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(57) Electro-surgical system using a flow of
electrically conductive fluid at the treatment site
has a treatment probe 10 with a fluid transport
lumen opening (see figs 2a,3,4) near the probe’s
electrodes 12. In response to at least one
operating parameter, a controller send signals to
fluid transport means 100 to adjust a flow rate of
the electrically conductive fluid at the treatment
site. Preferably a suction pump 100 is controlled
to adjust the aspiration at the treatment site
through the fluid lumen. A source of conductive
fluid 50 may be provide by a second lumen of
the probe or by a separate device. The control
parameters may be measurements of the
treatment electrode impedance or electric
current or the plasma field condition at a
treatment electrode. The control parameter may
be pressure. The control parameter may also be
an operation mode of the system, such as
coagulation or ablation setting of the RF signal
generator 28 feeding the electrodes. The fluid
transport controller 104 may be a separate
device or incorporated either with the RF signal
generator or the fluid transport means.
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1
ELECTROSURGICAL SYSTEM WITH SUCTION CONTROL

APPARATUS, SYSTEM AND METHOD

Cross-Reference to Related Applications
The present application claims the bencfit of, and incorporatcs by reference,

provisional application Ser. No. 60/883,698, filed January 5, 2007, and entitled
“Electrosurgical System with Suction Control Apparatus, System and Mcthod.”

Technical Field of the Invention

The present invention rclates gencrally to the field of clectrosurgery and, more
particularly, to surgical devices and methods which employ high frequency voltage to cut

and ablatc tissue and utilize suction to remove the ablated tissuc.

Background
The ficld of clectrosurgery includes a number of looscly related surgical techniques

which have in common the application of electrical energy to modify the structure or
intcgrity of patient tissuc. [Elcctrosurgical proccdures usually operate through the
application of very high frequency currents to cut or ablate tissue structures, where the
operation can be monopolar or bipolar. Monopolar techniques rely on external grounding of
the paticnt, where the surgical device defines only a single clectrode pole. Bipolar devices
comprise both electrodes for the application of current between their surfaces.
Electrosurgical procedures and techniques arc particularly advantageous
since they generally reduce patient bleeding and trauma associated with cutting operations.
Current electrosurgical device and procedures, however, suffer from a number of
disadvantages. For cxample, monopolar devices gencrally direct clectric current along a
defined path from the exposed or active electrode through the patient's body to the return
electrode, which is cxtcrnally attached to a suitablc location on the patient. This creates the
potential danger that the electric current will flow through undefined paths in the patient's
body, thereby increasing the risk of unwanted electrical stimulation to portions of the
paticnt's body. In addition, since the defined path through the patient's body has a relatively
high impedance (because of the large distance or resistivity of the patient's body), large
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voltage diffcrences must typically be applicd between the return and active clectrodes in

order to generate a current suitable for ablation or cutting of the target tissue. This current,
however, may inadvertently flow along body paths having less impedance than the defined
electrical path, which will substantially increase the current flowing through these paths,
possibly causing damage to or destroying tissue along and surrounding this pathway.

Bipolar clectrosurgical devices have an inhcrent advantage over monopolar
devices because the return current path does not flow through the patient. In bipolar
clectrosurgical devices, both the active and return clectrode arc typically exposed so that
they may both contact tissue, thereby providing a return current path from the active to the
return electrode through the tissue. One drawback with this configuration, however, is that
the return clectrode may causc tissuc desiccation or destruction at its contact point with the
patient's tissue. In addition, the active and return electrodes are typically positioned close
together to cnsurc that the rcturn current flows directly from the active to the return
electrode. The close proximity of these electrodes generates the danger that the current will
short across the electrodes, possibly impairing the electrical control system and/or damaging
or destroying surrounding tissue.

The use of electrosurgical procedures (both monopolar and bipolar) in
clectrically conductive environments can be further problematic. For example, many
arthroscopic procedures require (lushing of the region to be treated with isotonic saline (also
referred to as normal saline), both to maintain an isotonic environment and to keep the field
of viewing clear. The presence of saline, which is a highly conductive clectrolyte, can also
cause shorting of the electrosurgical electrode in both monopolar and bipolar modes. Such
shorting causes unnecessary heating in the treatment environment and can further causc non-
specific tissue destruction.

Many surgical procedures, such as oral, laparoscopic and open surgical
procedures, are not performed with thc target tissuc submerged under an irrigant. In
laparoscopic procedures, such as the resection of the gall bladder from the liver, for
example, thc abdominal cavity is pressurized with carbon dioxide (pneumopcritoncum) to
provide working space for the instruments and to improve the surgeon's visibility of the
surgical site. Other procedures, such as the ablation of muscle or gingiva tissue in the

mouth, the ablation and nccrosis of discased tissue, or the ablation of cpidermal tissue, arc
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also typically performed in a "dry" cnvironment or ficld (i.c., not submerged under an

clectrically conducting irrigant).

Present clectrosurgical techniques uscd for tissuc ablation also suffer from an
inability to control the depth of necrosis in the tissue being treated. Most electrosurgical
devices rely on creation of an electric arc between the treating electrode and the tissue being
cut or ablated to cause the desired localized heating. Such arcs, however, often creatc very
high temperatures causing a depth of necrosis greater than 500 um, frequently greater than
800 pm, and somctimes as great as 1700 um. The inability to control such depth of necrosis
is a significant disadvantage in using electrosurgical techniques for tissue ablation,
particularly in arthroscopic procedures for ablating and/or reshaping fibrocartilage, articular
cartilage, meniscal tissuc, and the like.

In an effort to overcome at least some of these limitations of electrosurgery,
lascr apparatus have been developed for usc in arthroscopic and other procedurcs. Lasers
do not suffer from electrical shorting in conductive environments, and certain types of lasers
allow for very controlled cutting with limited depth of necrosis. Despite these advantages,
laser devices suffer from their own set of deficiencics. In the first place, laser cquipment can
be very expensive because of the costs associated with the laser light sources. Moreover,
those lascrs which permit acceptable depths of necrosis (such as cximer lascrs, erbium:YAG
lasers, and the like) provide a very low volumetric ablation rate, which is a particular
disadvantage in cutting and ablation of fibrocartilage, articular cartilage, and meniscal tissue.
The holmium:YAG and Nd:YAG lasers provide much higher volumetric ablation rates, but
are much less able to control depth of necrosis than are the slower laser devices. The CO-
lasers provide high ratc of ablation and low depth of tissue necrosis, but cannot operatc in a
liquid-filled cavity.

For these and other reasons, improved systems and methods are desired for
the clectrosurgical ablation and cutting of tissuc. These systems and methods should be
capable of selectively cutting and ablating tissue and other body structures in electrically
conductive cnvironments, such as regions filled with blood or irrigated with clcctrically
conductive solutions, such as isotonic saline, and in relatively dry environments, such as
those encountered in oral, dermatological, laparoscopic, thoracosopic and open surgical

procedures. Such apparatus and methods should be able to perform cutting and ablation of
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tissucs, while limiting the depth of necrosis and limiting the damage to tissuc adjacent to the

treatment site.

The assignee of the present invention developed Coblation® technology.
Coblation® technology involves the application of a high frequency voltage difference
between one or more active electrode(s) and one or more return electrode(s) to develop high
clectric ficld intensitics in the vicinity of the target tissuc in order to treat said tissue. The
high electric field intensities may be generated by applying a high frequency voltage that is
sufficicnt to vaporize an clectrically conductive fluid over at Icast a portion of the active
electrode(s) in the region between the tip of the active electrode(s) and the target tissue.
The electrically conductive fluid may be a liquid or gas, such as isotonic saline, blood,
cxtracclluar or intracellular fluid, dclivered to, or alrcady present at, the target site, or a
viscous fluid, such as a gel, applied to the target site.

The clectrosurgical devices described above may incorporate a suction lumen to
carry away blood, tissue or other material from the treatment site. Presently available
devices that utilize suction typically access vacuum pressure from a surgical vacuum source
that is sclf-regulated to maintain a pre-set vacuum pressure. Onc problem associated with
such systems is that the flow of liquid, gas and/or tissue particles in the vicinity of the

treatment end of device may negatively affect the cfficacy of such clectrosurgical devices.
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Summary of the Invention

Aspects of the invention arc set out in the independent claims and preferred
features are set out in the dependent claims. Preferred features of one aspect may be applied
to other aspects.

The present invention provides a system and method for sclectively applying
electrical energy to structures within or on the surface of a patient's body and controlling
flow through an associated suction apparatus to remove the ablated tissuc. The system and
method allow the surgical team to perform electrosurgical interventions, such as ablation and
cutting of body structures, while controlling the suction flow rate according to certain
opcrating paramctcrs in order to provide or maintain a desired operating condition of the
electrosurgical device. The system and method of the present invention are useful for
surgical procedurcs in relatively dry cnvironments, such as treating and shaping gingiva, for
lissue dissection, e.g., separation of gall bladder from the liver, ablation and necrosis of
diseased tissue, such as fibroid tumors, and dermatological procedures involving surface
tissuc ablation on the epidermis, such as scar or tattoo removal, tissue rcjuvenation and the
like. The present invention may also be useful in electrically conducting environments, such
as arthroscopic or cystoscopic surgical procedurcs. In addition, thc present invention is
useful for canalizing or boring channels or holes through tissue, such as the ventricular wall
of the heart during transmyocardial revascularization procedures.

The mecthods of the present invention may include positioning an
electrosurgical probe adjacent the target tissue so that at least one active electrode is
brought into close proximity to thc target site. A return electrode is positioned within an
electrically conducting liquid, such as isotonic saline, to generate a current flow path
between the target site and the return electrode. Iligh frequency voltage is then applied
between the active and return clectrode through the current flow path created by the
electrically conducting liquid in either a bipolar or monopolar manner. One or more
opcrating parameters of the clectrical probe or voltage gencrator arc preferably monitored
and used to control the operation of an associated suction apparatus. The probe may then
be translated, reciprocated or otherwise manipulated to cut the tissue or effect the desired

depth of ablation.
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A further understanding of the naturc and advantages of thc invention will

become apparent by reference to the remaining portions of the specification and drawings.

