
US 20030195501A1 

(12) Patent Application Publication (10) Pub. N0.: US 2003/0195501 A1 
(19) United States 

Sherman et al. (43) Pub. Date: Oct. 16, 2003 

RF ABLATION SYSTEM AND METHOD 
HAVING AUTOMATIC TEMPERATURE 
CONTROL 

(54) 

(76) Inventors: Marshall L. Sherman, Cardiff, CA 
(US); Kathryn E. Lockwood, 
Temecula, CA (US); Thomas M. 
Castellano, Temecula, CA (US) 

Correspondence Address: 
FULWIDER PATTON LEE & UTECHT, LLP 
HOWARD HUGHES CENTER 
6060 CENTER DRIVE 
TENTH FLOOR 
LOS ANGELES, CA 90045 (US) 

(21) 10/400,770 

(22) 

Appl. No.: 

Filed: Mar. 27, 2003 

Related US. Application Data 

Continuation of application No. 09/738,032, ?led on 
Dec. 13, 2000, noW Pat. No. 6,558,378, Which is a 
continuation-in-part of application No. 09/501,472, 
?led on Feb. 9, 2000, noW Pat. No. 6,200,314, Which 
is a division of application No. 09/073,392, ?led on 
May 5, 1998, noW Pat. No. 6,059,778. 

(60) 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..A61B 18/14 

(52) Us. 01. ............................................... .. 606/34; 606/41 

(57) ABSTRACT 

A plurality of electrodes are positioned at the distal end of 
a catheter such that the electrodes may be positioned proxi 
mal biological tissue. Aselect number of the electrodes have 
a temperature sensing device associated With them for 
providing a temperature signal indicative of the temperature 
at the interface betWeen the electrode and the tissue. A 
generator operates under the control of a processor to apply 
poWer to each of the electrodes. The poWer has an associated 
phase angle and, Within a time duration, a plurality of 
alternating on periods and off periods, one set of adjacent on 
and off periods de?ning a duty cycle. The processor is 
programmed to determine the temperature at the electrode/ 
tissue interface based on the temperature signals, compare 
the temperature to a target temperature and to adjust the 
poWer to the electrode accordingly. Such adjustments may 
comprise an increase or decrease in the duty cycle, a setting 
of the duty cycle to Zero followed by an incremental increase 
in the duty cycle or a poWer interrupt. 

10 
50 

76 
i r A N 

'5 5a 25 5a 5a 25 5a 

_________ __7/_________ l4 3’ 15 52117 52,15 52’75/ 52’ / \ _____)A))B/)}C>/0) 56 
POWER ‘ ‘ an“ 

; GENERATOR ; . _ ~ 54 

i M A 
27\ \/ \ | 

‘ Y 
5 40 24 

j CONTROLLER I l 
| 

12/ 20 



Patent Application Publication Oct. 16, 2003 Sheet 1 0f 15 US 2003/0195501 A1 

1 
I 
I 
I 
l 
I 

I 
I 
l 
I 
I 

: 
| 

.\ 
I 
| 
I 
I 
J 

m u 

m $1828 

“a S Q m 

f > Q > a mm m 

\ / n 

\ / \ \ / \ /\N $5; > I I / _ 

_ 

.\ § § ii I l I | _ 

a, WPIME min“ MEI gig 
)\ o. ,0‘ .0. ,Q \ \ H \ ||||1 W 

it 53133 F...\. 

