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(57) Abréegée/Abstract:

An electrode assembly for use with an Instrument for sealing vessels includes a pair of opposing first and second jaw members
which are movable relative to one another from a first position 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 therebetween. Each jaw member includes
an electrically conductive tissue contacting surface which I1s connected to an electrosurgical energy source such that the tissue
contacting surfaces are capable of conducting electrosurgical energy through the tissue held therebetween to effect a seal. The
first jaw member has an electrically conductive cutting element dielectrically disposed within the first tissue contacting surface ana

the second jaw member includes an Iinsulator disposed therein directly opposite the cutting element.

Preferably, the cutting element

extends from the first tissue contacting surface towards the second tissue contacting surface to create a gap between the tissue
contacting surfaces during sealing and the cutting element and the first tissue contacting surface are independently activatable by

the surgeon.
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ELECTRODE ASSEMBLY FOR SEALING AND CUTTING TISSUE AND
METHOD FOR PERFORMING SAME

CROSS REFERENCE TO RELATED APPLICATION:

This application claims the benefits of and priority to U.S.
Provisional Application Serial No. 60/416,064 filed on October 4, 2002 entitled
“ELECTRODE ASSEMBLY FOR SEALING AND CUTTING TISSUE AND

METHOD FOR PERFORMING SAME the entire contents of which being

incorporated by reference herein.

BACKGROUND

The present disclosure relates to an electrode assembly for use
~ with electrosurgical instruments and, more particularly, the present disclosure
relates to an electrode assembly for use with an open or endoscopic

electrosurgical forceps for sealing and cutting tissue.
Technical Field

Open or endoscopic electrosurgical forceps utilize both
mechanical clamping action and electrical energy to effect hemostasis. The
electrode of each opposing jaw members IS :cha..rged_l to a different electric
potential such that when the jaw members grasp tissue, electrical energy can
be selectively transferred through the tissue. A surgeon can either cauterize,

coagulate/desiccate and/or simply reduce or slow bleeding, by controlling the
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intensity, frequency and duration of the electrosurgical energy applied between

the electrodes and through the tissue.

To effectively seal tissue or vessels, especially thick tissue and
large vessels, two predominant mechanical parameters must be accurately
controlled: 1) the pressure applied to the vessel; and 2) the gap distance
between the conductive tissue contacting surfaces (elecirodes). As can be
appreciated, both of these parameters are affected by the thickness of the
vessel being sealed. Accurate application of pressure is important for several
reasons: to oppose the walls of the vessel; to reduce the tissue impedance.to a
low enough value that allows enough electrosurgical energy through the tissue;
to overcome the forces of expansion during tissue heating; and to contribute to
the end tissue thickness which is an indication of a good seal. It has been
determined that a typical fused vessel wall is optimum between 0.001 and
0.006 inches. Below this range, the seal may shred or tear and above this

range the lumens may not be properly or etfectively sealed.

With respect to smaller vessels, the pressure applied becomes
less relevant and the gap distance between the electrically conductive surfaces
becomes more significant for effective sealing. ‘In other words, the chances of
the two electrically conductive surfaces touching during activation increases as
the tissue thickness and the vessels become smaller. However, the process of
“coagulating” small vessels is fundamentally different than electrosurgically
“sealing” vessels. For the purposes herein, “coagulation” is defined as a
. process of desiccating-tissue wherein-the tissue cells-are ruptured and.dried.
“Vessel sealing” is defined as the process of liquefying the collagen in the tissue

so that it reforms into a fused mass with significantly-reduced demarcation
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between the opposing tissue structures (opposing walls of the lumen).
Coagulation of small vessels is usually sufficient to permanently close them.

L.arger vessels need to be sealed to assure permanent closure.

U.S. Patent No. 2,176,479 to Willis, U.S. Patent Nos. 4,005,714
and 4,031,898 to Hiltebrandt, U.S. Patent Nos. 5,827,274, 5,290,287 and
5,312,433 to Boebel et al., U.S. Patent Nos. 4,370,980, 4,552,143, 5,026,370
and 5,116,332 to Lottick, U.S. Patent No. 5,443,463 to Stern et al., U.S.
Patent No. 5,484,436 to Eggers et al. and U.S. Patent No. 5,951,549 to
Richardson et al., all relate to electrosurgical instruments for coagulating and
cutting vessels or tissue. So far as is known, none of these designs provide
uniformly reproducible pressure to the vessel or control the gap distance
between electrically conductive surfaces and, thus, do not result in a uniform,

consistent or effective seal.

Many of these instruments include blade members or shearing
members which simply cut tissue in a mechanical and/or electromechanical
manner and are relatively ineffective for vessel sealing purposes. Other
“instruments rely on clamping pressure alone to procure proper sealing
thickness and are not designed to take into account gap tolerances and/or
parallelism and flatness requirements which afe parameters which, if properly
controlled, can assure a consistent and effective tissue seal. For example, it is
known that it is difficult to adequately control thickness of the resulting sealed
tissue by controlling clamping pressure alone for either of two reasons: 1) if too
much force is applied, there is a possibility that the two poles will touch and
ehergy’ will notﬂbe transferféd through thgtissue résu"ltiﬁg iﬁ ah flnlehflfécﬂ:‘tivé s.e"al;
or 2) if too low a force is applied the tissue may pre-maturely move prior to

activation and sealing and/or a thicker, less reliable seal may be created.
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Typically and particularly with respect 1o endoscopic
electrosurgical procedures, once a vessel is sealed, the surgeon has to remove
the sealing instrument from the operative site, substitute a new instrument
through the cannula and accurately sever the vessel along the newly formed
tissue seal. As can be appreciated, this additional step may be both time
consuming (particularly when sealing a significant number of vessels) and may
contribute to imprecise separation of the tissue along the sealing line due to the
misalignment or misplacement of the severing instrument along the center of

the tissue seal.

Several attempts have been made to design an instrument which
incorporates a knife or blade member which- effectively severs the tissue after
forming a tissue seal. For example, U.S. Patent No. 5,674,220 to Fox et al.
discloses a transparent instrument which includes a longitudinally reciprocating
knife which severs the tissue once sealed. The instrument includes a plurality
of openings which enable direct visualization of the tissue during the treatment
and severing processes. This direct visualization allows a user to visually and
manually regulate the closure force and gap distance between jaw members to
reduce and/or limit certain undesirable visual effects known to occur when
treating vessels, thermal spread, éharring, etc. As can be appreciated, the
overall success of creating an effective tissue seal with this instrument is greatly
rellant upon the user’s experﬁse, visio.n, dexterity, .and experience in judging the

appropriate closure force, gap distance and length of reciprocation of the knife
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to uniformly, consistently and effectively seal the vessel and separate the tissue

at the seal along an ideal cutting plane.

U.S.'Patent No. 5,702,390 to Austin et al. discloses an instrument
which includes a triangularly-shaped electrode which is rotatable from a first
position to treat tissue to a second position to cut tissue. Again, the user must
rely on direct visualization and expertise to control the various effects of treating

and cutting tissue.

