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RESISTIVE REUSABLE ELECIROSURGICAL RETURN ELECTRODE 

CROSS REFERENCE TO BELATED APPLICATION 

5 Reference is herein made to co-pending United States Patent Application Serial 

Number 08/471,469, filed October 30, 1996, and entitled "Capacitive Reusable 

Electrosurgical Return Electrode." 

INTRODUCTION 

1bis invention relates to electrosurgery and, more particularly, to return electrodes 

10 that are adapted for providing effective and safe electrosurgical energy return without 

conducting or dielectric gels or pol~ers and which are reusable. 

BACKGROUND OF THE INVENIION 

As is known to those skilled in the art, modern surgical techniques typically 

employ radio frequency (RF) c~tery to cut tissue and coagulate bleeding encountered 

15 in performing surgical procedures. For historical perspective and "details of such 

techniques, reference is made to United States Patent No. 4,936,842 

As is known to those skilled in the medical arts, electrosurgery is widely used and 

offers many advantages including that of the use of a single surgical tool for both cutting 

and coagulation. Every monopolar electrosurgical generator system, to be fully used, 

20 must have an active. electrode which is applied by the surgeon to the patient at the 

surgical site to perform surgery and a return path from the patient back to the generator. 

The active electrode at the point of contact with the patient must be small in size to 

produce a high current density in order to produce a surgical effect of cutting or 

coagulating tissue; The return electrode, which carries the same current as the active 

25 electrode, must be large enough in effective surface area at the point of communication 

with the patient such that a low density current flows from the patient to the return 

electrode; If a relatively high current density is produced at the return electrode, the 

temperature of the patient's skin and tissue will rise in this area and can result in an 

undesirable patient bum. 

30 In 1985, the Emergency Care Research Institute, a well-known medical testing 

agency, published the results of testing it had conducted on electrosurgical return 

electrode site burns, stating that the heating of body tissue to the threshold of necrosis 

occurs when the current density exceeds· 100 milliamperes per square centimeter. 

The Association for the Advancement of Medical In.Strumentation has published 

35 standards that require that the maximum patient surface tissue temperature adjacent an 



W000/32122 PCT/US99/1622-3 

2 

electrosurgical return electrode shall not rise more than six degrees {6°) Celsius under 

stated test conditions. 

Over. the past twenty years, industry has developed products in response to the 

medical need for a safer return electrode in two major ways. First, they went from a 

5 small, about 12x7 inches, flat stainless steel plate coated with a conductive gel placed 

lll1der the patient's buttocks, thigh, shoulders, or any location where gravity can ensure 

adequate contact area to a flexible foam-backed electrode. These flexible electrodes 

which are about the same size as the stainless steel plates, are coated with a conductive 

or dielectric polymer and have an adhesive border on them so they will remain attached 

10 to the patient without the aid of gravity and are disposed of after use. By the early 1980's, 

most hospitals in the United States had switched over to using this type. of return 

electrode. These return electrodes. are an improvement over the old steel plates and 

resulted in fewer patient return electrode burns but have resulted in additional surgical 

costs in the United States of several tens of millions of dollars each year. Even with this 

15 improvement, hospitals were still experiencing some patient burns caused by electrodes 

.. Utat would accidentally fall off the patient during surgery. 

Subsequently, there was proposed a :further improvement, an.Electrode Contact 

Quality Monitoring System that would monitor the contact area of the electrode that is 

in contact with the patient and turn off the electrosurgical generator whenever there was 

'20 insufficient contact area. Such circuits are shown, for example, in United States patent 

· 4,231,372. This system has resulted in a much greater reduction in patient return 

electrode bums but requires a special disposable electrode and an added circuit in the 

generator that drives the cost per procedure even higher. Fifteen years after this system 

was first introduced, fewer than 40 percent of all the surgical operations performed in the 

25 United States used this standard of safety because of its high costs'. 

BRIEF SUMMARY OF THE INYENTION 

The present invention overcomes the problems of the prior art and provides a 

return electrode that eliminates patient burns without the need for expensive disposable 

electrodes and monitoring circuits in specialized RF generators. 

30 Briefly, the improved return electrode according to the preferred embodiment of 

the invention hereof includes an effective surface that is larger than other return 

electrodes that have been disclosed or used in surgery previously. It is so large and so 

adapted for positioning relative to the body of a patient that it eliminates the need for 

conductive or dielectric gels or polymers. Moreover, the exposed S\Uface is of a material 
35 that is readily washable and/or sterilizable so as to facilitate easy and rapid conditioning 

for repeated reuse. It employs geometries and materials whose impedance characteristics 
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at typieally used electrosurgical frequencies are such that it is self-limiting to limit 

current densities (and corresponding temperature rises) to safe thresholds should the 

effective area of the working surface of the electrode be reduced below otherwise 

desirable levels. Accordingly, the need for the foregoing expensive monitoring circuits 

5 in specialized RF generators is eliminated. 

FEATURES OF THE INVENTION 

In accordance with a feature of the invention, an electrosurgical return electrode 

is made sufficiently large to present sufficiently low electrical impedance and current 

densities at typical electrosurgery :frequencies used in medical procedures so as to avoid 

10 excessive temperature elevation in adjacent patient tissue (i.e., above six degrees (6 °) 

Celsius), thus avoiding tissue necrosis or other undesired patient trauma. 

In accordance with yet another feature of the invention, the working surface of 

the electrode (the electrode surface that is in contact with or in close proximity to the 

patient) is made sufficiently large in area so that in normal use, current flow will not be 

15 reduced to a point where it impedes the surgeon's ability to perform · 8urgery at the 

surgical site 

In accordance with yet another feature of the invention, in one embodiment, the· 

electrosurgical return· electrode is a simple single-layer construction, thus minimizing . 

cost 

20 In accordance with yet another feature of the invention, in one embodiment, 

controlled electrical conductivity is imparted to the single layer of material by the 

inclusion therein of electrically conductive materials such as conductive threads or carbon 

black, thus conditioning conductivity as a function of surface area to levels which limit 

passage of current therethrough to safe values. 

25 In accordance with yet another feature of the invention, in another embodiment, 

a moisture impervious working surface is provided for positioning adjacent an adjoining 

surface of the body of a patient, thus facilitating cleansing and reuse of the electrosurgical 

electrode. 

In accordance with yet another feature of the invention, the aforementioned 

30 moisture impervious working surface is made resistant to normally encountered 

sterilizing agents, thus further facilitating cleansing and reuse. 

