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(57) ABSTRACT

A method for performing an electrosurgical procedure at a
surgical site on a patient includes continually sensing elec-
trical and physical properties proximate the surgical site that
includes acquiring readings of tissue electrical impedance
with respect to time at the surgical site; identifying the
minima and maxima of the impedance readings with respect
to time; and correlating the minima and/or the maxima of the
impedance readings with hydration level and/or hydraulic
conductivity in the tissue at the surgical site. The method
also includes controlling the application of electrosurgical
energy to the surgical site to vary energy delivery based on
the step of correlating the minima and/or the maxima of the
impedance readings with the hydration level/or and the

(51) Int. CL hydraulic conductivity ip the tissue at the surgical site. The
A6IB 18/12 (2006.01) process may be an ablation process.
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HYDRAULIC CONDUCTIVITY
MONITORING TO INITIATE TISSUE
DIVISION

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is a Continuation applica-
tion of U.S. patent application Ser. No. 16/818,202 filed on
Mar. 13, 2020, which is a continuation of U.S. patent
application Ser. No. 12/839,023, filed on Jul. 19, 2010, now
U.S. Pat. No. 10,588,684, the entire contents of both of
which are incorporated by reference herein.

BACKGROUND

Technical Field

[0002] This application relates to electrosurgical surgery
and, in particular, to control systems for electrosurgical
generators and to methods of determining tissue moisture
content during use of electrosurgical instruments.

Description of Related Art

[0003] Electrosurgical generators are employed by sur-
geons in conjunction with an electrosurgical instrument to
cut, coagulate, dessicate and/or seal patient tissue. High
frequency electrical energy, e.g., radio frequency (RF)
energy, is produced by the electrosurgical generator and
applied to the tissue by the electrosurgical tool. Both
monopolar and bipolar configurations are commonly used
during electrosurgical procedures.

[0004] Electrosurgical techniques and instruments can be
used to coagulate small diameter blood vessels or to seal
large diameter vessels or tissue, e.g., soft tissue structures,
such as lung, brain and intestine. A surgeon can either
cauterize, coagulate/desiccate and/or simply reduce or slow
bleeding, by controlling the intensity, frequency and dura-
tion of the electrosurgical energy applied between the elec-
trodes and through the tissue. For the purposes herein, the
term “cauterization” is defined as the use of heat to destroy
tissue (also called “diathermy” or “electrodiathermy”). The
term “coagulation” is defined as a process of desiccating
tissue wherein the tissue cells are ruptured and dried. “Vessel
sealing” is defined as the process of liquefying the collagen
and elastin in the tissue so that it reforms into a fused mass
with significantly-reduced demarcation between the oppos-
ing tissue structures (opposing walls of the lumen). Coagu-
lation of small vessels is usually sufficient to permanently
close them. Larger vessels or tissue need to be sealed to
assure permanent closure.

[0005] In order to achieve one of the above desired
surgical effects without causing unwanted charring of tissue
at the surgical site or causing collateral damage to adjacent
tissue, e.g., thermal spread, it is necessary to control the
output from the electrosurgical generator, e.g., power, wave-
form, voltage, current, pulse rate, etc.

[0006] It is known that measuring the electrical impedance
and change thereof across the tissue at the surgical site
provides a good indication of the state of desiccation or
drying of'the tissue, e.g., as the tissue dries or loses moisture,
the impedance across the tissue rises. This observation has
been utilized in some electrosurgical generators to regulate
the electrosurgical power based on a measurement of tissue
impedance. For example, commonly owned U.S. Pat. No.
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6,210,403 relates to a system and method for automatically
measuring the tissue impedance and altering the output of
the electrosurgical generator based on the measured imped-
ance across the tissue. The entire contents of this patent is
hereby incorporated by reference herein.

[0007] Ithas been determined that the particular waveform
of electrosurgical energy can be tailored to enhance a desired
surgical effect, e.g., cutting, coagulation, sealing, blend, etc.
For example, the “cutting” mode typically entails generating
an uninterrupted sinusoidal waveform in the frequency
range of 100 kHz to 4 MHz with a crest factor in the range
of' 1.4 to 2.0. The “blend” mode typically entails generating
an uninterrupted cut waveform with a duty cycle in the range
of 25% to 75% and a crest factor in the range of 2.0 to 5.0.
The “coagulate” mode typically entails generating an unin-
terrupted waveform with a duty cycle of approximately 10%
or less and a crest factor in the range of 5.0 to 12.0. In order
to effectively and consistently seal vessels or tissue, a
pulse-like waveform may be employed. Energy may be
supplied in a continuous fashion to seal vessels in tissue if
the energy input/output is responsive to tissue hydration/
volume through feedback control. Delivery of the electro-
surgical energy in pulses allows the tissue to cool down and
also allows some moisture to return to the tissue between
pulses which are both known to enhance the sealing process.
[0008] It is further known to clamp or clip excess voltage
output from the electrosurgical generator by the use of
avalanche devices, such as diodes, zener diodes and tran-
sorbs, resulting in absorption and dissipation of excess
energy in the form of heat.

[0009] Commonly owned U.S. Pat. No. 6,398,779 dis-
closes a sensor which measures the initial tissue impedance
with a calibrating pulse which, in turn, sets various electrical
parameters based on a look-up table stored in a computer
database. The transient pulse width associated with each
pulse measured during activation is used to set the duty cycle
and amplitude of the next pulse. Generation of electrosur-
gical power is automatically terminated based on a prede-
termined value of the tissue impedance across the tissue.
[0010] Commonly owned U.S. Patent Application Publi-
cation US 2007/0038209 Al by Buysse et al., “METHOD
AND SYSTEM FOR CONTROLLING OUTPUT OF RF
MEDICAL GENERATOR”, the entire contents of which is
incorporated by reference herein, discloses a sensor module
for sensing (measuring) tissue moisture (which is often
indicative of tissue type) and generating a moisture content
value and/or determining tissue type. Moisture content is
determined from tissue compliance data, e.g., measurement
of'tissue displacement divided by an applied force, or optical
clarity. The additional sensor module may include an infra-
red or optical sensor for sensing (measuring) light or energy
generated by a source, such as an infrared or other light
source, which is transmitted through or reflected from the
tissue, where the sensed value is indicative of tissue mois-
ture content and/or tissue type of tissue proximate a surgical
site. An initial tissue moisture content value and/or tissue
type may be provided to a control module as a pre-surgical
parameter. Sensed real time moisture content values and/or
changes in moisture content over time (A(difference) mois-
ture content/A(difference) time) may further be provided to
the control module during the surgical procedure, where the
control module modulates the electrical surgical output in
accordance with the sensed real time moisture content
values and/or changes in moisture content values over time.
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[0011] As can be appreciated therefore, since electrosur-
gical devices are energy based by nature, electrosurgical
devices, including radiofrequency (RF), ablation, and simi-
lar energy based medical devices have sensors to monitor
energy delivery. Such sensors include voltage and current
measuring devices. Voltage and current measurement are
direct indicators of safety parameters of the electrosurgical
instrument and are indirect indicators of tissue impedance
and correspondingly of tissue hydration. Tissue hydration
affects the degree of cooling and heat transfer available
through the local water content of the tissue to prevent
overdessication.

SUMMARY

[0012] The present disclosure advances the state of the art
of controlling the energy input from an electrosurgical
device by adjusting the hydration level and direction of
water motility to significantly increase the likelihood of
prevention of overdessication and to initiate tissue division.
[0013] More particularly, the present disclosure relates to
a method for performing an electrosurgical procedure at a
surgical site on a patient. The method includes the step of:
continually sensing electrical and physical properties proxi-
mate the surgical site. The step of continually sensing
properties includes acquiring readings of tissue electrical
impedance with respect to time at the surgical site; identi-
fying the minima and maxima of the impedance readings
with respect to time; and correlating at least one of the
minima and the maxima of the impedance readings with at
least one of hydration level and hydraulic conductivity in the
tissue at the surgical site. The method also includes control-
ling the application of electrosurgical energy to the surgical
site to vary energy delivery based on the step of correlating
at least one of the minima and the maxima of the impedance
readings with at least one of the hydration level and the
hydraulic conductivity in the tissue at the surgical site.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Various embodiments will be described herein
below with reference to the drawings wherein:

[0015] FIG. 1 is a schematic diagram of a closed-loop
control system for use with an electrosurgical generator
according to the present disclosure;

[0016] FIG. 2 is a schematic diagram of a sensor module
for use with the closed-loop control system of FIG. 1;
[0017] FIG. 3 is a flowchart illustrating a method of
operation of the closed-loop control system according to the
present disclosure;

[0018] FIG. 4 is a block diagram of a dual loop control
system in accordance with another embodiment of the
present disclosure; and

[0019] FIG. 5 is a graphical plot of impedance versus time
resulting from a tissue ablation process and highlighting
times of occurrence of low motility of water in the tissue and
of high motility of water in the tissue according to one
embodiment of the present disclosure;

DETAILED DESCRIPTION

[0020] As described in the background, electrical and
thermal conductivity properties of tissue that are exhibited
during the application of electrosurgical energy to tissue
have been well elucidated in the field.
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[0021] The present disclosure advances the state of the art
of the application of electrosurgical energy to tissue by
introducing the concept of hydraulic conductivity (also
referred to as water motility) and illustrating how impedance
information can be interpreted to measure this parameter.
[0022] Hydraulic conductivity, symbolically represented
herein as “K”, is a property of vascular or capillary beds that,
in contrast to the simple measure of moisture content of
tissue, describes the ease with which water can move
through pore spaces or fractures. “K” depends on the intrin-
sic permeability of the tissue and on the degree of saturation.
One application of hydraulic conductivity “K” is as a factor
in the Starling equation, which enables calculation of flow
across walls of capillaries and introduces the idea of a
reflection coefficient.

