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HEAT-DISTRIBUTION INDICATORS,
THERMAL ZONE INDICATORS,
ELECTROSURGICAL SYSTEMS INCLUDING
SAME, AND METHODS OF DIRECTING
ENERGY TO TISSUE USING SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 13/920,367, filed on
Jun. 18,2013, which claims the benefit of and priority to U.S.
Provisional Application Ser. No. 61/670,986, filed on Jul. 12,
2012, the entire contents of which are incorporated herein by
reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to systems, devices

and methods for performing a medical procedure. More par-
ticularly, the present disclosure relates to heat-distribution
indicators and thermal zone indicators suitable for use during
thermal ablation, electrosurgical systems including the same,
and methods of directing energy to tissue using the same.
[0004] 2. Discussion of Related Art

[0005] Electrosurgery is the application of electricity and/
or electromagnetic energy to cut, dissect, ablate, coagulate,
cauterize, seal or otherwise treat biological tissue during a
surgical procedure. When electrical energy and/or electro-
magnetic energy is introduced to tissue, the energy-tissue
interaction produces excitation of molecules, creating
molecular motion that results in the generation of heat. Elec-
trosurgery is typically performed using a handpiece including
a surgical instrument (e.g., end effector, ablation probe, or
electrode) adapted to transmit energy to a tissue site during
electrosurgical procedures, an electrosurgical generator opet-
able to output energy, and a cable assembly operatively con-
necting the surgical instrument to the generator.

[0006] Treatment of certain diseases requires the destruc-
tion of malignant tissue growths, e.g., tumors. Electromag-
netic radiation can be used to heat and destroy tumor cells.
Treatment may involve inserting ablation probes into tissues
where cancerous tumors have been identified. Once the
probes are positioned, electromagnetic energy is passed
through the probes into surrounding tissue. The application of
ultrasound imaging is one of the cost-effective methods often
used for tumor localization and ablation device placement.
[0007] There are a number of different types of apparatus
that can be used to perform ablation procedures. Typically,
apparatus for use in ablation procedures include a power
generating source, e.g., a microwave or radio frequency (RF)
electrosurgical generator, that functions as an energy source,
and a surgical instrument (e.g., microwave ablation probe
having an antenna assembly) for directing the energy to the
target tissue. The generator and surgical instrument are typi-
cally operatively coupled by a cable assembly having a plu-
rality of conductors for transmitting energy from the genera-
tor to the instrument, and for communicating control,
feedback and identification signals between the instrument
and the generator.

[0008] Using electrosurgical instruments to ablate, seal,
cauterize, coagulate, and/or desiccate tissue may result in
some degree of thermal injury to surrounding tissue. For
example, electrosurgical desiccation may result in undesir-
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able tissue damage due to thermal effects, wherein otherwise
healthy tissue surrounding the tissue to which the electrosur-
gical energy is being applied is thermally damaged by an
effect known in the art as “thermal spread”. During the occur-
rence of thermal spread, excess heat from the operative site
can be directly conducted to the adjacent tissue and/or the
release of steam from the tissue being treated at the operative
site can result in damage to the surrounding tissue. The dura-
tion of the activation of the generator is directly related to the
heat produced in the tissue. The greater the heat produced, the
more the potential for thermal spread to adjacent tissues.
[0009] Currently available systems and methods for con-
trolling an electrosurgical generator during electrosurgery
may include a clinician monitoring and adjusting, as neces-
sary, the amount of energy delivered to a tissue site through
current, voltage, impedance, and/or power measurements
such that an appropriate tissue effect can be achieved at the
tissue site with minimal collateral damage resulting to adja-
cent tissue. These systems and/or methods typically require a
clinician to translate the desired tissue effect to a power set-
ting on an electrosurgical generator and, if necessary, adjust
the power setting to compensate for tissue transformations
(e.g., desiccation of tissue) associated with the electrosurgical
procedure such that a desired tissue effect may be achieved.
[0010] As can be appreciated, limiting the possibility of
thermal spread or the like during an electrosurgical procedure
reduces the likelihood of unintentional and/or undesirable
collateral damage to surrounding tissue structures which may
be adjacent to an intended treatment site. Controlling and/or
monitoring the depth of thermal spread during an electrosur-
gical procedure may aid a clinician in assessing tissue modi-
fication and/or transformation during the electrosurgical pro-
cedure.

[0011] Medical imaging has become a significant compo-
nent in the clinical setting and in basic physiology and biol-
ogy research, e.g., due to enhanced spatial resolution, accu-
racy and contrast mechanisms that have been made widely
available. Medical imaging now incorporates a wide variety
of modalities that noninvasively capture the structure and
function of the human body. Such images are acquired and
used in many different ways including medical images for
diagnosis, staging and therapeutic management of malignant
disease.

[0012] Because of their anatomic detail, computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) are suit-
able for, among other things, evaluating the proximity of
tumors to local structures. CT and MRI scans produce two-
dimensional (2-D) axial images, or slices, of the body that
may be viewed sequentially by radiologists who visualize or
extrapolate from these views actual three-dimensional (3-D)
anatomy.

[0013] Measurements and quantitative analysis for param-
eters such as area, perimeter, volume and length may be
obtained when object boundaries are defined. A boundary in
an image is a contour that represents the change from one
object or surface to another. Image segmentation involves
finding salient regions and their boundaries. A number of
image segmentation methods have been developed using
fully automatic or semi-automatic approaches for medical
imaging and other applications. Medical image segmentation
refers to the delineation of anatomical structures and other
regions of interest in medical images for assisting clinicians
in evaluating medical imagery or in recognizing abnormal
findings in a medical image. Structures of interest may
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include organs or parts thereof, such as cardiac ventricles or
kidneys, abnormalities such as tumors and cysts, as well as
other structures such as bones and vessels.

[0014] Medical image processing, analysis and visualiza-
tion play an increasingly significant role in disease diagnosis
and monitoring as well as, among other things, surgical plan-
ning and monitoring of therapeutic procedures. Unfortu-
nately, tissue heating and thermal damage does not create
adequate contrast in ultrasound images to allow determina-
tion of the size of an ablated zone and assessment of the
margins of ablated tissue.

SUMMARY

[0015] A continuing need exists for systems, devices and
methods for controlling and/or monitoring real-time tissue
effects to improve patient safety, reduce risk, and/or improve
patient outcomes. There is a need for intraoperative tech-
niques for ablation margin assessment and feedback control.
[0016] According to an aspect of the present disclosure, a
device for assessing the progress of a heating process is
provided. The device includes an elongated member and one
or more echogenic indicator regions associated with at least a
portion of the elongated member. The elongated member is
configured to be placed within tissue and includes a distal tip.
The one or more echogenic indicator regions include one or
more heat-sensitive elements adapted to change echogenic
properties, when the at least a portion of the elongated mem-
ber is disposed within tissue, in response to heat generated as
a result of energy transmitted to the tissue.

[0017] According to another aspect of the present disclo-
sure, an electrosurgical system is provided. The electrosurgi-
cal system includes an electrosurgical power generating
source, an energy applicator operably associated with the
electrosurgical power generating source, a heat-distribution
indicator adapted to change echogenic properties in response
to heat generated by energy delivered by the energy applica-
tor, a processor unit, and an imaging system capable of
acquiring image data. The imaging system is communica-
tively-coupled to the processor unit. The processor unit is
adapted to determine location of margins of ablated tissue
relative to target tissue margins based at least in part on
analysis of one or more images acquired by the imaging
system.

[0018] According to another aspect of the present disclo-
sure, a method of directing energy to tissue is provided. The
method includes the initial step of determining target tissue
location and/or target tissue margins. The method also
includes the steps of transmitting energy from an electrosur-
gical power generating source through an energy applicator to
the target tissue, capturing a series of sequential images of at
least a portion of the target tissue including data representa-
tive of a response of at least one heat-sensitive element of at
least one heat-distribution indicator to heat generated by the
energy transmitted to the target tissue, analyzing the series of
sequential images to assess proximity of margins of ablated
tissue to the target tissue margins based at least in part on the
response of the at least one heat-sensitive element of the at
least one heat-distribution indicator, and determining at least
one operating parameter associated with the electrosurgical
power generating source based on the proximity of margins of
ablated tissue to the target tissue margins.

[0019] According to another aspect of the present disclo-
sure, an electrosurgical system is provided. The electrosurgi-
cal system includes an electrosurgical power generating
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source, an energy applicator operably associated with the
electrosurgical power generating source, a heat-distribution
indicator adapted to change echogenic properties in response
to heat generated by energy delivered by the energy applica-
tor, a processor unit, and an imaging system capable of
acquiring image data. The imaging system is communica-
tively-coupled to the processor unit. The processor unit is
adapted to determine an ablation rate at least in part based on
analysis of one or more images acquired by the imaging
system.

