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ELECTROSURG CAL RETURN ELECTRODE BACKGROUND OF THE I NVENTION 1. The Field
of the Invention This invention relates to el ectrosurgery and, nore

parti CUiy@yohioesrde® @ sem 5 insulating sheet or nenber pagdapisadsHor providing
effective and safe el ectrosurgical energy return w thout conducting or
dielectric gels and for providing such safe electrosurgical energy return
using a separate electrically conduct ive el enent 2. The Rel evant

Technol ogy As ! rcPREBEN Surgi cal

techni ques ty FJ) power to cut tissue
and coagul ate bl eedr ng WRMMOF!MMQ surgi cal procedures. For

hi st ori cal . per e ils of such techniques, reference is nmade
to United Sta 2[2' deoﬁ ﬁ@ %%836,842, issued to D Anelio et al., and

entitled "El ecﬂhmﬂnvexhteauﬁqdqjaﬁaéla@rosurgeneemdjmw partigubarlyfto @fgnah i s i ncor por at ed
by this _refer L4l Ardsiigicdiedi cal arts,
el ect ro§ur8@?§mg§eet°rwmb%§%§%g\9% p}& Eng%ﬁgﬁhzﬁéddasgiggfr?t agegicr ncl udi ng the use
of a singl ene@yrrgmmwlltharuneanﬂumaor di@trctrb(&eh andcfor prpvidingsveh 88agul ati on. Every
monopol ar SR tabuctideMdénall active el ectrode
that is ap C%%g rﬁwéﬁlﬁ?ﬂﬂggﬁéﬁgéﬁéa at | efnt gltw“t he surgical site to
perform suﬁgeryl‘haﬁdlemté'h@@tﬂpg!cm connect or fromthe patient back to the
generator. 20 Thg, @ghh Yoechc%leglﬁ d(?ﬁiﬁreﬁlrt ﬂd&&n@ﬁkl@&l t&ﬁm&d&@iﬁﬁiﬂyw th the patient
must be small in size uce a high current density in order to
~producaoa suploy tedip frecrur:m powelttp e disye m%@‘ﬂ%ﬂqeﬁﬁg ¢rcgetfEed The return

el ectrode, uﬁﬁg H’lllj?%[lllgicgl réc%re%ai-’fsrlﬁéfﬁ:{cﬁrfa&rs mtefhﬁd il ¥esucte! ectrode, nust be

ghin

| ar ge enou e surface area at oint. of . comuni cation with

t he patrenteclslmlbﬁ,telfm‘tnofalsmdﬁfdéhﬁﬁdr%fat@ﬂ’raﬁéfd@ fﬂ9 842 bR Phe patient 25 to
the return eAxﬁrﬁitorﬁg andlcﬁtlﬁeﬁe‘ﬁﬁ&ﬁ)ﬁ;obéﬂﬁﬂmﬁls”’%&ﬁdc%ﬂré&ﬁlﬁﬂh@url’ent density
S produce at the return el ectrode, the tenperature of the patient's skin
and trssuelmﬁ’fPfPfath@eﬂ“ﬁFPf‘tfPﬁcé area and can result in an undesirable patient

burn. 1g 1%@%m&ﬁﬁo%&ﬁﬁémtﬁ@xﬁ&ilma&l&l&m@%éwidayuaedwi | - known nedi cal
testing .agency, published the results,of testin ? g onduct ed on
el ectrosur gff@&mmﬁéﬂtﬁrﬂﬁg@éﬂ@%ﬁ%@fé‘rS’tngleﬁﬂr"ﬁ'ﬁ%' I“S?T%IBW qr @tﬁt hat the heating

of body tig ﬁ!ﬁ%ab@c&a@rﬂaﬂoﬂr E&éﬁp&dno%lar dMRG6DEIG] QAGHbSsywhR muithe current
ee

density exc 100 m || i anperes
Y have an active electrode tharpljs applied by the srﬂgeon to the patient at the surgical site

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 tothe return electrode. In the event that a relatively high current density is produced
at the return clectrode, 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 (*fAAMI™)

- has published standards that require that the maximum patieht surface tissue




centimeter. The Association for the Advancenent of Medi 8&lovamtet 209Fent ati on
("AAMF') has published standards that require that the naxi num patient
surface tissue 9. Novenber 2006 2 tenperature adjacent an el ectrosurgical
return el ectrode shall not rise nore than six degrees (6) Celsius under
stated test conditions. Over the past twenty years, industry has devel oped
products in response to the nedical né@ed for a safer return electrode in
two maj or WeysperiufeSddjackitey e%ﬂ&sméléa‘?%uﬁrn%@i!dde sBRPHSt riké mbre/thbinghes, flat
stainless steel plate coated with conductive gel placed under the
patient's bufeBEeke”) @ﬂﬁ‘@}ﬁ“n®ﬁ§¢éqeéléﬁs%°°n6¢m%y | ocation where gravity can

ensure adequate COO'R@%&: PdsBavdnf) yeafs| ﬁd&éﬂ&%a@ii&z@fob&ﬂﬁrod@%%@es biggi bl e
el ectrodes, V\@B: general | y about thé sane size as _the stainless steel

pl ates, are ?94 ar%ﬁﬁwﬁtﬁ%ﬁéﬂcmsdedpé%&aﬂrevaﬁ%|F§rﬁfthewan%ave an
adhﬁSl ve Eorﬁlﬁﬁ a@ﬂﬁaﬂl hBbut 19% 1 idebesMidt btainfiaBétee] Ia?@é‘o][aﬁﬂ wifh atd%ﬁdmtz?] ent |
without the a rav ' sed of after the early
1980' s, m)stgeLgl@ fi?tt““ngactﬁﬁt (Lj%‘ éﬁ tg}gg %@ lﬁara or agy Q?ﬁté‘a‘ ‘6%‘%/ to using
this type Ofgrdi@ttyhtéﬂilelﬁhﬁ&ddém cohtieSed 1©laUfleRibl dedifodel Ihed fexible | NMProvenent
over the old s gl ‘%a% s and %ult d in fewer patient return el ectrode
bur ns but ha% rpdesyvhugh are gengyafhy shgHtPe smeize s theglqidless steehplatehdteeq st at es
of several doatadwith arasbhducanxaﬁelem:hé polgmerant hyesdn. adbssive Bokden o e

| mpr ovenent erl encthfr;gldoq? atient burns caused

X
by el ectrodegrﬁfﬁa‘t’?l I\R%ﬁ?lﬂa{gﬁ%?%éﬁ{’%ﬂ”ﬁ'ﬁ Yigout Yi%rAP separate from
t he pati ent disposedef sfiergee.\By tﬁclbm}ql%msj lylostﬂlhﬁ;ﬂtels\lmﬂle[ﬁmlﬁd)S&tbsaad urt her

i nprovenent, | ectrode ..Cont it i tor mthat woul d
moni tor the Sggtn]fegcotv TP S3i0g Ty ﬁ'@e Oeﬁe%? L (E}g()d?ha ST elséo{ tHW;th the
pati ent and improvemérft owlehebldcstelehﬁategarrdabsugemmrfatzmrpatmtteetemmlectrb@r e was

States pat ogtieurEs i MGG SR BRGNS hued S FUATG, o\ " T 1O
Moni t ori ng Gnsofimillibay ofidollars eashyregi. Ean With this' ﬁnphafemestchwualewm‘e which is

| ncor por at e%ﬁlé a{%eﬁier?cuq%?éo%e%ﬁe tbut s%%l?sx%f&‘e&?q@e{ &ﬁ%&ﬁéﬂa&cﬁheﬁ&ﬂ tional

reducti on eturn requires ci al
di sposabl e éﬁlé@ﬁfpbwldmeaﬂateimeoatre@tﬁilnlngrsunghlef generator that drives the

cost per procedure§ ¥§dﬁe%ﬁ)glilf‘e§ew§§ﬂr I%P(? M}E@ rrg,fn; &1ehhhx§Ei%¥1§(§d%m was first

I ntroduced, fewer an 4 ercent o operations perforned
in the Uni t&?n@%@@émk@m’fm@ Sw@nethﬁtmésh@emtﬁr tlnqcsmtapgqﬂiemféh% BRIEF :

SUMVARY OF  TideirbMNENT iMNontact with the patient and turn off the electrosurgical generator

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 electrode burns, but requires a special disposable electrode and an
added circuit in the generator that drives the cost per procedure even higher. Fifieen
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
In accordance with a first aspect of the present invention, there is provided
a semi-insulating member for use with a separate conducting element to provide a
return path for electrosurgical current used in electrosurgery, the separate
conducting element being electrically coupled to an electrosurgical generator, the
member comprising: a sheet of material enclosed by an insulating sleeve, said sheet
- with said insulating sleeve having an effective bulk impedance equal to or greater

than about 4,000 Q+cm when said insulating sleeve is substantially in contact with




I n accordance with a first aspect of the present invent Pdaventee?2®6 s
provided a sem-insulating nenber for use with a separate conducting

el enent to provide a return path for electrosurgical current used in

el ectrosurgery, the separate conducting elenent being electrically coupled
to an el ectrosurgi cal generator, the nenber conprising: a sheet of

materi al encl osed by an insulating sl ede, said sheet with said insulating

sl eeve havi ng 1 @ﬁJr&Sﬁthé/&FMe‘éoﬁdﬁEf%ﬂE&&ﬁerﬁ%@J thhthPlonfhiRBbEbf sald1an about
4,000 f2-cm when s(gl i nsul ating sleeve is substantially in contact with 9

Novenber 200Beeipsgidinsy @gﬁsle&\’%a?@ thgeparrte cadustieslensitie ssthiméingnent such

that the congih@lthedledtloniictl cuirbRes limAdd @ shﬁ&h&leéﬂoldago 8 Rg¥&entiidd t he
e el ectrosurgi cal

separate co ct.i el.enent are self-limtin so t hat t

current is I?%Fﬁl@gpetp&tlglﬁnﬁ’ér“t%P@%‘H%qtaﬁea%“"&gng gt sridghect saldesi r abl e
pat i Ient bur I‘hlnailatmg@waif@ﬁf the sRrddetondadting emienemltth@é\xénﬁ@aﬁ a&&\@aﬁh tal sai ?
insulating s or the se condu ng el enent in the event of an
acci dent al g‘b‘é@ﬂ‘bﬁ“ﬂ@%&&%ﬁ?ﬁ@ttﬁﬁggﬁ l%%ow a threshold level. In
accordance with a Beammdaxaﬁpﬁmta s@éon'ﬁh@pdaf eRxBOpresciy RNEHtON, thébey e | S
provided a nmemb seWth. arate conducting. elenent to provide a
Peturn  pat PRt Brbdarie tub SPRaRe S beis o nSTEr bt e
separat e consitcfor akgctrcfsh@mhtumats/ﬁsag nmieceﬂoan‘geriy,cthb sapanaohdrctihg an

el ectrosurgig er acts as an

na
el ectrosurgi c%? ngﬁg‘gf‘?odeele%? alco“nec[%rr a Lﬁﬁr?sgfgﬂcga?g%legaﬁ%&qg& mat eri al
havi ng an efdogibinatien buthihareshlsdr iautis aglaleqecaﬂosurglcairelecg'oéaﬂ&nnmm about 4, 000

Q@m when sai ) ' VA 1 mnth at | east
a part of thcgn@;e)iggl Efeh eg&gotrgg{ e%al ﬁa%lq%%ﬁ eht%ags‘}t?%lktrﬁ%%}wtltﬁga&a% i nati on of
sai-d sheet  agrehteribansabpulradQs Q’@mdﬂ@ww@ st;d:eeen‘émtatemlés sbbthatiallyit i ng so t hat

the el ect rosyh@bpin S4LdEIbar & hd Tbhfl LORMEALALAING! fi go as to prevent

undesir e patient ween a pa ient and the
eI ectrode i rfsomb@atlewefﬁaldﬁheqranédmswmtabondemdwnt srets¢i€limitingzsot ar ea

bel ow a thr ecﬁﬁ%éjeléc‘ﬁ‘b% 1c§laélxﬂe?t§@ﬁr§ﬁ?§8%gfe tReshofis|sBUEf Rdvei &) ectric

mat eri al havi ng a | eas one 0O capac It1rve eactance or a
defined i ndutsreif:safr@ble@a&mh@@ at gmrﬂaosar@@bemmgpmamédhqeiectr@dwabe and

overly the cQBgughh AGiGhEMRRLHMS e RoMSS- aréarﬂ)eﬁwﬂmﬁtﬁ&e%ﬂ%@ third

aspect of the present invention, there is provid renovabl e nmenber for
use as a parfedromprisss adayenel digpctng materaiheris at least oncefisiefiseds t he renovabl e -

menber and aapRRANAtRHEOGULIIINE BEHEAREtealANid) 9a1@£heeﬁ4eﬁfgtardh§t@d tConnector to
an el ectrosurgi cal generator, the renovable nmenb
contact and overly the conducting element when in use.

In accordance with a third aspect of the present invention, there is
provided a removable member for use as a part of an electrosurgical electrode that
comprises the removable member and a separate conducting element having an
electrical connector to an electrosurgical generator, the removable member
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 Q+cm when said sheet of material is in contact with at least a part of the
separate conducting element when a working surface of said sheet is in close
proximity to a patient or in contact with the patient without use of a gel.

In accordance with a fourth aspect of the present invention, there is
provided a removable semi-insulating member comprising a sheet of material

