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(57) Abréegée/Abstract:
A temperature regulating patient return electrode and return electrode monitoring system for use in monopolar surgery, includes a

positive temperature coefficient (PTC) material disposed on its surface. The PTC material responds to local increases In
temperature by increasing local resistance. This quality decreases the probabillity of a patient burn as a result of monopolar surgery.
The return electrode monitoring system includes a generator for generating current; an active electrode coupled to the generator
for supplying the current to a patient; and a return electrode coupled to the generator with a surface for receiving the current from
the patient and returning the current to the generator. A positive temperature coefficient (PTC) material Is disposed on the return
electrode for regulating the temperature over the surface of the return electrode.
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ABSTRACT OF THE DISCLOSURE

A temperature regulating patient return electrode and return electrode
monitoring system for use in monopolar surgery, includes a positive temperature
coefficient (PTC) material disposed on its surface. The PTC material responds to
local increases in temperature by increasing local resistance. This quality decreases
the probability of a patient burn as a result of monopolar surgery. The return
electrode monitoring system includes a generator for generating current; an active
electrode coupled to the generator for supplying the current to a patient; and a return
electrode coupled to the generator with a surface for receiving the current from the
patient and returning the current to the generator. A positive temperature coefficient

(PTC) material is disposed on the return electrode for regulating the temperature

~ over the surface of the return electrode.
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TEMPERATURE REGULATING PATIENT RETURN ELECTRODE AND RETURN
ELECTRODE MONITORING SYSTEM

BACKGROUND

1. Technical Field

The present disclosure is directed to electrosurgical apparatus and systems,
and, in particular, to a temperature regulating patient return electrode and a return

electrode monitoring system for use in electrosurgery.

2. Description of the Related Art

During electrosurgery, a source or active electrode delivers energy, such as
radio frequency energy, from an electrosurgical generator to the patient and a return
electrode carries the current back to the electrosurgical generator. In monopolar
electrosurgery, the source electrode is typically a hand-held instrument placed by the
surgeon at the surgical site and the high current density flow at this electrode creates

the desired surgical effect of cutling or coagulating tissue. The patient return

electrode is placed at a remote site from the source electrode and is typically In the

form of a pad adhesively adhered to the patient.

The return electrode has a large patient contact surface area to minimize
heating at that site since the smaller the surface area, the greater the current density

and the greater the intensity of the heat. That is, the area of the return electrode that
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is adhered to the patient is important because it is the current density of the electrical
signal that heats the tissue. A larger surface contact area is desirable to reduce heat
intensity. The size of return electrodes are based on assumptions of the maximum
current seen in surgery and the duty cycle (e.g., the percentage of time the generator
is on) during the procedure. The first types of return electrodes were in the form of
large metal plates covered with conductive jelly. Later, adhesive electrodes were
developed with a single metal foil covered with conductive jelly or conductive
adhesive. However,' one problem with these adhesive electrodes was that if a
portion peeled from the patient, the contact area of the electrode with the patient
decreased, thereby increasing the current density at the adhered portion and, in turn,
increasing the heat applied to the tissue. This risked burning the patient in the area
under the adhered portion of the return electrode if the tissue was heated beyond the

point where circulation of blood could cool the skin.

To address this problem, split return electrodes and hardware circuits,
generically called Return Electrode Contact Quality Monitors (RECQMs), were
developed. These split electrodes consist of two separate conductive foils arranged
as two halves of a single return electrode. The hardware circuit uses an AC signal
between the two electrode halves to measure the impedance therebetween. This
impedance measurement is indicative of how well the return electrode is adhered to
the patient since the impedance between the two halves is directly related to the
area of patient contact. That is, if the electrode begins to peel from the patient, the
impedance increases since the contact area of the electrode decreases. Current
RECQMs are designed to sense this change in impedance so that when the

percentage increase in impedance exceeds a predetermined value or the measured
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impedance exceeds a threshold level, the electrosurgical generator is shut down to

reduce the chances of burning the patient.

Although monitoring circuits are effective, they do not take into account the
amount of time the current is being delivered or the heat generated at the return
electrode. As new surgical procedures continue to be developed that utilize higher

current and higher duty cycles, increased heating of tissue under the return electrode

will occur.