[0020] According to another aspect of the present disclo-
sure, a method of directing energy to tissue is provided. The
method includes the initial steps of determining target tissue
location and/or target tissue margins, positioning an energy
applicator for delivery of energy to target tissue, and position-
ing one or more heat-distribution indicators adapted to
change echogenic properties in response to heat. The energy
applicator is operably associated with an electrosurgical
power generating source. The method also includes the steps
of transmitting energy from the electrosurgical power genet-
ating source through the energy applicator to the target tissue,
acquiring data representative of one or more ultrasound
images including data representative of a response of one or
more heat-sensitive elements of the one or more heat-distri-
bution indicators to heat generated by the energy transmitted
to the target tissue, and determining one or more operating
parameters associated with the electrosurgical power gener-
ating source based on a tissue ablation rate determined based
at least in part on the response of the one or more heat-
sensitive elements of the one or more heat-distribution indi-
cators.

[0021] According to another aspect of the present disclo-
sure, a method of directing energy to tissue is provided. The
method includes the initial steps of positioning an energy
applicator for delivery of energy to target tissue, and position-
ing one or more heat-distribution indicators adapted to
change echogenic properties in response to heat. The energy
applicator is operably associated with an electrosurgical
power generating source. The method also includes the steps
of transmitting energy from the electrosurgical power gener-
ating source through the energy applicator to the target tissue,
capturing a series of sequential ultrasound images of at least
a portion of the target tissue including data representative of
a response of one or more heat-sensitive elements of the one
or more heat-distribution indicators to heat generated by the
energy transmitted to the target tissue, analyzing the series of
sequential ultrasound images to determine a tissue ablation
rate based at least in part on the response of the one or more
heat-sensitive elements of the one or more heat-distribution
indicators, and determining at least one operating parameter
associated with the electrosurgical power generating source
based on the tissue ablation rate.

[0022] Inany one of the aspects, the energy applicator may
be mechanically-coupled to one or more heat-distribution
indicators.

[0023] In any one of the aspects, the processor unit is con-
figured to generate at least one electrical signal for controlling
one or more operating parameters associated with the elec-
trosurgical power generating source

[0024] Inany one of the aspects, the one or more operating
parameters associated with the electrosurgical power gener-
ating source may be selected from the group consisting of
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temperature, impedance, power, current, voltage, mode of
operation, and duration of application of electromagnetic
energy.

[0025] In any one of the aspects, the one or more heat-
sensitive elements may be configured to increase in volume
and/or decrease in density (or decrease in volume and/or
increase in density) when heated to a predetermined tempera-
ture or temperature range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Objects and features of the presently-disclosed heat-
distribution indicators, thermal zone indicators, electrosurgi-
cal systems including the same, and methods of directing
energy to tissue using the same will become apparent to those
of ordinary skill in the art when descriptions of various
embodiments thereof are read with reference to the accom-
panying drawings, of which:

[0027] FIG.1is a schematic diagram of an electrosurgical
system, such as a monopolar electrosurgical system, accord-
ing to an embodiment of the present disclosure;

[0028] FIG. 2 is a schematic diagram of another embodi-
ment of an electrosurgical system according to the present
disclosure;

[0029] FIG. 3A is a schematic diagram of a heat-distribu-
tion indicator including an echogenic indicator region having
a plurality of heat-sensitive elements, shown in a first con-
figuration, according to an embodiment of'the present disclo-
sure;

[0030] FIG. 3B is a schematic diagram of the heat-distri-
bution indicator of FIG. 3A including the echogenic indicator
region thereof shown in a second configuration, such as in
response to the application of heat to the heat-sensitive ele-
ments thereof during thermal ablation, according to an
embodiment of the present disclosure;

[0031] FIG. 3C is a schematic diagram of a heat-distribu-
tion indicator including an echogenic indicator region having
a plurality of heat-sensitive elements according to another
embodiment of the present disclosure;

[0032] FIG. 3D is a schematic diagram of a heat-distribu-
tion indicator including two echogenic indicator regions
according to an embodiment of the present disclosure;
[0033] FIG. 4A is a diagrammatic representation of a first
type of modification and/or transformation of the echogenic
properties of a heat sensitive element, such as a heat sensitive
element of the heat-distribution indicator of FIG. 3A, accord-
ing to an embodiment of the present disclosure;

[0034] FIG. 4B is a diagrammatic representation of a sec-
ond type of modification and/or transformation of the
echogenic properties of a heat sensitive element, such as a
heat sensitive element of the heat-distribution indicator of
FIG. 3A, according to an embodiment of the present disclo-
sure;

[0035] FIG. 4C is a diagrammatic representation of a third
type of modification and/or transformation of the echogenic
properties of a heat sensitive element, such as a heat sensitive
element of the heat-distribution indicator of FIG. 3A, accord-
ing to an embodiment of the present disclosure;

[0036] FIG.4Disa diagrammatic representationofa fourth
type of modification and/or transformation of the echogenic
properties of a heat sensitive element, such as a heat sensitive
element of the heat-distribution indicator of FIG. 3A, accord-
ing to an embodiment of the present disclosure;

[0037] FIG. S5 is a schematic diagram of an electrosurgical
system including the heat-distribution indicator of FIG. 3A

Mar. 10, 2016

shown with an energy applicator array positioned for the
delivery of energy to target tissue according to an embodi-
ment of the present disclosure;

[0038] FIG. 6 is a schematic diagram of an electrosurgical
system similar to the electrosurgical system of FIG. 5, except
for the configuration of the energy delivery device, according
to an embodiment of the present disclosure;

[0039] FIG. 7 is a schematic diagram of the heat-distribu-
tion indicator of FIG. 3A shown with an energy delivery
device positioned for delivery of energy to a tissue region,
shown in cross section, according to an embodiment of the
present disclosure;

[0040] FIG. 8A is a diagrammatic representation of an
ultrasound image showing the tissue cross section of FIG. 7
with the heat-distribution indicator in the first configuration
showninFIG. 3A, such as prior to delivery of energy to tissue,
according to an embodiment of the present disclosure;
[0041] FIG. 8B is a diagrammatic representation of an
ultrasound image showing the tissue cross section of FIG. 7
with the heat-distribution indicator shown in a modified con-
figuration, such as responsive to thermal ablation, according
to an embodiment of the present disclosure;

[0042] FIG. 9is a flowchart illustrating a method of direct-
ing energy to tissue in accordance with an embodiment of the
present disclosure;

[0043] FIG. 10 is aflowchartillustrating a method of direct-
ing energy to tissue in accordance with another embodiment
of the present disclosure;

[0044] FIG. 11 is a flowchart illustrating a method of direct-
ing energy to tissue in accordance with yet another embodi-
ment of the present disclosure;

[0045] FIG. 12 is a perspective view of a direct-contact,
surface-delivery device positioned above tissue, such as after
delivery of energy thereto, shown with a diagrammatically-
illustrated thermochromic dye applied to a tissue treatment
area, according to an embodiment of the present disclosure;
[0046] FIG. 13 is a schematic diagram of a film material
including thermochromic dye according to an embodiment of
the present disclosure;

[0047] FIG. 14 is a schematic diagram of a thermal zone
indicator including a shaft having a thermo-sensitive material
extending along a portion of the length thereof according to
an embodiment of the present disclosure;

[0048] FIG. 15 is a diagrammatic representation of a tissue
region, including normal tissue to a region of thermal dam-
age, shown with the thermal zone indicator of FIG. 14 and the
energy delivery device of FIG. 7, according to an embodiment
of the present disclosure; and

[0049] FIG. 16 is a schematic diagram of the thermal zone
indicator of FIG. 15, shown exhibiting a region of color
change, such as responsive to thermal ablation, according to
an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0050] Hereinafter, embodiments of the presently-dis-
closed heat-distribution indicators, thermal zone indicators,
electrosurgical devices including the same, and systems and
methods for directing energy to tissue are described with
reference to the accompanying drawings. Like reference
numerals may refer to similar or identical elements through-
out the description of the figures. As shown in the drawings
and as used in this description, and as is traditional when
referring to relative positioning on an object, the term “proxi-
mal” refers to that portion of the device, or component
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thereof, closer to the user and the term “distal” refers to that
portion of the device, or component thereof, farther from the
user.

[0051] This description may use the phrases “in an embodi-
ment,” “in embodiments,” “in some embodiments.” or “in
other embodiments,” which may each refer to one or more of
the same or different embodiments in accordance with the
present disclosure.