Thus, a need exists to develop an electrosurgical instrument
which includes an electrode assembly which enables the surgeon to both seal
the tissue in an effective and consistent manner and subsequently separate the .
tissue along the tissue seal without re-grasping the tissue or removing the

Instrument from the operating cavity.

SUMMARY

The present disclosure relates to an electrode assembly for use
with an instrument for sealing vessels. The electrode assembly includes a pair
of opposing first and second jaw members which are movable relative to one
another from a first position 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 thersbetween. Each jaw member includes an
electrically conductive' tissue contacting surface which is connected to an

electrosurgical generator (ESU) such that the tissue contacting surfaces are
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capable of conducting electrosurgical energy through the tissue held

therebetween to effect a tissue seal.

Advantageously, the first jaw member includes an electrically
conductive cutting element dielectrically disposed within the first tissue
contacting surface and the second jaw member includes an insulator disposed
therein opposite the cutting element. The cutting element extends outwardly
from the first tissue contacting surface towards the second tissue contacting
surface to create a gap between the tissue contacting surfaces during sealing.
One advantage of the present invention is that the cutting element and the first
tissue contacting surface are independently activatable by the surgeon to
selectively “cut” or “seal” the tissue, respectively. Another advantage of the
present invention iIs that the cutting element is substantially dull and only

capable of cutting tissue through electrosurgical activation.

In one advantageous embodiment, the  electrode assembly
includes a smart sensor for determining overall seal quality prior to activating
the cutting element. The smart sensor may employ an audible or visual
indicator depending upon a particular purpose to provide feedback to the
surgeon regarding overall seal quality. It may be advantageous to have the
smart sensor determine seal quality by measuring the drop in current across the

.....

measuring the tissue temperature or moisture content of the tissue.
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In another particularly advantageous embodiment, the same or a
second smart sensor may be employed to measure or determine various tissue
parameters to regulate / control the electrosurgical energy supplied to the
cutting element during cutting.  Preferably, after a tissue seal is created, the
sSmart sensor measures at least one of tissue thickness, tissue moisture, tissue
density and/or tissue impedance to regulate / control the electrosurgical energy
supplied to the cutting element during cutting. Advantageously, the ESU can be
designed to send a calibrating pulse through the tissue which enables the
Smart sensor to measures various tissue parameters to control the

}

electrosurgical energy supplied to the cutting element during cutting.

Yet, in another advantageous embodiment according to the
present disclosure, a smart sensor is employed to automatically switch
electrosurgical energy to the cutting element once the tissue is sealed. In still
yet another particularly useful embodiment, the ESU is configured to deliver
electrosurgical energy in a pulse-like manner to effect at least one of cutting
and sealing. Another advantageous embodiment.- employs a smart sensor
which includes a variable resistor which automatically requlates the
electrosurgical energy from the ESU during both the sealing and cutting

processes.

The present disclosure also relates to a method for sealing and
cutting tissue and includes the steps of: providing an electrode assembly

havinga pair of opposing first and second jaw members which are movable
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relative to one another from a first position 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 therebetween. Preferably, each of
the jaw members includes an electrically conductive tissue contacting surface

which is connected to the ESU.

An electrically conductive cutting element is dielectrically disposed
within the first tissue contacting surface. The cutting element extends from the
first tissue contacting surface towards the second tissue contacting surface.
Preferably, when the tissue contacting surfaces are closed about the tissue, the
cutting element creates a gap “G” between the first and second tissue
contacting surfaces. An insulator is disposed within the second tissue

contacting surface opposite the cutting element.

The method further includes the steps of: actuating the jaw
members to grasp tissue between tissue contacting surfaces; applying a closure
force “F” between tissue contacting surfaces such that the cutting element
creates a gap “G” between the first and second tissue contacting surfaces;
energizing the first and second tissue contacting surfaces to deliver
electrosurgical energy through the tissue to effect a tissue seal; and energizing
the cutting element and the second tissue contacting surface to deliver
electrosurgical energy through the'tiss_ue,,tq effectively cut the tissue along the

tissue seal.
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In another method according to the present disclosure, after the
step of energizing the first and second tissue contacting surfaces to effect a
tissue seal, the method includes the step of:  utilizihg a smart sensor to

determine seal quality prior to cutting the tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the subject instrument are described

herein with reference to the drawings wherein:

Fig. 1A is a left, perspective view.of an endoscopic bipolar forceps
showing a housing, a shaft and an electrode assembly according to the present

disclosure;

Fig. 1B is a left, perspective view of an open bipolar forceps

having an electrode assembly according to the present disclosure:

Fig. 2 is an enlarged view of a selectively detachable electrode

assembly according to the present disclosure;

Fig. 3A is a schematic, front view showing a first jaw member
having a tissue contacting surface with a cutting element disposed therein and
a second jaw member having a tissue contacting surface with an insulator

disposed therein opposite the cutting element;
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Fig. 3B is a schematic, front view showing the tissue contacting
surfaces and their respective electrical connections to a switch controller, a

smart sensor and/or an electrosurgical generator;

Fig. 3C Is a schematic, front view showing alternate electrical

connections to the switch controller and the electrosurgical generator;

Fig. 4A is a schematic, front view showing tissue being sealed
between tissue contacting surfaces through a combination of clamping the
tissue In a particular pressure range., maintaining a desired gap range between
opposing tissue contacting surfaces during sealing and applying a

predetermined amount of electrosurgical energy through the tissue;

Fig. 4B is a schematic, front view showing tissue being cut by the
cutting element through a combination of applying a cutting pressure within a
particular range and applying electrosurgical energy from the cutting element

through the tissue;

Fig. 4C is an enlarged, schematic view of Fig. 4B showing the
path of the electrosurgical current from the cutting element, through the tissue

and to the second tissue contacting surface;

Fig. 5A is a schematic, front view of an alternate jaw configuration

for the electrode assembly according to the present disclosure;

10
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Fig. 5B is a finite element analysis model of showing the current
density during cutting utilizing the alternate jaw member configuration of Fig.

- BA; and

Figs. 6A and 6B are schematic views of an alternate embodiment
of the present disclosure wherein the polarities of the electrodes are changed to

effect tissue cutting.

DETAILED DESCRIPTION

Referring now to Figs. 1A and 1B, a bipolar forceps 10 is shown
for use with various surgical procedures. Forceps 10 generally includes a
housing 20, a handie assembly 30, a rotating aésembly 80, a trigger assembly
70 and an electrode assembly 110 which mutually cooperate to grasp, seal and
divide tubular vessels and vascular tissue 400 (See Fig. 4A). Although the
majority of the figure drawings depict a bipolar forceps 10 for use in connection
with endoscopic surgical procedures, an open forceps 200 is also contemplated
for use in connection with traditional open surgical procedures and is shown by
way of example in Fig. 1B and is described below. For the purposes herein,
either an endoscopic instrument or an open instrument may be utilized with the
electrode assembly described herein. Obviously, different electrical and
mechanical connections and considerations apply to each particular type of
instrument, however, the novel aspects with respect to the electrode assembly.
and its operating characteristics remain generally consistent with respect to

both the open or endoscopic designs.

