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(57) ABSTRACT 
A method and apparatus for inducing large Volume heat 
ablations of tissue in a patient involving electrodes that are 
in contact with the patient's external Surface or the Surface 
of an internal organ. A high frequency Signal or output from 
a generator is applied to the tissue near the area electrodes 
by connection of the generator to the electrodes. Various 
applications and configurations of electrodes and tempera 
ture monitoring are appropriate for different clinical needs 
and thermal distributions. The use for interoperative ablation 
of a tumor site within an internal organ or for ablation of a 
tumor from electrodes placed on the Surface of the patient 
provides a clinical advantage. 
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SYSTEMAND METHOD FOR PERFORMING 
PLATE TYPE RADIOFREQUENCY ABLATION 

FIELD OF THE INVENTION 

0001. This invention relates generally to advances in 
medical Systems and procedures for prolonging and improv 
ing human life. More particularly, this invention relates to an 
improved System and method including radiofrequency 
applicators of area or array type configuration for perform 
ing ablation of Volumes or masses of abnormal tissue, Such 
aS tumorS. 

BACKGROUND OF THE INVENTION 

0002 The use of electrodes for performing radiofre 
quency ablation on certain parts of a patient's body is well 
known. Conventional electrodes are typically elongated, 
cylindrical shafts with insulation over a portion of the shaft. 
Such electrodes typically have an exposed, conductive tip, 
which is used to contact body tissue in a region where a heat 
lesion or ablation Zone is desired. 

0003. In conjunction with Such conventional electrodes, 
in most applications, large area or plate type electrodes are 
also commonly used to Serve as reference electrodes. Such 
reference electrodes are placed external to a patient's body 
and never heated, but merely Serve as a return path for the 
radiofrequency (rf) current circuit. These reference elec 
trodes typically have a greater Surface area than the Surface 
area of radiofrequency (rf) ablation electrodes. 
0004 As a result of their greater Surface areas, Such 
reference electrodes spread or dissipate the radiofrequency 
current over a wide area of the tissue and consequently, 
prevent concentrated heating at any one point. Such refer 
ence electrodes are deliberately configured to remain cool as 
a Safety precaution, to avoid burning Surface tissue on a 
patient's body. To operate both the radiofrequency (rf) 
ablation electrode and reference electrode, they are con 
nected to a radiofrequency generator, which provides the 
recurring current and Voltage to produce the heat ablation 
around the conductive tip of radiofrequency (rf) ablation 
electrode. Such Systems and techniques are described in 
many articles, as for example, a research paper by Cosman, 
et al., entitled “Theoretical Aspects of Radiofrequency 
Lesions in the Dorsal Root Entry Zone, Neurosurgery, 
December 1984, Vol. 15, No. 6, page 945-950. There are 
Several types of radiofrequency equipment available, as for 
example, the electrodes and generators from Radionics, Inc., 
located in Burlington, Mass. 
0005. In the research paper by Cosman, et al., a generally 
thin cylindrical ablation electrode is inserted into the body, 
and heating is enabled near it. The reference electrode, 
which is typically an area electrode, is placed on the 
patient's skin. The reference electrode specifically is much 
larger in Surface area (for example, 150 Square centimeters) 
than the thin cylindrical ablation electrode so that no sub 
Stantial heating occurs near the reference electrode. Any 
Such heating at the area electrode would cause skin burns, 
which is contrary to the radiofrequency technique described 
in the paper by CoSman, et al., referenced above. 
0006 Cylindrical electrodes are also commonly used for 
Some applications. Cylindrical electrodes are typically metal 
tubes of 1 to 3 millimeters in diameter and several centi 
meters in length. 
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0007 Typically, concentration of heat is maximum near 
the exposed conductive tip of the cylindrical electrode, with 
it progressively decreasing as the distance from the exposed 
tip increases. The degree of heat distribution depends on the 
radiofrequency current density in the tissue and electrical 
and thermal conductivities of the tissue near the electrode. 
Further details are discussed in the research paper by CoS 
man, et al., referenced above. Cooled radiofrequency elec 
trodes can deposit heat at greater distances from the point at 
which the electrodes are placed. Yet, temperature inhomo 
geneities or hot Spots can develop near the radiofrequency 
electrode, and this can lead to dangerous and uncontrolled 
boiling, charring, Sticking, explosive Steam formation, and 
hemorrhaging. This limits the amount of power that can be 
deposited into the tissue, limiting therefore, the Volume of 
coagulated tissue. 
0008 Different techniques for ablation of cancerous 
tumors in the liver, brain, and elsewhere by use of Such 
cylindrical, tubular, radiofrequency electrodes introduced 
into or near the tumor Site, are discussed in a research paper 
by Cosman, et al., referenced above, as well as a research 
paper by Goldberg, et al., entitled “Tissue Ablation With 
Radiofrequency: Effect of Probe Size, Gauge, Duration, and 
Temperature on Lesion Volume, Acad. Radio., 1995, Vol. 2, 
No. 5, Pages 399-404. Carefully targeting the tumor site 
with the electrode is Sometimes necessary, which requires 
Stereotactic methods or iterative imaging of the patient's 
body while placing the electrode within the patient’s body. 
Imaging can be performed by using ultrasound, CT, MRI, 
X-ray, or other techniques. If a tumor exists in the Soft tissue 
of a limb, torSo, neck, etc., and is rather large, it is difficult 
to determine the exact location in the tumor where the 
radiofrequency electrodes should be planted for ablation 
purposes. Thus, using discrete, cylindrical, radiofrequency 
electrodes in Such cases, whether interoperatively or percu 
taneously, is not simple, and typically requires considerable 
imaging and careful planning prior to performing a proce 
dure. By way of example, for large tumors, in an internal 
organ Such as the liver, it is almost impossible for a Surgeon, 
without use of Sophisticated equipment to assist with tar 
geting the desired location, to determine the exact location 
and size of the tumors. 

