WD 03/ 094766 PCT/ US03/13510 1 SELF-LIM TI NG ELECTROSURGA CAL RETURN
ELECTRODE BACKGROUND OF THE I NVENTION 1. The Field of the Invention This
i nventi onrwpaBadegs6 t o el ectrosurgery and, nore particul arl PCTIUSOH135¢M 5

i nsul ati ng sheet or nenber adapted for Eroviding effective and safe

el ectrosurgical energy return w thout tonducting or dielectric gels and
for providing such safe electrosurgical energy return using a separate

el ectrically condye i varPhRERLECTRONSRER-LN RITURSHIQIODNODE | S known to

t hose skilled in=tfe—art, nodern sarglcal techniques typically 1o enploy
radi o frequency (RF) powerBAGKGROUNDOITHININVENTIONe bl eedi ng encount er ed
in performng surgi For historical perspective and details
of such tec%’ni qug%e?ﬁ%g%?geﬁ%ggﬁonn&de to United States Patent No.

4,936, 842, i ssuedThipinvEitianetlites totelegtrosurgsroandnmpre| paticularlyde pépipbbe
Apparatus, " the diselosur ' ' i 61G tod Y efebiufober ence. 15
As is knoﬁbivn fHS‘i?%n&sgleegl??nggéria\rqgétggfohéﬁ)r%{gjg%g@%‘% ae?éc_t ? osuraég?‘c y is widely
used and of Eetgy eanywibiua nomsigeting andielrdiriegelshad fserofdieg sichgite sur gi cal
instrument for both. cutting and. | Akl . r al

el ect r osur gi 8]r§fnoﬁgrﬁglagﬁn8gy§§t§ neur%n%%gs? &r‘ﬁ%élg&g%ﬁggf ?{C\i/dgﬂe éeigl%r ode that is
applied by the surieReletamtTleehipddgyent at the surgical site to perform

surgery and an el ectrical  conne r.fromthe i 3 gener ator.
20 The active el ett PEIEVAP° tﬁﬂsg S%@H%ﬂfn téff‘ a%érﬁ?dgg}%ﬂl\%ﬁq{]%te? ﬁgei&%etgﬁptéér%ﬁ Ynust be
smal | in 8 ZempRy redli®feieney [RFYpowetts entisaiensd toagulatedladding encopntetdce a
surgical effect of cutting or .coagul ating tissue. The.re | ectrode,
whi ch carri ed" B r@‘&ﬁéurélfglr@ﬂ‘fedg@s‘gﬁ(g%éfgfrg%léjemg?‘glc‘:’? f %%d?tal}ﬁug?u °§e | ar ge
enough in ef {REkixR, ©REdNBE R niidedo BhitddSatpofandnt Db. 4,83¢M8H2nisortiton wi th the
patient such that a |ow density current flows fromthe patient, 25 to the
return el ect Abameli ¢ .h@dee\pgﬂqdytﬁi%grogrofaeeﬁgqqrq;gq,yt%ﬁldgﬁ0 LE? Pé\ﬁ]{ﬁdagnsi ty is
produced at j{dd@ofddytnBheelenede, the tenperature of the patient's skin
and tissue wll rise in thi

) s. area and can result in.an undesjrable patient
burn. | n 1$983\s iy Fownip fhoshdglleddn Q“elﬁé"élé"&f‘ﬂﬁ’ PIAdRosyrgery Is ‘é{ld\?&l‘ﬂsg%?gvm nedi cal
testing agengyns ntidbhiviRfded iBludis thetuse 6tfa dirgdd dufgcal instradetdncioat ed on
el ectrosurgical return 30 electrode site burns,, reporti ns%tst hat %he heat i ng

of body ti ss¢uttingandeoagation, &verydponoplaylesirgsusgicd] EENSRHENYEIRR Y r ent

density exceggs 0 dibdRUPRLES apiifed B URsBroeSEBIthdRiteht at TReuARSRat | On
for the Advancenent of Medical Instrunentation ("AAM"
to perform surgery and an electrical connector from the patient back to the generator.

20  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
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

25 to the return electrode. In the event that 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 burn.

In 1985, the Emergency Care Research Institute, a well-known medical testing
agency, published the results of testing it had conducted on electrosurgical return

30 electrode site burns, reporting 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 Instrumentation (“AAMI”)

has published standards that require that the maximum patient surface tissue



has published standards that require that the maxi mnum patient surface

ti ssue WO 03/094766 PCT/ US03/ 13510 2 tenperature adjacent an

el ectrosuwgiosab47s@t urn el ectrode shall not rise nore thanpPgTwSosiesFiees (6)

Cel sius under stated test conditions. er the past twenty years, industry

has devel oped products in response to the nmedical need for a safer return

electrode in two mgjor ways. First, they went froma 5 small, about 12 x 7

inches, flat (shgdih@agjasdnt eléﬂt@%xﬂ Roab@sh ddbBdasHan ABEkinee Beh skl aced
under the patient's buttocks ﬁ shoul ders, or any |ocation where

gravity can degreesr(e® )é&éaﬂﬁdt@e@&ﬁ?‘g‘@ﬂ carditionto a fl exi bl e el ectrode. These

flexible el ectrodgge thé"@ds@ﬂveﬂf}ﬁyegﬁWﬁﬂ&k&ﬁa@@&%pédﬁo%@n sdsp&hsado thde
stainless steel plates, are coated conductive or dielectric polyner

and have an aukdios] need Busracefer e n@ﬁtr@@ in W@yn%dpll wayso Firgtnlipn watttfiehed to t he
patient wid h%H{alltJBS%ﬂ'ﬂg Ph l@saﬂdtgﬁélnlégge@gﬁteddoﬁﬁgm aQbn@fchifd gdise. By the

early 1988 s, nost osplta sin States had sw tched over to
using this tpjaed mfderéﬁmmﬁnélsb@ttqcbﬁ@lghm@éierse@mm leqatien whete grayite an

proveren! Q4etshiSaOhtlie ShERadl B hiRyBAICESI idd bdui¥Bloly ent Teturn

el ectrode burns e resu In ittonal ‘surgical costs In the
Uni ted St at esvliéh aegaewlly nbog ﬂtwfsamﬁ sizé avibe ghinlged ieel platgacine dBtedeitha Even

with this inpr til i ent

bur ns. caused Gl Eoyr itATR ploier il B ol RHEBRIUERT) ABBRRR, A BT\
separate for orremmhetthched ®@rthe phtientwitteut the pig of Sabite gudareldisposeH of aftarase. pr oposed
a further n E e yst em t hat
woul d noni tgﬁﬁsf %ear{(}n?a@ts ma?sgaﬁos(?]&dl hntgggﬁiﬁ'fg&&%éﬂag s&h"’yﬁ |(;svgffr?q%%l§t act with
t he patient ahd t}tpalbﬁrenfrﬁ elebteodel é"htsemamn@iecabdegenmamprovemherowehe glther e was
insufficient cont rea Ult in United
States Pat ents()[:eﬁgr.’lg‘t ﬁgfe%% g‘é’ffé’& %é\%te%ﬁ&ong nesr%)tu |{ i: rng“%let y

Mbni tori ng Qa’ddiﬁbﬁalﬁlﬁrglcﬁldBSi‘SIirO&elUgitMtaﬂehoﬁspVerﬁlhmsth silliosssfelotifrs wivhch i s

i ncor por at ed g%lﬁé{hl S. é?ﬂer ence. gkl st em h s.resul.ted in dd[l tional
reduction! n ¥ At Wita fhis impseveg)en ?SCS’H B’S’Ferfg B P U T PP E e al

di sposabl e elwédsicasied i dleatfodasithadvaild adsidentally falleff gearialy sdpatabafionr i ves t he

cost per proc dure even higher. Fifteen years after this systemwas first
i ntroduced, fBHRHICRHMANGSEY cent of all the surgical operations perforned

in the Uni ted St atsgBsetfdtly,thére &M§b@ﬁb§é@ﬁﬁuﬁﬁr iprbdemeh, gh Ewosdde. BRI EF
SUWARY OF THE | NVENTI ON 30 The_ present {wentl og@overcomes t he probl ens of
the prior art W%QWI%M‘P@“%P“%%’%CHH thatyoutd mepitop thecopctaiol et hat may be

used in cannegdcom whtiindof@PEVia! @e plettinditgabktthe abdtisirRal Rhaalnt coupl ed
to a electrical connector of the electrosurgical
whenever there was insufficient contact area. Such circuits are shown, for example,
in United States Patent No. 4,231,372, issued to Newton, and entitled “Safety
Monitoring Circuit for Electrosurgical Unit,” the disclosure of which is incorporated
by this reference. This system has resulted in additional reduction in patient return
25  electrode burns, 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 United States use this system because of its high costs.
BRIEF SUMMARY OF THE INVENTION

30 The present invention overcomes the problems of the prior art by providing a

semi-insulating sheet or member that may be used in connection with a separate
electrically conducting element coupled to a electrical connector of the electrosurgical
generator. This combination collectively acts as a return electrode that eliminates
patient burns without the need for expensive disposable electrodes and monitoring

35  circuits associated with specialized RF generators.



generator. This conbination collectively acts as a return el ectrode that
elimnates patient burns without the need for expensive disposable

el ect r odewoan@o4momi t ori ng 35 circuits associ ated w th spe@CaliSagBsR-
generators. WD 03/094766 PCT/US03/13510, 3 Briefly, the sem -insul ating
sheet or menber provides self-limting “characteristics when used in
connection with an electrically conducting el ement such as a netal table,

metal chair, or oBhefiy, el sehi-REuldidshedtiol AeMber PA6villddctletinngof t he
seni - i nsul at | ng sheet” or nenber converts such electricall conduchl ng

el ement i nt o charaderistipy Wheadised i copnsationyyiinanelegtricafly gondupting sloment sho

characteristi Qaﬁfeta@fbblenfﬂéﬁl\/&ﬁrr&to‘tl{epexﬁin%%cfrl@gﬁfac@\mrlﬂélﬁ@od &Ftphne
enbodi nent 01‘a e invention hereof, the sem -i nsul atllenf% sheet or nenber,

when used wi tsemiinswatisgishees ot mombessarNetts prghslegtisly, copruslingelemeit inteppect | ve
surface area nlilEr%(/ed SedBROGIth H%@bl@%&@ﬁmﬁﬁ#%ﬁﬂa&&%ﬁ& bPslEenprfRl rfi@yie been

dlsclosed or I n surgery previousl he surface is so |arge and so
adapt ed for tlcpoki tAcorriing te erlemmhpélmem effthe ingenyiop hergoly Hicisent-infHatng he
conbi nati on | & dnt, It @hide¥ agONduct i ng
el ement eli m(girl\eae% glgm%ﬁlgegr nvglégwémiﬂg%nﬂgtgﬁa\l}gg&dh%? | ectri é) (lal S. * The

seni - i nsul at ieffgctvh eetfaco areatimbisrlarger thanheabétern glediredsa tliaghgvededro  cooperat e

with any elecgtr osec![OI'XIS Fg&géﬂxg& AuggE fa@g s@?arge 2{nn%tsU an??lt rode.

Thus, 15 any e ri ca surtace be 't ormed, by
use of the S@mummsgﬂeamm@ tbhbaty odaqbamdmetladthe tonghrinagion afthelseratr i cal

connection bet V\ﬁagﬂg tal‘g?e e Ithsetellé]cgrlctaﬁyg ntd[l tﬁ‘l l e\ﬂ‘leﬁpaﬁ!rlﬁ%éﬂﬁa}%%ﬁ%orsur face and

an el ect r osurgi” RETAtor a re ving the desired
self-limti ngoﬁdmn@a:ctrelﬂalez:ma:@ls Mor eover the sem - insulating sheet or

nmenber is of a materi a washab /or rilizable 20 so
as to facilitate Lerﬁgfngﬁasuf;%g%wgg BSRISAgYY %lerepea (,gg‘}e‘raé%se General |y,
the sheet enpbeysatgeanaty ¢1&3r1<aaﬂ1§l cﬁf&tueuin@dlanmﬂm%t asqregianelectrode. Thus,
characteristics typi c ectrosuyrgical fre quencies.. are such
that the Sheéf™” SVCU‘H@%QP&:‘?B%‘% WPﬁﬁﬁ“ﬁjgce &p B%ﬁ?[gh)é??g‘f by 3% fn[ﬁd Cor r espondi ng
tenperat ure rihsRSihg bikesaliehe ddditiea RO hldectddud tdmledtioa beﬁvsfeemﬂn\emsmgaa of the
wor ki ng surface of the electrode e 25 reguced he i ﬁéher se desirabl e

| evel s. Accor® °H§°Pl)l/y cqnActing xprk gy af’%@‘dfab‘r GBI g L BSHSEEDr i ng

circuits in spRebd nat gtﬂﬂeg@awemlmlﬁng Ghaficierbtivat mreovaddietserﬁpal ly, the
need to provide a conplete return el ectLglde IS Iso el i m pat ed, E_‘mflurther

reduci ng t he iBEdige gheehpransnhenls of AanalrEidept 1S reaﬁzh yavashalle aRAser sterilizatlo de

Thus, — anyj MG QY ROkEiRfak dAsyPArRGhi@ BshdithonRipd¥i ¥gdtelYeu¥er el y suppl ying a
sem -insul ati ng sheet 30 and an e] ectrical connector attachable to the

separate el ectri célengrally theraest ﬁ@p@lyg geoetries and materials whose impedance
characteristics, at typically used electrosurgical frequencies, are such that the sheet or

member self-limits current densitif:s (and corresponding temperature rises) to safe
thresholds, should the effective area of the working surface of the electrode be
25 reduced below otherwise desirable levels. Accordingly, the need for the foregoing
expensive monitoring circuits in specialized RF generators is eliminated.
Additionally, the need to provide a complete return electrode is also eliminated,
further reducing the costs of providing the benefits of an improved electrode. Thus,
an improved return electrode is provided by merely supplying a semi-insulating sheet
30  and an electrical connector attachable to the separate electrically conducting element,
which can then be combined with such an electrically conducting element to provide
an electrosurgical return electrode with the desired characteristics.
In an embodiment of the present invention, the electrosurgical return
electrode, i.e., combination of the semi-insulating sheet or member and the

