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ADJUSTABLE IMPEDANCE ELECTROSURGICAL ELECTRODES 

ABSTRACT

An electrosurgical system is disclosed. The electrosurgical system includes at least one 

electrosurgical electrode 3 having a resistive element and a capacitive element configured in 

series. The electrosurgical system also including an electrosurgical generator 20 configured to 

generate electrosurgical energy having a first frequency which generates a first impedance in the 

at least one electrode due to capacitive reactance of the capacitive element in series. The 

generator 20 is further configured to adjust the first frequency to at least one other frequency to 

generate a different impedance in the at least one electrode 3 due to capacitive reactance of the 

capacitive element in series, thereby adjusting the temperature of at least one electrosurgical 

electrode 3.
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FIG. 1B
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Name and Address 
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The following statement is a full description of this invention, including the best method of 
performing it known to me/us:
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ADJUSTABLE IMPEDANCE ELECTROSURGICAL ELECTRODES

BACKGROUND

Technical Field

The present disclosure relates to electrosurgical apparatuses, systems and methods. 

More particularly, the present disclosure is directed to electrosurgical electrodes configured to 

vary in impedance in response to the frequency of the electrosurgical energy passing 

therethrough.

Background of Related Art

Energy-based tissue treatment is well known in the art. Various types of energy (e.g., 

electrical, ultrasonic, microwave, cryo, heat, laser, etc.) are applied to tissue to achieve a 

desired result. Electrosurgery involves application of high radio frequency electrical current 

to a surgical site to cut, ablate, coagulate or seal tissue. In monopolar electrosurgery, a source 

or active electrode delivers radio frequency energy from the electrosurgical generator to the 

tissue and a return electrode carries the current back to the generator. In monopolar 

electrosurgery, the source electrode is typically part of the surgical instrument held by the 

surgeon and applied to the tissue to be treated. A patient return electrode is placed remotely 

from the active electrode to carry the current back to the generator.

Ablation is most commonly a monopolar procedure that is particularly useful in the 

field of cancer treatment, where one or more RF ablation needle electrodes (usually of 

elongated cylindrical geometry) are inserted into a living body. A typical form of such needle 

electrodes incorporates an insulated sheath from which an exposed (uninsulated) tip extends.
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3 When an RF energy is provided between the return electrode and the inserted ablation electrode, 

RF current flows from the needle electrode through the body. Typically, the current density is 

very high near the tip of the needle electrode, which tends to heat and destroy surrounding issue.

In bipolar electrosurgery, one of the electrodes of the hand-held instrument functions as 

the active electrode and the other as the return electrode. The return electrode is placed in close 

proximity to the active electrode such that an electrical circuit is formed between the two 

electrodes (e.g., electrosurgical forceps). In this manner, the applied electrical current is limited 

to the body tissue positioned between the electrodes. When the electrodes are sufficiently 

separated from one another, the electrical circuit is open and thus inadvertent contact with body 

tissue with either of the separated electrodes does not cause current to flow.

SUMMARY

The present disclosure relates to a system and method for adjusting impedance of active 

and return electrodes in monopolar and bipolar electrosurgical systems. The electrodes include 

capacitive and resistive elements and therefore act as capacitors having variable resistance in 

presence of high frequency electrosurgical energy. The impedance of electrodes is adjusted by 

controlling the frequency and/or phase angle. In addition, the adjustments may be made via 

various switches triggered by timers, temperature, tissue desiccation level and tissue wall 

impedance.

According to one aspect of the present disclosure, an electrosurgical system is 

disclosed. The electrosurgical system includes at least two electrosurgical electrodes each 

having a resistive element and a capacitive element configured in series. The electrosurgical 

system also including an electrosurgical generator configured to generate electrosurgical energy 

having a low frequency that generates an increase in impedance in the at least two electrodes 

due to capacitive reactance of the capacitive element in series, that generates an increase in 

temperature applied to a plurality of layers of tissue within a patient, the generator being further 

configured to adjust the low frequency to a high frequency to generate a decrease in impedance 

in the at least two electrodes due to capacitive reactance of the capacitive element in series, that 

generates a decrease in temperature applied to the plurality of layers of tissue, wherein each 

capacitive element functions as a variable resistor adjustable on the frequency applied by the 

generator and is configured to allow approximately the same current to pass through each of the 

plurality of layers of tissue clasped between the at least two electrodes to provide uniform

7183638 1
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3 heating across the plurality of layers of tissue and at least two layers of tissue have different 

individual impedances.