0009 Open Surgical resection of a large sector of the liver 
is done routinely to remove regions where cancerous tumors 
are believed to exist. Such a procedure is possible only after 
using imaging techniques to determine the exact locations 
where the cancerous tumors are believed to exist. Such 
operations are technically challenging, morbid, and danger 
ous, often resulting in fatalities. They require an expensive 
and time-consuming Surgical procedure. For a perSon in frail 
health or with Significant health problems, undergoing Such 
major Surgery can be prohibitive or lead to extended recov 
ery periods, which are inconvenient and costly. 
0010 Another known form of electroSurgery is often 
referred to as bipolar electrocautery or bipolar coagulation. 
To perform this procedure, a Surgeon typically uses bipolar 
forceps, which are Similar to Surgical forceps, except that 
each arm of the forceps is insulated from the other and 
connected to a high frequency power Source. Such bipolar 
forceps and coagulators are available from Radionics, Inc., 
located in Burlington, Mass. Such forceps typically have 
very Small tips, which are conductive and therefore, Serve as 
electrodes, contacting Small volumes of tissue between 
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them. Such tips typically have an area of no more than 4 to 
6 square millimeters or 0.04 to 0.06 Square centimeters. The 
purpose of these devices is to coagulate Small Volumes of 
tissue between the tips when the forceps are applied to the 
tissue and high frequency current is passed between the tips 
and through the tissue. 
0.011) A common application where such forceps may be 
used is for purposes of coagulating Small blood vessels or to 
Stop bleeding during Surgery. Often, the tissue that is coagul 
lated can boil and char because of the very focused heat, 
which is caused by the Small area forceps tips and the high 
density of coagulating current running through the tissue 
between them. Such Small area tips would not be adequate 
to coagulate larger Volumes of tissue lying within an organ 
or limb. For example, common dimensions for a tumor in the 
liver are typically between 1 centimeter and 6 centimeters or 
more. A tumor, whose size exceeds 1 centimeter would be 
too large to coagulate by using Small area tip bipolar forceps 
of the type described above. If such bipolar forceps are in 
fact used, only tissue volumes of less than one cubic 
centimeter could be coagulated. Hence, this makes Such 
forceps impractical for coagulating large tissue Volumes, 
especially those exceeding 1 cubic centimeter in size, which 
is often desirable for minimally invasive procedures involv 
ing heat coagulation of tumors within organ or limb tissues. 
Moreover, use of Small area bipolar forceps often result in 
inhomogeneities in heat distributions and uncontrolled hot 
spots or charring of tissue. Such side effects make their use 
for larger tissue Volumes impractical and unsafe. 
0.012 Aless invasive system or method of ablating large 
Volumes of tissue having cancerous areas would be desir 
able. A method and System, which is minimally invasive in 
terms of penetrating large tissue Volumes, either through 
intact skin or interoperatively, and which would avoid heat 
inhomogeneities and hot Spots is also desirable. 