m, 3 mm 2 mm 9 m, S ............ i 
m», R a, mm R Q», m“ 

r x 4 S 

a, 2 N .©\b\ 



Patent Application Publication Oct. 16, 2003 Sheet 2 0f 15 US 2003/0195501 A1 

kw ?m mm vi Q2 Km ww 

msmwmwsmmsmwg / gégg 
39G \CQQ Em % 

E v6 

Essa 39G . \CQQ Em % 

mm 

935m. mmm .396 *SQ 

mEwHGQ QEEGR 

mwkbQm / % vm 



Patent Application Publication Oct. 16, 2003 Sheet 3 0f 15 US 2003/0195501 A1 

NE 
NE 

Q k 
/ MQQEBE NM, 

3 

CMQEQEEE x 3mm 

EREXRQQ Q 1% Iv 

/% 
/mm 

mmémgmzvmt SQSQ QE EQE. mm WIN 





Patent Application Publication Oct. 16, 2003 Sheet 5 0f 15 US 2003/0195501 A1 

728 256 728 

78 

256 728 

78 

ON 

OFF 

6 F/G. 



Patent Application Publication Oct. 16, 2003 Sheet 6 0f 15 US 2003/0195501 A1 

6% @EE k 

VOL TA CE 

W SQ l3‘ Tl QR 6C 

6% 82% k 

VOL TA GE 





Patent Application Publication Oct. 16, 2003 Sheet 8 0f 15 US 2003/0195501 A1 

% \llrj 
A ll 

.71 4 $55, 
8 

w 0 ‘l0 
55% EE: - W 0 2 m N % 

a g t @ mm m m m M Q%% N 5 8b N Q 

_ t M. E N. P? H 

Mi 753mg §2H 

. N .w _l 8 H 

h ENE 3E5 E 

Egg H 8 S 5%»: h 

B _ \_NI 

3* .EE g8 g5 

9% 6E 





Patent Application Publication Oct. 16, 2003 Sheet 10 0f 15 US 2003/0195501 A1 

QR 
mgmgzg QlE | w E 

h Ev 
. n u 3 

Wm“ K5 .H EQSH Q l?|>>é| 
mi. Qua g + 

m: m8 6&5: 

% Q9 
3% 

h E 
. h M 2% 

ya v @E .H EQEH Q 

1% 

SH 

8H 3 

E 

3 $6 

no 

mw 6Q 



Patent Application Publication Oct. 16, 2003 Sheet 11 0f 15 US 2003/0195501 A1 

POWER 
AND 
TEMP 

REF 

F/G. 9A 

F/G. 9/5’ 

F/G. 9C 

F/G. 9D 



Patent Application Publication Oct. 16, 2003 Sheet 12 0f 15 US 2003/0195501 A1 

70A 

Z F7 

i/gz F/G. 705 
Li 

X 

: : X 

\92 F/G. 700 

Y 

92 F/G. 70D 



Patent Application Publication Oct. 16, 2003 Sheet 13 0f 15 US 2003/0195501 A1 

POWER 
AND 
IEMP 

REF 

F/G. 7 7A 

F/G. 77/5’ 

F/G. 77C 

F/G. 77D 



Patent Application Publication Oct. 16, 2003 Sheet 14 0f 15 US 2003/0195501 A1 

F/G. 72 
32 

A 

xvi/2%? 26 

24 

F/G. 73 
52 

A 

X/WWW/IO? 26 

24 



Patent Application Publication Oct. 16, 2003 Sheet 15 0f 15 US 2003/0195501 A1 

74A 

F/G. 74/5’ 

1 F/G. 74c 

v F/G. 740 



US 2003/0195501 A1 

RF ABLATION SYSTEM AND METHOD HAVING 
AUTOMATIC TEMPERATURE CONTROL 

RELATED APPLICATIONS 

[0001] This is a continuation of application Ser. No. 
09/738,032, ?led Dec. 13, 2000 Which is a continuation-in 
part of application Ser. No. 09/501,472, ?led Feb. 9, 2000, 
now US. Pat. No. 6,200,314, Which is a division of appli 
cation Ser. No. 09/073,392, ?led May, 5, 1998, now US. 
Pat. No. 6,059,778. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates generally to an electrophysi 
ological (“EP”) apparatus and method for providing energy 
to biological tissue, and more particularly, to a radio fre 
quency (“RF”) ablation apparatus for controlling the How of 
current through, and the temperature of, a biological site so 
that the volume of ablation lesions may be controlled. 