~ configured for use with a separate conducting element as an electrosurgical return
electrode, the separate conducting element is electrically coupled to an
electrosurgical generator and the sheet of material has an effective bulk impedance

equal to or greater that about 4,000 Qecim, when said sheet of material is




conprising: a sheet of material configured to substanti &Noyerchey@e0st he
separate conducting el enent and having an effective bul k i npedance equal
to or greater that about 4,000 92-cm when said sheet of material is in
contact with at least a part of the separate conducting el ement when a
wor ki ng surface of said sheet is in clgg proximty to a patient or in
contact with the patient without use ofYa gel. In accordance with a fourth
aspect of t hebpeaEERn i:owaentvitn 8t lehd@hert bbthe péparitciafldwcting BRMRB! ich
sem -i nsul atglfl%h %Eﬁr cOo ‘iﬁgﬁ% anéistﬂeet of %ng‘l aI1 COﬂfi%ﬂJ ed for use
with a separ ToMIoRg @ar‘ t e iPPRPE CPPOSHIR T e A U el ect r ode,
t he separ at elimoingue tHanan dearwngicalsculetds lingtad loysafzohieblRitstso agtd
el ectrosurgi cal generat.or eet of material has an fective bul k
Cpedance. etk i BN My A knBl SoE bt e AN LA Q. sheet of
materi al i s @edtiodeirbe e@@ﬂﬁf anziomﬂenha;ltraahtcuad inthe toncondrachelow th at | east a
conbi natl on of said

part of the ﬁ]?e%%l&lie%{alc garll(g r?%lsgﬁnel aver o%lﬁlelectrlcln%ateqaf having é @8 hat an

sheet and the separate con ht are
el ectrosur gi @wof@lsﬂﬁﬁmhcap@ltiwerndc@dworasﬁiaed indesivoraistasa, sidd thwet prevent an

desi r abl t dth
glnegtSIr(r)ge ?n‘p&ﬁé éenw%flﬁdgtn&gg%%gﬁ‘% ?ﬁ dl?tﬁ:%l‘lg%%gl‘”??e edsgcr)]nt Z(r:]t ar 2a bel ow
a thr eshol d | evel In aaprdanchedth acfdfitpaspsd of thelpespent imfenigtineliestisi ¢ materi al
having at Ede@%el&:fuogjrglﬁgl'r% &aﬂl%ﬁé !n}ﬁ?g %ﬁ?gﬁ@gﬁ? fémﬁmgef' ned

i nductive react ance, sal el ng apte and overly the
conduct i ng erepREties, e electrodepomprising mdm@ngelemenmmai 4 pefmirinsdgiivet of t he

present i nverﬂ&h%’reﬁa&%[)@ doﬁple(PfOQKé o e oﬁ&{cﬁﬁg ﬁéﬁlgl}ﬁ%hér h"fﬁéﬂ' el ectrode

havi ng substantially self [Iimt rop ties ectrode conprising: a
conduct i ng etoBfGHOG el&mnt@néébﬁmmwp tm&glemh@rﬁ@8¢0twdmm§ulboupl ed to the

el ectricall Mrrﬁn@%‘é@édtﬁgto%?%i& tha%ﬁ&ﬁléi@ob ?ﬁcm%@ﬁ'k%ﬁ& sng-ifdupiipRt and the

sem -insul ati ng nenb ectively have a bul k npedance equal to or

greater tharfgBesiis wbgaialy Hb?ﬁn\’/ﬁﬁ‘-éwlt@ &t lgast & pput Pffélﬂ Aectirglly pendyeting s

substanti al | élexhéht GRS theMohibirdtioh 8A&Id s%n%{smaaﬁg Senferth@etd 1 cal l'y
-conducti ng Sment such that _ the conmbination of said sem -insulating

menber and t998%UEEAslsRENt e Wlfraitins g9 thata gleqtiopyrgical gugentis mitedto

el ect rosur gi afJ thebdl@tb ab fo prevint AchuddRsirsba RitibhhesRhd6ne@ aga t0 prevent an
undesi r abl en]PCEtI ent hur n]Pdal a contact area _between a patjent and the

el ectrode i rPetKesn@pafient gpd the clecizodedn the event of an posidental lteﬁ%c‘ﬂoécb‘h‘thﬁct ar ea
bel ow a t hr esaatthrédetdw a SidésHold et ishig Wbl inddlafBR@AbeE OFRprikS § layet ayer  of

glr e;eCt ric nq'dleerlflsc%lc l’plgt\e/l!laq %avmg aﬁge?slé or?enoef a eﬁgeddc%pzllc?t?v% I‘CCE?C a%gé E)I! BY € reactance
defined inductive reactance, said semi-insulating member being adapted to contact
and overly the conducting element when in use.

In accordance with a sixth aspect of the present invention, there is.
provided a semi-insulating member for use with a separate conducting element to
provide a return path for electrosurgical current used in electrosurgery, the separate
'conducting element being electrically coupled to an electrosurgical generator, the
member comprising: a sheet of material having an effective bulk impedance 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, wherein said sheet
has a predetermined thickness and the relationshif) between the bulk impedance, the
surface area, and the predetermined thickness of said 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:

(= 1.2A(75) 1+ 020’2 &2
' Fy




defined inductive reactance, said sem -insul ati ng nenbeP Noedrmgr Z&pt ed t o
contact and overly the conducting elenent when in use. In accordance with
a sixth aspect of the present invention, there is provided a

sem -insul ati ng menber for use with a separate conducting elenent to
provide a return path for electrosurgical current used in el ectrosurgery,
the separate conducting el enment being S ectricall y coupled to an

el ectrosurgi cahegeper at er, tgckng®B@S conprising: a sheet of naterial

havi ng an effective bul k i npedance equal _to or greater than about 4, 000
92cm when sai d shebt of —mat efiefetricseptiant ghinsulptmgmaferiadl ont act with at | east

a part of the sepapate eonduedlig@pelagi®dividedbiethe ARMPBdighdsriges ohii9s a
predeterm ned thickness and the riéeati ons{ﬂé) bet ween t he bul k i npedance,
the surface area, ®and the pfeal Argney ok frctepgical Fendaol sheet when sai d
sheet of material is substaghdiahd/s¢c) n contact with at |east a part of the
separate conductin el enent e defined by the equation: 1.2 P ----

‘ A - b k&%@%‘i@ﬂ%ﬁ@ﬁ%’a 2c where t = thickness (cm) x
= dielectric constant of inssieatdrecmi} erial a = total inpedance divided by

he AAM 7 h = f f el i cal
Uhe A standard (75 00™) o0 S OSME P, © Splrosurglenl
so = electrical permttivity constant (F/ cm. Enbodi ments of the present

i nvention over ConeEﬁ'{BgdiH{eﬂtg lrgg{ﬁ% p?e{]se t%egﬁ%nogverc%g}e.tgy rB{)I(ng f g pgor
sem -insul ating sheet or nenber at nay be" use m%onnec ron*"wWth a
separ at e el eat by pravidingecadirosilagnesheeten meogbenthatdnayobeaised inctonnestibn connect or
of the ele i - Thi . nat.] ' acts as a
return el eg‘%{ﬂg%g{ ptg agfélf:e(%?éﬁ@ g{’ﬁe?fé_m%na%%%%qg&t}'rp @ té\??’ ﬁgﬁft@tﬁ‘t}%}eﬁe\r@gdééff or
“expensi ve ditbpelsettisargical ganerabycEhiseminhination collestvaly resiat sreiBsoci at ed wit h

speci al i zed JREQ80REANNifate MY HIRR Wit BN MRIGH QREAAR FlipR03/ 13510

electrodes and monitoring circuits associated with specialized RF generators.




3 Briefly, the sem-insulating sheet or nenber provi de$ Nogéniber 296t i ng

characteristics when used in connection with an electrically conducting

el enent such as a netal table, netal chair, or other existing work

sur f acewolfifed7gtc! Usi on of the semi-insulati ng sheet &g g, converts

such el ectrically conducting el enment into an I nproved el ect rode W th

~desirable self-liniting characteristic of an i rrproved return el ectrode.
Accordi ng to one enbodi nent of the invention hereof, the sem -insulating

sheet or menber (ﬁqm i ng el enent,

provi des an ef "¢ 1et§ee§é§1§r %}%tg@gﬁe@to@tn‘eﬁ%&lp? dea/Seer tﬁﬁgtn ot her return

el ect r odes chawteristivg whéreused ingprnettion with e eleptyisally Wnélmlwlﬁmept@w ously. The

surface is f&nh %Ql lrao@%ﬁ’ér%%s§ oHOsubiaH. tﬁ@ﬁbﬂﬂﬂoﬂ&lﬂﬁt've to the body

of apatlen At th eco |nat|ono e seni~ insu ating sheet and the

el ectri cal lsgmicosiitiog sherj ounesmigen conséris sidhaglegitically sondading elsmentdmeiuct i ve or

di el ect 1 ¢ b obbifod Hith abst ﬁﬂééﬁﬁlﬂﬁu@}ﬁﬁ&c std G AR Shprdiid FeREPVabl e and

confi gured t cooperate Wt Ctri ca conducting el enent to act as
areturn elel@@frqdedéccmﬂméo Oﬂeﬁslba@}lefé pEibe inventipn gﬂf@@rﬁh&%@l‘ﬁ@lﬁmﬁ k surface can

be transfOrﬁE%PorMb&swg&fusédmﬁmsaﬁmecﬂm?kafdwa elamed:, ;ﬁ'éWde&El? addi tion of an

el ectrical connection between the exis ectrlca 'y conducting work

surf ace aneﬁﬁﬁﬂvﬁu&‘iera@é@?ﬂ@ls(lﬂgﬁé%@h%fﬁﬂmelie?ﬁoécséh?é%‘@rb#“ el ectrode havi ng

the desi reqlsaeéeﬁoms&xﬁﬂsﬁ&gelfbﬁ%ﬁéiﬁwhé&mﬁaem b@la@@x&rsoaa&p%ﬁ&m - insulating
sheet or nenber is of erial I's readi |’y washabl e and/ or

st eri | | Pablpesitapingaelafive taghg bady pf 2 natient thakthe combination of thed#i t i oni ng f or

repeat ed r @ugBring@RALHAlteleckRRAyTBRREIRRIreM SIS RRIEME 18 fand material s whose
| npedance characteristics, at typically used el ectrosurgical frequencies,
are such t Kendugtiye ocdiglestricgels. neber sel f-limits current densities (and

- correspondi ng tEi¥RGhEhIEng éh%&%}mérﬂb&%frﬁnovhﬁlé ashehfisredshoul d the effective
area of the working surface_of the el ectrode be 25 redu&ngrhbel ow ot herw se

desi rabl e [C@Rp&ials Wi &Eb?lm“FPd‘IBS/c““E‘WBHEw“é%’EFﬂ?tBF“Fﬁ%“F"(S‘FE‘ B pensi ve

noNi t Or {sNg aRy él6kichBy doﬂd@ﬁ@w@k ek dREbg@@%ﬂﬁdar@ dsSofthd saimpat ed.
Addi ti onal ll};ulpt heH%?e[g I’OVI de a gomplete return electrode is al so

el i mi nated! HE)“ pfiaR elegsg e°B?rbl'\’FP’&‘?eﬁ8‘eFﬂ§m§enef its of an
i mproved eleReticAlg@ondidiiag workasﬂrfaoﬁﬁﬁdhﬂ%&cmﬁﬂgfcﬁl gehdatbrl mebe: rbtgmpr ovi ded by

merely supp a.sem-i n n eet .30 d an ectrical connector

“attachabl e l"é“{&%@a"é‘g lgh@glg% af”ﬁte%ﬁ%%?rf’%& gﬁeé?f'é‘ht, whi ch can then -
be comnbi neqhsuraﬁdgsﬁéwbnﬁdmwheefdmaaialmatqsxlamsrwaﬂ@blehﬂme@tenﬁzabiprovi de an
electrosurglcal turn el ctrode wi th_the dtg@_lered characteristics. In an

embodi n# %T‘“?F'ﬁ?‘ ‘{?‘Feee?g'rﬂ“ rapieordiaming oy 2epe¥ R ISs ur gi cal return

Generally, the sheet employs geometries and materials whose impedance

characteristics, at typically used electrosurgical frequencies, are such that the sheet or
member self-limits current densiti]es (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 refurn 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




el ectrode, i.e., conbination of the sem -insul ati ng she@Noggmhep#¥6r and t he
35 electrically conducting elenent, is nmade sufficiently large to present
sufficiently low 9 Novenber 2006 WD 03/094766 PCT/US03/13510 4 electrica
I npedangg o34sk7deOW current densities at typical eIectﬁe?Hﬁaﬁ&%Ofrequencies
used in medical procedures to reduce the possibility of excessive
tenperature elevation in adjacent patient tissue, (i.e., by maintaining
tenperature ("T") rise below six degrees (6 Celsius) thereby avoiding

ti ssue necr,0sis,or other undesired patient 5 trauma. .Therefore, the working
surface of If °31515‘r??‘ﬁf‘??§ﬂ?§ i gt ﬁ@‘é oS 7 g’ﬁ'@ﬂﬁg?&?sf"ﬁeery BeqiePd®e that is in
contact w tided wmddivalgrasdurgroedine the posibiliteofipatasdvettgmpesatumade sufficiently

| arge in area.so that jin.normal ,uUS current, fl fedrd reduced to a
ot bt wher oS e i eal PIREGT: (ST st iR ome it o ObARE T UL

sur gi cal sk degrden(62ceBivs)atharabyaivdiingtissueawtrosls orefher wilesiredpatientent i on, t he

sem -insul ati ng~sheet .. to or el.has .s . Cl ' I C properties

t hat , engﬁuéné‘dmeﬁe%%‘%r%ee% rI|8l(1ﬁ‘|s V\na"fehc’f{hﬁéemlenil&el%tmr% sg'%]& P%%%%P Cti ng el ement,
provi des ssifrfacecthasistin conpretivithow int dose iproiximity Hrethe patisat)ie mafle suffisientint t her et hr ough
to safe va : ' ' ' racteristics
are achi evg@%g@ml mggt%? Pﬁgp%g%%%l‘r%?@&@gﬁt ?’%%Fﬁcg%ﬁ% c{ﬁ?‘\ﬂw?é;ﬁlt o the sheet
by the i ncimsilesthetshegecal sabidify te peréirmisurgéry ot teomegiret sitve materi al s such as
condupt lve 15 I\&]ggc&@%e Phn S&reg%Qdipllalﬁ%kthe inbéhtifg %rsgtﬂf-ﬁﬁ&lal‘ﬁﬂl%&eéfet anot _her
embodi ment of the Invention, a noisture | nmpervious worki surface is
provided formewbst has sifivient didicettiepropaties dhaf when used ingermeation withtiehe body of a
patient, F&Hariéaﬂ,fwnu&cﬁﬁ Généal, PRRE gk iﬁl?éh%ﬁce% fitht? e pRlee basul ati ng
sheet. This norsture inpervious working surface is nmade resistant to

normal |y 2errspidbugitrevskdo safevaiven dn o embadiment; thedesiswddmpedandel i zi ng agent s,

thus furt Nefadb@fdied 48hdiled 1SR WRNEG SRR cohdboigkaie enbodi ment,

sleeve is provided for coopérative use wt > sem -insulating sheet or
nmenber, t hehsetpy dhedrcdysien therein of gleettically sepdpiivematedianuchpssayictivehat i ght
occur, &or gexal®RlSvod i damage from accidental cutting froma 25
conventional surgical scalpel. In another enbodi nent, a protective flange
is coupled t o Inpresordenee with ey papthenembadisent of theigveption, 2 BYjsHet hat t he

pr ot ecti vejgl.ARae walkihg kafhd ﬁ:pl‘o\ﬁde&f&}‘Fésﬁi_oﬁihéa(fic&ﬁtaﬁ hdithihysuemiduct i ng wor ki ng
surface to prevent accidental contact with he electrically conducting

el enent . | At thivkndy af a Rafienbdhysdasilitating eleapsing apg reuse pfithrsemisisylyngnc| ose t he

el ectri cal bpket. This moisture impervious working surface is made resistant to normally

20 encountered cleaning, disinfecting, and sterilizing agents, thus further facilitating
cleansing and feuse.
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 fayer is form-fitted to the operating table on which the electrosurgical

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

P




30 conducting el enment, such as a surgical table or netal® Noverlemr 280G6us,
protecting the patient and the user fromaccidentally touching the

el ectrically conducting elenent, which nmay result in serious injury to

ei ther {afdsRfMer user. In another enbodinent, the sehwhiskating |ayer
Is formfitted to the operating table on V\/mch the el ectrosurgical
procedure is to be perforned, thus facilitating realization of other
features of the 9 Novenber 2006 WO 03/ 094766 PCTI US03/ 13510 5 inventi on.

