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(57) ABSTRACT 

Embodiments of the present invention provide an irrigated 
ablation electrode assembly for use With an irrigated catheter 
device comprises at least one passageway for a ?uid With an 
outlet disposed at an external surface of the electrode 
assembly; a permanent magnet; a shield separating the 
permanent magnet from the at least one passageway and 
from an exterior, the shield being substantially less oxidiZ 
able than the permanent magnet; and an electrode having an 
external electrode surface. A catheter guidance control and 
imaging system drives the permanent magnet to guide and 
control the catheter tip. In speci?c embodiments, the irriga 
tion ?uid ?oW paths through the electrode assembly are 
thermally insulated from the electrode and temperature 
sensor. The irrigation ?uid is directed at target areas Where 
coagulation is more likely to occur. One or more monitoring 
electrodes are provided for mapping or other monitoring 
functions. 
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IRRIGATED ABLATION CATHETER HAVING 
MAGNETIC TIP FOR MAGNETIC FIELD 

CONTROL AND GUIDANCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Us. 
patent application Ser. No. 11/948,362, ?led on Nov. 30, 
2007, Which is a continuation-in-part of Us. patent appli 
cation Ser. No. 11/434,200, ?led May 16, 2006, the entire 
disclosures of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention pertains generally to ablation 
catheters and electrode assemblies. More particularly, the 
present invention is directed toWard ablation electrode 
assemblies for use in the human body having a magnetic tip 
for magnetic ?eld control and guidance, a mechanism for 
irrigating targeted areas, and mapping characteristics. 

[0004] b. BackgroundArt 

a. Field of the Invention 

[0005] Electrophysiology catheters are used for an ever 
groWing number of procedures. For example, catheters are 
used for diagnostic, therapeutic, and ablative procedures, to 
name just a feW examples. Typically, the catheter is manipu 
lated through the patient’s vasculature and to the intended 
site, for example, a site Within the patient’s heart. 

[0006] The catheter typically carries one or more elec 
trodes, Which may be used for ablation, diagnosis, or the 
like. There are a number of methods used for ablation of 
desired areas, including for example, radiofrequency (RF) 
ablation. RF ablation is accomplished by transmission of 
radiofrequency energy to a desired target area through an 
electrode assembly to ablate tissue at the target site. 

[0007] Because RF ablation may generate signi?cant heat, 
Which if not carefully monitored and/or controlled can result 
in protein denaturation, blood coagulation, excess tissue 
damage, such as steam pop, tissue charring, and the like, it 
is desirable to monitor the temperature of the ablation 
assembly. It is further desirable to include a mechanism to 
irrigate certain target areas With biocompatible ?uids, such 
as saline solution. This irrigation reduces or avoids excess, 
unWanted tissue damage, as Well as blood coagulation and 
problems associated thereWith. HoWever, introduction of 
this irrigation solution may inhibit the ability to accurately 
monitor and/or control the temperature of the ablation 
assembly during use. 

[0008] There are typically tWo classes of irrigated elec 
trode catheters, open and closed irrigation catheters. Closed 
ablation catheters typically circulate a cooling ?uid Within 
the inner cavity of the electrode. Open ablation catheters, on 
the other hand, typically deliver the cooling ?uid through 
open ori?ces on the electrode. Examples of these knoWn 
catheters include the THERMOCOOL brand of catheters 
marketed and sold by Biosense-Webster. The current open 
irrigated ablation catheters use the inner cavity of the 
electrode, or distal member, as a manifold to distribute saline 
solution. The saline thus ?oWs directly through the open 
ori?ces of the distal electrode member. This direct ?oW 
through the distal electrode tip loWers the temperature of the 
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distal tip during operation, rendering accurate monitoring 
and control of the ablative process more di?icult. 

[0009] In these open electrode irrigated catheters, it has 
been determined that insulating the irrigation channels from 
the ablation electrode is bene?cial. One such example Was 
published on or around March 2005 in an article entitled 
“Saline-Irrigated Radiofrequency Ablation Electrode With 
Electrode Cooling,” by Drs. Wittkampf and NakagaWa et al., 
the content of Which is hereby incorporated by reference in 
its entirety. Similarly, the content of PCT International 
Publication No. WO 05/048858, published on Jun. 2, 2005, 
is hereby incorporated by reference in its entirety. 

