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magnetic resonance imaging (MRI) tracking coil disposed in 
the body. The MRI tracking coil may comprise electrically 
insulated wire. A catheter including an electrode, as well as 
a method for determining the location of an electrode, are 
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FLEXBLE POLYMER ELECTRODE FOR 
MR-GUIDED POSITONING AND RADIO 

FREQUENCY ABLATION 

BACKGROUND OF THE INVENTION 

a. Field of the Invention 
The instant invention is directed toward a flexible poly 

mer electrode, including a flexible polymer electrode for 
MRI-guided positioning and RF ablation. 

b. Background Art 
Catheters have been in use for medical procedures for 

many years. Catheters can be used for medical procedures to 
examine, diagnose, and treat while positioned at a specific 
location within a body that is otherwise inaccessible without 
more invasive procedures. During these procedures a cath 
eter is commonly inserted into a vessel near the Surface of 
the body and is guided to a specific location within the body 
for examination, diagnosis, and/or treatment. For example, 
one procedure often referred to as “catheter ablation' uti 
lizes a catheter to convey an electrical stimulus to a selected 
location within the human body to create tissue necrosis. 
Another procedure often referred to as “mapping utilizes a 
catheter with sensing electrodes to monitor various forms of 
electrical activity in the human body. 

Catheters are also used for medical procedures involving 
the human heart. Typically, the catheter is inserted in an 
artery or vein in the leg, neck, or arm of the patient and 
directed, sometimes with the aid of a guide wire or intro 
ducer, through the vessels until a distal tip of the catheter 
reaches the desired location for the medical procedure in the 
heart. 

Conventional ablation procedures utilize a single distal 
electrode secured to the tip of an ablation catheter. Increas 
ingly, however, cardiac ablation procedures utilize multiple 
electrodes affixed to the catheter body. These ablation cath 
eters often contain a distal tip electrode and a plurality of 
ring electrodes. Mapping catheters also often contain a 
plurality of sensing electrodes to monitor various forms of 
electrical activity in the human body. 
An application may be utilized to create images of the 

catheter's Surroundings. Images may be acquired through 
visible light, ultrasound, or magnetic resonance (MR). The 
application may be used to acquire high resolution radio 
graphic images of tissue Surrounding the catheter, for 
example, the acquisition of high resolution magnetic reso 
nance images of blood vessel walls for the visualization and 
differentiation of various types of tissues and plaques. 

Magnetic resonance imaging (MRI) may also be 
employed during a medical procedure to assist a physician 
in guiding a catheter and/or a portion of a catheter, such as 
an electrode. For example, tracking devices may be attached 
to a catheter (or other medical device) to be tracked. The 
tracking device may comprise a coil (e.g., induction coil). 
An MR pulse sequence may be performed using the coil to 
acquire a signal which indicates the location of the tracked 
device (e.g., catheter). The location of the coil may be 
determined and Superimposed at the corresponding location 
in a medical image acquired with an MR imaging system. 

Conventional designs for catheters for MRI-guided elec 
trode positioning may rely on a plurality of tracking devices 
placed at discrete locations along the longitudinal axis of the 
catheter shaft. The tracking devices may be located on the 
shaft proximal to an electrode. The tracking devices may be 
utilized to sense and indicate the location and orientation of 
the catheter within a body through a control system. The 
control system may also be used to control a set of imaging 
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2 
coils to image selective areas of the body cavity and/or to 
control the amount of energy applied to electrodes (e.g., 
ablation elements) on the catheter to treat target tissue. The 
energy may cause heating, and at certain temperatures, 
tissue cells may be destroyed. The tracking devices may be 
used to compute the curve of the shaft as an interpolated 
polynomial. Such as a cubic spline. The computed curve may 
then be extrapolated to estimate the projected location of the 
electrode at the distal end of the catheter shaft. The location 
of the electrode at the distal end of the catheter shaft may 
thus be an indirectly computed estimate, not a directly 
measured value. Further, it may be desirable for an electrode 
to conform to the tissue surface that has been targeted for 
treatment. For example, the electrode may undergo deflec 
tion or deformation when the electrode comes into physical 
contact with the tissue. Any deflection or deformation of the 
electrode may not be estimated by extrapolating from the 
shape of the catheter shaft. Accordingly, an electrode that 
conforms to the tissue Surface as desired may complicate 
and/or render useless the extrapolation method. 

