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self-limting electrosurgical electrode (41) for use wth diBeoty2br gery
and various other surgical procedures. The electrode can include apart and
a conductive element that collectively has an effective bul k i npedance
equal to or greater than about 4,000 Chnfcm 18 July 2005 1 PRESSURE SORE
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in the nedical rég‘rgla'};—paérelﬁ%v may devel op decubitus ulcers, also
known as pressur 'ﬁhlsomeeanrreiagesatqobothoemedomdrﬁfbndfpfeiﬁiﬁwlsbﬂetyadsTYMd‘r@' ly,
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-~ or otherw's 3| IS RUARRE Preppige speads thakennderma o apatient's hadydo
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pr ol onged pﬁt‘@sguﬁtseana@fﬁgw smﬂaaafe: etmtragargmidenergﬁuetuneamlmms theluged ofok he
mai ntenance0 ﬁ%ﬂ%‘%lﬂg above the normal capillary bl ood pressure of
32 mhHg. Aff o Bres typically occur in those patients who

remain in ape pp5¢Rbnﬂaﬁtorecﬁﬂom§pended period of tinme, pressure sores nmay
arise fromapplication of an mtenseaé)ressure applied over a short period

of -time, approxikdt &el kngwn e thesmedisalaiield dhas ipatients mep alevelop deaubitds nlcegs,
various surglsghoRh AsCHESGR sores during a prolonged period of immobility. Typically,

pressure sores develop in elderly patients who are confined to their beds or otherwise

ha_.vé. limited movement. The pressure sores arise in those areas of the patient's body
‘where a prolonged pressure is applied to the patient’s tissue, usually over an underlying
bony prominence. The prolonged pressure causes ischemic damage and tissue necroéis
due to the maintenance of blood pressure above the normal capillary blood pressure of 32
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




Generally, to prevent pressure sores the position of the patient is
frequently changed to. provide relief to the patient's tissue.

Addi tional ly, the patient may rest upon one of a variety afgJmi2008sses or
pads, such as foam pads, sheepskin layers, air filled mattresses, water
mattresses, and the |ike; that reduce2the pressure applied to the sensitive
areas of the patient's body, such as tissue, over an underlying bony
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- 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




Over the past twenty years, industry has devel oped products in response to
the nedical need for a safer return electrode in two maj or ways. First,
they went froma small, about 12 x 7 inches, flat stainleds Jstyemospl at e
coated with a conductive gel placed under the patient's buttocks,-thigh,
shoul ders, or any location where gravity3can ensure adequate contact area
to a flexible electrode. These flexible el ectrodes, which are generally
about the sane sjze as the stainless steel. plates, are coated with a
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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 fqrpes applied to the sensitive areas of the body where tissue covers underlying bony

: .Prominences. ‘One device that may be used to prevent pressure sores in an operational
scenaﬁp is a foam pad, approximately 3-4 inches in height, which is placed between the
opg__rating tableand the patient, Alﬂiough foam pads have many advantages, such as
being__igg;{pensive 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 :_clect_rosu:gical procedure the tissue temperatures may rise above the six degrees (6°)

: gels_i_us temperature rise required by the AAMI. Additionally, foam pads are typically
disc_aa:ded p;9c_e_edjng a s_qrgical procedure since they-,are difficult to sterilize and clean.

_ ”F_urthermgre, the material .fomg the foam pad may release lethal fumes if ignited |
during a fire. ‘ '




the forces applied to the sensitive areas of the body where tissue covers
~underlying bony promnences. One -device that may be used to prevent

pressure sores in an operational “scenario is a foam pad, aguuypdomstely 3-4 |

inches in height, which is placed between the operating table and the
pati ent. Although foam pads have manygadvant ages; such as being

I nexpensive and |ightweight, they provide mnimal relief to the patient
while trapping body heat that may aid in generating pressure sores.
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4 An alternate pressure €s or pad is a |layer of sheepskin
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A similar pressure-reducing device to the air filled mattress is the water type
.-mattress. The water-type matiress has a similar form to that of the air mattress; however,
 water is pumped through the matiress rather than air. 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 dangefous for individuals to walk and
. work in close proximity to the patient, : - |

| Although many of the above-described limitations are alleviated in general use
_, mthm & hospital, each recited pressure sore device has various drawbacks with respect to
. their use during electrosurgical ﬁrocedures. 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 emitting lethal fumes within the
operating theater, | | : o




A simlar pressure-reducing device to the air filled mattress is the water
type. ‘mattress. The water-type mattress has a simlar formto that of the
~air mattress; however, water is punped through the mattregs Jugtdpes t han
air. Unfortunately, the water type mattress suffers fromnmany of the
limtations of the air type mattress. Additionally, in the event that the
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el ectrosurgical return el eSiINRARYSEFSIPEENVENTROND be an advance in the
present electrosurgical artT_  to provide an electrosurgical electrode that -
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~ buns wi t haligpotdbie BleeodesrandxB6iitring cifbufip 9f pdcialbe RF peRgataRd whHB il | Ng

~circuits in sg,eci alized RF generators, while also roviding a pressure
sor e -pad tPR@!

iRg AiDESSSWS sprediagdhatmigimigesthe prarTnee OEPIERETS wWiesar paients
havi ng el %{’ﬁ@%}e&g{’%@%‘r’%ﬁﬁﬁws' Briefly, the inproved return el ectrode

according to odi nent of the invention hereof includes an
ef fective surfBuoelyrtkaimpraved sstiraredestrotd accondihg o tied preferred| eestiodirelegt dfhat
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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:




adapted for positioning relative to the body of a patient that it
elimnates the need for conductive or dielectric gels. Mreover, the
exposed surface is of a material that is readily washabl e 1sdiugenfosct abl e,
and/ or sterilizable so as to facilitate easy and rapid conditioning for
repeated reuse. It enploys geonetries and materials whose i npedance
characteristics, at typically used el ectrosurgical frequencies, are such
that it self-limts current densities (s&and correspondi ng tenperature
rises) to safe thresholds, should the effective area of the working
surface of the electrode be reduced bel ow ot herw se desirable |evels.
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or greater than_about .,4,000.(err).c I n acgcordance with a second  aspect of
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and confi gured conduct. el ectrical rrent,throu sai d _pad; ,wherein,
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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
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18 July 2005 6 briefly described above will be rendered by reference to
speci fic enbodi nents thereof which are illustrated in the appended

draw ngs. Understandi ng that these drawi ngs depict only tygiJaal2005

~enbodi nents of the invention and are not therefore to be considered to be
limting of its scope, the invention y || be described and explained with
additional specificity and detail through the use of the acconpanyi ng
drawings in which: Figure 1 is a sinplified electrical schematic di agram

i | | ust r diriefly despiiissall aboivemell atcRBdekl agt fef@bnte it GhoEAE chibolfiSer@PRIAlFVe Path
of radi o frequency current flow as presented to an el ectrosurgical

gener at oFigh %ﬁ‘n‘g tedda the anpendadodrawings: Understending that these dppwingswepict a

wi de- ar hedidd finfhRCLE ' t ctrode, illustrati t he
princi pﬁf’eﬁé}dgﬁ dtgd%teamlbﬁventﬁoéﬁﬁgiq{glgérngﬁb@?sﬂy%ﬁmgth%zg%(&gg%m cgpsiger @é‘hﬁ%t of
the el edimitingrofi itsiscopes den irslentivn osidl befdefdrbud QndAexpHifell iRCaddtighat’ 0SS
section taklﬁn al O‘n{;% t‘lh segt ion lines 2C-2C of Figure 2B and illustrating
" the ef f SREFHETEAGqRtAL ‘S’Fﬂ% Lrrowserof theacepmpanying dwingsdawichst 2B; Figure 3
is a chart ilgy rats i i £.0r L ekat | onshj het yeen
effective sUrﬁtlg‘?{g gr ?agfjtglofSﬁ{1 gﬁ%t%%r?léa?e%h%%g%& a%lgé%wh%e%g%&agv&? i 0
f r equendippedancenetiectively inoudtdiial the egemtivd peth of extlic G@guenkiy GuFrent4ldv ad

per spect. ' owi ng an,operating,table with the_ el ectrosurgical
Petu?n ﬁ%@?&gg&g&g%ﬁ%'&%"a}%& 01_7?“3‘5?&4“&5’_6@?%’58@@8‘1‘5% t he uppgr_ surf ace
t her eof ; - Fi glFi%u.ré 2Sis @ thy PRy off SWidd-Ards bis@ithiR e;’l’?]c'ﬁ%@ re%ﬂﬁgiecﬂ‘o&eh an

el ectrogurgical return ‘el ectrode according to the Invention disposSéed on
t he. sur fusirating theoriseiples ofithedoyentisngure 6 is a top view of an

el ectrosur gi wrn el ectrod ccordin the invention; Figure 7 is a
section taken élIé%glﬁ%ﬂ aﬁ%egnefﬁ‘f’%@fseﬂnﬁﬁg%fttg?e gfeegal W@E‘@gp%

sim | ar of Bigupa2Apf Figure 7 but illustrating the capacitance presented by
a patient's surgical gown; Figure 9 is a perspective view of a cover

~adapted for &hgHSRRJs astpspecting takenadatigibe sectioh liiegRCEC 65 BigufeiZBisel 10 i s a
view il kwms | < Qf . . di pents of ., Figures 6-8 encased wthin the
| E}%ﬁfg%ﬁ%eﬁ?@n@ ﬁF%Hig ﬁg@fance Fepretented Ey fhe'segment of 2B:
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
. electrode according to the invention disposed on the surface of the seat thereof;
- Figure 6 is a top view of an electrosurgical return electrode according to the
invention; . '
- Figure 7is a section taken along the lines 7-7 of Figure 6;
- Figure 8 is a section similar to that'of Figure 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; e |




7 Figure 11 is a perspective view of an el ectrode according to the

~invention illustrating a sinulated condition when the effective contact
‘area with a patient is substantially less than the physicalg ghemigsode
size; Figure 12 is a view illustrating current flow density within the

- electrode when the effective patient cortact area is nuch smaller than the

total electrode area, Figure 13 is a graph depicting variations of bulk
resistivity of the resistive |layer as a function of electrode thickness
for different el Bigtroddrigi eaerspseidreaviow. pf equelactiate; acchidjng do e iisveatignaph

-showi ng bul lg; rest St i vis s; a functign of t rea dj vided by, the thickness
of an el ect Irﬁ})déurgl cgl éu&mé{ag?dncgﬁxcgﬁ?x}o o ‘%‘ea%ﬁe&ﬁﬁ%lﬁ%{%ﬁ £FFa; With 7 patisnt 15
~invention asubsRniigilislesd @ed tRgbvsiclalechb@ssianci es; Figure 15 is a
perspective view_jllustrati,ng, ryf or the purpose_ of analysis, the circuit

equi val ent. of a P@Freld isiavigydHustaling gursens flaw densify withitrtbe olentradeamisen the
capacitive s C&R?&I t. | he Lnvyention; Figure 16
is a sinpl eég%gggﬁ%ﬁn(t: sC er?g%%ﬂ%?}rlg%lgi?é’rg%ﬂul%%?oéﬁteﬁcgo a'i??"e 15; Figure 17
is a graph depi cFigngp Ifeis aqraplcdepictingivadativower belkiesiaivigrofae RsibirdbyepRs Of
~bulk resisti ité of .the resistive I%)éf?r for different el ectrosurgical
oper ating f:Pé‘UﬂS PR pleelectrade thipkness foridifiereny slespagigioel spnesios frequeneiesior e/ ul cer
pad including a 14 %4 hakUes ki ,ng, : | s
illustrati ntgbgt he g?jienci pl e%ﬁglgst ﬁgﬁ%r esentgi In eélsﬁ%l%?hﬁ gﬁ{rh%g%g q“éld%d Ejl'de
- view of thetheebicknesst aken elbdrnyurgival Iremes el@irdde i decordamcel Hith fhiegpreeen®0 i S
~a section sjmlar that.of Figure.19 but illustrating the capacitance
presented b nqgﬂu%gta{tgﬁo eéﬁ?&&?‘l?g\“g% "DSyure 21 is a perspective view of
an al ternate entRigielrstis @fpetspo@eleoioh UlsRitimAYor the ' f b b dit N9
el ectrosurgical return el gc_t rpgde i IlI ust r at il%g trhe, E’WF@%@@%@:E@&M
present i nveRivaisl ofppatientip opgrafve ksecigtianwish thanolithisrand| dapacititecregiohe of ment
of a bedsor I | iy elf-limting electrosurgical return
el ectrode Iﬁé&é@gﬁg@r lhg%pﬁllgrl@%ﬁﬁg of the present invention; Figure 23

i s a perspecti veFigin@W6ds a yiziple sRthedic adhbmhﬁa&ﬁc@mq@ﬂ}an@mo Plaus 15;
bedsore/ul cer p including a self-limting electrosurgilcal return
el ectrode il usti&eny ¥ ReSraph derirtinedsrepnt canacitive pewer tonduntionoes. a HETHGH ED

DESCRI F_)Tl ONpfFa 1 Hﬁsﬁ%ﬁ%&sﬁv& ﬂyléri%? Qftrerent electrosurgical operating frequencies;

_ Figure.18is a perspective 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; | .

. | 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 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




. el ect rosUut

8 To aid with understanding the various aspects and illustrative
enbodi nents and features of the present invention, discussion wll first
be made with respect to the novel - structures and features 18fJufy 2005
self-limting electrosurgical electrode that nay be used either on its own
or in conbination with a pressure sorg pad. Follow.ng such a discussion, a
detail ed description of various illustrative enbodi nents of the novel
pressure sore pad of the present invention will be described. The pressure
sore pad haviTyaidrwih endersandiapand vartdue ehieiCadd RSt AVeVentiaihd Rgg €1
allows o gﬁgvi e 1o includg both self-limting characteristics necessary
PR Of T Drest ientign, geupsien b fizst iba gnadeewith esspent do thieashivel ng

propert i #ficfesand FoFSe : _ h reation of pressure
sores durjcngesvar | ous iﬁfg%@%lﬁgﬁ% g@%@@@%ﬂ%ﬁﬁ%‘f’%ﬁ‘ﬁﬁw%g? ui"qdrﬁl%'d to

el ect r oS & @Wn or jir combimation With 4 piessub@ Bore pad t 'rp@na_wz@% sheraisQgibg £2

el ect rOdtfe?ai (fldgzﬁgi ﬁres€nt N nv.ﬁnt I Qn  protect afpat | en from being "bur ned
during an erectioburyPeiriqysdtutmgee crpefimensp of thearovel presresorbpacgf

cr eat ed. thiNprsdnt iidicABod Hifl DR s WMeNIT Lticul arly Figure

"t her eof , ?\It?wvm I,I1 be. seen tc?é(%lepi ct '*‘12@ ?&%?&83’%@%@@‘@8&3&%&

di agr amSlgctode dntegrally t@bp?eél thenee dhovee one eife}‘vil:et tov éhdlude %ﬁig Sf-limiddpe
operati , 0. fr ency. current flow as presented to an

el ectr o?ﬁ?&gﬁtﬁéefg?ﬁ%gg%gﬁwﬁéﬁﬁ BB I Y @_’hﬁlpo@é‘ﬂmﬁéatmgh@e ejiresisurleagi | bﬁ
seen ar geducmgviropsroenbl hadksufe nerat or , suc
as but not. |i \nafl ed to . const antQgg\%g‘?@?@g@%@ﬁﬁgrﬁ%ﬁﬁcﬁyﬁwe&p@%ri abl e
power, @3{%9‘@%%/%9@% rRspeeduresorindudingl but ebieclimited| top @Rrogeges1at or 10

' | Lcal 1 d 2 Whi_ch t |
connect THEsRee IR EF o RO I Dnieie tcuiogit of Brassent isyentiog. *
| mpedangeotet zpdiom Bémcheing\bethak duifs WhNelBLREIIACE HRDLERSILECBY
en e | pedan

i npedance z3. | npedance z2 is provided to repre
pr esent EFHYC FHES ieaRg esated. tissue | ying between the operation site and the

return el ect Ngdenm ' dyctors 11 .and 12, are representative of

‘one illust raltqigv.e sﬂrlgﬁ Eﬁrega%%f?é}r ?%%5%?@8&%%?@%%@3%% % witbeon of

connect ¢ tasispict & eimpifiec gleetriealt schemhtiCan ilﬁ%&ﬁl‘ﬂ# Bpical ﬁﬁoéjeda%c{eﬁ may be
S

appr eci 1.0 e skilled in the art, however, tlrat vari er
struct u.?g%%g?lg lﬁ%ﬁ‘ﬁ%pﬁ“l tE‘F ePEAHVe path abradicofrequenéyo cwrirens floweastimsdented thunct i on.
Althoug'hnbmetrgg},@éé ebratd " i Laplified an enerally considers
circuit elepents i rrlE t errajcr?gg%ﬂfr&g@ (?f@rc?%@lgﬂ’é?cegg’?r s&ﬁ%@eg,wﬁl%é SRt he
r eact anfaverfivmel tadice fretmyericheclectival powbr gestatet R tsuch he Hﬁ? beRhisq edy and
t he ret{:ﬁn@taﬂ %ﬁt rrode so as,jo clearly and_ succinctly illustrate
pri nci presee PPRED Yi/ege: gRd/oF eummrmypr varahle deovesiro owlinge tndior reaakidt v

- 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 z,.