Brief Description of the Drawings

Fig. 1 is a perspective view of the electrosurgical system including an electrosurgical
probe, an clectrically conducting liquid supply, a suction apparatus and an electrosurgical
power supply constructed in accordance with the principles of the present invention;

Figs. 2A and 2B illustratc a probe having a plurality of clectrode terminals spaced-
apart over an electrode array surface;

Fig. 3 illustrates an embodiment of a probe where the distal portion of shaft is bent;

Fig. 4 illustrates an cmbodiment of a including a separatc liquid supply instrument;

Fig. 5 illustrates the design of a probe include an active electrode with a ring-shaped
gecometry;

Fig. 6A-6C illustrate the design of a probe include an screen-type active electrode;

Fig. 7 illustrates a schematic view of an electrosurgical system suction apparatus
controller;

Fig. 8 illustrates a schematic view of an electrosurgical system according to teachings

of the present disclosure.
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Detailed Description

Bcforc the present invention is described in detail, it is to be understood that this
invention is not limited to particular variations set forth herein as various changes or
modifications may be made to the invention described and equivalents may be substituted
without departing from the spirit and scope of the invention. As will be apparent to those of
skill in the art upon rcading this disclosurc, cach of the individual embodiments described
and illustrated herein has discrete components and features which may be readily separated
from or combined with the fcaturcs of any of thc other scveral 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) to the objective(s), spirit or scope of the present invention. All such
modifications are intended to be within the scope of the claims made herein.

Mecthods recited herein may be carried out in any order of the recited events which is
logically possible, as well as the recited order of events. Furthermore, where a range of
values is provided, it is understood that every intervening value, between the upper and
lower limit of that range and any other stated or intcrvening valuc in that stated range is
encompassed within the invention. Also, it is contemplated that any optional feature of the
inventive variations 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 (c.g., publications, patents, patent
applications and hardware) is incorporated by reference herein in its entirety cxcept insofar
as the subject matter may conflict with that of the present invention (in which case what is
present herein shall prevail). The referenced items arc provided solcly for their disclosure
prior 1o the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention is not entitled to antedate such material by virtue of
prior invention.

Reference to a singular item, includes the possibility that there are plural of the same
items present. More specifically, as uscd herein and in the appended claims, the singular
forms “a,” “an,” “said” and “the” include plural referents unless the context clearly dictates
otherwise. It is further noted that the claims may be drafted to exclude any optional
clement. As such, this statcment is intended to serve as antccedent basis for use of such

exclusive terminology as “solely,” “only” and the like in connection with the recitation of
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claim clements, or usc of a “ncgative” limitation. Last, it is to be appreciated that unless

defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by onc of ordinary skill in the art to which this invention belongs.

The sysiems of the present invention may be configured to address any application
wherein a suction system may be utilized in conjunction with an electrosurgical device for
trcating tissue. The trecatment device of the present invention may have a varicty of
configurations as described above. However, one variation of the invention employs a
trcatment device using Coblation® tcchnology.

As stated above, the assignee of the present invention developed Coblation®
technology. Coblation® technology involves the application of a high frequency voltage
difference between one or more active clectrode(s) and onc or more return electrode(s) to
develop high electric field intensities in the vicinity of the target tissue. The high electric
ficld intensities may be gencrated by applying a high frequency voltage that is sufficient to
vaporize an electrically conductive fluid over at least a portion of the active electrode(s) in
the region between the tip of the active electrode(s) and the target tissue. The electrically
conductive fluid may be a liquid or gas, such as isotonic saline, blood, extracclluar or
intracellular fluid, delivered to, or already present at, the target site, or a viscous fluid, such
as a gcl, applied to the targct sitc.

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 relcase of clectrons in the process, an ionized gas
or plasma is formed (the so-called “fourth state of matter”). Generally speaking, plasmas
may be formed by heating a gas and ionizing the gas by driving an clectric current through it,
or by shining radio waves into the gas. These methods of plasma formation give energy to
free electrons in the plasma directly, and then electron-atom collisions liberate more
clectrons, and the process cascades until the desired degree of ionization is achicved. A
more complete description of plasma can be found in Plasma Physics, by R.J. Goldston and
P.H. Ruthcrford of the Plasma Physics Laboratory of Princeton University (1995), the
complete disclosure of which is incorporated herein by reference.

As the density of the plasma or vapor layer becomes sufficiently low (i.c., less than
approximately 1020 atoms/cm3 for aqueous solutions), the electron mcan frce path increases

to enable subsequently injected electrons to cause impact ionization within the vapor layer.
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Once the ionic particlcs in the plasma layer have sufficient energy, they accelerate towards

the target tissue. Energy evolved by the energetic electrons (¢.g., 3.5 eV to 5 eV) can
subsequently bombard a molccule and break its bonds, dissociating a molccule into free
radicals, which then combine into f{inal gaseous or liquid species. Ofien, the electrons carry
the electrical current or absorb the radio waves and, therefore, are hotter than the ions.
Thus, the clectrons, which arc carricd away from the tissuc towards the return clectrode,
carry most of the plasma’s heat with them, allowing the ions to break apart the tissue
molcculcs in a substantially non-thermal manner.

By means of this molecular dissociation (rather than thermal evaporation or
carbonization), the target tissue structure is volumetrically removed through molecular
disintcgration of larger organic molccules into smaller molccules and/or atoms, such as
hydrogen, oxygen, oxides of carbon, hydrocarbons and nitrogen compounds. This
molccular disintegration completely removes the tissue structure, as opposed to dehydrating
the tissue material by the removal of liquid within the cells of the tissue and extracellular
fluids, as is typically the case with electrosurgical desiccation and vaporization. A more
dctailed description of this phenomena 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 applied in an electrically conducting media environment 1o shrink or remove (i.c.,
resect, cut, or ablate) a tissue structure and to seal transected vessels within the region of the
target tissuc. Coblation® technology is also uscful for scaling larger artcrial 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 is applied to an active clectrode
sufficient to effect molecular 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 electrode) sufficient to heat, shrink, and/or achieve hemostasis of scvered vessels
within the tissue.

The amount of cnergy 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 electrode surfaces;
clectrode materials; applicd voltage and power; current limiting means, such as inductors;

electrical conductivity of the fluid in contact with the electrodes; density of the fluid; and
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other factors. Accordingly, thesc factors can be manipulated to control the energy level of

the excited electrons. Since different tissue structures have different molecular bonds, the
Coblation® devicc may be configured to producc encrgy sufficient to break the molecular
bonds of certain tissue but insufficient to break the molecular bonds of other tissue. For
example, fatty tissue (c.g., adipose) has double bonds that require an energy level
substantially higher than 4 ¢V to 5 ¢V (typically on thc order of about 8 cV) to break.
Accordingly, the Coblation® technology generally does not ablate or remove such fatty
tissuc; however, it may be uscd to effectively ablate cells to relcasc the inner fat content in a
liquid form. Of course, factors may be changed such that these double bonds can also be
broken in a similar fashion as the single bonds (c.g., increasing voltage or changing the
clectrode configuration to incrcase the current density at the clectrode tips). A more
complete description of this phenomena can be found in commonly assigned U.S. Patent
Nos. 6,355,032, 6,149,120 and 6,296,136, the completc disclosures of which are
incorporated herein by relerence.

The active electrode(s) of a Coblation® device may be supported within or by an
inorganic insulating support positioned ncar the distal cnd of the instrument shaft. The
return electrode may be located on the instrument shaft, on another instrument or on the
cxternal surface of the paticnt (i.c., a dispersive pad). The proximal cnd of the instrument(s)
will include the appropriate electrical connections for coupling the return electrode(s) and
the active electrode(s) to a high frequency power supply, such as an electrosurgical
gencrator.

A more detailed discussion of applications and devices using Coblation® technology
may bc found in, for cxample, U.S. Patents nos.: 5,697,882; 6,190,381; 6,282,961;
6,296,638; 6,482,201; 6,589,239; 6,746,447; 6,929,640; 6,949,096 and 6,991,631, and
U.S. Patent Application Serial No: 10/713,643 each of which is incorporated by reference.

In onc cxample of a Coblation® device for use with the present cmbodiments, the
return electrode of the device is typically spaced proximally from the active electrode(s) a
suitablc distance to avoid eclectrical shorting between the active and return clectrodes in the
presence of electrically conductive fluid. In many cases, the distal edge of the exposed
surface of the return electrode is spaced about 0.5 mm to 25 mm from the proximal edge of
the exposed surface of the active clectrode(s), preferably about 1.0 mm to 5.0 mm. Of

course, this distance may vary with different voltage ranges, conductive fluids, and
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depending on the proximity of tissuc structures to active and return clectrodes. The return

electrode will typically have an exposed length in the range of about 1 mm to 20 mm.

A Coblation® trcatment device for usc in the present cmbodiments may usc a single
active electrode or an array of active electrodes spaced around the distal surface of a
catheter or probe. In the latter embodiment, the electrode array usually includes a plurality
of indcpendently current-limited and/or power-controlled active clectrodes to apply
electrical energy selectively to the target tissue while limiting the unwanted application of
clectrical encrgy to the surrounding tissuc and cnvironment resulting from power dissipation
into surrounding electrically conductive [luids, such as blood, normal saline, and the like. A
single active electrode (or one of a multiple electrodes) may include a screen or mesh type
clectrode with multiple aperturcs sized to permit fluid to flow therethrought. The active
electrodes may be independently current-limited by isolating the terminals from each other
and connccting cach terminal to a scparatc power source that is isolated from the other
active electrodes. Alternatively, the active electrodes may be connected to each other at
either the proximal or distal ends of the catheter to form a single wire that couples to a
powecr source.

