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Description

FIELD

[0001] The present invention relates generally to med-
ical devices, and, more particularly, relates to designs
for medical device electrical leads extending between
the medical devices and the patient.

BACKGROUND

[0002] Since the introduction of the first implantable
pacemakers in the 1960s, there have been considerable
advancements in both the fields of electronics and med-
icine, such that there is now a wide assortment of com-
mercially available body-implantable electronic medical
devices. This class of implantable medical devices
(IMDs) generally includes therapeutic and diagnostic de-
vices, such as pacemakers, cardioverter/defibrillators,
hemodynamic monitors, neural stimulators, and drug ad-
ministering devices, as well as other devices for alleviat-
ing the adverse effects of various health ailments.
[0003] As is known, modern electrical therapeutic and
diagnostic devices for the heart and/or other areas of the
body generally include an electrical connection between
the device and a patient’s body. This connection is usu-
ally provided by at least one medical electrical lead, which
is typically implanted (at least partially) within the pa-
tient’s body. For example, a neural stimulator delivers
mild electrical impulses to neural tissue using one or more
electrical leads. Such neural stimulation often results in
pain relief or a reduction in tremors depending on where
the electrodes are placed. Each electrical lead used with
such devices typically takes the form of a long, generally
straight, flexible, insulated set of conductors. At its prox-
imal end, the lead is typically connected to a connector
of the device, which also may be implanted within the
patient’s body. Generally, one or more electrodes are
located at or near the distal end of the lead and are at-
tached to, or otherwise come in contact with, the patient’s
body. Such devices may be controlled by a physician or
the patient through the use of an external programmer.
[0004] Other advancements in medical technology
have led to improved imaging technologies, e.g., mag-
netic resonance imaging (MRI). As further described be-
low with respect to its process, MRI is an anatomical im-
aging tool which utilizes non-ionizing radiation (i.e., no
x-rays or gamma rays) and provides a non-invasive
method for the examination of internal structure and func-
tion. In particular, MRI permits 3-D imaging of soft tissue
better than any other imaging method. During the MRI
imaging sequence, a radio-frequency field is applied to
the patient. Magnetic resonance spectroscopic imaging
(MRSI) systems are also known and are herein intended
to be included within the terminology "MRI" systems or
scanners.
[0005] Further, shortwave diathermy, microwave dia-
thermy, ultrasound diathermy, and the like have been

shown to provide therapeutic benefits to patients, such
as to relieve pain, stiffness, and muscle spasms; to re-
duce joint contractures; to reduce swelling and pain after
surgery; to promote wound healing; and the like. Gener-
ally, in using such diathermy apparatuses, energy (e.g.,
short-wave energy, microwave energy, ultrasound ener-
gy, or the like) is directed into a localized area of the
patient’s body.
[0006] Traditionally, use of the above-described tech-
nologies have been discouraged for patients having
IMDs, as the environment produced by the MRI or dia-
thermy apparatuses is generally considered hostile to
such IMDs. As is known, the energy fields, generated
during the MRI or diathermy processes, have potential
for inducing an electrical current within leads of IMDs as
well as leads of other medical devices located within the
patient. In conventional leads, this electrical current is
typically conducted into tissue adjacent to the ends of
the lead. Because the tissue area adjacent to the elec-
trodes is often very small, the current conducting through
this adjacent tissue results in the tissue heating. This may
result in tissue damage when the currents are too large.
[0007] Thus, what are needed are medical device elec-
trical lead systems that reduce tissue heating to levels
that do not induce tissue damage.

BRIEF SUMMARY OF THE INVENTION

[0008] The invention provides an implantable electrical
lead as defined in claim 1.
[0009] The unsafe currents cause the thermally sensi-
tive material to increase in temperature, thereby causing
the material to transition to a high impedance state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a perspective view of an exemplary IMD as
provided in a patient in accordance with certain em-
bodiments of the invention.

FIG. 2 is a perspective view of another exemplary
IMD as provided in a patient in accordance with cer-
tain embodiments of the invention.

FIG. 3 is a perspective view of a further exemplary
IMD as provided in a patient in accordance with cer-
tain embodiments of the invention.

FIG. 4 is a perspective view of a medical device elec-
trical lead in accordance with certain embodiments
of the invention.

FIG. 5 is a cross sectional view of a ring electrode
of the medical device electrical lead of FIG. 4, taken
along the lines V - V in accordance with certain em-
bodiments of the invention.
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FIG. 6 is a perspective view of the medical device
electrical lead of FIG. 4 in accordance with certain
embodiments of the invention.

