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(57) ABSTRACT 

A tissue ablation system including numerous components 
and methods is described herein for encircling target tissue 
and generating tissue ablation Volumes in various biological 
tissues. The biological tissue includes tissue of a variety of 
organs of the human body including the liver, spleen, kidney, 
lung, breast and other organs, but is not so limited. The tissue 
ablation device comprises an energy source and at least one 
trocar coupled to the energy source, the trocar having a body, 
a proximal end, and a distal end. The trocar carries an elec 
trode array that comprises a plurality of electrodes, each 
electrode of the plurality of electrodes is configured to extend 
from the trocar when moved from a retracted state to a 
deployed State, and to have at least one radius of curvature in 
the deployed state so that the electrode array forms a series of 
shaped electrodes in the deployed State. 
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DEVICES AND METHODS FORTHERMAL 
ABLATION OF BIOLOGICAL TISSUE USING 

GEOMETRICABLATION PATTERNS 

RELATED APPLICATIONS 

0001. The present application is a continuation in part 
application of U.S. patent application Ser. No. 10/889,756, 
filed Jul. 12, 2004. 
0002 The present application is a continuation in part 
application of U.S. patent application Ser. No. 1 1/335.301, 
filed Jan. 18, 2006. 
0003. The present application claims the benefit of U.S. 
Patent Application No. 60/925,326, filed Apr. 19, 2007. 
0004. The present application claims the benefit of U.S. 
Patent Application No. 60/937,670, filed Jun. 28, 2007. 
0005. The present application claims the benefit of U.S. 
Patent Application No. 60/975,461, filed Sep. 26, 2007. 
0006. The present application claims the benefit of U.S. 
Patent Application No. 61/035,928, filed Mar. 12, 2008. 

TECHNICAL FIELD 

0007. This invention relates generally to devices and 
methods for tissue ablation, and more particularly to devices 
for encircling target biological tissue. 

BACKGROUND 

0008 Standard surgical procedures such as tissue resec 
tion for use in treatment of benign and malignant tumors of 
the liver and other organs have several key shortcomings 
affecting efficacy, morbidity and mortality. A fundamental 
issue in these shortcomings is the inability of the resection to 
be performed in a variety of cases. To help overcome this 
limitation a series of mono-polar radio frequency (RF) 
devices were designed for use in tissue ablation and resection. 
These mono-polar devices however have limited usefulness 
in typical clinical settings because they are overly complex 
and difficult to use, and result in time consuming procedures 
that can lead to auxiliary injury to patients through grounding 
pad burns. Further, these mono-polar tissue ablation devices 
are limited in the scope and size of the ablation that can be 
created, and exhibit poor consistency of ablative results along 
with an overall low efficiency. Typical known ablation 
devices are designed to pierce into that target tissue and ablate 
the tissue from the inside out. This method can result in 
uneven heating of the target tissue and result in tumor seeding 
due to repeated penetration and retraction from malignant 
tissue. Consequently, there is a need for a tissue ablation 
system that overcomes the shortcomings of these mono-polar 
tissue ablation devices. 
0009. Although certain multiple electrode RF ablation 
systems have been developed. Such conventional systems 
generally suffer from significant drawbacks related to inad 
equate RF heating. RF heating results from electrical current 
flow through the ionic fluid that permeates biological tissue, 
typically between an electrode and ground pad. High tem 
peratures, however result in decreased electrical conductivity 
resulting in an impedance spike or rolloff that precedes the 
end of active heating. Present multi-electrode RF ablation 
systems require current to be switched between electrodes so 
each electrode is active less than 100% of the procedure time. 
This can lead to rehydration of target tissue, and adds to the 
time required to complete a procedure. These systems are also 
Vulnerable to the heat-sink effect of critical heat from the 
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electrodes being drawn away by flowing blood, thus decreas 
ing the temperature of ablation. These problems can result in 
high local recurrence rates in perivascular regions due to the 
inability to generate a sufficient amount of Sustained heat 
necessary to fully ablate the target tissue. 

INCORPORATION BY REFERENCE 

00.10 Each patent, patent application, and/or publication 
mentioned in this specification is herein incorporated by ref 
erence in its entirety to the same extent as if each individual 
patent, patent application, and/or publication was specifically 
and individually indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a tissue ablation device including a hand 
piece, a deployment slider, a delivery member/tube, and a 
plurality of energy conduits in a retracted State coupled 
among an energy source and a distal tip, under an embodi 
ment. 

0012 FIG. 2 is a tissue ablation device including a hand 
piece, a deployment slider, a delivery member/tube, and a 
plurality of energy conduits in a deployed State coupled 
among an energy source and a distal tip, under the embodi 
ment of FIG. 1. 
0013 FIG. 3 is a distal portion of a tissue ablation device 
including a delivery member/tube and a plurality of energy 
conduits in a retracted state, under the embodiment of FIG.1. 
0014 FIG. 4 is a distal portion of a tissue ablation device 
including a delivery member/tube and a plurality of energy 
conduits in a deployed state, under the embodiment of FIG.1. 
0015 FIG. 5 shows an enlarged view of the distal portion 
of a tissue ablation device including a center deployment rod 
and a plurality of energy conduits in a deployed State, under 
the embodiment of FIG. 1. 
0016 FIG. 6 shows an enlarged view of the mid-section of 
a tissue ablation device including a center deployment rod 
and a plurality of energy conduits in a deployed State, under 
the embodiment of FIG. 1. 
(0017 FIG. 7 shows an exploded view of the distal end of 
a tissue ablation device including a center deployment rod 
along with a rotated side view of the delivery member/tube 
including a plurality of energy conduits and deployment rod, 
and a distal tip, under the embodiment of FIG. 1. 
0018 FIG. 8 is an end view of a plurality of deployed 
energy conduits having diameters of 5, 6, and 7 centimeters 
(cm), under the embodiment of FIG. 1. 
0019 FIG. 9 is a cross-section of an energy conduit con 
figured for at least one of cutting, separating, and parting 
tissue as it is pressed or forced against the tissue, under an 
embodiment. 
0020 FIG. 10 is a distal portion of a tissue ablation device 
including a delivery member/tube and a plurality of energy 
conduits in a deployed state, under an alternative embodi 
ment. 

0021 FIG. 11 is a distal portion of a tissue ablation device 
including a delivery member/tube and a plurality of energy 
conduits in a deployed State, under yet another alternative 
embodiment. 
0022 FIG. 12 is a flow diagram of tissue ablation proce 
dure using the tissue ablation device, under an embodiment. 
0023 FIG. 13 is a table showing different example power 
Supply settings for corresponding ablation sizes, under an 
embodiment. 
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0024 FIG. 14 illustrates a compound electrode ablation 
device including a fluid path, according to an embodiment. 
0025 FIG. 15A illustrates a two stage ablation device for 
Surrounding a target site, under an embodiment. 
0026 FIG. 15B illustrates an end view of the ablation 
device of FIG. 15A, under an embodiment. 
0027 FIG. 15C illustrates an end view of the ablation 
device of FIG. 15A, under an alternative embodiment. 
0028 FIG. 16A illustrates an ablation device containing 
both Surrounding electrodes and a penetrating electrode, 
according to an embodiment. 
0029 FIG. 16B illustrates an ablation device containing 
Surrounding electrodes and a fluid delivery element, accord 
ing to an embodiment. 
0030 FIG. 17A illustrates an RF generator adapter for use 
with a tissue ablation device, under an embodiment. 
0031 FIG. 17B illustrates an RF generator adapter for use 
with a tissue ablation device, under a first alternative embodi 
ment. 

0032 FIG. 17C illustrates an RF generator adapter for use 
with a tissue ablation device, under a second alternative 
embodiment. 
0033 FIG. 18A illustrates an output panel for a first 
example RF generator for use with a tissue ablation device, 
under an embodiment. 
0034 FIG. 18B illustrates an output panel for a second 
example RF generator for use with a tissue ablation device, 
under an embodiment. 
0035 FIG. 19A is a side-view illustration of a compound 
ablation device with two separate trocars for encircling a 
target tissue, under an alternative embodiment. 
0036 FIG. 19B is an end view of the alternative embodi 
ment of FIG. 23A. 
0037 FIG. 20A is a front view of a dual-trocar ablation 
device that uses one or more spiral electrodes in an array 
protruding from the distal end of each trocar, under an 
embodiment. 
0038 FIG. 20B is a side view of a dual-trocar ablation 
device, under the embodiment of FIG. 20A. 
0039 FIG.20C is a perspective view of a dual-trocarabla 
tion device, under the embodiment of FIG. 20A. 
0040 FIG. 20D is an end view of a dual-trocar ablation 
device, under the embodiment of FIG. 20A. 
0041 FIG. 20E is an end view of a dual-trocar ablation 
device of FIG. 20A, with a molded bridge assembly, under an 
embodiment. 

0.042 FIG. 21A is a front view of a dual-trocar ablation 
device that uses one or more spiral electrodes in an array 
protruding from the distal end of each trocar, under an alter 
native embodiment. 

0.043 FIG. 21B is a side view of a dual-trocar ablation 
device, under the embodiment of FIG. 21A. 
0044 FIG. 21C is a perspective view of a dual-trocar abla 
tion device, under the embodiment of FIG. 21A. 
004.5 FIG. 21D is an end view of a dual-trocar ablation 
device, under the embodiment of FIG. 21A. 
0046 FIG. 21E is an end view of a dual-trocar ablation 
device of FIG.21A, with a molded bridge assembly, under an 
embodiment. 

0047 FIG. 22A is a front view of a dual-trocar ablation 
device that uses one or more spiral electrodes in an array 
protruding from the distal end of each trocar, under a further 
alternative embodiment. 

May 12, 2016 

0048 FIG. 22B is a side view of a dual-trocar ablation 
device, under the embodiment of FIG. 22A. 
0049 FIG.22C is a perspective view of a dual-trocarabla 
tion device, under the embodiment of FIG. 22A. 
0050 FIG. 22D is an end view of a dual-trocar ablation 
device, under the embodiment of FIG. 22A. 
0051 FIG. 22E is an end view of a dual-trocar ablation 
device of FIG.22A, with a molded bridge assembly, under an 
embodiment. 
0.052 FIG. 23A illustrates a perspective view of a dual 
trocar ablation device that uses one or more spiral electrodes 
in a planar array protruding from the distal end of each trocar. 
0053 FIG. 23B is a frontal view of the dual-trocarablation 
device, under the embodiment of FIG. 23A. 
0054 FIG. 23C is a side view of the dual-trocar ablation 
device, under the embodiment of FIG. 23A. 
0055 FIG. 23D is an end view of the dual-trocar ablation 
device, under the embodiment of FIG. 23A. 
0056 FIG. 24A is a perspective view of a dual-trocar 
ablation device with planar arrayed electrodes showing an 
ablation region defined by the spiral electrode sets protruding 
from the distal end of each trocar, under an embodiment. 
0057 FIG. 24B illustrates the placement of the ablation 
device of FIG.24A around an example region of target tissue. 
0058 FIG. 25A is a perspective view of a multi-trocar 
ablation device with four separate trocars and one or more 
spiral electrodes in an array protruding from the distal end of 
each trocar, under an embodiment. 
0059 FIG. 25B is a front view of the multi-trocarablation 
device, under the embodiment of FIG. 25A. 
0060 FIG. 25C is a side view of a dual-trocar ablation 
device, under the embodiment of FIG. 25A. 
0061 FIG. 25D is an end view of a dual-trocar ablation 
device, under the embodiment of FIG. 25A. 
0062 FIG. 26A illustrates a configuration of a spiral elec 
trode array assembly deployed from the distal end of a trocar, 
under a first embodiment. 

0063 FIG. 26B illustrates a configuration of a spiral elec 
trode array assembly deployed from the distal end of a trocar, 
under a second embodiment. 

0064 FIG. 26C illustrates a configuration of a spiral elec 
trode array assembly deployed from the distal end of a trocar, 
under a third embodiment. 

0065 FIG.27A shows a front perspective view of a single 
trocar ablation device that uses one or more spiral electrodes 
in an array 2702 protruding fully or nearly fully from the 
distal end of a trocar 2704, under an embodiment. 
0066 FIG. 27B shows another front perspective view of 
the single-trocar ablation device, under the embodiment, 
under the embodiment of FIG. 27A. 

0067 FIG. 27C shows yet another front perspective view 
of the single-trocarablation device, under the embodiment of 
FIG. 27A. 

0068 FIG. 27D shows a rear perspective view of the 
single-trocar ablation device, under the embodiment of FIG. 
27A. 

0069 FIG. 28 is a detailed view of the deployment of 
electrodes out of a trocar, under an embodiment. 
0070 FIG. 29.A shows a front view of a single-trocarabla 
tion device that uses one or more spiral electrodes in an array 
protruding fully or nearly fully from the distal end of the 
trocar, under an embodiment. 
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(0071 FIG. 29B shows a rear perspective view of the 
single-trocar ablation device, under the embodiment of FIG. 
29A. 

0072 FIG. 30 A shows a side view from a first side of a 
dual-trocar ablation system formed from the simultaneous 
use of two single-trocar ablation devices, each single-trocar 
ablation device using one or more spiral electrodes in an array 
protruding fully or nearly fully from the distal end of the 
corresponding trocar, under an embodiment. 
0073 FIG.30B shows a side view from a second side of a 
dual-trocar ablation system, under the embodiment of FIG. 
30A. 

0074 FIG.31A shows a front perspective view of a dual 
trocar ablation system formed from the simultaneous use of 
two single-trocarablation devices, each single-trocarablation 
device using one or more spiral electrodes in an array pro 
truding fully or nearly fully from the distal end of the corre 
sponding trocar, under an embodiment. 
0075 FIG. 31B shows a front view of the dual-trocar 
ablation system, under the embodiment of FIG. 31A. 
0076 FIG.31C shows a rear view of a dual-trocarablation 
system, under the embodiment of FIG. 31A. 
0077 FIG. 32A shows a front perspective view of a quad 
trocar ablation system formed from the simultaneous use of 
four single-trocar ablation devices, each single-trocar abla 
tion device using one or more spiral electrodes in an array 
protruding fully or nearly fully from the distal end of the 
corresponding trocar, under an embodiment. 
0078 FIG. 32B shows a side view of a quad-trocar abla 
tion system of FIG.32A formed from the simultaneous use of 
four single-trocar ablation devices. 
0079 FIG. 32C shows a front view of a quad-trocar abla 
tion system of FIG.32A formed from the simultaneous use of 
four single-trocar ablation devices. 
0080 FIG. 32D shows a rear view of a quad-trocar abla 
tion system of FIG.32A formed from the simultaneous use of 
four single-trocar ablation devices. 
0081 FIG.33 illustrates a quad-trocar ablation system in 
which the electrode arrays are deployed from their respective 
trocars at less than full extension length. 
0082 FIG. 34A shows a front perspective view of a quad 
trocar ablation system formed from the simultaneous use of 
four single-trocar ablation devices, each single-trocar abla 
tion device using one or more spiral electrodes in an array 
protruding fully or nearly fully from the distal end of the 
corresponding trocar, under an embodiment. 
0083 FIG. 34B shows a side view of a quad-trocar abla 
tion system of FIG.34A formed from the simultaneous use of 
four single-trocar ablation devices, under an embodiment. 
0084 FIG. 34C shows a front view of a quad-trocar abla 
tion system of FIG.34A formed from the simultaneous use of 
four single-trocar ablation devices, under an embodiment. 
0085 FIG. 34D shows a rear view of a quad-trocar abla 
tion system of FIG.34A formed from the simultaneous use of 
four single-trocar ablation devices, under an embodiment. 
I0086 FIG. 35 illustrates a quad-trocar ablation system in 
which the electrode arrays are deployed from their respective 
trocars at less than full extension length, under an embodi 
ment. 

I0087 FIG.36 shows afront perspective view of a tri-trocar 
ablation system formed from the simultaneous use of three 
single-trocar ablation devices, each single-trocar ablation 
device using one or more spiral electrodes in an array pro 
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truding fully or nearly fully from the distal end of the corre 
sponding trocar, under an embodiment. 
I0088 FIG. 37A shows a front perspective view of a tri 
trocar ablation system formed from the simultaneous use of 
three single-trocar ablation devices, under an embodiment 
0089 FIG. 37B shows a front view of the tri-trocar abla 
tion system of FIG. 37A, under an embodiment. 
0090 FIG.37C shows a rear view of the tri-trocarablation 
system of FIG. 37A, under an embodiment. 
0091 FIG. 38 shows deployment of a multi-trocar abla 
tion system comprising independent single-trocar devices in 
the region of target tissue, under an embodiment. 
0092 FIG. 39 illustrates an ablation area formed by the 
multi-trocar ablation system of FIG. 38, under an embodi 
ment. 

0093 FIG. 40 is a table of dimensions corresponding to 
the tissue ablation system, under various embodiments 
described herein. 
0094. In the drawings, the same reference numbers iden 
tify identical or substantially similar elements or acts. To 
easily identify the discussion of any particular element or act, 
the most significant digit or digits in a reference number refer 
to the Figure number in which that element is first introduced 
(e.g., element 108 is first introduced and discussed with 
respect to FIG. 1). 

DETAILED DESCRIPTION 

0.095 A tissue ablation system including numerous com 
ponents and methods is described herein for encircling target 
tissue and generating tissue ablation Volumes in various bio 
logical tissues. The biological tissue includes tissue of a vari 
ety of organs of the human body including the liver, spleen, 
kidney, lung, breast and other organs, but is not so limited. 
The tissue ablation device comprises an energy source and at 
least one trocar coupled to the energy source, the trocar hav 
ing a body, a proximal end, and a distal end. The trocar carries 
an electrode array that comprises a plurality of electrodes, 
each electrode of the plurality of electrodes is configured to 
extend from the trocar when moved from a retracted state to a 
deployed State, and to have at least one radius of curvature in 
the deployed state so that the electrode array forms a series of 
shaped electrodes in the deployed State. 
0096. In the following description, numerous specific 
details are introduced to provide a thorough understanding of 
and enabling description for, embodiments of the tissue abla 
tion system. One skilled in the relevant art, however, will 
recognize that the tissue ablation system can be practiced 
without one or more of the specific details, or with other 
components, systems, etc. In other instances, well-known 
structures or operations are not shown, or are not described in 
detail, to avoid obscuring aspects of the tissue ablation sys 
tem. 

0097. The devices of an embodiment are components of 
ablation systems primarily for use in unresectable cases. As 
Such, the devices are indicated for the thermal coagulation 
and ablation of soft tissue including coagulative necrosis in 
Solid organs and partial or complete ablation of nonresectable 
liver lesions. The devices use high speed radiofrequency (RF) 
ablation (HS-RFA) technology to achieve ablations in a frac 
tion of the time of conventional RF systems, as described 
herein. The devices generate ablations by generating or cre 
ating an energy field that actually implodes into the treatment 
area. In a recent clinical trial, for example, the devices of an 
embodiment demonstrated the creation of a series of ablation 
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Zones as follows: a 3.5 cm diameterablation was generated in 
approximately 3 minutes; a 5 cm diameter ablation was gen 
erated in approximately 5 minutes; a 7 cm diameter ablation 
was generated in approximately 12 minutes. Further, the 
bipolar tumor ablation devices of an embodiment are capable 
of creating up to 7 cm diameter ablation areas without the 
need for complicated fluid delivery systems or risky return 
electrodes. 
0098. During operation, accurate device placement is 
facilitated with an ultrasound guidance tool that allows the 
use of ultrasound to directly visualize, center and lock on the 
target area to produce optimal or near-optimal ablations. 
Unlike conventional ablation systems, the devices of an 
embodiment minimize or avoid tumor contact at all stages in 
the procedure, thereby minimizing or avoiding the risk of 
tumor seeding. Furthermore, the devices use standard radiof 
requency generators without the need for complicated pumps, 
tubes, and/or fluids. Furthermore, embodiments of the 
devices described herein, as a result of their bipolar configu 
ration, do not use return electrodes or grounding pads and 
have more efficient energy distribution at the tumor site so 
lower power settings can be used in comparison with conven 
tional monopolar RF systems. This allows for safer proce 
dures with lower power settings, no skin pads and no skin pad 
burns. 
0099. In contrast to conventional multiple-electrode RFA 
systems and to overcome drawbacks of Such systems, the 
tissue ablation system of an embodiment comprises a trocar 
and an electrode array. The trocar of an embodiment includes 
a distalendandalumen extending along alongitudinal axis of 
the trocar. Additionally, the trocar includes one or more ori 
fices positioned along the longitudinal axis. The electrode 
array of an embodiment comprises multiple electrodes. The 
electrodes, when in a retracted State, are positioned in the 
trocar lumen. The electrodes are deployed to a deployed state 
through a set of orifices of the orifices in the trocar. Each 
electrode has at least one radius of curvature in the deployed 
state so that the electrode array forms a series of shaped 
electrodes in the deployed state, as described in detail herein. 
0100. The tissue ablation device of an alternative embodi 
ment comprises a trocar and an electrode array. The trocar of 
an embodiment includes a distal end and a lumen extending 
along alongitudinal axis of the trocar. Additionally, the trocar 
includes a number of orifice sets positioned along the longi 
tudinal axis and in communication with the trocar lumen. The 
electrode array of an embodiment comprises a number of 
electrode sets. The electrode sets include a plurality of elec 
trodes. The electrode sets are deployed to a deployed state 
through the orifice sets, and electrodes of the electrode sets 
have at least one radius of curvature in the deployed State so 
that the electrode array in the deployed state forms at least one 
set of shaped electrodes. 
0101 The tissue ablation device of another alternative 
embodiment comprises more than one ablation device. Each 
ablation device of an embodiment comprises a trocar and an 
electrode array. The trocarofan embodiment includes a distal 
end and a lumen extending along a longitudinal axis of the 
trocar. Additionally, the trocar includes one or more orifices 
positioned along the longitudinal axis. The electrode array of 
an embodiment comprises multiple electrodes. The elec 
trodes, when in a retracted State, are positioned in the trocar 
lumen. The electrodes are deployed to a deployed state 
through a set of orifices of the orifices in the trocar. Each 
electrode has at least one radius of curvature in the deployed 
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state so that the electrode array forms a series of shaped 
electrodes in the deployed state, as described in detail herein. 
0102 The tissue ablation device of yet another alternative 
embodiment comprises more than one ablation device and a 
bridge. Each ablation device of an embodiment comprises a 
trocar and an electrode array. The trocar of an embodiment 
includes a distal end and a lumen extending along a longitu 
dinal axis of the trocar. Additionally, the trocar includes one 
or more orifices positioned along the longitudinal axis. The 
electrode array of an embodiment comprises multiple elec 
trodes. The electrodes, when in a retracted State, are posi 
tioned in the trocar lumen. The electrodes are deployed to a 
deployed state through a set of orifices of the orifices in the 
trocar. Each electrode has at least one radius of curvature in 
the deployed state so that the electrode array forms a series of 
shaped electrodes in the deployed state, as described in detail 
herein. 

0103) The bridge of an embodiment includes a number of 
receptacles that receive the ablation devices. The bridge holds 
or secures each of the ablation devices in a fixed position 
relative to every other ablation device being used with the 
bridge. 
0104. The device configurations of an embodiment define 
the outer surface of the target tissue area. The direct current 
flow produced by the device through the region between the 
outside boundaries of the target tissue area causes heating in 
the target tissue as a result of the current flow instead of from 
thermal conduction. Conduction in the target tissue rounds 
out the corners outside of the electrodes (current path). Thus, 
the device configuration of an embodiment defines the outer 
boundary of the target tissue directly with the electrodes and 
then creates a direct path through the target tissue (between 
the electrodes) by which current flows and heats the target 
tissue. 