[0010] Recently, magnetic systems have been proposed, 
Wherein magnetic ?elds produced by one or more electro 
magnets are used to guide and advance a magnetically 
tipped catheter. For example, U.S. Patent Application Pub 
lication No. 2007/0016006 discloses an apparatus and a 
method for guiding, steering, and advancing invasive 
devices and for accurately controlling their positions for 
providing positioning of magnetic ?elds and ?eld gradient, 
for providing ?elds con?gured to push/pull, bend/rotate, and 
by further enabling apparatus to align the distal end of the 
catheter tip so as to achieve controlled movement in 3D 
space and ability of apparatus to control the magnetic ?eld 
characteristics, preferably Without excessively large poWer 
and ?eld intensities that are potentially dangerous to medical 
personnel and that can be disruptive to other equipment. The 
entire disclosure of US 2007/ 001 6006 is incorporated herein 
by reference. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Embodiments of the present invention provide an 
irrigated catheter con?gured to provide better electrode 
surface cooling and more accurate electrode tip temperature 
measurement, and having a magnetic tip that can be mag 
netically guided and controlled. The irrigated catheter may 
further include one or more monitoring or measuring elec 
trodes for mapping or the like. The irrigation ?uid is directed 
at target areas Where coagulation is more likely to occur so 
as to minimize blood coagulation and the associated prob 
lems. In some embodiments, the invention further provides 
for signi?cant improvements over knoWn irrigation cath 
eters, including those disclosed by Wittkampf and Naka 
gaWa et al., by providing a multiple piece irrigated ablation 
electrode assembly that has the advantages of irrigating the 
target area While simultaneously improving the operation, 
temperature response, temperature monitoring and/or con 
trol mechanisms of the ablation assembly, so as to prevent 
unWanted, unnecessary tissue damage and blood coagula 
tion. 

[0012] The present invention is directed to improved irri 
gated ablation electrode assemblies and methods useful in 
conjunction With irrigated catheter and pump assemblies and 
RF generator assemblies designed to monitor and control the 
ablation process While minimizing blood coagulation and 
unnecessary tissue damage, and With catheter guidance 
control and imaging systems designed to guide and control 
the magnetic tips of the electrode assemblies and perform 
mapping and other imaging functions. 

[0013] In accordance With an aspect of the present inven 
tion, an irrigated ablation electrode assembly for use With an 
irrigated catheter device comprises at least one passageWay 
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for a ?uid With an outlet disposed at an external surface of 
the electrode assembly; a permanent magnet; a shield sepa 
rating the permanent magnet from the at least one passage 
Way and from an exterior, the shield being substantially less 
oxidiZable than the permanent magnet; and an electrode 
having an external electrode surface. 

[0014] In some embodiments, the electrode forms at least 
a portion of the shield, and comprises an electrically con 
ductive material that is substantially less oxidiZable than the 
permanent magnet. The electrically conductive material is 
selected from the group consisting of platinum, gold, tan 
talum, iridium, stainless steel, palladium, and mixtures 
thereof, and the electrically conductive material is plated 
onto a substrate made of a biocompatible material that is 
substantially less oxidiZable than the permanent magnet. 
The shield comprises one or more materials selected from 
the group consisting of silicone, polyimide, platinum, gold, 
tantalum, iridium, stainless steel, palladium, and mixtures 
thereof. In one example, the permanent magnet comprises 
NdFeB. At least one mapping electrode is spaced proximally 
from the electrode Which is a distal electrode capable of 
ablation. 

