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SYSTEM AND METHOD TO EVALUATE ELECTRODE
POSITION AND SPACING

FIELD
[0001] The present disclosure generally relates to implantable medical
devices, and particularly relates to measuring anatomical features and
determining effectiveness of selected treatments.

BACKGROUND

[0002] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0003] Implantable medical devices (IMD) can be provided for various
purposes. For example, IMD’s can be provided for pacing or providing other
cardiac therapies to a heart of a patient. The pacing can assist in treating
arrhythmias or other diagnosed conditions in a patient.

[0004] IMD’s are generally permanently implanted into a patient. The
IMD includes one or more electrodes that are in contact with a portion of the
patient. For example, an electrode can be implanted in a right atrium (RA), a
right ventricle (RV), and a left ventricle (LV). The various leads can include one
or more electrodes that can deliver a current, sense/measure a voltage, measure
an impedance, or other appropriate configurations. In addition, the IMD can
include a main body that can also include or form an electrode.

SUMMARY

[0005] An IMD can be implanted into a patient to address various
conditions. The IMD case and leads can have various electrodes and other
portions to measure various physiological conditions. For example, a selected
current can be delivered between two electrodes, either external or internal in
the patient, and a voltage can be measured by one or more electrodes of the
IMD. A voltage can be measured at two or more locations to determine a
relative motion of different electrodes. If the electrodes are in different portions
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of the heart, a determination can be made of a relative motion or position of the
heart or portions of the heart.

[0006] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and
specific examples are intended for purposes of illustration only and are not
intended to limit the scope of the present disclosure.

DRAWINGS

[0007] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.

[0008] Fig. 1 is a plan view of an IMD, according to various
embodiments;

[0009] Fig. 2 is an environmental view of a patient, an IMD, an external
programmer, and a bioimpedance system, according to various embodiments;

[0010] Fig. 3 is a block diagram of an electronic system of an IMD,
according to various embodiments;

[0011] Fig. 4 is a detail block diagram of a portion of an electronic
system of an IMD, according to various embodiments;

[0012] Fig. 5 is a graphical illustration of a sequenced signal; and

[0013] Figs. 6A-6C illustrate graphical illustrations of wave forms and
undersamplings of signals.

DETAILED DESCRIPTION

[0014] The following description is merely exemplary in nature and is
not intended to limit the present disclosure, application, or uses. While the
subject disclosure includes a detailed description of an implantable medical
device for pacing, it is readily appreciated these and similar devices may be
applied to an Implantable Cardioverter Defibrillator (ICD).

[0015] With reference to Figs. 1 and 2, an implantable medical device
(IMD) 20 is illustrated. It will be understood that the IMD 20 can include the
specific portions disclosed herein, such as a tri-lead or quad-lead medical

device, or can include any other appropriate portions. The IMD 20 can include
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any appropriate number of leads and electrodes. The IMD 20, however,
generally includes a body or case portion 22 and a lead connector block 24.
Positioned within the case 22 can be one or more, processors, electronic
circuits, batteries, or the like in a circuitry or internal electronics system 26. The
internal electronics system 26 is discussed further herein in greater detail. The
electronics system 26 can be used to generate pacing signals or process signals
sensed from the leads.

[0016] Interconnected with the lead connector block 24 can be a first
lead 28a, a second lead 28b, a third lead 28c and a fourth lead 28d. Each of the
leads 28a — 28d can include respective lead block connection portions 30a —
30d. Each of the leads can also include a respective sheath or insulation portion
32a — 32d and respective lead tips or tip electrodes 34a — 34d. It will be
understood that each of the leads 28a — 28d can also include multiple
electrodes, such as optional ring electrodes 36a- 36d. Accordingly, it will be
understood that each of the leads 28a — 28d can include one or more electrodes,
for various purposes, such as sensing, defibrillation, pacing, or other appropriate
purposes. Various leads such as the lead 28d, can also include multiple ring
electrodes 36d' — 36d™ for use in gathering information regarding the heart, as
further discussed herein.

[0017] The IMD 20 can be positioned within a patient 40 as illustrated
in Fig. 2. The IMD 20 can be positioned in any appropriate portion of the
anatomy of the patient 40, such as generally in a thoracic cavity, a shoulder
area, or other appropriate portion of the patient 40. The leads 28a — 28d can be
positioned within a heart 42 of the patient 40 in any appropriate manner, such as
by guiding the leads 28a - 28d through the superior vena cava 44. The leads
28a — 28d can be attached or fixed to a wall of the heart 42. For example, tip
electrodes 34a — 34d can include a helix that is screwed into a wall of the heart
42. 1t will be understood, that the leads 28a-28d or any appropriate lead can be
implanted in any appropriate portion of the patient 40, such as in or near the
liver, spleen, diaphragm, etc.

[0018] The leads can be positioned in any appropriate portion of the
anatomy, such as positioning the first lead 28a in a right atrium 46, positioning
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the second lead 28b in the right ventricle 48, and positioning the third lead 28c in
the left ventricle 50. It will be understood that the leads can be implanted at any
appropriate location within the heart 42, such as near the tricuspid valve 42a,
near a ventricle apex 42b, or any other appropriate specific location. The
electrodes 36d' — 36d" of the lead 28d can be provided solely for gathering and
sensing position information. Accordingly, those may be located against a wall
of the heart 42. Pacing and defibrillation leads 28a — 28c can be positioned
generally within at least three regions of the heart 42 for pacing the heart 42, for
providing defibrillation into the heart 42, or other appropriate purposes.