35 electrically conducting element, is made sufficiently large to present sufficiently low



whi ch can then be conbined with such an electrically conducting elenent to

provide an electrosurgical return electrode with the desired

char act erwetBo34766 n an enbodi nent of the present inventi ofCTIU$63/13510

el ectrosurgical return electrode, i = conbi nati on of the sem -insulating

sheet or nmenber and the 35 electrically”conducting el enent, is nmade

sufficiently large to present sufficiently | ow WD 03/:094766 PCT/ US03/ 13510

4 electrical efeém?ﬂﬂﬁeﬁlgm%n{i% &erélﬁﬁlsiqw Wp&c@ﬁel@&ro@%@ér?ﬂeq@n_@i@;& rosurgery
' p

frequencies use - nedi cal procedures to reduce the possibility of
excessi ve t enpdrimmeadieal pedceduaes tomeduae tidjpawsidility phexcessivedymapstaure (i e, | by

mai nt ai ni ng : S S B | @ iAnifS MnbRmnd “TERliRidRIv t her eby
avoi ding ti srgﬁgaﬁ)é?{r%{éi&seﬁt -rgt%l}tt%sr%%’uﬁge’sypggh prgtigenlfbiS trgl}?é.lﬁ;hfref ore,

t he worki ng sirdegrees (6f Celstskstbereby avoiding tisses nehrosis opptheramdesired paftent syur f ace

t hat IS ? C?rgtrggtTh\é\ﬂe%ope P Jv&kﬁl%gﬁr?acg loPht gérﬁiyingtﬁatﬁgghé%@gﬂ rﬁ%l%er:gvtﬁe .ma‘de
sufficiently arge’in drea so that Tn nornal use, “current ow wi Il not be
reduced t ;) ?smﬁice} thay\ise'alr emjta:tct witlllrpemeéosv; bexinityge te' patierts) Zl;lgtaylé ‘éllfﬁgérrti}’o { hm
surgery a e surgical, site. |.n nce . ; . e

i nvention, tﬂaégeslg -aiS%%h&?%qoﬁ%alﬁgéﬁgéﬁgogﬁlﬁl%(gﬁg as 58‘# Olﬂﬁiwehﬁ% i

di el ectric pimopees thesurpéals abilite o pesfodn iswrgapantbe surgisalwiteh the el ectrically
conducting el ement, gr gVi desthSUf ]éi gci)cﬁngntio%%%favngt? nt ﬁlelsglﬂﬁ{-{qs&l%ﬁl %ﬁée?]age of
current ther et hr oS B MEEFEN AP ERECIPR SHEC SRSt et T he desire

i npedanceochar membéribas sufficiamtelicdahiogrepbriing thanpydreh usyg ic omtnectidnedthahect ri cal
conductivity {0 tgf s%gﬁt b% tﬂe i n.({:il ushonq%heregi n, Jlilﬁit%%t raiscaelcl)fy
conduct i ve nmaCEFEHPSOBRANG ECTEHARISY U MR KIRSAYE® 6 "Carbai BFack. . In
accordance Wctilery eercttitolighetd sefabaidésrdn bneodmHobiinent) Wiendesiosn, inpedancst ur e

i npervi ous working, surface.is_ provided for sjti.oni ng. adj.acent an
adj oi ni ng surRYREeTIsHes atrm&bf‘da@‘%fln%?ﬁﬂ%%tm@ Fh&@lcqaﬁ?&q"gﬁﬁﬁ B %I eansi ng
and reuse of shhebp@FinchifnltRirdii 9f elsdifeilly cditustiveahaérisl suclmpedoniwtise wor ki ng

surface is made resistant to normally 20 encountered cl eaning,
di si nf ecting hrealg oseaben blagkng agent's, thus further facilitating cleansing

and reuse. | n anothgeor@sReHiilBet anothes biEddemdnt ofthe veibnf #Smoaeper ati ve use
with the sem-insulating sheet, or menber, thus prot ecti%g, t he sheet from

i nadvertent JRREYEUS Verkingsigrre ippieided fo5 posifionig ad)acet aRAYSRHI§SUHIE m

acci dental  cyfiegdyf SR PaRierDthGORYRiRkihS BRdnshiafd Fodke STARE R@li-insbRtigg ot her
enbodi nent, a protective flange is coupled to the sem -insulating sheet or

menber, such sheght Thinmojshee waperversmoskigs suiapsisainde gsisint ©avepadi he
el ectrically g @%ﬂ%&ﬁicwnﬁf@,fdﬂiﬂﬁctﬁfgf S RGRiSinP b hud fiihdeAbiflatig@Nt act Wi th
the el ectrical [y conducting el ement .
cleansing and reuse.
In another embodiment, a sleeve is provided for cooperative use with the
semi-insulating sheet or member, thus protecting the sheet from inadvertent damage
that might occur, for example, from damage from accidental cutting from a
25 conventional surgical scalpel. In another embodiment, a protective flange is coupled
to the semi-insulating sheet or member, such that the protective flange substantially
covers the electrically conducting working surface to prevent accidental contact with
the electrically conducting element.
In another embodiment, a covering is provided to enclose the electrically
30 conducting element, such as a surgical table or metal plate, thus, protecting the patient
and the user from accidentally touching the electrically conducting element, which
may result in serious injury to either patient or user. In another embodiment, the

semi-insulating layer is form-fitted to the operating table on which the electrosurgical

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



I n anot her enbodi nent, a covering is provided to enclose the electrically
30 conducting elenent, such as a surgical table or netal plate, thus,

prot ecti ngotodw94iaé i ent and the user from accidental |y torchiusg3/13seo

el ectrically conducting el enent, which _may result in serious injury to

ei ther patient or user. In another enbo%inent, the sem-insulating |ayer
is formfitted to the operating table on which the el ectrosurgical
procedure is;tg.he SR Bt At kirhiahbine @Rbck BahimBer Aks 16 her
features of F&e @E)82#%84766egCT/U§03/13§10 SOi%vention. I n yet anot her
embodi ment, e of emenvietepefeichelgsingibe seporatarondistingglemette  form of an
envel ope for encljlﬂsal:&gdéngg}{vﬁﬁ%tra%tﬂe% Hliden ok 1 ﬁvaﬁ-ro?, th@lelBGA dance wi th

yet anot her enbodi nment o e’Invention, the electrica i npedance of the

material s i nimjedarsheftheoraterialstiu thezshept exthembsnend eljadsat tuihavaging surface of
the el ectrodg Lg. spf %13&?0@1%: lisysufﬁ ?e\ﬁlﬁg%févﬁgd @)sasttcplrilxln}tghltr R UELs@hhe Hensi ty at
S R Tever Dl dw t of'd of

t he vvork?ng surface e thres patient tissue
trauma.  Conserdkiredutfice tbhilsvepbadaw theshrasholsl df phiient tissugtradmd.act eristic to

prevent patient tra in t Nt .. of i j - he

Bt footi ve- wop Ry Rl oyt n SE ik RESASRAL B bt el 41
advant ages ofhetchentiofis@idehtahreddtibn bethe effective whrking sutfeceld tikedestriogt i on whi ch
follows, and in part..w e obvi ous, from,t CLiptl y be

| earned by the pr‘gg‘ﬁl‘fl%rball teﬁpl’f%@n?{ ﬁé\ivgﬂttagegr? m@&%@gggnn‘&ilgﬁehsg&opggqﬁ?es of the
present 1pnvaaktipfonwhith folcwsrandrr partfwill by obypouesrfeont thiedeseriptien, boihdyld ng

description and ended cl aj ns r be r b e tice of the
i nvention as ??E]ted 3‘2 ei?racﬁ‘g? %ﬁh%ﬂvgﬁ{onﬁ%@ﬁfiﬁ:&&g%%‘ rf’é;‘f%gf %@Ee%c-iE DRAW NGS
To further clifention Wih%e&b@lﬁo@ﬁﬂlﬂﬂpmrg&d}ﬂamb&ghﬁvimgfldbsﬁfqﬂiouamt of th_eII )
present invention, g nore rticular descr.iption.of the inyenption w e
rendered by P%Heé&éirﬁ%@ms’t% ﬂgﬂ%&}l?affa?dzﬁ*&mr%é‘ﬁ?%hﬁ%WS%P“\%Fe?ﬁ" e
illustrated heefnbferappended drawings. It is appreciated that these

drawi ngs depict only typical enbodi nent %f 1 n n and 20 are
t her ef or é5not to be consﬁgwm 1 ‘%%‘%ﬁdﬁqe invention will be

descr} beﬂ and expiraiaiaer M%ﬁﬂsr tiacibold Sadhes E@@hﬁag&iah& fanmestetial ﬂres‘élici’tl’ oggh t he
use of the acconpanying drawings in ich: Figure 1 is. a Si ifie

el ectrical sEMEREAT B MOTGRI AR AT IdPSGE‘P'i‘Oé‘t\Ag}ﬂ& ‘P‘ffﬁf‘g'éwﬁl ]?erfﬁ‘é‘&?é‘?@@(g&l@?ef’%%t ively
included in the-0RgEAbbYMRR iHrf whRR R iflisaie NEte Gppich@i drhbias. 128 as
presented to an el ectrosurgical generator during an operative procedure;

Fi gure 2A is appredpied thatiher dwingrelenickenlyivpiceh ?B}thoéiﬂne_é‘Fsé’cflﬂfedQYﬁ“B kad return
el ectrodeyi | Lpshgafobd bt 16 dRnbiBGEPli8RiIng b iR opdIVERtIAREEiOn Will be

described and explained with additional specificity and detail through the use of the

accompanying drawings in which:
Figure 1 is a simplified electrical schematic diagram illustrating typical
impedances effectively included in the operative path of radio frequency current flow
25  as 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;
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 of 2B;
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;



Figure 2B is an enlargenent of a segment of the electrosurgical return

el ectrode of Figure 2A; 30 Figure 2Cis a cross section taken along the
section |woas/02262C of Figure 2B and illustrating the efPEFSOR13510 cui t

i npedance represented by the segnent of 2B; Figure 3 is a chart
illustrating in graphical formthe rel & i onshi ps between effective surface
area of the return electrode and the effective radio frequency current

density devel opedyat. LRg; g#&%&%@ﬁemaﬂ%&%@@é&%@ﬂ L08/ck3BdR in 6 Figure

4A is a perspecti vView o I nproved el ectrical return el ectrode in

whi ch the prekielntheipresenitingntionsis utilizel ABestrating ihe semirinsitatingshesea - i nsul ating
sheet or nemé)nel er. al‘lneleecltr'c%hlé b&ﬁih!:t?ve%?lgé{ﬁﬁbé{% Wgér j@»{ﬁﬁl@,%d aRBle@RgdIat 1 ng
table, and al @léctrica Shnector 1o the el e trical surgical generator
fromthe el eainnéatalth jhectattisel suvgicas perferatas frog e glgeteically cosdustipeiusisesst i ve vi ew
of an inproved electrical return el ' LAtdond elelBod

seni -i nsuf at i ng slﬁ%uerf 4% > Hen éaﬁﬁlvegﬁeg&{){{]aglqﬁpggéé:%1?‘(5}%5%? angg o? ® preventi ng

i nadvertent glastasiag theiseini-insalatdgsheatocmbinyercandbepriotegtivel ftamgnfor Figure 5 is a

front viewillustrati a surgical, chair .\ | ating sheet or
nenber di spoB&FTHAS f“ﬁgvgeﬁptf"%‘g“o‘?”ﬂ}tﬁ%ealg%t%%au&%g&e%ﬁ@ ?[llf)rgéjldgur e 6is atop
vi ew of an el ect rrgwe giicakronitatiaw lustatiag a ewrgicall dhais tvithtaispgi-tnsdating

sem -insul ating sheet or., nenper ,substantially.covering the electrically
conducti ve %gtwfgmb&&@%%%%ﬁhﬁém e ?‘%ﬁh,e feﬁgtgﬁlief’%n; Figure 7 is a section
taken al qpg the |Hip@s 64s 7 topfvidw gitnelddiroduigical eetln iekcmodsdbtstotingstheri | ar to
that of Figure 7 b

t.illustrating the capacitance . 15.present by a
patient's suﬁﬁilé%#"é‘ﬁ%ﬁ,‘ecwrdﬁ%b S‘i‘b§taﬁtlazl§ rcg‘()eélc?tgi%‘?feel?f’?nec\%{l%f; Ongu(gt Seve or
cover adapt edofk¥urRECREIraMg d1the dventidhe enbodi ments of Figures 6-8; Figure
10 is a viewillustrating one %I( ttle eﬂbg‘%i gep%}fp.of g_i gures 6-8 encased
within the sl eevefigireddyasechpn Ergalanedhe Bies fi/ird8™9% s a perspective view
of a sleeve or copghre@dgRtRMoh Smileie A BOFigive 7dueltluttiatial the capducti ng
el ement of the present invention; Figure 12 is a perspective view of an

el ect r odeis ac eFAIadytaPaipR S SHLEM3 EOWS i |l ustrating a simul ated condition

when the effecti vgRMiaE hedpRBvaMib ofa flédve @REovePadapteld Sérantdsaiglayly bPss than
t he physical electrode size; 25 Figure 13 is a viewillustrating current

flow densi ty theieptbodinents fFigsresdcfe when the effective patient contact area
i's much smaller tRaNtidgs § ofedill@hehid REef ik RAbodiments of Figures 6-8 encased

within the sleeve or cover of Figure 9;

20 Figure 11 is a perspective view of a sleeve or cover adapted for encasing an
electrically conducting element of the present invention;

Figure 12 is a perspective view of an electrode according to the invention
illustrating a simulated condition when the effective contact area with a patient is
substantially less than the physical electrode size;

25 Figure 13 is a view illustrating current flow density within the electrode when
the effective patient contact area is much smaller than the total electrode area;

Figure 14 is a graph depicting variations of bulk resistivity of the semi-
insulating sheet or member as a function of semi-insulating sheet or member thickness
for different electrosurgical generator frequencies;

30 Figure 15 is a graph showing bulk resistivity as a function of the area divided
by the thickness of a semi-insulating sheet or member in accordance with the present
invention at various electrosurgical frequencies;

Figure 16 is a perspective view illustrating, for the purpose of analysis, the
circuit equivalent of a patient in operative association with the ohmic and capacitive

35  regions of an electrode according to the invention;



