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CROSS REFERENCE TO RELATED APPLI CATI ON Reference is herein nade to ﬂﬁ]3
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the use of lédtfb@ht‘glc%}'kghﬁﬁ‘bléc%hcﬁor both cutting and coagul ation. Every
nonopol ar el ectros

rgi cal generator system to be fully used, nust have an
active el ectrode which is applied Mﬁ@ﬂﬂl@@&h to the patient at the
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| arge enough in effective 84 d E INVENTAON ommuni catl on with
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el ectrode i nI‘Eé"Qcthél aécmsat ulfe p&iht of ttﬁrfaewrtth {HeQittientSBt be AR 4246
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This system

el ot ode. by a5 thal fulcd i BeHafiiah fiichf plce Msletefbiaihl adiilethy
circuit in the gener at or that drives the cost per procedure even higher.
Fifteen years after this system oduced, fewer than 40 percent
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el ectrodes that have been disclosed or used in surgery previously. It is so
| arge and so adapted for positioning relative to the body o ' t hat
i't elimnates the need for conductive or dielectric gels oréfﬁlgzyr iﬁh&

Mor eover) the exposed surface is of a material that is readily washable
and/or sterilizable so as to facilitate easy and rapid conditioning for
repeated reuse. It enploys geonetries and nmaterials whose i npedance
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e ode I's a si e
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conductive or dielectric gels or polymers. Moreover, the exposed surface is of & material
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



Figure 1 is a sinplified electrical schematic diagramillustrating typica
| npedances effectively included in the operative path of radlo fre uenc
current flow as presented to an el ectrosurgi cal generator d 'i
operative procedure; Figure 2Ais a top view of a w de-area d|s ri

el ectrosurgical return electrode illustrgting the principles of the

I nvention. Figure 2B is an enlargenent of a segnent of the el ectrosurgical

return el eCtarthﬁcm EgauélectaﬁurglféagweQua{aldssara sGE Hat Ste%tdeﬁﬂhﬁlﬁl?%ntoaﬂuﬂﬂg t he
section lines 2C-2C of Figure 2B and illustrating the e fective circuit
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|1 ustrati ngridaege adpéy eﬁkhef Wbk Oéﬂeurra%la ayfi tﬂ@%luc&%d@%k%@&besfﬁe?&&'o\fﬁerwef ace
area of the return el ectrode an fective radio frequency current
density develesisehle levelsh dceordinglyo the; need furthe foregping expensive monitoting virghitwi ng
an operatin t cal return electrode according to
t he |nvent|qn%a&%%g%gd&:%gﬁﬁz&g%%g?&gég ace thereof Figure 5 is a front
view illustrating a surgi cal FEA3

ut ed

2] DNical return el ectrode

according to the jnvent.ion d _ ) n surface, o
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}: he i nvgn_t i a8 mdae@uffecﬂntlﬁlaagesteqmsem ﬂlﬁfﬁg}@ tmggltdsmcﬁlnlnfmdﬁnc% anfl chiremtr e 6;
I gure |1 S ctlons r to that of. Fi r.e u | stratin

Coantlt once Gnset npige Sechotory Mhudbies nhd'f sfadichlpicp et L1 avoid

perspective e»x!ceymva‘ tempemt@'e ewa@dsreﬁh a‘dgzrcemrpmamrwssaélm eofabbh@slﬁrdegfbbmt)s of

Fi gures 6-8; |eW|IIustrat|ng one of the

ermbodi nent s ‘Fls’lﬁﬁb (‘11?1&3"8“’8“%%&% gﬁ"%“{' Pt (ﬁﬁ? deditedipatientiraimae 9. Fi gure 11

i's a perspective wordahu@watywﬂmtﬁe@lfedtme o tHeAGéntidh, ﬁiaewﬁin'g sutfi€e of
circuit eqw valefnt of a tlent I n operatjve assog |at|on with the resistive