[0023] The Starling equation is defined as follows:
J=KAP ~P})-0[n~m]) M

where:

[0024] ([P.-P,]-o[m.~=,]) is the net driving force,

[0025] K, is the proportionality constant, and

[0026] J, is the net fluid movement between compart-
ments.

[0027] According to Starling’s equation, the movement of
fluid depends on six variables:

[0028] (1) Capillary hydrostatic pressure (P,)

[0029] (2) Interstitial hydrostatic pressure (P,)

[0030] (3) Capillary oncotic pressure (m,.)

[0031] (4) Interstitial oncotic pressure ()

[0032] (5) Filtration coefficient (K)

[0033] (6) Reflection coefficient (o)

[0034] (Oncotic pressure, or colloid osmotic pressure, is a

form of osmotic pressure exerted by proteins in blood
plasma that usually tends to pull water into the circulatory
system).

[0035] By convention, outward force is defined as posi-
tive, and inward force is defined as negative. The solution to
the equation is known as the net filtration or net fluid
movement (L). If positive, fluid will tend to leave the
capillary (filtration). If negative, fluid will tend to enter the
capillary (absorption). This equation has a number of impor-
tant physiologic implications, especially when pathologic
processes grossly alter one or more of the variables.
[0036] More generally, hydraulic conductivity is the pro-
portionality constant in Darcy’s law, which relates the
amount of water which will flow through a unit cross-
sectional area of aquifer under a unit gradient of hydraulic
head. It is analogous to the thermal conductivity of materials
in heat conduction, or the inverse of resistivity in electrical
circuits. The hydraulic conductivity (“K”—the English letter
“kay”) is specific to the flow of a certain fluid (typically
water, sometimes oil or air); intrinsic permeability (“k”—the
Greek letter “kappa™) is a parameter of a porous media
which is independent of the fluid. This means that, for
example, “K” will increase if the water in a porous medium
is heated (reducing the viscosity of the water), but “ik” will
remain constant. “K” and “k” are related through the fol-
lowing equation:

K=(ky)n @
where
[0037] “K” is the hydraulic conductivity [LT~! or m s™'];

[0038] Kk is the intrinsic permeability of the material [L?
or m?];
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[0039] <y’ is the specific weight of water [ML 2T~ or N
m™3], and;

[0040] “p” is the dynamic viscosity of water [ML™'T~" or
kg m™'s7!].

[0041] and

where

[0042] “L=length or meters (m);

[0043] “T”=time or seconds (s); and

[0044] “M”=mass or kilograms (kg)

[0045] The reflection coefficient relates to the permeabil-

ity of the tissue. If the permeability of the particular sample
of'tissue is high as compared to another sample of tissue, the
reflection coeflicient of the particular sample of tissue is
lower than the reflection coefficient of the sample of tissue
that is less permeable. This is because more water will pass
through the more permeable sample of tissue and less will be
reflected back (analogous to the flow of water through a net).
Conversely, when the permeability is low, more water will
be reflected back and thus the reflection coefficient is com-
paratively higher (analogous to the flow of water hitting a
solid wall rather than a net). Since a solid or a fluid in
motion, e.g., a steam pocket, will create an instantaneous
dynamic load on a stationary object in its path, the dynamic
load on the tissue will be higher when the reflection coef-
ficient of the tissue if higher. As the dynamic load increases,
the greater the susceptibility of the particular sample of
tissue to tissue division and, when desired, to tissue destruc-
tion.

[0046] All-in-all, it is easier to explain Darcy’s equation
using the “hydraulic conductivity” term. It should be men-
tioned that the Starling Equation (1) accounts for both
hydraulic and osmotic pressures that are not specified in the
more generalized Darcy Equation (2).

[0047] As is known in the art, the water contained within
the patient tissue is the solvent that separates and mobilizes
the electrically charged ions in the solvent to create an ionic
solution. The ionic solution is characterized by the current
density or ion flow that creates the desired surgical effect.
Without water and the dissolved or solute ions therein, no,
or extremely limited electrical current, can be conveyed
through the tissue because the tissue would then be charac-
terized by a high electrical impedance. The parameter of
hydraulic conductivity “K” provides a metric for how read-
ily water can travel through the tissue when energy is
applied. When temperatures cause the tissue water to boil,
the gas bubbles that form displace liquid water only at the
rate that hydraulic conductivity allows. Water is displaced
easily if hydraulic conductivity is high; so water can move
away from the boiling site easily and can also rehydrate
previously dehydrated tissue very rapidly.

[0048] Ifhydraulic conductivity is low then the pressure of
water phase transition may become explosively high. The
pressure may create steam jets that find paths of least
resistance to areas of lower pressure. These steam jets may
create paths along the tissue-device boundary and vent to
remote cavities or the atmosphere. If these “steam jets” are
created in a controlled manner, then work, such as tissue
division, can occur. The application of this tissue division as
a function of different states of hydraulic conductivity is
discussed below with respect to FIG. 5. As described herein,
the tissue division occurs directly or indirectly due to the
application of electrical energy, in contrast to tissue division
that occurs mechanically, such as via a knife blade in an
electrosurgical instrument.
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[0049] For example, it is desired for liver trans-sections to
create bloodless zones to remove a lobe in the liver without
blood loss and without a separate cutting step. In conven-
tional ablation processes, although heated and containing
coagulated blood, the tissue remains substantially intact. In
the embodiments of the present disclosure, the surgeon can
cause tissue division by the process of measuring the imped-
ance levels and applying electrosurgical energy to the tissue,
effectively cutting the tissue due to the electrical energy of
the ablation process itself without requiring a separate step
of mechanically cutting the tissue.

[0050] Turning the discussion now to the detailed descrip-
tion of the embodiments of the present disclosure, reference
should be made to the drawings where like reference numer-
als refer to similar elements throughout the various figures.
Referring to FIG. 1, there is shown a schematic diagram of
one embodiment of the presently disclosed closed loop
control system 100 for use with an electrosurgical generator
101. Control system 100 includes a control module 102, user
interface 108 and sensor module 110. The control module
102 is operatively connected to the electrosurgical generator
101. The electrosurgical generator 101 may include electro-
surgical energy output stage 104 and a power supply 106,
where the output stage 104 receives power from the power
supply 106 and delivers RF energy to a patient 112 via at
least one electrode (not shown). As can be appreciated, one
or more electrodes may be used with the electrosurgical
instrument for performing monopolar or bipolar surgery.
[0051] The sensor module 110 senses various electrical
and physical parameters or properties at the operating site
and communicates with the control module 102 to regulate
the electrosurgical output from the output stage 104. The
sensor module 110 may be configured to measure or “sense”
various electrical or electromechanical conditions at the
operating site such as: tissue impedance, changes in tissue
impedance, maxima and minima of tissue impedance, tissue
temperature, changes in tissue temperature, leakage current,
applied voltage and applied current. The sensor module 110
may measure one or more of these conditions continuously
or in “real time” such that the control module 102 can
continually modulate the electrosurgical output according to
a specific purpose or desired surgical intent. More particu-
larly, analog signals provided by the sensor module 110 are
converted to digital signals via an analog-to-digital con-
verter (ADC) 114, which in turn are provided to the control
module 102.

[0052] The control module 102, thereafter, regulates the
power supply 106 and/or the output stage 104 according to
the information obtained from the sensor module 110. The
user interface 108 is electrically connected to the control
module 102 to allow the user to control various parameters
of' the electrosurgical energy output to the patient 114 during
surgery to manually set, regulate and/or control one or more
electrical parameters of the delivered RF energy, such as
voltage, current, power, frequency, amplified, and/or pulse
parameters, e.g., pulse width, duty cycle, crest factor, and/or
repetition rate depending upon a particular purpose or to
change surgical intent.

[0053] The control module 102 includes at least one
microprocessor capable of executing software instructions
for processing data received by the user interface 108 and
the sensor module 110 for outputting control signals to the
output stage 104 and/or the power supply 106, accordingly.
The software instructions executable by the control module
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are stored in an internal memory in the control module 102,
an internal or external memory bank accessible by the
control module 102 and/or an external memory, e.g., an
external hard drive, floppy diskette, CD-ROM, etc. Control
signals from the control module 102 to the electrosurgical
generator 101 may be converted to analog signals by a
digital-to-analog converter (DAC) 116.

[0054] In particular, for the purposes of highlighting the
difference between the present disclosure and the prior
disclosure of U.S. Patent Application Publication US 2007/
0038209 Al, the control module 102 further includes a
dedicated tissue conductivity/impedance graphical or
numerical hydration analyzer and controller module 102
that performs a graphical and/or numerical analysis of tissue
conductivity/impedance data as sensed by the sensor module
110. As explained in more detail below with respect to FIG.
5, the graphical and/or numerical analysis is specifically
directed to identifying specific portions of the maxima and
minima of the tissue conductivity/impedance data that cor-
relate to hydration level and direction of water motility.
Alternatively, the control module 102 is programmed with
machine-readable code to perform the aforementioned
graphical and/or numerical analysis and control.