[0003] The heart beat in a healthy human is controlled by 
the sinoatrial node (“S-A node”) located in the Wall of the 
right atrium. The S-A node generates electrical signal poten 
tials that are transmitted through pathWays of conductive 
heart tissue in the atrium to the atrioventricular node (“A-V 
node”) Which in turn transmits the electrical signals through 
out the ventricle by means of the His and Purkinje conduc 
tive tissues. Irnproper groWth of, or damage to, the conduc 
tive tissue in the heart can interfere With the passage of 
regular electrical signals from the S-A and A-V nodes. 
Electrical signal irregularities resulting from such interfer 
ence can disturb the normal rhythm of the heart and cause an 
abnormal rhythrnic condition referred to as “cardiac arrhyth 
rnia.” 

[0004] While there are different treatments for cardiac 
arrhythmia, including the application of anti-arrhythrnia 
drugs, in many cases ablation of the damaged tissue can 
restore the correct operation of the heart. Such ablation can 
be performed by percutaneous ablation, a procedure in 
Which a catheter is percutaneously introduced into the 
patient and directed through an artery to the atrium or 
ventricle of the heart to perform single or multiple diagnos 
tic, therapeutic, and/or surgical procedures. In such case, an 
ablation procedure is used to destroy the tissue causing the 
arrhythmia in an attempt to remove the electrical signal 
irregularities or create a conductive tissue block to restore 
normal heart beat or at least an improved heart beat. Suc 
cessful ablation of the conductive tissue at the arrhythmia 
initiation site usually terminates the arrhythmia or at least 
moderates the heart rhythm to acceptable levels. A Widely 
accepted treatment for arrhythrnia involves the application 
of RF energy to the conductive tissue. 

[0005] In the case of atrial ?brillation (“AF”), a procedure 
published by CoX et al. and knoWn as the “Maze procedure” 
involves continuous atrial incisions to prevent atrial reentry 
and to alloW sinus impulses to activate the entire rnyocar 
diurn. While this procedure has been found to be successful, 
it involves an intensely invasive approach. It is more desir 
able to accomplish the same result as the MaZe procedure by 
use of a less invasive approach, such as through the use of 
an appropriate EP catheter system. 

[0006] There are tWo general methods of applying RF 
energy to cardiac tissue, unipolar and bipolar. In the unipolar 
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method a large surface area electrode; e.g., a backplate, is 
placed on the chest, back or other eXternal location of the 
patient to serve as a return. The backplate completes an 
electrical circuit With one or more electrodes that are intro 

duced into the heart, usually via a catheter, and placed in 
intimate contact With the aberrant conductive tissue. In the 
bipolar rnethod, electrodes introduced into the heart have 
different potentials and complete an electrical circuit 
between themselves. In the bipolar method, the ?uX travel 
ing betWeen the tWo electrodes of the catheter enters the 
tissue to cause ablation. 

[0007] During ablation, the electrodes are placed in inti 
rnate contact With the target endocardial tissue. RF energy is 
applied to the electrodes to raise the temperature of the target 
tissue to a non-viable state. In general, the temperature 
boundary betWeen viable and non-viable tissue is approxi 
rnately 48° Centigrade. Tissue heated to a temperature above 
48° C. becornes non-viable and de?nes the ablation volume. 
The objective is to elevate the tissue temperature, which is 
generally at 37° C., fairly uniformly to an ablation tempera 
ture above 48° C., While keeping both the temperature at the 
tissue surface and the temperature of the electrode below 
1000 C. 

[0008] A basic con?guration of an ablation catheter for 
applying RF energy includes a distal tip Which is ?tted With 
an electrode device. The electrode device is the source of an 
electrical signal that causes heating of the contacting and 
neighboring tissue. In the unipolar method, the electrode 
device may include a single electrode used for ernitting RF 
energy. This single electrode acts as one electrical pole. The 
other electrical pole is formed by the backplate in contact 
With a patient’s eXternal body part. A RF source is applied 
to the electrode. The RF source is typically in the 500 kHZ 
region and produces a sinusoidal voltage. When this is 
delivered betWeen the distal tip of a standard electrode 
catheter and a backplate, it produces a localiZed RF heating 
effect and produces a Well de?ned, deep acute lesion slightly 
larger than the tip electrode. 

