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energy to a first conductor which is In electrical communication with the electrode and the electrosurgical generator and to at least

one second conductor which Is coupled to the first conductor for providing a path for current to flow between the first conductor
and the at least one second conductor for establishing a test path through which the test energy flows between the first conductor
and at least one conductor of the at least one second conductor. The continuity, test circuit assembly further includes energy
detection circuitry positioned along the test path for detecting the flow of the test energy through the test path for determining

electrical continuity through the electrode.
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ABSTRACT
An electrosurgical generator is provided which includes a continuity test circuit
assembily for testing electrical continuity through an electrode of an electrosurgical
instrument. The continuity test circuit assembly includes a test power source providing
electrical test energy to a first conductor which is in electrical communication with the
elaectrode and the electrosurgical generator and to at least one second conductor which
is coupled to the first conductor for providing a péth for current to flow between the first
conductor and the at least one second conductor for establishing a test path through

which the test energy flows between the first conductor and at least one conductor of

the at least one second conductor. The continuity test circuit assembly further includes

energy detection circuitry positionedi along the test path for detecting the flow of the

test energy through the test path for determining electrical continuity through the

electrode. !
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METHOD AND SYSTEM FOR CONTINUITY
TESTING OF MEDICAL ELECTRODES

-+

BACKGROUND

;

The present disclosure is directed to electrosurgical surgery and, in particular, to

continuity testing of medical-surgical electrodes for continuity purposes.

Technical Field

Electrosurgical instruments have become widely used by surgeons in recent

’ years. Accordingly, a need haé developed for equipment and instruments which are

easy to handle and operate, are reliable, and are safe in an operating environment. By
and large, most electrosurgical instruments are hand-held instruments, e.g., an
electrosurgiéal pencil, etc., which transfers radio-frequency (RF) electrical energy via a
delivery electrode to a tissue site on a patient. The electrosurgical energy is returned to

i

the electrosurgical source, e.g., an electrosurgical generator, via a return electrode,



10

15

20

CA 02496431 2005-02-10

e.g., a pad positioned under a patient (i.e., a monopolar system configuration) or a
smaller retumn electrode positioned in bodily contact with or immediately adjacent to the

surgical site (i.e., a bipolar system configuration).

The particular waveforms produced by the RF source yield a predetermined
electrosurgical effect, for example, coagulation, cauterization, cutting, blending, or
sealing of boqy tissue. Coagulation is defined as a process of desiccating tissue
wherein the tissue cells are ruptured and dehydrated/dried. Cauterization is defined as
the use of heat to destroy tissue (also called “diathermy” or “electrodiathermy”). Cutting
iIncludes applying a high intensity electrical spa’rlé energy to tissue in order to produce a
cutting, dissecting andfor dividing effect. Blending includes the function of
cutting/dis&éctihg " combined -with ' the prbduction of a hemostasis effect.
Sealing/hemostasis is defined as the process of liquefying the collagen and elastin in
the tissue so that it reforms into a-‘singlé fuséc; mass with limited demarcation between
opposite tissue walls.

On 'occa"si!on. the electrode(é) (and the elédrical connections related thereto) are
subject to wear and tear and can fail, especially over time. Furthermore, the possibility
exists that the electrodes and}of the electrical connections associated therewith may
become damaged during manufaéturihg, assemb'liy and/or handling. As a resulit thereof,
the electrddes will not work as i!n't'ended during use. Further, the surgeon does not

know if the electrodes are functioning properly prior to initial use. Once a problem is

identified and the electrode is fixed/replaced, the surgical procedure may be attempted
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again only after the operation field, the surgical team and the electrosurgical instrument
are re-sterilized, thus causing delay, inconvenience and expense. Furthermore, in the
event that the procedure to be performed is invasive, an unnecessary invasion was
initially performed, introducing a risk of infection and discomfort and possibly the need

for further anesthetics.

Electrosurgical instruments currently in use typically include external test discs
for determining electrode continuity. The test disc is a metal disk that is connected to a
return path from the delivery electrode. The operator of the electrosurgical device
maneuvers the test disc to make electrical cont‘aCt with the electrode forming a closed
loop for a‘n‘ eléi:trical path. A sensor pfovided in the test disc senses the presence of
electrical energy. An indicator provided in the test disc indicates continuity status.

Since a test disc makes contact with the delivery electrode, it must be in a sterile
condition, which typically complicates the sterilization procedure and subjects the test
disc to stresses that may reduce the lifetime of the test disc. Furthermore, the operator
is responsible for physically maneuvering the test disc for performing the continuity test,
and for monitoring the outcome Qf the test, further taxing the operator and introducing

the possibility of hu’man error. '
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It would therefore be desirable to provide a technique to test the continuity of the
electrodes of an electrosurgical device prior to activation and between uses. It would
also be desirable to test the continuity of the electrodes during use to determine

!

electncal effect and to assess electrode efficiency.