SUMMARY OF THE INVENTION 

0013 The present invention is directed to a system and 
procedure for using area-like or plate-like electrodes for 
effecting large Volume, uniform, and extended ablation of 
the tissue areas proximate the plate-like electrodes. In accor 
dance with the present System and procedure, the plate-like 
electrodes are placed on the Surface or boundary layers of 
body tissue, where the ablation is desired. 
0.014. In accordance with one embodiment of the present 
invention, the plate-like electrodes comprise plates config 
ured to lie approximately parallel or opposing each other, 
Such that they make a lesion by coagulating most of the body 
tissue Volume between them. For instance, in the case of 
performing open Surgery on an internal organ, Such as a 
liver, pancreas, lung, or other Such organs, which is visual 
ized by imaging techniques, the plate-like radiofrequency 
electrodes can be simply placed on the Surface of Such an 
organ. A radiofrequency current is applied between the 
plates or through the tissue proximate the plates. This causes 
a large and relatively uniform distribution of heating within 
the tissue to ablate the tissue near and between the plates. 
For example, if a set of nearly parallel radiofrequency (rf) 
plate-like electrodes are positioned on either Side of a tumor 
Volume, a tubular Section of tissue Volume between the 
plates can be ablated by radiofrequency heating. The extent 
of ablation can be increased, to easily encompass the entire 
tumor and kill it. 
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0015 The system and procedure in accordance with the 
present invention has many advantages, one of which is that 
the Surgeon need not determine the precise position of the 
tumor. Also, as there is no need to penetrate the tissue with 
radiofrequency electrodes, any danger from a hemorrhage, 
vessel puncture, and Spread of cancer cells within the tissue 
is avoided. 

0016 Soft tissue tumors such as sarcomas often occur in 
the limbs or torso, and it is desirable to be able to ablate them 
without inserting electrodes within the body and incurring 
the risk of hemorrhage. 
0017. In accordance with another embodiment of the 
present invention, radiofrequency plate electrodes may be 
placed for example, on the Surface of the limb near the 
Sarcoma, to cause global heating within the tissue So as to 
engulf the Sarcoma and destroy it. 
0018. In accordance with yet another embodiment, area 
radiofrequency electrodes that are cooled may be used to 
prevent the Surface skin from being destroyed while pro 
ducing heating deeper in the tissue in order to destroy the 
tumor Volume. 

0019. It should be recognized that a variety of electrode 
configurations to give a plate-like or area-like radiofre 
quency electrodes can be devised, and various electrode 
applicators can be structured to meet the Specific clinical 
needs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020) Further features and advantages of the invention 
will become readily apparent from the following specifica 
tion and from the drawings, in which: 
0021 FIG. 1 shows schematically rf area electrodes, to 
ablate a desired portioned Section of a patient's organ, Such 
as a Volume or mass of a tumor; 
0022 FIG. 2 shows a schematic diagram of cooled area 
electrodes in accordance with another embodiment of the 
present System and process placed in contact with a patient's 
body Surface to make a heat ablation; 
0023 FIG. 3 in accordance with another embodiment of 
the present invention shows moveable area electrodes in a 
forceps type configuration; 

0024 FIGS. 4a, 4b, and 4c show various constructions of 
area, area-like, or plate-like electrodes in accordance with 
the present System and process, 

0025 FIG. 5 shows another embodiment in accordance 
with the System and process of the present System; and 
0026 FIG. 6 shows a flow chart of the operation of 
System and process in accordance with the present inven 
tion. 