In one configuration, each individual active electrode in the electrode array is
clectrically insulated from all other active clectrodes in the array within the instrument and is
connecled 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 electrode when low
resistivity matcrial (e.g., blood, clectrically conductive salinc irrigant or eclectrically
conductive gel) causes a lower impedance path between the return electrode and the
individual active clectrode. The isolated power sources for each individual active clectrode
may be separate power supply circuits having internal impedance characteristics which limit
power to the associated active electrode when a low impedance return path is encountered.
By way of cxample, the isolatcd power source may be a uscr sclectable constant current
source. In this embodiment, lower impedance paths will automatically result in lower
resistive heating levels since the heating is proportional to the squarc of the opcrating
current times the impedance. Alternatively, a single power source may be connected to each
of the active electrodes through independently actuatable switches, or by independent
current limiting clements, such as inductors, capacitors, resistors and/or combinations

thereof. The current limiting elements may be provided in the instrument, connectors, cable,
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controller, or along the conductive path from the controller to the distal tip of the

instrument. Alternatively, the resistance and/or capacitance may occur on the surface of the
active electrode(s) duc to oxide layers which form sclected active electrodes (e.g., titanium
or a resistive coating on the surface of metal, such as platinum).

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

The vollage difference applied between the return electrode(s) and the active
electrode(s) will be at high or radio frequency, typically between about 5 kl1z 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 often between about 100 kHz and 200 kHz. In
some applications, applicant has found that a frequency of about 100 kHz is uscful becausc
the tissue impedance is much greater at this frequency. In other applications, such as
procedures in or around the heart or head and neck, higher frequencies may be desirable
(e.g., 400-600 kHz) to minimize low frequency current flow into the heart or the nerves of
the head and neck.

The RMS (root mcan square) voltage applicd will usually be in the range from about
5 volts to 1000 volts, preferably being in the range from about 10 volts to 500 volts, often
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 cutting with a squarc wave form
will be in the range of 10 volts to 2000 volts and preferably in the range of 100 volts to 1800
volts and more preferably in the range of about 300 volts to 1500 volts, often in the range of
about 300 volts to 800 volts peak to pcak (again, depending on the clectrode size, number of
electrons, the operating frequency and the operation mode). Lower peak-to-peak voltages
will be uscd for tissuc coagulation, thermal heating of tissuc, or collagen contraction and will
typically be in the range from 50 to 1500, preferably 100 to 1000 and more preferably 120 to
400 volts peak-to-peak (again, these values are computed using a square wave form).

Higher peak-to-peak voltages, c.g., greater than about 800 volts peak-to-peak, may be
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desirablc for ablation of harder material, such as bone, depending on other factors, such as

the electrode geometries and the composition of the conductive fluid.

As discussed above, the voltage is usually dclivered in a scries of voltage pulses or
alternating current of time varying voltage amplitude with a sufficiently high frequency (e.g.,
on the order of 5 kIiz to 20 MHz) such that the voltage is effectively applied continuously
(as comparcd with, e.g., lascrs claiming small depths of necrosis, which arc generally pulsed
about 10 Hz to 20 Hz). In addition, the duty cycle (i.c., cumulative time in any one-second
interval that cnergy is applied) is on the order of about 50% for the present invention, as
compared with pulsed lasers which typically have a duty cycle ol about 0.0001%.

The preferred power source or generator of the present invention delivers a high
frequency current sclectable to gencratc average power levels ranging from scveral
milliwatts to tens of watts per electrode, depending on the volume of target tissue being
trcated, and/or thc maximum allowed temperature sclected for the instrument 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 procedurcs, 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 frequencies below 100 kHz,
particularly voltages around 60 kIlz. Alternatively, a power source having a higher
operating frequency, e.g., 300 kHz to 600 kHz may be used in certain procedures in which
stray low frequency currents may be problematic. A description of onc suitable power
source can be found in commonly assigned U.S. Patent Nos. 6,142,992 and 6,235,020, the
complete disclosure of both patents arc incorporated herein by reference for all purposes.

The power source may be current limited or otherwise controlled so that undesired
heating of the target tissue or surrounding (non-target) tissue does not occur. In certain
cmbodiments, current limiting inductors arc placed in scries with cach independent active
electrode, where the inductance of the inductor is in the range of 10uH to 50,000uH,
depending on the clectrical propertics of the target tissue, the desired tissue heating rate and
the operating frequency. Allernatively, capacitor-inductor (LC) circuit structures may be
employed, as described previously in U.S. 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 temperature coefficient of
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resistance so that, as the current level begins to rise for any individual active clectrode in

contact with a low rcsistancc medium (e.g., saline irrigant or blood), the resistance of the
current limiting resistor incrcascs significantly, thereby minimizing the power delivery from
said aclive electrode into the low resistance medium (¢ g., saline irrigant or blood).

In certain embodiments of the present system, a suction lumen may be provided with
the clectrosurgical device. The suction lumen is preferably in communication with a suction
source such as a suction pump, and is also in communication with a suction opening
positioned proximatc to the trcatment surface of the clectrosurgical device. A portion of the
suction lumen may be located internally within the electrosurgical device or may be attached
to the exterior of the electrosurgical device. The suction lumen preferably has a diameter
sized to cffectively remove ablated tissue and other material away from the treatment site. A
fluid supply lumen may also be provided. The fluid supply lumen may utilized separate from
the clectrosurgical device or may be integrated with the electrosurgical device (either on the
exterior or within the interior of said device.)

The suction source may encompass any suitable fluid transport apparatus. In some
cmbodiments the suction source may be a suction pump. The suction sourcc may be a
positive displacement pump such as, for example, a peristaltic pump. In some embodiments
the suction sourcc may comprisc a vacuum pump and canister asscmbly such as may bc
provided via a wall outlet in a surgical suite.

Certain embodiments of the present disclosure may include a controller device used
to periodically reccive data related to one or more operating parameters associated with the
electrosurgical device or voltage generator, and, responsive to the operating parameter data,
send control signals to an associated suction source. The control signals may operate to
activate the suction source in conjunction with the use of the electrosurgical device. In other
embodiments, the control signals may be used to dynamically adjust fluid flow through the
suction source, initiatc fluid flow through the suction source, dclay initiating fluid flow
through the suction source, cease fluid flow through the suction source, decrease fluid flow
through the suction source, incrementally increase or decreasc fluid flow through the
vacuum source, and/or maintain a particular fluid flow through the suction source il the
operating parameters remain within a pre-selected value range. In other embodiments, the
control signals from the controller device may dynamically control the pressure at the

suction source.
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The input signals into the controller may preferably include any input signals

indicative of operating conditions at the distal end of the electrosurgical device. These may
include, but arc not limited to, opecrating paramctcrs measurcd by a sensor within an
electrosurgical probe, within a generator or within the suction lumen. Such operating
parameters my include, buy are not limited to, impedance, electric current (including
whether a treatment current has been initiated or stopper), peak clectric current and mean
electric current for a selected period, peak electric current and RMS voltage for a selected
period. For devices that may opcrate in more than onc operating mode, such as an ablation
mode and a coagulation mode, the operating parameter may be associated with signals
indicating the operating mode of the device.

The embodiments of the present device provide a system and method for selectively
applying electrical energy to a target location within or on a patient's body and removing
tissuc and other material from the target location through a fluid transport lumen. In certain
embodiments, the flow rate of tissue and associated fluids removed through the transport
lumen may be controlled according to operating parameters associated with an
electrosurgical probe or a voltage generator. The system and method may be utilized for the
treatment of solid tissue or the like, particularly including gingival tissues and mucosal
tissues located in the mouth or cpidermal tissue on the outer skin. In addition, tissues which
may be treated by the system and method of the present invention include tumors, abnormal
tissues, and the like. The embodiments described herein may also be used for canalizing or
boring channels or holes through tissue, such as the ventricular wall during transmyocardial
revascularization procedures. It will be appreciated that the system and method can be
applied cqually well to procedures involving other tissues of the body, as well as to other
procedures including open surgery, laparoscopic surgery, thoracoscopic surgery, and other
endoscopic surgical procedures. Notably, the system and method described herein is
particularly uscful in procedurcs where the tissuc site is flooded or submerged with an
electrically conducting fluid, such as isotonic saline, e.g., arthroscopic surgery and the like.

In one cmbodiment, a single active clectrode or an clectrode array distributed over a
distal contact surface of a probe may be used. The electrode array usually includes a
plurality of independently current-limited and/or power-controlled electrode terminals to
apply clectrical energy sclectively to the target tissuc while limiting the unwanted application

of electrical energy to the surrounding tissue and environment resulting from power
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dissipation into surrounding clectrically conductive liquids, such as blood, normal saline, and

the like. The electrode terminals may be independently current-limited by using isolating the
terminals from cach other and connecting cach terminal to a scparate power source that is
isolated from the other electrode terminals. Alternatively, the electrode terminals may be
connected to each other at either the proximal or distal ends of the probe to form a single
wirc that couples to a power source.

The electrosurgical probe may comprise a shaft having a proximal end and a distal
end which supports an active clectrode. The shaft may assume a wide varicty of
configurations, with the primary purpose being to mechanically support the active electrode
and permit the treating physician to manipulate the electrode from a proximal end of the
shaft. Usually, the shaft will be a narrow-diamcter rod or tube, morc usually having
dimensions which permit it to be introduced into a body cavity, such as the mouth or the
abdominal cavity, through an associated trocar or cannula in a minimally invasive procedurc,
such as arthroscopic, laparoscopic, thoracoscopic, and other endoscopic procedures. Thus,
the shaft will typically have a length of at least Scm for oral procedures and at least 10 cm,
more typically being 20 cm, or longer for endoscopic procedures. The shaft will typically
have a diameter of at least | mm and frequently in the range from 1 to 10 mm. Of course,
for dermatological procedurcs on the outer skin, the shaft may have any suitable length and
diameter that would facilitate handling by the surgeon.

