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ELECTROSURGICAL SYSTEM AND METHOD HAVING ENHANCED ARC
PREVENTION

FIELD OF THE INVENTION
The present invention relates to systems and methods for detecting and preventing non-
optimal counditions or faulis during clectrosurgical procedures within a body space of a patient
body, such as within a joint. More particularly, the present mvention relates to methods and
apparatus for utilizing a combination of both electrical measurements at tow voltages and at least
one other measureable to better evaluate conditions within a body space before or between

electrosurgical treatments of tissue.

RELATED REFERENCES
The present invention is related fo comamonly assigoed ULS. Patent No. 6,142,992, filed
April 10, 1998, U.5. Pat. No. 6,235,020, filed April 10, 1998, entitled “Power Supply and
Methods {or Fluid Delivery in Electrosurgery”, LS. Patent apphcation Ser. Neo. 12/771,128, filed
on Aprii 30, 2010 entitled “Electrosurgical Systems and Method having Enhanced Temperature
Measurement”, and U.S. Patent application Ser. No. 14/192,97%, filed February 28, 2014 entitled
“Systems and Methods Systems related to Electrosurgical Wands with Sereen Electrodes” the

complete disclosures of which are herein incorporated by reference.

BACKGROUND OF THE INVENTION

The ficld of electrosurgery includes a number of loosely related surgical techniques which
have in commmon the application of elecirical encrgy to modify the structure or integrity of patient
tissue. Electrosurgical procedures usually operate through the application of very igh frequency
currents to cut or ablate tissue structures, where the operation can be monopolar or bipolar.
Monopelar techniques rely on a separate electrode for the return of RF current that is placed
away from the surgical site on the body of the patient, and where the surgical device defines only
a single electrode pole that provides the surgical effect. Bipolar devices comprise both electrodes
for the application of current between their surfaces.

Electrosurgical procedures and technigues are particularly advantageous as they generally
reduce patient bleeding and trauma associated with cotting operations.  Additionally,
clectrosurgical ablation procedures, where tissue surfaces and volume may be reshaped, is not
castly duphicated through other treatment modalitics,

CGenerally, radiotrequency (RF) energy is extensively used during arthroscopic procedures

because it provides efficient tissue resection and coagulation and relatively easy access to the
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target tissues through a portal or cannula.  Arthroscopic procedures, laproscopic procedures, and
the tike are often conducted in confined areas such as the synovial sac of the kuee or similar body
enclosures in the presence of a conductive medium such as an electrically condutive fhud (e.g.,

saline). However, a challenge with the surgical use of RF energy in confined spaces is that an

h

clectrode on the electrosurgical instrument is more likely to come into accidental contact or be
placed in close proximity to a low fmpedance object, such as a metallic endoscope or a soff tissue
mplant or anchor.  When an electrosurgical active elecirode 15 placed in the proximity of

metailic objecis, there is a high concentration of the electrical field around the metal, and

therefore the clectrical field can casily exceed the medium, and gencrate an arc. Especially in

1} cases when the electrical feld created by the voltage exceeds the dielectric sirength of this
medium, , an arc discharge plasma (or thermal plasma) may be formed with temperatures usoally
exceeding 1,500°C when high frequency voltage is generated across the conductive
medium.  The bigh temperature generated by the are, combined with the shock wave generated
by the discharge plasma, can damage fissue, soft tssue implants, or other equipment hike crystal

15 lenses of an endoscope.  Standard electrosurgical systems used i arthroscopic surgery or other
types of surgery may have circuiiry that detects high currenis associated with arcs, and can be
configured to mterrupt the high frequency output very rapidly i order to mitigate any potential
damage caused by the arc. However, in order to completely remove the risk of arcing and the
resuitant damage, the high currents associated with a potential arc needs to be dissipated before it

20 s detected. Without such dissipation of the current, an arc may still form, even if only for a very
short tioe {3 few hundred nano seconds to several micro seconds, or even sometimes
milliseconds) bring forth a potential risk of damaging the RF generator, the endoscope, the
surrcunding tissue, and any other adjacent tissue implant or surgical equipment.

Previous atterapts to mitigate these damaging effects have mcluded limiting the power

o
N

output of the R¥ generator and measurmg the current periodically to check for acceptable levels.
These solutions may be effective to stop an arc once it has occarred but they do not predict or
detect the possibility of an arc prior to the arc oceurring.  Furthermore, over-limiting the power
output of the generator reduces the rate of the surgical effect, which s often unacceptable or an
annoyance from a clinical perspective.  An improved system and method to more accurately
30 predict non-preferablec  conditions such as  arcing to adjacent metallic nstruments,

acconvmodating for local teraperatures and wear of the instrument 18 thercfore desired.

SUMMARY

The present disclosure provides systoms, apparatus and methods for minimizing the

e

i
L

hikelihood of an electrosurgical fnstrumment arcing to a nearby metallic object, taking tuto account
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variables that may affect the possibility of arcing. These variables may include the instrument
used and surgical procedure, as well as measurcable varabies, such as the temperature adjacent
the nstrument distal tip and wear of the distal tip and electrodes. The present disclosure also
provides systems, apparatus and methods for indicating high impedance conditions at the distal
end of the electrosurgical instrument using a low voltage.

{n one aspect the present disclosure describes an electrosurgical systera for treating tissue
at a target site with an electrosurgical probe, the probe having a shaft with a distal end, a
proximal end and an active electrode terminal disposed near the distal end. The system also
includes a high frequency power supply for delivering high frequency voliage to the active
electrode ternunal. This ligh frequency power supply s coupled to both the active clectrode
termnal and a return electrode. The system may also inclode a controller that, amongst other
things, receives and processes an output signal from a current sensor and a {emperature sensor.
The current sensor measures the current output of the power supply and the temperature sensor
may be located in or near an electrically conductive fhud and is also located close to the target
site. This electrically conductive fluid may provide a current path between the active electrode
terminal and the returm electrode. The countroller is programimed to operate in a low voltage
mode at tires, that hmits the power supply to a low voltage output until a current output from the
current sensor i8 within an acceptable range. This range has a predetermined upper Hmit that
may be modified by at least one measured value. In some embodiments this measured value is
termperature and 1o some crobodiments this temperature is measured af the teraperature sensor.

In some embodiments the controller may automatically adjust the power supply to a higher
voltage therapentic mode once the curvent oulput is within the acceptable range.  Additionally,
the coniroller may also automatically return the power supply to the low voliage mode for atf least
one suspension period, should an arc be detected, and the suspension period may be repeated
until the current output returns to within the acceptable range. In some embodiment the range
upper Hmit increases as the measured temperature increases. In some erbodiments the range has
a predetermined lower limit that detects high impedance faulis in the probe or insufficient
electrically conductive fluid adjacent the active and retwn electrode.

In another aspect of the disclosure, a method of preventing arcing between an electrosurgical
probe and a metallic object is disclosed, including the steps of delivering a low voltage high
frequency energy from a high frequency power source to an active elecirode ternvnal located at
the distal end of the clectrosurgical probe, followed by measuring a current output of the high
frequency power source and a temperature output adjacent the active electrode.  The
predetermined high current Hmit may then be modified based on the temperature output and then

the measured current output may be compared to this modified high current predetermined hint.
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In some embodiments high voltage high frequency therapeutic energy may then be delivered to
the active electrode terminal if the current output is below the mwodified predetermined limdt. In
some embodiments the power source will continue to deliver the low voltage energy, should the
current output continue to exceed the modified predetermined threshold limit. I some
embodiments the power supply may auwtomatically return to the steps of delivering low voltage
energy should an arc be detected between the active electrode terminal and a metallic objeoct
while delivering high voltage therapeutic energy. In some embodiments the predetermined high

current Hmit increases as the temperature increases.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an electrosargical system including an elecirosurgical
probe and electrosurgical power sopply, in accordance with at least some embodiments.