and conduct i the oda §t1"6fe estradel surEace Fllﬂt hi;l“t@nﬁ‘r‘éwllth\% iR ckage proximity tathe s g
simpl e el ectgaphg 1§ﬁ1|3§é7§$fﬁ8el?tl}r GHetin ‘ﬁfﬂd'sg et M n&t?hdf 'ugé' rcﬁrrgﬂt ﬂ(FW Wt'l'i Rotlie 1 S @

graph depicting percent capaci‘tive coupling as a function

resistivity wrugebtq afoint Werge |1tay@cd¢s)ﬂ1eowgq9mérﬁbﬂ¢tw@tm@mmmry épdheat i ng
frequenci es; fgggfﬁtel4 Is a perspective view of a pad according to the

i nvention i IT trating a sinulated condition when the effective contact
area with a pati el adcordanesswisinystanether featre efthe inventierudn on¢ ephedigient the
Figure 15 is I r

the effecti v%l@%tg?ﬂ%? Alcﬂgﬁﬁigﬁebﬁ&ggy |§§lss ﬁ?ﬂgle Sh@%ﬁ?g%& g#tﬁyé Iﬂ%‘%)spg nﬁ)‘?‘%é t | ve
pad area; an€bskigure 16 is a graph showing mninmumbulk resistivity as a
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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.

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
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,
asleeve is provided for cooperative use with the electrosurgical electrode, thus protecting
the electrode from inadvertent damage that might occur, for example, from accidental
contact of the active electrosurgical instrument with the electrode surface.



Now turning to the drawi ngs, and nore particularly Figure 1 thereof, it
W ll be seen to depict a sinplified electrical schematic di a&) YQQOB
p\ at h

illustrating typical inpedances effectively included in th

of radio frequency current flow as presented to an electrosurglc
generator during an operative procedur4. There, it will be seen are
conventional radio frequency electrical power generator 10 to which there
are connect ed i:xoawbmdmaaht}eyacaﬂoﬂmalfeaamcbfah@ﬁxs/eﬁaoranhle 1ebistdrics S the

respectively conne ner or tg th sur on's i n esented
by | eda RELFHA 1At SREREDE Megng stdice b 166 e 3 WRRCIERDY LUt by

| npedance az lichiB@stap ﬁéhs?c? at ﬁxe m&mng Q6rficR 16 8 INVRBIRIdw tiahiciRAd anpAichr esent ed
by the patient's tissue etween the operation site ,and the return

el ect r ode Hssue f‘ﬁ%‘ﬂ%@%"ﬂﬁ%@éﬁﬁdﬁmﬁp@ ghasacieristic & prpyant palienhanmindhal | y
consi der s eGdrt ePhdciRhBMBHustibDof ﬁx"e@fe@tﬁver \ﬁ&'kﬂ%ﬁ‘ﬁﬁﬁ& %b@%l&ﬁg@ébear l'y and

succinctly illustrate principles of the invention, it shou e under st ood
that in realitynewserdance withzet asatherfaature Oﬁﬂlﬁllﬂvﬂéoen@@m?@édlm%ﬁ ters
such as d i

pur poges. S AlAiEH BN ISR ARG 1Bl b LB Or nl AL Sl L e
rel ati vel prooedire lartd t@opwﬁvm@dnﬁh@efaedltmngt mabijmnmzf Other Hieaturde of ithept i on.
However , %eﬁﬁ(tmforth bel ow, when an insulating sleeve is interposed

bet ween t hie el'ectrode and the body of a patient, a significant el enent of
capacitive r eadﬂmsacmmmiaerbfeaiumsl mtbllzhd m\rentltma wxmbedmpmentdiroriiahe fallostingil d al so

be noted that. WEEs nt| an S| Y. 2003 6 so

as to preSehtrle Sy Srudbigt yitie)tife %ﬁaeng%‘é’vglﬂ iBiepee & Bt Viryor ous

and conpl et e di scussi @GRIEN DESCRHEEDIO DDRAWINGE t h Fi gures 11-16.