0105 Consequently, the device of an embodiment pro 
duces complete ablations because the ablations are not Sub 
ject to quick roll off of the energy density. This result is due to 
the electrode configuration, as described herein. The elec 
trode configuration includes an electrode Surface area that is 
maximized through the use of large flat wire, in an embodi 
ment, which increases the Surface area relative to much 
smaller wires flat or round. The electrode spacing of the 
individual electrodes is achieved within the same polarity so 
that larger amounts of tissue can be engage. The electrode 
configuration or geometry also makes use of electrode 
“rings” (also referred to herein as a “shape”, “ellipse', and/or 
“circle'), which have the effect of “long electrodes having a 
large Surface area and therefore large tissue engagement area. 
Thus, the result of the combination of electrode surface area, 
individual electrode spacing, and overall device configura 
tion or geometry is complete ablations. 
0106. The interface between the electrode surface and the 
tissue in RFA is analogous to a fuse, or “fusible link”. The 
electrodes of the device of an embodiment are configured to 
enclose the target tissue area so that the ablation procedure 
progresses from the outside to the inside of the target tissue 
area. This electrode configuration increases the amount of 
tissue Surface area that can be engaged by the device because 
a larger amount of tissue is "enclosed by the electrodes when 
compared to a conventional device which places the elec 
trodes at or near the center of the target tissue area. This 
configuration, in effect, provides a larger“fuse' for receiving 
the energy, thus allowing for the delivery of more energy 
(current), along with a relatively slower time constant or ramp 
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of the increase in impedance as the procedure progresses. The 
device of an embodiment therefore functions to maximize the 
current rating on this fuse without making the physical size 
unmanageable. 
0107 The device of an embodiment generally minimizes 
or prevents the situation in which the tissue near a first elec 
trode ablates faster than the tissue near a second electrode 
(e.g., this can happen when a vessel is close to the second 
electrode, thereby creating a larger heat sink effect in the 
vicinity of the second electrode). This is because the bipolar 
electrode configurations of an embodiment become self-di 
recting as ablation progresses and the target tissue desiccates. 
In considering this self-directing effect, the same amount of 
current flows everywhere in the target tissue when the tissue 
density throughout the target tissue is the same. As target 
tissue heats and Subsequently desiccates, the impedance of 
the target tissue increases and the amount of current flowing 
is reduced as a result of the increased impedance or resis 
tance. The appearance of desiccated tissue and corresponding 
impedance increase causes the current flow to begin to redis 
tribute and increase in other less desiccated regions of the 
target tissue. This process continues until either all tissue has 
been desiccated or the amount of current is too high for the 
remaining electrode area and the system impedes out locally. 
By having a larger “fuse: the electrodes are then capable of 
delivering the larger amount of energy without prematurely 
charring the tissue around the electrodes and halting the abla 
tion. 

0108. As described in detail herein, the device configura 
tion of an embodiment defines the outer surface of the target 
tissue area which results in a larger tissue area through which 
current can be delivered. This minimizes or eliminates the 
reliance on conduction at the outer Surface to desiccate tissue 
as the device configuration causes all tissue bounded by the 
electrodes (inside the defined area) to receive full power from 
the device. This results in an improvement in the device 
effectiveness because the most difficult heat sinks are those at 
the outer edge of the target tissue area because conventional 
devices heat from inside to outside the target tissue area, 
thereby relying on conduction at the outer Surface. Addition 
ally, the outer Surface is where the malignancy or malignant 
tissue (e.g., cancer) is most active and growing. Thus, the 
device of an embodiment improves effectiveness, desiccates 
tissue of the target tissue in less time than conventional abla 
tion devices, and is less susceptible to heat sink effect than 
conventional devices. 

0109. This outside-to-inside current flow and heating 
effect is in contrast to conventional ablation devices that use 
inside-to-outside heating. The inside-to-outside heating of 
conventional devices generally delivers energy to the core or 
center of the target tissue using one or more electrodes (anten 
nas) placed in the center region of the target tissue. Conse 
quently, the inside-to-outside heating relies on thermal con 
duction to heat tissue away from the center region. However, 
thermal conduction is adversely affected by rapid energy 
dispersion (according to the inverse square law). Further 
more, thermal conduction directly relates to tissue density of 
the target tissue, and tissue density is typically very non 
uniform and unable to be ascertained in advance of the pro 
cedure. This variation in tissue density is further complicated 
since these devices are placed into the center of the target area 
directly contacting the tumor, and since tumors vary greatly 
from one to another, these variations dramatically alter and 
limit both the physical and electrical contact between the 
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tissue and the electrode(s). Moreover, the energy field 
strength is difficult to control in the target tissue when radi 
ating energy from one or more antennas located at the center 
of the region. These adverse factors make ablation size and 
shape very difficult to control relative to the ablation size and 
shape produced by the device of an embodiment. Thus, the 
inside-to-outside heating provided by conventional devices is 
often ineffective and results unpredictable. 
0110. The inside-to-outside heating of the conventional 
devices attempts to create a core of hot tissue which, through 
thermal conduction, will radiate or disperse the heat to the 
outer portion of the target tissue volume. However, only in the 
best of conditions is the energy delivered via thermal conduc 
tion Sufficient to create a complete and nominal sized abla 
tion. When any increase in thermal losses (heat sinks) occurs, 
either in general (Such as high central venous pressure), or 
localized (blood vessels), the resulting ablations are under 
sized, misshaped, and/or malformed. This can result in viable 
cancer cells remaining undetected after their treatment. This 
has been demonstrated by several published studies noting a 
wide range of viable cancer cells remaining after the comple 
tion of an inside-to-outside ablation. 

0111. Another deficiency with the inside-to-outside heat 
ing is the dramatic loss of energy density as the distance from 
the electrodes increases. Absent Sufficient energy per cubic 
centimeter of tissue, heating of the tissue cannot occur. As the 
desired ablation size increases the Volume and Surface area of 
the ablation increases geometrically. For example the Surface 
area of a 3.5 cm ablation is 38 square cm and the Volume is 22 
cubic cm. When doubling the ablation diameter to 7 cm, the 
Surface area increases by a factor of four becoming 154 
square cm and the Volume increases by a factor of eight 
becoming 179 cubic cm. With a fixed maximum amount of 
energy that can be delivered, the density of energy will 
decrease as the area and Volume increase. For a sphere the 
increase in area and Volume occurs at the outer portion of the 
target ablation. In this area the other devices have the least 
amount of energy density and lowest ability to create any 
heat. This is particularly an issue since it is known that the 
core of larger tumors is often dead and the blood Supply (heat 
sink) is feeding the outer edge where the viable tumor con 
tinues to grow and expand. This means that the area contain 
ing the viable tumor is also the area where conventional inside 
to outside devices are the least effective and unable to respond 
to additional heat loss. 

0112 For these reasons, a conventional device using 
inside-to-outside heating is unable to overcome the heat sink 
of larger ablations because it cannot deliver enough energy 
from the electrodes to generate the heat needed to overcome 
any large amount of heat loss from either the heat loss due to 
a larger Surface area or due to the heat loss from heat sinks 
Such as vascular structures. Some conventional devices, in an 
attempt to overcome the ineffective energy density they pro 
duce, use a staged deployment of the device electrodes. These 
devices rely on thermal conduction and thermal momentum 
from the heated tissue at the core to desiccate tissue. These 
devices operate by using an initial partial deployment to 
engage only a small amount of tissue, thereby making the 
tissue easy to heat. The theory is that if the electrodes are 
deployed in stages, then the heating of tissue during each 
stage will be easier to effect and will provide a more constant 
heat profile at the core. Thermal momentum of the heated core 
tissue is then relied upon to produce heating of tissue periph 
eral to the core in the target tissue volume. The device remains 
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deficient, however, because as the electrodes of this device are 
expanded, the amount of tissue and heat sink becomes too 
large for the Small amount of energy the device can deliver. 
Even if the conventional inside-to-outside devices had the 
ability to deliver a large amount of energy to better overcome 
their poor energy density, they would then produce unpredict 
able ablation sizes and shapes varying with the ever changing 
thermal conditions of each patient. A review of the United 
States Food and Drug Administration (USFDA) database 
demonstrates that the patient deaths associated with the use of 
conventional RFA were the result of the unintentional abla 
tion of other non-targeted tissue. 
0113. The device configuration of an embodiment over 
comes numerous issues associated with conventional RFA 
devices through the use of the outside to inside heating con 
figuration and, consequently, high energy transfer to the tar 
get tissue. The high energy transfer allows the device to 
overcome larger heat sinks, while defined energy envelope 
controls potential runaway by keeping the energy confined to 
the targeted area. This allows all of the delivered energy to go 
into the target area and instead of radiating outward. The 
device configuration of an embodiment also provides a more 
uniform energy density with the energy being delivered to the 
critical area first with a high energy density. The energy 
produced by the electrodes passes through the target tissue as 
it passes between electrodes, and this produces and maintains 
a more uniform energy density relative to conventional 
devices. End point measurements of impedance are also more 
reliable since virtually everything being measured is the tar 
geted tissue itself. This combination of high energy delivery 
to overcome heat sinks, energy delivery at the Surface of the 
target tissue Volume, energy focused only into the target area, 
as well as a high and more uniform energy density helps the 
devices of an embodiment to produce faster, more uniform, 
and more repeatable ablations. 
0114. The device and methods of an embodiment use 
impedance in the target tissue to determine an endpoint of the 
procedure. Impedance is used by controlling the procedure 
according to the impedance “roll off of the target tissue. The 
use of impedance allows the ablation to continue until every 
thing within the scope of the lesion is coagulated, regardless 
of time or temperature. 
0115. A number of factors, including temperature, imped 
ance, and time, are to a degree interrelated but interdependent 
during the procedure of an embodiment. The actual goal with 
all of these devices is to achieve cell death, and more specifi 
cally cell death of the tumor plus some margin around the 
tumor. Since RFA uses heat, this cell death is achieved by 
increasing the tissue temperature to a lethal level for the 
required amount of time. Time is required because cell death 
occurs when an elevated temperature is maintained for a 
minimum amount of time. If cell death is plotted as a function 
of temperature and time, it can be seen that cell death occurs 
almost instantaneously at higher temperatures. At a slightly 
lower temperature it requires a few seconds, lower still it takes 
several seconds, still lower and seconds turn into minutes, 
until finally the tissue will never die regardless of length of 
exposure. 

0116 Impedance, which is the resistance to the flow of 
electricity in the target tissue at a particular frequency, is not 
a direct measure of cell death. However, after heating tissue to 
an appropriate temperature for a period of time Sufficient to 
cause the moisture to be driven out of the tissue, the imped 
ance increases to a point that indicates cell death has 
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occurred. Electricity or electrical energy can be applied to 
tissue, resulting in high impedance, using four general types 
of application. The first application is a lighting bolt discharge 
that vaporizes (removes) tissue and leaves a thin charred 
region in the resulting crater. This is typical of electrocautery 
at very high power (voltage) levels and is not typical of RFA. 
A second application is Superficial char around an electrode 
which causes a very high impedance in the charred tissue (and 
cell death) while normal tissue remains beyond the charred 
tissue around the electrode. A third application involves the 
complete desiccation of tissue in a region resulting in the 
tissue death in the entire region. A fourth application involves 
a combination of the second and third applications. 
0117 Some conventional devices make a few temperature 
measurements at the very tip of the device electrodes. The 
operational theory associated with these devices is to raise the 
temperature at the electrodes high enough and long enough to 
imply that the temperature between the electrodes, which is 
not heated or measured, would get hot enough for a long 
enough period of time to create cell death. For very small 
ablations this can provide acceptable results, but the proce 
dure is time consuming when only Smaller amounts of power 
can be delivered without causing Superficial tissue charring. 
Another weakness of this approach is that the clinician has no 
information about the temperature in the tissue anywhere 
other than at the very tip of the electrodes that include ther 
mocouples. Since the number of electrodes with thermo 
couples is very limited, the reliability of the measurement 
through the ablation is also poor. In addition, thermocouples 
themselves are typically only accurate to a few degrees cen 
tigrade and can have a large amount of additional error when 
used with RF. 

0118. A “cool down theory was also derived for use with 
conventional device in order to address the weaknesses of this 
procedure. Using the cool down theory, a clinician turns off 
the power at the end of the ablation and measures the tem 
perature in the tissue after waiting approximately 30 seconds, 
and this wait period allows the temperature measured in the 
tissue to equalize to an equilibrium temperature. It was then 
implied that the entire target tissue area had reached the 
equilibrium temperature and that cell death had resulted. The 
problem with this theory is that the time-temperature history 
of a majority of the tissue remains unknown. Also, the pres 
ence of any heat sinks (e.g., vessels, etc.) in or near the target 
tissue regions that may have altered the final temperature is 
unknown, as is the period of time during which the target 
tissue was at the equilibrium temperature (the time-tempera 
ture profile). The accuracy of these methods decreases further 
as the ablations become larger since the distance between 
thermocouples increases. As the Volume of tissue increases 
the amount of tissue in which the temperature is unknown 
increases. 

0119. As a further refinement to the above procedure, ther 
mocouples were placed in conventional electrodes having a 
non-electrically conductive coating (referred to as passive 
electrodes). The coating, however, also introduces additional 
error into the temperature measurements. These passive elec 
trodes were arranged to be in the middle of the active elec 
trodes of conventional devices in an attempt to read the 
assumed point of lowest temperature. Again everything is 
based on assumptions and implications. In this case the 
assumption was that the target region is completely homog 
enous and thermally the same everywhere, which is seldom 
true. As soon as this assumption is violated the center between 
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active electrodes is no longer the point of lowest temperature. 
Once again the ablation relies on faulty data in an effort to 
imply a desired result of cell death. 
0120 Attempts have been made with conventional devices 
to use impedance to determine a procedural endpoint. These 
conventional attempts to use impedance required a bulk 
impedance measurement, and implied tissue death in the 
target tissue Volume from the bulk tissue measurement. This 
method was somewhat independent of ablation time in that an 
appropriate initial power was selected and applied, and power 
delivery continued until full tissue desiccation occurred. This 
initial power level must be low enough to stay within the 
energy delivery limits of the device (electrode charring), but 
high enough to eventually overcome the thermal heat sinks 
and desiccate the tissue. A complex control algorithm is fol 
lowed by the clinician-user, and the procedure includes 
repeated ablation cycles to ensure that the impedance mea 
surement represents the full volume of desiccated tissue and 
not superficial char around the electrodes. To help with this, 
the generators used in these procedures lower the delivered 
power when the impedance begins to increase to help fully 
saturate the target tissue. Although these systems attempt to 
make bulk impedance measurements, with a mono-polar 
device the only measurement that can be made is one that 
includes the target tissue plus the impedance of all the tissue 
between the target volume and the volume of tissue to return 
electrodes (e.g., all tissue between the device electrodes 
located in the torso, for example, and return electrodes on the 
patient’s legs). Thus, this method also suffers from large 
uncertainty in the impedance measurements, resulting in 
small localized areas of viable tissue which have not been 
ablated and are unable to be detected. 
0121 The desired result of an ablation procedure using the 
device of an embodiment is bulk desiccation of target tissue. 
The desiccation is confirmed in an embodiment by observing 
the slow and steady increase in impedance (loss of electrical 
conduction, loss of moister, dead tissue). Point temperature 
measurements are not, however, effective in confirming des 
iccation because they provide no information about what is 
happening at any other location in the target tissue other than 
the point of the temperature measurement. It is very easy to 
create desiccated tissue around a pin-point and not kill tissue 
outside of the immediate area. Furthermore, cool-down tem 
peratures are also not useful in confirming tissue desiccation 
because they are particularly unreliable as the ablation vol 
ume becomes large. 
0122. In contrast to impedance values provided by con 
ventional devices, the impedance measurements taken in the 
target tissue defined by the device of an embodiment have a 
relatively higher accuracy. The electrode configuration of the 
device of an embodiment defines the target tissue area in 
which desiccation is desired and, therefore, defines the 
impedance measurement area of interest. The bipolar con 
figuration of the device of an embodiment results in the elec 
trodes being positioned closer to each other when compared 
to a monopolar device (e.g., large distance between device 
electrodes and ground pads on patient’s legs provides poor 
results because of the uncertainty involved with the large 
volume of intervening tissue). Further, the larger ratio of 
electrode surface area to volume of target tissue provided by 
the device of an embodiment provides for more accurate 
impedance measurements. 
0123 FIG. 1 is a tissue ablation system 100, under an 
embodiment. The tissue ablation system 100 includes a tissue 
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ablation device 101 coupled to at least one energy source 112. 
The tissue ablation device 101 includes a hand piece 102, a 
deployment slider 104, a delivery member/tube 106, a plural 
ity of energy conduits 108, and a distal tip 110, under an 
embodiment. The energy conduits 108, also referred to herein 
as electrodes 108, are in a retracted state, but are not so 
limited. FIG. 2 is a tissue ablation device with the energy 
conduits 108 in a deployed state, under an embodiment. The 
tissue ablation device 101 can also include other components 
as known in the art and as appropriate to procedures including 
the tissue ablation device 101. 

0.124. The components of the tissue ablation system 100 
are described in turn with reference to FIG. 1 and FIG. 2. The 
hand piece 102 of the tissue ablation device 101 includes a 
handle by which the user grips the tissue ablation device 101. 
The hand piece 102 provides a coupling between the energy 
source 112 and one or more of the energy conduits 108 which 
may or may not be coupled to at least one of the hand piece 
102 and the energy source 112. The deployment slider 104 or 
advancement mechanism 104, which in an embodiment is 
integral to the hand piece 102, deploys or retracts the energy 
conduits 108 upon actuation. 
0.125. The tissue ablation device 101 also includes a deliv 
ery member/tube 106 that supports placement of the energy 
conduits 108 in the target tissue, but is not so limited. The 
delivery member/tube 106 is formed using material that is at 
least one of electrically conductive, conditioned, and coated 
to allow for electrical conductivity via the electrodes. As an 
example, the delivery member/tube 106 is formed using at 
least one of stainless steel, nickel titanium, alloys, and plas 
tics including Ultem, Polycarbonate, and Liquid crystal poly 
mer, but is not so limited. The delivery member/tube 106 has 
a diameter approximately in a range of 0.05 to 0.5 inches, and 
has a length approximately in a range of 0.1 to twenty (20) 
inches as appropriate for extension into a body region appro 
priate to the treatment procedure. As one example, the deliv 
ery member/tube 106 of an embodiment has a diameter of 
between approximately 0.08 and 0.3 inches and a length 
between approximately two (2) and twelve (12) inches. 
0.126 The energy conduits 108 while configured appropri 
ately for insertion into particular tissue types, are formed 
from one or more materials and have a shape, size, and pattern 
that Supports coupling to the target tissue and allows the 
energy conduits 108 to deliver sufficient energy to ablate the 
target tissue. The energy conduits 108 include materials 
selected from among conductive or plated metals and/or plas 
tics, Super alloys including shape memory alloys, and stain 
less steel, to name a few. The energy conduits 108 comprise 
nickel titanium alloy, for example, but can be formed from 
any number/combination of materials including stainless 
steel, nickel titanium, and various alloys. 
I0127. The energy conduits 108 of an embodiment, which 
collectively may be referred to as an electrode array 108, can 
have many different sizes (including lengths and diameters) 
depending upon the energy delivery parameters (current, 
impedance, etc.) of the corresponding system. The use of 
energy conduits 108 having different diameters allows for 
balancing of energy/energy density in the target tissue. There 
fore, the use of energy conduits 108 having different diam 
eters provides a means of control over energy balancing in the 
target tissue in addition to the spacing between the energy 
conduits 108. An outside diameter of one or more of the 
energy conduits 108 of an embodiment is approximately in 
the range of 0.005 to 0.093 inches, but is not so limited. 
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Further, the energy conduits 108 of an embodiment have 
lengths sufficient to generate or create an ablation diameter 
approximately in the range of one (1) to fifteen (15) centime 
ters (cm), but are not so limited. As one example, the energy 
conduits 108 of an embodiment have an outside diameter 
between approximately 0.01 and 0.025 inches and lengths 
Sufficient to generate or create an ablation diameter approxi 
mately in the range of three (3) to nine (9) centimeters (cm). 
0128. The energy conduits 108 of various alternative 
embodiments can include materials that Support bending and/ 
or shaping of the energy conduits 108. Further, the energy 
conduits 108 of alternative embodiments can include non 
conducting materials, coatings, and/or coverings in various 
segments and/or proportions along the shaft of the energy 
conduits 108 as appropriate to the energy delivery require 
ments of the corresponding procedure and/or the type of 
target tissue 
0129. The energy source 112 of an embodiment (also 
referred to as a generator 112 or electrical generator 112) 
delivers pre-specified amounts of energy at selectable fre 
quencies in order to ablate tissue, but is not so limited. The 
energy source 112 includes at least one of a variety of energy 
Sources including electrical generators operating within the 
radio frequency (RF) range. More specifically, the energy 
Source 112 includes an RF generator operating in a frequency 
range of approximately 375 to 650 kHz and at a current of 
approximately 0.1 to 5 Amps and an impedance of approxi 
mately 5 to 100 ohms, but is not so limited. As an example, the 
energy source 112 of an embodiment operates at a frequency 
approximately in the range of 400 kHz to 550 kHz and at a 
current of approximately 0.5 to four (4) Amps, but is not so 
limited. Variations in the choice of electrical output param 
eters from the energy source 112 to monitor or control the 
tissue ablation process may vary widely depending on tissue 
type, operator experience, technique, and/or preference. 
0130. The tissue ablation system 100 can include any 
number of additional components like, for example, a con 
troller (not shown) to semi-automatically or automatically 
control delivery of energy from the energy source 112. The 
controller can, for example, increase the power output to the 
energy conduits 108, control temperature when the energy 
conduits 108 include temperature sensors or when receiving 
temperature information from remote sensors, and/or moni 
tor or control impedance, power, current, Voltage, and/or 
other output parameters. The functions of the controller can 
be integrated with those of the energy source 112, can be 
integrated with other components of the tissue ablation sys 
tem 100, or can be in the form of stand-alone units coupled 
among components of the tissue ablation system 100, but are 
not so limited. 

0131 Moreover, the tissue ablation system 100 can 
include an operator display (not shown) that provides a dis 
play of heating parameters such as temperature for one or 
more of the energy conduits 108, impedance, power, current, 
timing information, and/or Voltage of the energy source 112 
output. The functions of the display can be integrated with 
those of the energy source 112, can be integrated with other 
components of the tissue ablation system 100, or can be in the 
form of stand-alone units coupled among components of the 
tissue ablation system 100, but are not so limited. 
0.132. In operation, a user advances the deployment slider 
104, and in response the energy conduits 108 are forced, or in 
the case of a pre-shaped energy conduits, released from the 
retracted state to the deployed state. The shape of the 
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deployed energy conduits can, as shown in FIG. 2, form a 
series of approximately semi-spherical segments that, when 
taken together, form the outline of a sphere. The tissue abla 
tion device generates a spherical Volume of ablated tissue 
upon application of energy to the deployed electrodes. 
0.133 FIG.3 is the distal portion of a tissue ablation device 
101 including a delivery member/tube 106, a deployment 
member or rod 112, a plurality of energy conduits 108 in a 
retracted State (two energy conduits are shown for simplicity, 
but the embodiment is not so limited), and a distal tip 110. 
under the embodiment of FIG.1. The energy conduits 108 are 
coupled, either individually or collectively, to an energy 
Source or generator (not shown). When the energy conduits 
108 are in the retracted state, the distal portion of the tissue 
ablation device presents a very streamline profile well suited 
to piercing tissue and advancement/placement in/near an area 
which might contain a malignant or non-malignant tumor. By 
piercing the tumor the distal tip can be placed just beyond the 
tumor. 