[0019] An external programmer 60 can be provided to transmit
information to, receive information from, and program the IMD 20. The
information can be transmitted, or communicated via a wire or substantially
wirelessly using telemetry circuitry in the internal electronics system 26, as
discussed further herein. The IMD 20 can also sense and store information and
transmit it to the external programmer 60 and also receive information or
instructions, such as programming, from the external programmer 60, further
discussed herein. A processor within the IMD 20 can also be used to alter a
therapy based upon sensed information.

[0020]  According to various embodiments, with reference to Fig. 2, the
IMD 20 can be implanted in the patient 40. Selected information can be
acquired regarding the heart 42, such as collecting chronic measurements for
follow-up of the patient 40. The information can also include position information
of the various electrodes. The position information can be used to determine
various measurements relating to the heart 42. For example, volume changes
and dimension changes can be determined. A bioimpedance system 80 can be
used to cooperate with the IMD electrodes to acquire this information.

[0021] Current can be passed through the patient with the
bioimpedance system 80. The bioimpedance system 80 can include a
controller and a generating module 81 that drives three pairs of patch electrodes.
The patch electrodes can be provided in pairs to form three orthogonal axes,
such as an X-axis, a Y-axis and a Z-axis. For example, a first pair of patch
electrodes 82a, 82b can inject a current through the patient 40 to form the X-
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axis. A second pair of patch electrodes 84a and 84b can be positioned on the
patient 40 to inject a current form a Y-axis. Finally, two patch electrodes 86a
and 86b can be positioned on the patient 40 to inject a current along the Z-axis.

[0022] The patch electrodes 82a-86b can be used to inject a current
through the patient 40 in any appropriate manner. For example, the patch
electrodes used to inject a current can be similar to those disclosed in U.S.
Patent No. 5,697,377, issued on December 16, 1997. Another appropriate
system for injecting current is similar to the Localisa™ intracardiac navigation
system, sold by Medtronic, Inc. having a place of business in Minneapolis,
Minnesota. It will be understood that the bioimpedance system (EP system) 80
can include various portions that are different from the specifics discussed
above, but can generally inject a current within the patient 40 in a similar
manner.

[0023] Generally, a current of a selected frequency is delivered within
the patient 40 through patches 82a-86b. As the current passes through the
tissue, a voltage drop occurs as a result of the impedance of the tissue. This
voltage can be measured along the corresponding X, Y, and Z axes. For
example, muscle tissue, fluid filled organs (such as blood vessels or veins or the
heart) are sufficiently conductive to allow for a voltage drop across different
areas that can be measured with the electrodes of the leads 28a-28d or even the
electrode of the case 22. These voltages can be related to the position of the
electrodes based upon knowing the delivered currents. In addition, relative
positions of the electrodes can be determined based upon a change in sensed
voltage over time.

[0024] The patch electrodes 82a-86b can be positioned on the patient
40 using any appropriate mechanism, such as appropriate or tolerated
adhesives, or other appropriate means. The patches are generally placed in
conductive contact with the skin of the patient 40 to allow for delivery of the
current through the internal organs and tissue of the patient 40. The current can
generally be about 0.01 mA to about 2.00 mA, including about 1.0 mA. The
current is generally injected as an alternating current at about 30 kHz, including
about 5 kHz to about 50 kHz.
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[0025] As discussed above, the IMD 20 and the respective leads 28a-
28d are generally positioned within the patient 40. The injection of the current
between the patches 82a-86b can generate a voltage that can be measured by
the electrodes 34a-36c¢ of the IMD 20 without further invasive procedures. That
is, the IMD 20 and leads 28a-28d are already within the patient 40 and no
additional internal electrodes are necessary to be introduced into the patient
such as by the use of a catheter, etc. As discussed further herein, the
measurements of the voltage(s) within the patient 40 can be used to determine
positions of the various electrodes that are within the patient 40. The determined
position of the electrodes can be used to determine conditions and
measurements of the patient 40, such as cardiac dimensions or positions.

[0026] With reference to Fig. 3, the electronics system 26 of the IMD
20 is illustrated. The electronics system 26 can be positioned within the IMD 20
in any appropriate manner and is diagrammatically illustrated. The electronics
system 26 of the IMD 20, can include a battery or other power storage device
100 to power the electronics system 26. The battery 100 can transmit power to
a processor and memory (P&M) module 102 of the electronics system 26. The
processor can be any appropriate processor, such as a processor operable to
process signals received from the leads 28a-28d and send instructions, such as
signals, to the leads 28a-28d. In addition, the P&M module 102 can include a
memory module, either integrated with or in communication with the processor,
to store sensed signals from the leads 28a-28d, processed data and
programming information from the external programmer 60, discussed above.

[0027] The P&M module 102 can be interconnected or in
communication with a pacing and sensing signal processing (PSS) module 104.
It will be understood that more than one PSS module 104, such as PSS modules
104a-104d, can be provided with the IMD 20, such as a distinct PSS module for
each of the leads 28a-28d. Each PSS module 104 can receive and send
information to and from the P&M module 102 as well as from leads 28a-28d.
Further, each of the PSS modules can include the modules and/or circuitry
discussed further herein relative to the exemplary PSS module 104. The

information from P&M module 102 can direct the PSS module 104 to output a
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pacing stimulus to a connected lead, 28a — 28d. The occurrence of sensing can
be communicated to P&M module 102 from PSS module 104. The battery can
power the PSS module 104. The PSS module 104 is in communication with the
leads 28a-28d that are attached to various portions of the patient 40.

