US 20120221065A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0221065 A1

ARMSTRONG 43) Pub. Date: Aug. 30, 2012

(54) LEAD CONDITION ASSESSMENT FOR AN Publication Classification

IMPLANTABLE MEDICAL DEVICE
(51) Imt.CL
AG6IN 1/08 (2006.01)
(75) Inventor: Randolph K. ARMSTRONG, (52) US.ClL oottt 607/2
HOllStOIl, X (US) (57) ABSTRACT

. A method, system, and apparatus for performing a lead con-
(73)  Assignee: CYBERONICS, INC., Houston, dition assessment and/or a lead orientation determination
TX (US) associated with an implantable medical device (IMD). A first
impedance is determined. The first impedance relates to the
. impedance relative to a first electrode and a portion of the
(21)  Appl. No.: 13/461,539 IMD. A second impedance is determined. The second imped-
ance relates to the impedance relative to a second electrode
(22) Filed: May 1, 2012 and the portion of the IMD. The first impedance is compared
with the second impedance to determine an impedance dif-
ference. A determination is made whether the impedance
Related U.S. Application Data difference is outside a predetermined tolerance range. Fur-
. . o thermore, artifact measured during impedance measurements
(63)  Continuation of application No. 12/499,001, filed on or test pulses may be compared to assess lead orientation. An

Jul. 7, 2009, now Pat. No. 8,190,258, which is a con-
tinuation of application No. 11/262,243, filed on Oct.
28, 2005, now Pat. No. 7,567,840.

indication of a lead condition error is provided in response to
determining that the impedance difference is outside the pre-
determined tolerance range.
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FIGURE 1A



Patent Application Publication  Aug. 30,2012 Sheet 2 of 10 US 2012/0221065 A1

FIGURE 1B



Patent Application Publication  Aug. 30,2012 Sheet 3 of 10 US 2012/0221065 A1

112

FIGURE 1C

FIGURE 1D
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LEAD CONDITION ASSESSMENT FOR AN
IMPLANTABLE MEDICAL DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates generally to implantable
medical devices, and, more particularly, to methods, appara-
tus, and systems for providing an assessment relating to the
condition of'a lead coupled to the implantable medical device.
[0003] 2. Description of the Related Art

[0004] There have been many improvements over the last
several decades in medical treatments for disorders of the
nervous system, such as epilepsy and other motor disorders,
and abnormal neural discharge disorders. One of the more
recently available treatments involves the application of an
electrical signal to reduce various symptoms or effects caused
by such neural disorders. For example, electrical signals have
been successfully applied at strategic locations in the human
body to provide various benefits, including reducing occur-
rences of seizures and/or improving or ameliorating other
conditions. A particular example of such a treatment regimen
involves applying an electrical signal to the vagus nerve of the
human body to reduce or eliminate epileptic seizures, as
described in U.S. Pat. No. 4,702,254 to Dr. Jacob Zabara,
which is hereby incorporated in its entirety herein by refer-
ence in this specification. Electrical stimulation of the vagus
nerve (hereinafter referred to as vagus nerve stimulation
therapy or VNS) may be provided by implanting an electrical
device underneath the skin of a patient and performing a
detection and electrical stimulation process. Alternatively,
the system may operate without a detection system once the
patient has been diagnosed with epilepsy, and may periodi-
cally apply a series of electrical signals to the vagus (or other
cranial) nerve intermittently throughout the day, or over
another predetermined time interval.

[0005] Generally, therapeutic electrical stimulation is
delivered by the implantable device via a lead, which is
coupled to one or more electrodes coupled, in turn, to a target
location of the patient’s body. A plurality of electrodes that
are associated with an implantable medical device are gener-
ally operatively connected to the implantable device via indi-
vidual leads. A number ofleads may project from the implant-
able device onto various portions of a patient’s body. For
example, a number of electrodes may be attached to various
points of a nerve or other tissue inside a human body. Occa-
sionally, problems with the lead and/or electrodes may occur.
These problems may include a malfunction or damage of the
lead and/or electrode, or a change in the tissue surrounding
the implanted lead and/or electrode.

[0006] Often, various electrodes are implanted in contact
with target portions of the human body, such as a vagus nerve,
in order to deliver electrical signals to provide therapy or to
monitor signals. Subsequent to the implanting of the implant-
able device, the associated leads, electrodes and/or connec-
tions between the electrodes and the implantable device may
deteriorate over time. Additionally, changes in the tissue sur-
rounding the lead and/or electrodes may cause electrical
variations experienced by the implantable device system,
which may affect the operation of the leads and electrodes
themselves. Electrical characteristics associated with the
leads and electrodes carrying the stimulation signal or moni-
tored signal may deteriorate over time, thereby altering the
operation of the implantable device. Furthermore, physi-
ologic changes in the human body may also affect the opera-
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tion of the implantable device since these changes may affect
the electrical characteristics experienced by the lead and/or
the electrodes.

[0007] State-of-the-art assessment of lead condition may
include measuring an impedance between a plurality of elec-
trodes[rl]. A rise in the lead impedance may provide an
indication that the lead condition has changed. This may be
caused by various factors, such as deterioration of the lead,
deterioration of the electrode, deterioration of connections
between the electrode and the implantable device, and/or the
physiological changes in the human body. Based upon the
impedance measurements, state-of-the-art technology calls
for assessing or concluding that there may be lead problems.
However, a simple rise in lead impedance may not necessarily
reflect actual lead problems. For example, physiological
impedance changes may provide a false negative indication
that there are lead problems. Additionally, the lack of a rise in
lead impedance may provide a false positive indication that
there are no problems with the leads or electrodes. For
example, a lead problem may be masked by an apparent lack
of change in lead impedance. This apparent lack of change in
the lead impedance may actually be an increase in lead
impedance (e.g., due to lead/electrode damage) being masked
by a reduction in the physiologic impedance. The reduction in
the physiologic impedance may counter-balance the rise in
the electrode or lead impedance that may have been the result
of actual damage. However, the result causes a false assess-
ment of the actual condition of the lead and/or electrode. This
could lead to improper delivery of therapeutic stimulation or
improper assessment of monitored signals by the implantable
device.

[0008] Other problems with the state-of-the-art include the
fact that the insertion or placement of the lead and electrodes
into the patient’s body may be implemented incorrectly. For
example, the insertion of the leads may be reversed compared
to the originally intended position of the electrodes and/or
leads. For example, the lead/electrode in a set that was origi-
nally intended to be positioned proximal to the implantable
device may be inadvertently positioned in a distal position,
while the intended distal electrode may inadvertently become
the proximal electrode. Therapy stimulation being provided
may be ineffectively administered or monitored signals may
be errantly assessed due to the various errors described
herein.

[0009] The present invention is directed to overcoming, or
at least reducing, the effects of one or more of the problems
set forth above.