The initial di ment. hereof..Ls, that.o eectrodeo rating,i

subst anti al | yn?g%‘frgtp\}é arr(ﬂf@phi%cf}l?fi&rhﬁjﬁ )fcg?q‘atl'%éhaith [i)]\'fétlriﬁ%nﬂm’ca?

di stri but eﬂpﬁﬁnealeﬁhme@nﬁiciudwm the eparetmt mesraa;berddlusmmmﬁdﬂow e total
nce qf the circuit wl to the sum of the

effective
i ndi vi el\tjalplr?nﬁ‘bt%@%% egtrosurgical ggnergtor Qwan%%e r%%‘éeeﬂﬁ?‘? PI% the sane current

wi Il pass throwggur@dA i Hiopeview BEa valdd-aeg didivatedictdubtrgitalgenal déctfodd0 W | |
be distrihuted across |rnpe LEgces z z2 and z3 (which in this case are

pri nci pal 1justiating the\pzincples “e)n"leﬂﬁ‘éﬂ rect proportion to their respective
val ues. Thus, tﬁi@n@ﬂﬁﬁﬂﬂn Ethrgamest 4 Rembndf tﬁé‘@l@ctﬁfshfg(iédl’@éthﬁx di&stioaki ve

i npedances will also be direcCtly proportional to their values. Since it is
desired th’éﬁ%‘vgﬁoped energy be concentrated in the region where the
surgeon’ s i npl fﬁgd}& 2@9@5@:‘6&&&8@5%&%{1 thel, sbétﬁiﬂq eé ic'2%: &hﬁ% ir8bBenghat the

resistive conmpon nce rep esent ed stantial and

that curr dHustgting itheg:ffeﬁtéveﬁlm%ijgmeém TeprR SRt the n@f@s;nt o€LBase) be
concentrated i rgj r‘éef ¥s ﬁ’?ﬁlah flﬁghgﬁhgng;{‘grdpﬂhctaﬁ‘foﬂt?tli%cfé‘Pd'an'sﬁB?%eWeeﬁak' ng

t he regi on of co tact wt g rative site very snal It

i s known teffective surfasnmreasnf the rqﬁumr@eqtmdegodmlge tvgragiio frafeency evirenti ve
conponent total effective inpedance that is given by
t he fornulsdehgii}pqg o&:‘ébaﬂh@%&'&&o&e + Z1 Z2 Z3 Z4 ZS Z6 Thus, if 100

resi stors, eachFigare a}dﬂa pd:mpqctmewe“cshnwmg mfnbpemtipgtaévlel \eith thetetecrbsuegitalv e

i npedance | d £ h ch re

di sconnect‘%ﬁx %‘ﬁg\‘: W“F@n@f‘%ﬁ"%‘&‘}@ég’ g %ber%(}ferrs and if
o]h:c y one of theFigm®isds alfmntlvgew iHustraviag arsmthgl‘cal c‘haumtltan élb&rdsef@camrmm'n

ef fective resistance, wo e 100 ohns. The si nces

consi der at ‘?IBCrSVQ%ﬁﬁﬁmfﬁing lrtlo g??ﬂ%?"g’é’ﬁt({]ﬁms?de%g‘ic sﬁx} gceeq%gleq ¥gH eFFé’ ’eof sel f
limting and faFiguad & witdp viewy 8f el elkctrbsu@pichinRuire eleoitbdw actRsding 6 ten of
the el enments |llustrated in Figures 2A, 2B, 2C and 3. Now turning to Figure
2A, there WVEMOBe seen a top view of a w de-area distributed

el ectrosur gi cal Figfielr 3 ale8Eéd @Alen ggngltﬁ%ersa;t_'y BEJF'E% @rinciples of the

i nvention. At the right hand side of "the ure there is shown an

el ectri cal conn&gvreog is @rsection similarotor et pf %e&uée ddnih ddustepting eapacitenesct ri cal
return co b;ﬁd.lf A2 of Figure 1. The surface 20A of
return el gglégégggd Jheg?seﬁﬂgﬂg'f%&gnﬁooth and honogeneous. For purposes of
this descri pti oFigusd 8ds reopersptivayvitw afhoggher adapted fonehcasinggany pf theal ity
2 9 MAY 2 j zed regions or segnents as represented by
regi ons 2188%&d1§en§%&'§9§u%5y6§ .. 21 n. Region/segnent 21 is shown
| arger in Figure 2B in order to be sinmilar in scale to the resistive