Figure 14 is a graph depicting variations of bulk resistivity of the sem -
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circuit equi verlll ent to Figure 16, and Figure 18 is a graph depicting
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operating frequen : ArtED DESCRIPTTON OF THE EXEVPLARY. EVBODI MENTS
Now t urning to thNowrteamingde thealmvingss andpegre pativpily Figpig s therpfore {&tlbf ore it

wll be see | ¢t . a: Si LE Ll GbrasGEIBLL Lvibagr am
illustrati nggf %egpg(ggépﬁé&ﬁgggﬂ%g%gIefg#tﬁ‘céiaétg‘%h\%gjl ;}é ,81% rlaugeﬁﬁi%n ﬁg operative path
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generator during a er at | [€ bt | gen are
conventi onal 1% ?egpefl(r%galﬁgr%&%&%&ecgfé ﬁéérgtl%r %%&graﬁgg%%?‘éegﬁg?w%l{e' 2ﬁ%ﬁ as but not
limted tio covilsbandenpoenyentiohal sgle, frayuelicyelectiicalarovengengtdrd Bl suctpesner

vol tage and/or rrent. nnected to el I 10 are
convent i onal °8} Ibog#fniltff%\%o co@%%‘ﬁ eror EOI%ﬁe’gﬁ%ﬁ‘g’?é&%ﬁ%ﬁ%&gg@%’%@%}: connect
t he gener at oand/6r durehfie surgeon's 15 inpl enent, represented by inpedance
zl and an electrogsurgical return el ectrode represented by | dance z3.

| npedance z2 is p?:89‘?e8§§ tq e 8%‘%%@6?%%% fr’(r)pé%(éor{lggﬁtmg’?leés{eéﬁrﬁr ed by the
patient's ti gsncloyw Nhnddywelsith tebfciivedy cnhen thei dereraind 1Q toeha stgepm's

el ectrode. Electrical connectars 11 and %2 rei repr else?ut aélic\{r%dOf one
i |1 ust r at Pve MBEMGRY [FPEPSEHE O PR SnG AN %8? FSPRRY T HETFUREY i on of
connect i ng megiissehted bivakpadancQs.elnpelanceal is ponided td ropresent thh émselaicei nsul at i ng

sheet or nenber and/or the electricall conducti.ng .el enent. |t may be
appr eci at ed BYeseRied ékahF Patgpnf ﬁt‘fSH%ly&’rgtb,exi'e}‘?ﬁt%‘e\f)é’ﬂahﬁ‘gs%taﬁ S ctures are
appropri ate andusRp iRl caedas M agl 1hee tpfdsétadive vneid ilistraiive | 1 ght  of

the teaching contained herein, At hout%h t he difa%r am of Fil%t%re Ais
sinplified aﬁﬂuﬁérﬁéli*aépq Vp%q‘%ﬁ Rgéfpgnmg e function of connecting means for making

20 electrical connection to the semi-insulating sheet or member and/or the electrically

conducting element. It may be appreciated by one skilled in the art, that various other
structures are appropriate and capable of performing the desired function, in light of
the teaching contained herein.
Although the diagram of Figﬁre 2A is simplified and generally considers

25  circuit elements in terms of the principal resistances, including the reactances
contributed by the surgical instrument, the patient’s body and the return electrode, so
as to clearly and succinctly illustrate principles of the invention, it should be
understood that in reality certain other parameters would be encountered, parameters
such as distributed inductance and distributed capacitance which, for purposes of

30 clarity 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, in one
embodiment 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

impedance of z. It should also be noted that Figures 1-11 are intentionally simplified



25 circuit elenents in terns of the principal resistances, including the
reactances contributed by the surgical instrunent, the patient's body and
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capacitive reactance nay be 1nclu ed’in the 1 npedance of z3. It “should

al so be not eshethatmemiltyn pekanieldtricatlecanducsingietsment, ppespting in £ icembiggd 03/ 094766
PCT/ US03/ 13510. ..8 s0_as. 1Q : rA0ei iPhe 1 GivEIEIT

succinctl vy, ﬁsfsﬂ§ea%?%lglzlv%’iaag};ogﬁg&tgr‘{%nl%gégn‘%%gkdgﬁggislgél}gs%}gln. gei ng %pesent ed
i n connect i opapatitikie &djudesivd Radi8ncesTdre disregtrded, thertblobieffastive impeqased of | s t hat
of an electrqde, i.e...a sem —insulati . [ r d

el ectrical l ya'&??famﬁviﬂ%%e eeqluglntrl F\l}e,surgﬁﬁhgtq ]?dﬁ\élagaﬁ%épeggrﬁ%lggggz qglarq 3e’sail?(g]ti ve,
capaci tive, aincd esentiatlythiismae covcket willqassthirongh §l] thide, thheoltage gerievatddybys mal |
stray capacitive and. in ti.ve reactances .are disr rde t he total
effective i &Sﬂ%fgt%}bwqﬁ% PPIRYIF S SP RSt Ar %ta%g?jhfea ‘%ﬁ% of the

i ndi vi duab i pRedaRaesthelr respectiaadalad; Tang theshage rédssehinicadh of sudhe sane

current will pass thraq |l.. three, the volta enerated by RF generator
10 will be df’gw?ﬂﬁa&séﬂﬂg@?g%Q“‘?"ﬂiﬁ@ﬁ’gﬂ“é‘&al\i[ﬂ%he‘zr%g%{%sd z3 in direct 1o
proportion to thepicé B3P@EirédBatdalal@ed eddigishe ddneenemated drythe edgemsddrd n each of

such conponents wl | also be directly. proporti.angl .t hejr val.ues. Since
it is desiredMeoysmrlsHeEY cBWé‘ftﬁﬁe Bé‘egéﬁﬁgﬁ?’r‘tdf gﬁlﬁaﬁleﬁl}?ﬁ{hF (raeﬁ}sg\ﬁe wher e

the surgeon' gompilean®ihe Bpelart feptddentqiicdyi A Be substahtia usd that cukrsntghassingabl e t hat
the resistive conponent of the inped nce} repr esent ed b\y zl he substanti al
and that @ur thergthioughsiand cansequyal g Yfﬁiﬁ’ﬁe (b5 SOREBL ‘E}@nteryesmﬁﬁd?gl?%l ease) be
concent r at ed T8 |AeV Ba¥conPlished b GhaRihg thelldgioh 8 éddkact Witk e @atdnt sthid by maki ng
the region of contact with the patient at the operative site very snall.
It is known toneretivesitevsiytsialt with the foregoing series circuit, components

of conbined resi gtk MGovHHaC RRBEsi Wih the IGE@NEEserivd\ @RuR QORPERRAE JfN
parallel, present a 20 total effective inpedance that is _given by the
fornmul a: _ 1 cpmpingésasistive and cap4cifivg jeaqtancg,,when connected in parallel, present a

20 total effective impedance that is given by the formula:

1

Zeff
r,r, .t 1

Z1 Z2 Zs3 Z4 Zs Zsg

1)

Thus, if 100 similar impedances, each of 100 ohms, were connected in
parallel, the effective impedance Z.g would equal one ohm. In the event that half of
25 such impedances were effectively disconnected, the remaining effective impedance
would be two ohms, and if only one of the impedances were active in the circuit, the
remaining effective impedance would be 100 ohms. The significance 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 illustrated in
30  Figures 2A, 2B, 2C and 3.
Now turning to Figure 2A, there will be seen a schematic representation of the

top view of a wide-area distributed electrosurgical return electrode 20 that will be



Z1 72 7Z3 Z4 75 76 Thus, if 100 simlar inpedances, each of 100 ohns, were
connected in parallel, the effective inpedance Zeff woul d equal one ohm
I n the evwntosohete hal f of 25 such inpedances were effect iP€&lyg03/13510

di sconnected, the remai ning effective |9rrpedance woul d be two ohns, and if
only one of the inpedances were active’n the circuit, the remaining
effective i npedance woul d be 100 ohns. The significance of these
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of a wide-are stri el'ectrosurgical return el ectrode 20 that will be
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capaci tive afspefding Bflthetphitieulhiegperation dﬁpemimngpummg hl@e’parmﬁlmh@f aforoper at i on
of the sem -insul ating shee

or Str s of this
description H8@UGHENa}PHROFESO gllsrfﬁfcﬁg’ﬂﬁ? 'f"b‘g aﬁiolaé |Iﬂ}éﬁenﬁa cgjlré%% ect rode
20, el ect r odgu2f el¥BiYode@0} fleui@hé 20maybe thowdht df ssgn@udihgia plhtah;y aff 15
uni form y-si zed regions or

ments as re ented b 21, 21 a,
21b, 21 d5. . uniformly-sizeqd reg‘f’ns\/ﬁr%?gnﬁétsé’ﬁﬁ‘?pé??g ilay 115’§1°8?1%1 3%9 2?%21| h 'the art,
however, that. st B Wil e @pprediaied by et sRilledBythe ait, Honeverdihatdbiamoidcindous
regi ons or segment. For. Instance, in one enbodi ment eI ectrode 20 has

conti nuous sB¥HEHMEY nﬁé@‘ilkﬁ?/%%@%ﬁ?“sﬂglf’%s LB F YsnRe: i Yifre 2B i n

order to be gi,BbdiMEnt lbchE@ B Had cdrffifuoud Gegn@isst i ve 'rVDe‘dance z3' it
represents. It thus will now be evident that each s of

el ectrode 20Resipweegmsnti? his shayvslagapinfégupe 2B in orderfo Bf‘l Ba ’hi‘PIS§fa ‘Tﬁﬁ’stﬁ‘? he
capabi | t X Ofresmﬁéﬁl‘fﬁehé}ﬁe 15t SPRQERNCR vk Wil Adw bO il thaf edchpeiance z3 .

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

capability of presenting an impedance similar to that of impedance z;'. However, the
number of such segments that 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

25  the case of a large supine patient whose body is in effective contact with 50 percent
(50%) of the upper surface of the electrode, 50 percent of the segments corresponding
to segments 21-21n will be effectively paralleled in the circuit to form an impedance
represented by impedance z3 of Figure 1; and, accordingly, if electrode 20 contains
100 segments of 100 ohms each, the effective impedance operatively presented by the

30 effective 50 percent of the electrode elements would be two ohms. Since two ohms is
very small compared with the impedance represented by elements z; and z,, very little
energy 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

35  above.



nunber of such segnents that are effectively active in parallel within the
circuit is a direct function of the surface area of the patient that
overlies wbasmbges r ode. Thus, in 25 the case of a | arge swprSopaisient
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and electrode were to be reduced to the surface of only one of the
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ci rcui t i npedbscehased @idgeiniusewitiasiethegieed foathetafmemattiahed separate nircutithat woul d
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repositi o%ngﬁ?'ﬁ%%ﬁl%?%&e%otmé\]gcgﬁm%‘%be reduced to a val ue bel ow that which
woul d cause undedigure2€ issanresssectibh @kpatloenthe séution tiokis2gl-3C of Figure 2Bs
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circuits. Fi dliteee, 2{Figsre@Catoesn sedl sepmetital evithaitsapgertpaters-eohtacdingl | nes 2C- 2C
of Figure 2B djllustrates th ffect.i circuit i d e z3'

represent ed b?ﬁf?‘ﬁaei“srggﬁ%eﬁ edfl%“ aellzv Y ter‘\qﬁléq\jg;o’ af"i]ﬁﬁoa'ﬁrr%&g@agr:rgp@%eélﬁds nal |
segnent 230 W Bylelédiscalieprinal2ah.i Bittthcunpae bf hs desdriptioe (add i @néras prkad
electrically

el ectrical t etB%P‘%ﬁnSﬂripT nal'der g?ga }C‘!fé’l"%gfi‘b%\ggl‘é??l%&%g‘%{?g rF‘?e FI?I%EQ% ngggh%g lo)?/der
to present of as existing between terminals 23 and 22a. Of course, it will be evident to those
skilled in the art that in an embodiment in which the electrically conducting element is
a thin but highly conductive layer each of the impedances represented by the
25 remaining segments are connected at their lower extremities in parallel to terminal 22;
whereas, if such element does not have such highly conductive properties, then, in
addition to the impedance 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
30  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 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 return electrode will be inversely proportional to the effective upper

35  surface of the electrode that is in contact with a patient.
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correspongy Ngdedsier d@ailabletchifert ts the Biirgédn hi}CorshygRosccar dimsltandomnt ( dashed

graph line 30). Wen the effective surface area declines to sone
pr edet er m ned"ibihfvariations i effiestfve sprlarg area; S(EU‘P‘H e&?"@ﬁ‘t‘“&[ﬁr"? di5iPresentt he

surgi cal i nstifvegioh nta® hefelabdtanvielly sibnshehs G e fyourrent density and
available current, while other embodiments of the present invention may include a lag
period therebetween.

25 The parameters selected for the materials and electrode dimensions are chosen
so that current density and corresponding tissue temperature elevation adjacent the
return electrode does 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

30  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 and capacitive reactances. However, the principles of the invention are
also applicable to other embodiments in which the impedances include any

35  combination of resistive, capacitive and/or inductive impedances.