U.S. Pat. No. 4,657,015 discloses a control device for cutting off high
frequency current during electrosurgery if the heat buildup in the body tissue
exceeds a predetermined value. In the '015 patent, a control electrode is affixed to
the body spaced from the active electrode and separate from the neutral (i.e., return)
electrode. The control electrode is designed to pick up the voltage existing on the
body. The voltage signal is squared, integrated over time and compared to a
reference voltage. The high frequency generator is turned off if the voltage value
exceeds the reference voltage. The '015 patent does not effectively measure
heating under the return electrode since the measurements are calculated by a
separate control electrode. The ‘015 patent even states that the effective surface

area of the neutral electrode is not a factor in the heat calculations.

U.S. Pat. No. 4,741,334 discloses a control circuit intended to reduce burning
of tissue. As in the '015 patent, a separate control electrode is provided to determine
the body voltage. The control electrode is spaced from the neutral electrode (i.e.,

the return electrode) and functions to detect a high frequency body surface voltage.
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The body surface voltage is converted into DC voltage by a converter and inputted to
a comparator for comparison to a reference voltage. The generator is turned off if
the body voltage exceeds the reference voltage. The '015 patent also discloses a
monitor circuit for testing whether the neutral electrode is in good contact with the
body surface of the patient. The comparator compares the body surface voltage
detected by the control electrode with a reference voltage derived from .the
operational voltage of the surgical device. An audible signal is produced when these
voltage values reach a predetermined ratio. Similar to the '015 patent, the ‘334
patent requires an additional electrode, measures voltage instead of current to
determine overheating, and does not factor in the amount of time the high frequency

energy is being applied.

SUMMARY

The present disclosure provides a temperature regulating patient return
electrode and return electrode temperature monitoring system. The return electrode,
for use in monopolar surgery, includes a positive temperature coefficient (PTC)
material on, or coating the return electrode. The PTC material responds to increases
in localized temperature by increasing local resistance which in turn reduces current
flow and lowers the temperature. This quality helps limit the probability of a patient

suffering from a burn as a result of monopolar surgery.

In several contemplated embodiments, the return electrode is a pad
comprised of different layers of material. At least one of the layers is a PTC material,
such as a polymer/carbon based material, a cermet based material, a polymer

material, a ceramic material, a dielectric material, or any combinations thereof.
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Another material that can be used for the PTC material is described in U.S. Patent
No. 6,132,426, the contents of which is herein incorporated by reference in its
entirety, and is known as “PolySwitch RTM" made by the Raychem Corporation of
California. In one embodiment, a top layer of the return electrode comprises an
adhesive material for coming into contact with and adhering to the patient. This layer
of adhesive helps to ensure an optimal patient contacting surface area, i.e., the
portion of the return electrode that is in contact with the patient. The adhesive can
be made of, but is not limited to, a polyhesive adhesive, a Z-axis adhesive, or a
water-insoluble, hydrophilic, pressure-sensitive adhesive, as described in U.S.

Patent Nos. 4,699,146 and 4,750,482, the contents of which are herein incorporated

by reference in its entirety.

In one aspect of the present disclosure, the return electrode monitoring
system includes a generator for supplying current, a surgical instrument, a cable for
transferring current from the generator to the surgical instrument, a return electrode
having a PTC material for receiving the current through a patient, and a wire for

returning the current from the return electrode back to the generator.

A return electrode monitor (REM) may be incorporated into the system to
provide temperature monitoring, current monitoring, impedance monitoring, energy
monitoring, power monitoring and/or contact quality monitoring for the return
electrode. The REM can be part of or attached to the generator with wires
connecting the REM to the return electrode. Further, the REM can disable the

generator if the temperature of the return electrode reaches or exceeds a

predetermined value.
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In one embodiment, the return electrode is split into at least two parts. In this
embodiment, the return electrodes enable various measurements (e.g., temperature,
current, contact quality, impedance, etc.) to be taken between the return electrodes.
In a related embodiment, the parts of the return electrode can be interlocking, thus

providing an increased surface area between the return electrodes.

In another embodiment, a plurality of wires is disposed on the return
electrode, such that the wires form a grid or matrix pattern. This embodiment
enables various measurements (e.g., temperature, current, voltage, etc.) to be
calculated at various places on the return electrode by determining the resistance
between any two wires. An individual wire may be coupled to each pad of the

plurality of pads for determining a resistance or impedance between any fwo

individual wires.