Fig. 2 s side view of an clectrosurgical probe according to the present embodirents.

Fig. 3 itlustrates a detailed view illustrating ablation of tissue, i accordance with at least
some embodiments.

Fig. 4A is a partial cross-sectional side view of s temperature sensor positioned along the
shaft of an clectrosurgical probe, proximal of an electrode assembly, in accordance with at least
some embodiments.

Fig. 4B is a detail cross-sectional side view of a temperature sensor insulaied via an
adhesive, in accordance with at least some embodiments.

Fig. 5 15 a side view of another embodiment of a teroperature sensor that may be
positioned within a {luid lomen of an electrosurgical probe to sense the fhad temperature
imediately removed from the vicinity of the active clectrode, in accordance with at least some
embodiments.

Fig. 6 1s an illustrative graph comparing current at low voltage versus distance from a
metallic object for differing probe conditions, in accordance with at least some embodiments.

Fig. 7 18 an illustrative graph comoparing current output with {luid teraperature changes
for different probe types, in accordance with at least some embodiments.

Fig. 8 is a flow chart representing a method to reduce arcing during an electrosurgical

proceduore, in accordance with at least some emmbodiments.

DETAILED DESCRIPTION
Before the present invention i3 described in detail, it is to be understood that this

invention is not lmited to parficular variations set forth herein as various changes or

w

modifications may be made to the invention described and equivalents may be substituted
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without departing from the spirit and scope of the invention. As will be apparent to those of skili
i the art upon reading this disclosure, each of the ndividual cobodiments described and
ithustrated herem has discrete components and features which may be readily separated fom or
combined with the features of any of the other several embodiments without departing from the
scope or spirit of the present invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process act(s) or step(s) 1o the
ohjcctive(s), spitit or scope of the present invention. All such modifications are mtended to be
within the scope of the claims made herein.

Methods recited hercin may be carried out in any order of the recited events which is
logically possible, as well as the recited order of events. Furtherroore, where a range of values is
provided, it is understood that every mtervening value, between the upper and lower hmit of that
range and any other stated or intervening value in that stated range is encomapassed within the
mvention. Also, i is conferoplated that any optional feature of the inventive vartations described
may be set forth and claimed independently, or in combination with any one or more of the
features described herein.

All existing subject matter mentioned herein (e.g., publications, patents, patent
applications and hardware) 1s incorporated by reference herein in its entirety except nsofar as the
subject matier may conflict with that of the present mvention (in which case what is present
herein shall prevail). The referenced items are provided solely for their disclosure prior to the
filing date of the present apphcation. Nothing herein is to be construed as an admission that ¢
present nvention is not entitled to antedate such material by virtue of prior invention.

Reference to a singular item, inclodes the possibility that there are plural of the same
iteros present. More specifically, as used herein and in the appended claims, the singular forms
“a,” “an,” “said” and “the” mnclude plural referents unless the context clearly dictates otherwise.
It s further noted that the claims may be drafted to exclude any optional clement. As such, this

staternent is intended to serve as antecedent basis for use of such exclusive terminology as

2% G«

“solely,” “only” and the like i connection with the recitation of claim clements, or use of a
“negative” Hmitation. Last, it is to be appreciated that unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commeonly understood by one of ordinary
siall in the art to which this invention belongs,

The treatmoent device of the present invention may have a varety of configurations.
However, one variation of the device employs a treatment device using Coblation® technology.
The assignee of the present invention developed Coblation technology. Coblation technology
involves the apphication of a high frequency voltage difference between one or more active

clectrode(s) and one or mwore return electrode(s) to develop high electric field intensities in the

L
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vicinity of the target tissue. The high clectric field intensitics may be gencrated by applying a
high frequency voltage that is sufficient to vaporize an electrically conductive fluid over at least
portion of the active electrode(s) in the region between the tip of the active clectrode(s) and the
target tissue. The electrically conductive thud may be a liguid or gas, such as isotonic saling,
blood, extracellvar or intraceliular fluid, delivered to, or already present at, the target site, or a
viscous fluid, such as a gel, applied to the target site.

When the conductive fluid is heated enough such that atoms vaporize off the surface
faster than they recondense, a gas is formed. When the gas is sufficiently heated such that the
atoms collide with cach other causing a release of clecirons in the process, an ionized gas or
plasma 15 formed (the so-called “fourth state of matier™). Generally speaking, plasmas may be
formed by heating a gas and ionizing the gas by driving an electric current through it, or by
shining radio waves inte the gas. These methods of plasma formation give energy to free
clectrons in the plasma directly, and then eleciron-atom collisions liberate more electrons, and
the process cascades until the desired degree of iomization s achieved. A more complete
description of plasma can be found in Plasma Physics, by R.J. Goldston and P.H. Ruther{ord of
the Plasma Physics Laboratory of Princeton University (1995}, the compleie disclosure of which
is incorporated herein by reference.

As the density of the plasma or vapor layer becomes sufficiently low (ie., less than
approximately 1020 atoms/cm3 for agueous sofutions), the clectron mean free path increases to
enable subsequently injected electrons to cause impact ionization within the vapor laver. Once
the ionic particles in the plasma layer have sufficient energy, they acceleraie towards the target
tissue.  Energy evolved by the energetic electrons {eg., 3.5 ¢V to § eV} can subsequently
bombard a molecule and break its bonds, dissociating a molecule into free radicals, which then
combine info final gaseous or liquid species. Offen, the electrons carry the electrical current or
absorb the radio waves and, therefore, are hotter than the 1ons. Thus, the electrons, which are
carried away from the tissue towards the return electrode, carry most of the plasma’s heat with
them, allowing the ions to break apart the tissue molecules in a substantially non-thermal manuer.

rad
£
)

By means of this molecular dissociation (vather than thermal evaporation or
carbonization), the target tssue siructure 18 vohwmmetrically removed through molecular
disintegration of larger organic molecules into smaller molecules and/or atoms, such as
hydrogen, oxygen, oxides of carbon, hydrocarbons and nitrogen compounds. This moolecular
disintegration completely removes the tssue structure, as opposed to dehydrating the tissue
material by the removal of hiquid within the cells of the tissue and extracellular fluids, as is

typically the case with electrosurgical desiceation and vaporization. A more detailed description
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of this phenomenon can be found in commonly assigned U.S. Patent No. 5,697,882 the complete
disclosure of which is incorporated herein by reference.

In some applications of the Coblation technology, high frequency (RF) electrical energy
is apphied in an clectrically conducting media environment to shrink or remove {i.e., resect, cut,
or ablaie) a tissue structure and to seal transccted vessels within the region of the target tissue.
Coblation technology is also useful for sealing larger arterial vessels, e.g., on the order of about 1
mm in diameter. In such applications, a high frequency power supply is provided having an
ablation mode, wherein a first voltage s applied to an active electrode sufficient to effect

wolecular dissociation or disintegration of the tissue, and a coagulation mode, wherein a second,
lower voltage is applied to an active electrode (either the same or a different clectrode) sufficient
tes heat, shrink, and/or achieve hemostasis of severed vessels within the tssue.