DESCRIPTION OF SOME PREFERRED 
EMBODIMENTS OF THE INVENTION 

0027. At the outset the papers by Cosman et al., entitled 
“Theoretical Aspects of Radiofrequency Lesions in the 
Dorsal Root Entry Zone,” and Goldberg et al., entitled 
“Tissue Ablation With Radiofrequency: Effect of Probe Size, 
Gauge, Duration, and Temperature on Lesion Volume, 
mentioned above are incorporated herein by reference. 
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0028 Referring now to FIG. 1, a system S for perform 
ing plate type radiofrequency ablation in accordance with 
the present invention is generally shown. The System S 
includes area-type electrodes 1 and 2, which are shown in 
contact with nearly opposing Sides of a body organ OR 
within a desired operative field. The organ OR may be any 
internal organ in a patient's body Such as the liver, pancreas, 
lungs, heart, etc. Alternatively, the organ OR may be an 
external organ in a patient's body, Such as a limb, torSo, 
head, neck, etc. (not shown). It should be recognized that the 
organ OR is shown within the patient’s body only by way of 
example. A section of the organ OR, which falls between the 
area-type electrodes 1 and 2 is illustrated in Sectional view 
by wide diagonally hatched lines. 
0029. The area-type electrodes 1 and 2 are connected by 
wires, cables, or any other electrical connections 3 and 4, 
respectively, to a generator 5 yielding a high frequency 
output (voltage, current, or power). The generator 5 may 
provide Some form of a display, indicated by reference 
numeral 6, to indicate readings corresponding to its electri 
cal outputs. For example, the display 5 may indicate a 
reading (one of R1 through RN) corresponding to levels of 
current, Voltage, power, impedance, and/or temperature in 
the event the area-type electrodes 1 and 2 incorporate 
temperature Sensors. The generator 5 also has a control 
mechanism indicated by reference numeral 7 to control the 
levels of current, Voltage, power, impedance, and/or tem 
perature. The control mechanism may take the form of 
controls, which may be manually maneuvered to control the 
levels of power current, Voltage, temperature(s) at the elec 
trodes or in the nearby tissue, impedance between the 
electrodes and So on. Alternatively, the various controls 7 
may be automatically controlled. For example, they may be 
coupled to a feedback of temperature levels, in the event the 
temperature levels are being monitored at the area-type 
electrodes 1 and 2 or within the body organ OR. The 
generator 5, the display 6 and the control mechanism 7 are 
shown Separately for illustration purposes only. The display 
6 and the control mechanism 7 may be part of the generator 
or Separate devices. 
0.030. When the high frequency generator 5 is turned on 
and a high frequency Voltage is applied to the electrodes 1 
and 2, the high frequency current passes between the elec 
trodes 1 and 2, and through the organ OR. This causes 
heating by ionic friction or dielectric heating in the ionic 
medium of the organ OR. A high frequency generator 5 Such 
as one available from Radionics, Inc., Burlington, Mass. 
may be used. 
0.031 Considering the example of FIG. 1, a target tissue 
Volume or area T, which is shown by way of example may 
be a cancerous tumor or other abnormality which is to be 
destroyed. To destroy the tissue within the volume or area T, 
the plate-like electrodes 1 and 2 are disposed on either side 
of the tissue volume T. By heating the plate-like electrodes 
1 and 2, the Zone of heat between the electrodes 1 and 2 is 
created, which engulfs the target T. By way of example, in 
FIG. 1, the dashed lines 8 and 9 provide a sectional 
representation of the boundaries of a heat lesion Zone 
created between the plates. Between these perimeters indi 
cated, the tissue may be heated to lethal levels. For example, 
Sustaining tissue at approximately 50 degrees centigrade or 
higher temperatures for Several minutes would kill the 
tissue. Further details on this are discussed in the papers by 
CoSman, et al., and by Goldberg, et al., incorporated herein 
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by reference. The heat lesion Zone shown by cross-hatched 
lines in the cross-section of the organ OR in FIG. 1, 
represents the region where the tissue is destroyed or 
ablated. 

0032. Further as an example of the present invention, 
considering an open Surgical field wherein a Surgeon has 
exposed the liver, as represented by organ OR in FIG. 1. It 
is common for the Surgeon to resection a large portion of the 
liver to remove a cancerous tumor. This is a technically 
challenging, highly morbid procedure. Many patients cannot 
withstand the ordeal of Such an operation nor the hospital 
convalescence which followS. Such Surgery takes consider 
able time and is very expensive as well. By applying the 
plate-like high frequency electrodes in accordance with the 
present invention acroSS the liver, a large portion of the liver 
can be ablated, including that portion which includes the 
tumor T. There is little or no open Surgery performed on the 
organ OR, and the organ can be kept intact, thus, reducing 
the risk of hemorrhage and long convalescence. Thus, in one 
application, interoperative coagulation of internal organs 
can be performed, which may be exposed during Surgery or 
Visualized laproscopically, So as to ablate or to coagulate 
part or all of the organ without requiring a Surgical incision 
within it. 