[0055] The power supply 106 is a high voltage DC power
supply for producing electrosurgical current, e.g., radiofre-
quency (RF) current. Signals received from the control
module 102 or hydration analyzer and controller module
102' control the magnitude of the voltage and current output
by the DC power supply based on the data readings for
maxima and minima of the tissue conductivity/impedance.
The output stage 104 receives the output current from the
DC power supply and generates one or more pulses via a
waveform generator (not shown). As can be appreciated, the
pulse parameters, such as pulse width, duty cycle, crest
factor and repetition rate are regulated in response to the
signals received from the control module 102 based on those
portions of the the data readings for maxima and minima of
the tissue conductivity/impedance that specifically relate to
hydration level and direction of water motility. Alternatively,
the power supply 106 may be an AC power supply, and the
output stage 104 may vary the waveform of the signal
received from power supply 106 to achieve a desired wave-
form.

[0056] As mentioned above, the user interface 108 may be
local to or remote from the control module 102 or hydration
analyzer and controller module 102'. A user may enter data
such as the type of electrosurgical instrument being used, the
type of electrosurgical procedure to be performed, and/or the
tissue type upon which the electrosurgical procedure is
being performed. The closed loop control system 100, in
particular the sensor module 110, may include, in addition to
the sensors that detect voltage and current to determine the
maxima and minima of tissue impedance, one or more smart
sensors which provide feedback to the surgeon relating to
one or more of these physical parameters. Furthermore, the
user may enter commands, such as a target effective voltage,
current or power level to be maintained, or a target response
e.g., change in regulation of the power supply 106 and/or
output stage 104, to changes in sensed values, such as an
effective change in voltage, current and/or power level as a
function particularly of those portions of the data readings
for maxima and minima of the tissue conductivity/imped-
ance that specifically relate to hydration level and direction
of water motility. The user may also enter commands for
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controlling electrical parameters of the RF energy, delivered
by the electrosurgical generator 101, as described above.
Default values may be provided for the above target levels
and target responses.

[0057] The sensor module 110 includes a plurality of
sensors (not shown) strategically located for sensing various
properties or conditions at or proximate points “A” and “B”.
Sensors positioned at or proximate point “A” (hereinafter
referred to as at point “A”) sense properties and/or param-
eters of electrosurgical output from output stage 104, and/or
properties, parameters or conditions prior to surgical effect
of the currently administered electrosurgical energy during
the surgical procedure. For example, sensors positioned at
point “A” may be provided with or attached proximate the
generator 101.

[0058] Sensors positioned at or proximate point “B” (here-
inafter referred to as at point “B”) sense parameters, prop-
erties and/or conditions at or across the operating site prior
to the surgical procedure and/or in response to surgical effect
during the surgical procedure. One or more of these sensors
may be included with the electrosurgical instrument, (e.g.,
on one end effector or opposing end effectors) or attached
proximate the operating site. For example, optical sensors,
proximity sensors, temperature sensors may be used to
detect certain tissue characteristics, and electrical sensors
may be employed to sense other parameters of the tissue or
operating effects. It is noteworthy that point “A” may be
located proximate the surgical site “B” at a location where
the signals outputted by the generator 101 are propagated
before they are applied or approximately when they are
applied to the surgical site “B”.

[0059] The sensors are provided with leads or wireless
means for transmitting information to the control module,
where the information is provided directly to the control
module 102 and/or to the hydration analyzer and controller
module 102', and/or provided to the control module 102
and/or to the hydration analyzer and controller module 102"
via the sensor module 110 and/or the ADC 114. The sensor
module 110 may include means for receiving information
from multiple sensors, and providing the information and
the source of the information (e.g., the particular sensor
providing the information) to the control module 102 and/or
to the hydration analyzer and controller module 102'.

[0060] Related prior art methods and systems for control-
ling the output of electrosurgical generators are described in
commonly owned U.S. patent application Ser. No. 11,585,
506 filed on Oct. 24, 2006 by Buysse et al., now previously
mentioned U.S. Patent Application Publication 2007/
0038209 Al, entitled “METHOD AND SYSTEM FOR
CONTROLLING OUTPUT OF RF MEDICAL GENERA-
TOR””, which is a divisional of U.S. patent application Ser.
No. 10/427,832 filed on May 1, 2003 and now U.S. Pat. No.
7,137,980 issued on Nov. 21, 2006 to Buysse et al.,
“METHOD AND SYSTEM FOR CONTROLLING OUT-
PUT OF RF MEDICAL GENERATOR”; U.S. patent appli-
cation Ser. No. 10/073,761, filed on Feb. 11, 2002, by Wham
et al.,, now U.S. Patent Application Publication 2003/
0004510 A1, entitled “VESSEL SEALING SYSTEM”; and
U.S. patent application Ser. No. 09/408,944, now previously
mentioned U.S. Pat. No. 6,398,779, filed on Sep. 30, 1999
by Buysse et al., entitled “VESSEL SEALING SYSTEM”,
which claims the benefit of the priority date for U.S.
provisional application No. 60/105,417, filed on Oct. 23,
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1998, the entire contents of all of these applications are
hereby incorporated by reference herein in their entirety.
[0061] With reference to FIG. 2, in addition to FIG. 1, the
inner-working components of the sensor module 110 are
shown in greater detail. More particularly, the sensor module
110 may include a real-time voltage sensing system 202 and
a real-time current sensing system 204 for sensing real-time
values for applied voltage and current at the surgical site
“B”. The sensor module 110 also may include a real-time
voltage sensing system 206 and a real-time current sensing
system 208 for sensing real-time values of signals returned
from the patient at a point “A”. An RMS (root-mean-square)
voltage sensing system 210 and an RMS current sensing
system 212 are also included for sensing and deriving RMS
values for applied voltage and current at the surgical site
“B”, and an RMS voltage sensing system 214 and an RMS
current sensing system 216 are included for sensing and
deriving RMS values of signals at point “A”. A temperature
sensing system 218 may be included for sensing tissue
temperature at the surgical site “B”. Real-time and RMS
current and voltage sensing systems are known in the art.
The sensor module 110 may further include sensors (not
shown) for sensing voltage and current output by the gen-
erator 101.

[0062] The real time voltage sensing system “A” 206 may
be configured as a part of a real time control loop to control
the energy output of generator 101 because the sensing and
controlling must be done in real time. Regarding the RMS
voltage sensing and the RMS voltage sensing system “A”
214, the output of generator 101 is at a high frequency
(radiofrequency) which is at a different time base than the
impedance change. It is contemplated that impedance
change in tissue is thermally induced; and the tissue-thermal
interaction of this sort is several orders of magnitude slower
than the radiofrequency voltage applied through the genera-
tor 101.

[0063] The measured or sensed values are further pro-
cessed, either by circuitry and/or a processor (not shown) in
the sensor module 110 and/or by the control module 102 or
the hydration analyzer and controller module 102', for
deriving changes in sensed values and tissue impedance at
the surgical site “B”. Tissue impedance and changes in tissue
impedance may be determined by measuring the voltage
and/or current across the tissue and/or calculating changes
thereof over time, and comparing the voltage and current
values to known and/or desired values associated with
various tissue types for use by the control system 100 to
drive electrical output to achieve desired impedance and/or
change in impedance values and corresponding maxima and
minima of tissue impedance indicative of tissue hydration
levels and water motility. As can be appreciated, these
known and/or desired values, tissue types and ranges may be
stored in an internal look-up table, “a continuous value map”
or in an external searchable memory. Commonly owned
U.S. Pat. No. 6,398,779 (previously mentioned), U.S. Pat.
Nos. 6,203,541, 5,827,271 and U.S. Patent Application
Publication No. 2003/0004510 (previously mentioned) dis-
close methods for measuring tissue impedance, and are
incorporated by reference herein in their entirety.

[0064] Deriving tissue impedance (or other physical and
electrical parameters) from real-time value(s) may provide
the benefit of monitoring real-time tissue impedance and/or
changes in tissue impedance. As the surgical procedure
proceeds, it is believed that the tissue impedance fluctuates
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in response to removal and restoration of liquids from the
tissue at the surgical site “B”. As the control module 102
and/or hydration analyzer and controller module 102' moni-
tors the tissue impedance and changes in tissue impedance
(or other physical and electrical parameters) the control
module 102 and/or hydration analyzer and controller module
102' regulates the power supply 106 and output stage 104
accordingly for achieving the desired and optimal electro-
surgical effect based on the specific portions of the imped-
ance/conductivity readings that correlate to hydration level
and direction of water motility.

[0065] Before beginning an electrosurgical procedure, an
operator of the electrosurgical instrument enters information
via the user interface 108. Information entered includes, for
example, the type of electrosurgical instrument being used,
the type of procedure being performed (i.e., desired surgical
effect), the type of tissue, relevant patient information, and
a control mode setting. The control mode setting determines
the amount of or type of control that the control module 102
and/or hydration analyzer and controller module 102' will
provide. As mentioned above, one or more sensors (not
shown) may also be included to automatically provide
information to the control module 102 and/or hydration
analyzer and controller module 102' relating to tissue type,
initial tissue thickness, initial tissue impedance, etc. Mea-
surement of tissue impedance to detect indications of hydra-
tion levels and water motility is discussed in more detail
below with respect to FIG. 5.

[0066] Exemplary modes include, but are not limited to,
one or a combination of one or more of the following modes:
a first mode wherein the control module 102 maintains a
steady selected output power, current and/or voltage value at
site “A”; a second mode wherein the control module 102
and/or hydration analyzer and controller module 102' main-
tains a steady selected output power, current and/or voltage
value at site “B”; a third mode wherein the control module
102 and/or hydration analyzer and controller module 102'
maintains a variable selected output power, current and/or
voltage values at site “A” which is dependent upon (i.e., a
function of) time value(s) and/or sensed parameter(s) or
changes in sensed parameter(s) during the procedure; a
fourth mode wherein the control module 102 or hydration
analyzer and controller module 102' maintains a variable
selected output power, current and/or voltage values at site
“B”, which is dependent upon (i.e., a function of) time
value(s) and/or sensed parameter(s) or changes in sensed
parameter(s) during the procedure.