In accordance with yet another feature of the invention, in another embodiment, 

a sleeve is provided for cooperative use with the electrosui'gical electrode, thus protecting 

the electrode from inadvertent damage that might occur, for example, from accidental· 

35 contact of the active electrosurgical instrument with the electrode surface. · 



W000/32122 PCT/US99/162ll. 

4 

ln accordance with yet another feature of the invention, the resistance of t~e 

materials in and adjacent.the working surface of the electrode is sufficiently elevated so 

as to limit current density at the working surface to a level below the threshold of patient 

tissue trawna, thus providing a self-limiting characteristic to prevent patient trauma in the 

5 event of accidental reduction of the effective working surface of the electrode. 

10 

In accordance with yet another feature of the invention, in one embodiment. the 

electrosurgical electrode is form-fitted to the operating table on which the elec1rosurgical 

procedure is to be performed, thus facilitating realization of other features of the 

invention. 

These and other features of the invention will be apparent from the following 

description, by way of example of preferred embodiments, with reference to the drawing. 

BRIEF D£SCRIPTION OF THE DRAWINGS 

Figure l is a simplified electrical schematic diagram illustrating typical 

impedances effectively included in the operative path of radio frequency current flow as 

15 presented to an electrosurgical generator during an operative procedure; 

Figure 2A is a top view of a wide-area distributed electrosurgical return electrode 

illustrating the principles of the invention. 

Figure 2B is an enlargement of a segment of the electrosurgical return electrode 

of Figure 2A; 

20 Figure 2C is a cross section taken along the section lines 2C-2C of Figure 28 and 

illustrating the effective circuit impedance represented by the segment of2B; 

Figure 3 is a chart illustrating in graphical form the relationships between 

effective surface area of the return electrode and the effective radio frequency current 

density developed at the electrode; 

25 Figure 4 is a perspective view showing an operating table with the elec1rosurgical 

return electrode according to the invention disposed on the upper surface thereof; 

Figure 5 is a front view illustrating a surgical chair with an electrosurgical return 

electrode according to the invention disposed on the surface of the seat thereof; 

Figure 6 is a top view of an electrosurgical return electrode according to the 

30 · invention; 

Figure 7 is a section taken along the lines 7-7ofFigure 6; 

Figure 8 is a section similar to that of Figure 7 but illustrating capacitance 

presented by a patient's surgical gown; 

Figure 9 is a perspective view of a cover adapted for encasing any of the 

35 embodiments of Figures 6-8; 
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Figure 10 is a view illustrating one of the embodiments of Figures 6-8 encased 

within the cover of Figure 9; 

Figure 11 is a perspective view illus.trating, for the purpose of analysis, the circuit 

equivalent of a patient in operative association with the resistive and conductive regions 

5 of a pad according to the invention; 

Figure 12 is a simple electronic schematic circuit equivalent to Figure 11; 

Figure 13 is a graph depicting percent capacitive coupling as a function of bulk 

resistivity of the insulating layer for different electrosurgical operating frequencies; 

Figure 14 is a perspective view of a pad according to the invention illustrating a 

10 simulated condition when the effective contact area with a patient is substantially less 

than the physical pad size; 

Figure 15 is a view illustrating current flow density within the pad when the 

effective patient contact area is much smaller than the total resistive pad area; and 

Figure 16 is a graph showing minimum bulk resistivity as a function of pad 

15 thickness for different electrosurgical generator frequencies. 

DESCRIWON OF A PBEFERBED EMBODIMENT 

Now turning to the drawings, and more particularly Figure 1 thereof, it will be 

seen to depict a simplified electrical schematic diagram illustrating typical impedances 

effectively included in the operative path of radio frequency current flow as presented to 

20 an.electrosurgical generator during an operative procedure. There, it will be seen are ·. 

conventional radio frequency electrical power generator 10 to which there are connected 

conventional electrical conductors 11 and 12 w~ch respectively connect the generator 

to the surgeon's implement represented by impedance z1 and an electrosurgical return 

electrode represented by impedance ZJ. Impedance ~ is provided to represent the 

25 impedance presented by the patient's tissue lying between the operation site and the 

return electrode. 

Although the diagram of Figure 1 is simplified and generally considers circuit 

elements in terms of resistances so as to clearly and succinctly illustrate principles of the 

invention, it should be understood that in reality certain other parameters would be 

30 encountered, parameters such as distributed inductance and dis1ributed capacitance 

which, for purposes of cl~ty in illustration of the principles hereof, are deemed 

relatively small and so not considered at this point in this description. However, as set 

forth below, when an insulating sleeve is interposed between the electrode and the body 

of a patient, a significant element of capacitive reactance may be included in the 

35 impedance of~. It should also be noted that Figures 1-10 are intentionally simplified 
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so as to present the principles of the invention succinctly, a more rigorous and complete 

discussion being presented in connection with Figures 11-16. 

The initial embodiment hereof is that of an electrode operating in a substantially 

resistive mode. Accordingly; if the relatively small distributed capacitive and inductive 

5 rcactances are disregarded, the total effective impedance of the circuit will be equal to the 

sum of the individual impedances z., Zi and Z); and since essentially the same current will 

pass through all three, the voltage generated by RF generator 10 will be distributed across 

impedances z" Zi and ZJ (which in this case are principally resistive in nature) in direct 

· proportion· to their respective values. Thus, the energy released in each of such 

10 principally resistive impedances will also be directly proportional to their values. 

Since it is desired that developed energy be concentrated in the region where the 

surgeon's implement contacts the patient's tissue, it is desirable that the resistive 

component of the impedance represented by z1 be substantial and that current passing 

therethrough (and·consequent energy release) be concentrated in a very small region. The 

15 latter is accomplished by making. the region of contact with the patient at the operative 

site very small. 

It is known that, in contrast with the foregoing series circuit, resistive components 

:in parallel present a total effective iµipedance that.is given by the formula: 

·1 
Zeff= . . . . 

1 1 1 1 1 1 
+ - + - + + - + -

Z1 Z2 . Z3 Z4 Zs z6 

Thus, if 100 resistors, each of 100 ohms, were connected in parallel, the effective 

20 impedance Zeff would equal one ohm. If half of such resistors were disconnected, the 

remaining effective resistance would be two ohms, and if only one of the resistors were 

active in the circuit, the remaining effective resistance would be 100 ohms. The 

significances of these considerations and their employment to render the electrode hereof 

self-limiting and fail-safe will be evident from the following description of the elements 

25 illustrated in Figures 2A; 2B, 2C and 3. 

Now turning to Figure 2A, there wi11 be seen a top view of a wide-area distributed 

electrosurgical return electrode 20 illustrating the principles of the invention. At the right 

hand side of the figure there is shown an electrical connection terminal 22 to facilitate 

connection to an electrical return conductor, such as conductor 12 of Figure 1. 