In yet anot her e ns.ul er has the
form,of an ¥HV&F L%égtﬁg&ﬂ%ﬁ%‘f’%@f‘?@%ﬁs 1513%1 '3% con‘g1 ?lrﬁéﬁe S ement. In
accor dancefumbfnmvelmamrhmlgsmgbhmhepmmcoodluctlmlemwent ion, the electrical
pedance of ¢ g yIRNGEL Al Roddlf 0SByl Rl allpdbort Lo 0
current deingiedancedf themeateriatsrikihe ghestior memker aml adjabenttoltheowdrome t he t hr eshol d of
patlent t| i -limting
charact &ri s"fﬁgc (%f(%h%%ir%t\soedﬁg% B@ﬁ%‘%"%ﬁﬁ?&s ?Onl%lf%gg@\?g% ajtﬁ acci dent al
reduct i on whrkingeuréké watlévebbelooy the tagpstold dpgisnigissuetimumi.ect r ode Addi t i onal
doscr ] pt1 oGRSy AERyRks L W E bR RSP Blicleelib o, e 1
descri pt i othe epnt efggcidsatal ﬂe@ahmﬁwffcw werking sufodf tharlecireilgent | on. These and
rom the 1ol | o mebRE LARRS R iU Rubhich YR RESPORR It e’ o ned b
the praéti description wbich ﬁu@m prshin payt willbe p iqu fromdleadesraiptions or ﬂl% bBRI EF y
DESCRI PTI PRV NGR r ol b ¥&ntand ot her

advant ageggg%?b eatures of tl%—%n%drﬁeggﬁfa |%£%%{ﬁuon§ftﬁp}r9rorlg particul ar
descri pt i oifvention KBl tepameraare fiullypprarcpidromethefolleving Jespritier dce  to speci f | c
embodi ment ?3 piRd @I&ifns%hﬁ?b@feﬁnéd ﬂg’é%fﬂr&h@c%f’tﬁ% :ﬁd@ﬁmﬂ&@ﬁ‘e@ﬂﬁﬂ drawings. It is

appreci ated that these draw ngs ct only typical enbodinments of the

i nventi on Beinafier.are therefore not to be considered limiting of its scope.
The invgntion w | b%mgm@xmbmw(jsh addi tional specificity
and detail throu%‘r: t he acconpanyi n% faw ngs in which: Figure 1
is a sinplified® ‘ﬁ’@f‘i’@%ﬂ‘%@ﬁéﬂ%ﬁqﬂ@rﬂﬂvﬁﬁﬁ‘g&%‘ﬁd ?aﬂgﬁsroéflﬁeﬁﬁfs"t“?pl cal

i mpedances meénfue& faim6Rd particiat @ tibd of i enveRfh Mill ¥SreRRidd b9freféraﬂe o frequency
current flow as presented to an el ectrosurgi cal enerat or during an

operative B’rSB‘?f'g odippnis thereetavhich arg ilysisated ig e gpregdagdipningsolf 15y st ri but ed
el ect r osur gipfediate ﬂfaﬂ:héke drawings depict only typical embodiments of the invention and

20  are therefore not to be considered limiting of its scope. The invention 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 a2 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 ﬁequency current

-density developed at the electrode;




el ectrode illustrating the principles of the invention; 8Nogrmher 2B6i s an

enl argenent of a segnent of the electrosurgical return electrode of Figure
2A; 30 Figure 2Cis a cross section taken along the section |ines 2C- 2C of
Figure 2B and illustrating the effective circuit inpedance represented by
t he segnent of 2B; Figure 3 is a chart6i | lustrating in graphical formthe
rel ati onshi ps between effective surface”area of the return el ectrode and

t he ef f ecti veFigae €A fis eperepeetive viewasttan imersiet yledeical eped clatirddednel ect r ode;

9 Novenb Ei A S, t [ f .an i d

el ec;/?i cgﬁhrgcglsg? Hl%(sa?ngc V;eog%n }Slr]fl%ﬂl%ﬁ(?g]%ussﬁﬁ né)%%f%{eﬂisﬁ 8ﬁ£§%%})rrgvﬁti li zed,
i1l ust r at megibeh @nskeiridally sbatuctige wheketurface, amepbrating tbleghwtan i cal |y
conducti V@lekﬁ%&l Hhi BRGS0 elé’c‘Bﬁéaﬁ‘%lggﬂﬂ g%eﬁ%oer ecﬁ% b elgétﬁtr@aﬁlr' cal connector

to the electrical surgical genera ctrica yy conductive
surface; Fongluctevesmriage;a per spective view of an inproved electrical return

el ectrode, il4d t:] : l.at | and the
protective fl glrl] eE ?grlé Qg?%ﬁ%ﬁ???;‘ﬂlér% \/leﬁée{%fl%%gﬁ{cgc{engmgtgﬁg%%%’ electrically
conduct i nilusireviemthe spngyinselating shegt énroermber el the prseatiae iflaggefosur gi cal chai r

wth a senisi at -] urface of the seat
ieg‘g{i‘%&%ﬁﬁ&%ems&%%t Rfth an@cg?gdél??%ﬁggctﬁ eféﬁfenﬁ

t her eof ; ¢ IS a top view of a rosurgical return el ectrode
il lustrating Fleare 8dpia fromfuvigwiiNgstetiagta sirsieahplealr withst sgmiFiabulgtingover i ng

the el ect kh&abt hemBBMEIds¥on WRIskrEMY SAREsAFAREAENY to the invention;
Figure 7 is a_section taken along the Iines /-7 of Figure 6; Figure 8 is a

section simi | Biguged spdep siewpigndecropygicpl retrsn elecireds illpgrasiag s t ance

pr esent ed s&ifi-MsplatihEiHeeSorTHéihé ahbemmaily E&@ﬁng tRe &8ctAcHB DREGIHve Vview of a
sl eeve or caover _adapted for encasing any of he enbodi nents of Figures

6-8: Fi gu?"’é’ﬂi_ﬂ’rfaé’e&c‘iﬂr {9 fhgdryeatiomg one of the embodiments of Figures 6-8
encased W t hFiguidTRisSl Retich takerCAVSS thelinkd BYTF FlourEbgure 11 is a perspective
vi ew of an eleﬁiCt rode according to ]Ey{le invention illustrating a sinulated
condi 1 on wheHBEFe® SARSEHaN Emaro 4iat ofFigare phillgstpting &aq capaciengst ant i al |y
| ess t hanptdsenteysh patients Sagicalgwai;ze; Figure 12 is a view illustrating
current flowlg.ensié%/ wi thin. the el ectrode when .
, 1gure 9 1s a perspective view of a sleeve or cover adapted for encasing any of
the embodiments of Figures 6-8;
Figure 10 is a view illustrating one of the embodiments of Figures 6-8 encased
within the sleeve or cover of Figure 9;
Figure 11 .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;
Figure 12 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 13 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;
Figure 14 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 15 is a perspective view illustrating, for the purpose of analysis, the
circuit equivalent of a patient in operative association with the ohmic and capacitive
regionsro'f an electrode according to the invention;




the effective patient contact area is nmuch snall er than9Naeemhst 2106e| ect r ode
area; Figure 13 is a graph depicting variations of bulk resistivity of the
sem insulating sheet or nenber as a function of sem -insulating sheet or
menber _thickness for different el ectrosurgical generator frequencies;
Figure 14 is a graph showing bulk resistivity as a function of the area
divided by the thickness of a sem-insdélating sheet or nemnber in

accordance W ks Rr838pk eldcRYRiR bR M A Fdbit Qiqkﬁveﬁélﬁ% Fg@% 95;%{11
ustrati nd,

frequencies; Eigure 15 is a_perspective view il ror the purpose
of analysis, FHet]s@uarerhdnpiciiapastoent capagitive pawericandyséipaes factier oci at i on
wi th the QfBuk rafdlivEGRAMNE deB-indulflin@RBed? br ARMBLLHE HAMLerA SRRl Shurgicdl0 the

i nvention; 9 Novenber 2006 7 Figure 16 is a sinple electronic Schematic
circuit e§BFRPUPHEINH S -gure 15; and Figure 17 is a graph depicting

per cent capacDET/IENIESCRIEIION O FEFHILIDE EVPYL ARY EMBODERENTYiI ty of the
sem -insul ati sheet or

nber for  different electrqsurgical, erating
frequenci es. WARREEATS IaWWW@@WWrEWB%%Wl w turning
to ; he dr deisegso ld_al?idt ﬂﬁﬁ?liﬁed _él'balbibﬂrsﬁherﬁétgiﬂi@grém iﬂlﬁb@lfalﬁiﬁg)f)@idal will be Iseen
to depict.a_ s ifie ectrical .schematic diagramillustrating typica
i mpedanc eémgef‘#ag‘g i%??vq?%wﬁfvés@ﬁ the pngrgﬁbeepaﬁ Pg’g‘dﬁg%WuS?CW QB f r equency
current tloewvasgsespnted enirededtysargical gaterasud@ingan opendavapcedlizel ng an
operative~ procedure. There it.will .be.seen are conventional radio
P equency TBPECE W B seehHE¢ Conlobidilaahs R B RS G PoRet SIS 1o
const ant poysech aymitinagbmited oY @nstant pewdr, witagarandfol eurrgmovevaridbtd t age and/ or
current. E&%ﬁe%ﬁa%etaﬁd/%ﬁ&&énitcal power generator 10 are conventi onal

a

el ectrical” connectors nd 12, which respectively connect the generator
10 to the sur@emrckd to plgtteinampower gareestent Garelynvemtientd eleetrichl and an

| ect ' t - : t ' o d 2
s r ov dereBtord B 0t 2 W B8l P LTSN B e DR B feam L e
| yi ng bet itselamehierappesented by inspadaneael ant en clectrosurgiedlaeturodectradeect ri cal
t ' ' | 3 t t hat
ot kol End R GRRARAL 15, Byl o KhtLI st e e

I s capabl e per ] ] IcCtT on“of * conne rmaki ng
el ect r i capregemerkblex thepatient’s Hiesusdying beisiden thenpesttion sito andtbaivetnrrand/ or t he

el ect Il Cableliroded BRUGHhIboRbASRNY and 12 TR rcBftsARRIRG BhE ot SKilTed in

the art, that various structures afe appropriate and capabl e of
per f or mi n§frachee dexd iscapalile aEpsrérmingthe function of connecting means for making

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 Figure 2A is simplified and generally considers
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 iltustrate 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 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 zs. It should also be noted that Figures 1-10
are intentionally simplified 7 '




light of the teaching contained herein. Al though the di &djogemtef20B6gure 2A
is sinplified and generally considers <circuit elenents in terns of the
princi pal resistances, including the reactances contributed by the
surgical instrunment, the patient's body and the return electrode, so as to
clearly and su00|nctly illustrate principles of the invention, it should be
understood that in reality certain ot Her paraneters woul d be encountered,
par anet er $o%s cchp:asendtl&tgrinbipﬂ@daﬂtmwﬁmesuwﬂctm sfithi bR gwa@RGIniance

whi ch, ses of .clarit ustrati i nci pl es her eof
e deenod PRIt ToERyok benE Phininled i bentBiedt wl Eusgs WaPL' poi bt ST thi o
- description. Thbnﬂvzélembaélmt HefHolf tis tHaebDan elecrtrdalla,el ce,rﬁt)swunﬁmﬂatimﬂgen an

i nsul at i nghslteneve ter 9 13 ge L‘ectr dehand t ﬁli)ody of a
patient, & & gnit Snftm i m%‘éé’i“?l A é’é’?’? B8 M H &SR8 nel uded in
the i rrpedatcmsilvejcapacltwe aﬁdfonimiuahaaanb@ Aeteditghgtf the gelatbeeldsmdl ar e

i ntention a the principles
of the i m{?}lér%g agfﬁtgg E{% gﬁfl%tdﬁctN% %ﬁﬁ{ceggr%%lsrg%ﬁ@ed the tgtapéi%esc%% ete.di scussi on
bei ng pr esmp@@dcqe of thoninewit wdhbtwcqual i theses oimelﬁdwiﬁmel mnpetiamzles eibodi nment
her eof , t or nember
and an el Zét plﬁtga%gi/@iéﬁgﬁlaﬁgﬁan % Ean?e %uriaen%/m Pés@?ﬁijﬁﬁéﬂﬁ %ﬁgd resistive,
capaci t i veoltagedicoerateddiydtti g@emfal‘elo wdbbﬁ@isw@uged aplfOS$ hepngmcaas Zueky smal |
stray cap V. S ot aI

ot ont i voand b KESRRHER 1) el SAPLANG AL R SRl e 0By

i ndi vi duaradhfstetheesapongnts will 2lserie dp@cﬂ:an@pgrtmel todheinvalags y the same
current will SassittidaQueluat he‘;éwp%a,en %?be%@ﬁécﬁ&@te@ﬁr?ﬁ{e%ﬁgn RpeRF generator
10 wi Il be distributed across i|npedanc z2 di rect

proport i ofher ugeRl'y ipplement Fvléta?ﬁ&lﬂ]@sPat“FIHGSUSSPPbelteﬁeﬁi‘?j}m]P]éI Bak&E in  each

of such caaReReRbmpWhdnk ok 1rﬁﬁedihéeefépkééeﬂi’c&&) l?)?rél'%nﬁibsﬁaﬁnéi%idrthﬂta' ues.
Since it is desired that developed ener e toncentrated in the region

where t hEYEEHH Hawinest Prﬁ&r@fg@rﬁan s?nssele %%%w%% besconpgnirpged inga j g

desi r abl eviRadmdihfegidie Stihetlad& ﬁ%&@:ﬁﬁf@hc@fbyt ﬂﬁklhﬁﬁﬁ@@é%& ERbAGENt ed by z1
be substanti aéﬁ and tha current asampglrtherethrough and consequent

energy reP&Ehds reient¥iberrsraitvesite very salky smal | region. The latter is

acconpl i shed hys I&ﬁd«vmmat hﬁ cbﬁ@h@ﬂwﬂﬂcth@%\ﬁeg&hg swhiddcifdf, Bahpsehtsat t he
operative site yer i s.known that, in contrast w t*{h he foregoi ng

y shm
series ciP ﬁP’P m@erfﬁﬁiﬁe‘f?t %n‘i GRPACHHIS] Tracfaness ivdieny ongaefe aparaliebe react ance,
when connpeked aitstaPéifedliveimpedance that is given by the formula:

z = —

Z1 Za» Ziy Z4 Z5  Z6

Thus, if 100 similar impedances, each of 100 ohms, were connected in
parallel, the effective impedance Z.¢ would equal one ohm. In the event that half of
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
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




present a total effective inpedance that is given by th&Noggrshey 20061 ~1) Z
eff ZI Z2 Z3 Z4 Z5 Z6 Thus, if 100 simlar inpedances, each of 100 ohns,
were connected in parallel, the effective inpedance Zeff woul d equal one
ohm | nwighwnew@nt that half of such inpedances wer e peithReiisy@l v

di sconnected, the remaining effective inpedance would be two ohns, and if
only one of the inpedances were act?ve in the circuit, the renaining

ef fective i npedance woul d be 100 ohns. The significance of these

consi der at | | T IN g e er eof
self-lim tL}S%d;l%gg%qbe%tgiéﬁngggghﬁmyﬁﬂglgﬁ@ icgdg%?ér}fsééc%'mAﬁ?gg%%lﬂﬁgw@ng descri ption
of the el ciamndetoicleptrastrgigladurh plectpilgRf} in thegigcussipn ofembadimerss of sy t urning to

Fi gure 2A, I b 1| - heRaefant he top view
of a wi de-%’%%‘g“g'ieﬁdr“f%ut e"?ﬁ“é“lgfé%{’?%?ﬁ?%‘?’ hfnouldti S‘?ﬁlﬁ%%fw?ode 20 that will be
9 NovenberelzoBelly wshgingddenres inpombinsivs, fowsarnrlar oyl ¥¥Mdescri be t he

princi ples, of 41e self-limting characteristics. Although reference is
made to el ectrosurgical return electrode 20 in the discussion of

enbodi ment's of At fe rightrhaadside of Rigwn 2 dhere isishevgransleciiiea) 9n8eHOR t hat a

sem -i nsul @fil;ng>5 RARLIHAE cSHREREH to@RElediical RhMEIonhéeak. X s@eioati ng el enent, in
conbi nation, forman electrosurgical, return 5 electrode, At the right hand

si de of Figireelemode Wekss ajsuriashehasominmiatiog sheetor membrnee?bon  terminal 22 to
faci it at exeRinae hbmokehdufid BlcRBdshitiRleskBleWndocdmeR 14y 214 surface 20a of
return el ectrode 2 | urface of a sem -ins Iatiglgl?l%\eet or menber,

0 .e., a

can be 10 sz BCand Alksregasis stricedla nchides Afemi-sylting shegtor and/ or
di el ectri coflrau@leledthiic 20 which Bay BEMde atapaRin@dridie inductisejeace 20a i ncl udes a
sem -insul ating sheet or nenber th ret,urn\ el egtrtodenﬁjo i ch may include a
capaci t i vederFdmgonthedaeicylgropsralipa ot the seaunsyiating sheet PHRPMPSY ¢°tul ar oper ati on
of the seninsiudssHaBlurpiSes DN ARldesfiptivh BRED aidf®the mathsinatisainmodelimg opur poses of this
description and to,aid.in aﬁl}"é na&}h&gathi &fl .nruﬁel in aﬁ{y return el ectrode
20, el ect risBE Wtrﬁ‘éf'sa/iob’élect“ﬂ [y 8¢ thqueht pf@s (g ’é‘gﬁp@{ ity of 15
unibfOrnﬂsy-ﬁiiﬁ)ﬂﬂyrsﬁai@g@nsct{rls@%gﬁmtreprasmmrrg@mueamylltreg:i .ons ﬁl, 21 a,
21b, 21c .. .. 1 [t W, e a ciate on i in the art,
however , thgll“'réf”ﬂlrl?‘? 3BPIEgiftyd Ry one %ﬁ{?glﬂtﬁ?ﬂg hﬂ%?veﬁ’ ﬁ‘éﬁs’fﬁk‘H’é ei@:ecldté%!gnt i nuous
regi ons or mgegHyinot in€llidel ditsdntias refzibnsan 8egment. For instance, in one

' embodiment electrode 20 has continuous segments.