[0028] The P&M module 102 can also be in communication with a
telemetry module 106 connected to an antenna 108. The telemetry module 106
and the antenna 108 can also receive power from the battery 100, either directly
or through the P&M module 102. The telemetry module 106 and the antenna
108 can send and receive information that is processed by the processor or
stored in the memory of the P&M module 102. The transmission can be to and
from an external source, such as the external programmer 60 or the external
bioimpedance system 80. As discussed further herein, the telemetry module
106 can send stored sensed information, processed or stored position
information, or other appropriate information.

[0029] The P&M module 102 can control timing, detection, sensing,
pacing, telemetry, and other functions. Generally, the P&M module 102 can
perform functions necessary for pacing functions, diagnostic functions and for
follow-up information that is telemetrically transmitted. As is understood, the
IMD 20 can be provided for pacing of the heart 42 of the patient 40 in any
appropriate and programmed manner. The P&M module 102 can send a signal
to the PSS module 104, which can, in turn, send a pacing signal through each of
the leads 28a-28c and sense signals from each of the leads 28a-28d.

[0030] With additional reference to Fig. 4 and continuing reference to
Fig. 3, a detailed view of the PSS module 104 is illustrated. Each of the leads,
such as the lead 28a, communicates with the PSS module 104. Each of the
leads can be connected to a separate PSS module 104, or a multiplex switch, as
discussed herein can be used to allow communication between each of the
leads 28a-28d and the single PSS module 104. The PSS module 104 can
include various distinct and selected portions, such as those illustrated in Fig. 4.
The various components discussed in detail here are exemplary and can be
selected according to various embodiments.
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[0031] Initially, as discussed above, each of the leads can be in
communication with a pace module such as module 110. The pace module 110
can combine and transmit a selected pacing stimulus pulse as well as current, of
select frequencies to the electrode 28a, based upon instructions or commands
from the P&M module 102 and power from the battery 100. Providing a pacing
stimulus pulse through the lead 28a is generally known and will not be discussed
in detail here.

[0032] A sensed signal can also be received through amplifier module
112 to deliver an amplified sensed signal to one or all of the filter or function
modules including electrograms 114, myocardial infarction detection 116,
sensing for timing and rhythm detection 118, evoked response 120, or
impedance/position signal detection 122.

[0033] In the electrogram module 114, signals can be processed and
sent to the P&M module 102 for telemetry to the external programmer 60. The
electrogram signal can also be communicated to the P&M module 102 for
analysis and interpretation by the P&M module 102 thus, altering treatment
based upon the electrogram module 114.

[0034] The pacing and sensing signal processing module exemplified
by module 104 can include signal filters for processing information in various
spectral portions to isolate electrograms, the electrical signal from electrodes in
or on the heart that reflect electrical activation, for example, from lead 28a. The
electrogram information can be sent through the telemetry module 106 and
antenna 108 to the external programmer 60 for display and/or assisting in
augmenting or programming the IMD 20. The electrogram signals can be used
to assist in programming the IMD 20.

[0035] The electrogram circuitry within module 114 can include various
band pass filters to assist in receiving an appropriate signal for processing
and/or transmission to the external programmer 60. For example, a band pass
of about 1 to 500 Hz can be provided.

[0036] The system for analysis of cardiac repolarization, ST segment
analysis, such as might be used to detect a myocardial infarct, could utilize
circuitry within module 116. A band pass filter of about 0.1 to about 40 Hz can
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be used to allow for the low frequency constituents necessary for the ST
segment to be detected.

[0037] Detection of ventricular or atrial depolarizations for timing
purposes within the IMD 20 can be accomplished utilizing circuitry within module
118. Such circuitry may contain a bandpass filter of 1 to 30 Hz to detect cardiac
activity while avoiding detection of signals due to activation of skeletal muscle,
radiation from devices operated by main power at 50 or 60 Hz or recharging of
the pacing stimulus output capacitor.

[0038] Evoked response detection enabling the IMD 20 to detect
whether a pacing stimulus met conditions to capture the heart may be
accomplished by circuitry within module 120.

[0039] Detection of electrode movement can be accomplished by
circuitry within module 122. By injecting a current through lead 28a, from
current source 130, an electric field can be established within cardiac tissue or
other tissue of interest. Detection and analysis of the resultant sensed voltage
due to the injected current can be used to measure and establish movement of
cardiac tissue. Analyzing the signals that relate to the frequency of the injected
current allows for the determination of the heart's motion 42. If, for example, the
injected current is about 30 kHz, then a band pass range of about 25 to about 35
kHz in circuit module 122 could be used to assist in detecting a signal from the
lead 28a and determining motion. Analysis of the signal to determine motion can
be used by a P&M module 102 to both provide for cardiac pacing and/or
defibrillation of the heart for the patient 40. Motion may be used to determine
whether an alteration in pacing or defibrillation is required.

[0040] The relatively high frequencies used for measuring impedance
in the patient 40 can result in relatively high current drain in the IMD 20.
Sampling of signals in order to provide a faithful reproduction from current
injected in the range of 30kHz may require sampling intervals such that the
sampling frequency is above the Nyquist criteria of twice the fundamental
frequency of 30 kHz. That is, sampling of 60 kHz would be required to provide a
faithful reproduction. For a long term implantable device, this represents
considerable sampling and, therefore, current drain from the battery 100. A
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technique of undersampling can be used with intentional aliasing of the
impedance signal. By undersampling, the signal can be produced that includes
substantially the desired and necessary information for transmission, but at a
lower current drain.

[0041] Each of the processed signals as mentioned above can be
telemetrically sent to an external component, such as a bioimpedance system 80
or external programmer 60 by way of the telemetry 106 and antenna 108. In
addition, each signal can be used for various purposes, such as a determination
of a position of the electrodes, programming or sending information regarding
the IMD 20, or of the patient 40. The signals can also be used internally in the
IMD 20 to alter the pacing signal by the P&M module 102. It will be further
understood that the filters mentioned above can be of any appropriate design,
such as an analog or digital design.