[0052] Electromagnetic energy is generally classified by
increasing energy or decreasing wavelength into radio waves,
microwaves, infrared, visible light, ultraviolet, X-rays and
gamma-rays. As it is used in this description, “microwave”
generally refers to electromagnetic waves in the frequency
range of 300 megahertz (MHz) (3x10° cycles/second) to 300
gigahertz (GHz) (3x10"* cycles/second).

[0053] As it is used in this description, “ablation proce-
dure” generally refers to any ablation procedure, such as
microwave ablation, radio frequency (RF) ablation or micro-
wave ablation assisted resection. As it is used in this descrip-
tion, “energy applicator” generally refers to any device that
can be used to transfer energy from a power generating
source, such as a microwave or RF electrosurgical generator,
to tissue. As it is used in this description, “transmission line”
generally refers to any transmission medium that can be used
for the propagation of signals from one point to another.
[0054] Various embodiments of the present disclosure pro-
vide heat-distribution indicators including one or more heat-
sensitive elements configured to change material properties
and/or echogenic properties when heated, e.g., to a certain
temperature, or temperature range. Various embodiments of
the present disclosure provide thermal zone indicators includ-
ing a thermo-sensitive material, e.g., an irreversible thermo-
chromic dye, configured to change color when heated. In
accordance with various embodiments, the use of heat-distri-
bution indicators and/or thermal zone indicators may provide
visual feedback, e.g., during real-time ultrasound imaging,
while heating, e.g., to allow the surgeon to assess the ablation
margins and/or the rate of desiccation of tissue, and/or to
adjust, as necessary, the amount of energy delivered to tissue.
[0055] Various embodiments of the present disclosure pro-
vide electrosurgical systems and instruments suitable for
sealing, cauterizing, coagulating/desiccating and/or cutting
vessels and vascular tissue, ablating tissue, or otherwise
modifying a tissue or organ of a patient, wherein the pres-
ently-disclosed heat-distribution indicators allow the surgeon
to selectively position the energy applicator in tissue, and/or
may allow the surgeon to adjust, as necessary, the amount of
energy delivered to tissue to facilitate effective execution of a
procedure, e.g., an ablation procedure.

[0056] Various embodiments of the presently-disclosed
electrosurgical systems and instruments use heat-distribution
information provided by the presently-disclosed heat-distri-
bution indicators to assess the ablation margins and/or the rate
of desiccation of tissue. Embodiments may be implemented
using electromagnetic radiation at RF or microwave frequen-
cies or at other frequencies.

[0057] Inaccordance with embodiments of the present dis-
closure, one or more operating parameters of an electrosur-
gical power generating source are adjusted and/or controlled
based on the heat-distribution information provided by the
presently-disclosed heat-distribution indicators, e.g., to
maintain a proper ablation rate, or to determine when tissue
has been completely desiccated and/or the procedure has
been completed.
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[0058] Various embodiments of the presently-disclosed
electrosurgical systems use heat-distribution information
provided by the presently-disclosed heat-distribution indica-
tors to trigger safety procedures and/or controls, e.g., control
that reduces power level and/or shuts off the power delivery to
the energy applicator, e.g., based on the tissue ablation rate
and/or assessment of the ablation margins.

[0059] Various embodiments of the presently-disclosed
heat-distribution indicator are non-sensitive and/or non-reac-
tive to electromagnetic radiation. Various embodiments of the
presently-disclosed heat-distribution indicator allow moni-
toring of tissue to be performed in real time (e.g., real-time
ultrasound monitoring) while heating, e.g., to provide a feed-
back to control the ablation or other heat treatment procedure.

[0060] Although the following description describes the
use of electrosurgical systems including a handpiece with an
energy applicator adapted for percutaneous energy delivery,
the presently-disclosed heat-distribution indicator devices
may be used with, mechanically-coupled to, and/or incorpo-
rated into any suitable type of handheld medical device or
electrosurgical energy delivery device including a handpiece
having a surgical instrument, such as, for example, an open
device, a catheter-type device, an endoscopic device, and a
direct-contact, surface-delivery device.

[0061] FIG. 1 schematically illustrates a monopolar elec-
trosurgical system (shown generally as 1) configured to selec-
tively apply electrosurgical energy to target tissue of a patient
P. Electrosurgical system 1 generally includes a handpiece 2
coupled via a transmission line 4 to an electrosurgical power
generating source 20. Handpiece 2 includes a surgical instru-
ment 14 having one or more electrodes for treating tissue of
the patient P (e.g., electrosurgical pencil, electrosurgical cut-
ting probe, ablation electrode(s), etc.). In some embodiments,
as shown in FIG. 1, the handpiece 2 includes a control assem-
bly 30. When the electrosurgical energy is applied, the energy
travels from the active electrode, to the surgical site, through
the patient P and to a return electrode 6 (e.g., a plate posi-
tioned on the patient’s thigh or back).

[0062] Electrosurgical energy is supplied to the instrument
14 by the electrosurgical power generating source 20. Power
generating source 20 may be any generator suitable for use
with electrosurgical devices to generate energy having a con-
trollable frequency and power level, and may be configured to
provide various frequencies of electromagnetic energy.
Power generating source 20 may be configured to operate in
a variety of modes, such as ablation, monopolar and bipolar
cutting, coagulation, and other modes. Control assembly 30
may include a variety of mechanisms adapted to generate
signals for adjusting and/or controlling one or more operating
parameters (e.g., temperature, impedance, power, current,
voltage, mode of operation, and/or duration of application of
electromagnetic energy) of the electrosurgical power gener-
ating source 20.

[0063] The instrument 14 is electrically-coupled via a
transmission line, e.g., supply line 4, to an active terminal 23
of the electrosurgical power generating source 20, allowing
the instrument 14 to coagulate, ablate and/or otherwise treat
tissue. The energy is returned to the electrosurgical power
generating source 20 through the return electrode 6 via a
transmission line, e.g., return line 8, which is connected to a
return terminal 22 ofthe power generating source 20. In some
embodiments, the active terminal 23 and the return terminal
22 may be configured to interface with plugs (not shown)
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associated with the instrument 14 and the return electrode 6,
respectively, e.g., disposed at the ends of the supply line 4 and
the return line 8, respectively.

[0064] The system 1 may include a plurality of return elec-
trodes 6 that are arranged to minimize the chances of tissue
damage by maximizing the overall contact area with the
patient P. The power generating source 20 and the return
electrode 6 may additionally, or alternatively, be configured
for monitoring so-called “tissue-to-patient” contact to ensure
that sufficient contact exists therebetween to further minimize
chances oftissue damage. The active electrode may be used to
operate in a liquid environment, wherein the tissue is sub-
merged in an electrolyte solution.

[0065] FIG. 2 schematically illustrates an electrosurgical
system (shown generally as 10) including an energy applica-
tor or probe 100. Probe 100 generally includes an antenna
assembly 12, and may include a feedline (or shaft) 110
coupled to the antenna assembly 12. Feedline 110 may
include a coaxial cable, which may be semi-rigid or flexible.
A transmission line 15 may be provided to electrically couple
the feedline 110 to an electrosurgical power generating
source 28, e.g., a microwave or RF electrosurgical generator.
[0066] Feedline 110 may be cooled by fluid, e.g., saline or
water, to improve power handling, and may include a stain-
less steel catheter. Transmission line 15 may additionally, or
alternatively, provide a conduit (not shown) configured to
provide coolant from a coolant source 18 to the probe 100. In
some embodiments, as shown in FIG. 2, the feedline 110 is
coupled via a transmission line 15 to a connector 17, which
further operably connects the probe 100 to the electrosurgical
power generating source 28. Power generating source 28 may
be any generator suitable for use with electrosurgical devices,
and may be configured to provide various frequencies of
energy.

[0067] In some embodiments, as shown in FIG. 2, the
antenna assembly 12 is a dipole microwave antenna assem-
bly, but other antenna assemblies, e.g., monopole or leaky
wave antenna assemblies, may also utilize the principles set
forth herein. Located at the distal end of the antenna assembly
12 is an end cap or tapered portion 120, which may terminate
in a sharp tip 123 to allow for insertion into tissue with
minimal resistance. One example of a straight probe with a
sharp tip that may be suitable for use as the energy applicator
100 is commercially available under the trademark EVI-
DENT™ offered by Covidien Surgical Solutions of Boulder,
Colo. The end cap or tapered portion 120 may include other
shapes, such as without limitation, a tip 123 that is rounded,
flat, square, hexagonal, or cylindroconical.