11
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More particularly, forceps 10 includes a shaft 12 which has a distal
end 14 dimensioned to mechanically engage the electrode assembly 110 and a
proximal end 16 which mechanically engages the housing 20. The shaft 12
may be bifurcated at the distal end 14 thereof to receive the electrode assembly
110.  The proximal end 16 of shaft 12 mechanically engages the rotating
assembly‘ 80 to facilitate rotation of .the electrode assembly 110. In the
drawings and in the descriptions which follow, the term “proximal’, as is
traditional, will refer to the end of the forceps 10 which is closer to the user,

while the term “distal” will refer to the end which is further from the user.

As best seen in Fig. 1A, forceps 10 also includes an electrical
Interface or plug 300 which connects the forceps 10 to a source of
electrosurgical energy, e.g., an electrosurgical generator 340 (See Fig. 3B).
Plug 300 includes a pair of prong members 302a and 302b which are
dimensioned to mechanically and electrically connect the forceps 10 to the
electrosurgical generator 340. An electrical cable 310 extends from the plug
300 to a sleeve 99 which securelyuconnects the cable 310 to the forceps 10.
Cable 310 is internally divided within the housing 20 to transmit electrosurgical

energy through various electrical feed paths to the electrode assembly 110.

Handle assembly 30 includes a fixed handle 50 and a movable
handle 40. Fixed handle 50 is integrally associated with h‘ouishi'ng. 20 and handle
40 is movable relative to fixed handle 50 to actuate a pair of opposing jaw
members 280 and 282 of the electrode assembly 110 as explained in more

detail below. Movable handle 40 and trigger assembly 70 are preferably of

12
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unitary construction and are operatively connected to the housing 20 and the

fixed handle 50 during the assembly process.

As mentioned above, electrode assembly 110 is attached to the
distal end 14 of shaft 12 and includes a pair of opposing jaw members 280 and
282. Movable handle 40 of handle assembly 30 imparts movement of the jaw
members 280 and 282 from an open position wherein the jaw members 280
and 282 are disposed in spaced relation relative to one another, to a clamping
or closed position wherein the jaw members 280 and 282 cooperate to grasp

tissue 400 therebetween (See Fig. 4A).

It is envisioned that the forceps 10 may be designed such that it is
fully or partially disposable depending upon a particular purpose or to achieve a
particular result. For example, electrode assembly 110 may be selectively and
releasably engageable with the distal end 14 of the shaft 12 and/or the proximal
end 16 of shaft 12 may be selectively and releasably engageable with the
housing 20 and the handle assembly 30. In either of these two instances, the
forceps 10 would be considered “partially disposable” or “reposable”, i.e., a new
or different electrode assembly 110 (or electrode assembly 110 and shaft 12)

selectively replaces the old electrode assembly 110 as needed.

Referring now to Figs. 1B, an open forceps 200 includes a pair of

elongated shaft portions 212a each having a proximal end 216a and 216b,

respectively, and a distal end 214a and 214b, respectively. The forceps 200

includes electrode assembly 210 which attaches to distal ends 214a and 214b

of shafts 212a and 212b, respectively. Electrode assembly 210 includes

13



CA 02500593 2005-03-30
WO 2004/032777 PCT/US2003/028539

opposing jaw members 280 and 282 which are pivotably connected about a

pivot pin 219.

Preferably, each shaft 212a and 212b includes a handle 217a and
217b disposed at the proximal end 216a and 216b thereof which each define a
finger hole 218a and 218b, respectively, therethrough for receiving a finger of
the user. As can be appreciated, finger holes 218a and 218b facilitate
movement of the shafts 212a and 212b relative to one another which, in turn,
pivot the Jaw members 280 and 282 from an open position wherein the jaw
members 280 and 282 are disposed in‘spaced relation relative to one another
to a clamping or closed position wherein the jaw members 280 and 282
cooperate to grasp tissue 400 therebetween. A ratchet 230 is preferably
iIncluded for selectively locking the jaw members 280 and 282 relative to one

another at various positions during pivoting.

Preferably, each position associated with the cooperéting ratchet
interfaces 230 holds a specific, i.e., constant, strain energy in the shaft
members 212a and 212b which, in turn, transmits a specific closing force to the
jaw members 280 and 282. It is envisioned that the ratchet 230 may include
graduations or other visual markings which enable the user to easily and quickly
ascertain and control the amount of closure force desired between the jaw

members 280 and 282.

14



CA 02500593 2005-03-30
WO 2004/032777 PCT/US2003/028539

One of the sh.afts, e.g., 212b, includes a proximal shaft connector
/flange 221 which is designed to connect the forceps 200 to a source of
electrosurgical energy such as an electrosurgical generator 342. More
particularly, flange 221 mechanically secures electrosurgical cable 310 to the
forceps 200 such that the user may selectively apply electrosurgical energy as
needed. The proximal end of the cable 310 includes a similar plug 300 as
described above with respect to Fig. 1A. The interior of cable 310 houses a
pair of leads which conduct different electrical potentials from the

electrosurgical generator 340 to the jaw members 280 and 282 as explained

below with respect to Fig. 2.

Preferably, the jaw members 280 and 282 are generally
symmetrical and include similar component features which cooperate to permit
facile rotation about pivot 219 to effeét the grasping and sealing of tissue 400.
Each jaw member 280 and 282 includes an electrically conductive tissue
contacting surface 284 and 286, respectively, which cooperate to engage the
tissue 400 during sealing and cutting. One of the jaw members includes a

cutting element 295 disposed therein which is explained in detail below.

As best shown in Fig. 2, the various electrical connections of the
electrode assembly 210 are preferably configured to provide electrical continuity
1o the tissue contacting surfaces 284 and 286 and the cutting element 295
through the electrode assembly 210. More particularly, two connector pins 307

and 308 are located at the proximal end of the electrode assembly 210.

15
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Connections 307 and 308 are preferably mechanically and electrically
interfaced with corresponding electrical connections (not shown) disposed
within shafts 212a and 212b, respectively. As can be appreciated, the electrical
connectors 307 and 308 may be permanently soldered to the shafts 212a and
212b during the assembly process of a disposable instrument or, altern‘atively,

selectively removable for use with a reposable instrument.

Connector 307 is internally connected to lead 298 disposed within
the electrode assembly 210 to provide electrical continuity to tissue contacting
surface 286 of jaw member 282. Likewise, connector 308 is internally

~connected to lead 297 which provides electrical continuity to tissue contacting
~surface 284 of jaw member 280. Connector.308 also includes a second
electrical interface 309 which provides electrical continuity to the ecutting
element 295 through electrode assembly 210. Interfaces 308 and 309 are
preferably dielectrically insulated from one another to allow selective and
independent activation of either the tissue contacting surface 284 or the cutting
element 295. Alternatively, the electrode assembly 210 may include a single
connector, e.g., 308, which includes an internal switch to allow selective and
independent activation of the tissue contacting surface 284 and the cutting
element 195. Preferably, the leads 297, 298 and 299 (and/or conductive
pathways) do not encumber the movement of the jaw members 280 and 282
relative to one another during the manipulation and grasping of tissue 400.
Likewise, the movement of the jaw members 280 and 282 do‘not unnecessarily

~strain the lead connections.