[0067] According to the embodiments of the present dis-
closure, another “mode” is detecting the hydraulic conduc-
tivity (water motility) and adjusting the rate of energy
application that achieves the desired tissue effect. This is
accomplished by measuring the intrinsic permeability “k”,
of the material [L? or m?] at the particular specific weight “y”
ofthe water [ML™>T~2 or N m~>]; and the particular dynamic
viscosity “w” of water [ML™"T~* or kg m~! s™'] in the tissue
being treated. More particularly, the absolute values of the
intrinsic permeability, the specific weight, and the dynamic
viscosity are not measured, but instead only changes, e.g., an
increase or a decrease, in hydraulic conductivity AK. are
measured.

[0068] Another mode according to the embodiments of the
present disclosure is tissue division which is performed
having the benefit of the knowledge of the hydraulic con-
ductivity. This is discussed further below with respect to
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FIG. 5. If hydraulic conductivity is low, hydraulic pressure
within tissue increases more quickly with any energy depo-
sition. Rapid rises in tissue hydraulic pressure assist in tissue
division.

[0069] Functions performed on the time value(s) and
sensed properties(s) include operations such as calculations
and/or look-up operations using a table or map stored by or
accessible by the control module 102 and/or hydration
analyzer and controller module 102'. The control module
102 and/or hydration analyzer and controller module 102'
processes the selected output power, current and voltage
values, such as by performing calculations or table look up
operations, to determine power control signal values and
output control values.

[0070] The control module 102 and/or hydration analyzer
and controller module 102' may determine initial settings for
control signals to the power supply 106 and the output stage
104 by using and/or processing operator-entered data or
settings, performing calculations and/or accessing a look-up
table stored by or accessible by the control module 102
and/or hydration analyzer and controller module 102'. Once
the electrosurgical procedure begins, the sensors of sensor
module 110 sense various physical and electrical properties
and provide feedback to the control module 102 and/or
hydration analyzer and controller module 102' through the
ADC 114 as needed. The control module 102 and/or hydra-
tion analyzer and controller module 102' processes the
feedback information in accordance with the pre selected
mode, as well as any additional operator-entered commands
entered during the procedure. The control module 102
and/or hydration analyzer and controller module 102' then
sends control information to the power supply 106 and the
output stage 104. The generator 101 may be provided with
override controls, to allow the operator to override the
control signals provided by the control module 102 and/or
hydration analyzer and controller module 102', if needed,
e.g., by entering override commands via the user interface
108.

[0071] FIG. 3 shows a flow chart illustrating a method 300
for controlling operation of the closed loop control system
100 during an electrosurgical procedure in accordance with
an embodiment of the present disclosure. At step 302, the
method includes continually sensing various physical and
electrical properties at the surgical site that are relevant to
identifying those portions of the maxima and minima of
tissue conductivity/impedance readings that are specifically
correlated with tissue hydration level and direction of water
motility. At step 304, the sensed properties are continually
processed to calcuate tissue conductivity/impedance and
corresponding minima and maxima indicative of tissue
hydration levels and water motility. At step 306, power
supply control signals are continually generated for control-
ling the magnitude of the signals output by the electrosur-
gical generator and output stage control signals are continu-
ally generated, for controlling pulse parameters of the output
signals in accordance with the continually-processed sensed
properties of maxima and minima of tissue conductivity/
impedance that are indicative of tissue hydration levels and
water motility, thereby controlling the flow of water through
the tissue to optimize the delivery of energy to the tissue and
thus enhancing the therapeutic effect of the particular energy
treatment being applied. At step 308, the method includes
causing tissue division based upon analysis of the continu-
ally processed sensed properties.
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[0072] The sensor module 110 may further include a
proximity sensor for sensing (measuring) tissue thickness
proximate the surgical site “B”, and generating a tissue
thickness value. An initial tissue thickness value may be
provided to the control module 102 as a pre-surgical param-
eter. Sensed real time tissue thickness values and/or changes
in tissue thickness values over time (A[difference] thickness/
Aldifference| time) may further be provided to the control
module 102 and/or hydration analyzer and controller module
102' during the surgical procedure, where the control module
102 and/or hydration analyzer and controller module 102'
modulates the electrical surgical output in accordance with
the sensed real time tissue thickness values and/or changes
in tissue thickness values over time as the tissue thickness
values and/or changes in thickness are related to the hydra-
tion levels and water motility in the tissue that are deter-
mined by analyzing those portions of the maxima and
minima of the impedance/conductivity readings that corre-
late to the same.

[0073] Accordingly, the present disclosure provides a
closed loop control system 100 for providing continual
control of the power supply 106 and the output stage 104 in
response to “sensed” physical or electrical properties at the
surgical site and/or proximate the output stage.

[0074] In an additional embodiment according to the pres-
ent disclosure and in particular reference to FIG. 4, the
control module 102 and/or hydration analyzer and controller
102' is provided with two control loops, an inner loop
controlled by inner loop control module 402 and an outer
loop controlled by outer loop control module 404. The inner
and outer loop control modules 402, 404 are software
modules executable by a processor of the control module
102 and/or hydration analyzer and controller 102'. The inner
and outer loop control modules 402, 404 both receive signals
generated by sensor module 110.

[0075] The inner loop control module 402 controls the
amount of current, voltage and/or power delivered to the
tissue for controlling a variable, e.g., I, V or P, sensed at the
tissue and/or calculated from sensed values, until a desired
event occurs (a rapid dz/dt or impedance rise is achieved),
e.g., an impedance value is reached that is in one embodi-
ment in the range of about 50 ohms to about 400 ohms. The
control variable is controlled to change during the course of
the seal cycle according to impedance value (or other sensed
and/or derived values), as determined by generator limita-
tions (power, current, voltage) and surgical limitations
(maximum limits for application of energy to tissue).
[0076] The inner loop control module 402 continually
receives real time sensed values, such as current I and
voltage V, from the sensor module 110 and may perform
calculations on the received values for deriving additional
real time values, such as power P and impedance Z. A
desired inner loop value for 1, V, and/or P are obtained by
accessing at least one stored inner mapping of continuous
values 408, look-up table or equivalent, where the inner
mapping 408 may be in accordance with a function of
impedance. In one embodiment, the inner loop control
module 402 consults the inner mapping 408 for obtaining
the desired inner loop value for the impedance currently
being sensed and derived.

[0077] An algorithm is used to compare the real time value
of'I, V and/or P to the respective desired inner loop value and
output an RF command to the electrosurgical generator 101
accordingly for achieving the desired inner loop value
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without exceeding the desired inner loop value, e.g., the RF
command raises the target current, voltage and/or power
output by the electrosurgical generator 101 when the real
time value for I, V and/or P is lower than the respective
desired inner loop value for I, V and/or P, and vice versa. It
is contemplated that the RF command controls waveform
parameters of electrosurgical energy output by the electro-
surgical generator 101, including current, power, voltage,
duty cycle, frequency, waveshape, etc. It is further contem-
plated that the inner loop is used without the outer loop for
achieving the desired tissue effect.

[0078] The outer loop control module 404, layered over
the inner loop control module 402, provides additional
control of a variable for reaching a desired output value or
effect. For example, control of the variable may monitor/
regulate the rate of change of impedance of the tissue
(sensed and calculated). In different embodiments, the vari-
ables controlled may include temperature, rate of change of
temperature, and/or the energy input to the tissue. Outer loop
control module 404 continually receives sensed values, such
as [, V and temperature T from the sensor module 110 at a
time “t” and performs calculations on the sensed values and
in one embodiment stored values for deriving values such as
rate of change of impedance and/or rate of change in
temperature. For example, the value for change in imped-
ance (dz/dt) is obtained in accordance with:

dz/di=(Z-Z_OLD)/(t~t_OLD); 3)
[0079] Z_OLD=Z;
[0080] where Z is the impedance in accordance with

values measured at time t; and

[0081] Z_OLD is the stored impedance in accordance with
values measured at a previous time interval at time t_OLD
[0082] An outer loop desired value for the control variable
is obtained by accessing a stored outer mapping of continu-
ous values 406, or alternatively a table or equivalent. The
desired rate of change according to outer mapping 406 may
be steady, or may depend on the stage of the seal cycle and
change over time. The tissue is in a dynamic state during the
seal procedure, and the outer loop monitors the rate of
change throughout the procedure to determine the degree to
which the desired rate of change is being achieved. When the
control variable is temperature, a temperature map may be
used for outer mapping 406 in which desired temperature is
plotted versus time. When the control variable is rate of
change in temperature, a rate of change in temperature map
may be used for outer mapping 406 in which desired
temperature is plotted versus time. Energy may be applied in
a similar fashion, where an energy function can be calcu-
lated using equations derived for specific tissue types or
using sensed values.

[0083] An algorithm is used to compare the real time
sensed/calculated value of rate of change of impedance,
temperature, rate of change of temperature and/or energy at
time “t” to the respective desired outer value at time “t”
obtained from the outer mapping 406 for determining if the
desired outer value is met, and if not, for determining the
ratio of the difference between the real time value and the
desired outer value to the desired outer value. If the desired
outer value is not being met, the outer loop module 406
generates a set point value which is provided to the inner
loop module 402. The set point value is raised when the real
time value for rate of change of impedance, temperature
and/or rate of change of temperature is lower than the
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respective desired outer value for rate of change of imped-
ance, temperature and/or rate of change of temperature, and
vice versa.