[0068] During microwave ablation, e.g., using the electro-
surgical system 10, the probe 100 is inserted into or placed
adjacent to tissue and microwave energy is supplied thereto.
One or more heat-distribution indicators, which are described
in more detail later in this description, may be positioned
relative to the probe 100 (and/or relative to a target region).
Probe 100 may be placed percutaneously or atop tissue, e.g.,
using conventional surgical techniques by surgical staff. A
clinician may pre-determine the length of time that micro-
wave energy is to be applied. The duration of microwave
energy application using the probe 100 may depend on the
progress of the heat distribution within the tissue area that is
to be destroyed and/or the surrounding tissue.

[0069] A plurality of probes 100 may be placed in variously
arranged configurations to substantially simultaneously
ablate a target tissue region, making faster procedures pos-
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sible. Multiple probes 100 can be used to synergistically
create a large ablation or to ablate separate sites simulta-
neously. Ablation volume is correlated with antenna design,
antenna performance, number of energy applicators used
simultaneously, ablation time and wattage, and tissue charac-
teristics, e.g., tissue impedance.

[0070] In operation, microwave energy having a wave-
length, lambda (A), is transmitted through the antenna assem-
bly 12 and radiated into the surrounding medium, e.g., tissue.
The length of the antenna for efficient radiation may be
dependent on the effective wavelength, A, which is depen-
dent upon the dielectric properties of the treated medium.
Antenna assembly 12 through which microwave energy is
transmitted at a wavelength, A, may have differing effective
wavelengths, )., depending upon the surrounding medium,
e.g., liver tissue as opposed to breast tissue.

[0071] In FIGS. 3A and 3B, a heat-distribution indicator
(shown generally as 300) according to an embodiment of the
present disclosure is shown and includes an elongated mem-
ber 320 and a configuration of heat-sensitive elements 330, -
330, disposed on, or otherwise associated with, at least a
portion of the elongated member 320, e.g., echogenic indica-
tor region R. The echogenic indicator region “R” generally
includes a proximal end 333 and a distal end 332 (FIG. 3A),
and may include any suitable number n of heat sensitive
elements, e.g., 330,, 330,-330,, ,,, 330,

[0072] The echogenic indicator region “R” may include
any suitable type of heat sensitive element of any suitable
material or materials formed by any suitable process. The
heat-sensitive elements 330,-330,, may be formed of the same
or different materials. In alternative embodiments not shown,
the echogenic indicator region “R” may include a single
heat-sensitive element which may include one or more por-
tions formed of the same or different materials by any suitable
process. Heat-distribution indicator 300 may include a handle
(not shown) at a proximal end thereof.

[0073] Oneormore heat-sensitive elements 330,-330, may
be configured to change material properties and/or echogenic
properties when heated to a certain temperature or tempera-
ture range. In various embodiments, the heat-sensitive ele-
ments 330,-330, may be configured to increase in volume
and/or decrease in density (or decrease in volume and/or
increase in density) when heated to a predetermined tempera-
ture or temperature range, wherein the changes in volume
and/or density result in changes in the echogenic properties of
the heat-sensitive elements and/or echogenic indicator region
(s). As an illustrative, non-limiting example, if certain heat-
sensitive elements are formed of material having phase tran-
sition (e.g., liquid to gas, or solid to liquid) at a predetermined
temperature, e.g., 55° C., the echogenic indicator region
“R1”, or portions thereof (e.g., heat-sensitive elements 330,-
330, , shown in FIG. 3B) containing those certain heat-sen-
sitive elements will exhibit a phase transition and change in
echogenic properties when heated to 55° C. In some embodi-
ments, one or more heat-sensitive elements 330,-330 , may be
configured to change material properties and/or echogenic
properties when heated for at least a predetermined period of
time to a certain temperature or temperature range.

[0074] In some embodiments, the heat-sensitive elements
330,-330, may be fixed relative to one another, relative to the
proximal end 333 and the distal end 332 of the echogenic
indicator region “R”, and/or relative to a fixed point on the
elongated member 320, e.g., distal tip 323 thereof. The loca-
tions of the heat-sensitive elements 330,-330, may be
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mapped to a suitable coordinate system, e.g., to facilitate
image processing of images including data representative of
one or more heat-sensitive elements, one or more echogenic
indicator regions, or portions thereof (e.g., first portion “P1”,
second portion “P2” and/or third portion “P3” of echogenic
indicator region “R2” shown in FIG. 3C). In some embodi-
ments, the mapping of the heat-sensitive elements 330,-330,,
may be based on their center points, e.g., relative to the distal
tip 323 of the elongated member (e.g., 320 shown in FIGS.
3A-3C or 420 shown in FIG. 3D).

[0075] In FIG. 3C, a heat-distribution indicator (shown
generally as 310) according to an embodiment of the present
disclosure is shown and includes the elongated member 320
of FIG. 3A and a configuration of heat-sensitive elements
331,-331,, disposed on, or otherwise associated with, at least
a portion of the elongated member 320, e.g., echogenic indi-
cator region “R2”. Heat-distribution indicator 310 may
include a handle (not shown) at a proximal end thereof.
[0076] In some embodiments, as shown in FIG. 3C, the
echogenic indicator region “R2” includes a first portion “P,”
having a proximal end 335 and a distal end 334, a second
portion “P,” having a proximal end 337 and a distal end 336,
and a third portion “P;” having a proximal end 339 and a
distal end 338. The first portion “P,” includes a plurality of
heat-sensitive elements, e.g., six elements 331,-331,, formed
of a first material configured to change material properties
and/or echogenic properties when heated to a first predeter-
mined temperature or temperature range. The second portion
“P,” includes a plurality of heat-sensitive elements, e.g.,
seven elements 331,-331, 5, formed of a second material con-
figured to change material properties and/or echogenic prop-
erties when heated to a second predetermined temperature or
temperature range. The third portion “P;” may include any
suitable number n of heat-sensitive elements 331,,-331, ,,,
330, formed of a third material configured to change material
properties and/or echogenic properties when heated to a third
predetermined temperature or temperature range. The first,
second and third predetermined temperatures (or temperature
ranges) may be any suitable temperatures (or temperature
ranges).

[0077] In FIG. 3D, a heat-distribution indicator (shown
generally as 400) according to an embodiment of the present
disclosure is shown and includes an elongated member 420, a
first echogenic indicator region “R3” including a number n of
heat-sensitive elements 430, 430,-430, ,,, 430, disposed
on, or otherwise associated with, a portion of the elongated
member 420 having a proximal end 433 and a distal end 432,
and a second echogenic indicator region “R4” including a
number m of heat-sensitive elements 431,-431,, disposed on,
or otherwise associated with, a second portion of the elon-
gated member 420 having a proximal end 435 and a distal end
434. The elongated member 420 is similar to the elongated
member 320 shown in FIGS. 3A-3C and further description
thereof is omitted in the interests of brevity.

[0078] In some embodiments, as shown in FIG. 4D, the
heat-sensitive elements 430,-430,, are configured as pairs,
e.g., 430,, 430,, and configured in an alternating pattern
relative to the opposite lateral sides “S1”, “S2” of the elon-
gated member 420, e.g., to allow assessment of heat distribu-
tion on the opposite lateral sides “S1”, “S2 of the elongated
member 420 such as when heated to a first predetermined
temperature or temperature range.

[0079] Parameters associated with the heat-distribution
indicators (e.g., 300, 310 and 400 shown in FIGS. 3A-3D),
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such as the material properties and/or echogenic properties,
the configuration of heat-sensitive elements associated with a
particular echogenic indicator region (e.g., “R1”, “R2”, “R3”
and “R4” shown in FIGS. 3A-3D), and/or the mapping of the
heat-sensitive elements of the echogenic indicator region(s)
of the heat-distribution indicators may be stored in a database
(e.g., 584 shown in FIGS. 5 and 6).

[0080] A change in the echogenic properties of one or more
heat-sensitive elements typically will result in a change in the
acoustic wave reflection in the echogenic indicator region
“R17, “R2”, “R3” and/or “R4”, or portions thereof, contain-
ing the one or more heat-sensitive elements which may
appear brighter, or darker, on ultrasound imaging. In some
embodiments, a heat sensitive element that reflects a large
amount of sound energy will appear brighter on an ultrasound
image, and/or a display device (or screen), as compared to
less reflective heat-sensitive elements which appear darker. In
some embodiments, image data including ultrasound images
(and/or images from other modalities) representative of tissue
and the heat-distribution indicator 300, 310 and/or 400 and/or
echogenic indicator region “R1”, “R2”, “R3” and/or “R4”
thereof may be stored in and retrievable from a library, e.g.,
for subsequent use in controlling an ablation procedure, as
described in more detail later in this description.