The shaft may be rigid or flexible, with flexible shafis optionally being combined with
a gencrally rigid cxternal tube for mechanical support. Flexible shafts may be combined with
pull wires, shape memory actuators, and other known mechanisms for effecting selective
deflection of the distal end of the shaft to facilitate positioning of the clectrode array. The
shafl will usually include a plurality of wires or other conductive elements running axially
therethrough to permit connection of the electrode array to a connector at the proximal end
of the shaft. Specific shaft designs will be described in detail in connection with the figures
hereinafter.

The circumscribed arca of the clectrode array may be in the range from 0.25 mm’ to
75 mm’, preferably from 0.5 mm’ to 40 mm’, and will usually include at least two isolated
electrode terminals, more usually at least four electrode terminals, preferably at least six
clectrode terminals, and often 50 or morce clectrode terminals, disposed over the distal

contact surfaces on the shaft. By bringing the electrode array(s) on the contact surface(s) in
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closc proximity with the target tissuc and applying high frequency voltage between the

array(s) and an additional common or retumn electrode in direct or indirect contact with the
paticnt's body, the target tissuc is selectively ablated or cut, permitting sclective removal of
portions of the target tissue while desirably minimizing the depth of necrosis 1o surrounding
tissue. In particular, this invention provides a method and apparatus for effectively ablating
and cutting tissuc which may be located in closc proximity to other critical organs, vessels or
structures (e.g., teeth, bone) by simultaneously (1) causing electrically conducting liquid to
flow between the common and active clectrodes, (2) applying clectrical cnergy to the target
tissue surrounding and immediately adjacent to the tip of the probe, (3) bringing the active
electrode(s) in close proximity with the target tissue using the probe itself, (4) controlling
the fluid flow through or pressurc within an associated suction source and (5) optionally
moving the electrode array axially and/or transversely over the tissue.

Electrosurgical probes according to the present invention may include a single active
electrode or two or more active electrodes. In some embodiments the active electrodes may
be formed around a suction opening. Other embodiments may include a screen electrode
with multiple apertures formed therein to allow fluid to flow thercthrough. One embodiment
includes at least one ring-shaped electrode with an opening formed therein through with a
suction opening may be provided. The active electrode or clectrodes may be provided in
any suitable number and configuration (including placement with respect to the suction
lumen opening) for treating tissue.

The tip rcgion of the probc may bc composed of many independent electrode
terminals designed to deliver electrical energy in the vicinity of the tip. The selective
application of clectrical cnergy to the target tissuc is achicved by connccting each individual
electrode terminal and the common electrode to a power source having independently
controlled or current limited channels. The common electrode may be a tubular member of
conductive material proximal to the clectrodc array at the tip which also serves as a conduit
for the supply of the electrically conducting liquid between the active and common
clectrodes. The application of high frequency voltage between the common clectrode and
the electrode array results in the generation of high electric field intensities at the distal tips
of the electrodes with conduction of high frequency current from each individual electrode
terminal to the common clectrode. The current flow from cach individual clectrode terminal

to the common electrode is controlled by either active or passive means, or a combination
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thercof, to dcliver clectrical encrgy to the target tissuc whilec minimizing energy delivery to

surrounding (non-target) tissue and any conductive fluids which may be present (¢.¢., blood,
clectrolytic irrigants such as salinc, and the like).

In a preferred aspect, this invention takes advantage of the differences in electrical
resistivity between the target tissue (c.g., gingiva, muscle, fascia, tumor, epidermal, heart or
other tissuc) and the surrounding conductive liquid (e.g., isotonic salinc irrigant). By way of
example, for any selected level of applied voltage, if the electrical conduction path between
the common clectrode and onc of the individual clectrode terminals within the clectrode
array is isotonic saline irrigant liquid (having a relatively low electrical impedance), the
current control means connected to the individual electrode will limit current flow so that the
hcating of intervening conductive liquid is minimized. On the other hand, if a portion of or
all of the electrical conduction path between the common electrode and one of the individual
electrode terminals within the clectrode array is gingival tissuc (having a relatively higher
electrical impedance), the current control circuitry or switch connected to the individual
electrode will allow current flow sufficient for the deposition of electrical energy and
associatcd ablation or clectrical breakdown of the target tissue in the immediate vicinity of
the electrode surface.

The application of a high frequency voltage between the common or return clectrode
and the electrode array for appropriate time intervals effects ablation, cutting or reshaping of
the target tissue. The tissue volume over which energy is dissipated (i.c., a high voltage
gradicnt cxists) may bc preciscly controlled, for example, by the usc of a multiplicity of small
electrodes whose effective diameters range from about 2 mm to 0.01 mm, preferably from
about 1 mm to 0.05 mm, and more preferably from about 0.5 mm to 0.1 mm. Electrode
areas for both circular and non-circular terminals will have a contact area (per electrode)
below 5 mm’, preferably being in the range from 0.0001 mm" to | mm’, and more preferably
from 0.005 mm’ to .5 mm’. The usc of small diameter electrode terminals increases the
electric field intensity and reduces the extent or depth of tissue necrosis as a consequence of
the divergence of current flux lines which emanate from the cxposed surface of each
electrode terminal. Energy deposition in tissue sufficient for irreversible damage (i.c.,
necrosis) has been found to be limited to a distance of about one-half to one electrode
diamcter. This is a particular advantage over prior clectrosurgical probes employing single

and/or larger electrodes where the depth of tissue necrosis may not be sufficiently limited.
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In somc embodiments a high frequency voltage may be applied between the active

electrode surface and the return electrode to develop high electric field intensities in the
vicinity of the target tissuc sitc. The high clectric ficld intensitics lcad to clectric ficld
induced molecular breakdown of target tissue through molecular dissociation (rather than
thermal evaporation or carbonization). In other words, the tissue structure is volumetrically
rcmoved through molecular disintegration of complex organic molccules into non-viable
atoms and molecules, such as hydrogen, oxides of carbon, hydrocarbons and nitrogen
compounds. This molccular disintcgration complctely removes the tissuc structure, as
opposed to transforming the tissue material from a solid form directly to a vapor form, as is
typically the case with ablation.

The high clectric ficld intensities may be gencrated by applying a high frequency
voltage that is sufficient to vaporize the electrically conducting liquid over at least a portion
of the active electrode(s) in the region betwceen the distal tip of the active electrode and the
larget tissue. Since the vapor layer or vaporized region has a relatively high electrical
impedance, it increases the voltages differential between the active electrode tip and the
tissue and causcs ionization within the vapor laycr due to the presence of an ionizable
species (e.g., sodium when isotonic saline is the electrically conducting fluid). This
ionization, under optimal conditions, induces the discharge of encrgetic electrons and
photons from the vapor layer and to the surface of the target tissue. This energy may be in
the form of energetic photons (e.g., ultraviolet radiation), energetic particles (e.g., electrons)
or a combination thercof.

The necessary conditions for forming a vapor layer near the active electrode tip(s),
ionizing the atom or atoms within the vapor layer and inducing the discharge of encrgy from
plasma within the vapor layer will depend on a variety of factors, such as: the number of
electrode terminals; electrode size and spacing; electrode surface area; asperities and sharp
edges on the clectrode surfaces; clectrode materials; applied voltage and power; current
limiting means, such as inductors; electrical conductivity of the fluid in contact with the
clectrodes; density of the fluid; and other factors. Based on initial cxperiments, applicants
believe that the ionization of atoms within the vapor layer produced in isolonic saline
(containing sodium chloride) leads to the generation of energetic photons having
wavclengths, by way of cxample, in the range of 306 to 315 nanometers (ultraviolet
spectrum) and 588 to 590 nanometers (visible spectrum). In addition, the free electrons
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within the ionized vapor laycr arc accelerated in the high clectric ficlds near the clectrode

tip(s). When the density of the vapor layer (or within a bubble formed in the electrically
conducting liquid) becomes sufficicntly low (i.c., less than approximately 10™ atoms/cm’ for
aqueous solutions), the electron mean free path increases to enable subsequently injected
electrons to cause impact ionization within these regions of low density (i.e., vapor layers or
bubbles). Energy cvolved by the encrgetic electrons (e.g., 4 to 5 cV) can subscquently
bombard a molecule and break its bonds, dissociating a molecule into free radicals, which
then combine into final gascous or liquid spccies.

The photon energy produces photoablation through photochemical and/or
photothermal processes to disintegrate tissue thicknesses as small as several cell layers of
tissuc at the target sitc. This photoablation is a "cold" ablation, which means that the photon
energy transfers very little heat to tissue beyond the boundaries of the region of tissue
ablated. The cold ablation provided by photon cnergy can be precisely controlled to only
affect a thin layer of cells without heating or otherwise damaging surrounding or underlying
cells. The depth of necrosis will be typically be about 0 to 400 microns and usually 10 to
200 microns. Applicants believe that the "fragments" of disintcgrated tissue molecules carry
away much of the energy which is deposited on the surface of the target tissue, thereby
allowing molecular disintegration of tissue to occur while limiting thc amount of hcat
transfer to the surrounding tissue.