i npedance z3" it represents. It thus will now be evident that each of the
segnents of el ectrode 20 corresponding to segnents 21 . . . 21 n inherently
has the capability of presenting an inpedance sinmlar to that of inpedance
23 : However the nunber of such segnent s V\hl ch are effectlvely active in
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segnents 21-21 n will be effectively paralleled in the circuit to forman
i npedance represented by inpedance z3 of Figure 1; and, accordpn '6
el ectrode 20 contains 100 segnents of 100 ohns each, the effégbi&L&Y’t 03
i npedance operatively presented by the effective 50 percent of the

el ectrode el enents would be 2 ohns. Since 2 ohns is very small conpared

with the inpedance represented by elenmentg z, and,zi,, yery little energy
i s di ssipated atFigvee f%eﬁ SRR lESFRE OB 6 Wéé’rmah"%émﬁ'&ﬁ ok Fighass - gacased

el ectrode, gﬂﬂimgcﬁégfy@g&gg; relatively large effective working area of
the el ectrode, current density, and tenperature el evation are maintained

bel ow t he danger Fighreekhislagsrspesiivie vieavilkusisating, fothe purpdse of analysisetas siguit he

e et ve B8 MEGR I SBBLLEDL %051 U Uil B Voo

to the surface 0 one of e segnen rve
i npedance (ofspat acorlingta the irseatiph;e under consi deration) woul d i ncrease to

100 ohns; and at .sonme.poi nt. of reduction in.contact ar the effective
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el ectrode to performgenerally according the foregoing description, for
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The el ectrode according to the invention hereof as illustrated in Figure 6,
may be made of conductive plastic, rubber or other flexible material which,
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The capacitance Cis approximately related to the area A thickness ~ )
electric perneability constant Eo = 8.85x10''2 F/mand the dielectric
constant of the material x: KEpA C a r The nagnitude of th |

i npedance is 1t "ZG ¢ a (~ CG& KE ~A The ratio X of theggmmm&% due
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For the resistor In e capacl tor conbi t ot al
i npedance shface of the retum 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
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
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 now be seen that by a proper
selection of such parameters the return electrode is made self-limiting, thereby obviating
the need for the additional monitoring circuits to which reference is made above.

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

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

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

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 return electrodes shown in Figures 6-9 are depicted as

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

example, to follow the silthouette 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

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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conprisin sheet .of materi avi a.predetermn imied electrica
Conduct i viteyh SLE8perERRRARA TR FeaeReAIdRs lEMANBR FUTb ekl Sipha REEseRiet
connect i onoltie Sattinch eRius, the feinfllefir cRFAtitivg rdadtdrics (inGhing) issur f ace i ncl udi ng
a working surface adapted for disposition i medi ately adj acent the trunk
region of a patient positioned for el ectrgsurgery, wherein said area of
said working surface is at |east sMustarti~akly equal to or greater than the
projected area of the entire trunk regi cﬂﬂtﬂf said patient. 2. A reusable

el ectrosurgical return electrode according to claim1l wherein said nmajor
surface is sterilizable. 3. A reusable electrosurgical return el ectrode

according to claim1 wherein said major surface is washable. 4. A reusable
el ect r osuryharaXcrigcapapitive teactanetainoberss uiihdy 14 5% f isi fraquengydn deriz.aad € sheet i s

princi pal l%’a 38?%. ﬁleﬁrﬁs electrically conducting material having limted
conducti vi f/) ) reusabl e el ectrosurgical return el ectrode according to
cl ai m 1 wher ei nThafaamulecfor capacitannerin g pdradlel platercapaojtot issul ati ng mat eri al