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

20  resistive impedance z3' it represents. It thus will now be evident that each of the
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 thecase ofa largé 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 z; 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 impedaﬁce 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.
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' order to present the principles underlying this embodiment clearly), the impedance
zz» may be thought 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 remaining segments are connected at their lower extremities in
parallel to terminal 22a; 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 or laterally through the electrode in order to
get to terminal 22a.
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 surface of the electrode that is in contact with a patient.
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20  density and available current to the surgeon may or may not occur simultaneously

with the variations in effective surface area. Various embodiments of the present
invention may have substantially simultaneous changes in current 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.
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the electrosurgical return electrode 32 will be described in more detail hereinafter.

20 According to one embodiment, opefating table 40 includes 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. Allora

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 fiunction of means for supporting a patient during treatment. One

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




5 converts the separate electrically conducting el ement 9 Nomérnthea2d08nct i onal
electrical return electrode with the desired self-limting
characteristics. In the following discussion, the terns "sem -insul ating
sheet" and "seni-insulating menber” are used interchangeably and a

di scussion of the "sheet' is applicable to the "nenber,"” and vice versa.
10 Reference is now made to Figure 4A3 hat depicts an exenplary el ectrical
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t ' ting tabl
0. whi ontd AP Rorgid el 1 vl gh iRl QBB SRR THHE SRR N LR ¢
wheel s or ekeeﬂrlcek@nasct@hiﬁmow lthemle@;nc@@ommrofor@ﬁnmedtfmgztwmngaxf act as the
el ec”'calefe)fto?ﬁ%P%‘ Trétﬁﬂl é&fl&ﬁ@%ztﬂa%ﬂakiéﬁgr r?“ée%ﬁ{@ar dﬁﬁé‘é@?@& sheet 34 to
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capable of performng the Tunction o ET a patient
during treat nfareralin glegtoskgiral ggnerator H@ ggmqrate$ theleleg Cabﬂ‘»“ﬁﬂﬁé afeachi ng

cont ai nedoh&hGddlof RV EEicalBYir@RETt8G1 Fhfod tgpéémﬁeu%g@call3 that various
ot her configurations of, "an electrically con ting el enent and neans
generators are known to those skilled in the art, such as but not limited to constant

‘power, voltage, and/or current or variable power, voltage and/or current.

Similarly, various types of electrosurgical instruments are known to those
skilled in the art, such as but not limited to, electrosurgical instruments used to cut,
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
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 a plug capable of transmitting electrical energy, such as but not limited
to, a banana plug, a phone jack, an Ethernet jack, a coaxial connector, or the like.
Other
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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 silhoueite of the torso or other principal
part of the body of a patient. As w'ill_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 clectrode, 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
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be famliar to those skilled in the art in |light of the teaching contained
herein, such as electrical connector 36 permanently coupled with

el ect r oodhssaée generator 10, but rel easably coupl ed ge@nisid:6040, or other
appropriate electrically conducti n? elenment. 5 In Figure 4A the entire
upper surface of the table is shownlas being covered with seni-insulating
sheet 34. In one enbodi nent, sem -insulating sheet 34 covers the entire
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return el ectrode 32 ‘nee 'on?y to present an effective working surface
area which is stFWillde eaepsnized py Gojeglliedie thaartdt is aafingeossaw for thaspiaci ti ve, or
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interfere wt surgeon's ability to perform surgery e at the sane
time avoi diftighe elpsiedsite esform gepgreliviendidies the foregainzidessription i t hat  at

convent i oNgjmoahGbicRie rabimRt ripedhi&PbIARCA e bithvenAPaideoRapi tated only an
effective working surface area no | artg.er t han about the projected outline
of one- hal Andghe elprirode) milbbe igrodyeed dpomethisa fich At 2 $4giGthedYs SRS per at i ng tabl e
or the but yRgKsicREapacitdRlréBRhiceSifl nof rhtferdnahRABdby i GipcAnck S 11l ustrated in
Figure 5. However, the effective working surface area wll vary dependi ng
on the Ynaikrifieiat@ed, in some geometrical configurations, and in instances

where various 24k ik RotinSo MbseQRIBERH RG] iR @MllehRBREcURER cidbuR¢Ls, over the
el ectrode. The principles hereof . may he successful.l%agirgggéoyed and the

ef fective whRS Hgseusrdin glectrosyugeny thercpacitiyg igagpncepiap fp fermined in such

ci r cunst ang@stidayboth@f bipaditafosRad iheBedudicly @fthe iRfRing &@khtlctricapndi tions, the
as abgut seven_  square inches (or

~effective working suyrface may he as smal

about 45 s§&% BYG%QWH%’E“E @P“éﬁ“ﬁ"’e-g@“ﬁvﬁ’r‘%‘?}% Tor ppaciieeaddnee @i - i nsul ati ng
sheet 34 ashs)@wn in Figures 6-8, and 10 are depicted as being rectangul ar
in shape, it will be evident that they could be oval or contoured as, for
exanpl e, t%(cf,_pl llow the silhouette of the tomgo or other princi pal part of
t he body of a?%gcent. As will be evident f¥Y®emthe foregoing, it is
inportant that “sem -insul ating sheet 34 be configured so that when return

el ectrode Jllerk XcisRphicitivd rehdkanck mhingtals 314199, [fasfreqlans id pérgand e surface of
the patient is suffj ietlrxtlow, t(022 the . o

_ is capacifance in farads. The formula for ¢apacitance in a parallel plate capacitor is:
ke, A

t 3

20 where C is capacitance in Farads, « is the dielectric constant of the material lying

C=

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 conducti{ze 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.




el ectrical inpedance between the el ectrode, i.e., the c8Movemier 8¢06of

sem -insulating sheet 34 and an electrically conductive el enent, 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

el ectrical return path by nore than six degrees (6 ) Celsius; and 35 (3)

t he characteristics of the materials Bnd geonetries are such that if the
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i nt r oducedeiviech ABBIN 44l aBHEN 18JuAre SRS %uw&%%ﬁﬁﬁt%%%ﬁﬂ a Such
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current Cisfugital gdn Br no indtpokimSedvPSIN S86h AerPdcA6L 528 I QST 0 obithiE
capacitive,reactance of an_ inpedance, is a unctign_both of capacitance and

d e 1 .
the frequéh@§ PRifent Fepositionsdion phelestipdedpat 16the stzeiof Hieir uppghigrsogesent ed t o
the react gaig&. Thus, the fornula for capacitive reactance (in 15 ohns) is
fC (2) where, Xc.is capacitive reagtance.in ohns, n is 3, 14159, f is
frequency in HEF ,acg tigs Of}téeé%ﬂf& idf%%%CF%ﬂf%ﬁra%teW%m@a@a f or
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making it difficult for the surgeon to perform surgery. Thus, in the present

embodiment, notwithstanding interposition of some additional capacitance

represented by a surgical 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

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 32 ensure that current density flowing from the

patient or the user is at safe levels.

In another embodiment, 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 enveloping working surface 42

- and any appended electrically conducting elements,




sizes of electrodes nmay be used dependi ng upon the freql&neynbef200he

el ectrical generator source, the separation of the body of the patient
fromthe electrode, and the material |ying 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 electﬂdsurgical energy, the considerations
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pr esent era:bxselprmnmtﬁtoesenﬂuﬁs‘ulanngmhéqt 3¢ conytant adnl;mngmhdrh beateveai pmeérm:t ed
rubbers, plast s_an
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nent ![ oned batv@er senmi-inbulsiéng shieatsid a?df?ﬁllsdn a@bﬂaﬁl, ofistirgi¢ut Cheﬁﬁj(z 51214 the s I
ositione e s nsu at i_ng,she is in close
Br oxi m ty%?é&{fhsstu?ﬁ‘{legﬁtlo‘fvooraegﬁl esurgefoﬁ 088 gl |p6%~%d ance the result
woul d be ptdvading that cauremedensitbfmdfﬁcmmﬂyhbwedrﬂdhatosmf@meﬁlele@&mt ator woul d be
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Thus, int resent nent, nterp S|t|on of sone
addi t i onalany lgattdr larih@eleﬁepalestem prdh by nmrsthag |smadeggmvt6°) Celsivseat ur es

descri bed her?fgpﬁe‘% sat§;20}ew&’le epge%HEIPSIB% shieliheBiin gﬁ fegure 48,

depicted is an rnate e CASul I ng sheet,
r ef er encedhvsption diewdll behiserved thaf thftslppatfe(@p86§em Wonkmg awrifarg ofﬁieeet 34b can

| ncl ude ag &g@&ﬂlxigsh%é@ééqﬁu 1§§x%a]1@ﬁ R5 {%%{:el‘f‘?hé %o%ﬁlgf&térfq #op cover

portions o FERfTica y €O ng el enen and/ or
wor k nnpedance The semi- 1nsu1at1ng 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 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 particuolarly
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 this connection, it has been found that although with selected materials

and




surface 42 of table 40 with which the patient or the us@MNogauted20Sne i n
contact. By covering such portions of surface 42 and table 40, protective
flange 38 ensures that current will flow through el ectrosurgical return

el ectr og® 03@947dhe self-limting characteristics of ﬁQﬁﬁE@yﬂgﬁCtrOde 32
ensure that current density flowng fromthe patient or the user is at
safe levels. In another enbodi ment, 1#he seni-insulating sheet has the form
of an envelope and is adapted to receive an electrically conducting

el enent wi gm.ﬁen%éaethé %iﬁ%%n@ﬁfn%g%mnﬁn%@m@gs hétdorth L}w bedRhilRa &f | bed

her ei nafte I'n anot ange 38 is coupled to
sem -i nsul ats@wgn%lﬂﬁé@gsl@ﬂandhﬁn@qatretnw&!epweéﬁﬁwaﬁﬁbwgswqyrsweect ive flange 38

i ncl udes a @ﬁ&q&%@ut%g@fafe%tfne{ers?ﬂwrﬁpg gagfae@%éﬁ,l dﬁQxéﬁfﬂzIrﬁﬁﬁg #2 and any
appended electrlcally conducting el enents, 2006 ~ 17 such as the

l egs of a P&Qi‘lp@geﬁypﬁhwﬂﬂﬁgﬁ“l'fﬂic‘gal‘e%étheIS?my!éiulaé}ﬁg)ﬁhﬁ@ﬂn‘b‘FPB@dh“rmnt protective

flange 38 keyrhQKatdad litn ﬁm%ﬁ@&f%m a%outri?%bslaﬁﬁo%quaﬁbrméﬂ@ss@%b& 70protective
sl eeve used to cover sem -insul at] ng}és eet As nmentioned above, Figure 5

is a front tQ9-680 sIpareccntineierply By making ﬁ‘?m'dFF&laFm%eetW‘Uﬁ’n% theeni - i nsul ati ng

sheet 34 a@&ﬂﬁdleaa;awevhﬂaﬁmea\ra@g&(ma %m%%hc%brbhﬁa ;meqar%e;)urface of the
seat thereof Consequentl surgi cal air 50 and sem -ipsulating sheet 34

col | ecti veFWW?rSPﬁF‘éfFFG%?’é%Q’?‘H’é?YPg? E’8P°Si‘létﬂifr”r‘?°‘%ﬂ°é@f°f3%§5ma] | lustratively,

surgi cal ai%mmﬁ%m&aaemwtﬁe%@ﬂﬁ%ﬁdnomﬁrb@g@@fs, @aﬁmmdconflgur ed to act
as the electricall gm conduct| n el enen nventi on.

t he
Accor di gl y, wh ppiagulating sheet %F‘"ccP‘idWéto'?‘ﬁmf’?PélogLi asf S5t t ocks and
upper part ifHigirb6, ﬁutwﬁhk&d@wdsﬂicenﬁm oabmeﬂ ﬂexmwfrﬁdtaiaamx&hywh@l ose proximty

| mpedance. ARt FrETRBIGgTRiNEEFe B s MR OeR RIS the 6l eotri cal
| npedance efigiiveddresififice prosehiedby dach gh@ebenﬁlﬁetaruf/u@ﬂq@l shrffé ofthgor t i on of
T O R U Bt B8 i DI, ST i 0" L suroeon
suf fi ci gnt byenl fosxdasnbe ﬁah&hlarlylmcﬁeanmialsab ey dirk gedible,an@elys | s devel oped
oot 058 e LM BuRPSIREE . Bt i Bl HERBRRGRY, 0L, oY
Cel si us. Flger 3 ayi t@ niadé ﬁmnhereﬁﬂy ehtiahdiifieesigaot féxitdematedahgiterddeet accor di ng
to the in ent‘lng L Wtﬁ ‘g{a rved tha#}th_tgg u r @ gosed or wor ki ng,
surface of ¢ W PRSP f’tﬁ'gy ey P %%‘%ﬁ%gf %% as to nmeet the
f oregoi ng mbbéxenatmai irwhiich\wherd afqimgeegeated chidhctbe fibers,3adh satartbeg sheet can
option a:£0I y ﬂgeqvoerrm %v ich ﬁlrelxtalhzrn% b%elillrcfls?rcb%teg quan‘rc}tles of other conductive
substances such_ as carbon black, quantities of gold, silver, nickel, copper, steel, iron,
stainless steel, brass, aluminum, or other conductors,
Further reference to 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 eIedu-osurgical 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 fumction.
As mentioned above, Figure 7 is a section taken along the lines 7-7 of Figure
6. Figure 7 shows an electrosurgical return ¢lectrode 46, similar to clectrode 20 of
.Figures 2A-2C, except that electrode 46 is shown separated info semi-insulating sheet
35 34 and an electrically conducting element 47. Optionally, electrically conducting




operating table or the entire seat surface of a dental 8®Nownther24fat i ent
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 noves position

during wbesgawsse of a procedure, a sufficient portpefysdssfie patient will
remain in registration wwth the sem-insulating sheet surface, and hence

the return electrode, so that the % ective i npedance will remain |ess
t han the above-described level. At this juncture, it may be hel pful to

enphasi ze ghar [hSt] . Of N | Lok daglegheet and the
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with a patie er directly or” through intervening conductive or
nonconduct §ovwe. Iyehe esemplagform, 8 thitkaess gEtae gemiinsylaiingshassidliss Bize, there is no
need for tal %A':H; iRR1 14 Bt 098 8A850.6008), PRACRih a8 return

el ect roée I’ia{(l)écﬁo pﬁ%/ttsl?hga . (@)Ht oﬂl]éul’?J ot a at_(? ent, Inf hi's connection, it
has been faforaetentioned range hbimyrdapgetof the elegeginldarying semj-inpating sheetd4Novenber 2006
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self-limting princi could be achieved in a sem-insulating

sheet and inelatiag shepidtunrovidas dheimprdancy togetharwith desirgd physicd Bedbili¥quare i nches