Impedance 'zz 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 resistances, including the reactants coﬁtributed by the
_‘su;cgical" instrument, the patient's bodjf and the return elec&ode, so as to clearly and
succinetly illustrate principles of the invention, it should be understood that in reality




18 July 2005 9 certain other paraneters woul d be encountered, paraneters
such as distributed i nductance and distributed capacitance which, for
“purposes of clarity in illustration of the principles herdsflulyaromsdeened
relatively small and so not considered at this point in this description.

~ However, as set forth below, in one enbodi ment when an insulating sleeve is
I nterposed between the electrode and the body of a patient, a significant
el enent of capacitive reactance may be included in the inpedance of Z3. It
shoul d al socdrzimatherchardiastersivanuldbe dncoliteRiSpiritheRtd a6k bt msﬁibuwdl ihdRehne® as

to present th nci.pl es.of the jnvention succinctl a nore
ri gor ous an@“ﬁ@%ﬁ‘b@ﬁe@' capacdiancs; whichdon gutppies @f clagity in %@ﬁ erfhwpllﬁplpiﬁgur es

11-17. The ﬁfﬁﬂ;e HENE | 0 |ng in
a conbi ned h‘?gésq ?%l%gﬁg(gf or gapamig{dvsg @%EME gécdoaghﬁ@%ﬁ#hﬁ%%%
rel ativel y Boweversasrsey fartipbaiow] meonerethboiiincbut tihen an éeianpsleaveisinfirgsd ded,

t he total rcuit will be equal to the sum of

fecti
the i ndivi dtRF e %ﬁ%d%%wg%% glf ‘técﬁjg' 9832 PRfents Pn%@“gﬁ%rﬁlﬁlﬁmtyoﬁ eapacitite
current il feaRage rhdy RGBIuaed in'thE Bfpedali of Y ! ?tgsglogﬂ;b%ogﬁeﬁ%t%y th?ﬁp%&%?ﬁat or

10 will be distributed across | npedances z?, z
proporti on 1@areligenticralip stbplifedw! a3a6 tpresa?ﬁliﬁe pﬁﬂﬁpl%&‘%f £hé ﬁ?én%%ﬁ%ﬁcdlﬁb

of such co pents will also be dlrec |y proportional to their value
Since it isWHeamAERIgeRus grd, erraplets disveystpn being-presswindrincetndction MethrFeglrem
where the  gujgeon' s inplenent cont acts the patient's tissue, it is

desirable that the resistive conponent of the inpedance represented by z1

be substantial dife inftisl embodizmdnt,ieseofn3 thithefr &t Hectugle dRRGiING GASLOHIThed
energy rel eas% Q}:oncentrated in a very small region. The latter is

“acconpl i sheig™ OR GRRATEIVE &Rfdsn £efico Eééf ﬂwfﬁlﬁﬁ‘fﬁﬁb spall slesit capacitiveand
operative: Shigtve roacti®l hre d ! oi ng
series circuit, C(gm?onent S (%%re e :ﬂri}glet resi s | ve géd’gﬁ((?:apam t |]I\?§Er%®c€%nce
when conn ecqq@@l tp thepmmuof the ;mqmdsdnmpedaho&sadh zahll egtandl sincepaeatitly thdgdnd S
gi ven by th 0 zZe +1+1+1+1+1 Z Z3 74 73 Z6 Thus, if
100 sinilar %‘F% %Lgasss thﬁ%ﬂ %ﬂ '%ﬁh?fﬁl E%e&‘é '@bﬁéﬁ%t@dgﬂﬁfﬂ% 39 1vail be he
- 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 et — =

Z, 2, 1z, z, z, z

 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




effective i npedance Z0 woul d equal one ohm |If half : of such inpedances
were 18 July 2005 10 effectively disconnected, the renmaining effective

| npedance woul d be two ohnms, and if only one of the inpedasges 2asece active
in the circuit, the remaining effective i npedance would be 100 ohns. The
significance of these considerations gpd their enploynent to render the

el ectrode hereof self-limting and fail-safe wll be evident fromthe

foll ow n description of the elements illustrated in Figures 2A, 2B, 2C
and 3. I‘&Wﬁﬁin disgornectBil gtie eedAinitgheffestive linphnes Rl BERRIBAMS, and if
represe view of a w de-area distributed el ectrosurgical

r&@ionﬁ@ltheqtog r €-a ! s, Sl
return elecPToleDS #RPidaness Wee gt yhl the ciret, Sresemeining, effective impedancert t he
ri ght hapshlgibegpof e T SHENRES . elegtrical connection
termnal 22 to Pg(?ihlhiiat arlrﬂeé;écigﬁﬁect i gogtﬁ%égﬁi%g?%%%%c%ﬁ% ‘?’é‘f&?ﬂﬁ’f%&?ﬁﬁ or,
such as renslerthet dectrode berepf gelf-tintiting el Hiil-§afc @ilP e evidesitefroth thefdlptwigge 20 is

preferaby angd homogenequs. and includes a thin resistive and/ or

di el ect ﬁe%crﬁ?%gﬁg]fggemﬁf%&e%ﬁgﬁ&??363_ ,2GeG Bce 20a of return

el ectrode 20 Ny turdig : balal | ' ndi ng on
the particular oper%ﬁrﬁf@?ﬁ%rﬁ glb%c%tgérg%sédhg%‘gﬁ{fgéﬁ?slﬁg%%%?ﬂggi‘?p

pur posedf afhp swidedeea distibmtedhrefectroswizital mettume eleet-bds TR0 iRistramfe theng of

. t |-oc y 0 b th ht of i ncl udi
urnl BUEEIR YR 6 infEhiSh SAF (B2 RY BAS Sn IR Bt Sherd IR BEWSERR 1 egi ons
21, 2laegle2ttival dbeection termirdlD? thifadiifate RANSRRLES EQEEMI nc{ ﬁﬁu Ene g#ﬁd&cﬁgﬁ in the

art, however, éhat return el ectrode may or nmay not sconti nuous
“r egi ons SHY B&F QTIZiUfFWﬁé- preferred that el ectrode 20 have conti nuous

egments. Red g{,g& | argetr iLn Fi e in order to be
gi ?n I ar.si n sgialf)e togﬁﬁéf@b}%%ggw%%g@%ﬁ%@lb Iﬁ‘g‘ij FE‘%E@"?@?R@P“% and hus
wi | | noinchuelegaithiartsistivetandAe icléetii Byes 2 BB (O ﬂt&ﬁﬁtﬁ%ﬁ% stiface 20a

e

correspopdin 0,S nts 21 . . . 21n inheréntly has t capabiTity of

R deaians i -

pr esent Phiy 968 &ay; include arcapacitite axd/darindistive dayes' depédulivey/en thet he

nunber girtishleh | fectdvely active in rallel within the

cirouit gy _ %ﬁ%@%ﬁﬁ% gfrg]c@&t%% g%rlpﬁlé%g?ﬁgfuﬂ?os?%%{)%éeéﬁ@t{oﬁat

over | i egnd keaidl iacthe aoatheritics] notlelihg of camen efecodeA 0 CelStRIdE20PRL) Gat  Whose
f the upper” surface of

R I e S
Tepreseniod by resamcaces of - Erhr i b thhret Bec BRI A F 1 1 00e 20
~ cont ai novieyeT, sed aetmseledtrotieanayobmmaynetinclubediedntiibiereioAS B8R RGMent,
operatiygly, Bﬁe??r?éat B8k PbtdodS 26 Elfa‘?ccédn\éguggs sggeéglstsr.].t of
' 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 operatively presented by the effective 50 percent of
the electrode elements_ would be 2 Q_hins. 'S-ince_ 2 ohms is very small bompared with the




the el ectrode el ements would be 2 ohms. Since 2 ohns is very small conpared
with the 18 July 2005 11 inpedance represented by elenents z, and z2',
very little energy is lost at the region of contact betwegsJulyeopati ent
and the electrode, and due also to the relatively large effective working
area of the electrode, current density, dibd tenperature elevation are

mai nt ai-ned bel ow t he danger threshol ds nenti oned above. Now, if for any
reason, the effective contact area between the patient and electrode were
to be reduc&BPydgneeHEpISsRtetby Glenmmity zoarsl Bt veryelittle grrevplysis 2dst 2 the repien of he
effective | dance (conbi ned capacitive reactance and resistance in the
exanpl e undg&ﬁa‘ﬁ&?@féﬁ!}rg% BHjenfimdgthenelperode. ausl doe adsante theaelativedpdegpoi nt

of reducti ORffdY ; ect i Wagelelo) puld rise to a
Cevel ol at roe el arbl 6f o Dol Sl dliR 30 JePUpfid oo e

el ect r osur gimgiritainetshelowthnt daggeratbresholds meniicled kbevee! ect r osur gi cal effect of
the surgical instru t or otherw se event effective use of the
instrunment by th Oguﬁg%ﬁnytrﬁﬁ%onsitg?}aq%eﬁ%"et Rentagh yed betwesn theepyient and

shoul d be r glasidei € th BOredscdPtohe %&%ete?of oﬂiyenﬂ&eecsf tf! Féﬁﬁ&t&aﬁ ﬁ?m, Qhe%ﬁ;ﬂé act

with the return el ectrode, At the same time, "the total T circult Trpedance
woul d be i neffesiize impeslanemécombinedataphcitive reacttnce iatl remisthtefinale éxfantpieunder

surgeon attemted. oy Nhis phstrunent w thout reposjtioning,the
patient would be u?*@dﬁ@@& %S(CJIQ 3%,k EQ(S SRRy k21 SopR BB BEFISEIRR BRRRSS i r ed
trauma to tivea,th¢ effsttive irApaneE R riddBlageved rddatie t08He ﬁnﬁﬂﬁéﬁé priehieA Y

feature that epha Tgles safety in use without the need for t
af or ement i of&§!e ebllie sleatresurgicaliinstpnnens se aytoadiminigrthe clectrioswgicelsffesi afihe 2C

i ' ' o -2C of Fi 2B and
1 st 1 at oo eAlaPBiealof bR SreRl LARAe B orhs SRt B i 8 PeGe n
21 of 2B.  Thes ejgnaling HegsurgecdCrhat ¢he gatient BBduld BRUEPHitiddedd Bs id presbReS
patient-contacting.surface 24 represented electrically by term nal 23 and
its | ower sSIFHEGETHEC AEgs, Wskqntart Wih dne reftyp elgotrode n‘rtnéle smg. titpeyr the Hetal

‘purpose of diRuft ©PSEIL AN (R ctcRsddr LA PLES;
underlying this gﬁ%om ment cl eg%c{/e)@fé?it %ﬂﬁa{ng‘é’ gﬁ%:c%gﬁpﬁgg v@gﬂt ﬁgﬁg’ﬁttheof as
'eﬁi st nE_ | F%Fmrﬂﬁﬁ@mﬂrtalemmsy Aiwdingam n%rﬁ)‘vn ithout @osi&ﬁpﬂ%lthe bﬁt_i@!bmdﬁmhbé ﬁl
t hose skill .0 the art at i n .enbodj nent in which a thin but highly
conducti ve ’i%g“y%? o2 iVﬁ@puﬁeggwaﬁhaﬂeﬂg% Woagdepausg GHodgsiesdo frauma do rtheatient. each
of the i npededsedifgly cBERSS PERAILN; Eélfiliﬁﬁﬁ%" ' EOIHRAL at
their | ower extregmyt‘i es i% par aI?eI tot r.%ltﬂgllﬁ 2, %%Fe%@ﬁq@ﬁﬂ‘% ghly
~ conduct i ve thaead frthg pisementioned sepatate didédt rooniteringtand iconedaticaits. epr esent ed
py the mater!al pibathd8 eI RS 1edit HRA o the seioh e b8 S pian b o =
illustrates the effective circuit impedance z,' represented by the segment 21 of 2B, There,

72

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




18 July 2005 12 inpedance (not shown) that is represented by the material
t hrough which current would have to pass transversely or laterally through
the el ectrode in order to get to termnal 22. It should now g mosdent
that if lateral inpedance is mnimzed by provision of the aforenentioned
thin conducting layer, or if the effegjive conductivity at the | ower part
of the material of region 21 is otherwse increased, the effective

i npedance presented by the return electrode will be inversely proportional

to the effpedinoeqnotnidevny didh 3¢ RpRisehtb® by The tlafePdiOdh Which Qﬁﬁ%ﬂ;\%ﬁlndw th a

patient. Figure 3 is a chart generally illustrating Tn grap t he
rel ati owggpﬁm@ﬁ@f&b’k@ lgteradlytthapugls thefedastrode meordér tolpet toatmminal@Rect r ode

and the effecti ' Sur.rent ensities,devel oped . at the
el ectr ode. Hof\;[véﬂ’é@}l& {éﬁ(‘)%f'{ éﬁg‘%@gﬁ%ﬁ# erf’j(:"%p %el]éé?‘ﬂm%?ﬁgbb’ proyispn Ofart, it
shoul d bbe afitrerertivatd thecotiatting Bysr, 6Pifithd &tbohife e&ﬁu@ﬁﬁg A3hd Rler ]b&g t

at a

principl under|ying. the invention and does not represent actua
“t hat na;Pef}H? F%’@-L Pfawgm 4lyis otheswise dugreassd,tthe effedtivedmpadance preserméd B

Current Stk Al : d fa .Area, the latter (as
shoul d ntg\?v@be &%ﬁ%"?ﬁs‘?‘g ﬁ%@ggﬁgpgﬁoﬁﬁttﬁéﬁe gﬁg'f’t)"eb@?pﬁﬁs %&g? of the
- sur f ace ad¢ctiode thaetsin nomtbhaotitivalpatidaat makes effective el ectrical contact

wi th the body..of ?; patient. éf woul d, be expected fromthe foregoing
di scussi on, wHEH® H@aé?h?lggf”?e@ otugtrating in graphic fora theirelationskips bétwesir geon' s

I pl enmenhe kffedtivel shed, Pl ¢ t .corr.espondi ng_cur ent
density a?:r_o;s t h‘éﬁér%t urn 11(gLF‘é(;lct rodéggﬁh?g%g%%eg\%%f%% ﬁaglogjg%%ﬁncr | flEreng 1)
Thi s i s,detitievdeveloped abtheorieittoden Himedver dhefme pesveediag it @ oHsi8&ENon FOVeVer ,

i f we engtant, current throughout the circuit, as the effective

surfac e%gur?lga e&t'r%&ﬁ@sb,e qqﬁgf{%@h{l}eéﬁ?gd%ﬁﬂ e &0 85 o illystrate the prinsinles r ode

(solid amdpiyihé @& B¥dntion ' Nl rease in.the

current atFéftm;legsurg.eonn' s%ﬁ?ﬁ%%ﬁfﬁﬁﬁﬁrﬁ%k :}%%y%?’?%%ﬁﬂé’he

ef f ect i W Fdghre ddberaiscseen e plotrf RE CugentDansityl etsnnElvettodol Hsctive Sar@ean | |

remain 4 Gl nt .at the s i cal instrument to effectively

- conduct Asrgfigfé% %/aj&hﬁe@g ﬁ}i@ﬁéﬁo‘gé’ﬁlﬁ egfttggﬁ%); Smdé‘kmel beipgithat partof theat ~ t he

change isnxfacer 6fethé ret@msélédtroda Akt daklel 3P QivelidRidal tc??lfa&?wﬁﬁ' 'ﬂ%eé)c#ﬁ B, Of may
ect1ve surtac

not occur . si muj tan‘egﬁl y wth the variations in e ar ea.
Var i ous PHEdiAfewewd & ekprotest e the fovogaing discussion, vhee e dfficvd irsh ks

i multa - i I ity .and i | ‘rent, whil th
ohodi aEEY B GRS et e Hibkalls HEIanAt Bl (b etapblie 30 eMbet woon,
The ‘par anwesponding lcantietcichsity blresiTBiesfehath S1RREAE ise%r?rqgﬁ' GbRE 3R Fe? ©

chosen at, current density and correspondi ng tIssue tenperature
32)' aE]JFl};Cléaanr qauEsey theypamdition desired for conducting 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 parameters selected for the materials and electrode dimensions are chosen so

that current density and corresponding tissue temperature elevation adjacent the return

electrode do not exceed the limits mentioned in the introduction hereof. It will now be

...
-
£y

=

" el evati




el ectrode do. not exceed the linmits nmentioned in the introduction hereof.

