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.localized area, such as during various surgical procedures. Cenerally, to
prevent pressure sores the position of the patient is frequently changed
to. provide relief to the patient's tissue. Additionally, tiBeuyaloént nmay
rest upon one of a variety of mattresses or pads, such as foam pads,
sheepskin layers, air filled mattresses,1 water mattresses, and the like;
that reduce the pressure applied to the sensitive areas of the patient's
body, such as tissue, over an underlying bony prom nence. Al though it is
~ desirable to repositi oBW@UMSQREéA&HAXMSELFWMHN@r not the
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el ectrosurgi cal procedures. During an el ectrosurgical procedure, radio
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entitled "El ectrhisripvestionPrelites toAbptr aleoosurdeie il Sereamind Qoef pati Cvds
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generator .- #%gﬂ%%%%%%%&?g%ﬂe at the point of contact with the patient
must be snmed.l i NMTBé¢ RelevantT@HHEIBeR hi gh current density in order to

produce a surgical effect of cutfting or coagulating tissue. The return
el ectrode, whi chitéawell dsowndn thermedioalrfaald thet patientaunay vevelop deoubites utesy be

| ar ge enou ' fecti ce..area_at. th oint of co ni cati,on with
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return el ectrode,, the tenperature of the patient's skin and tissue V\A?'|—

rise in thi@velmited movemente sihe: pressurs sorag agse ibthesp arene of theupatients bodyli ng
to the E : ' Lt - known dical testi.n

agency, the Ragenciaged SRl ebBidd kithf paller st WERIeE & abiRhRE

when t he - clhongpromeracd. y Tha pmdniged@@essﬂtfbldaMﬁ:h&%icpﬁm%gﬁfmrtﬁsﬁ@ﬁédrﬁﬁ er.

Furthernore, the Association. for, the Adyancenent of Medi cal
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mmkg. Although pressure sores typically occur in those patients who remain in one

. position for an extended period of time, pressure sores may arise from application of an
intensé pressure applied over a short period of time, approximately two hours, to a
_localized area, such as during various surgical procedures,
_ Generally, to prevent pressure sores the position of the patient is frequently
changed to.provide relief to the patient's tissue. Additionally, the patient may rest upon
~one of a variety of mattresses or pads, such as foam pads, sheepskin layers, air filled
:mattre_sses, water mattresses, and the like, that reduce the pressure applied to the sensitive
areas of the patient's body, such as tissue over an underlying bony prominence. Although
| it is desirable to reposition the patient every 2 hours, whether or not the patient is lying on
~ a pressure reducing mattress or pad, this is often difficult to perform during various
_surgic"al procedures, such as during electrosurgical procedures,
During an electrosurgical procedure, radio frequency. (RF) power is-employed to

- -cut tissue -and coagulate bleeding encountered in' performing surgical procedures. For




maxi mum patient surface tissue tenperature adjacent an el ectrosurgical
return electrode shall not rise nore than six degrees (6) Celsius under
stated test conditions. Over the past twenty years, industrg Jags2odsvel oped
products in response to the nedical need for a safer return electrode in
two maj or ways. First, they went frompa small, about 12 x 7 inches, flat
stainless steel plate coated with a conductive gel placed wunder the
patient's buttocks, thigh, shoul ders, or any |ocation where gravity can
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of + milllamperes per.square centimeter. Furthermore, the Association for the Advancement
of Medical Instrumentation ("AAMI") has published standards that require that the
- maximum patient surface tissue temperature adjacent an electrosurgical return electrode
shall not rise more than six degrees (6°) Celsius under stated test conditions.
Over the past twenty years, industry has developed products in response to the
imedical need for a safer return electrode in two major ways. First, they went from a
- small, about 12 x 7 inches, flat stainless steel plate coated with a conductive gel placed
under the patient's buttocks, thigh, shoulders, or any location where gravity can ensure
‘adequate contact ared to a flexible electrode. These flexible electtodes, which are
-‘generally about the same size as the stainless steel plates, are coated with a conductive or
" dielectric polymer and have an adhesive border on them s_d they will remain attached to
- the patient without the aid of gravity. Upon completion of the electrosurgical procedure,
~ these flat flexible electrodes are disposed of. By-'tﬁe early 1980's, most hospitals in the
United States had switched over to using this type of return electrode. These return

-electrodes are an improvement over the old steel plates and resulted in fewer patient




pressure sores during electrosurgical and other surgical procedures. As
briefly nmentioned above, typically, a patient is placed upon a pressure
reduci ng. mattress or pad during a surgical procedure to rdguag 20905
substantially elimnate the forces applied to the sensitive areas- of the
body where tissue covers underlying bony3 prom nences. One device that may
be used to prevent pressure sores in an operational scenario is a foam
pad, approximately 3-4 |nches i n hei whi ch is placed between the
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As briefly mentioned above, typically, a patient is placed upon a pressure
:reducing mattress or pad during a surgical procedure to reduce or substantially eliminate

the forces applied to the sensitive areas of the body where tissue covers underlying bony

: prommences ‘One device that may be used to prevent pressure sores in an operational
scenano is a foam pad, approximately 3-4 inches in height, which is placed between the
operanng table and the patient, Although foam pads have many advantages, such as
bemg__lggxpenslve and lightweight, they provide minimal relief to the patient while

- trapping body heat that may aid in generating pressure sores. Furthermore, by trapping

- heat the foam pad may aid in increasing the patient's tissue ‘emperature so that during an

B :_electrosu:gical procedure the tissue temperatures may rise above the six. degrees (6°)

N Celsxus ‘temperature rise required by the AAMIL  Additionally, foam pads’ are typically

dlscaxded proceedmg a surgmal procedure since they-are difficult to sterilize and clean.

_ hFurthermore the material formmg the foam pad may release lethal fumes if ignited
during a fire. ‘ '




Additionally, air-type mattresses are expensive to nmaintain due to the need
~for a punp to nmmintain the required air pressure. Furthernore, the air
mattress may easily be perforated, thereby |leaking air andsr,ﬁ:@l@ o8g t he-
effectiveness of the mattress to maintain the patient distal fromthe
surface upon which the mattress is placed. A simlar pressure-reducing
device to the air filled mattress is the water type mattress. The

wat er-type mattress has a simlar formto that of the air mattress;
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perforated, thereby leaking air and reducing the effectiveness of the mattress to maintain
the patient distal from the surface upon which the mattress is placed. ..
A similar pressure-reducing device to the air filled mattress is the water type
-mattress. The water-type mattress has a similar form to that of the air matiress; however,
- water is pumped through the matiress rather than gir. Unfortunately, the water type
‘maftress suffers from many of the limitations of the air type matiress. Additionally, in
‘the event that the water mattress leaks, a large amount of water would be discharged onto
: the floor surrounding the patient, thereby making it dangerous for mdzvzduals to walk and
. work in close proximity to the patient, o
| Although many of the above-described limitations are alleviated in general use
- ‘within a hospital, each recited pressure sore device has various drawbacks with respect to
. _then: use during electrosurgical procedures For example, in the event a foam type
‘mattress is used during an electrosurgical procedure, there is a ¢hance that the foam pad

.may ignite, thereby -burning the ‘patient and also emm:ng lethal fumes within the
operating theater. ' ' ‘




providing a pressure sore pad that mnimzes the occurrence of pressure

-~ sores ‘for patients having el ectrosurgical procedures. Briefly, the
~inproved return el ectrode according to the preferred enbodiigemty b5 t he

i nvention hereof includes an effective surface area that is |arger than
other return electrodes that have been di sclosed or used in surgery
previously. It is so large and so adapted for positioning relative to the
body of a patient that it elimnates the need for conductive or dielectric
gel s. Moreover, %ge exposed surface is of a material that is readily
washabl e, di sent @RIEIHPE, 10 Shepibandswales fyps HsttEessss, Hslusionsod ghe reguires ERls and
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- procedures, the electrosurgical electrode conprising: (a) a pad having an
i nt eri or  PRAYIHIBE apResPErForeuddhat mrigimiges thp sppETenBR PHERFessrd Soses far patieats
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Briefly, the improved return electrode according to the preferred embodiment of
the invention hereof includes an effective surface area that is larger than other return
electrodes that have been disclosed or used in surgery previously. It is so large and so

-adapted for positioning relative to the body of a patient that it eliminates the need for
- conductive or dielectric gels. Moreover, the exposed surface is of a material that is
readily washable, disenfectable, and/or sterilizable so as to facilitate easy and rapid
conditioning for repeated reuse. It employs geometries and materials whose impedance

- -characteristics, at typically used electrosurgical frequencies, are such that it self-limits

- current densities (and corresponding temperature rises) to safe thresholds, should the
effective area of the working surface of the electrode be reduced below otherwise

 desirable levels. Accordingly, the need for the foregoing expensive monitoring circuits in
specialized RF generators is eliminated. Furthermore, the improved refurn electrode
incorporates a pressure sore pad that prevents the formation of pressure sores, while
aiding with current transfer between the patient and the return electrode. _

In accordance with a first aspect of the invention, there is provided an

electrosurgical electrode comprising:




el ectrical current through said pad; wherein, the collective bulk

resi stance of said pad and said conductive elenment is equal to or greater
t han about 4,000 (err)cm BRI EF DESCRI PTI ON OF THE DRAW NG3sljulyoroder t hat
the manner in which the above-recited and ot her advantages and features of
the invention are obtained, a nore particular description of the invention
18 July 2005 6 briefly described above will be rendered by reference to
specific enbodi ments thereof which are daglustrated in the appended

drawi ngs. Understanding that these draw ngs depict only typical

enbodi nents of the invention and are not therefore to be considered to be

limting of its ope, Pﬁ(?ﬁ? i g | b kbe i i th
addi ti onal spec(lﬁ}f:i ciedt 95‘22" et‘g F&?ﬁ%dﬁlgﬁﬁf e ug{emoéf %eﬁ[yagfé%}ﬁ%g%?ﬁﬂfg@
dr awi ngs i rpreskirelsorefiog apatidnt iresting Bporpdaid pasklamd ect ri cal schemati ¢ di agram

illustrating typjcal _ inpedances effectively includ in the. operative path
of radio freque&hi c@r?ogﬁf‘c Yeorement ’égélﬁff‘%'i‘]’ EEQBCtﬂﬁzﬁg? %%?WBE{?P&W Sal
gener at or .@4afiaf@ configmed & tveiuet fle@eidhsurfangure 2A is a top view of a

wi de-area distributed electrosurgical return electrode illustrating the

principles of t Weareinesrifl dad and gaidcamluctve slearing colemtivelyohave aregffestiveof
~the el ect r%%H{g’;llg‘ﬁign%ﬁéed@moe‘!’%g{ﬁgpﬁlw%&9@6‘2@?@ |'g- Figure 2Cis a cross

section taken ecti I nes ure 2B and illustrating
the effective circuit inpedance represented by the segnent of 2B; Figure 3

is achart illustrating in aphi cal, formthe rel ati.onshi ps.between
“effective surf a%@é%ﬂw Wil decinn] aPeck PhaRe PHLinG e dt ipe;%‘_ﬂﬁ%ia&
frequency %!HciﬁEﬁrg%dﬂFfb%ét%d@eY@ ARe Yuih t&ﬁgﬁﬂaﬁf?r?ﬂégﬁgﬁs'f' tHH" Serdstrgical

perspective view showi ng an operating table wt ectrosurgi ca
return el eglactrede gemprisingy to the invention di sposed on the upper surface

t hereof; Figure is.afsront view.illustrati a.surgical.chair,wth an
el ectrosurgi cal (a?et uPrP adelﬁaev&g glaéntggg%f:]aql'ﬁ%erﬁge&e% Sﬂﬁ/@ﬁ?}% rﬁ'&@ﬁf)b@&gon
the surface of filkel withta hfteriglobnd Figure 6 is a top view of an

el ectrosurgical return el ectrode accordigg to the invention; Figure 7 is a
section taken dbdng @neondpeiive olemegt coypjed do gaid pad and configured to conduct

electrical current through said pad; ,
wherein, the collective bulk resistance of said pad and said conductive element

1s equal to or greater than about 4,000 Q-cm,

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above-recited and other advantages and

features of the invention are obtained, a more particular description of the invention




Figure 8 is a section simlar to that of Figure 7 but illustrating the
capacitance presented by a patient's surgical gown; Figure 9 is a
perspective view of a cover adapted for encasing any of theas Jay@ogsrents of
"Figures 6-8; Figure 10 is a viewillustrating one of the enbodi nents of
Figures 6-8 encased w thin the cover gof Figure 9; 18 July 2005 7 Figure
11 is a perspective view of an electrode according to the invention
illustrating a sinulated condition when the effective contact area with a

patient brieflysddsedibedt dbaké will @RsrehliaRd thyerepdidiice 48! spdife ehQintdnkE ihefdogur € 12
is aview,llustrating current flow density W|th| n the el ectrode when the

effectiV 515?;691'4 tagdiin dhe appendadsdrawingss Maderstanding that thsse dmnn@ cbptut ode

ar ea, Fi | is | reS| of the

st A ol et SR b8 ey il B8 bV heidiul B0 s cCiiRked ki e

el ect roslumgngacbf gtersen]m; dhe invegtiemoiitisbe deb@ibed ohd éxplanal #ith ﬁmﬂbﬂ% bul k
resistivit CL(%J 1;&]@ gf t he rea di vided by the thickness of an .

el ect rossBPé'F“(‘f%faq ug lﬂP‘b‘éFé ﬁhf‘a@@emam wingsis whidsent i nvention

at various el oS$UtgisC 1 a t i ew

|IIustrat| n‘gﬁ:; or tshgggu?iﬁn e of a %gdhg e cﬁﬁ? ul ﬁg‘&iﬁﬁ%@ b’r?i‘c%

pat i ent impedareeseffoctively sm&mdaﬂdl mﬁhwopbrah@pﬂhmfﬁacﬁmﬁeqmylotmuﬁ fiegeons of

“an el ec e invention; Figure 16 is a sinple electronic

schemat }p(%&gﬁtr ?%%%&% BE5TREPY 188 °PP13§}M? BWP‘?SIF > a graph depicting

per cent  Capadigiy oATgeip RANCA Walk-A%a skt AbmoBleall ferkEBlathbxd 1Y o
at1'ng

the resistive layer for ‘different electrosurglc ope requenC|es
Figure. I lgtragng mpl@bspﬁﬁmnmtmm,a bedsore/ul cer pad including a self

limting ical.retu Iectrode tratln t he prlnC| | es of
the present %‘}%&8? anlgpbaﬁgén %?ggeﬂfe"% estr%q:q %@F‘Fﬁﬁ CHREN al ong
the |inesFifurddApf Figure 18; F| gure 20 is a section simlar to that of
Figure 19 but illustrating the capacitance presented by a patient's
surgi cal gowdigure gliriga prpss sectiop dakspedanig/ibe viction ihemPCAG ef Figtve 2Brhatli nent

of a be fe a self-li electr rglcal return
el ect rogg&lh' f ?J‘r%afﬁ ﬁg’et“?@ﬁﬁ gﬂb‘ﬂ ?gegreggntfﬂhy h’ﬁ%@%‘é‘ﬁ? qf 3nti on;
Figute 3 is a-chart illustrating in graphical form the: relationships between
effective surface area of the return electrode and the effective radio frequency current
density developed at the electrode;

Figure 4 is a perspective view showing an operating table with the electrosurgical
return electrode according to the invention disposed on the upper surface thereof;
. Figure 5 is a front view illustrating a surgical chair with an electrosurgical return
. elecirode according to the invention disposed on the surface of the seat thereof:
- Figure 6 is a top view of an electrosurgical return electrode accordmg to the
invention;
- Figure 7 is a section taken along the lines 7-7 of Figure 6;
- Figure 8 is'a section similar to that of Flgure 7 but illustrating the capacitance
presented by a patient's surgical gown;
Figure 9 is a perspective view of a dover 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 « cover.of Figure 9; '




Figure 22 is a side view of another alternate enbodi nrent of a bedsore/ul cer
~pad including a self-limting electrosurgical return el ectrode

illustrating the principles of the present invention; Figuseg3dos a
perspective view of yet another alternate enbodi nent of a bedsore/ul cer

~ pad including a self-limting electrosurdgical return electrode illustrating
the principles of the present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 18 July 2005 8 To aid with understanding the various aspects and
illustrative en-b%lﬁ-‘-rﬁeﬂtl sisam dpergpseliver wiewo bf taneelpetesienaccording tto dhe invemtiossi on

<« wll first. pe S { .10 the novel tructures and. features ,of a
sel f-limti ?glse 61?[ \lénogs@}lga?%dg?&éqlé% r‘%ﬁ& SteeRye t?&n%&%&fe@i Y"’r‘i%ra PERFRE 118 own
~or in conbi sglistaatialiy leks thap fieghyEiCaleMeRofdgze; Fol | owi ng such a di scussion, a

detail ed description of various illustrative enbodi nents of the novel
pressure sore pabigyre 13 isa viewdBvsirafing evwrrens flow densitie withincthe blsdtrodewhenrthe sur e

sore pad ha Is # Lot ally formed therein
al | ows one 'gg%ggﬂ?%n?%ﬁtgﬁg%d?ﬁhg%?#a?|rrrtiﬁa§iﬁ%%9°t§%gercg€¥%?ﬁe§’t I CS necessary
“el ectrosurgi cal FigomeHuis egrapihddpictingvarigtivns of balkirbgsthig ST lidresik UL R8s
~properties of a.pressure sore pad_t prevents the creation of pressure
sores dur izf‘i&“\‘iH&F Bﬁéecé{ﬂdﬁiﬁ&‘é’l cs¢ @R? -@g,elqcﬁeﬁlmﬂpﬂgeswm&eqmqnmessgd to
electrosur gi Cal FiRURCPANTfraph Bhdvibg bIRKIBEivily'Ss PANELOFLERE RASIANGRy
patien ur fred

el ectrodes of the present Tnvention protect rrom being
during an ethecthicksessgptan gecustigicat retch sleopoderiesruodansar edthbibe NEresent

~ created. No i to the draw ng and nore particularly Figure 1
N S AR

thereof, it : _ _ UERNPP i fied electrical schematic
di.agram i | | ustr alipie 15/iPaqrkspedBRAING ﬂmstrﬁtﬁr%g‘?%ﬂ tﬁ@%@é&f\%ﬁ%ﬁﬁgi@% Bftcuit

operative path of radio frequency current flow as

el ect r osur gfqHEvalegh Ak p peBentdn opagtiven asspeiation vith thookdisrand cEhanitive degions bf be
seen are ¢ et adio.fr ncy electrical power generator 10, such
as but not %pér%teggggéorélgggfglﬁtﬁgﬁgﬁ’, vol tage, and/or current or variable

powver, - vol t age dfigter]6ds e simile eleCRanie sdheshatio cRbBESquleddnt RPPRAreagner at or 10
are conventional_.electrical condyctors 1 | and 12 which respectively

connect  t he gendigesr 171l a graph é’?lé%ﬁf@dl?ﬁce@tmﬁ@ﬁ@ﬁé PoWeR porsitictionees a fapction
| mpedance 25 DM teBRAARGHBORALALE Byol o Withed SRL o0 Fuib AR oBRAR Hrpbhoies
presented by theFigaei Bnis' & perspatiee view of a bedsore/ulcer pad including a self limiting
| glcc_:trosurgical return electrode illustrating the principles of the present invention;
Figure 19 is a side Vlew of the section taken along the lines 19-19 of Figure 18;
Figure 20 is a section similar to that of Figure 19 but illustrating the capacitance
presenied by a patient's surgical gown; |

