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ABSTRACT
An electrosurgical system for sealing vessels using capacitive (RF) dielectric
heating and a method thereof are provided. The system includes an electrosurgical
instrument having an end effector with parallel plate electrodes that will clamp onto a
5 vessel and maintain a specified gap distance; however, the electrodes will be coated
with a non-conductive dielectric material. Such an end effector will ensure that direct
conduction between the electrodes does not occur through tissue or fluids and
effectively creates a parallel plate capacitor with a dielectric, e.g., tissue and coating, in
between the plates. The electrosurgical instrument will be activated with an AC signal at
10 a specified RF frequency, e.g., a Debye resonance frequency, via an electrosurgical
generator. An effective AC current will flow through the tissue and cause heating due to

fictional losses from rotating polar molecules in the tissue.
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VESSEL SEALING SYSTEM USING CAPACITIVE RF DIELECTRIC HEATING

BACKGROUND

1. Technical Field
The present disclosure Is directed to electrosurgical systems, and, in particular,
to an electrosurgical system for vessel sealing using capacitive radio frequency (RF)

dielectric heating.

2. Description of the Related Art

Electrosurgical generators are employed by surgeons in conjunction with an
electrosurgical tool to cut, coagulate, desiccate and/or seal patient tissue. High
frequency electrical energy, e.g., radio frequency (RF) energy, is produced by the
electrosurgical generator and applied to the tissue by the electrosurgical tool. Both

monopolar and bipolar configurations are commonly used during electrosurgical

procedures.
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Electrosurgical generators typically include power supply circuits, front panel

interface circuits, and RF output stage circuits. Many electrical designs for
electrosurgical generators are known in the field. In certain electrosurgical generator
designs, the RF output stage can be adjusted to control the RMS (root mean square)
output power. The methods of controlling the RF output stage may include changing the
duty cycle, or changing the amplitude of the driving signal to the RF output stage. The
method of controlling the RF output stage is described herein as changing an input to

the RF output stage.

Electrosurgical techniques have been used to seal or fuse small diameter blood

vessels, vascular bundles and tissue. In this application, two layers of tissue are
grasped and clamped together while electrosurgical power is applied. By applying a
unique combination of pressure, gap distance between opposing seal surfaces and
controlling the electrosurgical energy, the two tissue layers are welded or fused together
into a single mass with limited demarcation between tissue layers. Tissue fusion is

similar to vessel sealing, except that a vessel or duct is not necessarily sealed in this

process. For example, tissue fusion may be used instead of staples for surgical

anastomosis.

One of the issues associated with electrosurgical sealing or fusion of tissue is
undesirable collateral damage to tissue due to the various thermal effects associated

with electrosurgically energizing tissue. The tissue at the operative site is heated by
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electrosurgical current typically applied by the electrosurgical instrument. Heailthy tissue
adjacent to the operative site may become thermally damaged if too much heat is
allowed to build up at the operative site or adjacent the sealing surfaces. For example,
during sealing, the heat may conduct or spread to the adjacent tissue and cause a
significant region of tissue necrosis. This is known as thermal spread. Thermal spread
becomes important when electrosurgical instruments are used in close proximity to
delicate anatomical structures. Therefore, an electrosurgical generator that reduces the

possibility of thermal spread would offer a better opportunity for a successful surgical

outcome.

Another issue associated with electrosurgical tissue sealing or tissue fusion is the
buildup of eschar on the surgical instrument. Eschar is a deposit which is created from

tissue that is charred by heat. Surgical tools often lose effectiveness when coated with

eschar.

In order to effect a proper seal with larger vessels, two predominant mechanical
parameters must be accurately controlled - the pressure applied to the vessel and the
gap between the electrodes both of which affect thickness of the sealed vessel. More
particularly, accurate application of the pressure is important 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 fused vessel wall is optimum between about
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0.001 and about 0.006 inches. Below this range, the seal may shred or tear and above

this range the lumens may not be properly or effectively sealed.

With respect to smaller vessels, the pressure applied to the tissue tends to
become less relevant whereas 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

vessels become smaller.