In addition, other competing mechanisms may be contributing to the ablation of
tissue. For cxample, tissue destruction or ablation may also be caused by diclectric
breakdown of the tissue structural elements or cell membranes from the highly concentrated
intensc electric fields at the tip portions of the electrode(s). According to the tcachings of
the present invention, the active electrode(s) are sized and have exposed surfaces areas
which, under proper conditions of applied voltage, cause the formation of a vaporized region
or laycr over at lcast a portion of the surface of the active clectrode(s). This layer or region
of vaporized electrically conducting liquid creates the conditions necessary for ionization
within the vaporized rcgion or layer and the generation of encrgetic clectrons and photons.
In addition, this layer or region of vaporized electrically conducting liquid provides a high
electrical impedance between the electrode and the adjacent tissue so that only low levels of
current flow across the vaporized layer or region into the tissue, thercby minimizing joulcan

heating in, and associated necrosis of, the tissue.
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As discusscd above, applicants have found that thc density of the electrically

conducting liquid at the distal tips of the active clectrodes should be lcss than a critical valuc
to form a suitable vapor layer. For aqueous solutions, such as water or isotonic saline, this
upper density limit is approximately 10™ atoms/cm’, which corresponds to about 3 x 10
grams/cm’. Applicant's also believe that once the density in the vapor layer reaches a critical
value (c.g., approximately 10’ atoms/cm’ for aqueous solutions), clectron avalanche occurs.
The growth of this avalanche is retarded when the space charge generated fields are on the
order of the cxternal ficld. Spatial extent of this region should be larger than the distance
required for an electron avalanche to become critical and for an ionization front to develop.
This ionization front develops and propagates across the vapor layer via a sequence of
processes occurring the region ahcad of the front, viz, heat by clectron injection, lowering of
the local liquid density below the critical value and avalanche growth of the charged particle
concentration.

Electrons accelerated in the electric field within the vapor layer will apparently
become trapped after one or a few scatterings. These injected electrons serve to create or
sustain a low density region with a large mean free path to cnable subscquently injected
electrons to cause impact ionization within these regions of low density. The energy evolved
at cach recombination is on the order of half of the encrgy band gap (i.c., 4 to 5 eV). It
appears that this energy can be transferred to another electron 1o generate a highly energetic
electron. This second, highly energetic electron may have sufficient energy to bombard a
molccule to break its bonds, i.e., dissociate the molecule into free radicals.

The electrically conducting liquid should have a threshold conductivity in order to
suitably ionize the vapor layer for the inducement of energetic electrons and photons. The
electrical conductivity of the fluid (in units of milliSiemans per centimeter or mS/cm) will
usually be greater than 0.2 mS/cm, preferably will be greater than 2 mS/cm and more
preferably greater than 10 mS/cm. In an cxemplary embodiment, the electrically conductive
fluid is isotonic saline, which has a conductivity of about 17 mS/cm. The electrical
conductivity of the channel trailing the ionization front should be sufficiently high to
maintain the energy flow required to heat the liquid at the ionization front and maintain its
density below the critical level. In addition, when the electrical conductivity of the liquid is
sufficiently high, ionic pre-brecakdown current levels (i.e., current levels prior to the initiation

of ionization within the vapor layer) are sufficient to also promote the initial growth of
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bubbles within the clectrically conducting liquid (i.c., regions whose density is less than the

critical density).

Asperitics on the surfacc of the active clectrode(s) may promote localized high
current densities which, in turn, promote bubble nucleation at the site of the asperities whose
enclosed density (i.e., vapor density) is below the critical density to initiate ionization
breakdown within the bubble. Ilence, a specific configuration of the present invention
creates regions of high current densities on the tips of the electrode(s) (i.e., the surface of
the clectrode(s) which arc to engage and ablate or cut tissuc). Rcgions of high currcnt
densities can be achieved via a variety of methods, such as producing sharp edges and
corners on the distal tips of the electrodes or vapor blasting, chemically etching or
mechanically abrading the distal end faces of thc active clectrodes to produce surface
asperities thereon. Alternatively, the electrode terminals may be specifically designed to
increase the edge/surface arca ratio of the electrodc terminals. For example, the clectrode
terminal(s) may be hollow tubes having a distal, circumferential edge surrounding an
opening. The terminals may be formed in an array as described above or in a series of
concentric terminals on the distal end of the probe. Iligh current densities will be generated
around the circumferential edges of the electrode terminals to promote nucleate bubble
formation.

In some embodiments the active electrode(s) may be formed over a contact surface
on the shaft of the electrosurgical probe. The common (return) electrode surface will be
recessed relative to the distal cnd of the probe and may be recessed within the conduit
provided for the introduction of electrically conducting liquid to the site of the target tissue
and active clectrode(s). In the exemplary embodiment, the shaft will be cylindrical over
most of its length, with the contact surface being formed at the distal end of the shafi. In the
case of endoscopic applications, the contact surface may be recessed since it helps protect
and shicld the electrode terminals on the surface while they are being introduced, particularly
while being introduced through the working channel of a trocar channel or a viewing scope.

The arca of the contact surfacc can vary widcly, and the contact surface can assume
a variety of geometries, with particular areas in geometries being selected for specific
applications. Active electrode contact surfaces can have areas in the range from 0.25 mm’
to 50 mm’, usually being from 1 mm’ to 20 mm’. The geometrics can be planar, concave,

convex, hemispherical, conical, linear "in-line" array or virtually any other regular or
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irregular shape. Most commonly, the active clectrode(s) will be formed at the distal tip of

the electrosurgical probe shafl, frequently being planar, disk-shaped, or hemispherical
surfaces for usc in reshaping procedurcs or being lincar arrays for usc in cutting. In some
preferred embodiments the active electrode may be a screen or mesh type electrode.
Alternatively or additionally, the active electrode(s) may be formed on lateral surfaces of the
clectrosurgical probe shaft (e.g., in the manncr of a spatula), facilitating access to certain
body structures in electrosurgical procedures.

During the surgical procedure, the distal end of the probe or the active clectrode(s)
will be maintained at a small distance away from the target tissue surface. This small spacing
allows for the continual resupply of electrically conducting liquid into the interface between
the active clectrode(s) and the target tissuc surface and removal of ablated tissuc and other
material through a fluid transport or suction lumen. The continual resupply of the
clectrically conducting liquid and controllcd removal of ablated tissuc and other matcrial
helps to ensure that the thin vapor layer will remain between active electrode(s) and the
tissue surface. Moreover, the condition of the vapor layer at the electrode(s) may be
monitored, for cxample, by mecasuring impedance or electric current at the treatment
interface through sensors located in proximity to the probe. Depending on the status of the
vapor layer condition mcasured, the flow of fluid through the suction lumcn may be
dynamically adjusted through control of the suction apparatus in order to maintain a stable
vapor layer. For example, if the impedance at the treatment interface is detected to be above
a preferred operating parameter, the flow of fluid through the suction lumen may be initiated
or increased. Conversely, if instability in the vapor layer is detected through measurement of
an opcrating condition associated with clectrosurgical probe, the flow of fluid through the
fluid transport or suction lumen may be decreased or, in some cases, completely ceased. In
addition, dynamic movement of the active electrode(s) over the tissue site allows the
clectrically conducting liquid to cool the tissue surrounding rccently ablated arcas to
minimize thermal damage to this surrounding tissue. In some embodiments the active
clectrode(s) will be about 0.02 to 2 mm from the target tissuc and preferably about 0.05 to
0.5 mm during the ablation process. One method of maintaining this space is to translate
and/or rotate the probe transversely relative to the tissue, i.e., a light brushing motion, to
maintain a thin vaporized layer or region between the active clectrode and the tissuc. Of

course, if coagulation of a deeper region of tissue is necessary (e.g., for sealing a bleeding
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vessel imbedded within the tissue), it may be desirable to press the active clectrode against

the tissue to effect joulean heating therein.

Referring to the drawings in detail, wherein like numerals indicate like clements, an
electrosurgical system 11 is shown constructed according to the principles of the present
invention.  Electrosurgical system 11 generally comprises an electrosurgical probe 10
connccted to a power supply 28 for providing high frequency voltage to a target tissuc and a
liquid source 21 for supplying electrically conducting fluid 50 to probe 10 via fluid supply
conduit 15. Fluid supply conduit may include a valve 17 for controlling fluid flow at the
distal end thereof 14 and to wand 10.

In an exemplary embodiment as shown in Fig. 1, electrosurgical probe 10 includes an
clongated shaft 13 which may be flexible or rigid, with flexible shafis optionally including
support cannulas or other structures (not shown). Probe 10 includes a connector 19 at its
proximal end and an array 12 of clectrode terminals 58 disposed on the distal tip of shaft 13.
As discussed above, the present invention may include a variety of electrode configurations
that may be employed with electrosurgical probe 10 (include embodiments with a single
electrode such as a screen clectrode or a screen electrode). A connccting cable 34 has a
handle 22 with a connector 20 which can be removably connected to connector 19 of probe
10. The proximal portion of cable 34 has a conncctor 26 to couplc probe 10 to power
supply 28. The electrode terminals 58 are electrically isolated from each other and each of
the terminals 58 is connected to an active or passive control network within power supply
28 by mcans of a plurality of individually insulatcd conductors 42. Power supply 28 has a
selection means 30 to change the applied voltage level. Power supply 28 may also be
referred to gencrally as a “gencrator” herein.  Power supply 28 also includes means for
energizing the electrodes 58 of probe 10 through the depression of a pedal 39 in a foot pedal
37 positioned close to the user and is connected to power supply 28 via cable 36. The foot
pedal 37 may also include a sccond pedal (not shown) for remotely adjusting the cnergy
level applied to electrodes 58 or for selecting an alternate operating mode.

Suction lumen 102 is in communication with the clectrosurgical probe 10 and with
suction pump 100. Suction pump 100 is further in electrical communication with controller
104 via cable 106. Suction pump 100 may encompass any suitable fluid transport apparatus.

Suction pump 100 may comprisc a positive displaccment pump such as, for cxample, a
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peristaltic pump. In somec cmbodiments the suction pump 100 may comprisc a vacuum

pump and canister assembly such as may be provided via a wall outlet in a surgical suite.

As shown in the present cmbodiment, controller 104 may be associated with power
supply 28 and may receive input regarding one or more operating parameters therefrom. It
should be appreciated that the location of controller 104 may be altered within the present
invention, and may altcrnatively be located within suction pump 100 or provided as an
independent component. Controller 104 may also be disposed directly within probe 10. In
certain cmbodiments, controller 104 may cither receive opcrating parameter input from a
suitable senor or sensors within power supply 28 or probe 10. Controller 104 periodically
receives data related to one or more operating parameters associated with electrosurgical
probe 10 or power supply 28.