LEr

- Figure 21 is a perspective view of an alternate embodiment of a bedsore/ulcer pad
includixlg a self-limiting electrosurgical return electrode illustrating the principles of the
present invention;

| . Figure 22 is a side view of another alternate embodiment of a bedsore/uicer ﬁéd
" iﬁcl'uding' a self-limiting electrosufgical return electrode illustrating the principles of the
ﬁresent invention; o _ |
o Figure 23 is a perspective view of yet another alternate embodiment of a
bedsore/ulcer pad including a self-limiting electrosurgical return electrode illﬁs_trating the
| _principles of the presént invention, '
: DETAILED DESCRIPTION OF THE INVENTION




| yi ng between the operation site and the return el ectrode. Electrical

conductors 11 and 12 are representative of one illustrative structure that
is capabl-e of performng the function of connecting neans 18QulykEng
el ectrical connection to the sheet. It may be appreciated . by one skilled

in the art, however, that various othgr structures are appropriate and
capabl e of perform ng the desired function. Al though the diagram of Figure
1 is sinplified and generally considers circuit elenments in terns of the

- principal resTeeidnids unierstandingghé heridueas &fﬁ&@ﬂﬂk&é@#%%&{&emﬁur gi cal
|nstrurreﬂ_m%e%%$ﬂ%atle§nqtt.s qugn%nd t he [He urn electrode, so as to clearly
~and succrnctl PROsT Jreengphyfipgysdan will firs bie masiet with respect ¢t thel hviab
under st ofhctubaatant Fedi ' XTIV .certain.other paraneters woul d
be encount gr ed,anpz; g%g% g?é Sé%g#jg%{g %ifq'%?ors?%}ﬁcaiﬁfe%‘a‘éﬁ:@ﬁ@@?%‘éwdcﬁl@ﬁ i but ed
capaci t s QRO in Pombinatipo seith © presdurs kory pad. TFolleGiEAkIAN &lEcutsﬁgn a
princi plcfe?ailg@%%& ﬁ%}géﬁ}’%ﬁgﬁ usrtl_tzll,atlvel g%ngsal %ﬂ?nd :sg not consi déred at
this point Th th's ; FESQ/\EWE‘?%I mgris o ther uovieh presfuoasore padol
enbodi nethé proken iﬁ@nﬁm’v‘ﬁﬁ%r&s&m@&vq},&ﬁ 'sﬁ#gﬁ&%%% habetueen the el ectrode
‘and the body of a patient, a significa fel el enent 2aaang a0 glecrosurgical .t ance
may be SRR dtegrally cformpd dherein olowS ont tdesteutod indlsd: BEthN IR GmbiRt

Fi gures s ; ' jonally sinplified so_as fo present the principles
of the |%§§%%1%%§s]%§%§%§4 ?(}F%“’%‘ IFF%IHB‘?@Y% gdils incarperatisapthe tmessinec us si on
bei ng predeingestopertien 6 8 GirksdAreMidrd nid - 7. i pi tial enbodiment,
hereof, js that, of an el gjct rode op(Ia?r a%&?ﬁvﬁﬁé %%r%%%g’a O%rpé'%%sgrteiW’éesand/ or

capaci t i(QERGoEEIouR usgigaln qirgcedures; tincludingt butelngt slimited Sor ectoqpgicall ve and

I nduct i Weoce@aed At & Ee'ﬂg.s ed, .the tatal effective inpedance of the
ci rcui tfﬁ\?vlc'j 'l be Hleiglus::jtrlrl1 0 ’tﬁg%g&%]eg‘?ctrf’ﬂ’ég'icﬁdﬁ?ﬁ“@éﬁ of thsquessaleigventionz2 and
z3; andpsitet 2 @atiant frodl Beihgebl&ﬁémauﬁﬂ% a8 NdleMd: h,all three,
t he vol tage generated by RF generator 10 w F@%&ﬁ%ﬁ?@%ﬁ%da@&tg&
i npedan&EESUS sorssbelpgicreated, direct proportion to their respective val ues.
Thus, the engougyndE ' h_of such co nepts wll also be directly
‘proportional to m?%%??&va l&%&%%r' %@cfempfe P%rgﬁ‘gg‘i%‘ Zjndglfrﬁgt threpl | ib paldl bener gy be
concent fendd depict hesimplifieth elobieicsl dchematt i @A ARt §caFﬂ@ (he
pati ent 'egec:&i' sue ({lt_.l s, desirable that the resistive mpon ot "t he
| medan&@SFERY didpdad inghe spetive pash ohradicafrequenioyt brarrent flovenst proseatidng
nglr rft ?213 ;é%ﬁtr&s%fgqcﬁ %ﬁ&@f&'ﬁuﬁ@%ggpegﬁivg%%gged&% “Rhere, Etrﬁa'ﬁlege seen are
. conventional radio frequency electrical power generator 10, such as but not limited to
constaut power, voltage, and/or current or variable power, voltage andfor current.

- Connected to electrical power generator 10 are conventional electrical conductors 11 and

12 which respectively connect the generator 10 to the surgeon's implement represented
by impedance z, and an electrosurgical return electrode represented by impedance 23
Impedance z, is provided to represent the impedance presented by the patient's tissne
lying between the operation site and the return electrode. Electrical conductors 11 and 12
ate representaﬁve of one illustrative structure that is capable of performing the function
of connecting means for making electrical connection to the sheet. It may be appreciated .
by one skilled in the art, however, that various other strucﬁ;tres are appropriate and
- capable of performing the desired function. |
Although the diagram of Figure 1 is simplified and generally considers circuit
e_lementﬁs in terms of the principal resigtances, including the :eaétants coﬁtributed by the
-surgical instrument, the patient's body and the return electrode, so as to clearly and
succinetly illustrate principles of the invention, it should be understood that in reality




The latter is acconplished by nmaking the region of contact with the patient
at the operative site very small. It is known that, in contrast with the
foregoing series circuit, conponents of conbined resistivdgamg 2@pacitive
react ance; when connected in parallel, present a total effective inpedance
~that is given by the formula: 1 Zed' 1+%4+1+1+1+1 (1) Z1 Z2 Z3 Z4 73 76
Thus, if 100 sim |l ar inpedances, each of 100 ohns, were -connected in
parallel, the effective inpedance Z0 would equal one ohm If half : of

such i rrpedacnrmm Me@aizﬂnelenlswcﬁﬂ)@ﬁe edddustefedCharvakitrsbusk a9 dBEibatkd ihdiRiance
edance woul d. be two ohns, and _if only one of the

rﬁpn?égbggseéﬁf obted CopapipRRe ek foF pupAes o miatiy Aylluswation ofhe s
10
gorrgl oyrrgnt tgeg%}fr%ﬁ §&F tﬁméq‘;elc}pr ode er%er eo? B De??sd &fﬁfi,ﬁtnu g{ggrﬁéflsdﬁk%mg%ﬂoél Wil |

Ilge evi de 2;\ Hp'gnverm a‘ebfdrﬁl/\baigw nl&nleremmodm;i:ermﬁvhehgﬁé:h@hmmg%ldeﬁ i%lhfe@ﬁcﬁédl n
i gur es g 1o Figure there w e seen a
schematic r%%\‘"g ﬁ:fe %]Fgﬁ)d(?f g‘ﬁﬂ’ 9‘{ %\/Pag ntg 2 figrifigant element  ofeapaeitive

el ect r osur gieG@hnde@hayi it iabRAEd RARe ﬁﬁgédﬁ%&éﬁ#@at 'It”ﬂlohjar scPld edji!hgtsFl%LIeE he

invention. At the right hand side dure there |s

el ectrical Hpagdskehtivhallesihplifiedd dsQo %éﬂt'tﬁ@ﬁﬁnﬁﬁl@&‘%ﬂﬁe‘lﬁvéﬂoﬂ@u g,rl cal
return conduc or, such as conductor 12 of Figure 1. The surface 2

return el ecVipa&IOIRIgeroys @%?W@w%ﬁ%wﬂdﬁm&mommdon Wﬁhlﬁlgiﬂ‘ss a
thin resistjygyand/or dielectric |layer 2la (Fig. 2C. Aternatively, :
surface 20a of return el ectrode 20 may include a capacitive and/or

i nductive | ayer TMelpftmdilen:@od!mmhd:erm,risltﬁaﬂ off mpﬂeétaidng)e?itmqulH ébn?%}lﬁ@d rode
and to aid in the

20. For instructio pses of this descrlptlon
‘mat hemat i c&FSt %B’& Hf?gc &%’F S 1/esCPTdingdy, dbthe splatyaly gmalk otrasagapheitive tslight
of “as i ncl Udingve réctingd bfeydé}tagd&&éz gﬁértc%a‘.lséffe@ﬁ'vé ﬁgﬂlé&aﬁ?e;’{)f ﬁ%%{%g}tswﬁ%e

represented by regions , 21a, 21b, 21c ... ...
appr eci at ed:dugl tothe sk of the indivithal mpedancésmi\mend zi;fand sineé edsonilllgahs a@ee may

Ehat o1 ot A "B A Bt el oy o ol 10 S b

distributed across impedances Z,s Z, and z, in direct proportion to their respective values.

* Thus, the energy released in each of such components will also be dlrecﬂy proportional to
their values. -

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

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

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

' 'fhereﬂlrough (and consequent energy release) be concenirated in a very -small region.
-The latter is accomplished by makmg the region of contact with the patlent at the
operative site very small. ‘

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

- combined resistive and capacitive reactance, _when connected in parallel, present a total
effective impedance that is given by the formula:

1 |
1 1 1 1 1 17 o)

—t o o
Z, 2, 1z, z, z, z

3

 Zeff =

6

Thus, if 100 similar impedances, each of 100 ohms were connected in parallel, the
. effective lmpedance Z. would equal one ohm i half of such impedances were




Regi on/ segnment 21 is shown larger in Figure 2B in order to be simlar in

scale to the resistive inpedance z3' it represents. It thus will now be
evi dent that each of the segnents of el ectrode 20 correspasdulyeoos
segnments 21 . . . 21n inherently has the capability of presenting an

| npedance simlar to that of inpedancg z3'. However, the nunber of such
segnents which are effectively active in parallel within the circuit is a
direct function of the surface area of the patient that overlies the

el ect r ockfectivealy disconnetied, thesematnitg Effsctioe SMpidated NouRITbe WRPSBNHORY iFS I N

effectiv nt with 50 percent (50% of the upper surface of the
el ectr och],l)F g?? %ﬁlﬁ dnpedapcssvere agtivaninghe girpuit thsremeining cfeajive impedange 21n

will bewddi@etireg! ar ed . jn.t o MGl (o) i danc
represented by i r%lg%anr%{eel géﬁgfér&egdgﬁg&%;cgg‘éﬁ%? @%‘%So#@tﬂéff%fqynﬁng&qrode 20
cont ai ngends theeglertreds hofeof 8¢lf-lintiting et fajl-saiewill beevidee: frorABORIRWing

operati : D ted by the effective 50 percent of the el ectrode

el ement \sﬁ%\%\%lglﬁggégﬁf egem%‘.ts @umaé;ecgu}ﬁ}ggteﬁ AvEBy2Gamd 3. conpared with the 18
July 2005 1Nowhesianerri ; g%[rg :  a oV Little
energy i s |ost at_th% regg?ﬁ;\ﬁ%?ﬁh??&[%&% et %3%’%?%2‘%3%%%8% n§fn ett‘?'?e

el ect r oW g2 defiglegrago distributed refdctrbsurgicyl retume eleefrbde 20V Hlusestiden ghear ea of

- the el eg}; sity,.and rature el evation are. maintained
bl ow t Raogas 6k HNGBR" I imd ebl SERE ok GE e §p oharany hewsom ¢ he

ef f ect i electrioal @ubediogderhahaEotthaliRg! d gﬂ%ﬁﬁr e

reduced tq the urf%ce of onl yoonelﬂgf&t(%(ﬁlgé%tggg%ﬁlgégﬁc In, ﬁ‘gl?fﬁ%?g’

“effecti §¥ W@H@W&i eobkigwed. capacitive reactance and resistance in the

exanpl e unde SRR ' | d_Lncrease.to 100, ohns; and at some point

of reduptionTIh?\ _c'on% gg{l%%?%é,e%gg%?(?g&r%@b,ynﬂ’é%%{héﬁd pEFnEpEEAndy g

| evel riichtdes e thin rediﬁi\dermdﬂﬁmﬁﬁecﬂﬁ@%.@ié 2th ftig, e ﬁl'térﬁat?tfelljs‘ Rirface 2

el ectros re%é_(ﬁaeh |n§t§£ment, so as to dimnish thé electros rgrcal ‘effect of

the su g{ EPRY A Maydnclyde a capasitiver addmtindsictive ldyer dependirig dmthe

I NSt r uMBRticAYr [ FS0 | l.ng the surgeon that the. patient

shoul dnge I?eppg{isht??tgir?e(gqso aglte 0 %?%‘ggﬁér @%ES@@%?% ﬁftc]tg"s %FIFF)t’r?ncont act

wi t h t hand & eidninethe anatbetpatiol mduelisg BE rEiuRE elebiid m,a%lectﬁiid&% %ua%l hrmedance

e

woul d bg inpcreased.spo that the total current that would flow i
sur geo n&g&.\@lﬁt r?E?aé ﬂf@‘ﬁﬁﬁ%ﬁ P&‘WW fiugiformlyesizedapginas or segmssistas oepresgntede

pati ent byvedgichsi2g, 21 gyg’eg to av whi.ch woul.d .cause undesired
“trauma to the pati eflt . A((::COI’df ng*@%?ﬁg%@#@%‘%@&&b@%@%iﬁ}erﬁl‘{,i ng
 featur ehQV_heé’@l‘, e ariogselectfosieymaynonmay nottihclulle distimtingess fegiont Bsegment,
At or eeR bhp PrfRthA Feotiod 1b have contigonssegments. O oS
' Region/segment 21 is shown larger in Figure 2B in order to be similar in scale to
the resistive impedance z,' it represents. It thus will now be evident that each of the

segments of electrode 20 corresponding to segments 21 . . . 2in inherently has the

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

- number of such segments which are effectively active in parallel within the circuit is a
direct function of the surface area of the patient that overlies the electrode. Thus, in the
case of a large supine patient whose body is in effective contact w1th 50 percent (50%) of
the upper sur_face 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

ths each, the effective impedance Qpcrati_vely presented by the effective 50 percent of
the electrode elements_ would be 2 ohms, Since 2 ohms is very small bompared with the




Figure 2Cis a cross section taken along the section |ines 2C 2C of Figure
2B and illustrates the effective circuit inpedance z3' represented by the
segment 21 of 2B. There, in Figure 2C are seen small segmeatuRbovsth its
upper patient-contacting surface 24 represented electrically by term nal
23 and its |l ower surface 25 represented Wy electrical termnal 22a. For

t he purpose of this description (and in order to present the principles
underlying this enmbodinment clearly), the inpedance z3' may be thought of as
exi sting - bERRsence: SpIesHed b Slemantozaandcr,', veryrlittle. energyi isllodet thei rdginh of 0
those skilled. in the art that in an enbodinent_in which a thin but highly
conduct i ve FORfat betwesncthepetient sind theecleeiuade, and,dpecdsofto ghe geledvly d@ge each

of the inpedgnss: ennl.ni re. connected at
Thei 11 ower oy FFRg ARl BF thY plepfods WBirtl 80 ORE Spullafins BRUEER e g
conduct i ve - magndainédsbeldy® et danpérathresholdmedhfioned abevet he i npedance represent ed
by the materi al Nlér'qf et ween t he g%%% and | ower reqgions of each segnent,
there will be an-3adi i%&PYan%P&NH CHVED COTHIRE RIRR oetwean Bigolstient 1sad i s

r epr esent edeleirddecndr@icEheé Aldubdy RUGE siﬁﬁﬁ&fbf%ﬂfaf el ofins! g%m{h?’ %16-??%, gﬁet?lzt}l?n nal

transversely or laterally through the electrode in or
22. It shotfifertivemprslancs @embincdaapaditivetcestaceiany eekisimereiin thd exampleahday

provi sion o tJ hi p. conduct.i | ayer,, ., o if the effective
Conduct  vi o BterRes] SR BEREE 51 RAR' B dibou® b Shroshotor ot s s

i ncreased, 4rbe thé effietive émpadancanoaldriese atied] Blativehs tﬁ@iddﬁé?laﬁéezl%sreﬁféﬁ a !
be inversel progfrtlonal to the effective upper surface of the electrode

that is in ©gditeethseleptrasusziesldnstrunsnyge as to shetha electrosugianl effect of the

illustrati i ﬁ% I ' ' b en. the effective
surface ar ggu%Pﬂ?he rgtﬁaﬁ’f;@e{é‘gﬁﬁggéﬁéfn%@%ﬁk@@ﬁ@%? %%EW‘E%W%W’
current  dethss sigaslimpthel apgebnathat ke ettt shelftd bdopySfionddeiPRe (@ HREERA NI
to a considergttion 0 chart,. it. should be noted that the chart is

f such )
sinplified SEES e areas i, camiagt with the, sstm. lectrodele rAty thegsameetimpy Battbieh and
does not r egifcRRSMpeddict Abould iR - ARk FLOYLE, 3
there is seen a ‘plpgt of F?F OJH%E%%% %i%f\;ﬂg?t‘g%g c&ﬁé%wgégog$gg{v%éﬁe
Surface Ar@ugeontpdieinpteddo efupdoy hisuinstramentbeitheut thpositibningths gatidsit Rt b
the. ar t) heing that pari of th surface, of the return el ectrode that
makes ef f ec'{glgl\llcggeqoe%tvﬁﬁl af’d%‘gnf&’ﬁgtww VUi cansayingdesieed Favma de . thadatienti d be
expect ed frossokdigglhOohaedk ﬁ)\ﬁﬂeipélﬁf-ﬁﬁﬁﬁﬁg“ﬁ&w dds% b SwifHoB 98
the current at thgej(su;&go?;' s inplenment Is hig %gésqfﬁ%ggé%rsggﬁrﬁﬁ#e%gg%ﬁgnd
“the corr esonenrddyr te pfosementionsd sspaste obeit thenitoringrand ebriolrohdaits. s very | ow
(solid graph |1 fgue 2¢ is a cross section taken along the section lines 2C-2C of Figure 2B and
illustrates the effective circuit impedance z,' represented by the segment 21 of 2B, There,

in Figure 2C are seen small segment 21 with its upper patient-contacting surface 24

. represented electrically by terminal 23 and its lower surface 25 represented by electrical
 terminal 22a. For the purpose of this description (and in order to present the principles
underlying this embodiment clearly), the impedance z;' 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 a thin but highly conductive layer is included albng the lower

. surface of electrode 20, each of the impedances represented by the remaihing segments
"~ are connected at their lower extremities in paralle] to terminal 22; whereas, if such highly
conductive layer is absent, then, in addition to the impedance représented by the material

 lying between the upper and lower regions of each ségment, there will be an additional




31). Thi's is, of course, the condition desired for conducting Surgery.
However, if we assune constant current throughout the circuit, as the
effective surface area decreases, the current density acrogsjuyfoset urn

el ectrode (solid graph line 31) increases with a correspondi ng decrease in
the current at the surgeon's instrumep4 (dashed graph line 30). Wen the
effective surface area declines to sone predeterm ned point, there wll
remain insufficient current at the surgical instrunent to effectively

conduct ismpegemos. (nbf shomy) it ADRIPRGEAEE @F Rtte %&ﬁfﬁ%@%}%ﬂi& Rendlilwd gt the
change inh current density and available current to e surgeon nay or may
not occuRavéitemnss fraawiseely onlaterallydhrough thetelestrods in arflértotgetie tamifiad Q2. ar ea.