0.134 FIG. 4 is the distal portion of a tissue ablation device 
101 including a delivery member/tube 106, a deployment 
member or rod 112, a plurality of energy conduits 108 in a 
deployed state, and a distal tip 110, under the embodiment of 
FIG.1. The energy conduits 108 are coupled, either individu 
ally or collectively, to an energy source or generator (not 
shown). Following placement of the distal portion of the 
tissue ablation device in the target tissue as appropriate to the 
corresponding medical procedure, the user advances the 
deployment slider (not shown) to deploy the energy conduits 
108, thus fully encompassing the volume of tissue desired to 
be ablated. 
0.135 Regarding deploying of the energy conduits 108, 
some or all of the energy conduits 108 can be deployed in 
response to advancement of the deployment slider. For 
example, all energy conduits 108 of an embodiment are 
deployed simultaneously in response to advancement of the 
deployment slider. As another example, one set of energy 
conduits 108 can be deployed to form a sphere having a first 
diameter while another set of energy conduits 108 can be 
deployed to form a sphere having a second diameter. Other 
alternative embodiments can use additional deployment 
schemes known in the art. 

0.136 The energy conduits 108 of an embodiment deliver 
radio frequency (RF) current to the target tissue and, as such, 
can be of alternating electrical polarity. The alternating polar 
ity series of energy conduits includes various series combi 
nations of alternating polarities. For example, in an embodi 
ment using ten (10) energy conduits, the alternating polarity 
is: positive polarity (+), negative polarity (-), +,-, +,-, +,-, 
+, -. An alternative polarity series is: +, +, -, -, +, +,-, -, +, 
+. Another alternative polarity series is: -, -, +, +, -, -, +, +, 
-, -. Yet another alternative polarity series is: +, +, +, +, +,-, 
-, -, -, -. These examples are only illustrative of possible 
polarity configurations, and the tissue ablation system 100 
described herein is not limited to ten (10) electrodes or to 
these alternating polarity configurations. 
0.137 The energy conduits of an alternative embodiment 
conduct electricity of a single electrical polarity, while the 
deployment rod 112 conducts electricity having an opposite 
polarity to that of the energy conduits. In still another alter 
native embodiment, the deployable energy conduits are 
switched between the same electrical polarity with the 
deployment rod being the other and alternating polarity 
between the deployable energy conduits. In yet another alter 
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native embodiment, the deployment rod and deployable 
energy conduits are of a single electrical polarity and one or 
more secondary grounding pads are used therewith to provide 
an opposite polarity member. 
0138 Various alternative embodiments can simulta 
neously use any number of energy conduits in a procedure in 
order to form Volumes of ablated tissue having shapes and 
sizes appropriate to the treatment procedure. Numerous alter 
natives would be recognized by those skilled in the artin view 
of the tissue ablation device described herein. 
0139 FIG. 5 shows a distal region or portion of a tissue 
ablation device 101 including a center deployment rod 112, a 
plurality of energy conduits 108 in a deployed state (two 
energy conduits are shown for simplicity, but the embodiment 
is not so limited), conduit insulators 504, and a distal tip 110. 
under the embodiment of FIG. 1. In support of delivering 
electrical energy of alternating polarity via the energy con 
duits 108, the conduit insulators 504 mechanically couple the 
distal ends of the energy conduits 108 while maintaining 
electrical insulation between each of the energy conduits 108. 
In this tissue ablation device the deployable energy conduits 
108 are coupled to the conduit insulators 504. The combina 
tion of the energy conduits 108 and the conduit insulators 504 
is coupled to a non-electrically conductive retaining disk 502 
that is coupled to an electrically conductive deployment 
member 112. Also connected to the deployment member 112 
is the electrically conductive distal tip 110 that, in this 
embodiment, is suitable for piercing tissue. Advancing the 
deployment slider causes the deployable energy conduits or 
electrodes 108 to experience a compressive load. As this force 
increases beyond the column strength of the deployable 
energy conduits 108, the energy conduits 108 buckle and 
deploy outward in a controlled fashion. 
0140 Alternatively, the energy conduits 108 can be pre 
formed to a desirable shape when fabricated of a suitable 
material such as a nickel titanium (NiTi) alloy. Using the 
pre-formed electrodes, advancement of the deployment slider 
permits the deployable electrodes to return to their preformed 
shape. The application of a small amount of energy Such as 
RF current can help to facilitate the deployment of the elec 
trodes through the tissue. 
0141 FIG. 6 shows a mid-section of a tissue ablation 
device 101 including a delivery member/tube 106, a deploy 
ment member 112, and a plurality of energy conduits 108 in 
a deployed State (two energy conduits are shown for simplic 
ity, but the embodiment is not so limited), under the embodi 
ment of FIG.1. The proximal end 604 of the energy conduits 
108 couples to an electrical insulator 602 or insulating mate 
rial 602, but is not so limited. 
0142 FIG. 7 shows an exploded view of a distal region of 
a tissue ablation device 101 including a deployment member 
112, a distal tip 110, and a rotated side view of an energy 
conduit retaining disk 502, under the embodiment of FIG. 1. 
Although a variety of methods exists to couple the compo 
nents of the tissue ablation device 101 at the distal end, one 
such method is a simple screw thread 702 configured to 
accept a distal end of the deployment member 112. Alterna 
tively, a press or interference fit between mating parts or the 
use of various adhesives can also be used. The retaining disk 
502, as described above with reference to FIG. 5, is config 
ured couple to the deployment member 112 and the distal tip 
110. 

0143 FIG. 8 is an end view of a tissue ablation device 101 
with deployed energy conduits 108 forming spheres having 
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diameters of approximately 5, 6, and 7 centimeters (cm), 
under the embodiment of FIG.1. The tissue ablation device 
101 of an embodiment provides approximately uniform spac 
ing among the energy conduits 108, but alternative embodi 
ments may support any number/combination of energy con 
duit 108 configurations. The tissue ablation device 101 of an 
embodiment Supports a variety of spherical deployment sizes 
by providing control over the extent to which the deployable 
energy conduits are deployed via the deployment slider, but is 
not so limited. 
014.4 FIG. 9 is a cross-section of an energy conduit 900 
configured for at least one of cutting, separating, and parting 
tissue as it is pressed or forced against the tissue, under an 
embodiment. The energy conduit 900 is used to form the 
energy conduits 108 described above with reference to FIG. 
1. As the energy conduits 900 are advanced from the retracted 
state (FIG. 3) to the deployed or expanded state (FIG. 4), the 
energy conduits 900 penetrate or separate the surrounding 
tissue. This penetration is accomplished in one embodiment 
using energy conduits that have a geometry Suited for sepa 
rating or cutting the Surrounding tissue. The penetration of 
tissue by the energy conduits 900 in an alternative embodi 
ment is accomplished with the application of energy, for 
example RF energy, to the energy conduit 900 in order to 
facilitate cutting through the tissue during advancement of the 
energy conduits. Another alternative embodiment includes 
the use of both an energy conduit 900 having a cutting geom 
etry along with the application of a Suitable electrical energy 
to the energy conduit 900. 
(0145 FIG. 10 is a distal portion 1000 of a tissue ablation 
device including a delivery member/tube and a plurality of 
energy conduits A, B, C, D, E, F, and G (collectively referred 
to as A-G) in a deployed State, under an alternative embodi 
ment. The energy conduits A-G comprise nickel titanium 
alloy, for example, but can be formed from any number/ 
combination of materials. Further, the outside diameter of the 
energy conduits A-G of an embodiment is approximately in 
the range of 0.010 to 0.040 inches, but is not so limited. 
0146). As described above, the delivery member/tube 1006 
provides sufficient Support for placement of the energy con 
duits A-G. Advancement of a deployment slider (not shown) 
advances and deploys the energy conduits A-G to a deployed 
shape. The shape of these energy conduits A-G can form a 
series of approximately semi-spherical segments which in 
this embodiment when taken together form the outline of a 
sphere 1099 that fully encompasses a volume of tissue tar 
geted for ablation. The application of RF energy to the energy 
conduits A-G generates or produces a spherical Volume of 
ablated tissue. 

0147 The energy conduits A-G of an embodiment are 
configured to each have an alternating electrical polarity. The 
energy conduits of an alternative embodiment are of a single 
electrical polarity, with the delivery member/tube 1006 con 
ducting an opposite polarity. In still another alternative 
embodiment, the energy conduits A-G are individually 
switched between the same electrical polarity and the deliv 
ery member/tube 1006 conducts an opposite/alternating 
polarity to that of the energy conduits A-G. In yet another 
alternative embodiment, the delivery member/tube 1006 and 
energy conduits A-G are of a single electrical polarity and one 
or more secondary grounding pads are used therewith to 
provide an opposite polarity member. 
0.148. In operation, the tissue ablation system of an 
embodiment delivers energy to target tissue via the energy 
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conduits A-G. The energy includes, for example, radio fre 
quency (RF) energy, but is not so limited. The energy is 
delivered via any of a number of techniques. The energy can 
be applied via pulsed waveforms and/or continuous wave 
forms, but is not so limited. 
0149. In an example procedure that includes use of the 
tissue ablation system, energy can be applied to energy con 
duits A-G during deployment of the energy conduits A-G into 
the target tissue. The energy can be applied automatically or, 
alternatively, manually as a procedure progresses and as 
appropriate to the procedure. Also, the energy delivered to the 
target tissue can be adjusted during the procedure by adjust 
ing any of the power level, the waveforms, and a combination 
of the power level and the waveform. 
0150. In another example procedure that includes use of 
the tissue ablation system, energy can be applied to energy 
conduits A-G following deployment of the energy conduits 
A-G into the target tissue. The energy can be applied auto 
matically or, alternatively, manually as appropriate to the 
procedure. Also, the energy delivered to the target tissue can 
be adjusted manually and/or automatically during the proce 
dure by adjusting any of the power level, the waveforms, and 
a combination of the power level and the waveform. 
0151. In addition to the components of the tissue ablation 
device 1000, various sensing techniques can be used to guide 
or control the progress of the tissue ablation. For example 
temperature sensors can be embedded or attached to at least 
one of the energy conduits A-G and the delivery member/tube 
1006 to provide feedback to a user and/or an energy control 
ler. Additionally, a variety of sensors can be deployed from 
the tissue ablation device 1000 into tissue of the target tissue. 
0152. In addition to the components of the tissue ablation 
systems described above, various sensing techniques can be 
used with and/or coupled to the tissue ablation system to 
guide or control the progress of the tissue ablation. For 
example temperature sensors can be embedded or attached to 
the deployable energy conduits and provide feedback to a 
user or an energy controller. A variety of sensors can also be 
deployed from the device into tissue within the targeted tis 
Sue, in this case a sphere. 
0153 FIG. 11 is a distal portion 1100 of a tissue ablation 
device including a delivery member/tube 1106, a plurality of 
primary energy conduits R, S, T, U, W, X, Y, Z (collectively 
referred to as R-Z), and a plurality of secondary energy con 
duits H, I, J, K, L, M, N, and P(collectively referred to as H-P) 
and Q in a deployed State, under yet another alternative 
embodiment. For clarity electrodes H, I, K. M. P. S. T. U, X, 
Y, and Z have been omitted in the side view of the device 
shown in FIG. 11. The primary R-Z and secondary H-P 
energy conduits comprise nickel titanium alloy, for example, 
but can beformed from any number/combination of materials 
some of which are described above. Further, the outside diam 
eter of the primary R-Z and secondary H-P energy conduits of 
an embodiment is approximately in the range of 0.010 to 
0.080 inches, but is not so limited. 
0154 As described above, the delivery member/tube 1106 
provides Sufficient Support for placement of the primary 
energy conduits R-Z. Likewise the primary energy conduits 
R-Z provide sufficient support for placement of the secondary 
energy conduits H-P, While the tissue ablation device of an 
embodiment deploys one secondary energy conduit from one 
or more distal and/or lateral ports in a distal region of each 
primary energy conduit, alternative embodiments of the tis 
Sue ablation device can deploy more than one secondary 
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energy conduit from one or more distal and/or lateral ports of 
each primary energy conduit. Advancement of a deployment 
slider (not shown) as described above advances and deploys 
the energy conduits R-Z., H-P, and Q to a deployed state or 
shape in target tissue. The energy conduits R-Z., H-P in a 
deployed State form a series of approximately semi-spherical 
segments which when taken together in this embodiment 
form the outline of a sphere 1199 that fully encompasses a 
volume of tissue targeted for ablation. The application of RF 
energy to the energy conduits R-Z., H-P, and Q generates or 
produces a spherical Volume of ablated tissue. 
0155 The energy conduits R-Z., H-P, and Q of an embodi 
ment are configured to each have an alternating electrical 
polarity. The energy conduits of an alternative embodiment 
conduct electrical energy of a single electrical polarity, with 
the delivery member/tube 1106 conducting electrical energy 
having an opposite polarity. In still another alternative 
embodiment, the energy conduits H-P and R-Z are individu 
ally switched between the same electrical polarity and elec 
trode Q is coupled to conduct electrical energy of an opposite/ 
alternating polarity to that of the energy conduits H-P and 
R-Z. In yet another alternative embodiment, all energy con 
duits R-Z., H-P, and Q are of a single electrical polarity and 
one or more secondary grounding pads are used therewith to 
provide an opposite polarity member. In still another embodi 
ment, electrode Q is not present and energy passes within the 
remaining electrodes. 
0156. In operation, the tissue ablation system of an 
embodiment delivers energy to target tissue via the energy 
conduits R-Z., H-P, and Q. The energy includes, for example, 
radio frequency (RF) energy, but is not so limited. The energy 
is delivered via any of a number of techniques, some of which 
are described herein. The energy can be applied via pulsed 
waveforms and/or continuous waveforms, but is not so lim 
ited. 

0157. In an example procedure that includes use of the 
tissue ablation system, energy can be applied to energy con 
duits R-Z., H-P, and Q during deployment of the energy con 
duits R-Z., H-P, and Q into the target tissue. The energy can be 
applied automatically or, alternatively, manually as a proce 
dure progresses and as appropriate to the procedure. Also, the 
energy delivered to the target tissue can be adjusted during the 
procedure by adjusting any of the power level, the waveforms, 
and a combination of the power level and the waveform. 
0158. In another example procedure that includes use of 
the tissue ablation system, energy can be applied to energy 
conduits R-Z., H-P, and Q following deployment of the energy 
conduits R-Z., H-P, and Q into the target tissue. The energy 
can be applied automatically or, alternatively, manually as 
appropriate to the procedure. Also, the energy delivered to the 
target tissue can be adjusted manually and/or automatically 
during the procedure by adjusting any of the power level, the 
waveforms, and a combination of the power level and the 
waveform. 

0159. In addition to the components of the tissue ablation 
device 1100, various sensing techniques can be used to guide 
or control the progress of the tissue ablation. For example 
temperature sensors can be embedded or attached to at least 
one of the energy conduits R-Z., H-P, and Q and the delivery 
member/tube 1106 to provide feedback to a user and/or an 
energy controller. Additionally, a variety of sensors can be 
deployed from the tissue ablation device 1100 into tissue of 
the target tissue. 
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0160. In addition to the components of the tissue ablation 
systems described above, various sensing techniques can be 
used with and/or coupled to the tissue ablation system to 
guide or control the progress of the tissue ablation. For 
example temperature sensors can be embedded or attached to 
the deployable energy conduits and provide feedback to a 
user or an energy controller. A variety of sensors can also be 
deployed from the device into tissue within the targeted tis 
Sue, in this case a sphere. 
0161 FIG. 12 is a flow diagram of tissue ablation proce 
dure using the tissue ablation device, under an embodiment. 
In operation, generally a user positions the tissue ablation 
device in the target biological tissue as appropriate to a medi 
cal procedure, at block 1202. Placement of the tissue ablation 
device in the target tissue can include the use of various 
visualization methods such as ultrasound Stenography, Com 
puterized Tomography (CT), and Magnetic Resonance Imag 
ing (MRI), but is not so limited. 
0162 Following placement of the device in the targettis 
Sue the user deploys the electrodes in the targettissue, at block 
1204. Power or energy is applied to the target tissue via the 
electrodes, at block 1206. The energy generates a volume of 
ablated tissue having a shape and size appropriate to the 
configuration of the deployed electrodes, at block 1208. The 
user retracts the electrodes and removes the device from the 
target tissue, at block 1210. 
0163. In one or more additional embodiments, the elec 
trodes of the ablation device can be configured to at least 
partially encircle the target tissue depending upon the loca 
tion and distribution of the target tissue to be ablated. For 
these embodiment, one or more mono-polar or bipolar elec 
trodes can be configured to totally Surround or partially 
encircle the target tissue, e.g., a tumor, and application of 
energy through the electrodes is directed to create a spherical 
or relatively spherical area of ablation around and including 
the target tissue. Such a relatively spherical area could com 
prise an elongated spherical area (e.g., lozenge-shaped). The 
ablation area could also comprise an enclosed compound 
curved surface. One or more ablation devices, each contain 
ing an array of one or more electrodes is used to Surround at 
least a portion of the target tissue or ablation Volume and 
thereby ablate that portion upon deployment of the electrodes 
and application of energy from the energy source. Each Such 
device thus creates an ablation pattern along one or more 
planes of the target tissue or ablation Volume, and may be 
referred to as a “planar device or electrode assembly. 
0164. As illustrated in block 1206 of FIG. 12, energy is 
applied to the electrodes of the tissue ablation device in order 
to form a Volume of ablated tissue. Such energy can be pro 
vided by an energy source 112, as shown in FIG. 1, or any 
similar energy source (RF generator or other type of genera 
tor) coupled directly or indirectly to the tissue ablation 
device. In general, the Volume of ablated tissue depends upon 
one or more parameters related to the energy applied to the 
electrodes, such as power level, ablation time, energy density 
at the electrodes, and other similar factors. In one embodi 
ment, the energy source includes one or more controls that 
allows the user to select certain operating parameters of the 
device. Typically these include at least output power levels 
(e.g., high-medium-low, or specific wattage settings), and a 
timer that controls the amount of time that energy is output 
from the generator. FIG. 13 is a table showing different 
example power Supply settings for corresponding ablation 
sizes, under an embodiment. As shown in table 1300, the 
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ablation size can vary from 3.5 cm to 7 cm based on the timer 
setting and power setting of the generator. In general, alonger 
time period of energy delivery and/or higher power setting 
results in a larger ablation size. FIG. 13 provides an example 
of typical ablation sizes for various generator settings for one 
type of RF generator. It should be noted that many other 
generator settings and resulting ablation sizes are possible, 
depending upon the type of generator used and other operat 
ing conditions. Moreover, other important parameters foruse, 
Such as duration of insertion, positional placement of the 
electrodes, movement of the electrodes during ablation, use 
of more than one device at a time and relative positioning of 
multiple devices, which are all controlled by the user at the 
time of ablation, will also have an important impact on the 
size and quality of the ablation area. 
0.165. The tissue ablation systems described herein are 
unique in both their speed and ability to use a variety of 
existing radio frequency ablation generators available in 
many hospitals around the world as the energy source. For 
example, the devices described herein can be used with gen 
erators such as the Radio Therapeutics Corporation Boston 
Scientific Generator (Models RF 2000R or RF 3000R), 
Celon LabPower (Celon-Olympus, Teltow-Berlin Germany), 
the Radionics(R) (Tyco Healthcare) Cool-TipTMRF Generator, 
and the RITAR System RF Generator (Model 1500 or 
1500X) (Rita Medical Systems, Fremont, Calif.). Thus, vari 
ous different types of energy sources 112 can be used in 
conjunction with the tissue ablation device, and may be radio 
frequency (RF) sources, or any similar and suitable energy 
source. Some of these may be commercially available devices 
made by one or more different manufacturers, and which have 
different generator output configurations. In this case an 
adapter may be needed to couple the tissue ablation device to 
the output jacks of the energy source. 
0166 FIG. 17A illustrates an RF generator adapter for use 
with a tissue ablation device under an embodiment. For the 
embodiment of FIG. 17, RF generator 1702 from Radio 
Therapeutics Corporation Boston Scientific R. Generator is 
coupled to ablation device 1704 through adapter 1703. FIG. 
17B illustrates an RF generator adapter for use with a tissue 
ablation device under a first alternative embodiment. For this 
embodiment, RF generator 1712 is a Radionics(R) generator, 
which couples to ablation device 1714 through adapter 1713. 
FIG. 17C illustrates an RF generator adapter for use with a 
tissue ablation device under a second alternative embodi 
ment. For this embodiment, RF generator 1722 is an Erbe?R) 
generator, which couples to ablation device 1724 through 
adapter 1723. As stated above, several other different types 
and makes of generator can also be used. 
0167. The adapter that couples the ablation device to the 
generator should be configured to plug into the appropriate 
generator output jacks on the generator. Each generator that 
may be used may have different output jack configurations. 
FIG. 18A illustrates an output panel for a first example RF 
generator for use with a tissue ablation device, under an 
embodiment. This example output jack is for a Boston Sci 
entific R model 300 generator, and shows the configuration of 
the RF output connector and the RF return connectors. FIG. 
18B illustrates an output panel for a second example RF 
generator for use with a tissue ablation device under an 
embodiment. This example output jack if for a Rita R model 
1500X generator, and shows the configuration of the RF 
output connector and the RF return connector for this model. 
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As can be seen, the configuration of the RF jacks can vary 
significantly among different available devices. 
0168 The configuration and composition of an ablation 
device that is configured to encircle or at least partially 
encircle the target area can be implemented through various 
embodiments. FIG. 14 illustrates a compound electrode abla 
tion device including a fluid path, according to an embodi 
ment. For device 1400, two or more separate electrodes are 
deployed out of the distal end of trocar 1402. Each electrode 
comprises a compound electrode that has a positively charged 
portion and a negatively charged portion coupled together 
through an insulative member. Thus, FIG. 14 illustrates a 
device in which a first electrode includes a first portion 1403 
and a second portion 1404 with an insulation member 1405, 
and a second electrode includes a first portion 1406 and a 
second portion 1409 with an insulation member 1407. The 
first portions 1403 and 1406 can be energized to a first polar 
ity (e.g., negative), while the second portion of the electrodes 
can be energized to the opposite polarity (e.g., positive). The 
second portion of the electrode (e.g., 1404) can be installed 
and deployed through a lumen in the first portion of the 
electrode (e.g., 1403) around which an insulative sleeve (e.g., 
1405) is inserted to maintain electrical isolation yet allow 
physical support of the second electrode portion within the 
first electrode portion. 
0169. Although two bipolar electrodes are illustrated in 
FIG. 14, it should be noted that a plurality of such compound 
electrodes can be deployed from trocar 1402, or they can be 
substituted by multiple single polarity electrodes. Further 
more, an additional electrode can be coupled to the body of 
the trocar itself. For the embodiment illustrated in FIG. 14, 
electrode 1408 is coupled to the body of trocar 1402 and 
electrically separated from electrodes 1404 and 1406 and 
1402. A fluid path 1410 is formed between trocar 1402 and 
electrode 1408 to deliver fluid such as conductive saline. A 
dispersive electrode can be included in the device 1400 to 
create a mono-polar device, or a mono-polar/bipolar device. 
0170. In one embodiment, an ablation device can formed 
by defining one of the electrodes as part of the trocarbody and 
energizing this electrode with a polarity opposite that to one 
or more electrodes that are configured to protrude from an end 
or a portion of the trocarbody. This creates an ablation pattern 
in a tissue field around the trocar when the protruding elec 
trodes are deployed and energized relative to the electrode 
formed in the trocarbody. Thus, with reference to the embodi 
ment of FIG. 14, if electrode 1408 has a negative polarity and 
one or both of electrodes 1404 and 1406 and 1402 has a 
positive polarity, the deployment and energizing of the elec 
trodes will cause ablation in a field surrounding the elec 
trodes. The shape and size of the field can be defined by 
altering the number, length or size, and configuration of the 
electrodes, as well as the type and power of the energy source. 
For the embodiment illustrated in FIG. 14, in which the elec 
trodes 1403/1404 and 1406/1409 are themselves compound 
electrodes, a separate electrode (e.g., electrode 1408) of a 
specific polarity may not necessarily need to be provided to 
form a bi-polar device. Furthermore, the coupling between 
the electrode 1408 may be through conductive fluid 1410, as 
shown, or it may be through an integrally-formed or adhesive 
based coupling utilizing a second insulative member (not 
shown) to maintain electrical isolation between this electrode 
and the trocar body 1402. 
0171 To produce an electrode that is capable of having 
two or more polarities in a single element, the protruding 
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electrodes shown in FIG. 14 can be made out of a flat base 
material. Such as a spring/sheet metal. A conductive coating 
can be applied to the base material through an insulative layer 
so that a single electrode can be configured to have two 
different polarities when energized. 
0.172. In certain embodiments, such as shown in FIG. 14, 
the electrodes may be relatively straight strips of metal 
deployed from the side or end of a trocar to Surround a target 
tissue area. In some instances, more comprehensive encircle 
ment of the target tissue can be accomplished through the use 
of curved or spiral-shaped electrodes. 
0173 FIG. 15A illustrates a two-stage ablation device for 
surrounding a target site, under an embodiment. Device 1500 
includes a set of electrode arrays that are deployed out of the 
end of trocar 1502 to at least partially encircle a target tissue 
1510 upon deployment. The first set of electrodes 1504 and 
1505 comprise stage 1 of the array, and the second set of 
electrodes 1506 and 1507 comprise stage 2 of the array. The 
stage 2 electrodes are mechanically coupled within the stage 
1 electrodes and extend out of the stage 1 electrodes in a 
telescoping manner when deployed. The stage 1 electrodes 
1504 and 1505 can be made out of round or elliptic tubing 
which can be formed to an appropriate shape and size to 
accommodate the inner, stage 2 electrodes. The stage 2 elec 
trodes 1506 and 1507 can be made of round or flat wire to 
correspond with the inner dimensions and shape of the stage 
1 electrodes. 