It may be appreciated by one skilled in the art that the change in current
20 density and avail able current to the surgeon may or nmay not occur

si mul t anewoIBWP94796 t h the variations in effective surface &CFAISOVa35I®OUS
enbodi mrents of the present invention H?y have substantially sinultaneous
changes in current density and avail ablFe current, while other enbodi nents
of the present invention nmay include a lag period therebetween. 25 The

parameters sel eCtﬂﬁlflwnu&hﬁeré@Eseﬁd“a&e%c%d 1@&&%&&1@@%&@@&%@@% are chosen
so that current density and corresponding tissue tenperature elevation
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to ot her enbgtﬁcur‘?ﬁl ances | nc conmbi nati on of
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PCT/ US03/ 13510 12 The invention hereof is now described in connection with
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return el ectrode esired sel aracter In the

fol I owi ng dfresf‘(’:ciYQ‘?; SHUP ?‘ﬁ%l%@}%ratlgémfble’l 493‘0(#"5[;?%’6{] 68 elealéca%§

"sem - i nsul atbiictipdihicnt af the bls&d)sungfchlafemhﬁﬂg@ﬁ)bé yrt&rndm&uﬂulammecﬁn of the
"sheet" is applicable to the nber," and e ve ence i s now
nmade to ﬁﬁgu?goﬁ&etplﬁf’é‘fntﬁgﬁ?t&ns"g’ﬁ %%ﬁﬁfl“&?‘i}“lﬁp @Pwliléﬁperaf}]&tgﬁﬁﬁé 1ectrode 32
of one enmbodipfRites He inp&lakderoERE ptd@&!ﬂﬂhdﬂbﬁmgéﬁtﬂe|1ﬂ1pl$>tlécbélﬁxﬂorsurgbﬂct rical
return el ectrode 32 includes a_ sem ati t hat, can be

renovabl y cod@Maglsgireds vigbe desiRg Setl’glﬂp@nﬁﬁﬂg?zﬁr l‘?ﬂcsf 3‘11?8 P8ISS an

el ectrical |y chgiekisctd &gheedeﬁlmmaﬁﬁg i 38206 tHeQsIigitaR chaatiwrisicebfct r ode.
The sem -insul ating sheet 15 34 of the present nvent| on,, ei.ther al one or

in combi nati & chﬁs%g@lﬁtprﬁ@lqc‘%qeékmll be Jesstibeia MoredgtaHh ISR f or t he
proper fupctioni ngcQfdihP® dneREBYEitheR!, 65 AMmBHAHIE APincludes a work or working

surface 42. The work surface 42 has electrically conductive characteristics such that

work surface 42 and operating table 40 have substantially similar electrical
characteristics. Although this is the case in one configuration, it can be understood by
one skilled in the art, in light of the teaching contained herein, that work surface 42
25 and the remainder of operating table 40 have differing electrical characteristics. For
instance, work surface 42 can be more or less electrically conductive than the
remainder of operating table 40.
Figure 4A illustrates in perspective operating table 40, which includes
conventional legs 44a-44d that may be fitted with wheels or rollers as shown. All or a
30  portion of table 40 can act as the electrically conducting element to be used with
semi-insulating sheet 34 to create a self-limiting electrosurgical return electrode.
Consequently, table 40 is one structure that is capable of performing the function of
an electrically conducting element. Similarly, table 40 is one structure capable of
performing the function of means for supporting a patient during treatment. One

35  skilled in the art, in light of the teaching contained herein, however, may appreciate



return electrode 32 with the desired self-limting characteristics. The

i npedance characteristics of the sem -insulating sheet 34 and the

sel f- 11 mworg/oedtes acteri stics of the electrosurgical reteca/Eshetistode 32
will be described in nore detail herei ggfter. 20 According to one

enbodi ment, operating table 40 includes”a work or working surface 42. The
wor k surface 42 has electrically conductive characteristics such that work
surface 42 apf %%P?ﬁhé}goﬁﬁg%ﬁmﬂpoﬁﬁy SeGHOMY A duddidgelshdt bitf m&@Ins€d:r | cal
characteristics his I's the case in one conflguratlon it can be
under st ood bwpponﬁ!eggli@lapple”dblﬁnFt)I‘riéStaWP, alterpatej cgphpdigrenis pEelpeitiealiyng  cont ai ned
herein, that efﬁ%ﬁ ngléiefn?eﬁ iftdudR2nand 15&? HeBTBANGRE 1af arRREREAING tabl e 40
have differi ng e trica aracter stics. For instance, work surface 42
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operating.ta i ing table
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electrically conduct n I sheet 34 to
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create a sel Fo19"
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capabl e of on neans ing a i ent
during trneat teat of conducBte gk ial thatless filledeitia idnjc solutibi ,ghitesofontbirationsac hi ng

cont ai ned herein h e i.at S03/ 13510 13
that vari ous T5f99&° @%ﬁ'\f{?gqfra% %{tB?pr%B‘?ucuve E@?r&atcgé ‘SC)ZYV %e% C%%ﬁgtl ng el enent
and means f Okuppsttpg@rpeiichy aed @miphiatabiteet 3or i nstance, alter nate

enbodi nents of elegctricall con i nt.s | at es,
beds, and carts tﬁ?ﬁle éqc’éc“é‘%éééf“?fa flfi)f}%(%ﬁliﬁﬁgg ?l%erg’rlsgl(rj lcaq \%Pt h

el ectrical | y t¢anelettiobusgicaTebmdratal mwsmheaﬁcdbumnnmmﬁ |'Hab1et4®calncﬂo metallic
conpositions or surfaces, g’?cklar bon ck, wires g)nl C sg% hons

combi nat i 'éns eleRisicalgpnnegior Bml‘”idﬁg‘e stricpl Cé’r“ﬂeﬁ‘% ning o

el ectrical |y cleeondibdal fbﬁlr@lel%&ﬁﬂ% 3RS SeRAARGhE WdypeTedrisabednnstod e of tabl e
40 or other suitable neans supFortl g ﬂ‘@g“ eﬁ.t durh&ﬁ{treat nment .
Exanpl es of $auHedtodabyiestla s P’é’l"@(’:‘}grt e lretycal Somaeon AT UFEMEY %% ul d i ncl ude
a netal sh(:"(:"tdurlﬁ%c,l ll,ls*%Y)?En éléctﬁ@ﬁr?iéﬁ‘l 1ﬂsltﬁlﬁiént g éb@plk@ﬁﬁleo&ﬁs@giﬂﬂlg@ﬁdrater gel, a
mattress filled with ionic solution, wires, conbinations, ther or the

like, or any ot heFerusHlyuelestinsungicpbaenerpion &6 senerals dir slechirel qusrent ﬁpportl ng a

patient apd %gépaﬁéﬂwle%ﬁbdﬁ%l&mﬁﬁﬁmﬁéht 3Tabhﬁ01é9ype§6félélﬁo§\ﬁg1@zﬂ electrically
conducting elenent, is electrical %écou ed to an el ectrosurgical

gener at or 10 gehcsaters aes lmewnite tipsecshisd in B aneuchragdupnofdimgfsg to constant

power, voltage, and/or current or variable power, voltage and/or current.
Similarly, various types of electrosurgical instrument are known to those
skilled in the art, such as but not limited to, electrosurgical instruments used to cut,

25  cauterize, combinations thereof, or the like to any portion of a patient’s body, whether
internal or external thereto. For instance, laparoscopic electrodes, electro-surgical
pencils, electrosurgical blades.

Furthermore, electrical connector 36 can have various configurations so long
as electrical connector 3 electrically connects to table 40, or other appropriate

30 electrically conducting element, and electrosurgical generator 10. For instance,
electrical connector 36 can be permanently connected to table 40 and electrosurgical
generator 10. Alternatively, electrical connector 36 may be releasably connected to
table 40 and electrosurgical generator 10 as with clamps, threaded inserting elements,
or an plug capable of transmitting electrical energy, such as but not limited to, a

35  banana plug, a phone jack, an Ethernet jack, a coaxial connector, or the like. Other



15 el ectrical connector 36 provide the electrical connection for nornal
functioning of electorsurgical return electrode 32. Stated anot her way,

el ectri cawoosmges or 36 is coupled to table 40, thus prowCaiusg3/1iseo

el ectrical connection for current flow ng during use of an el ectrosurgical
i nstrunment 37 coupled to el ectrosurgi cal generator 10. Generally,

el ectrosurgi cal generator 10 generates the electrical current for 20
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transmtti nggﬁ?"é‘é‘m ﬁ(érrg sé'ﬁ%?egag;ea‘g}% lsgg lﬁleflt 8{ov|1d€é ad? %@9&3}&35 banana
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O her WO 03/ 094 66 P US03/ 13 onf| ur at.i e famliar to
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as el ectri can@Rnaeisy dadhgneh Mvteeh Found tHapitednwhtithal eba@msugial gi cal

generator 10, but releasably cou Ie to able 40, or .other a priate
el ectri cdfl y fegpracies Wﬁg"élné ﬂfaw% %ﬁﬁ“’@ wpaking pirfage, prep go E’g%%r surface

of the tabl et 2660W RGeh&d &ﬁlll%f@h@-ﬂalfwthélto‘p‘s@rfbr amult@aﬁdnglysigemt 34. In
one enbodi nent, sem -insul atj nt? sheet 34 covers he entire. work. surface

42, where thé"RRRFKINg j3tleergho bu Skt deabipnt aiing B e chicar 95 1s dbkteied iy e
mat eri al . \ng\ﬁeers HéwsRR Wk iREtNIRkRE 9Rthct Bk mmar? depeadiag afthei S by no

means required in order to practice the principles of the invention. \Wen
used with lomadiiabysed.dn é‘?m“eg"é’&e?&élﬁo@ﬁ&‘gﬁn%ﬁéﬂ &t wptances Whefe YaRUsct r ode 32

needs only t@ay@fs%?@ﬁ@ratﬁ% ro&th 186 sia¥eEp 1R b\ IhSehREE PHcSRin¥ipics Rerest
sufficient to provide adequate resistive, capacitive, or Inductive

coupl ing at we beyyrcessfully eew&ye@@ui tweﬂ%&%ﬁﬂ@l@§u§6°°é§earﬂﬂhetr6tum
electrode determined in such circumstances by routine experimentation. Under
certain conditions, the effective working surface may be as small as about seven
square inches (or about 45 square centimeters).

25 Moreover, although the semi-insulating sheet 34 as shown in Figures 6-8, and
10 are depicted as 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 semi-insulating sheet 34 be configured so that when return electrode 32 is used:

30 (1) the return current density on the surface of the patient is sufficiently low; (2) the
electrical impedance between the electrode, i.e., the combination of semi-insulating
sheet 34 and an electrically conductive element, and the patient is sufficiently low so
that electrical energy is not concentrated sufficiently to heat the skin of the patient at
any location in the electrical return path by more than six degrees (6°) Celsius; and

35  (3) the characteristics of the materials and geometries are such that if the effective



interfere with the surgeon's ability to performsurgery while at the sane
time avoiding undesired tissue damage. It has been found that at

convent i owalo3mbges r osur gi cal 15 frequencies, this has neces3iusat/essionl y an
effective working surface area no |ar ge{ﬂ t han about 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. HOWRMGF therblfrmidca6dd ¥ SedBSdUclBy Sidldorta ehrddhORl 1W¥dL thet@iill siependi ng
on the material used, in some geonetrical, confltgur ations, .and in instances
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important that seni-insulati i when return
el ectrode 32 ?esm ’ﬁ‘éeag:ap%pbtyv(e %Ac 8&?@6&@3@(@%@%@%gﬁé)ftﬂgﬁﬁo%etd?ﬂctg surface of
the patient iidensifiédasaently low, (2) the electrical inpedance between the
el ectrode, i.e., the conbination.of .sem -insul ati t. d an
electrically condé@ﬁ lglé’wglt%gnlé)ﬁ% S?(ﬂ%ﬁidn é‘rt’plgtalngn rnélglgguggnﬁg}rglﬁ’i(? "l ow so

t hat el ectri cath ®nkdsgysddin alettrasomgewyinthe ab@ditive fdacteneent by imgedeatis ¢ he skin of

t he patient .an ocatian in t lectrical return pat re than six
degrees (6) cgpﬁé?thgﬁﬁapﬁ%‘pa(“?)a dHEe @%qg?l?fé’togﬁ]esaitf’rggtmcgf&lfrﬁ% eﬁ%%r%%i als and
geomnet ri es arsgnalygéschtodio thé rdabtencefl fTaad, thedoIDB: OH4di6Ge ,RaT4dSHB/ 13510 15
area of the return electrode . is reduced bel ow a selected threshold | evel,
there will® b& mFu)nléuffi cient energy dissipated at the surgeon's inplenent
for himto continu effectively using the inplenent in its el ectrosurgical
nmode. As willxpe—+recognized by those skilled in(2he art, it is not
necessary for th&mfCo 5 be direct ohmc contact between the skin of a
patient and the return el ectrode hereof for the electrode to perform

general |y ac U RYiSCARCIE E36tAt 18 ebEs:imis P ohlS% bis freqrency iy berr@adG ti ve

reactance (rgprRaaRh&tdnPradderndirShRANCHE: RPLNERR iR aPAlkiI8MatS cpadr isand the
el ectrode) will "be introduced if something such as a surgical gown

separates t h&rr_l ksyeh capacitive reactance w H, nodi fy rather than destroy
t he i npedance 1‘0‘ng'e_nt| fied as z3. )

20  where C is capacitance in Farads, « 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 meters, # is separation of the surfaces of the
effective plates in meters, and & is the permittivity of air in Farads/meter. Thus, it
will be seen that to meet maximum permissible temperature rise criteria in an

25 embodiment in which electrode circuit capacitance is substantial, different minimum
sizes of electrodes may be used depending upon the frequency of the electrical
generator source, the 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

30  applicable to a wide range of frequencies of electrosurgical energy, the considerations
set forth herein for minimum sizes of return electrodes specifically contemplate

frequencies typically employed in conventional electrosurgical energy generators.