SUMMARY

An electrode continuity testing system and method for an electrosurgical system

are provided. According to an aspect of the present disclosure, a continuity test circuit

assembly is provided for testing electrical continuity between an electrosurgical

:u‘-; i

b

generator generating electrosurgical energy and an electrode of an electrosurgical
instrument, where the electrode is 'f6r receiving the electrosurgicél energy and delivering
the electrosurgjbai énergy to tissue. Thé continuity test circuit assembly includes a first
conductor cbubling the electrodeic'fi! the electrosurgical generator, at least one second
conductor in electrical communicatibn with a test power source providing electrical test
energy and with the electrode for forming a test 'p‘lath. Energy detection circuitry is
positioned a'lor'\;g the test path for d'e'tecting the ﬂéw of the test energy through the test
path for detérrnining continuity status. Switching circuitry is positioned along the test
path for seléctively closing the test blat‘h for enabiihg a flow of test energy through the
test path. A control module IS p}OViQed for co'n'trblili‘ng the switching circuitry for

controlling flow of the test energy throUgh' the tegi path.

Lo
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According to another aspect of the disclosure, an electrosurgical generator for
generating electrosurgical energy is provided. The electrosurgical energy is provided to
an electrosurgical instrument having at least one electrode for delivery of the
electrosurgical energy to tissue, the electrosurgical generator includes a continuity test
circuit assembly for testing electrical continuity between the electrosurgical generator
and an electrode of the at least one electrode of the electrosurgical instrument. The
continuity test circuit assembly includes a test power source providing electrical test
energy to a first conductor which is in electrical communication with the electrode and
the electrosurgical generator and to at ieast one second conductor which is coupled to
the first conductor for providing a péth for curren't: to flow between the first conductor
and the at least one second conductor for estabzlishing a test patﬁ through which the test
energy flows between the first cohduéior and ai least one conductor of the at least one
second conductor. Energy detection circuitry is positioned along the test path for
detecting the ﬂév(r of the test energy through the test path for determining electrical
continuity throutgh the electrode. .

In a further aSpect of the present disclosure, a method is provided for testing
continuity betwéen an electrosUrgicél generator generating electrosurgical energy and
an electrode, where the electrode receives the electrosurgical energy and dslivers the
electrosurgical enétgy to tissue. The method incﬁlfudes the steps of applying a test
energy to a first conductor and at\least one second conductor, wﬁerein the first
conductor is coupled between the electrosurgical generator and the electrode; coupling
the at least one gecond conductor to the ﬁrét corid'tjjctor for providiﬁg a path for current

to flow bet\yeeﬁthe first conductor and the at leaét one second conductor for
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establishing a test path through which the test energy flows between the first conductor

and at least one of the at least one second conductor. The method further includes the
steps of detecting a flow of electrical test energy along the test path, the flow being
indicative of continuity status; andselectively opening the test path for disrupting the

flow of the test energy along the test bath.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments will be described herein below with reference to the

drawings wherein:

|

FIG. 1 is a schematic diagram of an electrosurgical system according to the

i

present disclosure;

FIG. 2 is a schematic block diagram of components of the electrosurgical system
shown in FIG. 1 relating to energy delivery, including a first embodiment of a continuity

}

test circuitry;

FIG.3isa schematic block diagram of components of the electrosurgical system

shown in FIG. 1 relating to energy delivery, including a second embodiment of a

continuity test circuitry;
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FIG. 4 is a schematic block diagram of components of the electrosurgical system
shown in FIG. 1 relating to energy delivery, including a third embodiment of a continuity

test circuitry; and

FIG. 5 is a block diagram of the electrosurgical system according to FIG. 1,

having a preferred configuration of continuity test circuitry.

DETAILED DESCRIPTION

Preferred embodiments of the presently disclosed electrosurgical system will now

be described in' detail with (gférgnce to the Hrawing ﬁgures,' where like reference

numerals refer to similar or identical elements throughout the various figures. Referring
to FIG. 1, there is shown a schematic diagram of one embodiment of the presently
disclosed electrosurgical system, designated generally by referenced numeral 10, for

{

use with open énd/or Iaparoscopib édrgiCal procédures.
. S

The electrosurgical system 10 includes an électrosurgical generator 12 that
generates electrosurgical energy, and 'provides the electrosurgical energy via connector
11 (e.g., a cablg)'to an exemplary; electrOsurgiE:al instrument 14, shown in FIG. 1 as
electrosurgical bipolar forceps. ‘.lit is envisioned that the features and concepts (or
portions thereof) of the present disclosure can be applied to any electrosurgical type of
instrument, including monopolar or bipolar, e:g., pgncil, suction coagulator, vessel
sealer, etc. In flhe drawings and in the descriptibn which follows, the term “proximal”, as

is traditional, will refer to the end of the instrument 14 which is closer to the operator,
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while the term “distal” will refer to the end which is further from the operator. A control
unit 13 is provided for controlling aspects of the electrosurgical generator 12 and/or the

electrosurgical instrument 14. it is to be appreciated that the generator 12 and control

13 may be disposed in a single housing,

The instrument 14 includes forceps 16, including a pair of elongated shafts 18,
20 affixed to one another at a pivot' point. Each shaft 18, 20 includes a proximal end 19
and 21 and a distal end 23 and 25, respectively. The proximal end 19, 21 of each shaft
18, 20 is provided with a handle member 22, 24, respectively, attached thereto to allow
the operator to effect move'mlen't of ‘at least one of the shafts ‘1'8, 20 relative to one
another. Eitendirig from the distal end 23, 25 of each shaft 18, 20 are end effectors 26,
28, respectively. The end effec'to;s 26, 28 are movable relative to one another in

response to movement of handle ‘;rnérﬁbers 22 and 24. In embodiments in which the

instrument 14 is monopolar there is one end effector.