Thus, there remains a need for a system and method for 
directly measuring the location of an electrode disposed on 
a catheter (e.g., the electrode disposed at the distal tip of a 
catheter) without having to resort to extrapolation or esti 
mation. 

BRIEF SUMMARY OF THE INVENTION 

It is desirable to provide an electrode that may be con 
figured for compatibility with MR imaging applications, 
while retaining the electrical, thermal, and mechanical prop 
erties of conventional electrodes. 
An electrode for use on a medical device is disclosed. The 

electrode may have a main body of electrically conductive 
material extending along an axis and may have a proximal 
end and a distal end. The electrode may also include a 
magnetic resonance imaging (MRI) tracking coil disposed in 
the body. The MRI tracking coil may comprise electrically 
insulated wire, for example. In a preferred embodiment, at 
least a portion of the body may comprise a flexible, polymer 
material. 
A catheter including the electrode is also disclosed. The 

catheter may include a shaft and an electrode disposed on the 
shaft. The electrode may have a main body of electrically 
conductive material extending along an axis and may have 
a proximal end and a distal end. The electrode may also 
include a magnetic resonance imaging (MRI) tracking coil 
disposed in the body. The MRI tracking coil may comprise 
electrically insulated wire, for example. 
A method for determining the location of an electrode is 

also disclosed. The method may include the step of provid 
ing an electrode having a main body extending along an axis 
and having a proximal end and a distal end. The method may 
further include the step of disposing a magnetic resonance 
imaging (MRI) tracking coil in the body. The MRI tracking 
coil may comprise electrically insulated wire. The method 
may further include the steps of transmitting a signal from 
the MRI tracking coil to a magnetic resonance imaging 
(MRI) system and depicting the location of the electrode. 
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 

FIG. 1 is a longitudinal, cross-sectional view of a catheter 
shaft including an electrode in accordance with an embodi 
ment of the invention. 
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FIG. 2 is a radial, cross-sectional view of an electrode in 
accordance with an embodiment of the invention. 

FIG. 3 is a longitudinal, sectional view of a catheter shaft 
including an electrode showing a deflected electrode in 
accordance with an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a longitudinal, cross-sectional view of a 
catheter shaft 10 including an electrode 12 in accordance 
with an embodiment of the invention. Shaft 10 may be 
designed for insertion into a main lumen of a sheath for 
eventual insertion into the body of a patient. Shaft 10 may 
comprise one or a plurality of layers. For example and 
without limitation, shaft 10 may comprise a braided layer of 
metal fibers for additional stability and one or more layers of 
polymeric materials to create the desired stiffness and/or 
flexibility for the catheter. Shaft 10 may define one or more 
lumens for electrical leads, steering wires, or various other 
items that may be utilized within shaft 10. Shaft 10 may 
include a proximal section and a distal section. As used 
herein, “proximal' generally refers to a direction away from 
the body of a patient and toward a clinician. In contrast, 
“distal generally refers to a direction toward the body of the 
patient and away from the clinician. While electrode 12 may 
be disclosed and described in connection with a catheter, the 
use of a catheter is for illustration purposes only, and 
electrode 12 may also be utilized in connection with other 
medical devices. 