30 The surface 20A of return electrode 20 is preferably smooth and homogeneous. 

For pwposes of this description, electrode 20 may be thought of as including a plurality 
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of uniformly-sized regions or segments as represented by regions 21, 2la, 21b, 2lc ... 

. . . 2ln. Region/segment 21 is shown larger in Figure 2B in order to be similar in scale 

to the resistive impedance ZJ' it represents. It thus will now be evident that each of the 

segments of electrode 20 corresponding to segments 21 ... 21n inherently has the 

5 capability of presenting an impedance similar to that of impedance ZJ'. However, the 

number of such segments which are effectively active in parallel within the circuit is a 

direct :function of the surface area of the patient that overlies the electrode. Thus, in the 

case of a large supine patient whose body is in effective contact with SO percent (50%) 

of the upper surface of the electrode, 50 percent of the segments corresponding to 

10 segments 21-21n will be effectively paralleled in the circuit to form an impedance 

represented by impedance ZJ of Figure I; and, accordingly, if electrode 20 contains 100 

segments of 100 ohms each, the effective impedance operatively presented by the 

effective 50 percent of the electrode elements would be 2 ohms. Since 2 ohms is very 

small compared with the impedance represented by elements z1 and ~ very little energy 

l 5 ·is dissipated at the region of contact between the patient and the electrode, and due .also 

to the relatively large effective working area of the electrode, current density, and·. 

temperature elevation are maintained below the danger thresholds mentioned above. 

Now, if for any reason, the effective contact area between the patient and 

electrode were to be reduced to the surface of only one of the segments 21-21n, then the 

20 effective impedance (resistance in the example under consideration) would increase to 

100 ohms; and at some point of reduction in contact area, the effective resistance would 

rise to a level, e.g., 250 ohms, so as to prevent effective use of the instrument by the 

surgeon, thus signaling the surgeon that the patient ~ould be repositioned so as to 

present a greater surface area in contact with the return electrode. At the same time, the 

25 total circuit impedance would be increased so that the total current that would flow if the 

surgeon attempted to employ his instrument without repositioning the patient would be 

reduced to a value below that which Would cause undesired trauma to the patient. 

Accordingly~ there is provided a self-limitingfeature that enhances safety in use without 

the need for the aforementioned separate circuit monitoring and control circuits. 

30 Figure 2C is a cross section taken along the section lines 2C-2C of Figure 2B and 

illustrating the effective circuit impedance~· represented by the segment 21 of 2B. 

There, in Figure 2C are seen small segment 21 with its upper patient-contacting surface 

24 represented electrically by terminal 23 and its lower surface 25 represented by 

electrical terminal 22A. For the purpose of this description (and in order to present the 

35 principles underlying this embodiment clearly), the impedance 'LJ' may be thought of as 

existing between terminals 23 and 22A. Of course, it will be evident to those skilled in 
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the art that in an embodiment in which a thin but highly conductive layer is included 

along the lower surface of electrode 20, each of the impedances represented by the 

remaining segments are connected at their lower extremities in parallel to terminal 22; 

whereas, if such highly conductive layer is absent, then, in addition to the impedance 

5 represented by the material lying between the upper and lower regions of each segment, 

there will be an additional impedance {not shown) that is represented by the material 

through which current would have to pass transversely or laterally through the electrode 

in order to get to terminal 22. 

It should now be evident that if lateral impedance is minimized by provision of 

10 the aforementioned. thin conducting layer, or if the effective conductivity at the lower part 

of the material of region 21 is otherwise increased,. the effective impedance presented by 

the retmn electrode will be inversely proportional (conductivity directly proportional) to 

the effective upper surface of the electrode that is in contact with a patient. 

Figure 3 is a chart generally illustrating in graphic form the relationships between 
15 . the effective surface area of the retum electrode and the effective radio frequency current 

densities developed at the electrode. However, before proceeding to a consideration of 
such chart, it should be noted that the chart is simplified so as to illustrate the principles 

underlying the invention and does not represent actual data that may vary substantially. 

In Figure 3 there is seen a plot of RF Current Density versus Electrode Effective Surl'ace 

· 20 Area, the latter (as should now be evident to those skilled in the art) being that part of the 

surface of the return electrode that makes effective electrical contact with the body of a 

· patient. As would be expected from the foregoing discussion, when the effective area is 

large, the current at the surgeon's implement is high (dashed graph line 30) and the 

corresponding current density across the return electrode is very low (solid graph line 
25 31). This is, of course, the condition desired for conducting surgery. However, as the 

effective surface area decreases, the current density across the return electrode increases 

and there is a corresponding decrease of the current at the surgeon's instrument until if 

the effective surface area declines to some predetermined point, there will remain 

insufficient current at the . surgical instrument to conduct surgery. The parameters 

30 selected for the materials and electrode dimensions are chosen so that current density and 

corresponding tissue temperature elevation adjacent the return electrode do not exceed 

the. limits mentioned in the introduction hereof. It will n.ow ·be seen that by a proper 

selection of such parameters the retum electrode is made self-limiting, thereby obviating 
the need for the additional monitoring circuits to which reference is made above. 

35 To facilitate description of the principles underlying the invention, the foregoing 

is described in terms of impedances whose principal components are resistances. 
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However, the principles of the invention are also applicable to other embodiments in 

which the impedances include substantial quantities of reactance. Thus, in the 

above-referenced co-pending application filed on October 30, 1996, the invention is 

further described in connection with applications in.which an effective dielectric layer 

5 is represented by a physical dielectric layer on the upper surface of the electrode; and the 

principles discussed therein are generally applicable to the present embodiment when the 

material of the surgical gown of the patient acts as a dielectric, or by the material of a 

sleeve fitted on the return electrode, or a combination thereof. 

Now turning to Figure 4, it will be seen to illustrate in perspective an operating . 

10 table 40 with an electrosurgical return electrode 41 according to the invention disposed 

on the upper surface thereof, an edge of which is identified by the numerals 42. The 

operating table is shown to have conventional legs 44a-44d that may be fitted with 

wheels or rollers as shown. Although in Figure 4, the entire upper surface of the table is 

shown as being covered with return electrode 41, it should be understood that entire 

15 coverage is by no means required in order to practice the principles of the invention. 