FIG. 7 is a plot exemplarily showing a resistance
versus temperature relationship for a typical positive
temperature coefficient (PTC) material.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] The following detailed description should be
read with reference to the drawings, in which like ele-
ments in different drawings are numbered identically. The
drawings depict selected embodiments and are not in-
tended to limit the scope of the invention. It will be un-
derstood that embodiments shown in the drawings and
described below are merely for illustrative purposes, and
are not intended to limit the scope of the invention as
defined in the claims.
[0012] Embodiments of the invention relate to implant-
ed devices, and specifically relate to designs for medical
device electrical leads extending between the implanted
device and the electrodes of the implanted leads. In par-
ticular, the lead designs are configured for preventing
unsafe currents from being conducted through the elec-
trode and into the tissue of the patient. Embodiments
described and illustrated herein pertain to implantable
medical devices (IMDs); however, the invention can ex-
tend to any lead-bearing medical device, whether im-
plantable or not. Furthermore, while the embodiments
provided herein relate to certain IMDs, it should be ap-
preciated that such embodiments are exemplary in na-
ture. As such, the invention is not limited to any particular
IMD, but instead is applicable to any IMD, including ther-
apeutic and diagnostic devices, such as pacemakers,
cardioverter/defibrillators, hemodynamic monitors, neu-
rostimulators, and drug administering devices, as well as
other devices for alleviating the adverse effects of various
health ailments.
[0013] FIG. 1 illustrates an exemplary IMD in accord-
ance with certain embodiments of the invention. The IMD
10 shown is a typical spinal cord stimulation (SCS) sys-
tem and includes a pulse generator such as a SCS neu-
rostimulator 12, a lead extension 14 having a proximal
end coupled to the neurostimulator 12, and a lead 16
having a proximal end coupled to a distal end of the ex-
tension 14 and having a distal end coupled to one or
more electrodes 18. The neurostimulator 12 is typically
placed in the abdomen of a patient 20, and the lead 18
is placed somewhere along the patient’s spinal cord 22.
While only shown with a single lead 18, it is to be appre-
ciated that the IMD 10, in certain embodiments, can have
a plurality of leads. Such a system may also include a
physician programmer and a patient programmer (not
shown).
[0014] The neurostimulator 12 may be considered to
be an implantable pulse generator and capable of gen-

erating multiple pulses or other electrical waveforms.
While the neurostimulator 12 typically provides electrical
stimulation by way of pulses, other forms of stimulation
may be used such as continuous electrical stimulation.
[0015] The lead 16 includes one or more insulated
electrical conductors each coupled at their proximal end
to a connector 24 and to the electrodes 18 (or contacts)
at its distal end. As is known, some leads are designed
to be inserted into a patient percutaneously and some
are designed to be surgically implanted. In certain em-
bodiments, the lead 16 may contain a paddle at its distal
end for housing the electrodes 18. In alternate embodi-
ments, the electrodes 20 may comprise one or more ring
contacts at the distal end of the lead 16.
[0016] While the lead 16 is shown as being implanted
in position to stimulate a specific site in the spinal cord
22, it could also be positioned along the peripheral nerve
or adjacent neural tissue ganglia or may be positioned
to stimulate muscle tissue. Furthermore, electrodes 18
(or contacts) may be epidural, intrathecal or placed into
spinal cord 22 itself. Effective spinal cord stimulation may
be achieved by any of these lead placements. While the
lead connector at proximal end of the lead 16 may be
coupled directly to the neurostimulator 12, the lead con-
nector is typically coupled to the lead extension 14 as is
shown in FIG. 1.
[0017] FIG. 2 illustrates another exemplary IMD in ac-
cordance with certain embodiments of the invention. The
IMD 30 shown is a typical deep brain stimulation (DBS)
system and includes substantially the same components
as does an SCS; that is, at least one neurostimulator, at
least one extension, and at least one stimulation lead
containing one or more electrodes. As can be seen, each
neurostimulator 32a and 32b is implanted in the pectoral
region of patient 34. Corresponding extensions 36a and
36b are deployed up through the patient’s neck, and cor-
responding leads 38a and 38b are implanted in the pa-
tient’s brain 40 as is shown at 42a and 42b. As can be
seen, each of the leads 38 is connected to its respective
extension 36 just above the ear on both sides of the pa-
tient 34.
[0018] FIG. 3 illustrates a further exemplary IMD in ac-
cordance with certain embodiments of the invention. The
IMD 50 is a cardiac medical device, exemplarily shown
as a pacemaker, and includes one or more leads 52 im-
planted in a patient 54. The leads 52 extend from the
pacemaker can 56 and lead into the patient’s heart 58
via a vein 60. Located generally near distal ends 62 of
the leads 52 are one or more exposed conductive elec-
trodes 64 that are attached to the heart tissue for sensing
cardiac activity, delivering electrical pacing stimuli,
and/or providing a cardioversion/defibrillation shock to
the heart 58. The contact area between the electrodes
64 and the tissue of the heart 58 may be very small as
compared, for example, to the contact area between the
IMD 50 and the patient’s body.
[0019] To date, there have been many designs with
respect to medical device electrical leads, such as the
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implantable leads of the IMDs exemplified in FIGS. 1-3
as well as implantable leads of other medical devices,
so as to limit the penetration therein of significant alter-
nating electromagnetic fields and/or radio-frequency en-
ergy. In particular, a variety of different coverings have
been used for such leads to provide such protection.
However, it has been found that most of these coverings
do not adequately protect tissue from heating. In turn,
there continues to be potential for currents being induced
within the lead conductors (from such fields) which can
cause thermal damage to patient tissue. As described
above, these induced currents can be found to be harmful
to the patient. In addition, events other than the above-
described induced current phenomenon can be sources
for currents which can also be harmful to the patient. For
example, such events can stem from medical device
equipment failure, defective medical device, etc. As such,
a variety of lead designs have been taught, to be used
solely or in combination with the lead shield coverings,
so as to prevent the passage of harmful electric currents
to the patient from one or more of the events described
above.
[0020] For example, a number of lead designs have
been taught to specifically protect the patient from po-
tential detrimental effects of unsafe currents induced
from electromagnetic fields. In some cases, the lead de-
signs involve additional circuitry so as to provide further
electrode paths for the induced current. In turn, the heat
brought to the tissue from the dissipating current is
spread over a larger portion of tissue, thereby decreasing
the likelihood of tissue damage from any one area of
tissue being exposed to the current. In related cases, the
lead designs are configured to separate the higher fre-
quency induced currents from the lower frequency ther-
apy signals (e.g., for pacing, stimulation, sensing, and
the like) signals. As a result, filtering of the induced cur-
rents is achieved, while not interfering with the normal
functioning of the medical device. In further lead designs,
use of passive and/or active electronic components are
provided within the lead circuit to prevent or at least limit
unsafe currents being induced from electromagnetic
fields and/or stemming from other events, as exemplified
above. For example, lead designs employing passive
components, specifically inductors, have been taught so
as to function in attenuating the high frequencies of mag-
netic signals generally used for MRI. Alternatively, lead
designs employing active components have been taught
so as to limit current flow upon detection of a predeter-
mined physiological detection. For example, such de-
signs can involve detection of electromagnetic fields in
a predetermined frequency range (via a sensor), followed
by activation of a CMOS Field Effect Transistor (FET)
within the lead body so as to open the lead connection
to the electrode.
[0021] The above lead designs have been shown to
have varying degrees of effectiveness; however, all can
have drawbacks. For example, by using additional cir-
cuitry and/or electrical components, there is increased