Vari ous enbody . t..knvention may, have, subst ant.i,al |

si nul taneousdié%%ggggvnﬂ{g‘ﬁgéenﬁtﬁﬁ%elﬁ;ag?rﬁ'{]%ﬁeraﬁwﬁylﬁé’&waE’@rﬂ","’lﬁﬁﬁ 9 ot her
enbodi methe sfarémeélipngd thie indubiaNlaly@) o EYhd &FfdcHde iRek et ween.
The par a%ethers Sr@LSft ed faor, the ngt e?i al s ang el g%dﬁgggpjg%tntgﬂlgwggéﬁgre

‘chosen s 10¢ fge egiongdnisiotherwise inaseased. g effediveiimpedance prreemediby
| ti EH1AC . : . t dthe Limt
Tent fonag” e BRttdds b e erstls S bhAiRBnfio AR SR SE el Pyt a3 seen

- that by qieqmrodpdtat'méheomtmmritﬁapmt,par aneters the return el ectrode is nade
sel f-1imtingg. th%r.eb,ybglgvi at i Bg he need for the additional nonitoring
circuits to WHEWR 3 i archad general 1840 eraphie fompithe relationdpsbétpeemn of
the pri ABé piESive RESEde denedd f I ng. is described in
terns of i npedances ﬁhﬁg%gofpﬂriigﬁm palédggﬁggé]&;ﬁ{ese%gg%@g*os R et

capaci t idgasitiendeveloped attheeslentrodth dlgpwdver;itefes pedcetdifig ith iQdhsi@Rads Lol SO
applica ther nbodi ien in which the i npedances include any

conbi na{% %lg%bgﬂre ltrsigplgteqe\;@?e%éﬁﬁet 1s ﬁﬁﬁ’ﬁ‘gf"d soas ée instratatesiprinsipdes The

i nvent i adbdyig@thd mvaditnf ndt Rk Ispad, t L thyappl kcations
in which gﬁy e%f ective (ljli el ectr ingﬁfeggléesr [ sh{réleg%sqg%tﬂel%pg%g% VA ﬁl(',131

di el ect AR&EIZHS & theyp i ssen a phyienf RRICHee Ddnsith eersbeBlecnods Eifyctivh Suigser i al  of

Foom 1 nase A RubbleR il nEwBR vilghadiossied it the aro hois heipegiorar, by
r T o it ks R A U 08 g
11 ust r REBET (ASuPul be exinctoshfTomdh firgping disbussion, whth GrrefRbited #:05  i cal
return eh8ct fiR0Gdit thﬁl%r'sqlirge%ntsoﬁﬁpqgménqvig t'fi,rlg ?da%ilescf) %?a%g line 30) and the
: corresponding current density across the return electrode is very low (solid graph line
31). This is, of course, the condition desired for ﬁonducting surgery. However, if we
assume-constant cutrent throughout the circuit, as the effective surface area decreases, the
- current density across the retwn electrode (solid graph line 31) incréases with a
corresponding decrease in the current at the surgeon's instrument (dashed graph line 30),
When the effective surface area declines to some predetermined point, there will remain
insufficient current at the surgical instrument to effectively conduct surgery, -
| iIt may be appreciated by one skilled in the art that the change in current density
~and available current to the surgeon may or may not oceur simultaneously with the
?griaﬁpns 111 effective surface area. Various embddiments of ihe present invention may
. ‘haye substaptially simultaneous changes in current density and available current, while
oﬂ;e: e_z_nbpdiments‘ of the present inizenﬁon may include a lag period therebetween,
N 'LIhe parf;;_rngters selected for the _Vmaterials and electrode dimensions are chosen so
that current density and corresponding tissue temperature elevation adjacent the return
electrode do not exceed the limits mentioned in the introduction hereof. It will now be




on the upper surface thereof, an edge of which is identified by the

nuneral s 42. The operating table is shown to have conventional |egs
44a-44d that may be fitted with wheels or rollers as showtg jigtdoes40 is
one structure that is capable of perform ng the function of supporting
means for supporting a patient during tréatnment. It may be appreciated by
one skilled in the art, however, that various other configurations of '
support neans a[e, possi bl e and capabl e of performing the required function.
For exanpl ée,ensmﬁbg’ryt Eniropetassleatign iof cughlepaarhetenst theerdtini tlestrdde Bhaials,

_plates, bedgsfGa% | Al though in.Figure. 4, the entire upper
surface of the tatﬁﬁ%éﬂ}s h%gmﬁadgg%&nﬁ%& ?Oégg%ﬁ‘icguwa?ﬁlql’é@ﬁﬁﬁ capwtst to gbleica 1,
it shoul d besferenteristmadelatidvat entire coverage is by no neans required in

order to practic;g %h .principles of the invention. Thus, when used with
conventional el et? "?:Fg]&aéi SRR b prnciplae undsriying @k duventios, the tegcingy t o

present- an jsefdseGhddV i rea l.ch is sufficient to provide
adequat e resi st_i.veé,d ﬁctggg%io??@?a%@gsfn Bget P 1@1@01 agu‘iﬂn?pr%‘e%f? A ESIS|ARCes ARY)
~enpl oyed RFCaPeitveTeettentss Hoseven the mrinciphsarriies Qveation b8lss Eﬁégﬁgﬂé $o Bt} 1 tY
to performﬁﬂgoﬁég WA Iﬁﬁbc%t the same tjne avoiding undesir t1ssue
damage. It has S 5% i ghinshde epn combination of registize, @Pacitivey
2005 14 fragieisduetive fnPedaltdg. necessitated only an effective working
surface area no | arger than about the projected Qutline of one-half of the

“torso for an adulhe iguentientherspfiignow farther desribbd thy céordleborowith AgplalibACkS Of
a patient Sk | chajr such as is ill rated in Figure = 5. However,
the effect %@EH\L/\DQ? I??r%aﬁ\éeu&?%c?gmafag R @P‘W@Sﬁémswgl éw?em@ lapereon die
used, . in supper pefaoedf the @lectod, j ' LAl ere.vari ous
Frnons ar o Bl aeey oanpor e Iy B bfiele by

| ayers of Oeﬁﬁqﬁfséi ng roomlinens are place
princi pl es el \PhieE operetiag soun llipenscintspmgedi betmaer ke eitieicAnd\iBe Yool NY

surface ar efecthdd -8l act .det.erm i.n_such circunstances by
routine experi ment t@gaﬁtﬁ%eoﬁcé@?e% ® U5 t?ﬁ?%ng‘{erttﬁeereémégqth@ge, Wl ng
surface mayopbimbosteidofas about seven square inches (or about 45 square
- centineters). egegver,. al t hough the return el ectrodes shown i-n Fi gures

'6-8, and 10 are e goyJm Wfig%@mwlumtm“ﬂecﬁwm°ﬁefatﬁgi dent .
5 Thotert b TR U Bk A b A o
As wi |l be o%Bihelpperfsuoiaee therdofy myedgegof which 9s idERERERDY thd Rhmb& 42. The
operating table is shown to have conventional legs 44a-44d that may be fitted with
- wheels or rollers as shown, Table 40 is one structure that is capable of performing the
function of supporting means for supporting a patient during treatment. It may be
appreciated by one skilled in the art, however, that various other configurations of
support means are possible .and capable of performing the required function. For

example, supporting means may include but not be limited to chairs, plates, beds, carts,
and the like. - '

Although in Figure 4, the entire upper surface of the table is shown as being

covered with return electrode 41, it should be undersiood that entire coverage is by no

_ mms;equi_red in order to practice the principles of the invention. Thus, when used with
convent_ional electrosurgical generators, the retumn electrode needs only t¢ present an
‘effective working surface area Which 1is sufficient to provide adequate resistive,

' "(_:apacitive, or inductive coupling at the typically eﬁlployed,RF frequencies $o as not to
 interfere w_ith‘_i;he surgeon's ability to perform surgery while at the same time avoiding
.'unde‘s'ired tissue damagé. It has b.e,_an_; found that ;at conventional - electrosurgical




el ectrode be configured so that when the electrode is used: (1) the return

current density on the surface of the patient is sufficiently low, (2) the
el ectrical inpedance between the electrode and the patientig mis2dds ciently
|l ow so that electrical energy is not concentrated sufficiently to heat the
skin of the patient at any location igythe electrical return path by nore

than six degrees (6) Celsius; and (3) the characteristics of the nmaterials

and geopetries are such that if the effective area of the electrode is

reduced BEIMEUFIES, dbis dws egcessitatabondy dnl eﬁls'eeﬁve Wb];ekiﬁg ‘é‘iﬁx‘fﬁcebﬁeé 15 Hr%ér%&t?t
ener gy dirgsi pat gd:at_ 4 he..surgeon’,s. i ement for I mto continue
effecti \O/H&%?)ﬂ i ﬁ‘%ﬁ%‘%‘t ?‘%Bﬁ%r?gr?ﬁleﬂlﬁlfiqr?s)fhélte&Or Buuangpddt patiede lyids oni 4 be
recogni zgedrabipg tdbds or thi iblattesks dind & J 5,00t _necessary for _there to be
direct %h I c_contact bet meen??ﬁggtgel?‘?%&’oﬂé%dpa E&e‘“ﬁ"@%’ﬁ‘ﬁ%ﬁ@éﬂ%F% ectrode
her eof for?QHererdhe gffeative waskipg stfircmagmneitibvdry degsuding didhd ngte%i?d @-ﬁai ng
descri ptiﬁ@&naéé%m%-}é&fﬂ&ﬂi cq@aci ti.ve .reactance (represente y e’
di stance be'ltlmeen a patiren guLd B%fﬂfld{%l 1pflances vehere yarigus\iaters boperatimpduced i f
~ sonet hi aieem diriens sreapktdd) best! the B SRP 2 uch aci ti
reactance wil | rTHd' f%&at_ her than %%gt?g%/5?#%3%%%69%5%”?@%%@%3@1%5 z3.
As i's KADRIPYES A Jhe efkriiveononking sefaoe trea ofithevefird SleB@ddebtHliAcIN, Ci rcuit
(e. 0., sthcircusns . | ectrqgsurager the capacjtive reactance of
an irrpeda;llc.elri flrf g&ﬁ? ?Jsﬁg#?@%ﬂe%éffﬂﬁg@mg’é’ﬁagﬁpé%c@wqﬂﬁﬂm,éh@effcgﬁmf t he
al t er natorigng wnrfecet relyclod 6é emhll S HBBlLt BERRE i reactance. Thus,
the for or, capaci tive reactance (i nﬁghﬁ% g{c?%st ?OS‘I @%ﬁﬁ%g Sqygexe = 1
2, TfC %%F)e Xc is capacitive reactance in ohns (7r) is 3.14159, f is
frequency i nMie&d i i tance i.n farads. The fornula for
capacitange in a%grgpﬁgghptﬁgtrgﬂggg@fg&?%ﬁs @m@dﬁ&%ﬁﬁt& gB) 10hmwee Cis

i s .se.paﬂlatliod? offa pifentUALGAP beevﬁigiﬁ from the foregoing, it is important that the
electrode be configured so that when the electrode is used: (1) the return current déﬁsity

- on the surface of the patient is sufficiently low; (2) the electrical impedance between the
electrode 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 (3) the characteristics of the materials and
geometries are such that if the effective area of the electrode is reduced below a selected

 threshold level, there will be insufficient energy dissipated at the surgeon's implement for
I:um to continue effectively using the implement ix its electrosurgical mode.
“As will be recognized by those skilled in the art, it is not necessary for there to be
 direct ohmic contact between the skin of a patient and the return electrode il'e'reof for the
_f:lectrode to perform - generally according the foregoing description, for although
capacitive reactance (represented by the distance betweeri a patient's body and the
_glectrode_) will be introduced if something such as a surgical gown separétes them, such
capacitive reactance will modify rather than destroy the impedance identified as z,

o As is known to those skilled in the art,'in an alternating current circuit (é. g. such
as those used in electrosurgery) the capacitive reactance of an im#edance is a function
both of capacitance and the frequency of the altemaﬁng current eiechiCal signal presen;ted

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




effective plates in neters, and so is the permttivity of air in
Farads/neter. Thus, it will be seen that to neet naxi num perm ssible
tenperature rise criteria in an enbodi ment in which el ect Hgdrncigosui t
capacitance is substantial, different mninmm sizes of electrodes nay be
requi red dependi ng upon the frequency of 16he el ectrical generator .source,
the separation of the body of the patient fromthe el ectrode, and the
material |ying between the effective conductive region of the el ectrode
and the adjacent body surface. Accordingly, falthough the principles of the
invention are applicable to a wde r ane=of-———-—f—r—equenci es of electrosurgical
energy, the considerations set forth herei @Eﬁ@ m ni mum sizes of return
el ectrodes specifically contenplate frequencies typically enployed in
conventional el ectrosurgical energy @éner ators. Those skilled in the art
know t hat, whefe XOE dapsdi ' I 4F . k reduci ng
the effective sjze of jel? ﬁ?ﬁ%ﬁ%&%@g ogggt‘ikl]rgée’?lggggéegl%%ﬁ@ﬁgrzz’\ﬁ’&ﬁjlsnot
reduce the mpaéﬂmcemfarad@w to a level where it will inpede the surgeon's
ability to perf [ nor. concentr urrent, to a |l evel to cause
patient trauma. %mﬁé@?&eﬁogcapﬁ?%ﬂﬂcﬁnggiﬁ SPREFHS 15f the el ectrode from
patient's body, a return electrode accoyding to the invention hereof,
woul d need a m ninmumeffective area ¢f= en about 7 and about 11 square
i nches (about 45 cnm(err) to about 70 cnR) sith a relatively snall
separation fromthe skin of the patiéﬂt such as that provided by a surgical
gown or no 18 July 2005 16 interposthg gown at all. Such an effective area
" is easy to whérai © ikfeablbiapad i ids. Shd i . I r.o hat_.is the
"~ size of their upper tgrs_o gérhfgtr%dgf’, K'@ﬁgh%:t@%ﬁ%@%}?‘@s&f)ﬁwtﬂgt%&g?y%

“diel ectric Pweshiestteste plattsoef the reapaziter, 4 u$ fhe ireatolf the emplidselone dfahs hose
. of selecte p i C nd.other related materjals, that the |atter

" may be sat'id%f?éggtp%? ?‘fef Aefan%F 3?/’@ _%85 1 3qUars ’QI‘%'ISP &ris SeRargtion pfithe surfades of thes
menti oned adffective plates is uedlers, ot iRl Pl t j i i.t§ oned
such that not eng‘ugh of th% retdrn el%gé]{tgggﬂ ?gé?gﬁbgﬁgbgg%x%#?#@the

patient to beessah that fo mse maximunppetanuiblamniRRARY rist REteraSH ah SmBBHIskRE, t hat
t.he, el ect.rosurgi cal enerat or woul d be reduced to a

the current_fl. fro
level naki nﬁﬁﬁcﬁ%ﬁ?égcfmu‘tfwaﬁﬁéc%{ﬁrsgbﬁ?ﬂﬁ differeat minimunyeirss. of Mlentoden t he

Capaci tance Fppr oobures (pLASh AL g BERURET of 7 cRbuREEerBRE St v
will cont iqqg:gaﬁqn @ﬁ@g rbody of the patient from the electrode, and the material lying between
the effective conductive region of the electrode and the adjacent body surface.
‘Accordingly, al;choug_h the principles of the invention are applicable to a widé range of
ﬁ'equencies of eIectrosufgic_al energy, the considerations set forth hel;ein.f_or minimum
sizes of return electrodes Speciﬁcally contemplate frequencies typically émployed in
conventional electrosurgical energy generators. :
Those skilled in the art know th_at,' with the currently used' disposable return
 electrodes, reduqing the effect_ivé size of the electrode to about three square I_inch'es will

ot rgducg the RF curfgnt flow to a leirel ‘where it will impede the surgeon's ability to

.perfbr_r‘n surgery nor concentrate current to a level to cause patient frauma. However, to
provide for some spacing of the electrode ﬁoin -_patiént's Bo_dy, a 1°étum élecirode
 according to the invention hereof, would need a minimum effectivc ar.éé ,of .bet\areen

| '_ about 7 and ‘about 11 square inches (about 45 em® to about 70 cmz) with a relatively small
 sepatation ﬁ-om_‘the skin of the patient such as that provided by a ,su_rgic,ai gown orno




As nentioned above, Figure 5 is a front viewillustrating a surgical chair
50 with an electrosurgical return electrode 51 according to the invention
di sposed on the upper surface of the seat thereof. Accordijpghly.20p5en a
patient is sitting in the chair, the buttocks and upper part of the thighs
overlie and are in sufficiently closggproximty to the return electrode so
t hat coupling there between presents an inpedance neeting the foregoing
criteriq;, nanely, that the el ectrical inpedance between it and the patient

s suf fitePerpE avawat ellal Fuch laneeffmnwtareat i payfor shthineirPhe GRdeReihi |
ficiently Iow and that i nsufficient

provi di ClLr .S S
el ectri ?ﬁé%groélyéﬁég&%tg\‘}g% © SIZ% PO (URBeT IR0 OR largRedance to heat the

skin of the [ThéidhatacRiisBaY of i I ur th by nore
t han si x ‘E}%e% fil? 6ac Ogl Si Ss Qﬁﬁdgﬁli;hg ale?ésb%é@tf%cme g@s%q;t eﬁ%‘%ﬁ@?%
el ect r oSYHIGR OP@P@ﬁahleépébQSedﬁédaeicdrrnbhags,t;ﬂ)astxbsaand othecicAet mhterigisl | be

observe { r n rface of the electrode
again i glage%alﬁgﬁe (F;)% Ay ?ﬁ&ﬁgg{ e’f”l]@y? é’gqt@%f(?rtféﬁ irghumoelegtengde ﬁipedance
Al t houghentioried above,neitle sedhr ¥ rédtitateldcdhede! ieghd nf% aﬁ{i ng g&fh té% rface of

an . operat| ble or the entire seat surfate pati ent

chair, “ﬁg§f 2 Retpy plgctredeyis in aé(@eutomsotmthemnmsrebm i ayilse a
greatermspba t ec a of the buttocks or
torso of %%?%gfg@%d‘,t tgﬁ% wéild E’Pg‘?ﬂt%é‘é@ﬁg’em ¥R thejeleptruemieal cour se
of "a pgm@mlr‘&o feducidetit ﬂ@feﬂ nsukigy it ikln

-1 egi sty r?gé th the el ect rgde surfacelsJ(I;iﬂticﬁgttf(ﬁ'rﬁw\tﬁ’u%g 4?@6& dance
will 559 | e\sflb ’tWaﬁ‘et RESSEIH otrmberiment, mwitbslaidang.éintétplositlaﬂoﬁ‘ sdfe At this

juncturﬁdlﬁotna aa%nggg i e char, cs.of the inproved
el ectrode according to heeFj%gg oﬁi Rergor [ﬂﬁ:a{ea@ é‘\"ﬁﬂpéé a}?ﬁY‘iWﬁl arly
r el evarfiortiniesta ocowrder st andi ng of the i nventive character thereof. First, as
nment i oned a%v does, not need to be in direct contact with

the ectr,
a patient, %3? é‘k’ﬂ’?’ Wﬁrl‘éﬁ@wnimf-‘é’\f ilblﬁﬁratglg cangivaltchair SOrwith
nonconchmcélems@ghcal kmdgééﬁdaegl%gﬁ B th'et ve B’@)nﬁﬁl ve Si z&g there is no
" phy

~need.for tailoring the electrode to WRfent. In

this conHaca phithe seat thercohe ecomlingy, twhin al Mﬂgh; ﬁle{]ﬁc lﬁclﬂ. r{ﬁ,%]eri al's
és

and ge onr.ecting. adsef-llmtlng princi er eof
coul d ggﬁgc Sl%%\c}e B &n‘? agtln‘;%tﬁ ﬁlf ma%’-ﬁa%@ﬂb’ Clgmwusqtyatoéhe nches

e pat:ent is

| sufficiently low to allow the surgeon to perform the procedure Whlle providing that
current density is sufficiently low and that insufficient electrical energy is developed
across the return impedance to heat the skin of the pahent at any location i m the eleotncal