[0042]  With further reference to Fig. 4, a current source module 130
can be optionally provided as a part of the PSS module 104. The current source
module 130 can be used to direct a current through any appropriate electrodes
of the IMD 20, including those of the leads 28a-28d or the case 22. The current
source 130 can deliver a current through the patient 40 when the external
bioimpedance system 80 is not present. Electrodes of leads 28a-28d can be
used to measure voltage changes over time to determine relative motion of
selected portions of the heart 42, or any appropriate portion. For example, a
voltage can be measured in the right ventricle for determination of right
ventricular stroke volume or other measurements over time by sensing the
voltage over time.

[0043] Once the IMD 20 including the various electrodes 28a-28d, or
any appropriate number of leads is implanted in the patient 40, selected
electrodes can be used to determine positions of other selected electrodes. For
example, the patch electrodes 82a-86b can be used to inject current that can be
sensed with the electrodes of the IMD 20. According to various embodiments,
two of the electrodes of the IMD 20 can also or alternatively be used to inject a
current from the current source 130 into the patient 40 to generate a voltage to
be sensed by another of the electrodes of the IMD 20. For example, the distal

10
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electrode 34b of the lead 28b can be a first electrode and the case 22 can be a
second electrode.

[0044] The case electrode 22 and the distal tip electrode 34b can be
used to inject a current through the tissue of the patient 40. Any of the
electrodes between the case electrode 22 and the distal tip electrode 34b can be
used to measure a voltage. Accordingly, a current injected from the current
source 130 and transmitted through the case electrode 22 and the distal tip
electrode 34b and can be used to generate a voltage at any of the electrodes
between the case electrode 22 and the distal tip electrode 34b. These voltages
can be measured and transmitted through the position sensing module 122 for
processing by the P&M module 102 and transmission with the telemetry module
106 or for saving in the P&M module 102.

[0045] By injecting the current with an implanted electrode within the
patient 40, error produced by positioning an electrode patch, such that the
patches 82a-86b, on a surface of the patient's 40 skin can be reduced or
eliminated. In addition, by using the electrodes implanted as a part of the IMD
20, the IMD 20 can provide a current injection at any time without the need of
external or additionally applied current patches of the bioimpedance system 80.
For example, the IMD 20 can be programmed to determine a location of a
selected electrode 5 times over a selected period. The IMD 20 can, therefore,
provide the injected current and measure a voltage at the selected electrode
without additional instruments. Accordingly, the electrodes of the IMD 20 can be
used to provide substantially efficient measurements of the positions of
electrodes implanted as a part of the IMD 20, which correlate to various
anatomical features or conditions. As discussed here, the positions of the
electrodes of the leads 28a-28d can be measured to determine stroke volume,
ejection fraction, dimensions of selected chambers of the heart, and various
other hemodynamic indices for the RV, LV, and a combination of RV and LV
dimensions. In addition, when electrodes are positioned in appropriate locations,
such as on opposite sides of a heart wall, a heart wall thickness or change in
thickness can also be measured.

11
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[0046] The positions of the electrodes are determined based upon the
measured voltages, such as in the Localisa™ intracardiac navigation system
sold by Meditronic, Inc. The electrodes of the IMD 20, however, are not directly
connected to the external bioimpedance system 80. Because the leads and
electrodes positioned within the patient 40 are not directly connected to the
bioimpedance system 80, a determination of which axis, X, Y, or Z, current is
being injected must be provided. According to various embodiments, a time
division multiplex system can be provided to allow for injection of each of the
different axes at a substantially different time.

[0047] In a time division multiplex system, a current at each of the
axes can be injected at a different time within the patient 40 as illustrated in Fig.
5. As illustrated in Fig. 2, the patches 82a-86b can be positioned on the patient
40. During a first time, the patches 82a and 82b can be energized to inject a
current within the patient 40. At a second time, the patches 84a and 84b can be
energized, and at a third time, the patches 86a and 86b can be powered to
deliver the current along the respective axes.

[0048] According to one example, the generator 81 is operable to
inject a current at an appropriate frequency into the patient 40 through the patch
electrodes 82a-86b. The wave of the generator 81 can include any appropriate
frequency and can be selected for various purposes, such as a sampling rate, a
power drain, and other appropriate purposes. The generator 81 can also include
a switch to allow for switching between selected pairs of the patch electrodes
82a-86b over any period of time, including any appropriate number of cycles.

[0049] According to various embodiments, the generator 81 can
generate a frequency of about 30 kHz and can switch between each of the patch
electrode pairs at any appropriate time interval, such as interval T160, illustrated
in Fig. 5. As illustrated in Fig. 5, time is illustrated on an x-axis 162.
Substantially parallel to the time axis 162 are lines illustrating the X-axis patch
electrodes 164, the Y-axis patch electrodes 166, and the Z-axis patch electrodes
168. An active current pulse 170 illustrates that current is directed to the

respective patches at a sequential time period T. In addition, a rest or null period
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172 is provided between each series of injecting current along the X, Y and Z
axes through the patch electrodes 82a-86b.

[0050] If the frequency of the generator 81 is selected to be 30 kHz
and a sample is selected to be measured with an electrode of the IMD 20 every
ten cycles, then a sample would be taken approximately every 330
microseconds during each activated period 170. Because there are four distinct
time periods T, each activation of the axes and the null 172, time period T occurs
every approximately 1.3 milliseconds, which allows about 770 samples per
second. Although this would provide a large amount of data relating to the
position of the various electrodes, this could also create a large drain on the
battery 100 of the IMD 20 and require a large amount of data transmission.