i npregnated with electrically conducting fibers to render said sheet at

| east partially conductive. 6. A reQ3d K4(gcty osurgical return el ectrode

according to claim1 wherein saGd‘s*h'eeTo'n'p'ri sed of normally insulating
material inpregnated with electrically cdhducting carbon black to render
said sheet at |east partially conductive. 7. A reusable electrosurgical
return el ectrode according to claiml wherein said area of said mjor

pati ont . VARG SeAIROUOCE Bt PSLTEHSe i 15108 GPlscEr GormOme T SRUBMETALIE o ai m
1 wherei n Bgtwden 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
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



area of said working surface is at |east substantially equal to the
projected area of the entire body of said patient. 9. In conbination, a
reusabl e el ectrosurgical return el ectrode according to clai '"Qg fMAM‘lgooa

i ncluding a second maj or surface and a netallized conductive reglion upon
one of said nmajor surfaces. 10. In conbi ddtion, an operating table and a .
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conducti vi ty 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.

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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wor ki ng surface area and wherein said self-limting neans includes neans

for limting tenperature rise of patient tissue in registraty gnaay nd
el ectrode tg 6 gggrees (6) Celsi ug when current is flgvvi ng anomffm
el ectrode during a surgical procedure.l217. In conbination, a reusable
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need for tailoring the electrode to fit physical contours of a patient. In this connection,

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 making
the electrode several times larger (typically, at least an order of magnitude larger) in
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 dc resistance presented by each square centimeter
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 washable 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
there 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
connector 54 attached to the electrode 41 to provide a conventional electrical return to
the electrosurgical radio frequency energy source (not shown).



22. An electrosurgical return el ectrode according to claim 19, wherein said
sheet conprises normally insulating material inpregnated with electrically
conducting carbon black to render said sheet to have an eff%gl MAY 2003
resistivity equal to or greater than about 8,000 SZcm 23.

el ectrosurgical return el ectrode of clail®h 19, wherein said sheet conprises
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sl eeve substantially enClosing sald sheet. 29. An el ectrosurgical return
el ectrode accor difigpre 8 is |aére¢nozm@pla12w thejred Fagure 3abui peesentinga multiple layer

predet er m neghyh B taaq%a an?‘m‘&ﬁ&ﬁ'grers%{t@& bPR ﬁméawg FoWRSRcbidth 'tp

resistivity, the surface ar eterm i'ckness ar
by the equatnvgntiomhexedfs Jhete3 in Figure\Brare shpwn &lzw 46a psimilar 1o laye2 4red Fégure

| mpedance. a7d PEEATORIVHLCRRRRP Cipalint B3 AlreASsiRhER piionts sk Bhtiown.
el ectrosur glltﬂnbulgdwcemdetstooclrtbm imaddiencio peonsimidtionsimniarito ithat oSthe-al¢ntwdd =pad
area 2 9 MA¥% 40036773 . E8naRhiRE idyef #a HEFEAY dduld SRR Y theet or screen of

gold, brass, aluminum, copper, silver, nickel, steel, stainless steel, conductive carbon, or
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
foregoing return pad-shaped electrodes within protective envelopes in situations in which
it is desired to eliminate the need for cleaning 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
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 50a of sleeve 50; and
shown encased within sleeve 50 for illustrative purposes is electrode 41 of Figure 6.

INTERRELATIONSHIPS OF GEOMETRIES MATERIALS
AND POWER SQURCES

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



30. A reusable electrosurgical return el ectrode conprising: (a) a sheet of
material having a predetermned limted electrical conducti itV
connecting nmeans for naking electrical connection to said sﬁeéetMﬂm
the predetermined Iimted electrical conductivity of said el ectrode
automatically and continuously limtsyhe density of el ectrosurgical
current flowi ng through said electrode to |l ess than 100 m | |ianperes per
square .Ce@t(Fgeem Fhe reeis;aseéﬂ% f‘elffi&ﬁfbﬁﬁ@ﬁ&k%ﬁﬁﬂvit?%g Bl A?!@E@Mi%gﬁss _
conprising: (a) a'sheet of material having a first”l'ayer of predeterm ned
limted elbyxtheifemnulaonductivity; (b) connection means for making electrica
connection to said sheet; and (c) self-limting neans, including said
predetermned limted el ectrical cogﬂuct@ﬂity, for limting the density of
el ectrosurgical current flowing thr gh;aaid el ectrode to less than 100