A method for performing electrosurgical procedures is also contemplated by the 

present disclosure. The method includes the steps of providing at least two electrosurgical 

electrodes each having a resistive element and a capacitive element configured in series. The 

method also includes the steps of grasping a plurality of layers of tissue between the at least two 

electrodes, wherein at least two layers of tissue have different individual impedances; applying 

electrosurgical energy having a high frequency to tissue of a patient to increase decrease a 

temperature applied to the plurality of layers of tissue within the patient; and applying 

electrosurgical energy having a low frequency to tissue, wherein the capacitive element 

functions as a variable resistor adjustable on the frequency applied and is configured to allow 

approximately the same current to pass through each of the plurality of layers of tissue grasped 

between the at least two electrodes to provide uniform heating across the plurality of layers of 

tissue.-

According to another aspect of the present disclosure, an electrosurgical system is 

disclosed. The system includes an electrosurgical forceps for sealing a plurality of layers of 

tissue including at least one shaft member having an end effector assembly disposed at a distal 

end thereof. The end effector assembly includes jaw members movable from a first position in 

spaced relation relative to one another to at least one subsequent position wherein the jaw 

members cooperate to grasp the plurality of layers of tissue therebetween, wherein at least two 

layers of tissue have different individual impedance and each of the jaw members includes a 

sealing plate which communicates electrosurgical energy through tissue held therebetween. 

Each of the sealing plates includes a resistive element and a capacitive element configured in 

series. The system also includes an electrosurgical generator configured to generate 

electrosurgical energy having a low frequency that generates an increase in impedance in at least 

one of the sealing plates due to capacitive reactance of the capacitive element in series that 

generates an increase in temperature applied to the plurality of layers of tissue within a patient, 

the generator being further configured to adjust the low frequency to a high frequency to 

generate a decrease in impedance in at least one of the sealing plates due to capacitive reactance 

of the capacitive element in series that generates a decrease in temperature applied to the 

plurality of layers of tissue, wherein each capacitive element function as a variable resistor 

adjustable on the frequency applied by the generator and is configured to allow approximately

7183638 1
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3 the same current pass through each the plurality of layers of tissue to provide uniform heating 

across the plurality of layers of tissue as different frequencies are supplied.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present disclosure are described herein with reference to 

the drawings wherein:

Fig. 1 A is a schematic block diagram of a monopolar electrosurgical system according 

to the present disclosure;

Fig. 1 B is a schematic block diagram of a bipolar electrosurgical system according to 

the present disclosure;

Fig. 2 is a side, partial internal view of an endoscopic forceps according to the present 

disclosure;

Fig. 3 is a schematic block diagram of a generator according to one embodiment of the 

present disclosure;

Fig. 4 is a cross-sectional side view of an electrosurgical return electrode having a 

capacitive material layer according to the present disclosure;

7183638 I
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Figs. 5A and B are cross-sectional side views of a monopolar electrosurgical active 

electrode according to the present disclosure; and

Figs. 6A and B are schematic illustrations of an electrosurgical system having 

capacitive active and return electrodes according to the present disclosure.

5

DETAILED DESCRIPTION

Particular embodiments of the present disclosure are described hereinbelow with 

reference to the accompanying drawings. In the following description, well-known functions 

or constructions are not described in detail to avoid obscuring the present disclosure in 

io unnecessary detail.