Another embodiment of the present disclosure includes an electrosurgical
system for eliminating patient burns during monopolar surgery. The system has a
generator for generating current, an active electrode coupled to the generator
configured to supply the current to a patient; and a return electrode coupled to the
generator having a defined surface. The surface is configured to receive the current
from the patient and return the current to the generator. A positive temperature
coefficient (PTC) material is disposed on the return electrode which regulates the
temperature over the surface of the return electrode. The PTC material may be

configured to regulate a current density at the return electrode. The PTC layer may
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be a substantially continuous coating of parallel resistors and alternatively, the PTC

layer may have at least four parallel resistors.

The electrosurgical system may include a temperature regulation device
disposed in the generator for regulating temperature at the return electrode.
Alternatively, the electrosurgical system may include a temperature monitoring
device disposed in the generator for monitoring temperature at the return electrode
and/or a generator disabling device disposed in the generator for disabling the
generator when the temperature of the return electrode reaches a predetermined
value. A return electrode monitor may also be included for monitoring temperature

and/or a contact quality of the return electrode.

An individual wire may be coupled to each pad of a plurality of electrode pads
and the system is configured to determine a parameter betweén any two individual
wires.  The parameter may be selected from the group consisting of power,

resistance, impedance, and any combination thereof.

A method for eliminating patient burns while performing monopolar surgery is
also disclosed. The method includes the steps of: placing a return electrode coated
with a positive temperature coefficient (PTC) material in contact with a patient:;
generating electrosurgical energy, and supplying the electrosurgical energy to the
patient via an active electrode. The PTC material coating the return electrode
regulates the temperature over the return electrode by responding to increases in
localized temperature with a local increase in resistance. This spreads the

temperature over the surface of the electrode.
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Another example of the present disclosure includes an electrosurgical
generator having a processor. A supply electrode is connected to the generator and
is configured to deliver radiofrequency energy to a patient. A return electrode is
connected to a return of the electrosurgical generator. The return electrode has a
plurality of return electrodé portions and an impedance sensor measures impedance
values between the return electrode portions. The sensor outputs the impedance
values to the processor to determine a contact reading. The processor compares
the contact reading to a stored threshold reading to determine a degree of
adherence of the return electrode on the patient. The processor may be configured
to adjust or interrupt radiofrequency energy to the patient when the contact reading

in indicative of poor adherence of the return electrode on the patient.

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 illustration of a monopolar electrosurgical system;

FIG. 2 is a top plan view of a temperature regulating return electrode

according to an embodiment of the present disclosure;

FIGS. 3 and 3a are cross-sectional views of a temperature regulating return

electrode according to embodiments of the present disclosure;
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FIG. 4 is a schematic illustration of a monopolar electrosurgical system

including a return electrode monitor (REM);

FIG. 5 is a temperature regulating return electrode according to an

5 embodiment of the present disclosure;

FIG. 5A is a temperature regulating return electrode according to another

embodiment of the present disclosure;

10 FIG. 6 is a schematic block diagram of a return electrode monitoring system;

FIG. 7 is an example of a resistance versus temperature graph for a positive

temperature coefficient (PTC) material; and

15 FIG. 8 is a schematic illustration of a return electrode with a PTC material and

an adhesive layer according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

20 Embodiments of the presently disclosed temperature regulating patient return
electrode and return electrode monitoring system will be described herein below with
reference to the accompanying drawing figures wherein like reference numerals
identify similar or identical elements. In the following description, well-known
functions or constructions are not described in detail to avoid obscuring the

25 disclosure in unnecessary detail.
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Referring initially to Fig. 1, a schematic illustration of a monopolar
electrosurgical system 10 is shown. A surgical instrument (e.g., an active electrode)
for treating tissue at the surgical site is designated by reference number 12.
Electrosurgical energy is supplied to instrument 12 by generator 14 via cable 16 to
cut, coagulate, etc. tissue. A return electrode, designated by reference numeral 50,

is shown placed under a patient 20 to return the energy from the patient 20 back to

the generator 14 via a wire 18.

Figs. 2, 3 and 3a illustrate various embodiments of return electrode 50 for use
in monopolar electrosurgery. Generally, the return electrode 50 is a pad having a
top surface and a bottom surface configured to receive current during monopolar
electrosurgery. While Fig. 2 depicts the return electrode 50 in a general rectangular
shape, it is within the scope of the disclosure for the return electrode 50 to have any
regular or irregular shape. Although electrosurgical references to “monopolar
electrosurgery” and “bipolar electrosurgery” are made in the context of the
application, one should appreciate that these references are simply exemplary

embodiments of the present disclosure and form no limitation on the present

disclosure. In fact, the present disclosure may extend to and encompass any

surgery or diagnostic practices using radiofrequency energy.