The amount of energy produced by the Coblation device may be varied by adjusting a
variety of factors, such as: the number of active electrodes; electrode size and spacing; electrode
surface area; asperities and sharp edges on the clectrode surfaces; electrode materials; applied
voltage and power; corrent limiting means, such as indoctors; electrical condactivity of the fluid
in contact with the elecirodes; density of the {luid; and other factors. Accordingly, these factors
can be manipulated to control the energy level of the excited electrons. Since different tissue
structures have different molecular bonds, the Coblation device may be configured to produce
energy sufficient to break the molecular bonds of certain tissue but insufficient to break the
melecular bonds of other tissue. For example, faity tissue {e.g., adipose} has double bonds that
equire an energy level substantially higher than 4 ¢V to § eV (typically on the order of about §
V) to break. Accordingly, the Coblation® technology generally does not ablate or remove such
fatty tissue; however, it may be used to eifectively ablate cells to release the inner fat content in a

hquid form. Of course, factors may be changed such that these double bonds can also be broken
in a similar fashion as the single bonds {e.g., mcreasing voltage or changing the electrode
configuration to increase the current density at the electrode tips). A more complete description
of this phenomenon can be found n comumonly assigned ULS. Patent Nos. 6,355,032; 6,149,120
and 6,296,136, the complete disclosures of which are mcorporated herein by reference.

The active electrode(s) of a Coblation device may be supported within or by an norganic
nsulating support positioned near the distal end of the instrument shaft. The return clectrode
may be located on the instrument shafl, on another instrument or on the external surface of the
patient (i.e., a dispersive pad). The proximal end of the instrumnent{s) will jnclude the appropriate
clectrical connections for coupling the retum electrode(s) and the active electrode(s} to a high

frequency power supply, such as an ciccivosurgical voliage generator.
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In one example of a Coblation device for use with the embodiments disclosed herein, the
return clectrode of the device is typically spaced proximally from the active electrode(s) a
suitable distance o avoid electrical shorting between the active and return electrodes m the
presence of electrically conductive fhiid. In many cascs, the distal edge of the exposed surface of
the retura clectrode is spaced about 6.5 mm to 25 mm from the proximal edge of the exposed
surface of the active electrode(s), preferably about 1.0 nm fo 5.0 num.  OF course, this distance
may vary with different voltage ranges, conductive thuds, and depending on the proximity of
tissue structures to active and return clectrodes. The retum electrode will typically have an
exposed length in the range of about 1 mm to 20 nun.

A Coblation treatment device for use according to the present embodiments may use &
single active electrode or an array of active electrodes spaced arcund the distal surface of a
catheter or probe, In the fatter embediment, the electrode array usually includes a plurality of
mdependently current-limited and/or power-controlled active electrodes to apply electrical
energy selectively to the target tissue while limiting the unwanted application of electrical energy
to the surrounding tissue and environment resulting from power dissipation into surrocunding
glectrically conductive fluids, such as blood, normal salineg, and the like. The active elecirodes
may be independently current-limited by isolating the terminals from cach other and connecting
cach terminal to a separate power source that is isolated from the other active electrodes.
Aliernatively, the active electrodes may be connected to each other at cither the proximal or
distal ends of the catheter to form a single wire that couples to a power source.

in one configuration, each individual active electrode 1 the electrode array 1s electnically
msulated from all other active electrodes i the arvay within the instrument and is connected to a
power source which is isolated from each of the other active electrodes in the array or to circuitry
which limits or interrupts current flow to the active clectrode when low resistivity material (e.g.,
blood, electrically conductive saline frigant or electrically conductive gely causes a lower
impedance path between the retum electrode and the individual active electrode. The isolated
power sources for cach individual active electrode may be separate power supply circuits baving
mitermnal fmpedance characteristics which imit power to the associated active electrode when a
low impedance return path is encountered. By way of example, the isclated power source may
be a user selectable constant current source. In this ecmbodiment, lower impedance paths will
automatically result in lower resistive heating levels since the heating is proportional to the
square of the operating current times the iropedance.  Alternatively, a single power source may
be connected to each of the active electrodes through independently actuatable switches, or by
independent current  limiting  eloments, such as  inductors, capacifors, resistors and/or

combinations thereof.  The cwrent limiting clements may be provided i the msirument,
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connectors, cable, controller, or along the conductive path from the controller to the distal tip of
the instrument. Alternatively, the resistance and/or capacitance may occur oo the surface of the
active electrode(s) due to oxide layers which form selected active electrodes (e.g., titanium or a
resistive coating on the surface of metal, such as platinum).

The Coblation device is not limited fo electrically isolated active electrodes, or even to a
phurality of active electrodes. For example, the array of active electrodes may be connected to a
single lead that extends through the catheter shaft to a power source of high frequency current.

The voltage difference apphed between the return electrode(s) and the active electrode(s)
will be at high or radio frequency, typically between about 5 kHz and 20 MHz, usually being
between about 30 kHz and 2.5 MHz, preferably being between about 50 kHz and 500 kHz, often
less than 350 kHz, and ofien between about 100 kHz and 200 kHz. In some applications,
applicant has found that a frequency of about 100 kHz is useful because the tissue impedance is
much greater at this frequency. In other applications, such as procedures in or around the heart
ot head and neck, higher frequencies may be desirable {e.g., 400-600 kHz) to mimimize low
frequency current flow into the heart or the nerves of the head and neck.

The RMS (root mean square) voliage applied will usually be in the range from about 5
volts to 1000 volts, preferably being i the range from about 10 volts to 500 volts, ofien to
debiver therapeutic levels of energy where the tissue 1s treated, between about 150 volts to 400
volts depending on the active electrode size, the operating frequency and the operation mode of
the particular procedure or desired effect on the tissue (i.e., contraction, coagulation, cutting or
ablation.)

Typically, the peak-to-peak voltage for ablation or cotting with a square wave form will
be in the range of 10 volis to 2000 volts and preferably in the range of 100 volis to 1800 volis
and more preferably in the range of about 300 volts to 1500 volts, often in the range of about 300
volts to 800 volis peak to peak {again, depending on the electrode size, number of electrons, the
operating frequency and the operation mode). Lower peak-to-peak voltages will be used for
tissue coaguiation, thermal heating of tissue, or collagen contraction and will typically be in the
range from 5O to 1500, preferably 100 to 1000 and more preferably 120 to 400 volts peak-to-
peal {agaim, these values are computed using a square wave form). Higher peak-to-peak
voltages, €.2., greater than aboul 800 volts peak-to-peak, may be desirable for ablation of harder
material, such as bone, depending on other factors, such as the electrode georgetries and the
composition of the conduetive fluid.

As discussed above, the voliage is usuoally delivered i a series of voltage pulses or
alternating current of time varying voltage amplitude with a sufficiently high frequency (e.g., on

the order of 5 kHz to 20 MHz) such that the voliage is effectively applied continuously (as

9
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compared with, e.g., lasers claiming small depths of necrosis, which arc generally pulsed about
10 Hz to 20 Hz). In addition, the duty cycle (7. e., cumulative time 1 any onc-second nterval that
energy is apphied} is on the order of about 50% for the present invention, as compared with
pulsed lasers which typically have a duty cycle of about 0.0001%.

The preferred power source may deliver a high frequency current selectable to generate
average power levels ranging from several milliwatis to fens of watis per electrode, depending on
the volume of target tissue being treated, and/or the maximum allowed temperature selected for
the mstrument tip. The power source allows the user to select the voltage level according to the
specific requirements of a particular neurosurgery procedure, cardiac surgery, arthroscopic
surgery, dermatological procedure, ophthalmic procedures, open surgery or other endoscopic
surgery procedure. For cardiac procedures and potentially for neurosurgery, the power source
may have an additional filter, for filtering lcakage voltages at frequencics below 160 kHz,
particularly frequencies around 60 kHz. Alternatively, a power source having a higher operating
frequency, e.g., 300 kHz to 600 kHz may be used i certain procedures m which stray low
frequency currents may be problematic. A description of one suitable power source can be found
i commonly assigned U.S. Patent Nos. 6,142,992 and 6,235,020, the complete disclosure of
hoth patents are incorporated herein by reference for all purposes.