As mentioned above, in order to properly and effectively seal larger vessels, a
greater closure force between opposing jaw members is required. It is known that a
large closure force between the jaws typicaily requires a large moment about the pivot

for each jaw. This presents a challenge because the jaw members are typically affixed

with pins which are positioned to have a small moment arms with respect to the pivot of
each jaw member. - A large force, coupled with a small moment arm, is undesirable
because the large forces may shear the pins. As a result, designers must compensate
for these large closure forces by either designing instruments with metal pins and/or by
designing instruments which at least partially offload these closure forces to reduce the
chances of mechanical failure. As can be appreciated, if metal pivot pins are
employed, the metal pins must be insulated to avoid the pin acting as an alternate

current path between the jaw members which may prove detrimental to effective

sealing.
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Increasing the closure forces between electrodes may have other undesirable
effects, e.g., it may cause the opposing electrodes to come into close contact with one
another which may result in a short circuit or arcing between the electrodes, and a small

closure force may cause pre-mature movement of the tissue during compression and

prior to activation.

Thus, a need exists to develop an electrosurgical system which effectively seals
vascular tissue and solves the aforementioned problems by providing an instrument
which enables a large closure force between the opposing jaws members, reduces the

chances of short circuiting the opposing jaws during activation and reduces the

possibility of thermal spread.

SUMMARY

An electrosurgical system for sealing vessels using capacitive (RF) dielectric
heating and a method thereof are provided. The present disclosure provides a system
and method where tissue sealing is caused by capacitive heating, along with pressure
and time. Tﬁe system includes an electrosurgical tool or instrument having an end
effector with parallel plate electrodes that will clamp onto a vessel, or tissue, and
maintain a specified gap distance; however, the electrodes will be coated with a non-
conductive dielectric material. Such an end effector will ensure that direct conduction
between the electrodes does not occur through tissue or fluids and effectively creates a

parallel plate capacitor with a dielectric, e.g., tissue and coating, in between the plates.

The electrosurgical instrument will be activated with an AC signal at a specified RF
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frequency, e.g., a Debye resonance frequency, via an electrosurgical generator. An

effective AC current will flow through the tissue and cause heating due to frictional

losses from rotating polar molecules in the tissue.

Advantageously, the capacitive RF dielectric system of the present disclosure wili
provide more uniform heating, e.g., reduced thermal spread, due to a more uniform
electric field generated between the electrodes than with a conventional ohmic heating
system and will eliminate arcing since there will be no direct conduction between
electrodes. Additionally, a more accurate temperature measurement is achieved with a
single temperature sensor due to the uniform heat distribution. Furthermore, since the

surface contacting tissue will be coated with a, preferably, non-stick, dielectric material,

tissue sticking to the end effector will be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of the present disclosure
will become more apparent in light of the following detailed description when taken in

conjunction with the accompanying drawings in which:

FIG. 1 is a schematic diagram illustrating the principles of one embodiment of the

present disclosure;

FIG. 2 is a simplified block diagram of an electrosurgical system which may be

used with the present disclosure;
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FIG. 3 is a perspective view of one embodiment of a surgical instrument having

bipolar forceps which may be configured according to the present disclosure,

FIG. 4 is an enlarged, perspective view of the end effector assembly of the

5 forceps of FIG. 3 shown in an open configuration;

FIG. 5 is an enlarged, perspective view of the end effector assembly of the

forceps of FIG. 3 shown in a closed configuration;

10 FIG. 6 is a right, perspective view of the forceps of FIG. 3 shown grasping tissue;

FIG. 7 is a perspective view of an endoscopic forceps which may be configured

according to the present disclosure;

15 FIG. 8 is a simplified block diagram of one embodiment of a power control circuit

for use with an electrosurgical generator; and

FIG. 9 is a flowchart illustrating one method for sealing tissue according to the

present disclosure.

20

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described herein below with

reference to the accompanying drawings. In the following description, well-known
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functions or constructions are not described in detail to avoid obscuring the disclosure in

unnecessary detail. In the figures, like reference numerals represent like elements.

An electrosurgical system for sealing vessels using capacitive (RF) dielectric
heating and a method thereof are provided. Capacitive RF dielectric heating is
employed in an electrosurgical system to heat/desiccate tissue for sealing purposes.
Generally, a high voltage RF frequency AC signal is applied to a set of parallel
electrodes on opposite sides of a dielectric, e.g., tissue or electrode coatings, forming a
capacitive circuit. A tissue to be sealed is sandwiched or placed betwéen the
electrodes so that an AC displacement current flows through the tissue as a resuit of
polar molecules in the tissue aligning and rotating in opposite fashion to the applied AC
electric field. Direct conduction does not occur but instead an effective AC current flows
through the parallel electrodes due to polar molecules with effective charges rotating
back and forth. Heating occurs because these polar molecules encounter interactions
with neighboring molecules resulting in lattice and frictional losses as they rotate. Since
the internal polar molecules of the tissue are being heated, the system does not rely on

thermal conduction and does not require electrodes to contact a surface of the tissue as

in conventional ohmic heating systems. The combination of the heat generated, along

~ with pressure applied and a specified gap distance, will effectively seal the tissue held

between the electrodes.