It wll now be 18 July 2005 13 seen that by a proper selection of such
paraneters the return electrode is made self-limting, thasehy g ating
the need for the additional nonitoring circuits to which reference is nade
above. To facilitate description of the pBinciples underlying the,

I nvention, the foregoing 1is described in terns of inpedances whose

pri nci pal co%o&%nts are resistances and capacitive reactants. However,
t he principf L (B¥e aj pRP@eR iselectiore of| wich apwdrnctats| thet fetwhh elsctredgbRdixapt s

_1.n whi ch. t hgeif. ';,n'[gﬂ 3 ination.of , resistive, capacitive

and/ or inductive 1 mpe a?]H es.ﬁ%ﬁhﬁé\}l@%ﬁ%ﬁﬁ%a&gtﬂ@# MiRrpg cirpts tgedieh bed

i n connect i taferemdetis mppt dlaki ons in which an effective dielectric layer is
dielectrjc layer on the wupper surface of the

represented by L.cal >
el ectrode, by t ?\EQ E@Pﬁeﬂwﬁp‘:ﬁmﬁfﬁb? peRciplewandeslyingothe titreenfion,i the foreging a

bed sheet ofs @shes e ' : ' | pt.er.pqsed between the patient and
the return el ect re(c)igg fegﬁ;é [&gelﬁirirsg?aeﬂrc}egmo?e gﬁxb“flg e%?ﬁRP@e’\égé’é‘i/éest@da@%er
the return EPeGtyeussias. Hopeven e prisoiphss ofiie a0 énticRtE SRY S liARWLARAC O
Fi gure 4, %EM!@USHE‘?‘@ i?}HE)erspective an operating table wth an
el ectrosurgica 1% Wt e edances mskide ARy combivetiom wé mesistive,diappitesl  on
t he upper satdfcr¢sducies Bffedaidesedge of which is identified by the nunerals
42. The operating table is shown to have conventional |egs 44a-44d that

“may -be fitted wikhy nyprsiondersof ivhowfurthes detunibed i abirctéh With QPSLGHEACHL €
that is ca f formng.the function of supporting nmeans for

support i ngpgmggtaﬁee i 8'guer %%ﬁ}ce%y el Ijepqe§en,tpély{;§b@ Physisekdickeetis lyeromme the

ski |l ed i n upper surface bOte eRkctrold) Ay tHAfdaRks! &tmﬁ ; gq i of.. ort
means are p isftgll e and capabl e g)?' per faor.m' ng t %l&gr1 08‘?1?% fbﬁﬁﬂ’%tﬁnﬁ%pr
exanpl e, SL?pO%(SSIr Pet T nlhs OpeRgYing meom disensuinterpised betiviean tiecpdtientcdddi the ret@dnat €s,
beds, cart sjectaad | ke dn Fiquce 4, the entire upper surface
of the table s $h i ol St B G i v e vttt arcamshou
be under st ¢otbiration thetéofe coverage is by no neans required in order to
~practice the prg@%qir | es of the invention. Thus, when used with

conventional el ECt¥O¥irGPeYI mekieriigwed, i illssttes iel rogediie mengstiogl y to.
BT 0, A0 ) St e e o
“enpl oyed anfth@qm(ﬁugﬁgcesﬂlemfnm edge of which is identified by the numerals 42. The
operating table is shown to have conventional legs 44a-44d that may be fitted with
- wheels or rollers as shown, 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




interfere wwth the surgeon's ability to performsurgery while at the sane
time avoiding undesired tissue damage. |t has been found that . at
conventional electrosurgical 18 July 2005 14 frequencies, fgidy fa%
necessitated only an effective working surface area no |arger than about
the projected Qutline of one-half of {he torso for an adult patient |ying
on an operating table or the buttocks of a patient sitting in a chair such
as is ilJlustrgted in Figure 5. However, the effective working surface area

Wi | :c varyPRIeRartithiy hea neerssittdeotilplan esRedtive mrﬁlgg@,umr@garﬁ&% er than
confi gur : i st ances . where various |ayers of operating room
i neng 'a@ghg@c%%f%ségp o?tﬁie é’? QoEPaliof thedopoi fui Wya@lhpat'mn? lying d:mgan
successfapetajing ¢atid ondd banscks i | rfac reg.of the return
OF B LA O 4 B B R his on

el ectroge eterm ned in such circunstaitces B on-
r

‘Under et t27He bt effentiye warking strdae iaven. willovasy @gpéndideai@hdBbeRa] Asqsmal | as
about Sﬁg&né%ﬁﬁ%ﬂcﬁfgﬁﬁ § or!. about .45 square centineters). reover,
al t hough the return el éc % iTRSUECgs Veiere vaiousrayetOofioperatiteni ct ed

~as bei ngoomdinengateaplabsl 6VanBe elebtrodel | bR gt L coul d be oval
or contoured,as aPLor exanpl e, ?to t ol Iggvgpﬁéb@ﬁgh%%%’?f%aygﬁé/f%eﬁsgﬂg’o or

ot her pFIRIYEd andhe effectivenworkingysupfice areat ofethie. refisn ﬂebﬁodé@ie?éfhﬂﬁéﬂhinf rom the
f or egoi Bbh ditcunStd . he el ectrode be configured so that when
the el ect;l(gc}ec Létdt?ggsng % ?%%b?‘v’wo&rbﬁ R efefaly eopditions, tthe effectivace of

t he pat Wonting sugedel mayed by shalas (@dbut BSyea! ' | prpedance_bet ween t he
el ect rog&tﬁég the patient is sufficlent] fﬁl 0 séo&?h?flt @‘I Bg’%tfﬁgaﬁqu@ﬁergy i s
not concen ?r@d sufficiently to heat the skin of the patient at any

| ocation in MigedVefChil t t nore .t han six degrees (6)

Cel si usgqpaqr;gld (SZ) t he Eﬁr?glggc@grr%ﬁ ggcg?g%hﬁh%épir}gg%m&ﬁc& gubnBtarees are
such t h@RPIGlec @p deifgf metangalanire shaph, ith@ilEbe @i | hel ow a

sel ect e&nt&ﬂ&f%;g d | evcil L ?lé@wi || be insuffti é#azr%%ggéeig‘gyeg‘?‘@lvi%at ed at
the surgeon s ihprefEmPedp follpwihe silbonatiernfthe fidrew bi vthbnprire phRSf

i npl enethe body idfa gitRet ' . will be recognized by those
skilled.in tsﬁe artﬁ it ??Jﬁg% B%é‘é@%:@ﬁ% EPWSP@gtHIEémP@}F% atgheri c

cont actel¢stiode ds conigured so diiat avhpmtheeskéctevdd it hised: eqhereof for

t he _elﬁpﬁlgggﬁ‘aéeooﬁﬁrfgém gsgn a!g:@/ _accor_éi ng t'ﬁie%grréefg%i%hgg edseélﬁli%tion,
for al ‘t‘rllo'ugh capam?’i[J et %&‘H Y@P@’b(@s@mﬁé&@h‘bﬂ inipedatics thatwenhks ween a
pat i entélstiodel ynd itk ddirent & -0ahe )1 i | intraduced jf sonething such as
a surgical .gown sep%r a’?e_s ﬁﬁédrln 'J‘C’W“J"c‘%%tg%lf?&r‘e@ TELY 18 Relecamcentratesti f v

rat her %’%&%F%g@ _ dprisgt threkinmefttionatient deatyi focafordth #3 eleﬁ&_ic%ﬁeﬁﬂﬁ)%ht those
Skill edudrd thif 5B togrebd" (8% Goidifi, "l BY e chamctodsticn of the ki oo

. e 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
lmn 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,
capacitive reactance will modify rather than destroy the impedance identified as z,

such

. - - 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 impedance is a function
both of capacitance and the frequency of the alternating current eiechiCal signal presented

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




" a level to cause patient

as those used in electrosurgery) the capacitive reactance of an inpedance
is a function both of capacitance and the frequency of the alternating
current electrical signal presented to the reactance. Thusig fuezdosr mul a
for capacitive reactance (in ohns) is 18 July 2005 15 Xc =1 2, TfC (2)
where Xc is capacitive reactance in ohns1f7r) is 3.14159, f is frequency in
hertz, and Cis capacitance in farads. The formula for capacitance in a
paral l el plate capacitor is: C _ xsOAt (3) where Cis capacitance in
Farads, xis the dielectric constant of the ngterial |ying between the
effective plates of the capacitor, A X¢ the—area of the snal | est one of the
effective plates of the capacitor in squangﬁﬁ%brs t is separation of the
surfaces of the effective plates in meters, and so is the permttivity of
air in Farads/neter. Thus, it will {8 seen that to neet maxinum

per m ssi bl evwherses atodpoitiv lgBimi Fii3 I ode
circuit capacitance |§ sllﬂbezlt%gﬁtalrwgﬁﬁ di @f@g?ﬁ?% g‘rﬁéz}lgg\mob&g%’égﬁgo

may be reun%Ié‘Blt%@ﬁ éhfarads. upon the frequency of the eI ectrical generator
source, the sep the of t ient fromthe el ectrode, and
the nmaterial Iyr%%g% \%aoffﬁrcatq%‘él B’cat?ftfgfeégﬁ’&ﬁacﬂa@@rr‘%gr on of the

el ectrode and the adj acent body surface. Agcordr ngly, although the
principles of the invention are appl (ta o a wi de range of frequencies
of el ectrosurgical energy, -the consideratifons set forth herein for m ninmum
sizes of return el ectrodes specifi ca@y contenpl ate frequencies typically -
enpl oyed in conventional electrosurgfcal energy generators Those skilled
~in the art whew Chatcapiditaicd e Fardds eRtik ¥ ﬁ&&l

- el ectrodes,_ reducing the effective siraze oéfvl%ﬁﬂ rode j{ﬁlte fla][ rl?'rlﬁ%
‘square-inc hegswegn the eifective plates Qﬂw‘éel?ﬁpmtor,ehus ftlheomea@f ahd emellles!\mé @fithe Wi | |

| npede the %cge@gla%sa&rt% Gég%@o I[ﬁigrfor m s gégﬂoagﬂl%ggéze@%rﬁg;fgﬁgg Ir{gent to

et
-

the el ect r osffectivoplapstih emdtérs, &Ky .is thel tﬂw%} S£hiF H'Para @g{egrle 'Tﬂué Gt bAtE

|nvent|on her eof , woul d need a mni mum ef ective area o
be seen that to meet maximum permissible temperature rise crttena in an embodiment in

Whl(.‘-h electrode circuit capacltance is substantial, different minimum stzes of electrodes

. may be required depending upon the frequency of the electrical generator source, the

separatlon of the body of the patient from the electrode, and the material lying between

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

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

ﬁ'equencws of electrosurglc_al energy, the considerations set forth herein for minimum

sizes of return electrodes epeciﬁcally contemplate frequencies typically employed in
conventional electrosurgical energy generators. :

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

- electrodes, reducmg the effectlve size of the electrode to about three square inches will

ot reduce the RF current ﬂow toa level where it will impede the surgeon's ability to

.perform surgery nor concentrate current to a level to cause patient frauma. However, to
provide for some spacmg of the electrode ﬁom patzent's body, a returnelectrode
_ accordmg to the invention hereof would need a mlmmum effective area of between

| '_ about 7 and about 11 square inches (about 45 em® to about 70 cm ) with a relatively small
 sepatation ﬁ-om_the skin of the patient such as that provided by a surgical gown or no




about 7 and about 11 square inches (about 45 cn{err) to about 70 cnR) with
arelatively small separation fromthe skin of the patient such as that
provided by a surgical gown -or no 18 July 2005 16 interpoggngygens at all.
Such an effective area is easy to obtain if the patient is positioned on
an electrode that is the size of theilg upper torso or |arger. The
characteristics of the desired dielectric for the present enbodi nent are
sufficiently conparable to those of selected rubbers, plastics and ot her
rel at ed BePRFINGI gowWn Fhellt hSutlnnn exffective lageas it baf oot Sbthinyif QP! vest AS

mat er i al.Saf: t r | ect.r ode. . mentioned above, with such a return
el ectrohg?{lﬁedt }npeg%c:éfgrﬁl?ﬁ}ag SHET IRBF tPHsA0r Heger. enough of the return
el ectrode i sThe dHageerigiexofithy h@;eRakk to i as |.ow

defirsd et Tor i DS crbbodiBgnie. ¢ ne

| npedance,..as needed, the results woul curre
el ect r oSHffigicatly comppablstto thossiaf delocted eulolees) plasties bl elherldteDmiaterdist T 1 cul t

for the e f QL. ery, Thus, in_.th resent enbodi nent,
not wi t hg?g%i %ge‘f ﬁ]tazﬁ%o%hﬁa%%ﬁg?e ﬁ?ﬁe&]_ﬁﬁcﬁ‘?aﬁg&&%&rgﬁﬁé@%ﬁé@@épﬁ@sent ed
by a sumghticiedgbame, witle stichod wias c16baoas, pesk ﬁéq‘él Fis")ﬁds_qoﬁ%@gﬁé&%ﬁ ‘i‘ﬁl occur.

%-mntionega?gﬁve, Figure 5 is a front” vie ustta chair
50 wi t h®MO4g; ¢ refuty %P%féﬂderlétlu rolpse| prexindtjetds theamtiontion@sile it e ibwvent i on
di sposeghaatds t thereof._ Accordingly, when a
vat) ont - anaics as HeBded, %%?eélﬁﬁﬁ?&ﬂékg%%ﬁﬁ? SERt 50w Siorpdbe slastrostfzieale t hi ghs
over | i egepetttarreould ufdducicete hViewel @Simy WX HMidat 2R thb S b6 46 'i_l;e&]: trode so
t hat cosgl?éé ng ﬁ.gere. bg‘t ween presents an inpedance neet| ﬁg he oregoi ng
criteria, fremelt Ut o {0 REPsgiteembodimpent, mundwithsandieg \isterpositioanst kdige pat i ent
I's  sufdddaionnt éapaki ‘ .ggon to performthe_procedure while
provi di ng t hat %gulﬁﬂg%?e pg‘léére\geié’?;twﬁas&g%? i%qvgh[ﬂ%fep Sa“’?acrfh?gtabPY%Wii ci ent

el ect r i @aINRE{O0gous. s devel oped -across the return inpedance to heat the

skin of the &sa%kige.t %'t an%/&;.oca ion in the electrical return path by nore

than six dedre m?%‘}e @BPYY fdawe5 i p drost mewsilispatingeswgicarnbainso with

el ect r calelent®shrofcl Wtimedi8&idde ' the invention, It will be

- observed t hat tr% upper exposdeg? %?%%quwpﬁ%éﬂ@f”qdh@ the) WPeF ode

o bt Ao eaan £ it e mre bAnC S Nt o bt g elaNce
u [ . .cov | Su

an opera%tt |bnkgS a'ﬁ%l a%g’%)%ﬁga?ﬁ? c Sroé’e’gjéaﬁnﬁﬁ‘? mepdliciently elesetpaoxionitydbitee pat i ent

chai r, returthakectreds sb ahiad coutivng therd Sitsed | S| s to provide a

greater, surface area than thag of the e%ygj%egc eoé&agggecde C8 H’@Q ks or

torso JPFeECIRG Critnia; sigmelyathatrthe elestricahimpedanee petsvebh dand the patient is

| sufficiently low to allow the surgeon to perform the procedure while providing that
current density is sufficiently low and that insufficient electrical enéfgy is developed
across the return impedance to heat the skin of the patient at any location in the electrical

- teturn path by more than six degrees (6°) Celsius, o | |

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

a’elcctrode again is expansive so as to meet the foregoing criteria for low impedance.