SUMMARY OF THE INVENTION

[0010] In one aspect, the present invention comprises a
method for determining a condition of a lead assembly
coupled to an implantable medical device (IMD). A first
impedance is determined relative to a first electrode and a
reference electrode. The reference electrode may comprise a
portion of the IMD. A second impedance is determined rela-
tive to a second electrode and the reference electrode. The
first impedance is compared to the second impedance to
determine an impedance difference. A determination is made
whether the impedance difference is outside a predetermined
tolerance range. An indication of a lead condition error is
provided in response to determining that the impedance dif-
ference is outside the predetermined tolerance range. In
another aspect, the present invention comprises a method for
determining a condition of'a lead assembly associated with an
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implantable medical device (IMD). The method comprises
determining a first impedance relative to a first electrode and
a reference electrode. A second impedance is determined
relative to a second electrode and the reference electrode. A
third impedance is determined relative to the first electrode
and the second electrode. The method further comprises com-
paring the first impedance to the second impedance to deter-
mine an impedance difference. A determination is made
whether the impedance difference is outside a predetermined
tolerance range. The method additionally comprises provid-
ing an indication of a lead condition error in response to
determining that the impedance difference is outside a pre-
determined tolerance range, and comparing the impedance
difference to the third impedance. Based on the comparison
of the impedance difference to the third impedance, a source
of the lead condition error is identified. The source may
include the first electrode, the second electrode, or a physi-
ological impedance.

[0011] Inanother aspect, the present invention comprises a
method for determining a condition of a lead assembly asso-
ciated with an implantable medical device (IMD). The
method comprises providing a first test signal to a first elec-
trode coupled to the IMD through a first lead, and measuring
a first signal artifact relating to a second electrode coupled to
the IMD through a second lead. The first signal artifact results
from the first test signal being applied to the first electrode. A
second test signal is provided to the second electrode, and a
second signal artifact relating to the first electrode is mea-
sured. The second signal artifact results from the second test
signal being applied to the second electrode. The method
further involves comparing the first signal artifact to the sec-
ond signal artifact to determine a signal artifact differential. A
determination is made as to whether the signal artifact difter-
ential is outside a predetermined tolerance range. Finally, the
method includes providing an indication of a lead condition
error in response to determining that the signal artifact difter-
ential is outside the predetermined tolerance range.

[0012] In yet another aspect, the present invention com-
prises a method for determining an orientation of a lead
assembly associated with an implantable medical device
(IMD). The method involves determining a first impedance
relative to a first electrode and a reference electrode, as well as
a second impedance relative to a second electrode and the
reference electrode. The first impedance is compared to the
second impedance to determine whether the first impedance
is greater than the second impedance. Based on the compari-
son of the first and second impedances, the method comprises
determining which of the first electrode and the second elec-
trode is positioned distal to the reference electrode. In another
aspect, the present invention comprises a method for deter-
mining the orientation of a lead assembly associated with an
implantable medical device (IMD). A first test signal is pro-
vided to a first electrode coupled to the IMD through a first
lead, and a first signal artifact relating to a second electrode
coupled to the IMD through a second lead is measured. The
first signal artifact results from the first test signal being
applied to the first electrode. A second test signal is provided
to the second electrode, and a second signal artifact relating to
the first electrode is measured. The second signal artifact
results from the second test signal being applied to the second
electrode. The first signal artifact is compared to the second
signal artifact to determine whether the first signal artifact is
greater than the second signal artifact. A determination is
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made as to which of the first electrode and the second elec-
trode is distal to the IMD in response to comparing the first
and second signal artifacts.

[0013] Inanother aspect, the present invention comprises a
system for performing a lead condition assessment and/or a
lead orientation determination associated with an implantable
medical device (IMD). The system includes an implantable
medical device (IMD) for delivering an electrical signal to a
patient’s body; a first electrode coupled to the IMD and to a
first portion of a patient’s body; a second electrode coupled to
coupled the IMD and to a second portion of a patient’s body;
and an external device to communicate with the IMD. The
system comprises a controller to determine a first impedance
relative to a first electrode and a reference electrode. The
controller is also adapted to determine a second impedance
relative to a second electrode and the reference electrode. The
controller is also adapted to compare the first impedance and
the second impedance to determine an impedance difference,
and to determine whether the impedance difference is outside
a predetermined tolerance range. The system is also adapted
to provide an indication of a lead condition error in response
to determining that the impedance difference is outside the
predetermined tolerance range. In another aspect, the present
invention comprises a system for performing a lead condition
assessment and/or alead orientation determination associated
with an implantable medical device (IMD). The system
includes an implantable medical device (IMD) for delivering
an electrical signal to a patient’s body; a first electrode
coupled to the IMD and to a first portion of the patient’s body;
asecond electrode coupled to the IMD and to a second portion
of'the patient’s body; and an external device to communicate
with the IMD. The IMD includes a stimulation unit to pro-
viding a first test signal to a first electrode coupled to the IMD
through a first lead and to provide a second test signal to a
second electrode coupled to the IMD through a second lead.
The IMD also includes a signal unit to measure a first signal
artifact relating to a second electrode coupled to the IMD
through a second lead. The first signal artifact results from the
first test signal being applied to the first electrode. The signal
unit is also adapted to measure a second signal artifact relat-
ing to the first electrode, which results from the second test
signal being applied to the second electrode. The IMD also
includes a controller to compare the first signal artifact to the
second signal artifact to determine whether the first signal
artifact is greater than the second signal artifact and in
response, to determine which of the first and the second
electrodes is distal to the IMD. The IMD also includes a
communication unit to communicate data relating to a lead
orientation of the first and second leads to the external device
based upon the determination the first electrode is in at least
one of a distal and a proximal position.

[0014] In yet another aspect of the present invention, a
computer readable program storage device encoded with
instructions is provided for performing a method for deter-
mining a condition of a lead assembly associated with an
implantable medical device (IMD). The computer, performs a
method which comprises: determining a first impedance rela-
tive to a first electrode and a reference electrode; determining
a second impedance relative to a second electrode and the
reference electrode; comparing the first impedance to the
second impedance to determine an impedance difference;
determining whether the impedance difference is outside a
predetermined tolerance range; and providing an indication
of'a lead condition error in response to determining that the
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impedance difference is outside the predetermined tolerance
range. In yet another aspect of the present invention, a com-
puter readable program storage device encoded with instruc-
tions is provided for performing a lead condition assessment
and/or a lead orientation determination associated with an
implantable medical device (IMD). The computer performs a
method, which comprises: providing a first test signal to a first
electrode coupled to the IMD through a first lead; measuring
a first signal artifact relating to a second electrode coupled to
the IMD through a second lead, the first signal artifact result-
ing from the first test signal being applied to the first elec-
trode; providing a second test signal to the second electrode;
measuring a second signal artifact relating to the first elec-
trode, the second signal artifact resulting from the second test
signal being applied to the second electrode; comparing the
first signal artifact to the second signal artifact to determine
whether the first signal artifact is greater than the second
signal artifact; determining which of the first electrode and
the second electrode is distal to the IMD in response to deter-
mining whether the first signal artifact is greater than the
second signal artifact.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Theinvention may be understood by reference to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and in which:

[0016] FIGS. 1A-1D provide stylized diagrams of an
implantable medical device implanted into a patient’s body
for providing stimulation to a portion of the patient’s body, in
accordance with one illustrative embodiment of the present
invention;

[0017] FIG.2 provides alayout depiction of an implantable
medical device and associated lead and electrodes, in accor-
dance with one illustrative embodiment of the present inven-
tion;

[0018] FIG. 3 provides a block diagram depiction of an
implantable medical device, in accordance with one illustra-
tive embodiment of the present invention;

[0019] FIG. 4 provides a more detailed block diagram
depiction of the signal detection unit of FIG. 3, in accordance
with one illustrative embodiment of the present invention;
[0020] FIG. 5 provides a block diagram depiction of an
impedance unit of FIG. 3, in accordance with one illustrative
embodiment of the present invention;

[0021] FIG. 6 provides a flowchart depiction of a method of
performing a lead condition assessment, in accordance with
one illustrative embodiment of the present invention;

[0022] FIG. 7 illustrates a flowchart depiction an alterna-
tive embodiment of a method of performing the lead condi-
tion assessment;

[0023] FIG. 8 provides a flowchart depiction of the method
of'performing a lead orientation detection, in accordance with
one illustrative embodiment of the present invention; and
[0024] FIG.9 provides flowchart depiction of an alternative
embodiment of a method of performing the lead orientation
detection.

[0025] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments thereof
have been shown by way of example in the drawings and are
herein described in detail. It should be understood, however,
that the description herein of specific embodiments is not
intended to limit the invention to the particular forms dis-
closed, but on the contrary, the intention is to cover all modi-
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fications, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0026] Illustrative embodiments of the invention are
described herein. In the interest of clarity, not all features of
an actual implementation are described in this specification.
In the development of any such actual embodiment, numer-
ous implementation-specific decisions must be made to
achieve the design-specific goals, which will vary from one
implementation to another. It will be appreciated that such a
development effort, while possibly complex and time-con-
suming, would nevertheless be a routine undertaking for per-
sons of ordinary skill in the art having the benefit of this
disclosure.

[0027] FIGS. 1A-1D depict a stylized implantable medical
system 100 for implementing one or more embodiments of
the present invention. FIGS. 1A-1D illustrate a signal genera-
tor 110 having a main body 112 comprising a case, or shell
121, with an electrical connector 116 in a header 114 (FIG.
1C) for connecting to lead assembly 122. The signal genera-
tor 110 is implanted in the patient’s chest in a pocket or cavity
formed by the implanting surgeon just below the skin (indi-
cated by a dotted line 145, FIG. 1B), similar to the implanta-
tion procedure for a pacemaker pulse generator.

[0028] A stimulating electrode assembly 125, preferably
comprising an electrode pair, is conductively connected to the
distal end of the insulated electrically conductive lead assem-
bly 122, which preferably comprises a pair of lead wires (one
wire for each electrode of an electrode pair). Lead assembly
122 is coupled at its proximal end to the electrical connector
116 on header 114. The electrode assembly 125 is surgically
coupled to the patient’s tissue, e.g., a vagus nerve 127 in the
patient’s neck. The present invention is suitable for use in
implantable medical devices connected to any body tissue,
e.g., a pacemaker coupled to heart tissue. The electrode
assembly 125 preferably comprises a bipolar stimulating
electrode pair (FIG. 1D), such as the electrode pair described
in U.S. Pat. No. 4,573,481 issued Mar. 4, 1986 to Bullara.
[0029] As used herein, the term lead assembly refers to the
combination of the lead individually and the electrodes
coupled thereto. Persons of skill in the art will appreciate that
many electrode designs could be used in the present inven-
tion. For embodiments of the present invention involving
vagus nerve stimulation, two electrodes are preferably
wrapped about the vagus nerve, and the electrode assembly
125 is preferably secured to the nerve 127 by a spiral anchor-
ing tether 128 (FIG. 1D) such as that disclosed in U.S. Pat.
No. 4,979,511 issued Dec. 25,1990 to Reese S. Terry, Jr., and
assigned to the same assignee as the instant application. Lead
assembly 122 is secured, while retaining the ability to flex
with movement of the chest and neck, by a suture connection
130 to nearby tissue.

[0030] Inone embodiment of the present invention involv-
ing nerve stimulation, the open helical design of the electrode
assembly 125 (described in detail in the above-cited Bullara
patent), which is self-sizing and flexible, minimizes mechani-
cal trauma to the nerve and allows body fluid interchange with
the nerve. The electrode assembly 125 preferably conforms to
the shape of the nerve, providing a low stimulation threshold
by allowing a large stimulation contact area with the nerve.
Structurally, the electrode assembly 125 comprises two elec-
trode ribbons (not shown) of a conductive material such as
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platinum, iridium, platinum-iridium alloys, and/or oxides of
the foregoing. The electrode ribbons are individually bonded
to an inside surface of an elastomeric body portion of the two
spiral electrodes 125-1 and 125-2 (FIG. 1D), which may
comprise two spiral loops of a three-loop helical assembly.
The elastomeric body portion of each loop preferably com-
prises silicone rubber, and the third loop 128 (which typically
has no electrode) acts as the anchoring tether 128 for the
electrode assembly 125.

[0031] The lead assembly 122 may comprise two distinct
lead wires or a coaxial cable whose two conductive elements
are respectively coupled to one of the conductive electrode
ribbons 125-1 and 125-2. One suitable method of coupling
the lead wires or cable to the electrodes comprises a spacer
assembly such as that disclosed in U.S. Pat. No. 5,531,778,
although other known coupling techniques may be used.

[0032] In certain embodiments of the present invention,
sensing elements may be used to provide data to the implant-
able medical system 100 concerning one or more body
parameters. Although exemplary sensors are disclosed
herein, persons of skill in the art will appreciate that the
present invention is not limited to particular embodiments.
Referring to FIG. 1B, eye movement sensing electrodes 133
may be implanted at or near an outer periphery of each eye
socket in a suitable location to sense muscle movement or
actual eye movement. The electrodes 133 may be electrically
connected to leads 134 implanted via a catheter or other
suitable means (not shown) and extending along the jawline
through the neck and chest tissue to the signal generator 110.
When included in systems of the present invention, the sens-
ing electrodes 133 may be utilized for detecting rapid eye
movement (REM) in a pattern indicative of a disorder to be
treated, as described in greater detail below. Alternatively or
additionally, the electrodes in lead assembly 122 may be used
as sensing electrodes.

[0033] Alternatively or additionally, EEG sensing elec-
trodes 136 may optionally be implanted in spaced apart rela-
tion through the skull, and connected to leads 137 implanted
and extending along the scalp and temple and then to the
signal generator 110 in the same manner as described above
for the eye movement electrode leads. Electrodes 133 and
136, or other types of sensors may be used in some embodi-
ments of the invention to trigger administration of the elec-
trical stimulation therapy to the vagus nerve 127 via electrode
assembly 125. Use of such sensed body signals to trigger or
initiate stimulation therapy is hereinafter referred to as a
“feedback” or “active” stimulation. Other embodiments of
the present invention utilize a stimulation therapy delivered
according to a programmed on/off duty cycle without the use
of sensors to trigger therapy delivery. This type of delivery
may be referred to as “passive,” “non-feedback,” or prophy-
lactic stimulation. Both active and passive stimulation may be
combined or delivered by a single IMD 200 according to the
present invention. Either or both modes may be appropriate to
treat the particular disorder diagnosed in the case of a specific
patient under observation. The therapeutic electrical signal
may be a continuous or pulsed signal; either type of signal
may be applied periodically or intermittently to the vagus
nerve.