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 i npedawoa3sios47e6 functi on both of capacitance and the fPequsayy3sed t he
alternating current electrical signal presented to the reactance. Thus,
the fornula for capacitive reactance (ﬂﬁ 15 ohns) is X -- 1 (2) 2gf C
where Xc is capacitive reactance in ohms, t is 3.14159, f is frequency in

hertz, and C is fl?o@é‘glhflé’d‘iﬁ%éa{?tﬁn%(@tﬁﬁ wI}hﬁaechJr mz%sémsp@mﬁmce in a
parallel plate capacitor is: t ere Cis capacitance in
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frequencies typic ConvEnt T onar rosurgi cal energy
generators. \éﬁfﬁﬁhﬂ)}%&ﬁﬁr%@'ﬁb &lﬁﬁabﬂs’é&md nibﬂier‘ﬂmmcswdldt@d rélated he art know

that, with the cut nt sed ctr des, . reducing the
effective sd‘éa%’{ast lﬁ%‘g e | ets za[gg)ﬂfyqnpﬁtl gé'la eéla TR Wi 1 not
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ability to performsurgery nor co gtratec ren ta cause

a.
pati ent t¥audtPossio R fhat poj epo CAEP-YE l%ﬁg%é‘ 2‘6 lsd‘f’ cltoﬁeeprgf’@ét?'r ode
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separation fremchinfr flelsbrgebn fohiRrfBal b fdry. STIAR, iashd frédenidnibodiiegt, by a
surgi cal gown or no interposing gown at all. Such an effe H’ve ar.eq i s easy
to obtain if notwithstanding interposition of some additional capacitance represented by a surgica
20  gown, the features described herein will continue to occur.
Referring now to Figure 4B, depicted is another alternate embodiment of
semi-insulating sheet, referenced by numeral 34b. As illustrated, semi-insulating
sheet 34b can include a protective flange 38. The protective flange 38 is used to
cover portions of table 40 acting as an electrically conducting element and/or work
25  surface 42 of table 40 with which the patient or the user could come in contact. By
covering such portions of surface 42 and table 40, protective flange 38 ensures that
current will flow through electrosurgical return electrode 32. The self-limiting
characteristics of return electrode 1 ensure that current density flowing from the
patient or the user is at safe levels.
30 In another embodiment, as illustrated in Figure 11, the semi-insulating sheet
has the form of an envelope and is adapted to receive an electrically conducting
element within the interior of the envelope, as will be described hereinafter. In
another embodiment, a protective flange 38 is coupled to semi-insulating sheet 34. In

alternative embodiments protective flange 38 includes a separate covering for

35  enveloping working surface 42 and any appended electrically conducting elements,
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return el ectiode, b ENSHES L SHLEAT iIPBRbIN: hEQWLAG] hANING patient or

the user is al a evel's n ano ment, as ustrated in
Figure 11, thepshniemesing dte fogegsing efiterih asmelghétdhewledtricuhingpedaicope and i s

adapted to receive an .electrica n ting,. el n i t.hin e interior
of he envel aaevs sl Anibe sl oY AL Ao EhE IRt i iort B nenc.
a protecti ve patian jpsuBiénsly doupl didwithe siegeon tasufoat ithegprededat vade | n

alternative enbodi nents protective fl.a 38 inpcludes .a.s rate covering
For “38-entiel AT APBEPKTIEREIF s Sy o fnd BRLHAERC S SERREA RS
conducti ng eliedsploped AED BeGBHmbImpRERt 4 ISM84t kBOkih ofkile patieht aaanyt Ibeatiorgs of a
table as shown _ in Fig. 4B. | n yet ot her embodinent, protective flange
38 is coupl ed"§ eéecﬁf%é‘lp%%'&bﬁ’aé}} b%é‘ﬁ’?é TgIX fﬁ)ﬁ@%gﬁ%gg rotective sleeve
used to cover senFiduRsesaltbp giewvE aliothes senfiSingBAing SRREacRbYR to tHegure 5 is a
front viewillustrati ngléa surgical chair 50 5 with sem -insul ati ng sheet

a
34 accordi ng BntieRe AR PR Vel GpdEREPPEROPRE LIk AT I PRE seat
t hereof . £{PONSLAUBAE khbet SlAmdl EanGMoras ’Rmad theBRLoih D Sl FRGveheet 34

collectively forman electrosurgical return electrode. Illustratively,
surgi cal chaijimpedance. The semi-insulating sheet can optionally cover the entire surface of an
operating table or the entire seat surface of a dental or other patient chair to provide a
greater surface area than that of the 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
25  portion of the patient will remain in registration with the semi-insulating sheet
surface, and hence the return electrode, so that the effective impedance will remain
less than the above-described level.
At this juncture, it may be helpful to emphasize characteristics of the
improved semi-insulating sheet and the return electrode that are deemed particularly
30 relevant to understanding the present invention. First, as mentioned above, the semi- '
insulating sheet and hence the return electrode does not need to be in direct contact
with a patient, either directly or through intervening conductive or nonconductive gel.
In addition, because of its expansive size, there is no need for tailoring the semi-
insulating sheet and hence the return electrode to fit physical contours of a patient. In

35  this connection, it has been found that although with selected materials and
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Further reference to Figures 6 and 7, reveal the presence of a conventional
electrical connector 54 attached to an electrically conducting element 47 of the return
25  electrode to provide a conventional electrical return to electrosurgical radio frequency
energy source such as electrosurgical energy source 10 (Figure 1). Connector 54 is
another structure capable of performing the function of connecting means for making
electrical connection to the electrode and/or the electrically conducting element.
Connector 54 is only illustrative of one possible structure for performing the desired
30  function; it being appreciated by one skilled in the art that various other structures are
capable of performing the identified function.
As mentioned above, Figure 7 is a section taken along the lines 7-7 of Figure
6. Figure 7 shows an electrosurgical return electrode 46, similar to electrode 20 of
Figures 2A-2C, except that electrode 46 is shown separated into semi-insulating sheet

35 34 and an electrically conducting element 47. Optionally, electrically conducting
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the lines 7-7 of Figure . gure 7 shows an el ec S i C return
el ectrode 46 alt"srf“?ﬁvle&Pnf{‘%‘rfé!"é%:tﬂ?ed&“é“gwr%?al elefiefiesan E‘ﬁ‘t 2@/ gfé’)?@é’b t hat

el ectrode 46 hﬁen%@ﬁ%tﬁ@ﬁéfo@th%e'oﬂ&%r@@iﬂp‘réd@&d&batl ng sheet 35 34 and an
electrically conductl el enent 47 tignally, electrijcall y conducting WO

03/ 094766 PCT/ USOBigumshis @ sqaion sighighto t aﬁOéE'r%“{?J RutyresantiegHpSItRG MYEtt | ve
| over strat u@nﬁa@@ih‘mhﬁllﬁétﬁﬁ {h%%ﬂa}ﬁtlﬁﬁ’ﬂﬁgﬁl%d b%@%aﬁ@rﬁ%‘é@@h%cd‘o’f&ﬁ@ to the
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energy overlying effectively capacitive layer 48 representing an insulating dielectric layer, a

patient’s surgical gown, an operating room linen, a protective sleeve or sheath for the
semi-insulating sheet 34, or any combination thereof. It should be understood that in
25 addition to a construction similar to that of the electrode of Figures 6-7, electrically
conducting element 47 of Figure 8 could consist of a sheet, plate, or screen of gold,
brass, aluminum, copper, silver, nickel, steel, stainless steel, conductive carbon,
conductive fluids, gels, saline, and the like that can be rested upon another structure,
such as a grounded table, chair, or the like. Further reference to Figure 8 reveals that
30 embodiments of the present invention can facilitate the inclusion of another dielectric
layer 49 covering the lower surface of semi-insulating sheet 34.
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 semi-insulating sheet 34 within protective envelopes in situations in which

35 it is desired to eliminate the need for cleaning semi-insulating sheet 34 itself by



source. In one exenplary form the thickness of the sem -insul ati ng sheet
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sl eeve of i MR MbskSam@idestitidlsleeve. One skilled in the art can identify various other

configurations of means for closing an end of the sleeve. For instance, a flap can
include a removable adhesive adapted to removably couple the flap to the outer
25  surface of sleeve 52. In still another configuration, the outer surface of sleeve 52
includes a portion of a hook and loop fastener, with a portion of the flap having a
complementary portion of the hook and loop fastener. In another configuration, the
sleeve is devoid of a flap and an end of the sleeve is closed using zip type fastener,
hook and loop type fastener, or the like. Still in another configuration, the sleeve has
30 an elongated form so that a portion of the sleeve can be folded into contact with the
outer surface of the sleeve to prevent inadvertent contact with the electrically
conducting element.
One skilled in the art can identify various other configuration of the sleeve.
For instance, the sleeve can be open at both the first end and the second end, with the

35  ends being closed by appropriate means for closing an end of the sleeve. In another



fromwhich sem -insulating sheet 34, after use, can nerely be w thdrawn and
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appropriate neans _for clqgsing an end of the sleeve. |In, another, WO 03/094766
PCT/ US03/ 135 fesistivity p and thickness . An area A placed between a conductive surface, i.e.,

electrically conducting element 61, and the patient may be modeled as a resistor (R)
in parallel with a capacitor (C).
For ease of explanation, we will determine the resistive requirements of

25 electrode 32 for self-limiting in a purely resistive scenario where electrode 32 is
modeled as a resistor in parallel with a capacitor. Following the calculation of the
minimum requirements for self-limiting in the purely resistive case, we will
generalize the analysis for any impedances, whether such impedances result from
resistive, capacitive, and/or inductive components.

30  As such, the resultant total impedance equivalent for the resistor in parallel with the

capacitor combination is



21 configuration, the sleeve includes an opening between a first end and a
second end, wth the first end and second end being closed. This opening
can be clwead/op4teugh one or nore of the various nmeans foPCEUS93/MF10

di scl osed herein or otherw se known to ne skilled in the art in |light of
t he teaching contained herein. 5 TOTAL ECTRODE GROUND PAD | MPEDANCE AND
SELF-LI M TI NG FEATURE Figure 12 depicts an el ectrosurgical electrode 32
that includes a sem - insulatingysheet 34 and an el ectrically conducting
el ement 61; the structure gRJ (-tofunctionality discussed previously with
respect to ot er_ghgﬁsgigally gonfllicti ng eRenents ap %Les to electrically
conducti ng el nt ACThe electrpdé'B%hmﬁpﬂC%Pre sg ifically,

sem -insul ating sheet 34, (B +{—eont)act w ahot her conducting | ayer 63,
which represents a patient therddpon. The self-linmiting feature of

el ectrosurgical return electrode 32 (maintains current densities below a
threshold I evel) arises due to 15 the total inpedance of el ectrode 32,

whet her such i npedanc om sep ing sheet 34 alone or in
conbi nati on mﬂ%@ ﬁ%gc ricdkly coggF@t ng ellenent 61(5§nd/or conducti ng
| ayer 63. Furt héstror ,1L2§269§@¢ i np qap%§26§¥{arise romthe various
resistive, inductive, and/or capaciti've conponents of electrically

conducting ekighEis ab Imagh@f§ cdnip®uém bl fegetaive find3shs drdhgiilachayiendyiand id ayer

63. 20 Electrode 32, whi.ch includes a sem -insul ating sheet 34 having a
bl K r a1t | RS 5 aaPaFt Vrre R LSS SaTElp eshacsy e B M aHed nduct | ve
surface, i.e.ofthecihpelidncenrl | y conducting el enent 61, and the patient nmay be
nodel ed as a resistor (R) in parallel with a capacitor (C). For ease of
expl anation, we will determne the resistive requirenents of 25 electrode

32 for self-1imtigugstititing thRedePbdteh@SIfR AndeC SEMB afeh A, MiGinEsse| @l rode 32 i's
nodel ed as a resistor in parallel with a capacitor. Follow ng the

cal cul ati on OFSEtHEY Prind thedicleeto ronstaateidhg gptedddefingd % ng in the purely
resi stive case, will generalize the analysis for any inpedances,

whet her such R nces result from resistiv )capacitive, and/ or

i nductive conponefits. 30 As such, the resultant’ total inpedance equival ent
for the resistqr in parallel with the capacitor conmbination is WO

03/ 094766 PCT'0S03/13510 22 (R)(.wl1 © R Ztoc = RIl Xc =J 11 + co CR

(4) A
Co K&": 7
ot 1 th 1
IZtot = = ()
A 2 A 2.2 2 2
R e (<

where electric permittivity constant €y = 8.85x102 F/m, the magnitude of the total

15  impedance is given by

t |
P e — <750 (9)
ANl+op'c’ s p

According to the AAMI standard, the total impedance of the electrosurgical electrode
should be less than 75Q under normal operating conditions. Therefore, in one

20  configuration,



(R+(JwC) J _ R _ 1 Ztot ~- 1 R(5) +2CR -1+wW CR2werejis
an i magi nary conponent of reactance, and co is the angular frequency and is
5 defi nedwa3poigé rf where f is the el ectrosurgi cal gener @Carusbs/exfuency.
The magni tude of the inpedance is Substjtuting the dependence of R and C
on the area A, thickness t, bulk resistTvity p, and the dielectric
constant of the material x defined by 10 R=x (6) and C= KsAt (7) _ pt 1
_pt 1 1zZtot | ABFO2 AKco A2 Pt 2 O 1+ C-21f2 82 2 (g) where electric
permittivity c¢@es co = 8.85x10-12 F/mg()?e magni t ude of the total 15

i npedance is givelyq) Pt 212 2 2 755 (9) +w K op According to the AAM
standard, the total inpedance of the electrosurgical electrode should be

| ess than 758WMerfigéine hay nal operating conditions. Therefore, in ong f20
configuration 0 ; W define R
as Ing << 1, Ift[3 \r/l% gl%l{eecet?%%g% %ﬂav??g%ﬁo&czﬁ??efi%%e ?%Tr%éaaéédkg)éhec%grrg%r ed to the
AAM st andar standardd andtbe sugape ovill wot otipoinyrisiadsioa iy thd etpematatgiah cﬁttingh he

el ectrosurgic ' o the el ectrode. |f. >> t he

el ectr osurgi cgc}weglldg%{c’g ged%‘?(:\}\nl%?%g\(/%elshhg ﬁﬁeacgf’sél’rr%%atlFﬁ%@odigﬁvdlég?‘ﬁﬁlgﬂ %he surgeon
wi | | no | ongelardeempbdaece thatpieer fucgenn efilend loagarrbgebly to pdukim glecBosurgetyhe above

Inequality, t g’lngéri)ﬁ’ 2 3bovd itpe%lﬁﬁﬂ}%%hea&p%gsl{grll ft)é[cgﬁespa;[n ce:lc'lue?l‘i:‘)[y:3 A 1+a)21c2s02 p2

pt 1
=75
A \/1+a)21<28§ oa o

(11)

10 In one configuration, self-limiting occurs when the electrode has a large electrode
area in contact with the patient (Figure 16), i.e., a large surface area of semi-insulating
sheet 34 is in contact with the patient; however, in one exemplary embodiment it is
also desirable for self-limiting to occur when the patient only makes contact with a
small fraction of the total semi-insulating sheet 34 area (Figure 12). For self-limiting

15 to work properly, the current density (I/4), where [ is the total current through the
contact area A of semi-insulating sheet 34 and the electrosurgical return electrode, for

an exemplary electrodes does not exceed a critical value

i i
() S ) iea =100 mA/ cm? (12)

AAMI standards indicate that normal electrosurgical currents are on the order of

20 500-700 mA. If we set 1000 mA = I, 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
electrode without exceeding I isicar, the contact area Acontacsminy for traditional

electrosurgical return electrodes must have a minimum size:

‘1. _ 1000 mA

A . Z max —
contact(min) —i_ 100 mA / c m2

os =10 cm? (13)