A generator according to the present disclosure can perform monopolar and bipolar 

electrosurgical procedures, including vessel sealing procedures. The generator may include a 

plurality of outputs for interfacing with various electrosurgical instruments (e.g., a monopolar 

active electrode, return electrode, bipolar electrosurgical forceps, footswitch, etc.). Further, 

is the generator includes electronic circuitry configured for generating radio frequency power 

specifically suited for various electrosurgical modes (e.g., cutting, blending, division, etc.) 

and procedures (e.g., monopolar, bipolar, vessel sealing).

Fig. 1A is a schematic illustration of a monopolar electrosurgical system according to 

one embodiment of the present disclosure. The system includes a monopolar electrosurgical 

20 instrument 2 including one or more active electrodes 3 (Fig. 5), which can be electrosurgical 

cutting probes, ablation electrode(s), etc. Electrosurgical RF energy is supplied to the
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instrument 2 by a generator 20 via a supply line 4, which is connected to an active terminal 30 

(Fig. 3) of the generator 20, allowing the instrument 2 to coagulate, ablate and/or otherwise 

treat tissue. The energy is returned to the generator 20 through a return electrode 6 via a 

return line 8 at a return terminal 32 (Fig. 3) of the generator 20. The active terminal 30 and

5 the return terminal 32 are connectors configured to interface with plugs (not explicitly shown) 

of the instrument 2 and the return electrode 6, which are disposed at the ends of the supply 

line 4 and the return line 8, respectively.

The system may include a plurality of return electrodes 6 that are arranged to 

minimize the chances of tissue damage by maximizing the overall contact area with the 

io patient P. In addition, the generator 20 and the return electrode 6 may be configured for 

monitoring so-called “tissue-to-patient” contact to insure that sufficient contact exists 

therebetween to further minimize chances of tissue damage.

The present disclosure may be adapted for use with either monopolar or bipolar 

electrosurgical systems. Fig. IB shows a bipolar electrosurgical system according to the 

is present disclosure that includes an electrosurgical forceps 10 having opposing jaw members 

110 and 120. The forceps 10 includes one or more shaft members having an end effector 

assembly 100 disposed at the distal end. The end effector assembly 100 includes two jaw 

members movable from a first position wherein the jaw members are spaced relative to 

another to a closed position wherein the jaw members 110 and 120 cooperate to grasp tissue 

20 therebetween. Each of the jaw members includes an electrically conductive sealing plate 

connected to the generator 20 that communicates electrosurgical energy through the tissue

held therebetween.
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Electrically conductive sealing plates 112 and 122, which act as an active electrode 

and a return electrode, are connected to the generator 20 through cable 23, which includes the 

supply and return lines coupled to the active and return terminals 30, 32, respectively (Fig. 3). 

The electrosurgical forceps 10 are coupled to the generator 20 at a connector having 

5 connections to the active and return terminals 30 and 32 (e.g., pins) via a plug disposed at the 

end of the cable 23, wherein the plug includes contacts from the supply and return lines. 

Electrosurgical RF energy is supplied to the forceps 10 by generator 20 via a supply line 

connected to the active electrode and returned through a return line connected to the return 

electrode.
I

io Figs. IB and 2 show the forceps 10 that is configured to support the effector assembly

100. Those skilled in the art will understand that the invention according to the present 

disclosure may be adapted for use with either an endoscopic/laparoscopic instrument or an 

open instrument. More particularly, forceps 10 generally includes a housing 60, a handle 

assembly 62, which mutually cooperate with the end effector assembly 100 to grasp and treat 

is tissue. The forceps 10 also includes a shaft 64 that has a distal end 68 that mechanically 

engages the end effector assembly 100 and a proximal end 69 that mechanically engages the 

housing 60 proximate the rotating assembly 80. Handle assembly 62 includes a fixed handle 

72 and a movable handle 74. Handle 74 moves relative to the fixed handle 72 to actuate the 

end effector assembly 100 and enable a user to grasp and manipulate tissue.

