conductive cutting element (127) disposed within the
insulator (123) of the second jaw member, the elec-
trically conductive cutting elements (127) adapted to
connect to the source of electrosurgical energy to
conduct electrosurgical energy through tissue held
therebetween to effect a tissue cut, each of the elec-
trically conductive cutting elements (127) including
a plurality of peaks, wherein the peaks of one of the
cutting elements are offset from the peaks of the oth-
er cutting element.

Patentansprüche

1. Endeffektoranordnung zur Verwendung mit einer bi-
polaren Zange, umfassend:

ein Paar gegenüberliegender erster und zweiter
Klemmbackenelemente (110, 120), von denen
mindestens eines relativ zu dem anderen von
einer ersten Position, wobei die Klemmbacken-
elemente (110, 120) in einer beabstandeten Be-
ziehung zueinander angeordnet sind, und einer
zweiten Position, wobei die Klemmbackenele-
mente (110, 120) zusammenwirken, um Gewe-
be dazwischen zu greifen, beweglich ist; und
ein elektrisch leitfähiges Schneidelement (127),
das in dem Isolator (113, 123) mindestens eines
der Klemmbackenelemente (110, 120) ange-
ordnet ist und eine Mehrzahl von Spitzen ent-
lang einer vorbestimmten Länge davon auf-
weist, wobei das elektrisch leitfähige Schneide-
lement (127) ausgelegt ist, mit der elektrochir-
urgischen Energiequelle verbunden zu werden,
um elektrochirurgische Energie durch dazwi-
schen gehaltenes Gewebe zu leiten, um einen
Gewebeschnitt zu bewirken, wobei
jedes Klemmbackenelement (110, 120) ein
Paar voneinander beabstandeter, elektrisch
leitfähiger Gewebedichtflächen (112, 122) auf-
weist, die sich entlang einer Länge davon er-
strecken, wobei mindestens eine Gewebever-
siegelungsoberfläche (122) ausgelegt ist, mit ei-
ner elektrochirurgischen Energiequelle verbun-
den zu werden, die eine Frequenz mit einer Wel-
lenlänge aufweist, um elektrochirurgische Ener-
gie durch das dazwischen gehaltene Gewebe
zu leiten, um eine Gewebeversiegelung zu be-
wirken; dadurch, dass
ein Isolator (113, 123) zwischen jedem Paar
elektrisch leitfähiger Gewebeversiegelungso-
berflächen (112, 122) angeordnet ist; und da-
durch, dass die Versiegelungsoberflächen (112,
122) flach/frei von solchen Spitzen wie denjeni-
gen sind, die das Schneidelement (127) auf-
weist, wobei die Mehrzahl von Spitzen des elek-
trisch leitfähigen Schneidelements (127) konfi-
guriert ist, eine Mehrzahl von dazwischen lie-

genden Tälern zu ergänzen, die zwischen einer
Mehrzahl von Spitzen eines elektrisch leitfähi-
gen Schneideelements (127) des zweiten
Klemmbackenelements (120) angeordnet sind,
wobei ein Abstand zwischen Tälern entlang der
vorbestimmten Länge des elektrisch leitfähigen
Schneideelements ein Vielfaches der Wellen-
länge der Betriebsfrequenz der elektrochirurgi-
schen Energie ist.

2. Endeffektoranordnung nach Anspruch 1, wobei die
Betriebsfrequenz der elektrochirurgischen Energie
basierend auf dem Abstand zwischen Spitzen ent-
lang der vorbestimmten Länge des elektrisch leitfä-
higen Schneidelements selektiv gesteuert wird.

3. Endeffektoranordnung nach Anspruch 1, die derart
konfiguriert ist, dass das elektrisch leitfähige Schne-
ideelement (127) während des Gewebeschneidens
ortsfest ist.

4. Endeffektoranordnung nach einem der vorstehen-
den Ansprüche, die derart konfiguriert ist, dass das
elektrisch leitfähige Schneidelement (127) während
des Schneidens des Gewebes auf ein erstes Poten-
tial ansteuerbar ist und mindestens eine elektrisch
leitfähige Gewebeversiegelungsoberfläche (112)
auf dem ersten Klemmbackenelement (110) und
mindestens eine elektrisch leitfähige Gewebeversie-
gelungsoberfläche (122) auf dem zweiten Klemm-
backenelement (120) auf ein anderes Potential an-
steuerbar ist, sodass elektrochirurgische Energie
durch das Gewebe übertragen werden kann, um ei-
nen Gewebeschnitt zu bewirken.