m || ianperes per square centinmeter of satd el ectrode. 32. A reusable

el ectrosurgical return electrode conprising: (a) a sheet of material having
a predetermined Iimted electrical conductivity and havi ng a working
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conductivity of said sheet continuously and automatically regul ates the
el ectrosurgical current flow ng throug S id electrode as a function of the

area of contact between said el ectode said patient's tissue so as to
limt the density of said electrosurgical current to |l ess than 100
m | lianperes per square centineter. 33. A reusable el ectrosurgical return

el ectrode conprising: (a) a sheet of electrically-conductive materi al
havi ng havi ng a working surface adapted for disposition adjacent the tissue
of a pati dite msgaited e eaaFkeyiniR§Aangedet r osur gery; and (b) connection
means for making electrical connection to said sheet; wherein the effective
i npedance of the electrode varies aslan invetse function of the area of
contact between said el ectrodeZand ;ﬁ d*p %gn 'S tissue so as to

conti nuously 2 9 MAY 2003 24 and onmat y limt the density of

el ectrosurgi cal current passing through the el ectrosurgical return

el ectrode to less than 100 m | lianperes per square centineter. 34. The
reusabl e 1.C r ¥l I ,
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8, 000 S2cmesidtve pathaisr eusabl e el ectrosurgical return el ectrode of clai m 30,
31, 32 or 33, wherein tie effective inpedance of the sheet is within a
range from about one to about 230 S2i ngxe3R. The reusabl e el ectrosurgical
return el ectrode of claim 30, 32 ~ Wherein said sheet has a
surface area equal to or ~.rreafer than about 100 square centineters. 37.
The reusabl e el ectrosurgical refurn e]eg rode of claim30, 31, 32 or 33,
wherei n said sheet has a sifta rea—W-thi-n a wrege from about 100 to
about 20,000 square centinmetersR 38. Thetreusabl e el ectrosurgical return

el ectrode of claim30, 31, 32 or 33 further conprising an insulating sleeve
substantially enclosing said sheet. 39. In conbination, a reusable

el ectrosurgical geturn electrode accordipng.to clgim3l and neans including
an el eptyo@m@%&w independsrtpf theyp aerpwﬁﬁl_l%@ﬁ?soa ing, Q&Y BRI S FHYP-
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We can use this, along with the value of e, to find the necessary values of p for
capacitive conduction, given nominal values of x and w=2xf where f is the signal
frequency.
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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
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.

TOTAL ELECTRODE GROUND PAD IMPEDANCE
AND SELF-LIMITING FEATURKE
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,
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The magnitude of the impedance is

2
| z,,| - R . R >
1 + w*C?R*? 1 + w?C2R?

Substituting the dependence of R and C on the area A, thickness t, bulk resistivity p, and
the dielectric constant of the material x gives

|z | .2t 1 _ bt ]
w4 K€ 12 Al 2.2.2 2
1+ o? (—=) &) OGP
t A

According to the AAMI standard, the total impedance of the electrosurgical pad should
be less than 75Q under normal operating conditions, We therefore require

et L <750
A A1+ o¥eip?

We define p as

Z

tot
P 75Q

If p << 1, the pad will have very low resistance compared to the AAMI standard, and the
| surgeon will not notice any degradation in the electrosurgical cutting power due to the
pad. If g >> 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 B in the above inequality, the
expression becomes an equality:

bt 1 - B(750Q)
A \] 1 + whlelp?

We want self-limiting to occur when we have a large pad area, but the patient
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 % Joem = 100 mA [cm?