cost in manufacturing the lead as well as increased sourc-
es for lead failure. Additionally, the control inputs to such
devices can also be affected by these fields. As such,
they are limited with respect to their application in pro-
tecting the patient due to other events causing unsafe
currents, including medical device equipment failure, de-
fective medical device, etc.
[0022] A number of lead designs have been taught that
are more universally applicable with respect to prevent-
ing or limiting unsafe currents, regardless of whether they
are induced from electromagnetic fields and/or radio-fre-
quency energy or are the result of other events causing
unintended unsafe currents, as exemplified above. Spe-
cifically, these lead designs are designed to include elec-
tronic components that are generally passive, similar to
that already described above with respect to use of an
inductor. In turn, based on the magnitude of what is
sensed, the device is configured to automatically respond
to modify its output. Some of these devices have involved
those designed for current stoppage, such as micro-sized
fuses or circuit breakers, and are geared to interrupt the
electrical connection to the corresponding electrodes up-
on unsafe current being sensed by the current stoppage
devices. Other devices have involved those designed to
limit current as e.g. in US 5433732, where unsate cur-
rents due to shorts are limited by a current limiting resis-
tor. In particular, a diode has been taught to be used. For
example, diodes are commercially available which would
block current exceeding certain current levels.
[0023] However, once again, these lead designs have
limitations. For example, with respect to the current stop-
page devices, once tripped, such leads can no longer
facilitate monitoring or therapy functionality. As such,
while the devices enable the current to be entirely pre-
vented from flowing to the patient, if the patient warranted
diagnosis or therapy from the lead following such device
being tripped, there would be little recourse without first
replacing components within the devices (as in the case
of fuses) or resetting the devices (as in the case of circuit
breakers). With respect to the current limiting designs,
the device can be used following a high voltage event
without replacement of components of the device or re-
setting of the device. However, such a lead design still
allows for current, even at reduced levels, to pass to the
patient via the electrode during such high voltage events.
[0024] Thus, embodiments of the invention involve
lead systems that function in limiting the passage of un-
safe electric currents through a medical electrode at-
tached to a patient, while further overcoming one or more
of the limitations facing the lead designs taught to date.
In particular, the lead systems provide such functionality
using a limited amount of additional materials, while also
being widely applicable so as to be used for unsafe cur-
rents which are induced from electromagnetic fields or
stem from other events, as exemplified above. In addi-
tion, these lead systems limit current to safe levels while
still enabling normal operation of the lead system after
MRI or other unsafe events without requiring mainte-
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nance of the lead system.
[0025] FIG. 4 illustrates an enlarged view of a distal
end of a medical device electrical lead in accordance with
certain embodiments of the invention. As shown, the
electrical lead 70 includes a conductor assembly 72 hav-
ing one or more conductors (e.g., such as conductors
74a and 74b as shown) covered by an insulating layer
76. As should be appreciated, the conductors 74a and
74b are insulated from each other within the conductor
assembly 72. Each of the conductors 74a and 74b is in
electrical communication with at least one electrode (e.g.,
such as a ring electrode 78 or a tip electrode 80, as re-
spectively shown). As described above, the electrical
lead 70 would function in electrically coupling a medical
device (such as IMDs 10, 30, and 50 of FIGS. 1, 2, and
3, respectively) to the electrodes 78 and 80. Furthermore,
the electrodes 78 and 80 of the lead 70 are placed adja-
cent or proximate to the patient’s body tissue (as exem-
plified in FIGS. 1-3) so as to enable the sensing and/or
therapy functioning of the medical device.
[0026] While not visibly shown in FIG. 4, a thermally
sensitive material (exemplarily illustrated in FIG. 5 and
referenced as 82) is electrically connected to each of the
conductors 74a and 74b. The thermally sensitive material
82 is positioned in electrical series between the conduc-
tors 74a and 74b and their respective electrodes 78 and
80. As such, the material 82 forms the only conductive
path from the conductors 74a and 74b to their respective
electrodes 78 and 80. As will be described below, the
thermally sensitive material 82, in the presence of unsafe
current on the conductors 74a or 74b, transitions to a
high impedance state, thereby limiting the current flowing
into the patient to be only at safe levels. In certain em-
bodiments, the material 82 is positioned just before the
electrodes 78 and 80 so as to prevent unsafe currents
from being induced within the section of the conductors
which connect from the material 82 to the electrodes 78
and 80. In certain embodiments, as further illustrated in
FIG. 5 and described below, the material 82 is integrated
in an assembly with each of the electrodes 78 and 80;
however, the invention should not be limited to such. For
example, the material 82 can be electrically connected
to the electrodes 78 and 80 of the lead 70, while being
physically separated from the electrodes 78 and 80.
[0027] FIG. 5 shows a cross-sectional view of the ring
electrode 78 of the medical device electrical lead 70 of
FIG. 4, taken along the lines V - V. As illustrated, FIG. 5
is an axial slice of the ring electrode 78 only; as such,
the conductors 74a and 74b and the insulating layer 76
are not shown in the view. In particular, the view illustrates
a cross section of the ring electrode 78 starting from a
proximal portion of the electrode 78 and extending to a
distal end of the electrode 78. As described above with
reference to FIG. 4, in certain embodiments, the thermal-
ly sensitive material 82 can be integrated with the ring
electrode 78, thereby forming an assembly. In certain
embodiments, as shown, the thermally sensitive material
82 is provided as a tube-shaped structure; however, the