) iAithbugh'it is not necessary that the electrode cover the eﬁtire surface of an operating

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

‘ad\r‘antageou‘s in some instances to provider. a greater surface area than thé.t of the

: 'projected area of the buttocks or torso of a patient so that if aj:atient ﬁaoves position

during the course of ‘a procedure, a sufficient portion of the pétient will remain in

-?e'gi'Stration with the electrode surface so that the effective im;jcdénce Wﬂl. remain less
than the above-described level.




during the course of 'a procedure, a sufficient portion of the patient wll
remain in -registration with the electrode surface so that the effective

i npedance will remain | ess than the above-described | evel .1818iyJgog 2005
17 At this juncture, it may be hel pful to enphasize characteristics of the
i nproved el ectrode according to the invepntion hereof that are deened
particularly relevant to an wunderstanding of the inventive character
thereof. First, as nmentioned above, the electrode does not need to be in

direct contact wiAththis joattienit,ma bé&elpdilrteGnphadive bﬁﬁr&ﬂﬂ&i‘shb@b?ﬂl\éei?ﬂsﬂ}gved
conductive 0 I n addi tion, because of its ex lve

du I
‘size, there ?: Oncgﬁr’lfé’é@“é \é‘?e tbfealinge Vetiamghsreed ik aterdsgmed @alfﬁctﬂaplﬁys‘% st to an
contours of yAdR8fah&nk of 2 %@nﬁv&&%’&ﬁéﬂtﬁ of tF S?a% 5’?‘?“@8‘?‘? 53,%9%; aL1odhSdeouon

with selected materials and geonetries
sel f-1imitidgepnotmesedkebe matirof contack svifhen. paﬁ’ent?‘eﬁhbrl diredtly 6! ®€dugRdRteAfenfiizRl |

bout 45 t t k
Sur face. ar o SORgueBY Bt Bohdiodidive B aﬁbéﬁc@ 590 PP E RS @%@%ﬁé?@} atssisaoes
f th [ | | h
of the el ectue@difor taiRFinizRhd él@ctfoﬁ@@@ﬁt sgia‘j? @gﬁgﬁﬂtoﬁ Loy ﬁ:g C? %%%%&gle CcNes

(or about 70 to 9, 680 square centimeter ver al
times | argehay beesifound yhat &tthquehsmtlasslmtctbmamharmm geunietriee,rtgesélf—cbﬂemrgkl ng

it achnent - nd BARLBEGH BHARECREBR: Soul 1R RERed B eh electoad W el s gbo, | s
el i ni nat ed. sden sziuaret iotles dacaborlt NG b@a&é‘%ehﬁhi@t@fsb% W&k fsurPa% AJJF shrat ed
in Fi gure 6?@% é-ﬂlgga e of conductive plastic, rubber, or other eXi bI e

mat eri al egpesad Pwertwk@lgé@rfﬂ@ﬁj@emf therelestrbde lics iarthefrdrget i ve

dc resistan wor ki ng . surface_to be
great er thaﬁﬁggou%y gg tgg S@g%&f%%%%{hg?f Eéf@ogﬁggﬂuaﬁ%g@m% g}j B¥ be.
particul arl mahmgrth@eheoteodmemralaﬂmsd&géheypxaﬁl@ b E%dt@h@rdeﬂ§f Mxﬁéﬂmﬂ% léxgéﬁ' ly
washabl e andvsvtglllz ble. Alternatively, the main body o he retu

el ectrode OB AR A RERYIPYS P@Pﬁf’tallﬁ/ drgynag der direst Bhﬁmbaﬂ:aoémebt, e
meter ial al bifep isb@yPoANG Shn $i phtRal bﬁh&&%&?&téﬂr{]ﬁ%{@f preferred

exanple of the latter is that of silicone I n which there
are i npregnat ed €baélgetrodeccedrting $o ﬂumherﬁmndmr&m@rasﬁllmﬁtedqﬁ Figure hing} bk her e

cron S ack SR B sl e ety Shaskomioed
fo Flgure o feveale (oo memasul STt s ks BRUEEN By el il JSRHELRE. s
- attached t o0 Werkitggurfagedo ha grestep than atoub $08h Qe nSilioom orcbugl subber hdseicgan t O
__ the found to be particularly attractive materials as they are flexible, as well as readily
washable and sterilizable, Alternatively, the main body of the return electrode may be
made of inherently relatively high resistance flexible material altered to provide the
requisite conductivity. A preferred example of the latter is that of 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




el ectrosurgi cal radio frequency energy source (not shown). Connector 54 is
anot her structure capable of performng the function of connecting neans
for making electrical connection to the sheet. Connector 34 juf Znoky
illustrative of one possible structure for 18 July 2005 18 perform ng the
desired function; it being appreciateggby one skilled in the art that
various other structures are capable of performng the required function.
As mentioned above, Figure 7 is a section taken along the lines 7-7 of

IIzl gu;gs&?ﬂz. ‘ ﬂlgfet‘ th ai]imlghc.actrode Z%&t?cwgﬁis%dﬁhﬁ&g:%%%gﬂj ctive

i gu - X | i ncl udes [ [ y uctiv

| ower st?@?ﬂﬁ%“&g’ées[%eﬁﬂ?ﬁ%h Qfgie@m&%lﬁamrﬁﬁwredoﬁm@tmm ent outwardly to
termnal 54. kB noh§ o ]l ess. of the glectrode _lies in
a range from about ﬁ%tgaﬁ‘%hﬁltggﬁrlw%%b?ﬁgpe%%éoggtai@go%egwst 2'780%%3%6 whi ch;

‘Wi t h t hBigateo¥ shews ianrelebtrodedé sifilampeslastesicoio bhBigiedsp A0dY e@bepiabgr i al

- and th_ed&g a? t4i V.e reach&r‘l g.of the upper dielectric |layer, provides the
require |‘I§¥? S8dielpdeas ﬁ}ghiyhco_ Betivedgwen 146¢ fte Kictitate cpnduntionase of
- use and éfdilehnSutwhtdiF §teBnindl §. SBE e YefSidh kal h f Eigure 7, but

presenting .aerrul tiglgyl ayer e o%lcarlrfgﬁ’tl ' TTust ’a{thloen c?h%sgggggrej?q%&qe

pr esent €éFSGY agrapga remtaboutybaR invhcorld ingh t(abdub 0.08i iy &1 60 B SWERR. wiher e, in

Fi : | 6 i m , | 46 of Fi 7 d
over Ty AE ey SHEN e S o BReh bl e bR S e and Eoomnebicg

di el ect riesctadcayfr the aippait HRR , ' [ linen, a
protectiye, sci‘&;ave gr pgh.e_at %ﬁgﬁi‘%ﬁgy@dﬂ%?fﬁg{? netﬁﬁgflpg%%n?glt?é)egﬂ%u be

understd}ééﬂ? ysjcal Berdbilitofor ceseaf vspvndrhantdliom  sinmilar to that of the

el ectrode of Kjqures 6-7....a conductj ve er 47a of Figure 8 could

conprise a shﬂgg%é osfﬁsag F’%%lﬁn@fm’g%ﬁﬂ ,mﬁro(fls@?g’“‘ﬁlarh“ﬁ BpsentigFomultiple Jaser

ni ckel , eiedimergtillustting thets tichOpedéntd Lye fluids,

gel s, saline, nd1 %he Ilgkg. @?ﬁ k?gr r ef Eedrd\elﬁ}égaéaggﬁbﬁi %%H@Or&%ig at l;dl‘ig'sljnot her

di el ect'ﬂP\ieDinBS}gleeﬂ b Therpeini Figure Beare shoovn 8 layend6es (sithildraty dayed 86 of Figiwee 9 i s

a perspegty Vi LW cave h0.adapted, for encasing, any one of the

enbodi rreeﬁtdgg(;eafn ?%garﬁigsé%&b%%hc& ?,‘cnbvreg@y%"i %i]rquesmgpﬂhmwﬁm(gﬁlwﬂ%ncasi ng

the 1 orlegs) mpstietsisurgiehiegivinds opbraoRshoRheRAGOS Brotsithbisleell Bf SRLIN S

envel opes in situations in_which it 1s desired’to elimnate the need for

- cl eani n&nﬁf’é’% noderept.s dt shoyld hegimderstong thet in addition b anmbemstiuotion hr ough

Use, Can il 5 FRT AL PR BT 6T, e bl g A7 AL Fighee Segotiy dent
to t hoseowiribe @shdehor sveeemrdf gokd, biasy alinEiau®, E6HpeR sV MBkel, &1 BsdaLe any of
Bt yar ol BondiRAVE carlBh, Yohdichve B, gols, Ve s s ke, Punter soforonne oo
- 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 illustrative purposes is electrode 41 of Figure 6. |




Figure 10 is a viewillustrating one of the enbodi nents of Figures 6-8
encased wthin the sleeve of Figure .9. There, it will be seen, is outer
surface 50a of sleeve 50; and shown encased wthin sleeve 132005
illustrative purposes is electrode 41 of Figure 6. 18 July 2005 19 TOTAL
ELECTRODE GROUND PAD | MPEDANCE AND SELF1®1 M TI NG FEATURE Figure 11 depicts
an electrosurglcal el ectrode 60 consisting of a conductlve metal  backing
61 and a sem -insulating |ayer 62 The e . | specifically,
sem -insul ating | ayer EOTALELECIROBDE GRO, LY gratett ng | ayer 63
which represents .a patient t%m@LﬂTm@ﬁEATWRE”Q feature of

el ectrosurgi cal return el ect ent densities below a
threshol d | evel ) Fiurs b dejiets o eldotzosvogicdl elevreda6id consfsting| afatconditstige metal

whet her ch e arises from Iat a 2 a

conbi nat ;Slcj)n b@\ﬁlil‘{‘rqr‘)g ggrﬁ?ﬁc&l ﬁ!?/"al'ﬁs?é’tﬂﬁﬁmﬂ)i?é’ﬁlf ﬁ%‘ I r}g?c{e %(ﬁ(ﬁfgt ﬁnﬂllg ﬁ%gclglp alg{{;
Fur t her mor e rﬁfﬂﬁuﬁa&ﬁ Flay éﬂ@e@@ﬁp&n%t/w&h Iaﬁ@th&réandhaeag@ymo@smeﬁ rqimsems
i nductive, / or capaci t i vé ]ggonent s of conductive netal backl n

sen - i nsul agi paglentaylmrewgnan’ﬂh@rse miting ifengure | ofy electsasuriival clehiy elegho Wch
el udes, @ SaBie AR SRRV LA R 182 0 BB el of
surface and elew@ddoe@ | whdtherach émpadiateains font eahbimulatify Iayer ﬁarawnleeor ini t h
a capacitor (C For ease of explanation, we wll etc,arr711é '5 gpgﬁsmtlve
r equi r ement sowPbingtien Wit sendustive getal bpeking ¢4 andier Gondue e Frre,
scenari o wh ! e 0 '”aﬁél/bﬁba f{ved
Capaci tor s 1Bt EpefBe M) Bl AECEe rius FERGEED U WA bE bapcltve
self-limti r@gmp@netnlmeoﬂaamdhwvteeﬁd:tsltbmlemgaﬁesenmnsulaﬂmghger62 atz!éortdoadmimlgya S
for any inpedances, whether such inpedances result fromresistive,
capaci tive, %ﬁﬂ dr inductive conponents. As such, the resultant total
pedance edul v Al kol Wich GRSk sh{kxé)ﬁér@ﬂ Afegelﬂalﬁgmaﬁmna@mmm

a bulk res1st1v1ty p and thickness . An area A placed bewveen a conductwe 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

W el s

_ _ JjoC ) _

Lt = R"Xc _ (_R)+ 1 1+ _](UCR
joC )




(4) 18 July 2005 20 where j is an inaginary conponent of reactance, and co
I's the angul ar frequency and is defined as (err)=2(err)f where f is the

el ectrosurgical generator frequency. The nmagnitude of the jigmpedawse is
lZwl = 2 RF+ +CIC2R2 = ~vZC2R2 (5) Substituting the dependence of R and
C on the area A thickness t, bulk reggitlwty p, and the dielectric
constant of the material x deflned by A (6) and CGK~QA t (7)
where permttivity constant s = 8.85x10'12 F/m the magnitude of the total
i npedancwhére jds we habiyingi d o&énﬂi&‘&e 2 %%f? +H.0) t.J J CA
(8) J Accaording ta theﬁzlAl\(/Jlﬂibstandar d&tfﬁ{ﬁg’?lgél edance 8?1&%4%”2‘“

electro pd aF si2et wihstref Issﬂhomedtromrgleaisgehhmtr)rﬁeqﬁ@ﬁd ) THORE

Ioperatl rﬂeﬁﬁﬁ%&ﬁéezgs It is preferred, therefore, that 18 July 2005 21 A

< 7552
s R 1
I“”I‘ o = R EPIY
1+2*C*R Vi+w2C?R

&)

~ 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
C K&, A
t
@

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

. IZtotl =-€t— ! 1 > =ﬂ . 1 |
A 1+ (KSOA ) AV1+ao’celp?
t A
® - |
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 o '




A 1+w2xZeOP, (9) We define as Ztot 7552 (10) If (3 < 1, the el ectrode
wi Il have very | ow i npedance conpared to the AAM standard, and the
surgeon wil'l not notice any degradation in the el ectrosur gigajuycrigsi ng
power due to the electrode. If P >> 1, the electrosurgical eléectrode wll
‘have such a | arge inpedance that the surpgeon.wll no |onger be able to
performel ectrosurgery. Using (3 in the above inequality, the expression
becones an equality: 1 =75/9 A 1l+cxsp2 (1) It is preferred that
self-limting occurs when the el egt arge electrode area in
contact with the patient (Figur M~—houever it jsQal so necessary for
self-limting to occur when thedp tliqemlfdrgigyjzrmkes contact with a small
fraction of the total electrode area (Figure 11). For self-limting to
work properly, it is necessary {%r the current density (I1/A), where | is
t he total Clﬁgrﬁ%’tﬁnt rough the contact area A of the electrosurgical return
el ectrode, t'o° *Reed a critical value (5 ( =100 17mAicn2 A) " Allnca,
(12) AAM standards indicate that nornal z\l ectrosurgical currents are on
the order of 500-700 mA. If we set 1900 1A= In ax as a safe upper limt
as to what one m ght expect for an oveygugrage power surgery, then, in
order to return the current to the electrode wthout exceeding 4a/' the
contact area.Acontract(nin) for(i¥®aditional electrosurgical return

oot T oules. TR <PRYE: Boll e Wil Bly8 Siry B ol Sonpared B O KAV sndue,

: and the surgeon will not notice any degradation in the electrosurgical cutting power due

to the electrode. If B >> 1, the electrosurgical electrode will have such a large impedance
- 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:




acritical (13) It can be appreciated that In. may vary frompatient to
patient due to changes in the anount of tine that the electrode is in
contact with the patient, the electrical characteristics a8Julyeopatient's
skin (i.e., resistivity, and the like), the amount of heat being conducted
by the patient, the patient's initiahﬁﬁkin tenperature, and the like. Wth
an electrosurgical return el ectrode designed according to the prior art,
in the event that the contact area with the patient reduces bel ow t he

Aconfact(nrnf while maintaining the a maw result because
(I/A)critical > 10Ar9§/!c[g12 ) ghi.gmﬂ;wﬁwg m&shq;go clggl contrast, the
present invention |iMTt "Phe ?si bi | i 190oknA fupt caused from a reduction
of the contact area bel ow 4 ##¥ie{ min) while also preventing

el ectrosurgi procedures when the contact area is significantly reduced.
Therefore, b el ecting the appropriate inpedance of el ectrode 60, the

| | : bel | wh AcCOL ' As h, th
- ipedandboHEbS SHREIRIAMERT, il Vol Bom Piitent 20, 5R5A 0t 4 Chiges Saba he.
| arger mmioaht ofotinel $hafOfhe SERBMOMRE B Ampk aﬁitﬁnih@)%)at{eﬁtd') HaS e%?@ggpt can

flrow through the areas not directly bel ow the patient contact
Aoonr ac FRaRHgTitics gl e petipnt'sAlsir G reatstvity, Bad ZB94ike); the enbmeif hbdtamgt hr ough

th ti t L .tha | d i.f the total
of t ho o8y B pAleRf BE BAGE il Bn ettaerrire i ihe dike. oVithomve
- i npedanekecfsutgiealabred eldRodsSdebiimed Hod Ring lth e gx‘m}aatrt,%%e%hpgxlgf fygal I'y

expect if these edge effects were not present resulti'ng rn "ad Ional
current c?ﬂt%.ar%wﬁgm patiany reduines koo themidgyr 0,1 2whibe maintainiug tent, f laoow
distribution through the sem-insulating part of the el ectrode When t he
‘upper ¢ BHinaBey diest heeause KEADaL L entl 00mATumh whivhl is ethe thyam thiaeholdt Al

el ectrode surf.ace area. picted, current flows through parallel paths

As dgpi, AuS
around PPRTash, the presqnt invention, fimits Snashigilith of ebarmpdusedrreniantedudtioncnft r ent
1] ow anciendi ed 996w 43 L1e1 i 5 5204 R, ELLEL v o about 110-20

percent. In the Figure, g aque “or \ _

~heavi er theucomtadt fdeavis eipgifichly rahib&d, OThdréRR, | ¥y %@feﬁ@féj thd %Ebr%Brigt%nOt es
| esser current fl ow.

umpedance of electrode 60, the current I is. always reduced below I, when 4<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