(or about gpesdiaiEaabRMdiiEt €rs) in working surface area, an exenplary
range of exposed upper working surface area of the sem -insulating sheet

and henge t he & enerembpdimentof theprasent ipvention, the matealy@dsiectode m about 11 to

1,500 squagBmiiied\Ghe(sehi-RRPithe et 3k QreRelBRE 56 AR pRevER BEAIBRLEN S) . . By making
the sem -ihsul ati ng sheet and hence the, return el ectro,d(ﬁ several tines

| ar ger ( t yPPssHE pere ordecybitysylcerypn g padsnt wtingupas the fleetrpdgagdisglosed 1y \wor ki ng

~surface argeddiUnte@¥hRyBatdii AR RloR SefidlRo0eewh, I tldiiaat 3physi cal _
attachnment, "either directly tao the ,sklé‘g%of_,t hg atient_or through gels, is
lmgtiing Ele

el i mi nat ed2001 @udrmgitleds RresyupesioreRad Having, FIHEA REUhe i nventi on

her eof ,15 aSgledtlods Propdrst and Optiohdl WHetind/Codik trpabimids,” of wiihakd grésentr ubber , or
other flexible material wh

.e .maj Ich, when used with the electrically conducting
el ement f ohplication @?ﬁ?wnéart’@’é'fnr'ﬂi‘&é“‘gk"t“ﬁh ﬁhn°°@f>fna@€§l?f%gme%°r“é*§?' ance presented
by each sospfitivedhfigiRkiens, @b clodbkirgienl sledtiode ean Gbat biftor csobthie- | Nsul ati ng sheet
to be greater than a oelggﬁ 80001f2. Silicone or butyl rubber has 15 been found
to be par t Patignt4ptine the perigunanceot gayrgFql progedyte-  hey are flexible, as well as

readi |y washablpgued¥is 8 be@tiod dirditstothat OF Figiird & buvibsgnting eaultiplerlayepdy  of
sem -1 g{? ul glr}léoggnent illustrating the separation preéented by a patient’s gown according to the
invention hereof. There, in Figure 8 are shown semi-insulating sheet 34 and an
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 itis desired fo eliminate the need for cleaning semi-insulating sheet 34 itseif by




sheet 34 may be made of inherently relatively high resi §hNareeef P@&i bl e
material altered to provide the requisite conductivity. One exanple of the
|atter is that of silicone rubber material in which there are inpregnated
conductive fibers, such as carbon 20 fiber, or in which there have been
distributed quantities of other conductive substances such as carbon

bl ack, quantities of gold, silver, ni &kel , copper, steel, iron, stainless
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Thi s | oweelestricallyipansaptingelomenf and prevgaislipadyeent @ﬂl@t@@ttqféhﬁ pAtiestur r ent

out war dl yph?suﬁﬁh %h%ﬁ{ef] @ﬁa@%&soﬁﬁﬁ:‘d%ﬁfﬁg%ﬁ:@ﬁ' SA1PhoceBdWith thkn one

- exenplary form 't esso esem-lnsu ngseet 34 |e5|na5
range froﬁiea%@alﬂyqqr@zcm&ﬂememl/4 i nch (about O. 08 cmto 0.64 cn), which,

with the af orgpa®RBka ?@ﬁde ﬁﬁ?ﬂ%n@imd HRRIADERI. Ghe 0@ B LSH Rl opkREdM NY
sem -insul ating sheef 34 and/or electrically conductin eI errent 47 and/ or

t he capacpll ?‘V@?ﬁcwf&ﬂ@kecwallﬁé%@wng elemigntainte an yHerear o3 sleeys Vi des t he

Irrpedancenigﬁ mrthé’\ée%h@&ﬁﬂlﬁﬁb@ﬁ'ﬂﬁpQHéuiﬁ tddith be¥t leh@paftafg Of use and
handl i ng e enbodi ment” of the prese inventjon, the materials and

el ect rodelocﬁ@éﬁ’é&"i‘3@@?“?%@%%5?)*@&%%%9@@?@ 81&“51%1 ¥%el ected so as to
prevent cegaivcily bmeRtr @&ﬁllbt@eexﬁ%afav@f&erﬂesmmtwgl b peficht Ghysichat dent resting

~upon the %Lg alg Cig gnea sstru%{:usrg capa ﬂ: of performing the function of means for closing an
end of the sleeve. 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 surface of sleeve 50. In
still another configuration, the outer surface of sleeve 50 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 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 identity various other configuration of the sleeve. For
instance, the sleeve can be open at both the first end and the second end, with the

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




in pending United States Patent Application Serial No.O09NsVEN282006i | ed
January 31, 2001 and entitled "Pressure Sore Pad Having Self-limting

El ectrosurgi cal Return 15 El ectrode Properties and Optional Heating/ Cooling
Capabilities,” of which the present application is a continuation-in-part
and which is incorporated herein by reference. In alternative
configurations, the el ectrosurgical ellect rode can heat and/ or cool the

ect i on stTidriog BRSNSl Peiiabeffienll BRCGM A gt Boay or * 20
enmbodi nenwithitha@tst ed angl stebreldw;lammtgictmethﬁﬂenp@mgmna)epmse@ﬂirmghg own
accordi ng?ﬁe{) rtrﬂgre o'féﬁ%’%%?oﬁpaﬁgﬁs%ﬁ cIo;r Pgdﬁclosﬁ }Eér Hro? ﬁl@%l@ﬁﬁlﬂ}l Lo | ayer 48

sem -i nsu over Ivel'y "capac
repr esentomﬂfkal drlnshﬂa;ttm*@hﬂpéﬂﬂertfewhmglcaylemeddaerepat| ent's surgical gown, an

operating roomli ”T@T @L%@Pftb‘tﬂz %IPPAFIW'%PQ cp he
sem -insulating s shoul d be
under st ood t hat |n 25 addi KL EMBEINGHEARUREYi | ar to that of the

el ectrode of Figures 6-7, eI ectrr cally conducting el enent 47 of Figure 8
coul d consi st _of a sheet, plate, or screen_of gold, _brass, alum num
copper, sil veFIgUH ck‘é‘l’Plc%f“éé]Ie"trW‘Fﬁ slestradecdd thatispludesta se&iicar bon,

conduct i vensfulalﬁhg%hee@ehend §@Ele&ﬁcalﬁf%nﬁﬁ&1ﬂ% étanéﬂi%tl @eRrlQuic@ntied upon
anot her structure, such_as a grounded chair, or the |ike. Further

r ef er ence TREURPYiTY disgussed Brgviously gyt S];&%Mthi{rﬁ%cﬁzﬁﬁ ly senqyci82nt i nventi on

can facil IeIeﬂieﬁtstdpphbmwl@txﬁHMl fcoﬁﬁﬁtlﬂgéleﬂieﬁi@p%b%lecir@d/eegz 484 aRYEri ng the
| ower surface.of, sem.-in ul at hsegﬁaheet 34. Fi.Qure 1S aetlrl)ersgectlve Vi ew

of a sl eevBeRfrallySsmidnilptings oS Hh§OTHE vE anpﬂ@r HEAYY of Fi gures
6-8. Thus 63pwni‘¢h$¢1ﬁénene aqpitieatadreyporalRe éf-lipngastengrddfe f oregoi ng

sem -insul atj ng sheet 34 w.t ctive enyel gpe ti.ons in which
35 it is 8§:§€r?silag@%quumﬁlﬁgf egﬁz @@Hﬂ%%}rﬂe&é tﬁé?’ﬁfé’?ﬁa‘i%ﬁ iti ng sheet
34 itsel f lawgh)Qribesvbietie the0fibimpdanseaifedcirode 32, Wieter s@udtiaipedaiceon t hrough

t he use of .a sl eeve of terr a h.s i nsul ating
Sheet 54 it dionn S g0 ded Bl g oAby R Ry L e
wi || be evomthwting eletizois@l atd/drlcedducrtmg lt&yeaﬁi Ftslheﬁnc&e,stheenﬂ may be nmde of
any of a vy |ny astr pol yester or
pol yet hyl erﬁ%é(ﬁhr gur%aﬂ%\,\ﬂ%@ ag@“?tﬁSﬁﬁt’? é?‘?‘t‘fé g’tvrbng sheet 34
encased wicomnpaneniseo! eddotinaly ecbndricting elefentltie semi- 1rlsu1\zmi1§ sheet Femnd/ori S out er
surface Sngan %ﬁg&eﬁa}so and shown encased within sleeve 50 for

il I ustrative pur es’I's sem -insulating sheet 34 of Figure 6.
Electrode 32 includes a semi-insulating sheet 34 having a bulk resistivity p and

thickness 7. 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
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.

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

with the capacitor combination is




I n anot her enbodi nent, a sleeve 50 functions as sen -i nStbainbeg2mbeet 34
and receives within an interior portion of sleeve 50 an electrically
conduct i n% element. In this manner, sem -insulating sheet 34 conpletely or
parti al V@ 90878 unds the electrically conducting el erRSFUSAHEBSHr event s

i nadvertent contact of the patient, 9aphysician, or other individual
associated with the electrosurgical procedure with the electrically
conducting el enent. Sleeve nay have a first end and a second end. The first
end may be open to all ?I aci 519 of an electrically conducting el ement
into an interior of sle C Di sposgd at the second end may be a flap
that is ada@&edﬂrp){@:ipaa@ocat gyw thin the interior of

sl eeve 50, to cover th rllg(ofl the Ergat€Rcal |y ~ Conducting el enent and
prevent inadvertent cortact ¥yb the patient, physician, etc. The flap is
one structure capable of pertormng the function of neans for closing an

end of the wikegian iflaskiohp&itni of rdabiendd] dnd ©38hE SERak fquiay | ot her
configurati,ons,of neapns for cgosi ng, an end of the sleeve. For instance, a
flap can iﬁﬁﬁﬁ&%‘ﬁ?@%  the elegfrpsurgical espespiordisavescy. ke vaBligide oupl e the fl ap
to the out efthsinifedsteedf sl eeve 50. In still another configuration, the

outer surface of sleeve 50 includes a portion of a hook and | oop fastener,
- with a portion of the flap having a conpl enentary portion of the hook and

| oop fastener. In fi gurati-oen; sl eeve is devoid of a flap
and an end tII;_e leede s c.L__(iée usi ]ag zip ty@ﬁ fastener, hook and |oop
type fastene¥t' o It-heAdkp2 St I-i—%@(lj@ lter cbnfiguration, the sleeve has

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 tgabeinaing fHe@achdencdTohGH (M3 R LB thickBQ ¢ Bhik! 1 ed in the art

can identity, various o{%ﬁ;r configuration of the sleeve. For instance, the
sl eeve can"BETelenndthesiglestricicanstant of thegpaterighgdsfined becond end, with the ends
bei ng cl osed b},{; appropriate neans for closing an end of the sleeve. In

anot herio9 I%vezber 2006 21 configuratio 6%t he sl eeve includes an opening
between a first# end and a second end, w the first end and second end
being closggy This opening can be closed through one or nore of the

vari ous neans for closing disclosed herein or otherwi se known to one
skilled in th 4 in light of the teaching contained herein. TOTAL
ELECTRCDE AP | MPEDANCE AND §H_F- LI M TI NG FEATURE Figure 11 depicts-
an el ectrosurgi ¢tal electrode 32 that includes a sem - -

where electric permittivity constant €y = 8.85x1 0% ¥/m, the magnitude of the total

15  impedance is given by

ot [ 1 _pt 1
thotl_": 2_ Jﬁ 2 (8)
\1+w2(’fa;o )2(1) DK gop

According to the AAMI standard, the total impedance of the electrosurgical electrode

should be Jess than 75 under normal operating conditions, Therefore, in one

20 _ configuration,

pt L <150 | 9
A .\]l'f'a)z;fzg%pz - ( )




i nsul ati ng sheet 34 and an el ectrically conducting el enghbvdiber 2008
structure and functionality discussed previously with respect to other

el ectrically conducting elenments applies to electrically conducting

el enent 61. The el ectrode 32, and nore specifically, sem -insulating sheet
34, is in contact with another conducti,ng | ayer 63, which represents a
patient thereupon. The self-limting f&gture of electrosurgical return

el ectrode 3%eqofing Besai ns current densities below a threshold |evel) arises
due to the total inpedance of el ectrode 32, whether such inpedance arises
from sem -inpsul #d,ng sheet 34 al one orgyiy} conbination with electrically
conducti ng r§2ﬁ§§Q6l and/ or conductiA& ayer 63. Furthernore, the total

i npedance may ar fromthe various resistive, inductive, and/or

capaci ti ve If B eapaiedicko will e velydal inpnite BGhiaRd «Slhe War 61, _

sem - i nsul %%sh ‘ﬁt 34 anﬂg&r g:og%tjfﬁ;tl ng, | ayer 63. Electrode 32 includes
a semi-ins s g grecen WHORAL Agfes P & the plegproprgipnd cuttipg ckness t. An
alrea A pl acpedﬁﬁmmﬁmemewdmﬂv,eh bk 'caicl@ohnd@‘vﬁﬁia{részﬁa%iy \condlulct: ng
el ement 61, and the ti.ent may .he nodel ed as a resistor (R) in paralle
with a capg%gﬁﬁpe%ﬁ&tﬁ‘ﬁgfe SEgR VBE ng J9necrbs ble ip perferm fleotroRegest ni ne t he

resi stive Usigiprietie above iequatityptht Expasidbdcohesslefualitymi ting in a purely

resi stive scenario where electrode 32 is nodeled as a resistor in parallel
wi th a capaci t'r{.—-FeH—ew ng the cal culation of the mninmmrequirenents
for self-1ipit|ng ik the _Q?fm resistive case, we wll generalize the
anal ysis for ;Ig W ces, et her élﬂ:} i npedances result from

resistive, é\ 1‘ I vepfand/ or i nductive conponents. As such, the resultant
total. i npedance equivalent for the resistor in parallel wth.the capacitor
combination is 9 Novenber 2006 WO 03/094766 PCT/US03/13510 22 (R) (. 1)
Ztot =R | %8@1%%3’ m@@f‘lﬁ“gﬁs occurgyvhen the cleojrode haga kege clegiiedee | i s an

i magi nary arenincroatdct vith tieagdtenc@ig@adsp).el, a lirge safgeladda disemianalatiapd is 5

defined as_ne2nf. where f.is thee|ectrosurgi cal generator frequency. The
magni t ude SIB”Ft H%micﬂ%&gﬁf&%e patient; however, 1sn on exempla%/ embodiment it is d y

also desirable for self-limiting to occur when the patient only makes contact with a

small faction of the total semi-insulating sheet 34 area (Figure 11). For self-limiting
15 to work properly, the current dénsity (/4), where I 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 o
(Z)S(-,Z)mﬁéa,'—‘loo mA/cmz (12)

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

20 500700 mA, Ifwe set 1000 mA = Ly as a safe upper limit as to what one might
expect for an above average power susgery, then, in order to return the current to the
eloctrode without exceeding Lrica, the contact area 4 omaergminy for traditional
electrosurgical return electrodes must have a minimum size:

o Loy 1000 mA

A > =
25 7 eontacimin) 100 mA /cn?