An electrode assembly 30 is provided inél‘uding delivery electrode 33, where a
return electrode 31 and the delivery electrode 33 are provided at respective inner facing
surfaces 27, 29 of respective distallends 23, 25 of respectivé shafts 18, 20. It is
envisioned that in other embodiments the electro‘des 31, 33 may be positioned on
strategically selected surface(s) of the one or more end effectors in accordance with the
application. For mbnopolar e'ml:;bdiments, a retum electrode assembly is typically

placed at a convenient place on-thé pétient’s body and i1s attached to the generator by a



10

15

20

CA 02496431 2005-02-10

conductive material. The electrodes 31, 33 include electrodes selected from a variety of

electrodes, such as, “snare”, “blade”, “loop”, “needle “ and/or “ball” electrodes.

The delivery electrode 33 delivers thé electrosurgical energy to the pati'ent at a
delivery point 40, e.g., the point on the electrode assembly 30 that contacts the patient,
of a contact surface 42 of the delivery electrode 33 which is formed of a conductive
matenal. The configuration of the contact surface 42 may be selected from a variety of
configurations, in accordance with the variety of electrode used and the surgical
application being performed. A schematic representation of internal continuity test
circuitry 200 is“shOwn"in a cut "away and exploded portion of electrode aSsembly 30 for
testing continuity between the delivery electrode 33 and the electrosurgical generator 12
for assuring proper delivery of electrosurgical energy to the delivery point 40. The
continuity test circuitry 200 may be positioned at various locations, including in the
electrosurgical generator 12 or in the electrosurgical instrument 14 (e.g., near a
proximal or distal end of the electfbsUfgical iriSfrUment 14, along the end effector 28,
etc.) or a combination thereof. In a preferred embodiment, the' continuity test circuitry
200 is positioned in the electrosurgical generator 12 to verify the electrical continuity
from the generator 12 to the electrosurgical instrument in addition to testing the

continuity of the generator 12 to the delivery electrode 33.

FIG. 2 schematically shows componentsr of the electrosurgical system 10 related

to delivery of eléctrosurgical energy, continuity 'testing and control thereof, including a

first embodiment of the continuity test circuitry 200. A portion of the continuity test



10

15

20

CA 02496431 2005-02-10

circuitry 200 may be integrated within the electrode assembly 30. Electrosurgical energy

is conducted via a delivery wire 202 to delivery point 40 of an electrode of the electrode

assembly 30. The electrode assembly 30 is preferably disposed within a housing of the

electrosurgical instrument 14, where the delivery point 40 is exposed from the housing.

The continuity test circuitry 200 may be configured to test any conductor of a
variety of conductors that may be included in the electrode assembly 30. In the
embodiment shown, the continuity test circuitry 200 is configured to test the delivery
wire 202 at a point close to the delivery point 40 or at the delivery point 40. At least
one redundant j:v'irie 206 (e.g., arj additional wire for forming the test circuit) is 'provided.
where the r‘ed'undaint wire 206 "iéi"ébnnected to the delivery wire 202 at or near the
delivery point 40. In an equtroabEassém;bly?Which' is provided with at least one
additional wire that connects to ttiédéiliveryi wire at or near the delivery point 40, at least
one of the at least one additional wire may bie used instead of the redundant wire 206,
such as in the embodiment described below.with reference to FIG. 3.

The continuity test circgjitrv éOO preferably ihcludes a test power source 210,
coupling circuitiy. 212, and energ)) éeteCtion ciréx{t:r 216. The délivery wire 202 (e.g., a

3 206 (e.g., a -second conductor) are
F

first conduqtbr)*;and the at Ieagtidgé'fédun&a‘nt Wi
coupled to the tost circuitry. Thé 'dtefi\'fer)’/ wire 202 and redundant wire 206 each include
conduits fdr-brOpagating electr_ic':al‘ ’e'n"ergy, incfludihg; but not limited to, metal conductive

wires. Voltége is applied acrosIé!'thle'Bélivery Wire 202 and the redundant wire 206 by

the test pov}er SOUtce 210, so that when continuity exists current flows through the

10
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delivery wire 202 and the redundant wire 206 via a closed test path 214. Detection of
the current flow indicates continuity. The test path 214 is shown by dotted lines
representing a conceptual path followed by the test energy as the test energy flows

through the physical components. of the continuity test circuitry 200. The energy

detection circuitry 216 detects the ﬂOw of the test energy along the test path 214.

The continuity test circuitry 200 may optionally further include switching circuitry
220 for selectively opening the test path 214. Furthermore, the continuity test circuitry

200 may optionally be controlled by a control module 230 for controlling the flow of the

test energy in accordance with a bredetermiried Eondition.