Thus, when used with conventional electrosurgical generators, the return electrode needs 

only to present an effective working surface area which is sufficient to provide adequate 

resistive coupling at the typically employed RF frequencies so as not to interfere with the 

surgeons ability to perfonn surgery while at the same time avoiding undesired tissue 

20 damage. It has been found that at conventional electrosurgical frequencies, this has 

necessitated only an effective working surface area no more than about as large as the 

projected outline of one-half of the torso for an adult patient lying on an operating table 

or the buttocks of a patient sitting in a chair such as is illustrated in Figure 5. However, 

the effective working surface area will vary dependant upon the material used and in 

25 some geometrical configurations and in instances where various layers of operating room 

linens are placed over the electrode. The principles hereof may be successfully employed 

and the effective working surface area of the return electrode determined in such 

circumstances by routine experimentation. 

Moreover, although the retwn electrodes shown in Figures 6-9 are depicted as 

30 being rectangular in shape, it will be evident that they could be oval or contoured as, for 

example, to follow the silhouette of the torso or other principal part of the body of a 

patient. As will be evident from the foregoing, it is important that the electrode be ·of 

sufficient size so that when it is in use: (1) the return current density on the surface of 

the patient is sufficiently low; (2) the electrical impedance between it and the patient is 

35 sufficiently low so that insufficient electrical energy is concentrated to heat the skin of 

the patient at any location in the electrical return path by more than six (6°) degrees 
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Celsius; and (3) the characteristics of the materials ·and geometries are such that if the 

effective area of the electrode is reduced below a selected threshold level, there will be 

insufficient energy dissipated at the surgeon's implement for him to continue effectively 

using the implement in its electrosurgical mode. 

5 As will be recognized by those skilled in the art, it is not necessary for there to 

be ohmic contact between the skin of a patient and the return electrode hereof for the 

electrode to perform generaJly according the foregoing description, for although 

capacitive reactance (represented by the distance between a patient's body and the 

electrode) will be introduced if something such as a surgical gown separates them, such 

10 capacitive reactance wiU modify rather than destroy the impedance identified as ZJ. A 

discussion of the effect of capacitive reactance either intentionally through inclusion of 

a dielectric layer or interposition of a surgical gown between the body of a patient and 

the principal conductive layer of the return electrode is set forth in the aforementioned 

co-pending application, the description of which is herein incorporated by reference. 
15 · As is known to those skilled in the art, in an alternating current circuit (e.g., such 

as those used in electrosurgery) the capacitive reactance of an impedance is a function 
both of capacitance and the frequency of the alternating current electrical signal presented 

to the reactance. Thus, the formula for capacitive.reactance (in ohms) is 

1 Xe= --
2njC 

where Xe is capacitive reactance in ohms, n is 3 .14159, f is frequency in hertz, and C is 

20 capacitance in farads. 

The formula for capacitance in a parallel plate capacitor is: 

c -
0.224 KA<n-1> 

d 

where C is capacitance in picofarads, K is the dielectric constant of the material lying 

between the effective plates of the capacitor, A is the.area of the smallest one of the 

effective plates of the capacitor in square inches, d is separation of the surfaces of the 

25 effective plates in inches, and,n equals the number of effective plates. Thus, it will be 

seen that to meet maximum permissible temperature rise criteria in an embodiment in 

which electrode circuit capacitance is substantial, different minimum sizes of electrodes 

may be required depending upon the frequency of the electrical generator source, the 
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separation of the body of the patient from the electrode:. and the material lying between 

the effective conductive region of the electrode and the adjacent body surface. 

Accordingly, although the principles of the invention are applicable to a wide range of 

frequencies of electrosurgical energy, the considerations set forth herein for minimum 

S sizes of return pads specifically contemplate frequencies typically employed in 

conventional electrosurgical energy generators. 

Those skilled in the art know that, with the currently used disposable return 

electrodes, reducing the effective size of the electrode to three square inches will not 

reduce the RF current flow to a level where it will impede the surgeons ability to perform 

10 surgery nor concentrate current to a level to cause patient trauma. However, to provide 

for some spacing of the electrode from patient's body, a return electrode according to the 

invention hereof, would need an effective area of eighteen square inches with a relatively 

small separation from the skin of the patient such as that provided by a surgical gown or 

no interposing gown at all. Such an effective area is easy to obtain if the patient is 

1 S positioned on an electrode that is the size of their upper torso or larger. 

The resistive characteristics desired for the present embodiment are sufficiently 

comparable to those of selected rubbers, plastics and other related materials that the latter 

may be satisfactorily em.ployed as materials for the retmn electrode. As mentioned above, 

with such a return electrode, if the patient is positioned such that not enough of the return 

20 electrode is in close proximity to the patient to result in as low impedance as needed, the 

results would be that the current flow from the electrosurgical generator would be 

reduced to a level making it difficult for the surgeon to perform surgery. Thus in the 

present embodiment, notwithstanding interposition of some capacitance represented by 

a surgical gown, the features described above will continue to occur. 

25 As mentioned above, Figure 5 is a front view illustrating a surgical chair 50 with 

an electrosurgical return electrode 51 according to the invention disposed on the upper 

surface of the seat thereof. Accordingly, when a patient is sitting in the chair, the 

buttocks and upper part of the thighs overlie and are in sufficiently close proximity to the 

return electrode so that coupling therebetween presents an impedance meeting the 

30 foregoing criterion; namely, that the electrical impedance between it and the patient is 

sufficiently low to allow the· surgeon to perform the procedure while providing that 

current density is sufficiently low and that insufficient electrical energy is developed 

across the return impedance to heat the skin of the patient at any location in the electrical 

return path by more than six (6°) degrees Celsius. 

35 Figure 6 is a top view of another electrosurgical return electrode according to the 

invention. It will be observed that the upper exposed, or working, surface of the 
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electrode again is expansive so as to meet the foregoing criteria for low impedance. 

Although it is not necessary that the electrode cover the entire surface of an operating 

table or the entire seat surface of a dental or other patient chair, it has been found 

advantageous in some instances to provide a greater surface area th.an that of the 

5 . projected area of the buttocks or torso of a patient so that if a patient moves position 

during the course of a procedure, a sufficient portion ofthe patient outline will remain 

in registration with the electrode surface.and the effective impedance will remain less 

than the above-described level. 

.At this juncture, it may be.helpful to emphasiu characteristics of the improved 

10 electrode according to the invention hereof that are deemed particularly relevant to an 

understanding of the inventive character thereof. First, as mentioned above, the electrode 

does not need to be in contact with a patient either directly or through intervening 

conductive or nonconductive gel. In addition, because ofits expansive size, there is no 

need for tailoring the electrode to fit physical contours of a patient. In this connection, 

15 it has been found that although with selected materials and geometries, self-correcting,. 

self-limiting principles hereof could be achieved in an.electrode as small as 7 square 

inches in working surface area, the preferable range of exposed upper working surface· 

area of the electrode lies in the range of from about 11 to 1500 square inches. By malcing 

the electrode several times larger (typically, at least an order of magnitude larger) in 

20 working. surface area than previous proposals, the need for physical attachment directly 

or through gels is eliminated. 