0.174 Any number of stage 1 and stage 2 electrodes can be 
configured to deploy out of the end of trocar 1502 to encircle 
the target tissue 1510 and produce an appropriate ablation 
pattern 1512. FIG. 15B illustrates an end view of the ablation 
device of FIG. 15A, under an embodiment in which four 
flat-wire electrodes 1514 in a square pattern deploy from the 
end of trocar 1502. FIG. 15C illustrates an end view of the 
ablation device of FIG. 15A, under an alternative embodi 
ment in which twelve electrodes 1516 in a relatively circular 
pattern deploy from the end of trocar 1502. As can be seen 
from FIGS. 15B and 15C, as more electrodes are deployed, a 
more circular a pattern is produced around the end of the 
trocar, thus resulting in a more nearly spherical ablation pat 
tern 1512 around the target tissue 1510. 
(0175 FIG. 15A illustrates an embodiment in which the 
electrodes are configured to at least partially Surround the 
target tissue. In an alternative embodiment, one or more elec 
trodes may be configured to penetrate the target tissue, while 
other electrodes surround the tissue to produce the ablation 
pattern 1512. FIG.16A illustrates an ablation device contain 
ing both Surrounding electrodes and a penetrating electrode, 
according to an embodiment. In device 1600, electrodes 1604 
and 1606 are configured to surround the target tissue 1610 
upon deployment from trocar 1602 to forman ablation pattern 
1612. A penetrating electrode 1608 deploys out of the distal 
end of trocar 1602 and includes a penetrating member for 
piercing target tissue 1610. The electrodes 1604, 1606 and 
1608 can be configured as mono-polar or bi-polar electrodes 
to create a mono-polar or bi-polar device. One or more elec 
trodes can also include a fluid delivery element for delivering 
fluid directly into target tissue. This is illustrated in FIG.16B, 
in which trocar 1603 includes a fluid delivery element 1618. 
Element 1618 may be a delivery tube that is electrically 
neutral with respect to the other electrodes 1616 and 1619, it 
may be an electrode with a lumen, that is energized to a 
certain polarity relative to the other electrodes 1616 and 1619 
and/or the body of the trocar 1603. 



US 2016/O128761 A1 

0176) Deployment of the electrodes for the embodiments 
illustrated in any of FIGS. 13-15C can be performed by an 
activation device in a handle coupled to an end of the trocar, 
such hand piece 102 illustrated in FIG. 1. The electrode or 
electrodes in the device are coupled to a guide wire or other 
transport mechanism. The electrodes are deployed by 
advancing the guide wire outward and retracted by pulling the 
guide wire backinto the trocar. A gear mechanism couples the 
activation unit Such as a slider or knob (e.g., activator 104 in 
FIG. 1) to the guide wire, or similar push/pull rods that extend 
or retract the electrodes. 

0177. The devices shown in the embodiments of FIGS. 
13-15C generally illustrate a single trocar device. In one 
embodiment, an ablation device containing multiple elec 
trodes configured to Surround a target tissue or ablate a tissue 
Volume can comprise more than one trocar, with each trocar 
containing one or more electrodes that Surround the target 
tissue or a portion of the target tissue. The two or more trocars 
can be coupled to a single handle and activation device, or 
they can each be connected to their own handle and activation 
device. In general, a user manipulates both or all of the trocar 
bodies comprising a multi-trocar device to place the elec 
trodes around the target tissue or within the tissue Volume to 
create the intended ablation pattern. The electrode arrays for 
each trocar can extend from the end of the device or from the 
side of the device, or a combination of both. Furthermore, the 
electrodes in each array may be a single unit of a single 
polarity or a compound unit with one portion of a first polarity 
and a second portion of the opposite polarity. 
0.178 FIG. 19A illustrates a multi-trocar ablation device 
that utilizes one or more spiral electrodes in an array protrud 
ing from the distal end of each trocar. The device shown 
comprises a first trocar 1902 with two or more spiral elec 
trodes 1904 and 1905 that extend from the end of the trocar at 
specific angles relative to the longitudinal axis of the trocar. A 
second trocar 1906 has two or more spiral electrodes 1908 
and 1909 that likewise extend from the end of the trocar at 
specific angles relative to the longitudinal axis of the trocar. 
The angles of extension, as well as the electrode arrays are 
themselves shaped and configured so as to encircle target 
tissue 1910 and create a spherical or near-spherical ablation 
pattern in a tissue volume around the target tissue 1910. FIG. 
19B is an end view of the multi-trocarablation device of FIG. 
19A. As shown in FIG. 19B, the electrodes 1904 and 1905 
extend from the body of trocar 1902 at an angle 1912 relative 
to one anotheras defined by the longitudinal axis of the trocar, 
and the electrodes 1908 and 1909 extend from the body of 
trocar 1906 at an angle 1914 relative to one another as defined 
by the longitudinal axis of the trocar. The angle at which the 
electrode pairs are deployed relative to one another, as well as 
the electrode length, and tightness of spiral can be changed 
depending upon the actual application and characteristics of 
the target tissue 1910. The electrodes may each be of a single 
polarity with alternating polarity electrodes utilized in each 
pair or array of electrodes for each trocar, or they may be 
compound electrodes with sections of different polarities 
within each electrode. Thus, for example, for the embodiment 
illustrated in FIG. 19B, electrodes 1905 and 1909 can be both 
positively charged, with electrodes 1904 and 1908 both nega 
tively charges, or electrodes 1905 and 1908 can be both 
positively charged, with electrodes 1904 and 1909 both nega 
tively charged. 
(0179 Although the embodiments of FIGS. 19A and 19B 
illustrate ablation systems comprising two separate trocar 
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devices, it should be noted that greater than two trocars (e.g., 
three or four) may be used depending upon the application 
and characteristics of the target tissue. Furthermore, each of 
the trocars in a multi-trocarablation device may use electrode 
arrays of different configurations to access and encircle dif 
ficult to reach target tissue areas or encircle target tissues of 
different sizes and configurations. 

Planar Tissue Ablation 

0180. In one or more additional embodiments, the elec 
trodes of the ablation device can be configured to at least 
partially encircle the target tissue depending upon the loca 
tion and distribution of the target tissue to be ablated, as 
described in detail above. For these embodiments, one or 
more mono-polar or bipolar electrodes can be configured to 
totally Surround or partially encircle the target tissue, e.g., a 
tumor, and application of energy through the electrodes is 
directed to create a spherical or relatively spherical area of 
ablation around and including the target tissue. Such a rela 
tively spherical area could comprise an elongated spherical 
area (e.g., lozenge-shaped). The ablation area could also com 
prise an enclosed compound curved surface. One or more 
ablation devices, each containing an array of one or more 
electrodes is used to Surround at least a portion of the target 
tissue or ablation volume and thereby ablate that portion upon 
deployment of the electrodes and application of energy from 
the energy source. Each Such device thus creates an ablation 
pattern along one or more planes of the target tissue or abla 
tion volume, and may be referred to as a “planar device or 
electrode assembly. The embodiments that follow are pro 
vided as additional example embodiments and do not limit the 
ablation device described herein to only these embodiments. 
0181. In all of the embodiments described below, the 
polarity of any electrode can be positive or negative. Also, the 
polarity of any set of electrodes can be positive or negative 
(e.g., a trocar can include a first set of electrodes, all of which 
are positive, and a second set of electrodes, all of which are 
negative; a trocar can include a first set of electrodes, all of 
which are positive, and a second set of electrodes, all of which 
are positive, etc.). Further, in multi-trocar embodiments, the 
polarity of any electrode or any set of electrodes of a single 
trocar can be positive or negative (e.g., a first trocar can 
include a first set of electrodes, all of which are positive, and 
a second trocar can include a first set of electrodes, all of 
which are negative; a first trocar can include a first set of 
electrodes, all of which are positive, and a second trocar can 
include a first set of electrodes, all of which are positive; a first 
trocar can include a first set of electrodes, all of which are 
positive, and a second set of electrodes, all of which are 
negative, and a second trocar can include a first set of elec 
trodes, all of which are positive, and a second set of elec 
trodes, all of which are negative, etc.). 
0182. In one embodiment, a planar tissue ablation device 
utilizes two or more trocars (multi-trocar) each deploying one 
or more electrodes to partially or entirely surround the target 
tissue. FIG. 20A is a front view of a dual-trocar ablation 
device that uses one or more spiral electrodes in an array 
protruding from the distal end of each trocar, under an 
embodiment. As shown in FIG. 20A, the dual-trocar device 
comprises a first handle assembly (or main shaft) 2001 from 
which trocar 2002 protrudes, and a second handle assembly 
(or main shaft) 2011 from which trocar 2012 protrudes. A 
dual spiral electrode array 2003 extends from the distal end of 
trocar 2002, and a dual spiral electrode array 2013 extends 
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from the distal end of trocar 2012. For the embodiment of 
FIG. 20A, each electrode array 2003 and 2013 comprises two 
separate spiral electrodes that forman approximately circular 
shape of a certain diameter when deployed out of their respec 
tive trocar. In one embodiment, the electrodes are deployed 
and retracted through a plunger-style deployment device 
which is activated by pushing or pushing plunger handle 2007 
or 2017 in the appropriate handle assembly. One or more 
wires 2006 and 2016 are coupled to the proximal end of 
respective handle assemblies 2001 and 2002 for connection to 
an external energy source, such as RF generator 1702 in FIG. 
17. A mechanical coupling device or bridge 2010 is affixed to 
both handle assemblies 2001 and 2002 to fix their position 
relative to one another during use. The bridge 2010 may be 
attached as a sleeve unit that is friction fit over the ends of both 
handle assemblies, or it may be a clip on unit that clips on to 
both assemblies anywhere along the shaft length of the 
handles. 

0183 In general, the electrodes of each electrode array, 
when in a retracted State, are positioned in the trocar lumen. 
The electrodes themselves generally comprise conductive 
wire elements. The electrode can be round, or they can an 
electrode surface area that is maximized through the use of 
large flat wire. Each electrode has at least one radius of 
curvature in the deployed state so that the electrode array 
forms a series of shaped electrodes in the deployed state. The 
shape of a deployed electrode refers to the two-dimensional 
outline or path that the electrode wire traces as it moves out of 
the trocar during deployment. In a fully or partially deployed 
state, the electrode is in a static position, which has a certain 
shape. In the deployed State then, the electrode configuration 
or geometry makes use of a generally circular shape, which 
has the effect of "long electrodes having a large Surface area 
and therefore large tissue engagement area. In one embodi 
ment, the deployment shape of the electrodes in each array is 
elliptical. An ellipse is generally defined as a locus of points 
inaplane Such that the Sum of the distances to two fixed points 
is constant. This typically represents a shape that is ovaloid, 
Such as obtained when intersecting a cone with a plane. Alter 
natively, the deployment shape of the electrodes in each array 
is circular. A circle is generally defined as the locus of all 
points in a plane at a constant radius from a fixed point, and is 
a specific type of ellipse. The combination of electrode sur 
face area, individual electrode spacing, and overall device 
configuration or geometry result in relatively complete abla 
tions compared to present conventional RF ablation systems. 
018.4 FIG. 20B is a side view of a dual-trocar ablation 
device of FIG. 20A. This view shows the independent elec 
trodes 2008 and 2009, which make up electrode set 2013 
which is deployed from trocar 2012. The individual elec 
trodes within each electrode set are deployed at a defined 
angle relative to one another. This angle may be varied to 
change the coverage of the electrodes and the size and shape 
of the ablated area. FIG. 20O is a perspective view of a 
dual-trocarablation device of FIG. 20A. This view shows the 
angle of deployment of the electrodes within each electrode 
set relative to one another, as well as the approximate Volume 
defined by the deployed electrodes. 
0185 FIG. 20D is an end view of a dual-trocar ablation 
device of FIG. 20A, and shows the electrodes 2004 and 2005 
comprising electrode set 2003 extending from the body of 
trocar 2002 at an angle 2014 relative to one another as defined 
by the longitudinal axis of the trocar 2002, and the electrodes 
2008 and 2009 comprising electrode set 2013 extend from the 
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body of trocar 2012 at an angle 2018 relative to one another as 
defined by the longitudinal axis of the trocar 2012. The angle 
at which the electrode pairs are deployed relative to one 
another, as well as the electrode length, and tightness of spiral 
can be changed depending upon the actual application and 
characteristics of the target tissue. 
0186. The example device illustrated in FIGS. 20A-D is 
generally configured to create an ablation area on the order of 
3.5 cm in diameter. This area results from a number of factors, 
such as the angle between electrodes within each electrode, 
and the distance between the electrode sets. For the embodi 
ment shown in FIG. 20D, the angle between electrodes in 
each set as illustrated is 110° and the electrode spacing is on 
the order of 0.33", although it should be understood that many 
other angles and electrode spacings are possible. In one 
embodiment, the electrode spacing is defined by the width of 
bridge 2010. It can also be altered by bending the electrode 
sets toward or away from one another. For embodiments in 
which a bridge is not used, the electrode spacing can be 
controlled by the user who can manipulate each trocar 2002 
and 2012 independently of one another. 
0187. In one embodiment, the bridge that couples the tro 
cars of the bi-trocar device in a fixed position relative to one 
another is a removable device so that the electrodes can be 
deployed independently if desired. In an alternative embodi 
ment, the bridge may be molded so that the trocars are effec 
tively permanently coupled to one another. This prevents any 
slipping of the trocars relative to one another during use, 
especially during deployment of one or both of the electrode 
sets. FIG. 20E is an end view of a dual-trocar ablation device 
of FIG. 20A, with a molded bridge assembly, under an 
embodiment. As shown in FIG. 20E, bridge 2030 includes a 
molded inner portion that is integrally molded to the handle 
assemblies 2001 and 2011 to fix the trocars thinly in positions 
relative to one another. 

0188 As described above with respect to FIGS. 20A-E, 
the ablation area is defined by a number of factors related to 
the configuration of the electrodes and their angles and dis 
tances relative to one another. FIG. 21A is a front view of a 
dual-trocar ablation device that uses one or more spiral elec 
trodes in an array protruding from the distal end of each 
trocar, under an alternative embodiment. The basic compo 
nents and arrangement of components for the device of FIG. 
21A is similar to the device of FIG. 20A, except for one or 
more specific elements. As shown in FIG. 21A, the bridge 
2110 separating handle assemblies 2101 and 2111 produces a 
different electrode distance between the electrode arrays 
2103 and 2113. The electrode array 2103 that extends from 
the distal end of trocar 2102 comprises a plurality of electrode 
wires, each protruding from a separate orifice or lumen in 
trocar 2102. Likewise, the electrode array 2113 that extends 
from the distal end of trocar 2112 comprises a plurality of 
electrode wires, each protruding from a separate orifice or 
lumen in trocar 2112. For the embodiment of FIG. 21A, 
electrode array 2103 consists of two sets of three electrodes 
that each form a circular shape of a certain diameter when 
deployed out of trocar 2012, and electrode array 2113 con 
sists of two sets of three electrodes that each form a circular 
shape of a certain diameter when deployed out trocar 2112. In 
one embodiment, the electrodes of each set are deployed and 
retracted together through a plunger-style deployment device 
which is activated by pushing or pushing plunger handle 2107 
or 2117 in the appropriate handle assembly. 
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(0189 FIG. 21B is a side view of a dual-trocar ablation 
device of FIG. 21A. This view shows the two sets 2108 and 
2109 of three individual electrodes, which make up electrode 
set 2113 when it is deployed from trocar 2112. FIG. 21C is a 
perspective view of a dual-trocarablation device of FIG.21A. 
This view shows the angle of deployment of the electrodes 
within each electrode set relative to one another, as well as the 
approximate volume defined by the deployed electrodes. 
0.190 FIG. 21D is an end view of a dual-trocar ablation 
device of FIG. 21A, and shows the electrodes 2104 and 2105 
comprising electrode set 2103 extend from the body of trocar 
2102 at an angle 2114 relative to one another as defined by the 
longitudinal axis of the trocar 2102, and the electrodes 2108 
and 2109 comprising electrode set 2113 extend from the body 
of trocar 2112 at an angle 2118 relative to one another as 
defined by the longitudinal axis of the trocar 2112. The 
example device illustrated in FIGS. 21A-D is generally con 
figured to create an ablation area on the order of 5.0 cm in 
diameter. This area results from a number of factors. Such as 
the angle between electrodes within each electrode, and the 
distance between the electrode sets. For the embodiment 
shown in FIG. 21D, the angle between electrodes in each set 
as illustrated is 110° and the electrode spacing is on the order 
of 0.60", although it should be understood that many other 
angles and electrode spacings are possible. In one embodi 
ment, the electrode spacing is defined by the width of bridge 
2110. FIG.21E is an end view of a dual-trocarablation device 
of FIG. 21A, with a molded bridge assembly, under an 
embodiment. As shown in FIG. 21E, bridge 2130 includes a 
molded inner portion that is integrally molded to the handle 
assemblies 2101 and 2111 to fix the trocars firmly in positions 
relative to one another. 

0191 Larger ablation diameters than produced by the 
devices of FIGS. 20 and 21 can be produced by altering the 
electrode configuration and spacing of the dual trocar device. 
FIG.22A is a front view of a dual-trocar ablation device that 
uses one or more spiral electrodes in an array protruding from 
the distal end of each trocar, under a further alternative 
embodiment. The basic components and arrangement of 
components for the device of FIG.22A is similar to the device 
of FIG. 20A, except for one or more specific elements. As 
shown in FIG.22A, the bridge 2210 separating handle assem 
blies 2201 and 2211 produces a different electrode distance 
between the electrode arrays 2203 and 2213. The electrode 
array 2203 that extends from the distal end of trocar 2202 
comprises a plurality of electrode wires, each protruding from 
a separate lumen in trocar 2202. Likewise, the electrode array 
2213 that extends from the distal end of trocar 2212 com 
prises a plurality of electrode wires, each protruding from a 
separate lumen in trocar 2212. For the embodiment of FIG. 
22A, electrode array 2203 consists of two sets of four elec 
trodes that each form a circular shape of a certain diameter 
when deployed out of trocar 2212, and electrode array 2213 
consists of two sets of four electrodes that each form a circular 
shape of a certain diameter when deployed out trocar 2212. In 
one embodiment, the electrodes of each set are deployed and 
retracted together through a plunger-style deployment device 
which is activated by pushing or pushing plunger handle 2207 
or 2217 in the appropriate handle assembly. 
0192 FIG. 22B is a side view of a dual-trocar ablation 
device of FIG. 22A. This view shows the two sets 2208 and 
2209 of four individual electrodes, which make up electrode 
set 2213 when it is deployed from trocar 2212. FIG.22C is a 
perspective view of a dual-trocarablation device of FIG.22A. 
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This view shows the angle of deployment of the electrodes 
within each electrode set relative to one another, as well as the 
approximate volume defined by the deployed electrodes. 
0193 FIG. 22D is an end view of a dual-trocar ablation 
device of FIG.22A, and shows the electrodes 2204 and 2205 
comprising electrode set 2203 extend from the body of trocar 
2202 at an angle 2214 relative to one another as defined by the 
longitudinal axis of the trocar 2202, and the electrodes 2208 
and 2209 comprising electrode set 2213 extend from the body 
of trocar 2212 at an angle 2218 relative to one another as 
defined by the longitudinal axis of the trocar 2212. The 
example device illustrated in FIGS. 22A-D is generally con 
figured to create an ablation area on the order of 7.0 cm in 
diameter. This area results from a number of factors, such as 
the angle between electrodes within each electrode, and the 
distance between the electrode sets. For the embodiment 
shown in FIG.22D, the angle between electrodes in each set 
is illustrated as 130° and the electrode spacing is 1.43". 
although it should be understood that many other angles and 
electrode spacings are possible. In one embodiment, the elec 
trode spacing is defined by the width of bridge 2210. FIG.22E 
is an end view of a dual-trocar ablation device of FIG. 22A, 
with a molded bridge assembly, under an embodiment. As 
shown in FIG. 22E, bridge 2230 includes a molded inner 
portion that is integrally molded to the handle assemblies 
2301 and 2311 to fix the trocars firmly in positions relative to 
one another. 