invention should not be limited to such. Instead, the ma-
terial 82 can be provided as any of a wide variety of dif-
ferent structures (e.g., rings, plates, strips, etc.). In cer-
tain embodiments, the material 82 is sized so as to be
internally positioned, at least in part, within an outer con-
tact 84 of the ring electrode 78.
[0028] As shown, the material 82 is electrically con-
nected to the outer contact 84. This connection between
the material 82 and the contact 84 can be provided di-
rectly (as exemplarily shown) or indirectly (e.g., via at
least one further contact electrically joining the material
82 and the contact 84). In certain embodiments, as
shown, the distal end portions of both the material 82 and
the contact 84 are positioned so as to be in electrical
contact with each other; however, the point(s) of electrical
contact between the material 82 and the contact 84 can
be varied as desired.
[0029] The material 82 is further electrically connected
to the corresponding conductor 74a of the lead 70 (shown
in FIG. 4). Similar to that described above, this connection
between the material 82 and the conductor 74a can be
provided directly or indirectly (via at least one inner con-
tact 86, such as the exemplarily shown weld ring). The
inner contact 86 can include any of a variety of different
structures. While not shown in FIG. 5, a distal end portion
of the lead conductor 74a for the ring electrode 78 would
be electrically connected to the inner contact 86 (e.g.,
via a weld joint). In turn, the inner contact 86 would be
electrically connected to the material 82, thereby com-
pleting the conductive path from the conductor 74a to the
material 82 (via the inner contact 86). In certain embod-
iments, as shown, a distal end portion of the inner contact
86 and a proximal end portion of the material 82 are po-
sitioned so as to be in electrical contact with each other,
thereby completing the above-mentioned conductive
path; however, the point(s) of electrical contact between
the contact 86 and the material 82 can be varied to comply
with other design requirements.
[0030] As should be appreciated, the outer and inner
contacts 84, 86 are formed of electrically conductive ma-
terial, e.g., metal (such as a single metal or a combination
of any of a plurality of metals). As described above, in
certain embodiments, the distal end portions of both the
thermally sensitive material 82 and the outer contact 84
are positioned so as to be in electrical contact with each
other. As further described above, in certain embodi-
ments, a distal end portion of the inner contact 86 and a
proximal end portion of the material 82 are positioned so
as to be in electrical contact with each other. As should
be appreciated, these electrical connections enable a
conductive path being established across a substantial
portion of the material 82 for currents to flow from the
lead conductor 78a to the outer contact 84 of the elec-
trode 78. As such, with these electrical connections, the
potential for unsafe currents to arc between the contacts
inner contact 86 and the outer contact 84 is restricted,
thereby preventing unsafe currents from bypassing the
corresponding high impedance pathway through the
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thermally sensitive material 82.
[0031] As illustrated, the ring electrode assembly fur-
ther includes an insulating material 88. The insulating
material 88 can be formed of any of a variety of non-
conducting materials, such as glass or plastic. As shown,
the insulating material 88 surrounds (e.g., coats) the ther-
mally sensitive material 82 except for the locations in
which the outer contact 84 and the inner contact 86 are
in electrical contact with thermal sensitive material 82.
For example, in certain embodiments, as shown, the in-
sulating material 88 is limited in its coverage of the ther-
mally sensitive material 82 at its distal end (so as to fa-
cilitate electrical connection between the material 82 and
the outer contact 84) as well as at its proximal end (so
as to facilitate electrical connection between the material
82 and the inner contact 86).
[0032] The inclusion of the insulating material 88
serves at least two functions for the electrode assembly.
First, the material 88 generally serves to hermetically seal
the thermally insulating material 82 within the assembly.
Second, the material serves to prevent high currents from
arcing from the lead conductor 74a (via the inner contact
86) directly to the outer contact 84. As shown, by sur-
rounding a majority of the thermally sensitive material
82, the insulating material 88 further fills in the voids be-
tween the inner contact 86 and the outer contact 84. In
turn, the high currents are further restrained from arcing
between the inner contact 86 and the outer contact 84,
thereby restricting currents from bypassing the electrical
pathway through the thermally sensitive material 82.
[0033] While FIG. 5 illustrates a lead design with the
thermally sensitive material 82 forming an assembly with
the ring electrode 78, it should be appreciated that such
material 82 can also be likewise incorporated with other
electrodes (such as the tip electrode 80) in forming lead
designs having similar current limiting functionality. One
skilled in the art would understand the configuration of
these similar designs based on FIG. 5 and the corre-
sponding description above. For example, if the thermally
sensitive material 82 were formed with a tip electrode,
the outer contact of the electrode, instead of being formed
as a ring around the electrical lead, would be affixed at
the lead end. Similar to that described above and shown
for the ring electrode 78 of FIGS. 4 and 5, the thermally
sensitive material 82 would be sized so as to be internally
positioned, at least in part, within the outer contact of the
tip electrode. Further, the material 82 would be surround-
ed (e.g., coated) by insulating material (e.g., such as the
insulating material 88 shown in FIG. 5) except for elec-
trical junction points, facilitating electrical connection with
a conductor of the electrical lead and further electrical
connection with the outer contact of the tip electrode.
Another example may involve an electrode having two
or more segmented outer contacts. This would be similar
to the above-described tip electrode configuration, but
instead of being affixed at the lead end, the segmented
outer contacts would generally be located in one or more
different locations over the length of the lead. In such