{

AAMI standards indicate that normal electrosurgical currents are on the order of 500-700
ma. If we set 1000 mA =1,,, as a safe upper limit as to what one might expect for an
above average power surgery, then, in order to return the current to the pad without
exceeding j.,....s the contact area A ., must have a minimum size:

I
Ay 2 — - 1000 md . 10 em?

j critical 100 mA I cm 2

The resistance between the small pad with area A, and the larger metal foil is not
simply

R - &
4

critical

as current can flow through the areas not directly below the area A, (Figure 15).
Approximately 10-20% more current flows through the area A, than one would
expect if the total area of the pad were A ... 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 15 reveals current flow distribution through the
resistive part of the pad when the upper contact area with the patient is much smaller than
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In order for the electrode pad to be self limiting, we require A,,,=10 cm?, =10,
and solve Equation 12 for the thickness ¢ as a function of the bulk resistivity p at different
electrosurgical generator frequencies w. 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

AT5QP)| 1 + ¥ =By
. \ 1.2

p/ 12

As previously mentioned, Figure 16 illustrates the variation of minimum
resistivity with pad thickness, requiring x=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 uncomfortable for the patient. Thus, the minimum resistivity
for a pad of such thickness is about 8000 Q cm to be self-limiting in a resistive mode as
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
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 terms and expressions employed herein have been used as terms of
desctiption 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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for making electrical connection to said sheet; said sheet having a first major surface
including a 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 or greater than 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.

3. A reusable electrosurgical return 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.

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 1 wherein said
sheet is comprised of normally insulating material impregnated with electrically conducting
carbon black to 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 said patient.

8. A reusable electrosurgical return electrode according to claim 1 wherein 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 reusable electrosurgical return electrode according to claim
1 further including a second major surface and a metallized conductive region upon one of
said major surfaces.

10. In combination, an operating table and a reusable electrosurgical return
electrode comprising a sheet of material having a predetermined limited electrical
conductivity, said sheet having connection means for making electrical connection to said
sheet said sheet having a major surface including a workmg surface adapted for disposition

" 1mmed.1ately adjacent the trunk region of a patient when posmoned 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.
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h&' () - Z cdfttubtivhif); Waid Jshée? evid® connection means for making electrical connection to said
sheet; said sheet having a 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
insulating sleeve substantially covering said major surface of said sheet when said sheet is
disposed on the patient-supporting surface of said operating table.

12.  In combination, a reusable electrosurgical return electrode comprising a sheet
of material having a predetermined limited electrical conductivity, said sheet having
connection means for making electrical connection to said sheet; said sheet having a first
major surface including a 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 said major surface of said sheet.

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 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 electrosurgical current flowing through said electrode to less than 100
milliamperes per square centimeter of said working surface area.

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 250 Qein’ of said working surface area.

15. A reusable electrosurgical return electrode according to claim 13 wherein said
self-limiting means includes means for limiting temperature rise of patient tissue in
registration with said electrode to 6 degrees (6°) Celsius 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 conductivity
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registration with said 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 and means including an electrosurgical instrument in operating deployment.
18. A reusable electrosurgical return electrode according to claim 13 wherein 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

2
A(759)ﬂ\/1 + @’ (l—p-z—) Ke,

A
1.2

=

Where t=thickness

K =dielectric constant of insulating material

B =total impedance divided by the AAMI standard (75 ohms)
® =angular frequency of electrosurgical generator (radians/sec)
p =bulk resistivity

Q =ohms

A =pad area

& =electrical permeability constant.

19.  An electrosurgical return electrode comprising:

(a) a sheet of material having an effective bulk resistivity equal to or
greater than about 8,000 Q2*cm; and
(b)  connecting means for making electrical connection to said sheet.

20.  An electrosurgical return electrode according to claim 19, wherein said sheet
comprises electrically conducting material having an effective bulk resistivity equal to or
greater than about 8,000 Qecm.

21.  An electrosurgical return electrode according to claim 19, wherein said sheet
comprises normally insulating material impregnated with electrically conducting fibers to

!
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22.  An electrosurgical return electrode according to claim 19, wherein said sheet
comprises normally insulating material impregnated with electrically conducting carbon
black to render said sheet to have an effective bulk resistivity equal to or greater than about
8,000 Qecm.