The test pbwer source 210 which ?genérates the test energy may be a direct
current source or an alternating current source. The test power source 210 is preferably
a battery sized for ihtegration i_ﬁto !the:el'ectrosur;gicall generator 12 or the electrosurgical
instrument 14. Alternatively, the test power source 210 may be an AC or DC source
provided exterhally from the bdhtinﬁity test circuitry 200, such as a power source
providing power' to another system. Connectors may be provided for electrically
connecting the test power source 210 to the con;tinuity test circuitry 200. The test energy
provided by the test power source 2f10 Is preferably a low voltage, where the voltage is
sufficiently high enough for detection when the test path 214 is closed, yet is minimized
for reduciné p;)wéf consumptioﬁ énd the gengration of undesirable entities such as
noise or heat. Itis preferableethat the test energy Is substantially lower than the energy

generated by the electrosurgical generator 12.

11
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The coupling circuitry 212 is preferably located at or close to the delivery point 40
and may include an electrical connector for providing an electrical path between the

delivery wire 202 and the generator 12 and between the redundant wire 206 and the

generator 12.

The energy detection circuitry 216 includes circuitry capable of detecting
electrical energy, such as a current detector or voltage detector and outputting a result

signal indicative of sensed energy. The energy detection circuitry 216 is placed at a

'poi'nt along the test path 214, and preferably is not connected directly to the delivery

wire 202 for not plébing a load ,oni tﬁé'delivery wire 202 during a surgical procedure. it is
preferable, for the energy deteléitiic')h“cirCUitry" 216 to be placed in or near the

Vi g

electrosurgical generator 12.

The energy detection circuitry 216, which may include an optocoupler or other
coupling means, is preferably c‘()uplred to the redundant wire 206 for detecting the

current flow along the redundant wire 206.'whilé providing electrical isolation between

circuitry for delivering electrosurgical energy (e.g., circuitry that is in patient contact) and

the test energy. The optocoupler includes Light Emitting Diode (LED) circuitry for
sensing and canekting test enérdy ﬂéWing it‘hrough the redundan't wire 206 (preferably
electrical energyj into light en{ergy‘ and phdto detector circuifry spaced from and aligned
with the LED cjifcuit'ry for deteéting light emitted from the LED circuitry and generating

the result signal indicative of energy sensed.

12
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During a continuity test, the result signal indicates the outcome of the continuity
test. Preferably, the result signal is provided to at least one indicator provided with the
electrode assembly 30, the electrosurgical instrument 14, the electrosurgical generator
12 and/or the control unit 13, s&ch as at least one display device 246, at least one
.indicator light and/or an audio indicator for indicating the status of the continuity test to a
user, particulariy when the continuity test has failed. Furthermore, the result signal may

be provided to the control module 230.

The switching circuitry 220 is provided along the test path 214 for selectively
opening the test path 214 so that the iest energy does not flow throughout the test path
214, and particularly so that t:.he;'t?eSi;energy does not flow when a continuity test is not
being performed. More specifically, the switching circuitry 220 opens the test path 214
during a surgical procedure so thét test energiz is not delivered to .the patient, is not
sensed or meésured during the surgical prdcéhure, and does not otherwise interfere
with the prdCeCiUre,' and/or so tﬁat the continuity t'ést circuitry 200 is not detecting energy
during the éurgiiéal procedure.-Thé bresent disclosure is not limited to opening the test
path during a surgical procedure, and it is contemplated that the test energy may be
permitted to flow d(jring a surgic?l procedure; however it is expected that the generator
12 would be disabled during the -*cohtinuity test. |

The switching circuitry 226 r_n#a.y be éﬁatégically located in at least one location,

such as along the delivery wire 202 for 0pe'ning;ﬁ"up the test path' 214 along the delivery

|

13
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wire 202, as shown in FIG. 2, along the redundant wire 206 for opening up the test path
214 along the redundant wire 206, in the electrosurgical instrument 14, in the
electrosurgical generator 12, included in the continuity test circuitry 200, included in the
coupling circuitry for opening up the test path that flows through the coupling circuitry

212, included in the energy detection circuitry 216 for disabling detection of test energy,

within the test power source 210 for discontinuing flow of the test energy into the
continuity test circuitry 200 or any combination thereof. The switching circuitry 220 is
preferably software controlled by the control module 230 in accordance with a
predetermined ;:ondition (e.g., a user request, a sensed condition, a system generated

e 4

re'quest, etc.). : | o

~ Control module 230 recéivb§ and processes an electrode present signal from a
detector means 2'40, and/or a user or system égne‘fated request 'signal for initiating a
continuity tést, and generates an ‘enable bontinuity test signal upon receipt thereof.
Generation of the electrode pre‘sént }s‘i'gﬁal by iﬁe_détector means 240 indicates that an
electrode assembly 30 has been mounted on the electrosurgical instrument 14 or that
an electrode has been coupled to the genérato?. The user request signal may be
generated by user Operation of é ‘ﬁ;ser input device 250, where the user input device
may Iinclude one o;: more devicés, such és a keyboard, button, etc., associated with
and/or integrated inio the electrosprgical generator 12, the electrosurgical instrument

14, control unit 13; and/or electrode éssembly 30.