The power source may be current Hmuted or otherwise controlled so that undesired
heating of the target tissue or surrounding (non-target) tissuc does not occur. In a presently
preferred cobodiment of the present invention, current Hmiting inductors are placed m serie
with each independent active clectrode, where the inductance of the mnductor 1s in the range of
10uH to 50,000uH, depending on the elecirical properties of the target tissue, the desired tissue
heating rate and the operating frequency.  Alternatively, capacitor-inductor (LT} circuit

structures may be employed, as described previcusky in ULS. Patent No. 5,697,909, the complete
disclosure of which is incorporated herein by reference. Additionally, current-limiting resistors
may be selected. Preferably, these resistors will have a large positive teraperature coefficient of
resistance 8o that, as the current level begins to rise for any individual active electrode in contact
with a low resistance medium (e.g., saline rigant or blood), the resistance of the current hnuting
resistor increases significantly, thereby minimizing the power delivery from said active electrode
into the low resistance medium {e.g., saline irrigant or blood}.

Moreover, other treatment modalitics {(e.g., laser, chemical, other RF devices, ete.} may
be used in the inventive method either in place of the Coblation technology or in addition thereto.

“Active electrode” or “active clectrode terminal” shall mean an electrode of an

clectrosurgical wand which produces an electrically-induced tissue-alicring effect when brought
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nto contact with, or close proximity to, a tissue targeted for treatment, and/or an clectrode having
a voltage induced thercon by a voltage generator,

“Return electrode” shall mean an electrode of an electrosurgical wand which serves to
provide a current flow path for clectrons with respect to an active electrode, and/or an electrode
of an electrosurgical wand which does not itself produce an electrically-induced tissue-altering
effect on tissue targeted for treatment.

Where a range of values i3 provided, it is understood that every mtervening value,
between the upper and tower Hmit of that range and any other stated or intervenmg value in that
stated range s encomapassed within the invention.  Also, it is contemplated that any optional
feature of the nventive variations described may be set forth and claimed mdependently, or in
combination with any one or more of the features described herein.

Fig. 1 illustrates an electrosurgical sysiem 380 in accordance with at icast some
embodiments. In particular, the clectrosurgical system 108 compriscs an electrosurgical wand or
probe 182 coupled to an clectrosurgical controller 104 (hereinafter “controlier 184”). The wand
§82 comprises an clongale housing or elongate shafl 186 that defines distal end 188, The
clongate shaft 186 further defines a handle or proximal end $i8, where a physician grips the
wand 102 during surgical procedures. The wand 382 further comprises a flexible rault-
conductor cable 112 housing one or more clecirical leads, and the flexible multi-conductor cable
§12 terminates in a wand connector 134, As shown in Figure |, the wand 102 couples to the
controlier 184, such as by a controller cormmector 128 on an outer surface of the enclosure 122 (in
the stlustrative case of Figure 1, the front surface).

Though not visible in the view of Figure 1, in some embodiments the wand 182 has one
or more internal fluid conduits coupled to exiernally accessible tubular mermbers. As iflusirated,
the wand 102 has a flexible tbular member 116, used to provide aspiration at the distal end
portion 188 of the wand 182, In accordance with various embodiments, the tubular member 116
couples to a peristaltic pump 118, the pump being illostratively shown as an integral component
with the controller 184, In other embodiments, an enclosure for the peristaltic pump 118 may be
separate {rom the enclosure 122 for the controller 184 (as shown by dashed lines in the figure),
bui m any event the peristaliic pump is operatively coupled to the controller 184, In the context
of the various embodiments, the peristaliic purop 118 creates a volume-controlied aspiration from
a surgical ficld at the distal end portion 168 of the wand 162,

Sl referring to Figure 1, a display device or interface device 130 is visible through the
enclosure 122 of the controller 184, and in some embodiments a user may seloct operational
modes of the controller 184 by way of the interface device 138 and related buttons 132, In some

¢

embodiments the electrosurgical system 186 also comprises a foot pedal assembly 134, The foot
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pedal assembly 134 may comprise one or more pedal devices 136 and 138, a flexible mult-
conductor cable 146 and a pedal connector 142, While only two pedal devices 136 and 138 are
shown, one or more pedal devices may be imoplemented. The enclosure 122 of the controller 184
may comprise a corresponding connector §44 that couples o the pedal conpector 142, A
physician may use the foot pedal assembly 134 to conirol various aspects of the controller 184,
such as the operational mode. For example, pedal device 136 may be used for on-off conirol of
the application of radio frequency (RF) energy to the wand 182, Further, pedal device 138 may
be used to control and/or set the mode of ablation of the clectrosurgical system. In certain
embodiments, control of the various operational or performance aspects of contrelier 184 may be
activated by selectively depressing finger buttons located on handie 118 of wand 18 (the fOnger
buttons not specifically shown so as not to unduly complicate the figure}.

In example systems the controller 104 may mclude a voltage generator {not shown) for
generating an alternating current (AC) that is coupled to wand 102, Controller 104 ray also
have a processor {not shown) disposed within enclosure 122, The processor may be a
microcontroller from any of a variety of available sources, such as one of the many

ricrocontrollers avaifable from Freescale Semiconductors, Inc. of Austin, Texas, The processor

1ay have onboard non-volatile mergory within which various programs and data raay be stored.
In exarople systems, the non-volatile memory may store a program that, when exccuted by the
processor, causes the processor to periodically read various electrical paramceter or temperature
measurement sensors (not shown) electrically coupled 1o the processor and then digitally send the
values to the controlier 104,

Referring now to Fig. 2, an electrosurgical wand or probe 10 representative of the
currently described embodiments includes an clongate shaft 13 which may be flexibie or rigid, a
handle 22 coupled to the proximal end of shait 13 and an clectrode support member 14 coupled
to the distal end of shaft 13, Probe distal portion 11 includes an active electrode or active
electrode terminal 12 disposed on the distal tip of shafl 13, sopport member 14 and a retomn
clectrode 17, Active electrode terminal 12 moay be connected to an active or passive control
network within a power supply and controller 104 (see Fig. 1) by roeans of one or more msulated
electrical connectors (not shown in figure 2). The active clectrode 12 is electrically isolated from
a common or return ¢lectrode 17 which is disposed on the shaft proximally of the active electrode
12, preferably being within | mm to 25 rom of the distal tip. Proximally from the distal tip, the
return electrode 17 is generally concentric with the shaft of the probe 18, The support member
14 is positioned distal to the return electrode 37 and may be composed of an electrically

imsulating material such as epoxy, plastic, ceramic, glass or the Hke. Support member 14 extends
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from the distal end of shaft 13 (usually about Imm to 20mm) and provides support for active
electrode 12.