0194 In one embodiment, the angle between the electrode 
set deployed from a trocar can be 180°, so that the electrodes 
for each trocar are arrayed in a single plane relative to the 
longitudinal axis of the trocar. FIG. 23A illustrates a perspec 
tive view of a dual-trocar ablation device that uses one or 
more spiral electrodes in a planar array protruding from the 
distal end of each trocar. Ablation device 2300 of FIG. 23A 
has a first trocar 2304 protruding from a first handle assembly 
2302, and a second trocar 2308 protruding from a second 
handle assembly 2306. The handle assemblies are coupled 
through bridge 2310, which keeps the trocars 2304 and 2308 
at a fixed distance from one another. A first set of spiral 
electrodes 2312 is deployed from the distal end of trocar 2304 
through orifices along one side of the trocar, and a second set 
of electrodes 2314 is deployed through orifices along the 
opposite side of the trocar 2304. Likewise, for trocar 2308, a 
first set of electrodes 2316 protrudes from a set of orifices 
along one side of the trocar, while a second set of electrodes 
2318 protrudes from the opposite side of the trocar 2308. For 
the embodiment shown in FIG. 23A, three spiral electrodes 
comprise each set of electrodes 2312-2318, although other 
numbers of electrodes perset are possible. Upon deployment, 
each electrode per electrode set prescribes an elliptical shape, 
such as a full or nearly full circle of a defined radius, depend 
ing upon the length of the radius. Many different sizes and 
shapes for the deployed electrodes are possible, and the 
embodiment of FIG. 23A can be configured to produce abla 
tion areas of 3.5 cm, 5 cm, and 7 cm depending upon different 
configuration variations. 
(0195 FIG. 23B is a frontal view of the dual-trocarablation 
device of FIG. 23A. This view shows the sets of electrodes 
“head-on relative to their respective trocars 2304 and 2308. 
As can be seen in FIG. 23B, the electrodes are aligned along 
a plane perpendicular to the plane of the paper. FIG. 23C is a 
side view of the dual-trocarablation device of FIG.23A. This 
view shows the ablation device of FIG. 23B in a 'side-on' 
perspective. In this view the full range of deployed electrode 



US 2016/O128761 A1 

sets 2316 and 2318 from either side of trocar 2308 can be 
seen. FIG. 23D is an end view of the dual-trocar ablation 
device of FIG. 23A. In this view the opposition of each set of 
electrodes per trocar can clearly be seen. Thus, electrode set 
2312 is oriented 180° from electrode Set 2314 and electrode 
Set 2316 is oriented 180° from electrode Set 2318. 

0196. The planar orientation of the pairs of electrode sets 
per trocar for the ablation device illustrated in FIGS. 23 A-D 
provides for efficient energy delivery within a specific target 
area. FIG.24A is a perspective view of a dual-trocar ablation 
device with planar arrayed electrodes showing an ablation 
region defined by the spiral electrode sets protruding from the 
distal end of each trocar, under an embodiment. As shown in 
FIG. 24A, electrode array 2402 protrudes from the distal end 
of trocar 2404, and electrode array 2406 protrudes from the 
distal end of trocar 2408. When fully deployed the electrodes 
arrays 2402 and 2406 define two planes on either side of 
region 2411. FIG. 24B illustrates the placement of the abla 
tion device of FIG. 24A around an example region of target 
tissue. As shown in FIG. 24B, trocars 2404 and 2408 are 
placed such that electrode arrays 2402 and 2406 are posi 
tioned on either side of a target tissue area (e.g., a tumor) 
2413. Upon the application of energy (e.g., RF energy) from 
the energy source, the electrode arrays project an energy field 
2409 comprehensively within the area defined by the planes 
of the electrode arrays. In this case the target tissue 2413 is 
directly exposed to the applied energy. 
0.197 Because target tissue, such as lesions or tumors are 
not always perfect spheres, many present ablation devices do 
not provide full ablation of the entire target area. The arrange 
ment of the electrode arrays of FIG.24A provides a compre 
hensive projection of energy within the target area and can 
accommodate targets of various different shapes and sizes. In 
one embodiment, the device of FIG.24A can be configured in 
numerous bipolar configurations including, but not limited to, 
a 3 cm device with 15 cm long trocars, a 3 cm device with 25 
cm long trocars, a 4 cm device with 15 cm long trocars, a 4 cm 
device with 25 cm long trocars, a 5 cm device with 15 cm long 
trocars, and a 5 cm device with 25 cm long trocars. Many 
other configurations are possible, depending upon the needs 
and constraints of the operating environment. The device of 
FIG. 24A can be used in any of percutaneous, laparoscopic, 
and open medical procedures. The device generally provides 
a reduced trocar gauge size and provides improved patient 
safety along with reduced treatment times due to its advanta 
geous electrode configuration. It generally delivers efficient 
bipolar energy only within the target area, allowing medical 
professionals to tailor the ablation shape and size to the needs 
of the patient. It also allows for accurate electrode placement 
with appropriate margins, while enhancing safety by elimi 
nating the requirement for ground pads and eliminating any 
need for lesion contact by electrodes. 
0198 The ablation device of FIG. 24A is a dual-trocar 
device in which two trocars coupled together with a bridge are 
used to deploy respective electrode arrays. In an alternative 
embodiment, the ablation device can contain multiple-trocars 
that each deploy one or more electrode arrays. FIG. 25A 
illustrates a multi-trocar ablation device with four separate 
trocars, under an embodiment. In this embodiment, trocar 
2510 protrudes from handle assembly 2514 which has a 
plunger for deploying and retracting electrode array 2522; 
trocar 2513 protrudes from handle assembly 2516 which has 
a plunger for deploying and retracting electrode array 2520; 
trocar 2502 protrudes from handle assembly 2506 which has 

May 12, 2016 

a plunger for deploying and retracting electrode array 2518; 
and trocar 2504 protrudes from handle assembly 2508 which 
has a plunger for deploying and retracting electrode array 
2516. For this embodiment, a molded bridge 2530 is formed 
around the four trocars to keep them in a fixed position rela 
tive to one another. 
0199 So that the device can be manipulated by a single 
person, the four trocars and their corresponding handle 
assemblies are arranged in pairwise, and the handles are 
shaped and arranged such that each pair of trocars can be 
manipulated by holding both corresponding handles in one 
hand. Thus, handles 2506 and 2508 form a single grippable 
shaft and handles 2514 and 2516 form a second grippable 
shaft. 

0200 For the embodiment of FIG. 25A, the electrode 
array deployed from each trocar consists of a number (e.g., 3) 
of spiral electrodes arranged in a single plane. The angle 
between each pair of electrodes in the array of four electrodes 
can be selected based on the requirements of the application. 
FIG.25B is a front view of the multi-trocarablation device of 
FIG. 25A. This view shows electrodearray 2518 deployed out 
of trocar 2502 and electrode array 2522 deployed out of trocar 
2510. FIG. 25C is a side view of a dual-trocar ablation device 
of FIG. 25A. This view shows electrode array 2518 deployed 
out of trocar 2502 and electrode array 2516 deployed out of 
trocar 2504. FIG.25D is an end view of a dual-trocarablation 
device of FIG. 25A, and shows the angle between electrode 
array pairs 2516 and 2518, and 2522 and 2526. The orienta 
tion of electrode arrays illustrated in FIG. 25D is intended 
primarily as an example, and various differentangles between 
electrode arrays may be provided. 
0201 The embodiment of FIG. 25A shows that each elec 
trode array consists of a number (e.g., three) of electrodes 
deployed in a circular shape out the distal end of a trocar. 
Various different numbers of electrodes, shape of deployed 
electrode, and size of deployed electrode pattern are possible, 
depending upon the requirements of the application. FIG. 
26A illustrates a configuration of a spiral electrode array 
assembly deployed from the distal end of atrocar, under a first 
embodiment. In this embodiment, a single electrode wire 
2602 is deployed in a circular shape out the end of trocar 
2604, and adopts an elliptical shape (e.g., a circle) upon full 
deployment. 
0202 FIG. 26B illustrates a configuration of a spiral elec 
trode array assembly deployed from the distal end of a trocar, 
under a second embodiment. In this embodiment, three elec 
trode wires 2612 are deployed in an elliptical shape out the 
end of trocar 2614. FIG. 26C illustrates a configuration of a 
spiral electrode array assembly deployed from the distal end 
of a trocar, under a third embodiment. In this embodiment, 
four electrode wires 2622 are deployed in an elliptical shape 
out the end of trocar 2624. 
0203 The electrode configurations of FIGS. 26A-C can be 
used in any ablation device that features any number of tro 
cars, and each trocar may include more than one electrode 
array of any of the configurations shown in FIGS. 26A-C. For 
the multiple electrode wire configurations of FIGS. 26B and 
26C, the individual wires making up the electrode array may 
be deployed out of a single lumen on the distal end of the 
trocar, or they may be deployed out of a number of orifices 
along the distal end of the trocar. 
0204 For any of the multi-trocar implementations illus 
trated herein, in an alternative embodiment, one or more of 
the trocars may be deployed independently of the other tro 
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cars in a stand alone configuration. FIG. 27A shows a front 
perspective view of a single-trocar ablation device that uses 
one or more spiral electrodes in an array 2702 protruding fully 
or nearly fully from the distal end of a trocar 2704, under an 
embodiment. Trocar 2704 protrudes from an end of handle 
assembly 2706, which includes a plunger device 2708 that is 
used to deploy or retract the individual electrodes 2710,2712, 
and 2714 of electrodearray 2702. As shown in FIG.27A, each 
electrode 2710-2714 deploys in a substantially circular shape 
from a respective orifice or lumen in the trocar. The diameter 
of each ellipse or circle defined by an electrode may be the 
same, or it may be different from one electrode to another. 
0205 FIG. 27B shows another front perspective view of 
the single-trocar ablation device of FIG. 27A. This view 
shows in detail the extension of electrode array 2702 from one 
or more orifices in trocar 2704. FIG. 27C shows yet another 
front perspective view of the single-trocar ablation device of 
FIG.27A. This shows the extension of the electrodes forward 
and outward as they are deployed out of the trocar. FIG. 27D 
shows a rear perspective view of the single-trocar ablation 
device of FIG. 27A. This view shows the single trocar abla 
tion device from the perspective of the user. By gripping 
handle section 2706 and pulling or pushing on plunger handle 
2708, the electrodes 2704 can be extended (deployed) from or 
retracted into trocar 2704. 

0206 FIG. 28 is a detailed view of the deployment of 
electrodes out of a trocar, under and embodiment. As shown 
in FIG. 28, trocar 2802 includes a distal lumen 2804, and one 
or more (in this case, two) orifices 2806 and 2808 along a side 
of the trocar. Individual electrodes extend out or retract into a 
respective lumen or orifice, thus electrode 2801 extends from 
the distal lumen 2810, electrode 2812 extends from orifice 
2806, and lumen 2814 extends from orifice 2808. Each elec 
trode comprises a wire that curves into a defined shape when 
fully extended. For the embodiment of FIG. 28, each elec 
trode spirals into a Substantially circular (elliptical) shape. 
The size of the ellipse or circle, i.e., the tightness of the spiral, 
created by each electrode depends upon the length of the 
electrode when extended. The electrodes may be of the same 
extension length, and therefore define equal size circles, or 
they may be of different lengths to create different size 
circles. For example, in one embodiment, the middle elec 
trode 2812 may feature a larger circle size than the outer 
electrodes 2810 and 2814. The configuration of the tightness 
of the spirals for the electrodes, and their relative sizes to one 
another depends upon the requirements and constraints of the 
operating conditions. 
0207 FIG. 28 is intended to be an example of one possible 
embodiment of electrodes extended from atrocar, and several 
other configurations are possible. For example, different 
numbers of lumens and electrodes may be provided (e.g., 
from two to six), more than one electrode may be extended 
from each lumen or orifice, and the electrodes may extend to 
form different shapes, other than circular. The electrodes may 
extendalong a single plane relative to the longitudinal axis of 
trocar 2802, as shown in FIG. 28, or they may extend along 
different planes to one another. This can be accomplished by 
placing the lumens on different sides of the trocar, or by 
configuring the electrode wire so that it extends along a dif 
ferent trajectory to the other electrodes. 
0208 For the embodiment shown in FIGS. 27 and 28, the 
electrodes extend along a single plane relative to the longitu 
dinal axis of trocar. This creates a planar ablation device that 
produces a relatively uniform and predictable energy radia 
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tion pattern in the target area. It also facilitates using several 
Such devices in conjunction with one another to create a 
comprehensive ablation volume. FIG. 29.A shows a front 
view of a single-trocar ablation device that uses one or more 
spiral electrodes in an array protruding fully or nearly fully 
from the distal end of the trocar, under an embodiment. Elec 
trode or electrodes 2902 extend outwardly along a single 
plane relative to trocar 2904 and the handle assembly 2906. 
FIG. 29B shows a rear perspective view of the single-trocar 
ablation device of FIG.29A. This view shows the device from 
the perspective of the user, and the upper surface of the 
deployment plunger 2908. 
0209. The single planar ablation devices of FIGS. 28 and 
29 may be used individually or in conjunction with one or 
more other similar devices. These devices can be used and 
manipulated independently of one another, or they may be 
used in conjunction with one or more other similar devices to 
create a dual or multi-trocarablation system. In one embodi 
ment, the two or more trocars may be coupled to each other 
using a bridge structure, such as bridge 2010 in FIG. 20, or 
they may be used independently from one another to afford 
the greatest amount of flexibility with regard to placement 
within the patient or subject. FIG. 30 A shows a side view 
from a first side of a dual-trocar ablation system formed from 
the simultaneous use of two single-trocar ablation devices, 
each single-trocar ablation device using one or more spiral 
electrodes in an array protruding fully or nearly fully from the 
distal end of the corresponding trocar, under an embodiment. 
As shown in FIG.30A, single-trocar electrode device 3002 is 
placed in a position Substantially parallel to single-trocar 
device 3004 so that their respective electrode arrays 3006 and 
3008 define an ablation area 3001. Through independent 
movement of either or both of devices 3002 and 3004, the area 
3001 may be changed according to the constraints and 
requirements of the actual application. FIG.30B shows a side 
view from a second side of a dual-trocar ablation system of 
FIG.30A. This view shows that the electrode arrays 3006 and 
3008 are positioned inward at a slight angle relative to one 
another. The device are held so that the trocars 3010 and 3012 
are substantially parallel, but the electrode arrays are tilted 
inward by twisting the devices in toward each other. 
0210. The ablation area 3001 created by the use of two 
separate single-trocar devices can be varied depending upon 
the placement of the electrode arrays relative to one another. 
Many different angles deployment are possible. FIG. 31A 
shows a front perspective view of a dual-trocar ablation sys 
tem formed from the simultaneous use of two single-trocar 
ablation devices, each single-trocarablation device using one 
or more spiral electrodes in an array protruding fully or nearly 
fully from the distal end of the corresponding trocar, under an 
embodiment. The orientation of a first plane formed by the 
first single-trocar ablation device electrodes relative to a sec 
ond plane formed by the second single-trocarablation device 
electrodes is such that the first and second planes intersect to 
collectively form a non-linear ablation surface. For this 
embodiment, the electrode arrays are deployed to point out 
ward relative to one another. FIG. 31B shows a front view of 
the dual-trocar ablation system of FIG. 31A, and FIG. 31C 
shows a rear view of a dual-trocar ablation system of FIG. 
31A. These views both show the angle formed by electrode 
arrays 3102 and 3104 to form a non-linear ablation surface. 
0211. As stated above, more than any practical number of 
single-trocar ablation devices can be used independently of 
one another. In certain cases, two or more individual users can 
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deploy their own device or devices in a treatment area pro 
vided there is enough room to so operate. FIG. 32A shows a 
front perspective view of a quad-trocar ablation system 
formed from the simultaneous use of four single-trocar abla 
tion devices, each single-trocar ablation device using one or 
more spiral electrodes in an array protruding fully or nearly 
fully from the distal end of the corresponding trocar, under an 
embodiment. For this embodiment, four separate trocars 
3202, 3204, 3206, and 3208 are positioned so that their 
respective electrode arrays 3210, 3212,3214, and 3216 Sur 
round the target area in a desired manner. The orientation of a 
first plane formed by the first single-trocar ablation device 
electrode array 3210 relative to a second plane formed by the 
second single-trocar ablation device electrode array 3214 is 
such that the first and second planes intersect to collectively 
form a non-linear ablation surface. The orientation of the 
second plane formed by the second single-trocar ablation 
device electrode array 3212 relative to a third plane formed by 
the third single-trocar ablation device electrode array 3216 is 
such that the second and third planes intersect to collectively 
form a non-linear ablation surface. The orientation of the 
third plane formed by the third single-trocar ablation device 
electrode array 3216 relative to a fourth plane formed by the 
fourth single-trocar ablation device electrode array 3214 is 
such that the third and fourth planes intersect to collectively 
form a non-linear ablation surface. The orientation of the 
fourth plane formed by the fourth single-trocar ablation 
device electrode array 3214 relative to the first plane formed 
by the first single-trocar ablation device electrode array 3210 
is such that the fourth and first planes intersect to collectively 
form a non-linear ablation Surface. 

0212 FIG. 32B shows a side view of a quad-trocar abla 
tion system of FIG.32A formed from the simultaneous use of 
four single-trocar ablation devices. As shown in this Figure, 
each single-trocar ablation device uses one or more spiral 
electrodes in an array protruding partially from the distal end 
of the corresponding trocar. This example embodiment shows 
a particular amount of extension of the spiral electrodes for 
each single-trocar ablation device; however, the particular 
amount of extension shown is provided as an example only as 
the actual extent to which the spiral electrodes of each single 
trocar ablation device are partially extended can vary among 
each ablation device of the ablation system as appropriate to 
the ablation procedure in which the ablation system is used as 
well as the desired ablation volume. 

0213 FIG. 32C shows a front view of a quad-trocar abla 
tion system of FIG.32A formed from the simultaneous use of 
four single-trocar ablation devices. This view shows the rela 
tive angle between each pair of electrode arrays 3210, 3212, 
3214, and 3216, as they are deployed to encircle the target 
area 3201. 

0214 FIG. 32D shows a rear view of a quad-trocar abla 
tion system of FIG.32A formed from the simultaneous use of 
four single-trocar ablation devices. This view shows the 
device from the perspective of the user, and the upper surface 
of the deployment plungers for each of the devices 3202, 
3204, 3206, and 3208. Each of the electrode arrays can be 
deployed to any extended length through appropriate 
manipulation of the deployment plungers. 
0215. In typical use, all the electrode arrays in a multi 
trocar device may be simultaneously deployed to the same 
length within the target area. Alternatively, one or more of the 
electrode arrays may be deployed to different lengths to cre 
ate different size and shape ablation areas. This allows the 
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user to target specific types of non-uniform or hard to access 
target tissue areas. FIG.33 illustrates a quad-trocar ablation 
system in which the electrode arrays are deployed from their 
respective trocars at less than full extension length, under an 
embodiment. Each singletrocardevice 3302,3304,3306, and 
3308 of the quad-trocar ablation system has a respective 
electrode array 3310,3312, 3314, and 3316 extending from 
the distal end of the trocar. The amount of extension of each 
electrode array is controlled by the position of the plunger 
3322, 3324,3326, and 3328 at the end of each device. As can 
be seen in FIG.33, the electrodes in each array 3310-3316 do 
not form a complete circle, as is the case for the embodiment 
illustrated in FIG. 32A. For the example deployment of FIG. 
33, the electrode arrays 3310-3316 are shown extended to 
approximately the same length relative to their trocars. As 
noted above, some electrode arrays can be extended to differ 
ent lengths, such as fully extended or retracted, depending 
upon the application requirements. The size and shape of the 
ablation area can be effectively fine-tuned by selective exten 
sion of the independent electrode arrays. Thus, this example 
embodiment shows a particular amount of extension of the 
spiral electrodes for each single-trocar ablation device; how 
ever, the particular amount of extension shown is provided as 
an example only as the actual extent to which the spiral 
electrodes of each single-trocar ablation device are partially 
extended can vary among eachablation device of the ablation 
system as appropriate to the ablation procedure in which the 
ablation system is used as well as the desired ablation volume. 
0216 For the embodiment shown in FIGS. 32A-D, the 
angle created between each pair of electrode arrays is created 
in part by the angle of extension of each electrode array 
relative to the longitudinal axis of its respective trocar. This 
angle can also be defined by the angle in which the device is 
placed with respect to the target area. In one embodiment, a 
multi-trocar ablation system employs separate trocars in 
which the electrode array extends substantially perpendicular 
from the longitudinal axis of the trocar. FIG. 34A shows a 
front perspective view of a quad-trocar ablation system 
formed from the simultaneous use of four single-trocarabla 
tion devices, with each single-trocar ablation device using 
one or more spiral electrodes in an array protruding fully or 
nearly fully from the distal end of the corresponding trocar, 
under an embodiment. The orientation of a first plane formed 
by the first single-trocar ablation device electrode array 3410 
relative to a second plane formed by the second single-trocar 
ablation device electrode array 3412 is such that the first and 
second planes intersect to collectively form a first ablation 
plane. The orientation of the third plane formed by the third 
single-trocar ablation device electrode array 3414 relative to 
a fourth plane formed by the fourth single-trocar ablation 
device electrode array 3416 is such that the third and fourth 
planes intersect to collectively form a second ablation plane. 
The orientation of the first ablation plane relative to the sec 
ond ablation plane is parallel or nearly parallel. 
0217 FIG. 34B shows a side view of a quad-trocar abla 
tion system of FIG.34A formed from the simultaneous use of 
four single-trocar ablation devices. This view illustrates the 
substantially parallel disposition of the electrode arrays 3410 
and 3416 when the single trocar devices 3402 and 3408 are 
oriented by the user parallel to one another. This view 
obscures the second pair of single trocar devices 3404 and 
3406, but it is to be understood that the relative orientation of 
these devices and electrode arrays 3412 and 3414 is identical. 
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0218 FIG. 34C shows a front view of a quad-trocar abla 
tion system of FIG.34A formed from the simultaneous use of 
four single-trocar ablation devices. This view shows the ori 
entation of electrode array pair 3410 and 3412 to form a first 
ablation plane, and the orientation of electrode array pair 
3414 and 3416 to form a second ablation plane. For the 
embodiment shown, electrode pairs 3410 and 3416 are ori 
ented Substantially parallel to one another, and electrode pairs 
3412 and 3414 are oriented substantially parallel to one 
another. This results in the first ablation plane being substan 
tially parallel to the second ablation plane. 
0219 FIG. 34D shows a rear view of a quad-trocar abla 
tion system of FIG.34A formed from the simultaneous use of 
four single-trocar ablation devices. This view shows the 
device from the perspective of the user, and the upper surface 
of the deployment plungers for each of the devices 3402, 
3404, 3406, and 3408. Each of the electrode arrays can be 
deployed to any extended length through appropriate 
manipulation of the deployment plungers. Each of the elec 
trode arrays can be deployed to any extended length through 
appropriate manipulation of the deployment plungers. 
0220. In typical use, all the electrode arrays in a multi 
trocar device may be simultaneously deployed to the same 
length within the target area. Alternatively, one or more of the 
electrode arrays may be deployed to different lengths to cre 
ate different size and shape ablation areas. This allows the 
user to target specific types of non-uniform or hard to access 
target tissue areas. FIG. 35 illustrates a quad-trocar ablation 
system in which the electrode arrays are deployed from their 
respective trocars at less than full extension length, under an 
embodiment. Each singletrocardevice 3502,3504,3506, and 
3508 of the quad-trocar ablation system has a respective 
electrode array 3510,3512, 3514, and 3516 extending from 
the distal end of the trocar. The amount of extension of each 
electrode array is controlled by the position of the plunger 
3522,3524, 3526, and 3528 at the end of each device. As can 
be seen in FIG.35, the electrodes in each array 3510-3516 do 
not form a complete circle, as is the case for the embodiment 
illustrated in FIG. 34A. For the example deployment of FIG. 
35, the electrode arrays 3510-3516 are shown extended to 
approximately the same length relative to their trocars. As 
noted above, some electrode arrays can be extended to differ 
ent lengths, such as fully extended or retracted, depending 
upon the application requirements. The size and shape of the 
ablation area can be effectively fine-tuned by selective exten 
sion of the independent electrode arrays. Thus, this example 
embodiment shows a particular amount of extension of the 
spiral electrodes for each single-trocar ablation device; how 
ever, the particular amount of extension shown is provided as 
an example only as the actual extent to which the spiral 
electrodes of each single-trocar ablation device are partially 
extended can vary among eachablation device of the ablation 
system as appropriate to the ablation procedure in which the 
ablation system is used as well as the desired ablation volume. 
0221. As stated above, a multi-trocar ablation system can 
be composed of any practical number of single-trocar 
devices. FIG. 36 shows a front perspective view of a tri-trocar 
ablation system formed from the simultaneous use of three 
single-trocar ablation devices, each single-trocar ablation 
device using one or more spiral electrodes in an array pro 
truding fully or nearly fully from the distal end of the corre 
sponding trocar, under an embodiment. The ablation system 
of FIG. 36A shows the use of three separate single-trocar 
devices. The orientation of a first plane formed by the first 
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single-trocar ablation device electrode array 3602 relative to 
a second plane formed by the second single-trocar ablation 
device electrode array 3604 is such that the first and second 
planes intersect to collectively form a first ablation plane. The 
orientation of the third plane formed by the third single-trocar 
ablation device electrode array 3606 is such that the orienta 
tion of the first ablation plane relative to the third plane is 
parallel or nearly parallel. 
0222. The three single-trocar devices of the tri-trocarabla 
tion device and be manipulated by three separate users, or 
they can be manipulated by two users, one of whom handles 
two of the devices simultaneously. These two devices can be 
utilized separately from one another or they can be coupled to 
each other through a bridge device, such as bridge 2010. The 
use of such a bridge, also allows a single user to manipulate all 
three devices of the tri-trocar ablation system. 
0223) The configuration, orientation, and relative place 
ment of the separate trocar devices can be varied depending 
upon the requirements and constraints of the application. The 
electrode arrays can be angled relative to one another, or 
deployed to various degrees of extension to define and fine 
tune the ablation area. FIG. 37A shows a front perspective 
view of a tri-trocar ablation system formed from the simulta 
neous use of three single-trocar ablation devices, under an 
embodiment. For the example illustrated in FIG. 37A, one 
single-trocar ablation device uses one or more spiral elec 
trodes in an array 3706 protruding fully or nearly fully from 
the distal end of the corresponding trocar, a second single 
trocarablation device uses one or more spiral electrodes in an 
array 3702 protruding partially from the distal end of the 
corresponding trocar, and a third single-trocarablation device 
uses one or more spiral electrodes in an array 3704 protruding 
partially from the distal end of the corresponding trocar. This 
example embodiment shows a particular amount of extension 
of the spiral electrodes for two of the single-trocar ablation 
devices; however, the particular amount of extension shown is 
provided as an example only as the actual extent to which the 
spiral electrodes of each single-trocar ablation device are 
partially extended can vary among eachablation device of the 
ablation system as appropriate to the ablation procedure in 
which the ablation system is used as well as the desired 
ablation volume. 