) critical

It can be appreciated that Jux may vary from patient to patient due to changes in the

amount of time that the electrode is in contact with the patient, the electrical



(11) 10 In one configuration, self-limting occurs when the el ectrode has
a large electrode area in contact with the patient (Figure 16), i.e., a

| ar ge surwaod/osu7e@ of sem -insulating sheet 34 is in conPadtuses/1isie he
pati ent; however, in one exenplary errbogl ment it is also desirable for
self-llmtlng to occur when the patient onIy makes contact with a small
fraction of the total sem -insulating sheet 34 area (Figure 12). For
self-limti ngchhfacte@smroktharpamvhykmtzhae r@s\pﬁtlwﬁtanaiﬂiam&)yt&lahﬁhm ofheste | is

t he total cur ent throu tact are sem -insul ating sheet 34
and the el ect %%‘?OQH é[’%?%le@i’ PROEE m‘F‘B Skmatﬁmé‘?{é'i"?f?r é‘?(&/tﬁ%l‘]é%t rodes does

not exceed a thtahfé&l:tré/s@fgh@l feturn efecttdde6digdetl GlordiddO theYrict ', ik A A AAM
st andar ds i ndi cat at normal el ectrosurgical currents are on the order of

20 500- 700 rrAeVePﬁ‘t Seontagirser Wit the patiept tegyces elpw thg 4opratmasWhile what one

m ght  expgct mhRfaidfy tﬁ@@m\ggaw@nﬁ@@emﬁa@ym@ N X TR A/, Whillis f return
the current to the electrode wi thout exceeding Teritical, ‘the contact area
Acomact (ni n) PyR thresheldt Jfb?P&FraStéh%EﬁeF%WW“@HIhn?”éffflfrws%‘l’lbb’tqf(%@é@ must have a
m ni mum si ze: SR frohPRRdiRicA o%ﬁqe%%%&tadga(bmo@)Am yoy bW \%ﬁ@:dﬂ% \fémn?g =10 cm
(13) (Al critical |t can be appreciated that var rompatlent to
patient due t@edrangsal roredpes w P eongct arpais Slghﬁlcallthere@ced:tmﬁd@fones in
contact with (3510 24
characteristi E(’:}g&(l)e?aﬁ%ﬁ%%p r{’ﬁe}%%eqls}ﬁ) gia{nhg thé/@?&%/gg ;&%H@%uff%écgﬁgét e like),

t he amountl0 of cuseat ! is blédaweém?dbelpwdmda thé<patdient , the patients initial
skin tenperat i el ectrode
desi gned accojrgglglﬁgatﬂgnﬁ%gadc% ?%FVCCI}%E lgmgm%lgéetl%ﬁéej\é/vg[ﬁ;d Fetgﬁl{gl ’“”F’ﬁ’%g%%{)tﬁ? act area
with the patilerger meigliodds i siowlt he Aconract(n,in), while 5 maintaining the
In., a burn may result because (I/A)criticai > 100mA cnR, which is the

burn threshold. In contrast, the present invention limts the possibility
of a burn caused froma reduction of the /glont act area bel ow
Acontact(n,in), while also preventingf=efectTosurgical pr ocedur @s4mhen the
contact area is significantly reduced. Tﬁlqeqezc@frmre by sel ecting the
appropriate i npedance of the electrosurgical return electrode, the 1 o
current | is al ways reduced bel ow | max when A<Acontacr( nin). As such, the
i npedance bet ye@feitRen ﬂ(ﬁmltﬂro%hQHé dresheondlitdat A b QG AfeqRatiaf btk hregnd t he

| arger netal foil is_not si nB
Acontact(miny (Figure 13). Approximately 10-20% more current flows through the

patient contact area A oniac: than one would expect if the total area of the semi-
insulating sheet 34 were Acontaciming. Equivalently, the effective impedance of the

20 electrode is 10-20% less than what one would normally expect if these edge effects
were not present resulting in additional current flow.

As previously mentioned, Figure 13 reveals current flow distribution through
the semi-insulating sheet 34 of the electrode when the upper contact area with the
patient is much smaller than the total electrode surface area. As depicted, current

25 flows through parallel paths around the contact region thus reducing the overall
impedance to current flow and thereby increasing the effective area about 10-20
percent. In the Figure, the opaque or heavily hatched region denotes heavier current
flow, and the lighter or lightly hatched region denotes lesser current flow.

In order for the electrode to be self limiting, which is efficacious as defined by

30  the AAMI standard, Acontaciminy can have a value from about 7 cm? to about 22 cm?,
and in one configuration about 10 cm? for electrosurgical currents between 100 mA
and about 2,000 mA. Similarly, § can range from about 10 to about 50, and in one

configuration have a value of about 10. Using the various values for Aconactmin and B,



Pt R ~contad/mn) (14) 15 as current can flow through the areas not
directly below the patient contact area Acontact(min) (Figure 13).
Appr oxi mawelog/090620% nore current flows through the pati @c/usSosri3see area
Acont act than one would expect if the t tsal area of the sem - insulating
sheet 34 were Acontact(m n). Equival ently, the effective inpedance of the
20 el ectrode is 10-20% | ess than what one would normally expect if these
edge effects nvsq;roemtn@to mxeﬁlnandnembﬁﬂhagudkﬂesa@dé5'ﬂmatadn Fuigwmt flow As

previously nentione ure 13 reveal s current flow distribution through
the semi - i nsulcsirHy ps‘ﬂ’igggéreé‘ﬁelﬁﬁm’ts?‘lré‘céll g@@?rﬁ@ﬂge%‘?%ﬂest%é”}ﬁlﬁﬁ%ﬁm%ﬁt act area

with the pat et of 12 fHbouRITRY kteredg&af&cfsfa@schgécaéboeé erlthoppticrf ace area. As
depi ct ed, current 25 flows through parallel paths around the contact region

thus reduci ng' Pﬂ@t‘&/%"fl'&‘?q‘me‘}tﬁﬁé'éfé‘?ﬂ:@“t‘% “&fﬁ?t%‘?f 13 ispchiilgd tifbindBs, i ncr easi ng

the effectivergkayahe HacthReddmsREiHe@Qhatioh;holWder Tt SHAY Be apIEciARBHHGOT
heavi |y hatched regi on denotes heavier current tlow and the | i'ght er or

lightly hat chddlleddnhsartdan Sredactpreafd & is sepmeipidepandont forpod the Fesistive andle

el ectrode to Re:sRkferhl Qﬁ&ﬁlﬁbgvary‘h}xﬁcﬁltlbrﬁlll§ftﬁé%fé&‘isz @%as%@foh Aed by 30 the
AAM st andard, Acontact(m n) can have a value fromabout 7 cn2 to about 22
cm2,  and in HHETaEEHEIOFFEHOF e DEsELY dPEFTI@PQSGﬂdem@DEGWWQ@QGI@GYV@Mr rents
between 100 ”ﬁth@ﬁb@n@@%#gegggod%arlﬁ'tmaéc%ﬁnt rtﬁeﬁ Out fg&g{labom 10 to

about 50, and in ©one tonfiguration have a val ing the
various val ues f n and B, WO:03/ 094766 PCT/ US03/ 13510 25 it
is possible tg-s %%é%géazuzg 1& PorPiHe €ifi ckness t as gigynction of the
bul k re3|%t|V|ty p at dlffer?jlt el ectrosurgi cal generator frequencies co,
while inserting a factor of 2 to account for the edge effects described
above. | n theTipartulting e@natxdnl(wush idehiifie aadrbefthesrthe intelrdativastdps dfer ei n, t he
factor of 1.2 is |ncI 5 resistivity and reactance terms of

t he equati on; %ﬁ%‘ié%? gﬁ%ﬁlnﬂgat&’ﬁ Beciated by one skilled in the art

that the factor of 1.2 is geonetry dependent for both the resistive and

the 1T ust r Al noePguBabd by e ChBlosrEedia ietaie Rt Uk it g

el ect rodelﬁndwmﬁsenﬁaﬁsyllatlﬁg sﬁeheszgﬁmmsg Yed@ifringhe-5 e lrae agefiny @hii€s to account
ts. 10 ts 1.2 A(75 ~8) 1+~2p2K2s0 (15) P The

for the di ffere t ed%f‘ﬁtg1
resul ting equdty "H‘r‘i‘gé ey daﬁlﬂ‘g@@PF‘H%§’°tﬂﬁéa‘1gﬁtf@F’r@Oélftq dshi ps of
paramet ers af {R6t4 Mehes edtout 1.5t/kab YA} 10.5 cm) and in one configuration about 1 inch

1 thick (about 2.5 cm). Above these thicknesses, the semi-insulating sheet 34 may

become unwieldy to use and uncomfortable for the patient. Thus, to be self-limiting,

20 the minimum bulk resistivity for an electrode of such thickness is about 4000 Qecm.

The preceding equations and discussion are representative of the bulk

resistivity for the electrosurgical electrode to be self-limiting. It may be appreciated,
however, that the above analysis may be repeated to obtain the self-limiting
impedances for electrodes modeled using primarily capacitive or inductive

25 components, or combinations of resistive, capacitive, and/or inductive components.
Therefore, following is a discussion of the self-limiting requirements for the bulk
impedance of the electrosurgical electrode, whether such impedance arises from
resistive, capacitive, and/or inductive components of impedance.

OTHER EXEMPLARY EMBODIMENTS

30 The self-limiting behavior of the electrosurgical electrode of the present

invention results from the existence of sufficient return impedance to make an
electrode site burn impossible when the area of contact between the patient and the

electrosurgical return electrode is substantially reduced. As shown above, the



Usi ng Equation 15, Figure 14 illustrates the variation of m ni mum bul k
resistivity, 15 wth sem -insulating sheet 34 thickness, requiring x=5.
The maxi neimos®pi766 | nsul ati ng sheet 34 thickness one coul d PCPAPOSIESSUEI Ng
woul d range from about 0.5 to about 4 i,nches (about 1.3 cmto about 10.2
cm) and in one configuration about 1 incC thick (about 2.5 cm. Above

t hese thicknesses, the sem -insulating sheet 34 may becone unw el dy to use
and unconf or t edaitendtion of the nainnen tlectlostigicat drfests 81 G0l Alcbiphd williné he

m ni mum bul k resistivity for an_ el ectrode of such thickness js about 4000
92-cm  The p‘iﬂg‘&‘éem‘?ﬁ‘bthé(\;%%lf‘?rﬁﬁﬁ‘gd%%b’?ﬁ@Bh@“@?%io%mé/ g piidd BPYR of the
bul k resi sti yifd donfef arbhef ®WREt rosurgi cal electrode to be self-limting. It
may be appreciated, however, that the above anal ysis ma){ be repeated to
obtain the sel f- | ilfigenssd) thisfprismercan By mel with pydBEbrpASISHoRIS | ng pri mari |y
capaci ti ves or cdnipdHé&rtt NSOkEPtoeOMBIAR Qtichs cMfi Fh@ighﬁﬁ{clu‘aﬁ'% sBfiesl=88 bahild( €

capaci tive, and/or inductive conponents. .herefore, followng is a

di scussi on of cqHdnagiens ofj apacitpisgresigtansi and gien igdyciers.toievidad|that thedpileldance of t he

el ectrosur gi Cglpe8iee bt fd BMIES RS ' Iy ,Stive,
capacitive, an /eor i ho?ucti vﬁg}con%trﬁlzérﬁ%u%fgp iggn%gggsn%eg{réd@ﬁé%mgﬁék/%ﬁﬁRY

. p)

EVMBODI MVENTS 3@‘6%@6(@1@¢C.ft0|1pmj ng behavior of the electrosurgical electrode
of the present [ myehRhokPiitichiot LA LGHPELER Akl SUIDIELENhe! ST UMD

i npedance to make an el ectrode site burn inpossible when the area of

cont act bét weemoviide semiiinylatiag sheehi#t and elsetricaliogilesting elementroledfshe r ode i s
substanti al | y,eduged SREWMY AP . P /313510 26
conbi nati on o? the gﬂ%%ﬁ] ef)'ecttr.og%gaﬁa%%%m\éﬁh?en gégo?glfég%&#g o‘ﬂ}% ed with
the requir enespecitiveatesistiee, eud indurtivel progértiys dfahdamgerideinoented ®otweed the? yi el ds a
m ni rum saf e_c.ont . J hi s, requi repent can be
nmet with any %agl?r]%ea?lgrg}eqéﬁﬁglc%%%?%Cg%g%%{p}gﬁe:m%gﬁﬁ?g a(gﬁét(())fge %tFH%H’ Various
conf i gur at i onglumaindeptindent seajuesofdhdimpadanke ef the merbibnirinomgsenf- capaci tors,
resi stors, . an i i tor rovided that the total inpedance presented
by the reslijl tﬁﬂgat@%rséét}e?? E’Sgatz%%ﬁﬁug%%e%eﬁl d%n?’eaﬁt er when the contact area is
reduced to 10 cn‘@A)(Zt[&n)e the total inpedance of the circuit between the
return electr@de;—+-e——the 10 renovable se(rlé) nsul ati ng sheet 34 and
electrically conduct { ng el ement 61, of the electrosurgical generator and

t he pati ent Thi_s Jd.npedance | e rted]gg{.the capacj tive,
resistive, ara%erlg-rlﬁ&c?%}: GNE OEF}%:;'QS“&% rilaggndo'?ls gﬁgﬁﬁ&eéﬁ‘i %! ﬂaé%g(of‘g% the(at ween t he
patient and tiektioeshipirtedendie adane dpertient ohti¢ Resistahed Ik andpeetttae” of the
material 9, lume independent characteristic of the resistive material called the “bulk resistivity”
20  p described earlier.

One manner to describe the self-limiting requirement is expressed in terms of n;

IZTOTl = %ﬁl >75p
(17)
25
Or therefore
(75 PA
| > ===
(18)

For the previous case (minimum bulk resistivity specification) we used

30 A=A.conactimiy=10 cm’, (about 1.5 inch?), p=10, and t=tpe,=1 inch (about 2.5 cm), and a



vol une i ndependent neasure of the inpedance of the material formng sem 15
i nsul ati ng sheet 34, that is frequency dependent, as: 77 _ (A)(ZTOT) (16)

t Here Awe whetias ea of the material and t is the thi ckne®€T/UB/ 63516

anal ogous to the relationship between thie vol une dependent ohm c
resistance R and the rel ated voI ume in pendent characteristic of the
resistive material called the "bulk resistivity" 20 p described earlier.