[0034] The signal generator 110 may be programmed with
an external computer 150 (FIG. 1A) using programming soft-
ware of the type copyrighted by the assignee of the instant
application with the Register of Copyrights, Library of Con-
gress, or other suitable software based on the description
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herein, and a programming wand 155 may be used to facilitate
radio frequency (RF) communication between the computer
150 and the signal generator 110. The wand 155 and software
permit noninvasive communication with the generator 110
after the latter is implanted. The wand 155 is preferably
powered by internal batteries, and provided with a “power
on” light to indicate sufficient power for communication.
Another indicator light may be provided to show that data
transmission is occurring between the wand and the genera-
tor.

[0035] A wide variety of stimulation therapies may be pro-
vided in implantable medical systems 100 of the present
invention. Different types of nerve fibers (e.g., A, B, and C
fibers being different fibers targeted for stimulation) respond
differently to stimulation from electrical signals. More spe-
cifically, the different types of nerve fibers have different
conduction velocities and stimulation thresholds and, there-
fore, differ in their responsiveness to stimulation. Certain
pulses of an electrical stimulation signal, for example, may be
below the stimulation threshold for a particular fiber and,
therefore, may generate no action potential in the fiber. Thus,
smaller or narrower pulses may be used to avoid stimulation
of certain nerve fibers (such as C fibers) and target other nerve
fibers (such as A and/or B fibers, which generally have lower
stimulation thresholds and higher conduction velocities than
C fibers). Additionally, techniques such as pre-polarization
may be employed wherein particular nerve regions may be
polarized before a more robust stimulation is delivered, which
may better accommodate particular electrode materials. Fur-
thermore, opposing polarity phases separated by a zero cur-
rent phase may be used to excite particular axons or postpone
nerve fatigue during long-term stimulation.

[0036] Embodiments of the present invention provide for
assessing a lead and/or an electrode condition associated with
an implantable medical device system, which includes an
implantable medical device, a plurality of leads and a plural-
ity of electrodes. Various electrodes and corresponding leads
may be implanted into a portion of a patient’s body, such as a
portion of a vagus nerve. The implantable medical device
may be coupled operatively to the electrodes via correspond-
ing leads. Changing conditions in the human body, to the
leads, and/or to the electrodes, may cause a change in the
operation of the implantable medical device. These changes
may affect the treatment of a patient having the implantable
medical device. Embodiments of the present invention pro-
vide for monitoring the condition of the leads, electrodes,
and/or the surrounding portions of the human body to assess
the condition of the leads and/or the electrodes. Various
impedance calculations and signal measurements associated
with the various leads and/or electrodes may be performed
and analyzed to determine the lead conditions.

[0037] Additionally, embodiments of the present invention
may be used to provide a lead orientation detection. Various
leads and electrodes may be implanted in a predetermined
orientation. A particular electrode may be implanted as a
distal electrode relative to the implantable medical device or
other reference electrode, wherein another electrode may be
implanted as a proximal electrode in relation to the implant-
able medical device or other reference electrode. Embodi-
ments of the present invention may be used to perform an
automated check of the lead orientation and compare it with
apredetermined, desired lead orientation. Upon an indication
or detection that the implanted lead orientation varies from
the predetermined lead orientation, the implantable medical
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device may provide a warning or a message. Based upon the
message/warning relating to the lead orientation and/or the
lead conditions provided by embodiments of the present
invention, one or more corrective actions may be performed
by an external entity, such as a physician.

[0038] Turning now to FIG. 2, a block diagram depiction of
an implantable medical device 200, coupled to a first elec-
trode 220 and a second electrode 230, is illustrated. The
implantable medical device 200 (IMD) is capable of deliver-
ing a stimulation signal to a portion of the patient’s body (e.g.,
a portion of a vagus nerve). The electrodes may be affixed to
aportion of the patient’s body, wherein the IMD 200 provides
the stimulation signal to the electrodes 220, 230. Alterna-
tively, a reference electrode independent from IMD 200 may
be used instead of the IMD 200.

[0039] The first and second electrodes 220, 230, are
coupled to the IMD 200 via corresponding leads. In one
embodiment, the first electrode 220 may be positioned/im-
planted in a proximal orientation relative to the IMD 200. The
second electrode 230 may be positioned in a distal orientation
relative to the IMD 200. Embodiments of the present inven-
tion provide for measuring various impedances in relation to
the IMD and the electrodes 220, 230. The IMD 200 may
measure a first impedance 240, which is an impedance of the
first electrode relative to a reference electrode that, in one
embodiment, comprises the case 121 of the IMD 200. The
first impedance may be indicative of the lead impedance of
the lead that couples the first electrode 220 to the IMD 200.
The IMD 200 may also measure a second impedance 260,
which is the impedance of the second electrode 230 in relation
to a reference electrode, e.g., the case 121 of the IMD 200.
This impedance may provide the lead impedance of the lead
that couples the second electrode 230 to the IMD 200. Fur-
ther, the IMD 200 may measure the third impedance 250,
which may be the impedance of the first electrode 220 relative
to the second electrode 230.

[0040] The various impedances described herein may be
used to assess the lead orientation relative to an expected lead
orientation and/or an assessment of various lead/electrode
conditions. In one embodiment, the first impedance 240 and
the second impedance 260 may be analyzed and compared
such that an impedance difference between the first and sec-
ond impedances 240, 260, may be indicative of a particular
lead condition. For example, if the difference between the
first impedance and the second impedance exceeds a pre-
determined threshold range or tolerance range, a faulty lead
condition may be deemed to have taken place. The differ-
ences between the first impedance and the second impedance
240, 260, may then also be analyzed in conjunction with the
third impedance 250 for further analysis of the lead condition.
Additionally, the impedances described in FIG. 2 may also be
used to determine whether the lead orientation of the leads
described in FIG. 2 complies with expected lead orientation.
Further details relating to the impedance measurements are
provided below.

[0041] In one embodiment, the lead impedances 240, 260,
may be measured by employing a test signal that may be sent
to the first and/or the second electrodes via corresponding
leads. The test signal may be of a variety of types of signals,
such as a current pulse signal. In one embodiment, the test
signal may be a pulse signal of approximately 0.25 milliamps
in amplitude with a pulse width of 130 microseconds. The
resultant voltage associated with the electrode under test may
be measured. The current and the voltage values may then be
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used to calculate the impedance. Additionally, when one elec-
trode is exposed to a test pulse, a resultant artifact signal
appearing on another electrode may be measured in order to
perform the lead orientation and/or the lead condition assess-
ments described herein. Additionally, the signal artifact may
be analyzed to further evaluate a resistive characteristic and/
or a capacitive characteristic.