20 In open position the sealing plates 112 and 122 are disposed in spaced relation relative

to one another. In a clamping or closed position the sealing plates 112 and 122 cooperate to 

grasp tissue and apply electrosurgical energy thereto. Further details relating to one



-8-

20
08

20
20

47
 

08
 M

ay
 2

00
8

envisioned endoscopic forceps is disclosed in commonly-owned U.S. Application Serial No.

10/474,169 entitled “VESSEL SEALER AND DIVIDER.”

The jaw members 110 and 120 are activated using a drive assembly (not shown) 

enclosed within the housing 60. The drive assembly cooperates with the movable handle 74 

5 to impart movement of the jaw members 110 and 120 from the open position to the clamping 

or closed position. Examples of a handle assemblies are shown and described in the above 

identified application as well as commonly-owned U.S. Application Serial No. 10/369,894 

entitled “VESSEL SEALER AND DIVIDER AND METHOD MANUFACTURING SAME” 

and commonly owned U.S. Application Serial No. 10/460,926 entitled “VESSEL SEALER 

io AND DIVIDER FOR USE WITH SMALL TROCARS AND CANNULAS.”

The jaw members 110 and 120 are pivotable about a pivot 160 from the open to 

closed positions upon relative reciprocation, i.e., longitudinal movement, of the drive 

assembly (not shown). Jaw members 110 and 120 also include insulators 116 and 126 that 

together with the outer, non-conductive plates of the jaw members 110 and 120, are 

is configured to limit and/or reduce many of the known undesirable effects related to tissue 

sealing, e.g., flashover, thermal spread and stray current dissipation.

In addition, the handle assembly 62 of this particular disclosure may include a four- 

bar mechanical linkage that provides a unique mechanical advantage when sealing tissue 

between the jaw members 110 and 120. For example, once the desired position for the 

20 sealing site is determined and the jaw members 110 and 120 are properly positioned, handle

74 may be compressed fully to lock the electrically conductive sealing plates 112 and 122 in a 

closed position against the tissue. The details relating to the inter-cooperative relationships of 

the inner-working elements of forceps 10 are disclosed in the above-cited commonly-owned
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U.S. Patent Application Serial No. 10/369,894. Another example of an endoscopic handle 

assembly which discloses an off-axis, lever-like handle assembly, is disclosed in the above

cited U.S. Patent Application Serial No. 10/460,926.

With reference to Fig. 3, the generator 20 includes suitable input controls (e.g.,

5 buttons, activators, switches, touch screen, etc.) for controlling the generator 20. In addition, 

the generator 20 may include one or more display screens for providing the user with variety 

of output information (e.g., intensity settings, treatment complete indicators, etc.). The 

controls allow the user to adjust power of the RF energy, waveform, and other parameters to 

achieve the desired waveform suitable for a particular task (e.g., coagulating, tissue sealing,

io intensity setting, etc.). The instrument 2 or the forceps 10 may also include a plurality of 

input controls that may be redundant with certain input controls of the generator 20. Placing 

the input controls at the instrument 2 the forceps 10 allows for easier and faster modification 

of RF energy parameters during the surgical procedure without requiring interaction with the 

generator 20.

is Fig. 3 shows a schematic block diagram of the generator 20 having a controller 24, a

high voltage DC power supply 27 (“HVPS”) and an RF output stage 28. The HVPS 27 is 

connected to a conventional AC source (e.g., electrical wall outlet) and provides high voltage 

DC power to an RF output stage 28, which then converts high voltage DC power into RF 

energy and delivers the RF energy to the active terminal 30. The energy is returned thereto 

20 via the return terminal 32.

In particular, the RF output stage 28 generates sinusoidal waveforms of high RF

energy. The RF output stage 28 is configured to generate a plurality of waveforms having

various duty cycles, peak voltages, crest factors, and other suitable parameters. Certain types
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of waveforms are suitable for specific electrosurgical modes. For instance, the RF output 

stage 28 generates a 100% duty cycle sinusoidal waveform in cut mode, which is best suited 

for ablating, fusing and dissecting tissue and a 1-25% duty cycle waveform in coagulation 

mode, which is best used for cauterizing tissue to stop bleeding.