case, the thermally sensitive material 82 would be ac-
cordingly sized and internally positioned (at least in part)
to each of the segmented outer contacts. Further, the
material 82 at each outer contact would be surrounded
(e.g., coated) by insulating material (e.g., such as the
insulating material 88 shown in FIG. 5) except for elec-
trical junction points, facilitating electrical connection with
a conductor of the electrical lead and further electrical
connection with the corresponding segmented outer con-
tact of the tip electrode.
[0034] The above examples describe but two further
electrodes that can be configured with the thermally sen-
sitive material 82. As should be appreciated and as dem-
onstrated through the use of the above examples, one
skilled in the art should be sufficiently equipped from what
has been already described and illustrated with respect
to the ring electrode 78 of FIGS. 4 and 5 to apply these
teachings in further varieties of electrodes commercially
available now and in the future.
[0035] Additionally, in contrast to the lead design of
FIG. 5, whereby the thermally sensitive material 82 is
integrated with the ring electrode 78 to form an assembly,
it is further described herein that the material 82 can be
separately located outside yet proximate to the ring elec-
trode 78 (and tip electrode 80). As such, in certain em-
bodiments, the material 82 is electrically connected be-
tween the lead conductor 74a and the ring electrode 78
and between the lead conductor 74b and the tip electrode
80. Such an embodiment is exemplarily depicted in FIG.
6. As shown, the material 82 is positioned adjacent to
both the ring electrode 78 and the tip electrode 80. In
such cases, the electrical path between the material 82
and the corresponding electrodes 78 and 80 is not long
enough for dangerous electrical potentials to be induced
from the MRI fields.
[0036] In certain embodiments, the material 82 is part
of an assembly 90. For example, in certain embodiments,
the material 82 can be hermetically sealed in insulating
material 88 similar to that described above with respect
to the FIG. 5. As should be appreciated, the material 82
can be formed or molded as desired. In certain embod-
iments, the material 82 is obtained already pre-shaped.
In turn, the insulating material 88 can be provided so as
to cover (e.g., coat) the material 82 except for input and
output electrical connections similar to that described
above with respect to FIG. 5. Another exemplary assem-
bly, in certain embodiments, may involve the material 82
being included as a part of a discrete thermistor, as fur-
ther discussed below. It should be appreciated that the
electrode assembly lead design (of FIG. 5) would provide
a more compact design, though also a more sophisticat-
ed design over other lead designs having separately po-
sitioned elements (depicted in FIG. 6). One skilled in the
art would understand the functioning of the material 82
within such other lead designs based on the description
provided above with respect to FIG. 5. As such, the func-
tioning of the material 82 in such lead designs is not fur-
ther described.
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[0037] Much of the foregoing description has been con-
cerned with describing lead design configurations that
can be provided in utilizing the thermally sensitive mate-
rial 82. As mentioned above, the thermally sensitive ma-
terial 82 can be configured to exhibit high impedance in
the presence of unsafe currents. This will limit patient
tissue heating. With respect to the material 82, in certain
embodiments, a positive temperature coefficient (PTC)
material can be used, as described below.
[0038] As is known, a PTC material can be commonly
incorporated in thermistors. Thermistors, when placed in
an electrical circuit, generally provide a changing resist-
ance with changing temperature of the device. When a
PTC material is incorporated in a thermistor, such a PTC
thermistor will demonstrate a sharply increased resist-
ance with increased temperature from a transition tem-
perature. PTC materials are commonly known and com-
mercially available, such as barium titanate or barium
titanate based materials. The resistance/temperature
characteristic of the PTC material, whereby the material
abruptly transitions to a high impedance state following
such temperature increase from a transition temperature,
enables the material to be used in preventing the passage
of unsafe currents there through. While PTC materials
are specifically discussed herein, it should be appreciat-
ed that any material exhibiting a resistance/temperature
characteristic similar to that of PTC material would like-
wise fall within the scope of the invention.
[0039] In use, a PTC thermistor can be configured to
exhibit low resistance for currents at or below a design
point and dramatically higher resistances at currents be-
yond the design point. While the PTC material rises in
temperature due to such design currents being passed
through the material, this rise in temperature translates
only in a slight increase to the resistance of the material.
As such, the PTC thermistor generally exhibits adequate
electrical conductivity for such design current levels.
However, if the current flowing into the thermistor ex-
ceeds the design levels, the temperature of the PTC ma-
terial will rise above the transition point. As a result, the
electrical resistance of the PTC material will dramatically
increase, preventing excessive current from excessively
heating body tissue. However, when the high potential
current source is removed, the PTC material cools and
returns to its low resistance state, from which design cur-
rents can be passed through the PTC thermistor.
[0040] The above-described relationship is illustrated
in FIG. 7, which shows a resistance versus temperature
relationship for a typical PTC thermistor material.
[0041] Several advantages have been found in using
PTC material as the thermally sensitive material 82 de-
scribed above with respect to the lead designs of FIGS.
4 and 5. One advantage in using the PTC material is that
it is not frequency sensitive during times at which it is
preventing flow of unsafe currents to the patient. In par-
ticular, when the PTC material increases in temperature
past its "transition temperature" (as further described be-
low), the dielectric constant of the material is found to