14
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The control module 230 may control the electrosurgical generator 12, e.g.,
prevent genera'tion of electmsurgical anergy by the electrosurgical generator 12, upon
receipt of an enable continuity test signal and/or throughout the continuity test (e.g., until
a successful result signal is received by the control module 230). Furthermore, the
control module 230 may receive and process the result signal generated by the energy
detection circuitry 216, such as for generating a message to be displayed on the display
device 246, and/or for controlling the electrosurgical generator 12, e.g., preventing
generation of electrosurgical energy by the électrosurgical generator 12 when the resuit

signal indicates a failure, etc.

i : ' ' 1
.‘ . r I
L}

It is f'urtﬁ’e‘i Coritemplated that the el'ejctro’suigiéal generator 12 and the test power
source 210 are not referenced to t'he same point soO that electrosurgical energy does not
flow throughoUi the test path .2_14 'di:ring*a surgié:al procedure or during a continuity test
and the ele@tmsufgical energy dpé§ not interfere WEth operation of the test power source
210.. The el,ectrosu?gical energy: follows a path differént from the test path 214, in which
the electrosurgical energy flows from the delivery electrode 33 to the retum electrode
31. It follows that disablement of the ele‘ctrosurgical. génerator 12 would not be required
during a continuity test, however, it is expected that the generator 12 would be disabled

during the continuity test.

o B | .'
It is’contemplated that in addition to (or instead of) sensing initial mounting of the

electrode 'éssémbly 30, other conditions méy' be sensed and corresponding signals

I

15
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generated for generating the enable continuity test signal for automatically performing a

continuity test, such as termination of an electrosurgical procedure.

The control module 230 may include one or more software modules, each
software module including a serieé of programmable instructions executable by at least
one processor. The one or more ‘ software modules executable by the at least one
processor include a continuity test enable software module, which receives and
processes the electrode present signal and generates the enable continuity test signal

as described below. The one or more software modules may further include a disable

electrosurgical “generator mbduléi' which receives and processes the result signal
generated by the energy detection Eircuitry 216 and generates a disable signal which is
provided to the electrosurgical generator 12 for preventing the electrosurgical generator
12 from generating electrosur‘gic'ajll energy when the continuity test fails. The control
module 230.m;y include analoQ ‘ci'r'cuitry, logic circuitry, firmware, at least one processor
of the at least one processor, etc., or a combination thereof. At least one processor of
the at least one processors may be included m control unit 13 conventionally provided

for controlling the electrosurgical generator and/or instrument.

The detector means 240 includes a rse:nsor and/or circuitry for detecting the
presence of mounted electrode a'ssembl'y 30 and generating the electrode present

sighal. Detector means 240_ may include, for example, a first electrical contact or

equivalent that mates with a second electrical contact or equivalent pravided on the

electrode assembly 30. Circuitry is provided for transmitting the electrode present signal

16
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to the control unit 13. Information indicating the type of electrode assembly 30 mounted
on the electrosurgical instrument may further be provided to the control module 230 for
the control module 230 to configure the continuity test to be congruent with the
configuration of the electrode assembly 30 presently mounted.

The enable continuity test signal enables the continuity test circuitry 200 to

perform a continuity test. The enable continuity test signal may control operation of the
test power source 210 and/or the switching circuitry 220. For example, when the

continuity test signal does not enable the continuity test circuitry 200 to perform the

HCOntinuity test (e.g., the conti!nu'if)} test signal is “low”), the test power source 210 is

turned off and/or the switching ’cir&uiiry 220 opens the test path 214 so that test energy
does not ﬂo;ev, ahd when the dOr’ifiriwﬁity test siggnal enables the continuity test circuitry
200 to perfont% the continuity, ;te'sigi(:ei.g., the continuity test signal is *high”), the test
power source 210 is turned on and/or the switching circuitry 220 closes the test path
214 so that the test energy r{nai; flt‘)w thro_ugh a closed path if the electrode is connected
for proper continuity as requ;ired for proper application 'of electrosurgical energy.

In oberation, upon mounti‘h'g' ah electrode aséembly 30 onto the electrosurgical
instmment,i4. the 'presence off’t'hié él_ectrode 'aséemply 30 is automatically sensed and
an electrode bresent signal ié"qeheraiedb9 fhe detection means 240. The control
module 230 gehérates a contmuity test enable signal for enabling the continuity test
circuitry 206 to bérform a conﬁﬁuityi test. Preferably, the continuity test is performed one

time when the test is successful (e.g.', result signal generated by the energy detection
L _
17
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circuitry 216 is “high"), but is not limited thereto. When the continuity test fails (e.g.,
result signal generated by the energy detection circuitry 216 is “low"), the continuity test
may be discontinued and a failure indicati‘on is provided to the user, or the continuity
test may be continued until the continuity test is successful. Typically, the continuity test
is discontinued before beginning an electrosurgical procedure. When performed
automatically, the continuity test is transparent-to the user unless the continuity test
fails. The user is not burdened with administering, discontinuing or monitoring the

results of the continuity test.