In order for the electrode to be self limting, and is efficacious as
~defined by the AAM standard, it is preferred that Acnnu cry" ~n) have a
val ue fromabout 7 cnR to about 22 cn¥, and nore preferablig alags10 cn?
for electrosurgical currents between 100 mA and about 2,000 mA. Simlarly,
it is preferred that 0 range from about 28 to about 50, and nore
preferably have a value of about 10. Using the various values for
Acaatact(mn) and (3, it is preferable to solve Equation 1 | for the

" thi ckness t tEeby ingrsasing theosffective ehlabpwisi®s20 percgnt. dnahe Higufes thnbpagque or

Co°  acoount nFany PRAGER sBkioh [BHANE RllTor gt le ant e ity by peicned
i | lustrati vegiorbdabotes Msserdugentdhed herein, the factor of 1.2 is included

within the resistivity_.and reactance terns of the equation; however, it
may be appreci at \bﬂoﬁﬁy@ﬁég%ﬁli@#@& tobersgl Lismiting,and is wéicasiouses deéfined by the

R0 t1 onal | i Rnded, PR PR HERAC i SRS TG BP R R0 B R 22t e
‘presently ciedmnileste pedfbrablyHbbint ) &h®for e &@&oﬁ@%cﬂ%ﬁﬁ‘% %eﬁ%fe#l 8o %Q%:ﬁ% ry

of the electrode varies to account for the different edge effects.
resul ting e8RAERHIO(MAI Himiladnt it is prefeared thiatff range fiom abduerldeb abowrihiapé of

t f t] l[f-limtati ' 1. 2A( 75i | +0J2p2rc28 t= P 15
e AR ot e Skt
resi stivityi; C Ui ring %=5.. X .
el ectrode %llﬁ ilscgl‘re]gegas&%ﬁ)eéotﬁ:‘%u B#ﬁg?%}%@f%emﬂga g8 Ofﬂ’gﬁ?“yﬁf?éisnﬁ‘% to
about 4 i nches diffdrenttelebtrdsiepichlogenbRir ﬂ:&;ﬁ_gnci%, e 'ﬁ%ﬂingraefa%fd?gifyl.??@l_‘t 1

inch thick (about 2.5 cn). Above these thicknesses, the | ectrode may
become -unwi ¥cayntiar theeedga ¢ figels slesasibed sbeve: oln theeaptichlaz illustritivs embodibent

self-limti Ml I eskstivity.for an.el ectrode of such

t hi ckness i"&sigce%%)égtal e?@ﬂ}&%é" %Qgib?)ogrlﬁrz lﬁ'h%ctl'ﬁ%\ég Himpe Eﬁ]é} '%%85%taﬂF%@G§§P%n

ar e repr esethe atjiationp howser,bit ey esappréctitéd/ by a6 killed if Me £t 86t ’&Bcﬁcfgg of

(Figure 11) {ZQ be sel f-é{ imfi n?. |t may be appreciated, however, 18 July

2005 24 thht 1 HSOREEY Sepsndent for bath the resistvatand reactaiveaterms hnd meyesasr y

sel f-1imtiQgdit t ed using primati capacitive

e U A ORARORGESalnb & £ 96 'd06Sn TRt H RoRIABE W (5303
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

- 1.2A(75 )1+ @ p*c 262
P
19
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 elractro_derGO (Figure 11) to be self-limiting. It may be appreciated, however,




conbi nations of resistive, capacitive, and/or inductive conponents.
Therefore, followng 1is a discussion of the self-limting requirenents for
the bul k inpedance of electrode 60, whether such inpedancegagiysg®sfrom
resistive, capacitive, and/or inductive conponents of inpedance. The
self-l1imting behavior of the electrogyrgical electrode of the present

I nvention results fromthe existence of sufficient return inpedance to
make an el ectrode site burn inpossible when the area of contact between
the pati gt tRMMovdEhadyRChbP B recaRl t6 Bbidlthe ﬁh@é@&&?%@mlﬁniﬁﬂgﬁﬁéa%@és' y
‘reduced. _As shown above, the conbination of the nmakxi mum ' efectrosurgical
cur r ent sTasf eleoplemnmeodelst e asingt primasly egpacitiveerar fditctive ecapepanents, densi'ty

be kept ] Yi a_mninmumsafe contact .area of. 10 cn2. In
gener ol , Onftlcd o R XeBadiine oBl/BY R SrioneRS, 1BiRRet, flineie
conponenissa dieqiseion o ges detf-limitingorelsitinehe for G B&lkq{hzyedéﬂ%@ o EeRfodesd,es and
paral l el conbinations of capacitors, resistors, and even inductors,

provi dedWheiRer suglimpadance arjsep Somyrssistiee eapacisive andiordnductive componentsadi t  be
about 75; eggmgr eater when the contact area is reduced to 10 cnR. Define
the tota npedance of the circuit between the return el ectrode of the

el ect r osur gi cihe gifdamitingrbehaviot bitth aletedturgcal £ldodd bf theipriresidintatibs
esi stive, and inductive properties of the

" gener at ed &K%%he cg&aei ti Vf, i

mat eri al ©SYiRSeR e pEstRReOF Fffigisnt Iefyn imprdanerto meke an sleswedansite bume def i ne
t he "bul ., s maf oL | I | Nt _neasure
of the iﬁnedggﬁlge of ?Eem%tsgrgl&gﬂgt t?h%e%eﬁitg& P ?@%ﬁég&r‘%g% Sféééﬁggﬁgg%a%mn
(A) ( ZWhrglecttode (is 8ybstaatiellAreducede Aarshawafabbhe theicembilationdfithd makid@um

t hi ckness. .This.is analo to, the, relatjonshjp between the vol une

depe nden%ewgciﬁr@ﬁ@glﬁoéﬂ% Wmeé with therequirement thatdeg,aperahdensity

char act epd kdpt Bely 100 SnARRI SAd1dEn AR [d:?# ' 10\ds, resistivity” p
descri bed lg‘dgl)rlﬁi:er. One _man?ier to %@CI’I %&%&ea%gél{eaﬁfilﬁqﬂ i'ng requirenent is
expressed i n negegerdf this r8quWremenPRE b@SmetZavith syt Adlibe’ S0f6 elettaic Or
theref Orgomponents_ 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)
7] e R - L
1
| (16) .
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:




,71 > (75 /3)A t .(18) For the previous case (minimumbulls resistivity
specification) we used A Acontaa(n&#= 10 cnR, (about 1.55 inch2), 0=10,
and t=tn¥ | inch (about 2.5 cn), and a factor of 1.2 to acguuRt2gogr edge
effects to find that for a pure resistive electrosurgical electrode, Ir/l >
4000 S2 cm (19) Therefore, in the pureby resistive case, the bulk '

i npedance ((err)) 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 el ectri cal Jppnponent s, i ncludi ng resistive,
capacitive, and inductive conponent s],zggﬂ& . ggmbi nations thereof. As |ong
as the bulls inpedance of the el ectr rgigLal electrode is greater than
4000 (err).cm the el ectrode Wldd.]z) be self-limting, regardl ess of whether
the self-limting behavior is to a resistive, capacitive, inductive

i npedance, Ortengforgonbi nati on of these i npedances. As alternate
illustrative exanples, one mght construct a self-limting electrosurgical
el ectrode using a conductive/resistiv et(qﬁrﬁmate coated with an
insulating (dielectric) material or oﬁ@[?ﬂ'rgimnstruct a patient gown out
of dielectric material and use a metallic of resistive return el ectrode.

The total effect of these devices d be to create a resistive inpedance
in series M h,a capacitive inpedance.” For the above defined illustrative
exanpl es t hEAT HBBEVIQW Saveciuininus belkredsivity specifivatian) woased didg, ang,~10

cqpac | ve LIPTUARETS LS UR! epetance BT Lhe el el osur gl Al o
Gt ectr) o Lot ol Eeneh Ui el R o e ¥
ZOT + A janceoA (21) In| > 400022 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 oiie might construct a patiént gown out of dielectric
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 Zpy = R"“.—l”—.-‘
e




By nultiplying both sides of the equation by the area A and dividing by
the thickness t, we can derive the bul k inpedance (err): 77=P+ . Jw/ ceo
(22) The magnitude of the bulk inpedance is: (27~= p2 + (on@efily 2005 23) |f
we require 171 > (75,8 1 )(1.2A) t (24) Then AIC p2 + (weo~2 t
1.2(75,6) 1.2(75,8) (25) As such, thggedge effects reduce the bulk

i npedance of the el ectrode by about 10-20 percent, thereby causing a
correspondi ng increase in the effective area of the self-limting

el ect r odB temsatfthe mizderi) bplrresistvityn dielegticeshstahit apRs saditidkh¥ssOfheippant ed -
el ectro rg,'h'cal . .buns. Figure 14 plots At vs. bulk inpedance (err) for
vari ous ‘P& S rgical frequencies. The y axis has the mninmnumratio of
Al't in order to have self-limting behavjor as a function of the bulk

i npedance. Note that we require hbolk Enped. ways greater than 4000 n
-cm On the right hand side of the plotA alj@hAt he curves merge into one.
In this regine, the total igpedance of the circuit is domnated by the
resi stive conponent 18 July( 5 27 and is, hence, independent of

f r equendyy mahiptyieg bofh sidand tud dfatilty Bd &tk b, bIPEAATGE b The SAILRALCT bY
the capacitive conduction of current.” One requires area to I ckness
ratios vesrcagdigeve therhwleimapedanceaiout 10, 000 in order to provide sufficient
total inpedance with the |ow ohmic resistance in this region. The
resulting | owest possible bulk i r;pggl;apge,l__t_her efore, is greater than that

Joxe,
(22)
The magnitude of the bulk impedance is:

' 1
= 2 + o—
o

23)
If we require
| (5B
i » 038028
4
Then
p2+ Sl
A lﬂl =\/ (s, )’
| '_r 1.2(75 B) 1.2(75 )
(25)

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




anticipated by United States Patent No. 4,088,133, issued to Twentier; and,
consequently, the self-limting electrode according to the invention
hereof appears to be neither taught nor suggested by knownspuiy@ooart. A
product according to the invention hereof can be easily distinguished from
previous art through a sinple test of th27bul k i npedance, such as the bulk
resistivity of the insulating nmaterial, independent of el ectrode area or

el ectrode thickness. | NTERRELATI ONSHI PS OF GEOVETRI ES MATERI ALS AND POVER
SOURCES As #hisi hsnce indenradentiof fieguenty. On ﬂaaéeft hand gide, Hhe circif mnpedaﬂce is

| tri dt
Por egor ng. s tpinpfel A6k Sadablev RoRdycBh BF bl et et drefd Bicknermatos
present ill o@elva‘al Yeendirenf torabed K00 oftfer ﬁ%pﬂmid% sufﬁleﬁt estallitpddanBt Q4hrRIE
procedures utilizing capaC|t|ve

that may b or .el ectrqsurgj cal

conducti on %E“’gtr?q“rtm}c@ﬁ‘éa\*ﬁ’ﬁﬁm@el f-limting. Al though discussion is nade
‘herein with respﬁ\é:trsqlgl n LekmEL ogle ‘unctlonln under
capacitive COI’]dUCtIO?] gén%c’%%ergpb&%ﬁéﬁlﬁ? géﬁﬁ 1{(ﬂat B g glafmy
‘be provi dedﬂlﬁwmatedshYsUnw@ Statds Patenico. \Aﬂ)SSQlGBdisﬁisdQB TvRatit eid) cbﬂse@ﬁﬁl tly,

skilled in de Lcts n, el e¢t rosur gi cal el ectrodé 60

consi sting %‘F S%l?i]gﬂ ql?eatcﬁ‘i"% %ﬁ’vﬁﬁu‘&hhﬁﬁo ars e be &@#h‘f‘g tqughbr 62

of materi alngH shggekztﬁdkby Rﬁéﬁﬁ bt ¥tPA Sk BeSRding Bl HRAGH nd &J&e [ rode
r represen

is in contact_w_ th another conducting | aye %ent
t her eupon. SRR distiegnished fronp pravinns lagdhmugh arsanphttest oRtherbmhﬁraj:édahce;\nsﬁ&h a

- capaci tor | esistance Ris,rela Kk
‘resistivity p@lga% ,&g“@ Wy [‘]’ﬁit@‘&ﬁ&%@ te[r% ’I”gFPﬁ?a °ﬁ’("2‘?§;e Mpage y
2005 28 Thiectrapaithidkawse C is appr oxi rrately related to the area A,

thickness t, permttivity constant so = 8.85x10-12F/ m and the dielectric
constant of the material K KSOA t (27) The magni tude of the capacitor

i npedance s XC (vENTEHRERATIONSHIPS 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 matenal Wlﬂl bulk resistivity p, thickness ¢
~and area A, The electrode is in contact w1th another conductmg layer 63 that represents a
patient thereupon, The circuit can be modeled as 2 resmtor R in parallel with a capacitor

C (Figure 16). The resistance R is related to the bulk res1st1v1‘y p, area A, and thlckness t
by the formula

26)




(28) The ratio Y of the current flow due to the capacitive path to the
current flow due to the resistive path is cWCSCA '=1lc = A=tWKSO R Pt
(29) The ratio Y is independent of the el ectrode area and1Bhugkwness, _
dependi ng only upon K and p. For principally capacitive coupling, y >>I,
whereas for principally resistive cugent, Y <<l the boundary between the
capacitive current and the resistive current isy = 1. 1=2TCIx'"eOp (30)
We can use this, along with the value of so, to find the necessary val ues
of p_f orTheceapacitdrice eC cionafipssximatelygtelsed 16 'ths adres/ 2, UBSck9ibss!y, IREmittivity
(err)=2(err)f where f_L? the electrosurgical generator frequency: (31) For
nost i n$andent sy =rfed Bl0al E/m and tha diplestric constant of the natsrinbkei al |y avail abl e

el ectrosurgi cal generators presently have operating frequencies rangi ng
from200 kHz to 18 July 2005 29 4 M1z, qubyES and f = 4 MHz, it is
preferred that p >_ 1x105 (err).cn1foK3Fhe~*e+ectrosurgical el ectrode to
return the majority of its current through éapacitive coupling. For x =3
and f =(2ZD0 kHz, we require p >_ 3x10 (err)cm The percentage of total
“current ﬂgrived hr ough capacitive coupling is given by pct- IXClZ _ 142
(A-2 | 47hemegnitudeal the eapapitoyippedaesiB/2 | o J (60K w42 T F12 + 1. 2
(Eaxuw, ~2 +1 (32) Figure 17 illustrates the percentage (% of capacitive
coupling for various frequency e _cgnghg@gicat generators. At the extrene
(4 MHz), a mininum bul k i npedancé &f 18" wKEA

(28) _
The ratio Y of the current flow due to the capacitive péth to the current flow due to the
resistive path is
1 WOKELA
X
Y=2020C - 4 =
1 - AP
R ot
{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 principally resistive

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

1=2nfxe, p
30)
We can ﬁs; this, “alon_g thh ﬂie value of g, to find. the necessary 'v.':;llu.eslrof p for
capacitive conduction, gii/én nominal values of x and @=2nf where f is the
electrosurgical generator frequency. | ) |

| _ 1
p=—
2nfxs,

(31 ,
' ‘For most insulating materials, ¥ ranges from 3 to 5. Commercially -available

electrosurgical generators presently have operating frequencies ranging from 200 kHz to




O-cmis required for the magjority of the current to be passed through
capacitive coupling. ELECTODE W TH PRESSURE REDUCI NG CAPABI LI TI ES
Referring now to Figures 18-23, various other alternate enigdujemps of the
_present invention are depicted. The el ectrosurgical electrodes illustrated
in Figure 18-23 are self-limting to pr@pent burning of a patient during
an el ectrosurgical procedure and can include a pad that helps to reduce
the possibility. _of decubitus ulcer or pressure sore creation that may
arise durin 'B&%@ton@ﬁdﬁ%r@dcﬁF fr b uit ds . preferred rthitnipng BADF -heml Férnge
charact eri sty r e sore reducti,on properties the el ectrosurgical
el ectrodes %*e&?%%?éi %@ggcéﬁﬁéq TOVEHR B THRISHECHL Tsaurent drengh; qegaciive qopplisg. of
surgi cal pr&oeduBeand Femob Cte add ‘ ressure sores, while providing
the benefits of a self-Ii rﬁmz’tl ngeéeq%gtprégjsxt}?gﬂsgg el ectrode as described
herein. Opti onal ithe pemaentegecafitotobunrpntddrivell énbugit@pacifivé Beupbing $£gived By eNt i on
can incl.ude heating and/or cooling capabilities or characteristics that
enable the electrosurgical electrode to heat and/or cool a patient during
a surgical procedure. Such heating and/or cooling characteristics can be
-optionally conbined with th ctrosurgical 18 July,2005 30 el ectrode

~and/or the pad that limts tlke Zreation decubi tu Fcers or pressure
sores during. prol On@eﬁsu-igiiaupiase'ﬁes_g%f errfng_specificall y to
Figure 18 and 19, an el ectdosyrdi cal [@@Egrlade@azi s
El ectrosurgical el ectrodel{gb, %gﬂ dne” enbbdi' ments m{
a i

gpi 2 ed.
conductive
el ement or electrode 82 a 84. El ectrode 482,

d
ﬂgﬂm configuration,
is made of a conductive plastic, rubber or other flexibl'e€ material which,
when enpl oyed as a conductivé el enent (epkiaa)” result in an effective DC
resi stance presented by each gq are”’&e%tgﬁﬂa%?r of the working surface of
el ectrosurgical el ectrodetoaq_(t e bBur h isin contact with or in
close proximty to the patientg x4, be greater than about 8000 ohns or
alternatively provide a bulk Yfpedance of greater than 4000 Sam Vari ous
materi al s ~{ARBy be appropriate to give the required inpedance. For exanple,
- silicone or butyl rubber .have been found to be particularly attractive
materials for electrode 82 as they are flexible, as well as readily

washabl e, dishRfEcs 3 d sterili le. Alternatiyvely, in,  another

enbodi ment qjl%'%” Eﬁffg@gﬁﬁ? rar{a‘l’yp%ée e@ﬁ}b °§ﬁal?aﬁﬁ’é’Fé%?PP9ng dory raniausyfragugney

resi-st ance didequéRbiea] e neMide the requisite conductivity.