Electrode 12 may be mechanically connected (e.g., 
attached) to the distal section of shaft 10. Although electrode 
12 is described as connected to the distal section of shaft 10, 
an electrode 12 may be connected to one or more other 
locations along shaft 10 in other embodiments. Electrode 12 
may be utilized for radio frequency (RF) ablation and may 
have the electrical, thermal, and mechanical properties 
required of an electrode used for RF ablation. For example, 
at least a portion of electrode 12 may comprise an electri 
cally conductive material. In an embodiment, electrode 12 
may comprise a main body 14 extending along an axis 16. 
Body 14 of electrode 12 may have a distal end 18 and a 
proximal end 20. Body 14 of electrode 12 may be generally 
cylindrical in shape. Although a cylindrical shape is 
described and illustrated, electrode 12 may be formed in 
other shapes. Distal end 18 may include a rounded tip. Distal 
end 18 may be rounded so as to minimize irritation to the 
body cavity into which a medical device including the 
electrode 12 may be inserted. Body 14 of electrode 12 may 
include a lumen in an embodiment. The lumen may be 
porous or non-porous. The lumen may extend along axis 16 
of body 14 and may be open at both ends. In another 
embodiment, the lumen may be a blind bore 22 with a closed 
end and an open end. Blind bore 22 may have a circular 
sidewall extending from a floor thereof (e.g., the closed end) 
and may open toward the proximal end 20 of body 14. 

At least a portion of electrode 12 may be generally 
flexible in an embodiment. For example, at least a portion of 
electrode 12 may be configured to conform to the tissue 
Surface targeted for treatment, and may therefore, deflect 
and/or undergo deformation when electrode 12 comes into 
physical contact with tissue. Body 14 of electrode 12 may 
comprise a polymer material in an embodiment. In particu 
lar, body 14 may comprise an electrically conductive poly 
mer. The polymer may comprise a silicone material, for 
example. Body 14 may have electrically conductive par 
ticles dispersed therein at a predefined density. The density 
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4 
of the electrically conductive particles may be defined to 
achieve a desired electrical conductivity. The electrically 
conductive particles may comprise metal particles in an 
embodiment. For example and without limitation, the elec 
trically conductive particles may comprise a metal Such as 
gold, silver, platinum, iridium, titanium, tungsten, or a 
combination thereof. The electrically conductive particles 
may be non-magnetically responsive. In an embodiment, the 
electrically conductive particles may have magnetic Suscep 
tibility less than 1x10'. Magnetic susceptibility may refer 
to the degree of magnetization of a material (e.g., the extent 
that the material is affected by a magnetic field) in response 
to a magnetic field. 
As described above, electrode 12 may be configured for 

imparting energy (e.g., RF energy) to target tissue. An 
electrical conductor 24 may be configured to carry ablative 
energy (e.g. RF current) from an energy source in a con 
troller (not shown) to electrode 12. Electrical conductor 24 
may have a first end coupled to body 14 of electrode 12. 
Electrical conductor 24 may have a second end configured 
for connection to an energy source 26. Energy source 26 
may comprise a radio frequency ablation generator in an 
embodiment. Electrical conductor 24 may extend within 
shaft 10 along axis 14. Electrical conductor 24 may com 
prise an electrically conductive wire. For example, and 
without limitation, electrical conductor 24 may comprise 
copper wire. Electrical conductor 24 may have an uninsu 
lated portion for electrical contact with electrode 12. For 
example, the first end (e.g., a distal end) of electrical 
conductor 24 may be uninsulated. At least a portion of the 
remainder of electrical conductor 24 may be electrically 
insulated. For example, the portion of electrical conductor 
24 extending along shaft 10 outside of electrode 12 may be 
electrically insulated. 