The input received by controller 104 may preferably include any input signals
indicative of opcrating conditions at the distal end of the clectrosurgical probe. These may
include, but are not limited to, operating parameters measured by a sensor within an
electrosurgical probe, within a generator or within the suction lumen. The present
cmbodiment shows the controller 104 recciving operating parameter data from power supply
28. Such operating parameters my include, but are not limited to, impedance, electric
current (including whether a treatment current has been initiated or stopper), peak clectric
current and mean electric current for a selected period, peak electric current and RMS
voltage for a selected period. For devices that may operate in more than one operating
modc, such as an ablation modc and a coagulation mode, thc operating parameter may
include the operating mode of the device.

In certain cmbodiments, the operating parameter input data reccived by controller
104 may be indicative of operating conditions at the distal end of probe 10. For example,
the impedance at the distal end of probe 10 may be an operating parameter that is measured
by an clectrosurgical probc scnsor (not shown) and transmitted to controller 104 for
processing. Typically, the impedance at electrode terminals 58 increases when a plasma field
is cstablished at that location, whercas the impedance is found to decrcase as the plasma
field becomes unstable. Therefore, a measurement of impedance may provide operating
parameter input data indicative of the plasma field and related vapor layer condition

proximate clectrodc tcrminals 58.
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Additionally, an clectrosurgical probe sensor may measure clectric current at the

distal end of probe 10, either for obtaining a current value or to determine whether a
trcatment current has been initiated or stopped. Electric current data may similarly be
transmitted to controller 104 for processing. Further, peak electric current and mean electric
current for a selected period, and peak electric current and RMS voltage for a selected
period, may bc mcasured by a scnsor associated with cither probe 10 or power supply 28,
and the measured data input transmitted to controller 104 for processing as operating
paramcter input data of intcrest.

In other embodiments, probe 10 may be used with a power supply 28 capable of
operating in more than one operating mode, such as an ablation mode and a coagulation
mode. In an ablation mode, power supply 28 is adapted to provide a relatively high voltage
output, in comparison to operation in a coagulation mode, where power supply 28 may be
adapted to provide a relatively lower voltage output. In these embodiments, controller 104
may receive input data indicative of which mode power supply 28 is operating. Specifically,
a sensor (not shown) associated with power supply 28 may be provided to measure the
voltage output of power supply 28, and then transmit such mcasurements indicating the
operating mode of power supply 28 to controller 104 in the form of input data for
processing.

Responsive to the operating parameter input received by controller 104, a processor
(not shown) associated with controller 104 preferably generates and sends control signals to
suction pump 100. In ccrtain cmbodiments, these control signals may operatc to
dynamically adjust fluid flow through suction pump 100, initiate fluid flow through suction
pump 100, delay initiating fluid flow through suction pump 100, cease fluid flow through
suction pump 100, decrease fluid flow through suction pump 100, incrementally increase or
decrease fluid flow through suction pump 100, and/or maintain a particular fluid flow
through suction pump 100 if thc operating parameters remain within a pre-sclected value
range. In other embodiments, the control signals from controller 104 may dynamically
control the pressurc at the suction pump 100.

Controller 104 may receive operating parameter input data indicating the status or
operating condition of power supply 28. One such embodiment may consist of controller
104 recciving input data as to whether power supply 28 has becn activated. Where power
supply 28 has been activated and probe 10 is in use, controller 104 may send signals that
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activatc suction pump 100 in response. Similarly, where power supply 28 has becn

deactivated and probe 10 is not in use, controller 104 may send signals that deactivate
suction pump 100. In a rclated cmbodiment, controller 104 may receive operating
parameter input indicative of the operating mode of power supply 28. In response,
controller 104 may initiate or cease fluid flow through suction pump 100. Specifically,
controller 104 may initiatc fluid flow through suction pump 100 where power supply 28 is
detected to be operating in ablation mode, and cease fluid flow through suction pump 100
where power supply 28 is detected to be operating in coagulation mode.

In certain additional embodiments, controller 104 may process input data relative to
conditions at the distal end of probe 10, and specifically indicative of the condition of the
plasma field and rclated vapor layer created proximate electrode terminals 58.  Suction
pump 100 may be deactivated when power supply 28 is initially activated, and the
impcdance at the distal cnd of probe 10 may be monitored and measured such that the data
indicative of the operating condition of probe 10 may be processed by controller 104. In
some instances, when the impedance is measured to be at a desired level (indicating
cstablishment of a stable plasma field and vapor layer at electrodc terminals 58) or is
measured to exceed a specified threshold value, controller 104 may send a signal to suction
pump 100 directing suction pump 100 to initiate fluid flow. Additional cmbodiments may
consist of controller 104 sending signals to suction pump 100 that direct suction pump 100
to modulate its speed in response to collected operating parameter input. For example, if a
dccreasc in the impedance at the distal end of probe 10 is measurcd during opcration,
controller 104 may send a signal to suction pump 100 directing it to decrease speed, thereby
reducing fluid flow therethrough and at the trcatment sitc. Conversely, if an increase of the
impedance at the distal end of probe 10 is measured during operation, controller 104 may
send a signal to suction pump 100 directing it to increase speed, thereby increasing fluid
flow therethrough.

Suction lumen 102 is preferably in communication within a suction lumen formed
within probe 10 (c.g., fluid transport lumen 57 shown in Figs. 2A and 2B) and having a
suction opening positioned proximate to the treatment surface of the electrosurgical device.
In alternate embodiments the suction lumen may attached to the exterior of the

clectrosurgical device.
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Referring to Figs. 2A and 2B, the clectrically isolated clectrode tcrminals 58 arc

spaced-apart over an e¢lectrode array surface 82. The electrode array surface 82 and
individual clectrode terminals 58 will usually have dimensions within the ranges set forth
above. In the preferred embodiment, the electrode array surface 82 has a circular cross-
sectional shape with a diameter D (Fig. 2B) in the range from 0.3 mm to 10 mm. Electrode
array surfacc 82 may also have an oval shape, having a length L in the range of 1 mm to 20
mm and a width W in the range from 0.3 mm to 7 mm, as shown in Fig. 5. The individual
clectrode terminals 58 will protrude over the clectrode array surface 82 by a distance (H)
from 0 mm to 2 mm, preferably from 0 mm to 1 mm (see Fig. 3).

It should be noted that the electrode terminals may be flush with the electrode array
surfacc 82, or thc terminals may be rccessed from the surface. For example, in
dermatological procedures, the electrode terminals 58 may be recessed by a distance from
0.01 mm to 1 mm, preferably 0.01 mm to 0.2 mm. In onc cmbodiment of the invention, the
electrode terminals are axially adjustable relative to the electrode array surface 82 so that the
surgeon can adjust the distance between the surface and the electrode terminals.

The electrode terminals 58 are preferably composed of a refractory, clectrically
conductive metal or alloy, such as platinum, titanium, tantalum, tungsten and the like. As
shown in Fig. 2B, the electrode terminals 58 arc anchored in a support matrix 48 of suitable
insulating material (e.g., ceramic or glass material, such as alumina, zirconia and the like)
which could be formed at the time of manufacture in a flat, hemispherical or other shape
according to thc requircments of a particular procedurc. The preferred support matrix
material is alumina, available from Kyocera Industrial Ceramics Corporation, Elkgrove,
Hlinois, becausc of its high thermal conductivity, good electrically insulative propertics, high
flexural modulus, resistance 1o carbon tracking, biocompatibility, and high melting point.

As shown in Fig. 2A, the support matrix 48 is adhesively joined to a tubular
support member 78 that cxtends most or all of the distancc between matrix 48 and the
proximal end of probe 10. Tubular member 78 preferably comprises an electrically
insulating matcrial, such as an cpoxy, injcction moldable plastic or siliconc-based matcrial.
In a preferred construction technique, electrode terminals 58 extend through pre-formed
openings in the support matrix 48 so that they protrude above electrode array surface 82 by
the desired distance H (Fig. 3). The clcctrodes may then be bonded to the distal surface 82

of support matrix 48, typically by an inorganic sealing material 80. Sealing material 80 is
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sclected to provide cffective clectrical insulation, and good adhcsion to both the ceramic

matrix 48 and the platinum or titanium electrode terminals. Sealing material 80 additionally
should have a compatiblc thermal cxpansion cocfficicnt and a melting point well below that
of platinum or titanium and alumina or zirconia, typically being a glass or glass ceramic.

In the embodiment shown in Figs. 2A and 2B, probe 10 includes a return
clectrode 56 for completing the current path between clectrode terminals 58 and power
supply 28. Return electrode 56 is preferably an annular member positioned around the
cxterior of shaft 13 of probe 10. Retumn clectrode 56 may fully or partially circumscribe
tubular support member 78 to form an annular gap 54 therebetween for flow of electrically
conducting liquid 50 therethrough. Gap 54 preferably has a width in the range of 0.15 mm
to 4 mm. Return clectrode 56 extends from the proximal end of probe 10, where it is
suitably connected to power supply 28 via connectors 19, 20, to a point slightly proximal of
clectrode array surface 82, typically about 0.5 to 10 mm and more preferably about 1 to 10
mm.

Return electrode 56 is disposed within an electrically insulative jacket 18,
which is typically formed as onc or more clectrically insulative sheaths or coatings, such as
polytetrafluoroethylene, polyimide, and the like. The provision of the electrically insulative
jacket 18 over return electrode 56 prevents direct clectrical contact between return electrode
56 and any adjacent body structure or the surgeon. Such direct electrical contact between a
body structure (¢.g., tendon) and an exposed common electrode member 56 could result in
unwanted heating and nccrosis of the structurc at the point of contact causing necrosis.