[0042] Turning now to FIG. 3, a block diagram depiction of
the IMD 200, in accordance with one illustrative embodiment
of the present invention is illustrated. The IMD 200 may be
used for stimulation to treat various disorders, such as epi-
lepsy, depression, bulimia, heart rhythm disorders, etc. The
IMD 200 may be coupled to various leads, e.g., 122, 134, 137
(FIGS. 1A, 1B, 1D). Stimulation signals used for therapy may
be transmitted from the IMD 200 to target areas of the
patient’s body, specifically to various electrodes associated
with the leads 122. Stimulation signals from the IMD 200
may be transmitted via the leads 122 to stimulation electrodes
associated with the electrode assembly 125 (FIG. 1A). Fur-
ther, signals from sensor electrodes, e.g., 133, 136 (FIG. 1B)
associated with corresponding leads, e.g., 134, 137, may also
traverse the leads back to the IMD 200.

[0043] The implantable medical device 200 may comprise
a controller 310 capable of controlling various aspects of the
operation of the IMD 200. The controller 310 is capable of
receiving internal data and/or external data and generating
and delivering a stimulation signal to target tissues of the
patient’s body. For example, the controller 310 may receive
manual instructions from an operator externally, or may per-
form stimulation based on internal calculations and program-
ming. The controller 310 is capable of affecting substantially
all functions of the IMD 200.

[0044] The controller 310 may comprise various compo-
nents, such as a processor 315, a memory 317, etc. The
processor 315 may comprise one or more micro controllers,
microprocessors, etc., that are capable of performing various
executions of software components. The memory 317 may
comprise various memory portions where a number of types
of'data (e.g., internal data, external data instructions, software
codes, status data, diagnostic data, etc.) may be stored. The
memory 317 may comprise random access memory (RAM)
dynamic random access memory (DRAM), electrically eras-
able programmable read-only memory (EEPROM), flash
memory, etc.

[0045] The IMD 200 may also comprise a stimulation unit
320. The stimulation unit 320 is capable of generating and
delivering stimulation signals to one or more electrodes via
leads. A number of leads 122, 134, 137 may be coupled to the
IMD 200. Therapy may be delivered to the leads 122 by the
stimulation unit 320 based upon instructions from the con-
troller 310. The stimulation unit 320 may comprise various
circuitry, such as stimulation signal generators, impedance
control circuitry to control the impedance “seen” by the leads,
and other circuitry that receives instructions relating to the
type of stimulation to be performed. The stimulation unit 320
is capable of delivering a controlled current stimulation signal
over the leads 122.

[0046] The IMD 200 may also comprise a power supply
330. The power supply 330 may comprise a battery, voltage
regulators, capacitors, etc., to provide power for the operation
of the IMD 200, including delivering the stimulation signal.
The power supply 330 comprises a power-source battery that
in some embodiments may be rechargeable. In other embodi-
ments, a non-rechargeable battery may be used. The power



US 2012/0221065 Al

supply 330 provides power for the operation of the IMD 200,
including electronic operations and the stimulation function.
The power supply 330 may comprise a lithium/thiony] chlo-
ride cell or a lithium/carbon monofluoride cell. Other battery
types known in the art of implantable medical devices may
also be used.

[0047] The IMD 200 also comprises a communication unit
360 capable of facilitating communications between the IMD
200 and various devices. In particular, the communication
unit 360 is capable of providing transmission and reception of
electronic signals to and from an external unit 370. The exter-
nal unit 370 may be a device that is capable of programming
various modules and stimulation parameters of the IMD 200.
In one embodiment, the external unit 370 is a computer sys-
tem that is capable of executing a data-acquisition program.
The external unit 370 may be controlled by a healthcare
provider, such as a physician, at a base station in, for example,
a doctor’s office. The external unit 370 may be a computer,
preferably a handheld computer or PDA, but may alterna-
tively comprise any other device that is capable of electronic
communications and programming. The external unit 370
may download various parameters and program software into
the IMD 200 for programming the operation of the implant-
able device. The external unit 370 may also receive and
upload various status conditions and other data from the IMD
200. The communication unit 360 may be hardware, soft-
ware, firmware, and/or any combination thereof. Communi-
cations between the external unit 370 and the communication
unit 360 may occur via a wireless or other type of communi-
cation, illustrated generally by line 375 in FIG. 3.

[0048] The IMD 200 may also comprise a signal detection
unit 340. The signal detection unit 340 is capable of receiving
the signals relating to the first and second electrodes and their
corresponding leads. Voltage signals and/or resultant artifact
signals from the first and second electrodes 220, 230 (FIG. 2)
may be received by the signal detection unit 340. The signal
detection unit 340 is capable of performing various filtering
and/or amplification to condition the detected signals. The
signal detection unit 340 detects various characteristics that
may lead to the measurement of an impedance. A more
detailed illustration of the signal detection unit is provided in
FIG. 4 and accompanying description below.

[0049] The IMD 200 may also comprise an impedance unit
350. The impedance unit 350 is capable of performing various
comparisons of the voltages and/or other signals relating to
the leads as well as to the first and second electrodes 220, 230.
The impedance unit 350 is capable of calculating the imped-
ance based upon various comparisons to determine the
impedance of a lead/electrode. A more detailed illustration
and description of the impedance unit 350 is provided in FIG.
5 and accompanying description below. Additionally or alter-
natively, information necessary to perform these calculations
may be provided via communication unit 360 to external unit
370 for computation.

[0050] Turning now to FIG. 4, a block diagram depiction of
the signal detection unit 340 in accordance with an illustrative
embodiment of the present invention is provided. The signal
detection unit 340 may comprise a filter unit 410 and an
amplifier unit 420. The filter unit 410 may comprise various
signal filters, such as band-pass filters, high-pass filters, low-
pass filters, etc. These filters may filter voltage signals, cur-
rent signals, etc., received by the IMD 200. The filtered sig-
nals may be amplified and/or buffered by the amplifier unit
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420. One or more amplifiers in the amplifier unit 420 may
amplify the signals received from the first electrode 220 and/
or the second electrode 230.

[0051] Turning now to FIG. 5, a block diagram depiction of
the impedance unit 250 in accordance with an illustrative
embodiment of the present invention is provided. The imped-
ance unit 350 may comprise a comparator unit 530 and an
impedance calculation unit 540. The comparator unit 530
may comprise various comparators that are capable of com-
paring numerous electrical indications of the signal present
onthe first electrode and/or the second electrode 220-230. For
example, indications of the first impedance, such as the volt-
age relative to the first electrode to a reference electrode, may
be compared to the voltage relative to the second electrode
230 to a reference electrode. Based upon these comparisons,
an impedance comparison may be based using Ohms Law. In
an alternative embodiment, the comparator unit 530 may
compare impedance calculations, where the first impedance
240 may be compared to the second impedance 260 and/or to
the third impedance 250. Alternatively, the comparator unit
530 may compare resultant artifact signals from the first and
second electrodes 220, 230. Alternatively, measurements of
these electrical indications may be recorded for subsequent
computational comparison by processor 315 or external unit
370.