[0009] In some procedures a lesion having a larger surface 
area than that produced by a single electrode in a unipolar 
arrangernent may be required. To this end nurnerous ablation 
catheters have been designed. In one catheter designed to 
provide a larger surface ablation area, an electrode device 
having four peripheral electrodes Which extend from a 
retracted mode is used. See US. Pat. No. 5,500,011 to Desai. 
When extended, i.e., fanned out, the four peripheral elec 
trodes and the central electrode form an electrode array that 
covers a larger surface area of the tissue than a single 
electrode. When used With a conventional RF poWer source, 
and in conjunction With a backplate, the ?ve electrodes 
produce ?ve lesion spots distributed over the area spanned 
by the electrode array. The lesions produced are discontinu 
ous in relation to each other and there are areas betWeen the 
electrodes that remain unablated. This device must be 
manipulated so that When eXpanded, all electrodes are in 
contact With the endocardiurn. An “end on” approach is 
required such that the end of the catheter, on Which all ?ve 
electrodes are mounted, is in intimate contact With the target 
tissue. 

[0010] In another catheter an electrode device having a 
central electrode and a number of peripheral electrodes 
Which also fan out from a retracted mode is used. During 
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ablation a backplate is not used; instead the central electrode 
functions as the reference While the peripheral electrodes 
have multi-phase RF poWer applied to them. For example, 
see US. Pat. No. 5,383,917 to Desai et al. While this 
technique provides a more continuous lesion covering a 
larger surface area of the tissue, the ablation volume is 
relatively shalloW With a nonuniform depth of the lesion. 
This arrangement also requires the same manipulation of the 
catheter such that an end-on contact is made by the expanded 
electrodes, as discussed above. Lesions having a non-uni 
form ablation volume are undesirable as the depth at one part 
of the lesion may not be suf?cient to stop the irregular signal 
pathWays. Arrhythmia may reoccur because the irregular 
signals may pass under such an ablation volume and the 
procedure must then be repeated to once again attempt to 
obtain an ablation volume having suf?cient depth. 

[0011] The mechanical con?guration of both of the above 
described techniques comprises an expanding approach. 
When used for ablation, an electrode device is typically part 
of a catheter system. Accordingly, it is desirable to minimiZe 
the diameter of the electrode device during introduction to 
and WithdraWal from the patient to lessen trauma to the 
patient. Therefore, electrode devices having peripheral 
expandable electrodes must be con?gured so that the periph 
eral electrodes are expandable to a large siZe yet are retract 
able to as small a siZe as practical. Such requirements pose 
design and manufacturing dif?culties due to the movement 
of mechanical parts required for proper operation. Further 
considerations are the undesirable complexity and increased 
manufacturing cost associated With an expandable a cath 
eter. 

[0012] Hence, those skilled in the art have recogniZed a 
need for a structurally stable invasive ablation apparatus and 
method that are capable of controlling the How of current 
through, and temperature of, a biological site so that lesions 
With controllable surface and depth characteristics may be 
produced and the ablation volume thereby controlled. The 
invention ful?lls these needs and others. 

SUMMARY OF THE INVENTION 

[0013] Brie?y, and in general terms, the invention is 
directed to an apparatus and a method for controlling the 
application of energy to, and the temperature of, a biological 
site during ablation. 

[0014] In one aspect, the invention relates to an apparatus 
for delivering energy to biological tissue While maintaining 
the temperature of the biological tissue near a target tem 
perature. The apparatus includes a plurality of electrodes 
positionable proximal the biological tissue and at least one 
temperature sensing device located on at least one of the 
electrodes. The temperature sensing device provides a tem 
perature signal indicative of the temperature at the interface 
betWeen the at least one electrode and the tissue. The 
apparatus also includes a generator that operates under the 
control of a processor to apply poWer to each of the 
electrodes. The poWer has an associated phase angle and, 
Within a time duration, a plurality of alternating on periods 
and off periods, one set of adjacent on and off periods 
de?ning a duty cycle. The processor is adapted to, during the 
on period of each duty cycle, set the phase angles of the 
poWer provided to each electrode such that at least tWo of the 
electrodes are provided poWer With different phase angles. 
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The processor is further adapted to, in response to the 
temperature signal, determine the temperature at the at least 
one electrode/tissue interface; compare the interface tem 
perature to the target temperature and adjust the duty cycle 
of the poWer provided to the at least one electrode in 
response to the comparison. 