Return electrode 56 is preferably formed from an electrically conductive
material, usually metal, which is sclected from the group consisting of stainless stcel alloys,
platinum or its alloys, titanium or its alloys, molybdenum or its alloys, and nickel or its
alloys. The return electrode 56 may be composed of the same metal or alloy which forms
the clectrode terminals 58 to minimize any potential for corrosion or thc generation of
electrochemical potentials due to the presence of dissimilar metals contained within an
clectrically conductive fluid 50, such as isotonic saline (discussed in greater detail below).

As shown in Fig. 2A, return electrode 56 is not directly connected 1o
electrode terminals 58. To complete this current path so that terminals 58 are electrically
connccted to return electrode 56 via target tissue 52, clectrically conducting liquid 50 (c.g.,
isotonic saline) is caused to flow along liquid paths 83. A liquid path 83 is formed by
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annular gap 54 between outer return clectrode 56 and tubular support member 78. An

additional fluid transport lumen 57 within an inner tubular member 59 is provided to
communicatc with a fluid transport apparatus or suction source (such as suction pump 100)
via suction lumen 102 and to remove tissue and other material from the treatment site. In
some embodiments, fluid transport lumen 57 may optionally be used to supply conductive
fluid to a treatment sitc.

When a voltage difference is applied between electrode array 12 and return
clectrode 56, high clectric ficld intensitics will be generated at the distal tips of terminals 58
with current flow from array 12 through the target tissue to the return electrode, the high
electric field intensities causing ablation of tissue 52 in zone 88. Operating parameters of
power supply 28 or probe 10 arc preferably monitored by controller 104 during operation
thereof and suction is applied via suction pump 100 at a desired flow rate and/or pressure to
rcmove the ablated tissue and other material from the treatment sitc in order to maintain
stable plasma field and associated vapor layer conditions.

Fig. 3 illustrates another embodiment of probe 10 where the distal portion of
shaft 13 is bent so that clectrodc terminals cxtend transversely to the shaft. Preferably, the
distal portion of shaft 13 is perpendicular to the rest of the shaft so that electrode surface 82
is generally paralicl to the shaft axis, as shown in Fig. 3. In this cmbodiment, return
electrode 55 is mounted to the outer surface of shaft 13 and is covered with an electrically
insulating jacket 18. The electrically conducting fluid 50 flows along flow path 83 through
return clectrode 55 and exits the distal end of electrode 55 at a point proximal of electrode
surface 82. The fluid is directed exterior of shaft to electrode surface 82 to create a return
current path from clectrode terminals 58, through target tissue 52, to rcturn clectrode 55, as
shown by current flux lines 60 and then removed via transport lumen 57.

Fig. 4 illustrates an embodiment of the invention where electrosurgical system
11 further includes a separatc liquid supply instrument 64 for supplying clectrically
conducting fluid 50 between electrode terminals 58 and return electrode 55. Liquid supply
instrument 64 compriscs an inncr tubular member or return clectrode 55 surrounded by an
electrically insulating jacket 18. Return electrode 55 defines an inner passage 83 for flow of
fluid 50. As shown in Fig. 4, the distal portion of instrument 64 is preferably bent so that
liquid 50 is discharged at an angle with respect to instrument 64. This allows the surgical
team to position liquid supply instrument 64 adjacent electrode surface 82 with the proximal
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portion of supply instrument 64 oricnted at a similar angle to probe 10. Transport lumen 57

may preferably be used in conjunction with a suction pump and controller to remove ablated
tissuc from a trcatment sitc at a desircd flow ratc according to operating paramcters
indicative of conditions at the distal portion of probe 10.

Fig. 5 illustrates an embodiment of a probe 10 according to the present invention
comprising a single active electrode 58 having a tubular geometry. As described above, the
return electrode may be an outer tubular member 56 that circumscribes insulated conductor
42 and adhcsive bonding material 79 which, in turn, adhcsively joins to active clectrode
support members 48a and 48b. Electrode support members 48a and 48b may be ceramic,
glass ceramic or other electrically insulating material which resists carbon or arc tracking. A
preferred electrode support member material is alumina. In the cxample cmbodiment,
alumina forms an inner portion 48b of electrode support member 48 and a hollow tube of
alumina forms an outer portion 48a of clectrode support member 48. Fluid transport lumen
57 is provided in the interior of inner portion 48b. Tubular or ring-shaped active electrode
58 may be fabricated using shaped cylinder of this metal comprising an electrically
conductivc metal, such as platinum, tantalum, tungsten, molybdecnum, columbium or alloys
thereof. Active electrode 58 is connected to connector 19 (see Fig. 2C) via an insulated lead
108. An clectrically insulating jacket 18 surrounds tubular member 56 and may be spaced
from member 56 by a plurality of longitudinal ribs 96 to define an annular gap 54
therebetween (Fig. 22). Annular gap 54 preferably has a width in the range of 0.15 to 4 mm.
Ribs 96 can be formed on cither jacket 18 or tubular member 56. The distal end of the
return electrode 56 is a distance L, from electrode support surface 82. Distance L, is
preferably about 0.5 mm to 10 mm and more preferably about 1 to 10 mm. The length L, of
return electrode 56 will generally depend on the electrical conductivity of the irrigant
solution.

The configuration depicted in Fig. 5 may be used with the intcgral supply means and
return electrodes described above. Alternatively, these probe configuration of Fig. 5 may be
operated in body cavitics already containing an clectrically conducting liquid, obviating the
need for either an integral supply of said liquid or an electrically insulating sleeve to form a
conduit for supply of the electrically conducting liquid 50. Instead, an electrically insulating
covering may be applied to substantially all of the rcturn clectrode 56 (other than the
proximal portion).
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Referring now to Figs. 6A-6C, an altcrnative embodiment incorporating a mctal

screen 610 electrode is illustrated. As shown, metal screen 610 has a plurality of peripheral
openings 612 for receiving clectrode terminals 1040, and a plurality of inner openings 614
[or allowing aspiration of [luid and tissue through opening 609 of the fluid transport lumen.
As shown, screen 610 is press fitted over electrode terminals 1040 and then adhered to shaft
1000 of probc 10. In altcrnate embodiments, metal screen 610 may comprisc a mesh-type
configuration and may further comprise a variety of conductive metals, such as titanium,
tantalum, steel, stainless steel, tungsten, copper, gold or the like.

In one embodiment, during operation of an electrosurgical system utilizing a screen-
type electrode, one or more operating parameters may be monitored to determine whether
mctal screen clectrode 610 has become obstructed. Responsive to detecting that screen
electrode 610 is obstructed, controller 104 may reverse the flow of suction pump 100 in
order to clear the obstruction from screen clectrode 610. The monitored operating
parameter may include, for instance, pressure within the fluid transport lumen 57.

Now referring to Figure 7, a schematic diagram of a controller of the type utilized in
the present invention is shown. Controller 700 includes at lcast onc input port 710 and at
least one output port 714. Controller 700 preferably receives input from sensors (not
expressly shown) within a power supply (such as power supply 28), from a suction lumen
(such as fluid transport lumen 57), and/or from an electrosurgical probe (such as probe 10)
relating to one or more operating parameters. In a preferred embodiment, the operating
paramcters may include onc or more of the following: impedance, elcctric current (including
whether a treatment current has been initiated or stopped), peak electric current and mean
clectric current for a sclected period, peak electric current and RMS voltage for a selected
period. In related embodiments, the operating parameters may include any operating
parameters indicative of operating conditions at the treatment surface of the electrosurgical
probe and in particular may include operating parameters indicative of the condition of the
plasma field or the quality of the vapor layer created proximate the treatment surface. For
dcvices that may opcrate in more than onc operating mode, such as an ablation mode and a
coagulation mode, the operating parameter may alternatively include data indicative of the
operating mode of the device.

Opcrating paramcter input data indicative of conditions associated with the system

received at port 710 is processed by processor 712. Processor 712 may encompass any
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suitablc hardwarc and software, including controlling logic, necessary to receive the input

data and gencrate desired output commands to provide to a suction source (such as suction
pump 100). Output commands gencrated by processor 712 arc sent to a suction source
electrically coupled 1o controller 700 via output port 714. In a preferred embodiment, the
output commands generated by processor 712 may include, but are not limited to:
dynamically adjust fluid flow through thc suction sourcc, initiating fluid flow through the
suction source, delay initiating fluid flow through the suction source, ceasing fluid flow
through the suction source, decreasing fluid flow through the suction source, incrementally
increasing or decreasing {luid flow through the vacuum source, and/or maintain a particular
fluid flow through the suction source if the operating parameters remain within a pre-
sclected value range. In other embodiments, the control signals from controller 700 may
dynamically control the pressure at the suction pump. Controller 700 may be a stand-alone
device or may be incorporated in a power supply, a suction pump, an clectrosurgical device
or any combination thereof.

Now referring to Figure 8, a schematic diagram of an electrosurgical system 800
according to teachings of thc present disclosurc is shown. Electrosurgical system 800
includes electrosurgical probe 810 which may be any monopolar, bipolar or plasma-based
clectrosurgical device as discussed above. Probe 810 is in communication with power
supply 812 via cable 830 and suction source 814 via suction lumen 834. Optionally, a valve
824 (such as, for example, a pinch valve or other suitable valve) may be provided along
suction lumen 834. Controller 816 is in communication with power supply 812 via cable
832 and with suction source 814 via cable 836. Controller 816 is also shown in
communication with scnsor 820 associated with probc 810, and in communication with
valve 824.

Probe sensor 820 is adapted to monitor one or more operating parameters associated
with clectrosurgical probc 810. Scnsor 822 may be associated with power supply 812 and
accordingly in communication with controller 816, and is adapted to monitor one or more
operating paramcters related to power supply 812. In alternatc cmbodiments an additional
sensor (not expressly shown) may be provided in association with suction lumen 834 to
monitor pressure therein and further to be in communication with controller 816.