The electrode according to the invention hereof as illustrated in Figure 6, may be 

made of conductive plastic, rubber or other flexible material· which, when employed in 
the electrode will result in an effective de resistance presented by each square centimeter 

25 of working surface to be greater than 10 ohms. Silicon or butyl rubber have been found 

to be particularly attractive materials as they are flexible, as well as readily wash.able and 

sterilizable. Alternatively, the main body of the return electrode may be made of 

inherently relatively high resistance flexible material altered to provide the requisite 

conductivity. A preferred example of the latter is that of silicon rubber material in which 

30 th.ere are impregnated conductive fibers such as those of carbon, or in which there have 

been distributed quantities of other conductive substances such as carbon black, 

quantities of gold, silver, nickel, copper, steel, iron, stainless steel, brass, aluminum, or 

other conductors. 

Further reference to Figure 6 reveals the presence of a conventional electrical 

35 connector 54 attached to the electrode 41 to provide a conventional electrical return to 

the electrosurgical radio frequency energy source (not shown). 
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As mentioned above, Figure 7 is a section taken along the lines 7-7 of Figure 6. 

There is seen an electrode 46 similar to electrode 20 of Figures 2A-2C, except that 

electrode 46 includes a thin highly-conductive lower stratum 46c to facilitate conduction 

of current outwardly to tenninal 54. In one preferred fonn, the thickness of the electrode 

5 lies in a range from about 1/32 inch to I/4th inch, which, with the aforementioned range 

of resistance of the material, provides the required resistance together with desired 

physical flexibility for ease of use and handling. 

Figure 8 is a section similar to that of Figure 7, but presenting a multiple layer 

embodiment illustrating the separation presented by a patient's gown according to the 

10 · invention hereof. There, in Figure 8 are shown a layer 46a (similar to layer 46 of Figure 

7) and an overlying effectively capacitive layer 47 representing a patient's surgical gown. 

It should be understood that in addition to a construction similar to that of the electrode 

of Figures 6-7, a conductive layer 47a of Figure 8 could comprise a sheet or screen of 

gold, brass, aluminum, copper, silver, nickel, steel, stainless steel, conductive carbon, or 

15 the like. Thus, according to the construction of Figure 8, a dielectric layer 47 represents 

the capacitance presented through a surgical gown or the like to a major portion, e.g., at 

least half of the trunk portion or the buttocks and upper thigh regions of a patient.: 

Figure 9 is a perspective view of a sleeve 50 adapted for encasing any one of the 

embodiments of Figures 6-8. Thus, provision is optionally made for encasing the 

20 foregoing return pad-shaped electrodes within protective envelopes in situations in which 

it is desired to eliminate the need for cleani~g the electrode itself by protecting it from 

contamination through the use of a sleeve of impervious material from which the 

electrode, after use, can merely be withdrawn and the sleeve discarded. As will be 

evident to those skilled in the art, such a sleeve may preferably be made of any of a 

25 variety of known materials, such as vinyl plastics, polyester or polyethylene. 

Figure 10 is a view illustrating·one of the embodiments of Figures 6-8 encased 

within the sleeve of Figure 9. There, it will be seen, is outer surface SOa of sleeve 50; and 

shown encased within sleeve 50 for illustrative purposes is electrode 41 of Figure 6. 

INTERRELATIONSHIPS OF GEOMETRIES MATERIALS. 
30 AND PQWER SOURCES 

As mentioned above, Figures 11-16 are set forth to define the geometries and 

characteristics of materials employed to obtain the foregoing self-limiting action. 

Figure 11 depicts an electrosurgical pad 60 consisting of a conductive metal 

35 ·backing 61 and a semi-insulating layer 62 of material with bulk resistivity p, thickness 

t and area A. The pad is in contact with another conducting layer 63 which represents a 

patient thereupon. The circuit can be modeled as a resistor R in parallel. with a capacitor 
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C (Figure 12). The resistance R is related to the bulk resistivity p, area A, and thickness 

· t by the formula 

R = . .£! 
A 

The capacitance C is approximately related to the area A, thickness 't', electric 

permeability constant e0 = 8.85xto·12 F/m and the dielectric constant of the material tc: 

KEoA 
C= -­

t 

5 The ~tude of the capacitor impedance is 

t 

The ratio X of the current flow due to the capacitive path to·the current flow due to the 

resistive path is 

1 (a)'ICEef\ 

t 
A 

·= 6>KEoP = 
pt 

The ratio X is independent of the pad area and thickness, depending only upon JC and p. 

For pure capacitive coupling, X >> 1, whereas for pure resistive power conduction, X 

10 <<I The boundary between the capacitive power conduction and the resistive power 

conduction is X = 1. 

We can use this, along with the value of e0, to find the necessary values of p for 

capacitive conduction, given nominal values of Kand c.>=2'1tf where f is the signal 

frequency. 
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1 
p = 

For most insulating materials, tc ranges from 3 to 5. Commercially available 

electrosurgical generators presently have operating "frequencies ranging from 100 kHz to 

2 Mhz. For ic=S and f = 2 MHz, we need p ;i:; 2x 1 O' 0 cm for the electrosurgical pad to 

ground the majority of its power through capacitive coupling. For tc =3 and f = 100 kHz, 

5 we require p ;i:; 6xl06 o cm. 

The percentage of total current derived through capacitive coupling is given by 

1 pt 

pct= 
TZ) IRI A p e0tcc.> p .. I Rl + I z) = 1 1 pt t 1 e0Kc.>p + 

TRl + TZ) - + p + 
A Ae0xc.> e01Cc.>p 

Figure 13 illustrates the amount of capacitive coupling for various frequency 

electrosurgical generators. In general, a bulk resistivity of 100,000 Ohm cm is required 

for the majority of the current to be passed through capacitive coupling. The lowest 

10 possible bulk resistivity number is nearly two orders of magnitude greater than that 

anticipated by the Tweiltier United States Patent No. 4,088, 133; and, consequently, the 

capacitive coupling electrode grounding pad according to the invention hereof appears 

to be neither taught nor suggested by known prior art A product according to the 

invention hereof can be easily distinguished from previous art through a simple test of 

15 the bulk resistivity of the insulating material, independent of pad area or pad thickness 

i.e. a bulk resistivity of at least about 8,000 ohm cm. 