[0015] In a detailed aspect of the invention, the processor 
is adapted to increase or decrease the duty cycle of the poWer 
to the at least one electrode When the at least one electrode/ 
tissue interface temperature is less than or greater than the 
target temperature. In another detailed facet the processor is 
adapted to set the poWer to the at least one electrode to Zero 
When the at least one electrode/tissue interface temperature 
is a speci?ed ?rst number of degrees greater than the target 
temperature to thereby alloW the electrode to cool off. The 
processor is further adapted to incrementally increase the 
poWer to the electrode until the interface temperature is near 
the target temperature. In another detailed aspect, the appa 
ratus further includes a poWer interruption device connected 
to the processor. The processor is adapted to control the 
poWer interruption device to interrupt poWer to the at least 
one electrode When the at least one electrode/tissue interface 
temperature is a speci?ed second number of degrees greater 
than the target temperature. 

[0016] In another facet, the invention relates to an appa 
ratus for delivering energy to biological tissue While main 
taining the temperature of the biological tissue near a target 
temperature. The apparatus includes a catheter having a 
plurality of electrodes at its distal end. The distal end may be 
positioned so that the electrodes are located proximal the 
biological tissue. The apparatus also includes a plurality of 
temperature sensing devices. At least one temperature sens 
ing device is located on a select number of the electrodes. 
These devices provide a temperature signal indicative of the 
temperature at the interface betWeen the electrode and the 
tissue. The apparatus also includes a generator operating 
under the control of a processor to apply poWer to each of 
the electrodes. The poWer has an associated phase angle and, 
Within a time duration, a plurality of alternating on periods 
and off periods. One set of adjacent on and off periods de?ne 
a duty cycle. The processor is adapted to, in response to each 
of the temperature signals, determine the temperature at the 
electrode/tissue interface and regulate the temperature of a 
plurality of temperature Zones. Each Zone includes at least 
one combination electrode/temperature sensing device. The 
temperature is regulated by controlling the poWer to at least 
one electrode in the Zone. The processor is further adapted 
to regulate the poWer to a plurality of phase groups. Each 
group includes at least one electrode. The poWer is regulated 
by controlling the phase of the poWer to each electrode in the 
group such that during the on portion of a duty cycle the 
phase in one group is different then the phase in another 
group. 

[0017] In another aspect, the invention relates to a method 
for delivering energy to biological tissue While maintaining 
the temperature of the biological tissue near a target tem 
perature. The method comprises positioning a plurality of 
electrodes proximal the biological tissue. At least one of the 
electrodes carries a temperature sensing device for providing 
a temperature signal indicative of the temperature at the 
interface betWeen the electrode and the tissue. The method 
also includes providing poWer to each of the electrodes. The 
poWer has, Within a time duration, a plurality of alternating 
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on periods and off periods, wherein one set of adjacent on 
and off periods de?nes a duty cycle. Also included in the 
method is, during the on period of each duty cycle, providing 
poWer With different phase angles to at least tWo of the 
electrodes; determining the temperature at the at least one 
electrode/tissue interface in response to the temperature 
signal; comparing the at least one electrode/tissue interface 
temperature to the target temperature; and adjusting the duty 
cycle of the poWer provided to the at least one electrode in 
response to the comparison. 