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

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

- invention. It will be observed that the upper exposed, or working, surface of the
electrode again is expansive so as to meet the foregoing criteria for low impedance.
Aithough it is not necessary that the electrode cover the entire surface of an operatmg
table or the entire seat surface of a dental or other patient chair, 1t has been found
advantageous in some instances to prowde a greater surface area than that of the

: 'pr03ected 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 patlent will remain in

?egistratlon with the electrode surface so that the effective lmpcdance will remain less
than the above-described level.




of fromabout 11 to 1,500 square inches (or about 70 to 9, 680 square
centineters). By naking the electrode several tines larger (typically, at

| east an order of magnitude larger) in working surface areag fuljamopr evi ous
proposal s, the need for direct physical attachnment, either directly to the
skin of the patient or through gels, is gl mnated. The el ectrode according
to the invention hereof, as illustrated in Figure 6, nay be nade of
conductive plastic, rubber, or other flexible material which, when enpl oyed

in the electrodethis junesse] it rhay be hefplidobi sngplasizé eBiradt@NeEs Bf ﬁﬁ%ﬁ%{)@/
each square timeter,, r Ki ng,surface to be greater than about 0

e of
92 'S It cond< o, peRording e theninxe ereef that ais dseme paricolarlirtelevanttoant i ve
material s aunidieMn beX%h I, | shabl.e a
sterilizabl 'Zl.naAl t e?%gtoi?vel y@nﬁﬂ%&nﬁraﬁéﬂb%%o%sﬂ%eﬁ%%%e eﬁbgg?’?g%igleﬁ%?fi%e
made of i nhepennotyneed iabé inedisechiogiact wathat patiest, felihar dectiyTat BFduah iflehRAE t O
provide the Iequlsite coggucgitwi vilty_ M[eferred exanple of the latter 7is
that of sil i%%?i“g vt Bpapucopiuciive gel. i fn ggdition. heesuse of s prpansiyp sizedthermisust i ve
fibers, suclheabfosasihpinait ' I [ -hee St Il ed,
quantities c'n? ot her co%ﬁ%ﬁ?c\’/trggga%gtt g%é%rjg%ﬁ(} ﬁlgsf)%\cbgtrl%g'nﬂbﬁ%%éemgﬁoﬁ? f%ies
of gol d, -si hgtpeennforrd that ehugh with sdécted materialstaidrgeomstriot,cht selbtossctin

orosence. of “a® EAEUARREREAANE nEbE A5l 08T RENGT i in lebiedheds ol Ap sbout

el ectrode 4feven suand itehes (QNARNL i43N Bduatd %ﬁﬁﬂl@t@}s? BIWERidOsirfRe area the .
el ectrosurg radi o frequency ener ource (not shown).” Connector’ X is

i cal gy. s

anot her st P{???TGIPIE TR0gs | expesed Hﬁ?qrdﬁf?}"ié% surfece arae of twe ebdctrodmliexcini the rangans
for maki ng i 1! : shee tor 54 is onl
i 'l ustrati ng g?&o%@%gégt?gpgﬁglr u%%*ﬁcrl%p?o&ra%fgg 3?1%858@5‘1“31%‘3?5’@1‘938?” ‘ng¥t he
desi red funmeking;th¢ eletteddegevapal tinsisdnger ?ypieaﬂ@, 8Klehst @fl ofder bh@agditude hﬁ%ezp
various other structyres are capgble of performng the requited funcCtron.
As nentionelf ‘gﬁl‘gﬂl&g’ S‘%fa@ﬁ pEsa phangpr Vlg‘é%l’lioﬁﬂsatlsaR@(ﬂ@&dgﬁrgdltdqbphysii:@bafmchmht,
Figure 6. . Eii , - N . trode 20 of

i gu ﬂwa&e&lﬁb%@smoﬁh@gé%%g 8%@%’%;2& diftifil

Figures 2A-2C, except that el ectr "hi ghl y ‘conducti ve
| ower strat um 46&be ple¢taede] dccarding ¢o thtLinvéndion tefeof, Hsitstrapdtindi gy 61 @m?r be

2 range. frompdf ol POdtagl< Hat, bR anitier et mate! Bhobovossampigyeddn, ch:
o S kRS 930 S U s AR,
required i Werking sustpse fhe be @reater than about 8000 Q. Silicone or buty! rubber has been
found to be pa}'ticularly attractive materials as they are flexible, as well as readily
washable and sterilizable, Alternatively, the main body of the return electrode may be
made of inherently relatively high resistance flexible material altered to provide the
requisite conductivity. A preferred example of the latter is that of silicone rubber
| material in which there are impregnated conductive fibers, such as carbon fiber, or in

| ‘which there have been distributed quantities of other conductive substances such as

carbon black, quantities of gold, silver, nickel, copper, steel, iron, stainless steel, brass,
aluminum, or other conductors. . _ :
 Further reference to Figure 6 reveals the presen’ée of a conventional electrical
connector 54 attached to the electrode 41 to provide a conventional electrical return to the
electrosurgical radio frequency energy source-(not shown). Connector 54 is another
structure capable of performing the function of cbnnectin’g means for making electrical
~connection to the sheet. Connector 54 is only‘illﬁstrative.of one possible structute for




desired physical flexibility for ease of use and handling. Figure 8 is a
section sinmlar to that of Figure 7, but presenting a nultiple |ayer
embodi ment illustrating the separation presented by a pati astjuf Zosn
according to the invention hereof. There, in Figure 8 are shown a | ayer
46a (simlar to |layer 46 of Figure 7)gand an overlying effectively:
capacitive |l ayer 47 representing an insulating dielectric |ayer, a
patient's surgical gown, an operating roomlinen, a protective sleeve or

sheat h, performiyg therdesinat funotidrh dirtedfs apbiectdied by oReskiindcn SO tHaP Fhrid iy

addi tion tﬁgﬁﬁgﬁc&gestruct iaﬁgytsi {:'f] lar to that of the electrode of Figures
6-7, a co CRHECS 3y 7P Feripmaing thegeguigedfunetiomor i se a sheet .or screen
of gold, brasgg nadnei ol . i . lickek . steel inl.ess _steel,
conductive car lsoon,nﬁg%élwdggc%‘ﬁ/g ﬁu? g’si ¥e§°§P g%ﬁl%‘%,éﬁl&bﬁ 25?%5&%m her
1 ef er encBigiee 7 phows englectodalds similathier elditpddecl0 be Figavsr 24430, equsititag t he

| ower Su#l%%r%@% 4§f. | ayer ﬁgﬁ ggqiyguqr?g 9,is a perspective view of a sleeve 50
~ ‘adapt ed YOF eMc Jrefgdes 8 thin bighly eqnductiveeweseratem d6c ko Goilisate Gosductions,

- provi si osf durefPbitRaly Yo BRARa] 4. ' f or egoi ng. ret.ur

el ect rode-shgped el ecit' rodes ﬂ%i%ﬁ@%ﬁ%ﬁ@%@h\% ﬁ@gsﬁﬁ?gqet%%“tq"@ﬁs in
whi ch i thesgnaagngeftomabent H3RAanch toliét inekdabout 00BeAI0.64 bf) ShRRAT @R | tsel f

by prot [ L. from contam nation, through the use of a sleeve of

i nper vi gt&é aﬁ%#é'%ﬁ“ﬁ“&f%‘fﬁevﬂfwe © °§Tt-bé7c1%1f“ dy of iteatenial @nd ghacapeeisivg be

Wi t hdr aweadimitetdfeths hppye dicear’ HO& pRidis! iRedl; ! e okilled in
the art,, such a sl eeu\?g may pref e?%bpy %Msn'%%gé%‘?‘%gn‘gﬁ%?mé’gt@%ﬁ%tv f

known. rﬁi’ﬁ’é‘? @Y§%¢%ﬂ@ﬁbﬁ§f for mgae of usesariddmnding.yest er  or pol yet hyl ene. Figure
10,122 M s GRS, O SN S5 B, oo
U poses Lo el oot r ade a3 of g panseinled By 3l KR Rk bocetdihl b3t e
CROND Ijﬁ;npw Thmngf:_igqire 181 av¢ Shoua &R Gimilardo ldyeti¢6iof Figiae
and & somird rRHSEY SHGOt bR Rl b e itie R FoRetioh distetel Ly,
S ey g W e o o B )0
el ectr odtlY JPEMAHOR ORreet-e df shRRd b undeestondathes in addition tdenesedstrestibel ow a
Lol s Qs bl 42, LORRARRS P e B Ut
-~ comprise a sheet or screen of gold, brass, aluminum, coppet, silver, nickel, steel, stainless
~ steel, conductive carbon, conductive fluids, gels, saline, and the like. Further reference to
- Figure 8 reveals another dielec’trip layer 47b covering the lower surfaces of layer 46a.
Figure 9 is a perspective view of a sleeve 50 adapted for encasing any one of the
:-embodiments_ of Figures 6-8. Thus, provision is optionally made for encasing the
foregoing return electrode-shaped electrodes within protective envelopes in situations in
which it is desired to eliminate the need for cleaning the electrode itself by prbtecting it.
from contamination through the use of a sleeve of i:_npérvious material from which the
electrode, after use, can merely be withdrawn and the sleeve discarded. As will be
evident to those skilled in the art, such a sleeve may preferably be made of anj' of a
~ variety of known materials, such as vinyl plastics, poljzester ot polyethylene.
Figure 10 is a view illustrating one of the embodiments of Figures 6-8 encased
-within the sleeve of Figure 9. There, it will be seen, is outer surface 50a of sleeve 50; and
-shown:-encased mthm sleeve 50 for iIlustlfative- purposes is electrode 41 of Figure 6. |

in




conmbi nation wth conductive netal backing 61 and/or conducting |ayer 63.
Furthernore, the total inpedance may arise fromthe various resistive,

i nductive, and/or capacitive conmponents of conductive netals hackiosg 61,
sem -insulating | ayer 62 and/ or conductin | ayer 63. El ectrode 60, which
includes a single layer of sem-insulatiV¥® material 62 having a bul k
resistivity p and thickness t. An area A placed between a conductive

surface and the patient may be mmdel ed a S| parallel wth
a capacitor (C). For &M&I@&mw 7! ﬁghﬂdﬁ he resistive
requi renents of . el ectrode GMﬁrqui_mmGrmAﬁmurel y resistive
scenari o where el ectrode 60 i in parallel with a
capaci tor. Fol | ofignge 1hde;ﬂab(aulem;trowrglﬁaltetwtmdmﬁﬁ}mnmsmmamfra@nmw oyetal

self-limtin |nthe ure e case, e W || e I|z ysi s
for any i n’p@gci W‘ Hléﬁgesmeglﬁ?tf(’dferg ?’“gsling %ngf%%
capaci tive, &ﬂ{j{nﬁﬁj %‘ﬁ?&t ?}2’ §s ﬁpé&%?mtﬁ an&ﬁeﬁé&hﬁucﬁ 1a§/@661ﬂ Wiioh rdppésahts

i npedance equivalent Tof the resistor in parall he capacitor

conbi nat i on ai gatieR tlwGupon- ’ﬂw zelﬂnmm ffoare R)f+elﬁc'£ms“¥m repymelecrpde 07y y

angul ar 1 o GaERAP L SRR g RoLRRBRRh 5o e FHE T o af Rctaddd®or
‘el ectr osur gigkatrode 6@ Rhdierf such limpédencél' hesesd@m: berdbirmshlating davienp2 diomeeori in

|zZwr| = 2 RF+ +CICZR2 = ~vZQ2 R2e¢@(15) Substituting. the dlﬁ gg ce of R and
C on the ar eampinatipn witheenductive inetal baeking 61 an erOI’éH‘Eant

constant of the %tﬂ%ehﬂceﬁ%?%&eﬂoﬁythe various resistive, inductive, and/or capacltwe

components of conductive metal backing 61, semi-insulating layer 62 and/or conducting

'.

layer 63.
Electrode 60, which includes a singlé layer of semi-insulative material 62 having
a bulk resistivity p and thickness 7. An area A placed between a conductive surface 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 requiréments of electrode
60 for self-limiting in a purely resistive scenario where electrode 60 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

(R)( al;c) R

_ _ joC ) _

Lo "R"X" _ (R)'+" 1 1+ joCR
joC )




R='t A (6) and CCK~OA t (7) where permttivity constant s =
8.85x10'12 F/m the magnitude of the total inpedance is given by Zm|=A 2(
KsA 2 pt 2 A 1+CV21Q2sp p2 f+0) t J J CA) (8) J Accordi ng jug ddog AAM
standard, the total inpedance of the electrosurgical electrode should be
| ess than 75 (err) under nornal opera?bng conditions. It is preferred,
therefore, that 18 July 2005 21 A < 7552 A 1+w2xZeOP, (9) W define
as Ztot 7552 (10). If (3 < 1, the electrode will have very |ow i npedance
conpar edwhare {j e ad\ivhigin g nebafigbnentodtded UL < i ' .
degradation in the el e??r osuﬁrbgi cal cu?iﬁ}c?\’gﬁlgﬁ\%grs\ﬂééu%n&?% %E’gﬁ?’e%glgd
P >> 1, qo@edaserPat whgrechis the electroshegiodl genbrve Fsanbnoy. | THedRal

that th onp.W.l1 no longer be able to performel ectrosurgery. Using (3
in the ;*Egi\;ﬁe&e cee\cl]}flﬁal ity, the expression becones an equality:

; |
N - Sy 3 A
1+2*C*R V1+w2C2R?

&)

e. If
e

-

~ Substituting the dependence of R and C on _the area A, thickness t, bulk résistivity p, and
the dielectric constant of the material « defined by | -

rR=Z
4
©)
and
Ce K&, A
t
@

where permittivity constant g, = 8.85){1'0‘12 F/m, the magnitude of the total impedance is

given by
. IZtot =-€t— I 1 3 =-€t.-- . 1
e 7 e
t A
C)

According to the AAMI standard, the total iinpedance of the electrosurgical électrode
- should be less than 75 Q under normal opetating conditions. It is preferred, therefore,
that : S o




1 =75/9 A 1+cxsp2 (1) It is preferred that self-liniting occurs when the
el ectrode has a large electrode area in contact with the patient (Figure
15); however it is also necessary for self-limting to ocqgryphempst he
patient only makes contact with a small fraction of the total el ectrode
area (Figure 11). For self-limting to wggk properly, it is necessary for
the current density (I1/A), where | is the total current through the
contact area A of the electrosurgical return electrode, to not exceed a
critical value (5 ( =100 17mAi cg&' ) ALInTa;—(12) AAM standards

i ndicate that normal el ectrosur l—currents ake7amn the order of 500-700
mA. If we set 1000 mA = In ax asAa Sa#aazuﬁp,%r-%imt as to what one nmi ght
expect for an above average power ‘surgery, then, in order to return the
current to the el ectrode w t hout®) exceedi ng 4a/' the contact area
Acontract(mvg%dg%%r adi tional electrosurgical return electrodes nust have
a mninmum size: %Fly 2005 22 Inp 1000 mA 2 Aconiact(mn) = =10 cm 100
mdcma critical (13) 1t can be appreciatgd that In. may vary from patient
to patient due to changes in the anognt gtotirre that the electrode is in
contact with the patient, the el ectri’Ccal Eg@racteristics of the patient's
skin (i.e., resistivity, and the like), the anount of heat being conducted
by the patient, the patient's i f®ial skin tenperature, and the like. Wth

an electro i_cal [0y el rod si gned accordi ng to,t ior,art,
" e oventt P Tt Sl Yo R ke Rtpard st Al icet
Aconf act (nr ahd el duegeanivilldiobinbticd Ry degrddatith efhe Re%%&b&ur?i%ﬁﬁétﬁ@lg power due

n

(I/Acritical > 100mY cm’éi which is the bumthreshol d. contrast, the
present i nvéhtesieckpds. 1€ Prrreldbe sleprosuigicad elegtrordewilbliave sueh alarge impgdenceon

of - that the surgeon will no longer be able to perform electrosurgery. Using B in the above

inequality, the expression becomes an equality:

a2y S —7 7]
AVl+a’’8 o
A |
It is preferred that éelf-lin’:iting occurs when the electrode has la large electrode
area in contact with the patient (Figure 15); however it is also necessary for self-limiting
‘to occur when the patient only makes contact with-a small fraction of the total electrode
- area (Figure 11). For self-limiting to work properly, it is necessary for the current density
(Z/4), where [ is the total current through the contact area A. of the electrosurgical return
electrode, to not exceed a critical value

-I) (I]_- " f ni?
— g — =100 mA/cm
_ (A A aritical - S _
(12) |

| AAMI standards indicate that normal electrosurgical currents a_1"é=01.1 the order of 500-700
mA. If we set 1000 mA = 1, 88 a safe upper limit as 1o what oﬁe m1ght expect for an
above average power surgery, then, in order to return the cuﬁ‘ent to the electrode without
. exceeding I, the contact area 460.,,,‘,“(,”;,‘) for traditional electrosurgical return

..glectrodes must have a minimum size:




t he contact area bel ow 4contact(mn) while also preventing el ectrosurgical
procedures when the contact area is significantly reduced. Therefore, by
sel ecting the appropriate inpedance of electrode 60, the a8uugm@O0b s

al ways reduced bel ow I na, when A<Acontact(m n) As such, the inpedance
between the snall electrode with areascontact(tnin) and the larger netal,
foil is not sinply R= Pt Acontac!(m% (14) as current. can flow through
the areas not directly below the patient contact area Aoonracr(mn)

(Figure 12). Approximtely 10-320% nore nt »f 1 ows through the patient
ne.i?muLd xﬁiﬁoeim

contact area AcontAct than » =€ _ he .t Zrea of the
i nsul ative |ayer vverc%’"“cﬁ%“gnt yno* Eqk0galeAl o t hgo?ﬁect i ve i npedance
of the electrode is 10-20% | t¥ah what one would normally expect if

t hese edge ef {ﬁgts were not present resulting in additional current flow
As previousl >§ ntioned, Figure 12 reveals current flow distribution

th h ] = | | i th | d th t act
area i tho be aBhiebtid &b 1O, RAG vall SbRCRERE bo Dol 05 o Chanshe 3 49 nce.
area. Asnmeni GfetmeC st et ElooYee! IV o Obpak %Atﬁ'thep?ﬁ@t am%“gu%ﬁ@*& cont act

region thus reducing the overall inpedance to curren ow an ly 2005
23"t her Ehgrasterastios of at} Refentisskisc(f. .y tesistiedy,aind whe 1ike) 2Be peOGEVT hedtibetdre

Fi gure, Of . L lLy,.hat ch region denotes heavier current flow,
and 1 he PEERESY B baie? e Dl 561 1B Gnense. dBr Hser AR A1 ow, | n
- order f electrévrrgitaatuas eldcRodedstintd hbdBrdinp g ibrSarEfi 'ﬂfef‘&} def i ned
by the AAM standard, it isdpre erred thgto,éétf@nﬂrdbcr 'l£~n ﬁgtj/gmg?n\?al ue

f r om ab&eftact agsrpwith the petient e UGfFSZ?el(amhmﬂgagacg};,-,g,f whiddbinginbeing HO7cntd f or

el ectrogurgical currents between 100 mA ang about 2,000 mA. Si ma’f’arly, it
is pref Biemay Hgsulb beeavge F/AdmaboU00M /tm ,atvhich 50the deh thregRID! aher abl y
have a val ue @1; about ,10. Usjing the various values for Acaatact(mn) and

(3, it “PEsh BacprapAnt iyvsnuen Ymitsdheangsaibility of pdwurn ernsechfromrersductioasota
functi ofeQbniabe | StiVvitw. t different el ectrosurgical generator
frequencieesnco,at%!blglgﬁ?%?éﬁ“ﬁ‘”ﬁé%éle%%t%ngg cfrgsurgicel e Wh§8 edge