Probe 18 may fwrther include at least one fhuid lumen for aspirating excess fhuds,
bubbles, tissue fragments, and/or products of ablation from the targel siic and/or dehvering
clectrically conductive fluid. A lumen (not shown here) may extend from the active electrode 12
through shaft ¥3 and handle 22 to an external connector 24 for coupling to a flexible fluid tube
(such as exemplary {hud tube 116 shown n Fig. 1}, In the case of aspiration, a vacuum source 18
a standard hospital pump that provides suction pressure to connector 24,

Fig. 3 representatively iftustrates in more detail the removal of a target tissuc by use of an
embodiment of a representative electrosurgical probe 58 according to the present disclosure. As
shown, the high frequency voltage is sufficient to convert the electrically conductive fluid {not
shown} between the target tissue 382 and active clecirode terminal(s} 384 into an ionized vapor
layer 312 or plasma. As a result of the applied voltage differcnce between clectrode terminal(s)
384 and the target tssue 382 (ie, the voltage gradient across the plasma layer 312), charged
particles 385 in the plasma are accelerated. At sufficiently high voliage differences, these
charged particles 315 gain sufficient energy to cause dissociation of the molecular bonds within
tissue structures in contact with the plasma field. This molecular dissociation is accompanied by
the volumetric removal (7.e., ablative sublimation) of tissue and the production of tow molecular

A

weight gases 384, such as oxygen, nitrogen, carbon dioxide, hydrogen and methane. The shost

3
range of the accelerated charged particles 315 within the tissue confines the molecular
dissociation process to the surface layer to mintmize damage and necrosis to the underlying
tissue 328,

Dhuring the process, the gases 314 may be aspivated through a suction opening and suction
lumen to a vacuum source (not shown). Io addition, excess electrically conductive fluid, and
other thuds {e.g., bloed) will be aspirated from the target site 380 to facihitate the surgeon’s view.
During ablation of the tissue, the residual heat generated by the current flux hines 318 (typically
less than 150°C) between eloctrode terminals 304 and return clectrode 311 will usually be
sufficient to coagulate any severed blood vessels at the site. I not, the surgeon may switch the
power supply {not shown) into the coagulation mode by lowering the vollage o a level below the
threshold for fluid vaporization, as discussed above. This simultancous hemostasis resulis in fess
bleeding and facilitates the surgeon’s ability to perform the procedure.

Because of the cnergy generated and applied during treatment within the patient body
with the above-described probe or other variations thereof, the actual temperatare of any
clectrically conductive fluid irrigating the treated body space, joint, or tissuc region may

~

generally increase with energy application.  Accordingly, probe 16 may nclude mechanisms for

—
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icasuring a temperature of the electrically conductive fluid itself without being overly
mfhienced by the surgical effect occurring at the active clectrode 12, Turning to Fig. 44, one
embodiment 18 ilustrated i the side view of probe 18 and the detail side view showing a
temperatare sensor 78 positioned along the probe shaft proximally of the return electrode 17.
Temperature sensor 78 may comprise any number of sensors, ¢.¢., thermocouple, thermistor,
resistance teraperature detector (RTD), ete. o particular, feroperature sensor 78 may comprise a
T-type thermocouple as these sensors are well-cstablished for use 1o such probes.

To reduce or eliminate the temperatore-monitoring influence from an active electrode 12
during tissue treatment, sensor 78 is desirably distanced from both the active clecirode 12 and
return electrode 17 and may accordingly be posttioned proximally along the shaft 13 of probe 18.
In the example shown, the distance L; of sensor 78 removed from retarn electrode 17 is at least S
mm but may also be less than or greater than this distance, as practicable. With sensor 70
positioned accordingly, the sensor 70 may measure the femperature of the infused electrically
conductive fluid/irrigant or any medium surrounding the probe 18 and sensor 70 as the
temperature of the thad is indicative of the temperature of the surrounding tissue or joint space
within which probe 18 may be positioned for treatment. The fhuid temperature may thus be
measurcd without regard to any energy generated by the current traveling between active
electrode 12 and return electrode 17 of probe 18.

Temperature sensor 70 may be mounied directly upon the shaft as illustrated in figure 4A.
However, certain embodiments of probe 18 may have a suction lumen (not shown here} for

~

aspirating fluid and ablative byproducts from the treatment site, wherem the inflow and/or

g

putflow of fhad and gas through the underlying suction Tumen may affect the temperatore sensed
by sensor 78, Thus, a thermally insulative layer 74 such as heat shrink tubing or other insulation
{c.g., comprised of thermoplastics, such as  polyolefin, polyvinyl chlonide (PV(C),
polvtetrathuoroethylene (PTFE), fluorinated ethylene propylene (FEP), etc.} may be placed
between the temperature sensor 78 and ouler surface of shaft 13, Sensor 78 may be secured
directly to the shaft 13 and/or underlying layer 74 via another insulative layer 76 overlying
sensor 78 and conducting wire 72 coupled to sensor 78. This overlying tnsulative layer prevents
the temperature of the sarrounding fhud from effecting the measurement at sensor 78, The
addition of the overlying layer 76, which may be comprised of any of the materials mentioned
above, may also clectrically isolate temperature sensor 78 from s swrrounding saline
environment to prevent or inhibit electrical noise from being introduced nto the temperature

measuremment circuit. Overlying layer 76 may be adhesive hned to further isolate the sensor 78.
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Additionally and/or aliernatively, feraperature sensor 78 may be isolated and secured to
the underlying layer 74 by an adhesive 78, e.g., epoxy or cyvancacrylate glue, which may be
adhered directly upon sensor 78, as illusirated in the detail side view of Fig. 4B.

In another embodiment, not shown here but described in U.S. Patent application Ser. No.
12/771,129, filed on April 30, 2010 entitled “Electrosurgical Systems and Method having
Enhanced Temperature Measurement,” the complete disclosure of which i3 herein incorporated
by reference, meludes a varation where multiple temperature sensors 74, e.g., greater than one
sensor, may be positioned around the shaft 13 to obtain multiple readings of the {lud
temperature.  Multiple terperature sensors 78 may be uniformly positioned relative to one
another about a circumference of shaft 13, or they may be alternatively positioned at arbitrary
locations as well.  In sensing the multiple fluid temperatures, each of the temperatores may be
displayed to the user and/or alternatively they may be calculated to present an average
temperature value 1o the user and/or the maximum of the measured values may be displaved.

Referring now to Fig. 5, in yet apother variaion a representative probe 16 baving a
suction lomen 20 for aspirating clectrically conductive fluid from the body or joint space, a
temperature sensor 78 and conducting wire 72 may be alternatively positioned within the suction
fumen 28 itself, as illustrated in the detail cross-sectional view of Fig. 5. In this example, a
temperature of the electrically conductive fluid recently in the mmmediate vicinity of the active
screen cicctrode 48 and then aspirated info suction lumen 28 may be measured as one method for
determining a temperature-efiect induced in nearby fissues due to the electrosurgical procedure.
Such temperature measurements could be used to control the RF output m order to provide
therapies where it may be desirable to clevate the temperature of the target tissue lo a specific
temperature range. This configuration may also yicld temperature data that may be used to
directly correlate the teroperature of the target tissue from the aspirated conductive fhuid/frrigant
and thereby allow the user to get direct feedback of the actual temperature of the tissue and/or
Hmit the RF output depending on preset limits or for a given procedure or tissue type.

{ndependently from or in addition o the temperature sensing mechanisis in or along the
probe 18, the power supply/controller 184 may alse be configured for determining and/or
controlling a current culput. The carrent output during normal therapestic operation is typically
in the range of aboul 200 mAmps {(mA} or fess, with an approximate 300V{RMS)} voltage, as
discussed earlier. Means for sensing current output are deseribed in US Pat. No. 6,235,020, filed
April 10, 1998, entitled “Power Supply and Methods {or Fhud Delivery in Electrosurgery” the
complete disclosure of which is herein incorporated by reference. As discussed previously, when
a probe 18 is in close proximity to a metallic object or clecirically conductive object such as

another surgical instrument or scope, a less than optimal situation may occur and power supplied
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to probe 1¢ may be diverted and creatc an arc between the active clectrode (s) and metallic
object. This may damage the metallic mstrument and also damage the active clecirode surface,
potentially alterimg the tissue effect preferentially created by the active electrode. According to
certain embodiments described herein, the controller 104 may therefore be programmed to
perform a pre-test in a lower voltage mode, lower voltage pulse or check mode for a period of
time, before returning to a standard operating mode for delivering a higher therapeutic voltage
level 1o the target tissue.