16
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As best seen in Figs. 2 and 3A-3B jaw members 280 and 282
both include conductive tissue contacting surfaces 284 and 286, respectively,
disposed along substantially the entire longitudinal length thereof (i.e.,
extending substantially from the proximai to distal end of the respective jaw
member 280 and 284). It is envisioned that tissue contacting surfaces 284 and
286 may be attached to the jaw member 280, 284 by stamping, by overmolding,
by casting, by overmolding a casting, by coating a casting, by overmolding a
stamped elecitrically conductive sealing plate and/or by overmolding a metal
Injection molded seal plate. All of these manufacturing techniques can be
employed to produce jaw member 280 and 284 having electrically conductive

tissue contacting surfaces 284 and 286 disposed thereon for contacting and

grasping tissue.

Preferably, the electrically conductive sealing surfaces 284 and
286 may also include a pinch trim (not shown) which facilitates secure
engagement of the electrically conductive surfaces 284 and 286 to the jaw
members 280 and 282 and also simplifies the overall manufacturing process. |t
Is envisioned that each electrically conductive sealing surface 284, 286 may
also include an outer peripheral edge which has a radius and the respective jaw
member 280, 282 meets the electrically conductive sealing surface 284, 286
along an adjoining edge which is generally tangential to the radius and/or meets

along the radius.

17
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The electrically conductive tissue contacting surfaces 28«4‘1r and 286
of the jaw members 280 and 282 both include an insulator or insulative material
290 and 292, respectively, disposed substantially along the entire longitudinal
length thereof. Each insulator 290 and 292 is generally centered across the
width of its respective tissue contacting surface 284 and 286, respectively,
along substantially the entire length of the tissue contacting surface 284 and

286 such that the two insulators 290 and 292 generally oppose one another.

Preferably, one or both of the insulators 290, 292 is made from a
ceramic material due to its hardness and inherent ability to withstand high
temperature fluctuations. Alternatively, one or both of the insulators 290, 292
may be made from a material having a high Comparative Tracking Index (CTI)
having a value in the range of about 300 to about 600 volts. Examples of high
CTl materials include nylons and syndiotactic polystryrenes such as
QUESTRA® manufactured by DOW Chemical. Other materials may also be
utilized either alone or in combination, e.g., Nylons, Syndiotactic;polystryrene
(SPS), Polybutylene Terephthalate (PBT), Polycarbonate (PC), Acrylonitrile
Butadiene Styrene (ABS), Polyphthalamide (PPA), Polymide, Polyethylene
Terephthalate (PET), Polyamide-imide (PAl), Acrylic (PMMA), Polystyrene (PS
and HIPS), Polyether Sulfone (PES), Aliphatic Polyketone, Acetal (POM)

Copolymer, Polyurethane (PU and TPU), Nylon with Polyphenylene-oxide

~ dispersion and Acrylonitrile Styrene Acrylate.
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Jaw member 280 includes an electrically conductive cutting
element 295 disposed substantially within the insulator 190. As described in
detaill below, the cutting element 295 plays a dual role during the sealing and
cutting processes. Preferably, the entire cutting element 295 is electrically
conductive, however, it is env"isioned that the cutting element 295 may be
made from an insulative material with a conductive coating disposed thereon.
Cutting element 295 is configured to extend from insulator 290 and the tissue
contacting surface 284 a distance "B” (See Fig. 3A) such that the cutting
element 295 acts as a gap stop (i.e., creates a gap distance “G” (See Fig. 4A)
between conductive sealing surfaces 284 and 286) which promotes accurate,
consistent and effective tissue sealing. As can be appreciated, the cutting
element 295 also prevents the two tissue contacting surfaces 284 and 286 from
touching which eliminates the chances of the instrument shorting during

sealing.

As mentioned above, two mechanical factors play an important
role in determining the resulting thickness of the sealed tissue and effectiveness
of a tissue seal 410, i.e., the pressure applied between opposing jaw members
280 and 282 and the gap distance “G” between the opposing tissue contacting
surfaces 284 and 286 during the sealing process. Preferably, the cutting
element 295 extends from the tissue contacting surface 284 a predetermined
distance "B" according to the specific material properties (e.g., compressive
strength, thermal expansion, etc.) to yield a consistent and accurate gap

distance “G” during sealing (Fig. 4A). Preferably, the gap distance “G” during
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sealing rénges from about 0.001 inches to about 0.006 inches and, more
preferably, betwéen about 0.002 inches and about 0.003 inches. The clamping
pressure between the opposing tissue contacting surfaces 284 and 286 is
preferably between about 3 kg/cm® to about 16 kg/cm®. Obviously, the pressure
between the cutting element 295 and the opposite insulator 292 is much higher

due to the smaller surface area of the cutting element 295 against the insulator

292,

As best seen in Fig. 3A, the conductive cutting element 295 is
oriented Iin opposing, vertical registration with the insulator 292 of jaw member
282. It is envisioned that the cutt'ing element 295 is substantially dull which, as
can be appreciated, does not inhibit the sealing process (i.e., premature cutting)
during initial electrosurgical activation. In other words, the surgeon is free to
- manipulate, grasp and clamp the tissue 400 for sealing purposes without the
cutting element 295 mechanically cutting into the tissue 400. Moreover, tissue
cutting can only be achieved through a combination of mechanically clamping
the tissue between the cutting element 295 and the opposing insulator 292 and
applying electrosurgical energy from the cutting element 295, through the tissue
400 and to the return electrode, i.e., the electrically conductive tissue contacting

surface 286.
It is envisioned that the geometrical configuration of the cuiting

element 295 plays an important role in determining the overall effectiveness of

tissue cut. For example, the power/current concentration around the cutting
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element 295 is based upon the patrticular geometrical configuration of the
cutting element 295 and the cutting element’s 295 proximity to the return
electrode, l.e., tissue contacting surface 286. Certain geometries on the cutting
element create areas of high power/current concentration. Moreover, the
spacing of the return electrode 286 to these power/cﬂrrent concentrations
effects the electrical fields through the tissue 400. Therefore, by configuring the
cutting element 295 and insulator 292 within close proximity to one another the
electrical current field remains high which is ideal for cutting but the instrument
will not short due to accidental contact between conductive surfaces. As can be
appreciated, the relative size of the cutting element 295 and/or the size of the

iInsulator 292 may be s‘electively altered to accomplish this purpose.

Figs. 3B and 3C shows schematic examples of how the tissue
contacting surfaces 284 and 286 and the cutting element 295 may be
electrically coupled to an electrosurgical generator 340 (ESU) and switch
controllers. More particularly, Fig. 3B shows an electrical lead 297 extending
from tissue contacting surface 284 and an electrical lead 298 extending from
tissue contacting surface 286. More particularly, lead 297 couples the tissue
contacting surface 284 to a switch 350, lead 352 couples the switch 350 to a
smart sensor 355 and lead 342 couples the smart sensor 355 to the ESU 340,
respectively. Lead 298 couples the.tissue contacting surface 286 directly to the
=oU 340 With respect to the cutting element 295, lead 299 couples the

cutting element 295 to switch 350, lead 354 couples the switch 350 to the
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smart sensor 355 and lead 342 couples the smart sensor 355 to the ESU 340,

respectively.