In an embodiment, the uninsulated portion of electrical 
conductor 24 may be electrically connected to electrode 12 
at a point connection. For example, electrical conductor 24 
may have a first end that is electrically coupled to proximal 
end 20 of body 14 at a single point. In a preferred embodi 
ment, at least part of the uninsulated portion of electrical 
conductor 24 may be formed in a plurality of turns, as 
illustrated in FIGS. 1-3. Electrical conductor 24 may be 
formed (e.g., wound) into a Substantially cylindrical shape 
and may have a longitudinal axis that is coincident with axis 
14 of electrode 12. The plurality of turns of electrical 
conductor 24 may be disposed in the lumen or blind bore 22 
and may be configured to engage the circular sidewall of 
blind bore 22 in an embodiment. The shape of electrical 
conductor 24 in this embodiment may be formed so as to 
more evenly distribute the energy from RF ablation genera 
tor 26 throughout electrode 12. In particular, the shape of 
electrical conductor 24 (e.g., wound in a plurality of turns 
and extending axially throughout the depth of the blind bore 
22) allows conduction from the coiled conductor 24 sub 
stantially radially through electrode 12, as opposed to a more 
axial path of conduction along axis 14 of electrode 12 if the 
conductor 24 is connected to a point on the proximal end 20 
of electrode 12. Furthermore, the shape of electrical con 
ductor 24 may provide some mechanical integrity to the 
electrical connection between conductor 24 and the elec 
trode 12 

In other embodiments, the uninsulated portion of electri 
cal conductor 24 (e.g., the first end of electrical conductor 24 
nearest to the electrode 12) may be electrically connected to 
one of a screen, a mesh, a braid, or a fabric of electrically 
conductive material. The screen, mesh, braid, or fabric may 
engage body 14 (e.g., the sidewall of blind bore 22 in an 
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embodiment) and may also be utilized to distribute the 
energy from RF ablation generator 26 throughout electrode 
12 in the same manner as the coiled conductor 24. 

Referring now to FIG. 2, which illustrates a cross-sec 
tional view of electrode 12 in accordance with an embodi 
ment of the invention, a portion 28 of shaft 10 may be 
disposed in body 14 (e.g., blind bore 22 in an embodiment) 
as well. Portion 28 may have a longitudinal axis that is 
coincident with axis 16 of body 14. In the embodiment 
where electrical conductor 24 is coiled, conductor 24 may be 
wound in a substantially circular cross-sectional shape and 
may be disposed so as to encircle portion 28 (as illustrated). 
Portion 28 may be electrically insulative in an embodiment. 
Portion 28 may also be thermally conductive in an embodi 
ment. A thermal sensor 30 may extend within at least the 
distal end of catheter shaft 12 and within electrode 12 along 
axis 16. In particular, thermal sensor 30 may extend within 
thermally conductive portion 28 of shaft 10 in an embodi 
ment. Thermal sensor 30 may be located along a centerline 
of the electrode 12 in an embodiment. Thermal sensor 30 
may be located at or near the distal end 18 of electrode 12 
(e.g., the tip) in an embodiment. Thermal sensor 30 may thus 
be in close proximity to the electrode/tissue interface when 
the electrode is oriented so that the tip of the electrode 12 
contacts tissue during ablation, which may be advantageous 
in some embodiments. For example and without limitation, 
thermal sensor 30 may comprise a thermocouple. Thermal 
sensor 30 may be operatively connected to a controller and 
may be configured to provide temperature feedback during 
ablation to avoid clotting and/or blood boiling, for example, 
which may occur if electrode 12 (and hence by extension the 
subject tissue) reaches an excessive temperature. 