[0018] In another aspect, the invention relates to a method 
for delivering energy to biological tissue While maintaining 
the temperature of the biological tissue near a target tem 
perature. The method comprises positioning a catheter hav 
ing a plurality of electrodes at its distal end so that the 
electrodes are located proXimal the biological tissue. A 
select number of the electrodes carry at least one tempera 
ture sensing device. The device provides a temperature 
signal indicative of the temperature at the interface betWeen 
the electrode and the tissue. The method also includes 
providing poWer having an associated phase and, Within a 
time duration, a plurality of alternating on periods and off 
periods, one set of adjacent on and off periods de?ning a 
duty cycle. The method further includes, in response to the 
temperature signals, determining the temperature at the 
electrode/tissue interface; individually regulating the tem 
perature of a plurality of temperature Zones, Wherein each 
Zone comprises at least one combination electrode/tempera 
ture sensing device. The temperature is regulated by con 
trolling the poWer to at least one electrode in the Zone. The 
method further includes regulating the poWer to a plurality 
of phase groups, Wherein each group comprises at least one 
electrode. The poWer is regulated by controlling the phase of 
the poWer to each electrode in the group such that during the 
on portion of a duty cycle the phase in one group is different 
then the phase in another group. 

[0019] These and other aspects and advantages of the 
present invention Will become apparent from the folloWing 
more detailed description, When taken in conjunction With 
the accompanying draWings Which illustrate, by Way of 
eXample, the preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic diagram of an ablation 
apparatus including a poWer control system, electrode 
device and backplate; 

[0021] FIGS. 2-1 and 2-2 form a block diagram presenting 
more detail of a poWer control system in accordance With 
aspects of the invention, shoWing phase angle control, duty 
cycle control, and impedance and temperature monitoring; 

[0022] FIG. 3 is a diagram of a multi-channel ablation 
apparatus in accordance With aspects of the invention 
Wherein a single microprocessor controls the phase angle 
and duty cycle of each channel individually; 

[0023] FIG. 4 depicts a ?rst poWer Waveform having a 
?rst phase angle and alternating instances of peak poWer and 
very loW poWer; 

[0024] FIG. 5 depicts a second poWer Waveform having a 
second phase angle different from the ?rst phase angle and 
alternating instances of peak poWer and very loW poWer; 
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[0025] FIG. 6 presents a time frame (TF) diagram shoW 
ing a ?fty-percent duty cycle; 
[0026] FIG. 7A depicts the phase relationship and voltage 
potential betWeen the ?rst and second poWer Waveforms 
having ?rst and second phase angles respectively, as a 
function of time; 

[0027] FIG. 7B depicts the phase relationship and voltage 
potential betWeen the ?rst and second poWer Waveforms 
having second and ?rst phase angles respectively, as a 
function of time; 

[0028] FIGS. 8A, 8B, 8C, 8D, and 8E are schematic 
diagrams of an embodiment of a poWer control system in 
accordance With aspects of the invention With FIG. 8A 
shoWing hoW FIGS. 8B, 8C, 8D and 8E are related; 

[0029] FIG. 9A is a three dimensional representation of an 
ablation apparatus having a linear array of band electrodes 
in contact With a biological site With a backplate at the 
opposite side of the biological site, in Which the phase angle 
difference betWeen adjacent electrodes of the linear array is 
Zero degrees; 

[0030] FIGS. 9B through 9D depict, along the X, y, and 
Z aXes shoWn, the depth of the lesions formed by the ablation 
apparatus of FIG. 9A shoWing that the apparatus acts as a 
unipolar device With multiple electrodes and the resulting 
lesions are discontinuous; 

[0031] FIG. 10A is a three dimensional representation of 
an ablation apparatus having a linear array of band elec 
trodes in contact With a biological site With a backplate at the 
opposite side of the biological site, in Which the phase angle 
difference betWeen adjacent electrodes is 180 degrees; 

[0032] FIGS. 10B through 10D depict, along the X, y, and 
Z aXes shoWn, the continuity and depth of a lesion formed by 
the ablation apparatus of FIG. 10A shoWing that the appa 
ratus acts as a bipolar device With no signi?cant amount of 
current ?oWing to the backplate; 