As can be appreciated, this electrical arrangement allows the
surgeon to initially activate the two opposing tissue contacting surfaces 284 and
286 to seal the tissue 400 and, subsequently, selectively and independently
activate the cutting element 295 and tissue contacting surface 286 to cut the
tissue 400. Hence, the tissue 400 is initially sealed and thereafter cut without

re-grasping the tissue.

However, it is envisioned that the cutting element 295 and the
tissue contacting surface 286 may also be activated to simply cut tissue/vessels
without initially sealing. For example, the jaw members 280 and 282 may be
opened and the cutting element 295 may be selectively activated to dissect or
coagulate tissue 400. This type of alternative embodiment may be particularly
useful during certain endoscopic procedures wherein an electrosurgical pencil is

typically introduced to coagulate and/or dissect tissue during the operating

procedure.

A switch 350 may be employed to allow the surgeon to selectively
activate tissue contacting surface 284 or the cutting element 295 independently
of one another. As can be appreciated, this allows the surgeon to initially seal

tissue 400 and then activate the cutting element 295 by simply turning the

switch 350. Rocker switches, toggle switches, flip switches, dials, etc. are types
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of switches which can be commonly employed {o ac‘complish this purpose. It
is also envisioned that the switch 350 may cooperate with the smart sensor 355
(or smatrt circuit, computer, feedback loop, etc.) which automatically triggers the
switch 350 to change between the “sealing” mode and the “cutting” mode upon
the satisfaction of a particular parameter. For example, the smart sensor 355
may include a feedback loop which indicates when a tissue seal is complete
based upon one or more of the following parameters: tissue temperature, tissue
impedance at the seal 410, change in impedance of the tissue over time and/or
changes in the power or current applied to the tissue over time. An audible or
visual feedback monitor 360 may be employed to convey information to the
surgeon regarding the overall seal quality or the completion of an effective
tissue seal 410. A separate lead 346 may be connected between the smart

sensor 355 and the ESU for visual and/or audible feedback purposes.

Preferably, the ESU 340 delivers energy to the tissue in a pulse-
like waveform. It has been determined that delivering the energy in pulses
Increases the amount of sealing energy which can be effectively delivered to
the tissue and reduces unwanted tissue effects such as charring. Moreover,
the feedback loop of the sman sensor 355 can be configured to automatically
measure various tissue parameters during sealing (i.e., tissue temperature,
tissue impedance, current through the tissue) and automatically adjust the
energy intensity and number of pulses as needed to reduce various tissue

effects such as charring and thermal spread.
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It has aléo been determined that RF pulsing may be used to more
effectively cut tissue. For example, an initial pulse from the cutting element 295
through the tissue 400 (or the tissue contacting surfaces 284 and 286 through
the tissue 400) may be delivered to provide feedback to the smart sensor 355
for selection of the ideal number of subsequent pulses and subsequent pulse
intensity to effectively and consistently cut the amount or type of tissue 400 with
minimal effect on the tissue seal 410. It is believed that electrical cutting
occurs in spikes which are generally within the first 0.01 seconds to 0.5 seconds
of energy application. If the energy is not pulsed, the tissue may not initially cut
but desiccate since tissue impedance remains high during the initial stages of
cutting. By providing the energy in short, high energy pulses, it has been found

that the tissue 400 is more likely to cut.

Alternatively, switch 350 may be configured to activate based
upon a desired cutting parameter and/or after an effective seal is created or has
been verified. For example, after effectively sealing the tissue 400, the cutting
element 295 may be automatically activated based upon a desired end tissue

thickness at the seal 410.

Fig. 3C shows another alternative embodiment of the present
disclosure which utilizes two active switches 350a and 350b to separately and
~ Independently energize the conductive elements, i.e., tissue contacting surface
284 and cutting element 295. As. such, thez surgeon actively depresses switch

350a to effect sealing and switch 350b to effect cutting. Tissue contacting
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surface 286 is directly coupled to the ESU 340 and acts as the return electrode

in elther instance.

Turning now to the operation of the electrosurgical instrument 10
(or 200), Fig. 4A shows the pathway of the electrosurgical energy 420 from the
opposing conductive surfaces 284 and 286 and through the tissue 400 during
the sealing process and Figs. 4B and 4C show the pathway of the
electrosurgical energy 420 from the cutting element 295 and through the tissue
400 during the cutting process. More particularly, Fig. 4A shows the tissue 40
being compressed between the conductive tissue contacting surfaces 284 and
286 of the jaw member 280 and 282 under a closure pressure “F” in the range
of about 3 kg/cm” to about 16 kg/cm?. Applying the correct force “F” is also
important for other reasons: to oppose the walls of the vessel; to reduce the
tissue impedance to a low enough value that allows enough current through the
tissue 400; and to overcome the forces of expansion during tissue heating in
addition to contributing towards creating the required end tissue thickness which
Is an indication of a good tissue seal 410. Tissue pressures within a working
range of about 7 kg/cm® to about 13 kg/cm? have been shown to be particularly

effective for sealing arteries and vascular bundies.

Upon compression, the cutting element 295 acts as a stop
- member and creates a gap "G” between the opposing conductive tissue
contacting surfaces 284 and 286. Preferably, the gap distance is in the range

of about 0.001 to about 0.006 inches. As mentioned above, controlling both the
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gap distance “G” and clamping pressure “F” between conductive surfaces 284
and 286 are two important mechanical parameters which need to be properly
controlled to assure a consistent and effective tissue seal. The surgeon
activates the ESU 340 and the switch 350 (either manually or automatically as
described above) to‘t'ransmit electrosurgical energy 420 to the tissue contacting
surfaces 284 and 286 and through the tissue 400 to effect a seal 410. As a
result of the unique combination of the clamping pressure “F”, gap distance “G”
and electrosurgical energy 420, the tissue collagen melts into a fused mass with

limited demarcation between opposing vessel walls.

Once sealed, the surgeon activates the cuiting element 295 as
llustrated in Figs. 4B and 4C. More particularly, the surgeon activates the
switch 350 to energizé the cutting element 295 to cut the tissue 400. As
mentioned above, the surgeon does not necessarily need to re-grasp the tissue
400 to cut, i.e., the cutting element 295 is already positioned proximate the
ideal, center cutting line of the seal. As best seen in Fig. 4C, the highly
concentrated electrosurgical energy 420 (see current field lines) travels from
the tip of the cutting element 295 through the tissue 400 to cut the tissue 400
into two distinct halves 430a and 430b. As mentioned above, the number of
pulses required to effecvtively cut the tissue 400 and the intensity of the cﬁtting
energy 420 may be determined by measuring the seal thickness and/or tissue
/Impedance and/or based upon an initial calibrating energy pulse which
measures similar parameters. A smart sensor 355 (See '- Fig. 3B) or feedback

loop may be employed for this purpose.
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As best seen in Fig. 4C, the cutting element 295 may include
opposing corner edges 296 having substantially rounded corners. Other cutting
element 295 geometries are envisioned as well to create different power

concentrations depending upon a particular purpose.