[0051]  Accordingly, it can be selected to reduce the frequency of the
generator 81 and further increase the length of time interval T 160 to reduce the
amount of data transmission or battery drain and increase signal to noise ratio in
the position detection circuitry 122 of the IMD 20. For example, the frequency of
the generator 81 could be about 3 kHz. To allow 100 cycles of the 3 kHz signal
requires time period T to be about 33 milliseconds in length, allowing for about
7.5 samples per second. This sampling frequency can be selected to achieve a
selected collection of information regarding the heart 42.

[0052] Nevertheless, it will be understood that any appropriate
frequency can be selected to achieve an appropriate sampling rate of the heart
42 for the position sensing module 122. For example, it can be selected to
provide a sample frequency of about ten to fifty samples per second, including
about twenty to about sixty samples per second. It will be understood that the
sample frequency can be created depending upon a time period T and frequency
of the generator 81. For example, a frequency of the generator of about 10 kHz
and a time period T of about fifty cycles could greatly increase the sampling
frequency of the position sensing module 122.

[0053] As discussed above, the position information can be used to
determine various characteristics of the heart 42. For example, a high data
sample rate can be used to identify substantially accurate and detailed
mechanical features of the heart 42. In addition, various disease conditions can
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be determined, measured based upon the determined positions of the electrodes
of the IMD 20, or used in combination with other sensors to detect or assist in
detection or fibrillation, chamber volume, and other appropriate details.

[0054] In addition, the sequencing as illustrated in Fig. 6, allows for
synchronization between the generator 81 and the position sensing module 122.
For example, the position sensing module 122 can be programmed or hard-
wired regarding the sequence of the powering of the axes of the patch
electrodes 82a-86b. That is, the position sensing module 122 can know that the
patches sequentially energize the X, Y, and Z axes. The null period 172 can be
easily detected as a starting point so that the position sensing module 122 can
determine the sequencing of the axes energizing. That is, after the null period
172, the next signal sensed is known to be the X-axis. Accordingly, the null time
172 can be an efficient and low power mechanism to synchronize the position
sensing module 122 and the generator 81.

[0055] Additional synchronization methods include providing a timing
device in both the IMD 20 and the external bioimpedance system 80. The timing
devices in the IMD 20 and in the external bioimpedance system 80 can be
synchronized at a selected time, such as prior to implantation or with a
synchronizing signal. At any time thereafter, the two timing devices are
substantially synchronized. Accordingly, when the bioimpedance system 80
powers a selected set of patches, a time signal or determination can also be
made. When the impedance is measured by the electrodes of the IMD 20, a
time stamp can also be generated. Accordingly, when the measurements are
telemetrically sent, the time stamp of the IMD 20 is also sent with the
measurements and can be correlated to the time of the injection of the selected
axis .

[0056] A third synchronization method can use the telemetric system
106 of the IMD 20. A telemetric system 106 can also be provided with the
bioimpedance system 80 so that a signal can be sent to the IMD 20 that a
selected axis is being powered. Accordingly, the sensed or measured voltage

can then be associated with a selected axis of the bioimpedance system 80.
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This can allow the electrodes associated with the IMD 20 to relate the sensed
voltage with an appropriate axis of the bioimpedance system 80.

[0057] Other synchronization systems can also be provided. For
example, a frequency multiplex system can be used to distinguish the axes of
the bioimpedance system 80. For example, each of the three axes, X, Y and Z,
can be injected at substantially different frequencies. For example, a current
signal along the X axis can be generated at about 31 kHz, the Y axis can be
generated at about 32 kHz, and the Z axis can be generated at about 33 kHz.
Selected filters can be provided in the position sensing module 122 to distinguish
the three frequencies. The band pass filters can allow the selected frequency
signal to pass to the P&M module 102.

[0058] Sensing a voltage, transmitting the sensed voltage or position
information, or other information can cause a power drain from the battery 100.
The IMD 20, including the battery 100, is implanted in the patient 40 for a
selected period of time. At a particular current drain on the battery 100 a certain
service life of the IMD 20 will occur. An average drain can be calculated based
on a duty cycle utilization of a system, such as a position sensing module 122.
Accordingly, sampling of the voltage detection can be at a selected rate and
transmitted with the telemetry system 106 to assure no more than a selected
current drain will occur.

[0059] As discussed above, it can be selected to demodulate the
detected signals from the generated axes to provide a lower frequency signal for
transmission from the IMD 20. As discussed above, the injected current
generated can be at about 30 kHz. Nevertheless, the demodulation and filtering
can provide a signal that is about 100 Hz, such as about 10 to about 500 Hz.

[0060] As an example, the frequency of the injected current may be
about 10 kHz. For example, the three axes X, Y and Z can each be injected into
the patient 40 at a different frequency such as 10.01 kHz, 10.02 kHz, and 10.03
kHz. With reference to Fig. 6A, three sinusoid waves at 10.01, 10.02, and 10.03
kHz are illustrated. Fig. 6A shows the envelope of the overlapping waves. As

discussed above, transmission of data from such high frequencies, such as with
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the electrodes that are sensing a voltage, would require high bandwidth and a
corresponding high drain on the battery 100.

[0061] In an attempt to reduce the bandwidth required to transmit the
signal of the sensed voltage, the signal can be undersampled at, for example,
100 Hz. As illustrated in Fig. 6B, an undersampled signal is far less dense than
the complete signal illustrated in Fig. 6A. Due to aliasing, however, the original
signal can not be fully recovered to determine the voltage sensed with the
electrodes of the leads 28a — 28d to allow for the determination of a position of
the electrodes, as discussed above.