5 The generator 20 may include a plurality of connectors to accommodate various types

of electrosurgical instruments (e.g., instrument 2, electrosurgical forceps 10, etc.). Further, 

the generator 20 may be configured to operate in a variety of modes such as ablation, 

monopolar and bipolar cutting coagulation, etc. The generator 20 may include a switching 

mechanism (e.g., relays) to switch the supply of RF energy between the connectors, such that, 

io for instance, when the instrument 2 is connected to the generator 20, only the monopolar plug 

receives RF energy.

The controller 24 includes a microprocessor 25 operably connected to a memory 26, 

which may be volatile type memory (e.g., RAM) and/or non-volatile type memory (e.g., flash 

media, disk media, etc.). The microprocessor 25 includes an output port that is operably 

is connected to the HVPS 27 and/or RF output stage 28 allowing the microprocessor 25 to 

control the output of the generator 20 according to either open and/or closed control loop 

schemes. Those skilled in the art will appreciate that the microprocessor 25 may be 

substituted by any logic processor (e.g., control circuit) adapted to perform the calculations 

discussed herein.

20 A closed loop control scheme is a feedback control loop wherein sensor circuit 22,

which may include a plurality of sensors measuring a variety of tissue and energy properties 

(e.g., tissue impedance, tissue temperature, output current and/or voltage, etc.), provides 

feedback to the controller 24. Such sensors are within the purview of those skilled in the art.
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The controller 24 then signals the HVPS 27 and/or RF output stage 28, which then adjust DC 

and/or RF power supply, respectively. The controller 24 also receives input signals from the 

input controls of the generator 20 or the instrument 2. The controller 24 utilizes the input 

signals to adjust power outputted by the generator 20 and/or performs other control functions 

5 thereon.

In one embodiment, the present disclosure provides a system and method to manage 

delivery of RF energy to tissue by controlling surface impedance of active and/or return 

electrodes (e.g., active and return electrodes 3 and 6 and sealing plates 112 and 122). In one 

embodiment, the electrodes include a capacitive coating layer on the surface thereof, thereby 

io making the electrodes act as capacitors. When capacitors are exposed to alternating current 

(e.g., electrosurgical RF energy), capacitors exhibit so-called “capacitive reactance” that is 

inversely related to the frequency of the electrosurgical RF energy being supplied. As 

frequency of source voltage increases, capacitive reactance decreases and current increases. 

As frequency decreases, capacitive reactance along with current increase. Hence, capacitive 

is reactance can be equated to resistance. In other words, a capacitor in an alternating current 

circuit acts as a variable resistor whose impedance value is controlled by the frequency of the 

applied current. As frequency increases, capacitor’s opposition to current (e.g., impedance) 

or its capacitive reactance decreases.

The capacitor’s impedance is controlled by adjusting the frequency of the applied RF 

20 energy, which allows for direct control over the heat generating capabilities of the capacitor 

(e.g., electrosurgical electrodes). The impedance may be also controlled by adjusting the 

phase angle of the frequency while maintaining the same frequency (e.g., maintaining the 

frequency of 473 kHz at a phase angle of 0° versus a phase angle of 30°), or using timer
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and/or temperature switches, and tissue sensors for detecting tissue desiccation and 

impedance, which can trigger adjustments in impedance of the electrodes.

Fig. 4 illustrates the return electrode 6 including a return electrode pad 40 having a 

capacitive layer 42 on an outer conductive surface thereof. The return electrode pad 40 may 

5 include one or more conductive material layers (not specifically shown), such as metallic foil, 

which adhere to the patient and are configured to conduct electrosurgical RF energy back to 

the generator 20. The capacitive layer 42 may be formed from aluminium, titanium dioxide, 

titanium oxide, tantalum oxide, aluminum oxide, barium titranate and the like. The 

capacitive layer 42 may be deposited on the electrode pad 40 via a variety of conventionally 

io known deposition techniques, such as electrochemical thin film deposition. The thickness of 

the capacitive layer 42 may be from about 0.001 mm to about 1 mm. The capacitive layer 42 

may also be disposed between two conductive layers (not explicitly shown).