[0015] In speci?c embodiments, the electrode is disposed 
at a distal portion of the electrode assembly and includes an 
external electrode surface, and the electrode assembly fur 
ther comprises a proximal portion Which includes at least 
one proximal passageWay for a ?uid With an outlet disposed 
at an external surface of the proximal portion. The proximal 
portion comprises a material Which is electrically noncon 
ductive and has a loWer thermal conductivity than a material 
of the electrode. The at least one proximal passageWay 
extends toWard the electrode at an acute angle With respect 
to the longitudinal axis of the proximal portion. The proxi 
mal portion comprises a material Which is electrically non 
conductive; the external surface of the proximal portion and 
the external electrode surface of the electrode at the distal 
portion meet at an intersection; and the at least one proximal 
passageWay is con?gured to direct a ?uid ?oW through the 
outlet toWard a region adjacent the intersection. The perma 
nent magnet is disposed in the distal portion, and the 
electrode assembly further comprises at least one tempera 
ture sensor disposed in the permanent magnet. The electrode 
includes an external electrode surface, and the electrode 
includes at least one electrode passageWay for a ?uid With an 
outlet disposed at the external electrode surface. The at least 
one electrode passageWay is thermally insulated from the 
distal member by a poor thermal conductive material Which 
is loWer in thermal conductivity than a material of the 
electrode. 

[0016] In some embodiments, the permanent magnet com 
prises an annular permanent magnet With an axial opening to 
permit ?uid ?oW to the at least one electrode passageWay, 
and the electrode assembly further comprises a ?uid lumen 
extending through the axial opening of the annular perma 
nent magnet to the at least one electrode passageWay. The 
?uid lumen comprises stainless steel braided polyimide 
forming a portion of the shield, and the electrode forms 
another portion of the shield. The shield includes a silicone 
seal to prevent ?uid from reaching the annular permanent 
magnet via a junction betWeen the electrode and the ?uid 
lumen. The electrode is disposed at a distal portion of the 
electrode assembly, and the electrode assembly further com 
prises a proximal portion Which includes at least one proxi 
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mal passageWay for a ?uid With an outlet disposed at an 
external surface of the proximal portion. The proximal 
portion comprises a material Which is electrically noncon 
ductive. The external surface of the proximal portion and the 
external electrode surface of the electrode at the distal 
portion meet at an intersection. The at least one proximal 
passageWay is con?gured to direct a ?uid ?oW through the 
outlet toWard a region adjacent the intersection. 

[0017] In accordance With another aspect of the invention, 
an irrigated ablation electrode assembly for use With an 
irrigated catheter device comprises a permanent magnet, at 
least one passageWay for a ?uid With an outlet disposed at 
an external surface of the electrode assembly, the at least one 
passageWay extending through the permanent magnet; an 
inner shield separating the permanent magnet from the at 
least one passageWay, the inner shield being substantially 
less oxidiZable than the permanent magnet; and an outer 
shield separating the permanent magnet from an exterior, the 
inner shield being substantially less oxidiZable than the 
permanent magnet. 

[0018] In some embodiments, the inner shield comprises a 
?uid lumen supplying ?uid to the at least one passageWay. 
The electrode assembly includes an electrode that has an 
external electrode surface and forms at least a portion of the 
outer shield. The electrode is disposed at a distal portion of 
the electrode assembly; the electrode assembly further com 
prises a proximal portion having a material Which is elec 
trically nonconductive; and the proximal portion forms at 
least a portion of the inner shield. 

[0019] In accordance With another aspect of this invention, 
a catheter comprises a shaft; and an irrigated ablation 
electrode assembly coupled to a distal end of the shaft. The 
irrigated ablation electrode assembly has at least one pas 
sageWay for a ?uid With an outlet disposed at an external 
surface of the electrode assembly; a permanent magnet; a 
shield separating the permanent magnet from the at least one 
passageWay and from an exterior, the shield being substan 
tially less oxidiZable than the permanent magnet; and an 
electrode having an external electrode surface. 

[0020] In some embodiments, the catheter further com 
prises a second permanent magnet disposed near the distal 
end of the shaft and spaced from the permanent magnet in 
the irrigated ablation electrode assembly. 