This lower voltage mode may be performed at any time before delivering a therapeutic
voltage level to the tissue, either upon initial activation whereby the user commands the
controller to deliver power by depressing 4 foot pedal or hand switch for example, or periodically
throughout the duration of a procedure during suspensions in the periods of delivery of
therapeutic voliage associated with standard operational use of the probe. This check mode may
also be performed automatically after any arc has been detected and before returning 1o
therapeutic voltage levels without the nput coromand from the vser to the system 188 being
altered, i.e. the user may not disengage or deactivate the foot pedal or the finger switch. The
lower voltage delivered during the pre-test or check mode may range between 10-90 VRMS,
chosen so as to minimally alier the swrounding tissue and mintmally affect any temperature
signals during this testing period, and is sent to the probe for a relatively short duration (i.e., for
less than approximately 100 ms). More preferably, the lower voltage delivered during the pre-
test or check mode is in the range of 30-60 VRMS,

The current measured during the lower voltage mode 18 compared to predetermined high
and low current lmits, which may be sct based on several variables discussed below in more
detal. If the measured current falls ouiside of the specified Himits, the higher voltage debivery
levels appropriate for normal therapeutic operation are not allowed to activate. The current
measurement may continue until the user deactivates the probe, or until the current measurement
falls within the specified high and low threshold values corresponding to the relevant operational
variables. Current measurement may also be programmed to repeatedly occur periodically over
the duration of the probe's procedural use.

When electrodes are 1mmersed in an elecirically conductive medium, an electrode
circuit may be formed. This elecirode circeunit includes the plasma created in operational
elationship to the active electrode of the probe, the electrically conductive fluid between the
active and return electrodes, and the electrode-medium interface.  As a result of this
configuration, the electrode circuit has or presents a certain amount of impedance to the flow of
energy away from the active electrode toward a return electrode.  The irapedance presented by

the electrode circuit may be dependent on many factors. In particular, this electrode circuit
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impedance between the two electrodes may be the sum of: 1) the electrode/mediam interface
for each electrode {i.e., active electrode(s} and return electrode(s)); and, 2) the impedance of
the medium between the two electrodes. As to the first factor, the impedance of the electrode
interface with the medium is a function of the electrode electrical properties, atfected by the
electrode surface area 1n contact with the mediurn, as well as the quality of the electrode
surface. In this application, the quality of the electrode surface is primarily affected by the
wear of the electrode surface material after an amount of elapsed duration of use. As to the
second factor, the impedance of the medium between the electrodes (return and active) is a
function of the elecirical conductivity of the medwm (or whatever material is located
between the electrodes, such as tissue) and the distance between the electrodes. In the case of
electrically conductive fluids such as saline selected as the medium, this impedance alters
with changes to the temperature of the mediwm. Therefore the inventors of the present
disclosure have discovered that the minimum current (or maximum clectrode cireuit impedance)
that may result in an arc to a nearby metallic object varies depending on many variables,
including but not limited to the distance between the active electrode and a metallic instrument,
the style of the probe (e.g. the active electrode size and shape and tip angle), the wear on the
active electrode associated with the elapsed duration of use of the probe, and the temperature
adjacent the active electrode or in an electrically conductive fluid or medium surrounding the
probe. For example, the high threshold current limit measured in the lower voliage check mode
may be set so that when the probe is close to a metallic mstrument {and thus the system may be

susceptible to generating an undesirable current are) the measured current s expected 1o exceed
£ 5 }

the prescribed high threshold current Himit, and the system would therefore prevent activation of
the higher voltage delivery levels appropriate for normal therapeutic operation.  Similarly, by
way of example the tow threshold current hmit may be set so that when a probe is not sarrounded
by irrigating fluid {(such as saline typically used in an arthroscopic joint capsule) the carrent
measured 18 expected to be lower than the prescribed low threshold current himit, so that the
systern does not activate the normal therapeutic higher voltage debivery level under such
conditions.
Fig. 6 shows an exemplary chart tHustrating how the current output at which an arc oceurs
varigs with distance between a probe active electrode and metaflic object for differing probe
conditions. In general, when a large metallic object such as a retractor, endoscope or implant is
placed 1 an elecirically conductive fluid near an active and return electrode, that metallic object
will have a similar potential to the return clecirode. Thercfore, the electrode circuit impedance of
a system may geunerally be altered should a metallic instrument be disposed at a distance sinular
3

to or less than the separation between a probe’s active and retum electrode.  Accordingly, as
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shown in Fig. 6, the current output at the initial low voltage delivery will increase as the distance
or separation of the large metallic object from the probe's electrodes is reduced. The curve
depicted m Figure 6 may be used to set the high current limit based on an expected maximum
distance between the large metallic object and the probe's elecirodes at which an arc tends to
occur. Fig. 6 shows an exerapiary current output corve 685 for a newly activated wand at the low
voltage signal used for the initial measurement when the surrounding conductive fluid io
measured at a temperature of 45°C, typically indicative of the temperature of an imigating fhad
present in a joint capsule after an elapsed period of ablation during an electrosurgical procedure.
Fig. 6 also shows an exemplary curve for an output current 618 with a new wand the low voltage
signal ased for the imitial measurement when the temperature of the surrounding medium is
measured closer to room temperature {e.g., 25°C), such as when the probe is first activated in the
joint capsule, or in some instances where the probe may be inadvertently activated outside of the
irrigating fluid-infused arthroscopic surgical field. Fig. 6 also shows an exemplary third curve
for an output current 615 for a wand with substantial electrode wear due to significant elapsed
duration of use of the probe, at the low voltage signal used for the initial measurement when the
conductive fluid is measured at approximately 25°C. As shown, the arcing current output values
measurcd vary depending on the distance the metallic object 18 from a probe, as well as on the
wear on a probe active electrode, and the temperature of the medivm sensed adjacent the active
eiectrode. The wear on a probe active electrode, or the condition of the active elecirode after an
clapsed duration of use, may be determined by several measured and processed electrical
parameters, such as energy dissipated by the system across the active electrode, duration of
energy delivery across the active electrode, and type of usage of the system (ie., delivery
ablation or coagulation voltage levels).

For example, at a distance of 0.5mm, where arcing is likely to occur when therapeutic
voltage levels are delivered, a probe disposed in a medium at 25°C, indicated by point W, may
produce a current output at the low vollage signal used for the imitial measurement of
approximately 550mA, versus a new probe at typical operating teraperatures (45°C), indicated by
point X on curve 605, which may produce a current output at the low voltage signal used for the
mitial measurement of approximately 680mA. Therefore the controller 184 may be programmed
to nttially pulse the power output at approximately 50 VRMS in the lower voltage mode for a
period of time or for a suspension period and concurrently measure the current output.  {f the
current output is above a certain upper current output limit, such as S50 mA at 25°C or 680 mA
at 45 °C, then the controller may not permit a therapeutic level of voltage (approximately 300
VRMS) to be delivered until the current drops below this current output upper limit. This corrent

output upper Hoit may be defined by a combination of a set of preprogranumed values, encoded
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within the controller 184 (based on probe type, or procedure for example), that are then further
refined or modified based on measured values such as temperature measurements from a sensor
disposed near the active electrode and/or methods that mvolve ascertaining electrode wear such

as measurement of the energy dissipated by the system across a given clectrode, the number of

h

activations, or the total timae of activation. For example, certain procedures use more coagulation
voltages that generate maore heat, affecting the measured output current significantly.