[0052] The impedance calculation unit 540 may comprise
various circuitry to calculate the first impedance 240, the
second impedance 260 and/or the third impedance 250. The
impedance may be calculated using various techniques (e.g.,
the known current level of the test pulse delivered to an
electrode being divided by the resultant voltage) to calculate
the impedance. The impedance calculation unit 540 is
capable of calculating various impedances of leads/elec-
trodes associated with the IMD 200. The IMD 200 may then
use the various impedance calculations to make assessments
relating to the lead conditions and/or lead orientation. Alter-
natively, measurements of voltages and/or currents may be
recorded for subsequent computational determination and/or
comparison of impedance by processor 315 or external unit
370.

[0053] Turning now to FIG. 6, a flowchart depiction of one
embodiment of performing a lead condition assessment, in
accordance with an embodiment of the present invention, is
illustrated. The IMD 200 may receive a command to perform
a lead condition assessment (block 610). The command to
perform the lead condition assessment may come from an
external source via the communication unit 360. In an alter-
native embodiment, the IMD 200 may be programmed to
generate a signal to initiate the lead condition assessment. In
yet another alternative embodiment, a predetermined condi-
tion may trigger the initiation of the lead condition assess-
ment process. Upon initiation of the lead condition assess-
ment test, the IMD 200 may measure the first impedance 240,
which may be between the first electrode 220 and a reference
electrode that in one embodiment comprises the case 121 of
the IMD 200 (block 620). The measurement of the first
impedance 240 may entail delivering a signal, such as a test
pulse signal, to the first electrode. The IMD 200 measures the
resultant voltage in response to the current test signal deliv-
ered to the electrode 220.

[0054] Upon detection of the voltage resulting from the
delivered test current, the impedance may be calculated. The
IMD 200 may also measure the second impedance 260, which
may be the impedance between the second electrode 230
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relative to a reference electrode (block 630). The second
impedance 260 may be measured by providing a test current
signal to the second electrode 230 and measuring the resultant
voltage. The impedance of the second electrode 230 relative
to the reference electrode may then be calculated. Upon mea-
surements of the first and the second impedances, the IMD
200 may compare the first and second impedances (block
640). This comparison may be made to determine whether the
differences between the first and second impedances are
above a predetermined threshold (block 640). Alternatively or
additionally, the comparison may be an evaluation of the ratio
of impedances or the comparison of each individual imped-
ance to preset limits.

[0055] Pre-determined and/or previously calculated indi-
cations of the expected values of the first and second imped-
ances may be stored in the IMD 200. The fact that the second
electrode may be substantially distal to the proximally posi-
tioned first electrode 220 may result in expected and/or pre-
determined impedance differences between the first and the
second impedances 240, 260. Taking into account the
expected impedance difterential, the comparison ofthe actual
first and second measured impedances may indicate an
impedance difference that is above or below an expected
threshold or tolerance range. A determination is made
whether the comparison of the first and second impedances is
indeed beyond a threshold/tolerance range (block 650). Upon
a determination that the difference between the first and sec-
ond impedances are not substantially above or below the
predetermined threshold or tolerance range, a report of no
significant lead condition problems may be provided by the
IMD 200 (block 660). This indication may be stored in the
IMD 200 and/or communicated to an external entity, such as
a physician, via the communication unit 360. Upon a deter-
mination that the comparison of the first and the second
impedances are either below or above the predetermined
range of tolerance or have excessive differences or ratios, an
indication may be provided that the electrodes and/or the
leads conditions are suspect (block 670).

[0056] Theindication thatthe lead condition is suspect may
be communicated to the external unit 370 via the communi-
cation unit 360. The substantial difference above or below the
predetermined threshold range may be indicative of the fact
that the electrode path relating to the first and/or the second
electrodes 220-230 may contain a problem. A warning signal
may be provided by the IMD 200 to warn a physician that
further analysis and trouble-shooting may be required.
[0057] FIG. 6 also illustrates an alternative embodiment
that may be employed by the IMD 200 in conjunction with the
steps described above. The steps/paths associated with the
alternative embodiment are denoted by dotted lines. Upon
measuring the first and second impedances 240, 260, the IMD
200 may measure a third impedance 250, which may provide
an indication of an impedance between the first and the sec-
ond electrode (block 675). Upon measurements of the first,
second, and third impedances 240-260, the IMD 200 may
perform the comparison between the first and the second
impedances to determine if the differences above are below a
pre-determined threshold.

[0058] Upon an indication that the difference between the
first and the second impedances are outside the acceptable
threshold/tolerance range (block 650), the IMD 200 may
compare the first, second and third impedances (block 685).
For example, the difference between the first and the second
impedances may be compared to the third impedance 250 in
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order to determine a likely source of any significant imped-
ance differences. For example, the assessment of comparison
for differences between the first and the second impedances to
the third impedance 250 may provide an indication whether
the source of the impedance difference is the first electrode
220, or the second electrode 230, and/or another factor (e.g.,
a third factor). The third factor may include a physiologic
change in the impedance. For example, scar tissue or other
changes in the human body surrounding the first and the
second electrodes may cause a change in the physiologic
impedance, thereby hampering the delivery of stimulation.
Therefore, based upon the comparisons of the various imped-
ances, the IMD 200 may identify the likely source of the
significant impedance differences (block 690). Upon identi-
fying the source of the significant impedance differences, the
IMD 200 may provide information relating to the significant
source of impedance, along with the indication that the
impedance differences between the first and the second
impedances is above or below a predetermined threshold, as
indicated by blocks 695 and 670. Therefore, the IMD 200 is
capable of providing information relating to lead conditions
and possible indications of the cause of the impedance
changes and/or changes in the lead/electrode conditions. A
physician may then take corrective action to modify the
operation of the IMD 200.

[0059] Turning now to FIG. 7, a flowchart depiction of an
alternative illustrative embodiment of performing the lead
condition assessment is provided. The IMD 200 may receive
a command to perform a lead condition assessment (block
710). The command to perform the lead condition assessment
may come from an external source or from an internal source
(e.g., the controller 310). Alternatively, the IMD 200 may be
programmed to generate a signal to initiate the lead condition
assessment process, e.g., at a regular interval such as a day, a
week, or a month. Upon initiation of the lead condition
assessment test, the IMD 200 may measure the first imped-
ance 240, which may be between the first electrode 220 and a
reference electrode (block 720). The measurement of the first
impedance 240 may include delivering a signal, such as a test
pulse signal, to the first electrode. The IMD 200 measures the
resultant voltage in response to the current test signal deliv-
ered to the electrode 220.