Generally, the area of the return electrode 50 that is in contact with the patient
20 affects the current density of the signal that heats the tissue. The smaller the
contact area the return electrode 50 has with the patient 20, the greater the current

density and the greater and more concentrated the heating of tissue. Conversely,

10
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the greater the contact area of the return electrode 50, the smaller the current
density and the less heating of the tissue. Further, the greater the heating of the
tissue, the greater the probability of possibly burning the tissue. Although many
other safeguards may be present in the electrosurgical generator to prevent and
minimize such risks, it is important to either ensure a relative high amount of contact
area between the return electrode 50 an‘d the patient 20, or otherwise maintain a

relatively low current density on the return electrode 50.

While there are various methods of maintaining a relatively low current density
(including, inter alia, the use of electro.surgical return electrode monitors (REMs),
such as the one described in commonly-owned Patent No. 6,565,559, the contents
of which are hereby incorporated by reference herein in its entirety), the present
disclosure ensures the return electrode 50 maintains a low current density by
distributing the temperature created by the current over the surface of the return

electrode 50.

Current density at the return electrode 50 is reduced via a positive

temperature coefficient (PTC) material 56 disposed on the return electrode 50. As
best illustrated in Fig. 3, return electrode 50 includes a conductive body 54 coated
with a PTC material 56. It is also within the scope of this disclosure for the return
electrode 50 to be comprised of several layers, one or more of which layer being a

PTC material 56. The PTC material 56 can be made of, infer alia, polymer/carbon
based material, a cermet based material, a polymer material, a ceramic material, a
dielectric material, or any combinations thereof, or still alternatively can be made

from a polymer/carbon material. An example of such material that can be used for

11
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the PTC material is described in U.S. Patent No. 6,132,426, the contents of which is

herein incorporated by reference in its entirety, and is known as "PolySwitch RTM”

made by the Raychem Corporation of California.

The PTC material 56 acts to distribute the temperature created by the current
over the surface of the return electrode 50 to minimize the risk of patient burns. The
PTC material 56 regulates the temperature over the area of the return electrode 50
by responding to increases in temperature with an increase in resistance in localized
areas. The increase in resistance reduces the current in the localized area, thus
causing the current to conduct more in the areas with lower resistance or lower
temperature. Further, as current is applied through the PTC material 56 of return
electrode 50, power is dissipated and the temperature is -increased. The increase in
temperature increases the resistance and limits the current, thus reducing the
heating effect. This results in a return electrode 50 with a temperature that is

substantially uniform throughout its entire surface and with varying levels of

resistance. Consequently, there are no localized “hot spots,” which can cause

patient burns. As the overall temperature increases, consequently increasing the
resistance, an REM (return electrode monitoring) circuit can detect and measure

such increases and turn off an RF supply when a predetermined temperature has

been exceeded.

In one embodiment, an adhesive layer 58 may be disposed on the PTC
material 56 of return electrode 50, as illustrated in Fig. 3A. The adhesive layer 58
can be made of, but is not limited to, a polyhesive adhesive, a Z-axis adhesive or a

water-insoluble, hydrophilic, pressure-sensitive adhesive. The function of the

12
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adhesive layer 58 is to ensure an optimal surface contact area between the return

electrode 50 and the patient 20 and thus to further limit the possibility and any risks

of a patient burn.

Return electrode 50 may be also split into a plurality of parts, depicted as two
parts 50a and 50b in Fig. 5. This embodiment enables various measurements (e.q.,
temperature, current, contact quality, impedance, etc.) to be taken between the
return electrodes 50a and 50b. Wires 18a and 18b return energy from each part 50a
and 50b, respectively, of return electrode 50 back to generator 14. Wires 18a and
18b can be combined to form a single cable 18 (as illustrated in Fig. 5) or wires 18a
and 18b can remain as individual wires (not shown) to return energy from return
electrode 50 back to generator 14. A split return electrode 50 may be connected to
an REM via multiple REM wires (not shown), each being connected to a part, e.qg.,

50a or 50b, of return electrode 50.