—_ "
Do e )

It can be appreciated that .z may vary from patient to patient due fo changes in the
amount of time that the clectrodo is in contact with the patient, the electrical




21 ~Ztot 1+W2C2R2 =R 1+wW2C2R2 (5) Substituting the dependareceotmsf R and C
on the area A thickness t, bulk resistivity p, and the dielectric constant
of the material x defined by 10 R= A (6) and C = xsOAt (7) where

el ect r i WOdPH#7es i vity constant so = 8.85x10' 12 F/' m tWI/veymISiude of the
total 15 inpedance is given by P 4ntl Pt A 1+ w2( ICCOA)2(Pt)2 At 1+CO
IC2 60 P2 (8 t A According to the AAM standard, the total inpedance of
the el ectrosurgical electrode should be |ess than 7552 under nor nal

oper ati ng ceauttelisinsof thetpevienf oskin (ie.nresistivit2,Gind twfikguthadmant of htat F2+ < 7552 (9)

A X262 2 9 RARBHRHAOMo i o HEENDBE 85 BhBidkdQpa 301 1 @ << 1. the

el ectrode w | I" have very ow | npedance conpare st andard, and
t he sur geonWith pi eleptrosusgieal ebirmelgotrgdedesiguadiaoerding 1o ithe peibrerett indbaur gi cal cutting

5 POV, Ul e Bt £ bl ol ol 4 £ LoV cal el ect rode

wi |l have such a | ar ance hat the sur no | onger be able to
per f or m &l cB¥nBiReHher wabw@mﬂg resujt PPWW@U&”Q@M@% 198k’ whichtisibe expressi on

beconmes an pgikatesiord, IHEon%raJt,]tﬂc) reséhthﬁ'i?é@tt%n%nﬁt%thcpggﬁnlw t{arbuﬁlne configuration,
self-limting .occurs when eelectro has a l'arge ectroe
caused from a reduction of the contact area below Aconsact(nins whlle also preventing

electrosurgical procedures when the contact area is significantly reduced. Therefore,
by selecting the appropriate impedance of the electrosurgical return electrode, the

10 current Iis always reduced below I When A<Acouactpnin.
As such, the impedance between the small electrode with area Acontactiming anid the

larger metal foil is not simply

pt
. A ontacnic) (14)
15
as current can flow fhrough the areas not directly below the patient contact area
A contact({min) (Figure 12). Approximately 10-20% more current flows through the
patient contact area 4eonqe than one would expect if the total area of the semi-
insulating sheet 34 were Aconactmin- Equtva!cnt]y, the effectwe unpedance 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, Fi gure 12 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 haiched region denotes lesser current flow.
In order for the electrode to be self [imiting, which is efficacious as defined by
30 the AAMI standard, Acomacyminy 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

T

‘configuration have a value of about 10, Using the various values for Aw,,m(mw and B,




area in contact with the patient (Figure 15), i.e., a | &Ngeensher2@ée area of
sem -insulating sheet 34 is in contact with the patient; however, in one
exenplary enbodinent it is also desirable for self-limting to occur when
t he patwensowandsy makes contact with a small faction afciieesastal

sem -insul ating sheet 34 area (Fi gurg 11). For self-limting 15 to work
properly, the current density (1144)5" where | is the total current through
the contact area A of sem -insulating sheet 34 and the el ectrosurgical
return el .edtis peleiblefto FolvedBauaios P ke khe tkitieedst adefmndior 5f hobulexceed a criti cal
value (A (A.)criacal.=1 mA. cm 2 (12) .AAM .standards 1 ndicate that

nor mal (el) ef:rf’sf%lgﬂ%?t?éﬁm&g‘g?cgﬂf‘gg'ﬁaﬂ gengﬁg‘% feauspcies o WRle BIMHEE. 700 mA. | f we
set 1000 nAactoriof 1.230 &camt or thp pdge effbats desaibed abovd) dh the paticilght expect for an
above aver wer, surgeny, then. . i rder..t,a return .the current to the
el ectrode \?\Aﬂl{es out c%’)‘(’%&é'@%?ﬂ%c"ﬁsfe‘?g‘?r\%'t tﬂ? %8@:%5%2&5?185#03&” lﬁ("n‘ﬂ?l) for

t r adi t i onalresistivigycand osaatagpe temins otheequativhgletweod domag istappracigedbynonsi mum si ze: A

Co 100Q, aA; = ' ' T nR. ((13) , A I
be g|eo)|c§r eci %Fg@l?‘%%a%%aéragr?%%&%{ré@fégo%%gf?egﬁﬁn}&gb pa Féer?fsg%buedt 6C(r:ﬁan;egainn

the t anouerctapde terimsend hatvarh dditiendllystievals: df h.2ddnse@ionthei t h t he pati ent,

char act or | At PRUERRVSEpe e Gl RO et e 1y

t he anmount apthe geametry pfthngjecoreivicetd abpuntifes theadiffaent edgelefeqimt i ent s i niti al

skin tenperature, and the Jke- el ectrosurgical return el ectrode
desi gned accor H2nd(76 bri @r? arix 2igf the event that the contact area
with the paT cl (nind, whi(l&)5 naintaining the

Imax, a burn may result befause (11A),,;rfn7>1 OOV cnR2, which is the bum
t hr eshol d. ] . t hnvention limts .the possibility of a
burn causgh%#@@%@%ﬁﬁ&%?%ﬁﬁ%ﬁﬁ agﬁ (E:%ﬁﬁ'f gatllé 1ntéepglgt1061§tr1 W%A. ,,( &, while

al so pr evepammefers effenting sHfdingiatial) isor ocedur es when the contact area is
significantly reduced. Therefore, by selecting the appropriate inpedance

of the electrosurgical return electrode, the to current I is always reduced
bel ow I, ,, UsherEquation |5, /Rigurernp ikastcitsshthe Vdrationoé thamarnbbilkaesistivitg, smal |

el ect roge \leil Qeﬁ[ﬁﬁldﬁ%@agmﬁickn%gﬂe&:ﬂﬁlg KLEr'ﬂl%rmaggﬁu% se];n?-i | is not sinply

insulating sheet 34 thickness one could imagine using would range from about 0.5 to

about 4 inches (about 1.3 cm to about 10.2 cm) and in one configuration about 1 inch
, 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 Qsom.

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 indnctive
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




R ee Pt (14) "cOn,ud(mn) 15 as current can flow throggvéniter 2008as not
directly below the patient contact area Acontacgmn) (Figure 12).

Approxi mately 10-20% nore current flows through the patient contact area
Ant t hawwoaeosassul d expect if the total area of the sepgrgesuisas i ng sheet 34
were A wa( y. Equivalently, the eff q?tive i npedance of the 20 el ectrode
is 10-20% | ess than what one would nOfrmal ly expect if these edge effects
were not present resulting in additional current flow As previously

ment i oned, deimfyinatonle? theeiv:aititn aemmmgmaﬁ b 051000 hm doapled Ritipweh the

- | at 34 of th t act th
TN A il

depi ct ed, mafememthcta&EoﬂOcmé‘ through par al l el paths around the contact

region thus redH‘(':lengr Srovera I b%g ce to gur;f nt fl ow and t hereby
i ncreasing the effadfy (M requuament gafbe st Wi anympmberof elegtopife i gure, the
opaque or remypeteyts hadkeh ogetherdn wmiotkonfligrtativaincleding strieeamd pafblle.(bw and the

lighter or |] o h region d ote | esser. c t f ILn order for
the el ect roclae '%tji%’gose%lﬁ r'he%ms AT ?°§°r%f’f°v{§15‘£ﬁ’5tﬁ€°t8‘§{ defined by 30
the AAM stiBipgdange pmﬁ@#afébﬁhe)re fingeivavitzbeaboue? R ongrehtstwhen thegorigclabout
22 cn, &mgl f,@uration about 10 cnR for electrosurgical currents
bet ween 10%%m&ﬂean %ggu{n 2,000 mA. Simlarly, 0 can range from about 10 to
about 50, and We dafige theotofal gupqianmﬁthvelrautﬁadtweemthead:mnnteld_cmrodejsnm@let he
various valyes. o &ygh 0 03/ 094766

PCT/ US03) 1 S @ ondt R m"g"%‘é’c‘%‘fa\)’ggéﬁ'%ﬁ"“’ A1 ne thi okness t
as a funct |ebprr<z§vrgtcﬁecmmr andémpst:mmstzmp This lrdpeﬂir@p &rgenapdtaidiyrtbs ur gi cal

generator fy account for
t he edge ef f,ggggéw escr ?‘B’dgmi ht%sgﬁﬁh&%ﬁ%e%grt{rﬁgﬂﬁém% tI%vleus ‘?atl ve
enbodi nment petiesiand thedethmelscinodet ﬁ@dﬁmthﬁf“huhk lmp@lancs”oﬁthdmdethlwat hin the 5

resistivit it may be
oot oci at ofOBRE iERAAGRhE b, Mpeldife SMAMENI AAMMENER | TY 00 etry

dependent F%FlaWtSheeﬁ%ﬂmélﬁiﬁ%uewC&mdent,@act ance terms and may vary.

Addi tional ly, _(@g%vauue of 1.2 is based on the illustrative geonetry of

t he presentﬁg& d self-limting elﬂfﬁ)rode and may vary as the
geonetry of the etectrode varies to acco for the different edge effects.

iot- 1.2 A(75 1+~y2P2~c2so0 (15)
HereAls e area of the material and ¢ is the thickness. This is analogous to the

relationship between the volume dependent ohmic resistance R and the related
volume independent characteristic of the resistive material called the “bulk resistivity”
p described earlier. - '

One manner to describe the self-limiting requirement is expressed in terms of 7

lzmr|_ lr’|>75ﬂ a”n
' _ Ortherefo;e .
h> 04 (1s)

For the previous case (minimum bulk resistivity specification) we used
A=A contactminy=10 cm?, (about 1.5 inch?), =10, and =401 inch (about 2.5 cm), and a




P The resulting equation (which identifies and defi nes BiNevember 2006
interrel ationships of paraneters affecting self-limtation) is Using
Equation 15, Figure 13 illustrates the variation of mninmm bul k
resi stiotogwoa7dd Wi th sem -insul ating sheet 34 thicknqgsyse§/eRw ri ng ies.
The maxi mum sem insul ating sheet 34_thickness one coul d i magi ne using

woul d range fromabout 0.5 to about2% inches (about 1.3 cmto about 10.2
~cn) and in one configuration about 1 inch thick (about 2.5 cm. Above
t hese thi.ckpees§S,.2 tbR&osR Wred ' . oW el dy to use
and unconfortabl e for the%{;g&%ﬂ??ﬁ%@é#%&&ﬂﬁg}%@4%%?¥{pr§“&@§{§8@20 t he
mi ni mum bul ¥4584%: st i vi ty for an el ectrode of such thickness is about 4000
SZcm  The e i equations and dis sion are representative of the
bulk resis %/'ﬁ?@@g?mt he el ectrosurgi &5) electrode to be self-limting. It _
may be appreciated, however, that the above analysis nmay be repeated to
obtain the self-limting inpedances for electrodes nodeled using primrily

capact t1ye Drerdfiidif o pirely shaRARCAL Bulk HpclRIP L Ridefifeadl b BRAS L1 vE:

capaci tive, and/or inductive conponents. ore, owmng is a

di scussi on 6fstiviE (R ef the pondudtingmateria in theelestode. (T reswts iduationi I8pedance of t he
el ect r osur gice@berSleR&rhlize @eall NMAREE 8id A&tEial %%%Hﬁ%&fﬁr@%%ﬁ&&é?m resistive,

capaci tive, and/or uctive conponents of | npedance. EXEMPLARY

L0 i
ENVBODI I\/El\rr§a%€fflt*|"ﬁ’é‘"§81%’f‘9t‘l"? FRAMPPRFGSARA 40y epmbisations theespt cAsdengias Biecal el ect r ode
of the presaik impbdimeifiiRilctmsuthia efebidtle id1Rea0¥ ik 000R-Gh, aauf ficient return
i npedance t%ga(i(e .@n‘ éﬁ ecl.rode ii te _bum i npossi bl e Wne’r] t he area of
cont act "betSEERIGH b selfanjfing ireardlpss of whether theself-limiting behavierindusi ect r ode i s
subst ant i altb yesistrblimpetiancdScapR RN Be, idda&ive ihRYLRD 6F ang006 WO 03/ 094766

PCT/ US03/ 13518. 26 0Ea}ﬂrrbi.nat' on of the maxi mum el ectrosurgi cal currents of
1000 mA codfBmREag™ Wémp?fé‘lfﬁﬁ'rerrent that the current density be kept

bel ow 100 Y abteidaty ilkkieaiveexdinpledyond mipRfOnkafbaghliakngeirodlei&I2. | n general ,
this requir n t W.th nber of el ecironic conmponents '

can be el any n . > .
hooked togee?%%?&eiuﬁmgﬁf?“g “’.‘E!'E?ﬂ’l’tlv&fﬁ"}é{‘ Pgﬁé’f’a‘?%‘t‘f‘lﬂtﬂi%la%’!ﬂri es and paral | el
conbi nats ongiclbétricanmaial arose mighiSoAdira6tS, pafishl cEvEiit b HHIGER bidteripll OVi ded t hat
the total inpedanc resented b he resul ti circuit be about 75Q or
greater Wheaﬁnzl)f'“«}‘?é'1 rﬁ%ﬂﬁcao&res‘ Yeég'“ﬁée?té‘?ﬂiﬁcige tPpr%@“@Fr@?se 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
Zoop = R+——
or = R (20)
In terms of the material bulk resistivity, dielectric constant, area, and thickness, the
total impedance is:
pt t
Z =
oA Jjoxe,A @1)

25 By multiplying both sides of the equation by the area A, and dividing by the thickness
t, we can derive the butk impedance 7:

1 . . .
Joxe, (22)

nN=p+




We define the total inpedance of the circuit between th@ Nogeren2@6ect r ode,
I.e. the renovable sem-insulating sheet 34 and electrically conducting

el enent 61, of the electrosurgical generator and the patient as ZTOI. This

i npedanW@ 03/8%4@ner at ed by the capacitive, resistive, pamisontsat i ve
properties of the materials insertedzgetmeen the patient and the return

el ectrode. W& define the "bul k i npedance" of the material g, a volune

i ndependent neasure of the inpedance of the material formng sem -

i nsul ating sheet 34, that is frequency dependent, as: t1l (A)(Zror) (16) t
Here A is the area of the material and t is the thickness. This is

anal ogous t'dreegnityde oithe bulk inipsddnet iseen t he vol une dependent ohnic

resi stance R and_the related volune independent characteristic of the
resistive terfal callkd the "bulk resistivity" p described earlier. One
manner to Scrifbe™ ? f-limting rquigfnent I's expressed in terns of
TI: 1Zrorl = t'A~ >7 %;'j) O therefore 71> (75 /1)A (18) t For the
previ ous case (mninmumbul k resistivity specification) we used A 4cO0, ua
ttm m=10 cn, (about 1.5 inch), 0=10, and t=t.,el inch (about 2.5 cnm), and
a 9 Novenber 2006 WD 03/094766 PCT/US03/13510 27 factor of 1.2 to account
for edge eflifeeieguit®d find that for a pure resistive el ectrosurgical

el ectrode, 1711 _> 4000 SZ cm (19) 5 Therefore, in the purely resistive
case, the ’I§%7ﬁﬁ9 b (11) i identififg as the bulk resistivity (p) of
t he conducti'ng material in the el ectrode(24he results in Equation 19,
however , g§ﬁeralize to all materials and electrical conmponents, including

resistive, “"®apacitive, and inductive conponents, and any conbi nations

thereof. As long as the__bul k inpedance of the el ectrosurgical electrode is
greater than 4000 O-cmvlyatzhe tq electrode will be self-limting, regardless

of whether the sgjf-1li |"h—-‘ﬂ,p6§@vi or is due to resistive inpedance,
capaci ti ve & ='J__nduc@_\uﬂ_.i_npedanc®5)or any conbi nati on of these

| npedances.? 12(758)  12(15f) -

10 As such, the edge effeots 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,

Figlfre 14 plots A/t vs. Buik impedance 1 for various electrosurgical

15 frequencies. The y-axis has the minimum ratio of A/f in order to have self-limiting

behavior as a finction of the bulk impedance. Note that we require bulk impedance
a!Wa_ys greater than 4000 Qecm. On the right hand side of the plot, all of the curves
- mexge into one. In this regime, the total impedance of the circuit is dominated by the
resistim? component and is, hence, independent of ﬁequcncy. On the left hand side, .
20 the q@it impedance is dominated by the capacitive conduction of current. One
‘¥equires area to thic_lmess satios of several hundred to about 10,000 in order to provide
sufficient total impedance with the low ohmic resistance in fhis region,
The resulting lowest possible btglk impedance, therefore, is greater than that
| antcipated by the Twentier United States Pateat No. 4,088,133; and, consequently,
25  the selflimiting electrode acoording to the invention hereof appears to be nejther
' ﬁy@nmrswmmmﬂbyhmwnpﬁmmu.Apmﬂmnmxmﬂmgmﬁwhwaﬁmﬂmﬁnf
o be easily distinguished from provious art through a stmple test of the bulk
[Impedance, such as the bulk resistivity of the insulating material, independent of
electrode area or semi-insulating sheet thickness.