[0033] FIG. 11A is a three dimensional representation of 
an ablation apparatus having a linear array of band elec 
trodes in contact With a biological site With a backplate at the 
opposite side of the biological site, in Which the phase 
difference betWeen adjacent electrodes is approximately 90 
degrees; and 
[0034] FIGS. 11B through 11D depict, along the X, y, and 
Z aXes shoWn, the continuity and depth of a lesion formed by 
the ablation apparatus of FIG. 11A shoWing the greater 
depth of lesion resulting from the phase angle difference. 
[0035] FIG. 12 presents a block diagram of the current 
?oW among electrodes and the backplate through the bio 
logical site for adjacent electrodes having different phase 
angles; 
[0036] FIG. 13 presents the same block diagram as FIG. 
12 With the phase angles betWeen adjacent electrodes 
reversed; and 
[0037] FIGS. 14A through 14D present, along the X, y, 
and Z aXes shoWn, the increased continuity, depth, and 
uniformity of a lesion formed by the alternating phase 
apparatus and method shoWn in previous ?gures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] Turning noW to the draWings, in Which like refer 
ence numerals are used to designate like or corresponding 
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elements among the several ?gures, in FIG. 1 there is shown 
an ablation apparatus 10 in accordance With aspects of the 
present invention. The apparatus 10 includes a poWer control 
system 12 that provides poWer or drive 14 to an electrode 
device 16. The poWer control system 12 comprises a poWer 
generator 18 that may have any number of output channels 
through Which it provides the poWer 14. The operation of the 
poWer generator 18 is controlled by a controller 20 Which 
outputs control signals 21 to the poWer generator 18. The 
controller 20 monitors the poWer 14 provided by the poWer 
generator 18. In addition, the controller 20 also receives 
temperature signals 22 from the electrode device 16. Based 
on the poWer 14 and temperature signals 22 the controller 20 
adjusts the operation of the poWer generator 18. Abackplate 
24 is located proximal to the biological site 26 opposite the 
site from the electrode device 16, and is connected by a 
backplate Wire 28 to the poWer generator 18. The backplate 
24 is set at the reference level to the poWer provided to the 
electrodes, as discussed in detail beloW. 

[0039] The electrode device 16 is typically part of a 
steerable EP catheter 30 capable of being percutaneously 
introduced into a biological site 26, e.g., the atrium or 
ventricle of the heart. The electrode device 16 is shoWn in 
schematic form With the components draWn to more clearly 
illustrate the relationship betWeen the components and the 
relationship betWeen the components and the poWer control 
system 12. In this embodiment, the catheter 30 comprises a 
distal segment 34 and a handle 31 located outside the 
patient. Apreferred embodiment of the electrode device 16 
includes tWelve band electrodes 32 arranged in a substan 
tially linear array along the distal segment 34 of the catheter 
30. The electrode device 16 may include a tip electrode 36. 
(For clarity of illustration, only four band electrodes 32 are 
shoWn in the ?gures although as stated, a preferred embodi 
ment may include many more.) The band electrodes 32 are 
arranged so that there is space 38 betWeen adjacent elec 
trodes. In one con?guration of the electrode device 16, the 
Width of the band electrodes 32 is 3 mm and the space 38 
betWeen the electrodes is 4 mm. The total length of the 
electrode device 16, as such, is approximately 8 cm. 

[0040] The arrangement of the band electrodes 32 is not 
limited to a linear array and may take the form of other 
patterns. A substantially linear array is preferred for certain 
therapeutic procedures, such as treatment of atrial ?brilla 
tion, in Which linear lesions of typically 4 to 8 cm in length 
are desired. A linear array is more easily carried by the 
catheter 30 and also lessens the siZe of the catheter. 