For example, Fig. 5A shows one alternate example of an
electrode assembly 500 wherein jaw member 582 includes a tissue contacting
surface 584 having an insulator 590 extending along the longitudinal length
thereof. In this embodiment, the insulator 590 extends a distance “E” toward
the opposing tissue contacting surface 586 to create the stop gap “G” between
opposing tissue contacting surfaces 584 and 586 during sealing. A cutting
element 595 is recessed within the insulator 590 a distance "R” such that the
cutting element 595 does not touch the opposing tissue contacting surface 586
during the sealing and cutting processes. As can be appreciated, tissue
contacting surface 586 does not include an insulator oriented opposite the

cutting element 595 thus simplifying the overall manufacturing process.

In this embodiment, the recessed cutting element 595 is designed
to create very high current densities due to the proximity of the insulator 590
relative to the edge 597 of the cutting element 595, i.e., high current densities
are created at the insulatorfelectrode Interface 530. As can be appreciated,
this particular design of the electrode assembly 510 places the éutting element

595 next to the high pressure insulator/electrode interface 599 (high-pressure

27



CA 02500593 2005-03-30
WO 2004/032777 PCT/US2003/028539

clamping zone). As best illustrated in Fig. 5B, a finite element model shows a
concentration of high current density near the insulator/electrode interface 599
as a result of placing the cutting element 595 in close proximity to the high-
pressure clamping zone 598. It is envisioned that this particular configuration of
the cutting element 595 allows for cutting with lower power requirerﬁents.
Preferably, a pulsing RF output from the ESU 340 may be employed to more

effectively cut the tissue 400 as described above.

Figs. 6A and 6b show an alternate embodiment of the present
disclosure wherein the polarities of the sealing electrodes are changed after
sealing to effect tissue' cutting.  More particularly, as best shown in Fig. 6A, a
first pair of sealing electrodes 284a and 284b having a first polarity are
disposed on jaw member 280 and a second pair of sealing electrodes 286a and
286b having a second polarity are disposed on jaw rﬁember 282. A plurality of
electrical connections 293, 297, 298 and 299 connect each electrode 286b,
284b, 286a and 284a, respectively, to the electrosurgical generator 340.
Electrodes 284a and 286a and electrodes 284b and 286b: are positioned in
opposing relation relative to one another such that electrosurgi'cal energy 420

can be effectively communicated through tissue 400 when held between the

two jaw members 280 and 282.

Upon initial activation and after the tissue 400 is grasped between
jaw members 280 and 282, electrosurgical energy is transferred between

\

opposing electrodes 284a and 286a and electrodes 284b and 286b and through
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the tissue 400 generally in the manner shown in Fig. 6A. As mentioned above,
the combination of electrosurgical energy, controlled gap distance between
opposing electrodes 284a and 286a and electrodes 284b and 286b and

controlled closing pressure will assure a consistent and effective tissue seal.

Once the tissue is effectively sealed between opposing jaw
members, the surgeon can opt to cut or divide the tissue along the tissue seal.
As can be appreciated, the instrument may be configured to automatically cut
the tissue 400 once sealed or the instrument may be configured to permit the
surgeon to selectively divide the tissue 400 once sealed. Moreover, it is
envisioned that an audible or visual indicator (not shown) may be triggered by a
sensor (not shown) to alert the surgeon when an effective seal has been
created. The sensor -may, for example, determine if a seal is complete by
measuring one of tissue impedance, tissue opaqueness and/or tissue
temperature. Commonly-owned U.S. Application Serial No. 10/427,832 which
Is hereby incorporated by reference herein describes several electrical systems
which may be employed to provide positive feedback to the surgeon to
determine tissue parameters during and after sealing and to determine the

overall effectiveness of the tissue seal.

As best seen In Fig. 6B, during the cutting stage the electrical

potential of two of the four electrodes, e.g., electrode 284b and electrode 286a, @

Is changed which, as can be appreciated, alters the path of the electrosurgical

energy through the tissue 400 when activated. More particularly, an electrical
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or electromechanical switch (not shown) may be activated after the sealing
stage to switch the electrical potential of two of the four electrodes. It is
contemplated that the electrical potentials of the electrodes 284a, 284b, 286a
and 286b may be reconfigured in any fashion t{o effect cutting depending upon

a particular purpose.

For example and as shown in Fig. 6B, the electrical potentials of
electrodes 286a and 284b have been changed to encourage a substantially
diagonal electrosurgical cutting path through the tissue 400. More particularly,
as the tissue impedance rises, the electrosurgical energy will be directed
diagonally towards the electrically opposing electrodes on the opposite jaw

member. |t is contemplated that the two electrical paths will cross and cut

tissue generally along a center line “C”.

Preferably, the electrosurgical intensity from each of the
electrodes 284a, 284b, 286a and 286b is selectively or automatically
controllable to assure consistent and accurate cutting along the centerline “C” in
view of the inherent variations in tissue type and/or tissue thickness. Moreover,
it is contemplated that the entire surgical process may be automatically
controlled such that after the tissue is initially grasped the surgeon may simply
activate the forceps to seal and subsequently cut tissue. In this instance, the
generator 340 may be configured to communicate with one or more sensors
(not shown) to provide positive feedback to the generator 340 during both"the

sealing and cutting processes to insure accurate and consistent sealing and
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division of tissue 400. As mentioned above, commonly-owned U.S. Patent
Application Serial No. 10/427,832 discloses a variety of feedback mechanisms

which may be employed for this purpose.

The present disclosure also relates to a method for sealing and
cutting tissue and includes the steps of: providing an electrode assembly, e.q.,
210, having a pair of opposing first and second jaw members 280, 282 'which
are movable relative to one another from a first position wherein the jaw
members 280, 282 are disposed In spaced relation relative to one another to a
second position wherein the jaw members 280, 282 cooperate to grasp tissue
400 therebetween. Preferably, each of the jaw members 280, 282 includes an

- electrically conductive tissue contacting surface 284, 286, respectively, which is

connected to the ESU 340.

An electrically conductive cutting element 295 is dielectrically
disposed within the first tissue contacting surface 284 and the cutting element
295 extends from the first tissue contacting surface 284 towards the second
tissue contacting surface 286. Preferably, when the tissue contacting surfaces
284, 286 are closed about the tissue 400, the cutting element 295 creates a
gap "G” between the first and second tissue contacting surfaces 284, 286
between about 0.001 inches to about 0.006 inches. An insulator is disposed
Wwithin the second tissue contacting surface 286 in substantially opposing

relation to the cutting element.
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The method further includes thé steps of: actuating the jaw
members 280, 282 to grasp tissue 400 between tissue contacting surfaces
284, 286; applying a closure force “F” between tissue contacting surfaces 284,
286 between about 3 kg/cm® to about 16 kg/cm? such that the cutting element
295 creates a gap “G” between the first and second tissue contacting surfaces
284, 286; energizing the first and second tissue contacting surfaces 284, 286
to deliver electrosurgical energy 420 through the tissue 400 to effect a tissue
seal 410; and energizing the cutting element 295 and the second tissue
contacting surface 286 to deliver electrosurgical energy 420 through the tissue‘

400 to effectively cut the tissue 400 along the tissue seal 410.