20 

TOTAL ELECTRODE GROUND PAD IMPEDANCE 
AND SELF-LIMITING FEATURE 

The self-limiting feature of the electrosurgical ground pad arises due to the 

impedance of the pad. This impedance may arise from resistive, inductive, or capacitive 

components, or a combination thereof. For example, a single layer of insulation and a 

single layer of a conductor gives an impedance equivalent to a resistor in parallel with 

a capacitor. 

1 
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For the resistor in parallel with the capacitor combination, the total impedance is 

R 
(R) (-. 1_) 

Ztot = RllZc = _ __..J_<->_~-­
(R) + -. -

J<->C 

l + jwCR 

The magnitude of the impedance is 

1 

Substituting the dependence ofR and Con the area A, thickness t, bulk resistivity p, and 

5 the dielectric constant of the material JC gives 

I z,) = .£!.. 
A ----·------- = .£!.. 

1 + (\)2 ( KEoA)2 ( pt)2 A 
t A 

1 
:L.2 2 2 1 + r.i>-~e0p 

According to the AAMI standard, the total impedance of the electrosurgical pad should 

be less than 750 under normal operating conditions. We therefore require 

pt 1 
~ 750 

A 1 + CA>2re;p2 

We define p as 

p z,°' ---
750 

If p << 1, the pad will have very low resistance compared to the AAMI standard, and the 

10 surgeon will not notice any degradation in the electrosurgical cutting power due to the 

pad. If p >> 1, the electrosurgical pad will have such a large impedance that the surgeon 
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will no longer be able to perform electrosurgery. Using I} in the above inequality, the 

expression becomes an equality: 

·. -- pt 

·A 
1 

= ~(750) 

We want self-limiting tQ occur when we have a large pad area, but the patient 

5 ·only makes contact with a small fraction of that area (Figure 14). For self-limiting to 

work properly, we do not want the current density j in the body through this reduced area 

to exceed a critical value 

j ~ icr1t1t:al .. 100 mA I cm 2 

AAMI standards indicate that normal electrosurgical currents" are on the order of 500-700 

ma If we set 1000 mA = Imax as a safe upper limit as to what one might expect for an 

10 above average power surgery, then, in order to return the current to the pad without 

exceedingicnucai' the contact area Acon1aci must have a minimum size: 

JmtlX 
A ~ --= contact • 

lcrilical 

1000 mA 
= 10 cm 2 

100 mA I cm 2 

The resistance between the small pad with area Acontaet and the larger metal foil is not 

simply 

R= pt 

A critical 

as current can ;flow through·the areas not directly below the area Acontaet (Figure 15). 

15 Approximately 10-20% more current flows through the area A-tact than one would 

expect if the total area of the pad were Acontact. Equivalently, the effective resistance of 

the pad is 10-20% less than what one would normally expect if these edge effects were 

not present due to an antenna effect. 

As previously mentioned, Figure 1 S reveals current flow distribution through the 

20 resistive part of the pad when the upper contact area with the patient is much smaller than 
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the total pad surface area. Current flows through parallel paths around the contact region 
thus reducing the overall resistance to current flow and thereby reducing the effective 
bulk resistivity about 10-20 percent. In the Figure, the lighter region denotes heavier 
current flow, and the opaque regions little or no significant current flow . 

. 5 In order for the electrode pad to be self limiting, we require ACOllll/:A= 1 O cm2, fJ= I 0, 
and solve Equation 12 for th~ thickness t as a function of the bulk resistivity p at different 
electrosurgical generator frequencies oo. We insert the factor of 1.2 in the resistivity to 
account for the edge effects described above. The resulting equation (which identifies and 
defines the interrelationships of parameters affecting self-limitation) is 

· A(750P) 1 + c.>2(_e_)2re2 
1.2 0 

t = ----~------
p I 1.2 

10 As previously mentioned, Figure 16 illustrates the variation of minimum 
. , resistivity with pad thickness, requiring r-=5. The maximum pad thickness one could 

imagine using would be about 1 inch thick = 2.5 cm. At this thickness, the pad may 

become unwieldy to use and unco;mfortable for the patient.. Thus, the minimum resistivity 
for a pad of such thickness is about 8000 ~ cm to be self-limiting in a resistive mode as 

15 previously noted. 

It will now be evident that there has been. described herein an improved 
electrosurgical return electrode characterized by being generally pad-shaped and 
evidencing the features of being self-limiting while being reusable, readily cleanable and 

obviating the necessity for use of conducting gels or supplementary circuit monitoring 
20 equipment. 

Although the invention hereof has been described by way of preferred 

embodiments, it will be evident that. adaptations and modifications may be employed 
without departing from the spirit and scope thereof. 

The tenns and expressions employed herein have been used as tenns of 
25 description and not of limitation; and, thus, there is no intent of excluding equivalents, 

but, on the contrary, it is intended to cover any and all equivalents that may be employed· 

without departing from the spirit and scope of the.invention. 
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What is claimed is: 

1. A reusable electrosurgical return electrode compnsmg a sheet of 

electrically-conductive material, said sheet having connection means for making 

electrical connection to said sheet; said sheet having a first major surface including a 

5 working surface adapted for disposition immediately adjacent the trunk region of a 

patient positioned for electrosurgery, wherein said area of said working surface is at least 

substantially equal to the projected area of the entire trunk region of said patient. 

2. A reusable electrosurgical return electrode according to Claim 1 wherein 

said major surface is sterilizable. 

IO . 3. A reusable electrosurgical return electrode according to Claim l wherein 

said major surface is washable. 

4. A reusable electrosurgical return electrode according to Claim 1 wherein 

said sheet is principally comprised of electrically conducting material having limited 

conductivity. 

15 5. A reusable electrosurgical return. electrode according to Claim I wherein 

said sheet is comprised of normally insulating material impregnated with electrically 

conducting fibers to render said sheet at least partially conductive. 

6. A reusable electrosurgical return electrode according to Claim 1 wherein said 

sheet is comprised of normally insulating material impregnated with electrically 

20 conducting carbon black render said sheet at least partially conductive. 

7. A reusable electrosurgical return electrode according to· Claim 1 wherein 

said area of said major surface is greater than the projected area of the entire body of the 

said patient. 

8. A reusable electrosurgical return electrode according to Claim 1 wherein 

25 said area of said working surface is at least substantially equal to the projected area of the 

entire body of said patient. 