Electrode 12 may be configured for compatibility with 
MRI-guided applications. Accordingly, electrode 12 may 
include a magnetic resonance imaging (MRI) tracking coil 
32. MRI tracking coil 32 may be wound in a substantially 
cylindrical shape and may have a longitudinal axis that is 
coincident with axis 16 of body 14. MRI tracking coil 32 
may be disposed in body 14 of electrode 12. For example, 
MRI tracking coil 32 may be embedded within body 14 of 
electrode 12. In another example, MRI tracking coil 32 may 
be disposed in a lumen, for example and without limitation, 
blind bore 22. MRI tracking coil 32 may be disposed so as 
to encircle portion 28 of shaft 10 and may or may not contact 
the circular sidewall of blind bore 22 in this example. MRI 
tracking coil 32 may comprise an electrically insulated wire 
capable of carrying the current required to create a coil 
signal. MRI tracking coil 32 may function as an RF antenna 
typically used in interventional MRI applications, and 
accordingly will be formed having a predetermined number 
of turns to ensure adequate performance, in view of the 
various other portions of the MRI system with which it will 
be required to interact. In this regard, an MR pulse sequence 
may be performed using MRI tracking coil 32 to acquire a 
signal that may be indicative of a position or a location of 
electrode 12. For example, an electromagnetic force (EMF) 
may be induced in the MRI tracking coil 32 as would be 
understood by one of ordinary skill in the art. The signal 
(e.g., EMF) may be transmitted to a magnetic resonance 
imaging (MRI) system 34. The MRI system 34 may be 
responsive to the signal from MRI tracking coil 32 to depict 
a location of electrode 12 in a patient. For example, MRI 
system 34 may utilize the EMF to render a graphic display 
of the position or location of electrode 12. The MRI system 
34 may also be configured to acquire image data from a 
patient (equipment for this function not shown), and to 
display an overall image reconstructed using the acquired 
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6 
image data and the acquired position-indicative data (i.e., 
from the induced EMF signal from the MRI tracking coil 
32), which may depict the location of electrode 12 in a 
patient. In an embodiment, another electrical conductor 36 
may carry the signal (e.g., EMF) from MRI tracking coil 32 
to MRI system 34. Electrical conductor 36 may extend 
within catheter shaft 12 along axis 14 of electrode 12. 
As described above, in a preferred embodiment, at least a 

portion of body 14 of electrode 12 may be generally flexible 
and may be configured for deformation and/or deflection in 
a number of directions relative to axis 16 of body 14. For 
example, a distal portion of body 14 may be generally 
flexible. Referring to FIG. 3, the body is shown in a deflected 
and/or deformed position, designated by reference number 
14, and is shown deflected at an angle C. relative to 
axis 14. Although this particular deflection is illustrated, 
body 14 may be deflected and/or deformed in various other 
ways, including in a direction along different axes other than 
the axis of the shaft 10. The deflection and/or deformation of 
electrode 12 may not be able to be estimated merely by 
extrapolating the shape of a catheter shaft that holds a rigid 
and/or Solid electrode at its distal end. Accordingly, it may 
be difficult to estimate a projected location of a flexible 
electrode at the distal end of a catheter shaft without a direct 
measurement. 

In an embodiment, MRI tracking coil 32 may be config 
ured to move in correspondence with deflection of body 14. 
Referring again to FIG. 3, MRI tracking coil 32, is 
shown in a new position, away from its original position, 
where the tip of electrode 12 is deflected. Accordingly, MRI 
tracking coil 32 may be configured to track the 
deformation and/or deflection of electrode 12 through a 
direct measurement. MRI tracking coil 32 may thus be 
configured to provide direct localization of electrode 12 as 
electrode 12 conforms to the target tissue Surfaces and may 
allow for direct measurement of the location of electrode 12. 
In prior art embodiments, one or more MRI tracking coils 38 
may be disposed along shaft 10, as opposed to electrode 12. 
Accordingly, the exact location of electrode 12 may only be 
extrapolated based on a curve computed using the data 
obtained from the prior art MRI tracking coils 38 on shaft 
10. Prior art MRI tracking coils 38 do not provide direct 
measurement of the position or location of electrode 12. 
A method for determining the location of an electrode 12 

is also disclosed. The method may include the step of 
providing an electrode 12 having a main body 14 of elec 
trically conductive material extending along an axis 16 and 
having a distal end 18 and a proximal end 20. The method 
may also include the step of disposing an MRI tracking coil 
32 in body 14. MRI tracking coil 32 may comprise electri 
cally insulated wire. The method may also include the step 
of transmitting a signal from MRI tracking coil 32 to an MRI 
system 34 (e.g., through electrical conductor 36) and depict 
ing a location of electrode 12. Image data may also be 
obtained from a patient using MRI system 34 and an 
imaging (e.g., receive) coil disposed on shaft 10, for 
example. MRI system 34 may also use this image data in 
displaying an image depicting the location of electrode 12. 
In some embodiments, the method may include the steps of 
deflecting at least a distal portion of body 14 of electrode 12 
relative to axis 14. MRI tracking coil 32 may be configured 
to move in correspondence with the deflection of body 14. 
Accordingly, MRI tracking coil 32 may also move to a new 
position, away from its original position, when the tip of 
electrode 12 is deflected. 