- ef f ect stidesatadiesteabiovsignitivartie rédatdd, C UTRErefold, USH TsBfel Ml

di scussed herein, the fgrclzltor Igfrl'.Z I's inglefl?g%d S?{?”b%[?% ﬁ%?%gg@'alh\?ity and
r eact aniePadangeoflectrode 60, the current I is atways reduced below [, when A<4

contact(min)*

As such, the impedance between the small electrode with area A contactminy 20d the

larger metal foil is not simply

R:—_—_p_{_.._
A

contact (mio)
(14
as current can flow through the areas not directly below the patient contact area
A contactmin (Figqre 12). Approximately 10:20% more current flows through the patient
contact area 4., than one would expect if the total area of the insulative layer were
A contactmins  Equivalently, the effective impedance of the electrode is 10-20% less than
_what one would normally expeot if these edge éffecfé were not present resulﬁng in
additional current flow. | o ) | |
As previously mentioned, Figure 12 reveals current flow distribution through the
semi-insujating part of the electrode when the upper contact area with the patient is much
smaller than the total electrode sutface area, As depicted, current flows through parallel
paths around the contact region thus reducing the overall impedance to current flow and




t he equation; however, it may be appreciated by one skilled in the art that
" the factor of 1.2 is geonetry dependent for both the resistive and
reactance terns and may vary. Additionally, the value of %82ulys2008sed on
the illustrative geonetry of the presently described self-limting

el ectrode and may vary as the geonetry of3the el ectrode varies to account
for the different edge effects. The resulting equation (which identifies
and defines the interrelationships of paraneters affecting

“sel f-1initathesehy ingreasing\fipsiffective sep 2bewakd-20 perent( 18 )the Figuee, Fhplapdqus of5,

Figure 13 i g riation of mninym bul k. resistivity, Wth

el ectrode t E%%Elﬁe@&%ieg@ Plxr{i%ﬁ%&%:g?av%{ew?ﬁ%%% %‘?‘tg’tﬂr ertqlfi‘lbgﬁ‘mis@t%@

coul d i magregondenotes texsdrdurramgw,r om about 0.5 to about 4 inches (about
nmore preferably about 1 inch thick (about 2.5

1.3 cmto about 02‘16%}? and . abl _ '

cm). Above these!n AidekfEdazelectrode todessif lisaitingeapdie eBirecionseedefinetl byube and
unconf or t ablaey¥ip i i, to be elf=limtin hez m ni num bul k
resistivity f g r gtﬁﬂ&eﬁgﬁsgge ré?d @%ﬁﬁ“’f‘ﬁ’ﬁ'@kﬁ%‘%sa Yag'ueaﬁhﬁtabgﬂb%ﬁn% 8}%%55 The
‘precedi ng ecqmatdndnsorapekieiably UHBIOT) &he ot @ a1 |
resistivity regui red@?bor_ QIF’Leb?t_r ode 60 fF%ﬁ?gﬂ%% c@eﬁ%b&%ﬁfe{?:’lpgﬂ%%@ It
may be appr 8RqUAEdW0 Mweislarly.git jsprefezed 3hat 3 range frotrh ebeid A0 ¢o abeutys0, andray

be repeated obtai,n the necessary self-limting, i npedances for

el ect Podes %%’gee? rg%fr 3Py h@verf’r Yarclrﬁer ?‘ia %’%BE&CVFIP% éheOYa%ngg@Ip@s\,@r denpanging 8, or

conbi nati ong; 1Si | tiwe, . apdior inductive c nents, . |

Therlaforla, ?éﬁrgf\;a?%éék:%%g 5 sgﬁéy g%*%?{%f‘%‘é‘e%%ﬂa?g&ﬁﬁ\ﬁ?FﬁgﬁE FEIFERE% f or

the bul k i npeddifigemfclatronirgiealegdhrator RfubRtiesSHC Whil e RRLARGE Pd'cto?%?_ll‘;]i en
Al

resistive, capacitive, and/or inductive conponents of i npedance.
sel f-1imiti#RGOWEHEY thsredge effsets slesnsibed shove chl thelpartiouti dllustrative epbediath
I nvention- j . ksthence suf.ficient return i npedance to
make an el éd(izlts (Jrsdgé e%geﬁn%ﬁg%%ﬁtg??&%% & W@em 1 r‘éﬁ@’é"%@“@&‘?ﬁ’f’ £e E@P%@%n
the pati enttharequition; hbweter,0i widyi Ketdppr@ia6diby oheSkilledy e Stihst BRIGLAL! ¥
reduced. As Ehown above, the conbi nation of the maxi mum

. 1.2'1s geometry dependent for both the resistive and reactance terms and may vary.

Additionally, the value of 1.2 is based on the illustrative geometry .of the presently
described self-limiting electrode and may vary as the geometry of the electrode varies to
account for the different edge effects. '

The resulting equation (which idenfifies and defines the interrelationships of
-parameters affecting self-limitation) is

- 12A(758)/1+ 0 p*x262
B P

(15
Using Equation 15, Figure 13 illustrates the variation of minimum bulk resistivity,
with elecirode thickness, réquiring ®=5. The maximum electrode thickness one could
imagine using woxﬂd range from about 0.5 to-about 4 inches (about 1.3 cm to about 10.2
cm) and more preferably about 1 inch thick (about 2.5 cm). Above these thiékness’es, the
electrode may become unwieldy to use and uncomfortable for the: patient, Thus, to be
self-limiting, the minimum bulk resistivity for an electrode of such thickness is about
4000 Qrom.
©© " The preceding equations and discussion ate representative of the bulk resistivity .
 required for elgctro_deﬁO (Figure 11) to be self-limiting. It may be appreciated, however,




‘el ectrosurgical currents of 1000 mA coupled with the requirenent that the
current density be kept bel ow 100 m& cn? yields a m ni num safe cont act
area of 10 cn2. In general, this requirement can be net w tig mRy2ongmber of
el ectronic conponents hooked together in various configurations, including
series and parallel conbinations of Qgpamtors resistors, and even

i nductors, provided that the total 'inpedance presented by the resulting
circuit be about 75 a or greater when the contact area is reduced to 10
cni2. Def fae tHe®oveirdllysis gy 38 Gepeated i Bbiain the nbeddSiryaslE ﬁnhﬁn;gr%g@dan@ésect rode
of the electrosurgical generator and the patient as ZTOI. Thi's Inpedance
i's gener fredl CB'%?OQeﬁemoé{abgcMﬁmﬁepnmsl}’stqap@mmmrl mtilmthecqmpqmemBl ag of the

materlal at dtheret [n ectr .\ define
| " bul E‘”J.‘ﬂrr%%‘{ glncep&ismg’h%%?rg@?’ ag(floxi ’élfl}l Ve LOTROT RS- Fﬁﬁ'@g’éﬁ B tVREasur e
of the Impeedﬁamﬁo@foftﬁwcamaﬁmm@ reqﬁlfbaﬁentssfoi W%ﬂ%ﬂ&ﬂﬁ@%@@kc&&fe 60,

(A (Z é' (16) Here Ais the area of the materidl and t iIs

t hi cknes¥hethe syoh Empadanesystess fiom tesistiveepaparitine.angd/dydndussine t:¢mpm¢ntsm§
dependeniméy Ik, resistance R and the related vol une independent
characteristic of the resistive material called the "bulk resistivity" p
descri bed earThﬂelfwlimmngﬂjehemor ofmeelecﬂrmglm efeetrbde bﬂtHelp?&eﬁﬁﬁWnﬁeﬂe nt is

“expressed i : 18 J 2005 25 1Zznrl = tAl > 75,6
t her ef or B8 ‘ﬂ?sl E&Se’f‘ nee of s B‘Fntﬂémﬁépﬁaé%mali&%e@ﬁﬁﬁdwtﬁmls

resistiv o) 1. 55
i nch2), %ﬁﬁfgﬁﬁgﬁbﬁénsﬁﬁt {Q I'n c ?cggog% égq@é ?g# an ltglefeg 013"&%?&1}6
account ¢lestrode ge swfstantinly reducedd Ashsibwhabove, [the @ombiiatioh \of ted ﬁﬁ&i’nﬁﬁﬂr gi cal

| Lr/l 4 '
el ectr Od&éctrors{lrglcal cucx)r%?ltsso% 1000 mA coupled with the requirement that the current density

be kept below 100 mA/em? yields a minimum safe contact area of 10 cm?.

In general, this requirement can be met with any number of electronic
components hooked together in various configurations, including series and parallel
combinations of capacitors, resistors, and even inductors, provided that the total
impedance presented by the resulting circuit be about 75 P or greater when the contact
atea is reduced to 10 cm? | ‘

Define the total impedance of the circuit between the retumn electrode of the
electrosurgical generator and the patient as Zyqy. This impedance is generated by the
‘capacitive, resistive, and inductive properties of the materials inserted between the patient
and the return electrode. We define the "bulk impedance" of the material 1, a volume
independent measure of the impedance of the material, that is frequency dependent, as:
= AN Zr)

t
| (16 o ,
Hete A is the 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 n:




(19) Therefore, in the purely resistive case, the bul k inpedance ((err)) is
identified as the bulk resistivity (p) of the conducting material in the
el ectrode. . The results in Equation 19, however, generali zestilyatdos
materials and el ectrical conponents, including resistive, capacitive, and
i nductive conponents, and any conbinatiops thereof. As long as the bulls

| npedance of the electrosurgical electrode is greater than 4000 (err).cm
the electrode will be self-limting, regardl ess of whether the
self-limting behavior is due to a resistiyg, - capacitive, inductive

| npedance, or any conbination of theﬁe idrméﬁl’gqg?. As alternate
Illustrative exanpl es, one m ght const’Plict & self-limiti ng el ectrosurgical
el ectrode using a-conductivel/re IqS)t ive return plate coated with an
insulating (dielectric) materia r one mght construct a patient gown out
of ‘di el ectrOcthensforeri al and use a nmetallic or resistive return el ectrode.
The total effect of these devices would be to create a resistive iInpedance
in series with a capacitive inpedance. For76h®)above defined illustrative
exanpl es that nodel the return el ectrdﬂ rr—terns of resistive and
capacitive inpedances, the total inpedance of the el ectrosurgi cal

el ectrode is the sumof the resisti \egand the capacitive inpedances: TOT
=R+ (20) 11?‘8"1 ly 2005 26 In ternms of the material bulk resistivity,
dielectric ntﬁ? Brfvioug case, (mipiknunn belkiresistivitytepecitication) wepesddded, s, 0. 4=10

A and dl i BBy 118 AP biiBetad Rk iehdahowe. RE)uKle fotediicbto
(err): 77=Rcount Y 60 ettt @édo Al¥GnIRIN ltnﬁjrg%es?gﬁw}e% ec?rgéuif'giic AR 5 s
IWI > 4000Q - cm
19 |
Therefore, in the purely resistive case, the bulk impedance (1) is identified as the‘ bulk
| | resistivity (p) of the conducting material in the electrode; The results in Equation‘ 19,
- however, generalize to all materials and electrical components, including resistive,
capacitive, and inductive componeﬁts, and any combinations thereof. As long as the bulk
impedance of the electrosurgical electrode is greater than 4000 Q-cm, the electrode will .
- be self-limiting, regardless of whether the self-limiting behavior is due to a resistive,
~ capacitive, inductive impedance, or any combination of these impedances.
As alternate illustrative examples, one might construct a self-lilniting
electrosurgical electrode using a conductive/resistive return plate coated with an
~ insulating (dielectric) material or one might construct a patiént gown out of dieleciric
material and use a metallic or resistive return electrods, The total effect of these devices
would be to create a resistive impedance in series with a capacitive impedance.
For the above defined illustrative examples that model the return elettrode in
- terms of resistive and capacitive impedances, the total impedance of the 'el'ectrosur'gical
electrode is the sum of the resistive and the capacitive impedances: |
L Zpyy =R+‘.—1”‘—.-‘
e




(27~= p2 + (once0 \2 (23) If we require |71 > (75,8 1 )(1.2A) t (24)
Then AIC p2 + (weo~2 t 1.2(75,6) 1.2(75,8) (25) As such, the edge
effects reduce the bul k inpedance of the el ectrode by aboutigl@nZfoosper cent,
t hereby causing a corresponding increase in the effective area of the
self-limting electrode by about 10-24€ percent and reduces the possibility
of unwanted el ectrosurgical buns. Figure 14 plots At vs. bul k i npedance
(err) for various electrosurgical frequencies. The y axis has the m ni num
rati o oflnAgams of the cuateried bhlinresistitify; dieldctrid\ghrsmha wiedl ambthicknbss)ele B 0f t he
bul k inqﬁﬁg&%ﬁe.hbte that we require bul k i npedance al ways greater than
4000 n -¢C tHe right hand side of the plot, all of the curves nerge
into one. In this regine, the total ingfdanc of the circuit is dom nated
by the resistive conponent 18 JulX,2085252 is, hence, independent of
frequency. On the left hand side, the cifcul@xgodpedance is dom nated by
the capacitive conduction of,,current.. One requires area to thickness
rati os of several hundred ﬁ% about 10,000 in order to provide sufficient
total i Byentahipdyi 'bmﬂdmhsdﬁmggmﬁﬁ j e . ATy i ;

resul ting |OMB$tnBOSSibJe bul k .npg%gﬁﬁﬁf&?ﬂg?g?gﬁéah?%ngkﬁﬁg%gﬁﬁgh t hat
anti ci péi‘feeﬁi’nlsl?ﬂmﬁ%eélﬂmedsnd@a‘[:ent No. 4,088,133, issued to Twentier; and,
consequently, the self-liniting electrode according to the invention
hereof appears to be neither taught parlsuggested by known prior art. A
product according to the invention ﬁ%rémﬁz&an be easily distinguished from
previous art through a sinplg,test of the bulk inpedance, such as the bul k
resistivity of the insulatiﬁ@nnaterial, i ndependent of el ectrode area or

The magnitude of the bulk impedance is:

M: Jpz + ._..._..}:___

(oxe, )’
(23)
If we require
| (5 A
SNCLIER
©4)
Then
p2+ 1
A lﬂl =\/ (s, )’
| r.t 1.2(75 B) 1.2(75 )
(235)

As such, the edge effects reduce the bulk impedance of the electrode by about 10-20
- percent, thereby causing a corresponding increase in the effective area of the self-limiﬁng
electrode by about 10-20 percent and reduces the possibility of unwanted electrosurgicél
Figure 14 plots A/t vs. bulk impedance n for various electrosurgical frequencies.

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




el ectrode thickness. | NTERRELATI ONSHI PS OF GEOMETRI ES MATERI ALS AND POVER
SOURCES As nentioned above, Figures 11-17 are set forth to define the -
geonetries and characteristics of materials enployed to ohBauy Z0b0s
foregoing self-limting action. Discussion will be nade hereinafter to

present illustrative information and an 2kanple related to an el ectrode
that nay be used for el ectrosurgical procedures utilizing capacitive
conduction whjJe stil] remaining self-limting. Al though discussion is nade

herein wi th®digshence. ipdensrdent of freauencyi i thelleft handisids, ihe tirant impedamberis

capaci tive [ | 17 ' rative. i pformation and _exanpl es my
be provi ded oerrégsbi9 gcth 1 \?@Qgintﬁreicﬁ%%#%gﬁ% ugnleJﬁc,lmEﬁ aﬁﬁgg\ﬁug@egsn@tws
skilled in efeeveant hufrgloabdst MEIN0GHhSrdRR tEhRGIde QRS MtalGheddned ¢l 0he
consi sting conductive netal, backing 61 and a sem -insulating |ayer 62

f

of materi a|f<)>m GPRSIRCEIR S Ae8IPDy  t hickness t  and area A. The el ectrode
s in contact w I oRed ' y : represents a al,i ent

t hereupon. The c'inébcﬁ?@%%nl be nggéesfﬂg% blgg( %P%%Pé{:ggrmﬁ%?ﬁ lﬁagrg?‘tle’élth%i ﬁﬁ‘?a
capaci tor @ticipatpdrhy Uﬂ}eddSEbﬂﬁs Pfﬂ@@%ﬁﬂ%ﬁisﬁwd&b@&ﬂeﬁ hﬁ:l(lggﬂ)mlé Iéenﬂyr

resistivity,p, cea.A an | ckness 't the fornula R=A" (26 July

2005 28 Th‘ggé%fg‘iﬁﬁl%égc@‘f%a"& g tag E%fyn‘ﬁ“é} greef anpearn &o he aeither taught

t hi ckness tnorpap#éstdd v kiows LA i w18 b A ' ciric

const ant ofnotr,heg:great er'?lyal ?(: %g%tAmtAsﬁ(}OZ%&'I@ﬁ%&rrgéﬁtdﬁde Oﬂtn%rﬂgerg%iﬁécﬁ%r

i npedance i%@sikodistinguisheddiom preyiyus Brighroagh e simple testef ther b impddance] weol 0

. EC\‘; ngci)p&am tdsVRePBIR feQistitiy B¥"hE %sglelm%\g Pn%gerfaﬁ %nlagpengignstl of ‘lecrbfe re;relatsor
electrode thickness,

INTERRELATIONSHIPS OF GEOMETRIES MATERIALS
AND POWER SOURCES

As mentioned above, Figures 11-17 are set forth to define the geometries and
characteristics of materials employed to obtain the foregoing self-limiting action.
Discussion will be made hereinafter to present illustrative information and' an example
related to an electrode that may be used for electrosurgical procedures utilizing capacitive
- conduction while still remaining self-limiting. Although discussion is made herein with
- Tespect to an electrosurgical electrode functioning under capacitive conduction, similar
illustrative information and examples may be provided for resistive and inductive

conduction, as known by one skilled in the art.

Figure 15 depicts an electrosurgical electrode 60 consisting of a conductive metal

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

~and area A, The electrode is in contact with another condﬁcting layer 63 that represents a

patient thereupon, The circuit can be modeled as 2 resistor R 111 pérallel with a capacitor

C (Figure 16). The resistance R is related to the bulk i:ésisti\'rity p, area A, and thickness ¢
by the formula |

26)




'=1lc = A=tWKSOp R Pt (29) The ratio Y is independent of the electrode
area and thi ckness, depending only upon K and p. For principally
capacitive coupling, y >>, whereas for principally resistitgguly@aosent, Y
<<l the boundary between t he capacitive current and the resistive current
isy =1 1=2TCix"eOp (30) W can uge this, along with the value of so,
to find the necessary values of p for capaci tive conduction, given nom nal
val ues.- of K and (err)=2(err)f where f is the electrosurgi cal gener at or

f requencBie ¢:pajitdioe Cristapprshiimallyneslamed 6@k Sared A,F 2988/, PBrriti th@itf)
Conmerci al |y available ,electrosurgical generators present 'y have operating
frequen@@%ﬂémg&%ﬁ&lﬂonﬂmaﬂ&ﬁzm ciri: chulstanPEthe ni2@eribl MHz. For x=5 and f =
4 MHz, it is preferred that p > 1x105 (err).cmfor the electrosurgical

el ectrode to return the mgjority of its cwg@gt t hrough capacitive
coupling. For x =3 and f = 200 kHz, v@#ecrm-re p >_ 3x10 (err)cm The
percentage of total current derived throughtcapaC|t|ve coupling is given by
pct- I X@B _ 142 = (A~2 142 +I XClZ 141 +IxCl2 A2+ AstxCv2 | o J (60K, w42
T F12 + $€ 2 (Eaxuw ~2 +1: (32) Figure 17 illustrates the percentage (% of
capaC|t| “m}f 6Paﬁﬁﬁﬁﬁ>l‘dmvedﬂﬂéqwency el ectrosurgi cal generators. At
the extrene (4 MHz),, a m ni num bul k |rrpedance of 105 O0-cmis required for
the majority of the current to b&p t_brough capaci tive coupling.
ELECTODE W TH PRESSURE REDUCI NG ﬁABIé;UI Eg)ﬁngrrl ng now to Figures

18- 23, various other alternate enbodi nents of

The ratio Y of the current flow due to the capacitive psth to the current flow due to the

resistive path is
1 WOKELA
v X t |
Y = }_C= A= OKEp
R pt
(29)

The ratio Y is independent of the electrode area and thickness, depending only upon x
and p, For principally capacitive coupling, Y >>1, whereas for princips.lly resistive

curtent, Y <<1 the boundary between the capacitive current and the resistive current is Y
=1.