[0084] The set point value may be a ratio signal for
altering the inner mapping 408 by raising or lowering a
plotted curve of the inner mapping 408 along the y-axis. The
ratio signal may be a proportional integral derivative (PID)
control signal, as is known in the art. The inner loop control
module 402 responds instantaneously by accessing the
altered inner mapping 408 for obtaining a desired inner
value from the outer loop, comparing the real time value of
the control variable, generating an RF command for achiev-
ing the desired inner value without exceeding the desired
inner value, and outputting the RF command accordingly to
the electrosurgical generator 101 for controlling voltage,
current and/or power needed for achieving a desired tissue
effect.

[0085] In one embodiment, the outer loop control module
404 uses the real time value of rate of change of impedance,
temperature, rate of change of temperature, and/or total
energy delivered to determine if a desired outer value has
been reached which indicates completion of a seal. Upon
determination of seal completion, a stop signal is generated
for stopping the sealing process. Otherwise, the outer loop
continues to monitor, receive and process sensed values
from the senor module 110.

[0086] Control of I, V and/or P by the inner loop control
module 402 improves system stability and control capabili-
ties in low impedance ranges, e.g., 0-20 ohms, which are
critical for seal initiation, particularly by avoiding a low-end
impedance break point which induces oscillation and lack of
system control. The outer loop control enhances the control
module’s ability to control sealing in accordance with
desired trends or events, to change seal intensity by chang-
ing the rate of change of impedance, and to enhance uniform
sealing of tissue, i.e., normalize tissue in terms of variability,
including tissue hydration, volume and composition. With
feedback control and continuous sensing of the tissue’s
condition, there is not a need to switch control variables (i.e.,
low/high end break points), which improves system stability
as explained above.

[0087] The control module 102 controls a module for
producing resistive heat for regulating heat applied to the
tissue for achieving the desired tissue effect instead of or in
addition to controlling the electrosurgical output stage 104
and/or the power supply 106. The control module 102
responds to sensed tissue temperature or other sensed prop-
erties indicative of tissue temperature, accesses at least one
mapping, data table or equivalent using the sensed values for
obtaining desired output current or resistivity values, and
outputs a command signal for controlling output heat resis-
tivity. The module for producing resistive heat may include
a current source and/or a variable resistor which are respon-
sive to the command signal for outputting a desired current
or providing a desired resistance, respectively.

[0088] In another embodiment of the present disclosure,
the control system includes a sensor module for sensing at
least one property associated with a surgical site during at
least one of a pre-surgical time prior to a surgical procedure,
the surgical procedure and a post-surgical time following the
surgical procedure for generating at least one signal relating
thereto; and a control module executable on a processor for
receiving said at least one signal and processing each of said
signals using at least one of a computer algorithm and a
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mapping and generating at least one control signal in accor-
dance with the processing, and providing the at least one
control signal to the electrosurgical generator for controlling
the generator. In one embodiment, the processing includes
determining tissue type of tissue proximate the surgical site.

[0089] In an additional embodiment, the sensor module
110 (or an additional sensor module (not shown)) senses at
least one property as a pre-surgical condition, as a concur-
rent surgical condition and/or as a post-surgical condition. In
one embodiment, the sensor module 110 senses at least two
surgical conditions (or changes in surgical conditions over
time) selected from pre-surgical, concurrent surgical and
post-surgical conditions. Pre-surgical conditions include:
degree of opaqueness of tissue proximate the surgical site;
moisture content level of the tissue; and/or thickness of the
tissue. Concurrent conditions include: degree of opaqueness
of the tissue proximate the surgical site; moisture content
level of the tissue; thickness of the tissue; temperature of the
tissue; impedance of the tissue; current across the tissue;
voltage across the tissue; power across the tissue; changes in
degree of opaqueness of the tissue; changes in moisture
content level of the tissue; changes in thickness of the tissue;
changes in temperature of the tissue; changes in impedance
of the tissue; location of maxima and minima of impedance
readings and specific portions of the maxima and minima
that correlate to the hydration level at a specific location in
the tissue at or near the electrode-tissue interface and direc-
tion of water motility; changes in current across the tissue;
changes in voltage across the tissue; and changes in power
across the tissue. The post-surgical conditions include:
degree of opaqueness of tissue proximate the surgical site;
moisture content level of the tissue; thickness of the tissue;
temperature of the tissue; and impedance of the tissue.

[0090] Electrical cutting (rather than mechanical cutting
(i.e., a knife moving through tissue)), referred to below as
E-cutting of tissue, is facilitated depending on whether the
tissue is permeable or not permeable. External pressure is
applied on the tissue by the jaws of the electrosurgical
instrument while internal pressure, alternatively referred to
previously as hydraulic pressure, is generated within the
tissue by water that expands as its temperature increases
above ambient temperature (and its density correspondingly
decreases). When the water temperature in the tissue
increases above the corresponding boiling point either at
atmospheric pressure or under the external pressure applied
by the jaws, the water changes phase by transitioning from
the liquid phase to the gaseous phase, i.e., the water changes
from liquid to steam. The expansion of the water when
heated to steam reduces the density of the water but
increases the internal pressure in the tissue. The impedance
of the tissue increases when steam is formed since the ions
are no longer present in the steam to form a conductive
medium to enable the electrical current between the elec-
trode surfaces. Since the formation of steam pockets or
bubbles within the tissue increases the hydraulic pressure
within the tissue, the increase in hydraulic pressure facili-
tates tissue division particularly when the tissue exhibits a
high reflection coefficient, as explained above.

[0091] It should be noted that the expansion of the liquid
water into steam may occur even after the energy being
applied by the electrosurgical generator has been intermit-
tently terminated due to the residual heat of the surrounding
tissue and of the electrode or electrodes. Thus the impedance
of the tissue can increase even when energy is no longer
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being applied. In addition, during the intermittent period,
water is displaced within the tissue. Tracking of this dis-
placement of water provides information that enhances the
accuracy and effectiveness of the process of tissue division
being implemented by the electrosurgical system.

[0092] As the proteins within the tissue are heated, they
become depolymerized and the osmotic pressure is reduced.
Such heating of the proteins changes their hydrophilic
properties.

[0093] Conversely, when energy is no longer being
applied for a sufficient period of time, and heat is being
transferred to the surroundings, the steam pockets cannot be
sustained and instead collapse, resulting in a decrease in the
tissue impedance.

[0094] By sensing more precisely where in the tissue and
when such expansion to steam occurs, the e-cutting process
of tissue division can be enhanced and facilitated. In addi-
tion, when tissue destruction is the desired result, sensing
more precisely where in the tissue and when such expansion
to steam occurs also enhances and facilitates tissue destruc-
tion.

[0095] The foregoing principles of the present disclosure
are illustrated by reference to FIG. 5. More particularly, FIG.
5 illustrates examples of pulsed energy application of
impedance versus time as shown by the impedance at
relatively lower value then quickly rising to a peak only to
fall back to the lower value. This is one energy cycle. During
the “off” cycle, a small amount of voltage remains “on” to
ensure that the sensors maintain accuracy. (Sensors lose their
ability to sense if applied voltage decays to zero). During
this “off” time (example: 5045 and 50254) tissue is rehydrat-
ing and the shape of the impedance curve during the “off”
period indicates how permeable the tissue is to water rehy-
dration. The shape of the impedance-time trace indicates if
hysteresis occurs during the traverse of the temperature-
tissue conductivity curve. Hysteresis of this nature indicates
that water is not rehydrating this tissue quickly due to low
hydraulic conductivity.

[0096] Turning now specifically to FIG. 5, there is dis-
closed a hypothetical curve 500 for an ablation process of
tissue impedance plotted against time that is analyzed in
specific detail for precise location of times of occurrence of
areas in the tissue of low hydraulic conductivity (water
motility) and of high hydraulic conductivity (water motil-
ity). It is assumed that the active region of the electrode
remains substantially stationary during the ablation process,
as in a bi-polar electrode ablation process. As discussed
above, the present disclosure relates to a method of mea-
suring voltage and current parameters of an electrosurgical
instrument to calculate tissue impedance. If the values of
voltage and current are known through measurement, then
the impedance of the system can be calculated.

[0097] The impedance of all the non-tissue components of
the system is generally constant so any fluctuations of the
impedance are usually associated with the dynamic changes
of the treated tissue. Hence the impedance changes hold
valuable information about the dynamic change of tissue
properties. One direct application of knowledge of the
hydraulic conductivity (water motility) is recognition of
when the tissue held between the jaws of an electrosurgical
instrument is ready for an energy burst that causes successful
tissue division, resulting in an “E-cut,” i.e., electrical cutting
(rather than mechanical cutting (i.e., knife moving through
tissue)), as mentioned above.



US 2023/0057799 Al

[0098] As is evident from FIG. 5, the impedance values
often change dramatically over the duration of energy based
treatments. If the impedance is recorded over time, relative
changes can be tracked. For instance, the impedance values
often rise and fall rapidly so if the lowest values of imped-
ance are tracked during this process, the tissue hydration can
be detected. Also the response of the impedance change to
power on or power off conditions can indicate how perme-
able the tissue is to bulk water movement or the motility of
water through the tissue. Hydration levels, further supple-
mented by the hydraulic conductivity (the motility of water)
through the tissue are good indicators of the effectiveness of
the energy based treatment because the water is necessary
for ionic conduction. As the tissue desiccates during energy
treatment, the impedance rises and the application of energy
becomes less efficient. Motility of the water is an indicator
of the ability of partially desiccated tissue to become re-
hydrated.