It is to be appreciated that the continuity test circuitry 200 is preferably disposed
in or proxirﬁate the electroSurgiéal generator 12. In this embodiment, the test power
source 210; coupling circuitry 212.'e:hergy detection circuitry 216 and switching circuitry
220 are all disposed in or on the é]écirdsurgical generator 12. Optionally, the continuity
test circuitry 200 may derive te.stii'aower from an existing power source providing power
to the electméhfgibal generator 12, and thus, the test power source 210 ‘may be
eliminated.- By‘ boéitibning the cbntinuity test circuitry 200 in the electrosurgical
generator 12, 66ntinuity from the electrosurgical generator to the electrosurgical
instrument will be verified in addition to testing the continuity of the conductor in the

electrode assembly. |

A detaile:d diagram of a-secdrid embodimént of the continuity test circuitry 200’ is

shown in FIG. 3. The electrode assérﬁbiy 30 is further provided with additional circuitry,

shown in this example as temperature sensing circuitry 300, including a pair of

18
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additional conductive wires 306, 308 (e.q., second conductors), configured as
temperature sensors in the example shown, and more specifically as exemplary
thermocouple wires, but not limited thereto, and temperature measuring circuitry 310
coupled to the thermocouple wires for measuring the temperature sensed by the

thermocouple wires, the thermocouple measuring circuit 310 being preferably disposed

in the generator 12. The additional circuitry is not limited to temperature sensing

circuitry, and may include one or more additional conductive wires as well as other

elements providing additional functions to the electrosurgical system 10, provided that
the at least one of the one or more additional conductive wires may be included in the

continuity test éircuitry 200’ for cbmpletmg test path 214",

i

Second switching circui;tryjl 320'.’ is ‘provided along the additional conductive wires
306, 308 for selecting at least one, and preferably oﬁly one, of the additionai conductive
wires 306, 308 to be incluaeg in the test path 214 for testing electrical conductivity
and/or thermocouple function:df'- E1‘%!‘1'6iésﬁel;ectec:i' additional conductive wire 306, 308 within
the test path. As shown in FIG’. 3, in a first position, the second switching circuitry 320

includes adbitiiﬂria!l conductiye,:'wi‘ré'306 (but not 308) in the test path 214’, and in a

second pOsition,!t'hie second switaﬁing circuitry 320 includes additional conductive wire

308 (but not 306) in the test pétﬁ‘.";fhé seéond éwitchihg circuitry 320 is not required as

long as at least one of the one or more additional conductive wires is included in the test

! :

path 214’ Redundant wire|206?' shown in FIG. 2 is not included, as the additional

conductive wires 306, 308 peﬁorﬁl tﬁe function 6_f theg second conductor provided by the

Uy b

redundant wire; 206. .

{

R
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The control module 230 may generate control signals for controlling the second
switching circuitry 320, such as for controlling which additional conductive wire 306 or

308 is selected to be included in the test path 214', such as by selecting the appropriate

L
additional conductive wire in accordance with a predetermined condition (e.g., a user

request, results of a previous continuity test, a system request, a sensed condition,
etc.). For example, the control module 230 may test the additional conductive wires in
sequence by sequencing to a subsequent additional conductive wire when a continuity

test is completed on currently tested additional conductive wire. Results of the continuity

tests may be provided to a user, such as via a display or a printout.

itis to be'appreciated that By switching the second switching circuitry 320 from
the first to second position durﬁng a continuity test, the selected wire of the
thermocouple wires 306, 308 of temperature sensing circuitry 300 are also verified for
continuity. in this embodiment, an additional indicator may be provided to alert the user

of the thermocouple continuity.

A detailed diagram of a third embodiment of the continuity test circuitry 200" is
shown in FIG. 4 In this embodiment, coupling circuitry 212" is provided for coupling the
electrode assembly 30 to the generator 12 and\ includes switching circuitry for opening
and closing the test path 214", The coupling c%rbuitry 212" is operable for delivery of
electrosurgical energy to the delivery wire 202 in a first position, and for forming a

closed conceptual test path 214" between the delivery wire 202, redundant wire 206
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and test power source 210 in a second position. In the first position of the coupling
circuitry 212", the electrosurgical generator 12 is coupled to the delivery wire 202 for
delivering electrosurgical energy to the delivery point 40. Furthermore, an end of the
redundant wir91206 opposite the end coupled to the delivery wire 202 is decoupled, e.g.,
forming an open circuit, from the test power source 210, so as to avoid energy from the
electrosurgical generator 12 being | fed into the test power source 210. In this
embodiment, the electrosurgical energy substantially does not interfere with
performance of continuity tests, and the test energy substantially does not interfere with

delivery of electrosurgical energy to the patient, even when the slectrosurgical

' 'Qenerator 12 and the test pow,er~sbu!rée‘°10'are réfergnced to the same point, and/or are