Although several embodiments of this invention have 
been described above with a certain degree of particularity, 
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those skilled in the art could make numerous alterations to 
the disclosed embodiments without departing from the spirit 
or scope of this invention. All directional references (e.g., 
upper, lower, upward, downward, left, right, leftward, right 
ward, top, bottom, above, below, Vertical, horizontal, clock 
wise, and counterclockwise) are only used for identification 
purposes to aid the reader's understanding of the present 
invention, and do not create limitations, particularly as to the 
position, orientation, or use of the invention. Joinder refer 
ences (e.g., attached, coupled, connected, and the like) are to 
be construed broadly and may include intermediate mem 
bers between a connection of elements and relative move 
ment between elements. As such, joinder references do not 
necessarily infer that two elements are directly connected 
and in fixed relation to each other. It is intended that all 
matter contained in the above description or shown in the 
accompanying drawings shall be interpreted as illustrative 
only and not limiting. Changes in detail or structure may be 
made without departing from the spirit of the invention as 
defined in the appended claims. 

What is claimed is: 
1. An electrode for use on a medical device comprising: 
a main body of electrically conductive material extending 

along an axis and comprising a proximal end, a distal 
end, and a wall disposed about and defining a lumen 
extending along said axis; 

an electrical conductor having a first end coupled to said 
body and a second end configured for connection to an 
energy source, wherein said conductor comprises elec 
trically conductive wire having an insulated portion and 
an uninsulated portion, the uninsulated portion formed 
in a plurality of turns, wherein said uninsulated portion 
of said electrically conductive wire is disposed in said 
lumen and wherein at least part of said uninsulated 
portion of said electrically conductive wire is config 
ured to engage said wall; and 

a magnetic resonance imaging (MRI) tracking coil com 
prising electrically insulated wire that is wound in a 
plurality of turns that each extend circumferentially 
around said axis, wherein said MRI tracking coil fur 
ther comprises an opening configured to receive a 
portion of the medical device that extends along said 
axis, wherein said MRI tracking coil is one of: 

embedded directly within said wall; and 
disposed directly within said lumen, 
further wherein said MRI tracking coil is electrically 

coupled with two wires that are configured to transmit 
an induced electromotive force to an MRI system when 
the MRI system is activated, said induced electromo 
tive force being indicative of a location of said MRI 
tracking coil. 

2. The electrode of claim 1, wherein said lumen comprises 
a blind bore opening toward said proximal end of said body. 

3. The electrode of claim 1, wherein said body comprises 
a polymer. 

4. The electrode of claim 3, wherein said body comprises 
electrically conductive particles dispersed therein at a pre 
defined density. 

5. The electrode of claim 4, wherein said particles com 
prise a material with a magnetic Susceptibility less than 
about 1x10-4. 

6. The electrode of claim 1, further comprising a thermal 
sensor disposed within a portion of said medical device that 
is disposed in said lumen, wherein said portion of said 
medical device is electrically insulative and thermally con 
ductive. 
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8 
7. The electrode of claim 1, wherein at least a distal 

portion of said body is configured for deflection relative to 
said axis. 

8. The electrode of claim 7, wherein said MRI tracking 
coil is configured to move in correspondence with said 
deflection of said distal portion of said body. 