[0081] The elongated member 320 may be formed of a
suitable material, such as a flexible, semi-rigid or rigid mate-
rial. The heat-distribution indicator 300 thickness may be
minimized, e.g., to reduce trauma to the surgical site and/or
facilitate accurate placement of the device 300 to allow sur-
geons to treat and/or monitor target tissue with minimal dam-
age to surrounding healthy tissue.

[0082] The visual assistance provided by the heat-sensitive
elements 330,-330, may allow the surgeon to selectively
position the energy applicator (e.g., probe 100 shown in FIG.
2) in tissue, and/or may allow the surgeon to monitor and
adjust, as necessary, the amount of energy delivered to tissue.
In some embodiments, as shown in FIGS. 5 and 6, the change
in the acoustic wave reflection in the echogenic indicator
region “R1”, or portions thereof, permits for systems for
automated feedback control of one or more parameters asso-
ciated with an energy delivery device and/or one or more
parameters associated with an electrosurgical power generat-
ing source, such as to facilitate effective execution of a pro-
cedure, e.g., an ablation procedure.

[0083] FIG. 5 schematically illustrates an electrosurgical
system (shown generally as 500) according to an embodiment
of the present disclosure that includes an electromagnetic
energy delivery device or energy applicator array 50 posi-
tioned for the delivery of energy to a target region T. Energy
applicator array 50 may include one or more energy applica-
tors or probes.

[0084] In some embodiments, as shown in FIG. 5, the elec-
trosurgical system 500 includes two heat-distribution indica-
tors 300. It is to be understood that any suitable number of
heat-distribution indicators 300 may be used. In some
embodiments, one or more heat-distribution indicators may
additionally, or alternatively, be mechanically-coupled to the
energy delivery device or component thereof (e.g., support
member 56 of the energy delivery device 60 shown in FIG. 6).
The relative positioning of the heat-distribution indicators
300 may be varied from the configuration depicted in FIG. 5.
[0085] In the embodiment shown in FIG. 5, the energy
applicator array 50 includes three probes 51, 52 and 53 having
different lengths and arranged substantially parallel to each
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other. The probes may have similar or different diameters,
may extend to equal or different lengths, and may have a distal
end with a tapered tip. In some embodiments, the probe(s)
may be provided with a coolant chamber, and may be inte-
grally associated with a hub (e.g., hub 534 shown in FIG. 5)
that provides electrical and/or coolant connections to the
probe(s). Additionally, or alternatively, the probe(s) may
include coolant inflow and outflow ports to facilitate the flow
of coolant into, and out of, the coolant chamber.

[0086] Probes 51, 52 and 53 generally include a radiating
section “R1”, “R2” and “R3”, respectively, operably con-
nected by a feedline (or shaft) 51a, 524 and 534, respectively,
to an electrosurgical power generating source 516, e.g., a
microwave or RF electrosurgical generator. In some embodi-
ments, the power generating source 516 is configured to pro-
vide microwave energy at an operational frequency from
about 300 MHz to about 10 GHz. Power generating source
516 may be configured to provide various frequencies of
electromagnetic energy.

[0087] Transmission lines 510, 511 and 512 may be pro-
vided to electrically couple the feedlines 51a, 52¢ and 53a,
respectively, to the electrosurgical power generating source
516. Located at the distal end of each probe 51, 52 and 53 is
a tip portion 515, 526 and 535, respectively, which may be
configured to be inserted into an organ “OR” of ahuman body
or any other body tissue. Tip portion 515, 525 and 53b may
terminate in a sharp tip to allow for insertion into tissue with
minimal resistance. The shape, size and number of probes of
the energy applicator array 50 may be varied from the con-
figuration depicted in FIG. 5.

[0088] Electrosurgical system 500 according to embodi-
ments of the present disclosure includes a user interface 550.
User interface 550 may include a display device 521, such as
without limitation a flat panel graphic LCD (liquid crystal
display), adapted to visually display one or more user inter-
face elements (e.g., 523, 524 and 525 shown in FIG. 5). In an
embodiment, the display device 521 includes touchscreen
capability, e.g., the ability to receive user input through direct
physical interaction with the display device 521, e.g., by
contacting the display panel of the display device 521 with a
stylus or fingertip. A user interface element (e.g., 523, 524
and/or 525 shown in FIG. 5) may have a corresponding active
region, such that, by touching the display panel within the
active region associated with the user interface element, an
input associated with the user interface element is received by
the user interface 550.

[0089] User interface 550 may additionally, or alterna-
tively, include one or more controls 522 that may include
without limitation a switch (e.g., pushbutton switch, toggle
switch, slide switch) and/or a continuous actuator (e.g., rotary
or linear potentiometer, rotary or linear encoder). In an
embodiment, a control 522 has a dedicated function, e.g.,
display contrast, power on/off, and the like. Control 522 may
also have a function that may vary in accordance with an
operational mode of the electrosurgical system 500. A user
interface element (e.g., 523 shown in FIG. 5) may be provided
to indicate the function of the control 522.

[0090] As shown in FIG. 5, the electrosurgical system 500
may include a reference electrode 519 (also referred to herein
as a “return” electrode). Return electrode 519 may be electri-
cally coupled via a transmission line 520 to the power gener-
ating source 516. During a procedure, the return electrode
519 may be positioned in contact with the skin of the patient
or a surface of the organ “OR”. When the surgeon activates
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the energy applicator array 50, the return electrode 519 and
the transmission line 520 may serve as a return current path
for the current flowing from the power generating source 516
through the probes 51, 52 and 53.

[0091] During microwave ablation, e.g., using the electro-
surgical system 100, the energy applicator array 50 is inserted
into or placed adjacent to tissue and microwave energy is
supplied thereto. Ultrasound or computed tomography (CT)
guidance may be used to accurately guide the energy appli-
cator array 50 into the area of tissue to be treated. A clinician
may pre-determine the length of time that microwave energy
is to be applied. Application duration may depend on a variety
of factors such as energy applicator design, number of energy
applicators used simultaneously, tumor size and location, and
whether the tumor was a secondary or primary cancer. The
duration of microwave energy application using the energy
applicator array 50 may depend on the progress of the heat
distribution within the tissue area that is to be destroyed
and/or the surrounding tissue.

[0092] FIG. 5 shows a target region including ablation tar-
get tissue represented in sectional view by the solid line “T”.
It may be desirable to ablate the target region “T” by fully
engulfing the target region “T” in a volume of lethal heat
elevation. Target region “T”” may be, for example, a tumor that
has been detected by a medical imaging system 530.

[0093] Medical imaging system 530, according to various
embodiments, includes one or more image acquisition
devices (e.g., scanner 515 shown in FIG. 5) of any suitable
imaging modality. Medical imaging system 530 may addi-
tionally, or alternatively, include a medical imager (not
shown) operable to form a visible representation of the image
based on the input pixel data. Medical imaging system 530
may include a computer-readable storage medium such as an
internal memory unit 576, which may include an internal
memory card and removable memory, capable of storing
image data representative of an ultrasound image (and/or
images from other modalities) received from the scanner 515.
In some embodiments, the medical imaging system 530 may
be a multi-modal imaging system capable of scanning using
different modalities. Examples of imaging modalities that
may be suitably and selectively used include X-ray systems,
ultrasound (UT) systems, magnetic resonance imaging
(MRI) systems, computed tomography (CT) systems, single
photon emission computed tomography (SPECT), and
positron emission tomography (PET) systems.

[0094] Medical imaging system 530, according to embodi-
ments of the present disclosure, may include any device
capable of generating digital data representing an anatomical
region of interest. Medical imaging system 530 may be a
multi-modal imaging system capable of scanning tissue in a
first modality to obtain first modality data and a second
modality to obtain second modality data, wherein the first
modality data and/or the second modality data includes image
data representative of tissue and one or more of the presently-
disclosed heat-distribution indicators and/or echogenic indi-
cator region “R1” thereof.

[0095] Image data representative of one or more images
may be communicated between the medical imaging system
530 and a processor unit 526. Medical imaging system 530
and the processor unit 526 may utilize wired communication
and/or wireless communication. Processor unit 526 may
include any type of computing device, computational circuit,
or any type of processor or processing circuit capable of
executing a series of instructions that are stored in a com-



US 2016/0066985 A1l

puter-readable storage medium (not shown), which may be
any device or medium that can store code and/or data. Pro-
cessor unit 526 may be adapted to run an operating system
platform and application programs. Processor unit 526 may
receive user inputs from a keyboard (not shown), a pointing
device 527, e.g., a mouse, joystick or trackball, and/or other
device communicatively-coupled to the processor unit 526.
[0096] Medical imaging system 530 and/or the processor
unit 526 may be adapted to perform image analysis. Image
analysis methods according to embodiments of the present
disclosure may include thresholding to segment image data
by setting all pixels whose intensity values are above a pre-
determined threshold to a foreground value and all the
remaining pixels to a background value. Thresholding may
produce a segmentation that yields substantially all the pixels
that belong to the object of interest in the image data. Thresh-
olding may be applied to an entire image, or may be used on
a region by region basis.