. : ol
sumultaneously'enabled. |

BRI

In the séédnd positior)_ of tﬁie coupling circuitry 212", the delivery wire 202 is
decoupled from the electrosu:rgicgl Eéﬁéra'for' 12 and coupled to the test power source
210, and the redundant wire 206 is icbu’pled*ftci the tesf power source 210 for forming the
test path 2'14”. Preferably, the otfupiing. circuitry 212" is a double-pole, double-throw
relay. The control rﬁodule 230 and Hétectioh méans.240 may further be provided, such
as for controlling the coupling bircuitry 212" including selecting operation in the first or
second position, such as in a'cco"rt:lénce with the enable continuity test signal or user
requests. As déébribed above, with rgference to "F IGS. 1-3, the control module 230 may
provide further control functions, such as receiving signals, such as result signals from

the energy qeté(:tioh circuitry 216 ”a‘r)d/or user request signals, and/or providing control

signals to the électrosurgical generator 12."

. | [
' [
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With respect to FIG. 5, an electrosurgical system 100 is shown having an
exemplary configuration in which at Iéast a portion of the continuity test circuitry 200 is
included in the electrosurgical generator 12. The test power source 210, energy
detection circuitry 216, and switching circuitry 220 are disposed within and/or integrated
with the electrosurgical generator 12 The redundant wire 206 and the delivery wire 202
extend from the electrosurgical‘ generator 12, through connector 11 and the

elet:trosurgical instrument 14 to the coupling circuitry 212, which preferably positioned

proximate the delivery point 40. The delivery wire 202 further extends to the delivery
point 40 for delivering the electrosurgical energy to the patient via a delivery electrode
(such as delivery electrode 33 of FIG 1). A return electrode (not shown) is provided for
providing a retumn path to the ,electFoSurgicél enérgy, where the return electrode may be
provided in a b'ipolar or monopolar 'cbnﬂgura'tion. As described above with reference to
FIGS. 1-4, the control module: Zéamay be in dommunication with the electrosurgical
generator 12 and/or the wmﬁonéhts of the continuity test circuitry 200 for receiving
signals, such as result signals f}om the energy detection circuitry 216 and/or user
request signals, and/or for providing- contral signals, such as to the switching circuitry

220 and/or the electrosurgical generator 12.

While several embodiments of the disclosure have been shown in the drawings,
it 18 not intended that the disclbsure be limited thereto, as it is intended that the

disclosures be ':as broad in scope as the art v}ill allow and that the specification be read
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likewise. Therefore, the above description should not be construed as limiting, but

merely as exemplifications of preferred embodiments.
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WHAT IS CLAIMED IS:

1. A continuity test circuit assembly for testing electrical continuity between
an electrosurgical generator generating electrosurgical energy and an electrode of at
least one electrode of an electrosurgical instrument for receiving the electrosurgical
energy and delivering the electrosurgical energy to tissue, the continuity test circuit
assembly comprising:

a first conductor coupling the electrode to the electrosurgical generator,

at least one second conductor in electrical communication with a test
power source providing electrical test energy and with the electrode for forming a test
path;

energy detection 'circhitry positioned along the test path for detecting the
flow of the test enérgy through the test path for determining continuity status; _

switching circuitry positibned along the test path for selectively closing the
test path for enabling a flow of test energy through the test path; and

a control module for controlling the switching circuitry for controlling fiow of

‘the test energy through the test path.

2. A continuity test circuit assembly according to Claim 1, further comprising:
a detector which detects at least one predetermined condition, and wherein the control
module controls the switching circuitry upon detection of the at least one predetermined

condition by the detector.
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3. A continuity test circuit assembly according to Claim 2, wherein the at

least one predetermined condition which is detected includes mounting of the electrode
on the electrosurgical instrument, and wherein the control processor assembly controls

the switching circuitry to close the test path upon detection of the at least one

predetermined condition.

4. A continuity test circuit assembly according to Claim 2, wherein the at

least one predetermined condition which is detected includes delivery of electrosurgical

energy to the electrode, and wherein the control module controls the sWitching circditry

to open the test path upon detectio;{‘i)f the atlleast one predetermined condition.

5. A continuity test"birc'tiit assev"nblly according to Claim 2, wherein the
switching circuitry further seleé:tiv?élzy enables delivery of the electrosurgical energy to
the patient, and the control module controls the switching circuitry to open the test path
upon detection of the at least one predetermined condition.

6. A continuity test ciréhiftsja:'ssembly according to Claim 1, wherein the energy
detection circuitry provides ele!ctribéﬁ isolation to the test energy from circuitry through

by

which electrosurgical energy flows.
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7. A continuity test circuit assembly according to Claim 1, further comprising

second switching circuitry for selecting one of the at least one second conductors to be

included in the test path.

8. A continuity test circuit assembly according to Claim 2, further comprising
second switching circuitry for selecting one of the at least one second conductors to be
included in the test path, wherein the control module controls the second switching

circuitry at least partially in accordance with detection of the predetermined condition.

9. A continuity test circuit assembly according to Claim 1, wherein the at

least one second conductor includes at least a pair of thermocouple wires.

10. A continuity test circuit assembly according to Claim 1, wherein the

switching circuitry is provided along at least one of the first conductor, the at least one

second conductor and the test power source.