One nmanner t ofad®s6f 1.D€o ddeurs Erfeddd dfictis AGfiiEUb HEIBRE rdsiitiRIURDTRLCAIN t er ms
of TI: |ZTOTl, =t1171 >75,8 A (17) 25 O therefore 1171 > (75 fJA t (18)

For the previ ggdrodsse (m nimum bul k resistivity specification) we used 30 A
Acontact(m n)=10 cnR, (about 1.5 inch% %goqlﬁ and t=tmax 1 inch (about 2.5
cnm), and a WO 03/094766 PCT/ US03/ 1351 ¢tér of 1.2 to account for
edge effectsn{ jll nd that for a pure resistive electrosurgical electrode,
l'i 71 >400052c P% 9) 5 Therefore, in the purely resistive case, the bulk

i mpedance £ Tl by drstoted Githd gﬁr r@s?stx%" SQ Lfflé‘bul eﬁ&ﬂc}é I( Ms fd@%‘uff&i of B pifRnducti ng

material in the el ectrod he res ver, ‘generalize
to all materi&pistivlydpeolidhe ¢Qnda¢tlngmmabmtﬂ@e elwtmdeudT h¢gesuﬁsmsﬁquam)n 19,

capaci tive, aﬂ&tvévgxd%«gﬁeké{?e {:lgr'i-'%lssandaefé%r%nl?/co%% n'?s CRIHS g%&%@&%‘; tAS I ong

as the bulk i ce o rosurgl ca ers han
4000 92-cm t WMGVQ; larectmdmlere wirhponigs, sied fm}I ¢ombuna|tlgns thﬁg‘a”r dsdag awfthenhet her

the self-1i m %degglla% Q@c\é'oﬂ e ezeé:?&glggi%ﬁ?{e&%)idgtsl %Vgee térrﬁg L@Bg gzgcg%?]?cﬂgl tive

i npedance, edances. As
alternateld I | eledtrode wléb@sdﬁaiphiﬁag, regasdless ghwhatloa shier setfilinditisgebehatiomis Hi g

o ort Lostr 9\ BirestSE QA fec! iR RAMAE IndELARTnBaNG, ek Pl ate coated

combmatlon of these impedances.
As alternate illustrative examples, one might construct a self-limiting electrosurgical
electrode using a conductive/resistive return plate coated with an insulating

15 (dielectric) material or one might construct a patient gown out of dielectric material
and use a metallic or resistive return electrode. The total effect of these devices
would be to create a resistive impedance in series with a capacitive impedance.

For the above defined illustrative examples that model the return electrode in

terms of resistive and capacitive impedances, the total impedance of the

20 electrosurgical electrode is the sum of the resistive and the capacitive impedances:

1

ZTOT = R+ E‘é— (20)

In terms of the material bulk resistivity, dielectric constant, area, and thickness, the
total impedance is:

ot t
z =yt
or = AT joxs, A (21)

25 By multiplying both sides of the equation by the area A, and dividing by the thickness

t, we can derive the bulk impedance 7:

1
Jjoxs,

n=p+



15 (dielectric) material or one m ght construct a patient gown out of
dielectric material and use a netallic or resistive return electrode. The
total ef fwotozop476bese devi ces would be to create a resi sPCTASOsEESdance in
series wwth a capacitive inpedance. For %he above defined illustrative
exanpl es that nodel the return electrodg in ternms of resistive and
capacitive inpedances, the total inpedance of the 20 el ectrosurgi cal

el ectrode is sum of the resistive and the capacitive inpedances: ZTOT
=R+ 1 (20) Yj In terms of the material bulk resistivity, dielectric
constant, ar e@he @a¢hifubé 6/AEBHK iniftBanck@:al i npedance is: TOT = pt t (21) A
+ JCOKSQA 25 By nultiplying both sides of the equation by the area A and
dividing by the thickness t, we can derivye,the bul k inpedance ri: 77=p+ 1
JVWKSO WO 03/094766 PCT/ US03/ 13510 2§U=f i Thﬁ;ggggrtude of the bulk

i npedance is: 1)71 - p2 +1 2 (wKBO ) (©3) 5wk require 1771 > (75
fl)(1l. 2A) (24%%3} Then a+ 1 Ac L _ P (wKSn )2 t 1.2(75/3) 1.2(75 /3)
(25) 10 As sukfr/the edge effects reduce the bulk inpedance of the

el ectrode by ghout  .10-20 percent, thereby causing a corresponding increase
in the effective area of the self-limting electrode by about 10-20

ercent, and ducing)iihzApossi bility of
p S D (24
Then
\/ 02+ 1 g
PO )
t 1.2(75 pB) 1.2(75 p)
(25)
10 As such, the edge effects reduce the bulk impedance of the electrode by about

10-20 percent, thereby causing a corresponding increase in the effective area of the
self-limiting electrode by about 10-20 percent, and reducing the possibility of
unwanted electrosurgical burns.

Figure 15 plots A/t vs. bulk impedance n for various electrosurgical

15 frequencies. The y-axis has the minimum ratio of A/f in order to have self-limiting
behavior as a function of the bulk impedance. Note that we require bulk impedance
always greater than 4000 Q+cm. On the right hand side of the plot, all of the curves
merge into one. In this regime, the total impedance of the circuit is dominated by the
resistive component and is, hence, independent of frequency. On the left hand side,

20  the circuit impedance is dominated by the capacitive conduction of current. One
requires area to thickness ratios of several hundred to about 10,000 in order to provide
sufficient total impedance with the low ohmic resistance in this region.

The resulting lowest possible bulk impedance, therefore, is greater than that
anticipated by the Twentier United States Patent No. 4,088,133; and, consequently,

25 the self-limiting electrode 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
impedance, such as the bulk resistivity of the insulating material, independent of

electrode area or semi-insulating sheet thickness.



unwant ed el ectrosurgical burns. Figure 15 plots At vs. bul k i npedance i
for various electrosurgical 15 frequencies. The y-axis has the m ni num
rati o of Wbtodjop766 der to have self-limting behavior as &Charsos/izasm of the
bul k i npedance. Note that we require buI i npedance al'ways greater than
4000 fl-cm On the right hand side of th plot, all of the curves nerge
into one. In this regine, the total inpedance of the circuit is dom nated

by the resistive cUNIERRELANONSHIFFOEGEOMIANaREaATERIALSqUENCY. On the
| eft hand side, 20 the circuit |Eﬁecance IS dom nated by the capacitive
conduction of current. One req kness ratios of several
hundred to about 10,000 in order to provide sufficient total inpedance

with the | ow ohm c reS|st(P%§ in this region. The resulting | owest possible
bul k i npedance, t H&7BfHaed 4 V%lFé%‘E%rlztlﬁé‘FP sehforth tydefingithseacemetsips e
Tventier Uni t @dracledibi®s oPabRAkLs BRplogedi8BbthBrihe BMhoine QO ‘ﬁﬂ?@&telcﬁon 25 the
self-limting electrode accordl(g o the invention hereo ppears to be
nei t her taught norPisggesyed heirinager to pregent illustrative infermation andlimg t o t he
i nvention hergah 1eqallatebeo§§e§1w Aking HeUoRRgHd QMR fhrough a
sinple test of tﬁe bul k |rrpéélasrl%cel ésuchoasﬁgﬁ ° F%%are%lslél%}sb??l\a/}%i/ of the

i nsul ati ng medletiods WheﬂSwmwﬂtancﬁlewéﬂa@b?@du@mare@meot whighimdyrtewsat i ng
sheet thi cknegseleMBsH3{H &Q@mggagl TLONSHI PS OF
CENETR ES M Aoy %@mﬁﬂ@&%%ﬁg@o%& Eefiiees 12- 18
are set f &t hselfdingieing. n/élthoﬁéh @mm Isepda hereinsvihasmmetite mi slbctocsungicahat erials
enpl oyed to oltable hisidnd: ng cussion will be
made herei nafter touprlesner’(lg%m%r a%ﬁie‘l/%lc{)/ﬁeﬁ%% %ﬁ}ﬂlﬂﬁxg%egﬁormé ?"él rel at ed
to a sem -i nsUpEpPlehfay h@éltovkéiefhfqr rsistive and mdteaveecoadtﬁqunn,tasdmahn byebner n

el ectrode, When.Gevptgd W th an electrically conducting el ement, which may
be used for electrosurglcal procedures utilizing capacitive conductlon
while still renni fiigwge l@depwlt#anlqlmrosun@calélecﬂrmiagih ud:ﬂmhngsmeﬂnuricallymde herei n
wi th respgect ctrod ctio under, capacitive
conduct i oﬁc sc%o{r?ﬁhfé ok Ll@%&ég ?%ﬁ‘?%ge%?lhl Scl)lrarrlulatl P Fﬁﬁ? Kﬂﬁf@é’ﬁé@%@“& ovi ded
for resistives dmknﬁsndland argeAc helsantitiosulatiag sheeoWhis inyconmet whkhddied i n t he

art. Figure clrosur ical electrode 60 including an
el ectrical l yjc% con rlaé%gw% F%rctsergg ﬁaﬁ'ﬁme{[ll%rg‘r’ﬂol’i ﬁ%?léfﬂ‘?tﬁéng feet 34 of
mat eri al wi t hmdglglekl as es&sﬁstarRllhparaDel withi acdapestsr € (lagﬂe arvearm® reslddice R is

- I d I 63,
ohi ch 1 opr esCRET Pﬁ@ﬁ%fsflkﬁfé%%%?ﬁ#@l{knﬁ T

20 = K
(26)
The capacitance C is approximately related to the area A, thickness #, electric
permittivity constant €= 8.85x10™"? F/m and the dielectric constant of the material K
O Kg,A
4
25 (27)

The magnitude of the capacitor impedance is

Xe oC  wkg A (28)



nodel ed as a resistor Rin parallel with a capacitor C (Figure 17). The
resistance Ris related to the bulk resistivity p, area A and thickness t
by the fowouBa@266 R = Pt A (26) The capacitance Cis PCT/US03/13510
approximately'related to the area A, thi%kness t, electric permttivity
constant cO = 8.85x10-12 F/m and the diélectric constant of the material x:
GisOAt 25 (27) The magnitude of the capacitor inpedance is _ 1 t XC
COC CO ' COA (289 rall®OYLIhR LA fRTdUdD0 Ble Lagutive 3ith Ih@e bakd® fI¥w ke te current
flow due to tgF ca aciéﬁye path to the current flow due to the resistive
path is 1 WKSOATPEUYPALK —c)KSOP R Pt (29) 5 The ratio Y is independent
of sem -insulating sheet 34 area and { hi ckness, and nore generally, the
ration Y i s i ndependent of el ectrode-area®&fid} hi ckness. The ration Y is
dependent only upon x and p. ForgpLLKgipally capacitive coupling, Y >> 1,
whereas for principally resistive

~Curtent, oY <<19%qpe boundary between the
capacitive current 1o and the resist+ve cu+rent is Y = 1. 1=2rfKcop (30)
We can use this, along with the valukof sopfto find the values of p for
capacitive conduction, given nom nal values of is and co=27rf where f is

t he eIectrosu(%ﬁkaJ 15 generator frequency. 1 '(r)_ 2az f K co

5
The ratio Y is independent of semi-insulating sheet 34 area and thickness, and more
generally, the ration Y is independent of electrode area and thickness. The ration Y is
dependent only upon x and p. For principally capacitive coupling, Y >>1, whereas
for principally resistive current, Y <<I. The boundary between the capacitive current

10  and the resistive currentis Y = 1.
1=27 fxeg, p
(30)

We can use this, along with the value of €, to find the values of p for capacitive

conduction, given nominal values of x and @=2zf where f is the electrosurgical

15  generator frequency.

-1
P 27 [ K &,

(1)
For most insulating materials, k ranges from 3 to 5. Commercially available
electrosurgical generators presently have operating frequencies ranging from 200 kHz
20 to4 MHz. For x=5 and f=4 MHz, in one configuration p > 1x10° Qecm for the
electrosurgical electrode to return the majority of its current through capacitive
coupling. For x =3 and £= 200 kHz, we require p > 3x10° Qecm.
The percentage of total current derived through capacitive coupling is given

by



(31) For nost insulating materials, is ranges from3 to 5. Commercially
avail able electrosurgical generators presently have operating frequencies
rangi ng fworma90ekHz 20 to 4 MHz. For x=5 and f = 4 MHz, PCA/UusN&13510
configuration p > 1x105 t2-cmfor the giectrosurgical el ectrode to return
the majority of its current through capacitive coupling. For x =3 and f =
200 kHz, we require p >_ 3x106 Sch1 The percentage of total current
derived through capacitive coupling is given by WO 03/094766
PCT/US03/13510 31t ct=1X IRI2 = (A)2 Pet-_ A+ 2 112 +I Xol 2 (pt)2 +
t 2 11XCl1A ASCKCO p2 (s 2} )2 2 1 Eﬁ(sCKCCp) 2 P + OKCO (32
Figure 18 illustrates = pqrcenqage iﬁﬂﬁpk Capaglt(ve caupl ing for various

frequency el ectrosurgical jé;ﬁ‘ he (& ehe 1 4 ), a mninmm
bul k i npedance of 5 105 9 sed for the nAjorl y¥x@f) the current to be
passed t hrough capacitive coupllng It will now be‘evidént that there has
been descri bed herein sem -ins atlng (aﬁewﬂ 34 for use in an inproved

el ectrosurgical return el ctro e c g by being generally
i f 1 GBS RY

el ect r ode- shaped and eV|de2g being self-limting, when
1o used to create a functional| £ke trode whi | e being reusable, readily

cl eanabl e and obviating the necessity for use of conducting gels or
supplenentarygyz cuit nonitoring equipnent. Al though the invention hereof
has been described by way of exenplary enbodinents, it will be evident

t hat adaptatLﬁgmea&dhmndbimeambamge@%yab&mﬁmﬁh&pammgﬂiw&mﬁwﬁﬁmdﬁparting

fromthe spirit and scope ther t inventio be epbodied in
ot her specifi ?:lecﬁr8f%%1°%£ﬂ%ﬁf’rs ggb‘ﬁref‘ Q{Lﬁ\gﬁ% ¢ Jindgyup bu rﬁf)fm%%@ﬁp al

char act er i st i D8 Q-dih & dedoF t}ieeﬁhj(ﬁtfpeﬂlhﬁeﬁﬂr@t 'R patsed eopdnrapadrived i n al |
respects onlya%&ﬂgletrative and not restrictive. The scope of

It will now be evident that there has been described herein semi-insulating
sheet 34 for use in an improved electrosurgical return electrode characterized by being
generally electrode-shaped and evidencing the features of being self-limiting, when

10 used to create a functional electrode, 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 exemplary
embodiments, it will be evident that adaptations and modifications may be employed

15 without departing from the spirit and scope thereof.