In opcration, input signals containing onc or morc sclected operating paramcters of

electrosurgical probe 810 and/or power supply 812 (as discussed above) are preferably sent
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to controllcr 816 when probe 810 and power supply 812 arc in use. The input signals may

be sent from either or both power supply 812, probe 810 or sensors associated therewith
(i.c., scnsor 820 with respect to probe 810, and sensor 822 with respect to power supply
812). In response 1o the input signals received, controller 816 may process the data based
on the selected operating parameter. Controller 816 may then preferably generate suction
sourcc control commands, as discussed above, in rcsponsc to the reccived operating
parameter input. Controller 816 may then send such suction control commands to suction
sourcc 814 via cable 836 to dynamically control suction through lumen 834. In some
embodiments, controller 816 may optionally send a control signal to valve device 824 to
open or close valve 824. In one alternative embodiment, controller 816 may communicate
with probe 810, power supply 812, valve 824 and/or suction source 814 wirclessly.
Although the disclosed embodiments have been described in detail, it should be
understood that various changes, substitutions and altcrations can be made to the

embodiments without departing from their spirit and scope.
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CLAIMS

1. A system for clectrosurgically treating tissuc comprising:

an electrosurgical probe having a distal end including at least one active
electrode and a fluid transport lumen having an opening proximate the active electrode;

a gencrator in operative communication with the at least onc active clectrode
and adapted to provide a high frequency voltage to the at least one active electrode;

a fluid transport apparatus in communication with the fluid transport lumen;
and

a controller in communication with the generator and in communication with
the fluid transport apparatus, the controller adapted to control the fluid transport apparatus

based on at least one operating parameter.

2. The system of claim 1, wherein the at least one operating parameter is associated

with the generator.

3. The system of claim 1 or 2, wherein the at least one operating parameter is indicative

of the activation of the gencrator.

4. The system of any preceding claim, wherein:

the generator is adapted to provide a first high frequency voltage in a first operating
mode and a second high frequency voltage in a second operating mode; and

the at lcast onc opcrating parameter is indicative of the first operating modc or the

second operating mode.

5. The system of claim 4, wherein the first operating mode compriscs an ablation modc,

and the second operating mode comprises a coagulation mode.

6. The system of any preceding claim, wherein the at least one operating parameter is

associated with the electrosurgical probe.
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7. The system of claim 6, whercin the at lcast onc operating paramecter compriscs
impedance.
8. The system of claim 6, wherein the at least one operating parameter comprises

electric current.

9. The system of claim 6, wherein the at least one operating parameter is indicative of a

plasma ficld condition proximate the at lcast one active clectrode.

10.  The system of any preceding claim, wherein the fluid transport apparatus comprises a

suction pump.

11.  The system of claim 10, wherein the suction pump comprises a positive displacement

pump.

12. The system of claim 10, wherein the suction pump compriscs a peristaltic pump.

13.  The system of any preceding claim, wherein the controller is adapted to dynamically
adjust a fluid flow through the fluid transport apparatus.

14.  The system of any preceding claim further comprising a sensor, wherein the sensor is

adapted to measure the at least one operating parameter.

15. The system of claim 14, wherein the sensor is disposed proximate the electrosurgical

probe.

16.  The system of claim 14, wherein the sensor is disposed proximate the generator.

17. The system of any preceding claim, the controller further comprising:
an input port for receiving an input indicative of the at least one operating parameter;
a processor adapted to determinc a fluid flow for the fluid transport apparatus

responsive to the at least one operating parameter; and
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an output port for scnding an output signal to the fluid transport apparatus.

18.  The system of any preceding claim, whercin the controller is intcgrated within the

generalor.

19.  The system of any of claims 1 to 17, whercin the controller is integrated within the

fluid transport apparatus.

20.  The system of any preceding claim, wherein the controller is a stand alone device.

21. A mcthod for controlling thc opecration of an clectrosurgical probe, the
electrosurgical probe having a distal end including at least one active electrode, and a fluid
transport lumen having an opening proximate the at least onc active clectrode, the method
comprising:

generating a high frequency voltage between the at least one active electrode and a
rcturn clectrode;

measuring at least one operating parameter;

processing an input indicative of the at least onc operating parameter; and

controlling a fluid transport apparatus in communication with the fluid transport

lumen based upon the at least one operating parameter.

22. A surgical method for treating tissue using an electrosurgical probe, the
clectrosurgical probe having a distal end including at lcast onc active electrode, and a fluid
transport lumen having an opening proximate the at least one active electrode, the method
comprising:

positioning the distal end of the clectrosurgical probe adjacent a target tissue;

generating a high frequency voltage between the at least one active electrode and a
rcturn electrodc;

measuring at least one operating parameter;

processing an input indicative of the at least one operating parameter; and

controlling a fluid transport apparatus in communication with the fluid transport

lumen based upon the at least one operating parameter.
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23.  The method of claim 21 or 22 wherein measuring the at least one operating
paramecter compriscs measuring an operating condition within a generator in communication

with the electrosurgical probe.

24.  The method of any of claims 21 to 23 whercin the opcrating condition is indicative of

the activation of the generator.

25.  The method of any of claims 21 1o 24, wherein generating the high frequency voltage
comprises generating a first high frequency voltage at the at least one active electrode in a
first operating modec, and controlling the fluid transport apparatus comprises activating the

fluid transport apparatus.

26.  The method of claim 25, wherein the first operating mode comprises an ablation

mode.

27.  The method of any of claims 21 to 26, wherein generating the high frequency voltage
comprises gencrating a sccond high frequency voltage at the at least onc active clectrode in a
second operating mode, and controlling the fluid transport apparatus comprises deactivating

the fluid transport apparatus.

28. The method of claim 27, wherein the second operating mode comprises a

coagulation mode.

29.  The method of any of claims 21 to 28, wherein measuring the at least one operating

parameter comprises measuring impedance.

30.  The method of any of claims 21 to 29, wherein mcasuring the at lcast onc operating

parameter comprises determining the condition of a plasma field.

31.  The mecthod of any of claims 21 to 30, wherein controlling the fluid transport
apparatus comprises adjusting a fluid flow through the fluid transport apparatus.
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32.  The method of claim 31, wherein adjusting the fluid flow further comprises
dynamically adjusting the fluid flow through the fluid transport apparatus.

33.  The method of claim 31, wherein adjusting the fluid flow comprises initiating the
fluid flow through the fluid transport apparatus.

34.  The method of claim 31, wherein adjusting the fluid flow comprises ceasing the fluid

flow through the fluid transport apparatus.

35.  The mcthod of claim 31, whercin adjusting the fluid flow comprises decreasing the

fluid flow through the fluid transport apparatus.

36.  The method of claim 31, wherein adjusting the fluid flow comprises increasing the

fluid flow through the fluid transport apparatus.

37.  The method of claim 31, wherein adjusting the fluid flow comprises maintaining a

presclected fluid flow through the fluid transport apparatus.

38. A system for electrosurgically treating tissue comprising:

an clectrosurgical probe having a distal cnd including at lcast onc active clectrode
and a fluid transport lumen having an opening proximate the active electrode;

a power supply clectrically coupled to the at least one active clectrode and adapted
1o provide a high frequency voltage to the at least one active electrode;

a suction pump fluidly connected to the fluid transport lumen;

at least onc scnsor adapted to mcasure at least one operating parameter; and

a controller in communication with the at least one sensor and in communication
with the suction pump, the controller adapted to control the suction pump based on the at

least one operating parameter.

39.  The system of claim 38, whercin the at least onc scnsor is disposed proximate the

electrosurgical probe.
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40.  The system of claim 38, wherein the at least one sensor is disposed proximate the

power supply.

41.  The system of claim 38, wherein the at least one sensor is disposed proximate the

fluid transport lumen.

42.  The system of any of claims 39 whercin the at lcast onc opcrating parameter

comprises impedance.

43.  The system of claim 41 wherein the at lcast one operating paramcter compriscs

pressure.

44. A method for controlling the operation of an electrosurgical probe comprising:

providing an electrosurgical probe having a distal end including an active electrode
and a return electrode, and a fluid transport lumen having an opening proximate the active
electrode;

providing a gencrator, the gencrator operable to provide a high frequency voltage
between the active electrode and the return generator;

providing a fluid transport apparatus, the fluid transport apparatus operable to
deliver a fluid at a flow rate through the fluid transport lumen;

providing a sensor, the sensor operable to measure an operating parameter; and

providing a controller, thc controller operablec to control the fluid transport
apparatus, wherein controlling the fluid transport apparatus comprises adjusting the flow
rate of the fluid through the fluid transport lumen based on the operating parameter.

45. A surgical method for treating tissue comprising:

providing an clectrosurgical probe having a distal cnd including an active elcctrode
and a return electrode, and a fluid transport lumen having an opening proximate the active
electrode;

providing a generator, the generator operable to provide a high frequency voltage

between the active electrode and the return generator;
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providing a fluid transport apparatus, the fluid transport apparatus opcrablc to

dcliver a fluid at a flow ratc through the fluid transport lumen;
providing a scnsor, the sensor operable to measurc an operating parameter; and
providing a controller, the controller operable to control the {luid transport
apparatus, wherein controlling the fluid transport apparatus comprises adjusting the flow

rate of the fluid through the fluid transport lumen bascd on the opcrating parameter.

46.  The mcthod of claim 44 or 45, wherein adjusting the flow rate compriscs increasing

the flow rate of the fluid through the fluid transport lumen.

47.  The mcthod of claim 44 or 45, whercin adjusting the flow ratc compriscs decreasing

the flow rate of the fluid through the fluid transport lumen.

48.  The method of claim 44 or 45, wherein adjusting the flow rate comprises initiating
the flow rate of the fluid through the fluid transport lumen.

49.  The method of claim 44 or 45, wherein adjusting the flow rate comprises ceasing the

flow rate of the fluid through the fluid transport lumen.
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