[0062] If a transformation, such as a fast Fourier transformation, is
performed on the undersampled signal in the frequency domain, the three signal
components, those at 10, 20 and 30 Hz above the base line 10 kHz, can be
observed, as illustrated in Fig. 6C. The transformation allows the amplitude
portion of the signal to be measured at the various frequencies above the
baseline. If the signals are measured over time, such as at a selected sampling
rate, information regarding the position of the electrodes can be determined.

[0063] The transformation can be performed by executing instructions
with a selected processor. The processor can be positioned in the external
bioimpedance system 80, the external programmer 60, or even as a part of the
processor 102. It will be understood that a processor can execute instructions to
determine a Fourier transformation of the undersampled signal in the frequency
domain to detect the three signal components, or any appropriate number of
signal components. It will be understood that the transformation can occur either
before or after telemetry of information from the IMD 20, for selected purposes,
such as reducing a processing load on the IMD 20 or for other appropriate
reasons. In addition, as discussed above, the IMD 20 including the P&M module
102 can alter various programming of the IMD 20, such as a pacing program
based upon the determined positions. Accordingly, providing processing of the
Fourier transformation in the P&M module 102 can assist in determining position
information of the various electrodes associated with the IMD 20.

[0064] The sensed voltage can be used to determine positions of the
various electrodes of the leads 28a-28d. The voltages can be sensed
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substantially continuously when a current is injected. The positions of the
electrodes can be determined using the external bioimpedance system 80 or an
internal bioimpedance system comprising at least two electrodes of the IMD 20.
Injecting a current between any two electrodes for measurements of a voltage at
another electrode can be used to determine a position of the electrode.

[0065] The electrodes of the leads 28a — 28c can be positioned for
pacing, defibrillation, sensing, and other appropriate purposes. Although any of
the leads can be used for determining position information, it will be understood
that the leads 28a — 28d can include any appropriate number of electrodes to be
used substantially only for position determination. For example, the lead 28d
can include a tip electrode 34d and any appropriate number of intermediate
electrode rings, such as three intermediate electrodes 36d', 36d", and 36d".
The lead 28d can be positioned along or attached to a wall of the heart 42 to
provide plural points for position information. These multiple points can provide
a substantially detailed view of a particular portion of the heart 42, such as a wall
of the heart, when used to sense a position of the multiple electrodes 36d' —
36d™ and 34d. It will be further understood that the multiple lead electrodes can
be positioned at any appropriate distance along the lead 28d and can even be
passed through more than one chamber of the heart 42 to illustrate relative
motion of different portions of the heart 42.

[0066] When using the electrodes of the leads 28a — 28d, it can be
selected to calibrate the position information or the voltages generated relative to
the electrodes of the IMD 20. The calibration can include determining the
position between any two electrodes having a known position. For example, on
the lead 28a, the tip 34a is generally at a fixed position relative to the ring
electrode 36a. Accordingly, a determination of a position of each of the two
electrodes 34a, 36a and this can be used to calibrate the position system. In
addition, it will be understood that when the patch electrodes 82a — 86d are
positioned on the patient 40, the patch electrodes can be of appropriate sizes to
inject the appropriate currenté in the patient 40. In addition, the patch electrodes
can be sized to provide an increase in a signal-to-noise ratio and decrease
distortion generated by injecting a current into the patient 40.
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[0067] The electrodes of the leads 28a — 28d can be used to measure
the positions of electrodes associated with each of the leads. The information
can be transmitted, either as specific position information or as raw voltage data,
to the external programmer 60 or the external bioimpedance system 80 for
processing of position information. When the various leads are positioned in the
right atrium, right ventricle, and the left ventricle, the leads can generally include
electrodes that are substantially fixedly implanted into heart wall tissue in the
various chambers. This also positions multiple electrodes within the various
chambers so that multiple positions, regarding the various chambers, can be
determined using the leads 28a-28d. The information relating to the positions of
the leads 28a-28d can be used to identify various anatomical information, such
as diseased regions of the heart, stroke volume, volume change and information
relating to the various chambers of the heart 42, and other appropriate
information. Various examples of information that can be determined using
positions of various anatomical features is discussed in U.S. Patent Application
Publication No. 2008/0132800 published on June 5, 2008, incorporated herein
by reference.

[0068] The electrodes positioned in the right ventricle can be used to
determine an end diastolic dimension of the right ventricle. The end diastolic
dimension can be proportional to a myocardial stretch and chamber volume. As
is understood, the end diastolic ventricle or volume is an accepted index of
ventricular preload which can be determinant of cardiac performance.

[0069] In addition, various leads can be positioned to determine
thickness dimensions of a wall of the heart 42. As discussed above, an
electrode can be positioned in the right ventricle and in the left ventricle.
Accordingly, a thickness of the wall between the two ventricles can be measured
instantaneously and over time. Thickening of the wall, generally referred to as
hypertrophy, can be associated with hypertension and diastolic dysfunction. A
thinning of the wall can be related to ischemia or dilated cardiomyophy. In
addition, as discussed above, multiple position measurements can be taken
during a single cardiac cycle or over multiple cardiac cycles and can be
compared to similar positions within the single cardiac cycle. Therefore, a
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change in wall thickness can be measured over a cycle of the heart 42 for
possible measuring or diagnosis of various cardiac diseases, such as ischemia
which can be an indication of regional dyskinesis.