[0097] As shown in FIG. 5, a scanner 515 of any suitable
imaging modality may be disposed in contact with the organ
“OR” to provide image data. As an illustrative example, the
two dashed lines 515A in FIG. 5 bound a region for exami-
nation by the scanner 515, e.g., a real-time ultrasonic scannet.
[0098] InFIG.S5, the dashed line 558 surrounding the target
region “I” represents the ablation isotherm in a sectional
view through the organ “OR”. Such an ablation isotherm may
be that of the surface achieving possible temperatures of
approximately 50° C. or greater. The shape and size of the
ablation isotherm volume, as illustrated by the dashed line
558, may be influenced by a variety of factors including the
configuration of the energy applicator array 50, the geometry
of the radiating sections “R1”, “R2” and “R3”, cooling of the
probes 51, 52 and 53, ablation time and wattage, and tissue
characteristics.

[0099] Processor unit 526 may be connected to one or more
display devices (e.g., 521 shown in FIG. 5) for displaying
output from the processor unit 26, which may be used by the
clinician to visualize the target region “I”, the ablation iso-
therm volume 558, and/or the ablation margins in real-time,
or near real-time, during a procedure, e.g., an ablation proce-
dure.

[0100] In embodiments, real-time data and/or near real-
time data acquired from CT scan, ultrasound, or MRI (or
other scanning modality) that includes heat-distribution
information, e.g., data representative of one or more heat-
distribution indicators and/or echogenic indicator region
“R1” thereof during an ablation procedure, may be outputted
from the processor unit 526 to one or more display devices.
Processor unit 526 is adapted to analyze image data including
heat-distribution information to determine one or more
parameters associated with the energy applicator array 50
and/or one or more parameters associated with the electro-
surgical power generating source 516 e.g., based on the tissue
ablation rate and/or assessment of the ablation margins. Visu-
alization of heat distribution from the electrode or antenna as
it is being used in the patient may allow detection of the
beginning of a non-uniform ablation field.

[0101] In some embodiments, the patient’s anatomy may
be scanned by one or more of several scanning modalities,
such as CT scanning, MRI scanning, ultrasound, PET scan-
ning, etc., so as to visualize the tumor and the surrounding
normal tissue. The tumor dimensions may thereby be deter-
mined and/or the location of the tumor relative to critical
structures and the external anatomy may be ascertained. An
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optimal number and size of energy applicators might be
selected so that the ablation isotherms can optimally engulf
and kill the tumor with a minimal number of electrode inser-
tions and minimal damage to surrounding healthy tissue.
[0102] Electrosurgical system 500 may include a library
580 including a plurality of heat-distribution indicator (and/
or echogenic indicator region “R1”, “R2”, “R3”) profiles or
overlays 582,-582, . Asitis used in this description, “library”
generally refers to any repository, databank, database, cache,
storage unit and the like. Each of the overlays 582,-582, may
include a thermal profile that is characteristic of and/or spe-
cific to particular heat sensitive element configurations (e.g.,
heat-sensitive elements 330,-330,, of the echogenic indicator
region “R1” shown in FIG. 3B), particular heat-distribution
indicator designs (e.g., heat-distribution indicator 300 shown
in FIGS. 3A and 3B, heat-distribution indicator 310 shown in
FIG. 3C, and/or heat-distribution indicator 400 shown in FIG.
3D), and/or exposure time.

[0103] Library 580 according to embodiments of the
present disclosure may include a database 584 that is config-
ured to store and retrieve energy applicator data, e.g., param-
eters associated with one or more energy applicators (e.g., 51,
52 and 53 shown in FIG. 5) and/or one or more energy
applicator arrays (e.g., 50 shown in FIG. 5) and/or parameters
(e.g., echogenicity data) associated with one or more heat-
distribution indicators and/or echogenic indicator region
thereof (e.g., “R17, “R2” and “R3” shown in FIGS. 3A-3D).
Parameters stored in the database 584 in connection with an
energy applicator, or an energy applicator array, may include,
but are not limited to, energy applicator (or energy applicator
array) identifier, energy applicator (or energy applicator
array) dimensions, a frequency, an ablation length (e.g., in
relation to a radiating section length), an ablation diameter, a
temporal coefficient, a shape metric, and/or a frequency met-
ric. In an embodiment, ablation pattern topology may be
included in the database 584, e.g., a wireframe model of an
energy applicator array (e.g., 525 shown in FIG. 5) and/or a
representation of a radiation pattern associated therewith.
[0104] Images and/or non-graphical data stored in the
library 580, and/or retrievable from a PACS database (not
shown), may be used to configure the electrosurgical system
500 and/or control operations thereof. For example, heat-
distribution information, e.g., data representative of one or
more heat-distribution indicators and/or echogenic indicator
region “R1”, “R2” and/or “R3” thereof during an ablation
procedure, according to embodiments of the present disclo-
sure, may be used as a feedback tool to control an instru-
ment’s and/or clinician’s motion, e.g., to allow clinicians to
avoid ablating certain structures, such as large vessels,
healthy organs or vital membrane barriers.

[0105] Images and/or non-graphical data stored in the
library 580, and/or retrievable from a PACS database (not
shown), may be used to facilitate planning and effective
execution of a procedure, e.g., an ablation procedure. Heat-
distribution information, e.g., data representative of one or
more heat-distribution indicators and/or echogenic indicator
region “R1”,“R2”and/or “R3” thereof (prior to and/or during
an ablation procedure), according to embodiments of the
present disclosure, may be used as a predictive display of how
an ablation will occur prior to the process of ablating. Images
and/or heat distribution information displayed on the display
device 21 of the user interface 50, for example, may be used
by the clinician to better visualize and understand how to
achieve more optimized results during thermal treatment of
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tissue, such as, for example, ablation of tissue, tumors and
cancer cells e.g., based on the tissue ablation rate and/or
assessment of the ablation margins.

[0106] FIG. 6 schematically illustrates an electrosurgical
system (shown generally as 600) according to an embodiment
of the present disclosure that is similar to the electrosurgical
system 500 of FIG. 5, except for the configuration of the
electromagnetic energy delivery device (or energy applicator
array) 60, and further description of the same components as
those of the electrosurgical system of FIG. 5 1s omitted in the
interests of brevity.

[0107] Energy applicator array 60 includes the probes 51,
52 and 53 of FIG. § and a support member 56 configured to
provide support to the probes 51, 52 and 53. Support member
56 is similar to the support member 55 of the energy appli-
cator array 50 shown in FIG. 5, except that the support mem-
ber 56 of FIG. 6 is configured to support a heat-distribution
indicator 300. In some embodiments, the heat-distribution
indicator 300 may be removeably coupleable to the support
member 56. In alternative embodiments not shown, the sup-
port member 56 may be configured to support a plurality of
heat-distribution indicators 300, which may be positioned at
any of a variety of locations relative to the probes 51, 52 and
53.

[0108] InFIG. 7, the heat-distribution indicator 300 of FIG.
3A is shown positioned in proximity to an energy delivery
device 750 positioned for delivery of energy to a region of
tissue T. A variety of medical imaging modalities, e.g., com-
puted tomography (CT) scan or ultrasound, may be used to
guide the energy delivery device 750 and/or the heat-distri-
bution indicator 300 into the area of tissue “I” to be treated.
[0109] FIG. 8A diagrammatically illustrates an ultrasound
image 800 of the tissue region shown in FIG. 7, e.g., prior to
delivery of energy thereto, wherein the echogenic indicator
region “R1” of the heat-distribution indicator 300 is config-
ured in the first configuration (FIG. 3A) and appears as a
bright white band 801 on the ultrasound image 800 or screen
(e.g., display device 521 shown in FIG. 5). In some embodi-
ments, when the echogenic indicator region “R1” is config-
ured in the first configuration, the bright/echogenic band 801
indicative of the heat-distribution indicator 300 may be a
smooth, linear band of substantially uniform width. In alter-
native embodiments not shown, the configuration of the one
or more bright/echogenic bands indicative of the heat-distri-
bution indicator on an image (e.g., ultrasound image) may
vary in width, contour smoothness, and/or brightness, e.g.,
depending on the material properties and/or echogenic prop-
erties of the one or more heat-sensitive elements and/or the
one or more echogenic indicator regions of the particular
heat-distribution indicator.