An exemplary electrical equivalent circuit of the principie described above is
shown in FIG. 1 as a capacitor 1 having parallel electrodes 2, 3 coupled to an RF

energy source 4, the parallel electrodes 2, 3 being placed around a medium 5, e.g., a
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dielectric, to be heated. Voltage losses of the dielectric increase as the frequency of the
applied signal is increased due to higher speed interactions with the neighboring
molecules. The higher the frequency of the altemating field the greater the energy
imparted into the medium 5, e.g. tissue, until the frequency is so high that the rotating
molecules can no longer keep up with the external field due to lattice limitations. The
frequency at which that occurs is called a "Debye resonance” and is the frequency at
which the maximum energy can be imparted into a medium for a given electric field
strength and, therefore, the maximum heating. This high frequency limitation is inversely
proportional to the complexity of the polar molecule. For example, proteins with amino
acid polar side groups or chains have a slower rotation limitation, and thus lower Debye
resonance, than simple polar water molecules. These Debye resonance frequencies

also shift with temperature as the medium 5 is heated.

In the electrosurgical system of the present disclosure, the RF frequency or
composite signal of several RF frequencies are selected to correlate with the dominant
Debye resonance frequency groups of the tissue that is being heated. These Debye
resonances are dependent on the polar molecular makeup of the tissue and thus a

plurality of tissue types may be researched for different Debye resonance frequencies to

be stored in the electrosurgical system to appropriately heat a selected tissue.

The system is constructed to provide an AC RF signal displacement current at an

RF frequency in the range of 3 MHz to 300 MHz. This range includes the HF (3 MHz to
30 MHz) and VHF (30 MHz to 300 MHz) frequencies in the lower regions of the radio
frequency (RF) range. Superior results are achieved by operating in the frequency

range of 3 MHz-30 MHz.
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The frequency or composite frequency groups of the RF signal used in the
electrosurgical system will track with and change with temperature to account for the
fact that the Debye resonance frequencies of the polar molecular constituents of the

tissue also shift with temperature.

it is contemplated that the RF signal power level and electric field strength can be
adjusted automatically by a computer control system which changes the load current to
control heating rates and account for different tissue types. The power level is controlled
by measuring the current and field strength across the load. The voltage (AC fieid
strength) is then adjusted, which in turn varies the current, until measurements of the

current and field strength indicate that the desired power level has been achieved.

An electrosurgical system 6, which can be used to practice this disclosure, is
shown in FIG. 2. The system 6 can be used for sealing vessels 400 and other tissues
including ducts, veins, arteries and vascular tissue. The system 6 includes an
electrosurgical generator 7 and a surgical tool, also referred to herein as a surgical
instrument 10. The surgical instrument 10 is illustrated by way of example, and as will
become apparent from the discussion below, other instruments can be utilized. The
electrosurgical generator 6 includes several interconnected sub-units, including an RF
drive circuit 7A, a power control circuit 7B, a variable D.C. power supply 7C and an
output amplifier 7D. The surgical instrument 10 is electrically connected to the
electrosurgical generator 7 using a plug 200 for receiving controlled electrosurgical
power therefrom. The surgical instrument 10 has some type of end effector member

100, such as a forceps or hemostat, capable of grasping and holding the vessels and

tissues of the patient. The member 100, also referred to simply as end effector 100, is

10
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assumed, in this embodiment, to be capable of applying and maintaining a relatively

constant level of pressure on the vessel 400.

The member 100 is provided in the form of bipolar electrosurgical forceps using
two generally opposing electrodes disposed on inner opposing surfaces of the member
100, and which are both electrically coupled to the output of the electrosurgical
generator 7. During use, different electric potentiais are applied to each electrode.
When the forceps are utilized to clamp or grasp the vessel 400 therebetween, the
electrical energy output from the electrosurgical generator 7 is transferred through the
intervening tissue. Both open surgical procedures and endoscopic surgical procedures
can be performed with suitably adapted surgical instruments 10. it should also be noted
that the member 100 could be monopolar forceps that utilize one active electrode, with

the other (return) electrode or pad being attached externally to the patient, or a

combination of bipolar and monopolar forceps.