1= 279‘1{80 P
30
‘We can use thls, along thh the value of en, to ﬁnd the necessary values of p for

capacluve conductlon glven nommal values of 3 and 03—-2'n:f where £ is the

'elecirosurgleal generator frequency

p s ..._.1__......

2nfxs,
(D |
~ For most insulating materials, « ranges from 3 to 5. Commercially available

electrosurgical generators presently have operating frequencies ranging from 200 kHz to




present invention are depicted. The el ectrosurgical electrodes illustrated
in Figure 18-23 are self-limting to prevent burning of a patient during
an el ectrosurgi.cal procedure and can include a pad that hakpsytzoseduce
‘the possibility of decubitus ulcer or pressure sore creation that may

ari se durinng prol onged surgical procedur@8. By conbining self-limting
characteristics and pressure sore reduction properties the el ectrosurgical
el-ectrodes. of _t he resent invention protect patients during all types of
surgi cal pr §cMiF e ]qufoﬁri tadcf €at4| Wiz, ot 1prmsﬁtreda thatr esz WP €2-pROYddinRY

t he benefit n tro.su el ectrode as described
herein. Opt ?%e%?f”’y@ 8%1 elecgﬁéec 3?%%?108 Fsd’d’é@n’b‘fhﬂt% Qepasitéver coupliemt | on
can incl udereathgdga@ogk}E,o%géM?oaﬁ foichl.fs or characteristics that
enable the electrosurgical electrode to heat and/ or cool a patient during
a surgical pr oceﬁh@éﬁmgﬁmOfﬁ@ahulr@nhdnﬁvedthmughma&iﬁaéa@jﬁn %4 gi%6n BN be
optionally conbined with the electrosurgical 18 July 2005 30 electrode
and/or the pad that limts the creation of decubitus ulcers or pressure
sores during. prolonged sur gical procedures. Referring specifically to
- Figure 18 and 19, an electrosuLglcaI el ectrode 80 i s,y depicted.
"~ El ectrosurgical electrode 8(1;@ one e i ment, m@)aes a conductive

el enent or el ectrode @2ta ct rnge 82, An_gne configuration,
is made of a conductive plasii cL ru[bq‘fe.r,{m rl ot Zga 2f | gxi gl eNdmat eri al whi ch,
when enpl oyed as a- condu ?ve men ffective DC
resi stance presented by each s‘q re centineter &f thgg ing surface of
el ectrosurgical electrode 80 (the surface th t isin contlact with or in

close proximty to the pati entq to be r t han about 8000 ohns or
al ternatively provide a bul k anC(e %tp?r ter than 4000 Sam Various
materials  may be approprl She e ired i npedance. For exanpl e,

silicone or butyl rubber found to be particularly attractive
materials for el ectrode 82 as the are flexible, as well as readily
washabl e, ‘dB2) nfectable, and sterilizable. Alternatively, in another

- enbodi nent, el ectrode 82 may be nmade of an inherently relatively high
resistance flexible material altered to provide the requisite conductivity.

One exanpl g L i.cong, rubbe terial in which
there are i ﬁ%heglr?atﬁleé‘?%:ongaucfergé] {(éfg capfehivg Couphng ot vatigus firaaendyt i es
of gold, siddeab £l p Las stal nl es t eel brass

‘al um num or ot Shue‘gbc%ﬁrg%g%)sm fhrtcsyet L’S%%)’srf?@t‘tt&?@‘%‘grwﬁi%&?

el ectr ode @Ommyrdqalréchfm teangidrifyr efithéicurrent to be passed through capacitive couplmg

~ ELECTODE WITH PRESSURE REDUCING CAPABILITIES

Referring now to Figures 18-23, various ofher alternate embodiments of the

o present invention are depicted. The electrosurgical elecirodes illustrated in Figure 18-23
| ‘are self-hm.ttmg to prevent burning of a patient during an electrosurgical procedure and
can include a pad that helps to reduce the poss1b111ty of decubitus ulcer or pressure sore
' creation that may arise during prolonged surgical procedures. By combining self-limiting
charactenstlcs and pressure sore reduction properties the electrosurglcal electrodes of the

* present invention protect patients durmg all types of surgical procedure from the creation
of pressure sores, while providing the benefits of a self-hm1t1ng electrosurgical electrode
as desciibed herein. Optlonally, the electrosurgtcal elecirodes -of the present invention
“can include heating and/or cooling capabilities or characteristics that enable the .

V,e_lectrosurgtcal electrode to heat and{or cool a patient during & surgical procedure. Such

‘heating and/or cooling characteristics can be optionally combined with the electrosurgical




material that is substantially transparent to one or nore wavel engt hs of

el ectromagnetic radiation, such as but not limted to, m crowave
radiation, infra-red (IR radiation, wultraviolet (W) radif@&jueoos ray
radi ati on, radio frequency (RF), and the like. This, allows electrode 82
and el ectrosurgical electrode 80, wheR0the ot her conponents o:

el ectrosurgical electrode 80 are transparent to one or nore wavel engt hs o:
el ectromagnetic radi ation, to_be mmintained | l.ace .durin er f ormance of
certain cleetgodearndiorothe padethat Yipily the crqation Hf %&@@P’én‘&?ﬂ§ OB PreFEE P8 agnet i ¢
radi ation,, . Legc by one skilled in the art that el ectrode
82 may hg%ﬁéi%%l%%g@%%ﬁgn |gusi ations so long as electrode 82 is capable
“of perfor ni ngReRerifiginpédificrtiyofo Bigureell @ cindotiy, an electroswegica) elegivade Sois

i t therethrough, F e, | the . enhodi nent. el ectrod
B2 ncl udaiicads nFlPcogHEpaL slaicds 0. Ebile SPPGRRARE Hapiiaop Tapetve 'O
connect | iy 6f AEUEARUDARP) pRd 84! EIEORD 8b OinPéherd HFighafuh ts Gitddel oIt ©

frequency ‘energ source (no own). In anoth_er al ternate enbodi nent,
- el ect r odeoiRictise quiasticgunisietr f o wthes Dexille 200®riall which, t Whene ampleyed as a
.- conductors. _In stjll yet. another e | ,...el ectrode ' u n
“outer di QP%{CPV%G e&’f@ﬁ Wlﬂa{es%&?%%%ﬁ%ﬂéﬂ%%ﬂ splgﬁeqt‘%fﬁ {égéh g@%ﬁeﬁcti ng
- layer, si;gidmdtet OF tleNRoRlMBCHIRS bF elakosatEed redsbasde 8O ichsrefaps et dwiil v.
Referring again to Figure 18, attached to electrode 82 is Ead 84. As shown
i

in Fi gucenta withadr Buclhsspronimitpter the patiensk tgbe gregten thasabovs $000ehmser t hat
defi i nteri 92 t bet U I i d
e e o Ruua Ay Revids.a bl iinedatsr SEEERT mar it Pt ° Varidts miflL' 01" ©
_ ki f i 88
~-wor ki ng %&Hg Jﬁf@pﬁp@%{;ﬁ%@é Wcfuftbd ﬁhﬁ@a&ﬁquor%g%m%mwl@nb@wmw%ase

I s connect . I'n this manner, 4 supports and
di st ri buthese fohen faimghto badpaitowiady ditfactive matdriais fort blemocgo& 188 dhex &pon pad

84 th hout th ti pad t t i Dicdei f,ore .
ot eat  on Gl s el A kAl e ol Sl VAR eiisble, AIRRERR IR " ©
ei ther t R Mal iciHodRher® UcHBELIER HRYNbe Wihdh of N Riieréitly kelatheBy iHigh such

'~ as an operating table, a chair, or the I|ike. _Sjm'larlg,_ upper surface 86
" may be caesistancedttxitde vatemial altered tol provide the ®auisite ponduglivifit Pnoexaareptr 92

Cedber ng ti Tt E iefEof Stieonp pbed el i VhUEpRE Grd bl CORREe
materi-al fidrd SudhlsdafRd BMdkD jiantidbest gild, Gileeh fick&2 copifes; riteel) ifondstsinttsal

rests upon gad 84, materi al "94 distributes the downward force of the
~ patient tsteeh bassatuminuey, on pthencondhetprshy

In yet another alternate configuration, electrode 82 may be fabricated from &

-

material that is substantially transparent to one or more wavelengths of electromagnetic

- radiation, such as but not limited to, microwave radiation, infra-red (IR) radiation,

-"ultraviolet (UV) radiation, X-ray radiation, radio frequency (RF), and the like. Thi

- allows electrode 82 and electrosurgical electrode 80, when the other components o

electroéur_gipal_ clectrode 80 are ftransparent to one - or more wavelengths o

electromagnetic radiation, to be maintained in place during performance of certair
medical procedures using particular wavelengths of eléctromag_netic_radiafeion.

It n:iay be éppreciated by one skilled in the art thé.t-electrode 82 méy, have variou

- bther configurations so long as electrode 82 is capable of performing the functions of a1

electrode, ‘i.e., being capable of passing current therethrough. For example, in anothe

_ élﬁbpdinient, electrode 82 iﬁcludes & thin highly ‘conducj:_ive lower str.atixm that facilitate

B ',qonneﬂ"ﬁfm of electrosurgical electrode 80 to an glect-és;ngical radio frequency energ,

.. so_ﬁrc_e (not shown). In another alternate embodiment, _g_lec_troil.c__sz_i's, ¢Qnﬁgured fron




decreasing the point forces applied to those parts of the patients anatony
wher e -bony prom nences are located. In this nmanner, pad 84 reduces the
pressure exerted upon the patient and thereby limts the ggngmaigogn of
pressure sores. Optionally, instead of only material 94 providing the
pressure reducing characteristics, a codination of material 94, the
material formng pad 84, and/or the materials form ng el ectrode 82 can
provi de the pressure reduci ng characteristics of the present invention.

Accor d:jngl troultipletlaeers efennductors. t Inestiir et apatherrpehadinent. elggteade $2 indu ct
' 2lst Zr na!t ?v:q It rléel%c’%){ﬂﬁy&oglﬁ?g&b%&tnh% %#Muﬁor m E}? Erécgrccgw u&{ﬁlgqé%?ﬁa%er I'a

aid with thﬁee&ﬁﬂsmg&&ll SII@GMdeedéﬁmédpﬁchmuayhrough Addi ti onal | y, mat er| aI

94 may provide a thermal mass for the dis r|bt|o f, heat n,
el ectrosurgi cal Raf%aa@gém tadF 1&?@0%@@6@&&69@ 3)? 8&«%%1@?-&@% t %]1%%1‘“1 ng

an electro I
“shoul d re%é%ggi B s| X degr@%‘las zf@éf’&{?iﬁ?g%o%eﬁ_ﬁuﬁtc:ﬁerm r?g]glgtdgsrﬁg%
mat eri al 94hamber 92 shesthetwedre dipgter istuitdeodt df chﬂguremrtmdnghda:tedtdgmm'atheent s
body and subst antj al | el.i m nat es, I nat i the self-1] t|n
ohar act er | SO o & prent TEReTRby e 25 g, Mg st of fetiostraicg eleptade ' "
potential fgpy mre IoRet ﬁnfabéles 'i%mﬁwtéa fo"t@ed%ﬁb %at In SROSBAMS 84 subforts

. substances uSed for materi al may performmultipie functions durihg an

el ect rosur gandadlstnbut@s:éttuwexght tan@eiwmmard freesr 0k otentegositidned tpen fpad ridof

Che pr essur OB e, oifecrid, i Fibe, My pFSERIM A FGke S8 BB bl °F o1
- el ectrosur giyffade § R8Y bO dRerBivehPAdDIATB k&t u 13611 gifer td patiervdr avdrucRifd@stinent

material 94 is an elastoneric gel having a |low duroneter |evel, such as
sor bet hane Whigh gcpatienhistestings Seethamen oneating tablss Beohais) ersthsrikei Sigulegy.nay

used, such t he pol yner chem stry
of urethane er%&ﬁa%enﬁé@a&g%%%ﬁﬁﬁ S'im oeggcrt}sb%g?zhydrogels vinyl s,
vinyl al cohol s, Rlling iixeficiséhainbar 9Pef pad 84 3 nidiekial 194¢ IVistbngli Fprovidet pad@al |y,
material 94 may take the_formof water, saline, water based naterials

conduct i ve With @resam Tedueing Rlaractpristiss |YYlewg $H?°tﬁﬁ’é“3ér%m%? defipeck e ehat
LT 37 YRR MUl Pt PGB0 b DTGNS,
devoi-d of nmaterialdk cﬁsﬂ;:lbllttds the dotimevavd foecd afithe gatiend lhraugmht matmal 94, thereby
' ‘decreasing the point forces applied to those parts of the patienis anatomy where bony
- prominences are located. In this manner, pad 84 reduces the pressure exerted upon the
patient and thereby limits the generation of pressure sores. Optionally, instead of only
material 94 providing the pressure reducing characteristics, a combination of material 94,
the material forming pad 84, and/or the materials forming electrode 82 can provide the
pressure reducing characteristics of the present invention.
According to another aspect of the present invention, material 94 may act as a
dielectric layer to reduce the current that flows through pad 84. Alternatively, material
94 may také the form of a conducting material to aid with the transmission of current
. therethrough. Additionally, material 94 may provide a thermal mass for the distribution
of heat during an electrosurgical proéedure. As discussed above, AAMI requires that
during an electrosurgical procedure the temperature rise of the patient’s tissue should
- remain below six degrees Celsius (6°C). The thermal mass provided by material 94
~ assists with the distribution of heat throughout the patient’s body and -substantially
* eliminates, in. combination. with the ® selflimiting characteristics of electrosurgical




. a thickrg

flexible foamtype material. Consequently, pad 84 as.a whol e can provide
the pressure reducing characteristics. The pad 84 may be fabricated from
various materials that are capable of being cleaned, steriigiggdhoos

di sinfected, and the |like. Therefore, pad 84 nmay be manufactured from
~various types of materials, such as bgg not limted to, vinyl plastics,

pol yester, polyethyl ene, polyurethane, flexible sheet polyners, and the
i ke. Generally, pad 84 has an approxi mate thickness of between about 0.5

to aboutelebtriotie 86 thel potbriaP F& Botadplots HaR AP bl f
bet ween agout 0.5 to about 3 inches. It iag rmr?fep?e leﬁ‘fa%t:lcﬂ(.al‘l‘klt a pg%é) 84 has

Langes B foe maigsia ¥4 may pefbrn multipls dtretionsTheingnaléattosudaiahi ng

el ectrosys@iaeRl el ectrode 80, electrode 82, pad 84 and material 94,
control "the passage of current fromelectrode 82 to the patient. As such,

in one enbodipendral, pmtbrRfoandy taiteethe #mPdf @ie&:rizﬁbiels@ﬁ&svﬁqmnﬁiﬁja@e% g an
alternate bconfi ration pad 84 and/or material 94 may be conductfve and
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-el enen electr r gj cal ectrode 80, i.e., electrode 82, pad 84, and
mat er | a%g@g&%yfﬁggﬁﬁ?'&% > RIS pdhes elastpmenisrasly way vsady echi asduct i ve,
and/ or dapast linveed ke LS.t . Kl dance,. In this
manner el ectrosurgical el g%f?ercﬁgg 8%@?813@%{%?%15“ naf "%"58’ SHiemesi ng

~ pr essur Bydrephidic edpstomersien hydragels; vinyls, viryy alochals) ok etlictbigdlabyha@imlSddd | ed in
the art  that, i .other caonfigurations of electrosurgical electrode 80
are appfefcca lPélgg'Fg’;aﬁgi?Q%’ &na ?W%%@%Fﬂkééh‘? fosmr aftwaer, salinecwatcn dasegi cal

el ect r odatedidigyeynduetitiibils add e 1R operating roomtable or alternatively the
operating roogmtable cushi on such that the operating table has pressure

- sore reduct j e skilisain fheartasapenpreciats that theré ag verpmbithér dogSgatufibmoan

el ectro I4C . Ny an er . configuration, electrosurgical

el ect rogééH %6‘ ngggﬁﬁgﬁgﬁéﬁﬁ&eﬁ%ﬁf&; Bsu%@‘?é&?mplﬁf #t SBothess ajgmateny be

- used asemhobdinmnt,ipad Y46k idashidadt 1Ot CHSAME; e o] creation
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mul tipl fédgéihé% ﬁg&eﬂ&fc?sure sore pads and el ectrosurgical return
el ectrodes. Additionally, the electrosurgical electrode

The pad 84 may be fabricated from various materials that are capable of being
cleaned, sterilized, disinfected, and the like. Therefore, pad 84 may be manufactured
from various types of materials, such as but not limited to, vinyl plastics, polyester,

. polyethylene, polyurethane, flexible sheet polymers, and the like. Generally, pad 84 has
an approximate thicl<n¢ss of between gbout 0.5 1o al:zout 4 inches. It is preferable that pad
84 have a thickness of between about 0.5 to about 3 inches. It is more preferable that pad
84 has a thickness of between about 1to about 2 inches, ]

The materials forming electrosurgical electrode 80, electrode 82, pad 84 and
material 94, control the passage of cutrent from electrode 82 to the patient. As such, in
one embodiment, pad 84 and material 94 are insulative, while in ap alternate
.conﬁguration pad 84 and/or material 94 may be conductive and aid in the passage of
current through the patient. So long as the total impedance of électrosurgical electrode
80 is within the limits defined herein, i.e., each square centimeter of the working surface
being greater than 8000 ohms or bulk impedance greater than 4000 Q-cm, the various
-.elgmen"ts-of electrosurgical electrode 80, ie., eleétrbde 82, pad 84, and material 94, may




may be used nultiple times since it is sterilizable, cleanable, washable,
and disinfectable. In another configuration of the, present invention,

el ectrosurgi cal electrode 80 may be used w th other pressuaqugqm@5devices,
even though such other pressure sore devices have a nunber of

di sadvant ages as descri bed previously. Gherally, the configuration of

el ectrosurgical electrode 80 allows a clinician to either place a patient
on or beneath gl ectrosurgical, electrode 80. The wei ght of el ectrosurgical

el ectrode . 8% OXIge (PDg O §205¢ EEISHBS URgIctaP, aaries caprgiigdndusigsica cemplonentsgo dhe
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disadvantages,_g cliniciani1s a _ ne elec 80
wi t h ot her prpvidinppressemrredubing chasctdnisticsel ect rosurgi cal el ectrode 80 is

pl aced upon the patient. By, creating,a gonbined pressure sore pad and
el ectrosur gi cal @p@éﬁﬁﬂgﬁ%pﬁ@ by pue %@Qd’éﬁwﬂ Wéqui@uaefhehwﬁgu@h@nyof
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pressure sotlectipsuginabelaptrade$8kmaynbe builtkinorpegearatiag rodie table dmdienarivéle the gur e

20, an alter figurati.on of, gn, el ectrosurgical electrode 100.is
~ depi ct ed. _%ﬁ%gﬁﬁ%ﬂa THEoP é&?%%@g%iﬁ @ﬁrﬂﬁ’g‘gl %L@?@Eﬁﬁﬂwvﬁoﬁf‘?d@@tﬁétt
to the ot hempsbilitiés mduselilemting eéopébﬂiti@b Mﬁ@&?ﬁp&%ﬁfg{i&? d&@rﬁﬁésg &ﬁ!aﬁ&P@Ippl y

to electrosurgical, electrode 100. Electrosurgical electirode 1 i ncl'udes a
pad 102 haRCRHSHALPHt elepispsurgionl risleetradsa 80i Ineed! wiit fhe ausest dor alectOfurgioal ei n

and a cond | I C . 005 34 108. 102 .is
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be seated tdwatiennf elestraswgipilrdeqnode 80 @bd th otheNRlatdgectRRRs Hefibed Rerbid S
oma thin dielectric-providing materi al,

enbodi nment , &)ad thlozc{ forgad L{a g C

such as, bdt4e6t¢ DRT & wedica] facilfive tonpurebasp eng etary mawdnle wiffsrent pressareni | ar

mat eri al t hgte Wk bng ORER); Ll LT ' er .+104.