[0021] The foregoing and other aspects, features, details, 
utilities, and advantages of the present invention Will be 
apparent from reading the folloWing description and claims, 
and from revieWing the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is an isometric vieW of an ablation electrode 
assembly according to an embodiment of the present inven 
tion in conjunction With an irrigated catheter assembly 
operably connected to an RF generator assembly and a pump 
assembly. 

[0023] FIG. 2 is an enlarged, isometric vieW of the abla 
tion electrode assembly according to an embodiment of the 
present invention operably connected to an irrigated catheter 
assembly. 

[0024] FIG. 3 is a cross-sectional vieW of the ablation 
electrode assembly of FIG. 2 taken along line 4-4 of FIG. 2. 
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[0025] FIG. 4 is a cross-sectional vieW of an ablation 
electrode assembly according to another embodiment of the 
present invention. 

[0026] FIG. 4A is a cross-sectional vieW of an ablation 
electrode assembly according to another embodiment of the 
present invention. 

[0027] FIG. 5 is a cross-sectional vieW of an ablation 
electrode assembly according to another embodiment of the 
present invention. 

[0028] FIG. 6 is a perspective vieW of the magnet structure 
of the Catheter Guidance Control and Imaging (CGCI) 
system. 

[0029] FIG. 7A is a perspective vieW of the CGCI right 
section shoWing the hydraulically actuated core extended. 

[0030] FIG. 7B is a perspective vieW of the CGCI right 
section shoWing the hydraulically actuated core extracted. 

[0031] FIG. 7C is a system block diagram for a surgery 
system that includes an operator interface, a catheter guid 
ance system, and surgical equipment. 

[0032] FIG. 7D is a block diagram of the imaging module 
for use in a CGCI surgery procedure that includes the 
catheter guidance system, a radar system, Hall Effect sen 
sors, and a hydraulically actuating core extension mecha 
nism. 

[0033] FIG. 8A is a ?rst perspective vieW of a catheter 
assembly. 

[0034] FIG. 8B is a second perspective vieW of the cath 
eter assembly. 

[0035] FIG. 9A is a side vieW of the apparatus of FIG. 6. 

[0036] FIG. 9B is an underside vieW of the apparatus of 
FIG. 6. 

[0037] FIG. 10 is an isometric vieW shoWing the apparatus 
of FIG. 6 in an open mode Where the left and right clusters 
are separated. 

[0038] FIG. 11 is a side vieW of the con?guration shoWn 
in FIG. 10. 

[0039] FIG. 12 is an underside vieW of the con?guration 
shoWn in FIG. 10. 

[0040] FIG. 13 is an end vieW of the con?guration shoWn 
in FIG. 10. 

[0041] FIG. 14 is a block diagram of one embodiment of 
the CGCI apparatus With magnetic sensors. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Irrigated Catheter With Magnetic Tip 

[0042] In general, the instant invention relates to irrigated 
ablation electrode assemblies, and to methods of manufac 
turing and using such irrigated ablation electrode assem 
blies. For purposes of this description, similar aspects 
among the various embodiments described herein Will be 
referred to by the same reference number. As Will be 
appreciated, hoWever, the structure of the various aspects 
may be different among the various embodiments. 
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[0043] As seen in FIG. 1, the ablation electrode assembly 
may comprise part of an irrigated ablation catheter assembly 
12, operably connected to a pump assembly 15 and an RF 
generator assembly 14 Which serves to facilitate the opera 
tion of ablation procedures through monitoring any number 
of chosen variables (e.g., temperature of the ablation elec 
trode, ablation energy, and position of the assembly), assist 
in manipulation of the assembly during use, and provide the 
requisite energy source delivered to the electrode assembly 
10. The present embodiments describe RF ablation electrode 
assemblies and methods, but it is contemplated that the 
present invention is equally applicable to any number of 
other ablation electrode assemblies Where the temperature of 
the device and the targeted tissue areas is a factor during the 
procedure. 
[0044] FIG. 1 is a general perspective vieW of an irrigated 
ablation catheter assembly having an RF generator assembly 
14 and a ?uid pump assembly 15 operably connected to an 
irrigated catheter assembly 12 having an irrigated electrode 
assembly 10 according to the present invention operably 
attached thereto. The structural and functional features of the 
catheter assembly 12 and the RF generator assembly 14 and 
pump assembly 15 are Well-knoWn to those of skill in the art. 
For example, the RF generator assembly could be an IBI 
1500T RF Cardiac Ablation Generator available from Irvine 
Biomedical, Inc. in Irvine, Calif. 92614. The RF generator 
assembly could also be any other knoWn assembly, includ 
ing, for example, a Stockert RF generator available from 
Biosense, or one of the Atakr® series of RF generators 
available from Medtronic. The pump assembly can be any 
knoWn assembly, including ?xed volume rolling pumps, 
variable volume syringe pumps, and any other pump assem 
bly knoWn to those of skill in the art. FIGS. 2-5, discussed 
in more detail beloW, exemplify various embodiments of the 
irrigated ablation electrode assembly 10 according to the 
present invention. 