9. In combination, a.ti operating table and a reusable electrosurgical return 

electrode comprising a sheet of electrically-conductive material, said sheet having 

connection means for making electrical connection to said sheet; said sheet having a 

30 major surface including a working surface adapted for disposition immediately adjacent 

the trunk region of a patient when positioned for electrosurgery on said operating table, 

wherein said area of said major surface is sufficient to substantially cover said operating 

table when said patient is in a horizontal position on said operating table. 

I 0. In combination, mi operating table and a reusable electrosurgical return 

35 electrode comprising a sheet of electrically-conductive material, said sheet having 

connection means for making electrical connection to said sheet; said sheet having a 

111111111111111111111111111111 
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major surface, including a working surface adapted for disposition immediately adjacent 

the trunk region of a patient when positioned for electrosurgery on said operating table 

wherein said area of said major surface is sufficient to substantially cover said operating 

table when said patient is in a horizontal position on said operating table, and an 

5 insulating sleeve substantially coverlrig said major surface of said sheet when said sheet 

is disposed on the patient-supporting surface of said operating table. 

11. In combination, a reusable electrosurgical return electrode comprising a 

sheet of electrically-conductive material, said sheet having connection means for making 

electrical connection to said sheet; said sheet having a first major surface including a 

10 working surface adapted for disposition immediately adjacent the trunk region of a 

patient positioned for electrosurgery, wherein said area of said working surface is at least 

substantially equal to the projected area of the entire trunk region of said patient, and an 

insulating sleeve substantially covering s~d major surface of said sheet. 

12. In combination, a reusable electrosurgical return electrode according to 

15 Claim 1 further including a second major surface and a metallized conductive region . 

· upon one of said major surfaces. 

13. A reusable electrosurgical return electrode comprising a sheet of material 

of.predetermined limited electrical conductivity, said sheet having connection means for 

making electrical connection to said sheet; said sheet having a major surface including 

20 a working surface adapted for disposition immediately adjacent the trunk region of a · 

patient positioned for electrosurgery, said working surface having an area of at least 11 

square inches, and self-limiting means including said predetermined limited electrical 

conductivity for limiting density of electrosurgicai current flowing through said electrode 

to less than 100 milliamperes per square inch of said working surface area. 

25 14. A reusable electrosurgical return electrode according to Claim 13 wherein 

effective resistance presented by said sheet · of predetermined limited electrical 

conductivity lies in a range of from about one to about 11250 ohms for each square inch 

of said working surface area. 

15. A reusable electrosurgical return electrode according to Claim 13 wherein 

30 said self-limiting means includes means for limiting temperature rise of patient tissue in 

registration with said electrode to six degrees (6°) Cel~ius when current is flowing 

through said electrode during a surgical procedure. 

16. A reusable electrosurgical return electrode according to Claim 13 wherein 

effective resistance presented by said sheet . of predetermined limited electrical 

35 conductivity lies in a range of from about one to about 11250 ohms for each square inch 

of said working surface area and wherein said self-limiting means includes means for 

11111111111111 11111 1111111 1111 
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limiting temperature ris~:rjf patient tissue in reg!stration with ~aid electrode to 6 degrees 

(6°) Celsius when current is flowing through said electrode during a surgical procedure; 

17. In combination, a reusable electrosurgical return electrode according to 

Claim 13 an.d means including an electrosurgical instrument in operating deployment. 

5 18. A reusable electrosurgical return. electrode according to Claim 13 wherein 

10 

15 

said sheet has a predetermined thickness and includes· resistive material having 

predetermined bulk resistivity; and wherein relationship of said bulk resistivity, said 

effective working surface area and said predetermined thickness are defined by the 

equation 

Where t = 
1( = 
p = 

(I) = 

p = 

n = 
A = 

A(7SO)p l+c.>2(...!!__)2r!-e2 
1.2 0 

t = -------------
p I 1.2 

thickness in centimeters 

dielectric constant of insulating material 

total impedance divided by the AAMI standard (75 ohms) 

angular frequency of electrosurgical generator 

(radiance/sec) 

bulk resistivity 

ohms 

pad area in cm squared 

e = electrical penneability constant 

19. A method of limiting electrosurgical electrode return current to safe levels 

20 comprising steps of: 

25 

a Positioning a resistive electrosurgical return current electrode in 

effective working proximity to an object designated for an electrosurgical 

procedure, 

b. 

c. 

Connecting said return electrode with said source of current, 

Identifying upper limits of safe current density at electrode surface 

areas in locations designated for said working proximity, 

d. Normally conditioning said electrode to present working surface 

area sufficient to provide safe current density when said working surface area is 

at least 11 square inches, and 

111111~ 1111~ 11~1111!1111111 
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e. Selecting values of resistance per unit ~a of said working surface 

presented by said return electrode to limit current density to said upper limits of 

safe current density when said electrode is in use. 

20. The method of Claim 19 further including selecting a source of 

5 electrosurgical current. . 

21. The method of Claim 19 further including serially connecting said 

electrode with said source .. 

22. The method of Claim 19 wherein selecting values of resistance per unit 

area of said working surface further includes selecting resistivity of material of said 

1 O electrode to prevent said current density from exceeding said safe upper limits. 

23. The method of claim 19 further including forming said electrode as a 

flexible sheet. 

24. The method of Claim 23 wherein selecting values of resistance per unit 

area of said working surface further includes selecting resistivity of material of said sheet 

15 to prevent said current density from exceeding said safe upper limits. 

25. The method of Claim 24 further including a step of selecting a source of 

electrosurgical current. 

26. The ·method of Claim 24 further including serially connecting said sheet. 

with said source. 

20 27. The method of Claim 24 further including positioning a sheet of material 

between said object and said sheet. 

28. The method of Claim 24 further including positioning said sheet within 

a bag. 

11111111111111 1111111111: 111111 
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AMENDED CLAIMS 
[received by theJ,~t~ational Bureau on 20 Decem~$(!.J999 (20.12.99); 

original cHhrns 1-28 replaced by new claims 1;:2g· {4 pages)] 

1. A reusable electrosurgical return electrode comprising a sheet of 

electrically-conductive material, said sheet having connection means for making 

electrical connection to said sheet; said sheet having a first major surface including a 

S working surface adapted for disposition immediately adjacent the trunk region of a 

patient positioned for electrosurgery, wherein said area of said working surface is at least 

substantially equal to the projected area of the entire trunk region of said patient. 

2. A reusable electrosurgical return electrode according to Claim 1 wherein 

said major surface is sterilizable. 

1 O 3. A reusable electrosurgical retmn electrode according to Claim 1 wherein 

said major surface is washable. 

4. A reusable electrosurgical return electrode according to Claim 1 wherein 

said sheet is principally comprised of electrically conducting material having limited 

conductivity. 