[0099] FIG. 5 illustrates characteristic impedance traces
acquired during an operation of an electrosurgical instru-
ment, e.g., a pencil electrode during an ablation procedure.
An advancement of the state of the art provided by the
present disclosure is the introduction of the premise that
rather than being considered system “noise” or system error,
as is the collective assessment of those skilled in the art
heretofore, there is useful information in the “W-shaped”
portion during the “power off”” duty cycle of the impedance
trace that is indicative of the levels of hydration in the tissue.
(See for example FIG. 8 of U.S. Pat. No. 6,575,969 B1).

[0100] The impedance trace in FIG. 5 is the total spatial
integration of the tissue in contact with the electrode for an
ablation process in which the active region of the electrode
probe is maintained substantially stationary with respect to
the tissue, such as a bi-polar electrode system. Hence
directivity of water displacement is not known but the
assumption that displacement is in a radial direction away
from the high energy field of the active region of the
electrode is a reasonable assumption.

[0101] In applications of the principles of the present
disclosure to vessel sealing, more than one electrode (mul-
tiple electrode segments in a jaw), or other sensors, e.g.,
optical sensors, are required to determine the directivity of
water displacement. For example, commonly owned U.S.
Patent Application Publication US 2006/0064086 Al
“BIPOLAR FORCEPS WITH MULTIPLE ELECTRODE
ARRAY END EFFECTOR ASSEMBLY” by Odom et al.
discloses arrays of multiple electrode segments that are each
independently powered in each jaw member.

[0102] In the ablation process of FIG. 5, it is assumed that
the bi-polar electrode probe remains substantially stationary
with respect to the tissue so that the measure of impedance
in the tissue is generally only a function of time and not of
location in the tissue. Specifically, the needle probe (the
primary electrode) is positioned substantially stationary with
respect to the tissue while the secondary electrode is located
remotely from the needle probe. The bi-polar electrode
probe directs electromagnetic energy to the tissue and such
energy passes through the tissue in the vicinity of the probe
and alternates in direction in the tissue as it circuitously
travels through the tissue from one active electrode to the
other active electrode in the probe. Such electromagnetic
energy includes, but is not limited to, radiofrequency waves
and microwave radiation. It is assumed that measurable
heating of the tissue is limited to a volume of tissue in the
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vicinity of the active region of the electrode probe and that
the remaining tissue distal to the probe remains at body
temperature.

[0103] [Although the example impedance versus time
curve illustrated in FIG. 5 applies to a bi-polar ablation
electrode system, application of the principles of the current
disclosure to a monopolar ablation electrode system would
require that the impedance be measured both with respect to
location as well as time. FIG. 8 of commonly owned U.S.
Pat. No. 6,575,969 B1 illustrates that, during a mono-polar
ablation procedure, a thermosurgery probe 802 is inserted
into the patient’s body such that the tip of the probe 803 is
placed within the target volume 801. The radiofrequency,
laser, high frequency, or other power-generating element is
represented by component mark number 804. In the case of
a high frequency generator, a return element to a reference
electrode 805 is attached to the patient’s body around the
shoulder region. This reference electrode might be a gel-pad,
large area, conductive pad or other type of standard refer-
ence electrode that is used for a high frequency generator.]
[0104] Thus, one embodiment of the present disclosure
relates to a method of detecting the hydration and motility of
water around an energy applying medical device such as an
electrosurgical instrument. Sensing, monitoring and control-
ling hydration around the energy device ensures that the
energy device is ultimately controlled so that energy is
delivered to the tissue in the most efficient manner and that
the duration of the procedure is the minimum time necessary
to achieve the desired tissue effect.

[0105] In FIG. 5, precise location of times of occurrence
of areas in the tissue of low water motility and of high water
motility can be determined from the plot 500 of impedance
“7”, that may be measured in ohms, versus time “t”. The plot
500 begins with an initial impedance “Z,” and includes a
plurality of intermittent crests or peaks 502a, 5025, 502c¢,
502d, 502¢, 502/, 502g, and 5024, i. e., the intermittent
maxima, and a corresponding plurality of intermittent
troughs or valleys 504a, 50456, 504¢, 504d, 504e, 504f and
504g, i.e., the intermittent minima. A curve 506 is drawn that
envelopes the minima 504 through 504g.

[0106] Following the initial impedance “Z,”, which
occurs at body temperature, even though energy is applied
from the electrosurgical generator 101 such that the local
temperature of the tissue rises to about 80 degrees Celsius (°
C.), the tissue impedance Z drops to a first minimum at 504a,
During the next phase, from minimum 504q to first maxi-
mum 502a, energy from the electrosurgical generator 101 is
terminated at first maximum or peak 502a. During the
approach to peak 502a, the temperature of the water within
the tissue has increased to the boiling point, e.g., 100° C.,
such that a phase change from liquid to vapor occurs, i.e., a
steam pocket or bubble has formed within the tissue at peak
502a. As the temperature increases towards the boiling
point, the energy continues to be applied and the impedance
increases. The phase change to the vapor state causes an
increase in hydraulic conductivity. During the decrease in
impedance Z from first peak 5024 to second minimum 5045,
energy remains terminated or turned off, the steam bubble
collapses. Osmotic pressure draws water in to fill the void
caused by the collapse of the steam bubble. Thus, the
increase in water content causes the hydraulic conductivity
to increase and the impedance to decrease. Energy is re-
applied at second minimum 5045 so that the hydraulic
conductivity decreases and the impedance increases until



US 2023/0057799 Al

second maximum or peak 5025. Again, the temperature of
the water within the tissue has increased to the boiling point
such that a phase change occurs at second maximum or peak
5025.

[0107] Upon reaching the second maximum or peak 5025,
energy is again terminated and the tissue re-hydrates until a
first curvature change point 5081 occurs wherein a marked
change in slope of the impedance curve Z versus t occurs
such that the decay in impedance decreases and both the
hydraulic conductivity and the impedance remain relatively
constant. The energy remains terminated until the imped-
ance Z begins to decrease again, and conversely the hydrau-
lic conductivity begins to increase again, at a second cur-
vature change point 5082 at which time the energy is
re-applied, the impedance Z decreases for a short time until
a third minimum 504c¢ is reached.

[0108] During the decrease in impedance from second
maximum 50254 to third minimum 504¢, the formation of
first and second curvature change points 5081 and 5082,
respectively, is an indication that tissue hysteresis has
occurred. That is, the tissue has “remembered” the prior
application of energy and a change in tissue properties has
occurred. The change in tissue properties results in reduced
hydraulic conductivity during the transition from second
maximum 5025 to third minimum 504¢ as compared to the
transition from first maximum 502a to second minimum
5045, as indicated by the first and second curvature change
points 5081 and 5082, respectively. The motility of the water
within the tissue tends to decrease, i.e., the flow of water is
inhibited within the tissue.

[0109] As application of the energy continues and the
tissue dehydrates, the impedance Z increases again sharply
until a third maximum or peak 502c¢ is reached. In a similar
manner as during the approach to maximum or peak 5025,
during the approach to maximum or peak 502c¢, the tem-
perature of the water within the tissue has increased to the
boiling point such that a phase change occurs at third
maximum or peak 502c.

[0110] Energy is again terminated at third peak 502c.
Thereby a first modified V-shape 5241 is formed in the data
plot 500 that is indicative of a region in the tissue wherein
there is low motility of water.

[0111] The rate of tissue rehydration changes after third
peak 502¢ as compared to after second peak 50256. More
particularly, the steam bubble or pocket that was formed
during the ascent to third peak 502¢ again collapes and the
osmotic pressure causes the water to re-enter the tissue
undergoing the ablation process. The rate of increase of
hydraulic conductivity decreases until a change in the rate of
decrease of impedance Z again occurs at first curvature
change point 5101. As compared to the relatively constant
impedance Z versus time t occurring after first curvature
change point 5081, after first curvature change point 5101,
the motility and the hydraulic conductivity of the water in
the tissue increase slightly such that the impedance Z
decreases slightly until reaching second curvature change
point 5102, at which point energy is re-applied until the
impedance Z decreases to fourth minimum 5044d. Again, the
formation of first and second curvature change points 5101
and 5102, respectively, is indicative of tissue hysteresis and
thus a change in the properties of the tissue due to the
ablation process.

[0112] Again, as application of the energy continues and
the tissue dehydrates, the impedance Z increases again
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sharply until a fourth maximum or peak 5024 is reached.
Energy is again terminated at fourth peak 502d. Thereby a
second modified V-shape 5242 is formed in the data plot 500
that is also indicative of a region in the tissue wherein there
is low motility of water.

[0113] The rate of tissue rehydration changes again after
fourth peak 5024 as compared to after third peak 502¢. More
particularly, the rate of increase of hydraulic conductivity
decreases until a change in the rate of decrease of impedance
7 again occurs at first curvature change point 5121. As
compared to the impedance Z versus time t occurring after
first curvature change point 5101, after first curvature
change point 5121, the motility and the hydraulic conduc-
tivity of the water in the tissue increase at a more pro-
nounced rate such that the impedance Z decreases at a more
pronounced rate until reaching second curvature change
point 5122, at which point energy is re-applied until the
impedance 7 decreases to fifth minimum 504e.

[0114] The application of energy continues, the tissue
again dehydrates, and the impedance Z increases again
sharply until a fifth maximum or peak 502¢ is reached.
Energy is again terminated at fifth peak 502¢. Thereby a
third modified V-shape 5243 is formed in the data plot 500
that is again indicative of a region in the tissue wherein there
is low motility of water.

[0115] In contrast to the second modified V-shape 5242,
the third modified V-shape 5243 indicates a higher level of
hydraulic conductivity since the impedance Z decreases at a
faster rate prior to fifth minimum 504e as compared to the
second modified V-shape 5242 prior to fourth minimum
504d.