0033. In a specific illustration of one example of an 
ablation volume produced in accordance with FIG. 1, cir 
cular or Square plate electrodes, approximately 2 inches (5 
centimeters) in diameter or side length referenced by numer 
als 1 and 2 are placed on opposite sides organ OR, which in 
this particular illustration represents a living liver. A radiof 
requency generator with a radiofrequency Output of about 
500 KiloHertz is connected by electrical cables to each of 
the plate electrodes 1 and 2. A level of power output from the 
generator 5 of approximately 50 to 100 watts is applied to 
the tissue between the plates 1 and 2 for Several minutes. A 
cylindrical, prismatic-shaped volume of tissue, indicated 
between the boundaries 8 and 9 in FIG. 1, is completely 
coagulated between the electrode plates 1 and 2, and all 
tissue within that volume is killed. Volumes of 1, 5, 10, 20, 
or more cubic inches (10 to 400 cubic centimeters) can be 
coagulated or killed in this way. A post-mortem resection of 
Such in-vivo liver ablations indicates a clean border with 
minimal indication of hot Spots, boiling, or charring. The 
high frequency generator 5 may any Suitable one, as for 
example, Model No. RFG-3D available from Radionics, 
Inc., Burlington, Mass. The high frequency generator 5 can 
have a power range between Zero and Several hundred watts. 
The range of radiofrequency or high frequency can vary. 
Also, ranges from less than 100 kH to several tens or 
hundreds of Mega Hertz could be used. 
0034) Referring to FIG.2, another example of the present 
invention is shown. An external organ PB, which is part of 
the patient's anatomy, is shown in Sectional view. Inside the 
organ, bony structures B may exist as shown in FIG. 2. The 
external organ PB could be a leg, arm, torSo, pelvis, or neck. 
Also shown is a target volume or area T within the organ PB 
that is to be ablated or destroyed. The surface structure of the 
organ PB may be skin, which one may not wish to destroy. 
The electrodes 1 and 2 are placed on the external Surface of 
the organ and connected to the radiofrequency generator 5, 
in a manner similar to the configuration shown in FIG. 1. 
Depending on the clinical indications, the electrodes 1 and 
2 may have cooling elements within them to prevent exces 
Sive heating at the point where the electrodes 1 and 2 contact 
the external surface of the organ PB. For example, electrode 
1 has an inflow tube 11 and outflow tube 12, which can 
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circulate cooled fluid Such as chilled Saline, indicated by the 
flow arrows 15 and 16, respectively. The chilled fluid chills 
the electrode 1, and therefore, the Skin Surface of the organ 
PBjust below it. Similar inflow and outflow channels 13 and 
14 of electrode 2 exchange cooled fluid for the same 
purpose. In this situation, the electric field lines created by 
the impression of a radiofrequency Voltage across the elec 
trodes 1 and 2, together with the boundary conditions 
imposed by the cooled electrodes, create an ablation volume 
Somewhat away from the electrodes 1 and 2 and the Surface 
of the organ OR. For example, the dashed line 10 illustrates 
in Sectional perspective the ablation Volume. 
0035. This may correspond, for example, to the isotherm 
of temperatures around 50 to 60 degrees centigrade or 
greater, which may be Sustained for Several Seconds to 
Several minutes to cause tissue death of the ablation volume 
within line 10. This may be preplanned, calculated, or 
heuristically determined to engulf the Volume TaSSociated 
with the tumor. 

0036). In accordance with the present invention, imaging 
of the patient anatomy relative to the positioning of elec 
trodes 1 and 2 may be done with ultrasound, CT, MR, or 
interoperative ultrasonic imaging. Preplanned, three-dimen 
Sional treatment planning for Such thermal radiofrequency 
Surgery can be carried out in a computer WorkStation based 
on data taken from image scanners such as CT, MR, PET, 
X-ray, ultrasound, etc. Interactive imaging could be present, 
as indicated by the element 17, which could be a CT, MR, 
X-ray, PET, ultrasound, or other type of Scanner. Its data 
processing unit could be built in or could be coupled to a 
computer workstation 23 with a display apparatus, such as 
a CRT, that can illustrate the sectional or volumetric ren 
dering of the anatomy PB and also the position of the 
electrodes 1 and 2 and the isotherms such as dashed line 10. 
The scanner 17 could be positioned in a coordinated way 
with the position of the electrodes 1 and 2, and thereby to 
visualize the effect of the thermal lesion on the target volume 
T in a graphical and Stereotactic fashion. 

0037 FIG.3 shows a further embodiment of the present 
invention wherein the plates 1 and 2 are attached to an 
articulated forceps-like or tong-like device to grasp an 
external or internal organ. In this particular embodiment, the 
arms 18 and 19 are coupled to the electrodes 1 and 2. There 
is a hinge 27 and there are handles 26 and 27, which when 
closed in the direction indicated by the arrows C, will clamp 
the electrodes 1 and 2 onto the organ OR in the direction 
indicated by the arrows A. There is a target volume T within 
the range of coagulation of the plates 1 and 2, and the 
isotherm or kill volume would be bounded as illustrated by 
the dashed lines 8 and 9 inside the organ OR. Electrical 
connections 3 and 4 connect to a radiofrequency (rf) gen 
erator 5, which connects the radiofrequency output of the 
generator to the electrodes. That in turn causes the heating 
of the tissue as discussed above. A thermal sensor 29 might 
be embedded in one or both of the electrodes 1 and 2. A 
thermal-Sensing, connecting cable 20 connects to the gen 
erator 5 so that readings R1 and RN can read out single or 
plural temperatures associated with one or both of the area 
electrodes 1 and 2. 

0.038 A plurality of such temperature sensors may be 
built in with the area electrodes to monitor Surface tissue 
temperature nearby. Alternatively, temperature Sensors may 
be placed in the tissue near the area electrodes 1 and 2 and 
monitored on the display 6, which may provide readingS R1 
through RN to indicate temperature levels. The readings R1 
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through RN may alternatively indicate other parameters. 
Various embodiments of the forceps-like applicator shown 
in FIG.3 are possible. For example, the hinged structure can 
be replaced by other articulations. Also, the plates 1 and 2 
can also have their own articulations, as for example, use of 
hinge joints 181 and 191 to connect to the arms 18 and 19, 
respectively, So as to better conform to the Surface of the 
internal or external body part. 