By way of further explanation, FIG. 3 is a perspective view of one embodiment of
the surgical instrument 10 having a bipolar end effector implemented as forceps 100

while FIG. 4 and 5 are enlarged, perspective views of a distal end of the bipolar forceps

100 shown in FIG. 3.

Referring now to FIGS. 3-6, a forceps 10 for use with open surgical procedures
includes elongated shaft portions 12a and 12b each having a proximal end 16a and

16b, respectively, and a distal end 14a and 14b, respectively. In the drawings and in

11
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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.

- The forceps 10 includes an end effector assembly 100 which attaches to distal
ends 14a and 14b of shafts 12a and 12b, respectively. As explained in more detail
below, the end effector assembly 100 includes pair of opposing jaw members 110 and

120 which are pivotably connected about a pivot pin 150.

Preferably, each shaft 12a and 12b includes a handle 17a and 17b disposed at
the proximal end 16a and 16b thereof which each define a finger hole 18a and 18b,
respectively, therethrough for receiving a finger of the user. As can be appreciated,
finger holes 18a and 18b facilitate movement of the shafts 12a and 12b relative to one
another which, in turn, pivot the jaw members 110 and 120 from an open position (Fig.
4) wherein the jaw members 110 and 120 are disposed in spaced relation relative to

one another to a clamping or closed position (Fig. 5) wherein the jaw members 110 and

120 cooperate to grasp tissue 400 (Fig. 6) therebetween.

A ratchet 30 is preferably inciuded for selectively locking the jaw members 110
and 120 relative to one another at various positions during pivoting. As best shown in
Fig. 6, a first ratchet interface, e.g., 30a, extends from the proximal end 16a of shaft
member 12a towards a second ratchet interface 30b in a generally vertically aligned

manner such that the inner facing surfaces of each ratchet 30a and 30b abut one

12
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another upon closure about the tissue 400. Preferably, each ratchet interface 30a and

30b includes a plurality of flanges 32a and 32b, respectively, which project from the
inner facing surface of each ratchet interface 30a and 30b such that the ratchet
interfaces 30a and 30b interlock in at least one position. In the embodiment shown in

Fig. 6, the ratchet interfaces 30a and 30b interlock at several different positions.

Preferably, each position associated with the cooperating ratchet interfaces 30a
and 30b holds a specific, i.e., constant, strain energy in the shaft members 12a and 12b
which, in turn, transmits a specific closing force to the jaw members 110 and 120. Itis
envisioned that the ratchet 30 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. A design without a ratchet system or similar system

would require the user to hold the jaw members 110 and 120 together by applying

constant force to the handies 17a and 17b which may yield inconsistent resuilts.

As best illustrated in Fig. 3, one of the shafts, e.g., 12b, includes a proximal shaft

connector 19 which is designed to connect the forceps 10 to a source of electrosurgical
energy such as an electrosurgical generator 7, which will be described below in detail.
More particularly, proximal shaft connector 19 is formed by a cover 19a and a flange
19b which extends proximally from shaft 12b. Preferably, cover 19a and flange 19b
mechanically cooperate to secure an electrosurgical cable 210 to the forceps 10 such

that the user may selectively apply electrosurgical energy as needed.

13
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The proximal end of the cable 210 includes a plug 200 having a pair of prongs
202a and 202b which are dimensioned to electrically and mechanically engage the
electrosurgical energy generator. The interior of cable 210 houses at least a pair of
leads which conduct the different electrical potentials from the electrosurgical generator
to the jaw members 110 and 120. The cable 210 may also include a plurality of other
leads coupled to sensors, e.g., a temperature sensor, voltage sensor, current sensor,

tissue type sensor, etc., for providing feedback to the electrosurgical generator 7, as

explained in greater detail below.

As best seen in Figs. 4 and 5, the two opposing jaw members 110 and 120 of the
end effector assembly 100 are pivotable about pin 150 from the open position to the
closed position for grasping tissue 400 therebetween. Jaw members 110 and 120 are
generally symmetrical and include similar component features which cooperate to
permit facile rotation about pivot pin 150 to effect the grasping and sealing of tissue 400.
As a result and unless otherwise noted, jaw member 110 and the operative features
associated therewith will initially be described herein in detail and the similar component

features with respect to jaw member 120 will be briefly summarnzed thereafter.