0224 For the embodiment of FIG. 37A, the orientation of 
a first plane formed by the first single-trocar ablation device 
electrode array 3702 relative to a second plane formed by the 
second single-trocar ablation device electrode array 3704 is 
such that the first and second planes intersect to collectively 
form a non-linear ablation surface. FIG. 37B shows a front 
view of the tri-trocar ablation system of FIG. 37A, under an 
embodiment. This view shows the first electrode array 3702 
positioned at an angle relative to the second electrode array 
3704, thus form a non-linear ablation surface. The third elec 
trode array 3706 is positioned relative to arrays 3702 and 
3704 to create the ablation volume of a specific shape and 
size. FIG. 37C shows a rear view of the tri-trocar ablation 
system of FIG. 37A. This view shows the system from the 
perspective of the user. Each of the electrode arrays can be 
deployed to any extended length through appropriate 
manipulation of the deployment plungers 3720, 3722, and 
3724. For example, one single-trocar ablation device can use 
one or more spiral electrodes in an array protruding fully or 
nearly fully from the distal end of the corresponding trocar, 
and two single-trocar ablation devices can use one or more 
spiral electrodes in an array protruding partially from the 
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distal end of the corresponding trocar. The particular amount 
of extension depends upon the specific requirements and 
constraints of the ablation procedure in which the ablation 
system is used as well as the desired ablation volume. For the 
embodiment of FIGS. 37A-C, the orientation of a first plane 
formed by the first single-trocar ablation device electrodes 
relative to a second plane formed by the second single-trocar 
ablation device electrodes is such that the first and second 
planes intersect to collectively form a non-linear ablation 
Surface. 
0225. The use of multiple independent single-trocar 
devices generally enables accurate electrode placement with 
in a patient or Subject with appropriate safety margins. The 
size, shape, and Volume of the ablation area can be precisely 
controlled directly by the user through manipulation of the 
devices. FIG.38 shows deployment of a multi-trocar ablation 
system comprising independent single-trocar devices in the 
region of target tissue, under an embodiment. configuration 
information of a dual-trocar ablation system that uses one or 
more spiral electrodes in an array protruding fully or nearly 
fully from the distal end of each trocar, under an embodiment. 
For the example application of FIG. 39, single-trocar devices 
3902 and 3904 are deployed around target tissue 3901. Upon 
the application of power, an ablation area 3910 in the prox 
imity of electrode arrays 3906 and 3908 is produced. The 
relative position of the devices 3902 and 3904 can be altered 
to control the size and shape of ablation area 3910 to ensure 
that the target tissue 3901 is fully ablated. The use of planar 
electrodes, such as 3906 and 3908 produces a comprehensive 
and controllable ablation area that prevents the need for direct 
contact of the electrodes with the target tissue (e.g., tumor or 
lesion) 3901. 
0226. The planar electrode ablation devices, and multi 
trocar ablation systems described herein transmit energy 
within a clearly visible space for the creation of consistent and 
predictable ablation Volumes. The use of separate single 
trocar devices in a multi-trocar system allows one or more 
users to manipulate a plurality of ablation devices. This pro 
vides maximum flexibility with regard to device placement 
and allows the users to reach target tissue that might other 
wise be obstructed by structural anatomic elements (e.g., 
bones) or critical tissue areas (e.g., blood vessels). It also 
allows accommodation of irregular (e.g., non-spherical) 
lesions or other targets. 
0227 Depending upon the actual utilization requirements, 
which clearly can vary from operation to operation, devices of 
many different configurations can be provided. The Figures 
provided herein are intended to provide an example of differ 
ent variations, and it is to be understood that the described 
embodiments are intended to cover many other possible 
variations. These variations include differences in device 
dimensions, such as trocar length, handle length, deployed 
electrode length, electrode width, bridge width, and so on. 
FIG. 40 is a table of dimensions corresponding to the tissue 
ablation system, under various embodiments described 
herein. 

0228. The embodiments shown above (e.g., FIGS. 20-39) 
show the use of specific numbers of independent or separate 
single-trocarablation devices used in combination to forman 
ablation system. However, alternative embodiments can use 
any other number of single-trocar ablation devices simulta 
neously in any number of configurations to form a variety of 
additional ablation systems for target tissue Volumes of dif 
ferent sizes and/or shapes. 
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0229. The tissue ablation devices of an embodiment 
include a device comprising a trocar. The device of an 
embodiment includes a plurality of electrodes positioned in 
the trocar. Each electrode of an embodiment is a wire elec 
trode. Each electrode of an embodiment is configured to foul 
a planar electrode when moved from a retracted state in the 
trocar to a deployed State. A configuration of the plurality of 
electrodes of an embodiment in the deployed State is an orga 
nized grouping of planar geometries encompassing a geo 
metrically shaped tissue Volume. 
0230. The tissue ablation devices of an embodiment 
include a trocar and a plurality of electrodes positioned in the 
trocar. Each electrode of the plurality of electrodes is a wire 
electrode. For example, each electrode can be a flat wire 
electrode. Each electrode is configured to form a planar elec 
trode when moved from a retracted state in the trocar to a 
deployed state. A configuration of the plurality of electrodes 
in the deployed State defines a planar geometry encompassing 
a desired geometrically shaped tissue Volume. The planar 
geometry of the deployed electrodes maximizes the effective 
electrode Surface area and thereby increases the capacity of a 
fusible tissue link. 

0231. The tissue ablation devices described herein are 
configured to increase the amount of energy that can be deliv 
ered to target tissue. The increase in delivered energy is real 
ized by increasing the capacity of a fusible tissue link by 
lowering the energy density in the coupled tissue via an 
increase of the effective surface area of an energy delivery 
device (the tissue ablation devices), as described in detail 
below. The amount of time required to create an ablation, the 
ability to create large ablations, and the ability to overcome 
the thermal heat-sink created by things such a blood flow in 
vessels is directly proportional to the level at which energy 
can be delivered to the tissue. Therefore, use of the tissue 
ablation devices of an embodiment result in reduced ablation 
times and provide well-defined ablation volumes. 
0232. During ablative procedures, the tissue ablation 
device of an embodiment, by virtue of the planar electrode 
array, interfaces with the target tissue so the tissue becomes a 
part of the thermal and electrical conduction path, and this 
thermal and electrical conductive tissue path acts as a “fusible 
tissue link.” The fusible tissue link is severed when tissue 
vaporization or char occurs. The capacity or energy rating of 
this fusible tissue link is directly proportional to the amount of 
tissue area electrically coupled to the delivery device. 
Increasing the amount of tissue area electrically coupled to 
the device increases the capacity or energy rating of this 
fusible tissue link. 

0233. Delivery of high levels of energy to tissue in order to 
quickly achieve ablations, large ablations, and ablations near 
heat-sinks is counter to the fusible tissue link effect of tissue 
treated by conventional ablation devices. When the amount of 
energy delivered to the tissue is extremely high, a portion of 
the tissue will be vaporized leaving behind charred tissue 
which is a poor electrical and thermal conductor. When a 
lower, but still excessive amount of energy is delivered to the 
coupled tissue, the coupled tissue energy density exceeds the 
tissues capacity resulting in tissue charring. This charring 
inhibits the thermal and electrical conduction. 

0234. The tissue ablation devices described herein, in con 
trast to conventional devices, increase the capacity or energy 
rating of the fusible tissue link by increasing the amount of 
conductive surface area of the energy delivery device (e.g., a 
radio frequency antenna, microwave antenna, electropora 
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tion, etc.) while maintaining a Sufficient but not excessive 
amount of electrode separation to create a larger effective 
Surface area. The increase in the Surface area of the energy 
delivery device is achieved in an embodiment by increasing 
the Surface area of a single antenna or a series of antennas. If 
multiple antennas are used they are separated in Such a way 
that their coupling with the tissue, or the effective surface 
area, does not create an excessive energy density in the 
coupled tissue, as described herein. This spacing is typically 
several millimeters as measured between the antenna Sur 
faces, but is not so limited and is dependent on one or more 
other factors (e.g. size of antenna elements, configuration of 
antenna elements, type of target tissue, etc.). 
0235. The tissue ablation devices described herein are 
configured to provide a relatively large delivery Surface area 
to be interfaced with biologic tissue in order to maximize the 
amount of effective surface area while at the same time cre 
ating Sufficient electrode separation, thereby increasing the 
amount of energy which can be effectively transferred to the 
tissue. The device configurations herein therefore reduce the 
amount of time required to ablate, coagulate, or desiccate the 
target tissue by providing devices having antenna configura 
tions that provide energy transfer capability that better 
approximates or nearly approximates the energy transfer 
capability of the target tissue itself across a larger Volume or 
Surface area. 

0236. The tissue ablation devices described herein maxi 
mize the effective Surface area by using a series of rectangular 
or flat wires in a planar nested configuration. This allows the 
antennas to occupy a minimum amount of space prior to 
deployment into the tissue in order to minimize the trauma 
during delivery of the device to the target area (prior to 
deployment of the antennas). The nested series of antennas 
maximizes the amount of effective surface area and thereby 
increases the amount of energy which can be passed to the 
tissue to minimize or eliminate prematurely desiccating or 
charring the tissue adjacent or near the antennas. The series of 
planer antennas enable the coagulation or ablation of various 
geometric Volumes of tissue including spherical Volumes. 
0237. The configuration of the tissue ablation devices 
described herein also minimize the decrease in energy density 
as the energy passes through the target tissue or in some areas 
or cases to maintain or increase the energy density as it passes 
through the target tissue (e.g. energy emitted from an antenna 
located on the surface of a sphere some or all of which then 
flows towards a more central location within the sphere where 
the volume of tissue is reduced thereby creating a relative 
increase in the energy density). This is in contrast to other 
systems in which the highest point of energy density is imme 
diately adjacent to an electrode or just beyond the electrode 
(such as when saline is used in an attempt to create a virtual 
electrode) and then decreases rapidly as the energy move 
through an increasing Volume of target tissue and away from 
a source electrode. 

0238 Experimental test results were obtained for the tis 
Sue ablation devices of an embodiment. With reference to the 
devices described above (FIGS. 26-36B), the experimental 
results were obtained using a sample size of six (6) devices for 
each product configuration (3 cm device, 3.5 cm device, 4 cm 
device, 5 cm device, 7 cm device). The devices functioned 
through six cycles each without tissue penetration, tempera 
ture or mechanical issues in ex-planted beef liver. For each 
device, six (6) application cycles were completed, for a total 
of 36 applications/lesions. This sample size was determined 
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to be sufficient to indicate possible variations and function 
ality upon repeated device testing and device to device vari 
ability. Each test cycle can be considered to be an independent 
data point with respect to the resultant lesion size developed 
in ex-planted beef liver tissue. 

0239 Clinical results were also obtained in fourteen (14) 
patients in a prospective study. In this study, patients sched 
uled for resection of their liver tumors underwent tumorabla 
tion using the devices described herein, followed by the 
planned resection. Following the liver resection the ablated 
tissue was bread loafed and the ablation size was noted. The 
total ablation time was also recorded. Three different size 
ablations were attempted, including a 3.5 cm diameter, a 5 cm 
diameter, and a 7 cm diameterablation. Patient and procedure 
details for this study included gender, age, tumor type, the use 
of any inflow venous occlusion, and operative or postopera 
tive complications. There was no significant difference within 
the demographics between patients. 
0240 Results of the experimental tests and clinical study 
showed that, across the devices, the amount of time required 
to achieve the target ablation sizes was significantly reduced 
as compared to conventional radio frequency ablation 
devices. For example, a three-minute application of power 
approximately in the range of 60 to 80 watts via the devices 
described above resulted in an ablation size of approximately 
3.6 cm (average value). Furthermore, results showed that, 
across the devices, a five-minute application of power 
approximately in the range of 100 to 135 watts resulted in an 
ablation size of approximately 5.1 cm (average value). 
Results also showed that, across the devices, a twelve-minute 
application of power approximately in the range of 135 to 150 
watts resulted in an ablation size of approximately 7.0 cm 
(average value). 
0241 The tissue ablation systems described herein are 
unique in both their speed and ability to use a variety of 
existing radio frequency ablation generators available in 
many hospitals around the world as the energy source. For 
example, the devices described herein can be used with gen 
erators such as the Radio Therapeutics Corporation Boston 
Scientific Generator (Models RF 2000R or RF 3000R), 
Celon LabPower (Celon-Olympus, Teltow-Berlin Germany), 
the Radionics(R) (Tyco Healthcare) Cool-TipTMRF Generator, 
and the RITAR System RF Generator (Model 1500 or 
1500X) (Rita Medical Systems, Fremont, Calif.). Referring 
to the results of the experimental tests and clinical study 
described above, use of different generators as the power 
source did not have a significant effect on the results. Other 
than small variations in their operation, there was little dif 
ference noted between the different generators. 
0242 A specific example of the tissue ablation system 
described herein includes the InCircleTM Bi-Polar Radio Fre 
quency Ablation Device (InCircle) available from RFA Medi 
cal, Inc., Fremont, Calif. The InCircle is a sterile bi-polar 
tissue ablation device comprising a cable, spacing block, two 
handles, and a series of deployable electrodes. The electrodes 
create a spherical ablation of tissue as described herein. The 
InCircle functions or operates to ablate soft tissue during 
percutaneous, laparoscopic or intraoperative Surgical proce 
dures. The InCircle is provided as an example of the devices 
described herein and is not intended to limit the devices 
described herein to the configuration of the InCircle. The 
following procedures or algorithm(s) are provided as guides 
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or examples only, and treatment parameters may be modified 
according to user experience and the thermal requirements of 
individual tissue types. 
0243 An operator of the InCircle, when using the device 
in a medical procedure, begins by determining an appropriate 
ablation location in the target tissue. The operator, using 
sterile techniques, removes the InCircle from the package and 
verifies the free movement of all electrodes and ensures the 
device has not been damaged. All electrodes are then 
retracted and the device is placed or configured so that all 
electrodes are properly positioned for deployment into the 
target tissue. The operator positions and deploys the elec 
trodes to the desired depth/location within the target tissue 
using techniques appropriate to the procedure, and Verifies 
the correct electrode positions prior to the application of 
energy. 

0244. The cable of the InCircle is connected to the device 
and the RF generator using a cable adaptor appropriate to the 
generator, and the cable connections are checked to ensure 
they are firmly and properly seated prior to use. The RF 
generator is setup according to the manufacturers instruc 
tions for the particular generator. Grounding or return pads 
are not required because the InCircle is a bi-polar device. 
0245. As described above, the device of an embodiment 
can be used with numerous energy generators. Thus, the 
InCircle operates using any number of generators, for 
example, the Radio Therapeutics Corporation Boston Sci 
entific Generator (Models RF 2000R or RF 3000R), the 
Radionics(R (Tyco Healthcare) Cool-TipTM RF Generator, 
and the RITAR System RF Generator (Model 1500 or 
1500X) to name a few. 
0246 When using the InCircle with the Radio Therapeu 

tics Corporation Boston Scientific Generator (Models RF 
2000R or RF 3000R), after following the manufacturers 
instructions for setup of the generator, the generator timer is 
set for the ablation size desired (e.g., 3.5 cm ablation size 
desired, time set to approximately 3 minutes, power set to 
approximately 60-80 watts; 5 cm ablation size desired, time 
set to approximately 5 minutes, power set to approximately 
100-135 watts; 7 cm ablation size desired, time set to approxi 
mately 12 minutes, power set to approximately 140-150 
watts). The application of RF energy is started by activating 
the generator and, based on the ablation size desired, the 
power is set using the settings described above. At the end of 
the programmed time, the electrodes are fully retracted and 
the device is removed. This process can be repeated for addi 
tional ablations as desired; the electrodes are cleaned as nec 
essary between deployments by rinsing the electrodes in ster 
ile water or by gently wiping them to remove excess tissue. If 
desired, the InCircle trocar tracks can be ablated by applying 
approximately 50 Watts of RF energy while the device is 
slowly removed from the tissue. 
0247. When using the Radionics(R) (Tyco Healthcare) 
Cool-TipTMRF Generator, after following the manufacturers 
instructions for setup of the generator, the generator control 
mode is set to manual. The generator timer and power are set 
for the ablation size desired (e.g., 3.5 cm ablation size desired, 
time set to approximately 3 minutes, power set to approxi 
mately 60-80 watts; 5 cm ablation size desired, time set to 
approximately 5 minutes, power set to approximately 100 
135 watts; 7 cm ablation size desired, time set to approxi 
mately 12 minutes, power set to approximately 140-150 
watts). The application of RF energy is started by activating 
the generator. At the end of the programmed time, the elec 
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trodes are fully retracted and the device is removed. This 
process can be repeated for additional ablations as desired; 
the electrodes are cleaned as necessary between deployments 
by rinsing the electrodes in Sterile water or by gently wiping 
them to remove excess tissue. If desired, the InCircle trocar 
tracks can be ablated by applying approximately 50 Watts of 
RF energy while the device is slowly removed from the tissue. 
0248. When using the RITAR) System RF Generator 
(Model 1500 or 1500X), after following the manufacturers 
instructions for setup of the generator, the generator control 
mode is set to “P” for power mode. The generator timer and 
power are set for the ablation size desired (e.g., 3.5 cm abla 
tion size desired, time set to approximately 3 minutes, power 
set to approximately 60-80 watts; 5 cm ablation size desired, 
time set to approximately 5 minutes, power set to approxi 
mately 100-135 watts; 7 cm ablation size desired, time set to 
approximately 12 minutes, power set to approximately 140 
150 watts). The application of RF energy is started by acti 
Vating the generator. At the end of the programmed time, the 
electrodes are fully retracted and the device is removed. This 
process can be repeated for additional ablations as desired; 
the electrodes are cleaned as necessary between deployments 
by rinsing the electrodes in Sterile water or by gently wiping 
them to remove excess tissue. If desired, the InCircle trocar 
tracks can be ablated by applying approximately 50 Watts of 
RF energy while the device is slowly removed from the tissue. 
0249. As with any RF medical device, the use of this 
device results in localized elevated temperatures that can 
cause thermal injury to the skin. In addition, tissue or organs 
adjacent to the tissue being ablated may be injured thermally 
if precautions are not taken as appropriate to the procedure. 
To minimize the potential for thermal injury to the skin or 
adjacent tissues, temperature-modifying measures can be ini 
tiated at the physicians discretion. These may include apply 
ing a sterile ice pack or saline-moistened gauze to cool and/or 
separate tissues. Patient and procedure selection is the 
responsibility of the medical professional and the outcome is 
dependent on many variables, including patient anatomy, 
pathology, and Surgical techniques. 
0250) As described above, the tissue ablation system of an 
embodiment delivers energy to target tissue via the energy 
conduits or electrodes. The energy includes, for example, 
radio frequency (RF) energy, but is not so limited. For 
example, other types of energy can include microwave 
energy. The energy is delivered via any of a number of tech 
niques. The energy can be applied via pulsed waveforms 
and/or continuous waveforms, but is not so limited. 
0251. In an example procedure that includes use of the 
tissue ablation system, energy can be applied to energy con 
duits during deployment of the energy conduits into the target 
tissue. The energy can be applied automatically or, alterna 
tively, manually as a procedure progresses and as appropriate 
to the procedure. Also, the energy delivered to the targettissue 
can be adjusted during the procedure by adjusting any of the 
power level, the waveforms, and a combination of the power 
level and the waveform. 