Referring now to Fig. 4, a schematic illustration of a monopolar electrosurgical
system including a return electrode monitor (REM) is shown. In addition to
regulating the temperature across the surface of the return electrode 50, the return
electrode 50 with the PTC material 56 also acts as a thermistor or monitor for the
temperature. This may be accomplished by using an REM circuit 60. The REM
circuit 60 has a synchronous detector that supplies an interrogation current sine
wave of about 140 kHz across both return electrodes 50a and 50b of the return

electrode 50 and the patient 20. The REM circuit 60 is isolated from the patient 20

via a transformer. The impedance in the return electrode 50 is reflected back from

the patient 20 to the REM circuit 60 via wire 18. The relationship between

13
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temperature and impedance can be linear or non-linear. By measuring the
resistance across the two return electrodes 50a and 50b, the REM circuit 60 is able
to monitor the overall temperature at the return electrode 50 and the contact quality
of the return electrode 50. The relationship between temperature and resistance can
also be linear or non-linear (an illustration of a non-linear relationship is depicted in
FIG. 7). In this embodiment, the generator 14 would be disabled when the total
increase in resistance or temperature of the return electrode 50 reaches a
predetermined value. Alternatively, there may be several threshold values, such that
when a first threshold is exceeded, the output power of the generator is reduced and,
when a subsequent second threshold value is exceeded, the generator 14 is
shutdown. This embodiment can be adapted to provide temperature regulation
(achievable utilizing a PTC coating), temperature monitoring, current monitoring and
contact quality monitoring for the return electrode 50, thus greatly reducing the

probability of a patient burn.

In one embodiment, a plurality of wires 18a -18f may be disposed on the
return electrode 50, such that the wires are spaced to substantially form a grid or
matrix pattern, as illustrated in FIG. 5A. In this embodiment, several measurements

can be calculated at various places on the return electrode 50 by determining the
resistance between any two wires, e.g., wires 18a and 18b. Each square portion
50a, 50Db, etc. of return electrode 50 may have a wire 18 coupled to it, but only wires

18a-18f are shown for clarity. This embodiment can also be adapted to provide
temperature regulation, temperature monitoring, current monitoring and contact
quality monitoring for the return electrode 50, thus greatly reducing the probability of

a patient burn.

14
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Now referring to Fig. 6, a schematic view of an electrosurgical generator 14
incorporating an REM circuit is shown. The electrosurgical generator 14 includes a
microprocessor 26, an RF output stage 24 for generating an output voltage and
output current for transmission to the surgical instrument 12, and an impedance
sensor 40 for measuring the impedance between the split pads 50a and 50b of the

return electrode 50 to determine the degree of adherence of the return electrode 50.

The REM circuit measures the total resistance of the return electrode 50.
When the overall temperature on either or both return electrodes 50a or 50b is
increased, the PTC coating increases the resistance. The REM circuit measures the
temperature increase and thus inhibits the output of the generator 14. The REM
circuit also measures the resistance and inhibits the output of the generator 14 if the
patient impedance increases due to the return electrode 50 becoming partially or

completely removed from the patient 20.

The return electrode 50 with a PTC layer 56 is schematically illustrated in
Figure 8. The PTC layer 56 is shown placed over each of the two return electrodes
50a and 50b. The PTC material 56 is a layer of a continuous coating of paraliel
resistors, illustrated as four resistors per return electrode 50 for clarity. A conductive
adhesive layer 58 is shown above the PTC material 56 and is configured to maintain
contact between the return electrode 50 and the patient 20 and for conducting RF
energy back to the generator 14. The return electrodes 50a and 50b enable the

patient impedance to be measured. The patient impedance is in a series connection

with the two return electrodes 50a and 50b and the PTC material 56.

15
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In the embodiment illustrated in Fig. 6 with a split return .electrode 50, an
impedance sensor 40 may form part of the return electrode circuit. The impedance
sensor 40 measures the impedance between the return electrodes 50a and 50b to
determine the degree of adherence of the return electrode 50. That is, if a portion of
the return electrode 50 becomes detached from the patient 20, the impedance will
increase. The impedance sensor 40 transmits a signal indicative of the measured
impedance to an input port of the microprocessor 26. An algorithm stored in a
memory or in the microprocessor 26 factors in the impedance measurement when

determining whether to adjust or terminate a power supply.

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 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.

16
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WHAT IS CLAIMED IS:

1. An electrosurgical return electrode for use in monopolar surgery
comprising: a conductive pad having a top surface and a bottom surface, wherein a

5  positive temperature coefficient (PTC) material is disposed on the conductive pad.

2. The electrosurgical return electrode of claim 1, wherein the PTC

material coats at least one of the top surface or bottom surface.

10 3. The electrosurgical return electrode of claim 1, wherein the pad

includes at least two layers.