‘One exanpl ee gf _?%galr%%lt&rg{r&%'sg% H%[S%F&gi Fil\g%‘lﬁ)ga Pﬂ'ﬂa&‘ii%?dam i &h

there are i@pmegrequﬁreﬂfmﬂnhmﬁjbﬂ@/oﬁm@a&&ntﬁ%ﬁ&d%&gﬂc%@% O L es
S .

of gold, silver, nickel, copper, steel, iron, stainle

' EL_ECTODE WITH PRESSURE REDUCING CAPABILIT[ES
| Referring now to Figures 18-23, various other alternate embodiments of the
. Present invention are depicted. The electrosurgical electrodes illustrated in Figure 18-23

| are self-limiting to prevent burning of a patient during an electrosurgical procedure and
can include a pad that helps to reduce the possibility of decubitus ulcer or pressure sore

' '.c'réaﬁon that may arise during prolonged surgical prdcedui‘e‘s. By combining self-limiting
characteristics and pressure sore reduction properties the electrosurgical electrodes of the

* present invention protect patients duﬁn'g all types of surgical proce&ure from the creation
of pressure sores, while providing the benefits of a'self-limiting electrosurgical electrode
ﬁs'.&eScﬁbed herein, Optionally, the electrosurgical electrodes -of the present invention
‘can include heating and/or cooling capabilifies or characteristics that enable the.

V,é_lech‘dsurgical electrode to heat and/or cool a patient during & surgical procedure. Such
‘heating and/or cooling characteristics can be optionally combined with the electrosurgical




steel, brass, alum num or other conductors. In yet another alternate
configuration, electrode 82 may be fabricated froma material that is
substantially transparent to one or nore wavel engths of el et gnEgmetic
radi ation, such as but not limted to, mcrowave radiation, infra-red (IR
radiation, ultraviolet (UV) radiatiodd X-ray radiation, radio frequency
(RF), and the like. This, allows electrode 82 and el ectrosurgical

el ectrode 80, when the other conponents ,o: eA ect,roslltdr%iécal el ectrode 80
ar e transheetredet anddorothe pad thet @%v‘@? Srrgting of decubitus RiGTA OF AFFEUE PSR i on,

to be maiyntal i | erformance of certain nedical procedures
usi ng pagﬁ'@jﬁggon\%g%g‘b@%%ﬁgeo eS ectromagnetic radiation. It nmay be
“appreci at ed bRefenéng kspédifiehliyntd Figuee 18 tandt 1% @ tlecdesuggicalegiedivode 8faks ou

ot her configurations so Jong. as el ectrode 82 |s,.capabl f perfaorm.ng the
funct i ondemipied;  Flacgepireisal Heogode 0 iy s, BPedigent Juclules & porlipive

ther et hf glididn: bOEle Pand 8 pAd 8k N E1eRERO 40BN ne QluBphies, B2nddecdfudes a

thin highl'y conductive Tower stratumthat facilitate “connection of
el ect r osvomluetive gilasticy adebegOott othen Rdxible rweigrigh odiich, awhen fanelexedc§s éner g

source (not,shown). In another.alte te odi nent. e 82

~ conf i gur &enducHye f%mﬂ?g;}”‘gloﬁﬁﬁt ﬁ%@?%ﬁeeﬁ &bavt%l?tgg%ef P{?S%{‘Eﬁ;ﬁg%g‘?h ﬁ]dag% il

- yet anot RefirkBogH MRNYorkinR! A1 UL eB2irosieditl @lectdde GOl (e shirfabe dlar icin ayer
that substantially surrounds an interior-conducting |layer, simlar to the

el ect r oswonfactavitlebein closeprozinily fothe patient) tube greates thanrabeyt 34K ehmHori gur e
18, att d to.electrode &2.i d 84, h i-N~ Fi 4" h
an’ upper ARt Bt dulo HereBite deereRRr Ao Nl P oV ohd AR TEe,

92t her-eggy%g@ ;foglgla@to%wefﬁe Seifted fmp@Rhied ‘P’&@}é&:ﬁpl@,esiﬁé@@%@ bfagafamer t he

surface of "a t (thereby acting as the working surface o
el ect roshays batn dhext tobe pBGNlatyhattactiw\erateials fyeclggrods 8 madherdre o

el ectrode, 8 In this nmanper ad 84. s nLts d.gdi [ es . i ght
 2nd_ downerire. gPoudl 3 TG wafiEbls iRt vt bl AEBRGN 1612
entire pafqihe regcfﬂé e cRREBIDIT InbyOhe RARES UF CarS lkeréitya télatvely- el
surface 838 may be alternatively adapted to rest upon either the patient or

B a st ruct uesistae flexitiié tateriabalered toprovide thestenmigite sendictivitaiOnperamnlagi t abl e,
hai r, the.l Lke. .Si.m | arl . f 6 f t
connect " tiF HEE s b os Stitend Finker mARBR! 5 Whieh 1l BipREafief fottkte L0,

94. Mat etfjiRls, SchisQuHIADIRR q8htitied Sfedld, afvet; fickeldusypes stoh irn] staintest Cs.

More specifically, since a defined volune of nmaterial 94 is retained
©wi t hin i rstesh, ibeass,calamisarm, op othgheandyetorsndi vi dual rests upon pad 84,

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




material 94 distributes the dowmmward force of the patient throughout

mat eri-al 94, thereby decreasing the point forces applied to those parts of
the patients anatonmy where bony prominences are |ocated. |4 fufy Zpoganner,
pad 84 reduces the pressure exerted upon the patient and thereby limts
the generation of pressure sores. Optioddlly, instead of only ‘material 94
provi ding the pressure reducing characteristics, a conbination of materi al
94, the material form ng pad 84, and/or the materials form'ggg el ectrode 82

can provi denltiple Ipyesssefieandpetgrse i Incstillvet arqther embadiment, elpeirqsle S2dpeludes an

~invention. o g1 | ) oS er 'g%{ﬁt' ) s d1B | al
94 may act -@g&éﬁ eq‘!c:#[g? La&g ﬁh%{ aftea?a@g%“é—%&cngg]@hg{ t%%ﬁ?%’%? gtlﬁﬁ?’osvlvsﬂ?ﬁ{roough
pad 84. Al tik¢ etagtiosetgical eletiesdesdescdibedpievicakle. t he form of a conducti ng
material to aid with the transm ssjon of

Addi tional |y, neteseTiag as@nrﬁafiswv%é‘ﬁachﬁﬁﬁg :?Eq%%rﬁﬁé gg;ig&?% %Z-ggir%ﬁh‘-ﬁ%ﬁ on

of heat durfnga9. Gheed LASH BheRlalAARUANS 10Ar Shil SRATaPRANE an Mblior

‘requires tha ng an el ectrosurgi cal procedure the tenperature rise of
t he pati entchambers 821 dheblmdiveen. r dfpyien stificev8 ix comfigurad tCbe splared (G@jnst Tiee

t hermal mass provided.b terial, 94 Aassists wth t di stributipn of heat
thr oughout. SPHBcensH f oAt (RetRPycAtting s S5 HoTing ortir ol pistRsurageal ofefiudde
conbi nat i orgoWiiile BGeSfirfuct B84 édiﬂe&&ﬁfoaefléc%fohé ﬁiz% s ﬁh@:ﬁér!ﬁh&lm%ﬁﬁértsw

. July 2005 37 electrode 80, the potential for hot spots that may burn the

pati ent. Comdelistabutey thet Weight abd tdommavard) Sadest of a rmatienti pasitredapop @ad Fdm

mul tiple f upction uripng a | ect rogurgi cak... proocedure. In_genera

mter | al odmugiin ghe Y, BB, FRRE B BirsRang I RESES e e, clowe

- conbi nat i ongrihegPRhy 46 BRAHLMEIP AR t @S GpdiPeitiRd Ued fifienibral feithirdupaind/ or
conducting properties needed for electrosurgical electrode 80. For

exanpl e, i rwhieke thel patient istresting, englbel arcaperating tebleak dhair; er the likeastiswerlyc gel

having a | u t I I S e n addition to

sor bet hane?l\gygrr{ug%%%‘iWg(f%gF%%ﬁ%%ﬁ%ccogeq%%ﬁ%gﬁt}ggé?such as but not
limted to thosdillipgieericinchanibbeoper pite4 8heateddliof. MaterisltHanedidesspad Blones,
hydrophilic el astonmers_or. hydrogel s, vinyls, vinyl alcohols, or ofher _
similar matWth ressun gedycing gharagersios. Adypie mssificplly. nsincer o Aefived valpmearl t he
form of wat Syl : SRS ' js ' e

i ke. One szﬁétﬁl%?‘lilﬁ? e ar my%ﬁ%?@é@a"k ghfﬁgﬁp%ﬂ%@%%?%gﬁpgggq%?ﬁbr
confi-gur at imateriaifo4 distribités thealovmmardforéeonfithe patiaie throeghohitimaterial94, Beareby
O heaimauty Gehich Fovesoarobes 1o Mme balts b e pischS! iatrty whbkShery

FS2PP
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

t o aboutelettriode 865 thel potbraiap F&f Botaddos A tnaRashm Y f

bet ween agout 0.5 topabou,t 3 inches. It iag rmr?fep?e leﬁ‘?a%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 enbodirgendal, patbrBloAnthy taltecthe dbrmPéf @ie&:rizﬁbiels@ﬁ&svﬁqmaﬁ%a@eér B an

alternate bconfi ration pad 84 and/or material 94 may be conductfve and

aid in CHR B@QQ%% egof deprnding on Hreoigpsuee edpeing edielectsis, kudior asndubiing ot al

i mpedan figl ' l.ent 8QnispWthin,the |imts defined

her ei n, %?oﬁeé ; egiéﬁégafﬂgrggeggsr?? ?r@t éelrgag?det g% \?D?Ik‘?wpé?jrlfla%‘? Lsalveyr eat er

t han 806@boinsentr mbterikl H4niresin elastopreiot g0 Having £ QAP dSAMetérBvALhAUSs

-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
of elec roﬁt%rcig’i cal el ectyode 80 a?nd t he (fﬁzgﬁre agglaﬁéeq %@rp?agééelgi Hétscri bed
herei n MPERFCOMIHEPS Bwternbr Cansequensty, phd 8itlastaywhale jpam phavdde the ressaee

mul ti pl gadeibbe tePdiRgSUre sore pads and el ectrosurgical return
el ectrodes. éd iﬁjt&lggnatfc?' the el ectrosurgical electrode may be used

nul tiple tinEbe padidd sy b fatirieniell i etk Wariosd RRRARIsGhat\BE RaRiTe ofBing
d' _S' nf ec%aa:ll%ld,e 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




I n anot her configuration of the, present invention, electrosurgical

el ectrode 80 nmay be wused with other pressure sore devices, even though
such ot her pressure sore devices have a nunber of di sadvaﬁsaugggoag
descri bed previously. CGenerally, the configuration of el ectrosurgical
electrode 80 allows a clinician to eith# place a patient on or beneath
el ectrosurgical electrode 80. The weight of electrosurgical electrode 80
mai ntai ns el ectrosurgical e|ectrode 80 in place during a surgical
procedur e. BEQEIICONE 9F Mase Fsistpe.dadystize audlor ¢anacitive inducéanse vemponeants to the

di sadvant agggk i ?%Hé'd%' Ci. [: rEQJ " [ Lectrosurgi cal. el.ectrode 80
with other preIgL ure E’orgpgggi ces%ﬁ%ﬁﬁgﬁég?ﬂogﬁ‘%?déa é?g%l?—h én%owﬁge

p: acted upori?mh}ldh@rb?mﬁe&wﬁ]gm}gﬁfcta@ﬁa.gonbi ned prgssgrfe_ soglet Ead gnd

el ectrosurgica ect.r ode u ance may be define er eby
elimnating the ISHE’Q’ i qppfﬁ'glagﬁ% %%H?;Siﬁgﬁgfm ﬁl‘%@'&ﬂ% vgipus gfhst eorgiguragiond pf

el ectrode wiedtrostigidal %ibc&b&@tSboé‘dr&igE@iblé{l efd Qgﬁéﬁlé,R§?HB6tﬂ€rdc \g&]{agfo ?[yure-

pressure sore devi g:es w t h unknown | "peaances. erring no
20, an al t edleritosurgingheleeftadst80anayobe builtdiite enropeatigi; caim tableataliedatit€l) the

depi cted. Tf Larity, of t f eat,ur.e reviousl I.scussed with respect
" to the ot he&%g%gp 8lilutf§%ec° hﬁ?’étsﬁ?lf'ntbé"? ?Pfﬁ%t?%é’?grl?%éﬁeqﬁgﬁeeﬁoﬁ mdeefiompl y
to el ect r osuapghilitids andlselFtlingt bilfdes GhiRsa &b j i es a
pad 102 havi Eg an,si nt esri or ¢ gérri%elr 104 filled ﬁsﬁﬂé&ﬁ%{%%ﬁso%gﬂ%gfei n

and a cond guratipn nelectroyurgical c eleattedel $0) wieed 2005 be 3usedogor. RinttrbORgical

general ly ' t | ient, whether t atient is to
e scat cu dharaans Bl by SARE & il elalfk bEThe mREe e b 7 0 folom <
enbodi ment - creagidn of @ctresurgicaitledirodense ahbithe sihet Rldted Slefifetss dbREbeRh&kiA!
such as, but,not Iim%#] dto,. o)%ay, Ir et hane, pol get hyl ene, vinyl, or simlar
Tt eri al t HEEHCRI e nERhioxiamidiedl Tadlity toepurehashiond isiare ruiple Kifidbent pressure
Material 1 j | j ' rd.force

Agai nst ¢ e i et Hefdsliiial il A Hes AABIALE e AR MR B

el ect r osur ghayabe esed cnultiple tib®S simgte i in gtesilizabig ickahalie,orrbable, andl disikfe@aslanner

.electrosurgj.cal .el ecttode, 100, has pressure, reduci ng characteristics that
“limt the g%saélf’%ﬂf’? aet%? %ﬁ&@r&r&&%@vﬁb‘? prgigal eleckads 8omaprhessur e

sores. Opt gabdvith othidd PreaOurh shidedited bvdPinshy | ki N9
pad 102, and/or the %ateri §| S for?ﬁ ng eﬁggﬁgﬁﬁ%t@%ﬁﬁg%%i%gw%%{é@e
pressure r&cuesyof dkdvastegesias desosibed premiouglyesent i nvention. In this
 confi gurat i on, e GEi! kWA of Sedh ST ELok A6 ASHEL ST
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



between the patient, the active electrode, and the el ectrosurgical unit
(not shown) during various electrosurgical procedures. Optionally,

material 106 may have a simlar configuration and perfor migiJayl 2005
functions to material 94 and the other materials described herein

Communi cating with pad 102 and materig 106 is el ectrode 108. El ectrode 108
I ncludes a contact 110 that allows el ectrode 108, and therefore

el ectrosurgical electrode 100 to electrically couple with an

el ect r os@8giPed102 isdicoerhlip quiefiguyedetoangperaie trittea Phtient vatfukiied By k&AL 1N t
(not Sh%‘é”%atﬁ%] ectrode 108, in.this enbodinent, is disposed wthin
i nt eri o CRARD HETH 03 SUPIHE ROSitipn, op-paiRe piherpasiionaln this esbndithentepadagai nst
the bot 10is Sufhe: o s 1Rl BieRr AL i1 2, centered or free
floating jnside int eri of cﬁiggr%er Z, h%%%ﬁeg@’ﬁghg%p%gﬁp?éﬁ@%?i Prterior
chanber Pebyaredhanga golyethylenes misyl, cor sinlar imateridlothat sl f @p@ifimitasaricy
chanber - O . onbi.pation thereof. Electrode 108, in this