0039 FIG. 4 shows various of the many possible 
embodiments of geometries of area electrodes in accordance 
with the present invention. Electrode type 30 could simply 
be a conductive plate made of metal, conductive plastic, or 
conductive rubber. Element 31 is shown as a mesh or matrix 
of conductive wires 32 So as to provide a conforming, 
lightweight area contact with tissue. Thus, the area-like 
electrodes may be flexible to conform to the curved shapes 
of organs. Element 34 is shown as a Substrate with an array 
of conductive elements 35, which could be of any shape, 
geometry, or multiplicity and distribution on the Surface 
plate 34. Tailored shapes (circles, ellipses, rectangles, 
oblong shapes, paddles, and the like) of area electrodes 
could be devised for a particular body part. Different areas 
of area electrodes could be implemented, depending on the 
Size of the body part, the size of the target area or Volume T, 
the extent of heating, or the particular geometry and con 
siderations of the clinical application. Areas of area elec 
trodes of 0.5 to 100 or 500 square centimeters or larger may 
be useful for particular organs, tumors, or anatomical sites. 

0040 Area electrodes of mesh or wire or discrete element 
types Such as those illustrated by reference numerals 31 or 
35 in FIG. 4 may have conductors of a smaller actual 
conductive element area than the effective total area over 
which the area electrode contacts the tissue. For instance, the 
total contact area of the actual wire conductors 32 in the 
electrode 31 may be only a Small percent of the entire area 
covered by the wire field. However, because the total wire 31 
field Simulates an equipotential area over the tissue it 
contacts, it acts effectively like a large area continuous 
conductive electrode in terms of its heating affect. That is, it 
has the equivalent heating effect of a continuous metal plate 
electrode of area equal to the area of 31. 

0041 FIG. 5 shows another embodiment of the present 
invention where different sized electrodes are used to alter 
the temperature distribution of the rf ablation. In accordance 
with this embodiment, electrode 1 has a Smaller area than 
electrode 2. In this Sectional drawing, through the patient's 
body element PB, the concentration of current density is 
higher near the Smaller area electrode 1. Thus, the isotherm 
8, which may represent, for example, the 50 degree centi 
grade or the lethal isotherm, is shifted more towards elec 
trode 1 and less towards electrode 2. By tailoring and 
varying the electrode areas, one can thereby shift the dis 
tribution of thermal heating. By placing the area electrodes 
in different positions on the body, either parallel, opposed, or 
adjacent to one another, in accordance with the above 
discussion can also vary the temperature distribution within 
the tissue. 

0042 Referring now to FIG. 6, a flow chart is shown to 
illustrate the procedure of applying area-type radiofre 
quency electrodes to a patient's anatomy and inducing 
desired ablations. The procedure starts at block 50, which 
represents the Step of applying the area radiofrequency 
electrode to the desired Surface of the desired organ or to the 
desired Surface of a patient's anatomy. Alternatively, if a 
multiplicity of linear electrodes are inserted into the organ or 
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anatomy, Such a procedure is referred to as “interstitially' 
placing a virtual area-type electrode. 
0043. The steps of inserting such electrodes or placing 
the electrodes relative to the internal anatomy could be 
imaged as indicated in block 51 by the imaging System or 
scanner 17 or monitor 23, such as a CT, MR, X-ray, 
ultrasound, or other type of imaging Scanner. AS indicated by 
block 51, the position of a target Volume or area Such as a 
tumor may be imaged even before or after inserting the 
electrodes or placing them relative to the anatomy. For 
example, imaging data may be taken during placement of the 
electrodes or when generating the desired radiofrequency 
levels to monitor the progreSS of coagulation. Scanners, Such 
as MR Scanners, monitor the process of heating, and thus, 
may be used during the process of coagulation to observe the 
extent of ablation. 

0044 Operation proceeds to the next step, represented by 
block 52, in accordance with which the generator 5 is 
connected to the electrodes 1 and 2 by connection cables. 
After the electrodes 1 and 2 are connected, the power 
generated by the generator 5 is applied to the area electrodes 
1 and 2. With application of the desired levels of power, the 
radiofrequency ablation process or coagulation is initiated, 
as illustrated by block 52, to induce desired ablation or 
coagulation amounts. At this point, image Scan data repre 
Sentations may also be acquired, as represented by block 51. 
0.045 Before, during, and/or after the procedure, is may 
be desirable to monitor the generator output parameters, as 
illustrated by block 54. Also, it may be desirable to monitor 
temperature levels at the area electrodes or within the tissue 
to be ablated, in which case, temperature Sensors may be 
included within the electrodes or placed “interstitially.” The 
generator parameters may be analyzed to determine if the 
desired amount of coagulation is accomplished. This can 
also be determined by monitoring the image representations, 
or by monitoring the temperature levels to determine if the 
appropriate coagulation is reached. At that point, the power 
from the generator 5 may be turned off and the ablation 
process terminated. 