15 5. A reusable electrosurgical return electrode according to Claim 1 wherein 

said sheet is comprised of normally insulating material impregnated with electrically 

conducting fibers to render said sheet at least partially conductive. 

6. A reusable electrosurgical return electrode according to Claim l wherein said 

sheet is comprised of normally insulating material impregnated with electrically 

20 conducting carbon black render said sheet at least partially conductive. 

7. A reusable electrosurgical return electrode according to Claim 1 wherein 

said area of said major surface is greater than the projected area of the entire body of the 

said patient. 

8. A reusable electrosurgical return electrode according to Claim 1 wherein 

25 said area of said working surface is at least substantially equal to the projected area of the 

entire body of said patient. 

9. In combination, an operating table and a reusable electrosurgical return 

electrode comprising a sheet of electrically-conductive material, said sheet having 

connection means for making electrical connection to said sheet; said sheet having a 

30 major surface including a working surface adapted for disposition immediately adjacent 

the trunk region of a patient when positioned for electrosmgery on said operating table, 

wherein said area of said major surfaee is sufficient to substantially cover said operating 

table when said patient is in a horizontal position on saia operating table. 

10. In combination, an operating table and a reusable electrosurgical return 

35 electrode comprising a sheet of electrically-conductive material, said sheet having 

connection means for making electrical connection to said sheet; said· sheet having a 

. 111111111111111111111111111111 · 
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major surface, including a working surface adapted for disposition immediately adjacent 

the trunk region of a patient when positioned for electrosur~ry on said operating table 

wherein said area of said major surface is sufficient to subst~ti~ly cover said operating 

table when said patient is in a horizontal position on sai4 operating table, and an 

5 insulating sleeve substantially covering said major surface of. said sheet when said sheet 

is disposed on the patient-supporting surface of said operating table. 

11. In combination, a reusaple electrosurgical retµrn electrode comprising a 

sheet of electrically-conductive material, said sheet having coimection means for making 

electrical connection to said sheet; said sheet having a first major surface including a 

10 working surface adapted for disposition immediately adjacent the trunk region of a 

patient positioned for electrosurgery, wherein said area of said working surface is at least 

substantially equal to the projected area of the entire trunk regfon of said patient, and an 

insulating sleeve substantially covering said major surface of said sheet. 

12. In combination, a reusable electrosurgical return electrode according to 

15 Claim 1 further including a second major surface and a ~tallized conductive region 

,upon one of said major surfaces. 

13. A reusable .electr()surgical :return electrode comprising a sheet of material . . . ' . . . 

of predetermined limited electrical conductivity, said sheet having.connection means for 

making electrical connection to said sheet; said sheet having a major surface including 

20 a working surface adapted for disposition immediately adjacent the trunk region of a 

patient positioned for electrosurgery, said working surface Juivi'ng an area of at least l 1 

square inches, and self-limiting means including said pred~nnined limited electrical 

conductivity for limiting density of electrosurgical current floWing through said electrode 

to less than 100 milliamJ>eres per square inch of said workin~ surface area. 

25 14. A reusable electrosurgical return electrode according to Claim 13 wherein 

effective resistance presented by said sheet of predetermined limited electrical 

conductivity lies in a range of from about one to 250 n • in2 of said working surface area. 

15. A reusable electrosurgical return electrode according to Claim 13 wherein 

said self-limiting means includes meansfor limiting temperature rise of patient tissue in 

30 registration with said electrode to six degrees (6°) Celsius when current is flowing 

through said electrode during a surgical pro®dure. 

16. A reusable electrosurgical :return electrode according to Claim 13 wherein 

effective resistance presented by said sheet of pre~etermined limited electrical 

conductivity lies in a range of from about one to about 250 n • in2 of said working 

35 surface area and wherein said self-limiting . means includes means for limiting 

temperature rise of patient tissue in registration with said electrode to 6 degrees (6°) 

111111111111111111111111111111 
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Celsius when current i1~wing through said electrode durIB~'-irsurgical procedure. 

17. In combination, a reusable electrosurgical retmn electrode according to 

Claim 13 and means including an electrosurgical instrument in operating deployment 

18. A reusable electrosurgical retmn electrode according to Claim 13 wherein 

S said sheet has a predetermined thickness and includes resistive material having 

predetermined bulk resistivity; and wherein relationship of said bulk resistivity, said 

effective working surface area and said predetennined thickness are defmed by the 

equation 

10 

15 

20 

25 

~o 

Where I = 
K = 
~ = 
(a) = 

p = 
a = 
A = 

..4(750)p 1 +(1) 2(_e_)Ye2 

1.2 ° 
t .. ----:.-------

p I 1.2 

thickness in centimeters 

dielectric constant of insulating material 

total impedance divided by the AAMI standard (75 ohms) 

angular frequency of electrosurgical generator 

(radiance/sec) 

bulk resistivity 

ohms 

pad area in cm squared 

£ = electrical permeability constant 

19. A method oflirniting electrosurgical electrode return current to safe levels 

comprising steps of: 

a. Positioning a resistive electrosurgical return current electrode in 

effective working proximity to an object designated for an electrosurgical 

procedure, 

b. Connecting said return electrode with said source of CUITellt, 

c. Identifying upper limits of safe current density at electrode surface 

areas in locations designated for said working proximity, 

d. Nonnally conditioning said electrode to present working surface 

area sufficient to provide safe current density when said working surface area is 

at least 11 square inches, and 

e. Selecting values of resistance per unit area of said working surface 

presented by said return electrode to limit current density to said upper limits of 

safe current density when said electrode is in use. 

111111111111111111111111111111 
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20. The method of Claim 19 further including selecting a source of 

electrosurgical current. 

21. The method of Claim 19 further including serially connecting said 

electrode with said source. 

5 22. The method of Claim 19 wherein selecting values of resistance per unit 

area of said working surface further includes selecting resistivity of material of said_ 

electrode to prevent said cmrent density from exceeding said safe upper limits. 

23. The method of claim 19 further including forming said electrode as a 

flexible sheet. 

1 O 24. The method of Claim 23 wherein selecting values of resistance per unit 

area of said working surface further includes selecting resistivity of material of said sheet 

to prevent said current density from exceeding said safe upper limits. 

25. The method of Claim 24 further including a step of selecting a source of 

electrosurgical current. 

15 26. The method of Claim 24 further including serially connecting said sheet 

with said SO\ll'Ce. 

27. The methOd of Claim 24 further including positioning a sheet of material 

between said object and said sheet. 

28. The method of Claim 24 further including positioning said sheet within 

20 a bag. 
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