[0060] Upon receiving the command to perform the lead
condition assessment, the IMD 200 may also measure the
signal artifact on the second electrode (i.e., a first signal
artifact) resulting from the test signal sent to the first electrode
(block 730). The signal artifact data may then be stored for
further analysis. The IMD 200 may also perform a measure-
ment of the second impedance (block 740). While delivering
atest signal to perform the measurement of the second imped-
ance, the resultant signal artifact on the first electrode (i.e., a
second signal artifact) is also measured (block 750). The IMD
200 may then perform an analysis of the differences in the
signal artifact on the first electrode and the second electrode
(block 760). Various characteristics, such as the amplitude,
the pulse width, etc., relating to the first and second signal
artifacts may be analyzed.

[0061] Upon analysis of the signal artifacts, the IMD 200
may make a determination whether the difference between
the first and the second signal artifacts (i.e., an artifact differ-
ential) is above or below a predetermined threshold/tolerance
range (block 770). Upon a determination that the difference
between the first and the second signal artifacts is within the
tolerance range, a report that no significant condition errors
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are detected may be provided by the IMD 200 (block 780).
Upon a detection that the differences between the first and the
second signal artifacts are outside the tolerance range, the
IMD 200 may provide an indication that the electrodes and/or
the corresponding lead conditions are suspect (block 790).
Therefore, the impedance measurements and/or the signal
artifacts resulting from energizing the electrodes may be used
to determine and assess the possible lead conditions. In an
alternative embodiment, the impedance measurements of
FIG. 6, as well as the signal artifact measurements of FIG. 7,
may be combined to provide further indications of possible
lead condition errors and their possible causes.

[0062] Turning now to FIG. 8, a flowchart depiction of
performing the lead orientation detection, in accordance with
an illustrated embodiment of the present invention is illus-
trated. The IMD 200 may receive a command to perform a
lead orientation check or assessment (block 810). This com-
mand may be received from an external source via the com-
munication unit 360. Alternatively, the command to perform
the lead orientation check may be an automated self-check
that may be performed in an automated pre-determined fash-
ion and/or may be resultant of a pre-determined triggering of
a condition. Upon receiving the command to perform the lead
orientation check, the IMD 200 may provide a signal, such as
a current pulse signal, to the first electrode (block 820). The
pulse signal may be similar to the test signal described above.
Upon sending the pulse signal to the first electrode, a resultant
signal artifact on the second electrode may be measured
(block 830). The signal artifact may then be recorded for
further analysis (block 830).

[0063] Additionally, the IMD 200 may send a test signal to
the second electrode 230 (block 840). Based upon the signal
sent to the second electrode 230, the IMD 200 may measure
aresultant artifact on the first electrode (block 850). This data
may also then be stored for further analysis. Based upon the
artifact signals detected on the first and the second electrodes,
the IMD 200 may identify the distal electrode as well as the
proximal electrode by (block 860). For example, the distal
electrode may provide a larger signal artifact on the proximal
electrode as compared to the artifact signal produced on the
distal electrode as a resultant of the signal energized on the
proximal electrode. The first electrode 220, which is a proxi-
mal electrode being energized by a test signal, may provoke a
smaller artifact signal on the second/distal electrode 230.
Conversely, the distal electrode (the second electrode 230)
being energized by a test signal may produce a larger artifact
signal on the proximal first electrode 220. This may be true
since the current flow during each test signal pulse may be
directed towards the IMD 200. Therefore, an electrode that is
between the distal electrode and the IMD 200, i.e., the proxi-
mal electrode (first electrode 220) may experience a larger
artifact due to the current flow flowing through it.

[0064] Based on the similar reasoning, the distal electrode,
i.e., the second electrode 230 may produce a smaller artifact
due to the fact that much of the current resultant from the
energizing of the proximal electrode (the first electrode 220)
flows towards the IMD 200, away from the distal electrode
230. Therefore, the artifact level on the second electrode 230
(i.e., the distal electrode) may be smaller. Therefore, the sig-
nal artifact level comparisons may be used to identify the
proximal electrode and the distal electrode. These findings
may be then compared with the expected indication of which
electrode is the distal electrode and which electrode is the
proximal electrode (block 870).
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[0065] A determination is made whether the orientation
that is predetermined is equivalent to the measured distal and
proximal positions of the electrodes (block 880). Upon a
determination that the lead orientation is different from the
pre-determined lead orientation, the IMD 200 may report that
the lead/electrode orientation may have been reversed (block
890). Upon a determination that the measured lead orienta-
tion is the same as the expected lead orientation, a report by
the IMD 200 may be provided indicating that the lead orien-
tation is correct (block 895). In this manner, the IMD 200 is
capable of automatically detecting and reporting whether the
lead orientation has been inadvertently or intentionally
reversed. This information may then be sent to an external
entity, such as a physician, via the communication unit 360.
The physician may then take corrective action. Alternatively,
the physician may not react based on various reasons, such as
the fact that the resulting benefits from treatments made to
date may have been satisfactory. Accordingly, an automated
check may be performed to warn a physician that lead orien-
tation, as originally intended, may have been reversed.

[0066] Turning now to FIG. 9, an alternative embodiment
of performing the lead orientation detection in accordance
with an alternative embodiment of the present invention is
illustrated. The IMD 200 may receive a command to perform
a lead orientation check (block 910). Upon initiation of the
lead orientation check, the IMD 200 may measure the first
impedance 240, which may be between the first electrode 220
and a reference electrode (block 920). The measurement of
the first impedance 240 may entail delivering a signal, such as
a test pulse signal, to the first electrode. The IMD 200 mea-
sures the resultant voltage in response to the current test
signal delivered to the electrode 220. The IMD 200 may also
perform a measurement of the second impedance (block 930).
The IMD 200 may then perform a comparison between the
first and the second impedances (block 940). Based on the
impedances comparison the IMD 200 may identify the distal/
proximal electrode in light of the expected impedance (block
950). This may be based upon a reasoning that the distal
electrode impedance may be higher than the impedance relat-
ing to the proximal electrode impedance due to various rea-
sons, such as lead length due to additional distance of the
distal electrode, intermediate tissue impedance, etc. There-
fore, utilizing impedance measurements and comparisons, an
indication relating to the identification and the position of the
distal/proximal electrodes/leads may be performed (block
960).

[0067] A determination is made whether the orientation
that is predetermined is equivalent to the measured distal and
proximal positions of the electrodes (block 970). Upon a
determination that the lead orientation is different from the
pre-determined lead orientation, the IMD 200 may report that
the lead/electrode orientation may have been reversed (block
980). Upon a determination that the measured lead orienta-
tion is the same as the expected lead orientation, a report by
the IMD 200 may be provided indicating that the lead orien-
tation is correct (block 990). In this manner, the IMD 200 is
capable of automatically detecting and reporting whether the
lead orientation has been inadvertently or intentionally
reversed. This information may then be sent to an external
entity, such as a physician, via the communication unit 360.
The physician may then make corrective actions. Alterna-
tively, the physician may not react based on various reasons,
such as the fact that the resulting benefits from treatments
made to date may have been satisfactory. Using this tech-
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nique, an automated check may be performed to warn a phy-
sician that lead orientation, as originally intended, may have
been reversed.