[0045] FIG. 2 is an isometric vieW of an ablation electrode 
assembly 11 connected to an irrigated ablation catheter 
assembly 12 having a ?uid delivery tube 16 therein. The 
ablation electrode assembly 11 generally comprises an irri 
gation member 20 and an ablation electrode member 18. The 
orientation of the members 18, 20 are generally such that the 
ablation electrode assembly 18 is situated at the distal end of 
the assembly With the irrigation member 20 located at the 
proximal end of the assembly, although it is conceivable the 
orientation could be reversed. The proximal member 20 has 
at least one passageWay 24 (see FIG. 3) and at least one 
outlet 22 for delivery of a ?uid to targeted tissue areas and 
the outside of the electrode assembly 11. The distal member 
18 further comprises at least one temperature sensing 
mechanism 26 (see FIG. 3) disposed therein and operably 
connected to the RF generator assembly 14. The distal 
member 18 is comprised of any electrically, and potentially 
thermally, conductive material knoWn to those of ordinary 
skill in the art for delivery of ablative energy to target tissue 
areas. Examples of the electrically conductive material 
include gold, platinum, iridium, palladium, tantalum, stain 
less steel, and any mixtures thereof. Moreover, there are a 
number of electrode designs contemplated Within the scope 
of the present invention including tip electrodes, ring elec 
trodes, and any combination thereof. 

[0046] In general accordance With the embodiments 
described herein, the ?uid passageWay(s) 24 and outlet(s) 22 
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are separated from the distal member 18, and accordingly 
the temperature sensing mechanism 26, by at least one poor 
thermally conductive material. A poor thermally conductive 
material is one With physical attributes that decrease heat 
transfer betWeen the passageWay(s) 24 and the distal mem 
ber 18 by about 10% or more, and more preferably by about 
25% or more measured by knoWn methods to one of 
ordinary skill in the art. In particular embodiments, materials 
that decreased heat transfer by more than approximately 
75% performed favorably. It is further contemplated that a 
poor thermally conductive material could have physical 
attributes that decrease heat transfer less than about 10%, 
provided that the remaining structural components are 
selected With the appropriate characteristics and sensitivities 
to maintain adequate monitoring and control of the process. 
Thus, While these properties are preferred, the poor ther 
mally conductive material may be any material knoWn to 
one of skill in the art consistent With the spirit of the 
invention. Examples of poor thermally conductive materials 
useful in conjunction With the present invention include, but 
are not limited to, high-density polyethylene (HDPE), poly 
imides, polyaryletherketones, polyetheretherketones, poly 
urethane, polypropylene, oriented polypropylene, polyeth 
ylene, crystallized polyethylene terephthalate, polyethylene 
terephthalate, polyester, ceramics, and plastics such as 
acetal, and mixtures thereof. 