The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are
to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims rather than by the

20  foregoing description. All changes which come within the meaning and range of

equivalency are to be embraced within their scope.



the invention is, therefore, indicated by the appended clains rather than
by the 20 foregoing description. Al changes which conme within the neaning
and rangewofo3/oeqeé val ency are to be enbraced within their PETAe3/1340
03/094766 PCT/US03/13510 32 Wiat is3Zlainmed is: 1. A sem -insulating
menber for use with a separate conducting elenent, the separate conducting
menber being electrically coupled to an el ectrosurgical generator, the
menber conpri $inagis chinedikeet of material having an effective bul k i npedance
equal to or greater than ahout 4,000 Q -cmwhen said sheet of material is
substantial ly in contadt SeRigipsu mgé@@lber for yrs pithyseppate seipliptingelemmtiuct i ng

el ement. 2 Thﬂlerfﬁﬁméc@a@arngm&glb%pbﬂgaéléarioanwpfédno anéldotRfshghl ve bul k
i npedance of said sheet corrprl ses el ectrical components selected from at

| east one of 8oPGraiprytEe MEMbHLOpPRpBEent , a capacitive component, and an
i nductive gonponeny shed-of MARHIBINES oA SHRLIE BﬁlktnﬁpeGaﬁ‘éerQq&al tYBeLEkG 1Al d sheet

conprises a layer of dielectric material having a defined capacitive
react ance, saiﬂlﬂ’ut HYU Qeanvherseidgheet aimafpualiy subgiantisdly dnpratast wite girehstt i ng

el ement. 4. THEaBNRELpAGEUofdRlnd QefdRi M 1, Wherein said sheet conprises a
15 | ayer of el ectrl cal Ip conducting materi al havi ng a designed bul k

i npedance equal tc* or Tge&wember akerdingtiolitaing 100Reréin said wifestive Al sheet  of
material is SHH%H%E b?éa %sh'e& b f@e@%lect}%ﬁl Qor?]f;or{lvﬁ@%gle&ecpﬁ th aPleadi PG §EParate

conducting el ement. ern sheet conp rlses a
wor ki ng suf f a@EeSIS%‘(ﬁﬁOh@Qn%ﬁ atcapaﬁetwp@smmr@n@wdan ludlwtlamompmmtor in close

proximty Lo a patd ent gthfooeaRRERSEILAL 1AL Lo WIGT Esald sheet i

reusable. 7. The nenbe erein e separat e Com Uucti ng el enent
conpri ses a nieyalof diekerwic ngaterihbavingendefined caphdiiive r&actamhe rsaid tayeheéntethay at e

conducting el W&%é{m@%ﬁ?% ?Anﬁﬁ&fn %%mext conducting liquid. 25 9. The

menber of claim1l 806 ¢onduct i ng el enent conprises
el ectrically conducti ndhearchbar et@lc@rdi«ngtdOlanﬂ'ﬂl,ewhmmheaudeﬁeecécaﬁpﬂsélsa further

i si . 11 The menber of
Crarm 1. " ahor S RECRE o RE Ky BREUAR TP b B anboans GE R ve t ne

separ at e condgredtemtbansdbeneh®Q0 Q*cm when said sheet of material is substantially in contact
with at least a part of the separate conducting element.
5. The member of claim 1, wherein sheet comprises a working surface
configured to be positioned in contact with or in close proximity to a patient.
20 6. The member of claim 1, wherein said sheet is reusable.
7. The member of claim 1, wherein the separate conducting element
comprises a metal plate.
8. The member of claim 1, wherein the separate conducting element
comprises electrically conducting liquid.
25 9. The member of claim 1, wherein the separate conducting element
comprises electrically conducting carbon black.
10. The member of claim 1, further comprising an insulating sleeve
enclosing said sheet.
11.  The member of claim 1, wherein the sheet comprise an interior adapted
30  toreceive the separate conducting element.
12.  The member of claim 1, further comprising a protective flange
enclosing the separate conducting element.
13. A member according to claim 1, wherein said sheet has a
predetermined thickness and wherein the relationship between the bulk impedance,

35  the surface area, and the predetermined thickness of the sheet when said sheet of



12. The menber of claim11, further conprising a protective flange

encl osi ng the separate conducting elenent. 13. A nenber according to claim
1, wher eiwogdiogh7shreet has a predeterm ned thickness and WRaoErEsos13she

rel ati onship between the bul k i npedang®, 35 the surface area, and the
predet erm ned thickness of the sheet when said sheet of WD 03/094766

PCT/ US03/ 13510 33 material is substantially in contact wwth at |east a

part of the smpefidtiesubomtisglyiimontRt WRM Rt LpHedf tResphvtelcbfiueanat i on: 602
1.2 A(75),8 V.1 + w21 % EE t= P where t = thickness (cm 5 x = dielectric
constant of |AEUFYASHE rthepaualion:t ot al i npedance di vi ded by the AAM
standard (75 ohns) CO = angul ar fr yrof—electrosurgi cal generator
(radi ans/sec) 11 = bulk inpedancgJ%%Zﬁf,B% {6oNI % 6f ect r ode area (cnR) so =
electrical permttivity constant (F/cm. 14. A nenber for use with a
separate COI’ldUﬁtl ng rrerlber,&tkg(gﬁségga ate conducting el enent having an

el ectrical cofifd€t’or to an gi cal generator and 15 in conbination
with the renovabl e menigslecaitd ®nasntaninehi@beogeiagi cal el ectrode, the nenber
conprising: a,sheet of terial having an effective bulk resistivity equal
to or greaterPthan abdPff ‘K‘PB‘%@C%‘%W‘%PV&HC Lapdand (41 © §eri al is
substanti al | yoi n cont aghgirifieqaéncl e8tctrosurPRiltgepératohe separate conducti ng
el emrent. 20 1(5. .A menber according to claim 14, wherein said sheet has a
pr edet er mi ned" 34 ERFBss and wherein the rel ationship between the bul k
resistivity, fhe =surfagrimpedna@-tde predeternined thickness of the sheet
when said sheet of material is supstantially in contact with at |east a
part of tA® s@pardie cEHatiRdeidtd @enent are defined by the equation: 1.2
A(75),8 +C2 qg K2 602 eRetricalpermittivity constant (F/cm).

14. A member for use with a separate conducting member, the separate
conducting element having an electrical connector to an electrosurgical generator and
15 in combination with the removable member acts as an electrosurgical electrode, the
member comprising:
a sheet of material having an effective bulk resistivity equal to or greater than
about 4,000 Q+cm when said sheet of material is substantially in contact with at least
a part of the separate conducting element.
20 15. A member according to claim 14, wherein said sheet has a
predetermined thickness and wherein the relationship between the bulk resistivity, the
surface area and the predetermined thickness of the sheet when said sheet of material

is substantially in contact with at least a part of the separate conducting element are

defined by the equation:
N 1240981+ 0* ' 5}
yo)
where ¢ = thickness (cm)
K = dielectric constant of insulating material
B = total impedance dividéd by the AAMI standard (75 ohms)
® = angular frequency of electrosurgical generator

30 (radians/sec)
p = bulk resistivity (Qecm)

A = electrode area (cm?)



P where t = thickness (cm K = dielectric constant of insulating materi al
R = total inpedance divided by the AAM standard (75 ohns) CO = angul ar

f r equencywofo3mbge6é r osur gi cal generator 30 (radi ans/sec) pPETHS0K13510
resistivity (I "em) A = electrode ar&n (cnR) WO 03/094766 PCT/ US03/ 13510
34 so = electrical permttivity constant (F/cn). 16. A renovabl e nenber
according to Claim 14, wherein said sheet conprises a 5 |ayer of

dielectric mageriat hawdgical stehitnes coaag (t/tMg reactance, said |ayer
contacting an overlying the separate conducting elenment. 17. A nmenber
according to Claim 14, wherein said sheet conprises a |layer of dielectric

material having a gefi ngedable neMBer RAGHRREECIafA1E WIRYES shPdeact i ng and
overlying the separate conducting elenent. 10 18. A nenber according to

d aim 14, whef@P158%3 d sheet is renpvably coupled to the electrically

conduct i ngs el pERNrdicl@iricAn&t& TR UAR L ARMEE EaphQlivai38ctAR e Baid@hyler HntAng
el ectrosurgical electrode that conprises the renovable nerber and a

separ at e cond#teverlying[teareparatn sonduefingielenanéct ri cal connector to an
el ectrosurgi cal geper at@fnem‘b@xeac&ﬁ&ﬁﬂg’%%ﬁin@&%er&?sa@@%ét‘cgfﬁlgg%etsIﬁrllz%)%?et of

material configured to substantially cover the separate c _ el ement
and havi ng anoldi¢leeiri¢ (natepal Havingp defidned dndugiied repatange, sgiddaereontasting adout 4, 000

0-cm when sai gve?l??l%tt ée)ﬁfeg%{ﬁ?&%%m%elé gontact with at |least a part of the

h
separate conduc g _ e removabl e menber according to
clai m 19, lvher ei n the sepambtraccarding treCliaing 14 véhwein saidshgettiatsinovatl . The

r enovabl e m"@(ﬁékﬁ%%%ﬁ#ﬂicﬁlﬂ/&hﬁ\lc@b%glem erein the separate conducting
Ir. : va nme

elenent is a c e reno er according to claim19, wherein
t he sheet 25 conpld sesA enpvatieniember Ht wgea p@Bof ahreectresungicd klectneirber

according to ﬁlla?éomp%fges t%l%'in%lvgblé rrrllgmgeqea%& a separate conducting element having an

electrical connector to an electrosurgical generator, the removable member
15  comprising:
a sheet of material configured to substantially cover the separate conducting
element and having an effective bulk impedance equal to or greater that about 4,000
Qecm when said sheet of material is in contact with at least a part of the separate
conducting element.
20 20.  The removable member according to claim 19, wherein the separate
conducting element is a table.
21.  The removable member according to claim 19, wherein the separate
conducting element is a chair.
22.  The removable member according to claim 19, wherein the sheet
25 comprises a protective flange.
23.  The removable member according to claim 19, wherein the sheet
encloses the separate conducting element.
24.  The removable member according to claim 19, wherein the sheet has
the form of an envelope for enclosing the separate conducting element.
30 25.  The removable member according to claim 19, wherein the sheet form-
fits the separate conducting element.
26. A removable semi-insulating member comprising a sheet of material
configured for use with a separate conducting element as an electrosurgical return
electrode, wherein the separate conducting element is electrically coupled to an

35 electrosurgical generator, and wherein the sheet of material has an effective bulk



encl oses the separate conducting el enent. 24. The renovabl e nmenber
according to claim 19, wherein the sheet has the formof an envel ope for
encl osi ngwohe/osgpar at e conducting el enment. 30 25. The renmpeahises/msnher
according to claim19, wherein the sh&et form fits the separate conducting
el ement. 26. A renovabl e sem -insul ating menber conprising a sheet of
material configured for use wwth a separate conducting el enent as an

el ect r osur gi cihpeti@ice equal &) @@idae that AT £00D ORE), SEBRER He&ORHMEIENG €l ement

is electrically coupled to an, 35 el ectrosurgi cal generator, and wherein the
sheet of mat e?‘%éﬁamffglé’ i, pontaet with ptleashy put ABosepyals FeRlupiing alEst 13510 35

i rpedance equal t@Dr guPaédosurfiddl reb@lectto@0RvREGIMstNAR SBthigleet of
material is substanti al I%%(in contact with at least a part of the separate

conducting el BREsitiespthe elgqtredecomprging:gi cal return el ectrode having

substantiajly selfy él&dﬁi&il?GOndﬂétﬁ@%ﬂéﬂeﬁﬁ,anﬁ he el ectrode conprising: 5 a
electrically conducting elenent; and a sem -insul ati ve nenber renovably

coupl ed to the el ectoriawilajvesemabme romeyably|catier to thirecaioally endustingt r i cal | y
conducting el goma:, wRdeih AR e'?e%mcamwaiﬁh@étfngglem%ﬂ%%g e sgﬁl-klﬁ]&lﬁﬂ&r‘é’g%%%&,ave a

bul k i npedance equal to or greatéer than about
el ect r osur gi celleptaelys havsladeilvipaedanse savel to etigientehan shopt, 0602 cer 10
conprising means fQr SuppQfebddig: ﬁ:apn%{lﬁl?&gctro%lg as L0fedSh RS L 95 Wb Gal  return
electrode as recited in Caim 2%, wherein the sem -insulative menber is
confi gur ed0 t ccopprisipgsneans fonpupporting epatieatt with and substantially cover a
surface of the el eetriggl L. ﬁl@’é ' . .el,ect rosur gi cal
return el ectrode as reci te%clpdr% g%ﬂﬁ}fﬁ%?kcﬁﬁrﬁ?%s&egﬁ%féﬂ_ggagﬁrz ?’sfvn%relg
connect i ng et sfmirinpilaive diemerin carifigotedite bd substamtadly irocontaet wittemdt he
electrically g£@ i .el.ectorsurgi.cal generator. 31. The
el ectrosurgi cal B?‘ﬁ%ﬂ#Egvgfgg@gégﬂgge@%@%@&’?#\“ﬁﬁ‘%&f]?ﬁ]%y wherein a sl eeve
surrounds the el edri cdbkylegonagchl myretlesmdt as BRited Tin€lairh &1 fuAkdr gi cal
return electr recl in im 3 wherei.n.the 20 s|eeve is
formfi ttgsgl t%qﬁjﬁfgﬁglaegﬁe?%% Teyagcfgrrpdﬁ‘géilhﬁﬁn glf%tﬁﬁﬂt°9nr§§f°n é"'e&’ g’@t rosur gi cal
return el ect rdettricaly ceciuttag damegt @idan2kectorduegieil gertegor. semi - i nsul ati ng
e ComPL ] 5o% 3. | MRE bRl BRRA b SR8 ¥l iSLRE 2 et o

sleeve surrounds the electrically conducting element.

32.  The electrosurgical return electrode as recited in Claim 31, wherein the
20 sleeve is form-fitted to the electrically conducting element.
33.  The electrosurgical return electrode as recited in Claim 27, wherein the
semi-insulating member comprises an interior adapted to receive the electrically

conducting element.