Vat or i al 100y op® PRARID SR kB Wilbualth 4 k- SRR sbPise

agai nst t hanaydeswesed meiltiple dimeasjuice éds bigrilizqbdd, ickmhalids, wighable, 3hé disagb&aBlpon

.electrosurgj.cal .el ectrode, 100, .during a surgical procedure. In this manner,

el ectrosur 8*‘%’&‘8?88‘?*1:‘%}5331%@ Wgsprggeg’gg{y,egnoqg Aygicalagiaetiade; 8 mey hehat
Limt the peedivithlother pissie BatbideMeed eV&l 281 C%tﬂé - ssure

sores. Optionally, t_hg cs'(s)n%iination'eof matffhglr1 af&%o , r?ﬁésﬁjaeggeﬁiael"ﬁk%%ﬁ%ng

pad 102, &dapmher phdisadyentegesias desoribediprewionslyr ode 108 can provi de the
pressure reduci e . . ..

) - nerally, the configuration of electrosurgical electrode 80 allows a clinician to

either place a patient on or beneath electrosurgical electrode 80. The weight of

electrosurgical electrode 80 maintains electrosurgical electrode 80 in place during a

surgical procedure.  Even though other pressure sore devices have a various
disadvantages, a clinician is able to combine electrosurgical electrode 80 with other
pressure sore devi_ces when electrosurgical electrode 80 is placed upon the patient. By
creating a combined pressure sore pad and electrosurgical electrode, the bulk impedance
‘may be defined thereby eliminating the possibility of reduced efficacy of an
electrosurgical electrode when. such an electrosurgical electrode is combined with other
pressure sore devices with unknown bulk impedances. .
~ Referring now to Figure 20, an alternate configuration of an electrosurgical
| electrode 100 is depicted. . The majority of the features previously discussed with respect
to the other electrosurgical return electrodes described herein also apply to electrosurgical
clectrode 100. Electrosurgical electrode 100 includes a pad 102 having an interior -
‘chamber 104 filled with a material 106 therein and a conductive element or electrode




interio

characteristics of the present invention. In this configuration, material
106 can act as a conductor to transfer current between the patient, the
active el ectrode, and the el ectrosurgical unit (not shown) 1dwuiyrE@osvari ous
‘el ectrosurgical procedures. Optionally, material 106 nay have a simlar
configuration and performsimlar fumggions to material 94 and the other
materials described herein Conmunicating with pad 102 and material 106 is
el ectrode 108. El ectrode 108 includes a contact 110 that allows el ectrode
108, and08hZedfi62 is genhemlly cenfigriratio cobpaticarith a pARnt, WIRKIRS tHd HRkAMs &PUP! €
with anbglsgﬁg Asur ical radio frequency energy source or electrosurguical
unit (not “SHowi) o8 Bt POERe ResEIon, [ s0ihe othepBeRitiemt In this ethbdirent, pad hi n
i nt er i 0n02hgnbahed Bdnoh MBidaR|ctRR- 008 P& IRY,D],Pes! 1l oned agai nst
the bottom surface of interior c%@b@g%A o‘F'EgSéf fﬁ?;%uggﬂ%t h—?ﬂét&ggp, free
f I oat i ngobmasterse; polyethylene,chimybeor Siflar agatirilt thivh evill OgbnSdit el 1dgnt eri or
chanber 102 rmed on the interior. surface of interior
chamerﬁ%&g?r%ggﬁﬁbﬁat ion thereof. Electrode 108, in this
enbodi ment, Mkl 106 tiat FUBShBAS! SHard¥RF § 6P B del ' er ﬁ??' As
depi ct ea ‘% the dotted |ines, however,H%fg{:oﬁdgggh%g%ﬁ%@q%g%ﬁnﬁ ent er
OWRWAtdiprop epkies byet patient anhe gr shemestsrise eleotidstrpical eletigddei®d fil i ng
interi 0&111%1[%3 ; tr 08 nay, therefore, extend a substantial
di st ahcremliu n g%?fr%éea%{jorc clﬁg’n‘gggﬁi ; %Fﬁcgpﬂfg’@ilt@ﬁﬁm o 00rhag ressuighanber
104, coraducing aharavtedistics e lintiethe PossibilitR6La Bhtidnd HEVIION; 4. )r any
conmbi nation thereof. 18 July 2005 35 Iec% ode 15&8&&?1%&?%@%“}@8% ative
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el ectrode 108 may blggféﬁélgggo a %éaglltegtfo eoié%tcﬁ’érprﬂlﬂflﬁrﬂlﬁlléreﬁm Byciag

el ect r odhwractgisties afthaplesend inventiehyct i ng el ectrical current, while having the
El ectrode, 108, therefore, nmay be a conductive or

desired flexiRQilit

‘i npr egnat ed g’&? i%gﬂm mateyjal ok0feceanf petxasha cconduasor & fransfor tairenta
conposi hedwhEd gkeivali X _ re metals, . and the |jke. In yet
anot her enbodi mp%tl?ntgﬁhg‘gﬁ%%%e%g%“%&o @85%9&0%’5%}8%‘&%@10 Q¥ym) €hat is

‘sandwi cYRsi9Up etloposuigioal pubgederes.s h&hitionalty, Midateiial O 06hen! Badd QS M%%al
return . Eﬁlﬁﬁﬁgdes desgri bed @%evi ously. Referring nowto Figure ,
~anot her®ZFEGAKgY dnd OF% SHBR fypctions docmatesisliPgi ead the other materials

described herein

Communicating with pad 102 and material 106 is electrode 108, Electrode 108
includes a contact 110 that allows electrode 108, and therefore electrosurgical electrode
100 to. clectrically couple with an electrosurgical radio frequency energy source or
electrosurguical unit (not shown). Electrode 108, in this embodiment, is disposed within
interior chamber 104 of 2 pad 102. Electrode 108 may be positioned against the bottom
surface of interior chamber 104 of pad 102, centered or free floating inside interior

- chamber 104, against the top surface of interior chamber 104 of 15ad 102, formed on the

~ interior. surface of interior chamber 104, or-any combination thereof. Electrode 108, in
this embodiment, traverses a substantial portion of intetior chamber 104. As depicted by
the dotted lines, however, electrode 108 may partially enter interior chamber 104 to
slectrically communicate with material 106 filling interior chamber 104. Electrode 108
may, therefore, extend a substantial distance into interior chamber 104, partiali'y extend

- ato interior chamber 104, communicate with the interior surface of interior chamber 104,
) any combination thereof, - B - ' -




el ectrode 120 is depicted. The majority of the features previously

di scussed with respect: to the other electrosurgical return el ectrodes
described herein also apply to electrosurgical electrode h2Quiysmodepi ct ed,
‘therefore, electrosurgical electrode 120 includes a conductive elenent or
el ectrode 122 and a baffled pad 124. Baf33 ed pad 124, in this enbodi nent,
Is configured to help reduce the possibility of decubitus ulcers or
pressure sores heing created during prolonged surgical procedures. As

i | lustrated, baffleeiodsatf8y imthigdlustirajyeembodimensceannbpuh din shasy of adriductigh
. baffl ed hayve. vari.ous...ok h fi i d - sect i.onal
ohapes ab- inaetal, (K08 B A OHIBY B o0 BHnc? i e BisRREr TR mgenal’ "

cont ai ned halterhativeRhecleafods erd8pagy 14ond bf Tahizz&iéé?fﬁ | GHERbiaRRalsh@S lcﬁ‘% Hpper
surface 126 configﬂ{%ed to gn%act a _patient and a .lower surface 128
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upon whi ch : i ' rating taple art.,. or
the I ke, |y anaRg: IPBlrads T0R, fEhore BT o BBAR B gt BiesiE st
~dinterior  ciratieeflexidte hitial, 8 ndtdl] @cbrupdsite mabRiabrd @ixtdd 3f tWher mbfethdtals,
chanber 130, ,i e .enbodinent is divided into a nunber of separate but
connect ed sdﬁlgctﬁ%ﬁg%r sIn'ﬁﬁﬁ‘!O}%ferW% eﬁ?"ﬁ?@?éoﬁdﬂﬂpé@ a e@yugttEenmatsrial

~extend subshanisi @hiwichk® Ve n : t i valy e Wi .
baffled pad 124. Each baff%&%Bﬂg?-%gﬁgﬁ)éheg?hfs%g?ﬁie? filelbciosigftal berfln

subst ant i alelsgtradesipserkedipeergously.or wi dth) of baffled pad 124 while | eaving
an opening 138g8;.1k38n to | ow_adj,ace subchanber.s 134a-134n_to .
communi cat e one%ﬁ%?rﬁngélﬁgﬁqeﬁgw rdfhtﬁ‘? @}ate%%# on pf an glgetresyrgicaln d
nove bet m%&e&@@@%ﬂi&ﬁic@%e%&i@%f%ﬁ%ﬁéy g%ﬁ%ﬁgtdﬁgﬁssmthg%pggtd

124. 18 July 2005 36 Baffled pad 124, in one configur , can
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ol eeve. t ypStedSid1AE ACkAT:d BN dBlirodFiled SeSliSte 10 B Ris Condustivessn
may be fabriemsnedr dlectrode 122 ahdh paffied pad £74.al S, such as but not linmited to

vinyl plastics | yester,  pal yethyl ene, polyurethane, or simlar
materials. It n%??fg%f/ Pahb¥e i thitembadimenthis apodigurstl th defpl reducedbe passitdlity be

Lo 2, Ry S i A 5 G
or ot herw g ilustntadabeifled ped 24 kastiadehbmily pethngater body, AB6ughttagiled pad 124
configuration.of baffle ad 124 may have various other

may have various other configurations and cross-sectional shapes as known to one skilled

inthe artin Iight. of the teaching contained herein.

The baffled pad 124, in this configuration, has an upper surface 126 configured to
contact a patient and a lower surface 128 distal from upper surface 126 that is configured
to contact the surface upon which the patient is to rest, such as an operating table, cart, or
the like. Disposed between upper surface 126 and lower surface 128 is an interior
chamber 130 that is filled vith a material 132. The interior chamber 130, in one
embodiment, is divided into a number of separate but connected subchambers 134a-134n
by one or more baffles 136a-136n that extend substantially along the length- (or

 alternatively the width) of baffled pad 124. Each baffle 136a-136n is configured to
extend substax_ﬂ_:iglly along the length (or width) of baffled pad 124 while leaving an
- opening 138a-138n to allow adjacent subchambers 134a-134n to communicate one with
‘another, In this manner, material 132 may fill and move between subchambers 134a-
134n as a patient rests upon baffled pad 124, | |




configurations as known by one skilled in the art. For exanple, in an
alternate configuration, either upper surface 126 or |ower surface 128 may
be configured to contact a patient or the surface upon whitghulymmogat i ent
and el ectrosurgical electrode 120 is to rest. |In another alternate
configuration, each subchanber 134a-134n is an independent chanber and

- does not communicate with the other subchanbers 134a-134n, thereby
requiring separate filling with material 132. In yet another alternate

confi gur at i onBaffied pad 124ptreoné c6 R '
g pad 12dpteo CD%Z‘L ,cﬁ%é%éﬁﬁ&ﬁé&%h?ﬂ?e?ﬁ&%%mer

baf f | ed while one or nore o

| ongi tudinal length o _
134a- 134%1116%5 of patesl thay may her ssumelitharmal beudedher othervgise joihehkodetingion of

baf f | ed ' ' ] h
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anot her 136afli3gnmaayi wrfabdicatddefraneseniety oM@, subRhé bachRdthikddo %i ncl ude
(0}

one or q’ﬁ%ﬁ% opefi ngs t(ﬂros h the body of baffled pad 124 that c ni cate
with ei e PnPBPEYF: RH¥riBEene 3polyurdhasg, jofdsimiley amateniblshantbemag 34a- 134n

t her eof . et tha : Sy9 oy r 130..and_ inpuf. the
necessa::g:;eaant i tizgg%rrg gr?‘iﬁ%?fﬁggat ngég:ﬁrﬁe%@%ieﬁgf?x&a&ﬁgmyw%@{ ion and
'c?nf:gu beftles 1 llﬁfsumcllgagherthewddy @m}jﬁgb@@%ﬁbﬁﬂi‘wﬂ&d a user
of el ectr. ' ctrode. 12Q0. As referenced above, each subchanber

| 34a- 135%19%99%@? ‘fqgg et P iheruss: qogperatedp cragiehaifiod padal4i s configured to
provide a forfugththatheORB VERYR, r 0 tient resting upon
el ect rosurgi cal el ectr odgﬁ O%ﬁﬁCo&n%equer??Iﬂ;a,a gg%efrnla I h@‘%‘z ‘galn(S’H% BPer i'n

combi natP Honst ae knewerbyalons oskilledy ibathé lasd [Fae Sdhpleng an ddemapmt erial s
form ng : " n ovife t.he pressure reducing characteristics of
the pr es gﬁﬁﬁ%\%@ﬁ t% llﬂ(iil)% %pﬁ %&Pﬁ%%er i,%tlgwplgquﬁ%g@h%gmﬁ b eoxiigupest to contact

conf i gurayatientsor thagirfage s which hiﬁspadehpéﬂdﬁecn}ﬁﬁu%]dbjyelé&%ﬁe 136 %fe , and

conbi na&%ons t hereof, The material 132, therefor may havé a sl ar

conf i gultt3eA nalternaik: woonfiguratiom eeashh eubolamberi 4B4a- i i hadiddep@ident | N t he
ol ect r onibGOd Bosohd Dnfndibal el Ihq Dl Geoghembrs, Lo 4o ey
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et er | abhid2ogict Abrs NiPRaBAN. PIALROS BL RALLled pad 134 while being

configured with one or nore openings
mat er | alongiipdipal ength of baffled pad 124 and communicate with those one or more

-subchambers 134a-134n that lie along the longitudinal length of baffled pad 124. In
another configuration of the present invention, baffled pad 124 may include one or more
openings through the body of baffled pad 124 that communicate with either interior
chamber 130 or each individual subchamber 134a-134n thereof. As such, a user may
access interior chamber 130. and input the necessary quantity of material 132 therein.
.Generally, the orientation and configuration of each subchambef 1342-134n may vary as
tequired by a user of electrosurgical electrode 120. | : '
As referenced above, each subchamber 134a-134n may be filled with ‘material
132. Material 132 is configured to provide a force that opposes the downward force of a
patient resting upon electrosurgical electrode 100. Consequently, material 132 alone or
in combination with the material forming baffled pad 124, and/or the materials forming
electrode 122 can provide the pressure reducing characteristics of the present invention.
Further, material 132 may have various configurations ranging from solids, liquids,




conponent thereof at sone subsequent tinme. For exanple, in one
configuration, material 132 is a solid material stored within one or nore
‘of subchanbers 134a-134n that converts .to a liquid, fluid,183asy 2005

gel atinous material when a liquid is introduced to the solid materi al

t hrough one or nore openings. According 8P another aspect of the present
dinvention, material 1,32 may be an insulative or conductive materi al
depending on the configuration of electrode 122. Therefore, material 132
may be i nsugases,napdcomdindtions thgreof.h eThsh ynaderisl olR), Itherpfory i mayn giave assintilave,

I nductive, and/or capagitive | npedances, t.o,electrqosurgi cal el ectrode 120.
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silicones, _hydrophiljc elastonmers or_hydrogels, vinyls, vinyl alcohols, or
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- enbodi nent,_inc|ludes a_sleeve 142, an el ectrode 144, and a punp assenbly

- 146. S| eevelhatgore; meaiprialglianat be frsuiating ai eontlagting, therdbs rptionalbhprayidisg
described AL sl R Sl BEIRRLPIE Gt RabI RRLRD o
limt the dviesriabri3af nagcbbishudasibmenic gol havimgs auldty i@setéh dvellBYudd B§e
duri ng prol s%r e%(ljanse,u o % a{stoFljnre(l?ig egéir ssts'edFl;J)Eai[yr&gr’ cl;lselnﬁs?u\{ye .013?412Jrethanes, ‘silicones,
“hydrophilic elastomers or hydrogels, vinyls, vinyl alcohols, or other similar materials @d
technologies, water, saline, water based materials, conductive oils, and the like,
As illustrated in Figure 21, attached to baffled pad 124 is electrode 122.
- Electrode 122 may have one or mote of the various configurations previously discussed
~ herein and known by one skilled in the art. For example, electrode 122 can be formed on
- .the surface of interior chamber 130 and include a conductor 138 that extends through the
~body of baffled pad 124 to communicate with an electrosurgical unit (not shown).
. Alternatively, electrode 122 can be wholly or partially retained within baffled pad 124, in
- . & similar manner to that described herein. - In still another alternate embodiment of the
present invention, electrode 122 can have the form of electrode 82, such that electrode
- -122 is attached to either upper surface 126 or lower surface 128 of baffied pad 124,
.Referring. now.to Figure 22, an alternate configuration of an electrosurgical
¢electrode 140 is depicted. - The majority of features previously discussed with respect to -
. the other electrosurgical - electrodes described -herein also apply to electrosurgical




Il lustrates one configuration of an el ectrosurgical electrode that can
provi de heating and cooling characteristics or functionality and thereby
provide an el ectrode that can heat and/or cool a patient djungegosr gi cal
procedures. As illustrated, sleeve 142 includes an upper surface 148 and a
| ower surface 150 that are separatedsgpne from another and define an

I nterior chanber 152 therebetween. Upper surface 148, in this enbodi nent,
is configured to allow a patient to rest thereupon, while |ower surface
150 is .(gwhl'ogel 14@ Elecresirgicalosiedrode jdyrin ook aifbodimernt linbludss @slecvepleivat i ng

tabl e, upo I C | ect rosurgi cal., ectrode 140 is placed during an
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152 is electrqde 144. .Ele 144 may have .one or nore of the various
conf i guﬁ‘BPffrcﬁ‘?@qB\”%‘W%{?g?Syf‘ﬁi ggﬁ%ﬁ’%’@?’@??& Ayile electrosurgical electrode 140

need not be used solely during electrosurgical operations but may be used at any time

cushioning of a patient is needed. ‘
7 As illustrated in Figure 22, interior chamber 152 may be filled with a material
156. Material 156 may. have a similar configuration as one or more of the other
materials described herein and known to one skilled in the art in light of the teaching
contained herein,
Extending from sleeve 142 is an inlet connector 158 and an outlet connector 160
that are adapted to communicate with pump assembly 146. Inlet comnector 158
- communicates with a first end 162 of interior chamber 152, while outlet connector 160
~communicates with a second end 164 of serpentine interior chamber 152, such that
material 156 may be input through inlet connector 158 and exit sleeve 16=42 and interior
chamber 152 through outlet connector 160. |
' It may be appreciated by one skilled in the art that the number and configuration
of inlet and outlet connectors 158, 160 may vary dependent on the particular
- configuration of sleeve 142, For example, m an alternate configuration sleeve 142 may
include a plurality of serpentine chambers 152 and include one or more inlet connectors




known by one skilled in the art. For exanple, as illustrated in Figure 22,
el ectrode 144 nmay extend into interior chanber 152, while extending

t hrough the body of sleeve 142 to conmunicate with an el ed8uoiy®@ogbcal unit
154. In another configuration, electrode 144 may be attached to either
upper surface 148 or |ower surface 150 @9 sl eeve 142. Punp assenbly 146, in
one configuration, includes a punp 166 that conmmunicates with sleeve 142
via an inlet pipe 168 and an outlet pipe 170. Punp 166 can be a water
“punp, an ai¥38pant one: of imere doyslghsonsectdrsild0.p ubp stilb ranbther Icbifigitrhiidn, iistetieed t o
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180, 'in one configuration, includes an electtode 182 an

El ect r ode -By¥erialsdesprabeddigraimur ati on, is made of a conductive plastic,

__rubber. or ot her |0l e rL.al t wll result in an effectiye

esi stance pres éﬁr?{cé@ﬁ'@ioea& of abfibot bPale pibsent Invention, panip 166 may op onali)lg:r
+heat and/or cool material 156 as material 156 passes through pump 166. Consequently,

electrosurgical electrode 140 can optionally heat and/or cool a patient resting upon sleeve

_ | 142 during a surgical procedure. It can be appreciated by one skilled in the art that pump

-assembly 146 and the other elements of electrosurgical electrode 140 may have various

other configurations as known by one skilled in the art in light of the teaching contained
_herein.