As alternate illustrative exanples, one m ght construct 9%losehifer RG0S t | Ng

el ectrosurgical electrode using a conductive/resistive return plate coated
with an insulating 15 (dielectric) material or one might construct a

pati entweadmoosst of dielectric material and use a nep@tbgossHio r esi stive
return el ectrode. The total effect of these devices would be to create a
resistive inpedance in series with a 9capaci tive inpedance. For the above
defined illustrative exanples that nodel the return electrode in terns of
resistive and capB¢TERRELATIONEINGSOF ¢hoMmi@EsMPeERNgs of the 20

el ectrosurgical electrode is the é%m of the resistrve and the capacitive

| npedances: ZruT = R + (20) &4 f the material bul k
resistivity, dielectric constant, area, and thickness, the total inpedance

the aron A and ot v o e@0y kil LRV CRD QR B s e iRt
pedanc, e Ttk bty RS, T3 155
R tmald a7 L)
e electy S, Ry ALy coldBh USRS BP0 0
for electrosurgical procedures utilizing capacitive conduction, while still remaining

self-limiting,. Although discussion is made herein with respect to an electrosurgical
electrode functioning under capacitive conduction, similal" illustrative information and
examples may be provided for resistive and inductive conduction, as known by ‘one
skilled in the art.

Figure 15 depicts an eleqfrosurgical electrode 60 including an electrically
conducting element 61 and.a semi-iﬁsulating sheet 34 of material with bulk resistivity
p, thickness 7 and area A. The semi-insulating sheet 34 is in contact with another
conducting layer 63, which represents a patient thereupon. The circuit can be
modeled as a resistor R in parallel with a capacitor C (Figure 16). The resistance R is
related to the bulk resistivity p, area A, and thickness ¢ by the formula

R=& | 26)

,

The capacitance C is approximately related to the area A, thickness ¢, electric
permittivity constant g5= 8.85x10™2 F/m and the dielectric constant of the material 1

K€ A

t 27

C=

The magnitude of the capacitor impedance is

= 1 = !
¢ aoC oxeA | (28)

f




self-limting el ectrode by about 10-20 percent, and redationgntiche006
possibility of unwanted el ectrosurgical buns. Figure 14 plots Alt vs. Bul k
i npedance rl for various electrosurgical 1s frequencies. The y-axis has
the ni nVRUPMAS 0 of Alt in order to have sel f-1imtilGF/UPHSMING or as a
function of the bul k inpedance. Notegghat we require bulk inpedance always
greater than 4000 (1 cm On the right hand side of the plot, all of the
curves nerge into one. In this regine, the total inpedance of the circuit

i s doni nat erengfiorhef the eap floy due torhrorparitiva path tosthe iemgdlowidedependent  of
frequency. tﬁl‘rc&iktﬁaeb&fﬂs hand side, . 20 the circuit inpedance is dom nated
by the capacitive conduction of current One requires area to thickness
rati os of several hundred to about 10,000 in order to provide sufficient
total inpedance it hypihigd | ow ohnmic resistance in this region. The resulting
| owest possi bl egbul k—Tpedance, therefore, is gr er than that

anti ci pat edYb#{ﬁe:‘-Fmeﬁq;-i-era)}da&ped St at es Pat ent . 4,088, 133; and,
consequently, 25 theﬁ%_el f-limting el ectrode according to the invention
her eof appears o be i ther tpught nor suggested by known prior art A
~product according to the invention hereof can be easily distinguished from
previ ous ar %(#hrough a sinple test of the bulk inpedance, such as the W
resistivi t;i ) the insulating material, independent of electrode area or
sem -insul ati ng sheet thickness. 9 Novenber 2006 WD 03/094766

PCT/ US03/ 13510 29 | NTERRELATI ONSHI PS OF GEOVETRI ES MATERI'ALS AND PONER.
SOURCES AsTheenatio ¥iiciddepbraien of fengrinselatiplshde? 34aren ad thidkoess,and morkef i ne t he
geonetries_and, character. st i t.aj-n<the

For egol ng sairept MRCRR Tab Riishtnopn FPAGH L Brf By BiBGaLe RAENAD
present i | tepebdeatdniyaippm andrpa Fooprineipdiharapacitive epipling, &) 2t lewhereasa

sem--insul gating.sheet. ¢ i ¢ bV Te N . el ectrode,
when coupl g’(ﬁp{}\n qﬁ‘“ fleSlé?@E{“ﬁg‘géf %f/f'glg%éﬁ@%(lﬁrﬁgmel ene%l%l,agd\%‘{eg %rdwgy be used

f or el aot r aslthepiesistive pwrotisl ek Ut il i zi ng capacitive conduction, while still
remaining self-limting. Al though discussion is nade herein with respect
to an eI,ec{l r_og#raflﬁc/% el ectrode functioning under capacitive conducti on,
simlar ilTU f Pnformation and exanpl es ) be provided for

resi stive and inductive conduction, as known by ore skilled in the art.
Figure 15 (:350)1 cts an el ectrosurgical electrode 60 including an electrically

We can use this, along with the value of &, to find the values of p for capacitive
conduction, given nominal values of x and w=2nf where f is the electrosurgical

15  generator frequency.

R |
P—Zﬂfxso | 31

@3

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

electrosurgical generators presently have operating frequencies ranging from 200 kHz
20  to4 MHz Forx=5 and f=4 MHz, in one configuration p > 1x10° Qscm for the
electrosurgical electrode to return the majority of its current through capacitive
coupling.” For x =3 and £= 200 kHz, we require p > 3x10° Qeem.
The percentage of total current derived through capacitive coupling is given
by




conducting element 61 and.a sem -insul ating sheet 34 of ¢Mavenheal00di t h bul k
resistivity p, thickness t and area A The sem -insulating sheet 34 is in
contact with another conducting |ayer 63, which represents a patient

t hereupon. The circuit can be nodeled agja resistor Rin parallel with a
capacitor C (Figure 16). The resistance Ris related to the bulk
resistivity p, area A, and thickness t by the formula R = A (26) The
capacitance Cs approxinmately' related to the area A thickness t, electric
permttivity constgat co = .85x10'1%£Ezn1and the dielectric constant of
the material K -KbeOAh; t{27) The ‘mmgni tude of the capacitor i.npedance
is XC wC WDBA ﬁZBj‘p’Rﬁﬁegﬁﬁf 2 N 4766 PCT/ US03/13510 30 The
ratio Y of the;ﬁﬁﬁqggf o} e ! cdpagitive path to the current flow
due to the resiisti path is 1 W Aegrolc = A= ORCCO p (29) R pt (29)
5 The ratio Y is ingdependent of, sem -insulating sheet 34 Qgg? and
t hi ckness, and_nor@ gened&*¥P)" the ratio Y is independent of el ectrode

area and t hi cknesI ITI_r(aotg@)M_is dependent only upon x and p.. For

principal |y capdeiti~ve{ coupling, Y >>1, whereas for principally resistive
current, Y "lI. Th&¥g dary between the capacitive current to and the
resistive current is Y =1 1=2)r f r sa p (30) (30) W can use this,
along with the value of o, to find the values of p for capacitive
conduction, given nom nal values of x and me2irf -where f is the

el ectrosur g aal 17 HRusHERE R RircdntRBYOH Of caﬂ%cgiZ{E chupfingof Jarlous (Rdhency
* electrosurgical generators. At the extreme (4 MHz), a minimum bulk impedance of
5 10°Qecm is used for the majority of the current to be passed through capacitive
coupling,

It will now be evident that there has been described herein semi-insulating
sheet 34 for use in an improved eledlrosurgical 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 adaptationé 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.




For nost insulating materials, x ranges from3 to 5. Cofievembsl 2806avail abl e
el ectrosurgi cal generators presently have operating frequenci es ranging
from200 kHz 20 to 4 MHz. For rr5 and f= 4 MHz, in one configuration p a
1x105 S2-cm for the el ectrosurgical eh%ptrode to return the mpgjority of its
current through capacitive coupling or x =3 and f= 200 kHz, we require p
a 3x106 S2ALMSB: The percentage of total current derived through capacitive
coupling is given by 9 Novenber 2006 31t 22 2 Pct=(p )z | el 11 A 142

+ XI 112+1 xkil. 2 =( pA )s@rhi-ins@athhg( Herbot) for LEMNE a s%?ﬁrate) coﬁdt%tlf@ QleffedPd? +1  p2
+Sb1l CNVFlgure 17 |IIu rates the ercentage capacitive coupling -

for variBg%d¢ B gifeRchRth dop "106%91‘}?%9 W@&nﬁﬁeﬁt’@r §le°t1R§“fg% et FePMBe(4 MHz)
a m ni Mugenbedticg icRRAEABSGS: Bibcthcally Wauted 19 axﬁelueiﬁ@mgfaﬁil %eh@ratﬁ?]tﬁer hlybgf the

current to be passed through capacitive coupling now be evi dent
that thef¥PHaE8heen described herein seni-insulating sheet 34 for use in

an inproved el ect rogEObCRAhtefiAt dFBsdd! 1IRE bk %ﬁlaﬁﬁ?él@@v‘e%&ﬂ%e@%ﬁﬁ%‘aﬁg
general |y el ectrode-shaped and evidencing the f eatures of being

sel f-1i m ti ngnsulHias S@V%@éwgt@ eéfeetivedulk impsdance aaal Bl ereatrd dhanvghpite bei ng
reusabl e, reagidooeheARalhA idNHinPQ¥atd AGsth e &Cc%ﬁa&t;vvlﬂ{) A ﬁea&f%ep&ﬁt hough

conductlng gels or supplenmentary circuit nonitoring
t he i nvent i orPfHBe serfaraiy sondeeiingcrberrant lsech byt thaycoobinatiempf said/ Shegmﬁeldl ments,

it will be e\ahﬁ%%tsn@@e affRleak) a?aﬂ@c ﬁ%da&lﬁ&ﬁta}&&m@ﬁn esem aEphyed 1s

W t hout departing fromthe spirit an er eof |nvent|on
may be enbodidatrpsrgiedh sprrens éx limited focﬂafvsthmshdidmso as to prevent an undesirable

patient burn at a contact area between a patient and said sheet, said insulating sleeve,
or the separate conducting element in the event of an accidental reduction in the

contact area below a threshold level.

2. The member according to Claim 1, wherein said effective bulk impedance of
said sheet enclosed by said sleeve comprises at least one electrical component selected from
the group consisting of a resistive component, a capacitive component, and an inductive

component.

3. The member according to Claim 1, wherein said sheet enclosed by said sleeve
comprises a layer of dielectric material having a defined capacitive reactance, said sheet and

said sleeve being adapted to contact and overly the conducting element when in use.

‘ 4. The member according to Claim 1, wherein said sheet enclosed by said sleeve
comprises a layer of electrically conducting material having a designed bulk impedance equal
to or greater than about 4,000 Q+cm when said sleeve is substantially in contact with at least

a part of the separate conducting element,

5. The member of claim 1, wherein said sheet enclosed by said sleeve comprises
a working surface configured to be positioned in contact with or in close proximity to a

patient.




departing fromits spirit or essential characteristics. 9Noeenes2io6bed
enbodi nents are to be considered in all respects only as illustrative and
not restrictive. The scope of the inv%gtion is, therefore, indicated by

t he appended clains rather than by the™20 foregoing description. Al
changes which cone within the neani ng and range of equivalency are to be
enbraced within their scope. ------------- 9 Novenber 2006 32 CLAIMS. 1
A sem -insulating nenber for use with a separate conducting el enent to
provide a rejurn palelnd,er & B 1ORHEGINGAN skl & RRkapised in el ectrosurgery,
the separate conducting el enent being electrically coupled to an

el ectrosurgi cal generator, the nenber conprising: a sheet of materi al

encl osed by An mmﬁah@&awr&ﬁg%\sﬁimq%ﬂerant%ﬁa sifdef é}m&t@éﬂgy S0 1RQ sl eeve

having an effective bulk inpedance equal to or greater "than about 4, 000
0- cm whepredsigrapined sthicknessh gnds whesgin the wlptionshin beiveep tha tobnimpadanges theat | east
a part  Qitabdiies SRAHERAGARMNGA!HhiOME! FTRALBHERILDAY LRRIEOMDN LN Of
said sheet, sald 1nsulating sleeve, and the separate conducti ng el ement
are sel fsl¢avprisisubgianially ieontadievithedt dagstrageuirog theabndpatingsiemeng ateidefinadbyt 0 saf e
threshol gls.5Q1i@s to prevent an undesirable patient burn at a contact area
between a patient and said sheet, said insulating sleeve, or the separate
conducting el ement in the event 5 Eﬁguggpgal reduction in the contact
area below a threshold | evelt=-2—] erber—aéktording to daim1, wherein
said effective bul k i npedance of sai dPsheet enclosed by said sl eeve
conprises at [|gast, one el ecyfigal ﬁgﬁponent selected from the group
consisting of a resistive conponeé ,” a capacitive conponent, and an

i nductive conponent. 3 Thdiclmeimbernstantofiidsuleging ma@higli m 1, wherein said
sheet encl osed by ;sai d_sl ee . [1.SE | ave i el ryc . ymateria
havi ng a defi ned égpacriivegﬁggé %%égfﬁéﬁﬁ&y?#gé%ﬁ%ﬁ%mﬁggﬁgO?ﬁgeve bei ng

- adapt ed t o cont acte and =over hygutan éreqenciudftelaagosatgivabgdnesstven i n use. 4. The

menber according to Claimlr erein sai d sheet encl osed by said sl eeve
conprises a | ayer of eIectrF% PTy Jonducting mat eri al having a desi gned
bul k i npedance equpl &0 or bgkéapelandeli@rengbout 4, 000 92cm when sai d sl eeve
is substantially inh contact with hbeast a part of the separate
conducting el ement® 5. “The ﬁgﬁgg?ﬁ%chlaim 1, wherein said sheet encl osed
by sai d sl eeve conprises electrical permittivity constant (F/cm).