[0047] As shoWn in more detail With respect to speci?c 
embodiments beloW, the poor thermally conductive material 
may be the material comprising the proximal member 20, or 
the distal member 18, a separate material from the proximal 
member 20 and the distal member 18, or any combination 
thereof. Additionally, the passageWay(s) 24 and outlet(s) 22 
de?ned by the proximal member 18 may also be separated 
longitudinally from the end 46 (see FIG. 3) of the distal 
member 18 thereby providing the bene?t of insulating the 
passageWay(s) 24 from the temperature sensor(s) 26 for 
improved temperature monitoring of the ablated target area 
during operation. The poor thermally conductive material, 
and the separation from the temperature sensing mechanism 
26 disposed near the end 46 of the distal member 18, serve 
individually, and cooperatively, to minimiZe the effect of the 
loWer temperature of the ?uid delivered through the pas 
sageWay(s) 24 and outlet(s) 22 from the temperature sensing 
mechanism(s) 26 Within the distal member 18. The separa 
tion of the passageWay(s) 24 and outlet(s) 22 from the distal 
member 18, and more particularly the temperature sensing 
mechanism 26, facilitates the dual purposes of (l) e?fectively 
irrigating the electrode assembly 11 and the targeted tissue 
area to minimiZe coagulation and unWanted tissue damage 
and (2) e?fectively controlling the operation of the ablation 
electrode assembly 11 in accordance With objects of the 
present invention. 

[0048] FIG. 3 is a cross-sectional vieW of an embodiment 
of the ablation electrode assembly 11. An ablation electrode 
assembly 11 is connected to an irrigated catheter assembly 
12 having a ?uid delivery tube 16 and a catheter shaft 17. 
The ablation electrode assembly 11 comprises a proximal 
member or manifold 20, a distal member 18, and a tem 
perature sensing mechanism 26 operably connected to the 
RF generator assembly 14 (see FIG. 1). In this embodiment, 
the proximal member 20 itself is comprised of a poor 
thermally conducting material that serves to insulate the 
irrigation ?uid from the remaining portions of the assembly 
11. Preferably the proximal member 20 is made from a poor 
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thermally conductive polymer, more preferably from a poly 
ether ether ketone (“PEEK”) because of this material’s 
combination of thermal and physical properties. Another 
possible material is Ultem® polyetherimide. The proximal 
member 20 is con?gured to receive the ?uid tube 16 of the 
catheter assembly 12 and comprises a plurality of passage 
Ways 24 (e.g., 4-8 passageWays) extending from a central 
axis 28 of the assembly 11 axially toWard the outer portion 
of the proximal member 20 terminating in corresponding 
outlets 22. Preferably, the plurality of passageWays 24 are 
equally distributed around the proximal member 20 so as to 
provide equal distribution of ?uid to the targeted tissue area 
and the outside of the assembly 11. The passageWay 24 may 
be a single, annular passageWay, or a number of individual 
passageWays equally distributed around the proximal mem 
ber 20. In this embodiment, the passageWays 24 are at an 
acute angle With respect to the longitudinal axis 28 of the 
assembly 11. In operation, ?uid is pumped through the 
delivery tube 16 and passes through the passageWays 24 and 
through the outlets 22 Where it contacts With targeted tissue 
areas and the outside portion of the ablation electrode 
assembly 11. 