[0110] FIG. 8B is a diagrammatic representation of an
ultrasound image showing the tissue region of FIG. 7 with the
echogenic indicator region “R1” of the heat-distribution indi-
cator 300 shown in a modified configuration, e.g., responsive
to thermal ablation. In some embodiments, as shown in FIG.
8B, the width of the bright/echogenic band 811 indicative of
the echogenic indicator region “R17, e.g., responsive to heat,
appears larger on the ultrasound image, relative to the width
of the band 801 indicative of the heat-distribution indicator
300, e.g., prior to delivery of energy thereto, shown in FIG.
8A.

[0111] Hereinafter, methods of directing energy to tissue
are described with reference to FIGS. 9,10 and 16. It is to be
understood that the steps of the methods provided herein may
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be performed in combination and in a different order than
presented herein without departing from the scope of the
disclosure.

[0112] FIG. 91s a flowchart illustrating a method of direct-
ing energy to tissue according to an embodiment of the
present disclosure. In step 910, target tissue “I” location
and/or target tissue “T” margins are determined.

[0113] Instep 920, an energy applicator 60 is positioned for
delivery of energy to target tissue T. The energy applicator
may be inserted directly into tissue “T”, inserted through a
lumer, e.g., a vein, needle or catheter, placed into the body
during surgery by a clinician, or positioned in the body by
other suitable methods. Ultrasound or CT guidance may be
used to guide the energy applicator 60 into the area of tissue
“T” to be treated. The energy applicator 60 is operably asso-
ciated with an electrosurgical power generating source 516.

[0114] Step 920 may include positioning one or more heat-
distribution indicators 300 including one or more heat-sensi-
tive elements 330,-330,, adapted to change echogenic prop-
erties in response to heat. In some embodiments, the energy
applicator 60 may be mechanically-coupled to one or more
heat-distribution indicators 300.

[0115] Instep 930, one or more heat-distribution indicators
300 are positioned. The one or more heat-distribution indica-
tors 300 each include one or more heat-sensitive elements
330,-330, adapted to change echogenic properties in
response to heat.

[0116] In step 940, energy from the electrosurgical power
generating source 516 is transmitted through the energy
applicator 60 to the target tissue T. The electrosurgical power
generating source 516 may be capable of generating energy at
RF or microwave frequencies or at other frequencies.

[0117] Instep 950, datais acquired representative of one or
more images 800 including data representative of the
response of one or more heat-sensitive elements 330,-330,, of
the one or more heat-distribution indicators 300 to heat gen-
erated by the energy transmitted to the target tissue “T” by the
energy applicator 60. Acquiring data representative of one or
more images, in step 950, may include acquiring at one or
more ultrasound images using a real-time ultrasonic scanner,
and acquiring one or more ultrasound images from a data-
base.

[0118] Instep 960, one or more operating parameters asso-
ciated with the electrosurgical power generating source 516
are determined based at least in part on the response of the one
or more heat-sensitive elements 330,-330, of the one or more
heat-distribution indicators 300. Determining one or more
operating parameters associated with the electrosurgical
power generating source 516, in step 960, may include deter-
mining a tissue ablation rate and determining one or more
operating parameters associated with the electrosurgical
power generating soutce 516 based at least in part on the
determined tissue ablation rate. Some examples of operating
parameters associated with an electrosurgical power generat-
ing source 516 that may be determined include temperature,
impedance, power, current, voltage, mode of operation, and
duration of application of electromagnetic energy.

[0119] The tissue ablation rate may be determined based at
least in part on the response of the one or more heat-sensitive
elements 330,-330,, of the one or more heat-distribution indi-
cators 300. The tissue ablation rate may be determined by a
processor unit 526 adapted to determine the location of mar-
gins of ablated tissue based at least in part on analysis of one
or more images 800, 810 acquired by an imaging system 530
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communicatively-coupled to the processor unit 526. The
determination of the location of the margins of the ablated
tissue may involve any suitable computer-implemented
image segmentation method. In some embodiments, the posi-
tion of the energy applicator (e.g., probes 51, 52 and/or 53
shown in FIGS. 5 and 6) may be adjusted based at least in part
on the location of the margins of the ablated tissue.

[0120] In some embodiments, the position of the energy
applicator (e.g., probes 51, 52 and/or 53 shown in FIGS. 5 and
6) may be adjusted based on the tissue ablation rate. In alter-
native embodiments not shown, an energy applicator with a
directional radiation pattern may be rotated either manually,
or automatically, based on the tissue ablation rate and/or
assessment of the ablation margins, e.g., to avoid ablating
sensitive structures, such as large vessels, healthy organs or
sensitive membrane barriers.

[0121] FIG.10is aflowchartillustrating a method of direct-
ing energy to tissue according to an embodiment of the
present disclosure. In step 1010, an energy applicator 50 is
positioned for delivery of energy to target tissue T. The energy
applicator 50 is operably associated with an electrosurgical
power generating source 516.

[0122] In step 1020, one or more heat-distribution indica-
tors 300 are positioned. The one or more heat-distribution
indicators 300 each include one or more heat-sensitive ele-
ments 330,-330,, adapted to change echogenic properties in
response to heat. In some embodiments, the one or more
heat-distribution indicators 300 are positioned relative to the
energy applicator 50 and/or the target tissue “I”. In some
embodiments, one or more heat-sensitive elements 331 ,-331,,
of a first portion “P1”, a second portion “P2” and/or a third
portion “P3” of an echogenic indicator region “R2” may
increase in volume and/or decrease in density (or decrease in
volume and/or increase in density) when heated to a prede-
termined temperature or temperature range.

[0123] Instep 1030, energy from the electrosurgical power
generating source 516 is transmitted through the energy
applicator 50 to the target tissue “T”.

[0124] 1Instep 1040, a data set including a series of sequen-
tial ultrasound images 800, 810 of at least a portion of the
target tissue “T” is captured and includes data representative
of a response of one or more heat-sensitive elements 330, -
330, of the one or more heat-distribution indicators 300 to
heat generated by the energy transmitted to the target tissue
“T” by the energy applicator 50. Capturing a series of sequen-
tial ultrasound images, in step 1040, may include acquiring
one or more ultrasound images using a real-time ultrasonic
scanner. In some embodiments, capturing a series of sequen-
tial ultrasound images, in step 1040, may additionally, or
alternatively, include acquiring one or more ultrasound
images from a repository, databank, database, cache, storage
unit and/or the like.

[0125] In some embodiments, the data set may include
DICOM (acronym for Digital Imaging and Communications
in Medicine) format images of any part of the body or a
full-body scan. However, it will be appreciated that the data
set may include image and/or patient data in any standard
format, such as without limitation DICOS (Digital Imaging
and Communication in Security) format, DICONDE (Digital
Imaging and Communication in Nondestructive Evaluation)
format, or other format which may include a file format
definition and a network communications protocol. The
image data may include inter-operatively acquired images
and/or pre-operatively acquired images. A subset of the
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image data may be selectively identified for processing in
accordance with any of a variety of methods of image analy-
sis.

[0126] In step 1050, the series of sequential ultrasound
images 800, 810 is analyzed to determine a tissue ablation
rate based at least in part on the response of the one or more
heat-sensitive elements 330,-330,, of the one or more heat-
distribution indicators 330. The tissue ablation rate may be
determined by a processor unit 526, e.g., adapted to deter-
mine the location of margins of ablated tissue in image data,
using image processing of images including data representa-
tive of one or more heat-sensitive elements, one or more
echogenic indicator regions, or portions thereof (e.g., first
portion “P1”, second portion “P2” and/or third portion “P3”
of echogenic indicator region “R2” shown in FIG. 3C). The
determination of a tissue ablation rate may involve any suit-
able computer-implemented image segmentation method.
[0127] In step 1060, one or more operating parameters
associated with the electrosurgical power generating source
516 are determined based on the tissue ablation rate. Some
examples of operating parameters associated with an electro-
surgical power generating source 516 that may be determined
include temperature, impedance, power, current, voltage,
mode of operation, and duration of application of electromag-
netic energy.

[0128] FIG. 11 is a flowchart illustrating a method of direct-
ing energy to tissue according to an embodiment of the
present disclosure. In step 1110, target tissue “T” location
and/or target tissue “I” margins are determined.

[0129] Instep 1120, energy from an electrosurgical power
generating source 516 is transmitted through an energy appli-
cator 50 to the target tissue T.

[0130] Instep 1130, a series of sequential images 8§00, 810
of at least a portion of the target tissue “T” is captured and
includes data representative of a response of one or more
heat-sensitive elements 330,-330,, of the one or more heat-
distribution indicators 300 to heat generated by the energy
transmitted to the target tissue “I” by the energy applicator
50.