Jaw member 110 includes an insulated outer housing 114 which is dimensioned
to mechanically engage an electrode 112 and a proximally extending flange 130 which

is dimensioned to seat a distal connector 300. Preferably, outer insulative housing 114
extends along the entire length of jaw member 110 to reduce aiternate or stray current

paths during sealing and/or incidental burning of tissue 400. The inner facing surface

14
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of flange 130 includes an electrically conductive plate which conducts electrosurgical

energy to the electrode 112 upon activation.

Likewise, jaw member 120 include similar elements which include: an outer
5 housing 124 which engages an electrode 122; a proximally extending flange 140 which
seats the opposite face of the distal connector 300; an electrically conductive plate

which conducts electrosurgical energy to the electrode 122 upon activation.

Each electrode 112, 122 of the first and second jaw members will be coated with
10 a non-conductive dielectric material 113, 123 that itself will not be heated since the
dielectric material will be selected to have a Debye resonance at much higher frequency
then a Debye resonance of the tissue to be sealed. Advantageously, the dielectric
material will increase the dielectric constant of the gaps between the electrodes 112,
122 and the tissue 400 to be heated thus improving energy transfer to the tissue 400.
15
Preferably, the dielectric material 113, 123 is molded onto the jaw members 110,
120 (e.g., overmolding, injection molding, etc.), stamped onto the jaw members 110,
120 or deposited (e.g., deposition) onto the jaw members 110, 120. The dielectric
material may also be pre-formed and slideably attached to the jaw members and/or
20 attached to the electrodes 112, 112 in a snap-fit manner. Other techniques involve
thermally spraying the dielectric materiai onto the surface of the jaw member 110, 120.
Alternatively, the dielectric material 113, 123 can be molded onto the inner-facing

surface of the jaw members 110, 120 or, in some cases, it may be preferable to adhere

15
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the dielectric material to the inner facing surfaces of the jaw members 110, 120 by any

known method of adhesion.

Preferably, the dielectnc material is a material having superior non-stick
5 properties, for example, Kapton™, polytetrafluoroethylene (PTFE), etc, which will

reduce the amount of tissue that sticks to the end effector and thus improves the overall

efficacy of the instrument.

Since the Debye resonance frequency of the tissue will shift with a change Iin

10 temperature of the tissue, the end effector 100 will include at least one temperature
sensor 1562. The temperature sensor 152 may be any known temperature sensor in the

art, for example, a thermocouple, thermistor, resistance temperature detector (RTD),
semiconductor temperature device, infrared temperature sensor, etc. The temperature
sensor 152 will be coupled to the generator 7 via cable 210 to provide temperature

15 feedback to the generator as will be described below.

it is envisioned that one of the jaw members, e.g., 120, includes at least one stop

member 151 disposed on an inner facing surface of the electrode surface 112 (and/or
122). Alternatively or in addition, the stop member 151 may be positioned adjacent to

20 the electrode 112, 122 or proximate the pivot pin 150. The stop member(s) is preferably
designed to facilitate gripping and manipulation of tissue 400 and to define a gap “G”

(FIG. 6) between opposing jaw members 110 and 120 during sealing. Preferably the

16
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separation distance during sealing or the gap distance “G” is within the range of about

0.001 inches (~0.03 millimeters) to about 0.006 inches (~0.16 millimeters).

A detailed discussion of these and other envisioned stop members 151 as well

as various manufacturing and assembling processes for attaching, disposing, depositing
and/or affixing the stop members 151 to the electrodes surfaces 112, 122 are described
in commonly-assigned, co-pending PCT Application Serial No. PCT/US01/11222
entitied “BIPOLAR ELECTROSURGICAL FORCEPS WITH NON-CONDUCTIVE STOP

MEMBERS” which is hereby incorporated by reference in its entirety herein.

FIG. 7 is a perspective view of another embodiment of a surgical instrument 70
having end effector members or forceps 700 that are suitable for an endoscopic surgical

procedure. The end effector member 700 is depicted as sealing the tubular vessel 400

through a cannula assembly 702.

The surgical instrument 70 for use with endoscopic surgical procedures includes
a drive rod assembly 704 which is coupled to a handle assembly 706. The drive rod
assembly 704 includes an elongated hollow shaft portion 708 having a proximal end
and a distal end. An end effector assembly 700 is attached to the distal end of shaft 708
and includes a pair of opposing jaw members. Preferably, handie assembly 706 is

attached to the proximal end of shaft 708 and includes an activator 710 for imparting
movement of the forceps jaw members of end effector member 700 from an open

position, wherein the jaw members are disposed in spaced relation relative to one

17
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another, to a clamping or closed position, wherein the jaw members cooperate to grasp

tissue therebetween.