After the step of energizing the first and second tissue contacting
surfaces 284, 286 to effect a seal 410, the method may include the step of:

utilizing a smart sensor to determine seal quality prior to cutting tissue 400.

From the foregoing and with reference to the various figure
drawings, those skilled in the art will appreciate that certain modifications can
also be made to the present disclosure without departing from the scope of the
present disclosure. For example, it may be preferable to add other features to
the forceps 10 or 200, e;g., an articulating assembly to axially displace the
electrode assembly 110, 210 relative to the elongated shaft 12, 212. The
tissue contacting surfaces 284 and 286 may include radiused edges to facilitate

sealing and reduce possible collateral damage to tissue during sealing.
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It ié also contemplated that the forceps 10 (énd/or the ESU 340
used in connection with the forceps 10) may include a second smart sensor or
additional feedback mechanism (not shown) which automatically selects the
appropriate amount of electrosurgical energy to effectively seal the particularly-

sized tissue grasped between the jaw members 280 and 282.

It is envisioned that the outer surface of the jaw members 280 and
282 may include a nickel-based material, coating, stamping and/or metal
Injection molding which is designed to reduce adhesion between the jaw
members 280, 282 (or components thereof) with the surrounding tissue during
activation, sealing and cutting. Moreover, it is also contemplated that the tissue
contacting surfaces 284 and 286 may be manufactured from one (or a
combination of one or more) of the following materials: nickel-chrome,
chromium nitride, MedCoat 2000 manufactured by The Electrolizing
Corporation of OHIO, inconel 600 and tin-nickel.  The tissue contacting
surfaces 284, 286 and/or the conductive cuiting element 295 may also be
coated with one or more of the above materials to achieve the same resul, i.e.,

a “non-stick surface”.

Preferably, the non-stick materials are of a class of materials that
provide a smooth surface to prevent mechanical tooth adhesions. When
utilized on the sealing surfaces 284 and 286 and/or the conductive cutting

element 295, these materials provide an optimal surface energy for eliminating
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sticking due in part to surface texture and susceptibility to surface breakdown
due electrical effects and corrosion in the presence of biologic tissues. [t is
envisioned that these materials exhibit superior non-stick qualities over
stainless steel and should be utilized on the forceps 10, 200 in areas where the
exposure to pressure and electrosurgical energy can create localized "hot
spots” more susceptible to tissue adhesion. As can be appreciated, reducing
the amount that the tissue “sticks” during sealing improves the overall efficacy

of the Instrument.

As mentioned above, the non-stick materials may be
manufactured from one (or a combination of one or more) of the following “non-
stick” materials: nickel-chrome, chromium nitride, MedCoat 2000, Inconel 600
and tin-nickel. For example, high nickel chrome alloys, Ni200, Ni201 (~100%
Ni) may be made into the sealing surfaces 284, 286 or the cutting element 295
by metal injection molding, stamping, machining or any like process. Also and
as mentioned above, the tissue sealing surfaces 284 and 286 and/or the
conductive cutting element 295 may also be “coated” with one or more of the
above materials to achieve the same result, i.e., a “non-stick surface”. For
example, Nitride coatings (or one or more of the other above-identified
materials) may be deposited as a coating on another base material (metal or

nonmetal) using a vapor deposition manufacturing technique.

R VT

One particular class of materials disclosed herein has

demonstrated superior non-stick properties and, in some instances, superior
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seal quality. For example, nitride coatings which include, but not are not limited
to: TIN, ZrN, TIAIN, and CrN are preferred materials used for non-stick
purposes. CrN has been found to be particularly useful for non-stick purposes
due to its overall surface properties and optimal performance. Other classes of
materials have also been found to reducing overall sticking. For example, high
nhickel/chrome alloys with a Ni/Cr ratio of approximately 5:1 have been found to
significantly reduce sticking in bipolar instrumentation. One particularly useful
non-stick material in this class is Inconel 600. Bipolar instrumentation having
sealing surfaces 284 and 286 made from or coated with Ni200, Ni201 (~100%
Ni) also showed improved non-stick performance over typical bipolar stainless

steel electrodes.

By way of example, chromium nitride may be applied using a
physical vapor deposition (PVD) process that applies a thin uniform coating to
the entire conductive surface. This coating produces several effects: 1) the
coating fills in the microstructurés on the metal surface that contribute to
mechanical adhesion of tissue to surfaces; 2) the coating is very hard and is a
non-reactive material which minimizes oxidation and corrosion; and 3) the
coating tends to be more resistive than the base material causing conductive

surface heating which further enhances desiccation and seal quality.

The Inconel 600 coating is a so-called “super alloy” which is

primarily used in environments which require resistance to corrosion and heat.

The high Nickel content of Inconel makes the material especially resistant to

organic corrosion. As can be appreciated, these properties are desirable for
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bipolar electrosurgical instruments which are naturally exposed to high
temperatures, high RF energy and organic matter. Moreover, the resistivity of

Inconel is typically higher than the base conductive material which further

enhances desiccation and seal quality.

As disclosed herein the present invention relates to the transfer of
electrosurgical energy though opposing electrically conductive sealing surfaces
having different electrical potentials to effect vessel sealing. However, it is also
contemplated that the present!y disclosed embodiments discussed herein may
be designed to seal the tissue structure using so-called “resistive heating”
whereby the tissue contacting surfaces 284 and 286 are not necessarily
electrically conductive surfaces. Rather, each of the surfaces 284 and 286 is
heated much like a conventional “hot plate” such that the surfaces 284 and 286
cooperate to seal the tissue upon contact (or upon activation of a switch (not

shown) which selectively heats each surface 284 and 286 upon activation).

Preferably, the presently disclosed forceps 10, 200 is designed to
electrically- couple to a foot switch (not shown) which allows the surgeon to
selectively control the electrosurgical energy transferred to the tissue either to
effect sealing and/or cutting. A handswitch (not shown) may also be utilized.
As can be appreciated, locating a handswitch on the forceps 10, 200 has many
advantages. For example, the handswitch reduces the amount of electrical
cable in the operating room and virtually eliminates the possibility of activating
the wrong instrument or feature during a surgical procedure due to “line-of-

~sight” activation.
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It is also contemplated that cutting element 295 may be
dimensioned as a cutting wire which is selectively activatable by the surgeon to
divide the tissue 400 after sealing. More particularly, a wire is mounted within
the Iinsulator 290 between the jaw members 280 and 282 and is selectively

energizable upon activation of the switch 350.