0252. In another example procedure that includes use of 
the tissue ablation system, energy can be applied to energy 
conduits following deployment of the energy conduits into 
the target tissue. The energy can be applied automatically or, 
alternatively, manually as appropriate to the procedure. Also, 
the energy delivered to the target tissue can be adjusted manu 
ally and/or automatically during the procedure by adjusting 
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any of the power level, the waveforms, and a combination of 
the power level and the waveform. 
0253) As described above, the application of power to the 
target tissue under an embodiment is controlled automatically 
and/or manually under a number of procedures. A first type of 
procedure uses a predetermined pattern of energy delivery 
according to a time schedule. A second type of procedure 
varies the application of energy to the target tissue Volume in 
accordance with temperature information or feedbackparam 
eters of the tissue. A third type of procedure varies the appli 
cation of energy to the target tissue Volume in accordance 
with impedance information or feedback parameters of the 
tissue in combination with elapsed time. A fourth type of 
procedure varies the application of energy to the target tissue 
Volume in accordance with impedance information or feed 
back parameters of the tissue. A fifth type of procedure varies 
the application of energy to the target tissue volume in accor 
dance with temperature and impedance information or feed 
back parameters of the tissue. 
0254. It should be noted that patient and procedure selec 
tion is the responsibility of the medical professional/user and 
the outcome is dependent on many variables, including 
patient anatomy, pathology, and Surgical techniques. Use of 
the tissue ablation device, system and methods described 
herein for tissue ablation can result in localized elevated 
temperatures that can cause thermal injury to the skin. In 
addition, tissue or organs adjacent to the tissue being ablated 
may be injured thermally. To minimize the potential for ther 
mal injury to the skin or adjacent tissues, temperature-modi 
fying measures can be initiated at the physicians discretion. 
These may include applying a sterile ice pack or saline 
moistened gauze to cool and/or separate tissues, but are not so 
limited. The purpose of tissue ablation may be to destroy 
tissue within and around malignant tissue. Such as tumors 
with cancer-causing cells. 
0255 Tissue ablation systems of an embodiment 
described above include a tissue ablation device, comprising: 
a trocar including a distal end and alumen extending along a 
longitudinal axis of the trocar, wherein the trocar includes a 
plurality of orifices positioned along the longitudinal axis; 
and an electrode array comprising a plurality of electrodes, 
wherein the plurality of electrodes is positioned in the lumen 
in a retracted state, wherein the plurality of electrodes is 
deployed to a deployed state through a set of orifices of the 
plurality of orifices, wherein each electrode of the plurality of 
electrodes has at least one radius of curvature in the deployed 
state so that the electrode array forms a series of shaped 
electrodes in the deployed state. 
0256 The at least one radius of curvature of an embodi 
ment is proportional to a size of an ablation Volume generated 
with the electrode array in the deployed state. 
0257. The at least one radius of curvature of an embodi 
ment is determinative of a shape of an ablation Volume gen 
erated with the electrode array in the deployed state. 
0258 Each electrode of the plurality of electrodes of an 
embodiment in the deployed state has an effective surface 
area proportional to the at least one radius of curvature. 
0259. The electrode array of an embodiment in the 
deployed State forms a planar series of shaped electrodes. 
0260 The electrode array of an embodiment in the 
deployed State forms a linear series of shaped electrodes 
aligned along the longitudinal axis. 
0261) A shape of the shaped electrodes of an embodiment 

is an ellipse. 
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0262. A shape of the shaped electrodes of an embodiment 
is a circle. 
0263. A shape of the shaped electrodes of an embodiment 

is a semicircle. 
0264. The distal end of the trocar of an embodiment 
includes a sharp region for piercing tissue. 
0265 A distal tip of each electrode of the plurality of 
electrodes of an embodiment includes a sharp region for 
penetrating tissue. 
0266 Distal tips of each of the plurality of electrodes of an 
embodiment, when transitioning from the retracted State to 
the deployed State, transition through approximately all 
points in a plane at a distance from a fixed center reference 
point, wherein the distance is the at least one radius of cur 
Vature. 

0267 Distal tips of each of the plurality of electrodes of an 
embodiment, when transitioning from the retracted State to 
the deployed State, transition through a majority of points in a 
plane at a distance from a fixed center reference point, 
wherein the distance is the at least one radius of curvature. 
0268 Distal tips of each of the plurality of electrodes of an 
embodiment, when transitioning from the retracted State to 
the deployed State, transition through approximately all 
points in a plane Such that a sum of distances to a first fixed 
point and a second fixed point of the points is a constant. 
0269 Distal tips of each of the plurality of electrodes of an 
embodiment, when transitioning from the retracted State to 
the deployed State, transition through a majority of points in a 
plane such that a sum of distances to a first fixed point and a 
second fixed point of the points is a constant. 
0270. The plurality of electrodes of an embodiment is 
deployed to a partially deployed State. 
0271 Distal tips of each of the plurality of electrodes of an 
embodiment, when transitioning from the retracted State to 
the partially deployed State, transition through a portion of 
points in a plane at a distance from a fixed center reference 
point, wherein the distance is the at least one radius of cur 
Vature. 

0272 Distal tips of each of the plurality of electrodes of an 
embodiment, when transitioning from the retracted State to 
the partially deployed State, transition through a portion of 
points in a plane Such that a sum of distances to a first fixed 
point and a second fixed point of the portion of points is a 
COnStant. 

0273. The plurality of electrodes of an embodiment 
includes two electrodes. 
0274. A first center of a first shape formed by a first elec 
trode of an embodiment is offset from a second center of a 
second shape formed by a second electrode. 
0275. The first shape of an embodiment is a first ellipse 
having a first radius of curvature and the second shape is a 
second ellipse having a second radius of curvature. 
0276. The first radius of curvature of an embodiment is 
different than the second radius of curvature. 
(0277. The first radius of curvature of an embodiment is 
approximately equivalent to the second radius of curvature. 
0278. The plurality of electrodes of an embodiment 
includes three electrodes. 
0279 A first center of a first shape formed by a first elec 
trode of an embodiment is offset from one or more of a second 
center of a second shape formed by a second electrode and a 
third center of a third shape formed by a third electrode. 
0280. The first shape of an embodiment is a first ellipse 
having a first radius of curvature, the second shape is a second 
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ellipse having a second radius of curvature, and the third 
shape is a third ellipse having a third radius of curvature. The 
first radius of curvature of an embodiment is different than 
one or more of the second radius of curvature and the third 
radius of curvature. The first radius of curvature of an 
embodiment is approximately equivalent to one or more of 
the second radius of curvature and the third radius of curva 
ture. 

0281. The plurality of electrodes of an embodiment 
includes four electrodes. 

0282. A first center of a first shape formed by a first elec 
trode of an embodiment is offset from one or more of a second 
center of a second shape formed by a second electrode, a third 
center of a third shape formed by a third electrode, and a 
fourth center of a fourth shape formed by a fourth electrode. 
0283. The first shape of an embodiment is a first ellipse 
having a first radius of curvature, the second shape is a second 
ellipse having a second radius of curvature, the third shape is 
a third ellipse having a third radius of curvature, and the 
fourth shape is a fourth ellipse having a fourth radius of 
Curvature. 

0284. The first radius of curvature of an embodiment is 
different than one or more of the second radius of curvature, 
the third radius of curvature, and the fourth radius of curva 
ture. 

0285. The first radius of curvature of an embodiment is 
approximately equivalent to one or more of the second radius 
of curvature, the third radius of curvature, and the fourth 
radius of curvature. 

0286 Each electrode of the plurality of electrodes of an 
embodiment has a first polarity. 
0287. A first set of electrodes of the plurality of electrodes 
of an embodiment has a first polarity and a second set of 
electrodes of the plurality of electrodes has a second polarity. 
0288 The plurality of electrodes of an embodiment is 
deployed laterally through the plurality of orifices to the 
deployed State. 
0289. The plurality of electrodes of an embodiment com 
prise flat wire electrodes. 
0290 At least one electrode of the plurality of electrodes 
of an embodiment comprises one or more of a flat wire elec 
trode, around wire electrode, a flattube electrode, and around 
tube electrode. 

0291. Each orifice of the plurality of lateral orifices of an 
embodiment is longitudinally aligned with each other orifice 
along the longitudinal axis. 
0292 An electrode of the plurality of electrodes of an 
embodiment includes an electrode lumen. 

0293. The device of an embodiment comprises a handle 
assembly coupled to the trocar and the electrode array. 
0294 The electrode array, when positioned in proximity 
to targettissue, defines an outer Surface of an ablation Volume. 
0295 The device of an embodiment comprises an electro 
magnetic energy source and at least one cable, the at least one 
cable coupling the electrode array to the electromagnetic 
energy Source. 

0296. The plurality of electrodes of an embodiment com 
prises a number of electrodes appropriate to create an ablation 
Volume in target tissue without impeding out the electrode 
array when electromagnetic energy is delivered to the elec 
trode array from the electromagnetic energy source. 
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0297. The electrode array of an embodiment, when posi 
tioned in proximity to the target tissue, defines an outer Sur 
face of the ablation volume and at least partially encircles the 
ablation volume. 

0298. When electromagnetic energy is delivered to the 
electrode array of an embodiment, the electrode array ablates 
the target tissue starting from the outer Surface and progress 
ing toward an inner portion of the target tissue. 
0299 The device of an embodiment comprises at least one 
additional lumen extending along the longitudinal axis. 
0300 Tissue ablation systems of an embodiment 
described above include a tissue ablation device, comprising: 
a trocar including a distal end, a lumen extending along a 
longitudinal axis of the trocar, and a plurality of orifices 
positioned along the longitudinal axis; and an electrode array 
comprising a plurality of electrodes, wherein the plurality of 
electrodes is positioned in the lumen in a retracted State, 
wherein the plurality of electrodes is deployed to a deployed 
state through a set of the plurality of orifices, wherein each 
electrode of the plurality of electrodes has at least one radius 
of curvature in the deployed state so that the electrode array 
forms a series of shaped electrodes in the deployed state. 
0301 Tissue ablation systems of an embodiment 
described above includes a tissue ablation device, compris 
ing: a trocar including a distal end and a lumen extending 
along a longitudinal axis of the trocar, wherein the distal end 
includes a sharp region for piercing tissue, wherein the trocar 
includes a plurality of orifices positioned along the longitu 
dinal axis; an electrode array comprising a plurality of elec 
trodes, wherein the plurality of electrodes have a retracted 
state and a deployed state, wherein each electrode of the 
plurality of electrodes is contained in the lumen in the 
retracted state, wherein one or more electrode is deployed 
through an orifice of the plurality of orifices, wherein each 
electrode has a radius of curvature in the deployed State, 
wherein the electrode array forms a planar series of elliptical 
electrodes in the deployed state. 
0302 Tissue ablation systems of an embodiment 
described above includes a tissue ablation device, compris 
ing: a trocar including a distal end and a lumen extending 
along a longitudinal axis of the trocar, wherein the trocar 
includes a plurality of orifices aligned along the longitudinal 
axis; an electrode array comprising a plurality of electrodes, 
wherein the plurality of electrodes are deployed from the 
lumen via the plurality of orifices, wherein each electrode of 
the plurality of electrodes has at least one radius of curvature 
in a deployed state, wherein the electrode array in the 
deployed state forms a series of elliptical electrodes aligned 
along the longitudinal axis. 
0303 Tissue ablation systems of an embodiment 
described above includes a system, comprising: an ablation 
device comprising atrocar and an electrode array, wherein the 
trocar includes a distal end and a lumen extending along a 
longitudinal axis of the trocar, wherein the trocar includes a 
plurality of orifices positioned along the longitudinal axis, 
wherein the electrode array comprises a plurality of elec 
trodes, wherein the plurality of electrodes is positioned in the 
lumen in a retracted state, wherein the plurality of electrodes 
is deployed to a deployed state through a set of the plurality of 
orifices, wherein each electrode of the plurality of electrodes 
has at least one radius of curvature in the deployed State so 
that the electrode array forms a series of shaped electrodes in 
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the deployed state; an electromagnetic energy source; and at 
least one cable coupling the ablation device to the electro 
magnetic energy source. 
0304 Tissue ablation systems of an embodiment 
described above include a tissue ablation device, comprising: 
a trocar including a distal end, a lumen extending along a 
longitudinal axis of the trocar, and a plurality of orifice sets in 
communication with the lumen; and an electrode array com 
prising a plurality of electrode sets, wherein electrode sets of 
the plurality of electrode sets include a plurality of electrodes, 
wherein the plurality of electrode sets is deployed to a 
deployed state through the plurality of orifice sets, wherein 
electrodes of the plurality of electrodes have at least one 
radius of curvature in the deployed state so that the electrode 
array in the deployed State forms at least one set of shaped 
electrodes. 
0305 Tissue ablation systems of an embodiment 
described above include a tissue ablation device, comprising: 
a trocar including a distal end and alumen extending along a 
longitudinal axis of the trocar, wherein the trocar includes a 
plurality of orifice sets in communication with the lumen, 
wherein each orifice set of the plurality of orifice sets includes 
a plurality of orifices positioned along the longitudinal axis; 
and an electrode array comprising a plurality of electrode 
sets, wherein each electrode set of the plurality of electrode 
sets includes a plurality of electrodes, wherein the plurality of 
electrode sets is deployed to a deployed State through the 
plurality of orifice sets, wherein each electrode of the plural 
ity of electrodes has at least one radius of curvature in the 
deployed State so that the electrode array forms at least one set 
of shaped electrodes in the deployed state. 
0306 Tissue ablation systems of an embodiment 
described above include a tissue ablation device, comprising: 
a trocar including a distal end, a lumen extending along a 
longitudinal axis of the trocar, and a plurality of orifice sets 
positioned along the longitudinal axis, wherein the distal end 
includes a sharp region for piercing tissue; an electrode array 
comprising a plurality of electrode sets, wherein electrode 
sets of the plurality of electrode sets include a plurality of 
electrodes, wherein the plurality of electrodes in a retracted 
state is contained in the lumen and deployed to a deployed 
state through the plurality of orifice sets, wherein electrodes 
of the plurality of electrodes have at least one radius of cur 
vature in the deployed state, wherein the electrode array 
forms at least one set of planar elliptical electrodes in the 
deployed State. 
0307 Tissue ablation systems of an embodiment 
described above include a tissue ablation device, comprising: 
a trocar including a distal end and alumen extending along a 
longitudinal axis of the trocar, wherein the trocar includes a 
plurality of orifices aligned along the longitudinal axis; an 
electrode array comprising a plurality of electrode sets having 
a plurality of electrodes, wherein the plurality of electrodes 
are deployed from the lumen via the plurality of orifices, 
wherein electrodes of the plurality of electrodes has at least 
one radius of curvature in a deployed State, wherein the elec 
trode array in the deployed state forms a plurality of sets of 
elliptical electrodes aligned along the longitudinal axis. 
0308 Tissue ablation systems of an embodiment 
described above include a tissue ablation system, comprising: 
an ablation device comprising a trocar and an electrode array, 
wherein the trocar includes a distal end, a lumen extending 
along a longitudinal axis, and a plurality of orifice sets in 
communication with the lumen, wherein the electrode array 
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comprises a plurality of electrode sets, wherein electrode sets 
each include a plurality of electrodes, wherein the plurality of 
electrode sets is deployed to a deployed State through the 
plurality of orifice sets, wherein electrodes of the plurality of 
electrodes have at least one radius of curvature in the 
deployed state so that the electrode array in the deployed state 
forms at least one set of shaped electrodes; an electromag 
netic energy source; and at least one cable coupling the abla 
tion device to the electromagnetic energy source. 
0309 Tissue ablation systems of an embodiment 
described above include a tissue ablation system comprising: 
a plurality of ablation devices that each includes a trocar and 
an electrode array, wherein the trocar includes a plurality of 
orifices, wherein the electrode array comprises a plurality of 
electrodes, wherein the plurality of electrodes is deployed to 
a deployed state through the plurality of orifices, wherein 
each electrode of the plurality of electrodes has at least one 
radius of curvature in the deployed state so that the electrode 
array forms a linear series of shaped electrodes in the 
deployed State; and a bridge comprising a plurality of recep 
tacles that receive the plurality of ablation devices, wherein 
the bridge holds an ablation device in a fixed position relative 
to at least one other ablation device of the plurality of ablation 
devices. 
0310 Tissue ablation systems of an embodiment 
described above include a tissue ablation system comprising: 
a plurality of ablation devices that each includes a trocar and 
an electrode array, wherein the trocar includes a plurality of 
orifices, wherein the electrode array comprises a plurality of 
electrodes, wherein the plurality of electrodes is deployed to 
a deployed state through the plurality of orifices, wherein 
each electrode of the plurality of electrodes has at least one 
radius of curvature in the deployed state so that the electrode 
array forms a linear series of shaped electrodes in the 
deployed State; a bridge comprising a plurality of receptacles 
that receive the plurality of ablation devices, wherein the 
bridge holds an ablation device in a fixed position relative to 
at least one other ablation device of the plurality of ablation 
devices; an electromagnetic energy source; and at least one 
cable coupling the plurality of ablation devices to the elec 
tromagnetic energy source. 
0311 Tissue ablation systems of an embodiment 
described above include a tissue ablation system comprising 
a plurality of ablation devices that each includes a trocar and 
an electrode array, wherein the trocar includes a plurality of 
orifices, wherein the electrode array comprises a plurality of 
electrodes, wherein the plurality of electrodes is deployed to 
a deployed state through the plurality of orifices, wherein 
each electrode of the plurality of electrodes has at least one 
radius of curvature in the deployed state so that the electrode 
array forms a linear series of shaped electrodes in the 
deployed State. 
0312 The system of an embodiment comprises a bridge 
comprising a plurality of receptacles that receive the plurality 
of ablation devices, wherein the bridge holds an ablation 
device in a fixed position relative to at least one other ablation 
device of the plurality of ablation devices. 
0313 Tissue ablation systems of an embodiment 
described above include a tissue ablation system comprising: 
a plurality of ablation devices that each includes a trocar and 
an electrode array, wherein the trocar includes a plurality of 
orifice sets, wherein the electrode array comprises a plurality 
of electrode sets, wherein electrode sets of the plurality of 
electrode sets include a plurality of electrodes, wherein the 
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plurality of electrode sets is deployed to a deployed state 
through the plurality of orifice sets, wherein electrodes of the 
plurality of electrodes have at least one radius of curvature in 
the deployed state so that the electrode array in the deployed 
state forms at least one set of shaped electrodes; and a bridge 
comprising a plurality of receptacles that receive the plurality 
of ablation devices, wherein the bridge holds an ablation 
device in a fixed position relative to at least one other ablation 
device of the plurality of ablation devices. 
0314 Tissue ablation systems of an embodiment 
described above include a tissue ablation system comprising 
a plurality of ablation devices that each includes a trocar and 
an electrode array, wherein the trocar includes a plurality of 
orifice sets, wherein the electrode array comprises a plurality 
of electrode sets, wherein electrode sets of the plurality of 
electrode sets include a plurality of electrodes, wherein the 
plurality of electrode sets is deployed to a deployed state 
through the plurality of orifice sets, wherein electrodes of the 
plurality of electrodes have at least one radius of curvature in 
the deployed state so that the electrode array in the deployed 
state forms at least one set of shaped electrodes. 
0315. The tissue ablation device of an embodiment com 
prises a bridge comprising a plurality of receptacles that 
receive the plurality of ablation devices, wherein the bridge 
holds an ablation device in a fixed position relative to at least 
one other ablation device of the plurality of ablation devices. 
0316 The tissue ablation system of an embodiment 
includes a tissue ablation device, comprising an energy 
source. The device of an embodiment includes an introducer 
coupled to the energy source and having a body, a proximal 
end, and a distal end. The device of an embodiment includes 
an electrode array coupled to the introducer and comprising 
one or more electrodes. Each electrode of the one or more 
electrodes of an embodiment is configured to extend from the 
body of the introducer when moved from a retracted state to 
a deployed state. Each electrode of the one or more electrodes 
of an embodiment is configured to at least partially encircle a 
portion of an intended ablation that will at least partially 
encompass a target tissue when extended in the deployed 
state. Each electrode of the one or more electrodes of an 
embodiment is configured to form a shaped ablation pattern 
in a tissue volume Surrounding the target tissue when ener 
gized by the energy source. 
0317. The electrodes of an embodiment extend longitudi 
nally from the distal end of the body of the introducer. 
0318. The electrodes of an embodiment extend laterally 
from the body of the introducer. 
0319. The ablation pattern of an embodiment comprises 
one of a generally spherical pattern, an elongated spherical 
pattern, and a closed compound curve pattern. 
0320. The electrodes of an embodiment comprise curved 
metal strips. The electrode array of an embodiment comprises 
two or more curved metal Strips arranged in an alternating 
polarity series that includes at least one bipolar electrode of a 
first polarity in series with at least one bipolar electrode of a 
second polarity. 
0321. The electrodes of an embodiment comprise one of 

flat wire electrodes, round wire electrodes, flat tube elec 
trodes, and round tube electrodes. 
0322 The electrodes of an embodiment are bipolar elec 
trodes. One or more of the electrodes of an embodiment 
include at least one internal lumen. 

0323. The tissue ablation device of an embodiment com 
prises an advancement device coupled to the body of the 
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introducer to control the configuration of the electrodes. The 
electrodes of an embodiment are placed in the retracted state 
using the advancement device prior to placement of the 
device in the tissue volume. The electrodes of an embodiment 
are placed in the deployed State using the advancement 
device. 
0324. The energy source of an embodiment generates an 
energy comprising one of radio frequency and microwave 
energy. 
0325 The tissue ablation system of an embodiment 
includes a tissue ablation device comprising an array of bipo 
lar electrodes configured to be coupled to an energy source. 
The array of an embodiment is configured to at least partially 
encircle a portion of an intended ablation that will at least 
partially encompass a target tissue and create an ablation 
patternaroundatissue Volume including the targettissue. The 
array of an embodiment is configured to ablate the target 
tissue from an outside Surface of the target tissue to an inner 
portion of the target tissue when the electrodes are energized 
by the energy source. 
0326. The ablation pattern of an embodiment comprises 
one of a generally spherical pattern, an elongated spherical 
pattern, and a closed compound curve pattern. 
0327. The energy source of an embodiment is coupled to 
the array produces energy of alternating polarity. 
0328. The bipolar electrodes of an embodiment comprise 
spiral metal strips. The electrode array of an embodiment 
comprises two or more spiral metal strips arranged in an 
alternating polarity series that includes at least one bipolar 
electrode of a first polarity in series with at least one bipolar 
electrode of a second polarity. 
0329. The bipolar electrodes of an embodiment comprise 
straight metal strips. The electrode array of an embodiment 
comprises two or more straight metal strips arranged in an 
alternating polarity series that includes at least one bipolar 
electrode of a first polarity in series with at least one bipolar 
electrode of a second polarity. 
0330. The bipolar electrodes of an embodiment comprise 
a first electrode section of coupled to a second electrode 
section through an electrically insulative physical couple. 
The first electrode section of an embodiment is energized to a 
first polarity and the second electrode section is energized to 
an opposite polarity upon application of energy from the 
energy Source. 
0331. The tissue ablation device of an embodiment 
includes a penetrating electrode configured to penetrate a 
Surface of the target tissue upon advancement from the array. 
0332 The array of an embodiment is comprised or two or 
more array portions contained within two or more introduc 
ers. Each introducer of an embodiment is configured to 
deploy the array in an extended position upon activation by a 
user and retract the array to a retracted position upon retrac 
tion by the user. 
0333. The two or more introducers of an embodiment are 
coupled to a single handle and activation mechanism. The 
activation mechanism of an embodiment is configured to 
allow the user to deploy or retract the array. 
0334. The two or more introducers of an embodiment are 
each coupled to a respective handle and activation mecha 
nism. Each activation mechanism of an embodiment is con 
figured to allow the user to deploy or retract a corresponding 
array portion through the introducer coupled to the handle. 
0335 The tissue ablation system of an embodiment 
includes a method of ablating tissue comprising placing a first 
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electrode array around a first portion of a target tissue. The 
method of an embodiment comprises placing a second elec 
trode array around a second portion of the target tissue. The 
methodofan embodiment comprises energizing the first elec 
trode array and the second electrode array to forman ablation 
patternaroundatissue Volume including the targettissue. The 
method of an embodiment comprises applying Sufficient 
energy to the first and second electrode arrays to ablate the 
target tissue from an outer Surface to an inner portion of the 
target tissue. 
0336. The ablation pattern of the method of an embodi 
ment comprises one of a generally spherical pattern, an elon 
gated spherical pattern, and a closed compound curve pattern. 
0337 The first array of the method of an embodiment 
comprises one or more individual electrodes that are 
deployed along a first plane of the device. The second array of 
the method of an embodiment comprises one or more indi 
vidual electrodes that are deployed along a second plane of 
the device. 