significantly drop (e.g., from about 1000 to about 1). In
turn, capacitive coupling through the PTC material to the
electrodes would not be significant at any of the frequen-
cies generally associated with MRI machines. As such,
the PTC material can be used with any MRI machine.
Another advantage is that for small increases in temper-
ature, the resistance of the PTC material increases by
orders of magnitude. There is no thermal lag for the PTC
material because it is the temperature of the PTC material
that induces the impedance transition, not the tempera-
ture of the adjacent tissue. Consequently, any current
flowing into the PTC material is prevented from flowing
through the electrode and potentially causing damage to
body tissue adjacent or proximate to the electrode.
[0042] A further advantage is that the PTC material
can be precisely adjusted with respect to the temperature
at which its resistivity increases by large orders of mag-
nitude, referenced herein as the "transition temperature".
Accordingly, this enables the PTC material to be highly
adaptable for use in body-implantable environments. For
example, normal body temperature is 37°C (or 98.6°F).
As such, the PTC material can be selected to have a
"transition temperature" higher than 37°C activation tem-
perature (accounting for higher internal body tempera-
tures of body tissue proximate to the PTC material as
well as the temperature increase of PTC material for cur-
rents higher than nominal or desirable levels). In certain
embodiments, this "transition temperature" can be about
40°C (or 104°F). Another advantage is that PTC thermis-
tor materials having such a 40°C "transition temperature"
are commercially available, making such materials less
costly and readily available. Furthermore, with respect
to using the insulating material 88 to generally encase
the thermally sensitive material 82, as illustrated in FIG.
5, the material 88 functions in further making the material
82 less susceptible to the surrounding body tissue cool-
ing the material 82. As a result, the PTC system is per-
mitted to be more sensitive to electrical current levels
and less sensitive to the precision of the transition tem-
perature of the PTC material. In addition, the material 82
is less apt to transmit its heat to the patient’s tissue (via
the outer contact 84). As a result, such a design is highly
effective in maintaining the functionality of the thermally
sensitive material 82 during operation of the conductor
lead 74a and corresponding electrode 78, while also pre-
venting heating of the patient’s tissue proximate to the
electrode 78.
[0043] It will be appreciated the embodiments of the
present invention can take many forms. The true scope
of the invention is defined in the appended claims, and
it is not intended the embodiment of the invention pre-
sented herein should limit the scope thereof.