The return electrode 6 further includes an adhesive material layer on a patient

contacting surface thereof. The adhesive material can be, but is not limited to, a polyhesive 

is adhesive, a Z-axis adhesive, a water-insoluble, hydrophilic, pressure-sensitive adhesive, or 

any combinations thereof, such as POLYHESIVE™ adhesive manufactured by Valleylab of 

Boulder, Colorado. The adhesive may be conductive or dielectric. The adhesive material 

layer ensures an optimal surface contact area between the electrosurgical return electrode 6 

and the patient “P,” which limits the possibility of a patient bum.

20 Fig. 5A shows the active electrode 3 having a pointed tip. The active electrode 3 may

be formed in a variety of suitable shapes (e.g., ball point, hook, etc.) and may be either hollow 

or solid and include variety of known temperature control mechanisms, such as liquid 

cooling. The active electrode 3 is formed from a conductive material (e.g., stainless steel) and
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includes a capacitive layer 44 that coats the inner conductive surface thereof. Deposition 

techniques, materials, and thickness of the capacitive layer 44 are substantially similar to 

counterpart above-described parameters of the capacitive layer 42.

With reference to Fig. 5B, the active electrode having the capacitive layer 44 on the

5 outer conductive surface is shown. This also allows the capacitive layer 44 to act as a heat 

sink and prevent surrounding tissue damage from thermal spread.

As shown in Fig. 2, the sealing plates 112 and 122 include capacitive layers 46 and 48, 

respectively, coating the outer conductive surfaces thereof. Deposition techniques, materials, 

and thickness of the capacitive layers 46 and 48 are substantially similar to above-described 

io capacitive layer 42. The capacitive layers 46 and 48 may also be disposed on the inner 

surface of the sealing plates 112 and 122.

The active electrode 3 and the return electrode 6 of monopolar systems and the sealing 

plates 112 and 122 in presence of high RF energy can be modeled as a resistor and a capacitor 

in series, wherein the resistor is the conducting portion of the electrode and the capacitor is 

i5 the capacitive layer. Figs. 6A-C illustrate electrode-patient interaction modeled as an electric 

circuit. For simplicity, further discussion of active and return electrodes is contained to active 

and return electrodes 3 and 6.

With reference to Figs. 6A-C, an electrosurgical system 50 is shown. The system 50 

includes the generator 20 coupled to the active electrode 3 and the return electrode 6. The 

20 active and return electrodes 3 and 6 are in contact with the patient P. As shown in Figs. 6A 

and 6B, the patient P is modeled as a single resistor, since the patient’s P tissue acts as a load 

during the electrosurgical procedure. The active and return electrodes 3 and 6 include a
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resistive element 51 and a capacitive element 52. The resistive element 51 represent the 

conductive portion of the active and return electrode 3 and 6. The capacitive elements 52 

represent the capacitive layers 42 and 44 of the return and active electrodes 3 and 6 

respectively. In Fig. 6A, the generator 20 is configured to supply electrosurgical RF energy 

5 having a relatively low frequency, such that the capacitive elements 52 cause the active and 

return electrodes 3 and 6 to function as capacitors having a relatively high impedance.

Fig. 6B, the generator 20 modifies the frequency through the RF output stage 28 to a 

relatively high frequency. This converts the capacitive elements 52 into resistive elements 54 

due to capacitive reactance of the capacitive elements 52. As a result, the active and return 

io electrodes 3 and 6 include solely resistive elements 51 and 54 and thereby decrease in overall 

impedance. In other words, if an electrosurgical electrode is modeled as having resistive and 

capacitive elements connected in series, a higher frequency RF energy causes the impedance 

of the capacitive element of the electrode to become less and less apparent as a element in the 

overall resistance of the electrode. In contrast, when a lower frequency RF energy is 

is conducted through the system 50, the overall electrode resistance is increased at the electrode 

surface.