[0041] The band electrodes 32 are formed of a material 
having a signi?cantly higher thermal conductivity than that 
of the biological tissue 26. Possible materials include silver, 
copper, gold, chromium, aluminum, molybdenum, tungsten, 
nickel, platinum, and platinum/ 10% iridium. Because of the 
difference in thermal conductivity betWeen the electrodes 32 
and the tissue 26, the electrodes 32 cool off more rapidly in 
the ?oWing ?uids at the biological site. The poWer supplied 
to the electrodes 32 may be adjusted during ablation to alloW 
for the cooling of the electrodes While at the same time 
alloWing for the temperature of the tissue to build up so that 
ablation results. The electrodes 32 are siZed so that the 
surface area available for contact With ?uid in the heart, e.g., 
blood, is suf?cient to alloW for ef?cient heat dissipation from 
the electrodes to the surrounding blood. In a preferred 
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embodiment, the electrodes 32 are 7 French (2.3 mm in 
diameter) With a length of 3 mm. 

[0042] The thickness of the band electrodes 32 also affects 
the ability of the electrode to draW thermal energy aWay 
from the tissue it contacts. In the present embodiment, the 
electrodes 32 are kept substantially thin so that the elec 
trodes effectively draW energy aWay from the tissue Without 
having to unduly increase the outer diameter of the elec 
trode. In a preferred embodiment of the invention, the 
thickness of the band electrodes is 0.05 to 0.13 mm (0.002 
to 0.005 inches). 

[0043] Associated With the electrode device 16 are tem 
perature sensors 40 for monitoring the temperature of the 
electrode device 16 at various points along its length. In one 
embodiment, each band electrode 32 has a temperature 
sensor 40 mounted to it. Each temperature sensor 40 pro 
vides a temperature signal 22 to the controller 20 Which is 
indicative of the temperature of the respective band elec 
trode 32 at that sensor. In another embodiment of the 
electrode device 16 a temperature sensor 40 is mounted on 
every other band electrode 32. Thus for a catheter having 
tWelve electrodes, there are temperature sensors on siX 
electrodes. In yet another embodiment of the electrode 
device 16 every other electrode has tWo temperature sensors 
40. In FIG. 1, Which shoWs an embodiment having one 
temperature sensor for each electrode, there is shoWn a 
single poWer lead 15 for each electrode 32 to provide poWer 
to each electrode for ablation purposes and tWo temperature 
leads 23 for each temperature sensor 40 to establish the 
thermocouple effect. 

[0044] In another approach, the drive Wire may comprise 
one of the thermocouple Wires or may comprise a common 
Wire for a plurality of thermocouples mounted on the same 
electrode. The inventors hereby incorporates by reference 
US. Pat. Nos. 6,049,737 and 6,045,550 both of Which are 
assigned to the assignee of the present invention. 

[0045] Turning noW to FIGS. 2-1 and 2-2, a block diagram 
of an ablation apparatus 10 and method in accordance With 
aspects of the invention is presented. In FIGS. 2-1 and 2-2, 
a single channel of the poWer control system 12 is depicted. 
This channel controls the application of poWer to a single 
electrode 32. As Will be discussed in relation to other ?gures, 
a channel may control a plurality or group of electrodes. In 
FIG. 2-1, a microprocessor 42, Which is part of the control 
ler 20 (FIG. 1), provides a duty cycle control signal 44 to a 
duty cycle generator (“DCG”) 45. In this case, the duty cycle 
generator 45 receives the control signal 44 by an 8-bit latch 
46. The latch 46 provides an 8-bit signal 47 to a duty cycle 
comparator 48. The comparator 48 compares the 8-bit signal 
47 to a count from an 8-bit duty cycle counter 50 and if the 
count is the same, provides a duty cycle off signal 49 to the 
duty cycle gate 52. The gate 52 is connected to a frequency 
source (“FS”) 54, such as an oscillator that produces 500 
kHZ. When the gate 52 receives the duty cycle off signal 49 
from the comparator 48, it stops its output of the frequency 
source signal through the gate and no output eXists. 

[0046] At a frequency of 500 kHZ, an 8-bit control has a 
period or time frame of 0.5 msec. At a ?fty-percent duty 
cycle, the electrode is in the off period only 0.25 msec. To 
alloW for greater cooling of the electrode, the period or time 
frame 78 (FIG. 6) is lengthened by use of a prescalar 56 
interposed betWeen the frequency source 54 and the counter 
