[0068] Utilizing embodiments of the present invention,
automated lead orientation detection and/or lead assessments
may be performed. The IMD 200 may perform these checks
based on external signals, internal pre-determined timing sig-
nals, triggering of various events, etc. Based upon the lead
assessments and/or the lead orientation, corrective actions
may be performed and/or adjustments to the operation of the
IMD 200 may result.

[0069] The particular embodiments disclosed above are
illustrative only as the invention may be modified and prac-
ticed in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein.
Furthermore, no limitations are intended to the details of
construction or design herein shown other than as described
in the claims below. It is, therefore, evident that the particular
embodiments disclosed above may be altered or modified and
all such variations are considered within the scope and spirit
of the invention. Accordingly, the protection sought herein is
as set forth in the claims below.

1-21. (canceled)

22. A method comprising:

determining, at an impedance unit of an implantable medi-
cal device (IMD) or an external unit configured to com-
municate with the IMD, a first impedance relative to a
first electrode and a reference electrode;

determining, at the IMD or the external unit, a second
impedance relative to a second electrode and the refer-
ence electrode;

comparing, at the IMD or the external unit, the first imped-
ance to the second impedance to determine an imped-
ance difference;

determining, at the IMD or the external unit, a position of
the first electrode relative to the second electrode based
on at least the impedance difference; and

providing an indication of a change in impedance in
response to determining that the impedance difference is
outside a predetermined tolerance range.

23. The method of claim 22, further comprising:

determining a third impedance, the third impedance com-
prising the impedance relative to the first electrode and
the second electrode;

comparing the impedance difference to the third imped-
ance; and

identifying a source of the change in impedance based
upon the comparing of the impedance difference to the
third impedance, the source comprising at least one of
the first electrode, the second electrode, and a physi-
ological impedance.

24. The method of claim 22, wherein determining the first

impedance comprises:

providing a test current signal from the IMD to the first
electrode;

measuring a voltage signal across the first electrode and the
reference electrode, the voltage signal resulting from the
test current signal; and

determining the first impedance based upon the test current
signal and the voltage signal.

25. The method of claim 22, wherein determining the sec-

ond impedance comprises:

providing a test current signal from the IMD to the second

electrode;
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measuring a voltage signal across the second electrode and
the reference electrode, the voltage signal resulting from
the test current signal; and

determining the second impedance based upon the test
current signal and the voltage signal.

26. The method of claim 22, further comprising:

measuring a first signal artifact relating to the second elec-
trode, the first signal artifact resulting from a test current
signal being applied to the first electrode;

measuring a second signal artifact relating to the first elec-
trode, the second signal artifact resulting from a test
current signal being applied to the second electrode; and

comparing the first signal artifact to the second signal
artifact to determine a signal artifact differential;

wherein determining the position of the first electrode rela-
tive to the second electrode is further based on the signal
artifact differential.

27. The method of claim 26, further comprising determin-
ing which of the first electrode and the second electrodes is
positioned distal to the reference electrode based upon the
signal artifact differential.

28. The method of claim 22, further comprising determin-
ing which of the first electrode and the second electrode is
positioned distal to the reference electrode based upon the
comparing of the first impedance to the second impedance.

29. The method of claim 28, wherein determining which of
the first electrode and the second electrode is positioned distal
to the reference electrode comprises determining whether the
first impedance is greater than the second impedance.

30. The method of claim 28, wherein determining which of
the first electrode and the second electrode is positioned distal
to the reference electrode comprises determining whether the
positioning of the first and second electrodes is the reverse of
an expected positioning.

31. An implantable medical device (IMD) comprising:

a stimulation unit configured to deliver an electrical signal
to a patient, wherein the stimulation unit is configured to
be coupled to a first electrode, wherein the stimulation
unit is configured to be coupled to a second electrode;

an impedance unit configured to determine a first imped-
ance between the first electrode and a reference elec-
trode, wherein the impedance unit is configured to deter-
mine a second impedance between the second electrode
and the reference electrode, wherein the impedance unit
is configured to compare the first impedance to the sec-
ond impedance to determine an impedance difference;

a processor coupled to the impedance unit and configured
to determine a position of the first electrode relative to
the second electrode based on at least the impedance
difference; and

the impedance unit is further configured to determine
whether the impedance difference is outside a predeter-
mined tolerance range, wherein the impedance unit is
further configured to provide an indication of a change in
impedance in response to determining that the imped-
ance difference is outside the predetermined tolerance
range.

32. The IMD of claim 31, wherein the impedance unit is
further configured to determine a third impedance between
the first electrode and the second electrode and to compare the
impedance difference to the third impedance, wherein the
processor is further configured to identify a source of lead
condition error based on the comparison of the impedance
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difference to the third impedance, the source comprising at
least one of the first electrode, the second electrode, and a
physiological impedance.

33. The IMD of claim 31, wherein the processor is further
configured to determine which of the first electrode and the
second electrode is positioned distal to the reference elec-
trode based upon the comparison of the first impedance to the
second impedance.

34. The IMD of claim 33, wherein the processor is further
configured to determine whether the first impedance is
greater than the second impedance.

35. The IMD of claim 33, wherein the processor is further
configured to determine whether the positioning of the first
and second electrodes is the reverse of an expected position-
ing.

36. A method comprising:

determining, at an impedance unit of an implantable medi-

cal device (IMD) or an external unit configured to com-
municate with the IMD, a first impedance relative to a
first electrode and a reference electrode;

determining, at the IMD or the external unit, a second

impedance relative to a second electrode and the refer-
ence electrode;

comparing, at the IMD or the external unit, the first imped-

ance to the second impedance to determine an imped-
ance difference;

determining, at the IMD or the external unit, a position of

the first electrode relative to the second electrode based
on at least the impedance difference; and

providing an indication of a lead condition error in

response to determining that the impedance difference is
outside a predetermined tolerance range.

37. The method of claim 36, further comprising:

determining a third impedance, the third impedance com-

prising the impedance relative to the first electrode and
the second electrode;
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comparing the impedance difference to the third imped-
ance; and

identifying a source of the change in impedance based
upon the comparing of the impedance difference to the
third impedance, the source comprising at least one of
the first electrode, the second electrode, and a physi-
ological impedance.

38. The method of claim 36, further comprising determin-
ing which of the first electrode and the second electrode is
positioned distal to the reference electrode based upon the
comparing of the first impedance to the second impedance.

39. The method of claim 38, wherein determining which of
the first electrode and the second electrode is positioned distal
to the reference electrode comprises determining whether the
first impedance is greater than the second impedance.

40. The method of claim 38, wherein determining which of
the first electrode and the second electrode is positioned distal
to the reference electrode comprises determining whether the
positioning of the first and second electrodes is the reverse of
an expected positioning.

41. The method of claim 36, further comprising:

measuring a first signal artifact relating to the second elec-
trode, the first signal artifact resulting from a test current
signal being applied to the first electrode;

measuring a second signal artifact relating to the first elec-
trode, the second signal artifact resulting from a test
current signal being applied to the second electrode; and

comparing the first signal artifact to the second signal
artifact to determine a signal artifact differential;

wherein determining the position of the first electrode rela-
tive to the second electrode is further based on the signal
artifact differential.