Similar to end effector 100, end effector 700 will include first and second jaw

members, each having an electrode for imparting electrosurgical energy to tissue 400.

Each electrode will be coated with a non-conductive dielectric material as described
above in reference to end effector 100. Alternatively, a non-conductive pad may be
selectively mounted atop the inner facing surface of each electrode or the electrodes

may be manufactured with the pad mounted thereon.

Activator 710 includes a movable handle 712 having an aperture 714 defined
therein for receiving at least one of the operator's fingers and a fixed handle 716 having
an aperture 718 defined therein for receiving an operator's thumb. Movable handie 712
Is selectively moveable from a first position relative to fixed handle 716 to a second
position in the fixed handle 716 to close the jaw members. Preferably, fixed handle 716
includes a channel 720 which extends proximally for receiving a ratchet 722 which is
coupled to movable handle 712. This structure allows for progressive closure of the end
effector assembly, as well as a locking engagement of the opposing jaw members. In
some cases it may be preferable to include other mechanisms to control and/or limit the
movement of handle 712 relative to handle 716 such as, e.g., hydraulic, semi-hydraulic
and/or gearing systems. As with instrument 10, a stop is also provided to maintain a

minimum gap between the jaw members.

18
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The handie 716 includes handle sections 716a and 716b, and is generally holiow
such that a cavity is formed therein for housing various internal components. For
example, the cavity can house a PC board which controls the electrosurgical energy
being transmitted from the electrosurgical generator 7 to each jaw member, via
connector 200. More particularly, electrosurgical energy generated from the
electrosurgical generator 7 is transmitted to the handle PC board by a cable 210. The
PC board converts the electrosurgical energy from the generator into two different
electrical potentials which are transmitted to each jaw member by a separate terminal
clip. The handle 716 may also house circuitry that communicates with the generator 7,
for example, identifying characteristics of the electrosurgical tool 70 for use by the

electrosurgical generator 7, transmitting temperature values, transmitting calculated

impedance values, etc.

A lost motion mechanism may be positioned between each of the handle
sections 716a and 716b for maintaining a predetermined or maximum clamping force
for sealing tissue between the jaw members. It is also contemplated that other

endoscopic vessel sealing instruments may be utilized with the present disclosure such

as the vessel sealer and dividers, e.g., the LIGASURE ATLAS™ and LIGASURE
omm™ manufactured and sold by VALLEYLAB, Inc — a division of TYCO HEALTH

CARE GROUP, LP.

19
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Having thus described two exemplary and non-limiting embodiments of surgical
instruments 10, 70 that can be employed with the electrosurgical generator 7, a

description will now be provided of various aspects of the presently disclosed

electrosurgical generator 7.

FIG. 8 is a block diagram that illustrates the power control circuit 7B of FIG. 2 in
greater detail. The power control circuit 7B includes a suitably programmed data
processor 800 that is preferably implemented as one or more microcontroller devices. In
one envisioned embodiment there are two principal microcontrollers, referred to as a
main microcontroller 800A and a feedback microcontroller 800B. These two
microcontrollers are capable of communicating using shared data that is stored and
retrieved from a shared read/write memory 802, e.g., a RAM . A control program for the
data processor 800 is stored in a program memory 804, and includes software routines
and algorithms for controlling the overall operation of the electrosurgical generatof 7. In
general, the feedback microcontroller 800B has a digital output bus coupled to an input
of a digital to analog converter (DAC) block 806 which outputs an analog signal. This is
a system control voitage (SCV), which is applied to the variable DC power supply 7C to

control the magnitude of the voltage and current of output RF pulses.

An analog to digital converter (ADC) block 808 receives analog inputs and
sources a digital input bus of the feedback microcontrolier 800B. Using the ADC block

808, the microcontroller 800B is apprised of the value of the actual output voltage and

20
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the actual output current, thereby closing the feedback loop with the SCV signal. The
values of the output voltage and current can be used for determining tissue impedance
and for the overall, general control of the applied RF energy waveform. it should be
noted that at least the ADC block 808 can be an internal block of the feedback

microcontrolier 8008, and need not be a separate, external component. It should be
further noted that the same analog signals can be digitized and read into the master
microcontrolier 800A, thereby providing redundancy. The master microcontrolier 800A
controls the state (on/off) of the high voltage (e.g., 190V max) power supply as a safety

precaution, controls the front panel display(s), and aiso receives various input switch

closures, such as a tissue type selected by an operator.