[0049] In this embodiment, the ?uid delivery conduits or 
passageWays 24 extend at an angle substantially less than 
perpendicular to the longitudinal axis 28. Angling of the 
passageWays 24 aWay from perpendicular, but less than 
parallel, further assists in the delivery of the ?uid to the 
targeted tissue areas, further decreases the risk of coagula 
tion of the bodily ?uids during ablation procedures, and 
alloWs for improved measurement and control of the abla 
tion assembly 11 during operation. More speci?cally, the 
passageWays 24 are oriented to direct irrigation ?uid ?oW at 
the target area adjacent, preferably immediately adjacent, 
the intersection betWeen the proximal member 20 and the 
distal member 18. Blood coagulation is more likely to occur 
in the target area due to a sharp rise in RF intensity, material 
discontinuity, and potentially geometric discontinuity 
caused by manufacturing imperfection in joining the proxi 
mal member 20 and the distal member 18. In speci?c 
embodiments, the passageWays 24 extend at an angle 
betWeen approximately 20 and 70 degrees, preferably at an 
angle betWeen approximately 30 and 60 degrees, and more 
preferably at an angle of approximately 30 degrees. It is also 
contemplated that the pas sageWays may be further angled in 
a second dimension, such that the passageWays and ori?ces 
are con?gured to provide ?uid to the external portion of the 
assembly in a sWirling, or helical fashion. This con?guration 
also serves to keep the ?uid in closer proximity to the 
electrode assembly, thereby further preventing against 
coagulation during operation. 
[0050] The distal member 18 of the ablation electrode 
assembly 11 has a generally cylindrical shape terminating in 
a rounded end Which may be a hemispherical end or an end 
that is non-spherical. The distal member 18 includes a 
permanent magnet 48 at least partially encased in a distal 
electrode shell 50 and an electrode anchor 52. The perma 
nent magnet 48 is desirably made of NdFeB Which has a 
strong magnetic ?eld so that only one such permanent 
magnet is needed for magnetic ?eld control and guidance of 
the catheter tip (instead of a plurality of magnets spaced 
apart from each other). Other rare earth permanent magnets 
With similar characteristics may be used in other embodi 
ments. If tWo or more permanent magnets are used, addi 
tional materials may be considered. The permanent magnet 
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48 typically has a length of about 2-6 mm, typically about 
4 mm, in the longitudinal direction. The distal electrode shell 
50 provides most of the external surface of the distal 
electrode. The electrode anchor 52 is coupled to the proxi 
mal member 20 and connected to a poWer line or cable such 
as an RF Wire 54. The electrode anchor 52 may be connected 
to the proximal member 20 by any knoWn mechanism 
including adhesives, press-?t con?gurations, snap-?t con 
?gurations, or the like. An inner tube 56 is connected to the 
electrode anchor 52 and/or the proximal member 20 to 
accommodate the poWer line 54 and the temperature sensor 
conductor for the temperature sensor 26. Because the tem 
perature sensor 26 is embedded in the permanent magnet 48, 
the permanent magnet material preferably is a good thermal 
conductor (e.g., NdFeB) so that the temperature sensor 26 
can measure the temperature of the distal electrode accu 
rately. 
[0051] In the embodiment shoWn, the distal electrode shell 
50, the electrode anchor 52, and the inner tube 56 form a 
shield that keeps the permanent magnet 48 from exposure to 
irrigation and/or bodily ?uids, comprising an inner shield 
that separates the permanent magnet 48 from the irrigation 
?uid including the passageWays 24 and an outer shield that 
separates the permanent magnet 48 from the exterior. 
Because the permanent magnet 48 is highly oxidiZable, any 
contact betWeen the permanent magnet and liquid is unde 
sirable since oxidation of the permanent magnet 48 can lead 
to corrosion problems. The shield prevents such contact 
from occurring. The materials for the shield are less oxidiZ 
able, preferably substantially less oxidiZable, than the per 
manent magnet 48. For instance, the oxidiZation rate of a 
shield material is less than about 50%, more preferably less 
than about 20%, most preferably less than about 5%, of the 
oxidation rate of the permanent magnet 48. The distal 
electrode shell 50 and the electrode anchor 52 are made of 
an electrically conductive material such as platinum, gold, 
tantalum, iridium, stainless steel, palladium, tantalum, and 
mixtures thereof. The electrically conductive material 
selected is preferably biocompatible. In some embodiments, 
the biocompatible electrically conductive material is plated 
onto a substrate made of copper or beryllium copper to 
improve the biocompatibility of the distal electrode shell 50 
and the electrode anchor 52. The electrode anchor 52 may be 
laser Welded to the distal electrode shell 50. The inner tube 
56 may be made of silicone, polyimide, stainless steel 
braided polyimide, or the like. The inner tube 56 may be 
thermally bonded or molded onto the platinum anchor 52. In 
alternate embodiments, the distal electrode shell 50 and the 
electrode anchor 52 form a complete shield around the 
permanent magnet 48 Without the need for the inner tube 56 
for separating the permanent magnet 48 from irrigation ?uid 
?oW. 