In one embodiment, the present disclosure provides for real-time adjustment of 

temperature of the electrodes by adjusting the frequency. More specifically, increasing 

impedance by lowering the frequency increases the temperature and lowering impedance by 

20 increasing the frequency decreases the temperature. Hence, the frequency is inversely 

proportional to the amount of heat being generated by the at least one electrosurgical 

electrode.
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The single resistor representation of Figs. 6A and 6B, is accurate for electrosurgical 

procedures involving one type of tissue, such as blood vessel fusion. For larger tissue 

systems, such as bowel wall which include multiple tissue layers (e.g., mucosa, submucosa, 

and muscularis) multiple resistors of varying resistance better represent the tissue being 

5 treated. In Fig. 6C, such tissue types are represented as resistors 55, 56, 57, with the total 

tissue resistance being the sum of the individual resistances of the resistors 55, 56, 57. 

Applied current passes through each of the resistors 55, 56, 57 as the current passes from the 

active electrode 3 to the return electrode 6. With reference to the formula P=I2R, wherein P is 

power, I is current, and R is impedance, since power and current are the same throughout all 

io of the resistive and capacitive elements 51, 52, 54. The resistors 55, 56, 57, representing 

multiple layered tissue, have individual resistances which result in individual power 

consumption and temperature at each tissue layer. This difference in temperatures across 

multi-layered tissue hinders reliable fusion. The impedance adjustable electrodes of the 

present disclosure provide for a more uniform temperature profile by adjusting the impedance 

is of the electrodes 3 and/or 6. More specifically, by alternating the area of highest impedance 

between the tissue layers (e.g., resistors 55, 56, 57) and the electrodes 3 and 6, the 

temperature gradient is varied accordingly. As discussed above, adjusting the impedance of 

the electrodes can be accomplished by varying the frequency, phased angle, as well as using 

various types of switches triggered by time, temperature, and/or tissue impedance.

20 The capacitive electrodes provided by the present disclosure allow for precise control

of tissue heating. Certain types of tissue, such as bowel tissue, which have multiple layers 

with varying natural impedance, are particularly hard to heat uniformly. As a result, such 

tissue is hard to coagulate and/or fuse together using conventional electrodes relying on 

impedance feedback control loops. Since the temperature of the tissue is directly related to



- 16-

20
08

20
20

47
 

08
 M

ay
 2

00
8

power and impedance, wherein the power is expressed as a function of the current supplied 

to the tissue and/or the impedance of the tissue, simply increasing the temperature based on 

particular impedance measurements results in increased heating of certain tissue layers while 

under-heating others. In contrast, capacitive electrodes provide the same amount of current to 

5 individual tissue layer regardless of the layer’s individual impedance by automatically 

adjusting electrodes’ internal impedance, which results in uniform heating of tissue.

While several embodiments of the disclosure have been shown in the drawings and/or 

discussed herein, 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 

io likewise. Therefore, the above description should not be construed as limiting, but merely as 

exemplifications of particular embodiments. Those skilled in the art will envision other 

modifications within the scope and spirit of the claims appended hereto.
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1. An electrosurgical system, comprising:

at least two electrosurgical electrodes each having a resistive element and a capacitive 

element configured in series; and

an electrosurgical generator configured to generate electrosurgical energy having a low 

frequency that generates an increase in impedance in the at least two electrodes due to 

capacitive reactance of the capacitive element in series, that generates an increase in temperature 

applied to a plurality of layers of tissue within a patient, the generator being further configured 

to adjust the low frequency to a high frequency to generate a decrease in impedance in the at 

least two electrodes due to capacitive reactance of the capacitive element in series that generates 

a decrease in temperature applied to the plurality of layers of tissue, wherein each capacitive 

element functions as a variable resistor adjustable on the frequency applied by the generator and 

is configured to allow approximately the same current to pass through each of the plurality of 

layers of tissue clasped between the at least two electrodes to provide uniform heating across the 

plurality of layers of tissue and at least two layers of tissue have different individual 

impedances.