0046) Another variation of the process in accordance with 
the present invention would be to use the ablation Steps, as 
shown in FIG. 6, to coagulate tissue and thereby to reduce 
blood circulation within the tissue preparatory to performing 
a Surgical incision. For example, area electrodes 1 and 2 can 
be placed on the liver, and a coagulation through the liver 
can be made according to the above description. When the 
coagulation is complete, a Sectional Volume through the 
liver is coagulated, including many of the arteries and 
vessels in the tissue. After coagulation, an incision can be 
made through the coagulated tissue with a reduced amount 
of bleeding in comparison with the State of tissue before 
coagulation was made. This is illustrated by Step 55, as 
shown in FIG. 6. 

0047 Accordingly, the system and method in accordance 
with the present invention can therefore be used as an 
adjunct to performing a Surgical incision within a portion of 
the body to reduce problems of bleeding during Surgery. 

0.048. It should be recognized that the present invention is 
aimed at least one or two or more area-type or plate-type 
electrodes to induce ablative heating in a Substantial volume 
proximate the area electrode(s) or in the tissue between the 
area electrodes. Variations of the geometry, lesion param 
eters, frequency range, electrode characteristics, and mate 
rials can be made in various embodiments in accordance 
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with the present invention. The electrodes can be of a widely 
Varying shape, Such as circular, Square, or irregular shapes. 
For a Smallest heating Volume as near a skin cancer, tumor, 
or melanoma, an electrode of about 0.5 to 2 Square centi 
meters may be appropriate. For a volume in a limb, hand, 
foot, pancreas, etc., it may be that electrodes of 1 to 50 
Square centimeters may be desirable. For larger organs or 
larger tumors, wherein the tumors of dimensions up to 10 
centimeters or more are encountered, the one or more area 
electrodes with areas of 100 to 1000 square centimeters may 
be desirable. 

0049 Area or “interstitial' electrodes or combinations of 
them as described above may be useful for certain organs 
Such as breast, liver, pancreas, testicles, abdomen, lung 
intestines, throat, neck, or limbs. A matrix of electrodes and 
a plurality of electrodes may be used to achieve heating 
patterns according to clinical needs. Area electrodes con 
Sisting of a plurality of discrete electrode points or Small 
Surface-penetrating electrode needles may be considered for 
better contact with the internal organ. Electrodes can be 
fabricated from various conductive materials including 
metal, carbon Structures, metal-impregnated plastics or rub 
bers, Screens of Stainless Steel, titanium, platinum, or other 
conductive, bio-compatible materials. 

0050. The area electrodes can be configured for one-time 
use or to be reused and re-sterilized. If they are configured 
for a single use, they may be easily disposed and there is no 
need for sterilization before further use. This has the advan 
tage of reducing the risk of transmission of diseases, Such as 
AIDS and of reducing expenses with cleaning and resteril 
izing. In addition, the area electrodes may be for Surface 
contact during Surgery or external application, or they may 
be implanted within the body for a period of time for 
continuous re-application of heat. 

0051. The area electrode can have a multiplicity of seg 
mented conductive areas So as to provide a matrix or 
patchwork of conductive Structures So that the generator can 
distribute the potential to each of these various Structures in 
different ways during the procedure to achieve different 
heating patterns. Such heating patterns, for example, could 
be achieved by electrifying the elements 35 in FIG. 4 in 
independent ways with multiplexing the output from a 
generator Such as generator 5. By MRI imaging, Such as 
image scanner 17 in FIG. 2, real-time visualization of the 
thermal distribution may be achieved on the display 23, and 
variations of the potential on the electrode or portions of the 
electrode may be made to achieve different temperature 
distributions under real-time visualization. 

0052 Various high frequency generators can be used with 
a plurality of temperature monitors, measuring temperature 
at a multiplicity of points on the area electrode or within the 
bodily tissue itself with independent temperature Sensors in 
a variety of displays of rf high frequency parameters. 
Cooling pumps can be connected cooperatively with the 
generator apparatus to cool the area electrodes as shown in 
FIG. 2 in accordance with the temperature distribution or 
preplanning thereof. 