8. - A member for use with a separate conducting element to provide a return path

for electrosurgical current used in electrosurgery, the separate conducting element having an

. elecfrical connector to an electrosurgical generator and in combination with the 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 such that the combination of said sheet and

the separate conducting element are self-limiting so that the electrosurgical current is

limited to safe thresholds so as to prevent an undesirable patient burn at a contact area

- between a patient and the electrode in the event of an accidental reduction in the

contact area below a threshold level, said sheet comprises a layer of dielectric

material having at least one of a defined capacitive reactance or a defined inductive

reactance, said sheet being adapted to contact and overly the conducting element

when in use.




a working surface configured to be positioned in contact9 Nevehbedrodsn cl ose
proximty to a patikent. 9 Novenber 2006 33 6. The nmenber of claiml1,
wherein said sheet is reusable. 7. A nenber according to claiml1, wherein
sai d sheet enclosed by said sleeve has a predeterm ned thickness and
wherein the rel ationship between the bul k i npedance, the surface area, and
the predeterm ned thickness of said dfeet encl osed by said sl eeve when said
sl eeve is substantially in contact with at |east a part of the conducting
el enent are defined by the equation: 1.2 A(75)/3 1 +(U2 g2 I[2 Ep t= P
where t = thjckness (cn) K = dielectric constant of insulating materi al

total inpedance difiRfEen yoqoplingaiavplaigt §nhering sail sheashas amprdetamisedequency
of el ect hRgisghsPlvh@6N TePlionshipAbhARe Hgafli Rsisthy] el s{ﬁ%@%&%%& fle-cm A=

sheet area = electrical permttivity consfant (F/ cm. 8. A menber

m
for use W‘qur’n&mﬁéﬁa?@@@ Aohrisheey Wepneseidrabegt of alaﬁﬂl@msdebsgnﬂ@llmmwopta@th f or
el ect r oswiRhiddst LT Rle SU5RAle LahdBLBE IBRI AEImed DEme ERALALE conducting

el ement having an electrical connector to an electrosurgi cal generator and
in conbination wi th the nenber; agt#)sds: gngkectrosurgi cal el ectrode, the
menber conprising: a sheet df n effective bulk resistivity

equal to or greater than about 4,000 A2cm when said sheet of nmaterial is
substanti al | ywilef Gont act W 4lici@dkssl@ast @ part of the separate conducting
‘el enment such that the conbi nation of sai d sheet and the separate

conducti ng el ement are<sel fdleieﬁintc|cwgta§b0ft1hse}latlnguma@nelct rosurgical current is

limted to safe threshal ds r t gggﬁ pent bumat a
contact area bet%een a pat ?dgar%?[ﬁaédgm?ﬁg‘mgelﬁebgtro tcﬁgdgveﬁlﬁl )of an

acci dental reducti®%n i t heangusnfraguenci dglebedsorgial gdmewtonol d | evel , said
sheet conprises a |ayer of '&L&%gi ¢ material having at | east one of a
defined capacitive reactance or a defined inductive reactance, said sheet

bei ng adapt ed to ®ontact anbullsvesistiyitit(§ecrgonducti ng el ement

A = electrode area (cm?)
€o = electrical permittivity constant (F/cm).
10. A member acéording to Claim 8, wherein said sheet is adapted to be

removably coupled to the conducting element.

il. A removable member for use as a part of an electrosurgical electrode that
comprises the removable member and a separate conducting element having an electrical
connector to an electrosurgical generator, the removable member 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 Q+cm when said
sheet of material is in contact with at least a part of the separate conducting element when a

working surface of said sheet is in close proximity to a patient or in contact with the patient

without use of a gel.

12, The removable member according to claim 11, wherein the sheet comprises a

protective flange,




when in use. -- - ------ -------- 9 Novenber 2006 34 9 Nokentenbens
‘according to claim8, wherein said sheet has a predeterm ned thickness and
wherein the relationship between the bulk resistivity, the surface area and
the predeterm ned thickness of the sheet when said sheet of material is
substantially in contact wth at | eas3%a part of the separate conducting
el enent are defined by the equation: 1.2 A(75)/3 1 +w2 772 2 Eu t= P
where t = thickness (cn) K = dielectric constant of insulating nmaterial Q
total inpeddfdce di Fhelediolyblé memBehtcostiamebadzim (1T Swindeis he sheetis adapuddan

frequenc e urgical generator (radians/sec) p = bulk resistivity
(92cm ﬁmgésgﬁlléec‘%%g@zﬂ%gg%g?‘cmZ) 60 = electrical permttivity constant

(F/cm. 10. A nenber according to Caim8, wherein said sheet is adapted to
be renovably coupled to the conducting elenent. 11. A renovable nenber for
use as a paf#. of aflthetemovatbsmemgber aécosdimrtorctaiie 11 halicreit divphdeskes thdform enovabl e

menber a a separate conductin | eent _having an el ectrical connector to
an el ect rgg%nu?nalg@%{%ég}lcgorsb %%e,cof"ﬂ’ecglrl%?’rqgﬁ%1 e menber conprising: a sheet of

mat eri al configured to substantially cover the separate conducting el enent
and having an effective bul k i npedance equal to or greater that about 4,000
K2- cm when $&i d Tlehembvable meieer iaadordisg kaclainntl Bowhenéit headhedtfasii-figs faart  of

t he separat, i ng el enent when a working surface of said sheet is in
cl ose prg%dﬁﬁxfn%%?%%é{'patient_ or-in contact with the patient wthout use of
a gel. 12. The renovabl e nenber according to claim 11, wherein the sheet
conprises a protective flange. 9 Novenber 2006 35 13. The renovabl e
menber accoi@i ng tA cnaivabld lsemivireuleding toentseh e@imprisingdapshed 60 material

- configured for use with a separate conducting element as an electrosurgical return electrode,
- the separate conducting element is electrically coupled to an electrosurgical generator and the
sheet of material has an effective bulk impedance equal to or greater that about 4,000 Qscm,
when said sheet of material is substantially in contact with at least a part of the separate
conducting element such that the combination of said sheet and the separate conducting
element are self-limiting so that an electrosurgical current is limited to safe thresholds so as
to prevent an undesirable patient bum at a contact area between a patient and the electrode in
the event of an accidental reduction in the contact area below a threshold level, said sheet
comprises a layer of dielectric material having at least one of a defined capacitive reactance
or a defined inductive reactance, said sheet being adapted to contact and overly the

conducting element when in use,

17. An electrosurgical return electrode having substantially self limiting

properties, the electrode comprising:

a conducting element; and

a semi-insulating member removably coupled to the electrically conducting
elemeni, wherein the conducting element and the semi-insulating member collectively have a
bulk impedance equal to or greater than about 4,000 Q+cm when said semi-insulating member
is substantially in contact with at least a part of said electrically conducting element such that
the combination of said semi-insulating meniber and the conducting element are self-limiting
so that an electrosurgical current is limited to safe thresholds so as to prevent an undesirable

patient burn at a contact area between a patient and the electrode in the event of an accidental




encl ose the conducting elenent. 14. The renovabl e nenbepP Nagaared?00§ to cl aim
11, wherein the sheet has the form of an envelope for enclosing the
conducting elenent. 15. The renovabl e_nenber according to claim11l, wherein
the sheet formfits the conducting eP&ment. 16. A renpvable

sem -insul ati ng nmenber conprising a sheet of material configured for use
Wi th a separate conducting elenent as an el ectrosurgical return el ectrode,

t he separate conducting elenment is electrically coupled to an

el ect'r osxgitiea lin G BT fea BOGw biBeshd a6 e1, Ahid WBrhEhhdtinB Heniblr &nfRisds ve bul b
i npedance eclu reater that about 4,000 xm when sai d sheet of

al, to or [ [ 0 s

mat er i al @ [agerh S@ieﬁ‘ﬁlﬁ i“é‘lgqr igl haying shieatt ongwh adefined apacitivg repgapcer aidsiinedepar at e
conduct i fgudtive MBlancel did sEALinfMRInG GHRANRALERR a pteﬁ%%oﬁ@&%d%@ﬂ}f g separate
conducting elenent are self-limting so that an electrosurgical current is
limted $BIeHg cleRPESABNEUS§0 as to prevent an undesirabl e patient bum at
a contact area between a patient and the electrode in the event of an
accidental reduction in the contact area below a threshold | evel, said
sheet conpfrg. ses arHeRWehosigicdl RIRE Libdtkodt R Riledlin PAYL 19 Blihdr 6ASHrsaRe of a
defined capacitive reactance or a defined inductive reactance, said sheet
bei ng ad@fine frewrneEneadatighd overly the conducting el enent when in use.

17. An electrosurgical return el ectrode having substantially self limting
properties, the electrode conprising: a conducting elenent; and a
sem -insul afd ng MefFRQfect AIRYAP oYt AR RE a ReilddGn B1ARYYT GRULY nkQedict i ng
el ement, wherein the conducting el ement and the sem -insulating nenber
col | ect | ¥pailaying membgr is @amﬂgurqqlﬁegaﬁ'é@taeaﬁjbn in pentast with apd eybsiantighly sbeie 4, 000
Gcm whengs@idh iR bonditgi aihd@ menmber  is substantially in contact with at

| east a part of said electrically conducting el ement such that the
conmbi nati on of said sem -insulating nenber and t he conducting el enent are
self-limting so that an electrosurgical current is limted to safe
threshol ds o as tlde pleetvaswgicalrewrideitiodbasareciisd i Glatm b fvrtiter eongoisingct ar ea
bet ween [ 261 r 0t ' l,.9
'N0venber£2n‘%%%s ﬁ)g r@@%%?ﬁ ggéclﬁ%ht ﬁ%ﬁ?:dgﬁ{lgéﬁveg}r{?gg B‘g{dgc\%ﬂlga(fg%%g%?&n | evel
sai d sendledmsugieal gengrarsnber conprises a layer of dielectric materi al

havi ng at | east one of a defined capacitive reactance or a defined

i nductive reactance, said sem -insulating nenber being adapted to contact
and overly 4he ¢ i ] ~Ehe el . rLgi cal
return el ec%lf ode ﬂg%g%k%ﬁéaﬁ% ang(%'[;dé gﬁ?‘?cﬁtg% Jﬁggrlr%rl %?n‘gl%&gssa&d

semi-insulating member surrounds the conducting element.

22. . The electrosurgical return electrode as recited in Claim 21, wherein said

semi-insulating member is form-fitted to the conducting element.

23. The electrosurgical return electrode as recited in Claim 17, wherein the semi-
insulating member comprises an interior adapted to receive the electrically conducting

element.

24. A semi-insulating member for use with a separate conducting element to
provide a return path for electrosurgical current used in electrosurgery, the separate
conducting element being electrically coupled to an electrosurgical generator, the member

comprising;




means for supporting a patient. 19. The el ectrosurgi cal 9iNetamber 2006ct r ode as
recited in Caim1l7, wherein the sem - insulating nmenber is configured to
be substantially in contact with and substantially cover a surface of the
conducting elenent. 20. The electros@ical return electrode as recited in
Caim217, further conprising a neans for providing an electrical
connection between the conducting el enent and an el ectrosurgi cal

generator. 21. The electrosurgical return electrode as recited in Claim1l7,

wherein said seniz inRsubahitBeh] THBVRE an SHEARY DR hipedmendyst ing ghagent . 22.
The el ectrosurgical return el ectrode as recited in Caim?21, erein said

sem - i nsul at i Hg #RSHEEPOG Lcppyhsnrspidishert phmategal dpsidpsiantiaHy eaBienvith 33 The

el ectrosur gi cigdst rLtpdiNof RS tsbRARe aondREihE Serhdh, Chdkinl Gaid WHEECHEL the seni -
i nsul ati ng menmber conprises an interjor adapted to receive the electrically

conducting dredeiskpined thickness apd the Felatiopshimbytwiesaies bufloympgdanceitesuefacse par at e

conducting elgaPRhd iR prideR¥iditd HifGE4 T BRI MRediQlneR! SR HOR lblf%a?t%{ﬂ furrent
used in electrosurgery, the setgar ate conducting elenment being electrically

coupl ed t o arfubstadialy gy eeitach With e dsegitopart phihe Feppsase condaetingi elémmyt a8 Novenber
2006 37 a sheehedy thBEREH@. having an effective bulk inpedance equal to or
greater than about” 4,000 d2-cm when said sheet of material is
substantially in contact with at |ea of the separate conducting
el ement, wherein said sheet tt;alszé(ﬁb@i]db@zeﬂ wi'gied thi ckness and the

rel ationship between the bul'k inpedangg, the surface area, and the

predet erm ned thickness of said sheet when said sheet of material is

subst anti al | yWhefe dont act wi tiickagssi(@@lst a part of the separate conducting
el enent are defined by th‘ed{%%g@,- QR tantofinsuftih@inateial + W2172 K2 so t
where t = thickness (cm) x = diel gct ra‘in(_:_corlllsta tagball nsul ating material (3
= total inpedancePdivi ded bietal frapetipnge divided daltie AAB slardsayd (7hokmsingul ar

frequency of el ectyosurgical genﬁ{gﬁfapﬁequ(eﬁc@‘cgf%ﬁg{rossﬁ&}cal generator

(radians/sec)
| = bulk impedance (Q+cm)
A = sheet area (cm®)
€o = electrical permittivity constant (F/cm).
25. The member according to Claim 24, wherein said effective bulk impedance of

- said sheet comprises at least one electrical component selected from the group consisting of a

resistive component, a capacitive component, and an inductive component.

26. The member according to Claim 24, wherein said sheet comprises a layer of
. dielectric material having a defined capacitive reactance, said sheet being adapted to contact

- and overly the conducting element when in use.

27, The member according to Claim 24, wherein said sheet comprises a layer of
- electrically conducting material having a designed bulk impedance 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.




= bul k-i npedance (S2-cm) A = sheet area (cm c, =. ebébovremnmal00s
permttivity constant (F/cm. 25. The nenber according to Caim 24, wherein
said effective bulk inpedance of saig sheet conprises at |east one
el ectrical conponent selected fromth 8gr oup consisting of a resistive
conponent, a capacitive conponent, and an inductive conponent. 26. The
menber according to Caim24, wherein said sheet conprises a |ayer of
dielectric material having a defined capacitive reactance, said sheet being

~adapted to gont act'rheaﬂlemeé&esﬂ Ylalrh €24 QMG | A&kt BoBIFBRSG YA ffee 27. The
menber accaqr di n%dwo Claim 24, wherein said sheet corrprl ses a | ayer of

el ect ri cemfigursd disPosiHeperdt entag) Wikon 1 glose presmify éup PAER- | npedance equal to
or greater than about 4,00032cm when said sheet of material is
substantially in contact with at |least a part of the separate conducting
el ement. 9 Fbvenberherggder ofglapg 24 wkereip ppid sheglfis repsgbley 24, wherei n sheet
conpri ses a working surface configured to be positi oned in contact with or
in close proximty to a patient. 29. The nenber of claim 24, wherein said
sheet is re¥bsabl e. Thegnemtiee ohelpine?4, urther somprizing aniinwukaéing @lemraudsptwbwan

i nsul atlaglogé% &hg_dapt ed to enclose said sheet. 31. The nenber of claim
24, whereint sheet conprises an interior adapted to receive the
separate conducting el enent.

31. The member of claim 24, wherein the sheet comprises an interior adapted to

receive the separate conducting element.