[0116] In the example illustrated in FIG. 5, following the
termination of the energy at fifth maximum 502e, again the
tissue impedance decreases but instead of reaching a sharp
minimum such as 5045, 504¢, 5044 and 504e, a first blunt
minimum 514 is formed and the tissue impedance subse-
quently increases while the energy continues to be termi-
nated until a low impedance maximum 514 is formed.
During the time period between the first blunt minimum
514a and the low impedance maximum 514, the tissue
becomes less permeable and the amount of water entering
the tissue decreases. Correspondingly, the hydraulic conduc-
tivity of the tissue decreases. The reduced permeability
increases the water reflection coefficient of the tissue.

[0117] At low impedance maximum 514, the energy is
again applied and the impedance decreases for a brief period
until a second blunt minimum 5145 is formed. As the
application of energy is continued, the impedance increases,
while conversely, the hydraulic conductivity decreases, to
sixth maximum or peak 502f. The indication of virtual
equality of the impedance levels Z at first blunt minimum
5144 and second blunt minimum 5145 is evidence that the
displacement of water within the tissue is substantially equal
in both directions. In addition, when the blunt minima in a
W-shape are substantially equal, the hydration level and the
tissue permeability are equal. The low impedance peak 514
between the two blunt minima 514a and 5145 forms a
W-shape 5261 that is indicative of a time period during
which there is high motility of water in the tissue as
compared to the time periods of the modified V-shapes 5241,
5242 and 5243. At the time of occurrence of the blunt
minima 514a and 51454, the tissue membranes have a poros-
ity and a reflectance coefficient that are optimal for the
occurrence of tissue division upon further application of
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electrical energy from the electrosurgical generator. The
virtual equality of the blunt minima 514a and 5144 is
indicative of a lack of tissue hysteresis during this time
period and as a result no change in tissue impedance. Thus
the occurrence of the blunt minima 514a and 5145 presents
in effect almost a “last opportunity” to effect tissue division
using the electrical energy from the electrosurgical genera-
tor.

[0118] From the initial impedance 71 to the impedance at
sixth maximum 502f; the plot 500 of impedance Z versus
time t has followed an electrosurgical ablation procedure
according to the prior art in which tissue division was not
intended to occur. In the prior art ablation procedure, the
significance of the modified V-shapes 5241, 5242 and 5243
and of the W-shape 5261 with respect to tissue hydration and
dehydration are disregarded with respect to the control of
energy received from the electrosurgical generator 101.
[0119] According to the present disclosure, the detailed
analysis of the significance of the modified V-shapes 5241,
5242 and 5243 and of the W-shape 5261 with respect to
tissue hydration and dehydration are incorporated into a
method of initiating tissue division using electrical energy
during an ablation process, as opposed to a separate step
being required following the ablation process of mechanical
cutting of the tissue. More particularly, following the occur-
rence of the second blunt minimum 5144, the energy from
the electrosurgical generator 101 is increased such that the
impedance Z increases along the dashed line 5281 to a level
at maximum 502/ that is greater than the impedance of the
tissue at sixth maximum 502f'so as to be sufficient to cause
tissue division.

[0120] In lieu of increasing the energy from the electro-
surgical generator 101 upon achieving sixth maximum 502/,
in order to verify that a time period of relatively high tissue
hydration has occurred, the surgeon may instead choose to
continue along the curve 500 by terminating the energy at
sixth maximum 502f to allow the tissue impedance Z to
decrease to approach a first blunt minimum 518a followed
by a low impedance peak 518 at which the energy is again
applied and the impedance decreases for a brief period until
a second blunt minimum 5185 is formed. Again, as the
application of energy is continued, the impedance increases,
while conversely, the hydraulic conductivity decreases, to
seventh maximum or peak 502g. The low impedance peak
518 between the two blunt minima 5184 and 5185 forms a
second W-shape 5262 that is also indicative of a time period
during which there is high motility of water in the tissue as
compared to the time periods of the modified V-shapes 5241,
5242 and 5243. However, the difference in the level of
impedance Z between first blunt minimum 518« and second
blunt minimum 518, i.e., the impedance Z at second blunt
minimum 5185 is significantly greater than the impedance 7
at first blunt minimum 518a, and thus is indicative of the
occurrence of tissue hysteresis and a change in properties of
the tissue, in contrast to the lack of tissue hysteresis and
change in tissue properties associated with blunt minima
514a and 5145.

[0121] In the electrosurgical ablation method of the prior
art, the energy is again terminated at seventh maximum 502g
and the impedance 7 decreases to a sharp minimum 504/
Energy is again applied and the impedance increases to
eighth maximum 502/%. Upon reaching the eighth maximum
5027, energy is again terminated and the impedance Z
decreases to a sharp minimum 504g. A final application of
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energy following minimum 504g results in an increase in
impedance to ninth maximum 502; at which point the
ablation procedure is terminated without causing tissue
division.

[0122] In contrast, in the electrosurgical ablation method
according to the present disclosure, in lieu of terminating the
energy at seventh maximum 502g, having confirmed the
presence of the first W-shape 5261, the surgeon may manu-
ally, or the software controlling the electrosurgical generator
101 is programmed such that, following the occurrence of
the second blunt minimum 5185, the energy from the
electrosurgical generator 101 is increased such that the
impedance Z increases along the dashed line 5282 to a level
at maximum 502g' that is greater than the impedance of the
tissue at seventh maximum 502g so as to be sufficient to
cause tissue division.

[0123] During the transition from blunt minimum 514aq to
low impedance peak 514, and from blunt minimum 518a to
low impedance peak 518, the energy applied forms a steam
pocket that causes an increase in impedance. The impedance
decreases from low impedance peak 514 to blunt minimum
5145 and from low impedance peak 518 to blunt minimum
5185 after the energy is terminated following the occurrence
of the low impedance peaks 514 and 518.

[0124] As the tissue begins to dessicate in the region
following the first W-shape 5261, the magnitude of the
difference between the second low impedance peak 518 and
the corresponding first blunt minimum 518a as compared to
the difference between the second low impedance peak 518
and corresponding second blunt minimum 5185 begins to
decrease as compared to the magnitude of the difference
between the first low impedance peak 514 and the corre-
sponding substantially equal blunt minima 514a and 514b.
It can be seen also from the general trend of the enveloping
curve 506 that the impedance Z also begins to increase
following the first W-shaped region 5261 since the quantity
of water present in the tissue is no longer sufficient to
facilitate hydraulic conductivity.

[0125] Referring also to FIG. 4, during operation, via the
electrosurgical generator 101 (see FIG. 4), of the electro-
surgical instrument performing the ablation, conductivity,
which is the inverse of impedance, is measured (via one or
more sensor modules 110) to provide tissue properties and
the degree of hydration and motility of water in the tissue.
The first derviative of the conductivity is calculated by the
outer loop control module 404 to establish a setpoint value
to be communicated to the inner loop control module 402 to
control the electrosurgical generator 101. The maxima and
minima of the conductivity/impedance curve can be deter-
mined by setting the first derivative of the impedance “Z” as
a function of time equal to zero, i.e., “dZ/dt=0" control of the
impedance “Z” enables control of the hydration level in the
tissue and enables also taking advantage of times in which
the reflection coefficient is of a sufficient magnitude to
facilitate and enhance tissue division and tissue destruction,
when the latter is desired. Conversely, control of the hydra-
tion level in the tissue enables proper control of the imped-
ance “Z”.

[0126] Thus, controlling the application of electrosurgical
energy to the surgical site optimizes energy delivery based
on the hydration level and/or the water motility and/or the
reflection coefficient in the tissue at the surgical site. The
electrosurgical energy applied to the surgical site is a func-
tion of the hydration level and/or water motility which in
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turn are identified via specific portions of the readings of
maxima and minima of tissue impedance readings.

[0127] It should be noted that detecting the generally
modified “V-shape” and “W-shape” parameters does not
necessarily require modifying the impedance trace that is
illustrated in FIG. 5 prior to the increased application of
energy exhibited by dashed lines 5281 and 5282. However,
additional filtering or processing of the impedance trace may
enhance detection of the “W-shape” parameters by detailed
data analysis performed by the processor software.

[0128] At least one property sensed during the post-
surgical condition may be indicative of the quality of a tissue
seal formed during the surgical procedure. In one embodi-
ment, the sensor module 110 includes a light detector for
detecting light generated by a light source and transmitted
through (or reflected from) the tissue proximate the surgical
site. A proximity sensor having sensing elements placed at
opposite surfaces of the tissue may also be included for
sensing the distance between the elements which is indica-
tive of the tissue thickness.

[0129] From the foregoing description and referring again
to FIGS. 1-5, it can be appreciated that the present disclosure
relates to a method for performing an electrosurgical pro-
cedure at a surgical site on a patient. Referring particularly
to FIG. 3, the method includes the steps of: continually
sensing electrical and physical properties proximate the
surgical site, i.e., steps 302 and 304, in which the step of
continually sensing properties includes: acquiring readings
of tissue electrical impedance with respect to time at the
surgical site; identifying the minima and maxima of the
impedance readings with respect to time; and correlating at
least one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site, i.e., steps 304
and 306. The method also includes controlling the applica-
tion of electrosurgical energy to the surgical site to vary
energy delivery based on the step of correlating at least one
of the minima and the maxima of the impedance readings
with at least one of the hydration level and the hydraulic
conductivity in the tissue at the surgical site, i.e., step 306.
Those skilled in the art will recognize that the foregoing
steps may be implemented by the closed loop control system
100 for use with electrosurgical generator 101 (see FIGS. 1,
2 and 4).