[0070] Regardless of the information determinations or calculations
based upon the measured positions of the various electrodes, it will be
understood that the positions of the various electrodes can be measured using
either the external bioimpedance system 80 or an internal bioimpedance system
(ie., using the current source 130 within the IMD 20). Accordingly, a
substantially continuous measurement of the positions of the electrodes can be
made without requiring the patient 40 to be positioned relative to the external
bioimpedance system 80 to determine the positions of the various electrodes.
Accordingly, information can be recorded and saved in the P&M module 102 for
transmission at a selected time. Additionally, the information saved within the
P&M module 102 can be used to determine various pacing and defibrillation
treatments of the IMD 20.

[0071] The information of the position of the electrodes acquired can
be used to alter the programming of the IMD 20. The alteration of the
programming of the IMD 20 can be done with the external programmer 60, after
analysis of the position information, or done substantially in real time by the IMD
20, including the processor 102. For example, the IMD processor 102 can
include instructions that can be executed to alter the programming, including
pacing, of the IMD based upon position information of the various electrodes.
The positions of electrodes can be determined using the current source 130 or
any appropriate current source to determine positions of the electrodes. The
IMD 20 can be used to alter the programming, including the pacing, of the IMD
20 without an external programmer. Accordingly, the positions of the electrodes
can be used in substantially real time as a part of the treatment provided by the
IMD 20.

[0072] Further areas of applicability of the present teachings will
become apparent from the detailed description provided above. It should be

understood that the detailed description and specific examples, while indicating
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various embodiments, are intended for purposes of illustration only and are not
intended to limit the scope of the teachings.
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CLAIMS
What is claimed is:

1. A system to determine a location of an electrode within a volume,

comprising:

an implantable medical device operable to be positioned and
contained within the volume, including:

a lead connected to a connector having a first implantable
electrode;

an implantable case containing an electronics system operable to
receive a signal from the first implantable electrode;

wherein the first electrode is operable to move within the volume
relative to the implantable medical device;

a current injecting system operable to inject a current into the
volume between a first injecting electrode and a second injecting electrode;

wherein the first implantable electrode is operable to sense a
voltage at a location due at least in part to the injected current.

2. The system of Claim 1, wherein the current injecting system
includes:
a generator positioned exterior to the volume;
wherein the generator is operable to deliver the current into the
volume with the first injecting electrode and the second injecting electrode;
wherein the first implantable electrode of the lead is operable to
sense a voltage within the volume.

3. The system of Claim 2, further comprising:
a third injecting electrode, a fourth injecting electrode, a fifth
injecting electrode, and a sixth injecting electrode;
wherein two of each of the first, second, third, fourth, fifth and sixth

injecting electrodes are paired to define three axes in the volume;
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wherein the generator is operable to determine a period for
injecting a current into the volume between each of the pairs of the injecting
electrodes.

4, The system of Claim 3, wherein the injected current has a

frequency of about 1 kHz to about 10 kHz;

wherein the generator is operable to inject a current between the
respective pairs of the injecting electrodes for about 10 cycles to about 200
cycles;

wherein after the selected number of cycles a current is injected
with a different pair of the injecting electrodes from the previous pair of injecting
electrodes.

5. The system of Claim 3, further comprising:
a null period where no current is injected by the generator;
wherein the null period is operable to synchronize the current
injecting system and the implantable medical device.

6. The system of Claim 1, wherein the current injecting system

includes:

a current source contained with the implantable medical device;

a second implantable electrode and a third implantable electrode;

wherein the third implantable electrode is a case of the implantable
medical device;

wherein the current source is operable to inject a current using at
least two of the first implantable electrode, the second implantable electrode,
and the third implantable electrode;

wherein at least one of the first implantable electrode, the second
implantable electrode, and the third implantable electrode is operable to sense a
voltage due at least in part to the injected current.
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7. The system of Claim 6, wherein the implantable medical device
further includes a processor operable to execute instructions to determine at
least a relative position of a first sensed voltage and a second sensed voltage of
at least one of the first implantable electrode, the second implantable electrode
and the third implantable electrode due to the injected current.

8. The system of Claim 7, wherein the processor is further operable to
execute instructions to determine a pacing signal generated by the implantable
medical device.

9. The system of Claim 2, wherein the implantable medical device
further includes an internal telemetry system;
wherein the internal telemetry system is operable to synchronize
the signal received from the electrode and the current generated into the volume
with the generator.

10. A system to measure a position of a surface of a portion of an
anatomy, comprising:
an implantable medical device including:
a lead including a first electrode;
a position sensing system operable to sense a voltage at the
first electrode; and
a processor operable to compare a first sensed voltage and
a second sensed voltage at the first electrode; and
a current injecting system operable to inject a current into the
anatomical system to generate the voltage sensed by the first electrode.

11.  The system of Claim 10, wherein the current injecting system is
defined by the implantable medical device, wherein the implantable medical
device further includes:

a second electrode and a third electrode;
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a current source system operable to inject a current between at
least the first electrode and the second electrode;

wherein the position system is operable to sense a voltage with at
least the third electrode.

12.  The system of Claim 11 further comprising:

a fourth electrode;

wherein a voltage at one of the first, the second, third, and the
fourth electrode is compared to a voltage sensed at another of the first electrode,
the second electrode, the third electrode, or the fourth electrode;

wherein the processor is operable to execute instructions to
determine a relative position of at least two of the first electrode, the second
electrode, the third electrode, and the fourth electrode to identify a dimension of
the anatomical system.

13.  The system of Claim 11, wherein at least one of the first electrode,
the second electrode, and the third electrode is positioned within a heart in the
anatomical system;

wherein the sensed voltage is operable to determine a position of
at least a wall of the heart.

14.  The system of Claim 10, wherein the sensed voltage includes a
first voltage at a first time and a second voltage at a second time;
wherein the processor is operable to execute instructions to
determine a change in position between the first time and the second time.