It Is envisioned that the electrode assembly 110, 210 could be
selectively detachable (i.e., reposable) from the shaft 12, 212, respectively,
depending upon a particular purpose. Alternatively, the entire instrument could
be disposable. For example, it is contemplated that specific forceps 10, 200
could be configured for different tissue types or thicknesses. Moreover, it is
envisioned that a reusable -forceps 10, 200 could be sold as a kit having
different electrodes assemblies 110, 210 for different tissue types. The surgeon

simply selects the appropriate electrode assembly for a particular tissue type.

It is also envisioned that a variable resistor could be employed to
regulate the electrosurgical energy to effect sealing and or cutting a particular
tissue type. The variable resistor could be coupled to a sensor which
determines tissue type, tissue impedance, tissue moisture, tissue thickness,
etc. and regulates the appropriate electrosurgical energy intensity by

automatically adjusting the variable resistor to seal and /or the cut tissue.

Although Figs. 1-4C show the cutting element 295 as extending

from the insulator 290 toward the second tissue contacting surface 286, It Is

envisioned that other jaw arrangements are plausible which would accomplish - -

the same or similar purposes. For”example, the cutting element 295 could be

relatively flush within the insulator 290 and the bottom insulating surface 292
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could extend beyond the tissue contacting surface 286 towards the opposing
first tissue contacting surface 284. In addition, both the cutting element and
the insulating surface 292 are flush and a gap stop is created elsewhere on the
tissue contacting surfaces or elsewhere in the instrument.  Various
embodiments of stop member configurations and stop gap actuators are
disclosed in commonly-owned PCT Patent Application Serial Nos. PCT US
02/01890 and PCT/US01/11413 and commonly-owned and concurrently-filed
U.S. Patent Application No. [Docket Nos. 11584/203-3311] entitled
“ELECTROSURGICAL INSTRUMENT FOR SEALING VESSELS” by K
Johnson, S. Dycus and G. Couture the contents of which are all hereby

iIncorporated by reference in their entirety herein.

Although the subject forceps and electrode assemblies have been
described with respect to breferred embodiments, it will be readily apparent to
those having ordinary skill in the art to which it appertains that changes and
modifications may be made thereto without departing from the spirit or scope of

the subject devices.

While several embodiments of the disclosure have been shown in
the drawings, it is not intended that the disclosure be limited thereto, as it is
iIntended 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
embodiments. Those skilled in the art will envision other modifications within

- the scope and spirit of the claims appended-hereto. -~~~ - - -
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WHAT IS CLAIMED IS:

1. An electrode assembly for use with an instrument for sealing vessels, the

electrode assembly comprising:
a pair of opposing first and second jaw members being movable
relative to one another from a first position 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 therebetween;

each Jaw member including an- electrically conductive tissue
contacting surface, each tissue contacting surface being connected to a source
of electrosurgical energy such that the tissue contacting surfaces are capable of
conducting electrosurgical energy through the tissue held therebetween to
effect a seal;

the first jaw member including an electrically conductive cutting
element dielectrically disposed within the first tissue contaéting surface and the
second jaw member including an insulator disposed therein, the insulator being
disposed in substantially opposing relation to the cutting element;

wherein the cutting elément extends from the first tissue
contacting surface towards the second tissue contacting surface to create a gap
between the tissue contacting surfaces during sealing and wherein the éutting

element and the first tissue contacting surface are independently activatable by

the surgeon.
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2. An electrode assembly according to claim 1 wherein the cutting element
is substantially dull and only capable of cutting tissue through electrosurgicai

activation.

3. An electrode assembly according to any preceding claim further

comprising a smart sensor for détermining seal quality prior to cutting.

4. An electrode assembly according to any preceding claim wherein the

smart sensor includes an audible indicator for indicating seal quality.

5.  An electrode assembly according to any preceding claim wherein the

smart sensor includes a visual indicator for indicating seal quality.
6. An electrode assembly according to any preceding claim wherein the
smart sensor determines seal quality based upon a drop in electrical current

through the tissue.

7. An electrode assembly according to any preceding claim wherein the

smart sensor determines seal quality based upon tissue impedance.

8. An electrode assembly according to any preceding claim wherein the

smart sensor determines seal quality based upon tissue temperature.
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9. An electrode assembly according to any preceding claim further
comprising a smart sensor for determining various tissue parameters to control

the electrosurgical energy supplied to the cutting element during cutting.

10. An electrode assembly according to any preceding claim wherein after
the tissue seal is created, the smart sensor measures at least one of tissue
thickness, tissue moisture, tissue density and tissue impedance to control the

electrosurgical energy supplied to the cutting element during cutting. |

11.  An electrode assembly according to any preceding claim wherein after
the tissue seal is created, the electrosurgical energy source sends a calibrating
pulse through the tissue to enable the smart sensor to measures various tissue
parameters to control the electrosurgical energy supplied to the cutting element

during cutting.

12.  An electrode assembly according to any preceding claim further
comprising a smart sensor which automatically switches electrosurgical energy

to the cutting element once the tissue is sealed.

13. An elecirode assembly according to any preceding claim wherein
“ electrosurgical energy is delivered from the electrosurgical energy source in a

 pulse-like manner to effect at least-one of cutting and sealing.- -~
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14. An electrode assembly according to any preceding claim further

comprising a smart sensor which includes a variable resistor to regulate the

electrosurgical energy during both the sealing and cutting processes.

15. An electrode assembly according to any preceding claim further
comprising a first switch for energizing the opposing first and second tissue
contacting surfaces to effect tissue sealing and a second switch for energizing

the cutting element and the second tissue contacting surface to effect tissue

cutting.

16. A method for sealing and cutting tissue, comprising the steps of:

providing an electrode assembly having:

a pair of opposing first and second jaw members being

movable relative to one another from a first positionawherein the jaw members

are disposed in spaced relation relative to one another to a second position

wherein the jaw members cooperate to grasp tissue therebetween,;

each jaw member including an electrically conductive tissue

contacting surface, each tissue contacting surface being connected to a source

of electrosurgical energy;

an electrically conductive cutting element dielectrically

disposed within the first tissue contacting surface, the cutting element extending

from the first tissue contacting surface towards the second-tissue contacting

surface;
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an insulator disposed within the second tissue contacting

surface, the insulator being disposed in substantially opposing relation to the
cutting element;

actuating the jaw members to grasp tissue between tissue
contacting surfaces;

applying a closure force between tissue contacting surfaces
between about 3 kg/cm® to about 16 kg/cm® such that the cutting element
creates a gap between the first and se.'cond tissue contacting surfaces;

energizing the first and second tissue contacting surfaces to
deliver electrosurgical energy through the tissue to effect a tissue seal; and

energizing the cutting element and the second tissue contacting

surface to deliver energy through the tissue to effectively cut tissue along the

tissue seal.

17. A method for sealing and cutting tissue according to claim 16 wherein
after the step of energizing the first and second tissue contacting surfaces to
effect a seal, the method further comprises the step of: utilizing a smart sensor

to determine seal quality prior to cutting tissue.
18. A method for sealing and cutting tissue according to claim 16 or 17

wherein the cutting element creates a gap between the first and second tissue

contacting surfaces between about 0.001 inches to about 0.006 inches.
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