Looking at a second example at a separation or distance of 1.0mm between the large
metallic object and the probe, a probe disposed in a medium at 25°C, indicated by point Y, may
produce a current output at the low wvoltage signal used for the initial mecasurement of
1 approximately 450mA, versus a new probe at typical operating temperatures (45°C), indicated by

point Z on curve 683, that may produce a current output at the low voltage signal used for the
initial measurement of approximately 600mA for this given probe style. Therefore, if the probe
is new or hittle worn, and the temperature of the surrounding medium has been measured around
45°C, the controller 104 may reference point Z on the curve 6038, and the new limiting value may
15 be higher at approximately 600mA compared with a cooler temperature, which may have a
limiting value of 400mA 1o 450mA. As a further refinement, the inventors further envisage that
the nuraber of activations or length of activation of a wand may also be guantified, and a worn
wand with lower roeasured swrrounding femperatures may have an even lower high current
threshold closer to approximately 300mA. As shown in Figure 6 and described carlier, an
20 increase w temperature of the medium acts s0 as to increase the measured current output
threshold limit, as elevated temperatures 1n the electrically conductive mediom tend to reduce the
npedance of the conductive medium.  If temperature is not taken it account, then a higher
measurcd current output threshold limit could casily be interpreted as a false indication of the

potential for arcing, or a faulty instrument, and not just an effect of the localized tomperature,

o
N

which may prevent activation of the higher voltage delivery levels appropriate for normal
therapeutic operation and be potentially be frostrating to the user.

Shown in Figure 7, an exeroplary chart shows the current output moeasured versus fhuid
temperature, for two exemplary probes (probe A and probe B) differing in active electrode

hapes, sizes and tip angles. This data was taken at an exemplary lower voltage of 50 VRMS.

o

o]

30 As discussed carlier, the imopedance of an electrically conductive medium generally decreases i
a logarithmic manner as teraperatures fncrease; therefore, elevated conductive fluid tenperatures
will result in lower electrode circuit impedance and therefore an increase n the measured current
output. Therefore the controller may be preprogrammed o account for the probe type and to use

the measurcd temperature to refine or modify an upper limit for the current output threshold
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hmit. For example, for probe A in warmer sensed temperatures, a high current threshold or hmit
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gy approximate 650milliamps (mA), whercas for probe B, m cooler temperatures, a high
curcent threshold may approximate 400mA. In certain embodiments, the controller 184 may be
programmed to generate an alarm or indication to the user, should these high current threshold
hHmits be exceeded for a certain period of time.  In other variations, the controller may be
progranuned to automaticaily shut off the power completely.

The low voltage mode roay last in a range between Sms and 50ms. It is preferable for the
period to mimimally impact the user, so as to not feel like a delay m activation, however current
and temperature readings need sufficient time to normalize, especially if the low voltage mode
occurs immediately affer a therapeutic or higher voltage mode. I has been found that a
minimumn period of tioe between 5 ms and 50 ms may be preferable The period of time is
preferably sufficient for any clecirically noise to diminish, and for the temperature measurement
of the surrounding medium to stabilize. Jo one emboediment, the suspension period is set at a
constant value equal to or greater than 100 ms, and more preferably equal fo or greater than 250
ms.  After this mintmum suspension period, the cycle may be repeated leading to serially
mcremental suspension periods at the lower vollage mode.  Alternatively, afier the minimum
suspensions period, the lower voltage mode may extend continuously, until the current output
reaches an acceptable level, or a maximum time value has been reached, when further feedback
may be indicated to the user. In alternative embodiments, the controller 104 may permit the

uspension period to continue until the feraperature varics less than about 1 degree Celsius per 50
ms.

{n other variations, the controller 164 may alse be programmed with a low current himit
threshold {or a high impedance Hmit) with appropriate alarms or indications to the user. Low
current fimit threshold measurements may cecur due to insufficient electrically conductive fluid
adjacent the active and retum electrodes, or a fault i the probe. This low current threshold
measurement may also be detected during the check mode or low voltage mode.

Figure 8 shows a controller flowchart for enhanced reduction of arcing from an
clectrosurgical probe to an adjacent metallic implerent, n accordance with at lecast some
embodiments. [o particular, the method starts (block 8388) and proceeds to: delivering a low
voltage high frequency energy from a high frequency power source to an active electrode
terminal located at the distal end of the electrosurgical probe (8183, followed by measuring a
curcent output of the high frequency power source and a temperature output adjacent the active
electrode (828), followed by modifying or adjusting a preprogrammed high current Hoit,
encoded within the controller based on the temperature output (838); and then comparing the
measured current output to this now modified high current predetermined himit {8483, If the

current output is below the modified predeternuned Hout, the controller may continue o the step
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of avtomatically delivering a high volage high frequency therapeutic energy to the active
electrode terminal (B56).  If the current output is above the modified predetermined bmit, the
controller may repeat the steps of debivering fow voltage energy (818, sensing and measuring the
current output and temperatare {828}, modifyving the preprogrammed high current himit based on
the temperature output (838}); and then comparing the measured current output 1o a modified high
current predeterniined Hmit (846). If while delivering the high voltage therapeutic energy (858)
an arc is detected the controller may automatically retumn to the steps of delivering low voltage
energy 818, sensing and measuring the current oulput and feraperature 828, modifying the
preprogranumned high current limit based on the temperature output (838); and then comparing the
measured current output to a modified high current predetermined himit (848). Al steps Hsted
above may occur automatically.

In an alternative cmbodiment, the method described above may first include commanding
a controller to deliver a therapeutic level of energy to an active clectrode disposed at a distal end

{an electrosurgical imstrument, and a therapeutic energy may be delivered at the outset, up until
an arc is detected or a user commands the controller to halt delivery. While therapeutic energy is
being delivered, if an arc is detected, the controller may then automatically indicate this fault to
the user and may simubaneously or at approximately the same time, reduce the high frequency
energy to a low voltage mode delivered to the active electrode termoinal. While 1 this fow
voltage meode, the controller may then perform the steps of measuring the current output of the
high frequency power source and a temperature output adjacent the active clecirode, followed by
modifying or adjusting a preprograrmomed high carrent Bmit, encoded within the controller based
on the temperature output; and then comparing the measured current cutput to this modified high
current preprogrammed determined Hmit. The controlier may perform these steps of measuring,
modifying and comparing once the temperature measuroments have stabilized, which may be at
least 10ms-50ms. The controller may then return o the therapeutic mode il the current oulput is
below this modified predetermined Hmit. In other vaniations, the controller may also compare the
measured current ouiput to a low current proprogranyned Himit alse, to detect high impedance
faults such as damaged instruroents or a lack of sufficient electrically conductive fhud. The
controller may also only return (o the therapeutic mode if the cwrent oulput is above the
preprogranmmed lower current Hmit.

Other modifications and variations can be made to the disclosed embodiments without
departing from the subject nvention. For example, other uses or applications are possible.
Simlarly, numerous other methods of controlliing or characterizing instniments or otherwise
treating tissue using electrosurgical probes will be apparent to the skilled artisan. Moreover, the

~

mstruments and methods described herein may be utihized in instrumoents for various regions of
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the body (e.g., shoulder, knee, cic.} and for other tissue ircatment procedures (g.g.,
chondroplasty, menectomy, etc.). Thus, while the exemplary erbodiments have been described
in detail, by way of example and for clarity of understanding, a variety of changes, adaptations,
and modifications will be obvious to those of skill in the art. Therefore, the scope of the present
invention is Hmited solely by the appended claims.