As ilz'nplied above, -any of the electrosurgical electrodes described herein can
--incorporate the functionality of heating and/or cooling as described herein. Therefore,
- such electrosurgical electrode may heat and/or cool a patient during surgical procedures,
whether or not the electrosurgical elecirode limits the creation of decubitus ulcers or

pressure sores. L '

Referring now to Figure 23, an alternate configuration of an electrosurgical
-electrode 180 is depicted. The majority of the features previously discussed with respect
!to_ the electrosurgical electrodes described hefcin also apply to electrosurgical electrode
180. '




square centineter of the working surface of the electrode to be greater

t han about 8000 ohns. The pad 184 of el ectrosurgical electrode 180 nmay
have any configuration consistent with the other pads and1diJsgl2o9sre
cont ai ned herein. For instance, pad 184 nmay include an interior chanber
that is filled with a material that hghps to reduce the possibility of
decubi tus ulcer or pressure sore creation that may arise during prol onged
surgical procedures. In addition, pad 184 nmay provide heating and cooling

capabi | i ti es -Eldearbsupicalvelectivdt i180 infoRs biffiou#ih, RAthdbs 4n eRcRSINED £ OF
y, electrode 182 and pad
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be a flexible solid piece of conductive” ‘material. Vi dent
that thehat plew b gatient sestingeupore ped ri 84rtoi beheated or edoobddr dittegbcsakgiedlect r ode

charac;;g#&%%gpy bei ng generally el ectrode-shaped and including a
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structures associated with electrosurgical electrode 180 may be incorporated within any
of the other electrosurgical electrodes described herein., Further, there are varous
manners by which electrode 182 may be configured to be flexible. For example,
electrode 182 may be formed from a mesh material that provides the necessary flexibility.

- In yet another configuration, electrode 182 may be a flexible solid piece of conductive
-material, -

It will now be evident that there has been described herein an improved
electrosurgical electrode characterized by being generaliy electrode~shaped and including

- a conformable pad. The improved electrosurgical electrode evidencing the features of
'being self-limiting while being reusable, readily cleanable and obviating the nécessity for

- use of conductin g gels or supplemertary circuit monitoring equipment, while providing a
“conformable platform upon which a patient may rest that reduces the incidence of
- pressure sores. Further, the improved electrosurgical electrode provides the features of
heating and/cooling to thereby heat and/or cool a patient during a surgical procedure or
during recovery of the patient. Similarly, the electrosurgical electrodes of the present




fromthe surgical procedure, while the patient is hospitalized, or the

| i ke. The present invention may be enbodied in other specific fornms without
departing fromits spirit or essential characteristics. TH& Jugszaobbed
enbodi nents are to be considered in all respects only as illustrative and
not restrictive. The scope of the .invergjion is, therefore, indicated by

t he appended clains rather than by the foregoing description. Al changes
whi ch conme within the neaning and range of equivalency of the <clains are

to ble enbr ém@uitimil][cbil lrbetdtiﬁrzed' .dmm@any/\ba‘gich’?p?baimgi&i&gfré&v%wdﬁf #0htied? 1.
An el ectrosurgi,cal electrode conprising: (a) a pad, configured to

subst ant i ﬁ%}%ﬁé@&?ﬁ%@@%ﬁ%@a@%IWsww@ed,@r&ﬁslﬂ?ee sores on a
patient resting g i 1 'n?fﬂﬂo My M3 & ‘&!Ee?:i : . ' to
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having an effective bulk inpedance equal to or greater out 4,000
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ad i . terial havi ffective bul k
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el ectrosurgi cal Vhatdd ¢lasigleddcording to Claim1, wherein; said pad

conprises a-dielectric material. 5. An electrosurgical electrode according
to Claim1, wherein said pad conprises a conducting material. 6. An

el ectrosurgical electrode according to aiml, wherein said pad conprises
an el astoneric material. 7. An electrosurgical electrode according to Caim
1, wherein said pad conprises a dielectric material and a conducti ng
material. 8. An electrosurgical electrode according to Claim1, wherein

- sai d pad - :




conprises an interior chanber and one or nore baffles disposed with said
interior chanber. 9. An electrosurgical electrode according to Caim1,
wherein said pad and said conductive el ement conprises a |&ulycZ005
structure. 10. An el ectrosurgical electrode according to Claim1l, wherein
said pad conprises a port in conmunication with an interior chanber, said
port being configured to allow a materidl to circul ate t hrough said
interior chanmber. 11. An el ectrosurgical electrode accorfji ng to Caim I1
wherein said conducfi i .nparmal ly insulating nmateria

i npregnated w tl(F)l el e%%?%@%@%d%ﬁﬁgéé%ﬁﬁm&% conducting fibers to render
t he el ectrosurdacal acpaltomfipured thavbstantigdlyf privenetieutiatioimpédascea ggual to
or greater than_about 4,000 (errycm 12. An e|ectrosurgical electrode
according to CPESTHIE sorG it dpaiicatiesfingpon sidped: 884 nornal 1y i nsul ati ng
material inpregpat eqd YWdddclE elehicndlchy Q@%ta&@rliédlgeé
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el ectrosurgical el ectrode to have an effective bul k I"'npedance equal to or
greater than ®pdaed cpnbeared &y eonducteletBicalimrrentect r osur gi cal el ect r ode

| di 0 O aim 1, wherei id col Lective . .effective hul k i rmedance of
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sel ected from teRctile Uk ifPBEInes bqill ©for kRS ANt §806)dit ve, | nducti ve,
and conbi nations thereof 14. An el ectrosurgical electrode according to

Claimi1, wherei?r saish destthsutgioak eleemiet acoomditigsete: ({laim ai, eWhg‘emlodt«aid saild
el ectrode rising: (i) a.first layer of predetermined limt .el ectrica
conduct i vict% § SN eé‘%i.‘ﬁng é:}’ g]@gﬁ?fdafsg?(%%ﬁo?orﬂii“gtll%f“@fe@ HRe A0 ‘?ﬁ‘i??ﬁ%%ﬁh(

pr edet er mMip@edanEedasi tb oV Gedt@aRAPaHoR: 4,60 @ciecond | ayer contacting and
overlying said first | a%er. 15. The el ectcr osurgi cal electrode according to

~Claim 1, wherei3n saiAh pldiroswgipal sttmdacackonijngs tio f{Gein flgrwheeing sgidspad oned
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or greater than about 4,000 Q-cm.

4. - An electrosurgical electrode according to Claim I, wherein: said pad
comprises a dielectric material.

5. . An electrosurgical electrode according to Claim 1, wherein said pad
comprises a conducting material.

6. An electrosurgical electrode according to Claim 1, wherein said pad
comprises an elastomeric material.

7. An electrosurgical electrode according to Claim 1, wherein said pad
comprises a dielectric mateﬁal and a conducting material.

8. An electrosurgical electrode according to Claim 1, wherein said pad
‘comprises an interior chamber and one or more baffles disposed with said interior
chamber.

0. An electrosurgical electrode according to Claim 1, wherein said pad and
said conductive element comprises a lattice structure, '

' 10.  An electrosurgical electrode according to Claim 1, wherein said pad
comprises a port in communication with an interior chamber, said port being configured
to allow a material to circulate through said interior chamber. _

1. An electrosurgical electrode according to Claim 1, wherein said

- conductive element comprises normally insulating material impregnated with electrically




conductive el ement conprises a working surface for being positioned in
contact with or in close proximty to a patient. 17. The el ectrosurgi cal

el ectrode according to daim15 or 16, wherein said working syio@se having
a surface area within a range fromabout 11 to about 1500 square inches.
18. An el ectrosurgical electrode according to Caim1 wherein the el ectrode
is sterilizable. 19. An el ectrosurgi caf el ectrode accor di ng to Caiml
wherein the electrode is washable. 20. An el ectrosurgical electrode
according to Claim1 wherein the electrode is reusable. 18 July 2005 44
21. An el esndogtinggifibeis td eetdeodbe adeurodimgipat @ldctrailen th hiner an neffdeeve ! Wikt r ode

is disi nfecta@{e. 2%. The elrtsatﬁtr surﬁgég%a(; el ectrode according to Claima1l,
further cofPEPEIoRGILR! 1 PEFECALaRH W0y el osi ng sai d pad and said
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creation of pressure sores n a patient restihg upon thé electrosur

el ect r ode, cantpeised permably lingilamg rebtexdl riogpeegnetedpriits elegiric4lly) candpetthghfibdrngo an
interior cha r therein,. said interior ch er eing filled with a
material ; ﬂ@%% 13 Ghftieal Slubi e o8 siraneulic dangg egvrl te ShETFF ed
to conduchaghiRet 4,06Bd.capr rent through said pad; wherein, the collective
bul k resi stance of said pad and said conductive elenent is equal to or
greater than abdut 4AmeékcfeurgianeltodeAnccotding tooClaini t.alvhedemcsaid dellective

di t im 23 i id ti .el t 4 .
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according to Claim 23, wherein said conductive elenent conprises normally
i nsul at i ngrorhinatipes therepk egnated with el ectrically conducting fibers to

render said shegt tohaye A Gl Chbdfodl"! Kechffhs oV Ikint 942! whlre said
conductive element comprises:
- (@) anelectrode, said electrode comprising:
L 1)  afirst layer of predetermined limited electrical conductivity; and -
(i1) a second layer of dielectric material having a predetermined
- ‘capacitive reactance, said second layer contacting and overlying said first
layer.

15.  The electrosurgical electrode according to Claim 1, wherein said pad
comprises a working surface for being positioned in contact with or in close proximity to
a patient.

16. . The electrosurgical electrode according to Claim 1, wherein said
conductive element comprises a working surface for being positioned in contact with or
in close proximity to a patient,

17.  The electrosurgical electrode according to Claim 15 or 16, wherein said

working surface having a surface area within a range from about 11 to about 1500 square

inches.
18.  An electrosurgical electrode according to Claim 1 wherein the electrode is
sterilizable.
| 19.  An electrosurgical electrode according to Claim 1 wherein the electrode is
~ washable. |

20.  An electrosurgical electrode according to Claim 1 wherein the electrode is

reusable.




greater than about 4,000 Sam 26. An electrosurgical electrode according to
Claim23, wherein said conductive el enment conprises: (a) an el ectrode,
'said electrode conprising: (i) a first layer of predeterm ngduty 2005ed

el ectrical conductivity; and (ii) a second |layer of dielectric materi al
havi ng predeterm ned inpedance, sai d4gecond |ayer contacting and overlying
said first layer. 27. An electrosurgical electrode according to C aim 23,
wherein said pad conprises a working surface for being positioned in
contact with<dr i nA%Igg&'é’OWS}Rﬁlﬁiwoda)acc@rcﬁag teeGlaim A8whedein eheelbsinsderigi cal

el ectroqgqaee@pi Ng to Caim 23, wherein said conductive el ement conprises
a working surface for being positioned in contact with or 1in close

proxinity to22. patTienslecticduspital eR80&de 4Rorfng ch_C?iiﬁin r r%&@%ﬁﬁgjxggg trode

accordi n%eté)%}1 aim 27 or 28, wherein said working surface sur face

area wi thHe SHastangally pridesingowid pad and saidownduGde ciament.e i nches. 30. An
Steril | zan e ZhesrapretouRAes el Srmidiing o (eilan obpmrere swes pr

sterilizable, washa eusanl’e, { He 3

el ectr ovur gipatibnte kasting apenathe Glebtidgurgialleicfods the Uéléégﬁismggﬁp eleztrile 27

I nsul at .09 sl.eeve substantially enclosing saidpad and sard conductive
el enent “OBPISIRE: | ect rosurgi cal electrode according to Caim 23, further

conpri sing " conne £y Ng BN Bavil a8k | gal .connection with said
conductive el e.mang.)| 332 5 g?‘;eug r osureglg%gh&ﬁ%%c@?@% S&ﬁ@}eﬂwﬁd’w@@%@ ai m 23,
wher ei n sai dbeisgdilledwitlcompteriskeand di el ectric material. 34. An

el ectrosurgical electrode according to Caim23, wherein said materi al
- conprises a condu¢?i ng #nfdRcuptiye ewlentcoapledt foo stid gpashland | eenfipued accor di ng

to daim 23, coiRicetlecigidhld 18 jses an elastoneric material. 36.
An el ectrosurgi cal el ectrode ac@gé%?%gg% Claim 23, wherein said interior

chanber conpr i ses véteinr thewobedive - tnilla rexistancdedf el phd 200 Q21" comAEGRAT T | es.
element is equal to or greater than about 4,000 Q-cm.

24.  An electrosurgical electrode accordiﬁg to Claim 23, wherein said.
conductive element comprises electrically conducting material having an effective bulk
resistivity equal to or greater than about 4,000 Q-cm.

25. . An elecirosurgical electrode according to Claim 23, wherein said
conductive element comprises normally insulating matetial impregnated with electrically
conducting fibers to render said sheet to have an effective bulk resistivity equal to or
greater than about 4,000 Q-cm.

26. . An electrosurgical electrode according to Claim 23, wherein sajid
conductive element comprises: |

@ an electrbde,_ said electrode comprising:

@ a first layer of predetermined limited electrical conductivity; and
() a second layer of dielectric material having predetermined
impedance, said second layer contacting and overlying said first iayér. - ;
27. An electrosurgical electrode according to Claim 23, wherein said pad
comprises a working surface for being positioned in contact with or in close ﬁrbximity to
a patient. :

| 28. An elrectrosurgical electrode according to Claim 23, wherein said

conduetive element comprises a working surface for being positioned in contact Wit‘h.or.
in close proximity to a patient. '




37. An el ectrosurgical electrode according to Caim 36, wherein said one or
nore sub-chanbers communi cate one with another. 38. An el ectrosurgical

el ectrode according to Caim23, wherein said pad and sai dsclyRoosi ve

el ement conprises a lattice structure, said lattice structure configured to
"provide the electrosurgical electrode with flexibility. 39. An

el ectrosurgical electrode according to @ai m 23, wherein said pad

conprises an inlet port and an outlet port in comrunication with said
interior chanber, said inlet port and said outlet port being configured to
assi st with the2%ir chhatlé¢atrosungicak gledtrodet ecdoading Ho dtlgim 24i ot 28t whérein said

chamber. 40, ,An electrosurgi cal electrpde accor.di ng t aim39,_further
comprt i ngarkill SEREE haTH §'sttrsinrn aifiige FPER o thaufn B Bt tagh et
out| et porinchesai d punp assenbly being configured to circulate said

material through said interior chanber. 41. An el ec‘trosu‘rﬁ%i cal el ectrode
according to O3 m 40n cgepairgicl slertipdengccaidiag ip| Glaims 23 owherginr the alectiodeluce
t he tenper . ' pal 4 ' L er | passes through said punp
assenbl y. i?g{-éﬁﬁza‘-gief @?%hg?i%g?h@ydI%@@“&%&%ﬁie'eI ectrosurgi cal el ectrode
according to C3im 4Qn eieosirgicsadletplenccordiag b |Glains 28 0fukthet t@pdsing an

I ncrease the tenp ratuge of sai(f materjal as said material passes through

sai d ‘punp ipgilating sleevesyl SW%Y@?&?WR?&I”@F@@W‘@H@W@P%E during
surgi cal procediy es, ah WectBlelaP 8teBbES boh B B LAY HAG: cdthridinbad

havi ng an interior chamber rern, sard inter anber el ng
wi t h a natenpeding meedny(fo) makisgeldetdtdl vennettimewith sadd gainduktive clemient. pad and

configured to gonduct electri.cal .current throu sai d, pad; wherein, fhe
“collective bul K3 esié‘ﬂa?f?&g"%w%@ieéfc&aﬁe aﬁ%’@ﬁg ¥ g"dﬁahg%ai yacreig) sid matg
“equal to ojonfprigeLdielbdtadmakant 4,000 xm 44. An el ectrosurgical el ectrode
according to Claim43, wherein said pad conprises an inlet port and an

coutlet port inMemuim ckrironrgical telestiode aecording ito §Haime A3 nwherpinssaid matdriat
port and Sc%im%ﬂgéétalc%}ld&%ém%%iﬁgg configured to assist with the circulation
' 35.  An electrosurgical electrode according to Claim' 23, wherein said material
comprises an elastomeric material.

36.  An electrosurgical electrode according to Claim 23, wherein said interior
chamber comprises one or more sub-chambers defined by one or more baffles.

37.  An electrosurgical electrode according to Claim 36, wherein said one or
more sub-chambers communicate one with another.,

38.  An electrosurgical electrode according to Claim 23, wherein said pad and
said-conductive element comprises a-lattice structure, said lattice structure configured to
provide the electrosurgical electrode with flexibility.

39.  An electrosurgical electrode according to Claim 23, wherein said pad

. comprises an inlet port and an outlet port in communication with said interior
chamber, said inlet port and said outlet port being configured to assist with the circulation
 of said material through said interior chamber.

40.  An electrosurgical electrode according to Claim 39, further comprising a
pump assembly communicating with said inlet port and said outlet port, said pump

- assembly being configured to circulate said material through said interior chamber.

41. An electrosurgical electrode according to Claim 40, wherein said pump

assembly is configured to reduce the temperature of said material as said material passes |

through said pump assembly.




of said material through said interior chanber. 45. An el ectrosurgical

el ectrode according to Claim44, further conprising a punp assenbly
comunicating with said inlet port and said outlet port, sdiBdufyiéos
assenbly being configured to circulate said material through said interior

chanber. 46

42, An electrosurgical electrode according to Claim 40, wherein said pump
assembly is configured to increase the temperature of said material as said material
passes through said pump assembly.

43.  An electrosurgical electrode for use during surgical procedures, the
electrosurgical electrode comprising;

(a) a pad having an interior chamber therein, said interior chamber
being filled with a material; and

(b) a conductive -element coupled to said pad and configured to
conduct electrical current through said pad;

wherein, the collective bulk resistance of said pad and said conductive
element is equal to or greater than about 4,000 Q-cm,

44.  An eclectrosurgical electrode according to Claim 43, wherein said pad

* comprises an inlet pdrt and an outlet port in communication with said-an interior
< *~chamber, said inlet port and said outlet port being configured to assist with the circulation
-of said material through said interior chamber.

45.  An electrosurgical electrode according to Claim 44, further comprising a

pump assembly communicating with said inlet port and said outlet port, said pump

- assembly being configured to circulate said material through said interior chamber.