It is envisioned that a third (waveform) microcontroller 800C may be employed to
generate a desired sinusoidal waveform at a specified Debye resonance frequency that
forms the basis of the RF pulses applied to the tissue to be sealed, such as the vessel
400 (FIG. 6). The waveform microcontroller 800C is controlled by the feedback
microcontroller 800B and is programmed thereby. Depending on the tissue type, e.g.,
either selected by the user or sensed via the end effector 100, the feedback controller
800B will access a Debye resonance frequency vs. temperature curve from look-up
table (LUT) 810 and will load the appropriate curve from LUT 810. An output signal line
from the feedback microcontroller 800B is coupled to an input of the waveform
microcontroller 800C to essentially turn the waveform microcontroller 800C on and off to
provide the puilsed RF signal in accordance with an aspect of this disclosure. This

particular arrangement is, of course, not to be viewed in a limiting sense upon the
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practice of this system, as those skilled in the art may derive a number of methods and

circuits for generating the desired RF pulses in accordance with the teachings found

herein.

Furthermore, the ADC 808 will receive a signal indicative of a temperature of the

tissue to be sealed and inputs the signal into the feedback microcontrolier 800B. The
feedback microcontroller 800B will then again access the LUT 810 to determine a shift

in the Debye resonance frequency of the tissue selected.

Alternatively, the shift in the Debye resonance frequency of the tissue selected
may be determined by a predictive algorithm stored in program memory 804. The

predictive algorithm will determine the shift in the Debye resonance frequency from a

table derived from experimental data for various tissue types.

Referring to FIG. 9, a method for electrosurgically sealing tissue using capacitive
RF dielectric heating is illustrated. In step 902, a type of tissue to be sealed is
determined and selected either manually or automatically by the electrosurgical
generator 7. An electrosurgical instrument 10 having an end effector 100 including
electrodes having a non-conductive dielectric material disposed thereon is electrically
coupled to generator 7 and employed to grasp the tissue to be sealed ai the operative
site, step 904. The generator will load the appropriate Debye resonance frequency

curve based on the type of tissue selected. The generator 7 via waveform generator
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800C will apply RF energy at the appropriate Debye resonance frequency to the end

effector 100, step 906.

Since the Optilﬁal Debye resonance frequency will shift with a change in
temperature, temperature sensor 152 will continuously measure the temperature of the
tissue to be sealed, in step 908. The temperature will be feedback fo the generator 7 via
feedback controller 800B and will determine a shifted Debye resonance frequency via
the Debye resonance frequency curve for the tissue selected, in step 910. In step 910,
the generator 7 will apply subsequent RF energy at the shifted Debye resonance
frequency. Alternatively, the shifted Debye resonance frequency will be determined by

the predictive algorithm described above.

In step 914, the generator 7 will determine the effectiveness of the seal by
determining the impedance of the tissue. The impedance may be determined by
sensing the current and voltage of the tissue and calculating the impedance via the
appropriate algorithm as is known in the art. in step 916, if the generator 7 determines
the seal is effective, the generator will terminate application of the RF energy (step 918)
and, optionally, provide an indication to the user that the tissue is sealed. Otherwise, if
the seal is not effective, the method will return to step 908 and repeat steps 908 through

916 until it is determines the seal is effective.

It is envisioned that by utilizing a capacitive system for heating, and thus sealing

tissue, more uniform heating will be achieved due to the uniform electric field generated
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between the electrodes of the end effector. Additionally, since the electrodes of the end
effector will act as a pure capacitor, there will be no resistive component through the

tissue and, therefore, no current which will eliminate the possibility of arcing.

Furthermore, since the dielectric material of the end effector will be selected to have
superior non-stick properties, the amount of tissue sticking to the end effector will be

eliminated or reduced, thus, improving the overall efficacy of the system.

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 intended that the
disclosures 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.
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WHAT IS CLAIMED IS:
1. An electrosurgical instrument for sealing tissue comprising:

an end effector having opposing jaw members, the jaw members being

5 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 electrode having a dielectric coating; and

a source of electrical energy connected to each jaw member such that the

10 jaw members are capable of transferring energy at a predetermined frequency

through tissue heid therebetween to effect a seal.