9. An electrode for use on a medical device comprising: 
a main body of electrically conductive material extending 

along an axis and comprising a proximal end, a distal 
end, and a wall disposed about and defining a lumen 
extending along said axis; 

an electrical conductor having a first conductor end and a 
second conductor end configured for connection to an 
energy source, said first conductor end electrically 
connected to one of a screen, a mesh, a braid, or a fabric 
of electrically conductive material engaging said body, 
wherein one of said Screen, said mesh, said braid, or 
said fabric of electrically conductive material is dis 
posed in said lumen and wherein at least part of one of 
said screen, said mesh, said braid, or said fabric of 
electrically conductive material is configured to engage 
said wall; and 

a magnetic resonance imaging (MRI) tracking coil com 
prising electrically insulated wire that is wound in a 
plurality of turns that each extend circumferentially 
around said axis, wherein said MRI tracking coil fur 
ther comprises an opening configured to receive a 
portion of the medical device that extends along said 
axis, wherein said MRI tracking coil is one of: 

embedded directly within said wall; and 
disposed directly within said lumen, 
further wherein said MRI tracking coil is electrically 

coupled with two wires that are configured to transmit 
an induced electromotive force to an MRI system when 
the MRI system is activated, said induced electromo 
tive force being indicative of a location of said MRI 
tracking coil. 

10. The electrode of claim 9, wherein said lumen com 
prises a blind bore opening toward said proximal end of said 
body. 

11. The electrode of claim 9, wherein said body comprises 
a polymer. 

12. The electrode of claim 11, wherein said body com 
prises electrically conductive particles dispersed therein at a 
predefined density. 

13. The electrode of claim 12, wherein said particles 
comprise a material with a magnetic Susceptibility less than 
about 1x10-4. 

14. The electrode of claim 9, further comprising a thermal 
sensor disposed within a portion of said medical device that 
is disposed in said lumen, wherein said portion of said 
medical device is electrically insulative and thermally con 
ductive. 

15. The electrode of claim 9, wherein at least a distal 
portion of said body is configured for deflection relative to 
said axis. 

16. The electrode of claim 15, wherein said MRI tracking 
coil is configured to move in correspondence with said 
deflection of said distal portion of said body. 

17. An electrode for use on a medical device comprising: 
a main body of electrically conductive material extending 

along an axis and comprising a proximal end, a distal 
end, and a wall disposed about and defining a lumen 
extending along said axis; 

an electrical conductor having a first end electrically 
connected to one of a screen, a mesh, a braid, or a fabric 
of electrically conductive material engaging said body, 
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and a second end configured for connection to an 
energy source, wherein said conductor comprises elec 
trically conductive wire having an insulated portion and 
an uninsulated portion, the uninsulated portion formed 
in a plurality of turns, wherein one of said screen, said 
mesh, said braid, or said fabric of electrically conduc 
tive material is disposed in said lumen, wherein at least 
part of one of said screen, said mesh, said braid, or said 
fabric of electrically conductive material is configured 
to engage said wall, wherein said uninsulated portion of 
said electrically conductive wire is disposed in said 
lumen, and wherein at least part of said uninsulated 
portion of said electrically conductive wire is config 
ured to engage said screen, said mesh, said braid, or 
said fabric of electrically conductive material; and 

a magnetic resonance imaging (MRI) tracking coil com 
prising electrically insulated wire that is wound in a 
plurality of turns that each extend circumferentially 
around said axis, wherein said MRI tracking coil fur 
ther comprises an opening configured to receive a 
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portion of the medical device that extends along said 
axis, wherein said MRI tracking coil is one of: 

embedded directly within said wall; and 
disposed directly within said lumen, 
further wherein said MRI tracking coil is electrically 

coupled with two wires that are configured to transmit 
an induced electromotive force to an MRI system when 
the MRI system is activated, said induced electromo 
tive force being indicative of a location of said MRI 
tracking coil. 

18. The electrode of claim 17, wherein said lumen com 
prises a blind bore opening toward said proximal end of said 
body. 

19. The electrode of claim 17, wherein at least a distal 
portion of said body is configured for deflection relative to 
said axis. 

20. The electrode of claim 19, wherein said MRI tracking 
coil is configured to move in correspondence with said 
deflection of said distal portion of said body. 