V&?’ﬁ‘ %n?%b"g%aé’gbegq?@ 104. As

enbodi men Ubstantial portion of interior chanber

- depicted by Mdteridl Q06 ekt ill8 ShteriBONMRMer 16 artially enter
I nterior, chanber 104 to _ el ectllpi cal l yeéémﬁ%?gnﬁ&%%%r?gﬂnﬁ% filling
i nt eri oFO¥RYASProe@aplied tste pafirat a0ke omnshe redthepaf dectrosargicb eleairddebigioant i al

di st 104 i al |y extend interi hamb
Toa. " conuits & sl pRlep e IR i Gpancli elecBonsteloHh drctmmdecighse orassue 1 any
conbi nataducing irharectbristits thi lyni2 R DosABIlE 6£4 gﬁtﬂsﬁt a%loﬁiﬁg HQ&u%%th% lédég{ﬁr ative

enbodi nent, can be a_thin sheet of conductive nmateri-al?; suc t not

i mi t edt BFeSSUELIReY, Qefianally.she pembiantiomof ingterialk 16, die matislefonaingwaty

el ect r ogg, LAGI/droh, It s \ard of .pther materials so |ong as
el ectrode 108 | smgg%g 'aglsgﬁon@lon défgﬁgndf i?@c?f’?i@gwdﬁﬁhlPeF{Fﬁs%quﬁcmgvi ng the
desi r edcharacsristics oftthe priebent fnvedonl 08, therefore, may be a conductive or

i mpr egnat ed I%sltic, rubber, or other flexible material, a netal, a

‘conposite ma $, configuration, meaterial {108 ean aefras awoadector énttansfer bimkent | n yet

anot herbewhatingRiatient Ohe Ghfi i_ conduct i.v terial ,that is

sandwi ched bet wéen t o po?@yng%?gb@gﬁggﬁﬁcﬁgsfm?SﬁI%t Egiq’”ﬂg gal -

- ret ur‘n.Veéloéét¢1@ﬁ@5wmbrpmmdms.evi0mﬁ)hmyﬁ§{a%@j N@6N eyt Pa@ gugﬁﬁ%%, _
anot herc%.lﬁ%ﬁrrﬂﬁée onf uratl,i)neé;({l an electrosurgi cal “electrode Ois

depi ct eqFREHRR; B PSrope fiuler dynetions tor matesiak9¢ ands dhes st vhathrisles pect

t o the dushttiedlesst r osurgi cal return el ectrodes described herein al so apply

to el ectrosurgical electrode 120. As depicted, therefore, el ectrosurgical

el ectrode 1Ze0mmnigaling witt padid62 eud 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 ement or electrode 122 and a baffled pad 124. Baffled pad 124, in this
enbodi nent, is configured to help reduce the possibility of decubitus
ulcers. or pressure sores being created during prolonged sur@if#l 2005
procedures. As illustrated, baffled pad 124 has a generally rectangul ar
body, al though baffled pad 124 may have3dari ous ot her configurations and
cr.oss-sectional shapes as known to one skilled in the art in light of the
teaching contained herein. The baffled pad 124, in this configuration, has
an upper sur f aceElecteodeotB; inthisiiliusiratiyerembotimensacanche a drinl sheet bbeedustivé ace -

. 128. di.st al u hface . 126, t 1.s_confiqgur o contact the, =
sur f ace upoérzllét\%v@b Eﬁt% eg%z}{u?elgqt ﬁ%lt%%%egt COIRTL h&ﬁ&gr?ob'ﬁétre’é%w {agierdal.
cart, or thAberhatiely, &Imedldsemﬁ% oRPef aSvirias flafeittchanelo St ﬁ§e

that is filled wth a nateri al 132.gT e

128 is an iheit eri.or chaane?ﬁ? 13g . X _ '

interior cHelFAbRAs 1108 1S Gensble of wendcking telcirienl \quasat,i while Aavingitbe desired
separate b 4 one. or no af.fl e

1360 136 CHAI? e YRR RS Wi oo fohanBty Ot et ofRfe ciBhrry e
- width) of  berfother dlepthlle hattrialaciretilad édrepobR6 traldhil) d Mixeee bF G QbR maxtsend

substanti al | I he | engfh r wdth) of baffled pad 124 while |eaving
an openi nganﬁég%lﬁggmhnty&i ﬁq‘q%ﬁk'/ "%‘g}o&%@% entrods 98 riscludesa sawnctive material

~comuni cat gh@ng sahdWiched Yelfden W %ﬂ&ﬁeﬁ%&r siffRbeld fe éigﬁrog%#({aieg&g%d

nove between subchanmbers 134a- 134h as a patfent rests upon
124. 18 Julejeckods deggilBdipi¢rdobishad 124, in one configuration, can be

manuf actured fr one or r sheets of material .that may be sewn, thernal
bonded, or ot heﬁggf%‘gnﬁéliowg% lébfstbﬁeﬁﬂ%ﬁer maﬁu?%ﬁt@’*it’@n(ﬂféﬁte@cﬁ'osmgmal
sl eeve- t ypeleeaoss [201s dePictddy @H&%ajoﬁ@féfltﬁéifeaﬁﬁesﬁéﬁaﬂﬂy RALHds 'tﬂ%@@' é;%”

ch a ot T1IMTed to

may be fabricated froma variety of fmaterials, s” but n

vinyl  pl ade theothss slesieswgicalyetuymeelpstiasinedespribgdkereinatt, apply tsiehdctrasurgical

mat eri al s. Yoy that the body. o affle ad 124 can be
fabricat ed epygﬁ?%%ﬁ%%@%{i&@%&o% e mw%ﬁp}egéog%@@gjgﬁe%cq BEVEs t he
body and balenensorldéatroidqn? anda baifledpad vi4.bei ng j oi ned or bonded toget her
‘or otherw se co%oagéqaq;e to create bafiled pad 124. Further, the

configuration o Padgl Ha én tosembadimenteisconfigureddo elp redenefthgpossttilitys as
known by o i o ) . sl n_.al nat.e

confi gur at :ag rdlééﬁclé)li t glrcat%p(%g ?esgﬁfre ac g Bi@é %%%ﬁ{eﬁoﬁ%i?xgiﬁ?lﬁaée? sllﬁ%caﬂ%;ocsgures.
conf i gur ed Asdllustratesk; batflad pad i 2hhaser genbralls wckagelar bedy, With6iphivagilddadany and

el ectrosur'?liﬁ(!:{a}ll electrode 120.is to rest. In another alternate )
conf i gur at P 18 ¥FFIQUSQLGEL cpRfieuraions and eropsssegtiona] sheres @8 krown to one skilled

in the art in light 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, | |

=




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

al ternate configuration, one or nore of subchanber 134a- 134nulyizmosl ong the
| ongi tudi nal length of baffled pad 124, while one or nore of subchanber
134a-134n he substantially perpendlcubﬁr to the |ongitudinal |ength of
“baffled pad 124 and comrunicate with those one or nore subchanbers
134a-134n that lie along the longitudinal Iength of baffled pad 124. In
anot her confi Baﬁfhﬂipad 1a#, iﬁen@b@%&aﬁdw%&i b nariifdchlrE4! R 0@ 4 TRofe | NCI ude

one or nopre enin throu h th ody of baffled pad 124 t hat cormunl cate
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of el eck’r%ﬁ% I’i el ectro tge 120. As referenced above, each subc
| 34a- 134 15’8 YESPY cPPl¥FtKleR®t Bplvarethangy or similer amatesialsi s ]ttomhyghe ed to

provi de fe@!a%%i thaedh ] hg upon
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conbi natthashbeiflen 186t 3at sor long a8 dherbody haf badfhiek P364- 152, ar8 BaHz0le 6%&@ erial's
formng: %},&lg“@%{% g% can OVI de the pressure reduci ng characteristics of
the pr L f vise cooppraty to crpaterhaffladnad 124r i ous

conf i gur at i orfurhangiteg cBﬁﬂgﬁrét%ﬂ Ut Habied 4o eflf§4JH1' ﬁaﬁg 2 vatibug3@s: and

conbi nati ops thereof The nmateri al ore
conf i gucaRfigHatons e keewn by @nﬁhﬁkﬂiﬂd’leﬂ thetasi; | Hos ei;eﬂq:ﬂd: biadahefl@idate | N the

ol cot  odar st A hBR e PR Pwen irbec o ey Rncortawedozonhar.

- provi des patieiti o the@irfate usbrPRhicE Be pRichf S r |t may
be understood t hat baffled pad 124IS r?ee%1 ﬁdg%ctrg%lﬁ- a%ineq?r%fbdglﬁ??% i t hin
interio r aliepEntey ccopfigurations s eaolt smim}tamberd &84p-1B4r0fis tahe indegetideht e

t d d 124 ile b
Cont 1 gus e, oﬁ%%l?“tﬂ%?%ﬂ%%g% Sy 2 ofher, SRephambosi b e drerdy
mat er i ak‘eqnﬁﬁlg)separatedﬁihﬁgm@mtmitb@ﬂng ah élodﬁﬁth%flg%?ﬂéi@ gﬁtmﬁgu%e%Fgﬁ% (ﬁxanpl e,

in one. conf I 0 erial 132 is a solid materra n one

or ror o SR cBisumbe THissba4malin siona Seoleagitacinal longih I6fcuied pidi1gd, 025, or

-9ﬁi2552@%%3”%%%%@%@%%0@ LB e bt Becen,

i nvent i longithdinelr leagthl o8 Dafifed Ipad a124 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, baffied 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 matetial 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, 11qu1ds,




I nsul ati ve or conductive material depending on the configuration of

el ectrode 122. Therefore, material 132 may be insul ating or conducting,
‘thereby optionally providing resistive, inductive, and/or 1Sauac2adsve

i mpedances to el ectrosurgical electrode 120. Material 132 may be an

el astoneric gel having a | ow duroneter |8yel, such as sorbethane, an

el astoneric gel based polynmer chem stry of urethanes, silicones,
hydrophilic el astonmers or hydrogels, vinyls, vinyl alcohols, or other

sim | ar matg3seal andy conbinatiotsnthersgf. esihmmalslﬂzl, rtherefmw, anay hseel ansivgtaral s,

conducti ve I.ke Ius ure 21, attached to
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124. Referring nowto Figure 2 ternate configuration O
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- Further, slegeve 142 illustrates one configuration of an el ectrosurgical

el ectrode tHielors, materialdd2Haat bn insalaing s Fondeptiogathstabgraptionally providing

functionali [ h ool a
ot ent " dur FsP BRGERRY BORY Eadf bR W MeiRRuRER ARRRAF 1,
upper sur f adetefidB 18adnay| bwven eastbnerc J%Zh%vﬁ:g gggﬁrmﬁﬁﬁﬂﬁ@%ﬁ%&ﬁngﬁéﬁgz

anot her and define an i terlor c
148, in thl%"g@%& NS, as’foguegsngq ngi,eé Pelymer ogheanipny | afntiratlpnes s silicones,

thereupon, pydrophilic elastomers or hydrogels, vinyls, vinyl alcohols, or other similar materials and
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




while [ ower surface 150 is configured to rest upon a support platform such
as an operating table, upon which electrosurgical, electrode 140 is placed
during an el ectrosurgical operation. It may be appreciat edigt it 2dgse
functions and configurations of upper and | ower surfaces 148, 150 nay be
reversed, while el ectrosurgical electygpde 140 need not be used solely
during el ectrosurgical operations but nmay be used at any tine cushioning
of a patient is needed. As illustrated in Figure 22, interior chanber 152
may be fel¢dtrode Wi@.hElectranmgicall elechinde 146t iardna lenbbainmemy, inslvdesn slesvel B2,

configuration as e or nore of Hh? ther materials described herein and

known toanoeh%cﬂga? F%&“ﬁ?ﬁwaﬁe{m}?ﬁ #9-ght of the teaching contained herein.

Ext endi f ; : | 2 : t
oMYy Ly SR Shntdnatd Bkl AR Siedoh B e B plggpsenect

160 that are adapted to communic punp asse
connect drreingi.e.celpenenl 42 taithemilone ar fin reombimadion 6@itb feldchibde i14 anboriike 152,

whi | : 1160 ' . W .164 of
Ser pent i eEa QPR i o8 TR 6t i Pespfan of cowpS O g

t hr ough, préssh@tsofed BR GhaY arideBiing Rlohgedl £8Y8a1 485 d pubher SR mber
152 thrc?ugh out | et _conﬁfe(;tor 16g.ﬁlt gmaty bgei a p?‘ge?iuge{ge u@‘;} 63%%%(%?% I n
the art iipgtatesioae gonfigurationiofemelegsutgicn elesrodenthet camprovide! ettimpamkct or s

158, 16 rticular .confiqurati of sl eeve 142.
For exanoite KRt HREL 0T HhAbpbihy AL PHERY Frooa B 050 Ysciendieet

pl ur al i tapd/of cost ppatitit dariad enleRabprbeetiuvad i ncl ude one or nore inlet
connectors 18 July 2005 39 158 and one or nore outlet connectors 160. In

still anot herSciHstalesh slepwm 143 includes an upperravefacel 548 and/a dower spefiaed 150 y fil |

the integd ve 1 ectricakly,co icatjng with

i nteri oi‘:iﬁ&é%%gr 1%0#%%@%3@;%%6 4%%“&%0@%65{33 c&mﬁhe%g?" ﬁ‘ﬁfg’e Tor more
of "t he \Uppepusfacei48,duthds embsdiprea insumifguaidsc dH6Wd pagesi 10 raf th by one
skilled_in tﬁg\’ art. For_exanple, as illustrated in I%{qgiure 22, eéélﬁg)gitﬂpode 144
may ext SFEHS; JOMET iSHEfass 670 ap SpReured o 1qH WROTR rHREOTh pletfiru ghick e dody of

sl eeve ] QI@‘TU'?:B ata.:u t r I.C up t . 1.3 _anot her
confi gu%)g%iag%% %I ect gglet‘%&“ %g%gljggﬁ a%:igéeﬁaogt:oqg?t Egerpl%%éep%faé’ce* 148
or | owerelestrosuegieal kiperatibn.s lemap b 4Bpre€lated thet therhin¢tiddBand eonBiparations of
configuration,d inclgﬂgies a&r{g 166 that commynicates with sleeve 142 via
an i nl et PR AN {BWerFhatages Lt (18P mavie reversedoiwileialectrosungiopd electipdect4Oounp, an

air pg”ﬂee@nbti BoHhsRdRGIaly dfrihg WletirbbiiHleal Ypelalibnd biFrmbhHe dsid WP 4Ry bihe

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




circulate material 156 received froma storage contai ner (not shown)

t hrough sl eeve 142. The material 156 stored within the storage contai ner
(not shown) and circul ated through sleeve 142 can have a 38mulya@005
configuration and performsimlar functions to the other materials
descri bed herein. According to another &gpect of the present invention,
punp 166 may optionally heat and/or cool material 156 as naterial 156
passes through punp 166. Consequently, electrosurgical electrode 140 can
“optionally Wgamdanw or merel oudlep abihmastors d60i nin siilb rnsther wenfigdatiah riklegon

pur. assorBIg ORIy GRS PRTALY SUGh EFr Slorgh 3¢ S HRGIGLZ ol cct r ode 140

may have vari ousEle@tibly oabhfsHag vAlSinRsiok BoMibePY 59 Dee18dtiddk 894 Ele%?@d%”
in light of the teaching containe herein. As inplied above, any of the

el ect r osur dit¢anaxhavetons 9 snate of teparionseanfiguedions previsuslyrdisonssel derein and

functional i f t ik Li d i bed. in. T
such of oot AESR 0GR SRR 9% REn R, ARGl 1 MR, Slicitrony 44
- surgical prmmeshisgiinto integioh Slianter 162, Whik G@@inohtsugh (R b&lyestd@de 142 g t s

the creation of decubitus ulcers or, pressure sores. Referring nowto

Fi gure 23, COFmicate, ¥ith aslectgsergicbunibiS4n bl asethen somfigusation, elestredeotrt 180
i s .depict 0 ' ' f ' | ith t
to the of ooty oapuliBhalto L wpbt ot BB M BN RS LrddrgutRit 1 1 TosPec
el ectrosurgi cal fP;ahq:ctasgmlmi)ly 18456, gﬂ e yc?ﬁ@?raﬁgﬂ, iig&zlﬁﬁé_sésdﬂﬁirﬁ%' 11354%” ode
180, L qurat,l.on, | udes el ectrode and . a _pa )