5. Endeffektoranordnung nach einem der vorstehen-
den Ansprüche, wobei das elektrisch leitfähige
Schneidelement (127) einen Spalt zwischen den
elektrisch leitfähigen Gewebeversiegelungsoberflä-
chen (112, 122) erzeugt, wenn sich die Klemmba-
ckenelemente (110, 120) in der zweiten Position be-
finden.

6. Endeffektoranordnung nach einem der vorstehen-
den Ansprüche, die derart konfiguriert ist, dass das
elektrisch leitfähige Schneidelement (127) während
der Gewebeversiegelung inaktiv sein kann, und das
Paar elektrisch leitfähiger Gewebeversiegelungso-
berflächen (112, 122) auf dem ersten Klemmba-
ckenelement (110) auf ein anderes Potential als das
des entsprechenden Paars beabstandeter elek-
trisch leitfähiger Gewebeversiegelungsoberflächen
(122) auf dem zweiten Klemmbackenelement (120)
angesteuert werden, sodass elektrochirurgische En-
ergie durch das Gewebe übertragen werden kann,
um eine Gewebeversiegelung zu bewirken.

7. Endeffektoranordnung nach einem der vorstehen-
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den Ansprüche, wobei ein elektrisches Potential der
elektrisch leitfähigen Gewebeversiegelungsoberflä-
che (112) des ersten Klemmbackenelements (110)
und ein elektrisches Potential des elektrisch leitfähi-
gen Schneidelements (127) unabhängig voneinan-
der aktivierbar sind.

8. Endeffektoranordnung nach einem der vorstehen-
den Ansprüche, wobei ein elektrisches Potential des
elektrisch leitfähigen Schneidelements (127) und ein
elektrisches Potential mindestens einer elektrisch
leitfähigen Gewebeversiegelungsoberfläche (112,
122) bei selektiver Aktivierung eines Auslösers au-
tomatisch zum Schneiden konfiguriert sind.

9. Endeffektoranordnung nach einem der vorstehen-
den Ansprüche, wobei das elektrisch leitfähige
Schneidelement (127) innerhalb des Isolators (113)
des ersten Klemmbackenelements (110) angeord-
net ist und im Allgemeinen vertikal mit einem elek-
trisch leitfähigen Schneidelement (127) ausgerichtet
ist, das innerhalb des Isolators (123) des zweiten
Klemmbackenelements angeordnet ist, wobei die
elektrisch leitfähigen Schneidelemente (127) ausge-
legt sind, mit der elektrochirurgischen Energiequelle
verbunden zu werden, um elektrochirurgische Ener-
gie durch dazwischen gehaltenes Gewebe zu leiten,
um einen Gewebeschnitt zu bewirken , wobei jedes
der elektrisch leitfähigen Schneidelemente (127)
mehrere Spitzen aufweist, wobei die Spitzen eines
der Schneidelemente von den Spitzen des anderen
Schneidelements versetzt sind.

Revendications

1. Ensemble effecteur d’extrémité à utiliser avec une
pince bipolaire, comprenant :

un couple de premier et second éléments for-
mant mâchoires opposés (110, 120) dont au
moins un est mobile par rapport à l’autre à partir
d’une première position dans laquelle les élé-
ments formant mâchoires (110, 120) sont dis-
posés dans une relation espacée l’un par rap-
port à l’autre jusqu’à une seconde position dans
laquelle les éléments formant mâchoires (110,
120) coopèrent pour saisir du tissu entre eux ; et
un élément de coupe électriquement conduc-
teur (127) disposé à l’intérieur de l’isolant (113,
123) d’au moins un des éléments formant mâ-
choires (110, 120) et ayant une pluralité de pics
le long d’une longueur prédéterminée de celui-
ci, l’élément de coupe électriquement conduc-
teur (127) étant conçu pour se connecter à la
source d’énergie électrochirurgicale pour con-
duire de l’énergie électrochirurgicale à travers
du tissu maintenu entre ces derniers pour effec-