Claims

1. An implantable electrical lead (70), comprising:
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a conductor assembly (72) having one or more
conductors (74a, 74b);
an electrode (78, 80) in electrical communica-
tion with one of the conductors, the electrode
having an outer contact (84) adapted for con-
tacting adjacent body tissue of a patient;
characterised in that the electrode further
comprises
an inner contact (86) adapted for electrical cou-
pling to a lead conductor; and
a thermally sensitive material (82) electrically
connected between the inner contact and the
outer contact so that current from the one con-
ductor flows through a substantial portion of the
thermally sensitive material in order to reach the
outer contact, the thermally sensitive material
configured to exhibit high impedance in the pres-
ence of currents considered unsafe to the pa-
tient, thereby preventing the unsafe currents
from flowing through the substantial portion of
the thermally sensitive material and through the
outer contact potentially causing the adjacent
body tissue to increase in temperature to an un-
safe level, the unsafe currents causing the ther-
mally sensitive material to increase in tempera-
ture, thereby causing the material to transition
to a high impedance state.

2. The electrical lead of claim 1, wherein the thermally
sensitive material comprises positive temperature
coefficient material.

3. The electrical lead of claim 1, wherein the thermally
sensitive material is electrically connected in series
between the one conductor and the electrode outer
contact.

4. The electrical lead of claim 1, wherein the one con-
ductor is electrically coupled to a proximal end por-
tion of the thermally sensitive material and the elec-
trode outer contact is electrically coupled to a distal
end portion of the thermally sensitive material,
wherein a conductive path between the one conduc-
tor and the electrode outer contact is established
across the substantial portion of the thermally sen-
sitive material.

5. The electrical lead of claim 4, wherein the assembly
further comprises an insulating material (88) enclos-
ing a majority of an outer surface of the thermally
sensitive material, thereby enhancing the conductive
path between the one conductor and the electrode
outer contact across the thermally sensitive material.

Patentansprüche

1. Implantierbare elektrische Leitung (70), die enthält:

eine Leiteranordnung (72) mit einem oder meh-
reren Leitern (74a, 74b);
eine Elektrode (78, 80) in elektrischer Kommu-
nikation mit einem der Leiter, wobei die Elektro-
de einen äußeren Kontakt (84) besitzt, der dafür
ausgelegt ist, mit benachbartem Körpergewebe
eines Patienten in Kontakt zu gelangen;
dadurch gekennzeichnet, dass die Elektrode
ferner enthält:

einen inneren Kontakt (86), der dafür aus-
gelegt ist, mit einem Anschlussleiter elek-
trisch zu koppeln; und
ein wärmeempfindliches Material (82), das
zwischen den inneren Kontakt und den äu-
ßeren Kontakt elektrisch geschaltet ist, so
dass Strom von dem einen Leiter durch ei-
nen wesentlichen Abschnitt des wärme-
empfindlichen Materials fließt, um den äu-
ßeren Kontakt zu erreichen, wobei das wär-
meempfindliche Material konfiguriert ist, in
Gegenwart von Strömen, die als unsicher
für den Patienten angesehen werden, eine
hohe Impedanz zu zeigen, um dadurch zu
verhindern, dass unsichere Ströme durch
den wesentlichen Abschnitt des wärme-
empfindlichen Materials und durch den äu-
ßeren Kontakt fließen und möglicherweise
bewirken, dass die Temperatur in dem be-
nachbarten Körpergewebe auf einen unsi-
cheren Pegel ansteigt, wobei die unsiche-
ren Ströme bewirken, dass die Temperatur
des wärmeleitenden Materials ansteigt, um
dadurch zu bewirken, dass das Material in
einen Zustand mit hoher Impedanz über-
geht.

2. Elektrische Leitung nach Anspruch 1, wobei das wär-
meempfindliche Material ein Material mit positivem
Temperaturkoeffizienten enthält.

3. Elektrische Leitung nach Anspruch 1, wobei das wär-
meempfindliche Material zwischen den einen Leiter
und den äußeren Elektrodenkontakt elektrisch in
Reihe geschaltet ist.

4. Elektrische Leitung nach Anspruch 1, wobei der eine
Leiter mit einem proximalen Endabschnitt des wär-
meempfindlichen Materials elektrisch gekoppelt ist
und der äußere Elektrodenkontakt mit einem dista-
len Endabschnitt des wärmeempfindlichen Materials
elektrisch gekoppelt ist, wobei ein Leitungsweg zwi-
schen dem einen Leiter und dem äußeren Elektro-
denkontakt über den wesentlichen Abschnitt des
wärmeempfindlichen Materials aufgebaut wird.

5. Elektrische Leitung nach Anspruch 4, wobei die An-
ordnung ferner ein Isoliermaterial (88) enthält, das
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den größten Teil einer äußeren Oberfläche des wär-
meempfindlichen Materials umschließt, um dadurch
den leitenden Weg zwischen dem einen Leiter und
dem äußeren Elektrodenkontakt über das wärme-
empfindliche Material zu verbessern.

Revendications

1. Fil électrique implantable (70), comportant :

un ensemble de conducteurs (72) ayant un ou
plusieurs conducteurs (74a, 74b) ;
une électrode (78, 80) en communication élec-
trique avec l’un des conducteurs, l’électrode
ayant un contact extérieur (84) adapté pour venir
en contact avec du tissu corporel adjacent d’un
patient ;
caractérisé en ce que l’électrode comporte en
outre :

un contact intérieur (86) adapté pour un
couplage électrique à un conducteur de fil ;
et
un matériau thermosensible (82) établisse-
ment électriquement une liaison entre le
contact intérieur et le contact extérieur de
sorte que du courant provenant du conduc-
teur circule à travers une portion substan-
tielle du matériau thermosensible afin d’at-
teindre le contact extérieur, le matériau
thermosensible étant configuré pour pré-
senter une impédance élevée en présence
de courants considérés comme non sûrs
pour le patient, en empêchant ainsi les cou-
rants non sûrs de circuler à travers la portion
substantielle du matériau thermosensible et
à travers le contact extérieur en amenant
potentiellement le tissu corporel adjacent à
augmenter en température jusqu’à un ni-
veau non sûr, les courants non sûrs ame-
nant le matériau thermosensible à augmen-
ter en température, en amenant ainsi le ma-
tériau à passer à un état de haute impédan-
ce.

2. Fil électrique selon la revendication 1, dans lequel
le matériau thermosensible comporte un matériau à
coefficient de température positif.

3. Fil électrique selon la revendication 1, dans lequel
le matériau thermosensible établit électriquement
une liaison en série entre le conducteur et le contact
extérieur d’électrode.

4. Fil électrique selon la revendication 1, dans lequel
le conducteur est électriquement couplé à une por-
tion d’extrémité proximale du matériau thermosen-

sible et le contact extérieur d’électrode est électri-
quement couplé à une portion d’extrémité distale du
matériau thermosensible, dans lequel un trajet de
conduction entre le conducteur et le contact extérieur
d’électrode est établi à travers la portion substantiel-
le du matériau thermosensible.

5. Fil électrique selon la revendication 4, dans lequel
l’ensemble comporte en outre un matériau isolant
(88) enfermant une majorité d’une surface extérieure
du matériau thermosensible, en améliorant ainsi le
trajet de conduction entre le conducteur et le contact
extérieur d’électrode à travers le matériau thermo-
sensible.
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