0053. In view of these considerations, as will be appre 
ciated by perSons skilled in the art, implementations and 
systems should be considered broadly and with reference to 
the claims set forth below: 
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What is claimed is: 
1. A System for inducing heat ablations in an operative 

field in a patient's anatomy, which includes tissue to be 
ablated, comprising: 

at least one area electrode having an area greater than one 
Square centimeter adapted to contact a portion of tissue 
proximate to a tissue Volume within the operative field 
to be ablated; 

a high frequency generator that generates an electrical 
output which when connected to the one area electrode 
applies heat to the tissue Volume and induces an 
ablation proximate the one area electrode; and 

an electrical coupling connecting the high frequency 
generator to the one area electrode. 

2. The System of claim 1 wherein the at least one area 
electrode comprises one or more plates of conductive mate 
rial. 

3. The system of claim 1 wherein the at least one area 
electrode comprises a Surface of conductive metal. 

4. The System of claim 1 wherein the at least one area 
electrode comprises a conductive mesh of metal wires. 

5. The system of claim 1 wherein the at least one area 
electrode comprises an area of a plurality of conductive 
elements. 

6. The System of claim 1 wherein the at least one area 
electrode has a configuration Suitable to conform the area 
electrode to the portion of tissue. 

7. The system of claim 1 wherein the at least one area 
electrode comprises a temperature Sensor to sense the tem 
perature of the portion of tissue contacted. 

8. The system of claim 1 and further comprising: 
an imaging Scanner to provide image representations of 

the tissue within the operative field so as to monitor the 
position of the at least one area electrode relative to the 
operative field. 

9. The system of claim 1, further comprising: 
a structure for grasping two area electrodes to guide the 

area electrodes in positions relative to the portion of 
tissue within the operative field such that the two area 
electrodes grasp the portion of tissue between them. 

10. The system of claim 1, wherein the at least one area 
electrode comprises a fluid cooling System that cools at least 
a portion of the electrode to prevent excessive heating of the 
portion of tissue within the operative field. 

11. The System of claim 1, wherein the at least one area 
electrode comprises a plurality of electrodes, which are 
configured to enable insertion into the portion of tissue 
within the operative field. 

12. A System for heat coagulation of tissue within an 
operative field of a patient, comprising: 

at least two area electrodes adapted to contact Surface 
tissue within a portion of the body of the patient and 
each of the area electrodes having an area of at least one 
Square centimeter, the two area electrodes for use 
within the operative field near to the tissue to be 
coagulated; 

a high frequency generator that generates an electrical 
output, which when the at least two area electrodes are 
in contact with the Surface tissue within the operative 
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field and when the electrical output is connected to the 
at least two area electrodes, causes heating and coagul 
lation of the tissue to be coagulated within the operative 
field; and 

an electrical coupling of the generator to the at least two 
area electrodes. 

13. The system of claim 12, wherein the area electrodes 
comprise one or more plates of conductive material. 

14. The system of claim 12 wherein the area electrodes 
comprise a Surface of conductive metal. 

15. The system of claim 12 wherein the area electrodes 
comprise a conductive mesh of metal wires. 

16. The system of claim 12 wherein the area electrodes 
comprise an area of a plurality of conductive elements. 

17. The system of claim 12 wherein the area electrodes 
conform to the surface tissue within the operative field. 

18. The system of claim 12 wherein the area electrodes 
comprise a temperature Sensor to Sense the temperature of 
the Surface tissue. 

19. The system of claim 12, further comprising: 
a structure for grasping the area electrodes that enable the 

Surface tissue within the operative field to be grasped 
by the area electrodes during the heat coagulation. 

20. The system of claim 12 wherein the area electrodes 
comprise a fluid cooling System that cools at least a portion 
of the area electrodes. 

21. A method of heat ablation of tissue of a patient in an 
operative field, comprising the Steps of: 

disposing at least two area electrodes having area greater 
than one Square centimeters in contact with the tissue 
within the operative field near to the tissue to be ablated 
within the operative field; 

coupling the at least two area electrodes to a high fre 
quency generator; and 

applying electrical output from the generator to the tissue 
to be ablated within the operative field through the 
electrodes whereby to heat and ablate the tissue to be 
ablated within the operative field. 

22. The process of claim 21, further including the Step of: 
urging the area electrodes against tissue within the opera 

tive field with a grasping Structure which is adapted to 
force the electrodes together and against the tissue 
within the operative field. 

23. The process of claim 21, wherein the grasping Struc 
ture is a forceps with the electrodes coupled to the tongs of 
the forceps, and wherein the urging Step comprises the Step 
of applying a force on the forceps to close the electrodes 
together to press the electrodes against the tissue within the 
operative field. 

24. The process of claim 21 wherein the area electrodes 
comprise temperature Sensors to monitor the temperature of 
the tissue within the operative field near the electrodes, and 
further comprising the Step of 

monitoring the temperature of the tissue within the opera 
tive field by the temperature sensors to control the heat 
ablation. 