tuer une coupe de tissu, dans lequel
chaque élément formant mâchoire (110, 120)
inclut un couple de surfaces espacées de cau-
térisation de tissu, électriquement conductrices
(112, 122) s’étendant le long d’une longueur de
celui-ci, au moins une surface de cautérisation
de tissu (122) étant conçue pour se connecter
à une source d’énergie électrochirurgicale ayant
une fréquence avec une longueur d’onde pour
conduire de l’énergie électrochirurgicale à tra-
vers du tissu maintenu entre ces dernières pour
effectuer une cautérisation de tissu ; en ce que
un isolant (113, 123) est disposé entre chaque
couple de surfaces de cautérisation de tissu
électriquement conductrices (112, 122) ; et en
ce que les surfaces de cautérisation (112, 122)
sont plates/exemptes de tels pics que l’élément
de coupe (127) possède dans lequel la pluralité
de pics de l’élément de coupe électriquement
conducteur (127) est configurée pour faire le
complément d’une pluralité de creux interposés
entre une pluralité de pics d’un élément de cou-
pe électriquement conducteur (127) du second
élément formant mâchoire (120), dans lequel
une distance entre des creux le long de la lon-
gueur prédéterminée de l’élément de coupe
électriquement conducteur est un multiple de la
longueur d’onde de la fréquence de fonctionne-
ment de l’énergie électrochirurgicale.

2. Ensemble effecteur d’extrémité selon la revendica-
tion 1, dans lequel la fréquence de fonctionnement
de l’énergie électrochirurgicale est commandée de
manière sélective sur la base de la distance entre
des pics le long de la longueur prédéterminée de
l’élément de coupe électriquement conducteur.

3. Ensemble effecteur d’extrémité selon la revendica-
tion 1, configuré de sorte que l’élément de coupe
électriquement conducteur (127) est immobile pen-
dant une coupe de tissu.

4. Ensemble effecteur d’extrémité selon l’une quelcon-
que des revendications précédentes, configuré de
sorte que l’élément de coupe électriquement con-
ducteur (127) peut être excité à un premier potentiel
pendant une coupe de tissu et au moins une surface
de cautérisation de tissu électriquement conductrice
(112) sur le premier élément formant mâchoire (110)
et au moins une surface de cautérisation de tissu
électriquement conductrice (122) sur le second élé-
ment formant mâchoire (120) peuvent être excitées
à un potentiel différent de sorte que de l’énergie élec-
trochirurgicale peut être transférée à travers le tissu
pour effectuer une coupe de tissu.

5. Ensemble effecteur d’extrémité selon l’une quelcon-
que des revendications précédentes, dans lequel
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l’élément de coupe électriquement conducteur (127)
crée un espacement entre les surfaces de cautéri-
sation de tissu électriquement conductrices (112,
122) quand les éléments formant mâchoires (110,
120) sont dans la seconde position.

6. Ensemble effecteur d’extrémité selon l’une quelcon-
que des revendications précédentes, configuré de
sorte que l’élément de coupe électriquement con-
ducteur (127) est susceptible d’être inactif pendant
une cautérisation de tissu et le couple de surfaces
de cautérisation de tissu électriquement conductri-
ces (112, 122) sur le premier élément formant mâ-
choire (110) est excité à un potentiel différent du cou-
ple correspondant de surfaces espacées de cauté-
risation de tissu électriquement conductrices (122)
sur le second élément formant mâchoire (120) de
sorte que de l’énergie électrochirurgicale peut être
transférée à travers le tissu pour effectuer une cau-
térisation de tissu.

7. Ensemble effecteur d’extrémité selon l’une quelcon-
que des revendications précédentes, dans lequel un
potentiel électrique de la surface de cautérisation de
tissu électriquement conductrice (112) du premier
élément formant mâchoire (110) et un potentiel élec-
trique de l’élément de coupe électriquement conduc-
teur (127) peuvent être activés indépendamment.

8. Ensemble effecteur d’extrémité selon l’une quelcon-
que des revendications précédentes, dans lequel un
potentiel électrique de l’élément de coupe électri-
quement conducteur (127) et un potentiel électrique
d’au moins une surface de cautérisation de tissu
électriquement conductrice (112, 122) sont automa-
tiquement configurés pour couper lors de l’activation
sélective d’un déclencheur.

9. Ensemble effecteur d’extrémité selon l’une quelcon-
que des revendications précédentes, dans lequel
l’élément de coupe électriquement conducteur (127)
est disposé à l’intérieur de l’isolant (113) du premier
élément formant mâchoire (110) et est dans un po-
sitionnement globalement vertical avec un élément
de coupe électriquement conducteur (127) disposé
à l’intérieur de l’isolant (123) du second élément for-
mant mâchoire, les éléments de coupe électrique-
ment conducteurs (127) étant conçus pour se con-
necter à la source d’énergie électrochirurgicale pour
conduire de l’énergie électrochirurgicale à travers du
tissu maintenu entre ces derniers pour effectuer une
coupe de tissu, chacun des éléments de coupe élec-
triquement conducteurs (127) incluant une pluralité
de pics, dans lesquels les pics d’un des éléments de
coupe sont décalés par rapport aux pics de l’autre
élément de coupe.
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