15. The system of Claim 14, wherein the change in position is
determined to be at least one of a heart wall thickness, a left ventricle volume, a
left ventricle dimension, a right ventricle volume, a right ventricle dimension, a

stoke volume, or combinations thereof.
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16. A system to determine a location of an electrode with a volume,
comprising:
an implantable medical device operable to be positioned and
contained within the volume, including:
an implantable case;
a lead connected to a connector associated with the
implantable case having a first implantable electrode; and
a processor operable to execute a first set of instructions
when a signal from the lead is received or a condition in the volume is sensed;
wherein the processor is operable to change the first set of
instructions based upon the signal;
wherein the first electrode is operable to move within the volume;
and
a current injecting system operable to inject a current into the
volume between a first injecting electrode and a second injecting electrode;
wherein the first implantable electrode is operable to sense a
voltage at a location due at least in part to the injected current.

17.  The system of Claim 16, wherein the current injecting system
includes three pairs of injecting electrodes that are operable to define three
substantially orthogonal axes of current within the volume; and

wherein the implantable medical device further includes a telemetry
system operable to transmit the voltage sensed at the location.

18.  The system of Claim 17, wherein the processor is operable to
execute instructions to determine a position of the first implantable electrode
based at least in part on the voltage sensed at the location;

wherein the determined position can be telemetrically transmitted
from the implantable medical device.

19.  The system of Claim 18, further comprising:
an external processor system;
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wherein the external processor system is operable to receive the
telemetrically transmitted determined position;

wherein the external processor system is operable to determine a
condition of an anatomical feature within the volume based upon the transmitted
determined position.

20.  The system of Claim 19, further comprising:

a second implantable electrode;

wherein the first implantable electrode is operable to sense a
voltage at a first location and a second implantable electrode is operable to
sense a voltage at a second location;

wherein at least one of the processor or the external processor
system is operable to determine a dimension between the first implantable
electrode and the second implantable electrode at the respective locations.

21.  The system of Claim 20, wherein the dimension is determined to
be at least one of a heart wall thickness, a left ventricle volume, a left ventricle
dimension, a right ventricle volume, a right ventricle dimension, a stoke volume,

or combinations thereof.

22. A method of measuring movement of an electrode within a volume,

comprising:

providing an implantable device;

positioning a lead extending from the implantable device within the
volume, the lead including a first electrode;

injecting a current in the volume;

sensing a voltage in the volume with the first electrode; and

transmitting the sensed voltage to an electronics system of the
implantable device.

23.  The method of Claim 22, wherein sensing a voltage includes:
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sensing a first voltage at a first time and sensing a second voltage
at a second time;

determining a first position of the first electrode with the first
sensed voltage; and

determining a second position of the first electrode with the second
sensed voltage.

24.  The method of Claim 23, further comprising:
implanting the first electrode in a surface;
determining a first position of the surface with the determined first
position of the first electrode; and

determining a second position of the surface with the determined
second position of the first electrode.

25.  The method of Claim 23, further comprising:
providing a processor in the implantable device;
providing a pacing system operable to deliver a pacing signal
based upon first instructions executed by the processor; and
executing second instructions with the processor based upon the
determined first position and the determined second position to alter the pacing
signal.

26.  The method of Claim 23, further comprising:
placing a second electrode;
determining a third position of the second electrode; and
determining a distance between at least one of the determined first

position and the determined second position and the determined third position.

27.  The method of Claim 26, further comprising:
implanting a second lead having the second electrode.
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28. The method of Claim 26, wherein the distance between one of the
first position, the second position, or the third position is a thickness of an

anatomical structure.

29.  The method of Claim 23, further comprising:
providing a telemetry system in the implantable device;
telemetrically transmitting the sensed voltage to an external
processor system; and

determining an anatomical definition based upon the transmitted
sensed voltage.

30.  The method of Claim 22, further comprising:
generating the current to be injected into the volume with a
generator that is external to the volume; and
synchronizing the external generation of the current from the
generator with the sensing of the voltage with the first electrode.

31. The method of Claim 30, wherein synchronizing the external
generation includes telemetrically sending a synchronization signal between the
external generator and the provided implantable medical device or sensing a null
voltage period in a pattern of generating the current.

32. A system to measure a position of a surface of a portion of an
anatomy, comprising:
an implantable medical device including:

a lead including a first electrode;

a position sensing system operable to sense a
voltage at the first electrode;

a processor operable to compare a first sensed
voltage and a second sensed voltage at the first electrode;

a first telemetry system operable to transmit and
receive information regarding at least the first electrode; and
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a current injecting system operable to inject a current into the
anatomical system to generate the voltage sensed by the first electrode,
including:

a first pair of injecting electrodes and a second pair of
injecting electrodes.

a current source system operable to inject a current
between the first pair of injecting electrodes and the second pair of
injecting electrodes; and

a second telemetry system operable to communicate
with the first telemetry system;

wherein the position sensing system is operable to sense a voltage
with at least the first electrode;

wherein the positioning sensing system is operable to determine or
the first telemetry system is operable to transmit a sensed voltage relating to

only one of the first pair of injecting electrodes or the second pair of injecting
electrodes.

33. The system of Claim 32, wherein the implantable medical device
further includes:

a second electrode;

wherein a voltage at the first electrode is compared to a voltage
sensed at the second electrode;

wherein the processor is operable to execute instructions to
determine a relative position of the first electrode and the second electrode, to
identify a dimension of the anatomy.

34.  The system of Claim 32, wherein at least one of the first pair of
injecting electrodes and the second pair of injecting electrodes are implanted
within the anatomy with the implantable medical device.
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