[0052] The proximal member 20 preferably is made of a 
poor thermally conductive material (as discussed above) 
having a thermal conductivity that is loWer, more preferably 
substantially loWer, than the thermal conductivity of the 
material of the distal member 18. The proximal passageWays 
24 do not come into contact With any interior portion of the 
distal member 18. In this Way, the irrigation ?uid ?oWing 
through the proximal passageWays 24 is substantially insu 
lated from the electrode and the temperature sensor of the 
distal member 18 by distance and material of poor conduc 
tivity, so that the temperature sensor 26 can more accurately 
measure the temperature of the distal electrode. The proxi 
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mal members may be made of a variety of materials that 
have insulating properties such as, for example, acetal, 
polyetheretherketone (PEEK), and high-density polyethyl 
ene (HDPE), as Well as other materials of poor thermal 
conductivity mentioned above. 

[0053] One or more monitoring or measuring electrodes 
may be provided in the catheter assembly 12 for mapping or 
other monitoring or measuring functions. FIG. 3 shoWs tWo 
monitoring electrodes 58, 59 that are ring electrodes spaced 
from the distal electrode 18. To facilitate catheter tip posi 
tioning and location in a mapping system, the position of 
each electrode is determined. Calibration of the positioning 
system is achieved by the tWo monitoring electrodes 58, 59 
separated by a knoWn interelectrode distance, or by the distal 
electrode 18 and one monitoring electrode (58 or 59) that are 
separated by a predetermined distance. In use, a voltage is 
sensed betWeen one electrode on the catheter assembly 12 
(typically the distal electrode 18) and a reference electrode 
on the patient’s body (suitably a surface electrode on the 
patient’s skin). For a catheteriZation procedure Which is to 
lead to ablation, sensing is performed to gather data relating 
to the heart, such as the location of an arrhythmia focus. 
Such data gathering techniques are Well knoWn in the art. 
The location information is determined based on the cali 
bration (see, e.g., U.S. Pat. Nos. 5,697,377 and 5,983,126, 
the entire disclosures of Which are incorporated herein by 
reference), and the sensed information and location are 
stored and/or mapped. 

[0054] FIG. 4 is a cross-sectional vieW of another embodi 
ment of the ablation electrode assembly 61. The ablation 
electrode assembly 61 is connected to an irrigated catheter 
assembly 62 having a ?uid delivery tube or lumen 64 and a 
catheter shaft 66. The ablation electrode assembly 61 com 
prises a distal member 68, a permanent magnet 70 disposed 
proximal to the distal member 68, and a shell 72 surrounding 
the outer surface and the proximal surface of the permanent 
magnet 70. The distal member 68 has a generally cylindrical 
shape terminating in a rounded end Which may be a hemi 
spherical end or an end that is non-spherical. The permanent 
magnet 70 is an annular member having an inner surface 
covered by a portion of the ?uid delivery tube 64. The 
permanent magnet 70 is desirably made of NdFeB Which has 
a strong magnetic ?eld so that only one such permanent 
magnet is needed for magnetic ?eld control and guidance of 
the catheter tip (instead of a plurality of magnets spaced 
apart from each other). The permanent magnet 48 typically 
has a length of about 2-6 mm, typically about 4 mm in the 
longitudinal direction. The distal member 68, shell 72, and 
?uid delivery tube 64 form a shield that keeps the permanent 
magnet 70 from exposure to liquid, comprising an inner 
shield that separates the permanent magnet 70 from the 
irrigation ?uid ?oWing through the catheter assembly 62 and 
an outer shield that separates the permanent magnet 70 from 
the exterior. A sealant 74 is preferably provided betWeen the 
proximal surface of the distal member 68 and the distal 
surface of the permanent magnet 70 to further ensure no 
liquid reaches the permanent magnet 70 via the junction 
betWeen the distal member 68 and the ?uid delivery tube 64. 

[0055] The distal member 68 provides the external surface 
of the distal electrode. The shell 72 may also be an electri 
cally conductive surface to provide additional external sur 
face of the distal electrode. In that case, the electrode shell 
72 is connected to a poWer cable or line such as an RF Wire 