11. A continuity test circuit assembly according to Claim 1, wherein at least

one of the test power source, energy detection circuitry and the switching circuitry are

disposed within the electrosurgical generator.

12. A continuity test circuit assembly according to Claim 1, wherein the test

power source derives power from a power source of the electrosurgical generator.
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13 A continuity test circuit assembly according to Claim 1, wherein the test
energy provided by the test power source is substantially lower than the energy

delivered by the electrosurgical generator.

14. An electrosurgical generator for generating electrosurgical energy which is
provided to an electrosurgical instrument having at least one electrode for delivery of
the electrosurgical energy to tissue, the electrosurgical generator comprising:

a continuity test circuit assembly for testing electrical continuity between
the electrosurgical generator and an electrode of the at least one electrode of the
electrosurgical instrument, the contilnuity test circuit assembly comprising:

a test power source providing electrical test energy to a first
conductor which is in electrical communication with the electrode and the electrosurgical
generator and to at least one second conductor which is coupled to the first conductor
for providing a path for current to flow between the first conductor and the at least one
second conductor for establishing a test path through which the test energy flows
between the first conductor and at least one conductor of the at least one second
conductor; and

energy detection circuitry positioned along the test path for
detecting the flow of the test energy through the test path for determining electrical

continuity through the electrode.
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15. An electrosurgical generator according to Claim 14, wherein the
continuity test circuit assembly further comprises:
switching circuitry positioned along the test path for selectively disrupting
flow of the test energy through the test path; and
5 a control module for controlling the switching circuitry for controlling flow of

the test energy through the test path.

16. An electrosurgical generator according to Claim 15, wherein the control
module controls the switching circuitry upon detection of at least one predetermined

10 condition. [

a4

17.  An electrosurgical genefator according to Claim 16, wherein the at least
one predetermined condition includes detection of mounting of the electrode on the
electrosurgical instrument, and ‘wh'erein the control module controls the

15 switching circuitry to close the test path upon detection of the at least one

predetermined condition.

18.  An electrosurgical generator according to Claim 16, wherein the at least
one predetermined condition which includes detection of delivery of electrosurgical
20 energy o the electrode, anq wherein the control module controls the switching circuitry

to open the test path upon detection of the at'least one predetermined condition.
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19. An electrosurgical generator according to Claim 16, wherein the switching
circuitry selectively enables delivery of the electrosurgical energy to the tissue, and the
control module controls the switching circuitry to open the test path upon detection of

the at least one predetermined condition.

20. An electrosurgical generator according to Claim 14, wherein the energy
detection circuitry provides electrical isolation to the test energy from circuitry through

which electrosurgical energy flows.

S : A \ ..
21.  An electrosurgical generator according to Claim 14, wherein the continuity
test circuit assembly further compfises second"switching circuitry for selecting one of

the at least one second conductors rto be included in the test path.

22. An electrosurgical generator according to Claim 14, wherein the continuity

test circuit assembly further comprises second:switching circuitry for selecting one of
the at least one second conductors to be included in the test path, and the control
module controls the switching circuitry at least partially in accordance with detection of
the predetermined condition.

23 An electrosurgical generator according to Claim 14, wherein the at least

one second conductor includes at least a pair of thermocouple wires.

24. A method for testing cbntinuity between an electrosurgical generator

29



CA 02496431 2005-02-10

generating electrosurgical energy and an electrode for receiving the electrosurgical

energy and delivering the electrosurgical energy to tissue comprising the steps of:
applying a test energy to‘ a ﬁrét conductor coupled between the

electrosurgical generator and the electrode and at least one second conductor;

5 coupling the at least one second conductor to the first conductor for
providing a path for current to flow between the first conductor and the at least one
second conductor for establishing a test path through which the test energy flows
between the first conductor and at least one of the at least one second conductor: and

detecting a flow of electrical test energy along the test path, the flow being

10 indicative of continuity status.

25.. A method according to Claim 24, further comprising the step of selectively

opening thetest path for disrugting‘j the flow of the test energy along the test path.

15 26 A method accordingptd Claim 25, further comprising the step of selecting a
conductor of the at least one second conductor for coupling to the first conductor in

accordance with a predetermined condition.

20

30



CA 02496431 2005-02-10




CA 02496431 2005-02-10

€ Ild

) 4

1144

SJIM 8jdnoooULIdY |\,

YV WSEYNITTg

sueap
10}99)8(]

06¢

002 NR -

T



CA 02496431 2005-02-10

,,00¢

Ju0d AleAljleqg

0§

S\ JuepUNpay

alip\ Aaalie(

N1

i

—II.W.E MYV
luonoeleQ

| hopanz

¢}

I
LM

90IN0S
ABAleq |
Abieuz |



CA 02496431 2005-02-10

212

e g, i -

K_j Delivery
>

Source

220
e

2 10\ Power . Switching
Source Circuitry
B K 202

\ i Energy

- } Detection —
. Control : ] > Circuitry k 206
. Module —
] N

230 + 216
A

FIG. 5

11



46 13 250

| Surgicsl
=5 Generator




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - abstract drawing