Elect rode. PRBPHEHIR AVEO PSS FA2 16 i THet Piged 68 Aot %6 owdakipo d T 26mpcl66
rubber or oo B ook b Bl Pk o s o), o BRI e B 861 VoS

resi stance presented by éach “square‘ce e WorKking surtace of
the el ect r gfeulats majenipl d46 eeceived frcab astor&R0dntaidergnot Bhewnnthrdiizh sdeve 142,

The ot her b6 Shaifel 8 e Wit 3 Shiteen olohOTHS padh Gernigsea tineneh
i ncl ude ansiesvet4D baﬁh@fé@&iﬂil&%ohﬁg&ht{idzﬁ%d"?é&brﬁ BB fiotiofdto B! cﬁﬁ? hgt

- reduce the possibility of decubitus ulcer of pressure sore creation
may arise A% EPI.sur gi cal procedures. In addition, pad 184 may

et
Pad 184 1o be néaradERe BRRERRER b bE ekl lnPra el o6 Ry ophondtf) 7"

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. '




Additionally, electrode 182 and pad 184, in this configuration, my have
one or nore holes 186 therein, such that el ectrosurgical electrode 180 has
a lattice-type structure. The inclusion of one or nore holgsuf8®oEncreases
the flexibility of, electrosurgical electrode 180. By providing increased
flexibility, electrosurgical electrogg 180 is nore easily adaptable to the
contours of a patient's body and any surface upon which the patient is
resting. It may be appreciated that the functionality and structures
associ at ed wiElecabangicasilédiodal186) ek @66fhd8id nchflcs B elRRb@ B8 Mdt hi n

el ectrodes descri bed herein. Further,

any of the er. el ectrosurgical trao .
there arﬁpe%ﬁ)é%u@%%ﬂé%ww@wn%w Bade oBaconductive plastic, gibberort o be

flexible : . 2 f roma ne mat eri al
that  pr oS HeRBR Baferial a6 Gl GYC H w Bitechite 196 Tl B RS RR B,
el ect r odsgubBocantiyee of the woikihg sarfhdetofithe eRcRbdCRBHISh¢e thafBibeht §000 | t
“wW | I' now. be evident t{@t %Eq(ire has, been described herein an inproved

el ect r osPHGH-cal BE Rad: 1dyef Slestoswgical slecligde, d8Agmae rhaval any eonfiguraiivn- shaped
and i ncl axhi : Y | ) lectr i.cal el rode
evi denci %&Sis%ﬁbgt ?gglf%%g{stﬁ%&ﬁ ﬁé%lﬁ ﬁgdl;s;'}gﬁp%ﬁr?&r#étiﬁ%gﬁc i e?gxg{n%{gaﬁs%@gg&%g,
readi | y whedncibde ammteridrvilaimber thdids fitled swith y rhaerial uhst llpscanidadd e gel s

ps-1

ont or e ToEBH aE clert Hvgh i iresofe 06 BeRARH PBbmay s e glonged
. . d N F h |« . i G
i nci dencsurgibal f6EsREEE 18 Ud8 Rion! Héc% 19{1 éngﬁrfﬁoeua@ggco lﬂde&tohﬂg lﬁé&g@gieﬁeat

el ectrode provides the features o I'ng an Ing to

and/ or cbat aloysaa ipatkent destinggupors pagd)i 1841 topbo deated @r avooledudiinig; bemestedly of
t he patbge&e [mlarly, the electrosurgical electrodes of the present 18
July 20 I'nvention can be utilized during any surgical procedure,

during recoveAgdigibndllye clRekb@182 BA®PAd 184, SH I %@bﬁ@ﬁ@&‘&?‘%ﬁ» hAMaidg% drhne
ke nvention may

patient is hosxgi_tal i zed, or the |ike. The present venti e enbodi ed
i n ot her™8iseBples c18% thaseini suehutthateplastrasngical relectiods £§0 tias wrlattissmpei al

Foapoot STARRbEC . THEPHERSER BE ori OR GRORCEPIeF o fie, dnctdsnes B8 ASHRban et
What s opofl! WEih! the phflentlsYreRYY 1t may be appreciated that the functionality and
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




42 1. An electrosurgical electrode conprising: (a) a pad configured to
substantially prevent the creation of one or nobre pressure sores on a
patient resting upon said pad; and (b) a conductive el enenti8cliyf20§8red to
electrically communicate with said pad and configured to conduct

el ectrical current, wherein, said pad ang said conductive el ement _
collectively have an effective bul k i npedance equal to or greater than
about 4,000 (err)cm 2. An electrosurgical electrode according to Claim1l,

wher ei n saiiuventionaae e wtilistd derhig amyrpurigieb prkedurs,i duding teeveelust tHagpaiBaEr | al
havi ng an %}‘fe tive .?ail K én’g’edlgpeg@ equal ,to or greater than about 4, 000
(err)cm 3.TFORh s SUERPR) BTRCHT WS W £ Paidat ischaspitalized, s thg likem 1, wherein said
pad conprises i _ i i i . j | k :
i npedance equal _%?r%dfﬁgb{e’%%t%rﬁ t anaI %&%@0@5@?} @éﬁ#&i%lﬁ\%ﬁ{ Héﬁ%rtﬂl%

el ect r osur @opa| itselspitit raydessensind rabaragteristied, ai Thel desetibeckiembodmistitpact to be
conpri ses di.el ect.ric. material. 5. .An el.ectrosurgical, el ecfrode accaording
to daim 1?’0%%?8 AR Bl ISP BNt Id@ggraiavec &t ?ﬁ"?&l"ﬁ‘ﬁf’er’irg? scgpe ofythe

el ect r osur giveatiofigahéerefbee, aagiested g the a@p@fidéajelaﬁﬂg%tﬁbﬁth%ﬁ'l% ﬁ%_dfor I Ses
an el astongric material. 7. An electrosurgical electrode acCordingto C aim
1, wher ei ndssgriptigag Allchanges sdichcames hemeaning azd raagel obequivaliency iofithe

mat eri al . 8. I rosurgicat. el e according to Caim1, wherein

sai d pad g%mnlﬁ?f%etg%gﬁ&?%gé?Qgt?‘m?%gfn%éeog’gand one or nore baffles di sposed
Wit h said i nteriVdhat icdlairdedris: 9. An el ectrosurgi cal el ectrode according to
Claiml, wherein said pad and said conductive elenent conprises a lattice
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 allowa material to circulate through said
interior chanber. 11. An electrosurgical electrode according to Claiml,.
wherein said conductive el enent conprises nornmally insulating nmateri al
~inpregnated with electrically 18 July 2005 - :




43 conducting fibers to render the el ectrosurgical electrode to have an

ef fective bul k inpedance equal to or. greater than about 4,000 (err)cm 12.
An el ectrosurgi cal electrode according to Caim1, wherein igajul 703
conprises normally insulating material inpregnated with electrically
conducting fibers to render the el ectro;ur gi cal electrode to have an

ef fective bul k i npedance equal to or gré1 ter than about 4,000 (err).cm
13. An electrosurgical electrode according to Claim1, wherein said
collective effgecti v&gw%s‘%@gp@&%dg%mgﬁjs pad and said conductive

el ement conprises electrical © conponents "sel' €cted fromthe group consisting
of resistance, (@apaai pads egnfipded tto \sabstanihllyc pravienatlicongatifie o€ @fne lék. mAfe

el ectrosurgi cal el ectrode according to d gi m@é, &/nerei n said conductive

el ement conpri $ESSUE S9resop LPACHLIGHHEE upgn Al P PR de conprising: (i) a first
layer of predet@y m neghdubiie dleleRt cbhfiired W MEHi ¥ty cortfiinichie) with SGFPNd

| ayer of dielectric material having a predeterm ned “capacitive reactance,

sai d second | ayed agbernfigeiedtp condueselectrigalugrreati d first |ayer. 15. The

" electrosurgical electrode according.to,d aim erein id.pad ., conprises
“a wor ki ?1; gIUrface fc‘)“r(hels%lflhﬁa@og?(i iagﬂe%i‘“PﬁO'B%%]f%%]kﬁﬂeht (9?’%??"%%55@"6 n

proxinmty to affeaive®ilk impbdandd&nil @Gk bRIRE Bhs Mouth 866 RGE according to

Caim1l, wherein said conductive element conprises a working surface for
bei ng positioned i nAsonelegttoswigidal oelectrodec| aserdppoxtoniGlyint 01a whereiantsaidl 7.

The el ectr rgical el ectrode accor.di t .ai m 15. 16, wher.ei.n sajd
wor ki ng suc(r%?l g%cgfvgéa\lﬁ%??é: RUMEES C%P&%{%?'ﬁ‘i“%% Wéfﬁlﬁﬂﬁgéﬂo ecyrye tsth‘about
1500 squarigpedanéd @il td 8r gréiterthf4boRE4 @ G2, €l ectrode according to Caim1l
wherein the electrode is sterilizabl'e. 19. An el ectrosurgical electrode

—accordi ng to C3ai m Amkkectpsurgivel eleattodedeconlingvds 2bine.1, 20herdin said pad

(rale-ﬁg;[)?:erc%hl%%lseseflzlgé‘t%iEﬁgreco%%ﬁ&gn(g m te}igl %v%gm a% e‘ﬁ%gtri% Quﬁ(hi%lp%ldglﬁzg re%(ljxgl %os
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 material 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




18 July 2005 44 21. An electrosurgical electrode according to Caiml
wherein the electrode is disinfectable. 22. The el ectrosurgi cal el ectrode
according to daim1, further conprising a sleeve substantligaluly2088c| osi ng
said pad and said conductive elenent. 23. An electrosurgical electrode for
preventing the creation of pressure sores on a patient resting upon the

el ectrosurgi cal electrode, the electrosﬁﬁgical el ectrode conprising: (a) a
pad having an interior chanmber therein, said interior chanmber being filled
with a material; and (b) a conductive el enent coupled to said pad and

conf i gur edeanductingn fiberts t eedder oht aentroswizicah redecpods aiodhpad an Wisceive, bullhe

col l ective. bul.k resi stance of said pad sai d conductive elenent is
equal to &“@F‘@EF&HU@H%H%IB%?%}%@W%@&%& 24. An el ectrosurgical

el ectrode accorgi ngnt glelirddipidad: elMABHEL 'rhCE&iﬁigl\ﬁ ggoéﬁdfﬁlt iflvewﬁérgi'ﬁeg{iig pad

conprises electrically conducting naterial an efféctive bu
resistiviteongmsed normally igsudedingrmathdal iatpoegnaéd GGith Sleotrically. conflincting fibers to

el ectrosurgical. el ectrode according to C aim 23, erei.n said_ conductive
el enent col%ﬂ&ir &%elﬁfﬁ%ﬁwﬁfﬁie&‘é’{w% Vﬁéflﬁgi"eibﬁml’é@?ﬁ?’@& egpalfo or greater
el ectri cal i aoarwloes gy fi bers to render said sheet to have an effective

bulk resistivity equal to or greater than about 4,000 Sam 26. An
electrosur gi call3el ectnr eltetraorgicaliicirgtrode Gcarding? By CMimr & whemindsaid eoltketitvé ve

el enent corm@rij.ses:. (a n el ectrode, said. electrode conprising: (i) a first
Coyer of - SRSiTe Dl ipe: ool B0 A rich GRS, Fleghebis pmpifies 1idktEal ond
| ayer of dicehpabits GeleBk@ Hod thapidug &hﬁgﬁiﬁebﬁ}&%@m&, SReE inaeétﬂze,S%ﬁil)nd

| ayer contacting and overlying said first Tayer. 27. An electrosurgical
el ect r ode wabhialppgthersofll ai m 23, wherein said pad conprises a working

pationt. 26, Al obt UBRGRuigRaE Beftioine sebobing ng”(OR hiim wherelichid o
said condiaduchee lepemrbm@esgRr i ses a working surface for being positioned
in contact with or .
- (@) 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.




in close proximty to a patient. 18 July 2005 45 29. An el ectrosurgical

el ectrode according to Claim27 or 28, wherein said working surface having
~a surface area within a range fromabout 11 to about 1500 siguriye200s5nches.
30. An el ectrosurgical electrode according to C aim 23, wherein the
electrode is sterilizable, washabl e, 44 eusabl e, disinfectable, or

di sposable. 31. An el ectrosurgical electrode according to Caim23, further
conprising an_ insulating sleeve substantially enclosing said pad and said
conductive eldmentAnglectrogurgical elactode giconding ke Claimdewhareianh slgctaieGkai m 23,
further g EiaBleng connecting neans for meking electrical connection with
sai d conductive elenent. 33. An electrosurgical electrode according to

d ai m 23, whé2ei n Hu electssarpical eles@mva&%&iigﬁ | H | Bt dflsingsd- AN

el ectros %gég%lﬁ el.e trode.acgcor ding to d ai SBB@I%e;el n saﬁ%éiﬁ’rfg%ngr?al

conpri sé Eﬂ?&‘ﬂ?}ﬁﬁ"mﬁaﬁpad%ﬂsﬁﬁ asinductiveslangintal el ect r ode accor di ng
to Claim 23, erej ' rial. ¢ ri ses. an, el astoneric material. 36.
An el ect rosurzg?calAﬁleF%g?r 3@%8&%&89%8&&{3&@%%%?% PrESafISerBs er i or
chanber ooowpaliswts rasting amponothe eletbrosiiaitab cfectelis, "ad Q¥ %@l\%ﬁ&m TRLE.haf f! es.

: , : C
37. An electrosurgical electrode according to Cl aim 36, erein sard one or
nore sulSCRYMB8Y s conmuni cate one with another. 38. An el ect rosur gi cal

el ectrode accordi to ' - ' ' d and . sai d, conductive
el ement conpri .sesr@ I ataﬂ;a?emst ri{]c% ur{g,ﬁbgé:ﬁ%hgafﬁe@@@ﬂdﬁ@f%oé ‘E‘BWE’F”@M ed to
provi de the btisgtiiledwiti cahteribleand ode with flexibility. 39. An

el ectrosurgical electrode according to Caim 23, wherein said pad
- conprises an inl et(ﬁ)porta Sopfuctveo § t sovplef ntoc sridupad and wonfigtded st d

i nterior .chagihRict cledtidall id outlet port being configured to
kHRICt & a_c'ﬂlr@ﬁté@%ggl? @ggﬁé’\

assist with the circulation €rial through said interior
chanber. 40. An eMdsteinsthe goledtivel tadit rexistarneceft shid @ad anlsAdndodBucted t her

our et port - leBPisRRA T o ekt o B dcit Qemed to ciroulate said
Secor g fonC g s “Sner P SHMBA, bl 6 €6k A oS 01
: 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
(i) & second layer of dielectric material having predetermined
impedance, said second layer contacting and overlying said first layer. B
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
conductive element comprises a Working surface for being positioned in contact with or
in close proximity to a patient.
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46 42. An electrosurgical electrode according to C ai m40, tghalyetaossai d
punp assenbly is configured to increase the tenperature of said materi al
"as said material passes through said pu assenbly. 43. An el ectrosurgical
el ectrode for use during surgical procedures, the electrosurgical

el ectrode conprising: (a) a pad having an interior chanber therein, said
interior chanber being filled with a material; and (b) a conductive

el ement coupl ed?% o sAnctlghipsangtat elebfrgde ectording dordaimt 28| @c28.i wheremusaiént

t hr ough saj ad; erel.n, the collectjve bul k resist e of sajd.pad and
o 0 condutpR supOThRERY & B ores bt e Sokh AR5 o HhodolsVeReras.
An el ectr omttiegl cal el ectrode according to Caim43, wherein said pad
conprises an inlet port and an outlet port in comunication with said an
interior chanb¥, sAnclechrareisdreleciide sacardivgtip Glaipoes, vbemip tendleqgioded t o
assi st wt b I i f | eri ough said interior

chanber . 41Estte ﬁﬁm@'eé?%hgélaﬁg?sgae, %@é@f@@%’e&acggéa |fe'ng to Cl aim44, further
conprising a [@iop aAsedkirgsegioahuiéa@tie ageoring 16 allsin 08 efurther Eorapibiga bl
outlet port, .said punp, assenbly being configured to circulate said

mat eri al tlﬁ;tg%}@g slegygpub BENPsiasad pad and Said conductive element.

32. An electrosurgical electrode according to Claim 23, further comprising

connecting means for making electrical connection with said conductive element.

33.  An electrosurgical electrode according to Claim 23, wherein said material
comprises a dielectric material.

34. An electrosurgical electrode according to Claim 23, wherein said material
comprises a conducting material,

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.
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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.