23. The electrosurgical return electrode of claim 19, wherein said sheet comprises
a working surface for being positioned in contact with or in close proximity to a patient, said
working surface having a surface area equal to or greater than about 100 square centimeters.

24.  The electrosurgical return electrode of claim 23, wherein said working surface
having a surface area within a range from about 100 to about 20,000 square centimeters.

25.  An electrosurgical return electrode according to claim 19 wherein the return
electrode is sterilizable.

26.  An electrosurgical return electrode according to claim 19 wherein the return
electrode is washable.

27.  An electrosurgical return electrode according to claim 19 wherein the return
electrode is reusable.

28. The reusable electrosurgical return electrode of claim 19, 20, 21, 22, 23, 24,
25, 26 or 27 further comprising an insulating sleeve substantially enclosing said sheet.

29.  An electrosurgical return electrode according to claim 23 or 24, wherein said
sheet has a predetermined thickness and wherein the relationship between the bulk resistivity,

the surface area and the predetermined thickness are defined by the equation:

2
A(75§2),B\/1+ w’(%) K€,

£
1.2

=

Where t=thickness

K =dielectric constant of insulating material

B =total impedance divided by the AAMI standard (75 ohms)
® =angular frequency of electrosurgical generator (radians/sec)
p =bulk resistivity

Q =ohms

A

=pad area
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u
’ wherein the predetermined limited electrical conductivity of said electrode

automatically and continuously limits the density of electrosurgical current flowing
through said electrode to less than 100 milliamperes per square centimeter.
31. A reusable electrosurgical return electrode comprising:

(a) a sheet of material having a first layer of predetermined limited
electrical conductivity;

b) connection means for making electrical connection to said sheet; and

(c) self-limiting means, including said predetermined limited electrical
conductivity, for limiting the density of electrosurgical current flowing through said
electrode to less than 100 milliamperes per square centimeter of said electrode.
32.  Areusable electrosurgical return electrode comprising:

(a) a sheet of material having a predetermined limited electrical
conductivity and having a working surface adapted for disposition adjacent the tissue
of a patient positioned thereon for electrosurgery; and

) connecting means for making electrical connection to said sheet,
wherein the predetermined limited electrical conductivity of said sheet continuously
and automatically regulates the electrosurgical current flowing through said electrode
as a function of the area of contact between said electrode and said patient's tissue so
as to limit the density of said electrosurgical current to less than 100 milliamperes per
square centimeter.

33.  Areusable electrosurgical return electrode comprising:

(@)  a sheet of electrically-conductive material having having a working
surface adapted for disposition adjacent the tissue of a patient positioned thereon for
electrosurgery; and

(b)  connection means for making electrical connection to said sheet;
wherein the effective impedance of the electrode varies as an inverse function of the

area of contact between said electrode and said patient's tissue so as to continuously
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wherein the sheet has a bulk resistivity equal to or greater than about 8,000 Qecm.

35. The reusable electrosurgical return electrode of claim 30, 31, 32 or 33,
wherein tie effective impedance of the sheet is within a range from about one to about 250
Qein®,

36. The reusable electrosurgical return electrode of claim 30, 31, 32 or 33,
wherein said sheet has a surface area equal to or greater than about 100 square centimeters.

37. The reusable electrosurgical return electrode of claim 30, 31, 32 or 33,
wherein said sheet has a surface area within a range from about 100 to about 20,000 square
centimeters.

38.  The reusable electrosurgical return electrode of claim 30, 31, 32 or 33 further
comprising an insulating sleeve substantially enclosing said sheet.

39. In combination, a reusable electrosurgical return electrode according to claim
31 and means including an electrosurgical instrument in operating deployment, wherein said
self-limiting means includes means for noticeably reducing the effectiveness of said
electrosurgical instrument when said density of said electrosurgical current rises to approach

a predetermined level.