2. An electrosurgical system according to claim 1, wherein the capacitive element is a 

capacitive layer.

3. An electrosurgical system according to claim 2, wherein the capacitive layer is disposed 

on an outer conductive surface of the at least two electrosurgical electrodes.

4. An electrosurgical system according to claim 2, wherein the capacitive layer is disposed 

on an innermost conductive surface of the at least two electrosurgical electrodes.

5. An electrosurgical system according to claim 1, wherein the frequency of the energy is 

inversely proportional to the amount of heat being generated by the at least two electrosurgical 

electrodes.

6. An electrosurgical system according to claim 1, wherein the capacitive element is selected 

from the group consisting of aluminum, titanium dioxide, titanium oxide, tantalum oxide, 

aluminum oxide, and barium titranate.

7181610 1
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3 7. An electrosurgical system, comprising:

an electrosurgical forceps for sealing a plurality of layers of tissue including at least one 

shaft member having an end effector assembly disposed at a distal end thereof, the end effector 

assembly including jaw members movable from a first position in spaced relation relative to 

one another to at least one subsequent position wherein the jaw members cooperate to grasp the 

plurality of layers of tissue therebetween, wherein at least two layers of tissue have different 

individual impedance and each of the jaw members includes a sealing plate that communicates 

electrosurgical energy through tissue held therebetween, each of the sealing plates having a 

resistive element and a capacitive element configured in series; and

an electrosurgical generator configured to generate electrosurgical energy having a low 

frequency that generates an increase in temperature applied to the plurality of layers of tissue 

within a patient, the generator being further configured to adjust the low frequency to high 

frequency to generate a decrease in impedance in at least one of the sealing plates due to 

capacitive element in series that generates a decrease in temperature applied to the plurality of 

layers of tissue, wherein each capacitive element functions as a variable resistor adjustable on 

the frequency applied by the generator and is configured to allow approximately the same 

current to pass through each the plurality of layers of tissue to provide uniform heating across 

the plurality of layers of tissue as different frequencies are supplied.

8. An electrosurgical system according to claim 7, wherein the capacitive element is 

disposed on an outer conductive surface of each sealing plate.

9. An electrosurgical system according to claim 7, wherein the capacitive element is 

disposed on an innermost conductive surface of each sealing plate.

10. An electrosurgical system according to claim 7, wherein the frequency of the energy is 

inversely proportional to the amount of heat being generated by the at least one electrosurgical 

electrode.

11. An electrosurgical system according to claim 7, wherein the capacitive element is selected 

from the group consisting of aluminum, titanium dioxide, titanium oxide, tantalum oxide, 

aluminum oxide, and barium titranate.

12. A method for performing electrosurgical procedures, comprising the steps of:

7181610_l



19

20
08

20
20

47
 

15
 A

pr
 2

01
3 providing at least one electrosurgical electrode having a resistive element and a capacitive 

element configured in series;

grasping a plurality of layers of tissue between the at least two electrodes, wherein at least 

two layers of tissue have different individual impedances;

applying electrosurgical energy having a high frequency to tissue of a patient to increase 

decrease a temperature applied to the plurality of layers of tissue within the patient; and

applying electrosurgical energy having a low frequency to tissue, wherein the capacitive 

element functions as a variable resistor adjustable on the frequency applied and is configured to 

allow approximately the same current to pass through each of the plurality of layers of tissue 

grasped between the at least two electrodes to provide uniform heating across the plurality of 

layers of tissue.

13. An electrosurgical system substantially as herein described with reference to any one of 

the embodiments as that embodiment is illustrated in the accompanying drawings.

14. A method for performing electrosurgical procedures, said method substantially as herein 

described with reference to any one of the embodiments as that embodiment IS illustrated in the 

accompanying drawings.

Tyco Healthcare Group LP

Patent Attorneys for the Applicant

SPRUSON & FERGUSON
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