[0130] As explained above with respect to FIG. 4, the
method may include the step of calculating the inverse of the
tissue electrical impedance Z readings to determine readings
of tissue electrical conductivity. The step of varying pulse
parameters is performed by controlling at least one of the
hydration level and water motility by controlling tissue
conductivity levels.

[0131] As illustrated in FIG. 5, the electrosurgical proce-
dure is an ablation process. The step of correlating at least
one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site is performed by
identifying at least one minimum, e.g., minimum 504c¢, that
is preceded by a change in slope, e.g., the interval between
first and second curvature change points 5081 and 5082,
respectively, representing a decrease in the rate of descent of
impedance from a prior maximum, e.g., maximum 5025, to
the next minimum, e.g., minimum 504¢, forming thereby at
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least one generally modified V-shaped plot, e.g., generally
modified V-shaped plot 5241, indicative of a change in slope
in the V-shape.

[0132] In one embodiment, step 306 of correlating at least
one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site may be per-
formed by identifying at least one maximum that is formed
of'a low impedance peak, e.g., maximum 514, between two
blunt minima, e.g., first blunt minimum 514a and second
blunt minimum 5145, to form at least one generally
W-shaped plot 5261.

[0133] In one embodiment, step 306 of correlating at least
one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site may also be
performed by identifying at least one minimum, e.g., mini-
mum 504c, that is preceded by a change in slope, e.g., the
interval between first and second curvature change points
5081 and 5082, respectively, representing a decrease in the
rate of descent of impedance from a prior maximum, e.g.,
maximum 5025, to the next minimum, e.g., minimum 504c¢,
forming thereby at least one generally modified V-shaped
plot, e.g., generally modified V-shaped plot 5241, indicative
of'a change in slope in the V-shape and by identifying at least
one maximum that is formed of a low impedance peak, e.g.,
maximum 514, between two blunt minima, e.g., first blunt
minimum 514a and second blunt minimum 5145, to form at
least one generally W-shaped plot 5261.

[0134] Additionally, the method may further include the
step of concluding that the occurrence of the at least one
generally W-shaped plot, e.g., W-shaped plot 5261, repre-
sents a time period of high water motility in the patient tissue
as compared to the at least one generally modified V-shaped
plot, e.g., generally modified V-shaped plot 5241.

[0135] Also, the method may further include the step of
concluding that the occurrence of the at least one generally
modified V-shaped plot, e.g., generally modified V-shaped
plot 5241, represents a time period wherein there is low
hydraulic conductivity of water in the tissue at the surgical
site as compared to the time period of the at least one
generally W-shaped plot, e.g., W-shaped plot 5261.

[0136] The method may further include the step of com-
paring the difference in impedance between at least one low
impedance peak, e.g., peak 514, to the impedance of the
corresponding two blunt minima, e.g., blunt minima 514a
and 5145, of at least one generally W-shaped plot, e.g.,
W-shaped plot 5261, to the difference in impedance between
at least one low impedance peak, e.g., peak 518, to the
impedance of the corresponding two blunt minima, e.g.,
blunt minima 518a and 51854, of at least another generally
W-shaped plot, e.g., W-shaped plot 5262.

[0137] The method may further include the step of con-
cluding that the time period of the at least one generally
W-shaped plot, e.g., W-shaped plot 5261, represents a time
of high motility of water in the tissue as compared to the
time period of the at least another generally W-shaped plot,
e.g., W-shaped plot 5262.

[0138] The surgeon may implement the method by
decreasing application of electrosurgical energy to the sur-
gical site upon identifying the at least one generally modi-
fied V-shaped plot, e.g., V-shaped plot 5241 or 5242 or 5243.
The surgeon may also implement the method by increasing
application of electrosurgical energy to the surgical site to a
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level sufficient to initiate tissue division upon identifying the
at least one generally W-shaped plot, e.g. W-shaped plot
5261, such that the impedance Z increases along the dashed
line 5281 to a level at maximum 502/ that is greater than the
impedance of the tissue at sixth maximum 502f'so as to be
sufficient to cause tissue division, e.g., step 308 of FIG. 3.

[0139] As discussed above, In lieu of increasing the
energy from the electrosurgical generator 101 upon achiev-
ing sixth maximum 502/, in order to verify that a time period
of relatively high tissue hydration has occurred, the surgeon
may instead choose to continue along the curve 500 by
terminating the energy at sixth maximum 502fto allow the
tissue impedance Z to decrease to approach first blunt
minimum 518a followed by a low impedance peak 518 at
which the energy is again applied and the impedance
decreases for a brief period until a second blunt minimum
518b is formed.

[0140] In lieu of terminating the energy at seventh maxi-
mum 502g, having confirmed the presence of the first
W-shape 5261, the surgeon may manually, or the software
controlling the electrosurgical generator 101 is programmed
such that, following the occurrence of the second blunt
minimum 5184, the energy from the electrosurgical genera-
tor 101 is increased such that the impedance Z increases
along the dashed line 5282 to a level at maximum 502g' that
is greater than the impedance of the tissue at seventh
maximum 502g so as to be sufficient to cause tissue division,
e.g., step 308 of FIG. 3.

[0141] Although this disclosure has been described with
respect to various embodiments, it will be readily apparent
to those having ordinary skill in the art to which it appertains
that changes and modifications may be made thereto without
departing from the spirit or scope of the disclosure. For
example, it is contemplated that the control module 102
and/or hydration analyzer and controller 102' may include
circuitry and other hardware, rather than, or in combination
with, programmable instructions executed by a micropro-
cessor for processing the sensed values and determining the
control signals to be sent to the power supply 106 and the
output stage 104.

[0142] While several embodiments of the disclosure have
been shown in the drawings, it is not intended that the
disclosure be limited thereto, as it is intended that the
disclosures be as broad in scope as the art will allow and that
the specification be read likewise. Therefore, the above
description should not be construed as limiting, but merely
as exemplifications of particular embodiments.

What is claimed is:

1. A method for performing an electrosurgical procedure
at a surgical site on a patient, the method including the steps
of:

continually sensing electrical and physical properties
proximate the surgical site, wherein the step of con-
tinually sensing properties includes:

acquiring readings of tissue electrical impedance with
respect to time at the surgical site;

identifying the minima and maxima of the impedance
readings with respect to time; and

correlating at least one of the minima and the maxima
of the impedance readings with at least one of
hydration level and hydraulic conductivity in the
tissue at the surgical site;

Feb. 23, 2023

and

controlling the application of electrosurgical energy to the
surgical site to vary energy delivery based on the step
of correlating at least one of the minima and the
maxima of the impedance readings with at least one of
the hydration level and the hydraulic conductivity in
the tissue at the surgical site.

2. The method of claim 1, further comprising the step of
calculating the inverse of the tissue electrical impedance
readings to determine readings of tissue electrical conduc-
tivity.

3. The method of claim 1, wherein the step of varying
pulse parameters is performed by controlling at least one of
the hydration level and water motility by controlling tissue
conductivity levels.

4. The method of claim 1, wherein the electrosurgical
procedure is an ablation process, and the step of correlating
at least one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site is performed by:

identifying at least one minimum that is preceded by a

change in slope representing a decrease in the rate of
descent of impedance from a prior maximum to the
next minimum forming thereby at least one generally
modified V-shaped plot indicative of a change in slope
in the V-shape.

5. The method of claim 1, wherein the electrosurgical
procedure is an ablation process, and the step of correlating
at least one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site is performed by:

identifying at least one maximum that is formed of a low

impedance peak between two blunt minima to form at
least one generally W-shaped plot.

6. The method of claim 1, wherein the electrosurgical
procedure is an ablation process, and the step of correlating
at least one of the minima and the maxima of the impedance
readings with at least one of hydration level and hydraulic
conductivity in the tissue at the surgical site is performed by:

identifying at least one minimum that is preceded by a

change in slope representing a decrease in the rate of
descent of impedance from a prior maximum to the
next minimum forming thereby at least one generally
modified V-shaped plot indicative of a change in slope
in the V-shape; and

identifying at least one maximum that is formed of a low

impedance peak between two blunt minima to form at
least one generally W-shaped plot.

7. The method of claim 6, further comprising the step of:

concluding that the occurrence of the at least one gener-

ally W-shaped plot represents a time period of high
water motility in the patient tissue as compared to the
at least one generally modified V-shaped plot.

8. The method of claim 6, further comprising the step of:

concluding that the occurrence of the at least one gener-

ally modified V-shaped plot represents a time period
wherein there is low hydraulic conductivity of water in
the tissue at the surgical site as compared to the time
period of the at least one generally W-shaped plot.

9. The method of claim 4, further comprising the step of:

comparing the difference in impedance between at least

one low impedance peak to the impedance of the
corresponding two blunt minima of at least one gener-
ally W-shaped plot to the difference in impedance
between at least one low impedance peak to the imped-
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ance of the corresponding two blunt minima of at least
another generally W-shaped plot.

10. The method of claim 9, further comprising the step of:

concluding that the time period of the at least one gen-
erally W-shaped plot represents a time of high motility
of water in the tissue as compared to the time period of
the at least another generally W-shaped plot.

11. The method of claim 4, further comprising the step of:

decreasing application of electrosurgical energy to the
surgical site upon identifying the at least one generally
modified V-shaped plot.

12. The method of claim 5, further comprising the step of:

increasing application of electrosurgical energy to the
surgical site to a level sufficient to initiate tissue divi-
sion upon identifying the at least one generally
W-shaped plot.
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