2. The electrosurgical instrument of claim 1, wherein the end effector further

comprises at least one temperature sensor for sensing a temperature of the tissue.

15
3. The electrosurgical instrument of claim 1, wherein the end effector further
comprises at least one non-conductive stop member disposed on an inner facing
surface of at least one of the jaw members which controls the distance between the jaw
members when tissue is held therebetween.

20

4. The electrosurgical instrument of claim 1, wherein the predetermined frequency

Is a Debye resonance frequency of the tissue being sealed.
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5. The electrosurgical instrument of claim 4, wherein the end effector further

comprise a tissue type sensor for determining a type of tissue to be sealed.

6. The electrosurgical instrument of claim 4, wherein the dielectric coating of the

electrodes has a Debye resonance frequency different than the Debye resonance

frequency of the tissue.

7. The electrosurgical instrument of claim 1, wherein the dielectric coating is

selected from the group consisting of Kapton and tetrafluoroethylene.

8. An electrosurgical system comprising:
an electrosurgical instrument for sealing tissue including an end effector having
opposing jaw members, the 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 electrode having a dielectric coating; and
an electrosurgical generator coupled to each jaw member such that the jaw

members are capable of transferring energy at a predetermined frequency through

tissue held therebetween to effect a seal.

9. The electrosurgical system of claim 8, wherein the end effector further comprises

at least one temperature sensor for sensing a temperature of the tissue.
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10. The electrosurgical system of claim 8, wherein the end effector further comprises

at least one non-conductive stop member disposed on an inner facing surface of at

least one of the jaw members which controls the distance between the jaw members

when tissue is held therebetween.

11.  The electrosurgical system of claim 8, wherein the predetermined frequency is a

Debye resonance frequency of the tissue being sealed.

12. The electrosurgical system of claim 11, wherein the end effector further

10 comprises a tissue type sensor for determining a type of tissue to be sealed.

13. The electrosurgical system of claim 11, wherein the dielectric coating of the

electrodes has a Debye resonance frequency different than the Debye resonance
frequency of the tissue.

15

14. The electrosurgical system of claim 8, wherein the dielectric coating is selected

from the group consisting of Kapton and tetrafluoroethylene.

15. The electrosurgical system of claim 11, wherein the electrosurgical generator
20 further comprises a look-up table including a plurality of Debye resonance frequencies,

each Debye resonance frequency being correlated to a tissue type.
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16. The electrosurgical system of claim 11, wherein the electrosurgical generator

further comprnises a look-up table including a plurality of Debye resonance frequencies
versus temperature curves, and the end effector further comprising a temperature
sensor for inputting a signal indicative of tissue temperature to the electrosurgical
5 generator, wherein the generator selects an appropriate Debye resonance frequency

based on the temperature sensed.

17. The electrosurgical system of claim 11, wherein the electrosurgical generator
further comprises a microprocessor for executing at least one predictive algorithm for

10 determining a shift in the Debye resonance frequency over time.

18. A method for electrosurgically sealing tissue, the method comprising the steps of:
determining a type of tissue to be sealed;

applying RF energy to the tissue, the RF energy being applied at a

15 predetermined frequency based on the type of tissue.

19. The method of claim 18, wherein the predetermined frequency is a Debye

resonance frequency of the tissue.

20 20. The method of claim 18, further comprising the steps of:
measuring a temperature of the tissue;

determining a shifted Debye resonance frequency based on the measured

temperature; and
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applying subsequent RF energy at the shifted Debye resonance frequency.

21. The method of claim 19, further comprising the steps of:
determining a shifted Debye resonance frequency based on time of the applied

5 RF energy; and

applying subsequent RF energy at the shifted Debye resonance frequency.

29



CA 02498452 2005-02-24

Fle. 1.

Output
Amplifier

Variable D.C.
Power Supply

Power Contro!
Circuit




CA 02498452 2005-02-24




CA 02498452 2005-02-24







CA 02498452 2005-02-24




CA 02498452 2005-02-24

ZH \/.\

2202V YFdwal
INJJNNO 1INdINO 3
JOVII0A INdLNO JY

JOV1LI0A T08INOD W3ISAS

0 /8

201
uda»ﬂ‘ﬂr
Ratve B33
230y

34830

3003 Y009
'INOD 71 AJONIN 'INOQ 7T
XOvEa334 Q3UVHS
2 0%
00%

dOSS3004d vivd

AP, b Lowiis ~icidl. 4%



CA 02498452 2005-02-24
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- FIG. 9
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