4. The electrosurgical return electrode of claim 3, wherein at least one of
the at least two layers is a PTC material.
15
5. The electrosurgical return electrode of claim 1, wherein at least a

portion of the top surface of the pad defines a patient contacting surface.

6. . The electrosurgical return electrode of claim 5, wherein the patient

20  contacting surface is substantially covered with the PTC material.

7. The electrosurgical return electrode of claim 5, further comprising an

adhesive material disposed on the patient contacting surface.

17
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8. The electrosurgical return electrode of claim 1, wherein the return

electrode includes a plurality of pads.

0. The electrosurgical return electrode of claim 8, wherein an individual

wire is coupled to each pad and is configured to determine one of a resistance and

impedance between any two individual wires.

10. The electrosurgical return electrode of claim 1, wherein the PTC
material is selected from the group consisting of a polymer/carbon based material, a
cermet based material, a polymer material, a ceramic material, a dielectric material,

and any combinations thereof.

11.  The electrosurgical return electrode of claim 7, wherein the adhesive
material is selected from the group consisting of a polyhesive adhesive, a water-
insoluble, hydrophilic, pressure-sensitive adhesive, a Z-axis adhesive, and any

combinations thereof.

12. A system for eliminating patient burns during monopolar surgery,
comprising:
a generator configured to generate current;
an active electrode adapted to couple to the generator and being

configured to supply the current to a patient; and
a return electrode adapted to couple to the generator having a surface
configured to receive the current from the patient and return the current to the

generator, wherein a positive temperature coefficient (PTC) material is

18
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disposed on the return electrode and is configured to regulate the temperature

over the surface of the return electrode.

13.  The system for eliminating patient burns of claim 12, further comprising
a temperature regulation device disposed in the generator configured to regulate

temperature at least of the return electrode.

14.  The system for eliminating patient burns of claim 12, further comprising
a temperature monitoring device disposed in the generator configured to monitor

temperature at the return electrode.

15.  The system for eliminating patient burns of claim 14, further comprising
a generator disabling device configured to disable the generator when the

temperature of the return electrode reaches a predetermined value.

16. The system for eliminating patient burns of claim 12, wherein the
generator includes a device configured to monitor at least one of a temperature and

a contact quality of the return electrode.

17. The system for eliminating patient burns of claim 12, wherein the PTC

material is configured to regulate current density at the return electrode.

18.  The system for eliminating patient burns of claim 12, wherein the return

electrode includes a plurality of pads.

19
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19. The system for eliminating patient burns of claim 18, wherein an
individual wire is coupled to each pad of the plurality of pads and configured to

determine a parameter between any two individual wires.

20. The system for eliminating patient burns of claim 19, wherein the
parameter is selected from the group consisting of power, resistance, impedance,

and any combination thereof.

21. A method for eliminating patient burns while performing monopolar
surgery, the method comprising the steps of:

placing a return electrode with a positive temperature coefficient (PTC)
material in contact with a patient;

generating electrosurgical energy; and

supplying the electrosurgical energy to the patient via an active electrode;

wherein the PTC material on the return electrode requlates the temperature
over the return electrode by responding to increases in localized temperature with a

local increase in resistance, thereby spreading the temperature over the surface of

the electrode.

22. An electrosurgical system comprising:
a generator having at least a processor disposed therein, the electrosurgical

generator being configured to supply electrosurgical energy to tissue;

a supply electrode adapted to connect to the generator configured to supply

the electrosurgical energy to the tissue;

20
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a return electrode adapted to connect to the generator and configured to
return the electrosurgical energy to the generator, said return electrode including an
impedance sensor being configured to measure impedance values between a
plurality of return electrode portions and output the impedance values to the at least
one processor for determination of a contact reading, the processor operable to
compare the contact reading to a stored threshold reading to determine a degree of

adherence of the return electrode on the patient.

23. The electrosurgical system of claim 22, wherein said processor adjusts
radiofrequency energy to the patient when said contact reading reaches a threshold

value.

24. The electrosurgical system of claim 22, wherein the return electrode

has a PTC layer.

25. The electrosurgical system of claim 24, wherein the PTC layer is a
coating, and wherein said coating is disposed over each of the return electrode

portions.

26. The electrosurgical system of claim 24, wherein the PTC layer is a

substantially continuous coating of parallel resistors.

27. The electrosurgical system of claim 24, further comprising a conductive
adhesive layer in contact with the PTC layer, said adhesive layer configured to

maintain contact between the plurality of return electrode portions and the patient.
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