0338. The first array and second array of the method of an 
embodiment are contained in a single introducer device. The 
first array and second array of the method of an embodiment 
are deployed through an activation device coupled to a handle 
coupled to the introducer device. 
0339. The first array of the method of an embodiment is 
contained in a first introducer device. The second array of the 
method of an embodiment is contained in a second introducer 
device. The first electrode array of the method of an embodi 
ment is deployed through an activation device in the first 
introducer device. The second electrode array of the method 
of an embodiment is deployed through an activation device in 
the second introducer device. A user under the method of an 
embodiment places the first electrode array relative to the 
second electrode array using the activation device of the first 
introducer and the activation device of the second introducer. 

0340 Energizing the first array and the second array under 
the method of an embodiment comprises applying radio fre 
quency energy through the first array and the second array. 
0341 The method of an embodiment comprises applying 
alternating polarity to the electrodes comprising the first elec 
trode array and the second electrode array. 
0342. The tissue ablation system of an embodiment 
includes a device for creating ablations in tissue comprising a 
trocar assembly. The device of an embodiment includes a 
handle assembly with an activation device integral therewith 
and coupled to the trocar assembly. The device of an embodi 
ment includes a planar electrode assembly coupled to the 
trocar assembly. The planar electrode assembly of an embodi 
ment is configured to be coupled to an energy source. The 
planar electrode assembly of an embodiment is configured to 
be extendable to a deployed position from a retracted position 
within the trocar assembly upon activation of the activation 
device. The planar electrode assembly of an embodiment 
comprises one or more individual electrodes that together 
circumscribe a relatively spherical ablation pattern in the 
tissue upon application of energy from the energy source. 
0343. The trocar assembly of an embodiment comprises 
two or more introducer elements each coupled to a respective 
handle assembly and integral activation device. A first portion 
of the planar electrode assembly of an embodiment is housed 
within a first introducer element and a second portion of the 
planar electrode assembly is housed within a second intro 
ducer element. 
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0344) The device of an embodiment includes a guide ele 
ment configured to hold a first introducer element relative to 
a second introducer element of the two or more introducer 
elements relative to one another to facilitate orientation of the 
first portion of the planar electrode assembly relative to the 
second planar electrode assembly. 
0345 The planar electrode assembly of an embodiment 
comprises two or more spiral electrodes extending from the 
trocar assembly. Each spiral electrode of an embodiment is 
energized to a pre-determined polarity upon application of 
energy from the energy source. 
0346. The planar electrode assembly of an embodiment 
comprises two or more straight electrodes extending from the 
trocar assembly. Each Straight electrode of an embodiment is 
energized to a pre-determined polarity upon application of 
energy from the energy source. 
0347 The planar electrode assembly of an embodiment 
comprises two or more electrodes extending from the trocar 
assembly. Each electrode of an embodiment includes a first 
portion energized to a first pre-determined polarity upon 
application of energy from the energy source. Each electrode 
of an embodiment includes a second portion energized to a 
second pre-determined polarity upon application of energy 
from the energy source. 
0348. The relatively spherical ablation pattern of an 
embodiment comprises an elongated spherical ablation pat 
tern. 

0349 The energy source of an embodiment is configured 
to generate energy of alternating polarity to the planar elec 
trode assembly. 
0350. The energy source of an embodiment produces 
radio frequency energy. 
0351. The tissue ablation devices and methods described 
herein include a tissue ablation device, comprising an energy 
Source: an introducer coupled to the energy source and having 
a body, a proximal end, and a distal end; and an electrode 
array coupled to the introducer and comprising a plurality of 
electrodes, each electrode of the plurality of electrodes con 
figured to extend from the body of the introducer when moved 
from a retracted State to a deployed State, and configured to at 
least partially encircle an intended ablation that will at least 
partially encompass a target tissue when extended in the 
deployed state and to form a relatively spherical shaped abla 
tion pattern in a tissue Volume Surrounding the target tissue 
when energized by the energy source. 
0352. A tissue ablation device of embodiments include 
electrodes that extend longitudinally from the distal end of the 
body of the introducer or laterally from the body of the intro 
ducer. 
0353. The energy source of an embodiment includes a 
radio frequency (RF) generator. 
0354. The tissue ablation devices and methods described 
herein include an array of bipolar electrodes configured to be 
coupled to an energy source, wherein the array is configured 
to encircle at least a portion of a target tissue and create a 
relatively spherical ablation pattern around a tissue Volume 
including the target tissue, and ablate the target tissue from an 
outside surface of the target tissue to an inner portion of the 
target tissue when the electrodes are energized by the energy 
SOUC. 

0355 The system of an embodiment further comprises a 
controller coupled among the RF generator and the bipolar 
electrodes to provide automatic control of energy delivery to 
each of the bipolar electrodes. 
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0356. The bipolar electrodes in an embodiment comprise 
spiral metal strips, and the electrode array comprises two or 
more spiral metal strips arranged in an alternating polarity 
series that includes at least one bipolar electrode of a first 
polarity in series with at least one bipolar electrode of a 
second polarity. 
0357 The tissue ablation device of an embodiment com 
prises two or more introducers coupled to a single handle and 
activation mechanism that allows a user to deploy or retract 
the electrode array. 
0358. The tissue ablation device of an alternative embodi 
ment comprises two or more introducers coupled to respec 
tive handles and activation mechanisms that allows a user to 
deploy or retract a respective portion of the electrode array 
coupled to each introducer. 
0359 Unless the context clearly requires otherwise, 
throughout the description and the claims, the words "com 
prise.” “comprising.” and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive 
sense; that is to say, in a sense of “including, but not limited 
to.” Words using the singular or plural number also include 
the plural or singular number respectively. Additionally, the 
words “herein,” “hereunder,” “above,” “below, and words of 
similar import refer to this application as a whole and not to 
any particular portions of this application. When the word 
“or is used in reference to a list of two or more items, that 
word covers all of the following interpretations of the word: 
any of the items in the list, all of the items in the list and any 
combination of the items in the list. 
0360. The above description of illustrated embodiments of 
the tissue ablation devices and methods is not intended to be 
exhaustive or to limit the systems and methods to the precise 
form disclosed. While specific embodiments of, and 
examples for, the tissue ablation devices and methods are 
described herein for illustrative purposes, various equivalent 
modifications are possible within the scope of the systems 
and methods, as those skilled in the relevant art will recog 
nize. The teachings of the tissue ablation devices and methods 
provided herein can be applied to other medical systems, not 
only for the medical systems described above. 
0361. The elements and acts of the various embodiments 
described above can be combined to provide further embodi 
ments. These and other changes can be made to the tissue 
ablation devices and methods in light of the above detailed 
description. As an example, following are one or more 
examples of additional embodiments of the tissue ablation 
devices, each of which may be used alone or in combination 
with other embodiments described herein. 

0362. The tissue ablation devices and methods further 
include allowing the device intended to create an ablation in 
tissue to Surround, encompass, or otherwise create a three 
dimensional perimeter around a Volume of tissue, such as a 
tumor, without penetrating or going through the Such volume. 
0363. The tissue ablation devices and methods further 
include the ability and method in either a mono-polar or 
bi-polar configuration for a device to switch between various 
electrodes thereby creating different groups of active elec 
trodes and creating different paths of current flow after the 
application of energy to the target tissue. 
0364. The tissue ablation devices and methods further 
include the ability and method in either a mono-polar or 
bi-polar configuration for a device to switch between various 
electrodes thereby creating different groups of active elec 
trodes and creating different paths of current flow after the 
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application of energy to the target tissue, and/or to continue to 
Switch in any combination and for any number of times. 
0365. The tissue ablation devices and methods further 
include the ability and method in either a mono-polar or 
bi-polar configuration for a device to switch between various 
electrodes thereby creating different groups of active elec 
trodes and creating different paths of current flow after the 
application of energy to the target tissue, and/or to continue to 
Switch in any combination and for any number of times, 
and/or the ability to switch on the fly with or without the 
reduction of applied power. 
0366. The tissue ablation devices and methods further 
include the ability and method in either a mono-polar or 
bi-polar configuration for a device to switch between various 
electrodes thereby creating different groups of active elec 
trodes and creating different paths of current flow after the 
application of energy to the target tissue, and/or to continue to 
Switch in any combination and for any number of times, 
and/or the ability to switch on the fly with or without the 
reduction of applied power, and/or to alter the applied energy 
prior to Switching. 
0367 The tissue ablation devices and methods further 
include the ability and method in either a mono-polar or 
bi-polar configuration for a device to switch between various 
electrodes thereby creating different groups of active elec 
trodes and creating different paths of current flow after the 
application of energy to the target tissue, and/or to continue to 
Switch in any combination and for any number of times, 
and/or the ability to switch on the fly with or without the 
reduction of applied power, and/or to alter the applied energy 
prior to Switching, and/or to Switch based on fixed or chang 
ing tissue characteristics including, but not limited to, tissue 
temperature, impedance, rate of change of temperature, rate 
of change of impedance, and the like. 
0368. The tissue ablation devices and methods further 
include using electrode coatings or other means to locally 
lower the impedance around them without significantly 
reducing the impedance a large (several electrode diameters 
or width) distance away from the electrode; e.g., application 
of energy in Such a way and for the purpose of releasing 
conductive interstitial cellular fluid or a coating of Salt crys 
tals on the electrodes. 
0369. The tissue ablation devices and methods further 
include applying energy followed by a reduction or dwell 
time followed by the application or reapplication of energy to 
aid in the application of higher amounts of energy. This may 
be performed using various wave forms for example saw 
tooth, square wave, and the like including, but not limited to, 
the controlling the delivery of energy to a level at or near Zero 
(0). 
0370. The tissue ablation devices and methods further 
include applying energy followed by a reduction or dwell 
time followed by the application or reapplication of energy to 
aid in the application of higher amounts of energy. This may 
be performed using various wave forms for example saw 
tooth, square wave, and the like including, but not limited to, 
the controlling the delivery of energy to a level at or near Zero 
(O), and/or where the energy delivered is reduced or elimi 
nated with at approximately the same time the energy is 
increased between other electrodes or electrode pairs or some 
of the current and some other electrodes within the device. 

0371. The tissue ablation devices and methods further 
include applying energy followed by a reduction or dwell 
time followed by the application or reapplication of energy to 
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aid in the application of higher amounts of energy. This may 
be performed using various wave forms for example saw 
tooth, square wave, and the like including, but not limited to, 
the controlling the delivery of energy to a level at or near Zero 
(O), and/or where the energy delivered is reduced or elimi 
nated with at approximately the same time the energy is 
increased between other electrodes or electrode pairs or some 
of the current and some other electrodes within the device, for 
any combinations, durations, fixed or varying power levels, 
and for any duration or number of cycles. 
0372. The tissue ablation devices and methods further 
include the use of high energy levels that are otherwise unsus 
tainable due to the increase in tissue impedance or tissue char 
followed by a reduction in delivered energy that includes a 
reduction or dwell time followed by the application or reap 
plication of energy to aid in the application of higher amounts 
of energy. This may be performed using various wave forms 
for example saw-tooth, square wave, and the like including, 
but not limited to, the controlling the delivery of energy to a 
level at or near Zero (0). 
0373 The tissue ablation devices and methods further 
include the ability to change the deployment shape of the 
electrodes to, for example, be able to alter the diameter of the 
deployed electrodes resulting in various sizes of ablative tis 
Sue (e.g., 3 cm diameter, 5 cm diameter, 7.5 cm diameter, and 
15 cm diameter) by means of elements that are pulled (“pull 
wires'), pushed (“push wires'), differential heating and sub 
sequent expansion of off-axis elements to name a few. 
0374. The tissue ablation devices and methods further 
include the ability to partially deploy the electrodes for the 
creation of Smaller ablations resulting in various sizes of 
ablative tissue (e.g., 3 cm diameter by partially deploying a 5 
cm diameter or 7 cm diameter device. 

0375. The tissue ablation devices and methods further 
include allowing the device intended to create an ablation in 
tissue to Surround, encompass, or otherwise create a three 
dimensional perimeter around a Volume of tissue, such as a 
tumor, without penetrating or going through the Such volume, 
where the electrode configuration creates a nominal pre 
defined shape when used a predefined way. 
0376. The elements and acts of the various embodiments 
described above can be combined to provide further embodi 
ments. These and other changes can be made to the thermal 
ablation methods and devices in light of the above detailed 
description. 

1. A tissue ablation device, comprising: 
atrocar including a distal end and alumen extending along 

a longitudinal axis of the trocar, wherein the trocar 
includes a plurality of orifices positioned along the lon 
gitudinal axis; and 

an electrode array comprising a plurality of electrodes, 
wherein the plurality of electrodes is positioned in the 
lumen in a retracted state, wherein the plurality of elec 
trodes is deployed to a deployed State through a set of 
orifices of the plurality of orifices, wherein each elec 
trode of the plurality of electrodes has at least one radius 
of curvature in the deployed state so that the electrode 
array forms a series of shaped electrodes in the deployed 
State. 

2. The device of claim 1, wherein the at least one radius of 
curvature is proportional to a size of an ablation Volume 
generated with the electrode array in the deployed state. 
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3. The device of claim 1, wherein the at least one radius of 
curvature is determinative of a shape of an ablation Volume 
generated with the electrode array in the deployed state. 

4. The device of claim 1, wherein each electrode of the 
plurality of electrodes in the deployed state has an effective 
Surface area proportional to the at least one radius of curva 
ture. 

5. The device of claim 1, wherein the electrode array in the 
deployed State forms a planar series of shaped electrodes. 

6. The device of claim 1, wherein the electrode array in the 
deployed State forms a linear series of shaped electrodes 
aligned along the longitudinal axis. 

7. The device of claim 1, wherein a shape of the shaped 
electrodes is an ellipse. 

8. The device of claim 1, wherein a shape of the shaped 
electrodes is a circle. 

9. The device of claim 1, wherein a shape of the shaped 
electrodes is a semicircle. 

10. The device of claim 1, wherein the distal end of the 
trocar includes a sharp region for piercing tissue. 

11. The device of claim 1, wherein a distal tip of each 
electrode of the plurality of electrodes includes a sharp region 
for penetrating tissue. 

12. The device of claim 1, wherein distal tips of each of the 
plurality of electrodes, when transitioning from the retracted 
state to the deployed State, transition through approximately 
all points in a plane at a distance from a fixed center reference 
point, wherein the distance is the at least one radius of cur 
Vature. 

13. The device of claim 1, wherein distal tips of each of the 
plurality of electrodes, when transitioning from the retracted 
state to the deployed State, transition through a majority of 
points in a plane at a distance from a fixed center reference 
point, wherein the distance is the at least one radius of cur 
Vature. 

14. The device of claim 1, wherein distal tips of each of the 
plurality of electrodes, when transitioning from the retracted 
state to the deployed State, transition through approximately 
all points in a plane Such that a Sum of distances to a first fixed 
point and a second fixed point of the points is a constant. 

15. The device of claim 1, wherein distal tips of each of the 
plurality of electrodes, when transitioning from the retracted 
state to the deployed State, transition through a majority of 
points in a plane Such that a sum of distances to a first fixed 
point and a second fixed point of the points is a constant. 

16. The device of claim 1, wherein the plurality of elec 
trodes is deployed to a partially deployed State. 

17. The device of claim 16, wherein distal tips of each of 
the plurality of electrodes, when transitioning from the 
retracted State to the partially deployed State, transition 
through a portion of points in a plane at a distance from a fixed 
center reference point, wherein the distance is the at least one 
radius of curvature. 

18. The device of claim 16, wherein distal tips of each of 
the plurality of electrodes, when transitioning from the 
retracted State to the partially deployed State, transition 
through a portion of points in a plane Such that a sum of 
distances to a first fixed point and a second fixed point of the 
portion of points is a constant. 

19. The device of claim 1, wherein the plurality of elec 
trodes includes two electrodes. 

20. The device of claim 19, wherein a first center of a first 
shape formed by a first electrode is offset from a second 
center of a second shape formed by a second electrode. 
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21. The device of claim 20, wherein the first shape is a first 
ellipse having a first radius of curvature and the second shape 
is a second ellipse having a second radius of curvature. 

22. The device of claim 21, wherein the first radius of 
curvature is different than the second radius of curvature. 

23. The device of claim 21, wherein the first radius of 
curvature is approximately equivalent to the second radius of 
Curvature. 

24. The device of claim 1, wherein the plurality of elec 
trodes includes three electrodes. 

25. The device of claim 24, wherein a first center of a first 
shape formed by a first electrode is offset from one or more of 
a second center of a second shape formed by a second elec 
trode and a third center of a third shape formed by a third 
electrode. 

26. The device of claim 25, wherein the first shape is a first 
ellipse having a first radius of curvature, the second shape is 
a second ellipse having a second radius of curvature, and the 
third shape is a third ellipse having a third radius of curvature. 

27. The device of claim 26, wherein the first radius of 
curvature is different than one or more of the second radius of 
curvature and the third radius of curvature. 

28. The device of claim 26, wherein the first radius of 
curvature is approximately equivalent to one or more of the 
second radius of curvature and the third radius of curvature. 

29. The device of claim 1, wherein the plurality of elec 
trodes includes four electrodes. 

30. The device of claim 29, wherein a first center of a first 
shape formed by a first electrode is offset from one or more of 
a second center of a second shape formed by a second elec 
trode, a third center of a third shape formed by a third elec 
trode, and a fourth center of a fourth shape formed by a fourth 
electrode. 

31. The device of claim 30, wherein the first shape is a first 
ellipse having a first radius of curvature, the second shape is 
a second ellipse having a second radius of curvature, the third 
shape is a third ellipse having a third radius of curvature, and 
the fourth shape is a fourth ellipse having a fourth radius of 
Curvature. 

32. The device of claim 31, wherein the first radius of 
curvature is different than one or more of the second radius of 
curvature, the third radius of curvature, and the fourth radius 
of curvature. 

33. The device of claim 31, wherein the first radius of 
curvature is approximately equivalent to one or more of the 
second radius of curvature, the third radius of curvature, and 
the fourth radius of curvature. 

34. The device of claim 1, wherein each electrode of the 
plurality of electrodes has a first polarity. 

35. The device of claim 1, wherein a first set of electrodes 
of the plurality of electrodes has a first polarity and a second 
set of electrodes of the plurality of electrodes has a second 
polarity. 

36. The device of claim 1, wherein the plurality of elec 
trodes is deployed laterally through the plurality of orifices to 
the deployed state. 

37. The device of claim 1, wherein the plurality of elec 
trodes comprise flat wire electrodes. 

38. The device of claim 1, wherein at least one electrode of 
the plurality of electrodes comprises one or more of a flat wire 
electrode, a round wire electrode, a flat tube electrode, and a 
round tube electrode. 
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39. The device of claim 1, wherein each orifice of the 
plurality of lateral orifices is longitudinally aligned with each 
other orifice along the longitudinal axis. 

40. The device of claim 1, wherein an electrode of the 
plurality of electrodes includes an electrode lumen. 

41. The device of claim 1, comprising a handle assembly 
coupled to the trocar and the electrode array. 

42. The device of claim 1, wherein the electrode array, 
when positioned in proximity to target tissue, defines an outer 
Surface of an ablation Volume. 

43. The device of claim 1, comprising an electromagnetic 
energy source and at least one cable, the at least one cable 
coupling the electrode array to the electromagnetic energy 
SOUC. 

44. The device of claim 43, wherein the plurality of elec 
trodes comprises a number of electrodes appropriate to create 
an ablation Volume in target tissue without impeding out the 
electrode array when electromagnetic energy is delivered to 
the electrode array from the electromagnetic energy source. 

45. The device of claim 44, wherein the electrode array, 
when positioned in proximity to the target tissue, defines an 
outer surface of the ablation volume and at least partially 
encircles the ablation volume. 

46. The device of claim 44, wherein, when electromagnetic 
energy is delivered to the electrode array, the electrode array 
ablates the target tissue starting from the outer Surface and 
progressing toward an inner portion of the target tissue. 

47. The device of claim 1, comprising at least one addi 
tional lumen extending along the longitudinal axis. 

48. A tissue ablation device, comprising: 
a trocar including a distal end, a lumen extending along a 

longitudinal axis of the trocar, and a plurality of orifices 
positioned along the longitudinal axis; and 

an electrode array comprising a plurality of electrodes, 
wherein the plurality of electrodes is positioned in the 
lumen in a retracted state, wherein the plurality of elec 
trodes is deployed to a deployed State through a set of the 
plurality of orifices, wherein each electrode of the plu 
rality of electrodes has at least one radius of curvature in 
the deployed state so that the electrode array forms a 
series of shaped electrodes in the deployed state. 

49. A tissue ablation device, comprising: 
a trocar including a distal end and alumen extending along 

a longitudinal axis of the trocar, wherein the distal end 
includes a sharp region for piercing tissue, wherein the 
trocar includes a plurality of orifices positioned along 
the longitudinal axis; 

an electrode array comprising a plurality of electrodes, 
wherein the plurality of electrodes have a retracted state 
and a deployed state, wherein each electrode of the plu 
rality of electrodes is contained in the lumen in the 
retracted state, wherein one or more electrode is 
deployed through an orifice of the plurality of orifices, 
wherein each electrode has a radius of curvature in the 
deployed State, wherein the electrode array forms a pla 
nar series of elliptical electrodes in the deployed state. 

50. A tissue ablation device, comprising: 
a trocar including a distal end and alumen extending along 

a longitudinal axis of the trocar, wherein the trocar 
includes a plurality of orifices aligned along the longi 
tudinal axis; 

an electrode array comprising a plurality of electrodes, 
wherein the plurality of electrodes are deployed from the 
lumen via the plurality of orifices, wherein each elec 
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trode of the plurality of electrodes has at least one radius 
of curvature in a deployed state, wherein the electrode 
array in the deployed state forms a series of elliptical 
electrodes aligned along the longitudinal axis. 

51. A tissue ablation system, comprising: 
an ablation device comprising a trocar and an electrode 

array, wherein the trocar includes a distal end and a 
lumen extending along a longitudinal axis of the trocar, 
wherein the trocar includes a plurality of orifices posi 
tioned along the longitudinal axis, wherein the electrode 
array comprises a plurality of electrodes, wherein the 
plurality of electrodes is positioned in the lumen in a 
retracted state, wherein the plurality of electrodes is 
deployed to a deployed state through a set of the plurality 
of orifices, wherein each electrode of the plurality of 
electrodes has at least one radius of curvature in the 
deployed State so that the electrode array forms a series 
of shaped electrodes in the deployed state; 

an electromagnetic energy source; and 
at least one cable coupling the ablation device to the elec 

tromagnetic energy source. 
k k k k k 