While preferred erbodiments of this nvention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the scope or
teaching herein. The embodiments described herein are exemplary only and are not limiting.
Because many varying and different embodiments may be made within the scope of the present
teachings, mcludimg equivalent structures or materials hereafter thought of, and because many
modifications may be made in the embodiments herein detailed in accordance with the
descriptive requirements of the iaw, it is to be understood that the details herein are to be

mierpreted as ihustrative and not in a linuting sense.
o

iglel

Py
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CLAIMS
What is claimed is:
1. An electrosurgical system for treating tissue comprising:

h

an electrosurgical probe comprising a shaft having a distal end and a proximal end, an
active electrode disposed near the distal end;

a high frequency power supply for dehivery of high frequency voliage to said active
electrode, the high frequency power supply coupled to the active electrode and a return electrode;

a controlier electrically connected to receive and process a signal from a current
1} sensor, the current sensor operable to measure a current output associated with the power supply
when a low voltage cutput is delivered to the active electrode or the return electrode; and

wherein the controller is programmed to prevent delivery of a therapoutic voltage output

uatil the current output received is within a range, said range having an upper linit set in relation

to at least one measured value.

15
2. The system of claim 1, wherein the at least one measured value is selected from
the group congisting of: an electrode circuit topedance; voltage applied; electrical current
applied; and power provided.

20 3 The system of clairg 1, wherein the controller is clectrically connected to receive
and process a signal from a temperature sensor, wherein the teroperature sensor 1s disposed in an
electrically conductive fluid surrounding the active electrode.

4. The system of claim 3, wherein the at least one measured value comprises

25 temperature.

s. The system of clairg 3, wherein the at least one roeasured value comprises
termperature measured from the temperature sensor.

30 6. The system of ¢laim 1, wherein the controller is operable to automatically adjust

3

the power supply to the therapeutic voltage output if the current output 18 within the range.

7. The system of claim 6, wherein the coniroller is operable to automatically
interrupt the power supply from delivering the therapeutic voltage output if the current output is

35 outside the range,
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8. The system of claim 7 wherein the controlier is operable to dehiver the low voltage
cutput for at least one suspension period, and then retumn to the therapeutic voltage output it the

current output is within the range.

h

9. The systerm of clatm 4 wherein the upper current bmit is odified 50 as to

merease as the femperature increases.

10, The system of claim 8 wherein the suspension period is at feast 5 ms.
16
1. The system of claim 2 wherein the range has a lower bmit operable to detect hugh
electrode circuit impedance faults in the probe or insufficient electrically conductive fluid

adjacent the active and retum electrode.

13 12, The system of claim 2 wherein the at least one measured vahue further comprises a

total length of time the probe has been delivering therapeutic energy.

13, An clectrosurgical method for minimizing arcing between an electrosurgical probe
and a metallic object comprising:

20 delivering a low voltage energy from a power source to an active electrode or a return
electrode of the electrosurgical probe;

sensing a current output of the power source adjacent to the active clectrode or the return
glectrode of the electrosurgical probe:;

modifying a predetermined high current Himit based on at least one measured value;

o
N

comparing the sensed current output to the modified ugh current predetermined hmit; and
preventing the delivery of a therapeutic voltage output until the sensed current output is less
than the predetermined high current fimit.

1
i

14 The method of claim 13 wherein the at least one measured value 1s selected from
30 the group consisting oft an electrode circuit impedance; voltage applied; electrical current

applied; and power provided.

15, The method of claim 13 further comprising the step of automatically dehivering

the therapeutic energy if the sensed current output is below the modified predetermined it

e

i
L
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16.

The method of claim 15 further comprising automatically interrupting the

delivering of the therapeutic energy if the sensed current output is above the modified
predetermoined Hmit.

h

17.

The method of claim 16 further comprising repeating the step of delivering low

voltage energy for at least one suspension period, and then returning to delivering the therapeutic
energy il the sensed current output 18 below the modified predetermined hmit.
18.  The method of claim |

1
1} comparing lasts at Jeast 5 ms.

3 W

herein the steps of debivering, sensing, modifying and
19,

The method of Claim 13 wherein the active clectrode is positioned in electrically

conductive fluid during the procedure and wherein a current flow path from the active clectrode,
through the elecirically conductive

fluid, to the retumn electrode is created when the energy is
15 delivered.
20, The method of claim 15 wherein said dehivering the therapeutic energy forms a
plasma in the vicinity of the active electrode
20

21

The method of claim 15 further comprising automatically repeating the steps of
dehivering, sensing, modifying and comparing, should an arc be detected between the active
electrode and a metallic object while delivering the therapeutic energy.

22, The method of claim 13, further comprising sensing a conductive medium
25 temperature adjacent the distal end of the clectrosurgical probe.
23, The method of claim 22, wherein the at least one measured value comprises the
conductive medium temperatare.
30

24.

The method of claim 23 wherein increases in the conductive medium temperature
1odifies the predetermined bigh current hirait 8o as to merease said Hout.

23.

The method of claim 13 further comprising comparing the measured carrent

output to a low current predetermnined limit, operable to detect high impedance faults and
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wherein the steps of delivering, sensing and comparing are repeated if the measured current

output is below the low current predetermined lmit.

26.  The method of claim 13 wherein the low voltage energy is sufficiently low so as

h

to not affect any adjacent tissue.

27, An electrosurgical systern for treating tissue at a target site comprising:

an electrosurgical probe comprising a shaft having a distal end and a proximal end, an
active electrode disposed near the distal end;

1 a power supply for delivery of a voltage to said active electrode, the power supply
coupled to the active electrode and a return electrode;

a controfler operable to receive a signal from a current sensor and a termperature
sensor, the current sensor operable to measure the current cutput of the power supply and the
termnperature sensor measuring a temperature adjacent the active electrode; and

13 wherein the controller is programmed to automatically suspend delivery of a therapeutic
ievel of energy to the active electrode for at least one suspension period, and wherein the
countroller is operable to deliver a low voltage output during the at least one suspension period
while measuring the current output and the teroperature, and wherein the coniroller is operable to
automatically deliver the therapeutic level of energy once the suspension period is compleic and

20 once the current output drops below an upper Hroit, wheremn the upper limit is set in relation to

the temperature.

28.  An electrosurgical sysiem comprising:

a processor;

25 a memory coupled to the processor;
wherein the memory siores a program that, when executed by the processor, causes the
Processor to:
recetve a value ndicative of a current output associated with a voliage
generator during periods of time when a low voltage culput is
30 cing delivered to an active electrode of an elecirosurgical probe;

determine, based on the current output, the presence of a metallic object
within a distance from the active electrode of the clectrosurgical

wand; and
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prevent the delivery of a therapeutic voltage output until the current output
is within a range, the range having an upper limit based on at least

one measured value.

h

29, The system of claim 2&, wherein the at least one measured value is sclected from
the group consisting of: an electrode circuit impedance; voltage applied; clectrical current

applied; and power provided.

30, The system of claim 28 wherein the prograrm further causces the processor to
1} measure a temperature associated with fluid o the vicimity of the active electrode, and wherein
when the processor determnes, the program causes processor to adjust the upper Hmit based on

the temperature asseciated with the fluid in the vicinity of the active electrode.

31, The system of claim 28 wherein the program further causes the processor 1o
15 determine, based on an electrical parameter, the active electrode condition of the electrosurgical
probe, and wherein when the processor determines, the program causes processor to adjust the

upper Hmit based on the active clectrode condition of the electrosurgical wand,
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