[0131] 1In step 1140, the series of sequential images 800,
810 is analyzed to assess proximity of margins of ablated
tissue to the target tissue “T” margins based at least in part on
the response of the one or more heat sensitive elements 330, -
330, of the one or more heat-distribution indicators 300.
[0132] In step 1150, one or more operating parameters
associated with the electrosurgical power generating source
516 are determined based on the proximity of margins of
ablated tissue to the target tissue “I”” margins.

[0133] In some embodiments, safety procedures and/or
controls, e.g., control that reduces power level and/or shuts
off the power delivery to the energy applicator, may be trig-
gered based on the tissue ablation rate and/or assessment of
the ablation margins. In some embodiments, a processor unit
526 configured to generate one or more electrical signals for
controlling one or more operating parameters associated with
an electrosurgical power generating source 516 may be
adapted to reduce power level and/or shut off the power
delivery based on the tissue ablation rate and/or the proximity
of the margins of ablated tissue to the target tissue margins.
[0134] InFIG. 12 a direct-contact, surface-delivery device
1250 is shown positioned above tissue “T” after the removal
of the energy delivery device 1250 from a treatment surface
area 128 of the tissue “T”, subsequent to the delivery of
energy thereto, wherein the treatment surface area 128
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includes a thermochromic material 1100 applied thereto,
such as prior to the ablation or other heat treatment procedure.
In some embodiments, the thermochromic material 1100 may
be a thermochromic dye (or a mixture of thermochromic
dyes), e.g., applied as a spray or otherwise deposited on the
treatment surface area 128. In some embodiments, the ther-
mochromic material 1200 may additionally, or alternatively,
be applied as a film. FIG. 13 shows an illustrative example of
a film material 1300 including thermochromic pigments. The
shape and size of the film material 1300 may be varied from
the configuration depicted in FIG. 13.

[0135] In various embodiments, the thermochromic mate-
rial 1200 is an irreversible thermochromic material, and may
be used to indicate the margins of ablated tissue (e.g., ring-
like region 117 shown in FIG. 12) and/or the progression of
the ablation or other heat treatment procedure. The thermo-
chromic material 1200 may be any suitable reversible or
irreversible thermochromic material capable of changing
color in response to temperature stimuli. In some embodi-
ments, the thermochromic material 1200 may be a mixture of
thermochromic dyes having different critical temperature
limits. As it is used in this description, “critical temperature”
of a thermochromic dye generally refers to the temperature at
which the color starts changing in response to the temperature
stimuli.

[0136] FIG. 14 shows a thermal zone indicator 1400 includ-
ing a handle member 1410 disposed on a proximal end thereof
configured for operable engagement by a user and a shaft
1420 extending distally from the handle member 1410. The
shaft 1420 includes a thermo-sensitive material 1430, e.g., an
irreversible thermochromic dye, extending along at least a
portion of the length thereof. In some embodiments, as shown
in FIG. 14, the thermo-sensitive material 1430 is disposed
over a region 1427 extending proximally from the distal tip
1423 of the shaft 1420.

[0137] FIG.15is adiagrammatic representation of a region
tissue of “I” shown with the thermal zone indicator 1400 of
FIG. 14 and the energy delivery device 750 of FIG. 7.
Although, in the illustrative example shown in FIG. 15, the
tissue “T” includes first and second zones of thermal damage
1501 and 1502, respectively, it is to be understood that any
number of zones of thermal damage may result from the
ablation or other heat-treatment procedure.

[0138] As shown in FIGS. 15 and 16, in response to abla-
tion or other heat-treatment procedure, a portion 1528 of the
shaft 1420 having length “L1” (FIG. 16) exhibits change in
color, as compared to other portions of the region 1427 adja-
cent thereto. In alternative embodiments not shown, one or
more portions of the thermal zone indicator 1400, e.g., por-
tions disposed with the second zone 1502, may additionally,
or alternatively, exhibit change in color, e.g., depending on
the material properties of the thermo-sensitive material 1430
and/or the change in temperature by a certain amount in the
second zone 1502.

[0139] The above-described heat-distribution indicators,
thermal zone indicators, electrosurgical devices and systems,
and methods of directing energy to target tissue may be suit-
able for various open and endoscopic surgical procedures.
[0140] Duringa procedure, such as an ablation or other heat
treatment procedure, heat may not be uniformly distributed,
such as at interfaces having different tissue properties. In
some cases, the accurate monitoring of the ablation or other
heat treatment procedure may require multi-point measure-
ments of temperature distribution. The above-described heat-
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distribution indicators and/or thermal zone indicators may be
inserted into or placed adjacent to tissue in a variety of con-
figurations, e.g., to allow visual assessment of ablation mar-
gins, and/or to allow the surgeon to determine the rate of
ablation and/or when the procedure has been completed, and/
or to trigger safety procedures and/or controls, e.g., control
that reduces power level and/or shuts off the power delivery to
the energy applicator.

[0141] In the above-described embodiments, one or more
operating parameters of an electrosurgical power generating
source may be adjusted and/or controlled based on the heat-
distribution information provided by the presently-disclosed
heat-distribution indicators, e.g., to maintain a proper abla-
tion rate, or to determine when tissue has been completely
desiccated and/or the procedure has been completed.

[0142] Although embodiments have been described in
detail with reference to the accompanying drawings for the
purpose of illustration and description, it is to be understood
that the inventive processes and apparatus are not to be con-
strued as limited thereby. It will be apparent to those of
ordinary skill in the art that various modifications to the
foregoing embodiments may be made without departing from
the scope of the disclosure.

1-20. (canceled)

21. An electrosurgical system, comprising:

an electrosurgical power generating source;

an energy applicator operably coupled to the electrosurgi-

cal power generating source and configured to delivery
energy;

a heat-distribution indicator having an echogenic property

responsive to heat;

an imaging system configured to acquire data representa-

tive of a response of the heat-distribution indicator to
heat generated from the energy delivered by the energy
applicator; and

a processor unit in communication with the imaging sys-

tem and configured to determine a location of margins of
ablated tissue relative to target tissue margins based on
the data acquired by the imaging system.

22. The electrosurgical system of claim 21, wherein the
heat-distribution indicator includes an elongated member and
at least one heat-sensitive element disposed along at least a
portion of a length of the elongated member.

23. The electrosurgical system of claim 22, wherein the at
least one heat-sensitive element is formed of a material con-
figured to expand in response to the heat generated from the
energy delivered by the energy applicator.

24. The electrosurgical system of claim 21, wherein the
heat-distribution indicator is coupled to the energy applicator.

25. The electrosurgical system of claim 21, wherein the
processor unit is configured to determine at least one operat-
ing parameter associated with the electrosurgical power gen-
erating source based on the determined location of the mar-
gins of ablated tissue relative to the target tissue margins.

26. The electrosurgical system of claim 25, wherein the at
least one operating parameter associated with the electrosur-
gical power generating source is selected from the group
consisting of temperature, impedance, power, current, volt-
age, mode of operation, and duration of application of elec-
tromagnetic energy.

27. The electrosurgical system of claim 21, wherein the
data acquired by the imaging system includes a series of
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sequential images of the response of the heat-distribution
indicator to the heat generated from the energy delivered by
the energy applicator.
28. An electrosurgical system, comprising;
an electrosurgical power generating source;
an energy applicator operably coupled to the electrosurgi-
cal power generating source and configured to delivery
energy;
a heat-distribution indicator having an echogenic property
responsive to heat;
an imaging system configured to acquire data representa-
tive of a response of the heat-distribution indicator to
heat generated from the energy delivered by the energy
applicator; and
a processor unit in communication with the imaging sys-
tem and configured to determine an ablation rate at least
in part based on the data acquired by the imaging system.
29. The electrosurgical system of claim 28, wherein the
heat-distribution indicator includes an elongated member and
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at least one heat-sensitive element disposed along at least a
portion of a length of the elongated member.

30. The electrosurgical system of claim 29, wherein the at
least one heat-sensitive element is formed of a material con-
figured to expand in response to the heat generated from the
energy delivered by the energy applicator.

31. The electrosurgical system of claim 28, wherein the
processor unit is configured to generate at least one electrical
signal for controlling at least one operating parameter asso-
ciated with the electrosurgical power generating source based
on the determined ablation rate.

32. The electrosurgical system of claim 31, wherein the at
least one operating parameter associated with the electrosur-
gical power generating source is selected from the group
consisting of temperature, impedance, power, current, volt-
age, mode of operation, and duration of application of elec-
tromagnetic energy.

33. The electrosurgical system of claim 28, wherein the
heat-distribution indicator is coupled to the energy applicator.
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